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A CYCLOADRJ bdeMo CTION Field of the invention The i nyepkbfi /60%2@‘ es to a
novel process, novel process steps and povel internedi ates use?

synt hesi s of pharmaceutically active coﬁpounds especially renin |nh|b|tors.
Background of the 'WQFHEQTSB m,&qﬂmnﬁmﬂm N@gys into the bl ood
where it affects the cleav é .ﬂ easi ng the decapepti de
angiotensin | which is the ﬁg‘g the kidneys and ot her
organs to formthe octapepti de angi ot enS| n Il. The octapeptide increases

bl ood pressure both directly by arterial vasoconstriction and indirectly by
| i ber at i ngia1dldi 4B ittigglr enal gl ands the sodi umion-retaining hornone

al dost erone, acconpani ed by an increase in extracellular fluid volune which
i ncrease Caminyentig relates {ea npve! plesessc Povehprasess grps and movel intermediataspisel s of
the enzyWﬁtth&sﬁm%ésw&wh%aeamcawa%ﬂ@b&&np%uﬁ@sdugﬁécmy dhir} RRibR@S. MBI on  of
angi otensin | d consequently a smaller ambunt of angiotensin Il is

pr oduced. The’ reduced concentration of that active peptide hornone is a

di rect caBackorgundebthednventionsi ve effect of renin inhibitors. Wth compounds

such as (pbhiR bNﬁeé‘aﬁ&% Hel %l&néf‘d" u&tézﬁne“%!o'é@ Krﬁére51ta'5¥f8&s Nne2 clegidegMer
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nzyl ) - 8- mnﬁymms @5!9 deeapemee ﬁ@qmmsehbwéh wdberbeleaveéewedwm whi ch

i nterfer emeWkilitbyséha b} 'arg%ﬂg'tetﬁﬁﬁ'tﬂe %&&bgﬁndat aﬁdlﬂer’i%‘?rg'n” Wh@goé?épepude
angiotensin Il Biosynthesis. As the conmpoun rnrses chiral carbon

atoms, t hisciegsastRleqdiprassure,poth Haﬁﬁtw&u@ﬂpeﬂwgmomiwéwe@ﬁﬁmﬁfactlysbyqleeqaw‘g
demandi NGgrorkliRg 848FA glHI8 ﬂsi%aﬁ&#tbﬁ%@h@%%&% adééi%nélldceavnﬁé}ﬁed 5pse

conveni ent synthesis of this sophisticatéd type of nolecules are welcome. It
i s t her ef BF€3se B Mraceliylyy fdid vglumey whigh t'meﬁﬂee%hpelﬁi‘ﬁbﬁﬁﬁﬂ dn the astigvetie new

synt hesi Saﬁgﬁbiénéu?ﬁ lﬁﬁ]&td?@\-ﬁf th@bﬁﬁﬁ%b%&@»ﬁﬁﬁf r'eﬂWléEﬁi t%acﬂﬂﬁ'&fﬂh?fpﬁe?&ﬂmaﬁéﬁ I ci ent

access to this cl ass e search nore convenl ent ways
t o manuf aef angiotensin h an%msgwﬂs @csmalisr amount 9fewgl¢ten8lws18frzm¢meﬂ hEhe

pyrrolidi %ﬁc@cd‘h’&%h@ﬁ |oPYHa@BguV@eﬂépH@ horfdné e Rbctc@sPBf e 20%99@%

internmediates 1 n the synthesis of 'such renin inhibitors. /039183
PCT/ EP200¢fiasb ofyenin inhibitors.

With compounds such as {with INN name}) aliskiren ((2S,4S, 5S, 75)-5-amino-N-(2-carbamo-
yi-2-methylpropyl)-4-hydroxy-2-isopropyl-7-[4-methoxy-3-(3-methoxypropoxy)benzyi}-8-
methylnonanamide), a new antihypertensive has been developed which interferes with the
renin-angiotensin system at the beginning of angiotensin 1i biosynthesis.

As the compound comprises 4 chiral carbon atoms, the synthesis of the enantiomerically
pure compound is quite demanding. Therefore, amended routes of synthesis that aliow for
more convenient synthesis of this sophisticated type of molecules are welcome,

it is therefore a problem to be solved by the present invention to provide new synthesis rou-
tes and new intermediates allowing a convenient and efficient access to this class of
cormpounds.

In the search for more convenient ways to manufacture renin inhibitors such as aliskiren, it
was found that pyrrolidines as shown below and derivatives thereof can be very useful
intermediates in the synthesis of such renin inhibitors.



-2 PGORy Rz R ORO wherein Ris hydrogen, alkyl or alkoxyal kyI R is
hydrogen, al kyl or al koxyalkyl; Ry is hydrogen or preferabl drox I

prot ect i ng V¥ WAz | 5 hydr ogen or unsubstituted or sW?@W‘@ Y kyI and
PG is an am no protecting group, especiétly one renovabl e by hydrolysis,

e.g. lower al koxycarbonyl, such as tert-butoxycarbonyl or

benzyl oxycarbonyl. These pyrrolidines and nethods to synthesize renin
inhibitors are described in detail impd@B appligpg |on no. 0511686.8 and in
the resulting PCT application PCT/ EP200§/ 00537(Q. pyrrolidine ring | ocks
the stereochem stry for subsequent conveNsi.0ns é{I d| ng eventually the

am ne and hydroxy noieties with the desijed fterctchenistry. However,

al though this process WorksR/\@jI and h ceftain advant ages, the
pyrrolidine internediates are 'prog Pom am no al cohol conpounds of the
following formula PG ORy HO RZ |R ese conpounds are accessible
using a rather |engthy synthegiy i om pyroglutamc acid. Reference
is made to PCT application EP2005/ 009347 publ i shed as W2006/ 024501 where
ket one anwhereideri vatives of such conpounds are prepared that can be
converted,into the am no al cohol. Summary of the Invention WO
2007/ 03915?'%3@1%? B‘Ef’gg‘g gﬁyi 3 It has now been found that useful

pyrrolidi Relslmdmgaedlmlm’saﬂw)@alapjpessi ble via a nuch shorter route, thus
reduci ng hhe ny nber of eébeaﬁyfrgfyIBr%tééhnggrosu' table renin inhibitors quite

y 15 hy rogen or pre up,
R, is hydrogen or unsubstituted or substituted alkyl, and
PG is an amino protecting group, especially one removabie by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl or benzyloxycarbonyi.

These pyrrolidines and methods fo synthesize renin inhibitors are described in detail in GB
application no. 0511686.8 and in the resulting PCT application PCT/EP2006/005370. The
pyrrolidine ring locks the stereochemistry for subsequent conversions yielding eventually the
amine and hydroxy moieties with the desired stereochemistry. However, although this
process works well and has certain advantages, the pyrrolidine intermediates are prepared
from amino alcohal compounds of the following formula

R,O

1

RO

These compounds are accessible using a rather lengthy synthesis starting from pyroglutamic
acid. Reference is made to PCT application EP2005/009347 published as W02006/024501
where ketone amino derivatives of such compounds are prepared that can be converted into
the respective amino alcohol.

Summary of the Invention




considerably. In a first and very rel evant aspect, the invention relates to
a process for the manufacture of a conpound of the formula Ill, OO0 NR
Ri O RO (I MO2007#8188i n R i s hydrogen, al kyl or al koxyal KWEPRI6/0082hy dr ogen,
al kyl or al koxyalkyl; and R is hydrogkn, alkyl or aralkyl; or a salt

t hereof; said manufacture conprising (preferably consisting of) reacting a
conpound of the formulal, 0 ROHd ROIl i (I) wherein R and Rl, are as

defi ned fr@ﬁa@n&pmma&hmai Jk%fu‘? rFoktife H:érmematela afe Qédéﬁétﬁl@ vmee&r%onaf
formula Il HzN'-Y0 11 R wher ei n I s as defined for a conpound of

the formfiodte; thus FW“G'FEe‘rhet'EP'Bt? eoft W@’lﬂ‘i’m‘e“’ pigldc suitabla renin inhiiters, Aditees s
step as sgypBidebiynel | as a conpound of the formula I'll (and its preferred
enbodi ments as descrl bed |l ater), or a salt thereof, also form enbodi ments of
the invention. WD 2007/039183 PCT/ EP2006/ 009323 -4 Both reagents of

formul a lingnstldnd3efy relelaiR laspeuiRe Mvartiol réitas kb bRckdsIt M idnuficRiresiah as

compound of the formula i,

(1)
wherein
R is hydrogen, alkyl or alkoxyalkyl;
R, is hydrogen, alkyl or alkoxyalkyl; and
R’ is hydrogen, alkyl or aralkyi;
or a salt thereof;
said manufacture comprising (preferably consisting of)

reacting a compound of the formula |,
0

R1OIjLH
RO
)

wherein R and R,, are as defined for a compound of the formula {ll, with a glycine compound

of formula Ii
8]
HzN/\ﬂ/ \R'
O
)
wherein R’ is as defined for a compound of the formula ill, in order to give the imine

functionality. This process step as such, as well as a compound of the formula Ill (and its
preferred embodiments as described later), or a salt thereof, also form embodiments of the
invention.



Al drich or Fluka, or they can be obtained by nethods well known in the art.
For exanpl g, ehyde of fornula | can be prepared g&oaMsRgosb the

nmet hods dlgvc %@"é&ﬂ% Goeschke R et alg_ Helv. Chinmica Acta, 2§0§ 86(8),
2848 and Goeschke R EP-A-678503. The imne formation proceeds by any known
method in order to obtain the conpound of fornula IIl. Preferably the
reaction is conducted under basic or acidic conditions, nore preferably

basi ¢ corkAth repgentsfiformyfia | gad d-are githes Fommegeialyavatiable, BP@eﬁﬁ'PE"eﬁa% as

pr ef er abl Mdrichrd¥ Fika, SAR6P car By &Jtﬁh&i By Fﬁéihbd@wéll KrioWaaM tHaa € , Forf @kamiié the
preferably a tertlary nitrogen base. |l es of the tertiar nltro en base

i ncl ude td'dahydeof oFnia | %@eﬁﬁpaﬁq éﬁcﬁﬂ'mﬁﬁe methods disslogedtin X The

reaction gaf Hef. CARGCARS, msasra(a)suawéﬂcm&ebmem EFART856H! ¥ an aprotic
sol vent such as an aromatic or hal ogenat ed sol vent, nore preferably

met hyl ene chl oride or tol uene. Surtably the reaction is conducted so as to

renove anpheVylim farﬁarmﬂpmdwdsr&, ARYEkACAAChEIRBE i bRIEP td2 Bbisin' @b CompSurigesrov ed
concomtantly. Suitable nmeans to renove the water include any drying

agents, daEmiadlRpleablihe tepclos 'érc°§6‘€ﬁ‘%\‘%‘lﬁ'fb&§'§ or Aeidigrsprellionsr Maeves or

azeot r opi ;ﬁeldra%iy‘ lbals?éi téhaitionle SURANS b%stlhm&&gaﬁl@@r IrRrgAict 4468, [ﬂé@rab@'hosen
so as to bring the reaction to completion at a mnimmtime wthout the

pr oduct i SNIYNC PaRsRPIEPrEERRlY A @JHQ&?M’E’S?WSF mare Rreferbly 2 iesianypitregan bage-

conduct ecexampids 6 tie 'i@ﬁéryxmtrodgneﬁﬁea%bﬁdé) tﬁﬁelﬂ@laﬁiﬁnemﬁﬁl FHn@f t?iéﬁll?lbi\‘nnl?5 -30
C, such as, room tenper at to 48 y r ef er abl to 36 h, nost

pr ef er abl 4fisaproRyetiadarmine ﬁeﬁ "%Poc“?llc?i‘ b%WH@P iRy suiahle R?%fﬁ'[abl‘-!fa”t he

i nventi Orhpﬁ'&icaéoﬁiéni Such &PEP ArsivatelortdRal nméhasoweht Aore PRferaBy nidiNhe OF A
the fornmu|a i nter alra f or

salt thereof ound . I e used,

S he synt rBEYide S TS RPYAF FACION I RnQURT S BEL0 Tegmcve i Brayer feried

i nhi bi tOFdimﬁ?'Qﬂh RBci ngféferamg wa@e%n@t‘drﬁdvbu caﬁcodﬁtaﬁﬂy bggltable héghsiterdriveng. I n
a preferred urt her nt of the invention, :ﬁ.‘}*fs synt hesi s E%rrprlses as

a furt herthgm@ter ippiude ai“Mcfi'VP%lti’&Pméyﬁ‘H‘?eéq magpesiym fgfale: ¢fr sedjim SUiRen®und of

fornmul a |nyol6euldrléleddsQRazediobic distillation. RThe (réabtioN\ @) Arid Qﬁ@lﬁﬁperature are

PCT/ EP2006/ 009323 -5
chosen so0 as to bring the reaction to completion at a minimum time without the production of
unwanted side products. Typically the reaction can be conducted at 0 ° C to reflux,
preferably O to 40° C, more preferably 15 -30 ° C, such as room temperature, for 1 hto 48 h,

preferably 5 h to 36 h, most preferably 17 to 30 h, such as 24 h.

Another important embodiment of the invention relates to a compound of the formula Il as
defined above, or a salt thereof. A compound of the formula Il may be used, inter alia, for
the synthesis of pharmaceutically active substances, preferably renin inhibifors such as
aliskiren, especially as described in the following.

In a preferred further embodiment of the invention, this synthesis comprises as a further step
or as individual synthesis the manufacture of a compound of formula IV

R,0 .-\‘LO-R'

] H
N
Ro@llh-

(V)



wherein R R, and R are as defined for a conpound of the fornula Il above
and wherein R2 is alkyl, or a salt thereof, in order to formthe

pyrrol i di nWOp3983i d manuf acture conprising (prefer EIVERHRIPBEI ng of )
subj ecting a conpound of the fornmula I14% especially synthesized as in the
preceding step, to a cycloaddition reaction with an a, p-unsaturated
carbonyl species of fornmula (V) OR2 (V) wherein R2 is as defined for a

conpound wherbi R, IRQ 2l IRA ate\asodiviad foTEicﬁmP&Qﬁ&ﬂ%eSibﬁﬂu!éﬂl St and AheRIR, as a
conmpound of the forpula IV (and its preterred enbodi nents as described
f?if'ﬁﬁ"

- (and
later), 8ralkyl orpsall fagreefs In oferdofemphing pyBeldineing. seid rmrnufaciies corpisingh e
cycl oaddi fpredérably chivgnitinglof)y a 1, 3-di pol ar cycl odaddi tion reaction. It
pr oceeds .any known nethod in order to obtain the coppound of fornula |IV.
In partic m"?s’e? soppeund; of the;faamylg IIf, gepecially pyiihesized ias &t e precedipg slepntoes
descri bi ngegialensilidatiin wa_&aema,gmsa:&a{edhﬁmo@n%@hié%ﬁf&mﬁ M Chem Rev.,
2005, 105, 2765 -2810, Husi nec and Savic, V., Tetrahedron ymetry 2005,
16, 2047-2061, Barr D. A et al, Tetrahgdron, 51, 273-294, D kshit D. K et
at Tetrahedron Letters 2001, 42, 7891- 1892, Nyerges M, et at Synthesis,
2002, 1823-1828, Garner, P. et at, ra ron Letters, 2005, 46, 5181-5185
all of which are incorporated herein by reference. Wth respect to Col dham
| and Hufton R it is referred to chapter 3 sdgbifically where vari ous
met PO?S theﬂéig R issE éal dﬂsﬁtﬁ_nﬁﬂ fb“rta:c d&\?\\ﬁbﬁ?\ﬁflﬂf@ﬂlo&?@é Y félﬂﬂﬁth?@ﬁmc%é% s_f_éhbaéstéu@hl,' ar f
prototropy and netal ation, o i C alation s preferred., Thus, any o
Dhe et MNEIASE FTpRRNNA P thedaimatia 1Y end e prsteried embariments % despibed ilerhy o
I ncor por ajretsatanaedt, SiYo formfepitRmmnts it tieinativn.t he reaction is conducted
under basic conditions. Suitable bases include organic or inorganic bases,
preferably organic bases nore preferably a nitrogen base, yet nore

pr e}‘ e (r]I abl %e?cyblﬁé?diwnws ﬁjptggmgs g,.a!aﬂwar cﬁdiﬁdﬁaﬂﬁlﬁn edactide It srotdents }5_yr ah)tD n;mg base
include trje m ne I i sopr et m ne, . qui.ni ne,, n
1§ oty 1 AR ParaST St i cEBROPE oL e Y M R SefPiedt ' "ok Ja e
pr Ief er abl mll(ﬁvﬁngilaé?tdré r?fél*e\neéﬁ d?ﬂﬁﬁngﬂ%eﬁéddiﬁdﬂ@&tﬂgﬁs: Colsaima gl HuftbaRogenat ed
sol vent re pre oride acetonitri]e
t et rahydr@?“u 'a'ge‘b'r S@ﬁtﬁéﬁg%%hﬂg'r ﬁﬂ?"éect geér\deD%%’fq ofr ﬁ‘gtr gfoé‘r‘g%iw"%'é’nduct ed
in Ithe mo;esene:azoi?-a%&uiaablue maétahly%gml‘bnasmg m:czah, Didshil YBtK. &udit ?bl e
nmetal cat ts are Li I.n ove cit eferen T a
cat al yst ]aeépéﬁﬁ%pe é.ppgs?ﬁi)& ?fdﬁsgf‘lgggﬁxgrgﬂesl_ e? ai éyniﬁes:s. 5‘882 18%—1@%.

Garner, P. et al, Tetrahedron Letters, 2005, 46, 5181-5185 all of which are incorporated

herein by reference. With respect to Coldham | and Hufton R. it is referred to chapter 3

specifically where various methods of using imine starting materinals are described, in
particular prototropy and metalation, of which metalation is preferred. Thus, any of the
methods described in chapter 3.2 are particularly suitable and are incorporated herein by
reference.

Preferably the reaction is conducted under basic conditions. Suitable bases inciude organic
or inorganic bases, preferably organic bases more preferably a nitrogen base, yet more
preferably a tertiary nitrogen base. Examples of the tertiary nitrogen base include
triethylamine, DBU, diisopropylethylamine, quinine, TMEDA and trimethylamine The
reaction can be conducted in any suitable solvent, preferably an aprotic solvent such as an
aromatic, etheric or a halogenated solvent, more preferably methylene chloride, DMSO,
acetonitrile, tetrahydrofuran or toluene. Furthermore the reaction is preferably conducted in
the presence of a suitable catalyst such as a metal catalyst. Suitable mefal catalysts are
described in the above cited references. The metal cataiyst is typically a salt, preferably a Li,



WD 2007/ 039183 PCTI EP2006/ 009323 -6 Ag, Cu, Zn, Co and W salt, such as a

Lip, Ag', Qu", Zn", Co" and Mi" salt, nore preferably a Cu or Ag salt. The
ani on can WO 28iMpP3%83 t abl e ani on known in the art such PETEPRYGH0HEI

i ncluding chlorine and fluorine, trifl-6oronethanesul fonate (triflate or OIf)
and acetate (OAc). Thus suitable netal catalysts include AgF, AgOAc, AgOIf,
Li Br, Cu(OTf)Z Zn(Orf)2, Zn(0OAc)2, COCl 2, CoBr2, MBr2, nore preferably

Ag OAC fo 1t Z8eh 5|§ 1y, I |

AgOTTf , rm pr gf‘er a%% n%& T g%ruea |%dslmztrf}rr€6 ?I}l]g Wﬂsﬁlt%eg?ﬁ;t ur'g are
chosen soCwor A8 salti nB"Q a@om &ae eyt syitatlerngnion koawa tin éhmalmsndmas |ani9|ldﬁ=-t hout
the pr Odgﬁélbﬂﬁg]gﬁloﬁ%%tfﬁﬂnﬁé QﬁluBFdﬁSBﬁEnﬁfulﬂ;Mﬁb ?ﬁ‘ihétké oF brey fr@l‘%cb%’lbr g

conducte preferab nor e 15 -30

C, such aBhwsossiablenmetal: catalysty d?c'"dESAﬁ'f'nAQQAQAAﬂOTbrféBbr@M f)BOZHGOrTf)h to 12
h, most prRbREghEacH dber MaBh, nﬁF@dﬁ' ﬁf’abﬁ/ AgdAch Ag@?? C&GWPAH?ﬂZrﬁémﬁ?eta”

converted into the respective aci sal t known i n

Typi cal | ymetecPreferaplyohafc MO ar Saidéenpst Bfe%/q{émhﬁfﬂﬁéc The reactien time apdthgny

sui tabl e grgaihre e cid3en 8685 fo BHngdhe RIaBIGA' S RbMpRior A Bithém ARledviib@h as
HCl or an organic acid such as tarftartic acid or its derivatives for

exanmpl e dhe eradyrtinnof unwiaptedsideprpductsykypicallyrthe Faache) eancbe eandusted akt78) as
descri bedg @@féﬂﬁx ﬁé?@raﬁi?tﬂbﬂgdcph@%%ra%iﬁsf—éﬁ@@ SuctPddroBinl teP8iurd, w&nt s are

stereochemcally cis t0 one anot her, i's, the configuration on and

the C5 pol minda24iks peaferably 30imin rie 12 Iﬁ'eméﬁirﬁf?fg@bb(ﬂ Bip DR, wehias 3ci4h. r'@leat ive
to C andedmpound’ E@ﬁ Bé %Qﬁ\lért%@?ht& ﬂfm@%@tw acftd%%yambt\}{oa@ﬁfeﬁ Eﬁo iRgPgRem stry

as shown bel'ow in fornul a VA)  Chirality

can be i nbipically the acid ¢f\chaige dﬁﬂddpﬂéo HB@\F@DQieB@r ?%Ga'b?% F%‘é!dﬁap‘ied%ﬁgﬂﬂé?d&'t ion in
the pr eslﬁ&ﬁﬁnlefama ﬁ'@ferréﬁly Eﬁfn%}g‘éﬁfc Jcﬂrd%ﬁ a®¥Ci bea H@Bﬁlc%fdrku@h 24 'latr@mce

additive, sée Husinec Savi ¢ ., Tetrahedron Asymmetry 20

2047- 20618¢id Wd@rdﬁﬂ\’ﬁ!’%‘ijfoh@%‘@me ﬁ';D'r*@*F‘éf}’éﬁé@ acidrhus suit abl e addi t | ves
include chiral phosphines and bi sphosphines, in particular bisphosphines,
such as conpounds 25, 29, 30, 31, 32, 33, 39, 46, 47, 48 as disclosed in
Husi nec SVhAR cepdycling the reagiio slepdisdasrited above, dhe allalpedpadHels ansrasemics 7 as

di scl osedargail Substitias Sredhdecehemizaly\is totPBRAGHBE THRE isVBE cohfitiuiislivn of @2h as
conmpound 15 as di sclosed in
and the C5 positions is always cis and the configuration on C4 is cis relative to C2 and C5.

