WO 2005/ 000840 PCT/ EP20(14/ 006814 SUBSTI TUTED DI KETOPI PERAZ | NES AND THEI R
USE AS OXYTOCYN ANTAGONI STS This invention relates to novel diketopiperazine

derivativegohadohds® PoOtent and sel ective antagoni st acti F@ oxytocin
receptor, to 5 processes for their preparation, phar mce&k&@gﬁﬁ%@ bsitions

containing themand to their use in nedicine. The hornone oxytocin is
potent contractor of the uterus and is used for the induction or
augnent ati on of | abour. Also the density of uterine oxytocin receptors

i ncreases significantly by >100 fold durin regnancy 10 and peaks in | abour
(pre-term and %UQFH?UTE#/@IXET%IBF%@?W? a?ﬁ@u%‘”{)lﬁe Seéfl QEYEUINIMIREQUSYS causes
about 60% of infant nortality/norbidity and thus a conmpound which inhibits
‘the uterine actions of oxytocin e.g. oxytocin antagonists, should be useful
for the prevention or control of pre-termlabour. 15 International patent

appl i cation PCT/ HRInARRSH AREES BTV Gikéﬁa%ip%?falzi%kci%r&{ﬁt%fs%vﬂ% a

*derivatives which exhibit a particularly usefu eve activity as
sel ecti ve arpcigrdr@instselectiverantaggnistactianeaidpe oxytosinpregeptoadocl ass  of

R e L T T
2-indanyl, RRemhSnfdto thdmlieklin niitditined S5 or 6 nenbered heteroaryl group
linked to the rest of the nolecule via a carbon atomin the ring, R4
represents the gribhephMRERE oxytocin is potent contractor of the uterus and is used

for the induction or augmentation of labour. Also the density of uterine

oxytocin receptors increases significantly by >100 fold during pregnancy
10 and peaks in labour (pre-term and term).

Pre-term births/labour (between 24 and 37 weeks) causes about

60% of infant mortality/morbidity and thus a compound which inhibits the

uterine actions of oxytocin e.g. oxytocin antagonists, should be useful for

the prevention or control of pre-term labour.
15 international patent application PCT/EP02/14823 describes a class

of diketopiperazine derivatives which exhibit a particularly useful level of

activity as selective antagonists at the oxytocin receptor. A preferred class

of compounds described therein is represented by the formula A

Rs

R,., A R4
. N/W

HN ., O
R 2

20 © )
Such compounds include those wherein inter alia R¢ is 2-indanyl, Ry is Cs.
salkyl, Rs 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 NRsRg
wherein Rs and Rg each represent alkyl e.g. methyl or R and Rg together
25  with the nitrogen atom to which they are attached form a 3 to 7 membered



wherein R5 and R6 each represent alkyl e.g. nethyl or R5 and R5 together 25
with the nitrogen atomto which they are attached forma 3 to 7 nenbered 1

WO 2005/ 0Q846hsRidsFP2004/ 006814  saturated heterocycli cp&Jr@gz(W%&Q”
het erocycl e may contain an additional heteroatom sel ected from ox e

have now found a novel group of selective oxytocin receptor antagoni sts

whi ch exhibit a particul arly advantageous pharmacokinetic 5 profile. The
present invention thus provides conpounds of formula (1) R3 Rl N NR4ARS5 I NI
HN O YIIIQO (1) Werein RLis 2-indanyl, R2 is 1-nethylpropyl, R3 is

2- et hyl 130azo| d R4 5, to hervvit .the njtrogen atomto
whi ch %/hey a?% uigfe chée%&daﬁ%ﬁpeé@ﬂ&ﬁﬁ@f%%&q HEY CPR '@F‘Btﬂd‘ﬂf'%int ai ns an
asynmmetric Cﬁég? fn?ﬁbl%ﬁﬂedﬁ@mb tion includes each enantionmer and

m xtures there I'ncluding t cemate. A preferred conpound of the
i nvention is the ¥éerpavadosrhtountca poeglgraup ohseléctive atytoan speeptér cal |y

described in _example 1. . The conpounds of f ave a high affinity
for the oxyt 36?@9%5%%%&95%‘%3?%9 EP‘GEYQEV%?SGQ%PH kﬁ'féct his nmay be
det er m negd grdfﬁé_ng conventional procedure. For exanple the affinity for the

oxytocin receptors on the rat uterus may be determ ned by the procedure of
20 Pettibone et allhelpragedcngeotiorehtuspreddes hospound9of t@muip0l). The

Rs
R, AN /ZYNR R
HN#"J”R 0

0 (1)
Wherein R4 is 2-indanyl, Ry is 1-methylpropyl, R; is 2-methyi-1,3-oxazol-
4-yl and Ry and Rs together with the nitrogen atom to which they are
10  attached represents morpholino.

The group Rz contains an asymmetric carbon atom and the
invention includes each enantiomer and mixtures thereof including the
racemate.

A preferred compound of the invention is the compound the

15  preparation of which is specifically described in example 1.

The compounds of formula (1) have a high affinity for the oxytocin
receptors on the uterus of rats and humans and this may be determined
using conventional procedure. For exampie the affinity for the oxytocin
receptors on the rat uterus may be determined by the procedure of

20 Pettibone et al, Drug Development Research 30. 129-142 (1993). The
compounds of the invention also exhibit high affinity at the human
recombinant oxytocin receptor in CHO cells and this may be conveniently
demonstrated using the procedure described by Wyatt et al. Bioorganic &
Medicinal Chemistry Letters, 2001 (11) p1301-1305.

25 The compounds of the invention also exhibit an advantageous
pharmacokinetic profile including good bioavailability and low intrinsic

o]



conpounds of the invention also exhibit high affinity at the human
reconbi nant oxytocin receptor in CHO cells and this may be conveniently

denonstr at a@ 8imegsdehe procedure described by Watt et atpcrRipf9a@Rs &
Medi cinal Chemistry Letters, 2001 (11) pl301-1305. 25 The corrpodnds of the

I nvention al so exhibit an advantageous pharnmacokinetic profile including
good bioavailability and lowintrinsic 1) WO 2005/000840 PCT/ EP2004/ 006814
cl earance when adm nistered by i.v. or p.o. coupled with good stability to
P450 enzynes including 2C9 and good aqueous solubility. The conpounds of the
i nvention are, therefore useful .in the treatnent, qr .prevent| of di seases

p leg il good siabi

.and/ or condi tlegrangay ﬁFc?gﬁj'?'H!S&?fﬁﬁ byg- v REP&: CPHRA 900 SHRPIEY o) es of
such di sease@@@ggrgznpémgbm ZCanH Ogrﬁde%rugsl%ﬁﬁﬂw_, dysnenorr hea,
S an e

endonet ri osi nign prostatic hyperpl asia. conpounds may al so be
,useful to delay | @benompounds of thk énventien are dserefone usefid imtheor transfer of
the patient to tertiary care centre, ~ 10 treatnent qf sexual dysfunction,
particul arl yErﬁ?&ﬂﬁ‘?mrepr@%ﬁ@@’?%?f@'ﬁ?as% _ PQ?OVEQQQW&&%?‘S r_Q,“_ggongest ive
neart faibur fhe AEHicH bRbXISAR! [EBRMABS of SuctPdisEaddsif/dr cofibnd | ¢ or ocul ar
hypert ensi on, obsessi ve-"conpul siv di sorder and neuropsychiatric disorders.
The conpoundénabfde pre-iemrelaboon dysmenalrheapendmeéttibsis@nd bemigai ng fertility
rates in animals,.e %) fi’;\rm 15 aninmals. The invention therefore provides for
the use of a%ﬁsﬁ%%h YP'@H{rnula (1) for use in therapy and in particul ar

use as medi ci ne fWhe_ﬁ?ﬁﬁ&ﬂiﬂssﬁﬂ?élélﬁbéﬁfs%lﬁ)@élaf’wip'ﬂiok'&%]gfcﬂ@e oxytocin

receptor. The invention also provides for the use a conpound of fornula

20 (1) for ticeesarrahaection ocotramsferdif tunpatiert do adetiagooats eentihe ef fect s of

wi 10 treatment of sexual dysfunction, particularly premature ejaculation,
obesity, eating disorders, congestive heart failure, arterial hypertension,
fiver cirrhosis, nephritic or ocular hypertension, obsessive-compuisive
disorder and neuropsychiatric disorders. The compounds of the invention
may also be useful for improving fertility rates in animals, e.g. farm

15 animals.

