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andaemtefmeglatﬁs renin Iead to a reduct| on |n the formatl on
of angiotensin |, and consequently a smaller anount of
Bacmgum@mﬁé mvéﬂt.ohs produced. The reduced concentration
r ir of
Ren{nrf@sHéa,stBc?rg e?/gt;nto %erb?oo%n%ere Sf a#ecdts theecc ea%ggg’ gf
angiotensinogen, releasmg the decapeptide angiotensin | which is then cleaved in the lungs,

the kidneys and other organs to form the octapeptide angiotensin Il. The octapeptide
increases blood pressure both directly by arterial vasoconstriction and indirectly by liberating
from the adrenal glands the sodium-ion-retaining hormone aldosterone, accompanied by an
increase in extracellular fluid volume which increase can be attributed to the action of
angiotensin Il. Inhibitors of the enzymatic activity of renin lead to a reduction in the formation
of angiotensin |, and consequently a smaller amount of angiotensin Il is produced. The
reduced concentration of that active peptide hormone is a direct cause of the hypotensive
effect of renin inhibitors.

With compounds such as (with INN name) aliskiren ((2S,4S, 5S, 7S)-5-amino-N-(2-carbamoyl-
2-methylpropyl)-4-hydroxy-2-isopropyl-7-{4-methoxy-3-(3-methoxypropoxy)benzyl]-8-methyl-
nonanamide), a new antihypertensive has been developed which interferes with the renin-

angiotensin system at the beginning of angiotensin Il 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 allow for

more convenient synthesis of this sophisticated type of molecules are welcome.
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Further processes for the preparation of intermediates to manufacture 8-amino-y-hydroxy-wo-
aryl-alkanecarboxamides are described in WO02/092828 pertaining to the preparation of 2-
alkyl-5-halogenpent-4-ene carboxylic esters, WO 2001/009079 pertaining to the preparation
of 2-alkyl-5-halogenpent-4-ene carboxylic acids, WO 02/08172 pertaining to the preparation
of 2,7-dialkyl-4-hydroxy-5-amino-8-aryloctanoyl amides, WO 02/02500 pertaining to 2-alkyl-3-
phenylpropionic acids, and W002/024878 pertaining to 2-alkyl-3-phenylpropanols.

In EP-A-1215201 an alternative route to obtain §-amino-y-hydroxy-w- aryl-
alkanecarboxamides is disclosed. In GB-A-0511686.8 yet an alternative route route to obtain

S-amino-y-hydroxy-w- aryl-alkanecarboxamides is disclosed using a pyrrolidine intermediate.

Although the existing processes may lead to the desired renin inhibitors, in particular the
2(S),4(S),5(8),7(5)-2,7-dialkyl-4-hydroxy-5-amino-8-aryl-octanoyl amide derivatives, there
exists a need to provide an alternative synthetic route to these 2(S),4(S),5(S),7(S)-2,7-
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wherein
R3is Cialkyl or C;gcycloalkyl; and

R* is Cy.7alkyl, C.7alkenyl, Csscycloalkyl, phenyl- or naphthyl-Cyalkyl each unsubstituted or
mono-, di- or tri-substituted by C,_4alkyl, O-C,_alkyl, OH, C,_salkylamino, di-C,4alkylamino,
halogen and/or by trifluoromethyl; or a salt thereof.

In a preferred embodiment, R® is C,_7alkyl, preferably branched Cssalkyl, most preferably
isopropyl.



chiral building block and introducing the organic
aromatic noiety at the end of the synthesis, the
WOoRoeEs§£0i s nore econom ¢ than the prior art PCAEPIHEH09970
where the organic aromatic noiety is introduced to the
scaffold in early step of the synthesis sequences.
Moreover, utilizing a CG8 | actam | actone conpound
convenlently | ocks and preserves the stereochem stry
and, thus, sinplifies the nmethod of preparing such
sophlstlcated types of nol ecules. Detail ed description
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wherein R3 is Cl-7alkyl or and R4 is G . T7alkyl,
C2- 7al kenyl , C3-8Cyd Qal kyl, phenyl- or each
unsubstituted or nono-, di- or tri-substituted by
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Preferably, the conpound accordlng to the formula (11)
has the foll owi ng stereochem stry: Mst preferably,
Most prefesaity dlaebrofound ofifarmulal(Il)) héhetlse fotlewing sirestinay
structure: A conpound of the fornula (11) may be used,
inter alia, for the synthesis of pharmaceutically
active substances, Eyifer ably renin inhibitors such as

r
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A compound of the formula (Il) may be used, inter alia, for the synthesis of pharmaceutically
active substances, preferably renin inhibitors such as aliskiren, especially as described in the

following.

The present inventors have found convenient methods of preparing the key intermediate of
the formula (1) as will be described in detail below. Any of the reaction steps either alone or
in a suitable combination may be employed to yield the compound of the formula (l1).
Moreover, any of the following reaction steps either alone or in a suitable combination may

be employed in the synthesis of a renin inhibitor, such as aliskiren.

Thus, in one aspect, the present invention relates to a method for preparing a compound of

formula (1) as described above, said process comprising subjecting a compound of formula

M



foll owi ng. The present inventors have found conveni ent
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of the reaction steps either alone or in a suitable
conmbi nati on may be enpl oyed to yield the conpound of
the formula (11). Moreover, g of the foll ow ng
reaction steps either alone or®in a suitable
conmbi nati on may be enployed in the synthesis of a
renin inhibitor, such as aliskiren. Thus, in one
aspect, the present invention rel s to a nethod for
preparing a conpound of fornul g ) as descri bed
above, said process conprising/subjecting a conmpound
of formula (1)wherein defined for a
conpound of formulkg (11 orf a salt thereof, to
hydr ogenati on to cgave azide noiety to an am ne
and to effect |agfamWingJcl osure. This process step
as such, also forne a gdi nrent of the invention.

or R3 and R4 can be taken from

Preferably, the conpoyfthaccording to the formula (1)
has the follow ng ste ghem stry: Conpounds of the
formula (1) can be obtaiAed by nethods well known in
the art, in particular by follow ng thé)procedures for

wheﬂe"rﬁ‘R%dd"ﬂ“ &8RQEMskd i a b&ng&rﬁ @f&%&aﬁﬂﬂ ohh 's§lhthle%of to
ncorgorated herein b articul ar

hydrggenating iconiert K agsie W@Wé‘% a'i‘rﬁT“E? a"@ég QE‘F%HCV%S{%HTEJP%"G
Thisdrode8s pieptas Ut falsoFome drostisddirhent oftheinvainti@. nat i vel y,
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different auxiliary than the one enployed in the
conpound of formula (I). Thus, in one aspect, the
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process conprising subjecting a conpound of fornmula
stereochemistry:

Compounds of the formula () can be obtained by methods well known in the art, in particular
by following the procedures for preparing compound ill in EP-A-0 678 514 which is
incorporated herein by reference, in particular as disclosed in the working examples,

especially example 2, in particular using conversion 2.c1.



I ) wherein R3 and R4 are as defined for a conpound
of formula (11) and Aux* is an auxiliary able to form
woan7gasep or ami de with the carbonyl functi on&CITEP20061009970
a salt thereof, to hydrogenation to convert the azide
noiety to an amine and to effect lactamring closure.
This process step as such, also forns an enbodi nent of
the invention. Preferred examfies of Aux* include
ephedri ne conmpounds, oxazolidi none anal ogues,
met hyl pyrrol i done anal ogues, carbohydrate anal ogues,
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R3 )
wherein R® and R* are as defined for a compound of formula () and Aux* is an auxiliary able
to form an ester or amide with the carbonyl functionality, or a salt thereof, to hydrogenation to
convert the azide moiety to an amine and to effect lactam ring closure. This process step as
such, also forms an embodiment of the invention.

Preferred examples of Aux* include ephedrine compounds, oxazolidinone analogues,
methylpyrrolidone analogues, carbohydrate analogues, and cyclic alcohols or amines.
Typical examples include those described below as well as analogues thereof, in particular
oxazolidone analogues, such as the Evans auxiliary or in more general terms chiral o-
substituted oxazolidinone analogues. The literature for preparing these auxiliaries is
mentioned below for further detail. Apart from the Evans auxiliary used in the compound of
formula (1), ephedrine type auxiliaries and cyclic alcohol type auxiliaries such as (+)-fenchol,
are preferred.



2.) Y. Shi et al., Synthesis, 2000, (14), 1979 3.) O
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Literature:1.) K. Tadano et al., Synlett, 2004, (12), 2006
2) Y.Shietal, Synthesls, 2000, (14), 1979
3.) O. Piva et al., Tetrahedron: Asymm.: 16, 1513, (2005)
4.) H.J. Kim, et al., Tetrahedron Lett., 46, 4115 (2005)

The compound of formula (I') can be prepared by following the experimental procedure as
outlined in EP-A-0 678 514 for the Evans auxiliary. Thus, a suitable acid chloride
represented by formula (I'i) such as 3-methyl-butyryl chloride

0

R3
cl i)
wherein R? is as defined for a compound of formula (I!) , or a salt thereof, is reacted with the
respective Aux*-H, wherein Aux* is as defined for a compound of formula (I’) in the presence
of a suitable base to obtain a compound of formula (I'ii)
o)

R3
Aux* (rii).

Similarly, the reaction can be conducted with an acid chloride of the formula (I'iii)
(o]

R4
Ci (Vi)



wherein R3 and R4 are as defined for a conpound of
formula (I1) and Aux* is as defined for a conpound of
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identical, i.e. R3 = R4, it is appreciated that 2 or
nore equi val ents of a compound of fornula (l1'ii) are
reacted with (E)-1, 4-D brono-but-2-ene of the fornul a
(1'v). Thus a compound of the &ormul a (1"vi) wherein
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functionality; or a salt tdereof,is a valuable
i nternedi ate of the procaslin“/\ reparing renin
i nhibitors such as al an efficient manner.
Therefore such conpoun as wel | (H9 the method of
obtal ni ng corrpound (II) usi ng this |ntermsd| ate (I'V|)
o form an of the invention, rm
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of the conpoung of QY LAux’hen converted
into an azide

wherein R® and R* are as defined for a compound of formula (ll) and Aux* is as defined for a
compound of formula (I) , or a salt thereof.

If R® and R* are identical, i.e. R® = R? it is appreciated that 2 or more equivalents of a
compound of formula (I'ii) are reacted with (E)-1,4-Dibromo-but-2-ene of the formula (I'v).

Thus a compound of the formula (I'vi)

o) R4
Aux*/u\(\/\)\”/ Aux*
R3 o ('vi)
wherein
R? is Cy_7alkyl or Csscycloalkyl;

R* is C,.7alkyl, C,.ralkenyl, Csscycloalkyl, phenyl- or naphthyl-Calkyl each unsubstituted or
mono-, di- or tri-substituted by C,4alkyl,0-C,.salkyl, OH, C,4alkylamino, di-C4.salkylamino,
halogen and/or by trifluoromethyl; and

Aux* is an auxiliary able to form an ester or amide with the carbonyl functionality; or a salt
thereof,



i nversion using a N3 source to obtain the conpound of
formula (I ) . Exanples of the N3 source include
wobeda2d reagents such as Li N3, NaN3, KN3, MeRB/EP200kPNI970
amoni um azi des of the type (al kyl)4NN3 or al kyl ) 3NHN3
or e.g. tetraal kyl guani di ni um azi des or organonetalic
azi des. The reaction proceeds under conditions well
known in the art such as in a $honogeneous or biphasic
solvent m xture or in ionic liquids or m xtures of an
ionic liquid. Preferably, the reaction takes piace at
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t he ot her functional iti es on the nol ecule intact.
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The Sbimapa g forgulad P e S2cfiin Bl Srledhmelin Bl Sechaps e,
NBSh oh® e halsszaininhigied), Bis oe broaohyddntdim s mghatddcidnyition reaction
f V. tal yst. Exanples of the
°°“‘W' %S%g’t% nﬁ"&ﬁhﬁ&aﬁ@mg? f pal | adi um C, Pd(OH) 2
(Perl man' s catal yst), nickel borldale, pl ati num netal or
pl ati num netal oxide, rhodium r/theni um and zinc
oxi de, nore preferably palla C, platinumnetal or
plati num netal oxide, ARSt & palladiun C
Thecatal yst is prefer In an anount of 1 to
20% nore preferably The reaction can be
conducted at at or el evated pressure, such as
a pressure of 2-10 bar, g. 5 bar, nore preferably
the reaction is conduct&? at at rmsphe(t’vnr) pressure. The

wheFB{ﬁjh@%ﬂEﬁi"é?é‘ aEacJé ﬁe&’tﬂ?%ec&?ﬁﬁofuﬁ& %Elf‘%mh%u@g Adg(? id as defined for a

nor e era In tetrahydro
comp@weqféorrrwlas(b) enui ialts a haiogerprooﬁuselt ﬁerqpént s, such as
aI cohol, e.g. ethanol or nethanol, or ethyl acetate
ese soI vents nmay be used in the presence of wate

The?ﬁ@%’é&’é‘?‘i'%ﬁ"w|°Fr§‘ea%‘?H‘PPH'éd PRt ¥ids Hiea conysiied '@6 ap @zide by
invetsiorbGsing at RE sberde tto @btdi® tHe08¢ThSduna Nof dbrnuldT(IN| EXaEmplesf the Ni

source include standard reagents such as LiN;, NaN;, KN3;, MeNs, alkyl ammonium azides of

the type (alkyl)sNN3 or alkyl);NHN; or e.g. tetraalkylguanidinium azides or organometalic
azides. The reaction proceeds under conditions well known in the art such as in a
homogeneous or biphasic solvent mixture or in ionic liquids or mixtures of an ionic liquid.
Preferably, the reaction takes piace at temperatures in the range of 0 to 120°C, such as 20
to 100°C, preferable 50 to 80°C.

The reaction to convert the azide moiety of the compound of formula (1) or (I') to an amine
and to effect lactam ring closure preferably takes place under conditions so as to keep the
other functionalities on the molecule intact. Hydrogenation typically takes place in the
presence of a catalyst selected from a heterogeneous catalyst or a homogeneous catalyst,
such as Wilkinson’s catalyst, preferably a heterogeneous catalyst. Examples of the catalyst
include Raney nickel, palladium/C, Pd(OH), (Periman’s catalyst), nickel boride, platinum
metal or platinum metal oxide, rhodium, ruthenium and zinc oxide, more preferably

palladium/C, platinum metal or platinum metal oxide, most preferably palladium/C. The



wi t hout the production of unwanted side products.