Preferably the compound of formula IV has the stereochemistry as shown befow in formula

IVA,
Q
R10 H }LONRI
N v
Ro Wi .O
P
07 R2

(IVA)

Chirality can be induced by carrying out the above-described cycloaddition reaction in the
presence of a chiral catalyst formed by treatment with a suitable additive, see Husinec S and
Savic, V., Tetrahedron Asymmetry 2005, 16, 2047-2061, incorporated herein by reference.
Thus suitable additives include chiral phosphines and bisphosphines, in particular
bisphosphines, such as compounds 25, 29, 30, 31, 32, 33, 39, 46, 47, 48 as disclosed in
Husinec S and Savic, V., chiral oxazolines, such as compounds 56 and 57 as disclosed in
Husinec S and Savic, V., ephedrine derived ligands, such as compound 15 as disclosed in



WO 2007/ 039183 PCT/ EP2006/ 009323 -7 Husinec S and Savic, V and other chiral

| i gands, ounds 20, 21, 22 and 23 as di scl ' j;nec S and
Savic, V. Wﬁ:}g@@rségg y the respective Ii_,gand i s used toget eprbdbgm)ﬁl%b;s;is t he
respective catalyst as reported in Husi'nec S and Savic, V. or as reported in
Schreiber S. etal, J. Arer. Chem Soc., 2003, 125, 10174, or as reported by
Zhang X., etal J. Arer. Chem Soc., 2002, 124, 13400, or as reported by
Jor genserHusinea S anchBavig .V andjothghehivgl ligaods sucheds carasainds 20021, 22sndi2Bed by
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appl i cat i tbe respective sgialysbaairepgriegtin Husibee Sand Sauic, \bror 2sserpriedn Sehreibertf®i ce of

catal yst 4 I teg,af t ) Set tpe r med
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can t hus Ghemns dlosc 2002 (1¢4,0134p0,ras@s rapeded py drgenses dinédr tab dnOrg. Ebeme 2083, ai ned
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of a suitable sa y chromat ographic separation he optical 1 soners
by enpl oyt tbeseretanences asptigieted are alpe figande of gheice Ksthechresent adplisaias: &s when
conduct i 3 % i | | ; | Al ki ve,
t he st er%gﬁﬁdyﬁfﬂo tﬁeg%{g?ﬁ%gﬁ% iﬁg:cnoclﬁé %ﬁ’ﬁa}%@%yﬁo |§|ﬁrt1%?’ﬁég%‘%i S
opposi t e sterep¢hemistiyad the rewly farmegbpuliztituestyin dhep?, dyandyS positians ofi the, ringnBoth
parti cul Rt ' N iyt X
Cbst | t ucREH Bhert b Indg B Raectial bdforef oAl frP AT 653 o Btained o,
as di f f erwlassicebresglutionntieshnigueswior examnie frectionalcgrytallisptiomaha sutable ealt o5t t he
C4 substy ' [ Is ' [k Xin lpg a
i ral g ! Ramatoblepht BRAali’ ofthe SHIL IR bl Sl fing Ko RogEPR U 20 %, 1
process cHirakaolusid t he conpound of fornmula IV is obtained in enantiomneric
excess, . Enantioenrichnent is then achieved by fraacti onal
crystallisation. Another jnportant enbodi ment, of the invention relates to a
conpound 4% MeRtioned hefpre; \”R'Frg@“défé‘fqgn@g cypjeRAdition reaction  with; orapithopt a £hid)npound
of the foiduiive the/steRiochemiPESK the SitRtitudhtiabC4 oPthe piRBIdNATINGAS bepoeie to that

i ve substances, refe\pablﬁl j’eﬁl n inhipitors such as

eV £ '8 IegiRH

phar maceuti cal L’y gc%

al i ski r edeaWiEder 3FPy0% ByjeTpIpyIRe gompeyny | methy! Xinyl, ketoney Bytheyr t her

enbodi mengyclehdditim ﬁrﬁd@@tthﬂ@ubétftﬂeftssaﬂmméﬁd E4CHORRffcr@fiaRY (Atefanirk hRIMAIEp or

as | ndi vi dial ey it hesl s Lhe m A & ol enont SR maliphiSih oF e 4O
substituent.

Other options of inducing chirality include employing a chiral glycine ester, for example a L or
O -menthylester which renders the process chiral and the compound of formula IV is
obtained in enantiomeric excess, . Enantioenrichment is then achieved by fraactional
crystallisation.

Another important embodiment of the invention relates to a compound of the formula IV as
defined above, or a salt thereof. A compound of the formula IV may be used, inter alia, for
the synthesis of pharmaceutically active substances, preferably renin inhibitors such as
aliskiren, especially as described in the following.

in a preferred further embodiment of the invention, this synthesis comprises as a further step
or as individual synthesis the manufacture of a compound of formula Vi



-8 0 OPAA 1-OR R N ROOR2 (M) wherein R R and R are as defined
for a COWHQ@%&MWG formula I'll above, R2 is as def |P@%&P§®Em@3ﬁorrpound of
the formula ove and PG is an am ng protecting group, or

t hereof, said manufacture conprising (preferably consisting of) |ntrodUC| ng
an amno protecting group on the pyrrolidine nitrogen of a conmpound of
formula IV, especially synthesized as in the preceding step. This process
step as such, as well as a conpound of t formJIa VI (and its preferred
embodi nents as described | ater)ROqr aP& al so form enbodi nents
of the invention. Preferably the forrrula VI has the

stereochem stry as shown bel ovRO VIA O RROPROR O,~R2 (MA
Thi s conversion proceeds under st aFH onditions and as described e. g. in
standard reference works, such as J McQOmie, "Protective Goups in
Organic Chem stry”, Plenum Press, Lonaoon Ad New York 1973, in T. W Geene
and P. G M Wits, "Protective Groups I n Organlc gyt hesi s* Third edi tion,
Wley, New Yark 1999, in "The Pept |des X edi t Gross and J.
Mei enhof ethereind, flnprid Br e as dg Oéﬁdcqfxl&ﬁ” nithelgmu'a?'ﬁ ab RX& sde@Sder

or gani SC%ﬂné&‘m%Wme@ﬂﬁe fdrmidad e inevE AP s Ho an'irr'w@!&ctaﬁﬁe%bup, 4R
edition, Volume 511 '?1-8@'-’8 Thi erme, VerI aper t ut ts%grt h974 Jakubke

and H. ﬁé"ééﬁ%’é? said App WrecrempBgipg i(ere! RY ORnHRAUGNg AR a’b@Bt i des,

Pr ot ei ns)prot¥&lingagroup-hdimittea pWPtbliﬂh\@' itrogere bf laebdimﬁmahof frfluiBanelesp8dially and in
Jochen Lehn%nn, "Cheni e der drate: Mnosagchari ge and Derivate"

hl e
( Cheni st riynigesieed %‘Hﬁ'&‘? a'iee%dm%ﬁes i&g RERCESS $ER a3 SUchnas well 85 gLopouRd Al g
Thi ene Vahé dgmufat VI (a8anifs pr8féfred \8MAb3EiMEen At dabciliel! BRZ)Y) @8 /208 IRereof; also

form embodiments of the invention.

c:=29]0]

Preferably the compound of formula Vi has the stereochemistry as shown below in formula
VIA.

R0 PG ‘}Lo-hR.

(VIA)

This conversion proceeds under standard conditions and as described e.g. in standard
reference works, such as J. F. W. McOmie, "Protective Groups in Organic Chemistry”,
Plenum Press, London and New York 1973, in T. W. Greene and P. G. M. Wuts, "Protective
Groups in Organic Synthesis", Third edition, Wiley, New York 1999, in "The Peptides”;
Volume 3 (editors: E. Gross and J. Meienhofer), Academic Press, London and New York
1981, in "Methoden der organischen Chemie" (Methods of Organic Chemistry), Houben
Weyl, 4th edition, Volume 15/l, Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and
H. Jeschkeit, "Aminosauren, Peptide, Proteine” {Amino acids, Peptides, Proteins), Verlag
Chemie, Weinheim, Deerfield Beach, and Base! 1982, and in Jochen Lehmann, "Chemie der
Kohlenhydrate: Monosaccharide und Derivate® (Chemistry of Carbohydrates: Monosaccha-
rides and Derivatives), Georg Thieme Verlag, Stuttgart 1974.



In particular when PGis an al koxy carbonyl group so as to forma carbanmate,
t he reacti‘ggzh@mﬂg‘?ferabl y conducted under basic or agiQigpmeikis ons, nore
preferably basic conditions. Suitable bases include organic or ‘I norganic
bases, preferably organi c bases, rmre'gp'ref erably a nitrogen base, yet nore
preferably a tertiary nitrogen base. Exanples of the tertiary nitrogen base
I nclude triethylam ne, diisopropylethylam ne, DBU TMEDA and

trimethyl am ne. The reaction can be conducted in any suitable solvent,

pr ef er abl ‘ I t
sol vent, Iﬁg?r&&%%@?%ernab ﬁ% Iﬁ%gﬁg’%ﬂ@%%i}%easgg %@h@fﬁg%@?tgﬁbgg%@'ﬁgact I on
ti me and préferablyngnadutied aindercbadico or acidic capditionsh mang preferablyekasic conditions.

conpl eti Qf),; ay. J9..0i [ .t ho ucGti f n Si
products. ?/%‘Fc%ﬁeg {ﬁg@k% ea ?':ﬁ% n&c g"tr? réggﬁc g%%gbtcﬁé%!g%tb% OF%“@OBE%ISI u"gc,ﬁe

pr ef er ablpyeferably a1@itrggen bose yet afoer pleferatiy a-tediaryQjitregentbase. Exammpiescofptbe at ur e,
for 10 m,Q,. ; & S o™ ef b lLh to 4
h, such eggm'[f"(}h J"?’Xﬁ%ﬁ ﬁ{eargg i ’h%gé%le{ﬁah‘g%{ﬁ'gﬁ'i %%%P %Y %"ﬁ%ﬁeﬁ??b rL{XAr e a{%a; to a
conpound tihethigaminer nThearegttionscanchef conducted bvany switable salvent; peefaratily afotaonpound
of the f b S | r | 0, '

phar mac e%[oﬁggtﬁf@éhag%\'} e&gﬂ bés:ttggart]%: g‘é% B@Q%ra tg I %/olvreég ﬁﬂ&fg%@ﬁéb@? ghfegh IX' che as

al i ski r erchlogd@ ecéethy!l acetate. dElse raabtio tinme ambthe dérhparatuce arerchasqor sef & todxding ur t her

hodi o Con - Lhis. syt ; ;
2e 1 nd v 1R, acttif o SFBleNEH a bR S WAnGig TS kol pr ks se 20 7,
PG N O R produets( ypicaliythe resatiomcambe sontiutedzat € S tal eefflux quieferablyd toct@@und of
the f I , ' f |V
eftor w%&pl-éfergmwg.-sﬁzc' SuchSas. riéth éIﬁ&prgtﬁ%F %5q9£ﬁ;mﬁ1@rpé§p§bggpyka

i
above a I'S an”ami no ptotecting ér oup,
manuf act e & heoeplrareflerapiv( I8 minde 4, suchasslisti ng of ) conversion of the
carbonyl of a conpound of the fornula VI, especially synthesized as in the

preceding step, to an olefin. This process step as such, as well as a

conpound Asothen éngastentiembedimentzaf dhe inventipn edlales inja sampenndeafithe fpsmula 34 @5 bed
later), t Oa f ; : o

2007, b'30 LElesbaidve/ e £ ineRbf oA LOREMGE e ofthdia Vi mia) e Ush y’?@ﬁa%b{?y\gny
met hod kribrusyntbesis of phamunaceytically aetivensubgtanegs; preferably renin inhibitors such as

aliskiren, especially as described in the following.

In a preferred further embodiment of the invention, this synthesis comprises as a further step
or as individual synthesis the manufacture of a compound of formula Vil

0]

R,0 PG, }\‘o-ﬂl
-
Ro f
R2

(Vi)

wherein R, Ry and R' are as defined for a compound of the formula [il above, R; is as
defined for a compound of the formula IV above and PG is an amino protecting group, or a
salt thereof, said manufacture comprising (preferably consisting of) conversion of the
carbonyl of a compound of the formula VI, especially synthesized as in the preceding step,
to an olefin. This process step as such, as well as a compound of the formula VH (and its
preferred embodiments as described later), or a salt thereof, also form embodiments of the
invention.



Preferably the reaction Is a Wttig or Wttig type reaction or a Peterson

ol efinati eaction with the Petasis reagent. | ents for

t he Vvttign?ggg@¥%%{are phosphorus vyl jdes obtainable rgﬁ? Og&@ggpective
phosphoni um salt and a base. The phosphbohiumsalt is preferably obtainable
froma phosphine, e.g. an aryl phosphine or an al kyl phosphine, and a

nmet hyl halide, such as MeBr. Triphenyl phosphine is the phosphi ne of choice.
The ylide can also be prepared from phosphonates, phosphi ne oxi des,
phosphoni | i ' thiates.. f phi nes.
In this J@ﬁf‘%’??ﬁ%‘h@i%h?ﬁ%?@%&%dr gi’ %ﬂf”gérlﬁéedgm%%’dmt fie é%%@f%@@eqﬂ g ‘ng’g‘?r ed to
as t he Hdeferabiyntbe geadtiontis anWitlihor Méittig typmetkattionpored Retersanhelefjriatiore or by
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a sodi umyliddsladtainable fooraftiee sdspective gheaphbnjigmisdit and atbake.| iThé pboapbonilih tshit um
qi i . _ i . . . .
addi £ 1 on "Eyelsay aihtls fo ) thashfi 455 4y pROGRRE Y gh A ssBinC a0l ?, o,

t akes pl @ceetpyldfalidenisugh as MeBr. Tdphengigihoeptine isttheepiprsphioe @bEhoicen The ylide

t et rahyd ' ' ; h

So gL o B HsBBeBferafd et prdspfiotal bhotinh ERaE Bnbctfioh BBRRLIMIRS IS, | ose"
pr oduct i @étkybphaspbenothiates instead of phiosphines. T{pthisatonjext phospbanates arecprafelyed

duct 78 i O - .20 .G, ly -15
conduct ednglig Mo lefiLd s BRSIG5AEnmoRehioil T ealBLEaPlpSfEsab Y
pr ef er ablthe gdieniisnpreferably a stgph base depending ton thieygsalPemployeth Exaroplesincivde be

i ed ; d ot Nod g : : . . endhin O Q.
Chem *ToaHiulynid R B RS RRE BpsBiof) YU SR MG or 3 sodtm 7Y 0
for exarikoxidenpreteyabiysediem mydrided butyblidiumi an lithire idiisoprpyl. amiden| Peferabher .
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1005 36.% 5%% %g ﬁ&épégeyda@%%@?p"ﬁ??pgﬁﬁsﬁ%og’e@? und & gér"c'%;%t&\r’@e@?é %’lﬁ%} 8 256,
Under t héViigsitypec ceastion dakesoblac epreferablyy in eaic tinesin selyenterMorat preferalfy tihe C4
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di ast ereoner Ing fromtor ove, the desi
st er eochdhs geacliomdo shwpletiom at or minineunyvitime withawly thin gradoctionqeli weintedeside f or
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C, more preferably -15 to 10 ° C, such as 0° C, 10 min h to 12 h, preferably 20 min to 6 h,
most preferably 30 minto 4 h, suchas 1to 2 h.

The Peterson reaction can be carried out by standard methods, see for example Peterson D.
J., J. Org. Chem. 1968, 33, 780. The use of the Petasis reagent can be exemplified by for
example employing the methods found in Petsisi. N.A. etal J. Amer. Chem. Soc., 1990, 112,
6392, and Petasis N. A., etal Tetrahedron Letters, 1995, 36, 2393 and Payack J, F., Org.
Process Research & dev. 2004, 8, 256.

Under the basic conditions of the Wittig reaction epimerization of the C4 substituent can be
observed. Therefore when utilizing the preferred diastereomer resulting from formula VA as
shown above, the desired stereochemistry as shown in formula VIIA below and as required,
e.g. for Aliskiren can be obtained:



RZ (VITA) Another inportant enbodi nent of the invention relates to a
conpound %otzﬁlﬁo]fiﬁﬁiml a VIl as defined above, or a salbl1th&lEefos2sA compound
of the fornula | "'may be used, inter_gfia, for the synthesis o?
pharmaceutically active substances, preferably renin inhibitors such as
aliskiren, especially as described in the followng. In a preferred further
enbodi nent of the invention, this synthesis conprises as a further step or
as individual synthesis the manufactur ofo\a conmpound of forrmula VIII O RO
PG ~LOR RO~ ~ YR2 (MI1) h@geinP R;L&?ndz-R' are as defined for a
conmpound of the formula |11 above [ defined for a conmpound of the

O P

formula IV above and PG is an R o] ing group, or a salt thereof,
sai d manufacture conprising (preferably gonsisting of) hydrogenation of the
ol efin of a conpound of the formula VII gpeci al 'y synthesized as in the
precedi ng step. This process step as such, as well as a conmpound of the
formula VII'l (and its preferred enbodiments as .de@iAjbed |later), or a salt
t hereof, ,also form embodi pents.af .the.invention. Preferaply th ound of
for mul a' VitPiPerupoftatl QPndlith 2 e hrhueT Rk B romeond PE Rifoinlia T A2 o
R10 PG 1Id€ﬁrﬁ;d atﬁg\.‘;,Rﬁ a(él:ﬂtltlhérléof\/\m Wﬁd 666&3_8 foréa ﬁlaBHlZﬁﬁﬁ/b@QBE&.Snterﬂ@,thLs
reaction prefera t akes ace under nditions sg as .ta t ot her
functi onald PY’g esusoﬁf Pﬁ%’"}?ﬁ?ﬁ?ﬁﬁea&wa%'ﬁ?ta?%spﬁfe??rﬁﬂy dFnip HE“'&'W%&“%} 8t ecting
group PGaliskjren,cppedciliyas deyeribed in the fdllawieg. pl ace in the presence of a catal yst
selected froma heterogeneous catal yst or a honbgeneous catal yst, such as

W ki nson's catal yst, preferably a heterogeneous catal yst. Exanples of the
cat al yst In aplafetecdariiesr embolisient pithé mstentioh Ghis sithedis comprides aph&urtheustepret al  or

or as individual synthesis the manufacture of a compound of formula VIil

0
R, PG, \\~ O-p
N—
RO ITE
R2

(Vin}
wherein R, Ry and R’ are as defined for a compound of the formula Il above, R; is as
defined for a compound of the formula IV above and PG is an amino protecting group, or a
salt ihereof, said manufacture comprising {(preferably consisting of) hydrogenation of the
olefin of a compound of the formula Vil, especially synthesized as in the preceding step. This
process step as such, as well as a compound of the formula Vill (and its preferred
embodiments as described later), or a salt thereof, also form embodiments of the invention.

Preferably the compound of formula VIlI has the stereochemistry as shown below in formula
VIIIA.

0
R.O PG W

' O~g'
N R
Ro yore

R2
(VITIA)



pl ati num netal oxide, rhodium rutheniumand zi nc oxi de nore preferably

Pal | adi u%m’??{hﬁi%num nmetal or platinumnetal oxide, /ﬁzpﬂpcﬁ@%ﬁbl y

pal | adi u alyst is preferab used in an anoln 0 20% nore

preferably 5 to 10% The reaction can e conducted at atnospheric or

el evated pressure, such as a pressure of 2-10 bar, e.g. 5 bar, nore
preferably the reaction is conducted at at m)spherlc pressure. The

hydr ogen é’iflisd pactipa Reaferpbly dekes isfce underyconditions yones to keep themethenfunetiopaliieer abl y
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I nventio r,akly the conpound of forrmula | X has the stereochem stry as
shown be?’bs‘ﬂ‘%fs?ﬁ?u a IXA RLO PG -CH

Another important embodiment of the invention relates to a compound of the formula VIl as
defined above, or a salt thereof. A compound of the formula VIl may be used, inter alia, for
the synthesis of pharmaceutically active substances, preferably renin inhibitors such as
aliskiren, especially as described in the following.

In a preferred further embodiment of the invention, this synthesis comprises as a further step
or as individual synthesis the manufacture of a compound of formula X

R,0 PG  +—OH
N-—
R0 rl)
R2
(IX})

wherein R and R, are as defined for a compound of the formula IIl above, R; is as defined
for a compound of the formula IV above and PG is an amino protecting group, or a salt
thereof, said manufacture comprising (preferably consisting of) reduction of the ester moiety
of a compound of the formula VHil, especially synthesized as in the preceding step, to an
aicohol. This process step as such, as well as a compound of the formula IX (and its



RO R2 (1 XA) This reaction preferably takes place under conditions so as to
keep the %B% fgp&;l onalities on the nolecule intact ’Pdﬂ#ﬁ@tﬂs}obﬁﬂ ar the
am no protecting group PG Such a reacérjson is well kno 0 a pérson
skilled in the art and is described e’g”"in Methoden der organi schen

Chem e" (Methods of Organic Chemi stry), Houben Weyl, 4th edition, Volune
IV/c, Reduction | & Il. Georg Thienme Verlag, Stuttgart 1974, The reduction
typicall wrefake& embadiments ashiescriireddatan) corcd salt theriebflalse forad ambodimante of theel ect ed
from LI AI thiumtrial koxyal um nium hydrides, for exanple, lithium
tri-tert- c')xy al um ni um hydri de, DI BALH, Red-Al, lithium

triethyl borohydri de, BH3-SMe2, LiBH4 , Trial kyl ammoni unbor ohydri des and
NaBH4. A Ivity.
B, BB G SRR 1 b SRS ork bR A o AFFBRLY)
t et rahydri8Auran or toI uene. The reaction time and the tenperature are
chosen so as to bring the react|R08 to onpletion at a mninmmtime wthout
t he production of unwanted side Ppryduc SN 'I.'ypl Ily the reaction can be

conducted at -78 C to reflux, %repl -\30 to 30 C, nore preferably - 15
to 10 C, such as 0 C, for 10 g , preferably 20 mn to 6 h, nost
preferably 30 mn to 4 h, such as to 3fh. A conpound of the fornula I X
can then be further used in a nunber of g2in the synt hesis of renin

inhibitors such as aliskiren. Preferably, the corrpound I's subjected to the
steps as described in detail in GB application no{lX8511686.8 as shown

bel ow.  Thyyg re@at%%@@ﬁabiﬂakéma&ymd@e&m R neé;nhie RiHe? '?uncﬁéHéﬁue%S

hs 8o b
al i skiren, conprises oxidizing ount@ ?0 ﬁefornua X, especl a

synt hesi Z2adha molesuleratapl msm@réheemmowt%ﬁimawupﬁrpwﬁaacseaqhoreIwalrm?/a X,
WO 2007/ Q38dR 3o Fz’ﬁ[ A?QQ%OR%E% aﬂ&hs sB&% LH MBERo@en Gééznsmﬁfe' n R

and R are as a conpound above

defined Ghemigl (Mefhpéeu ﬁaomamcr@enwm;mub@n W@asl«émmlopémlgmawf@.rﬂmctmn
protect i ngg, 9f. Qkdrg Thieme Verlag, Stuttgart 1974, The reduction typically takes place in the

presence of a suitable reducing agent selected from LiAlH,, Lithium trialkoxyaluminium
hydrides, for example, lithium tri-tert-butyloxy aluminium hydride, DIBALH, Red-Al, lithium
triethylborohydride, BH;-SMe,;, LiBH; = Tralkylammeniumborohydrides and NaBH;. A
preferred example of the reagent is NaBH, due to its selectivity.

The reduction takes place preferably in an inert solvent, more preferably in tetrahydrofuran
or toluene. The reaction time and the femperature are chosen so as to bring the reaction to
completion at a minimum time without the production of unwanted side products. Typicaily
the reaction can be conducted at -78 ° C to reflux, preferably -30 to 30° C, more preferably -
15 to 10 ° C, such as 0° C, for 10 min h to 12 h, preferably 20 min to 6 h, most preferably 30
minto4 h, suchas 1to 3 h.

A compound of the formula X can then be further used in a number of ways in the synthesis
of renin inhibitors such as aliskiren. Preferably, the compound is subjected to the steps as
described in detail in GB application no. 0511686.8 as shown below.