The invention therefore provides for the use of a compound of
formula (1) for use in therapy and in particular use as medicine for
antagonising the effects of oxytocin upon the oxytocin receptor.

The invention also provides for the use of a compound of formula

20 (i) for the manufacture of a medicament for antagonising the effects of
oxytocin on the oxytocin receptor.

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

25 antagonistic amount of a compound of formula (1),

It will be appreciated by those skilled in the art that reference herein
to treatment extends to prophylactics as well as the treatment of
established diseases or symptoms.

It will further be appreciated that the amount of a compound of the

30 invention required for use in treatment will vary with the nature of the



oxytocin on the oxytocin receptor. According to a further aspect, the

I nvention also provides for a nethod for antagonising the effects of
oxytoci n ypgadshGisdxytocin receptor, conprising adm ni s§ ,Fpgmh@mgupatient
in need thereof an 25 antagonistic anount of a conpound o ormula (1). It
wi || be appreciated by those skilled in the art that reference herein to
treatnent extends to prophylactics as well as the treatnent of established
di seases or synptons. It will further be appreciated that the anount of a
conpound of the 30 invention required for use in treatnment will vary with

t he nature of , 0034 A bei ng
treated, the CPhaﬁ'é’ﬁw %ﬁgt&%rﬁ’éﬁé:gﬁﬁ&%g’%ﬁ%& ﬁ?egé)é;ghéitﬁ?on of the
patient and wonditied oftid patieritanatwillibe Wiimetdsly aothedistigionadfitaedant _
physi cian. In general however doses enpl oyed for adult human treatnment wl|

typi cal | y be atiengdpet physigiansf Inxgensrabinomeyrsdases eraplpyad &t aduitiyemanhe rout e

of admnistrgtion. T . r o] ' | w | |
typically beq\t‘%??'“?%‘wj@%'%Whﬁggﬁwﬁw ﬁgr 9@@%%?’%3@ For oral
adm ni strati on tHairdie dd a8miistratioli cal |y be within the range 10 to 800ny,
e.g. 20 to 150 ng per day. 10 The desired dose may conveniently be presented
in a single dose Idwusderpareniesal agsisisteadionra daibr deseywilbiypically ib&tia i nt erval s,
for exanple 1 sup- y. Wiile it is
possi bl e thaﬁl,%e{%ﬁ!&uzs&e&lsﬁﬁphé%g%?%lyagg%%go n%agig\fhgg'r?%&ntion may be

adm ni st er ed a@imihistrationaciaiyidose will typicaliyries eithinl thetrangd 30pto@80Dmg,t he active
I ngredi ent as a pharmaceutical formulation. The invention thus further
provi des a pHagntEutS&mg RSAAN at i on

I3

x 10 The desired dose may conveniently be presented in a single dose hed

or as divided doses administered at appropriate intervals, for example as
two, three, four or more 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

15 present the active ingredient as a pharmaceutical formulation.

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

20 ‘'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 especially
formulated for oral, buccal, parenteral, inhalation or insufftation, implant or
rectal administration.

25 Tablets and capsules for oral administration may contain
conventional excipients such as binding agents, for example, syrup,
acacia, gelatin, sorbitol, tragacanth, mucilage of starch or
polyvinylpyrrolidone; fillers, for example, lactose, sugar, microcystalline
cellulose, maize-starch, caicium phosphate or sorbitol; lubricants, for

30 example, magnesium stearate, stearic acid, talc, polyethylene glycol or
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conprising a conpound of formula (1) together with one or nore

phar maceutically acceptable carriers thereof and, optionally, other

t her apeut iygoan@f@issPr ophyl actic ingredi ents. The carri er pgr/pEvslyoh@120
"acceptable’ 1 n the sense of being conpatible with the other ingredients of
the formul ati on and not deleterious to the recipient thereof. The
conpositions of the invention include those in a formespecially fornulated
for oral, buccal, parenteral, inhalation or insufflation, inplant or rectal
adm ni stration. 25 Tablets and capsules for oral adm nistration may contain

conventi onal cipients such as bindin nt f . I r acaci a,
gel \z;t i nl, sor ﬁﬁ%ﬂi &gppeﬁjg@%n?q{,e%"é@?;@@a%?&éf@ 851&%?'5%%%@? 951%855"}% i donla;
fillers, for opnaMilgeage s isOBR asSHe@im Iéﬁr?rsmtﬂﬁét@l I THetabtéts b9 B

mai ze-starch, cal ci um(ghosphat e or sorbitol; lubricants, for 30 exanple,

magnesi um st eaatedeaccording ite meathads well knopslipdhe prier@rajligull or 4 WO

Starch or  solTanreta eyt il 8Bt SxthR’ BbRees B 207 G U Faur i

sul phat e. 5 Theubpéistirs, BBlutRRs cPddAbRAs 2OFQPpE bR elikies, BrtrhaybevRekektzawn in the
art. Oal liquid preparations may be in the formof, for exanple, aqueous or

oi |y 5 suspe®Sigoy,preducitfpbaandifutien witk waigr opather suitallprvehige bedgrepe

Dehicre: hef o5t SubnigliehSlepafiugHanabl phptef ShichtiieP aaffo Bk stk iar ©
addi tives sughspendisg agentsi, fgr e@embls, sdrbitol | raettgdebililokesyrup, nethyl

cel l ul ose, glucose/sugar syrup, gelatin, hydroxyethylcellul gse,
car boxynet hy l9lugose(sUsar syILes 8elatinuiydroxyetbyleahupse gearbexymethdgenat ed edi bl e
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al mond oi |, agents, for example, lecithin, sorbitan mono-oleate or acacia; non-
aqueous vehicles (which may include edible oils}), for example, aimond oil,
fractionated coconut cil, oily esters, propylene glycol or ethyl alcohol;
solubilizers such as surfactants for example polysorbates or other agents

15 such as cyclodextrins; and preservatives, for example, methyi or propyl p-
hydroxybenzoates or ascorbic acid. The compositions may also be
formulated as suppositories, e.g. containing conventional suppository
bases such as cocoa butter or other glycerides.
For buccal administration the composition may take the form of
20  tablets or lozenges formulated in conventional manner.

( 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 ampouies, or in multi- |
dose containers with an added preservative. The compositions may take

25 such forms as suspensions, solutions, or 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.



fractionated coconut oil, oily esters, propylene glycol or ethyl alcohol;
sol ubilizers such as surfactants for exanpl e pol ysorbates or other agents 15

such as cwgbhoesinwbégss; and preservatives, for exanple, nmpEixbrdiotsoRy! p-
hydr oxybenzoat es or ascorbic acid. The conpositions may al so be fornul ated

as suppositories, e.g. containing conventional suppository bases such as
cocoa buffer or other glycerides. For buccal adm nistration the conposition
may take the formof 20 tablets or |ozenges fornulated in conventi onal
manner. % ( The conposition according to the invention may be fornul at ed

for parenteral admé‘&éhpégftiﬁﬂs%cbmiﬁgié fHe Jﬂﬂeﬁtﬂiﬁhﬁg%ﬁtdtjﬂblé&bé’éh
Fornul ations for injectiron nay be presented in unit dose formin anpoul es,
or in multi- (o89% ohttes aetive imgrddiant, zddeehipniisfromat-i508, forhebletsngdi t i ons

may take 25 such forns ensi.ons, solutions, or enulsions in oily or
aqueous vehiC@IpégfeSaaﬂP Sr;r%p%}elg‘grtléﬂ PB‘?PﬂI'PQ‘P'b”‘r-y agents such as suspendi ng,
stabilising and/ orrgl i ; i j i di ent
may be i n powder {arhe s a88odBRamal RN ofhE tolfoLgs T e

sterile, Spyriognticriseeadiedemoettratedissing Soneringal paeadodes for

PCT/ EP2004/ 006814 . Th i tions ' the i L t ai
et ween 0. 1. SOBASHINGH A GIAcoKGHie Rber R o SiRleaiePl STOR 15000 for

tabl ets and Rfs.and 3-50% for liquid preparations. The advantageous
phar macoki netic profile of the conpounds of the 5 invention is readily
denonstrat ed usi ngCempeands ohformula ¢ tHmay Hef prepareshbbyiréactjon loé the

Formura (1) ABoT Al Wyereln Bl B ot RA0aVE nf SEISiintarn. wher ei n
Rl, R2 anl% R%oﬂﬁﬁ/l% ,})he meani ngs defined in -
Ra

R, :
e N N Co,H

HN
R 2

O (11)

or an activated derivative thereof with the amine NHR4R5 wherein NR4R5

has the meaning defined in formula (1) under standard conditions for
15 preparing amides from a carboxylic acid or a mixed anhydride thereof and
an amine HNR4Rs.