Typically the reaction can be conducted at 0 Cto
woneiids420 preferably 0 to 60 C, such as 0 to 48CUEPAW6009970

preferably 15 -30 C, such as roomtenperature, for 10

mnto 12 h, preferably 20 mn to 6 h, nost preferably

30 mnto4h such as 1t03hor 6 to 12 h. During

t he hydrogenatl on of conpound®r) or (1)

stoi chionetric amounts of the protonated auxiliary

Aux*-H, such as the oxazolidinone, nanely the chiral
catalysixis Ipredergbly @sed in(B) antowah of T ©dPSh tnorapeefapbly © tofl0%. The reaction
can BEEAHRRIAU BiriIR a&wry, Ridvlel tpgsgiuwsu 149 d pRLYro BHERO BE, e
5 bagimgre areferably dhe feastion;is coryiusteéfaéamloh@cgéwe& efhsot h
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auxi l'iary npl e separation techn
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ethybadetie fThesé saiterté miah ®eluded mitRe bteeg]@fofm@rl Jhé egaction time and
a trans ueou

| t |1 Cint oh > .
the 5L e SHRAPRE FAB MBI oG 1o RHEH L 4 Rigimum tme
withoutalzeopriodiction f (Jmnarﬁd.fdasidel pioduets.y Typicajje trer rabdtiontcan beicanducted

t |
at0 bgﬁg% ,Br‘e‘ aefibyﬁ %gq‘ \% s 8?@@@ ec,s %Po% %féfé’r?b&ﬁéagdfé such
as rgagm mmraiw@, fopfiP otin 40 na\hsprtefeeabhsm ain t@rﬁ hyfmagstiprgferably 30 min to

4h, gmp@ {hbletooppRnification is preferably achieved
by treatnment wth bases |ike organic or inorganic

bases, preferably inorganic bases. Exanpl es include

Durihg id 1yt ﬁ!rﬂ.onUn BormpaLmal (f)ioe At is@ichiometiPar@lnty of the protonated
a suitabl e sol vent [

| es. incl ud
audfgty BT oD a8 e e onstre, WG DRRARIATG B Sy Evans
reagent) ae/spiit off. gimamsesbdtrvemhmolmds (1) aad sHecalxiibsy, suchtas! the Eeans

auxn a%) ot?nI Ii]a(ﬁkr(e%td . MilgF Sr% er%gscrhéa referred eparate both
Spofni Ay Pt Fi2p Preferred o p2p

ueous” so e prefe red.
comptmsi@ ad @amataame timerecyaititheexpgrisiveaixijany \nyiacunplg separation

techﬁ@hg i(ér&s?ﬂhfa‘ﬂorp bPLRRRGGN)! g%\(ag f rtﬁé@by %b&mﬁf&h&n aﬂﬂf {detone ring

tain droxy acid in the freé form
of thgdacam éﬁﬁqn&tﬂ')ea F@’PSerH@Oé'@ﬁ QHL{EPB%PhQ?ﬁ |sap(§s@|lﬂ)<§.@1to§qptone ring

opehif@ivhéreay tha! dadlidMoBE (or the auxiliary in general) stays in the organic phase.
By simple phase separation followed by acidification of the water phase a re-lactonisation is
possible, which allows the isolation of pure compound (il). Saponification is preferably
achieved by treatment with bases like organic or inorganic bases, preferably inorganic bases.
Examples include LiIOH or NaOH. The saponification is typically conducted in a suitable
solvent. Examples include aqueous systems or agueous/organic solvent mixtures and even
organic solvents such as alcohols or toluene, whereby alcohol/water mixtures, such as
ethanolic/aqueous solutions, are preferred. After phase separation, the aqueous phase is
typically acidified to protonate the y-hydroxy acid salt and to obtain the y-hydroxy acid in the
free form. Typical acids suitable for the acidification are chosen so that they are stronger
than the y-hydroxy acid but keep the other functionalities on the molecule intact. Suitable
acids include organic acids, such as citric acid, tartaric acid or similar acids, or dilute
inorganic acids such as dilute HCI. The free acid will re-form the lactone (ll), preferably by
heating the mixture to e.g. 30 to 80 ° C, more preferably 40 to 60° C, such as 50 ° C.



than the g-hydroxy acid but keep the other
functionalities on the nolecule intact. Suitable acids
woinidsieo or gani ¢ aci ds, such as citric acid, PaTERRI06/009970
acid or simlar acids, or dilute inorganic acids such
as dilute HCI. The free acid will re-formthe | actone
(I'1), preferably by heating the m xture to e.g. 30 to
80 C, nore preferably 40 to-88-C, such as 50 C. Thus
a conpound of the formula (Il 1) wherein R3 is
Cl- 7al kyl or C3-8Cyd QalkYl; and R4 is G -7al kyl,
Thu2 cGmpawrydf theJoboyla (ibal kyl , phenyl - or napht hyl -C
1- 4al kyl each unsubstituted or nono-, di- or
tri-substituted bgidi-C 1-4al kyl am no, hal ogen and/ or
by trifluoronethyl; PH @hereof, is a val uable
i nternmedi ate of the ring renin
i nhi bitors such a4l idkiren—{n an efficient manner.
Theref ore such conpounds as welgs as tQ@ met hod of
obt ai ni ng conpound (I11) using this int }nediate (H)
Wheﬂﬁio forman enbodi nent of the invention. Preferred
enbodi ments of conpound (I1) are also preferred for

R® iCOBRAYINY . Mycloalk); BR§ ti cul ar the fol | ow ng
stereochem stry is preferred: Preferably, the conpound

R* i@ alkipe Ch RlIkePW, BY.cy@1b a1 SphRByIabr mphiyPe]Jakg! HRLAsEtituted or

to obtain. the cqompound of th a (1), t )
mongr 68 TR UHIEC A e BYISCrPth STt Ly -alyario § Gy akytamino,
haloger amdiorf byrtrifcegrasthylgorea sadttpereot] of fornula (11) as

defi ned above, said process conprising subjecting a

is a valvahiel interoedibterafitheaprotass)ofiheepeiing RBindnhibifRds swab assaliskiren, in an
j f
efﬁc{éﬁiC Hnglgr%’r. 'ﬁgaré’fofe%ﬁ B pRindE 25 Wéllli%a ?t?el d.)getg?& ]pg?grtrﬁbg\g (:F%oound

her eof conversion to an anhy _ _
(1) uringrtis inteenediate A algodome ag empadisentnf the ibweRliotind of
formula (I1) and R6 is G -7al kyl or C3- bcycl oal kyl,
or a salt thereof; to activate the acid noiety
Preffar%laé gMﬁgdirRXntg%gég Eoﬂ‘:%%'(l%”aré glsg %pe\feerrrgd for compound (I'). In particular
the following stereochemistry is preferred:

R,
“ OHO
4l:f:>__<t__;>L_OH
N y
o X

As an alternative approach to obtain the compound of the formula (ll), the present invention
relates in another aspect to a method for preparing a compound of formula (ll) as defined

above, said process comprising subjecting a compound of formula (ill)



the azide noiety to an amne and to effect lactamring
cl osure. This process step as such as well as the
wocormwasw2el of fornmula (1V), also forns an enbo#CHER2006£09970
the invention. Preferred enbodi nents for R3 and R4 can
be taken fromthe definitions for conpounds of fornula
(I'1). I'n a preferred enbodi nent, R6 is Cl-7al kyl, nore
preferably straight chain or "Bfanched Ci-4 al kyl , nost
preferably nethyl, ethyl, isopropyl or isobutyl.
Preferably, the conpound according to the formula (IV)
has the foll ow ng stereochen str)y Conpounds of the
formula (111) can be obtaineg nmet hods wel | known in
the art, in particular from ¢onpounds of the fornula
(1) as defined above Qsfql LAQ thée procedures for
preparing such conpoupds ijn EP-A-O 678 514 which is
i ncor porated herein reference, in particular as
di scl osed in the Wltking exanpl es, especially exanple
3. Anal ogously, conpoun of formula | ) can be
converted to conpounds of fornula (Ilé)follomﬁng t hese

rogedures. Bath.conversions be conducted. as
whefliPRPAILRS e R B AL 2 Bp RS R sy T 53 freot o
convegsiorutozan(dntfydride dfyorowiad(id)t i ng t hem as a one- pot
synthesis without isolation. Preferably the reaction
m xture obtained after the formati ofY of the anhydri de
of the formula (1V) is directly
hydr ogenati on. The reaction of
formula (I11) tofo[)mth '
(I'V) to activate thg aci
pl ace under conditjons 0 keep the other
functionalities thé nol &cul e intact. The anhydri de
is typically intregluced usrgg an acti vat acid, such
as an acid chloride R6-COCI. It is preferred to add _
whetdireRAand Rhgredisatefitedfoea campeurtdaif formetai (Uparaf R is 1@8.7alkyl or Cs.

ecycg)%ﬁ(glﬁéra? LMt ﬁ\Ql%of; ‘?@Qétivgfé thec’ a&id %%Ct\; %ﬁo#éww hméde%af?gn to convert

the azide moiety to an amine and to effect lactam ring closure. This process step as such as

ydiR4de of fornula
noilety preferably takes

well as the compound of formula (IV), also forms an embodiment of the invention.

Preferred embodiments for R® and R* can be taken from the definitions for compounds of
formula (I1).

In a preferred embodiment, R® is C,.7alkyl, more preferably straight chain or branched C,
alkyl, most preferably methyl, ethyl, isopropyl or isobutyl.

Preferably, the compound according to the formula (IV) has the following stereochemistry:



conditions, nore preferably basic conditions. Suitable
bases include organic or inorganic bases, preferably
woargaaseo bases, nore preferably a nitrogen ba®€T/EPi06/009970
nore preferably a tertiary nitrogen base. Exanpl es of
the tertiary nitrogen base include trinmethylam ne,
DBU, triethylam ne and diisopropylethylam ne. The
reacti on can be conducted in-dAy suitable sol vent,
preferably an aprotic solvent such as ether, in
particular THF and TBVE, an aromatic or a halogenated
sol vent, nore preferably THF or tol @ene. The reaction
time and the tenperature are ch so as to bring the
reaction to conpletion at a mni time wthout the
producti on of unwanted sj dg/,pr 'Raypi cal |y the
reacti on can be congucteg at |20 C to refl ux,
preferably -10 to C, repreferably 0 -30 C, such
0to 10 C, for 1®n t® 127N, preferably 10 min h to 4
h, nost preferablgg 15 nmin g such as 30 mn to 1
h. Reference is nade to stan ard procedures wel | known

coy b P By 0y 9 g 8G5E o A
partip@lgb@mmmpc’)um@o'f thegorm qu@ éeﬁpéd gg@em:jolloéﬂm the procedures
for dF@dHﬁﬁB ‘sMﬁV&omp\é@hds R éﬂﬂ%m Pra winch |§§Qordﬁt‘ét&hh@éﬁ bty hreference

i ncor porated herein reference. The reaction of
in p%ﬂ%dﬁd’ ioseh i tF%Wﬁ{H'@ PRMPlIaspeIRSRIAY example dAnagously,
comPBurkis)of foPmal (AdaRdedddvdriedab tempolnas lodfbrmulaglcbswitiEthese
eferably takes pl ace under conditions so as to keep
proc{é A¥eSt her functionalities on the ol ecul e intact.
Hydr ogenation typically takes place in the presence of
a catalyst selected froma heterogeneous catal yst or a

) P OY¢ >
e

formuta GY)yos DY |Cﬁ'<1¢{9t1@9 thaReas Pt sypihesiavithaut solapen. dpyeferably the
reac(lae X8 obtafrtld AftéSthk forfatibe bf the bhKiRird® bethk feHMulERi\Alis Birectly

g é{ num net al oxi de, rhodium rutheniumand zinc
subjgcled;to hydredenaliots or apl y pal | adi um C, pl ati num netal or
pl ati num netal oxide, nost preferably palladiunmi C. The

The reaction of the compound of the formula (l1l) to form the mixed anhydride of formula (V)
to activate the acid moiety preferably takes place under conditions so as to keep the other
functionalities on the molecule intact. The anhydride is typically introduced using an
activated acid, such as an acid chloride R®-CO-CI. It is preferred to add the activated acid
over a certain period of time. Preferably the reaction is conducted under basic or acidic
conditions, more preferably basic conditions. Suitable bases include 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 trimethylamine, DBU,
triethylamine and diisopropylethylamine. The reaction can be conducted in any suitable
solvent, preferably an aprotic solvent such as ether, in particular THF and TBME, an
aromatic or a halogenated solvent, more preferably THF or toluene. 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 -20 ° C to reflux, preferably -10 to 40° C, more preferably 0 -30 ° C, such 0 to 10° C, for 1
min to 12 h, preferably 10 min h to 4 h, most preferably 15 min to 2 h, such as 30 minto 1 h.



catalyst is preferably used in an anmount of 1 to 20%

nore preferably 5 to 10% The reaction can be
woeovddus2ed at at nospheric or el evated pressur 8CTHR20106489970

a pressure of 2-10 bar, e.g. 5 bar, nore preferably

the reaction is conducted at atmospheric pressure. The

hydr ogenati on takes place preferably in an inert

sol vent, more preferably in tédfrahydrofuran or

toluene. The reaction tinme and the tenperature are

chosen so as to bring the reaction to conpletion at a
Referenmiensimatie testandand ptocethaepwelll kindwroto thd persevainttieelat ade: as

C h
des ?&*H %ﬁn HEMtPénC\ﬂ/ngvgl E5/8?i’§éd218:{‘ 8%?111)% I-Eo?@?era f' 59/1
(1985), 30 19%7 7% @6H "ﬁ)yb?rbh&\{ﬂv ¥ab 83932 & 35%16830Nhl¢fhafﬁmcms>q'18ted
herem@)f,%félg,l,dé 2 hto 36 h, nost preferably 12 mn to 24
h, 'such as 17 to 23 h. As yet an alternative approach

to obtain the conmpound of the formula (11), the
ent

The graofftbnvent éﬂ’{a qggmeafto %gh/ﬂ Oc:tgp\?egrbﬁsloege(mqlety 5%an amine

and tbeéffemeniciabwg clesaralprpfevatdystakeopipee sndey contditiops tsb rag takeep the
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presehesy efaf catalyst seindle §otrn heferagensous catalyst erafmqrepg(ewous catalyst,
sucRenRkiR sﬁ?s faﬁ’gy orfefabfSa H&anES#eJue rcat%ly%g @QHBQS Ef ﬁhe catalyst

formula (I R7 1s -

incluge R&?“§)§F‘lck?'h'éq"é6'Pme; df q(@WdeBW“ﬁ'ﬂlﬂ ZELEE P'é'FP' PB”de pfatmum
metél @H}él@fnﬁunﬁ hﬁeteﬂbk@@ rﬁ@dlﬁhyruﬂfenﬂﬁw and Aifc adk, tnﬁbr@Ffe%‘rIably

patagle fiePlotiio Mitel o PFUTALIMER, 950 Tt PBfaFaDIL HalaciumE” The

catalystie pref@ably ated ineani amvomt bfohto 20% freure @ekferably Gitor0%s Thereaction

can Bgcgﬁaqxcﬁé ag%n?obsﬁherlf% %Il %Pe@ prgsesugeef éh ésl 3 nlse n‘%ur% of 2- 19 bar, e.g.

oun a pre er e
5 baR‘mq:rs pGferablyltlyd reaptinngs porefuciediat ptraasphérigrressuse. Nl her

hdr’Bé\{b‘?Bﬁ?ak 1288 btofdrablRedn REREGUAR! Morl&irBilabySh Btfahydrof
y 5 Iprx g;ggrg %raﬂﬂﬁm% %hty? rlsaoB'q 'f%fayrouran
or toluene e reactlon tlme and the temperature are chosen so as to brlng 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 30 min to 48 h, preferably 2 h to 36 h, most preferably
12 min to 24 h, such as 17 to 23 h.