Thus, a process for the synthesis of a renin inhibitor, such as aliskiren, comprises oxidizing a
compound of the formula IX, especially synthesized as in the preceding steps, to an oxo

compound of the formula X,



Preferably the conmpound of formula X has the stereochem stry as shown bel ow
in formul %0%%7/09)183]?10 PGLH RO~ R2 (XA) The reacti QQT@&%%@H:&V t akes

pl ace under Ccustomary conditions that low for the oxidation a hydroxy
group to an oxo group and enpl oyi ng cuStomary oxi di zi ng reagents (oxidants).
This reaction can make use of such oxidants that allow for the direct
conversion froma conpound of the formula | X of a correspondi ng al dehyde of
the formula X, or a salt thereof, or it can be lead by first oxidizing to a
car boxyl conpound of tR® ornEﬁBa X HPG O COH ROROI R2 (XI) wherein R

and R, are as defined for nd of the formula IlI above, R2 is as
defined for a conpoug opnmul a 1V above and PG is an am no
protecting group, which c the be reduced with reducing agents to an
al dehyde of the fornmula X The ect reaction to an al dehyde of the

formula X, can, for exanple, take Iace in the presencgXpf an oxidant that

all ows f t [ o] it hout un

formati Oﬁfhgéer}} ﬁgﬁﬁgéﬁoé rg(r)éf’ Oc{eﬁ@&* or %fﬁlaﬁ]p%qu @38?*%@%%6%‘&%%& a%g‘#@le?i ons
(e. g. usiforg coypoombefthe formulai IV ahovecand? @l istancamioo patecting gebpde as oxi dant in
t he presence of an al um nium al cohol ate, such as

alum niumtert. -butoxyal cohol ate), preferably with chrom c acid,

di chr omaPedfenablyitoe cempaiind, of WNLEDX TS 3 StereOTHENAINN 6 RSB Below Irbformula

pyri di ni l*wchl orochromate, pyridiniumdichromate, nitric acid, manganese

di oxi de or” sel eni um di oxi de or by catalytic dehydrogenation, or nore
preferably using oxidants useful Qunder mld reaction condltl ons, such as

TEMPO oxi dati on ( TEMPR,G. 2,PG 6- \\E-q.t ramet hyl pi peri di ne-ni troxyl ) with

bl each, e.g. sodium sod u Kde or cal ci um hypochlo- rite, preferably in
t he presence of a brqm --t e} g. potassiumbrom de, in an appropriate
sol vent, such as nethyle hl offi de and/or water, or with

dlacetoxylodobenzene in an appr
(XA)

The reaction especially takes place under customary conditions that allow for the oxidation of
a hydroxy group to an oxo group and employing customary oxidizing reagents (oxidants).
This reaction can make use of such oxidants that allow for the direct conversion from a
compound of the formula IX of a corresponding aldehyde of the formula X, or a salt thereof,

or it can be lead by first oxidizing to a carboxyl compound of the formula X,

PG o
N\

R,0

wherein R and Ry are as defined for a compound of the formula lil above, R; is as defined
for a compound of the formula IV above and PG is an amino protecting group, which can
then be reduced with reducing agents to an aldehyde of the formuia X. The direct reaction
to an aldehyde of the formula X, can, for example, take place in the presence of an oxidant
that allows for the oxidation of an alcohol to an aldehyde without undue formation of the acid
of the formula Xl, e.g. under Oppenauer conditions {e.g. using cyclohexanone, cinnamic
aldehyde or anisaldehyde as oxidant in the presence of an aluminium alcoholate, such as
aluminium-tert.-butoxyalcoholate), preferably with chromic acid, dichromate/sulphuric acid,
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ferably an alkalimetal dihydrogenphosphate, e.g. sodium dihydrogenphosphate, in an appro-

priate solvent or solvent mixture, e.g. an alcohol, such as tert-butanol, 2-methyl-2-butene

and/or water, at temperatures e.g. from 0 to 50 °C. The reduction of an acid compound of

the formuia Xl then can take place using reducing agents that allow for the selective re-

duction to an aldehyde of the formula X. The reducing agents can, for example, be selected

from appropriate complex hydrides, such as BH3;-SMe;, and the compound of the formula XI

can also be used in a form with activated carboxyl group, e.g. as acid halogenide, active

ester, (e.g. mixed) anhydride or by in situ activation, e.g. in an active form or by activation as

described below for the coupling of a compound of the formula XI and a compound of the
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wherein R and R, are as defined for a compound of the formula Ill above, R, is as defined
for a compound of the formula iV above and PG is an amino protecting group, said
manufacture comprising (preferably consisting of) hydrolysis of the ester moiety of a
compound of the formula Vi, especially synthesized as in the preceding step, to an acid.

The reaction is preferably conducted under basic or acidic conditions, more preferably basic
conditions. Suitable bases include organic or inorganic bases, preferably inorganic bases,
more preferably hydroxides or carbonates of alkali metals. Examples of preferred bases
include LiOH, sodium hydroxide, potassium hydroxide, potassium carbonate The reaction
can be conducted in any suitable solvent, preferably an aqueous solvent system such as
water/tetrahydrofuran, or aqueous atcohols for example methanol, ethanol water mixtures
more preferably water/tetrahydrofuran. The reaction time and the temperature are chosen so
as to bring the reaction {o completion at a minimum time without the production of unwanted
side products. Typically the reaction can be conducted at 0 ° C to reflux, preferably 0 to 40°
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(preferably consisting of) hydr ol of‘N e ester noi ety of a conpound of

the fornmula VII1 especially syn,%]e n the preceding step, to an acid.
(XIIA)

A compound of the formula XII may be used, inter alia, for the synthesis of pharmaceutically
active substances, preferably renin inhibitors such as aliskiren, especially as described in the
following.

in a preferred further embodiment of the invention, this synthesis comprises as a further step
or as individual synthesis the manufacture of a compound of formula X as described above,
said manufacture comprising (preferably consisting of) subjecting a compound of formula Xt
to the steps of conversion of the ketone to an olefin according to method known in the art
and as described e.g. in the above, and reduction of the carboxylic acid moiety to an
aldehyde.

Another different approach to a compound of formula X involves as a further step or as
individual synthesis the manufacture of a compound of formuta Xl

Q
R,0 PG, _}\~0H
N
RO

R2
(XIH)



Preferably the conmpound of formula X1l has the stereochem stry as shown
below in fv96%6|7 gy 1A~ 0 RIO PGN ~ -OH RO R2 (X1 bé‘l‘ﬁEPi%%ﬂﬁw% nver si on
proceeds under 'standard conditions and as described e.g. in standard
reference works. The reaction is pref'e%‘bly conduct ed under basic or acidic
conditions, nore preferably basic conditions. Suitable bases include
organi c or inorganic bases, preferably inorganic bases. Exanples of
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of ) hydrogenation of the olefin of a ¢ nd of the fornmula X I1,
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The reaction is preferably conducted under basic or acidic conditions, more preferably basic
conditions. Suitable bases include organic or inorganic bases, preferably inorganic bases.
Examples of preferred base include LiOH, sodium hydroxide, potassium hydroxide,
potassium carbonate. The reaction can be conducted in any suitable solvent, preferably an
aqueous solvent system such as waterftetrahydrofuran, or aqueous alcchols for example
methanol, ethano! water mixtures more preferably water/tetrahydrofuran. The reaction time
and the temperature are chosen so as to bring the reaction to completion at a minimum time
without the production of unwanted side products. Typically the reaction can be conducted
at 0 ® C to reflux, preferably 0 to 40° C, more preferably 15 -30 ° C, such as room
temperature, for 1 h to 48 h, preferably 6 h to 36 h, most preferably 12 h to 36 h, such as 24
h.

A compound of the formula Xt may be used, inter alia, for the synthesis of pharmaceutically
active substances, preferably renin inhibitors such as aliskiren, especially as described in the
following.

In a preferred further embodiment of the invention, this synthesis comprises as a further step
or as individual synthesis the manufacture of a compound of formula X as described above,



Hydr ogenation typically takes place In the presence of a catalyst sel ected
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GRS s ) B e S Wik TR
0- R RO Ppeaction can be conducted at atmospheric or elevated pressure, such as a pressure of 2-10
bar, e.g. 5 bar, more preferably the reaction is conducted at atmospheric pressure. The
hydrogenation takes place preferably in an inert solvent, more preferably in tetrahydrofuran
or toluene. The reaction time and the temperature are chosen so as to bring the reaction to
completion at a minimum fime without the production of unwanted side products. Typically
the reaction can be conducted at 0 ° C to reflux, preferably 0 to 40° C, more preferably 15 -
30 ° C, such as room temperature, for 10 min h to 12 h, preferably 20 min to 6 h, most
preferably 30 min to 4 h, suchas 1 to 3 h.

A yet different approach to a compound of formula X involves as a further step or as
individual synthesis the reduction of the ester moiety of a compound of the formula Vi,
especially as synthesized as in the preceding step, to an aldehyde.

The different methods for obtaining compounds of formula X using any of the methods
described above either alone or in combination are summarized in Scheme 1 below:
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t he synthesis renin inhibitors su as aliskiren. Preferably, the
conmpound is subj ect ed to the steps as described in detail in GB application
no. 0511686.8 as shown bel ow. For sake of convenience the transformtions

are only shown for the case when R2 is nethyl to gi¥e an isoprop
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Thus, a process for the synthesis of a renin inhibitor, such as aliskiren,
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A compound of the formula X can then be further used in a number of ways in the synthesis
of renin inhibitors such as aliskiren. Preferably, the compound is subjected to the steps as
described in detail in GB application no. 0511686.8 as shown below. For sake of
convenience the transformations are only shown for the case when R; is methyt to give an
isopropyl substituent. Although this embodiment is preferred, the transformations can be
carried out equally well with compounds as prepared above where R; has any other
definition. In all of the compounds shown below the position of the substituent bearing R;
being methyl ( i.e. resulting in an isopropyl substituent) has a defined stereochemistry,
preferably the S-configuration.

Thus, a process for the synthesis of a renin inhibitor, such as aliskiren, further comprises
reacting a compound of the formula X as just defined under Grignard or Grignard-like
conditions with a reagent prepared by reaction of a compound of the formula XIV,

Hal\I/O\
PT

(XIV)



(XV) wherein R R and PG are as defined under fornula Ill and PT is a
hydr oxyl | group, preferably one that can be ti r enoved
wi t hout rgﬁngé@%!g?%t he protecting groz PG e.g. 1-ph3§§#?@0§/@%kyl, such
as benzyi, or a salt thereof. The diaStereoselectivity of this reaction is
very high, e.g. larger than 99 :1, that is, the other possible
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formula VI to give the gagrespondDhy = conmpound, e.g. a lithium
sodium iron, zinc, tin, indjum | al um ni um or copper netal
wheyein X is halogen such as O,
cagePfT obtai nable with netal

: further with Lewis acids, such as BF3
7, or the like, to give a Gignard-1like
reagent for Gignard- ion, or wth nagnesiumgiving the
correspondi ng Gi g i.t h magnesium (My) as the netal for
Grignard reaction, 1n an appropriate solvent, e.g. an etheXVlsuch as a
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exanpl e ioh thenpyriglidiee gingzsystent & tthis gogvession andthusaaishin thensynthesisyof renin

hydr ogengiHisdrsSdieR adsiickirgieny!l - C, - Gral kyl, e.g. benzyl, by catalytic
hydr ogenat i'onf to S?vc‘e 'ra conmpound of the fornmula XVI, W 2007/039183
PCT/ EP20(6e cerstiorsprefepablyiakes-placeayvith aometatyeagtjog|with the compound of the formula

Vi to give the corresponding metal compound, e.g. a lithium, sodium, iron, zinc, tin, indium,

| or Br, nore preferably Br; for
conbi nati ons, sughms 3
di ethyl ether conpl ey

manganese, aluminium or copper metal compound, or MnX, (alkyl)sMnLi-, or -CeX; wherein
X is halogen such as Cl, | or Br, more preferably Br; or further a reagent obtainable with
metal combinations, such as Mg/Fe, or still further with L.ewis acids, such as BFydiethy! ether
complex or MgBr,, or the like, to give a Grignard-like reagent for Grignard-like reaction, or
with magnesium giving the corresponding Grignard reagent with magnesium (Mg) as the
metal for Grignard reaction, in an appropriate solvent, e.g. an ether, such as a cyclic ether,
e.g. tetrahydrofuran, an alkyt ether, e.g. diethyl ether, tert-butyimethyi ether, a hydrocarbon,
such as toluene, or a halogenated hydrocarbon, e.g. methylene chloride, at temperatures
e.g. in the range from 0 to 70 °C. Grignard or Grignard-like reagents or organo lithium
compounds are preferred, and Grignard or Grignard-like reagents are particularly preferred.

A process for the synthesis of a renin inhibitor, such as aliskiren, further comprises
deprotecting a compound of the formula XV as just defined by removal of the hydroxy
protecting group PT, for example in the case of a protecting group that can be removed by
hydrogenation such as 1-phenyl-C,-Cr-alkyl, e.g. benzyl, by catalytic hydrogenation, to give
a compound of the formula XV,



wherein R, R, and PG are as defined under fornula Il above, or a salt

t her eof . tection takes place under standard {1 e.g. in

t he case &p??gﬂggkﬁ of the protectiQ%zgroup by hydroggﬁﬁgk%h&%ﬁpﬂ hydr ogen
in the presence of a catal yst, such as"a noble nmetal catalyst, e.qg.
pal | adium which may be present on a carrier, such as charcoal, In an
appropriate solvent, such as an al cohol, e.gi nmet hanol or ethanol, or

non-al coholic solvents ch as (Qﬁﬁ not r@bkricted to) tol uene or ethyl
acetate, at appropriate eratures, €.g. in the range from0O to 50 C. A

process for the synthesis oh a regin inlibitor, such as aliskiren, further
conprises oxidizing a corrpoﬂh'd-- ke A'armul a XVl at the primary hydroxy

group to an al degyge conmpourid of| the formula XVI1, PGOH R O RO (XVI1)
wherein R R antMPe arange defrned under flormula |11 above, or a salt

t hereof, which then zes |spont aneously to produce a |l actol of the
formula XVI11, O OH ARQLBG R e~(XVII1) WO 2007/ 039183 PCT/ EP2006/ 009323 -23

which, either inRBe safme réaction nmixture (in situ) or afikeny isolation and
in a separate Rro- cess step, is then oxidized to a |lactone oOf the_fornula
XI X, PG WherRinoRRB: @rA)§G akpdsedefinpd, upderniomauianil jaboyh on@ salk thareofanther ar e

as defi ngehrb@Etich EREP PHICE Hdet SRNdArA doRbiflors! le. 2ORMRe chSE opreflaval of iy a
conpound of the formula XVI resulting in the lactol of the formula XVIII
pr ef er abPiptacking srayp dychydraenationavithodragen i theehresasiee f Bocatalyshr 8icB@set f or

oxi dat i ?ﬂo&é nietd} eSS 8.g0ballabi@im| WhigH nfayb¥ préseRtloth @8hHF Qus ad Bfarddal il @ X,
e.g. w
g an appropriate solvent, such as an alcohol, e.g. methanol or ethano!, or non-alcoholic
solvents such as (but not restricted to) toluene or ethyl acetate, at appropriate temperatures,

e.g. in the range from 0 to 50 °C.
A process for the synthesis of a renin inhibitor, such as aliskiren, further comprises oxidizing

a compound of the formula XVI at the primary hydroxy group to an aldehyde compound of
the formula XVii,

R,0

RO XVl
wherein R, R; and PG are as defined under formula ill above, or a salt thereof, which then

cyclizes spontanecusly to produce a lactol of the formula XVIIi,

(XVII)



SO03/ pyridine in the presence of dinethylsul phoxide in an appropriate

sol vent, @%{ﬂﬁnsm thyl ene chloride, preferably in thq, SR ﬂf a
tertlary nitrogen base, such as triethylamne, e.g. at tenpera Ures from
-30 to 50 C. The subsequent oxidation” £9t he conmpound of the formula XIX
can take place under the sane reaction conditions enploying an excess of
sone of the reagents nentioned above or it can be isol ated and oxi di zed
separ at el whioh, tefthérun theesame egetidrsmixturg (intshigiser afentsolation aad v e separate pro-

pr ef er abl i N TENPCY di enz Alternatively, it can also be
oxi di zed éﬁgggﬁ@qﬁmeﬂﬁx Zﬁf’i%%iﬂ';@{\'nepﬂ@ﬁ? E&@Kl ng the secondary alcohol to
conpound XI X with the reagent TPAP ( Ketra-I® propyl amoni um perrut henat e,
e.g. according to lit. rePG, S. Ley ~ Synt hesis, 639 (1994). This
method is particularly pre?’\erred urt her enbodi ment, a process for
the synthesis of a renin inhilbitqg quchras aliskiren, further conprises
reacting a conpound of the férnulja XI'X as j.,ust defined, or a salt thereof,
with an ani ne of R HZN\Y , NHZ (XX) WD 2007/039183

' ' ih the amdo ntrogen can also be protected if

3 a be renoved in the corresponding

protected conpoun®®f tte fornula XXI), or a salt thereof, taining a
conmpound of the formula XXI, PGOHHNHR2 Ro OIllIQI ?S& wherein R,
R and PGvherain as fetefulanXNiIF and XIX dhfwuerd BE arbeasf defimed aton alqorrmpumd ehithe
{her eof . ol IFAS O BLELEIGN (AR bARE LR xo! ARIRd ISR dbE ans To!
t he forna on o actone, e. g. I'n an appropriate sol'vent or
sol vent rthefarmela XV1Y préferably takeseiacesinder the conditiansinoentioned toyte prefeened for
pr ef er ab! dalof B SPLERSHIAE &' Sl 8 035 afaal X3 lndidry WER. YT C
and a wea aS|c grou roxypyridine I'n"t e presence
of an ap@Qipyridine inlthe epresenge o ctunemvlawlphqmderlogan abampnatemﬂiveas such as

triethyl arm.tﬂﬂené”‘tchﬁﬁgé,owe%e%tﬁy 4 "RE r;%wn%é & g teirlillry nitrogen base, such as

triethylamine, e.g. at temperatures from -30 to 50 °C. The subsequent oxidation to the

compound of the formula XIX can take place under the same reaction conditions employing
an excess of some of the reagents mentioned above or it can be isolated and oxidized
separately with further reagents, e.g. those mentioned above, more preferably using
TEMPO/diacetoxyiodo benzene.

Alternatively, it can also be oxidized at the primary alcohol without effecting the secondary
alcohol to compound XIX with the reagent TPAP (Tetra-N-propylammonium perruthenate,
e.g. according to lit. ref., S. Ley et al. Synthesis, 639 (1994). This method is particularly
preferred.

In a further embodiment, a process for the synthesis of a renin inhibitor, such as aliskiren,
further comprises reacting a compound of the formula XIX as just defined, or a salt thereof,
with an amine of the formufa XX,

H,N NH,

o (XX)



the range from0O Cto the reflux tenperature of the reaction m xture, e.qg.
fromO to further enbodi nent a process for nthesis of a
renin i nhiggtztgor-!{ol“'éslﬁ%h as aliskiren, further conpri sestpg%éﬁﬁ%(?? 0PRE i ng in a
conpound of the fornmula XXl by reduct F¢&-ri ng opening to a conmpound of the
formula XXiIl, PGOHH,,..... NNH2 RoOO RO(XXIl) wherein R R and PG
are as defined for a conpound of the fornmula Ill, or a salt thereof. The

reduct i yqtvhérﬁﬂl t::@?midwnmb%éredsambettsb b@bfbﬁeclﬁd?ﬁ@emd%hgqmﬁﬂolécﬁﬁ@gmﬂip ki n?h
appropriate ne as reductants, e.g. under conditio onparabl e to those
o P Bl 1 i TR e ST ePOhp PlerlEdomPRin iR famuRrionF 3 bsal heiaot

sodi um orobitdififg & cdmpoundef HecflaemdeX®f, | i quid amo- nia (NH3) in the presence
or absence of an appropriate furtEﬁ{ sol vent or solvent mxture, such as an
ether, e.g. tetrahydrof fGpe, and 9 cohol, e.g. ethanol, at |ower
tenmpera WD 2007/ 039183 PCTNEP20064 009328 - Bp Lwr e.g. from-90 to -20 C
e.g. at about -78 T. Altern& NH, possible, e.g.
reduction with cal cium ion methods with
calcium lithi ' min anthracene, or the
| i ke, which do not r§ the use of liquid ammonia and | ow t enper atures
(<-20 Q. In a fur nment, a process for the synthesis of a renin

i nhi bitor, such R®al I'skiren, urther conprises deprotectingaﬁ conmpound of
the fornmula XXI'l to give the corresponding conpound of the fornmula XXIII

active, especially as a renin inhibitor, wherein Rand R are as

The reaction preferably takes place under standard conditions for the formation of an amide
from a lactone, e.g. in an appropriate solvent or solvent mixture, e.g. in an ether, such as
tert-butylmethyl ether, preferably in the presence of a bifunctional catalyst with a weak acidic
and a weak basic group, e.g. 2-hydroxypyridine or proline, in the presence of an appropriate
base, e.9. a tertiary nitrogen base, such as triethylamine, at appropriate temperatures e.qg. in
the range from 0 °C to the reflux temperature of the reaction mixture, e.g. from 0 to 85 °C.

In a further embodiment a process for the synthesis of a renin inhibitor, such as aliskiren,
further comprises opening the ring in a compound of the formula XXI by reductive ring

RO (XX
wherein R, Ry and PG are as defined for a compound of the formula Hll, or a salt thereof.

opening to a compound of the formula XXII,

PG OH

\

N"'u..
H

ZI

R,0

The reductive ring opening preferably takes place under conditions employing appropriate
metals as reductants, e.g. under conditions comparable to those of a Birch reduction with
alkali metals and liquid ammonia, e.g. with sodium or lithium in the presence of liquid ammo-
nia (NH,) in the presence or absence of an appropriate further solvent or solvent mixture,
such as an ether, e.g. tefrahydrofurane, and/or an alcohol, e.g. ethanol, at lower tempera-



defined for a corrpound of the formula Ill, or a salt thereof; and, if
desired, obt ai nabl e free conpound of the f I [1l into a
salt or @é@g}i}#ﬁﬁ e salt into the free conpound of FHE&%%F@@ X111 or a
different salt thereof. For exanple, r89PGis (what is preferred) a

C, -C, -al koxycarbonyl group, such as tert-butoxycarbonyl, the renoval can
take place under custonmary conditions, e.g. in the presence of an acid,
such as hy@soégl fromaddodio —30n°Gyre.qpatrabpui S18°G AAlleattive seduidtians wethadsngre €. g.
at tenpera fromO.to 50 C. faqr |l e .at roomtenperature. ln an
Aspect & BB g. AP Wi ealtivndb prEBTEMe, e o Faise pbriaichmo | |

or a sal tlithivnhdi-edibutyitapheEnylides nfagnediuro fire anthgackiee or itive like) whichadvpeat iequire t he

the T or mibeudaiaaE antia SRR RS Al P20 e col + Bnd then o

deprotecti ng a conmpound of the fornmula XXIl to give the corresponding

corrpound t ol f sired, .

converti n@ %&ﬁ%bﬁﬁﬁﬁnﬁ b gge gsofﬁggﬁa%nwpgﬁgg rg'?'ﬁ{}ﬂ.gb’tﬁklsluf; ?ﬁ?@ﬁkge'kalt or
an obt ai rfatiiez comptisasndeproteetingfa eempounyg afitite fofmalh eOf brongiveathél daresonding
different_salt epf . natively, as a second enbodi nent, a process for
t he synt ﬁgg}%gu%‘#é}iﬁ?%émwé:%{'bi tor, such as aliskiren, conprises reacting a
conmpound of the formula Xl (which ©Hn Qe obtained as described above or by
first oxidizing a conpound of the eaction can nmake WO
2007/ 039183 PCT/ EP2006/ 00932R....,-
corresponddi ng al dehyde of £he f]
oxi di zing the al
fornula X, or a &al

: : t het eof , and then
mula X fulther to the carbonic acid of the
e.g. by reactions an® ogous to those

descri bed above) as above, or a salt thereof (obtainable
preferably as desg {) Rere the synthesis of a co)r&ound of the
formula Xl is firs descrlbed) wherein R, R and PG are adXXilfined above

for a congfisnd dh farrﬁéb%u{) l%bﬁ\ré lebpectily %s%%lehmtnhﬁﬁiﬁﬂf whilfein'R Bnll $6 %8 s Capabl e

of actlvatlr&g] he car group, especi al capabl e of transformng it
into an &lefiee @Flao@mp&un‘i’nOf(HE féHT"daé'th’r ?ﬁ?et pieot; apdy b dpsired; penyerking Pde, and

then r eaqﬁbtmmet fre@ é&?nchuﬂBToﬂHeOroﬁﬁﬂ@Rb(ﬂl infbPd SRér APoMbingblé AP He Feet he
formula XIV as defined above, especially a zinc or nagnesium derivative, to

a conpourf@gpurd,af the farmyla ){(){q”{/or pc;it@rgpt_ salt theregf. Fprrexample, if PG is (what is
preferred) a C,-Cr-alkoxycarbonyl group, such as tert-butoxycarbonyl, the removal can take

place under customary conditions, e.g. in the presence of an acid, such as hydrohalic acid,
in an appropriate solvent, such as dioxane, e.g. at temperatures from 0 to 50 °C, for
example at room temperature.

In an aspect the process for the manufacture of a compound of the formula XXIll, or a salt
thereof, comprises first opening the ring in a compound of the formula XXi as described
above by reducing it selectively to a compound of the formula XXII as described above, or a
salt thereof, and then deprotecting a compound of the formula XXI! to give the
corresponding compound of the formula XXIil, or a salt thereof, and, if desired, converting
an obtainable free compound of the formula XXIll into a salt or an obtainable salt into the
free compound of the formula XIIi or a different salt thereof.