Thus the amide of formula (1) may be prepared by treating the
carboxylic acid of formula (11) with an activating agent such as BOP
(benzotriazol-1-yloxy-tris(dimethylamino)phosphonium

20  hexafluorophosphate), TBTU (2-(1H-benzotriazol-1-y1)-1,1,3,3-
tetframethyluronium tetrafluoroborate), BOP-CI (bis(2-0x0-3-
oxazolidinyl)phosphinic chloride) or oxalyl chloride in an aprotic solvent
such as dichicromethane optionally in the presence of a tertiary amine
such as triethylamine and subsequent reaction of the product thus formed

25  with the amine NHR4Rs.



10 formula 1). R, R1 1/. N'~ CO2H HN'R 2 O (11) or an activated
derivative thereof with the am ne NHRARS wherein NRARS has the neani ng

defined i gd Rhddthdo(1l) under standard conditions for 15 wFEpsdohi@sAT des
froma carboxylic acid or a m xed anhydri de thereof and an am ne HNR4RS.

Thus the am de of fornmula (1) nay be prepared by treating the carboxylic
acid of fornmula (11) with an activating agent such as BOP (benzotriazol-1
-yl oxy-tris(di net hyl am no) phosphoni um 20 hexaf | uor ophosphat e), TBTU (2-(1
H benzotriazol-1 -yl)-1, 1,3,3- tetranethyluroniumtetrafluoroborate),

BOP- Cl  (bi s(2-0x0a3; Ll Dy ?@ﬁm [ ﬁ%)p .chloride in
an aprotic sol venﬁﬁghﬁﬁég%gc@iiég}%ﬁe ar%(@pﬁ%ggﬂs y |aﬁé?%§¢8¥ét§ ce of a
- tertiary am aenixedanhgdridie detived frommtheasatbsxyliscanie (1 1)ywillstheantife t he product
thus formed 25 with the am ne NHRARS. 6 WD 2005/ 000810 PCT/ EP2004/ 006811

Al t er nat i vel WHR&sdiviadearyptie plvantsych) asdgiralydmium LomEnient iheg a ni xed
anhydri de der.l f ' L (L d) oM b1 m NHR4ARS5 in an
aprotic sol vg%%/&gﬂé%eg?g%@a t?/cgirf %‘lr'*l]?%@“ snevl' 'n?egbnﬁto&rh?ﬁ,'y mri‘ggc':t ion is
carried ofit dhelnixed ampgdrde isssoreegiendlyprepaneet e seactiBg.thé cHneoxylized

anhydride s o wiR'a LuilibiP 368 ehidhideag: phvavolyf chidriad T4 ar aprotic
solvent such as ethyl acetate in the presence of a tertiary organic base
such as a trialkylamine e.g. triethylamineand at low temperatures e.g.
approximately —78C.

- 10 Compounds of formula (1) may aiso be prepared by reacting a

compound of formula (111)
R,

Ryn, N/A\\

HN. A,
R F4

0 {111)

CONHR,

(wherein R1R2 and R3 have the meanings defined in formula (1) and Rg

is 2-hydroxy phenyl) with carbonyt dimidazole or thiocarbonyl diimidazole
15 in a suitable solvent such as dichloromethane and subsequent reaction of
the products this formed with the amine HNR4Rs.

Compounds of formula (11) may be prepared from a compound of
formula (111) wherein Rg is 2-hydroxyphenyl by reaction with
carbonyldiimidazole or thiocarbonyldiimidazole in a suitable soivent such

20 as dichloromethane and subsequent reaction of the product thus formed
with agueous acetone.

Compounds of formula (111) wherein Rg is 2-hydroxphenyl may be
from the corresponding compounds of formula (111) wherein Rg is a 2-
benyloxyphenyl group by hydrogenolysis using hydrogen and a palladium

25 catalyst.



acid (11) wth a suitable acid chloride e.g. pivavolyl chloride in an
aprotic solvent such as ethyl acetate in the presence of a tertiary organic

base SUC|Q\,@§“"Q/0568I4@| kyl am ne e.g. triethylam neand at | parEpRRSHRE €S €. .
approximately -78C. 10 Conpounds of formula (1) may al so be prepared by

reacting a conpound of forrmula (111) 13 R CONHR6 HN Y'I"R 0 (111)
(wherein RL R2 and R3 have the neanings defined in formula (1) and R6 is

2- hydroxy phenyl) wth carbonyl dim dazole or thiocarbonyl diimdazole 15 in
a suitable solvent such as dichl oronmethane and subsequent reaction of the
products this forneg

prepared from a corrp%]\lﬁgr?gﬁd Bﬁorrm?élﬁwere ﬁg %Zbé?@di&;ﬁﬁgh@xgé%ngﬁy 0°

reaction w t hgroaprdremphdéniehthp podsared tiymhecpadsm%ydiehunbedhecéla befova. sui t abl e
sol vent such 20 as di ch%&srg{:%hane and subsequent reaction of the product

thus formed UYhcpped owda (I8) mavinfierepared fram hecpmpounkkefei n R6 i s
2- hydroxphenwbngg @@ fromthe correspondi ng conpounds of formula (111)
wherein is Lyloxyphenyl group by hydrogenol ysi s usi ng hydrogen and
a palladium 25 catalyst. 7 WO 2005/ 00@84( 1RPCT/ EP2004/ 006814 Conpounds of
formula (111) wherein R6 is a 2-benylgﬁ§Phe yl group are conveniently
prepared by the process describeB heg€i HR,

|
NHR,
cHOLC R

5 (V)

wherein R, R, and R, have the meanings defined in formula (1), R, is 2-
benzyloxyphenyl and R is N-benzyloxycarbonyl by the reaction with
hydrogén in the presence of a palladium on charcoal catalyst and acetic
acid. This reaction is conveniently carried out in a solvent such as ethanol

10  or trifluoroethanol or mixtures thereof.

The compound of formula (V) may be prepared by reacting the

amino ester hydrochloride (V}, wherein R, has the meaning defined and
formula (1)

NH,HCI
/
Ry CH -

CO,CH,

(Vi)
15  with the aldehyde R,CHO (V1) wherein R, has the meanings defined in

formula (1), in the presence of triethylamine and in a solvent such as
trifluoroethancl and then reacting of the resultant product with the
compound (VIl) wherein R, has the meanings defined in formula (I) and R,

is a benzyloxycarbonyl



Thus conpounds of fornula (111) may be prepared fromthe conpound of
formula (I1V) R3 R+", CANXNHR NHRB CH3SO,C R, i .~ 5 (1V) wherein RL R and

R3 have t Reonsmamongs defined in fornula (1), R7 is 2- bepeykep¥donoesyd and R
i s N-benzyl oxycarbonyl by the reaction with hydrogen in the presence of a

pal | adi um on charcoal catalyst and acetic acid. This reaction is
conveniently carried out in a solvent such as ethanol 10 or trifl uoroethanol
or m xtures thereof. The conpound of formula (1V) may be prepared by
reacting the amno ester hydrochloride (V), wherein Rz has the neaning
defined and fornmula (1) /NH2HC R2,,,,. &B-IHCOZCHS (VI) 15 with the

al dehyde R3CHO (VI) wherein R3 has the me,anlzngs defined in forrmula (1), in
“the presence of triethylam ne and i nra-sohvent such as trifluoroethanol and
then reacting of the resultant product with.the conmpound (VI1) wherein Rl
has the nmeanings defined in fornula (1) andRRY I s a benzyl oxycarbonyl 8 WO
2005/ 000840 PCT/ EP2004/ 006814 /[ CO2H

(V1)
and the isocyanide CNR (VI wherein R, is a 2-benzyloxyphenyl group,

in a solvent such as trifluoroethanol.

The R, substituent is a 1-methylpropyl group and the compound of

5 formula (1) wherein R, is a 1-methylpropyl group having an {8) or (R)
- g -
configuration may be prepared by starting with the aminoester (V) wherein

the R, group has the required (S) or (R) configuration.