As yet an alternative approach to obtain the compound of the formula (ll), the present
invention relates in another aspect to a method for preparing a compound of formula (ll) as

defined above, said process comprising subjecting a compound of formula (lll)

()



Preferably, the conpound according to the formula (V)
has the foll owi ng stereochem stry: Conpounds of the
WORMMER0(111) which are used as starting mat @T&P20066009970
this conversion can be obtained as descri bed
above. Bot h conversions may be conducted as separate
steps by isolating the ester of the formula (V) or by
conducting them as a one- pot é?nthe5|s wi t hout
i solation. Preferably the reaction m xture obtained
after the formation of the ester of the fornmula (V) is
whediin Bt and/Rarejasciefinkd for A gdmpoendif fasmulaTHe or e salt thereadifto
com%elpsqoﬂargg]o o?Fo e (Qgr mula (1'11) to formthe ester of
ornmula ( pre Yerapl'y takes pl ace under conditions so
as to keep the other functionalitigs on the nol ecule
intact. The ester is typically ingtoduced by
converting the acid (II11) to ap agtivated acid, such
as an acid chloride mnthN rgagent such a
SOCl 2. Alternatively, an be introduced in a
fast and efficient man enpl oying a suitable
R7-triazene as the;ab vyl nor with the conconitant
evol uti on of nltrogen Exanpl es of the triazene

|nclude aryl triazenes su®h as 3- )
y {p-tal | reagcti .
ol B B F P B o

sCycloalkyl omsmathemef Mmd/ad b Hydragenajiors te ¢oabére theaizidermgiety to an
ami }_ﬁ'fdetﬁ %?%%é?c‘?arﬁﬂﬁ Hoguéo lﬂ’l%rﬂro%gaf Qteﬁ%s SLFss §ng§th@§:ompound

an aromatic or a ogenat ed sol vent
of forrpula (Y dseiorns gn embodimenhyfitasievenioBr i de or t ol uene.
The reaction tinme and the tenperature are chosen so as
to bring the reaction to conpletion at a nininun1tine
oduct i nt.ed
Prefiye pedmenS i Sheriah B4 iRe Jam Be SR HIOTS Torompounds of
formuifIlux, preferably 10 to 40 C, nore preferably 15-30
C, such as roomtenperature, for 1 mn to 12 h,
preferably 10 mn h to 6 h, nost preferably 30 mn to
4 h, such as to 3 h or until al l nltrogen evol ution

Ina ﬁfﬁer{iﬂ%ﬁmm%\/@r'ﬁICmQ'%rm?fF(E’é@%F@P'é@’F'é t ¢hgiqy efgpranched C.
salky@ Srth&dt preréraply Grati®Xathyl th-propyl, isopropyl, n-butyl, t-butyl or isobutyl.

Preferably, the compound according to the formula (V) has the following stereochemistry:

Compounds of the formula (Ill) which are used as starting materials for this conversion can
be obtained as described above.



acid are described for exanple in: O gani cum
Wl ey-VCH Ed. 20, (1999) p. 442 which is incorporated
woRedi4m2by ref erence. The reaction of the comBOUMAdR26/009970
the formula (V) to convert the azide noiety to an
amne and to effect lactamring closure preferably
takes pl ace under conditions sg as to keep the other
functionalities on the nol ecal'®-intact. Hydr ogenati on
typically takes place in the presence of a catalyst
sel ected from a heterogeneous catalyst or a
Botchmwglts'rmo orydetcahguited asisdpasate Viepk bynsolating thateatey of the formula

nef
) & b?l cl%h t.}{% ﬂ]eﬁéeseéa Wﬁwgﬁg Q}ltgﬂt .ngQEBFTP b?% d‘i@féﬂ%@reactlon
mlxt(lnaecrht?mﬁ gftes éh%fpy%atpn ohthelester 196{?‘ edearmuls O isrdifechesutiectd to
hydiegétdtigym netal oxi de, rhodi um rutheniumand zinc
oxide, nore preferably palladium C, platinumnetal or
pl ati num netal oxide, nost preferably palladium C. The
catalyst is preferably used in an amount of 1 to 20%
The m@xction bithe cadapyurid df thelfobrinuld i8) oderat the esteanf foemula (V) preferably

ke BULTHS AhaRbISPASE EePo Ry AR RIAESH! e RHER)Afract

a pressure o nore
Theestec isi typically intoddesst woaveranmﬁ@m@r(ilb tharesdwa@d athiesuch as an

acndh‘)’uFﬁqu mﬁta'SGWaﬁl@Fe%ﬁeﬂl s%Eﬁ a @'Cﬁfl IR rﬁc/?tnl/?y &Re LSBF Lan be introduced

vent nore pre er abl VA tetra uran or

in a fast aechefficigntenanage by GTHP'PV'ﬁ@ aéﬁtﬂam‘hg -trigaens 3 the @lkyt gonor with the

conéﬂhﬂéﬁﬂe\ﬁﬂjt@ﬁ of ﬁltr@éénﬂ E)Eah‘%lésQﬂﬂ{e‘ tAfzen@ ifcide! £Ylit®izenés such as 3-
3 rpl_t ﬂ]Ut th ggduc on of un nted Sllgl

methyl dﬁé‘?& ”?ﬁ?ﬂeca e;fe?‘ﬁlé’"rc 0 0f icopAucied Rygfe dﬁ‘@'f*%'&e @

conditidrs. Imaklreactiopcad bg edrdycted iroaryGsuifablasoleert) greferaty yn dfrotic

sy S0 BOEEF RPPREE 5 Erafhy Ratbdhgids . moe
prefenably TadF, ingthyten2hloridd hetotliené eweenteaamtmhmthecbemmraium are
choéséﬁesocé%q?‘BHﬁéjth%frﬁéé? BHTA @o&“lét onaartg nngp flrﬁg q"t t% br@d?ctlon of

out es actam | actone
unwaptedsids p(qquyts Typically the reaction can be conducted at 0 ° C to reflux,

preferably 10 to 40° C, more preferably 15-30 ° C, such as room temperature, for 1 min to 12
h, preferably 10 min h to 6 h, most preferably 30 min to 4 h, such as 2 to 3 h or until all
nitrogen evolution has stopped. Several other procedures for making esters from carboxylic
acid are described for example in: Organicum, Wiley-VCH, Ed. 20, (1999) p. 442 which is
incorporated herein by reference.

The reaction of the compound of the formula (V) to convert the azide moiety to an amine and
to effect lactam ring closure preferably takes place under conditions so as to keep the other
functionalities on the molecule intact. Hydrogenation typically takes place in the presence of
a catalyst selected from a heterogeneous catalyst or a homogeneous catalyst, such as
Wilkinson’s catalyst, preferably a heterogeneous catalyst. Examples of the catalyst include
Raney nickel, palladium/C, Pd(OH), (Perlman’s catalyst), nickel boride, platinum metal or
platinum metal oxide, rhodium, ruthenium and zinc oxide, more preferably palladium/C,
platinum metal or platinum metal oxide, most preferably palladium/C. The catalyst is
preferably used in an amount of 1 to 20%, more preferably 5 to 10%. The reaction can be

conducted at atmospheric or elevated pressure, such as a pressure of 2-10 bar, e.g. 5 bar,



Schene 1 exenplifies as the auxiliary the Evans

auxiliary but other auxiliaries as outlined for
woceowdtHidl (1') are al so possi ble. Thus, the s&GEEPNIHH89970

to the G8 lactam |l actone of formula (I1) as shown in

Schenme 1 apply by using the conpound of fornula ( | )

as the starting material. In a_preferred further

enbodi nent of the invention, "flAirs synthesis conprises

as a further step or as an i ndi vi dual synthesi s the

preparation of a conmpound of formula (VI)wherein R3
mora pkfdrdblp the ragctivefis condutted ahatowsploasiagrassufeo rTimelhgdiobénation
taked Poog Frorbiioff h A e SEBR, AbAHRCREAh Mk {482 ALl e
reactipretimend thertpmperiatige are ghogert snas torising the reactiondo gemplgtion at a
mlmﬁﬁmﬁhﬁe Witﬁ&@g'%flbr&iucﬁoﬁ@f AR iad ;5}588&33 'f)Jp*claII){ P réaction can

her eof rocess step as such

be cemm@ ot tor fsﬂwulpaef?fﬁ)'y 04p 46" € oPRCENEIBEAPNER -0 oC. BYeh as
roorh fEgRrat0re, fof BO $nil RNAEH, PréTBrablyCCe Rt hMilt pefarashan2ito 24 h, such

1&gngéhlons and as described e.g. in standard reference
S WWOT KRS such as J. F. W MOnie, "Protective Groups in

Organic Chem stry", Plenum Press, London and New Yor k

1973, in T. W Geene and P G M Wts, "Protective

. oy o _

The aﬂ%@f hﬂ'i r%é“ﬂé th rlﬁé‘%ﬁﬁ g-sg!f‘i;‘orr@%lﬁgl'rlr)edrg Qn(rgif{atlgérﬁst?elow in
Scheme ¢ 0ss and J. N@lenhofer), Academi ¢ Press, London

and New York 1981, in "Methoden der organi schen

Chem e" {Methods of Organic Chem stry), Houben Wyl ,

4th edition, Volune 15/1, Georg Thiene Verl ag,

Stuttgart 1974, in H -D. Jakubke and H. Jeschkeit,

" Am nosauren, Peptide, Proteine" (Am no acids,

Pepti des, Proteins), Verlag Chem e, Wi nheim

Deerfield Beach, and Basel 1982, and in Jochen

Lehmann, "Cheni e der Kohl enhydrate: Mnosacchari de und

Derivate" (Chem stry of Carbohydrates: Mnosaccha

ri des and Derivatives), Georg Thiene Verlag, Stuttgart

1974 which are incorporated herein



by reference,. In particular when Act is an al koxy
carbonyi group so as to forma carbamate, the reaction
WO0i28079d&f2er abl y conduct ed under basi c condi ti oRET/EPR@6/009970
base can be used stoichionetrically or catalytically.
Sui t abl e bases i nclude organic or inorganic bases,
preferably organic bases, nore preferably a nitrogen
base, yet nore preferably a tédBtiary nitrogen base.
Exanpl es of the tertiary nitrogen base incl ude
triethylamne, diisopropylethylamne, DBU 1TMEDA and
trinmethylam ne. DMAP can be used as a catal yst. The
reacti on can be conducted in any suitable solvent, o
preferably a pglar solvent such as an ethyl acgtate/ or
i sopropyl acetpate, an ether, such as THFoor T« yor
hal ogenat ed?S0\ vent, nore preferably THF\\ net
chlori 2N pyl acet apRylhe reacki omti
t he tignpefrature are choesen—so—as—to—brin e rggaction

to.& letion at a mninumtinme w thout the production
of "Unwat ed sipde products. Typically the reagtion can
be condicted at 0 N\C to reflux, preferably 60

C nore preferably 15\#868fica® such as 20 -
10 minto 36 h, preferably 3 h to 24 h, nost
prefer 5ﬁ¥&i h to 24 h, such as 12 - 17 h. Anot her
i nportant enmbod ment of the invention rglates to a | hydrogenation

formula (M) wherei is Cl-7al kyl|2d

or Checycl oAl kyl: R4 is Cl-7al kyl , al kenyl , Hoare
@S 8qy§¥@ " pHenyl - or naBWB 4yl each
subgtitjuted or nono-, di- off tr|-substituted by
RO TCL> , O-C 1-4al kyl, Oggo en and/ or by
triflugponethyl; and Act is an activatimg group

selecte& from’an am no protectiﬁb groyp, in particulfar
a carbamate; or a salt thereof. In anot\er preferred
enbod{nment, Act is an acyl or a ngakh%g‘ d sul f onyl

and

lactam ring
hydrogenation and closure
lactam ring closure

m

Scheme 1: Routes to C-8 lactam lactone of formula (Ii)

Scheme 1 exemplifies as the auxiliary the Evans auxiliary but other auxiliaries as outlined for
compound (I’) are also possible. Thus, the same routes to the C-8 lactam lactone of formula
(Il) as shown in Scheme 1 apply by using the compound of formula (I’) as the starting
material.

In a preferred further embodiment of the invention, this synthesis comprises as a further step

or as an individual synthesis the preparation of a compound of formula (VI)



group. In a preferred enbodinent, R3 is Cl-7al kyl,
preferably branched C al ky!, nost preferably
WOoR8EHHM3Y1 . I n a preferred enbodi ment, R4 i s ECI/ERRNIFI009970
preferably branched Cral kyl, nost preferably
isopropyl. In a preferred enbodi nent, Act is an
N-protecting group, for exanple an am no protecting
group which |s conventional ly 19sed in pepti de
chem stry (cf.: "Protective groups in Organic
Synt hesi s", 5th. Ed. T.W Geene & P. G M Wit s,
whi ch is incorporatB8 herei n b r%ference), especial ly
in the chem stry of pr rrolidines. In the
followi ng the term nol t" [is maintained
t hr oughout the synth33|stequ nc for sake of
consistency. It is appresdtated that "Act" serves as an
activating group when present on thé actam ni trogen
wheeginiRt Aad Rganeeas definechiior a gempound df dormuta () anchAétds an activating
r [ §
gro s%‘egg(étg ffbgn Qﬁ M;?\ gr@ttégwgegﬁwt ﬁa‘?‘ﬁduiw r?%%o%%- é&m shit fhereof;
C°"“PP$"§QJ!!9§PW e pgtivaheghgiour 8tiR nfeope ﬁ&@PomleQH")i of formula (ll), or a

salt INRFEORY TRiY braeksd &tbp Y& sudM Y RéiNad dongeRAYf féinfih (VE) also form
unsubstituted or substituted by one or nore, e.g. two

embGF'"Tel‘?fse‘gther'Qg‘?’H'ﬂgs e.g. those selected fromthe group
conS| sting of d- Q/ al kyI hydroxy, G - C 7-al koxy,
al kano cyano nd CF3;
This oy 80 bRRBKS iy saudPhardiy R o R mef i, lancars
refeEsp@vypEkISJ sucprasfleF rWdMaOmleb éRmieatixg Ganups inyOrgatisOhemistry”,

Plen?u' (ﬁ}‘;égé Q_QXE{FPQWN%%% L@%P \g{';[': @ree&eé}zdyli’ %(WD%' "Protective

Growpsjig mr@a?r{yggm ﬁ}ﬁdltpmr dgy N]_aw York 1999, in "The Peptides”;
vmwxrfeahgﬂsosy@%&@ am%ﬂ Méi émﬁé ? AQHaerﬁ@rﬂ»r@Ass Qorhﬁn%anéw York
enzh ri

1981:&’? %ﬂ??de"s‘ifé H’Q&Q'SSH‘?%%XE("&'P W%&%*éif 96913!1’9 Chem'étry) Houben
Wewmm emﬁmng'o@hww/lcaao@l Hﬁerb@vsmégyStuttbaheg74 in H.-D. Jakubke and

H. thaseclh e l%{pgﬂo ?:p@fg I-‘Jy%{telth ti %Pgﬁ ))ﬁebtldes Proteins), Verlag
Chetnig, i V!é&)iphenpyﬂ)@erf gltl Beach, and Basel 1982, and in Jochen Lehmann, "Chemie der
Kohlenhydrate: Monosaccharide und Derivate" (Chemistry of Carbohydrates: Monosaccha-
rides and Dernivatives), Georg Thieme Verlag, Stuttgart 1974 which are incorporated herein
by reference,.