Altematively, as a second embodiment, a process for the synthesis of a renin inhibitor, such
as aliskiren, comprises reacting a compound of the formula X! (which can be obtained as
described above or by first oxidizing a compound of the formula IX, this reaction can make



Rio RO(XXIV) wherein R R and PG are as defined for a conmpound of the
formul a II s as defined for a conpound of th V, or a
sal t thereo $W£Igétlvatlng of the carboxyl group in a‘%@@%@%ﬂ@é%? t he
formula Xl to forma reactive derivati?fe thereof preferably takes place
under customary condensation conditions, where anong the possible reactive
derivatives of an acid of the formul a XI reactive esters (such as the
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car boni ¢ aci vatives [ e e reaction i.s
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coupl i ng maﬁvet bRl Eermpaund thfeefohﬁda Xigags idésingle aboval | e6pedilyt M &irgagiboni c
acid of fornula Xl in S|ﬁu

iyl oheTPMESILHVAIFe 012 FOBPURY BERE SRR, (Docy HCET):

bi s(2- oxo- 3- oxazol i di nyl V\D 20Qy/ 039183 PCT/ EP2006/ 009323 -27 phosphinic
chloride (BOPCl); O (1, hydr di 2- oxXogt™ pyri dyl )-N, N, N, N-t et ranmet hyl ur oni um
tetrafl uoroborate (TPTU); \Obenztrl az¢l -1a/l) N, N, N, N -tetranmethyl uronium
tetrafl uo- roborate (TBTU)

(benzotriazol -1-vyl oxy) tri pyr ralidi nophosphorP-[Jm hexaf | uor ophosphat e

(PyBOP), 1-(3-di& OR(ePY| ) - 3- et hyl car bodi i mi de

hydr ochl ori de/ hydr o} or/ 1- hydr oxy- 7- azabenzotri azol e

(EDC/ HOBT or EDC/ HCR ] \{ alone, or wth (1-

chl or o- 2- net hyI REr operyl ) -di met hyl ami ne. The reaction m Xt ur@y g@ preferably
stirred at a erature of between appr oxi mateI?/ -20 and 50 especially
bet ween OWthalﬁcR g and PG ares definedionacempeund:al the formpda fbansk Pbis asgefmeéfr erably

carried Oﬁ}a%ﬂséuﬂ‘qfltﬁ%}mgg%v g,,.gsa“ fMeldopoen or argon. The subsequent

reaction wth organi c derivative of a conpound of the formula XV,
The activating of the carboxyl group in a compound of the formula Xl to form a reactive
derivative thereof preferably takes place under customary condensation conditions, where
among the possible reactive derivatives of an acid of the formula X reactive esters (such as
the hydroxybenzotriazole (HOBT), pentafluorophenyl, 4-nitrophenyl or N-hydroxysuccinimide
ester), imidazolide, acid halogenides (such as the acid chloride or bromide) or reactive
anhydrides (such as mixed anhydrides with lower alkanoic acids or symmetric anhydrides)
are preferred. Reactive carbonic acid derivalives can also be formed in situ. The reaction is
carried out by dissolving the compounds of formula X! in a suitable solvent, for example a
halogenated hydrocarbon, such as methylene chloride, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, methylene chloride, or a mixture of two or more
such solvents, and by the addition of a suitable base, for example triethylamine,
diisopropylethylamine (DIEA) or N-methylmompholine and, if the reactive derivative of the
acid of the formula Il is formed in sifu, a suitable coupling agent that forms a preferred
reactive derivative of the carbonic acid of formula XI in situ, for example
dicyclohexylcarbodiimide/1-hydroxybenzotriazole (DCC/ HOBT); bis(2-oxo-3-oxazolidinyl)-



especially a zinc or magnesium derivative, or further a manganese, al um nium

or copper e, then preferably takes place und
conditi onswg%d%%alhge/ll ogous to the Gignard or Gignar g;q ﬂl?g 0gonal tions

ment i oned above for the reaction of a-€bnpound of the formula XIV with an
al dehyde of the formula X. In a further enbodi nent, a process for the
synthesis of a renin inhibitor, such as aliskiren, conprises reducing a
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nor e sucﬂﬁtrﬁgﬂn\wm‘gﬂn,e.g at terrperatures from-80 to 50 C. (see, for
exanpl e, Rueger at at., Tetrahedron Letters, 2000, 41, 10085.) The
deprotection then takes place under standard conditions, e.g. if PTis a
pr ot ecti n‘g'negsma@quehhaacﬁmrwuhea metalio+erdatiy denetiveosf aadormpousdicfith@formula XiV,
1- phenyl @ %n 'ﬂ bengﬁl 'bﬁ cat f'r%.tic WO 2007/ 039183
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t 0 t hose derinativen dengirefeeablyotakes! place uaddri custonianecarditipos) nelg.odndldyeus @ thel a XV.
A conpoungd . of he f.or a XVl..can b furt cted.to d t he
or mit o epder OFpgHagtife GNasGR mationt b ARG KO of s EARRILA SLER be
further rfeactlaXiWwih ameldelaletof twe forstulX. shown above to yield a conpound of
the formula XXIIl1, or a salt thereof. Alternatively, a conpound of the

formula XVI as defined above, or a salt thereof, obtainable or preferably
obt ai ned loia fugthermerobodimens, & pradess for thet syothesis of agenin dnhibitoo diunie s atiskireme
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deprotecting the resultmg compound under removal of the hydroxy protecting group PT to
give a compound of the formula XVI as described above, or a salt thereof.

The reduction under stereoseleclive conditions preferably takes place in the presence of a
stereoselective reductant, such as LIAIH(O-tert-butyl);, LiBH(sec-butyl); (Selectrideo),
potassium selectride, or borohydride/oxaazaborolidine ((*CBS-catalysts” originally based on
the work of Corey, Bakshi and Shibata, synthesizable in situ from an amino aicohol and
borane), or by stereoselective hydrogenation, e.g. in the presence of catalysts such as
[RuCly((S- or R-)BINAP)INEY,; the reactions take place under customary conditions, e.g. in
appropriate solvents, such as tetrahydrofuran, methanol, ethanol, or mixtures of two or more
such solvents, e.g. at temperatures from -B80 to 50 °C. (see, for example, Rieger et al.,
Tetrahedron Letters, 2000, 41, 10085.)

The deprotection then takes place under standard conditions, e.g. if PT is a protecting group
that can be removed by hydrogenation such as 1-phenyl-C,-Cr-alkyi, e.g. benzyl, by catalytic



HR o RO (XXV) wherein RR R and PG are as defined for a conpound of the
formula I It thereof, by reductive ring ope r{’lﬂ"

pyrrolidi ‘é’orzﬁénéﬁg]?%e reductive ring ol%ni ng preferabI;iJ Pga;%}oﬁﬁgace under
conditions as those nentioned above for"the ring opening in a conpound of
the fornmula XXI. A conpound of the fornula XXV can then be oxidized in a
further enbodi ment of said first or second enbodinment in a process for the
synt hesi shysirogenatan, rfor iekample oundes wonditions aanalogbuseto thgseomeaticriel! yabeye for
conmpound i hyde wi th opened pyrrolidine ring
anal ogousa‘%pr&@awfn%%Q‘p@ﬂ(’tﬁéﬁ?@ﬁn% gQXVI |, preferably under conditions as
descri bed for ‘that reaction) to a lactol of t he forrrula XXVI, PG O OH

g | nd P ar e as deftﬁ%mlaml?%g%gﬂﬁﬁf%/tgg or rru Qc?ﬁ?tﬁeéorr%glaw ern R

t her eof , ompiseli theseafhas described abewee whishdheropambe further (easted via thepreaganer
I sol ation Smih 1 O PG N-.
R, O RO ( sﬁ%&b@ﬁ@ﬁ%ﬁcﬁmﬁm@&%ﬁ%’?ﬁ (fe{‘(?ﬁeﬁé%tﬁe%%?r{pound of the
formula I'll, or a salt thereof (where this reaction as such is also an

embodi msnﬁ‘, @ha tivef, 5’ g&ﬁnd'd?\’f?d‘foh%lé Xvi Qédébfﬁng&fagove 5%5!?[ koY, dbfiiaB@ P! ace

under conditions analogous to those descri oxl dat'ion a
or preferably obtained either according to the first or the second embodiment of the

invention, can be further reacted to a compound of the formula XXV,

(XXV)

wherein R, R; and PG are as defined for a compound of the formula lll, or a salt thereof, by
reductive ring opening of the pyrrolidine ring. The reductive ring opening preferably takes
place under conditions as those mentioned above for the ring opening in a compound of the
formula XXI.

A compound of the formula XXV can then be oxidized in a further embodiment of said first or
second embodiment in a process for the synthesis of a renin inhibitor, such as aliskiren,
(comparably as a compound of the formula XVI via an aldehyde with opened pyrrolidine ring
analogous to a compound of the formula XVII, preferably under conditions as described for
that reaction) to a lactol of the formula XXVI,

(XXV1)



conpound of the formula XVI1 to a conpound of the formula Xl X. A conpound of
t he fornul then, in a further enbodi nent of ] [ second
enbodi mnt‘e?x%gof?ﬁg'{:}ess for the synt heg%s of a renin |%§:r%ip§ P’ﬁwgﬁch
aliskiren, be reacted wth a conpound“®f the formula XX defined above (if
in protected formw th subsequent deprotection of the am de nitrogen),

preferably under anal ogous reaction conditions as described there, to a
conpound wiereind, fRyrand IRG 4 4s defindd dara berdpaind\of theoformulg dll t ort é salkethereof, The

| atter c [ roduct
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enbodi meréactore gftkecfessula ¥XVilhe synt hesis of a renin inhibitor, such as

al i skiren, conprises reacting a conpound Qf the formula XV, or a salt
thereof, as defined abovgg (obt ai napl-e rding to the first or second
enbodi nent) by reducti ve r conpound of the formula XXVIII,
OHOPT PGH RO RO (XXV ‘ 139183 PCT/ EP2006/ 009323 -30 wherein
R, R and PG are as defined " ouhd of the formula Il and PT is a
hydr oxy prot ecth@ ar Qup, wherein PG = benzyl oxycar bonyl
and PT is benzyl br SIS is hydrogep and PT is benzyl are preferred.

The reductive ring o prief erably takes place under conditions as those
menti oned above f 9 3-opening in a conpound of the formula XXI. A
conpound of the f nula XXVITl, or a salt thereof, can th&XVIhe reacted in

anal ogy t%e@enﬁW%ﬂ B8 ard'Gs fdgf:@d w%(&@(@%%{ he 'tér lﬁaﬁlégﬁatsgﬁtr%él}rec“ ng

group to give a corrpound o) escrl ove a sal
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above, orcompgamctoftthfefoemﬂlaMtaafcgmpownde:frﬁw;amh XX process for the

synthesis of a renin inhibitor, such as aliskiren, conprises reacting a

compound of the forrmula XVIIIl, or a salt thereof, as defined above, by
A compound of the formula XXVI can then, in a further embodiment of said first or second

embodiment in a process for the synthesis of a renin inhibitor, such as aliskiren, be reacted
with a compound of the formula XX defined above (if in protected form with subsequent
deprotection of the amide nitrogen), preferably under analogous reaction conditions as
described there, to a compound of the formula XXI! as described above, or a sait thereof.
The latter can then be deprotected as described above to give the final product of the
formuta XXI1! described above, or a salt thereof.

In a third embodiment, a process for the synthesis of a renin inhibitor, such as aliskiren,
comprises reacting a compound of the formula XV, or a salt thereof, as defined above
(obtainable according to the first or second embodiment) by reductive ring opening to a
compound of the formula XXVIIi,

O-PT
PG

R,0

. RO . XXV



reductive ring openi ng to a conmpound of the forrmula XI as shown above, or a

salt ther h reaction as such is also an enbod
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conditions as those nentioned above fo? the ring opening in a conpound of
the formula XXI. In a further enbodi ment of said fourth enbodi nent, a

process for the synthesis of a renin inhibitor, such as aliskiren,
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conpound of the formula XXIl11, or "a salt thereof, as described above,
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process for the synthesis of renin 1 nhibitor, such as aliskiren,

conpri ses reacting a conpound of the formul a XI X as descri bed above or a
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opening to give a cormpound ‘of the for nul or a sal hereof, as
descr i beCRPESAS. req¢tiag raeqmmouo@omﬂ@wbrwg ‘?Jraei’raétrtbﬁ'P?f a&ﬁe@emaa@& B¥ider
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the formul a XX t her ‘enb |rrent of sald fifth enbodi ment, a process
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conpound of the formula or a salt thereof, as described above,
pr ef erablcympemft?%@ﬂ??'ﬁﬁ)’(&ondl ti ons anal ogous to those nentioned above for
reaction of a conpound of the formula XIX with a corrpound of the formula
XX, to glveacorrp nd of the. forngul XXI'| as desc E‘ %e or g salt
her cot o 1 BRG HPRORGRENt oh S5 frP RS LaghBRs PSSy ot BecsYPREFE e 8B rment
of the i nvtifot, chh ae adﬂméﬁt@m;mdes ai:aismg @Qfm@unﬁu fothé Herniuld XMVR oX¥Ishik, or a
sal t therﬁof ¢ as described ab oved Pth fe )kxw] CLI onf COI"I:IdI tjbo&ls
anal ogou§ ?8°t [ gixe a lactone compound of the formula or a sa thereof, as describe
above (preferably under reaction conditions analogous to those for oxidation of a compound
of the formula XVIIl to a compound of the formula XIX as given above) which, in yet a further
embodiment of said fourth embodiment of the invention, can then be reacted with a
compound of the formula XlI, or a salt thereof, as described above, preferably under reaction
conditions analogous to those described for reaction of a compound of the formula Xl with a
compound of the formula XX, to give a compound of the formula XXIl as described above, or
a salt thereof, which can then, in a further embodiment of said fourth embodiment , be
deprotected into a compound of the formula XXIil, or a salt thereof, as described above,
preferably under analogous conditions as described above for the deprotection of a
compound of the formula XXII.

In a fifth embodiment, a process for the synthesis of a renin inhibitor, such as aliskiren,
comprises reacting a compound of the formula XIX as described above, or a salt thereof, by



descri bed above for deprotection of a conpound of the formula XXII. In a
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e.g. C-Cr-alkyl, (both of which nmay al so be prepared in situ,
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sui tabl e base , for exanple, sodium hydride, butyllithium hexyllithium W
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salt thereof, as described above, preferably under reaction conditions analogous to those

described above for deprotection of a compound of the formula XXII.

In a sixth embodiment, a process for the synthesis of a renin inhibitor, such as aliskiren,
comprises reacting a compound of the formula X as described above, or a salt thereof, with
a compound of the formula XX1X,

o (XXIX)
wherein Y is PhyP* or (AlkO),P(O) wherein Alk is preferably alkyl, e.g. Ci-Cy-alkyl, (both of
which may also be prepared in situ, respectively) and Rx is hydroxy, protected hydroxy,
amino or NH-CH,C(CH,),-CONH,, resulting in a compound of the formula XXX,

RO

RO (XXX)
wherein R, R, and PG are as defined for a compound of the formula lIt and Rx is as defined
for a compound of the formula XXIX; or a salt thereof. Here the reaction can take place in
the presence of a suitable base , for example, sodium hydride, butyflithium, hexyllithium,
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PCT/ EP2006/ 009323 -33 ferably under reaction conditions anal ogous to those
menti oned above; which, in a fu her ef erred enbodi nent of the sixth
enbodi ment, can then be deprotecied to und of the formula XXI11, or
a salt thereof pref erabl y under: > al ogous to those descri bed
above for deprotectlon of a cor -ound of thpe forrmula XXII. In yet a further
a process for the synthesis of a renin
' conprises reacting a conpound of the formula
XXXI', or a salt the whepein Rx is NH CH2C( CH3h- CONH2, under ring
opening (with copghti OR8™ peef erably anal ogous to those d | bed in the
precedi ng paragraph) to give a conpound of the formula or a salt
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In a further embodiment of said sixth embodiment, a process for the synthesis of a renin
inhibitor, such as aliskiren, comprises reacting a compound of the formula XXX, or a sait
thereof, under ring opening to give a compound of the formula XXVII, or a salt thereof, if Rx
in the compound of the formuta is OH (or if it is protected hydroxy and the hydroxy protecting
group is first removed to give OH). The ring opening reaction can, for example, take place
under acidic or basic conditions, preferably in the presence of appropriate solvents, for
example alcohols, such as ethanol or methanol, ethers, such as tetrahydrofuran,
hydrocarbons, such as toluene, or halogenated hydrocarbons, such as methylene chloride,
for example at temperatures between 0°C and the reflux temperature of the respective
reaction mixture. A compound of the formula XXVHI, or a salt thereof, can then, in a further
preferred embodiment of the sixth embodiment, be converted into a compound of the
formula XXil as described above, or a salt thereof, by reacting it with a compound of the
formula XX as defined above to a compound of the formufa XXII as defined above, pre-
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al koxyal kyl , 3-met hoxypropyl is especially prefer- red. Protecting groups
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protecti RgageuUPs that they lend thenselves readily, i.e. wthout undesired
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Listed below are definitions of various terms used to describe the novel intermediates and
synthesis steps of the present invention. These definitions, either by replacing one, more
than one or all general expressions or symbols used in the present disclosure and thus yiel-
ding preferred embodiments of the invention, preferably apply to the terms as they are used
throughout the specification unless they are otherwise limited in specific instances either in-
dividuatly or as part of a larger group.

The term “lower” or “C4-C;-* defines a moiety with up to and including maximally 7, especialty
up to and including maximally 4, carbon atoms, said moiety being branched (one or more
times) or straight-chained and bound via a terminal or a non-terminal carbon. Lower or C,-
Cr-alkyl, for example, is n-pentyl, n-hexyl or n-heptyl or preferably C,-C,-alkyl, especially as
methyl, ethyl, n-propyl, sec-propyl, n-butyl, isobutyl, sec-butyl, tert-butyl.

Halo or halogen is preferably fluoro, chloro, bromo or iodo, most preferably fluoro, chloro or
bromo:; where halo is mentioned, this can mean that one or more (e.g. up to three} halogen
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speci al i st” knows, "or can easily establish, which protecting groups are
suitable with the reactions nentioned #ttei nabove and hereinafter.
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protectiqﬁ$¥) that are cl eavabl e under different conditions, e.g. one
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one class by hydrolysis in the presence of an acid, the other by hydrolysis
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under "Genéral Pro- cess Conditions". A hydroxyl protecting group may, just
to nention a few exanples, be se- lected froma group conprising (especially
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phenyl - | oesr al k- oxycarbonyl, such as benzyl oxycarbonyl; tetrahydropyranyl;
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p- met hoxybenzyl, and net hoxynet hyl. Boc (selectively renovable by
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such as fRreferablyyif hkq orongrepreiecting graups aracpresant irengl intetordiate mentiongd hete-
in, they are chosen so that, if one of the groups needs to be removed, this can be done se-
lectively, e.g. using two or more different protecting groups that are cleavable under different
conditions, e.g. one class by mild hydrolysis, the other by hydrolysis under harder conditions,
one class by hydrolysis in the presence of an acid, the other by hydrolysis in the presence of
a base, or one class by reductive cleavage (e.g. by catalytic hydrogenation}, the other by
hydrolysis, or the like.

As hydroxyl protecting group, any group that is appropriate for reversible protection of hydro-
Xy groups is possible, e.g. those mentioned in the standard textbooks under “General Pro-
cess Conditions”. A hydroxyl protecting group may, just to mention a few examples, be se-
lected from a group comprising (especially consisting of) a silyl protecting group, especially
diaryl-lower alkyl-silyl, such as diphenyl-tert-butylsilyl, or more preferably tri-lower alkylsilyl,
such as fert-butyldimethylsiiyl or trimethyisilyl; an acyl group, e.g. lower alkanoyl, such as
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haloalkanesulfonyloxy, especially halo-C1-Cr-alkanesulfonyloxy, such as trifluoromethane-
sulfonyloxy, or unsubstituted or substituted aryisulfonyloxy, such as toluolsulfonyloxy
(tosyloxy).

Unsubstituted or substituted aryl is preferably a mono- or polycyclic, especially monocyclic,
bicyclic or tricyclic aryl moiety with 6 to 22 carbon atoms, especially phenyl {(very preferred),
naphthyl (very preferred), indenyl, fluorenyl, acenapthylenyl, phenyleny! or phenanthryl, and
is unsubstituted or substituted by one or more, especially one to three, moieties, preferably
independently selected from the group consisting of C-C;-alkyl, C-C;-alkenyl, C,-Cr-alky-
nyl, halo-C-C;-alkyl, such as triflucromethyl, halo, especially fluoro, chloro, bromo or iodo,
hydroxy, C,-Cr-alkoxy, phenyloxy, naphthyloxy, phenyl- or naphthyl-C,-C;-alkoxy, C,-Cr-alka-
noyloxy, phenyl- or naphthyl-C,-C;-alkanoyloxy, amino, mono- or di-(C+-Cralkyl, phenyl,
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exanpl e picrates or perchlorates. For therapeutic use, only pharmaceutically
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internediate o
maleic acid, hydroxymaleic acid, methylmaleic acid, benzoic acid, methane- or ethane-

sulfonic acid, ethane-1,2-disulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic acid,
1,5-naphthalene-disulfonic acid, N-cyclohexylsulfamic acid, N-methyi-, N-ethyl- or N-propyl-
sutfamic acid, or other organic protonic acids, such as ascorbic acid.

In the presence of negatively charged radicals, such as carboxy or sulfo, salts may also be
formed with bases, e.g. metal or ammonium salts, such as alkali metal or alkaline earth me-
tal salts, for example sodium, potassium, magnesium or calcium salts, or ammonium salts
with ammonia or suitable organic amines, such as tertiary monoamines, for example triethyl-
amine or tri(2-hydroxyethyl)amine, or heterocyclic bases, for example N-ethyl-piperidine or
N,N-dimethylpiperazine.



starting material and one or nore salts thereof, each of which is intended
to incl Udewglzt?og,m?yﬂﬁ(s sol vate, netabolic precursor such_as _ester or am de of
t he conpoun ormula MI1, or salt of any one or o ESHONRRER  as
appropriate and expedi ent and if not e¥pticitly nentioned otherw se.
Different crystal forns may be obtainable and then are al so included. Were
the plural formis used for conpounds, starting mat eri al s, internediates,
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precursors as nentioned above. The invention relates also to nethods of
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formul a Ichie off ddmpYlinds\Bfthe Michlia xddfi. X, XI, X1 and/or X1l nentioned above
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the single steps of a sequence leading to a conpound of the formula XXII1I,
mor e t hany, g o@ﬁhé&l&se%%ﬂéns‘?ufp% n th¥ Bérhﬁ‘&ln&s QH@'(nib’rmBBiﬁfe fofrtlahy active

substances esp eci al y renin’inh I% tors, re erab g%ﬂren

i ncl udi ndn e mmsownerr $akts. including @9%§a'§f that m@erre:s@dr %samiqrg\erhetea. fopm
pound of gib@nib @ el puritfedtioh or IHRR@icki o INE cothpddhlis ért% tifdrectadny, rﬁbéFEnBES' S

and/ or phar) rraceutr- cally active substances, and/or their use’in the
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Where the plural form is used for compounds, starting materials, intermediates, salts,
pharmaceutical preparations, diseases, disorders and the like, this is intended to mean one
(preferred) or more single compound(s), salt(s), pharmaceutical preparation(s), disease(s),

HD“

disorder(s) or the like, where the singular or the indefinite article (“a”, “an”) is used, this is not

intended to exclude the plural, but only preferably means “one”.

Starting materials are especially the compounds of the formula |, Ii, and/or V mentioned
herein, intermediates are especially compounds of the formula ill, IV, VI, VII, VI, I1X, X, XI,
Xl and/or XIII.

The invention relates to methods of synthesis of the intermediates of the formula Iif, IV, VI,
VH, VIIL, IX, X, XI, XI! and/or Xlil mentioned above from their respective precursors as
mentioned above. The invention relates also to methods of synthesis of the intermediates of
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Chem strysut)stmltmtmm partadyr theinmieferreshdefiNitions. Yor k 1973, in T. W G eene and P.
G M Wits, "Protective Goups in Oganic Synthesis", Third edition, WIey,
New York 1999, in "The Peptides”; Volune 3 (editors: E. Goss and J.

Mei enhof &R Js, hytieegde malksyl Rir edioxyalkyh doeferably aieyly mase Ipref@ably G.rCrdlk, respeaialider
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R, is alkyl, preferably C,-C;-alkyl, more preferably C.-Cs-alkyl, especially methyl.
Alternatively R; is preferably a chiral alkyl, such as D or L-menthyl .

R’ is alkyl or aralkyl, preferably C,-C;-alkyl C,-Cs-alkyl phenyl, more preferably C,-C4-alkyl or
benzyl, especially ethyl.

General Process Conditions

The following, in accordance with the knowledge of a person skilled in the art about possible
limitations in the case of single reactions, applies in general to all processes mentioned
hereinbefore and hereinafter, while reaction conditions specifically mentioned above or
below, in particular in the examples, are preferred:



Verlag, Stuttgart 1974. A characteristic of protecting groups is that they
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processes. vent m xtures
readily (i.e. without the occurrence of undeswed secondary reactlons) for example by sol-

volysis, reduction, photolysis or alternatively under physiolegical conditions (e.g. by enzyma-
tic cleavage). Different protecting groups can be selected so that they can be removed se-
lectively at different steps while other protecting groups remain intact. The corresponding
allernatives can be selected readily by the person skilled in the art from those given in the
standard reference works mentioned above or the description or the Examples given herein.