The following examples are illustrative, but not limiting of the
embodiments of the present invention.
10  General purification and analytical methods
Analytical HPLC was conducted on a Supelcosil LCABZ+PLUS
column (3.3 cm x 4.6 mm ID), eluting with 0.1% HCO2H and 0.01 M
ammonium acetate in water (solvent A), and 0.05% HCO2H 5% water in
acetonitrile (solvent B), using the following eiution gradient 0-0.7 minutes
15 0%B, 0.7-4.2 minutes 0%-100%B8, 4.2-5.3 minutes 100%B, 5.3-5.5
- minutes 0%B at a flow rate of 3 ml/minute. The mass spectra (MS) were
recorded on a Fisons VG Platform spectrometer using electrospray
positive [{ES+ve to give MH' and M(NH4)" molecuiar ions] or electrospray
negativé [(ES-ve to give (M-H) molecular ion] modes on a Micromass
20 series 2 or a Waters ZQ mass spectrometer. 'H NMR spectra were
recorded using a Bruker DPX 400MHz spectrometer using
tetramethylsilane as the external standard. Biotage™ chromatography
refers to purification carried out using equipment sold by Dyax Corporation
(either the Flash 40i or Flash 150i) and cartridges pre-packed with KPSil.
25 Mass directed autoprep refers to methods where the material was purified

by high performance liquid chromatography on a HPFLCABZ+ 5um column



R CH NHR7 (VII) and the isocyanide CNR6 (VIIl) wherein R6 is a
2- benzyl oxyphenyl group, in a solvent such as trifluoroethanol. The R2

substltuen{vdﬁu@“,gﬁrﬂet hyl propyl group and the conpound OE’CTEJPEWJW&QJ(I)
wherein R is a 1-methyl propyl group having an (S) or (R) configuration nmay

be prepared by starting with the am noester (V) wherein the R2 group has
the required (S) or (R configuration. The foll ow ng exanples are
illustrative, but not limting of the enbodinents of the present invention.
10 Ceneral purification and anal ytical methods Anal ytical HPLC was conduct ed

FCooH ana 0. clPCT AP Gdk BGeHs wpter epRE MEChS e WHialt Hocoi 5o

water in ace{oos"/tmcb@H ﬁfalsvrggﬁ%qa%)entlémtm ét@fréwlrh%ﬂ&n@huﬁum gradi ent
0-0.7 mnutes 15 098, nutes 0% 10098, 4.2-5.3 m nutes 10098,

5.3-5.5 ,r ( @Imn%@z«ﬁ%tlm calle‘dtmrvwaatr@g@fecBbma/VrGrialtaﬁormH‘daa&ss spectra
(MB) vvere ed on a F P at ctroneter using el ectrospray
posi tive [(E 9%0 E%"ﬁﬁ%@"rdﬁ%ﬂ@gﬁﬁﬁmﬁjs 'é?&gg‘ i ons] or el ectrospray
negative [{ES-ve tﬂg&béﬁoﬁﬁ'/"ﬁ*‘f)s ref@?'tG‘FiHILan'bn'tQBés %Q@yWhé’tnMrPWss 20
series 2 or a Water mass spectroneter. MR spectra were recorded

using a Brukeésoﬁ@}sihage)ma@m@mf@netcetheuﬁer@‘ carhrtdgasadwmlin@mawalhe
external stangard. , Biota r y. ref rs t ur.ifi.cation carded
out using equg thent ]?QBh %ﬁ&%ﬁﬂ%ﬁrcﬁm QQ{@PRYﬁEefﬁ tgﬁthl or Flash
150i) and carggd 69‘?!§le&99§51@% Nfekék ddated wnt%%m@égem ecledr¥prep refers
to nmet hods where the mateyri al Yigs purified performance |iquid

chr omat ogr aphiefens ta W%(S%asﬁpni'ﬁ.@l Extraction Cartrtdges sold by Waters

{ 10 Corporation®.

Intermediate 1
2-{(3R,6R)-3-(2.3-dihydro-1H-inden-2-yl}-6-[(18)-1-methvipropyl]-2.5-

15 dioxo-1-piperazinyl}-N-(2-hydroxyphenyl})-2-(2-methyi-1,3-oxazol-4-
yhacetamide

To a vigourously stirred solution of (D)-allo Isoleucine methyl ester

hydrochloride {5.0q) in dichloromethane (150mi) was added a saturated
sodium bicarbonate solution (150ml). The resultant bi-layer was

20 separated using a hydrophobic frit and the aqueous phase washed twice

with dichloromethane (50mi). The combined dichloromethane phase was

diluted with methanol (200ml) and {2R)-[{(benzyloxycarbonyl)amino}(2,3-
dihydro-1H-inden-2-yl)ethanoic acid (14.64g) added and the mixture
vigorously stirred for 1hr to effect solution. The solution was evaporated

25 and the residue dissolved in a mixture of 1:1 trifluoroethanol / methanol
(140ml), and then 2-benzyloxyphenylisocynanide (9.43g) was added
followed by 2-methyl-4- formyloxazole {(5.0g) and the reaction stirred for 4
days at room temperature. The mixture was evaporated and the residue
dissolved in ethanol (500ml) and palladium on carbon (4.0g) and acetic

30 acid (10ml) added and the reaction mixture was stirred under an

10



9 WD 211115/110118411 PCT/ EP2004/006814 (5cnx10mmi.d.) with 0.1% HCO2H in
wat er and 95% MeCN, 5% water (0.5% HCO2H) utilising gradient elution at a

flow rate @b Medoddsput es’ . The G lson 202-fraction col | perpip20iBaodsiy 99er ed
by a VG Platform Mass Spectroneter on detecting the nass of interest. 5

Hydr ophobic frits refer to filtration tubes sold by Wiatman. SPE (solid
phase extraction) refers to the use of cartridges sold by International

Sor bent Technol ogy Ltd. TLC (thin |l ayer chromatography) refers to the use
of TLC plates sold by Merck coated with silica gel 60 F254. Oasis ™™ refers

to Wat T HLB t t t
Cgr por :'[ ;Son( rgu }“%s g‘?ggeﬁ %ﬁ 3%” : 6%%’%'6( %%H(ﬂaﬁéé\aw ??‘ catbon
“H-i nden- 2- vl )xfy) (a%dséce%c ré%fd‘(ﬁoﬂﬂpﬂdﬂéd %né‘thé?eactlon mixture was stirred

di oxo- 1 - pi perazi nyI }- 2- hydr oxvphenyl ) - 2- (2- et hyl -1, 3- oxazol - 4-
vl ) acet am de Urales ani a}mmﬁpheneyofsh)ddmw ﬁljlajiulrtblerdﬁ haoys aThemixurewssne met hyl

. hyd | h Qi d d
sod um by car duaes Mheh Pale, PubniptedAEE 1 frsiddy dReenEBan HRE".0 Separ at od
using a hydr q&&é&bqsboml) v@dshefdhmtrawamwa@ﬁm YARMSRd MdRem Wi th

di chl or onet hane ml). The conbi ned di chl or onet hane Ehase was diluted with

net hanol ( 200¥i¢ar nate(szm;ucp“(ci’e(ﬂwm@uhbbmyw@rm mop(thes-pagsagdr o- 1

H-'d-2-|th dded, and—f he m xt ' I
tirred for MG ByfBeRobibiitaahePopeadl T he Al bicist Waor 25 nd ¢ he
residue di ssqhybdigy @oitﬁﬂ‘n?ﬂdhf&nafoghcliéw gsnfdaty@nstmdwm ethyl @eéfm@loo% 140mt),
and t hen 2 benzyl oxyphenyl i socynani was added ® fol | oned
2- met hyl - 4- ftor(¥p): snrethand to Yiem3-{EHi6 &ﬁ@um@iﬁoﬁﬁmd@@wn &[(1§éys at
neom t e”pﬁf A F sty Bropyl 2 A ufoneP-ppBaheh S (SRS G ph&R YT %S 2-methyi-
1,3-oxazol-4-yl)acetamide (11.8 g 51%)
HPLC Rt = 3.2 minutes; m/z [M+H]* = 517.