in particular when Act is an alkoxy carbonyl group so as to form a carbamate, the reaction is
preferably conducted under basic conditions. The base can be used stoichiometrically or
catalytically. Suitable bases include 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, diisopropylethylamine, DBU, TMEDA and
trimethylamine. DMAP can be used as a catalyst. The reaction can be conducted in any
suitable solvent, preferably a polar solvent such as an ethyl acetate or isopropyl acetate, an
ether, such as THF or TBME, or a halogenated solvent, more preferably THF, methylene
chloride or isopropyl acetate. 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 60° C,



trimethyl silyethoxynethyl (SEM, and can al so be
substituted sul fonyl (e.g. d-Cy-alkyl, aryl such as
wophegs420 subst i tuted aryl such as w th d- Cy- aPKYIEP2006/009970
hal o, hydroxyl or C C7-al koxy substituted phenyl, in
particul ar tosyl (4-nethyl-phenyl sulfonyl), or
canphorsul fonyl) or substituted sulfenyl
(subst.aryl sulfenyl) . For thé0ase of sul fonyl and
acyl groups it is referred to D. Savoia, et al., J.
Og. Chem, 54. 228 (1989), and literature cited
moré hefezablEt Al °eG, fush ad@0 - 43¢ Qder MimihGo &6 e prefapably 3 h to 24 h,

I - 0al npbonyl, C6-10aryl -carbonyl,
mos@{e%g{%é?({ﬁ@g? Eéshlﬁ:ﬂdéég [ 2arfyl - al koxycar bonyl ,

C1- 6al kyl -sul fonyl, or C6- 10ary| sul fonyl, such as
A&hé%e&{‘aﬂp&hgeﬁhﬁﬁ{r AW ihverftiBn rORALY o é:éorﬁﬁddﬁﬁlof thaF8rmula (V1)
- 6al car bonyl, C6-10aryl - carbonyl,
Cl- 6alkoxy carbonylR3and. I n” a~preperred enbodi ment
Act is Cl-6al koxy-carhb UPI oxycar bonyl or C6-
10aryl - C 1-6al kyl suchs t - but oxycar bonyl or
benzyl oxycar bonyl . 19 a preferredrgnbodi nent, Act is
t-butoxy- or benzyl oxyca¥kbonyl. Prepayably, the
conpound according to the fornul a (Vl{ has t he
whefeil | oW ng stereochem stry: Mre preferably, the
compound of forrmula (VI) has the follow ng
R® issCyratkylor &€, Mystoalkylef er abl y, t he conpound of formul a
(M) has the follow ng structure: A conmpound of the
R* isf @ﬁaﬂ(ylaCé Mllgennlagz}mdg@lbyj,, phenyleor rephthyl-€ gsalkyheach unsubstituted or

monsy%; Q?ﬁL%b@{ltg%F]ﬁﬁl nﬁslg,n'c?éuavkyﬁ@a &, T@hmaﬁcﬁﬁnuamymm.no,

era tors such as ali’s
haloegrp@aq/@mvy"fé@r%%tbwm inthe following. In a
preferred further enbodi nent, of the inventjon, this

Act '§;?Htaﬁ?é@t'§9 gIoHP SPIested fioman 3pinA Broteqting 9puP, Pafficular a carbamate;
or aisBlfltheredfialn shptheh pefeirddienipidensit a4dt BrandacyDorzosubetitafed sulfonyl
formula (M 11) wherein R3 and R4 are as defined for a
grou@orrpound of formula (11) and Act is an activating
group selected froman am no protecting group, in
particul ar a carbamate, Rl is hal ogen,

In a preferred embodiment, R® is C.7alkyl, preferably branched Cssalkyl, most preferably
isopropyl.

In a preferred embodiment, R* is C..7alkyl, preferably branched C;galkyl, most preferably
isopropyl.

In a preferred embodiment, Act is an N-protecting group, for example, an amino protecting
group which is conventionally used in peptide chemistry (cf.: “Protective groups in Organic
Synthesis”, 5" Ed. T. W. Greene & P. G. M. Wuts, which is incorporated herein by
reference), especially in the chemistry of protecting pyrrolidines. In the following the
terminology “Act” is maintained throughout the synthesis sequence for sake of consistency.

It is appreciated that “Act” serves as an activating group when present on the lactam nitrogen

and that after lactam opening the Act group is a protecting group.



hydr oxyl, d-ehal ogenal kyl, C1-6al koxy-C1-6al kyl oxy or
C - eal koxy-d-eal kyl ; R2 is hal ogen, hydroxyl,
woQeuads4Ryl or Cl-4al koxy, or a salt thereof; EOREPR®GAPITO
the step of lactamring opening of the N-activated
| actam | actone of fornmula (VI) or a salt thereof
defi ned above with a conpound of formula (VII)wherein
Y is a netal containing group 28ach as - Li - Mg X,
-magnesates, aryl nagnesi um species such as , wherein
R 1 and R2 are as defined herein, alkyl magnesium
Prefepext pretectisgigrloupsscdmpise Hedexatapla | (i Eh-Ovipky| thatiX mofed, dixloy

trisugé\(n{geji byrgﬂény] gﬁ%% %\%}E&E dh Bie gﬁ@ﬁlo‘?g%ﬁg‘érgmﬁe Shenyl ring is
UnSld@f"iUW@cPrfSUPSt@t%P{p@an@I rgeref QQH‘M‘IO{PFG’W‘F residies\eeg. thesesselected
fronﬁﬁ@ﬁﬁﬁ? c%ﬁﬁﬁm@%f @Q—@U—aﬁ@l rbx;a% Idg%ll&mmda‘ika‘n\wlld@ halogen,

al so formenb i nventi on
nitro ﬁ¥3§‘°c F= plgnyl- Qé&za?'é@‘yﬁ"b% dind algior ginnamy . Eesngcially
preféeiare bedzyladaarbdiiBE)bz), @MLdréryRhidhyls s caibbMd(Fnivey,e.

Pr ef di f
pengyjoky BRI T P 4TS H-oRy BTN rEort ok B RS -
adarhemtylogynacaongld (Adoc),doutrodraal§d/beg berizryl aurpylebemzh;actfyl trityl, allyl, Cy.10
alkeﬁﬂmagﬁc{?&l sﬁ;ncés allgg ?:{(9{6%0@6?%3 #%?@gﬁ%&%’g?b %X* 2%Y be silyl,
like sﬁllal#fyénlyékﬂs;)ewwnmgtpvlem>t9ﬂ huﬁvlﬂmgﬁﬂeﬂ@vlr tigthylsihd dtriisepropylsilyl,
tnme”ﬁﬁylén@eimﬂirﬁéiwl (§EM n&%bx'fQPéM be@%ﬁluﬁé&&% %‘(é!gbcﬁés‘aaﬁﬁ aryl

Kox rmst erab met hox Prefera Y
SUC'b%ﬁ]ﬂEﬁﬁ‘M S%Q?@B’lt 'slush ?ﬁé"t\“ St Vt VRIP| hydry! @rfe-Cr-alkoxy
subdtilté PPhergl, &htﬁrmﬁnwaymwethﬁrpmteﬁﬂrsambrﬁbadmbﬁ@hbrbalfonyl) or

subsf SR KSRt Belihyb o a6 o B PRy pof A grales it s referred

to DoBawia) abble Jf ch'nOhemp G4nazs @989)oammlutera(ddé/b|)ed tperef er abl y
insitu (V")

Examples for Act include Cs.4 alkenyloxy carbonyl, Ceqearyl- Cmalkyl and C,salkyl-carbonyl,
Ce10aryl-carbonyl, C4salkoxy-carbonyl, Cs jearyl-C,salkoxycarbonyl, C,salkyl-sulfonyl, or Cs
searyl-sulfonyl, such as C4.4 alkenyloxy carbonyl, Cs.iparyl-Cysalkyl, and Csalkyl-carbonyl,
Cs-10aryl-carbonyl, C,salkoxy-carbonyl, and Cs.iaryl-Cq.salkoxycarbonyl. In a preferred
embodiment, Act is Cs 1paryl-Cysalkoxycarbonyl, Cyealkoxy-carbonyl, allyloxycarbonyl or Ce.
10aryl-Cysalkyl such as benzyl, t-butoxycarbonyl or benzyloxycarbonyl. In a preferred
embodiment, Act is t-butoxy- or benzyloxycarbonyl.

Preferably, the compound according to the formula (V1) has the following stereochemistry:
N

0 “Ra

|
Act

More preferably, the compound of formula (VI) has the following structure:



wherein X is halogen such as d, | or Br, nore
preferably Br; and Rl and R2 are as defined for a
woceorwdtHidl of forrmula (VIM above. Conmpounds oPCTEPAWGA09970
(M'1) can be prepared according to nethods well known
to the person skilled in the art, in particular
hal ogen netal exchange procedures, e.g. as described
inthe following literature réRer ences descri bi ng
several different approaches: Lit. 1: for nmagnesates:
a) K. OCshima et al., Angew. Chem, Int. Ed. 2000, 39,
2481 and lit. cited therein b) K Oshim et al.; J.
Or ganonet. Chem , 1992 575, 1 - 20. c) K GCshina et

al., J. Org. Chem, 66~ 3 ( £ d) A Akao et
al ., Tetrahedron Lett.,) 47 2006); e) K
| shihara et al., Og.ptetn., 7573 005), reports

addi tion of trialkyl I\/gLiAétrragnesatc[e/(s/zt o car bonyl
groups; f) T. Mase et al., Tetrahedron Lett., 42, 4841

(2001). Lit. 2: for Gignard reagents: a) P. Knochel
Mostprefgdrably, Areyeqmpadingrof farmula (0l ha9 0@, foldgvingistattung: P.
Knochel et al., Angew. Chem Int. Ed. 2003, 42, 4438
c) Houben-Weyl, Vol. 13/2a, page/ 53 - 526d) P. Knoche
et al.; Synthesis 2002, 565, e)/. Knochel et_al.
Angew. Cherh, 118, 165 (2006), elgction Pekdiaryl My

conpounds~%._S~ Hal logt Qi ., FBW, 1205
(1987), diregt Lj | ofen exchamge Wth L nei 9)
Pat. Appl . ,2DEN{024 . AL, 2004.03,4_ 1, dire¢t

Li - hal ogen “exchHange withfTi et al h) © Feugeas, Bull.
Soc. Chim Fp-7N(8) 1892-1895 (1964); direct action of

My netal to electron rich bronmo ary oRpounds to give
el ectron rLeﬁ\wg compounds i) C. Feug | Conpt es
Rendus, 90, (1), 113-1 16 (1965); direet action of My

netal to electron rich bronmo aryl conpounds
A compound of the formula (VI) 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 an individual synthesis the preparation a compound of formula (VIIl)

Act (VIlT)

wherein R® and R* are as defined for a compound of formula (Il) and Act is an activating
group selected from an amino protecting group, in particular a carbamate, R' is halogen,
hydroxyl, Cy¢halogenalkyl, C,.salkoxy-Csalkyloxy or C,¢alkoxy-Csalkyl; R? is halogen,

hydroxyl, C4.salkyl or Cq_4alkoxy, or a salt thereof;

comprising the step of lactam ring opening of the N-activated lactam lactone of formula (VI)
or a salt thereof defined above with a compound of formula (VII)



j) B. Bogdanovic et al., Angew. Chem, Int. Ed., 39,
4610 (2000) k) Handbook of Gignard Reagents (Eds. G
wo3po7@db4zer man, P.E. Rakita) Marcel Dekker, NeRCY@PR(06/009970

1996 1) N Krause, "Metallorganische Chem e", Spektrum
Akadem scher Verlag, Heidel berg, 1996, Chapter 3 m
nGignard Reagents - New Devel opnents”, Ed. H G
Ri chey, John Wley & Sons, ChPghester, 2000. all of
whi ch are incorporated her ei n by refer ence. Typically,
t he organonetal | ic species (VII) Is prepared from
conpound (VI1') accordr Ye different literature
nmenti oned above. Usually reaction takes place in
an inert solvent, noregpréte abL& i n tetrahydrofuran,
ot her ethers or toluene, or in Vent mxtures such
glxture of ethers |ike THF %% al kanes e
W“e'i?ék 7e? MR EYNANBP IHPI YR R, VERe W@&EF?*S?]QH RA9gAYu™
spedidsssuckR@per at ure are chosen so as to bring the reaction
to conpletion at a mnimumtinme wthout the production
of unwanted side products. Typically the reaction can

Ribe '&ted at | ow tenperatures or at room
ature, such as 0 to 30 0C, nore preferably 0 to
RZZ0 - 1N \igeif R Mre skReAfRAEAIAN can be

conducted at 0 C or below, preferably - 80 to -20 0C,
alkylmoagnepiuat spegies yucrsals lrenched @GalkgiMda, -dnX, Taky)eMnlgn opCeXo,

whefeftf X %%;{ﬁd%n@ut:t‘?aélel or ng Erfo‘?é ﬁ#élféraﬂly Br taﬂd @’ I%nd 'ﬁ?%re ag defined

pr ef era , ecl al
for acq?amoewége fpRnyi® §/1ksakove s TE'ér?ﬁ??GFFdStEN/PF ch%sa\e%' theii t h

comBourik QU NIPaky | fmbeowﬁcérﬁﬁod.m&ﬂs oMie Invehtfsh. Fbr thBQ:oﬁﬁﬁ‘QiBn see
er

aisoft,SpitpvRPLr | Var QiR 56 SR LIRS g uresyed ters

i ntroduci ng an activating group Act at the |actam
nitrogen, itwas found by the present inventors that
Prefemechemnbodiments 6nIR?, Rhand Adtfernomipagnd of fopaite (VIBmantbedaken from

the definitions for compounds of formula (VI).

In a preferred embodiment, R" is hydroxyl, C_alkoxy-Ci.salkyloxy or C,salkoxy-Cqalkyl,
more preferably Cq_salkoxy-Cqalkyloxy, most preferably methoxypropoxy.

In a preferred embodiment, R? is hydroxyl or Cy_4alkoxy, more preferably branched C,.
salkoxy, most preferably methoxy.

Preferably, the compound according to the formula (VIIl) has the following stereochemistry:

Preferred examples the compound according to the formula (VIII) have the following formula:



| act one stays intact. Conmpounds of formula (VII) were
found to be inportant reagents in the above conversion
woan/048420s, t he synthesis of renin inhibitorsPCI/EP2006/009970
Therefore, in one aspect the present invention also
relates to a conmpound of formula (VII) wherein Yis a
nmetal containing group such as -Li, -MX, -nmagnesates,
aryl magnesi um speci es such a4; wherein R 1 and R2
are as defined herein, alkyl magnesium species, such

as branched G -7al kyl -My-, -M1X (al kyl)3M1l _i-, or

-CeX2 wherein X is hal ogen suchl as d, | or Br, nore

preferably Br; Rl is hal ogeq, Rkydroxyl, Cl-

6hal pgenal kyl , Clgpal koxy]-/gk Pand ;i is

al ae C dal lgl o ; argal t
(?\/@ : Rounds  mak posgi bl e to connect
o_th g y af the n i phi HN.Or_ 00 the

@o chainfin an effici®nt mannér. Preffrably Y is

By hmm;naaamya'm MyBr,

of formula (VI® e the follow ng structur
(M1b) R8 = C1.. kyl ,orpreferably branched C
(Mlc) (vild) (Mle) In one enbodi nent, conpounds
having the followi ng structure are preferred: (Vil a)
(VI1d) Preferably the conpound of formula (VM) has
Conipagndsodflferuit(VHl§ arteadbtiitsbieMréra icoinbeureie of RrmulaVvy, preferably in
compound (VI) to conpound (VII1) it is preferred to
separate conpound (VII1) in a sinple and conveni ent
manner W t hout extensiveqpurifigation techniques.
Simlar as in the work-up npound (11) it was
found that by saponifi caézi

< a 1w dﬂ&t%@r MgBr,
| still nore pre erEny MyBr. Preferably the coglgi
I

situ:

(vir)
wherein X is halogen such as Cl, | or Br, more preferably Br; and R" and R? are as defined

for a compound of formula (VIill) above.