All the above-mentioned process steps can be carried out under reaction conditions that are
known per se, preferably those mentioned specifically, in the absence or, customarily, in the
presence of solvents or diluents, preferably solvents or diluents that are inert towards the re-
agents used and dissolve them, in the absence or presence of catalysts, condensation or
neutralizing agents, for example ion exchangers, such as cation exchangers, e.g. in the H'
form, depending on the nature of the reaction and/or of the reactants at reduced, normal or
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Where required, the working-up of reaction mixtures, especially in order to isolate desired
compounds or intermediates, follows customary procedures and steps, e.g. selected from
the group comprising but not limited to extraction, neutralization, crystallization, chromato-
graphy, evaporation, drying, filtration, centrifugation and the like.

The invention relates also to those forms of the process in which a compound obtainable as
intermediate at any stage of the process is used as starting material and the remaining pro-
cess steps are carried out, or in which a starting material is formed under the reaction condi-
tions or is used in the form of a derivative, for example in protected form or in the form of a
salt, or a compound obtainable by the process according to the invention is produced under
the process conditions and processed further in situ. In the process of the present invention
those starting materials are preferably used which result in compounds of formula XV -
scribed as being preferred. Special preference is given to reaction conditions that are iden-
tical or analogous to those mentioned in the Examples. The invention relates also to novel



Is stirred for 2 hours at roomtenperature and cooled to OC and filtered.

The soli d‘*’éa@?@%‘?@g with 40nm. of acetonitrile in 4 po%f:*&pﬁ)uﬁl&l&gs he

filtrate is .5nmL of a 3.9M solution of hydrochlori¢ acrd™in ethyl
acetate within 20 m nutes maintai ni ng"!’n'e tenperature at room tenperature.
The resulting suspension is stirred for 1 hour at roomtenperature and the
solid collected by filtration. The solid is washed with 80nL of

acetoni t rsitdrmgaadmwuhe@l ahtl interenediBtésodesgiibedl Hekeil Jespecialhe thobé lleadig i @amd -
"H-NVR, S de:DVBSQ 8.70-8.50 aH Brs, NH3), 8.25(2H, m Ph), 7.70(2H, m
Ph), 5. 4BQYps mentiongd as pre 5’5’(‘% &N Gp). In a sinilar fashion the fol | ow ng
gyl ci ne esters can be prepared Am no acetic acid {1(R) -hydroxy- phenyl acetic
acid nethyl est est er hy ch oride, 3,,

B s i) the; apioh. EeeChany RS g i of, ne meliggs ‘4gsGibad s herspbdore an

3. 63( 3H, r&reurﬁﬂamaﬁahmwuaﬁreﬁ cr@i phafidcBitidalndlaceeptapleaay treesif| ¢ aci d rret hyI
ester} ester hydrochloride. 'H NMR S de-DMSO. 8.75-8.60(3H, Brs, NH3), m
Ph), 6.10(1 H, s, CH), 4.25- 4.00(2H, m CH2N), 3.63(3,, s, CH3O. W
2007/ 03911338 f&ﬁﬁﬁr@EﬁHbﬁpﬂé&@éﬁe to Hldraterthecineantion mtbmjtcinﬂtmgzthydcgde taerteefr

07905 0 Bl Wy B e

adamant annékﬁatdzsmtdmrlthembeessfvjdfanuﬂabmre afaliskireh,vBalts3héisal. 3: 8. 60- 8. 30( 3H,
Brs, NH3), 3.83(2H, s, CH20, 3.78(211, Brs, CH2), 2.00-1.50(15H, n). Am no
acetic acid {2(S)-hydroxyphenyethyl} ester hydrochloride. 'H NVR S d6- DVSO
8. 55- 8. 33WBdte niantionedtiid}he Ekadiples, Do¢ standsiforfr}-butbxy@abdiadl. g, CH),
3.90-3-75(2H, m CH2N), 1.50(3H, d, CH3). Ami no acetic acid

{2(R) - hydr oxyphenyet hyl} ester hydrochloride. 'H NVR, S d6- DMSO

8. 55- 8. 3Hxahiplds: S, NH3) 7.45-7.25(5H, m Ph), 5.95(1H, ¢q, CH),

3.90-3-7 3H d. CH3).. A t d (1R 25,
5R) - 2- isg"SFi‘éW"‘Q %‘E“h “r'd8§]}8 &%%QW%W&%NTOQEI g(r:?dlec a'CIH Nl(\/R S d6- DVBO!
4. 63(1 H, AminoCldthtic 3adiddtitrobenHCHster Ihydipdchioride: Tol)a, sbiufiog 2411, N-tert- CHZ)

%/92)5 _ = Zﬁlﬁ%ycgg%}xy Ziégque%q% sz(ﬁr%g)z in 3% c\f0 ace%n?’trl—le a(il roon? tempera%re i$ d,

|58) 5- metadgéd B.42g rasemmtrobenzﬂemrhol eTbythg- cl;a:d eblgtion idded y8lhy @f N, m:l de.
Aot Ao o S5bs 1 Mot S0 o7
1.70- acetonitrile within 15 minutes maintaining the temperature at 20°C. The resulting suspension
is stirred for 2 hours at room temperature and cooled to 0°C and filtered. The solid is washed
with 40mL of acetonitrile in 4 portions. To the filtrate is added 38.5mL of a 3.9M solution of
hydrochloric acid in ethyl acetate within 20 minutes maintaining the temperature at room
temperature. The resulting suspension is stirred for 1 hour at room temperature and the solid
collected by filtration. The solid is washed with 80mL of acetonitrife and dried in vacuum to
give 11.9g of the titte compound. 'H-NMR, 5 d®-DMSO: 8.70-8.50(3H, Brs, NHj), 8.25(2H, m,
Ph), 7.70{2H, m, Ph), 5.40{2H, s, CHy), 3.93(2H, s, CHy).
In a similar fashion the following gylcine esters can be prepared
Amino acetic acid {1(R)-hydroxy-phenylacetic acid methyl ester} ester hydrochloride.
'H-NMR, 5 d*-DMSO: 8.75-8.60(3H, Brs, NH;), 7.50-7.25(5H, m, Ph), 6.10(1H, s, CH), 4.25-
4.00(2H, m, CH;N), 3.63(3H, s, CH,0)
Amino acetic acid {1(S)-hydroxy-phenylacetic acid methyl ester} ester hydrochloride.
'H-NMR, & d®-DMSO: 8.75-8.60(3H, Brs, NHj), 7.50-7.25(5H, m, Ph), 6.10(1H, s, CH), 4.25-
4.00(2H, m, CH,N), 3.63(3H, s, CH,0).



0.80(15H, m. Am no acetlc acid (S)-1,7,7-trinmethyl-bicyclo[2.2.1] hept - 2-yl
ester hyd | OrJ '"H NWVR, S d6-DMSO 8. 40-8. 20( 3H, 4. 69(I H,
m CHO), gﬁg@@%?ﬁ . CH2N), 3.30(41L, 495, 2 x CH2), P@BEBZ"@“&%%
Am no acetic acid isopropyl ester hydrochloride. 1HNWVR S d6- DI\/SO
8.60-8.40(3H, Brs, NH3), 5.00(lH m CHO, 4.37(2H, s, CH2N), 3.75(2H, Brs,

c|_|J2_|2|\l-) yg' w® qsqgﬂy% b%hyal(yée%hy ro%}ﬂon '33‘“ ﬁH’R % ds%hﬁsgp g 50-% 305 O e-"H+
{[ 1- [ 4- MErb Ny, 3-8037. w(tabaxm mvnpsx@smherwm.awetjsd(ﬁ)n yrguque] ani no} - acetic
acid ethyl ester, Ilja; I ne eﬁﬂé_ est er %drochlorlde sal t

(6. 98¢, RACP tic §°%§‘!ﬂ!ﬂﬂéﬁ"ﬂr¥"ﬂb%'ms‘8‘f PrRjicEAR HENMBy p£DCIH S fiohe
suspensi %0(31 sl agHA B8 ml@@m@)ihlva?m B, @&gfé)oooufsdhmt;ﬁooxy 3-(3-

met hoxy- propoxy) benzal dehyde in ene chlorlde fol%omed

0. 5nol ~ ofAminRAcatie asidniZ{Fivdrexyphepyetih} ester brtﬂfyphlmiﬁe HENMRg d Dlsﬂ§@nm) i s
added wi tguglg %5(33403?30%? ﬁz / I-'?P%ﬂg%&?ﬁ?e?@ CHY3. d@@*f’é

suspension IS stirred fo s'at rcomte rat'ure and 1teredN)The
sol vent i1s50(&hsly E4a) n vacuum at roomtenperature and the residue suspended

intert- Agh'i 'a%Eﬁ@XEidg{izmr @hbﬁ*«ﬁ% 9§te?h€&’dFi§loﬁEg . NMRrFﬁ -DNg®; Sol vent

is removed I n vacuum eto imne'Ilia as a pale
yel | ow 0i8.55-8.B(RNRBrss "&BI:ITS%—BZQI@H:LH. P),,5.95(114,0q, 1GH), $)90-F75(8K. 1M, CM)N)

6. 78( 1H, o dzgg,z 4 18(2H, q), 4.10(2H, t), 3.82(3H s), 3.50(2H,
t), 3. 2503 *05( 2H 1.10(3H t).

{[144- NétAmnpa@emaﬁdt(HMLS,ﬁhbaﬂsgnrom‘lmmyhmqml(egylgatemdmmdm} acetic
S5 7. o 1R G, 4 a1y 1o LRER SRR, NGV,  sHALT i gl iy 2T
3. 92(3H, CHy), 1555925{%. ) CH3, 816@H, ms2 x CH), ﬂ&ﬂ(aﬁﬂ,d je), A.4&BKIOH Me3). . _
Lt (1 AmBEactis S (1 o bRt etny i aohi oty Eyighedl R L5 ©
above. ' HiythdenidtideCOGNMR, B FOINMSD: 8.50-8B0RM, bt NHY), 7.30(R8,(dHPh)Y.10@HOM 1H, m) ,
4-65(1H &) 4 sB (2 HerD}95:332H, m, CHoN), 2.62(1H, d, CH), 2.06(1H, m, CH), 1.70-

0.80(15H, m).

Amino acetic acid (8)-1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester hydrochloride. 'H-

NMR, § d®-DMSO: 8.40-8.20(3H, Brs, NH,), 4.69(1H, m, CHO), 3.38(2H, s, CH.N), 3.30(4H,

s, 2 X CH,), 1.80-0.80(12H, m).

Amino acetic acid isopropy! ester hydrochloride. 'H-NMR, 5 d®-DMSO: 8.60-8.40(3H,

Brs, NHa), 5.00(1H, m, CHO), 4.37(2H, s, CH,N), 3.75(2H, Brs, CH;) 3.37(3H, s, MeO),

2.15(2H, m, CHy), 1.34(6H, d, 2 x Me).

0 v
0 RO °

RO

{[1-[4-Methoxy-3-(3-methoxy-propoxy)-phenyl}-meth-(E)-ylidene]-amino}-acetic  acid
ethyl ester, llla: R2 = Et

Glycine ethyl ester hydrochloride sait (6.98g, 0.05mol} is suspended in 100 mL of methylene
chloride. To the suspension is added a solution of 11.2g (0.05mol) of 4-methoxy-3-(3-
methoxy-propoxy)-benzaldehyde in 10mL of methylene chloride followed by 0.5mol of
anhydrous magnesium sulphate. Triethylamine (5.31g, 0.052mol) is added within 15



4.09(2H, t), 3.82(3H, s), 3.47(2H, t), 3.35(3H, s), 2.05-1.80(4H,

1. 63(2H, 35(4H, 1.10-0. 95(5H, 0. 85 2 éH d
{[1-[4- I\/E&gféﬂ-@%lg}mt Eloxy g)ropoxy) phengll] mra?h{ E) - yl(l’ﬁléjerP ‘iwg‘%’%o% acetl)c

acid benzyi ester Ilia: prepared as afdve. ' HNWVR 6 CDCI3: 8. 20(1H, s,
CH=N), 7.52(1H, m Ph), 7.45-7.30(4H. m Ph), 7.20(1 H, in, Ph), 6.90(2H,
m Ph), 5.25(2H, s, CH2Ph), 4.45(2H, s, CH2N), 4.20(2H, t, CH20O), 3.93(3H,
s, MeO, MinGes2he tsus;ﬁﬂ%@ is Ztited o4, 24 holds Qt, rood. tehrpatature) aridHilered. The

1-[ 4- Met h 3- met.h lid ti
" o Al b G B
CHN) Z ;&;L(tﬂméthyll gther d?ld)stlrréci éﬁ(%hﬂ)urﬂ”an@ﬂl)eretﬁ T98 (sbientds réﬁﬁv,ed‘;‘m Yafuisir, ati n,
CHzoj 3. 3"9%’ Bém%bwy'%‘é g ig‘l—l‘é Wf‘aél%a zié"%ﬁg%?hﬁ" §$‘1‘?}é)ﬂ AT
g Llld[4 Ve, hm(xM ), ( B1s@Hh ey 6.P8QHONY,) 4. p&enyb)}] mel(zm gﬁﬁ)ﬁmﬂzﬂepﬂﬁﬂawfﬂ@}tacetlc

en -e -CyCl onex ester
i a: prg?ﬁ&@a @?@?}&%%ﬁﬁﬂ@ ge‘% Y 5. 00%/1H, s?/ CH:§/ 7. 45%/2H, m Ph),
Z 28( ZH2S(Iﬁﬂ-matholib;3,-(3-’métﬁb%roﬂoﬁy)-;ﬁhhyn-?némmhwdshemmoﬁaB&(o?H aéig, Ph),
. In

3. 90 55(53.
CH2O + I\/e'@*'b‘ﬁy%?ﬁt%i '“&( pweyredsaﬂgfeoys '&NV@-B% CD%'Q@"[BI"%Of}Bg 5049H, (T) 35?1 6H,

s, 2 X 2(QH99\()3G‘|90((1H @3 )4:30(2H, s), 420024, 1), 3.92(3H, s?; 3.59(2H, 1), 3.37(3H, si _
{[1-[4- Met’ oXy- pr opoxy) - phenyl'] - me )-yl'i dene] - am no}-acetic
acid (R2% M@éc'ﬂb["zﬁzﬂ'i]sﬂrept 2-yl ester Ilia: prepar ed as above.' HNWR S

CDCI 3: 8.4 ) I ] 3 H in,
Phy, 4. 77{‘4}4, fioy3 tmée?%axﬂ pHoY Jg%)e%' S? 183 ga'ﬂ'z'g o%%t'cgoggéz'% -4|4n

CH2), 4. 1IR2RS, 5R) Zﬂmyopﬂﬁ%elbwﬂ&'ommesw Way prapared asighgye. H-NWUR3B, s,
MeO, 3. 2 6

NE0h 1 108 st SIS AF 24, 204 0 Bodeo, T £5kgE R

0. 85(6H 4799(2th);\/§)82(3 s), 3.47(2H, t), 3.35(3H, s), 205-1 80(4H, m), 1.63(2H, m) 1.55-
{[1-[4- Mefﬁﬂlﬂbi n?i qﬁgﬁgﬁympo%mh)’%e met h- (E) -yl | dene] - am no}-acetic

acid (9)- est é as above. 'H- NVR, S CDCI 3:
8. 18( 1H, {{1[ xv-3?(34mtmoxy-mpom>pheny@me!h-ﬂ@(yﬂdeneararm;:}-atretrpg( 1agidi n,

P St bl ) o e Sl 5 b BB, BN rofedpier ¢

CHO, 2. 18()2H45h30(3H2@),, Ptl. BRQ(IH, mdPh)CEBP(2H, m, Ph), 5.25(2H, s, CH,Ph), 4.45(2H,

(L 1= [4- Ve Ropi) 32 8B W RKORT £88%M) sPHIEBY! 3 0BHN (B, 4580 - 8], - aceti ¢
2.15(2H, m, CH;).
{[1-[4-Methoxy-3-(3-methoxy-propoxy}-phenyl]-meth-(E)-ylidene]-amino}-acetic  acid
isopropyl ester Nla: prepared as above. 'H-NMR, § CDCl: 8.20(1H, s, CHN), 7.51(1H, m,

Ph), 7.21(1H, m, Ph), 6.90{(1H, s, Ph), 5.12(1H, m, CHO), 4.37(2H, s, CH:N), 4.18(2H, ¢,
CH;0), 3.93(3H, s, MeO), 3.58(2H, t, CH,0O) 3.37(3H, s, MeO), 2.15(2H, m, CH,), 1.28(6H,
d, 2 x Me).
{[1-[4-Methoxy-3-(3-methoxy-propoxy)-phenyl]-meth-(E)-ylidene]-amino}-acetic  acid
(18, 2R, 5S})-5-methyl-2-(1-methyl-1-phenyl-ethyl)-cyclohexyl ester lila: prepared as
above.'H-NMR, & CDCly: 8.00(1H, s, CH=), 7.45(2H, m, Ph), 7.35-7.25(5H, m, Ph), 7.18(2H,
m, Ph), 7.00(1H, m, Ph), 6.88(2H, m, Ph), 4.40(1H, m, CHO), 4.20(4H, m, 2 x CH,0),
3.900(3H, m, MeQ), 3.55(5H, m, CH,0 + MeO), 3.35(3H, d, Me), 3.10(3H, q, CH3), 2.20-
1.40(8H, m), 1.35(6H, s, 2 x Me), 0.90(3H, d, CH3).
{[1-[4-Methoxy-3-(3-methoxy-propoxy)-phenyl]-meth-(E)-ylidene]-amino}-acetic  acid
(R)-bicyclof2.2.1]Jhept-2-yl ester Ila: prepared as above.'H-NMR, 5 CDCly: 8.18(1H, s,
CH=N), 7.50(1H, m, Ph}), 7.18{1H, m, Ph), 6.39(1H, m, Ph}, 4.77(1H, dd, CHO), 4.37(2H, s,



(S)- phenyl ethyl ester Ilia: prepared as above. 'HNVR, S CDC13: 8.18(1.,
S, , In, Ph,7.907254 m Ph
6 90(1 wgﬁﬁ’?“”égoou q? CHO) | ((2H ABq, )CHzN%%%Pi"Q@”?Bt, CH20)

3.93(3H, s, MO, 360(2H t, CH20, 34 9(3., s, MO; 3.10(1 H g, CHO,
2.15(2H, in, CH20, 1.60(3H, d, CH3).

{[1-]4-Met hoxy 3- ( 3- net hoxy- propoxy) phenyl ] -nmeth-(E)-ylidene]-am no}-acetic
aci d { (G ralt?f2H.ItcCH£)d3.83BHy $.dde@) $.682Het, OH0h 3.3%( b MeOAS3. Wb,

H NVR, %@D?Hi(zn-ﬁn? jz_) 19 £ 654N, 21 ciiz? 5%%{#5 l\b ﬁ’*h)z(zfé (%Qfﬁrf‘ j&zph)

6. 85(2
390(3H 195(2mgm)CH917 HiS)SOS ym, BXHYOH, ¢ CHZO) 3.35(3., s, IVEO)

(101 2 THEHERop methoos propocy phepmeti-ERidenslamingkacste, , 8 acer
ac |g| 4mdsi-mhem(dﬂthﬁgs&er Hlaj arepmézaaraboveas HellbRe 5 cm%mmja(g-lcEmB N)?.Szo,il(4 1
m phy., 7 SA o a7 28 m, ok Sy i Pogefi WUk g criog

%g?) 3.430(ZH, ABq, GYRR),, 4. B(28(12CH,0), 30338, s3M20(,33.60(2H, t, KHLD), I3HIH.%,, m

([1-[4- I\/Et%cg)ka 1%“('3"?%'?962 s %de)ndfﬂzobﬁesr? :ﬂ dh%{-'i‘? (E)-ylidene] -am no}-acetic
acid 4- d[t—ﬁdﬂ&nnﬂ&d&h&thdﬁwnpmﬁ%mﬂ] -metrali)wiidend}-aviiRo}-aceficCl 3acid. 20( 1H,
s, CHN), 0 , 90 in, .Ph
3 51(2 | (S1-Tehgn-etny Aty e propdiayas abave, SrNMRCS Gy .ot i eARY. G o0
?[ §5§2 NENQ(MQ\ Prﬂ 71%-2 25(4R, i FR), 7. 19(1H m, IP]h) 6.90(1H, m, Ph), 600(1i-l q, CHO
r y no}-acetic
(L5 e el R MBER W A) a SERE: BT
3. igg% MeO)CBMD(1H, 4, Gﬂmzwmﬂ ii))CH.®@), 236013H, doCHBh) , 6. 90( 2., ng Ph) ' 20,
: S,
3 58(2. . (Y I4%§=%§é%p§e%hwpwew?@°a§tm Tt QoS el (572
CH, 1. 75(3)1-m§5£|é|ﬁ:"bcidﬁne'ih91eﬁbﬁ)ester llla: prepared as above 'H-NMR, & CDCIS 822(1H
4- Acetyl - 5- [ 4- net hox% 3- (13- net ho% propogﬁ henyl ] - pyr rrolidine-2-car boxylic
acid et HyICHNy drd5-1.3H5HWD. )7 7 @96t 3np Fﬁg@ﬁ‘%i 0b s 6-05411, 5. (§"@b / O~
/- HN O Q&8(2H, s, CH.N), 4.15(2H, t, CH,0), 3.90(3H, s, MeO), 3.74(3H, s, MeO), 3.56(2H, t,
CH,0), 3.35(3H, s, MeQ), 2,15(2H, m, CH,),
{[1-[4-Methoxy-3-(3-methoxy-propoxy)-phqnyl]-meth-(E)-ylidene]-amino}-acetic acid 4-
nitrobenzyl ester llla: prepared as above. 'H-NMR, 5 CDCly: 8.31(1H, s, CHN), 8.23(2H, m,
Ph), 7.40(2H, m, Ph), 7.40(1H, m, Ph), 7.28(1H, m, Ph), 7.03(1H, m, Ph), 5.32(2H, s,
PhCH), 4.50(2H, s, CH:N), 4.05(2H, t, CH;0), 3.82(3H, s, MeO), 3.48(2H, t, CH,0) 3.21(3H,
s, MeO), 1.95(2H, m, CH,),
{[1-[4-Methoxy-3-{3-methoxy-propoxy)-phenyl}-meth-(E)-ylidene]-amino}-acetic acid 4-
nitrobenzyl ester llla: prepared as above. 'H-NMR, & CDCl;: 8.20(1H, s, CHN), 7.51-7.20,
11H, 2 x Ph), 7.00{1H, s, CH), 6.90(2H, m, Ph), 4.51(2H, s, CHyN), 4.19(2H, t, CH;0),
3.93(3H, s, Me0), 3.58(2H, t, CH;0) 3.35(3H, s, Me0), 2.14(2H, m, CH,),
{[1-[4-Methoxy-3-{3-methoxy-propoxy)-phenyl]-meth-(E)-ylidene]-amino}-acetic acid 1-
adamantylmethyl ester llla: prepared as above. 'H-NMR, & CDCly: 8.20(1H, s, CHN),
7.51(1H, m, Ph), 7.21(1H, m, Ph), 6.90(2H, m, Ph), 4.41(2H, s, CH,N), 4.19(2H, t, CH,0),
3.91(3H, s, MeO), 3.80{2H. s. CH,O), 3.58(2H, t, CH,0O) 3.38(3H, s, MeO), 2.14(2H, m,
CHy), 2.00(3H, Brs, 3 x CH), 1.75-1.55(10H, m, 5 x CH_).
4-Acetyl-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-2-carboxylic acid
ethyl ester, IVa:



A sol ution of

([1-[4-Me met hoxy- pr opoxy) - phenyl ] - et h- (E) - yLJ - apj.no) - acetic
acid et hylt‘{;](?)é -”339(1% ia (14.9g, 0.0482 tl)) in 100nL of %h#@gﬁ@lf})@.ﬂsr eat ed
with 3.04g (0.0434npl) of nmethyl viny™~ketone. The mixture is cooled to OC
and silver acetate (12.1g) is added. A solution of triethylamne (5.4qg,
0.053nmp1) in 10nmL of tol uene I s added and the mxture warnmed to room

t enperat up.®. The react |s stl rred for 3.5 hour®.and filter The
solvent is ré¢noved in v o give an oil. This oill can be puy+®jed on
silica-gel el |ng W ethyl acetate m xt s to g the—Tree
yrrolldlne I H-N CDC13 .80- 6.70(34 m, 4.21(1H, 4.10(2H, t),
4. 05( 2H, t 3. 78 . s), 3.48(2H, 1), , 3.30(3H,
s) 2. 50- 2 3Q2 becorres H on D20 exchange), @21 2. 05( 2H,
1. 50( 3H, 10(3H

ic.’*ﬁet 4 héﬁé'g@t iy h‘*?%‘éﬁ?%’% emégﬁwﬂﬁéﬂ%vhﬁﬁﬁwﬁsﬁé){ﬁ? ,ln'ﬁﬁb'@é&{*@"xy' N
r e- di ssolagied ethyl mtbn;L Hef (1490 cho482oudl)e i t160l®C afntbleensolsutreated o#itiH3l04ggas i n

ethyl ac b‘&&r\gcﬂf Poi'gpl‘l V\ﬂfvmﬂi k%toqgl ft?é Hédl.? Blea%jﬁ% Qﬁ’cp Iv&o%%ta[t%gbg}é white

suspensi n I'S I's stirre mnutes a ure.
The suspeaddednA isslutidn bf triethylamink {5y, Slﬂﬁfid\olha Hé@hLwoft tolu@d8nd_ addedetrdytheacet at e

in three ey Hd @ edTP?otgt'glt fipdrdtufd. ‘rﬁé’e dﬁl??n"é%HHéﬁ ﬁo‘r ﬁ&n{r?%n@ﬁlt&?&fm to 9' ve

t he hydroc or| a|n|n oride
4 HCI sa|ao)vent@sxﬂmm6 lrssac&umo@ive amail. Bhlssr@ ga b@lpunﬁaedm(sililea-gdbslutlngmmg( 2H

> bo 2. cAFIEekly 25 ithes o G, e pingRg WM GG dan,

In a sim6.# 3 ashi ﬁﬂ1(1H d}), 410(2H t), 4.05(2H, t) 385(1H t), 378(3H s), 3.48(2H, 1),

4 (S) - ACL 3813, - SBY ﬁ!‘?xéf)aglsg?’{@%l{?orf-y AR o 50 ekhange) 2210H, m) . o

pyrrolidine- prepa
from {[ 1-3.G6(2H, m), 1.50(3H, s), 1.10(3H, 1).

ort- but o AcetES JEUR RS AHGRbIopBED ek Yy Sl 28R, ©, plig™c' ©
PhCHN) , Zethyl(ester hydrochiRide salt, Ba(HCIBO(4H, m MO + NCH), 3.58(2H, |, CH20,
2 41031 o G119 o2t eoov ko B Rl B ot ki D),
al so be igssl iat ethylf acetate hi26.3mbaot mohOMAs¢lRjonpde tagkded -drap rmsehoé(ythlEk (vivite
T o BB b Y e S SRR il UL WAy
4.70( 1H, fitereBlragHithe solid WasBd with 3Q0RRCRHGHM)etals irsth(e@Hhorions VB® solid B dBd2H, t,
CHZO) . 3.13Q68Hm St HEC 15°2) hotrs2 B §ive tHR HidifbehigridkPs4it 2idhing Wietfdidmihe C)
hydrochloride. 'H-NMR (of 4.HCI salt), CDCly: 6.85-6.75(3H, m), 5.35(1H, d), 4.70(1H, dd),
4.39(2H, m), 4.10(2H, t), 3.85(3H, s), 3.78(1H, m), 3.55(2H, t), 3.35(3H, s), 2.80-2.65(2H,
m), 2.10(2H, m), 1.85(3H, s), 1.3%(3H, t). can be prepared.
In a similar fashion 4-{S}-Acetyl-5-[4-methoxy-3-(3-methoxy-propoxy}-phenyl]-
pyrrolidine-2-carboxylic acid t-butyl ester, IVa is prepared as a racemate from {[1-[4-
Methoxy-3-(3-methoxy-propoxy)-phenyl]-meth-{E)-ylidene]-amino}-acetic = acid tert-butyl
ester. 'H-NMR, 5 CDCly: 6.85-6.80(3H, m, Ph), 4.53(1H, d, PhCHN), 4.10(2H, m, CH,0),
3.85-3.80(4H, m, MeO + NCH}), 3.58(2H, {, CH,0), 3.41(1H, m, CHCO), 3.35(3H, s, MeO)},
2.30(2H, m, CHy), 2.10(2H, m, CH,), 1.65(3H, s, Me), 1.54(SH, s, tBu) can be prepared. The
4-acetyl epimer can also be isolated from this reaction: 4-(R)-Acetyl-5-[4-methoxy-3-(3-
methoxy-propoxy)-phenyll-pyrrolidine-2-carboxylic acid t-butyl ester, 'H-NMR,  CDCl5:



1.63(3H, s, Me), 1.50(9H, s, tBu). (2S, 4S, 5R) - 4 - Acetyl - 5 -

[ 4- met hoX V@ 26037088510XY - Pr opoxy) - phenyl ] - pyrrol i di ne- 2?5?‘%’%&(’? ok acid

t-butyl ester. Silver acetate (0.085g, .0.51nmol) and 267.2ng o0 %R)-QJI NAP

are suspended in 30 nL of dry tetrahyﬂ?ofuran at roomtenperature. The

m xture is stirred for two hours in the dark after which tinme a clear

solution fornms. This catalyst solution is then added to a solution of 6.41g
6.85(3H, m, Ph), 4.70(1H, d, PhCHN), 4.10(3H, m, CH,O+PhCHN), 3.85(3H, s, MeQ),

of
1-[ 4- - " - met h-A B) 5 Whifdene] <,anj pol - acet i
bei d ter oS CHEPES PRI MRT AN, oy BHEL 2 T2 Yab e o B G50
m nut es. NE3(BhH syiMey, 1.50{9d % tBu)1. 33g) and HOni g' s base (0.246g) are added and
th t td d i fold ght _f 5d -30C A sol uti
of armon G S0 8- PSS 53 1R s anenPrar bR RIS com
t enper at uraehoxXylib putidatctnitpltestdrlOOm L) and water (10nL) are added and the
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di - i sopr(opgypartetumgisi base @248() a8 @died aathe Reariien sirgidtin tie abisescedd light t he
desired ¢o und Lh an %e of 79% A second re-crystallisation from
di -i soprﬁﬁgéja?%@l'ie% ses the %e to >97% [a]d = +47.1 (1 % CHC 3).

Repl aceneksolotion(dR)anighbriNaf chiotitte (2Bjnl, X% NAR added wadshe mixtwe harmednbomner ,
(2R, 4R, Acet

- et hoxSTaerpiyré Enf 88K (1008 1) el woter (1 e g 209 (e BSWER SHEea e g

P (o i e s A D
s, "o - SVEd S VIR SRR bR S a8t Pty Sinter RALE MredsfE 4 L1
- 5 - [4-gwtdrooily - 3- (3- met hoxy- propoxy) - phenyl ] - pyrrol i di ne-2-carboxylic acid
(IR, 2S, Roéyﬁg ROV R TRk or trEb AT SirSHna dthy? Sbdthle WA Lirrdat /9 ©F

{[1-[4-Me
3- ( 3- net hrosm-tpmpgratye farhzdnkddrs, fitered( 45)d- the i sdlvart] removerb jn eanotine The irebidug R, 2S,

i h-2. 100 SRR For i i KopEBEthe! S e ufent Bh 46 tof 2 o'

(0. 15qg), atrroghdemberatuse hTheesdlid. i2 4gljectaddby filtrationeand washed with 2 x 9mL of di-
isopropylether and dried at 30°C in vacuum overnight to give 4g of the desired compound
with an %ee of 79%. A second re-crystallisation from di-isopropylether raises the %ee to
>97%. [a}d = +47.1° (1% CHCY;).
Replacement of (R}-QUINAP with (S)- QUINAP produces the other enantiomer, (2R, 4R, 55}
- 4 - Acetyl —~ 5 - [4-methoxy-3-(3-methoxy-propoxy)-phenyi]-pyrrolidine-2-carboxylic
acid t-butyl ester , [o]d = -47.1° (1% CHCl,).
(28, 48, 5R) - 4 — Acetyl - 5 - [4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-2-
carboxylic acid (1R, 2S, 5R)-2-Isopropyl-5-methyl-cyclohexyl ester and (2R, 4R, 5S) - 4
- Acetyl — 5 - [4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-2-carboxylic acid
(1R, 28, 5R)-2-isopropyl-5-methyl-cyclohexyl ester. A solution of 13.7g of {[1-[4-Methoxy-
3-(3-methoxy-propoxy)-phenyl}-meth-(E)-ylidene]-amino}-acetic acid (1R, 2S5, 5R})-2-
isopropyl-5-methyl-cyclohexyl ester in S50mL of toluene is treated with 2.10g of Methylvinyl
ketone at room temperature. Silver acetate (0.15g), triphenylphosphine (0.24g) and quinine



WD 2007/ 039183 PCT/ EP2006/ 009323 -47 (0.29g) are added sequentially and the
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MeO), 3. 59thZ2x 20mL OFhQ)isoBorahplland the filtdlsCDo/ed3o 3E4rE tempsrativieCyithir24 AGurd. 25( 2H,
o Coohi i pHfgd for B bRer s Holns. 10 3bikLl fectdd by et gl wineltifibe win 0O
0. 82( 3H, 20mLIvf jsoptupanalhdteridsyingior Bfiolre abdi Giimeabubm 2. t900of(28,49, BBRid on of
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phenyl | - g¥Rs28,i58)-2dsapropykBmethyd-cgclobexyl ester Bgbtained with a specific rotation of -
5R)-2-is | - 5-met hyl - cycl Xyl ster, 1.5 ith a i f i ofation
o - 13 3% (i SRl aflp Mkl aap et iviespinaish Yo of of B9, HHinRb s
CDCl 36. 8%tRity 6/90-6B(3H AmB3Ith), K90t4079(9H,~td] THOY 483(1HCHE) PhAHES (4lt2(24l, t, I =

CH20), 3.95-3.86(1H, m, NCHCO), 3.86(3H, s, MeO), 3.59(2H, t, CH,0), 3.44(1H, m,

CHCO), 3.38(3H, s, Me0), 2.43-2.25(2H, m, CHy), 2.11(3H, m, CH, + CH), 1.95(1H, m, CH),

1.72(2H, m, CH,), 1.66(3H, s, COCH3), 1.61-1.40(2H, m), 1.17-0.99(2H, m), 0.97-0.88(7H,

m, 'Pr + CH), 0.82(3H, d, Me)

The other isomer may be obtained by re-crystallisation of 85%ee material from 100mL of hot

di-isopropylether. (2R, 4R, 5S} - 4 — Acetyl — 5 - [4-methoxy-3-(3-methoxy-propoxy)-

phenyl]-pyrrolidine-2-carboxylic acid (1R, 28, 5R)-2-isopropyl-5-methyl-cyclohexyl

ester, 1.53g with a specific rotation of -13.4° (1% in chloroform), corresponding to an %ee of

87%. 'H-NMR, § CDCl; 6.85(3H, m, Ph), 4.83(1H, td, J = 11 & 4 Hz, CHO), 4.53(1H, d, J=

8.1Hz, PhCHN), 4.11(1H, td, J = 6.58 & 2.5Hz, CHO), 3.91(2H, t, CH;0), 3.86(3H, s, MeO),

3.59(2H, t, CH;0), 3.44(1H, m, CHCO), 3.38(3H, s, MeO), 2.95-2.50(1H, Brs, NH), 2.36(2H,

ABq, CHy), 2.11(3H, m, CH;, + CH}, 1.96(1H, m, CH), 1.72(2H, m, CHy), 1.67(3H, s, COCHs),

1.60-1.42(2H, m), 0.93(6H, m, Pr), 0.83(3H, d, Me)



8.1 Hz, PhCHN), 4.11(1 H, td, J = 6.58 & 2.5Hz, CHO), 3.91(2H, t, CHO),

3. 86( 3H, f‘{ﬂl\ﬁg“”l“ﬂ 59(2H, t, CH2O), 3.44(1H, m mCO)r%CT S&Qﬁ@aﬁ MeO) ,

2.95-2.50 2.36(2H, ABq, 2), 2.11(3H 1.96(1H,
m CH), 1.72(2H, m CHZ) 1.67(3H, s, ~ ), 1.60-1.42(2H, n), 0.93(6H m
"Pr), 0.83(3H d, Me) WO 2007/039183 PCT/ EP2006/ 009323 -48 In a simlar
fashion 4(R)- Acetyl 5-[ 4- met hoxy- 3- ( 3- met hoxy- pr opoxy) - phenyl j -

pyrrol i dilne- 2 cairbitary| ifashioni d 4R)A¢etyl-S¢[4-reethexy-34(2-methgxyepmpesly)aheayll-acenat e
from{[1

Met hoxy- éﬁ? "r?é'f%% arh ¥ oﬁfifﬁgﬁlwdﬂ'ﬁgf%-?’éis- VFP%[&?\@T ?éﬁﬁeﬂﬁg E%’Qt{[ﬂ#'aci d
be nzhydr yMethe:qt—b(S-métHoWopﬁxy@bﬁ‘érﬁrl]—n?elkﬂ-{ﬁ)@hdﬁ(e]:ﬁirlino}racé?lh) ,acid Obéddrydrar s,

6. 80( 3H, 5 -4.03 , 0., 45( 1H,
0 o) st PiRY s Gflep 75 undiy ok, cugflic: 83 M. Ry o *
2.10- 2. 054.5%¢1HMd, WGOW?OA HJB(@H( 3k, CH;O)CBIQBUHThﬁ CleQONEs. SE(BHI BeMeO0),

p;flrfui ?gu%gééhc@&bé%ﬁ@(ﬁ%r@ (o %3%&31-5( G o P ks ey, éHa) The

7.40- 7. 254piMet, an tHeh)4 po&nﬁaﬂ1(491-A&tﬂ,5-uhﬁxeth6xﬁﬁ((3lmetmxﬁmop
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acid 4- nl@IFIOD?I‘Z'E’S(ZQSﬁ'@CHz)"—%H EmCOEL 3CHA, SH(3H, s, [CH P Yan alsdOBd oltedm Ph) ,
6.95(1 H, zﬁa 6.82(1H, m Ph), 5.22(2H m PhCH2), 4.21(1 H, d, PhCHN),
4. 15- 4. oof(%'wt"' oo + CHN), 3.86(3H, s, MO, 3.57(2H, t, CH20). 3.35(3H,
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2. 05- 1. 650 3Hsimityr fashionOd Haetyd-S-{methxyob(Bimethoxypegpoxypphényilpyrpaiding-2-l n a
2 hoet y1 -STPSe A6id (9197 2-rimettytbleyrlgf2 Alhepti2y) eoter pygrselprie MR
5 d°DMSO: 9.50-9.20(2H, Brs NH" z), 7.45(1H, m, Ph), 7.25-7. 10(2H m, Ph), 4.95-4.70(3H,
m, CHO + PhCHN + NCHCO), 4.20(2H, t, CH.0), 3.95(3H, s, MeO), 3.65(2H, t, CH,0),
3.51(3H, s, Me0), 3.25(2H, m, CH,), 3.09(2H, m, CH,), 2.30(3H, s, Me), 2.2(2H, m, CH,),
2.15(2H, m, CH,), 2.05-1.65(3H, m), 1.10(3H, s, Me), 0.95(3H, s, Me}, can be prepared.,
In a similar fashion, 4-Acetyl-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-2-
carboxylic acid (R)-methoxycarbonyl-phenyl-methyl ester 'H-NMR, 5 d°DMSO: 7.80-
7.35(6H, m, NH; + Ph), 7.30-7.15(3H, m, Ph), 6.85(1H, m, Ph), 6.12(1H, s, CHO), 4.30-
4.10(3H, m, CH,O+ PhCH), 3.90(3H, s, MeO), 3.81(3H, m, MeQ), 3.60(2H, t, CH,0),
3.40(3H, s, MeQ), 3.20{1H, m, CHCO), 2.20{2H, m, CH;), can be prepared.
In a similar fashion, 4-Acetyi-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-2-
carboxylic acid benzy! ester, IVa is prepared as a racemate from {(1-[4-Methoxy-3-(3-
methoxy-propoxy)-phenyl}-meth-(E)-ylidene}-amino}-acetic acid benzyl ester. 'H-NMR, &
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4-Acetyl-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-2-carboxylic  acid  ethyl
ester hydrochloride salt, IVa(HC!) (17.7g, 0.0425mol) is suspended in 250mL of ethyl acetate
at room temperature. Hlnig's base (10.7g, 0.083mol} is added dropwise followed by 0.1g of
4-N,N-dimethylaminopyridine. The mixture is treated with a solution of Boc,O (9.27g,
0.0425mol) in 20mL of ethyl acetate. The reaction mixture is stirred for 1 hour at room
temperature and treated with 200mL of 10%aqueous citric acid. The organic phase is
separated and washed twice with 300mL of water containing 10mL of saturated aqueous
sodium hydrogen carbonate solution followed by a 300mL water wash. The organic phase is
dried over anhydrous sodium sulphate and filtered. The solvent is removed in vacuum at
35°C to give 16.2g of an oil. This oil is purified by chromatography on silica-gel eluting with
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4- Acetyl - y- 3- (3- et hoxy- propoxy) - phenyl ] - pyrr ol i di ne- 2 carboxyllc
acid et hyl Bgoﬁgﬂﬁi/(drochl oride salt, Va( HCl) (17.79, P(?TG?Q%OWB??

suspended in 250nL of ethyl acetate a roomterrperature HOnig' s base
(10.7g, 0.083nmol) is added dropw se followed by 0.1g of

4- N, N-di net hyl am nopyridine. The m xture is treated with a solution of Boc20
(9.27g, ehaesatehepiane Mixturesfpraduciph thectitteatompoling: 'HNMR| GRCHI K 13(1kd, M}
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treated with Oonl Y%aqueous citric acid. The organic phase is
dried over anhydrous sodlum sulphate and filtered. The solvent is removed in vacuum at
35°C to give 16.2g of an oil. This oil is purified by chromatography on silica-gel eluting with
ethyl acetate/heptane mixtures producing the title compound. 'H-NMR, CDCly: 7.18(1H, m,
Ph), 7.04(1H, m, Ph), 6.79(1H, m, Ph), 6.32 & 5.13(1H, PhCHN, rotamers}, 4.22(1H, m,
NCHCO;,), 4.14(2H, t, CH,0), 3.84(3H, m, CH;0), 3.58(2H, t, CH;0), 3.44(1H, m, CH;0),
3.37(3H, s, MeO), 2.56(1H, m, CH), 2.31(1H, m, CH), 2.10(2H, m, CH,), 1.90 & 1.84(3H, s,
Me rotamers), 1.55(9H, s, tBu-ester), 1.43 & 1.25(9H, s, tBu carbamate rotamers).Specific
rotation +13.4° (1% in chloroform)
in a similar fashion (2S, 48, 5R) - 4 —~ Acetyl - 5 - [4-methoxy-3-(3-methoxy-propoxy)-
phenyl]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester benzyl ester can be prepared
from  4-Acetyl-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-2-carboxylic  acid
benzyl ester, 'H-NMR, § CDCly: 7.40(5H, m, Ph), 7.19(1H, m, Ph), 7.00 & 6.95 (1H, m, Ph
rotamers), 6.80(1H, m, Ph), 5.45-5.15(3H, m, PhCH & PhCH,), 4.45 & 4.35(1H, m,
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purified by chromatography on silica-gel eluting with ethyl acetate/heptane
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4- Acetyl - 5-[ 4- met hoxy- 3- ( 3- met hoxy- pr opoxy) - phenyl ] - pyrrol i di ne-2-carboxylic
acid benzyl ester, "HHNWR 5 CDClI3: 7.40(5H, m Ph), 7.19(1H, m Ph), 7.00
& 6.95 (1H m Ph rotanmers), 6.80(1H, m Ph), 5.45-5.15(3H m PhCH &
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(2S, 4R, 5R) - 4- | sopr openyl - 5-[ 4- met hoxy 3- (3 nmet hoxy- pr opoxy) - phenyl ] - pyrrol i di
ne-1, 2- dicarboxylic acid 1-tert-butyl ester 2-ethyl ester Vila. 9 0% 0 ~O
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A suspension of 0.104g (0.0026mol) of a 60% suspension of sodium hydride in mineral oil in

20mL of tetrahydrofuran is treated with 0.89g (0.0025mol) of methyltriphenyiphosphanium
bromide. The white suspension is heated to 50°C and stirred for 7 hours at this temperature.
The red suspension is cooled to 0°C and a solution of (25,45,5R)-4-Acetyl-5-[4-methoxy-3-
(3-methoxy-propoxy)-phenyl]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
(0.60g, 0.00125mol) dissoived in SmL of tetrahydrofuran is added. The mixture is stirred for
1.5 hours at 0°C and diluted with 20mL of tert-butyimethyl ether. A 10% aqueous solution of
citric acid (25mL) is added and the mixture extracted. The aqueous phase is re-extracted
with a further 20mL of tert-butyl methyl ether and the organic phases combined. The
combined organic phases are washed with 20mL of water containing 10mL of saturated
aqueous sodium hydrogen carbonate followed by 30mL of water. The organic phase is dried
and the solvent removed in vacuum at 30°C to give the crude product as an oil. This oil is
chromatographed over silica-gel, eluting with heptanefethyl acetate (4/1) to give the desired
product.

'H-NMR, 5 CDCl3: 7.30(1H, m), 6.95(1H, m), 6.75(1H, m), 4.80 & 4.65(2H, olefin rotamers),
4.70 & 4.50(1H, d, PhCHN rotamers), 4.39(1H, m, NCHCO.Et), 4.25(2H, m, ester CH2),
4.15(2H, m), 3.82(3H, s), 3.55(2H, m), 3.30(3H, s), 2.80 & 2.65(1H, m, allyl CH rotamers),
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3.58(2H, m, 3.35(3H, s, MO, 2.78 & 2.68(1H, m allyl CH rotaners),
2.25-2.05(4H, m, 1.75 & 1.68 (3H, s, CH3 rotamers), 1.38 & 1.10(9H, Boc
rotamers), can be prepared
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A solution of (2S,4R,5R)-4-Isopropenyl-5-[4-methoxy-3-{3-methoxy-propoxy}-phenyl]-

r an

pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester Vila (0.3g) in 10mL of toluene
is treated with 50mg of 5%palladium on carbon. The suspension is stirred under an
atmosphere of hydrogen for 2 hours at room temperature and filtered. The solvent is
removed in vacuum to give the desired compound as an oil.

‘H-NMR, & CDClz: 7.30(1H, m), 6.95(1H, m), 6.75(1H, m), 4.70 & 4.50(tH, d, PhCHN
rotamers), 4.39(1H, m, NCHCO,Et), 4.25(2H, m, ester CH,), 4.15(2H, m), 3.82(3H, s),
3.55(2H, m), 3.30(3H, s}, 2.80 & 2.65(1H, m, allyl CH rotamers), 2.30-2.05(5H, m), 1.95(1H,
m}, 1.38 & 1.10(8H, Boc rotamers), 1.25(3H, t, ester CH3), 0.95 (6H,d isopropyl CHa).

in a similar fashion (2S,4S8,5R)-4-Isopropyl-5-[4-methoxy-3-(3-methoxy-propoxy)-
phenyl}-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-tert-butyl ester "H-NMR, 5
CDCl3: 7.41 & 7.35(1H, m, Ph rotamers), 7.05(1H, m, Ph), 6.80(1H, m, Ph), 4.60 & 4.38(1H,
d, PhCHN rotamers), 4.30(1H, m, NCHCO,Et), 4.18(2H, t, CH,0), 3.90 & 3.85 (3H, s, MeO
rotamers), 3.82(3H, s), 3.71(1H, m), 3.58(2H, t, CH;0), 3.35(3H, s, MeO), 2.20 — 1.90(5H,
m,}, 1.60(1H, m), 1.50 & 1.40(9H, Boc rotamers), 1.24 & 1.15(9H, m, tBu rotamers}, 0.95 &
0.88 (6H,d isopropyl CH,), can be prepared
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0. 74( 6H) 1o give the desired product as an oil. 'H-NMR & (d®-DMSO/D;0, 300K) 6.90-6.80(3H), 4.03-
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1.40(SH), 1.20(1H), 0.74(6H).