Similarly prepared from (D)-isoleucine methyl ester hydrochloride

15  Intermediate 2
2-{(3R,6R)-3-(2,3-dihydro-1H-inden-2-y)-6-[(1R}-1-methylpropyi]-2.5-
dioxo-1-piperazinyl}-N-(2-hydroxyphenvi)-2-(2-methyl-1,3-oxazol-4-

yhacetamide
HPLC Rt = 3.17 and 3.22 minutes; m/z [M+H]' = 517.

20

L Intermediate 3
{(3R.6R}-3-(2,3-dihydro-1H-inden-2-yl}-6-[(1S)-1-methylpropyi}-2,5-dioxo-
1-piperazinyi}(2-methyl-1,3-oxazol-4-vi)acetic acid

Carbonyldiimidazole (352mg, 1.6 equiv.) was added to a solution of 2-
25  {(3R,6R)-3-(2,3-dihydro-1H-inden-2-yi}-6-{(1S)-1-methylpropyl]-2,5-dioxo-
1-piperazinyl}-N-(2-hydroxyphenyl)-2-(2-methyl-1,3-oxazol-4-yl)acetamide
(11.8 g pre-dried in vacuo over P,O4 for 24 hours) in dichloromethane
(20mL) and the solution was left at room temperature for 16 hr. The
mixture was evaporated and the residue dissolved in acetone (20ml) and
30  water (20ml) added, followed by addition of 2NHCI (2ml) and the mixture

11



di ssolved in ethanol (500ml) and palladiumon carbon (4.0Qg) and acetic 30
acid (10m ) added and the reaction m xture was stirred under an 10 WO
2005/ 1100840 PCT/ EP2004/ 006814 at nosphere of hydrogen for 3 hours. Further
fresh palladiumon carbon (4.0g) and acetic acid (20nml) added and the
reaction mxture was stirred wunder an atnosphere of hydrogen for a further
16 hours. The m xture was filtered through Celite, evaporated and the

resi due dissolved in ethyl 5 acetate (300m ) washed with water (2xl00m),
sat urated sodi um bicarbonate sol ution (2x|00n1) and brine (100m ) and then

b 11 ed by conamoRil BRIRHfs g 4 3, LB FlmclRafbEI AR o(To0u
tz V\?‘i/% et hapaBoh#) ghd thecdnBReRrgdnipRask et oiala hydrophobid- fmt and-[(1 S)-

1- met hyl pr opy€yanprsted. okiee 1eq¢dt@wa§|tﬁyemmlu@iwa¢@ﬂ§q)@@ﬁv) yaghegwifst hy| -
1 Sl gm"?’igar ed‘ﬂﬁ&“l?ﬂt?%&\ emgsr%fr%%%% %@Lﬁ!lg I’O@%I [MH_'] s

517. Simlarly 'p I'sol"elici ne oride 15

| nt er medi at e goldtidn gaa Soh).- 3hé%0%ﬂhbﬁ@qmebuaﬁhﬁdew%aﬁdﬁeﬁi4®ﬁh 2NHCH
R) - 1- net hvl propvl | -

di oxo- 1- pi per @ g¥iracted with othviacpiateniZxR0ml) angihengambingd exgamic phase
yl ) acet anm de 20
I nt er nedi at e ‘?%'f%‘g""étﬁ) (%@H%h%éyg}% %Hfgfﬁﬁg[ewhri&%a&q{’olawe
S) - 1- et hvl prﬁBRlﬁR)z&‘iZm-om?droH Hl—lpdenﬂ~yr>)46}-[(28mxdw’dhyﬂarépwya&dheﬁe-y | )acetic
acid Car bonyl I i mdazo gg_ Hg P d t)})I ution of 2-
25 {(3R 6R)-3 wegaai b efh 1%@%@29 mlme '?fC'd 0355mg, “73%) as a
S) - 1- net hyl pr @Ryl kepg oS- di oxo-
HPLC Rt = 3.0 and 3.1 minutes; m/z [M+H]" = 426
Similarty prepared from intermediate 2
{(3R.6R)-3-(2,3-dihydro-1H-inden-2-y1)-6-[(1R)-1-methylpropyll-2,5-dioxo-
1-piperazinyi}(2-methyl-1,3-oxazoi-4-ylacetic acid (Intermediate 4)

HPLC Rt = 3.14 minutes; m/z [M+H]" = 426

Example 1
(3R,6R)-3-(2,3-dihydro-1H-inden-2-vI}-1-[{1R)-1 -(2 -methyi-1, 3-oxazol-4-
yI}-2-{4-morpholinvl)-2-oxoethyi]-6-[( 1 S)-1-methylpropyi}-2,5

piperazinedione

HPLC Rt = 2.8 minutes; m/z [M+H]" =495

'H NMR (CDCl3) 8 7.72 (s, 1H), 7.26-7.15 (m, 4H), 6.93 (d, 1H), 6.30 (s,
1H), 4.18 (d, 1H), 4.06 (dd, 1H), 3.70-3.30 (m, 8H), 3.17-3.10 (m, 3H),
2.98-2.86 (m, 1H), 2.81-2.75 (m, 1H), 2.49 (s, 3H), 1.69-1.60 (m, 1H),
1.50-1.43 (m, 1H), 1.05-0.95 (m, 1H), 0.80-0.75 (m, 6H).

Similarly was prepared from intermediate 4 and morpholine

12



1- pi perazi nyl } - N- (2- hydr oxyphenyl ) -2-(2-nethyl -1 , 3-oxazol -4-yl)acetam de
(11.8 g pre-dried in vacuo over P4010 for 24 hours) in dichloronethane
(20nm.) and the solution was left at roomtenperature for 16 hr. The m xture
“was evaporated and the residue dissolved in acetone (20nl) and 30 water
-(20m.) added, followed by addition of 2NHCI (2m ) and the m xture 11 left
at roomtenperature for 4.5 hr. This was extracted wth ethyl acetate
(2x30nl) and the conbi ned organi c phase dried via a hydrophobic frit and
evaporated. The residue was taken up in ethylacetate (30nl) washed with
2NHCI (2x1 Om) and then extracted with saturated sodi um bi carbonate
solution (2x15nl). The conbi ned aqueous phase was acidifed with 2NHCI and
extracted with ethylacetate (2x20ml) and the conbi ned organi ¢ phase washed
with brine dried via a hydrophobic frit and evaporated to give
{(3R,6R)-3-(2,3-d ihydro-1 Hinden-2-yl)-6-[(1 S)-1-nethyl propyl]-2,5-di oxo-
1- pi perazinyl } (2-nmethyl -1, 3-oxazol -4-yl )acetic acid (0,355ng, 73% as a
white solid. HPLC Rt = 3.0 and 3.1 minutes; mz [MtH + = 426 Simlarly
prepared frominternediate 2 {(3R 6R)-3-(2,3-di hvdro-1 Hinden-2-vl)-6-1(1
R) - 1- net hvl propyl | - 2, 5- di oxo- 1-pi perazinyl } (2-nethyl -1, 3- oxazol -4-vl )acetic
acid (Internediate 4) HPLC Rt = 3.14 mnutes; mz [ MH + = 426 Exanple |
(3R 6R)-3-(2, 3-di hvdro-1 Hinden-2-yl)-1-[(1 R-1-(2-nmethyl -1 , 3-oxazol - 4-
v1) - 2- (4-norpholinyl)-2-oxoethyll-6-[(1 S)-1-nethyl propyll-2.5-

pi perazinedione HPLC Rt = 2.8 mnutes; mz [MH + = 495 '"H NWR (CDClI 3) S
7.72 (s, 1 H, 7.26-7.15 (m 4H), 6.93 (d, 1 H, 6.30 (s, 1 H, 4.18 (d, 1
Hy, 4.06 (dd, 1 H, 3.70-3.30 (m 8H), 3.17-3.10 (m 3H),

Example 2
(3R,6R)-3-(2,3-dihydro-1H-inden-2-yl)-1-[(1R)}-1-(2-methyl-1,3-0xazol-4-
yh-2-(4-morpholinyl)-2-oxoethyl]-6-[{1R)-1-methylpropyl}-2,5-
piperazinedione