Compounds of formula (V1) can be prepared according to methods well known to the person
skilled in the art, in particular halogen metal exchange procedures, e.g. as described in the

following literature references describing several different approaches:

Lit. 1: for magnesates: a) K. Oshima et al., Angew.Chem., Int. Ed. 2000, 39, 2481 and lit.
cited therein. b) K. Oshima et al.; J. Organomet. Chem., 1999, 575, 1 — 20. ¢) K. Oshima et
al., J. Org. Chem., 66, 4333 (2001); d) A. Akao et al., Tetrahedron Lett., 47, 1877 (2006);

e) K. Ishiharaetal., Org. Lett., 7, 573 (2005), reports addition of trialkyl MgLi -magnesates
to carbonyl groups; f) T. Mase et al., Tetrahedron Lett., 42, 4841 (2001).

Lit. 2: for Grignard reagents:

a) P. Knochel et al., Angew. Chem. Int. Ed 2000, 39, 4414

b) P. Knochel et al., Angew. Chem. Int. Ed. 2003, 42, 4438

c) Houben-Weyl, Vol. 13/2a, page 53 - 526



the lactone ring of the conpound (VII1) a transfer
into the aqueous phase is possible due to |actone ring

WwoepErHmgowher eas possi bl e by-products stay i nPCHAEP2006/009970
organi ¢ phase. By sinple phase separation followed by
acidification of the water phase a re-lactonisation is
possi bl e, which allows the isqglation of pure conpound
(VII'1). Saponification is pre?érably achi eved by
treatment with bases |ike organic or inorganic bases,
preferably inorgani c bases. Exanples include LiOH,

d) PN&Mhekat @GORSwntheeis?22008, Sf, ef erably Li OH or NaOH. The
saponification is typically conducted in a suitable

e) Psibnachat et abxangsve &hiemg | 118! %d@@@ﬁ)selgsl@lnéiﬁ?b diaryl Mg compounds
aqueous/ organi ¢ sol vent m xtures and even organic

f) Sslopl et s HeiGEIsyeles. 24c b (4980, ditact Urli@loagp exelapge with Li metal
R TSl b SHIBEA LRSI e
m PG, SR P, S0 a5t ) G R0 e

s e e T

i) C.IHaARedNEomplisdEdmis, 3R 1) biils-14@qRodd)edirrki%dtion of M? metal to
functionalities on the nolecule, in particular the Act

elébtreH Pich brin@Cdryl dodipoakdss aci ds i ncl ude organi c acids,
such as citric acid, tartaric acid, oxalic acid or
j) B. Bogdhraavicaat iatl sSAngev. Chemt, énti Bl 3@ @6¢0 @0iods such as
dilute HCl. The free acid will re-formthe | actone
k) Hemdbeoy obGrigamg ReagentsABds) G. $rIilvemad, 7.8 RakitgtMargel thieker, New
vorkhyégire to e.g. 30 to 80 C, nore preferably 40 to 60
C, such as 50 0 C. Thus a conpound of the formula

) N.(KfadMde) W&éﬁd’gal%%hb%h@%ﬂe?%é@k&ruﬂ%k@ée:ﬁ&@r%hk IHeid#bdrg, 1996,
Cl- 7al kyl - 7al kenyl , Cs-scycl oal kyl, phenyl- or
Chaptepfdt hyl - Cral kyl each unsubstituted or nono-, di- or

m) ,,E;rrié;r_mas’ré]J Esétabén% E‘I.{leeyDéjvleiocp:mle_ntA'sa,l AT Richey, John Wiley & Sons,
Chichester, 2000.

all of which are incorporated herein by reference.

Typically, the organometallic species (VIl) is prepared from compound (VII') according to the
different literature mentioned above. Usually the reaction takes place in an inert solvent,
more preferably in tetrahydrofuran, other ethers or toluene, or in solvent mixtures such as
mixtures of ethers like THF and alkanes like hexane, heptane or cyclohexane. 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 low temperatures or at room temperature, such as 0 to 30 °C, more preferably
0 to 20 °C. In one embodiment, the reaction can be conducted at 0 ° C or below, preferably -
80 to -20 °C, more preferably -80 to -40 °C, such as -78 to -50 °C, for 30 min hto 10 h,
preferably 1 h to 5 h, most preferably 1,5to 4 h, suchas 2to 3 h.

The special challenge in the case of compound (VIlI) reacting with a metallo organic species
like (VII') lies in the chemo selective differentiation between reaction at the lactam moiety

versus the lactone moiety. By introducing an activating group Act at the lactam nitrogen, it



hal ogen and/or by trifluoronmethyl; Rl is hal ogen,

hydr oxyl , d-ehal ogenal kyl, d-eal koxy-d”al kyl oxy or
woQeuBdsRoxy- C 1-6al kyl ; R2 is hal ogen, hydr oxPCT/EP2006/009970

Cl-4al kyl or and Act is an activating group sel ected

froman am no protecting group, in particular a

carbamate; or a salt thereof; is a valuable

intermedi ate of the process of6preparing renin

i nhibitors such as aliskiren, in an efficient manner.

Therefore such conpounds as well as the nmethod of
wasddnlmzli hyi thrg presentonventorsAhiat Surprisingly ority theiladtan mipgissapened and the

§0 forman enbodi nent of the invention.

artlcularly preferred exanpl es of the conpound of

Confdaﬁmﬁ & f&r}ﬂul\; @\/ It %I’éjﬂﬁn@toslﬂ lhpomééeﬁtSQﬁfhté%l/@E&wersmn

salt. Preferred exanpl es include inorganic salts such
and fhus, thesgynthesisod reiniahibiers e JP?’ﬁf%%t"hP“%%ﬁﬂ%t the peageaidnvention
alsolrklated@e a Gompbund&t feralulasevipr organi c salts, such as
primary, secondary or tertiary am ne sal ts. Exanpl es
of primary am nes incl ’de Cs: bwycl oal kyl am nes such as
cycl ohexyl am ne, prinmary a at i ¢ am nes, such as
ani line, aryl alkyl amgge Chr{‘?ﬁ? benzyl am ne and
i ncl udi ng aryl branched aIkyI es such as phenyl-

held; a hth Ietlﬂxl am ne. @réﬂ M nes [ cI u N .
wher: I|n ahf:% |(169 gro};cﬂw as ‘_%/ 'B%ﬂ']?ﬁ Fﬁq@ﬁ@ﬁg,nesmm
spedwsﬂuM1aaWInes such as dI(CI - 7al kyl) an1nes or

di cycl ohexyl am ne. Tertiary amines include N
Jbstituted (G -7alkyl, C3-8Cyd Qalkyl, phenyl,
gphenyl . 4alkyl) amines. Particularly

) erred i s the Li salt. The advantage of using the
R2”coMpound wHerdi®RMEa R\rk by difihddierdior m of the salt is

t he opportunlty to yield a solid, preferably a
alkycmygrieaiubm mleﬁmm}hiaalbrérhaéd 'C$7aﬂ@BMg¥ -MoX halkgl)MnLR, érhceX,

whe eer Qlilclulg ugﬁgg' 8 tllr?oreg g? F&‘ is F\:{x]g%/egd hydornyl Ci.

lact

f oader n € 0 u0|n YR pee
ehalomakﬂdﬁc&all@nyﬁ satllkwpxwr Sasadimwa1gailwandfrIR5ns bhaleged, hydroxyl, C..

(alkyfi OF BOMWoxd:or @ s3thtier@Sf. Such compounds make it possible to connect the

aromatic moiety of the renin inhibitor to the carbon chain in an efficient manner.

Preferably Y is Li, a magnesate or MgBr, more preferably Li or MgBr, still more preferably
MgBr. Preferably the compounds of formula (VII) have the following structures:

(\/o\ (\/ N
. ’ll
e O
~ o or ~o
(Vila) (ViIb) Rs =cC,, alkyl, preferably branched C1-7 alkyl
L é R8
o O o\ -+
<',/\/ \/j, o(\/ e o 0 M?—Ll
T v DT KT
\O@ O/ \o o]
(Viic) (Viid) (Vile)

In one embodiment, compounds having the following structure are preferred:



carboxylic acid and not part of a |lactone. Such a salt
can be obtained by standard procedures known in the
woani7/amtoas described in the exanpl es. As onePQEERRWS/009970
the salt is obtained directly fromthe saponification
after ring opening of the compound of formula (M11)
Wi th the respective base as descri bed above.
Alternatively, the free acid-8f -fornul a (VIM) can be
basified to deprotonate the g-hydroxy acid salt to
obtain the g-hydroxy acid in the salt form Typical
bases suitable for rtrhe,@alt for Q_are chosen so
that they convert phe acig to the salt but keep the

ot her functlonalltlthe Jro? M particul ar

the Act group, intg ui t able S include

i norgani ¢ bases, such as Li OH, ?\Ia0—| Ca(OH) 2, K2CQG3,

Na2CO8, My(OH) 2, MyCOBia) or organi c(vidises such as anine

bases, in particular primary, secondary or tertiary
Prefeiablydhe sereeound ef pampiadM|ahag the fellowingrativeiusmed above.

Preferred enbodi nents of corrpound (VI1'1) are also

preferred for conpound (VI/M\)/ N particul ar the
fol l owi ng stereochenistryg regerred: or preferably
a salt thereof, in particu S descri bed herein.
Preferably, t he conmpound. h;@/e follow ng formula or
preferably a salt t hereof® in particul ar as descri bed

AftePBE %bﬁ‘vérﬁor@oﬂfoﬂfdébﬁf@/lf 16" dohtfpouRd A if8 BFefé’rfeo: ) %epartate
SIS CO rrses as a fur

compPunel VIR & ST Sy RrRRI ST A S Pag st eation "
techﬂﬂ}g’@@ usichilaf ad in nmﬂv&k(dp)ﬁffcudnﬁbmd(llﬂswaﬂ fbuRd treat ey GSponlf ication of

| N 0 @)
the &bl bihe oSSR M 8'rahfefHicint aldaquRpralily PRadbif gue to
lactone ringtoipening mherpas ppssilie bwmu{:nscstayarmtramrgmcpprmsectaymgnple
pha§H %pbgratlbﬁ‘ oML B#' L &Gif ti%ﬂ aefer phaséa ¥ latctoH}S{l&P% possible,

rising reduction o I'I car
Wh'%‘@”ﬁ‘ﬁﬁﬂ@ watfoarqﬁﬂur@ QOWPIOP')d ﬁé!”)d aipﬁ'é'ﬂcaélﬁﬁiﬁeprﬁ@f ably achieved by

treatfinbWit® BEs<¥MikeE bdbanic or inorganic bases, preferably inorganic bases. Examples
include LiOH, NaOH, K,CO; or Na,COs, preferably LiIOH or NaOH. The saponification is
typically conducted in a suitable solvent. Examples include aqueous systems or
aqueous/organic solvent mixtures and even organic solvents such as alcohols or toluene,
whereby alcohol/water mixtures, such as ethanolic/aqueous solutions, are preferred. After
phase separation, the aqueous phase is typically acidified to protonate the y-hydroxy acid
salt to obtain the y-hydroxy acid in the free form. Typical acids suitable for the acidification
are chosen so that they are stronger than the y-hydroxy acid but keep the other
functionalities on the molecule, in particular the Act group, intact. Suitable acids include
organic acids, such as citric acid, tartaric acid, oxalic acid or similar acids, or dilute inorganic
acids such as dilute HCI. The free acid will re-form the lactone moiety of compound (VIil),
preferably by heating the mixture to e.g. 30 to 80 ° C, more preferably 40 to 60° C, such as
50°C.

Thus a compound of the formula (VIIF’)



This process step as such, also forns an enbodi nent of

the invention. Simlarly, this reaction can be
wopetds4red by using the conpound of fornula (VYCHEP2@6/069970

salt thereof as the starting material. Preferred

enbodi nents for R3, R4 and Act can be taken fromthe

definitions for conpounds of fornmula (VI) and

preferred enbodi nents for R1-4Rd R2 can be taken from

the definitions for conpounds of fornmula (VIII).

Preferably, the conpound according to the formula (IX)

has the foll ow ng ste? eochem stoH/: Rhe reduction to

the C8 net hyl ene noi vari ous
means. Typi caNe, i G eduction with
a hydride can jhe efjpl oygd and wheneverl the term

"reducti on'gzi$u in BenerMi_terns % this
application, it enbraces both &¢%ydrogenatitem)and a
reduction with a hydride. Possible conversions and
whefeirt er nedi at es are shown in Schene 2. Each process step
,.as such as well as the respective intermediates al so
R” i Grrakalror évpenglogiktk of the i nvention. Schene 2: Routes
,.to conpound of formula (1X) The reduction to conpound
R™ i $oxqplkylafrzrtkseele -y elnakyli Riieayls priarbthyt-epaliy! gachiupgubstituted or
mon1, &P Br M-§UbstittRd®YIC,ESIRATICHLIN, O @, 4IRYIarBfo 2d1-C, salkylamino,

61 GPr - bslROTYTT SSRATICABIR) M T
nalog SN < 1. 7alkyl - Co- 7al kenyl
1. .G3- Yl - hthyl,- - 4al N
R" i TRSH b ) cpndER A, LR S e of Gy e e
2: 1 i trifl thyl ; Rl i
R B AR GO AR 0 i oyl

Act @'ah)élcﬁ\)h‘ﬁné’g;\dgf)'ksglﬁbt‘ée)fr)bndarﬁ%fﬁﬁ|p'rot&inb%rcﬁr%', P3RARicular a carbamate;

throxeyI .. ~or Cl-4al koxy: and
or a salt thereof; is a valuable intermediate of the gro

as aliskiren, in an efficient manner. Therefore such compounds as well as the method of

cess of preparing renin inhibitors such

obtaining compound (VIIl) using this intermediate (VHII') also form an embodiment of the

invention.

Particularly preferred examples of the compound of formula (VIII') include a salt, namely a
carboxylate salt. Preferred examples include inorganic salts such as alkaline and alkaline
earth metal salts, such as Li, Na, K, Mg, Ca salts, or organic salts, such as primary,
secondary or tertiary amine salts. Examples of primary amines include Cs scycloalkylamines
such as cyclohexylamine, primary aromatic amines, such as aniline, aryl alkyl amines such
as benzylamine and including aryl branched alkyl amines such as phenyl- or
naphthylethylamine. Secondary amines include N di-substituted (C,_salkyl, Csgcycloalkyl,
phenyl, and/or phenyl-C,4alkyl) amines such as di(Cy_7alkyl) amines or dicyclohexylamine.
Tertiary amines include N tri-substituted (C,.7alkyl, Cs.scycloalkyl, phenyl, and/or phenyl-C;.
salkyl) amines. Particularly preferred is the Li salt.