(28,4R,5R)-4-Acetyl-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-1,2-
dicarboxylic acid 1-tert-butyl ester Xlla
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A solution of 0.60g of (2S5,48S,5R)-4-Acetyl-5-[4-methoxy-3-(3-methoxy-propoxy}-phenyl]-
pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester Via in 10mbL of
tetrahydrofuran at room temperature is treated with 2mL of a 2.0M solution of lithium
hydroxide. The solution is stirred for 24 hours at room temperature and diluted with 10mL of



002 ULUO\-~-O60~ -CHN OO A solution of 0.60g of
(2S, 4S, 5R)z 61 (ﬁ)%ﬁ%&i&s 5- [ 4- met hoxy- 3- ( 3- met hoxy- propoxy) 9?%??dolio 9323
t e &yt

pyrrolidi e I'Car boxylic acid 1- te%jl butyl ester 2- er Viain
10nL of tetrahydrofuran at roomtenperature is treated W|th 2m. of a 2. OM
solution of lithium hydroxide. The solution is stirred for 24 hours at room
tenperature and diluted with 10nL of WO 2007/039183 PCTI EP2006/ 009323 -54
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- tert- Béuwtar@eltsér benzyl ester (0.58g) in 8nL of rret hanol is treat ed W th
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NCHCQ,), 4.01(2H, m, CH,0), 3.73(3H, s, CH3;0), 3.55-3.45(3H, m, CHCO + CH,0),
3.25(3H, s, CH;0), 2.40-2.15(2H, s, CH,-ring), 1.93(2H, m, CH,), 1.85(3H, s, Me), 1.28(9H,
s, {Bu).
Synthesis of (2R, 3S, 5S)-5-Formyl-3-isopropyl-2-[4-methoxy-3-(3 methoxy-propoxy)-
phenyllpyrrolidine-1-carboxylic acid tert-butyl ester Xa
boc 0
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A solution of 4.7g of alcohol IXa in 58mt of methylene chloride is treated with 33mL of
dimethylsuiphoxide and 5.67g of triethylamine is added. The mixture is cooled to 0°C and a
solution of 6.84g of the SO,/pyridine complex dissolved in 46mL of dimethyl sulphoxide is
added dropwise within 20 minutes. The reaction is stirred at 0°C for 2 hours and quenched
with 105mL of water and 105mL of heptane. The organic layer is separated and washed with
25mL of 10% aqueous sodium hydrogen sulphate solution. The organic phase is then
washed with 110mL of water followed by 25mL of saturated aqueous sodium hydrogen
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al dehyde met-butylestar XMa: t et r ahydrofuran is cooled to 10C and is treated with
the Gignard reagent prepared by treating 1.23g of_((S)-2-brononethyl - 3-
met hyl - but oxynet hyl ) - benzene wi th 0. 1Bgc of nmagn@st uhyt n di et hyl et her
containing 0.043g of 1, 2-di bronoethane \&t 45C. |The feaction is stirred for
90 minutes at roomtenperature, then 20mNwof, & 28% agyeous sol uti on of
ammoni um chl oride is adged,
tert-butyl methyl etHgl” The §
20m.  of water. The oOrgani c pha ¢ncenfrated in vacyumto give the
crude al cohol W as an oil g purif silica-gel ¢lelivers e.g. 0.97g
of pure XVa. A negative [a]d3 s@ound at > CHOl 3. 628,
M +H+Na=650.

A solution of 1.98g of aldehyde Xa in 15mL of tetrahydrofuran is cooled to 10°C and is
treated with the Grignard reagent prepared by treating 1.23g of ((S)-2-bromomethyl-3-
methyl-butoxymethyl)-benzene with 0.12g of magnesium in diethylether containing 0.043g of
1,2-dibromoethane at 45°C. The reaction is stirred for 90 minutes at room temperature, then
20mL of a 25% aqueous solution of ammonium chloride is added, followed by addition of
20mL of tert-butytimethyl ether. The organic phase is separated and washed twice with 20mL
of water. The organic phase is concentrated in vacuum to give the crude alcohol XVa as an
oil. Purification on silica-gel delivers e.g. 0.97g of pure XVa. A negative [a]; is found at c= 1,
CHCl,,

M+ H =628, M+ H+ Na =650.

Synthesis of (2R, 3S, 5S)-5-{(1S, 3S)-1-Hvydroxymethyi-3-hydroxymethyl-4-methyl
pentyl}-3-isopropyl-2-[4-methoxy-3-(3 methoxy-propoxy}-phenyl]pyrrolidine-1-
carboxylic acid tert-butyl ester XVia:




Synthesis of (2R 3S. 5S)-540S. 3S)-1-Hydroxynet hyl - 3- hydr oxymnet hyl - 4- met hyl
pentvl) - 3- 2-f 4- met hoxy343 net hoxy- pr oooxy) - p | di ne-1-
carboxyll‘bgc@hﬁgﬁ#% butyl ester Xvlia: _WD 2007/039183 Eggﬁéh@éB%?%OQSZS -56
OH OHN,, , 10 H3COX H3 C A soluP§on of 0.48g of Xva in 1.5nL of

met hanol is treated with 0.1g of 10% pal |l adium on charcoal. The suspensi on
Is stirred under an atnosphere of hydrogen until the uptake is stable. The
suspension is filtered and the solid washed with 5nlL _ofOhket hanol in two
portions. Renoval of the solvent in uum pr o@Hdes| al cohol XVlia as an oil.
A negative [a]d (e.g. - 34.1, -34,6) is Round af , CHClI 3. Synt hesis of
(2R 3S. 59)-5-((2S. 4S)-5-Hydroxy- 4-i sopNopyl~tetsdhydro-furan-2-vl)-3-

i sopropyl - 2-f 4-nmet hoxy-g- (3- nethoxvpropoxy) phenyl | - pyxol i di ne- 1- car boxylic
acid tert-butyl esHg” 5g\ _BA10 H3C \"'[~O H3C0 Vari ant

enpl oyi ng SGB/ pyri dine: A solutlon . 20g] of al cohol' XVla in 5nL of

nmet hyl ene chloride is treappg W di met hyl sui phoxi de and 0. 2g of
triethylamne at 0C. A sol ufi oo he SQO3/ pyri dine conplex in 4nL
of dlnetq¥§GSU|phOX|de i s added dropmnse within 15 mnutes at 0C. The

reaction aligny of &x48a06f XM iR himk of methanok is dreatrd (with0.19 of 1 @'%srhalladire gt ur e
and stirr&@drchAr The fsu§6éﬁ§i5n35 B unddhlaR ratn‘mé&fﬁe}e aﬂﬁyJﬂsdHnauﬂﬁu (I'#g ket €

added, and the resulting nmixture IS extracted gani c se I's washed

wi th 15nistable.d h&@%%ﬁl‘é@lﬁsf Heesdand dhe sefid sfaenqslrmmmlogfénetbmqu portighs. owed by
wat er (138Emovalét the %oREMSAYSCRRN pHivIds GRORENANS a8 UnUbil. A negdife RIRY.C Phase

34.1, -34,6) is found at c= 1, CHCl,.

Synthesis of (2R, 3S, 58)-5-{(2S, 4S)-5-Hydroxy-4-isopropy!-tetrahydro-furan-2-yl}-3-
isopropyl-2-[4-methoxy-3-(3-methoxypropoxy)-phenyl]-pyrolidine-1-carboxvlic acld
tert-butyl ester XVIia:

OH

Variant employing SO,/pyridine: A solution of 0.20g of alcohol XVla in 5mL of methylene
chloride is treated with 3mL of dimethyl sulphoxide and 0.2g of triethylamine at 0°C. A
solution of 0.24g of the SOi/pyridine complex in 4mL of dimethyl sulphoxide is added
dropwise within 15 minutes at 0°C. The reaction is stirred for 40 minutes at 0°C then warmed
to room temperature and stirred for a further 2 hours.

Water (10mL) and heptane (15mL) are added, and the resulting mixture is extracted. The
organic phase is washed with 15mL of a 10% aqueous solution of sodium hydrogen sulphate
followed by water (156mL) and 10% aqueous sodium bicarbonate solution. The organic phase
is removed in vacuum to give e.g. 0.18g of the lactol XVIHa M'+ = 536.



I's removed in vacuumto give e.g. 0.18g of the lactol XVilla M+ = 536. WO
2007/ 0391 006/ 009323 -57 Synthesis of (2R, 3
59) - 3- |so§§%g§/;|%§i 2S. 4S)-4- Isopropyl575- 0XO0- tetrahvdrg 'PEF%?P]?’%”H

vil - 3-isopropyl - 2-f4-nmet hoxv- 3- ( 3- net hoxvpr opoxy) - phenyl | - pyrol i di ne- |
-carboxylic acid tert-butyl ester XIXa: 0 boc\ OH3C-,QO,--\~O H3CO A
solution of 0.168 of alcohol XVlia in 3nL of nethylene chloride is treated
wi th 0.005g of TEMPO foll owed by portionw se addition of 0.20g of

(di acet Oghm%ttﬁrgzn,n@sr _@]@-i&bﬁﬁ#ﬂﬁs‘:{' 1231 ss?wrs%graﬂi-55%%&&,@03&@&12-
terrperature aer . |mog_y ac 0] ” a clan i et eC A‘ urt her

0.20g of pXYry ethaNyy: ] : IRor a
further 244 tQRLH’ I%Etér .tenperature. Aqueous sodi um t hi osul phate sol ution
(5 nmL of '5mL) are added and the phases are separated. The
organi ¢ phase is washed wth 10nL of water and the Sblvent is renoved in
vacuumto give an oil. Chromatography on silica-gel{ gives e.g. 0.12g of

Xl Xa. Synthesis of boc O

(2R 3S.55)-5-f (1S, 3S) - 3-(2-car banoyl - 2 %t hyl - p opyl car banovl ) - 1-

hydr oxy- 4- met hyl - pentyl | - 3-i sopropyl - N‘h’Et FOX (‘Beret hoxy- pr opoxy) - phen
vil- pyrolidine-|-carhgxylic acjd tart est er XXI§EEboc OH N NH2
H3C~0\-~~ 0 O O H¥EC) ANsOINpt B > | actone Xl Xa, 0.052g of

3-am no- 2, 2- di net hyl propi onam de 4 ) g of 2-hydroxypyridine in 0.3nL
of tert- butylrrethyl et her clf@.ai pRg £ Qf triethylamne is stirred for
18 hours at 83C. The reactlon Pxture i s then cooled to room tenperature

3887?658 edlﬂéﬁ&é%g @B‘Qgééaﬁa QmWa? qhy\‘\éne ch%on%e?.i tr%gtoe/& wﬂH%odﬁggs?dl um VO

TEMPO followed by portionwise addition of 0.20g of (diacetoxyiodo)benzene. The mixture is
stirred for 5 hours at room temperature after which time only lactol XVIlla can be detected. A
further 0.20g of diacetoxyicdo benzene is added and the reaction stirred for a further 24
hours at room temperature. Aqueous sodium thiosulphate solution (5 mL of 10%) and water
(5mL) are added and the phases are separated. The organic phase is washed with 10mL of
water and the solvent is removed in vacuum to give an oil. Chromatography on silica-ge!
gives e.g. 0.12g of XiIXa.

Synthesis of 2R, 35,55)-5-[(18,38)-3{2-carbamovyl-2-methyi-propylcarbamoyl}-1-
hydroxy-4-methyl-pentyl]-3-isopropyl-2-[4-methoxy-3-{3-methoxy-propo henyl]-

pyrolidine-1-carboxylic acid tert-butyl ester XXla:

NH,

O

H,C™ N\N\_-0

O

A soiution of 0.08g of lactone XiXa, 0.052g of 3-amino-2,2-dimethylpropionamide and
0.014g of 2-hydroxypyridine in 0.3mL of tert-butylmethyl ether containing 0.02g of
triethylamine is stirred for 18 hours at 83°C. The reaction mixture is then cooled to room
temperature and diluted with 2mL of toluene and washed with 2mL of 10% aqueous sodium



hydrogen sul phate solution. The organic phase is separated and washed with

wat er, anqybg@mi,q#vent i's renmpved in vacuumto give a'}CWEIon(qIEHﬁ)st'l i's

suspended I N hexane and stirre The solid is renove ltration
and the hexane renoved in vacuumto give e.g. 0.06g of am de XXIa as a
foam M - H = 648. Synthesis of ((1S. 2S.

4S) - 4- ( 2- car banovl - 2- net hyl - pr opycar banovl ) - 2- hydr oxy- 14(S) -

2- [ 4- et hyshpgen sdphate selutionp Theonggiric ipbaseyis sermrated Byd washed)with-waterhgnd thexvi ) - ca

roc 01 FouF rmelie BERES 10 B dn. . This o sipkollP o, &t yékife g © ©

t et r ahydrstifred. dihe swlid is samhayed thy filtrali®iT.and it hekapentemowed /s tadut&nl id give ewed by
0. 0042¢g Al b _bl,ye solution is stirred for 2 hours at
- 78C, anyqdﬁ&gg@gwgggaf%%ﬁb ﬁg ?&ged and the mxture is stirred for 30

m nutes at -78C. Ammnl um chl orlde (0.159) is added and the mxture is

in vacuum-ﬁhahb B mmatbo riopo®y}-bentyi]-8 @B-fnletrt he: -&rm& of the
h(zagt de pg%de“ebs Wsltg- Fntlcal with an aut hentlc sanple. Mt + H = 652

5S. 7S) - 5- am no- N- ( 2- car banovl - 2- net hyl prpyl) 4- hydr oxy- 2-i sopropyl - 7-[ 4-
met hoxy- 3- ( 3- net hoxvpr opoxv) benzvl | -8 /I nonananide) , Product XXlla is
dissolved in a mxture of 4.OM aci gqi n aneN The solution is
stirred for 24 hours at ro ' |'I’lasolld sodi um
bi car bonat e. The suspensi on i s fil fhe s
to give th ag characterfifzati on seejle.g. EP 0 678 503,
Exanple 1 gr)ekrh\t/h ; i i

for exanple the he of the title conpound can be prepared,
for exanple as deb 1~B A~ 7 130, 798, WD 2007/ 039183 PCT/ EP2006/ 009323
-59 exanple JI (conpri'sing m xi ng W|th fumari c acid, dissolution in ethanol,

filtrati gDsolution of 0.037g of amide XXla is dissolved in 1mL of tetrahydrofurane and cooled to

-78°C. Liquid ammonia is added followed by 0.0042g of lithium metal. The deep blue
solution is stirred for 2 hours at -78°C, and then 0.35g of ethanol is added and the mixture is
stired for 30 minutes at -78°C. Ammonium chloride (0.15g) is added and the mixture is
warmed to room temperature. The organic phase is partitioned between water and ethyl
acetate. The organic phase is separated and the solvent removed in vacuum. The residue is
stired with heptane and filtered. Removal of the heptane produces XXlla identical with an
authentic sample. M* + H = 652

25.4S,58,7S)-5-amino-N-(2-carbamoyl-2-methylpropyl}-4-hydroxy-2-isopropyl-7-[4-
methoxy-3-{3-methoxypropoxy}benzyl]-8-methylnonanamide)

Product XXlla is dissolved in a mixture of 4.0M hydrochloric acid in dioxane. The solution is
stirred for 24 hours at room temperature and neutralized with solid sodium bicarbonate. The
suspension is fittered and the solvent removed in vacuum to give the product as a foam (for
characterization see e.g. EP 0 678 503, Example 137).

From the free compound or the hydrochloride salt obtainable, for example the hemifumarate
salt of the title compound can be prepared, for example as described in US 6,730,798,



evaporation of the obtained solution, re-dissolving of the residue in
acetonitri ' lation wth a small anount of the {itle ound' s
hem f umar éi'(gzoé)%@?%nd i solation of the_precipitating hﬁ%ﬁ"ﬁ@? 9323

i ncorporated by reference herein espe‘c?ga1 ly with regard to this salt
formati on reaction. Synthesis of

((1S. 2S, 4S) - 2- Hydr oxy- 4- hydr oxynet hvl - 1-{(S) - 2- f 4- et hoxy- 3- ( 3-

met hoxv- exapeyy1 bieomplising - mizingy With ufupayie Sacid:t kdiskalhtinoy lin) - etharind nifitration, d

tert-but . g vt .0~ ol e | uti f
o (1. SovsRofalsf'of s BAMR SBlior 1 diSaibg of Meiresidl i acalbnliie Reliph | 75 °
and 17nl with arsmeli ampuntadtidie Hitle coomponds ihemifuBarita) risalteard ispRlia8 ®f , the

19. 08nmol ). L-S..¢: . j | e " :
Ao unPLSs BRI REREEER IntotBoraRa by Rlbrbie el Saliary il ieBira 5 0 S48,

t enper at dormatigo reagtiom e of t ol uene (40nL) and acetic acid (1.99) is added
and the solution stirred for 10 mnutes at roomtenperature. Water (25nl)
i s added and t he organi c phase separated. The aqueous phase is re-extracted
with toluene (25nL) and the conbi ned organi c phases washed 4 tines with a
1/1 mxture of water and brine (total 480nL). The organic layer is dried

over annegh@igissod! oin Sui¥iak gs).3! aidiv!ﬁﬁj%xymh o §1§.5&. SRR 0
chr omat o Xy-pro L 19 V\.I.IBE" Ftnc}i%ﬁcl 7 c-a-c-etrtlm Eél'utfsm ures  to
give 0.7 *conpound. 'H-NMR (CDCI 3) 8 6.75(211, m Ph),

6.71(1h, m Ph), 4.68(1H, Brd, NH), 4.10(2H, t, CH20O, 3.83(3H, s, MO,
3.59(5H, nm, 3.43( m NCH), 3.36(3H, s, MO, 2.77(1H m OH), 2.50(3H,
m PhCH2 + OH), 2.14(2H, m CH2), 1.75- 1.56(8H n), 1.45(9H, s, t-Bu),
0.91-0. 8812H, m 4@%)0H 007/ 039183 PCT/ EP2006/ 009323 -60 Synthesi s
of

f(1S. 3S)-1-T2S. 4S)-HNI"' P 8H0xo0- t et r ahvdr o- f ur an- 2- vl ) - 3-f 4- met hoxv-
3L- net hoxy- ppopoxy) -benzvl | - 4-nmet hyl -pentyl }-carbamc acid tert-butyl ester
Compound XXVI':

~o

A solution of 1g (1.59mmol) of compound XVa in 17mL of tetrahydrofuran is cooled to -78°C
and 17mL of ammonia is added by condensation. Sodium metal (0.439g, 19.08mmol) is
added and the solution is stirred at -78°C for 24 hours. Ammonium chloride (2.56g) is added
and the temperature raised to room temperature. A mixture of toluene (40ml) and acelic
acid (1.9g) is added and the solution stirred for 10 minutes at room temperature. Water
(25mL) is added and the organic phase separated. The aqueous phase is re-exiracted with
toluene (25mL) and the combined organic phases washed 4 times with a 1/1 mixiure of
water and brine (total 480mL). The organic [ayer is dried over anhydrous sodium sulphate
and filtered. The solvent is removed in vacuum to give 0.86g of the crude product. The crude
product id prified by chromatography on silica-gel eluting with heptane/ethyl acetate mixiures
to give 0.713g of the pure compound. 'H-NMR (CDCl,) 8 6.75(2H, m, Ph), 6.71(1h, m, Ph),
4.68(1H, Brd, NH), 4.10(2H, t, CH,0), 3.83(3H, s, MeO), 3.59(5H, m), 3.43(1H, m, NCH),
3.36(3H, s, Me0), 2.77(1H, m, OH}, 2.50(3H, m, PhCH, + OH), 2.10(2H, m, CHy), 1.75-
1.66(8H, m), 1.45(9H, s, {-Bu), 0.91-0.86(12H, m, 4 x Me).



HN' 0~0 O A solution of conmpound XXV (0.679g, 1.26mmol) in 12nL of
acetonitri soksgated sequentially with 0.7g of po % cul ar

si eves, é@(z nmol ) of N methyl norggol i ne N-oxide antﬁ% @@2@59 38 126mmol )
of tetrapropyl ammnl um perruthenate at roomtenperature. The m xture is

stirred for 24 hours at roomtenperature and the solvent renoved in vacuum
The residue is re-di ssolved in et hyI acetate (20rrL) and filtered through a

bed of sié¥ esis of {(183S)11{{25:45)4-I1sppropyl-9r0M0-§ LL HEqilranne el it 4-MaNoNy-) and
t he conbi £t m thoxymrepaxyi-benzyli-4-methyl-pentyl}-casbamicn - acid o tert:butyl 7oesterf an
oi | . Thi sCempound XKWkinat ogr aphed on silica-gel eluting wth heptane/ethyl

acetate mxtures to give, after conbination of the product fractions and
renoval of the solygnt, 0.574g of conpound XXVI.'H NMR (CDCI 3) S

6. 80-6. 65G3H, m P\tﬁ/4 39(1f4 d, CHO lactone), 4.10(2H, t, CH20),
3.83-3.7504H, m MeQ +d\|CH) 3. 59(2H m, 3.36(3H s, MO, 2.64(1H, dd,

PhCH) Z'SSng m GBI & tyne), 2.40(1H dd, PhCH), 2.21-2.05(7H, m,

1.68(4H, m N 1. 45(9H,He,, d)"\1.05(3H, d, I\/E) 0.93(3H, d, M), 0.83(6H,

m 2 x Me). nversi on o corrpound XXVI to conmpound XXl la. Synthesis of

((1S. 2S. 4S9)04 R

car banovl - 2- net @ pr opycar banoyl ) - 2- hydr oxy- 14( S) - 2- 14- net hoxy- 3- ( 3- met hoxv
- etvhyl but yl }- 5- net hyl - hexyl | -carbam ¢ acid tert-butyl

ester XXI'la: A solution of conpound XXVI (0.108g, 0.201mmmol) in 0.4nL of

- propoxy) - beg
tert-buty Nt gk Ni 0 I ' 19ng
of | ci ot 1y en 8 Bhpo el by \0rofy ol BT b G BEARS 10 T,
hours. Theequeatiglly owithni Qi7gr of | powderad ool moecularr sigves,t OGS¢5.04ramel) aold Nt | ut ed
with 5n. o e
O%quoeusgsg@{%m H%P%Jédr%ré ﬁ%(&ﬁ%ﬂapkﬂg\/\gﬁgwérﬁ%e E\rﬂeadr‘ﬁ 'i:éﬂlaayer S

separ at edat rapm tempasatucgndhe nwd@feliwlﬂed far28\heurs al raeny tegipetature Qnd thediolyentl ved i n
hot tert- Rt t 5 hept ane
s, added ThESTLREuf, A el gl diibiciin el Geete pidiy 3nd prardd gy
stirred @&d&edof htbeﬂ@@eﬂn giliea-gelriswashed withsethylacetate (B0PMbY and thel eambhineds
84. 5ng of D6) 8
7 45( 1h EpRe RS & BORRMED ity @ o ErablrsB dIDINE ol jg P bibbgTRRa -
NH), 6. 25Qr1ﬂllcmgelmmhngmgebmn@ethmapeta@ Da(ures ta giveHafiey  con®irnpl¢rB pf the, I\/EO)
3. 55- 3. 45r3hbict Phctiohs 28 Ferhe? bt thlkoivént 56 574d of Empblid kxvi2 v kel s

6.80-6.65(3H, m, Ph), 4.39(1H, d, CHO-lactone), 4.10(2H, t, CH;0), 3.83-3.75(4H, m, MeO

+ NCH), 3.59(2H, m), 3.36(3H, s, Me0Q), 2.64(1H, dd, PhCH), 2.55(1H, m, CHCO-lactone),

2.40(1H, dd, PhCH), 2.21-2.05(7TH, m), 1.68(4H, m), 1.45(9H, s, t-Bu), 1.05(3H, d, Me),

0.93(3H, d, Me), 0.83(6H, m, 2 x Me).