HPLC Rt = 2.92 minutes; m/z [M+H]" = 495

Example 3
(3R,6R)-3-{2 3-dihydro-1H-inden-2-vl}-1-[(1R)-1-(2-methyl-1,3-0xazol-4-
vI)-2-{4-morpholinyl)-2-oxoethyi}-6-[(18)-1-methylpropyl]-2,.5-

piperazinedione

( 2R)-[(benzyloxycarbonyl)amino](2,3-dihydro-1H-inden-2-yl)ethanoic acid
(35.84g, 0.110mol) in a 500mL round bottomed flask was treated with
2,2, 2-trifluoroethanol (165mL) followed by methanol (55ml} and
triethylamine (11.13g, 15.33mL, 0.110mmol) the slurry was stirred for
3.5hrs until dissolution was observed. The solution was then added to (D)-
allo Isoleucine methyl ester hydrochloride (20g, .110mol) in a separate
flask. The slurry was stirred until dissolution was observed. 2-methyl-4-
formyloxazole (12.24g, 0.110mmol) was then added followed by 2-
benzyloxyphenylisocynanide (23.04g, 0.110mmol). The dark brown
reaction mixture was then stirred at 20-25°C for 24hrs. The solution was

then concentrated to a volume of ca. 130mL by distillation at reduced

13



2.98-2.86 (m 1 H), 2.81-2.75 (m 1 H), 2.49 (s, 3H), 1.69-1.60 (m 1 H),
1.50-1.43 (m 1H), 1.05-0.95 (m 1H), 0.80-0.75 (m 6H). Simlarly was
prepared fwamisph@usedi ate 4 and norpholine 12 Exanpl e ger/EP2004/006814

(3R, 6R)-3-(2.3-di hvdro-1 Hinden-2-vl)-1-((1 R-1-(2-methyl -1 . 3-oxazol -4-
yl)-2-(4-norpholinyl)-2-oxoethvll-6-f(1 R)-I-methyl propyll -2, 5-

pi perazi nedione HPLC Rt = 2.92 mnutes; nmz [MtH' = 495 Exanple 3

(3R, 6R)-3-(2, 3-di hvdro-1 Hinden-2-yl)-1-f(1 R -1-(2-nethyl-I, 3-oxazol - 4-
vl )-2-(4-norpholinvl)-2-oxoethvll-6-[(1 S)-1-nethyl propyll-2.5-

Py ndon- 2- y1 yERETS] The3PRSH F35 DA SR HGEtha eI dnhLa0g, | omed
flask was traﬁgﬁﬂko\/wrtmwai?erztz&zodrﬁlL}Jq'h@eir:?aﬁi@lpr(aké&nés) tien tiluted wih et hanol
(55nl) and triethylamne (11. 13@ﬂ-15. 33nL, 0.11 Omol) the slurry was

stirred for N:mgihil pyalidingns {8PUml-dwananddbsstichlaromelbags remayedvdys t hen
added 10 (D) stitin@at FACHLIGBL IV or SAHE NSRRI A IS Bn agkib™!) 11 2

separate flas e slurry was stirre ssoluti¥on was observed.

2- et hyl - 4-  ffoliowed vapalledi(ilor dgrbod. chtal@te)0g\ak10%eRd ad d8TR.fwhteowed by 2-
benzyl oxyphenyl i socynani de (23.04g, 0.11 Omol). The dark brown reaction
mi xture was tdRimsenMattheydype8/bkand He mitdre hydiegeosted widsiballophen

e Dbonuc. AP RUSEh Retleriin TR hathEShid SHORAGIRTH LI,

di chl or onet hahen (fikefdl, wazhdd thvaagk dvithi éthylvadetate((B68mR)Gmid) wadted withani ¢

phase was thep, dl.| 4t &0 4 Bhioride solution (960mL). The biphasic mixture was

b 10 fiitered and the organic phase separated and washed with 3%w/v aq -

sodium chloride solution (2 x 960mL). The organic solution was then
diluted with ethyl acetate (200mL) and concentrated by distillation at
atmospheric pressure by distiliing out 385mL of solvent. The concentrated
solution at 20-25°C was treated with 1,1'-carbonyldiimidazole (21.46g,

15 0.132mol) and stirred at 20-25°C for 1hr then treated with water (290mL)
and stirred rapidly at 20-25°C for 24hr. The mixture was allowed to settle
and the ethyl acetate layer separated and discarded. The aqueous phase
was washed with ethyl acetate (290mL) and the mixture allowed to settle
and the aqueous phase was separated and acidified to pH 1-2 by the

20  addition of concentrated hydrochloric acid (18mL). The aqueous phase

{ was then extracted into ethyl acetate (290mL and then 145mL). The ~
combined ethyl acetate solution was then concentrated by distillation at
atmospheric pressure to a volume of ca. 93mL. This solution was then
diluted with tetrahydrofuran (62mL) and treated with triethylamine (11.02g,

25 15.20mL, 0.109mol) and cooled to —78°C. The solution was then treated
with trimethylacetyl chioride (4.81g, 4.92mL., 39.90mmo!) and stirred at —
78°C for 7hr. The reaction mixture was then treated with a solution of
morpholine (15.82g, 15.83mL, 0.181mol) in tetrahydrofuran (23mL) and
stirred at -78°C for 1hr 20mins before being allowed fo warm to 20-25°C.

30 The solution was then diluted with ethyl acetate (76mL) and washed with

14



N-net hyl pyrrolidi none (460nm.) was and the dichl oronet hane renoved by
stirring at 40C under vacuum for 2hrs. Acetic acid 46nlL) was then added 5
fol |l owed bwgrahimdésdm on carbon catal yst (69.O0g of 10% P 79 er,
Johnson Matthey type 87L) and the m xture hydrogenat ed uﬁgﬁEP6§ﬁ416?'o%¥$
pressure of hydrogen with rapid stirring for 2hrs. The reaction m xture was
then filtered, washed through with ethyl acetate (960nL) and washed with
3%V v aq sodiumchloride solution (960nL). The biphasic m xture was 10
filtered and the organi c phase separated and washed with 3% v aq sodi um
chloride solution (2 x 960nL), The organjc sol utj.on s .then diluted with
ethyl acet at S8 ?q‘é?f?}"%%)’fg'é‘??{b'%@rbgnﬁ{? g:;gtgqr] ¢2a’fi1£ﬁ"&t)qog?%§ Meric
‘pressure by disibt (13301 P hetgdhic SolutRn\ER theHGILFEN GARt &Rl Eeta] Uti on at
20- 25C was treat eg W t h)ol, 1§§§ar bony @i im dazeol e (21.46q, 25 0.132npl) and
stirred at 206261C)kod distiiledtdmyn tor & aokidhawnt 60mhatad atrh2epheiic peassuse.i rred

‘rapidly at 2Q0:25C .for 24hr, The mxture | Jowed.to seitle. and the ethyl
acet at e |ayeET‘?eﬁ%lP@%&’aéﬁHe'aP%'&Pé@ﬁo'%aﬁ‘ﬁéﬁﬁg‘?%fﬁ% & UG Ged with
et hyl acetsat ght 208 Ebmpbithd QRuifed! The sﬁ]rWaé therfédoid fafRer faqy-arueous
phase was separated and acidified to pH I-2 by the 20 addition of

concent r at ed baforedbil tile compound vasLiyolatakbwniiiralion asiaasickedadryt Yiehd ext r act ed
into ethyl ac&hgte (290nL and then 145m.). The conbined ethyl acetate

sol ution was YHE% concentr at ed by distillation at atnospheric pressure to a
volune of ca. 93nL. This solution was then diluted with tetrahydrofuran
(62m) and treated with triethylamne (11.02g, 25 15.20nL, 0.2109nvl) and

cool ed to - 78RharmecyBxampleswas then treated with trinethylacetyl chloride

(w819, 4.92 9 ) Sk r - ‘WL Jhe reaction

mixture vids [“E%er%%ﬁ%g{‘*@%%&"@ﬂgge {?& Fﬁfgﬁ%’%&@f‘ 0?%3%%??%“‘(915. 82g, 15.83nL,
0.181nol) in pieirmakpdticd] domiulaBsiy for adrhinistratidreGomtainin§ @ ¢empdudd of0m ns
before being allowed to warmto 20-25C. 30 The solution was then dil uted

with ethyl adéedmenti®dni) and washed with

A. Parenteral Formulation
15 Ingredients

Compound of the invention 19
Absolute alcohol SmL
Propylene glycol 25mL

5% wiv 2-hydroxypropyl B cyclodextrin in 50mM acetic acid

20 containing 0.9% sodium chloride adjusted to pH 4.0 with
sodium hydroxide. q.s.
100 mL

The compound of the invention is dispersed in the alcohol and
25 dissolved in the propylene glycol by the aid of heat. The aqueous
component is then added with stirring to provide 10 mL of the I.V. solution.
The solution may be sterilised by appropriate means such as aseptic
filtration or autoclaving.
This may be administered by bolus or diluted into an infusion bag
30 containing, for example normal saline.