The advantage of using the compound of formula (V1il) in the form of the salt is the
opportunity to yield a solid, preferably a crystalline, material that is easier to handle in the

production process. Another advantage is that a broader range of reducing agents can be



Act is an activating group selected froman am no
protecting group, in particular a carbamate; or a salt
wouehgrddf0 Conpounds of fornula (X) were foundPC®/ER2006/009970
i mportant reactants in the above conversion and, thus,

the synthesis of renin inhibitors. Therefore, one

aspect of the present invention also is directed to

conpounds of forrmula (X). PreP8rred enbodi nents are

the sane as for conmpound (VII1). The al cohol

functionality is typically epinmeric and both epiners
emploged e thesredadtiod .of feadSecabodny) gmhp whenpeltticabayt diangpittoda
carb ltc ag h%oé@gn dBsialidge f ol  owi ng stereochem stry:

era conmpounds of fornmula (X) have the
foll ovv| ng structure: When enploying the single step
nmet hod, the reaction al so proceeds via the al cohol (X

Such\Bisgi cé?rﬂﬂe BStains® b@&@ﬂdarafyr&cea@:@smhmn inQh& RY¥RA bs B@sﬁ:nbed in the
car bon noi e toamst | en nction in sition

exa’Bﬁ"@? e'?‘%BP%/”‘FHl? hﬁ saltls ‘15’?%‘@?" ‘5’8{-‘1 fop e %380'518"3(“8“ EE%’d Ing

opefifigofthé ebmbcblmdtdf toimuiat (Va8 with thév@spadtiee ué@ asdestilibedi dbove.

Alteﬁ@{]t | Cﬁ}?afl; { hgq %r f grﬁlééswdlll bgaglete{,%ns\é'gp%?g tonate?he y-hydroxy acid
salt fb)/dbta]@ eHealk hydroxy Hyidrio gmttlf@m tTWpicapbdsgs baitadRe bl @ealt formation

are qrobel b iab ey Sondaife B R RaRBlReh ¥ Wt fyyatonaitin gn the

moletsily Iriq:anmular thecAxdt gl'qupt infacb u$wtableftmsablnylude inorganic bases, such as

LiOH ?\Iﬁ}-gg?a&gﬁgyK aﬁégtﬂﬂ%h@%% ??j%%gk?’s & such.as amine

basesatrmaymu)ar panWesquodaru@r tepliaty amine baseslin mrtlwlaitthmmns
mentiBicd ape¥é de, rhodi um conpl exes, rutheni um conpl exes
and zinc oxide, nore preferably palladiunC platinum

Pref@r?écﬁém@éduﬁbﬁ&|of1é5ﬁ1;56€ﬁ1§|(vm?§hl‘éﬁalsth;SreB?EQYor%b F@und q&ms} In
ecaays IS pre erab

alladium C. T
' pamﬁ%‘@@%%'&%ﬂ&ﬁ%ﬁ?ch&fﬂ Isfryig,PeREedhor e preferably 5 to
10% The reaction can t@ conduct trmspherl c or
el evat ed pressure, suchjas a pre Rbf 2-10 bar,
e.g. 5 bar, n jGH conduct ed
at

or preferably a salt thereof, in particular as described herein. Preferably, the compound has
the following formula

or preferably a salt thereof, in particular as described herein.



el evated pressure. The hydrogenation takes pl ace
preferably in an inert solvent, nore preferably in
woreqr/epizdr of ur an, tol uene, nethanol, ethanol &OWERRG/009970
m xtures of this solvents with water are possible. The
reaction tinme and the tenperature are chosen so as to
bring the reaction to conpletion at a m nimumtine
wi t hout the production of unnd®ted side products.
Typically the reaction can be conducted at 0 Cto
reflux, preferably O to 100 C, nore preferably 15 -70
In a frefertedfulter em®odin@nt 6fdhe B®emtion, this syAthlesis sombrises &8 dfuttiber step
or adaflindlyRIEES {hgelgttﬁeo ArdBSh 4B u?ﬁg g%’on‘?\B%Bﬁr late to
ehsUre conmpleta: conve sl on, suc to :
Al ternatively the carbonyl noiety nayobe first
converted to an al cohol (X) by reducgdon with a
conpl ex hydri de and t hen subjecte= tq further
reduction (h ~G@m pound of
formula (1X). Thg
t akes pl ace unde S0
functionalitirg he nnlecdfe\+ﬂﬁact, in _particular
the Act group and the | actone noiety ee L) . ™
whete@f Rhﬁtﬂm@e aetdeﬁﬂled, foda Eorﬁpmﬁh&morﬁﬁmmﬁ R' afid RG 5%8é7's)deﬁned for

a coppgund o GAEE SMpedg itk is 7 ivatg ofuBrsafeodiimm o Smind

protextigg grosiphie paficetar e tarbhirater dsa sdlt tBegafhicomflisng sa:duyt)o,n of the

benﬂﬁé‘?ﬁgo%ﬁ t|h% ééggg\ﬁdtadé?&guuoélﬂg‘ats Id¥ér%? ﬁ%gé‘&t A ﬁ%ﬁyleﬁe moiety.

This@foags$ slep as suech @Wﬁ@mwmd@nwtmtmem@nm @lm@;lthls
reach%nr Wﬁéﬁ%ﬁne& Eiggélk%?@rbomfobﬁd' Gﬁbm%{ﬂﬁf ") of é"galt thN%W as the

ymal kowski, " "Kat al yti sche

Startl‘}?dP‘?t@’r'%ngen" Ferdi nand Enke Veriag, Stuttgart, 1965,

pp. 103-1 14, 121-125, 126 - 144 c) O H Weeler, in
"Chenlstry of the carbonyl group", Ed. S. Patai,

Preferr t<Je érﬁgoaerﬂgr?ts foN%\W I)«mand Act can be taken from the definitions for compounds
of formula (V1) and preferred embodiments for R' and R? can be taken from the definitions for

compounds of formula (VIll). Preferably, the compound according to the formula (1X)

has the following stereochemistry:

The reduction to the C8 methylene moiety can be achieved by various means. Typically,
hydrogenation and/or reduction with a hydride can be employed and whenever the term
“reduction” is used in general terms in this application, it embraces both a hydrogenation and
a reduction with a hydride. Possible conversions and intermediates are shown in Scheme 2.
Each process step as such as well as the respective intermediates also form an embodiment

of the invention.



1966, Chapt. 11. d) R H Mtchell et al., Tetrahedron
Lett., 21, 2637 (1980); e) R T. Blickenstaff et al.,
WOTPeavehedr on, 24, 2495 (1968); The reduction t POTERRI0E/009970

takes place in the presence of a suitable reducing

agent selected fromL-Selectride, lithium
trial koxyal um ni um hydrides, for exanple, |ithium
tri-tert-butyloxy alum ni umh%rlde [ithium

triethyl borohydride (super hydride(r)), lithium
tri-sec. butyl borohydride) or lithiumtri n-butyl
borohydride (Lit.: A -M Faucher gt al.,
Tetrahedr. Let., 39, | . M Larcheveque et
al., J.C.S. Chem Co @ 3 (1985)), or Iithium
tri-te/tbutoxy al unmisitw hydr#'te.
t et raal kyl - ammoni unbor ohydy.j des, Zn(B
by addition of a Lewis acid |ike CeCl3 t
The reduction takes place preferably in an™
solvent, noge preferably in tetrafydrofuran,
et yane or 1ol ueng or i 'Rg(tures of_this
|n_'lIHE/vva o arfol/ wat'er _ (1 € yas ?
wal er<gpl ubl e subkstrat es’ witfy NaBH4 or & RN,
t et papl kyl ammoni um bor ohxdgj de) . Lit\x Fieser & %)
Fi eser, VoN Xl |, page 441 , and ot her oI unes. :Ee

2,and NaBH4Or

&
o
ES

reaction ti apd the tenperature areochQsen so a
bring the rea

WI;I;,hOUt t he, producti onf of umhaft ed si de produc

Typl e red uebed QDIZD/EM
R f.er ab| te 1Q C, onore pref y r20mg
R*

dw such as 30 - 60 M,Q“,fﬁggwl to 48 h, pref abI Y 2
9, 12 h, “qost preferablyShtoGh Asthe x”t‘L
step the al cQhol (X) ms furthQ,r reduced to a ce ound

of formula (I «Jhis lon to the nethylene’
noi ety takes pl ace c:;iH y ¢ hydngenatl 0
Hydr ogenati on typk y takes place in the

a catal yst selected froma HK8ter ogeneous catal yst &F a
honogeneous catal yst, such as W1 kinson's catal yst,
Schpmef2: Rabiey to compound of formula (1X)

o

The reduction to compound (IX) can proceed either in a single step or in two steps with the
corresponding alcohol (X) as an intermediate

)
wherein
R? is C,.7alkyl or C3scycloalkyl;

R*is Ci.7alkyl, Coalkenyl, Csgcycloalkyl, phenyl- or naphthyl-C,4alkyl each unsubstituted or
mono-, di- or tri-substituted by C_alkyl,0-C;4alkyl, OH, Ci4alkylamino, di-C;_4alkylamino,
halogen and/or by trifluoromethyl;



a heterogeneous catal yst. Exanples of the catalyst
i ncl ude Raney nickel, palladiumC, Pd(OH)2 (Perlman's
Wocea7gH4§ed) , ni ckel boride, platinumnetal or PBCEREPAWG009970
nmetal oxide, rhodium rutheniumand zinc oxide, nore
preferably palladium C, platinumnetal or platinum
nmet al oxi de, nost preferably Eal | adi um C. The cat al yst
is preferably used in an anpa £-of 1 to 20% nore
preferably 5 to 10% The reaction can be conducted at
at nospheric or elevated pressure, such as a pressure
R' isofal@gehOhyshioxyl, € ghalégepalkyl, Gogatkopy-Ef.aallatuixy ot Gesalkeay Cieaiky!;
is conducted at el evated pressure. The hydrogenati on
R ig hategenphygiexyh Cos@lid Bl G14atkonyi andert sol vent, nore
preferably in tetrahydrofuran, ethyl acetate t ol uene
Act is@nrasiating giavaisslected i0pY FHARBP PEAREYAS SEPUR; RtaFtisylapp carbamate;
or alshit hefdfvents with water are possible. The reaction
time and the tenperature are chosen so as to bring the
reaction to conpletion at a mninmumtinme wthout the
production of unwanted side products. Typically the
Compeands affiorossa (X weonidund tacbeeimpﬁrtar@reactamﬁf indlxg above conversion

and Rg&g ﬂ'geag]n eg?to?’retl)ﬂﬂﬁnﬁbltcgfgr?hé}@ﬁg é) %%Ipe]cgg' tﬁQ Pre@ggﬁﬁfdﬂtlon

alsofpdifectaddp spmppynds of formylagX). hPrefﬁJ"@H ea@og@entszate theTsame as for
comb&maqmugnmeoaummnéﬁ@ I\z/?aaawlea%&rc%e%emvgpmertsf&sn be

correspondi n ound mat eri al
solafe (eferabe e BN HCORRHIES KNG TorrH et Rur R alowino
steréothémitgh as a Li salt. Preferred enbodi nents are as
descri bed above. In a simlar manner as discl osed
above, this reaction may proceed in a % ngl e step or
- via the corresponding al cohol (X) as/an internediate
wherein R3 is C -7al kyl @f Cs-bcycl@alkyl; R4 is

G -7al kyl, C2-Rg: G cycl oa :,,pF;henyI or
napht hyl - C 1-4al K 3 ' or nono-, di-
or tri-substituted
R2
Act

When employing the single step method, the reaction also proceeds via the alcohol (X) which
can be isolated. This reaction to convert the carbonyl moiety to a methylene function in
position 8 preferably takes place under conditions so as to keep the other functionalities on
the molecule intact, in particular the group Act. The conversion to the methylene moiety
takes place typically by hydrogenation. Hydrogenation typically takes place in the presence

of a catalyst selected from a heterogeneous catalyst or a homogeneous catalyst, such as



hal ogen and/or by trifluoronmethyl; Rl is hal ogen,
hydr oxyl, Cl1-6hal ogenal kyl, d-eal koxy-d-eal kyl oxy or
WO Bas4oxy- Ci - 6al kyl; R2 i s hal ogen, hydr oxPCT/EP2006/009970
Cl-4al kyl or and Act is an activating group sel ected
froman am no protecting group, in particular a
carbamate; or a salt thereof. The conversion of a
compound of formula (VIM) to 33- compound of formula
(X') can proceed according to the nethods and
conditions as disclosed for a conpound of fornula
Wilk{ngbiV} catblyste bt prefesaldly ahetengpenedusr datdlyst. Fhafrplesiuif thet datalyst

incIJdS%%%l gﬁkéls S&iﬁﬁﬁ? %QP@ﬂrﬂ?ﬁ% h&gwétg %81 Mgsrplatlnum

con e sour
metal ¢ plgtirumigetal @X'dEA fAPCI"Mm cpmplexes, CAHNEHUD) cgmplaée%aréh@ec pxide,

moré@%?er&lﬂy bafadldnt/er ﬁ&ﬁHu@n kP8 FRMA mBAl blidd) |0F1Rlab(ey nickel, most
ed are conpl ex hydrides. These are typi cal

Pfef?fﬁe'v |Pat,94'%%(&e mhe °§I?8ﬁt 'é@‘i‘fﬁfébtxr#@%d IR 38R Ob b iR R0 )/ o,jrpore
pref§rabllyi5ao116%. NaBirdadtion gar)f\bé‘lﬁond&bfeb acbunio%bhéricg@réc&afeuqfessure
acl ds cnira

Bl NOL
suctEs apTeshtte & 211D Paf & v pambk prE At Br if et s Bl s ot
elevatied pphessaieo Vide iy diogeatioe éaies pace paferbblg ipareinert seldent, more
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Alternatively the carbonyl moiety may be first converted to an alcohol (X) by reduction with a
complex hydride and then subjected to further reduction (hydrogenolysis) to obtain a com-
pound of formula (I1X).

The reduction to an alcohol preferably takes place under conditions so as to keep the other
functionalities on the molecule intact, in particular the Act group and the lactone moiety. ee
Lit.: M. Larcheveque, et al., J.C.S. Chem. Commun., 83 (1985). Such a reaction is well
known to a person skilled in the art and is described e.g. in Methoden der organischen
Chemie" (Methods of Organic Chemistry), Houben Weyl, 4th edition, Volume IV/c, Reduction
i & ii. Georg Thieme Veriag, Stuttgart 1974, pp. 1-486 aii of which are incorporated herein
by reference.

a) R. L. Augustine, “Reduktion” , Marcel Dekker, Inc., New York, 1968, 1 — 94,

b) F. Zymalkowski, “Katalytische Hydrierungen”, Ferdinand Enke Verlag, Stuttgart, 1965, pp.
103-114, 121-125, 126 — 144 )
O.H. Wheeler, in “Chemistry of the carbonyl group”, Ed. S. Patai, Interscience, New York,
1966, Chapt. 11.

d) R. H. Mitchell et al., Tetrahedron Lett., 21, 2637 (1980); e)
R. T. Blickenstaff et al., Tetrahedron, 24, 2495 (1968);



reactivity. Especially, it was found that the
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hydrogen and a catal yst such as Pd/ C. Conpounds of
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h. Schene 2: (Xl) wherein

As the next step, the alcohol (X) is further reduced to a compound of formula (IX) .