Conversion_of compound XXVI to compound XXlla. Synthesis of ((1S, 2S, 45)-4-(2-
carbamoyl-2-methyl-propycarbamoyl}-2-hydroxy-1-{{S}-2-[4-methoxy-3-{3-methoxy-
propoxy)-benzyl]l-3-methyibutyl}-5-methyi-hexyl)-carbamic acid tert-butyl ester XXila:

A solution of compound XXVI {0.108g, 0.201mmol} in 0.4mL of tert-butyimethyl ether
containing 70mg of aminodimethylpropionamide, 19mg of dimethylaminopyridine and 22mg
of triethylamine is heated to 73°C for 24 hours. The reaction mixture is then cooled to room
temperature and diluted with SmL of methylene chloride. The organic solution is washed with
10%aquoeus sodium hydrogen sulphate and 2 mL of water. The organic layer is separated
and dried and the solvent removed. The residue is re-dissolved in hot tert-butylmethyl ether



1.95(2H, m), 1.80-1.30(17H, m), 1.10(6H, s, 2 x M), 0.85(6H, d, M),

0. 78( 6H, Rotation (1% n chl or of or 365n A 6Nm
(SH gl oL o0 ) 385 oy e

-32.7, 54 78Nm -18.1, ﬁgl -17.5. -62- A process
for the manufacture of a conpound of f formula Ill, O R RHOORO (I111)
wherein R Is alkyl ; R is alkoxyalkyl; and IT is hydr ogen, al kyl or
aralkyl; or a salt thereof; said rranuf acture conprising (preferabl y

consi st i ngddieptaneds eddasytodndusesaisialisation: Flee suspansion is. cogleditp O°G and stivede (1)
‘31152?%2 ?8‘:;3 g}ﬁn OPefé’v"F‘?‘ jtration] evtrésﬂﬁg ﬁ%ﬁlrd gcﬁ%@gmgagfsﬁdﬂamﬁé’ Hé@i'l]ea&bllnfmunw th a
defi ned f¥Xll;mag emzm&rnphclf H-NMRf @DWDIQﬁ) 13 7.45(1H, BrtdlH),t H1511keBish&H).6.96
functionagvddy 4 Ph)CEBBEANE, Rk 89s(HA" BUNAY, '4.38(19, dOR), 3.96(2H, t, CH,0),
3.75(3H, s, MeO), 3.55-3.45(3H, m), 3.36-3.10(6H, m), 2.64(1H, dd, PhCH), 2.25(2H, m),
1.95(2H, m), 1.80-1.30(17H, m), 1.10(BH, s, 2 x Me), 0.85(6H, d, Me), 0.78(6H, m, 2 x Me).
Rotation (1% in chloroform) 365nM, 46.9°, 436Nm, -32.7°, 546Nm, -20.6°, 578Nm, -18.1°,

589Nm, -17.5°.



R R ORO-63- wherein Ris alkyl; Rl Is al koxyalkyl; 1T Is alkyl or

aral kyl, preferably Cl-Cral kyl Cl1-C3-al kyl phenyl, nore preferably

Cl-C4-al kyl or benzyl, especially ethyl; or a salt thereof. 3. A conpound
of claim2 with the name {[1-[4- Met hoddy- 3- ( 3- met hoxy- pr opoxy) - phenyl | -

met h- (E) -yl i dene] -am no}-acetic acid ethyl ester, or a salt thereof. 4. Use
of a conpound of the formula Il O RIORO (IIl) wherein R Is hydrogen,

al kyl or al koxyal kyl, preferably Cl€Graiskyl, especially nmethyl; R is

hydr ogen, al kyl or al koxyal kyl, preferably Cl-Cral koxy-Cl-Ce-al kyl,
especially 3- nethoxypropyl; R is alkyl or aralkyl, preferably Cl-Cralkyl
Cl- Cral kyl phenyl, nore preferably Cl-C4-al kyl or benzyl, especially ethyl;
or a 3$aA processiirdhe miapufaciiee qf asompaundmf thefformuta I, i nhi bitors. 5. A process for

the manufacture ®f a conpound of formula IV 0 RROH ZLO-R, RO,,.. OR2
(Iv) wherein R and R are as defined for a conpound of the formula II|
In clainsl to eregh R2 Is alkyl, or a salt thereof, said manufacture
conpri_ si ng

R,Oﬁ

RO

‘ (ny
wherein
Ris alkyl ;

Ry s alkoxyalkyl; and
R’ is hydrogen, alkyl or aralky!;
or a salt thereof;
said manufacture comprising (preferably consisting of)
reacting a compound of the formula !,
0

R.O
" RO

(t)
wherein R and R,, are as defined for a compound of ihe formula 1, with a glycine compound
of formulz Il
w
0
(n
wherein R’ {s as defined for a compound of the formula Iif, in order to give the imine
functionality.

2. A compound of the formula |
ba
RI
R0

RO



subj ecting a conpound of the fornula Il as defined in claim2 or 3, to a
cycloaddition reaction with an a, 13-unsaturated carbonyl species of formula
(V) -64- R (V) wherein R2 Is as defined for a conmpound of the forrmula IV
above. 6. A conpound of formula IV ©RIOH\\-O RObD..... -R OR (1V)
wherein R is hydrogen, alkyl or al koxyal kyl, preferably G '(Iﬁ akkyl,
especially nethyl; Rl Is hydrogen, alkyl or al koxyal kyl,

C+- C7Wher@bxy- Cl1- Co- al kyl , especially 3-methoxypropyl: R2 Is alkyl,

pr ef erpggla)kyl.CI -Cr-al kyl, nore preferably C -C3-al kyl, especially nmethyl; IT
s al kyl o& aral kyl , preferably Cl1-C7-al kyl C, -C3-al kyl phenyl, nore

prefe ﬂﬂi'} @a-”@ﬂl?- al kyl or benzyl, especially ethyl; or a salt thereof. 7. A

CONpPOWRi iyl 61 srhIRyiSprafevabing CaCH-akiat,\Csailgf prenyiiiofe prefdralily B1-C-alljior. . O R2
(I'VA o %&%@§ §R9-°f claim6 with the nane

(25, 4% gﬁ? SOSKBY SYE " 4”1t hoxy. 3- ( 3- Bt hoxy-

pr opoxy i spihtsargbl - pyrrol | dl ne-2-carboxylic acid ethyl ester, or a salt

thereof. 9. A process for the nmanufacture of a conmpound of forrmula VI 0 RO

PCB \Z-O R, N
3. A"compound of claim 2 with the name {[1-[4-Methoxy-3-(3-mathoxy-propoxy)-phenyl}-

meth-(E}-ylidene}-amino)-acetic acid ethyl ester, or a salt thereof.

4. Use of a compound of the formula ill
(0]

Da
o
R,on/’
RO
wherein
R s hydrogen, atkyl or alkoxyalkyl, preferably Ci-Cy-alkyl, especlally methyi;
Ry is hydrogen, alkyl or altkoxyalkyl, preferably C-Cralkoxy-C,-C-alkyl, especially 3-
methoxypropyl,
R' Is alkyl or aralkyl, preferably C,-C;-aikyl C(-Cs-alky! phenyl, more preferably C,-Cq-alkyl or

benzyl, especially sthyl;
or a salt thereof, for the preparation of renin inhibitors,

(1)

5. A process for the manufacture of a compound of formula |V
S W
S
0 “R2
(v}

wherein R, R, and R' are as defined for a compound of the formula lil in claims1 to 3 herein
Rz Is alkyl, or a salt thereof, sald manufacture comprising

subjecting a compound of the formula [l as defined in clalm 2 or 3, to a cycloaddition
reaction with an «,p~unsaturated carbonyl specles of formuia (V)



ROij.... O R -65 (VMI) wherein R RL and R are as defined for a conpound
of the formula Ill inclains 1 to 3, R is as defined for a conpound of the
formula IVIn clains 5to 8 and PG Is an am no protecting group, especially
one renovabl e by hydrolysis, e.g. |owdf-al koxycarbonyl, such as tert-

but oxycarbegpyl, or a salt thereof, said manufacture conprising introducing

an am no otecting group on the pyrrolidine nitrogen of a conpound of
f or mul 2defi ned In any of «clainms 6 to 8. 10. A conpound of fornula Vi
O R10 PG " OR2 (VI) wherein R Is hydrogen, alkyl or al koxyal kyl,

preferably Cl-Cral kyl, especially nethyl; Rl |Is hydrogw¥m, al kyl or

al koxy, - Cr = a| -Cl- Ce- I pally 3-methoxypropyl; R2 Is
al kyl %:%#‘5?%F?#’i%%%éﬁ%?‘%@kﬁ%d?@@gﬁb@ 1-Cratkyl, especially

met hyI R is alkyl or aralkyl, preferably Cl-Cr-al kyl G -Cral kyl phenyl,
nore pg al &hﬁ@ﬁdﬁ&%r%laalww or benzyl, especially ethyl; PG ls an am no
protecting group, especially one reanabIe by hydrolysis, e.g. |ower

al koxycar bonyl , su as tart-butoxycarbonyt, or a salt thereof. 11. A
conpoun®@f cl aitin F0"®agi ng a structure of formula VIA O R 0o PGA 1~-OR
RO " RS 12. A compound of claim9 with the nanme

/Aol - 5-[ 4- met hoxy- 3- ( 3- net hoxy-

0~ "R2
(V)

wherain
Ris hydrogen, alky! or alkoxyalkyl, preferably C,-Cy-alkyl, especially methyl;
Ry Is hydrogen, alkyl or alkoxyatkyl, Ci-Cy-alkoxy-C,-Ce-alkyl, especially 3-methoxypropyl;
R; Is atkyl, preferably C,-Cr-alkyl, more preferably Cy-Cs-alkyl, especially methyi;
R’ Is alkyl or aralkyl, preferably C-Cy-alkyl C4+-Cy-alkyl phenyl, more preferably C-Cq-alkyl or
benzy!, especialily ethyl;
or a salt thereof.

7. A compound of claim 6 having a structure of formula VIA

R1O o--Rl

(IVA)

8. A compound of claim 6 with the name (28,48.5R)—4-Acetyi—5-[4-metho>iy-3-(3-methoxy-
propoxy)-phenyl]-pyrrolidine-2-carboxylic acid ethyl ester, or a salt thereof. '

9. A process for the manufacturs of a compound of formula V!

Pq \Lo_R,



propoxy) - phenyl ] -pyrrolidine-1, 2-dicarboxylic acid 1-tert-butyl ester
2-ethyl ester. 13. A process for the manufacture of a conpound of formula
VI -66- ORIO PG ROb R2 (VII) wherein RR R and R are as defined for a
conpound of the fornula Il In clains%-to 3, R2 is as defined for a
conpound of the formula IVinclaim5 to 8 and PGis as defined in clains 9
to 12, or a salt thereof, said manufacture conprising convBfisi on of the

car bompkreirf RAR, s W Gire ds dbfiridador ® Eofipcuny lof the feleidanitdn chirs it HGsto 12 to

an ol efin . A conpaouyn f. f L 1.,0 R % 0-R RO.J' R2 (VI
her e 2 <aeY Yo A SRRRRY Bf 1 oI B aimi 18 Rt P B ok evligte ™ (V)
especigeiupy espectally onRireingvablel by Judrolysisk wlg. dowen| dimuycdrkgiyl, S0chGR- tertkoxy- C1- Co
al kyl pe=Ip - |, ' r = | kyl, nore
or of o PABTRSRORY, br 3 SRk TARUEY, 304 menifecied, SunfoHoimal) flrflidtine) ffjenihét

pr ef ePEieGinggrouy op the pyrolidiess nitfpgsy OfFﬂ@ﬁWP"er@“}Sﬂaalﬁésa‘!ﬂfVG@ﬂWﬂél kyl or
benzylaaimgseeg.al ly ethyl; PG Ils an am no protecting group, especially one
renovabl e by hydrolysis, e.g. |ower al koxycarbonyl, such as

tart-butoxycarbonyl, or a salt thereof. 15. A conpound of claim 14 having a
st r uctior R carhpdundwiformita VA O R10 PG % -0 ~R Ro R2

0

R, )
-
0" 'R2

wherein

R is hydrogen, alkyl or alkoxyalkyl, preferably Cy-Cr-alkyl, especially methyl;

R, Is hydrogen, alkyl or alkoxyalkyl, Cy-Cy-alkoxy-C-Cc-alkyl, especially 3-methoxypropyi;

Rz Is alkyl, preferably C;-Cs-atkyl, more preferably C:-Cy-alkyl, especially methyl;

R' is atkyl or aralkyl, preferably C~Cs-alkyt Ci-Cs-alkyl phenyl, more preferably Cy-Cy-alkyl or
benzyl, especially ethyl;

PG is an amino protecting group, especlally one removable by hydrolysls, e.g. lower
alkoxycarbonyi, such as tert-butoxycarbonyl,

or a sait thereof. :

(Vi)

11. A compound of ¢laim 10 having a structure of formula VIA

RO, P

(o]
G, &\_ O~pe
OA R2

(VIA)

12. A compound of claim 9 with the name (28,4S,5R}-4-Acetyl-5-[4-methoxy-3-(3-methoxy-
propoxy)-phenyl]-pyrrolidine-1,2-dicarboxylic acld 1-tert-butyl ester 2-ethyl ester.

13. A process for the manufacture of a compound of formula Vil



(M TA) 16. A conpound of claim13 with the nane

(2S, 4R, 5R) - 4- | sopr openyl - 5- (4- met hoxy- 3- ( 3-

met ho) y- propoxy) - phenyl ] - pyrrolidi ne-1, 2-di carboxyllc acid 1-tert-butyl

ester 2-ethyl ester. 5 - 67 17. A prétess for the manufacture of a conpound
of formula VIII 0 PG1\-O RODb ,... TM(Vin) wherein R R and R are
as defiped for Cgm)ound of the formula Ill inclainms | to 3, R2is as
define & a c pourf~Rf the formula IV In claims 5to 8 and PGIs PGis as
define Ia 9 to 12, or a salt thereof, said manufacture conprising
hydr o 91 he olefin of a conpound of the fornula VII as defined in
clains 14 to 16 18. A conmpound of formula VIII 0 RIOPGA ,\-OR RR2
(Vi) wherei ”®R°R® hydrogen, al kyl or al koxyal kyl, preferably C, -Cral kyl,
especially nethyl; R |Is hydrogen, alkyl or al koxyal kyI Vi

C, -Crai koxy-Q - Ce-al kyl, especially 3-nmethoxypropyl; | VI kyl ,

pr ef erveierein E.R{hncth'kgrb asrdefinedioe & ecapdund@f {H@ fainmyta lIl iascmms Altd 9.m@9rshyl R is
al kyl a3 eﬁﬁe%' étﬁ{ ﬂro?meyfog’mflﬁ iét}éﬁrp?tgg%nalli@‘s a%r}fae?i){éd in O 8 referabl y

C -&4- aI especl a I'S an am no protec g group,
espeC|iaI1|2y oomesaléﬂtmcm eaidymnmdamrysqos}pﬂeing convaeion Qilthgxigamlﬂo@fya such as

ter ¢ - RN RS0 fo ddinb IIEIAPTo olf2 todnefgRound or claim 18 having a

structure of for OPC \-

Q

14, A compound of formula V!

PG, \\—O‘R.

Sv8ef

whereln

R s hydrogen, alkyl or alkoxyalkyl, preferably Ci-Cr-alkyl, especially methyl;

Ry is hydrogen, alkyl or alkoxyalkyl, C4-C;-alkoxy-C-C-alkyl, especially 3-methoxypropyl;

Rz Is alkyl, preferably C-Cy-alkyl, maore preferably C,-Cs-alkyl, especially methyl;

R'is alkyl or aralkyl, preferably C.-Cy-alkyl C{-Cs-alkyl phenyl, more preferably C4-Cy-alkyl or
benzyl, especially ethyl;

PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl,

or a salt thereof.

(v

15. A compound of claim 14 having a struciure of formula VIIA

L0""'RI
el 5}
(VIIA)

16. A compound of claim 13 with the name (28 4R,5R)-4-Isopropenyl-5-[4-methoxy-3-(3-

methaxy-propoxy)-phenyl]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester.
5



RO J..... R2 (MIIA) 6 -68- 20. A conpound of claim 18 with the nane

(2S, 4S, 5R) - 4- | sopr opyl - 5-[ 4- net hoxy- 3- ( 3-

met hoxy- pr opoxy) - phenyl J- pyrrdiidi ne-1, 2-dl carboxylic acid 1l-tert-butyl

ester 2-ethyl ester. 21. A process formthe manuf acture of a compound of
formula I X R10O PGA; OHR2 (I X) wherein Rand R are as defined for a
conpound of the forrrula [1l Inclaine 1 to 3, RRis as defined for a
conpodﬁdA@foc@Sﬁé'OIflb@mﬂmfacweofaﬂQﬁmmﬂnfsoftfwmlaa\ﬁﬂ PG ls as defined in clains 9
to 12 or a salt tdereof, said manufacture conprising reduction of the ester
rmletyppb a (p@npo of the formula VIII as defined In clains 18 to 20 to

an al co oI Proce®s for the manufacture of a conpound of formula Xil
O ROl -GHLROY ... .. 0 RR.(XIl') wherein Rand R, are as defined for a
corrpound ormula Il Inclaimse | to 3, RR Is as defined for a
corrpound of the rmula IV In claim5 to 8 and PG ls as defined In clains 9
to sai d manufB@ture conprising hydrolysis of the ester noiety of a

corrpound of the formula VI as defined In clainms 10 to 12 t\g)an acid. 23. A
process for t he manufacture of a conpound of formula R1O PG ~ -0H

RO - Whetsin R)yiRy and R\are agidsfinedifage rompguad a&the@m%!"fiwa@%ﬁaamzds of the
f or mulag defided!for & b@hPBunt dfhedfortidla il Indfaims 6 to 8 and PG Is PG is as defined In

claims 8 to 12, or a salt thereof, sald manufacture comprising hydrogenation of the olefin of a
compound of the formuia VIl as defined in claims 14 to 16,

18. A compound of formula Vi
G \\~0‘-Rl

o

wherein

R Is hydrogen, alkyl or alkoxyalkyl, preferably Ci-Cy-alkyl, especlally methy!;

R Is hydrogen, akyl or alkoxyalkyl, C-Cr-alkoxy-C4-C-alkyl, especially 3-methoxypropyl;

Rz is alkyl, preferably C4-C,-alkyl, more preferably Cy-Cy-atkyl, especially methyl;

R' is alky! or aralkyl, preferably C;~Cs-alkyl C;-Cs-alkyl phenyl, more preferably C,-C,-alkyl or
benzyl, especially ethyi; o

PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl,

or a salt thereof,

(Vilt)

19. A compound of claim 18 having a structure of formula VIA

PG\ .\\~

O~

(VIIIA)



defined for a conmpound of the formula IVin clains 5 to 8 and PO Is as
defined in clains 9 to -69- 12, said manufacture conprising hydrolysis of
the ester noiety of a conpound of the forrmula VII as defined In clains 14
to 18 to an acid. 24. A process for téfe manufacture or a conpound of the

f or nubg A()@d &ﬁ&ﬁ, R and R,
are ag efl rﬁéﬁu@fa&-%gk ﬂguncr g?d\"}{ﬁﬁl x)kg rﬁ@oén €l ﬁh % a salt
t her eB'P“w@onrﬁptpﬁeri-n@ertyﬂwyfrpllqlﬂﬁ-‘emcatbnévﬁpeplﬂ dvtprh@ugfi@qé%r%eweqsfer ndi vi dual ly

or In any conbi natlon t he manufacture of a conpound of the formula I1]

accor gj S t here manuf acture of a conpound of
t he fg1 %rgcqscg/ EP%CW @F&PWPS"“ fd&"‘&'@i‘ t hereof, the manufacture of
a conpawond ofPGhe t—eﬁwla VI according to claim9, or a salt thereof, the

manuf act upe onpound of the fornmula VIl according to claim13, or a
salt R -;-- manuf acture of a conpound of the forrmula Vill according
to claim¥& ~salt thereof, and the nanufacture of a conpound of the
formula I X acco to claim?2l, or a salt thereof. 25. A process
according to cl ai 4 conprising the steps of - the manufacture of a
conmpound of the fornmula Il according to claim1, or a sal{iX)thereof, and/or

themauf of a.c C n Ia|m5 or a
salt ii 09563"3@3 8%%@?0 g?pgurh%o{tgu 97 lﬁ]@i‘ @@ﬁ}f ‘Pgo %gFg %85 st eps of
t he nwﬁnédltoraroerrmburw ufdhpmmndladv int teimb & tonfll amd IPG scasatefinedyintatairog 8iton 5, or a
salt 42 or a salt thereof, sald manufacture comprising reduction of the ester molety of a

compound of the formula VIil as defined In claims 18 to 20 to an alcohol.

22. A process for the manufacture of a compound of formula Xii

PG \\~0H

mjba)

wherein R and R, are as defined for a compound of the formula (Il In claims 110 3, Ry Is as
defined for a compound of the formula IV In ¢laim 5 to 8 and PG is as defined in claims 9 to
12, sald manufacture comprising hydrolysis of the ester moiety of a compound of the
formula VI as defined In claims 10 to 12 to an acid.

23. A process for the manufacture of a compound of formuta Xl

o
PG MoH

R‘lo \
N
Ro I
(XH1)

wherein R and R, are as defined for a compound of the formuta ill In claitns 1 to 3, Rz is as
defined for & compound of the formula IV in claims § to 8 and PG Is as defined-in claims 9 to

R2



t hereof, and/or the manufacture of a conpound of the fornmula VIl according
to claim13, or a salt thereof. -70- 27. A process for the manufacture or a
conmpound of the formula XXIIl, OH}}{{ HzZN,,,,.. NN-12 ROl OO RO
(XXI'11) wherein Rand R, are as defif¥ed for a conpound of the formula III
in cl g ufcty f | Sl 0 o e
foll o?mﬁ'nngalést'i%s el ﬁ]ecr% "‘?ﬁ%lf’%"@!ﬁ@["sg %rtﬁlgn%{gﬁah &gtgn@? ﬁaﬁ"ﬁ:“ﬁ?%& th’éx;nuf acture
of a fosmia i @assrinasdn tisime i4to 18ito anedd.ding to claim 1, or a salt thereof,
t he manufacture of a conpound of the formula IV according to claimsS. or a
salt her eof , .t he manufacture of a conpound of the fornmula VI according to
cl ai me& A gpcegsgoo{:t}ie "‘?ﬂ'ﬁ?éﬂ’ﬁméﬁﬂmﬂ@dﬁﬁlﬁaﬂ%gﬂk a conpound of the
formula Xl according to clai m22)Hor alt thereof. 28. A process for the
manuf acture or a conpound of the L1 HH H2N,,,,,,.,
N~~~NI-112 RRO O O RO (X}qzm,),," Al R% are g3, defined for a
conpound of the fornula I 1n’ - N 36r ay€al t? t hereof, conpri sing
one or nore of RI;@ folhow ng steps eitherkindividuglly or in any

ure of a conpound of the Mornmula Il according to

conbi nation: the 'mar
claiml. or a salt

RO (XXt
whereln R and R, are as defined for a compound of the formuia |ll in claims 1 to 3, or a salt
thereof, comprising one or more of the following steps either Individually or in any

combination:

- the manufacture of a compound of the formula Il according to claim 1, or a salt
thereof,

- the manufacture of a compound of the formula IV according to claim 5, or a sait
thereof,

- the manufacture of a compound of the formula VI according to claim 9, or a salt
thereof,

- the manufacture of a compound of the formula Vil according to claim 13, or a salt
thereof,

- the manufacture of a compound of the formula Vill according to claim 17, or a salt
thereof, and

- the manufaciure of a compound of the formula IX according to claim 21, or a sait
thereof.

25. A process according to claim 24 comprising the steps of

- the manufacture of a compound of the formula il according to claim 1, or a sait
thereof, and/or

- the manufacture of a compound of the formula [V according to claim 5, or a salt .
thereof, '

26. A process according to claim 24 comprising the steps of

- the manufacture of a compound of the formula IV according to claim 5, or a salt
thereof, andfor

- the manufacture of a compound of the formula VIl according to claim 13, or a salt
thareof.



t he manufacture of a conpound of the formula IV according to claim5, or a
salt thereof, the manufacture of a conpound of the fornmula VI according to
claim9, or a salt thereof, -71- the manufacture of a conpound of the
formula VIl according to claim13, or’& salt thereof, and the manufacture
of a conpound of the formula Xl according to claim23, or a salt thereof.

27. A process for the manufacture or a compound of the formula XXIil,

(XXi)
wherein R and R, are as defined for a compound of the formula il in claims 1 to 3, or a salt
thereof, comprising one or more of the following steps either individually or in any

combination:

- the manufacture of a compound of the formula il according fo claim 1, or a salt
thereof,

- the manufacture of a compound of the formula IV according to claim 5, or a salt
thereof,

- the manufacture of a compound of the formula VI according to claim 9, or a sait
thereof, and

- the manufacture of a compound of the formula Xl according to clalm 22, or a salt
thereof.

28, A process for the manufacture or a compound of the formula XXII!,

(XL
wherein R and R are as defined for a compound of the formula 1l in claims 1 to 3, or a salt
thereof, comprising one or more of the following steps either individuaily or in any

combination:

- the manufacture of a compound of the formula |il according to claim 1, or a sait
thereof,

- the manufacture of a compound of the formula IV according to claim 5, or a salt
thereof,

- the manufacture of 8 compound of the formula VI according fo claim 8, or a salt
thereof,



-71 -

- the manufacture of a compound of the formula VIl according to claim 13, or a salt
thereof, and

- the manufacture of a compound of the formula X!ii according to claim 23, or a salt
thereof.