15



14 WO 20115/ 000840 PCT/ EP2004/ 006814 saturated aqueous sodi um bi carbonat e
solution (2 x 153nL) followed by water (1 53nL). The organic sol ution was

t hen di | umas2onsodusat hyl acetate (54nl) and distilled domorgE®2@sMmEELITE Of
69nL at at nospheric pressure. The solution was then cooled to 20-25C at

whi ch point crystallisation of 5 the title conpound occurred. The slurry of
was then cooled further to OC before the title conpound was isol ated by
filtration and sucked dry. Yield 8.92g. Pharnacy Exanples 10 These exanpl es
illustrate the preparation of a representative pharmaceutical formnulations
for adm nistration containing a conpound of the invention. A Parenteral
Formul ati on 15 Ingredi ents Conpound of the invention 1g Absolute al cohol
5mL  Propyl eBe gl Capsulsfibr obdbadministrationxypr opyl R cycl odextrin in 50mM
acetic acid 20 containing 0.9% sodium chloride adjusted to pH 4.0 with

sodi um hydroxide. g.s. 100 nL The conpound of the invention is dispersed in
t he al cohol egigptdi ssol ved in the propylene glycol by t thaMi of heat.

The aqueous % is then added with stirring to provi nm. of the

| . V. sol ufi oGomphecsol theiioventipn be sterilised by appropriat e s such as
aseptic filtration or autoclaving. This may be adm ni stered by.,i)gl us or

di | ut ed i nt o-8RI98Rf usi on bag

Magnesium stearate 0.5

The above ingredients are mixed and dispensed into hard gelatin

{ 10  capsules containing 100mg each.
C. Tablet for oral administration.
15  Ingredients % wit./wt.
Compound of the invention 25.0
Lactose 35.0
Starch 34.5
20  Crospovidone 4.0
Magnesium stearate 0.5

The above ingredients with the exception of the magnesium
stearate are combined and mixed. The magnesium stearate is then added
25  and the formulation mixed. The formulation is formed into tablets with an
appropriate tableting machine.

Measurement of Oxytocin Antagonist Activity

Assay Buffer used throughout the assay: 50mM HEPES, 10miv
30 MgCi2, 0.125mg/ml BSA, pH adjusted o 7.4 with KOH.

16



30 containing, for exanple normal saline. 15 WD 2005/0008411
PCT/ EP2004/ 1106814 B. Capsule for oral adm nistration. Ingredients %

w ./ wt. 5@%8)6&5’«4(9?: the invention 25.0 Lactose 74.5 %g&%‘ioy{mﬁg}_‘ear ate
' atl

0.5 The above ingredients are m xed and di spensed into hard ge
capsul es containing 100ng each. C. Tablet for oral admnistration. 1

10
5

Ingredients %w./wt. Conpound of the invention 25.0 Lactose 35.0 Starch
34.5 20 Crospovidone 4.0 Magnesium stearate 0.5 The above ingredients with
t he exception of the nagnesi um stearate are conbi ned and m xed. The

magnesi um st
formul ati on
- Measur enent

assay: 50mM

I s then added 25 and,the fornul ati on mxed. The
PO EEHR e mbBresh e TRPAIPAL S SOBPEPIAIRLOR GBI | ng machi ne.

R Lo S A 7 i

KOH. 16 WO 2@SOQEH§amnrCandEBRited4n M8 OL(BedknidiOBiembk BXgstwef e prepar ed

*at a concentration of 0.3ng protein/nm _in assay buffer. Test conpounds were
initially di §981peeadiwas transferred to black 384 assay plates (NUNC) using a

5

10

15

Biomek FX. 20ul of 1nM Bodipy TMR Oxytocin (Perkin Elmer) in assay
buffer was added to all wells (Labsystems Multidrop) then 20ul membrane
added to ail wells (Multidrop). Plates were incubated at room temp for 60
min.

Polarisation was read on LJL Analyst (AEx=535nm, AEm=580nM,
ADichroic=555nm). Data were fitted to a 4 parameter logistic equation. An
estimated Ki was calculated as |C50/5.

In the above test compounds of examples 1 and 2 of the invention
have a pKi value of 9.0 and 8.2 respectively.

The compounds of the invention are essentially non toxic at
therapeutically active doses. Thus compound of the example 1 has been
administered to rats at doses of 30mg/kg for 7 days and no adverse

toxicological effects were observed.
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DMSO (to 10mV) and diluted in DVSO (Beckman Bi onek FX). 11 of conpound was
transferred to black 384 assay plates (NUNC) using a 5 Bionek FX. 20l of

1nM Bodi pywoNR#deyg@ci n (Perkin Elnmer) in assay buffer pagepofigiodsds al
wel I's (Labsystens Miultidrop) then 201 nenbrane added to all wells

(Multidrop). Plates were incubated at roomtenp for 60 mn. Polarisation
was read on LJL Analyst (XEx=535nm 2, En=580nM 10 XDi chroi c=555nn). Data
were fitted to a 4 paranmeter logistic equation. An estimated Ki was
calculated as 1C50/5. In the above test compounds of exanples 1 and 2 of the
i nvention hea/lg.rﬁspKi value of 9.0 and 8.2 respectively. The conpounds of
the invention” 8F8 essenti al | y non toxic at 15 therapeutically active doses.
Thus conpound of the exanple 1 has been admnistered to rats at doses of
30ng/ kg for 7 days and no adverse toxicological effects were observed. 17
WO 2005/ 000840 PCH eprwound@dsammulaXbi ns 1. A conpound of fornula (1) 3 R |
NNRqg RS INN HNOR2 O~1) 5 whergin R is 2-indanyl, R2 is
1-met hyi propyl, R3 is 2-methyl-1, 3-oxXhzol 23- yl and R4 and R5 together with
the nitrogen atomto which theng,g‘e ttﬁ%e.%m@msesents nor phol i no.

K N

HN._ ., O
R 2

© (1)
5 wherein Ryis 2-indanyl, Ry is 1-methylpropyl, R3 is 2-methyl-1,3-oxazol-4-
yl and R4 and Rs together with the nitrogen atom to which they are
attached represents morpholino.

2. (3R,6R)-3-(2,3-dihydro~-1H-inden-2-yl}-1-[{1R)-1-(2-methy}-1,3-
10 oxazol-4-yi)-2-(4-morpholinyl)-2-oxoethyl]-6-[(1S)-1-methylpropyl]-2,5-
piperazinedione.

3.  (3R,6R)-3-(2,3-dihydro-1H-inden-2-yl)-1-[(1R)-1-(2-methyl-1,3-
oxazol-4-yl)-2-(4-morpholinyl)-2-oxoethyl]-6-[(1R)-1-methyipropyl}-2,5-
15 piperazinedione.

4. A pharmaceutical composition comprising a compound of formula
(1) as claimed in 1 together with one or more pharmaceutically acceptable
carriers.

20
5. The use of compound of formula (1) as defined in claim 1 for the
manufacture of a medicament for antagonising the effects of oxytocin on
the oxytocin receptor.

25 6. A method of treating or preventing diseases or conditions mediated
through the action of oxytocin which comprises administering to a

18



2.

oxazol

pi p

oxazol -

f or
acc

claiml
oxytocin on

(3R, 6R)-3-(2,3-di hydro-1 Hinden-2-yl)-1-[(1 R)-1-(2-nethyl
-4-yi)-2-(4-norpholinyl)-2-oxoethyi]-6-[(1 S)-1-nethylpropyl]-2,5-

(I'T/EPZOIJ-I/(}O(ES]-I

erazin

ept abl e

conprlses
-

10
-

15

20

a8 065/009840
(3R 6R)-3-(2,3-di hydro 1H i nden-2-yl}1-[ (1R) - 1- ( 2- et hyl -

4-yl)-2-(4-norpholinyl)-2-oxoethyl]-6-[(1 R)-1- rrethylpropyl]-2,5- 15
pi per azi nedi one. 4. A pharmaceutical conposition conprising a conpound of
mula (1) as claimed in | together with one or nore pharmaceutically

-1,3- 10

carriers. 20 5. The use of conpound of formula (1) as defined in

comprises:

(a)  reacting a compound of formuta {i1)

B,

R., H
1SN COH

HN\WT/JHHR

o (11)
wherein Ry, Rz and R; have the meanings defined in claim 1 or a mixed
anhydride thereof, with the amine NHR4Rs wherein R4 and Rs have the
meaning defined in formula (1) under the standard condition for preparing

amides from a carboxylic acid or a mixed anhydride thereof and an amine.