This conversion to the methylene moiety takes place typically by hydrogenation.
Hydrogenation typically takes place in the presence of a catalyst selected from a
heterogeneous catalyst or a homogeneous catalyst, such as Wilkinson’s catalyst, preferably
a heterogeneous catalyst. Examples of the catalyst include Raney nickel, palladium/C,
Pd(OH), (Periman’s catalyst), nickel boride, platinum metal or platinum metal oxide, rhodium,
ruthenium and zinc oxide, more preferably palladium/C, platinum metal or platinum metal
oxide, most preferably palladium/C. The catalyst is preferably used in an amount of 1 to
20%, more preferably 5 to 10%. The reaction 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 elevated pressure. The hydrogenation takes place preferably in an inert
solvent, more preferably in tetrahydrofuran, ethyl acetate, toluene, methanol, ethanol,
isopropanol and also mixtures of this solvents with water are possible. 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 100° C, more preferably 15-70 ° C, such 30 - 60 ° C, for6 h
to 48 h, preferably 10 h to 36 h, most preferably 12 h to 24 h, such as 20 - 24 h.



R3 is G -7alkyl or C3-8cycloal kyl; R4 is Cl-7alkyl,

C2- 7al kenyl, C cycl oal kyl, phenyl - or
wonepiubzb - C1- 4al kyl each unsubstituted or nmoN®CT/ERR006609970

tri-substituted by OH Cl-4al kyl am no,

di - C1- 4al kyl am no, hal ogen and/or by trifluoronethyl;

R1 i s hal ogen, hydroxyl, Cl-6hal ogenal kyl,

Cl- 6al koxy- G - 6al kyl oxy or d-@arkoxy-d-ealkyl: R2 is

hal ogen, hydroxyl, and Act is an activating group

sel ected from an anino protecting group, in particular
The seduatidratoabepoond @X)s@intalsoyeoaed. wifrted evresgdomditigochrmeaung (VII)
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formul a (XI")wherei n R3, R2 and Act are as
intermediatte d above or a salt thereof conpr|5|ng

cyclisation of the be lic aIc-,oI and the am ne

noi eties of the conpo ) as defined
Rr OGOHS step as
nventi on.
t can be taken

such, al so fornp
Preferred embod s foRs
fromthe defrRzri t™éns for conpdunds of n%k (VI') and
preferred enbodi nents for RL and R2 can be ken from
wheleile definitions for conpounds of fornula (VIII). The
reaction of the conpound of the fornula (X) to form

R3 ist@Ce(aFkWJr L&icragt formula (XI) preferably takes pl ace
conditions $o as to keep the ot her

R* i opaikyp G@ldlﬁdn?lSCQ&yélbﬁkﬁDdr%ﬁW 6r md’phﬁfyt-culatkyl &ach unsubstituted or
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halogen and/or by trifluoromethyi;

R' is halogen, hydroxyl, C,shalogenalkyl, C;salkoxy-C,salkyloxy or C,salkoxy-Cqsalkyl;
R? is halogen, hydroxyl, C,4alkyl or C,4alkoxy; and

Act is an activating group selected from an amino protecting group, in particular a carbamate;

or a salt thereof.

The conversion of a compound of formula (VIII') to a compound of formula (X') can proceed
according to the methods and conditions as disclosed for a compound of formula (VIIl) above
as the starting material. Preferably the reduction is performed with a hydride source under
standard conditions. Examples of the hydride source include NaBH,, LiAlH,, LiBH,,
Ca(BH,).. Reference is made to the literature cites above. Particularly preferred are
complex hydrides. These are typically hydride reagents such as the ones mentioned above,
in particular NaBH, or LiAlH,, with chiral ligands such as BINOLs, amino acids, chiral amino
alcohols, and other chiral ligands which can form complexes with any of the above hydride
reagents. For the preferred procedures and conditions, it is referred to:

1) Org. Proc. Res.& Dev., 4, (2), 107 (2000)

2) Heteroatom Chemistry, 14, (7&, 603 (2003)

3) Synth. Commun., 34, 1359, (2004)

4) J. Org. Chem., 61 (24), 8586, (1996)
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as a Boc-group or a Cbz-group which is stable under
these conditions. The cyclisation is typically
effected under acidic conditiaons. Suitable acids

i ncl ude strong organic or inofanic acids or acidic
i on exchange resins. A suitable strong acid should
preferably possess a pKa of < 4,75. Preferred are
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or hydrogenation. Thus in a preferred further

enbodi nent of the invengyon, thi @Hsynhpem S conpri ses

as a further step or as3an indivi§dual §synthesis the

prepar ati on dtl\q_conpout ; ! XpMerein R3,

R4, Rl, R2 and Aq or a salt

t her eof con‘pé;

or preferaby a salt thereof, in particular as described herein for the compound of formula
(VIIr'). Most preferably, compounds of formula (X’) have the following structure:

syn and anti syn and anti

or preferably a salt thereof, in particular as described herein for the compound of formula
(VIII).



hydr ogenati on or reduction of the pyrrolidine noiety

of the conmpound of fornmula (Xl) as defined above to
worperg4dren and to obtain the nmethyl ene noi et y PCH/EP2006/009970

position 8. This process step as such, also fornms an

enbodi nent of the invention. The conversion to

conpound (I X) from conpound (Xl ) can proceed either in

a single step or in two or noBé-steps with the

corresponding pyrrolidine salt (XI') or the

pyrrolidine free base (XI") as an internediate (see

Schene 2). Wen conducting the conversion as a single
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al cohol s or lower alkyl anmines as known to the person
Instédd dflfig@rther RedubMgand c@ﬁﬂom ol esimial Ry dfedlly téHeb®npoaNd of formula
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formURBaX()kisishawn jn Séheeed 2:Dekker, I nc., New York, 1968,
"di ssol vi ng net al reducgion" mhlch are |ncorporated
herein by reference. V\hen Qbt ai ni ng_t he®conpound of
formula (IX) V|athe|nter [ or (XI"), the
pyrrolidine is ﬂis '

a catal yst sel ecte M a heAder ogeneous cat al yst.
Exanpl es of the Réata i ncl ude Raney ni ckel,
pal | adium C, Pd(OH)2 (Perlman's catalyst& ni cke
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R® id®shidr siceraklowngal | adiund C. The catal yst is
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halogen and/or by trifluoromethyl;

R'is halogen, hydroxyl, C,shalogenalkyl, C4salkoxy-C,.esalkyloxy or Cqsalkoxy-Csalkyl;

R?is halogen, hydroxyl, Cialkyl or C,alkoxy; and

Act is an activating group selected from an amino protecting group, in particular a carbamate;

or a salt thereof.
Preferred embodiments are the same as for compound (VIil).

Thus in a preferred further embodiment of the invention, this synthesis comprises as a further
step or as an individual synthesis the preparation a compound of formula (X})




5 bar, nore preferably the reaction is conducted at

at nopheric pressure. The hydrogenation takes pl ace
wopnefesably in an inert solvent, nore preferaBCy/EPR006/009970

t et rahydrofuran, toluene, alcohols such as nethanol,

et hanol and al so m xtures of these solvents with water

are possible, nost preferably nethanol, ethanol and

al so m xtures of these sol venB&-with water. The

reaction tinme and the tenperature are chosen so as to

bring the reaction to conpletion at a mninumtine
whergirnt RO, Rh & pndddicire an definedrabane, e asall thepead chomipsising cyclisation
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invedtonh, preferably 20 min to 6 h, nost preferably 30 mn

to 4 h, such as 1 to 3 h. For nore detail reference is
made to Tetrahedron, 54, 1753 (1998). For other
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compainds ehfoemulbf(Vidur i ng this reaction the Act group is
split off, it can be re-introduced as described in the
preparation of the conpound of fornula (VI). Conpounds

The geadtion mifilthe (CRMppunde pt theo fonrulaoXh do iferpo theapyrralidiae tfrformula (XI1)

preférabil ht@kéasbﬁfé@e GNA¥E ﬁéhcﬁfbn@ngo as %Skeetphﬁ\esbflﬂéh ﬁﬁicﬁorglltles on the

renin i nhibitors. herefore, one aspect of present

molgcyipdRtart n" i %Slidgfeéﬂhit&l@ag lﬂ@ '@@ﬁ%lﬁfe@n%or‘f erth%l panzylic alcohol
occurXlfollowed >ﬂy diminadnedMwaRr ité g@% 4 6Helﬁi)lllccharbocatlon which is trapped

ntraS3iag Y BUNETIToRSAATI COBPoSHE HIR 7 A6 HOFANEp as:Epp aroup or
Cbzgnsupheiith iststableounded tizse cdndities. t‘l'mle-cqclfsaliod ig tygically efiéctéd under
acidi%'cA'o%ldlfiXLsa.lmgluﬂable acids include strong organic or inorganic acids or acidic ion
exchange resins. A suitable strong acid should preferably possess a pKa of < 4,75.
Preferred are organic acids such as tartaric acid and oxalic acid, or aryl or alkyl sulfonic
acids, mineral acids such as phosphoric acid or phosphonic acid, or acidic ion exchange
resins such as Amberlyst or Dowex, such as Dowex 50WX2-100, 50WX2-200, 50WX2-400,
more preferably the reaction is conducted with an acidic ion exchange resin. When using an
organic or inorganic acid the reaction is preferably conducted under anhydrous conditions.
The reaction can be conducted in any suitable solvent, preferably an inert solvent such as an
aromatic or a halogenated solvent, more preferably methylene chloride or toluene. 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 10 to 40° C, more preferably 15-30 ° C, such as
room temperature, for 1 min to 12 h, preferably 10 min to 6 h, most preferably 30 min to 4 h,
suchas 2to 3 h.

The pyrrolidine of formula (X!} is then in another preferred embodiment of the present
invention converted to the compound of formula (1X) by reduction or hydrogenation. Thus in
a preferred further embodiment of the invention, this synthesis comprises as a further step or

as an individual synthesis the preparation of a compound of formula (1X)



hal ogen and/or by trifluoronmethyl; Rl is hal ogen,

hydr oxyl , d-ehal ogenal kyl, Cl1-6al koxy-C 1-6al kyl oxy or
WO Beboxy- C 1-6al kyl; R2 i s hal ogen, hydr oxPCT/E®R006/009970

Cl- 4al koxy; and X is an anion such as a halide,

trifluoroacetate, sulfate, nitrate, oxal ate,

sul fonate, triflate, phosphonate or phosphate,

preferably a halide, trifluord8cetate, sulfonate,

phosphonat e, phosphate or oxal ate.Preferred

enbodi nents for R3 and R4 can be taken fromthe

definitions for conpounds of fornula,®Vl) and

preferred enbodi nents for RL and R an be taken from

the definitions for conpounds of la (VIIT1).
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When conducting the conversion as a single step, the reaction preferably utilizes metal
initiated reduction. Typical metals employed are alkaline or alkaline earth metals, preferably
Li, Na, or Ca. Such reductions are typically conducted in liquid ammonia or similar reaction
conditions like lower alkyl alcohols or lower alkyl amines as known to the person skilled in the
art and as described e.g. Houben-Weyl|, Vol. X| /1, page 968-975, and also Houben-Weyl,
Vol. 4/1¢c, pp. 645 — 657, and R..L. Augustine, “Reduktion” , Marcel Dekker, Inc., New York,

1968, “dissolving metal reduction”, which are incorporated herein by reference.

When obtaining the compound of formula (I1X) via the intermediate (XI') or (XI”), the
pyrrolidine is preferably subjected to hydrogenation. Hydrogenation typically takes place in
the presence of a catalyst selected from a heterogeneous catalyst. Examples of the catalyst
include Raney nickel, palladium/C, Pd(OH), (Perlman’s catalyst), nickel boride, platinum
metal or platinum metal oxide, rhodium, ruthenium and zinc oxide, more preferably
palladium/C, platinum metal or platinum metal oxide, most preferably palladium/C. The
catalyst is preferably used in an amount of 1 to 20%, more preferably 5 to 10%. The reaction
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 atmopheric pressure. The hydrogenation
takes place preferably in an inert solvent, more preferably in tetrahydrofuran, toluene,
alcohols such as methanol, ethanol and also mixtures of these solvents with water are

possible, most preferably methanol, ethano! and also mixtures of these solvents with water.



conmpounds of formula (M 11). Instead of further

reduci ng the conpound of formula (X) directly to the
woceogatHrd of formula (1X), the conpound of f oPGHIER2{0K)N09970

may be alternatively converted to an acti vated

conmpound of formula (X" ) . Thus, in a further

enbodi nent of the present invention, this synthesis

conprises as a further step of%s an individua

synthesis the preparation a conpound of fornula
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wherein
R®is Cy.7alkyl or Cygcycloalkyl;

R* is Cy.7alkyl, C.7alkenyl, Cs gcycloalkyl, pheny-1 or naphthyl-C,4alkyl each unsubstituted or
mono-, di- or tri-substituted by C,4alkyl,0-C,alkyl, OH, C,4alkylamino, di-C4alkylamino,
halogen and/or by trifluoromethyl;

R is halogen, hydroxyl, C;shalogenalkyl, C;salkoxy-C,.calkyloxy or C,salkoxy-Cqsalkyl;
R? is halogen, hydroxyl, Ci.alkyl or C,_alkoxy:;

and X is an anion such as a halide, trifluoroacetate, sulfate, nitrate, oxalate, sulfonate,
triflate, phosphonate or phosphate, preferably a halide, trifluoroacetate, sulfonate,
phosphonate, phosphate or oxalate.



R10 , aral kyl, aryl, substituted aryl (especially

subst. wth EWG substituents such as F, CF3, NO2 or
WOS@aHE42h or SQRaryl.), Oalkyl, O aryl, NH RPOT(BRR@G6H09970

R10 can be al kyl, aryl, aral kyl, benzyl, benzoyl,

subst. sulfonyl. In all cases an EWG noiety, such as

one ore nore F or CF3, should be part of these

resi dues. The attachnent of afilactivating group like

Act " can be achi eved by reacting corn-pounds of type

(X) in an aprotic, inert solvent |ike toluene, THF,
PrefaiBiEemBb@hentsdor B laod Rtetaharectaken romvihe liefimitiersi fdr compounds of

[ A r Iy dri deo ”
formi13) (Vo pr BT REbATRIAANKAERE R Son bR oA the,getnitons for
compeuygs oftermdla (¥Hl).phosgene derivatives, or carbonates,

or isocyanates, or benzoylisocyantes or

sul fonyl i socyanat es. The conmpounds of fornul a QX")‘can
Compaunfishaf ESAVE (80 Were RisocBipdUAdRe dmPetantnipactantk)in the above
convERih arfd, ahus| Elfe%’yhmésiﬁ \&F tM@T inRiblerEl] Wﬁ&bfdﬁé,fdﬂé&ﬁpect of the present
. invention, t synt hesi s .conpr s as a further step
invenion also iy gir?ﬁi?ci/ﬁ) p°§9$ﬁ %é%rfrg’% @%pr eparation of a

conpound of formula (1 XR3yherein R3, R4y Rl, R2 and

5 piér eof |

poud of fermula (X') as
defi ned above to ob he nef hyl ene nBi ety in
position 8. Thi cE step as such, also fornms an
enbodi nent of the invention. The process conditions
can be chosen in a simlar manner as fQ@”)t he
conversion of conpound of formula (X) to a conpound of

whefedt mul a (1 X). As a further alternative approach, the

,.compound of formula (X) may be subjected to
R” is Greyplknll 45 Ssetycl@alkylcygenat i on (reduction) to yield the

.. C und of forpgula (IX). Radjcal sed reductjons are
R* 5 GBIy ey s Fer R B ot B RO welh ack PhgwSlted o
monu$s dalok tri-subgtitatedby G Ly, O-@djati@l, GH)YOgLatedamaihe, di<C,_4alkylamino,
haloﬁgﬁgﬁd%reo@’tri?{miré:nr\]ethﬁ' reduced by reconbination with a
ydrogen ’

R' is halogen, hydroxyl, Cishalogenalkyl, C,salkoxy-C,.salkyloxy or C,¢alkoxy-C,ealkyl; and

al cohol noiety o

R?is halogen, hydroxyl, C,4alkyl or C,_salkoxy.