(b) reacting a compound of formula (I11)
R 3

R 1 :,"‘ N/\

HN

CONHR,

.
:,’,

|;‘"2
e (111}

wherein R4, Rz and Rz have the meanings defined in claim 1 and R; is 2-
hydroxyphenyl with carbonyldiimidazole or thiocarbonyldiimidazole in a
suitable solvent and subsequent reaction of the product thus formed with

amine NHR4Rs wherein R4 and Rs have the meaning defined in formula (1),

19

f th f t f ffect f
on oRev RV sRRH el le BB e Anplil o BRRUE ST or cvent i ng
" di seases or cfohghuld @ps nmedi ated through the action of oxytocin which

conprises admnistering to a 18 WD 2005/ 000840 PCT/ EP20041006814 mamal

need thereof of an effective anmbunt of a conpound of the
process for

in

formula (1) 7. A
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0 (11) wherein RI, R2 and R3 have the neanings defined in claim1l or a m xed
- 10 anhydride thereof, with the am ne NHR4AR5 wherein R4 and R5 have the
meani ng defined in fornmula (1) under the standard condition for preparing

am des froma carboxylic acid or a m xed anhydride thereof and an ani ne.

(b) reacting a conpound of forrmula (I11) RN\VCONHR6 HN Y-111, R2 15 O
(111) wherein RI, R2 and R3 have the neanings defined in claiml1l and R6 is
2- hydroxyphenyl w th carbonyl diim dazol e or thiocarbonyldiimdazole in a

sui tabl e so
an ne NHR4
Clains 1.

R

éyﬁ% and subsequent reaction of the product thus forned with 20
rein R4 and R5 have the nmeaning defined in formula (1). 19
A compound of fornmula (1) 3 R- /NR R5 N~ I{ HNYIIII, O Rz

0 (1) 5 wherein R is 2-indanyl, R2 is 1-nethylpropyl, R3 is

2-nmet hyl - 1, 3+ oxaz@bmfioudd offshmidfa @¢Pd RS together with the nitrogen atomto
whi ch they are attached represents norpholino. 2.

(3R, 6R) - 3-(2, 3-di hydro-1Hi nden- 2-ylQ) - 1- E(is) -1-(2-nethyl -1, 3-

10

15

20

25

Ryw, N/WN& R,
HNT‘)'.,, o}
IR 5

o (1)
wherein R is 2-indanyl, Rz is 1-methylpropyl, R3 is 2-methyl-1,3-oxazol-4-
yi and R4 and Rs together with the nitrogen atom to which they are
attached represents morpholino.

2.  (3R,6R)-3-(2,3-dihydro-1H-inden-2-yl}-1-[(1R)-1-(2-methyl-1,3-
oxazol-4-yl)-2-(4-morpholinyl)-2-oxoethyi]-6-[(1S)-1-methylpropyl}-2,5-
piperazinedione.

3.  (3R,6R)-3-(2,3-dihydro-1H-inden-2-yl)-1-[(1R)-1-(2-methyi-1,3-
oxazol-4-yl)-2-(4-morpholinyl)-2-oxoethyl]-6-[(1 R)-1-methylpropyl]-2,5-
piperazinedione.

4. A pharmaceutical composition comprising a compound of formula (1)
as claimed in claim 1 together with one or more pharmaceutically
acceptable carriers.

5. A compound of formula (1) as claimed in claim 1 for use in therapy.
6. The use of compound of formula (1) as defined in claim 1 for the

manufacture of a medicament for antagonising the effects of oxytocin on
the oxytocin receptor.

20



10 oxazol -4-yl)-2-(4-norpholinyl)-2-oxoethyl]-6-[(1S)-1-nethyl propyl]-2, 5-

pi per azi nedi one. 3.

(3R, 6R)-3-(2, 3-di hydro- 1H i nden-2-yl)-1-[ (1R) - 1- (2- net hyl - 1, 3-

- oxazol - 4-yl)-2-(4-norpholinyl)-2-oxoethyl]-6-[(1 R -1 -nethylpropyl]-2,5- 15
: pi perazi nedi one. 4. A pharnmaceutical conposition conprising a conpound of
formula (1) as clained in claim1 together with one or nore
pharmaceutically acceptable carriers. 20 5. A conpound of fornula (1) as
claimed in claiml1 for use in therapy. 6. The use of conpound of fornula

(1) as defingd inThd aserof cdraporof femulaad) as eefifediinelding drfenthef or

ant agoni si ng the effec%ns9 of ox toc&g on. 25 the Oﬁ%/t ocin receptor.. 20 7. The
use of conpdliABUGFIU®PhAIBedieaMERt tok treating PRPavENHNgG disgpseser CopdiiAngct ure of
a nedi canent i \V: Liagidi seases or conditions nediated

t hrough the rlaqtgta{a(t)%\({g@%%%ﬁ?énﬁo%&%%r&gﬁess for the preparation of
conpounds of formula (1) which conprises: (a) reacting a conpound of
formula (11) 3 RL N~ CX¥H HN R3 O (11) wherein Rl, R2 and R3 have the
meani ngs defined in claim1l or a m xed anhydride thereof, with the am ne

NHRARS wheregn R4 eskdfonavine fr@paration of compounds of formula (1) which

comprises:

(a) reacting a compound of formula (11)
R,

R.. :
R NN CoH

© (11)
wherein Ry, Rz and Rz have the meanings defined in claim 1 or a mixed
anhydride thereof, with the amine NHR4R5 wherein R4 and Rs have the
meaning defined in formula (1) under the standard condition for preparing

amides from a carboxylic acid or a mixed anhydride thereof and an amine.

{b) reacting a compound of formula (111)
R,

Rin, AN

HN
IR ,

o (111)

CONHR,

wherein Ry, Ry and Rj have the meanings defined in ¢claim 1 and Rg is 2-
hydroxyphenyl with carbonyldiimidazole or thiocarbonyldiimidazole in a
suitable solvent and subsequent reaction of the product thus formed with

21



meani ng defined in formula (1) under the standard condition for preparing
am des froma carboxylic acid or a m xed anhydri de thereof and an am ne.
(b) reacting a conmpound of forrmula (111) 3 R 1 NN\CONHR6 FINYIIIII R2 O
(111) wherein R1, R2 and R3 have the neanings defined in claiml1l and R6 is
2- hydroxyphenyl w th carbonyl diim dazol e or thiocarbonyldiimdazole in a
sui tabl e sol vent and subsequent reaction of the product thus fornmed with 21
am ne NHR4AR5 wherein R4 and R5 have the nmeaning defined in formula (1). 9.
A use accordi j Il j i LI in a
phar maceut i ca E%%ﬁg“ﬂﬁ%be%g A%@g‘ji‘@%%m.gﬁ@g?%ﬁ%|d§ﬁﬁnba "?A,ﬁer e said

di seases are (sl ected from pre- termlabor, dysmenorrheal, endonmetriosis,
beni gn prostatic hyperpl asia, sexual dysfunction, premature ejacul ation,
obesity, congestive heart failure, arterial hypertension, liver cirrhosis,
nephritic or 9cul aA Usgpsscoediag ¢ clasiewhénein saideripbund igi sor der and
neuropsychiatric disorders. 11. A use according to claim7 wherein said

di seases are g8Mmisteted iroaphprraacaudical cerhpesition] premature ej acul ation. 22

10. A use according to claim 7 wherein said diseases are selected from: pre-
term labor, dysmenorrheal, endometriosis, benign prostatic hyperplasia, sexual
dysfunction, premature ejaculation, obesity, congestive heart failure, arterial
hypertension, liver cirrhosis, nephritic or ocular hypertension, obsessive-
compulsive disorder and neuropsychiatric disorders.

11. A use according to claim 7 wherein said diseases are selected from: pre-

term labor and premature ejaculation.
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