Preferred embodiments for R® and R* can be taken from the definitions for compounds of
formula (VI) and preferred embodiments for R' and R? can be taken from the definitions for

compounds of formula (VIll).

Instead of further reducing the compound of formula (X) directly to the compound of formula
(IX), the compound of formula (X) may be alternatively converted to an activated compound
of formula (X"" ). Thus, in a further embodiment of the present invention, this synthesis
comprises as a further step or as an individual synthesis the preparation a compound of

formula (X”).



radical. This leads to simlar reducibility of both
epi mers of the conpound of formula (X) in this case.
WOThI®4542m an al ternati ve enbodi nent of the i nPEMEPANS/009970
this synthesis conprises as a further step or as an
i ndi vi dual synthesis the preparation a conpound of
formula (I X) wherein R3 and R4 are as defined for a
compound of formula (11) and-A8t is an activating
group selected froman amno protecting group, in
particular a carbamate, Rl is hal ogen, hydroxyl,
Cl- 6hal ogenal kyl , C1- 6al kRXtV' G .6alk
C . 6al koxy- Cl- 6al kyl ; R B3 hal ogs:
salt thereof; conprisirig
conpound of 0 7P e srerh to a
t hi ocar bonyl
same to radical ‘ to obtain the compound
of formula (RX) . is process st as suc | so forns
an enbodi ment of the invention. The thiocarbon
whetin RV and Rbarezas definethipr R sompourtd af ermbtar(yl), Ri@nd Réaresas defined for
a collpBURd bftotrilfa ?JIFIQ, Abi it aklaetivalhg PI%Gb S8bkctBEREA an amino protecting
de- oxgenation. Preferred exanples are )
grouphinIAGHCHIRP & FatbeEIate GBH ALK i A BISStEINyWitheleawing gfoyesor a salt thereof,

comphdif 8driveritnsof tftsdhzf: af@hoheritRS corffouhfloPRARAE RYY R ®Sined

Particul arl referred js a thiopnocabanmate of fornul a
aboySlgnarhiated o8l e Thistalers SRPABaUrbrS woban e rapound of
formafa (X0), aisb dor(n dn) erabsticAent df thesinvemtibn.vat i ng gr oup

sel ected froman am no protecting group, in particular

a carbamate, Rl is hal ogen, hydroxyl,

Pref@te® bmbodjmentskyl R®, B* -l Acdxgn 62 t8@hKronolog definitions for compounds

- eal N | - i h -
of K Sk SRR o b By 20l 4 0 M Bt s o
compawsistoh farmplag¥tiint s in t he above conversion and, thus,

the synthesis of renin inhibitors. Therefore, one

aspect of the present invention . ) _

The aclivating group Act™ should be an electron withdrawing group according to literature (F.
J. McQuillin, et al., J.C.S., (C), 136 (1967) and Houben-Weyl, Vol. 4/1c, pp 73, 379-383.

For example trifluoracetyl, or similar electron withdrawing groups. Such electron withdrawing

groups like —CO-CF;  or -CO-C,F,, wherein Cn stands for a saturated carbon chain of 2 to 8
and mis 1to 12, enhance the hydrogenolytic cleavage of benzylic carbon—oxygen bonds by
a factor 30 — 70 or more compared to nonactivated benzylic OH-groups. Therefore an Act™'-
group should be of the type Act”” = -(C=0)-R?®, where R®can be substituted alkyl, alkyl-oxy-
R, aralkyl, aryl, substituted aryl (especially subst. with EWG-substituents such as F, CF;,
NO; or SO,alkyl or SO.aryl.), O-alkyl, O-aryl, NH-R'® (where R'® can be alkyl, aryl, aralkyl,
benzyl, benzoyl, subst. sulfonyl. In all cases an EWG moiety, such as one ore more F or CF,,
should be part of these residues.

The attachment of an activating group like Act’” can be achieved by reacting com-pounds of
type (X) in an aprotic, inert solvent like toluene, THF, TBME, EtOAc, di-chloromethane, etc.
with an acid halide or a symmetrical anhydride of the above mentioned carboxylic acids or
mixed anhydrides with other acids, or phosgene derivatives, or carbonates, or isocyanates,

or benzoylisocyantes or sulfonylisocyanates.



also is directed to conpounds of formula (XV).

Preferred enbodi nents are the sane as for conpound
WOQMI7IHF420 The al cohol functionality is typical PET/EP2006/009970
epi neric and both epiners can be isolated. Preferably,

the conpound according to the formula (XV) has the
follow ng stereochem stry: For the transformati on of
the benzylic al cohol to the tAPoncar bonyl derivati ve,
met hods known in the art may be enpl oyed. For
t hi onocar bamates, in particular the conpound of
The tompuorirals (OKiymgladX'8.cgn thenebenenientisi ta shedasapaubdsiof farmula (1X).

;
ThuR e iRl 8o RS huciioN R ResiccorfRRl os o further
stepgi @R ap éndidgdiiahsitnéhesisdbe ere@aralgem eka sompoungef mnplam%% 0

Jang, Joseph Cs. Jaszberenyi, Tetrahedron Letters

1990. 31 3991; for thinocarbonates gde e.g. MJ.

Robins, J. S. WIlson, J. oc. 1981 . 103,

933 and I\/U %bl ns ,Chem Soc.

1983. 105, 4 “oRygenation is

performed using Jar d t hooI ogy, in particular

Barton. MCo xondi tiofls asNforth in the literature

references for the thiocarbonyl d¥fivativenpfornation.

It is preferred to use either Bu3SnH or
whetein Bt tR*j RERAphd Aclyar asidefimresl aove, ar adalt theged gmniprisidgen

i [ "
nyersbiiitbh SPRIMoR or ol R A0 st PRSP B BT AA R o)
as dghinegiababg tn obtgn theppetbiyiene moietisinmgsitiore8. This process step as such,
ansotfam(énré%mérﬁlo#mb).nveﬁt.érane see e.g. Dietmar
hummer, Gerhard Hofle, Synlett. 1990. 705.
AI ternatively, catalytic anounts of Bu3SnBH in the

The Pro6&3C Eoridfitions WaRehe rchBsEH MY aagifibr nfangler MaBbK thatoleersion of

comgpBiet iR ot rermpen e rebBI o ¢ o so useful for

the reduction step, see e.g. DD H R Barton, P.

As a?g}s{g%eérl éahnaltlve %;L{rggcﬁmécn mrri%agnti@%gffg‘ﬂﬁjlg é%)gmg%be I§|ubjected to radical-

bas&ade@nygenatlcm (rgdustjon)Jto Yeld thesohweend, of foTmulaal®dr Badical based
redu%@&% arégless7 En%%e t@‘@ér&b&{é%car QFtr G RIRINCE - usHyCh PRAYE carbon

been used radi cal
radical mtermedlate |s generated, which is reduced by recombination with a hydrogen

radical. This leads to similar reducibility of both epimers of the compound of formula (X) in
this case.

Thus, in an alternative embodiment of the invention, this synthesis comprises as a further
step or as an individual synthesis the preparation a compound of formula (IX)

R2
Act (|X)

wherein R® and R* are as defined for a compound of formula (Il) and Act is an activating

group selected from an amino protecting group, in particular a carbamate, R' is halogen,



based deoxygenations in the literature, such as
di al kyl phosphites, hypophosphorous acid and its
wWogeltes428ee e.g. T. Sato, H Koga, K. Tsuzuki PCT/EP2006/009970
Het erocycl es 1996, 42, 499, as well as 2- propanol in
the presence of dilauroyl peroxide, see e.g. A Liard,
B. Quicklet-Sire, S. Z Zard, Tetrahedron Lett. 1996.
37, 5877, are also useful to-4thieve the desired
deoxygenation.It is also possible to directly obtain
the conpound of formula (X) froma conpound of fornula
hydrogl,) Ciuhalhgertalkyt O gelkaxg-Cakalkyigxyi antCrkatkeakyal.qslk@sR%is halogen,
€ j referred alternative
hydrgﬁg dMEIkiI%/orﬂgl? %&y *Za“éagt.thé}eéf b

ention, this synthesis conprises

comPrisify fraHskdMatic @fﬁh@&orﬁﬁouﬁ‘\e of ﬂ)‘%?ﬁl‘a‘&%s SREARSleh tBQGIalocarbonyl

preparation a conpound fornu erein
de”‘ﬁ&'V%\?%d subsgayente gubiegting Séfﬁ‘ﬁ}ﬁ‘b Lﬁﬁ’dfabpasfeérf agHcton o gbtginthe
compP&iindl 6F feMuBCIX)Y Phhib PEbcBEPBp SEERML b foFrREThRBMBBdIMENt of the
rotectlng group, In particular a carbamate, Rl is
uan ogen, hydroxyl, Cl-6hal ogenal kyl, d-sal koxy-Gi -
al kyl oxy or R2 i s hal ogen, hydroxyl, or Cl1-4alkoxy, or

I je conp ng t he cta
e dnBRrhg ORGP koA, RioER By BN i, m the
suitab\d for sadical-based dérexgamaticiefl Preferretbexaanpies areathpongasbamdates, such
as IFRIEa%d:Nl%E iatived, ltﬂl&ﬂ?ﬁ@\sn sUcH & ?anﬁ?att% of ok AbBeates. BHhicularly
nesat es nmagnesi um speci es
Pfef%fLQShSaéh'O"%Qé?féPtﬁ qufOImaHdXF@Z are as defined herein,
al kyl magnesi um speci es.such as branched
Cl- 7al kyl - My-, - MnX, ) 3WnLi-, or -CeX 2 wherein
X i s hal ogen such as ,JI or Br, nore preferably Br;
and R1L and R2 are as fined for a congpound of formula
(X) above, to obta$ compound of fglmula (VIM), or
a salt thereof, as defihed above,ofe | owed by
reducti on of he benzyllc car bonyll gryup,of the
conmpound of R

inve

H-N
R ~
Act (XV)
wherein R® and R* are as defined for a compound of formula (ll) and Act is an activating

Agroup selected from an amino protecting group, in particular a carbamate, R’ is halogen,
hydroxyl, C,shalogenalkyl, C,salkoxy-C;salkyloxy or C,ealkoxy-C,salkyl; R? is halogen,
hydroxyl, Cq.salkyl or Cqalkoxy, or a salt thereof.

Compounds of formula (XV), were found to be important reactants in the above conversion
and, thus, the synthesis of renin inhibitors. Therefore, one aspect of the present invention
also is directed to compounds of formula (XV). Preferred embodiments are the same as for
compound (VIlIl). The alcohol functionality is typically epimeric and both epimers can be
isolated. Preferably, the compound according to the formula (XV) has the following

stereochemistry:



salt thereof to obtain a conpound of forrmula (X ), or

a salt thereof, as defined above, and | actonization of
wouehw/esipound of formula (X') to obtain a conpOuUMd2wH/009970

formula (X). This process step as such also forns an

enbodi nent of the invention For this conversion, see

al so D. Savoia, et al. % Chem , 54, 228 (1989),

and literature cited there PAaferred enbodi ments for

t he compounds of formulas (M), (VIil), (VIH), (X )and

(X) can be taken fromthe definitions for each of

t hese conpounds as defi nyabove. Mst preferably both
compounds (VIM) and (X”) pre used in the salt form
in particular as the Li t. For the conversion to a

conpound of fornmula (VMIN') to a conpourg of formula
(X) the sane or sim nmet hods as desgri bed above

i ndividually for each colgversi on c&iDe enpl oyed,

a compound

of formula (Vi) t
including salt fo
(VIT1"), and fgdth Conver si ol T N compound of
formula (X'). For this last step i A particular the
met hods as disclosed for the conversron of a conpound

For@’- {gﬁ% d’r%%ro glie)eq,ebgw@ #cr?gglqg e tglfé)n{;agg ﬁ%ri]vatr\)e me?hocg known
in the@ridnayi tomemalsyerb rftar Unetbcaﬂnen'etes inrpaitiedian thet doeployold oidfermula

| ex.
v SRAEG e R R00S0 DO BRI ! HiR BAlfbr St e HE ofibie, .
Chew). Spe.f Berkint Frans. 4c19%8e 1584, &rjhiogarkenyiscayabl ag xanthates see e.g. Derek
H. RPBSHEH, @ib'obrb)’an'aei’éée q c:‘shfasEix-i&IeM{1 eTettr%hgdrgn Léﬁeéat%) 313991 for

mor e preferabl
thinegarkhginateg saelpta: R°§>!R§hJ a5 WHspo, Jaé‘mal iCé'e@oﬁm t.r.&!r-s’oé’5933 and

M.J HEUBIMR, Jnstvhﬁ;oﬁfj ARS1CHInE SBc. BNV 4660 ds such as
citric acid, are enployed for the [actonization. In a

preferred further enbodi nent of the invention, this

A R R C A R R —
Bartbo.MtComb{eXdoniitinfeaseiorth RBtha itk rdtdreaeferemses fof theattiotarbomy!
derivatl® Po%gtro(?wf II i8] pe‘rer?ec‘ IIOILPSB emer% Smoratrrig(trﬂﬁetqﬁgiiyﬂ-esﬂarteo sa
reducing agent. When tris(trimethylsilyl)silane is used as reducing agent, a tertiary thiol such
as dodecyl-mercaptane is added as catalyst. For conditions using the tris(trimethylsilyl)-
silane see e.g. Dietmar Schummer, Gerhard Héfle, Synlett. 1990, 705. Alternatively, catalytic
amounts of Bu;SnBH in the presence of another reducing agent, e.g. NaBH, can be
employed. Other silanes e.g. phenylsilane, diphenylsilane and triphenylsilane are also useful
for the reduction step, see e.g. D. H. R. Barton, P. Blundell, J. Dorchak, D. O. Jang and, J.
Cs. Jaszberenyi, Tetrahedron 1991, 47, 8969; D. H. Barton, D. O. Jang, J. Cs. Jaszberenyi,
Tetrahedron 1993, 49, 7193. Additional reducing agents, which have been used in radical
based deoxygenations in the literature, such as dialkyl phosphites, hypophosphorous acid
and its salts, see e.g. T. Sato, H. Koga, K. Tsuzuki, Heterocycles 1996, 42, 499, as well as 2-
propanol in the presence of dilauroyl peroxide, see e.g. A. Liard, B. Quicklet-Sire, S. Z. Zard,
Tetrahedron Lett. 1996, 37, 5877, are also useful to achieve the desired deoxygenation.



a conmpound of forrmula (VIIl) and Act is an activating
group selected froman am no protecting group, in
wopaii4sa2bar a carbamate, or a salt thereof, c®GHAP2I0GHI970
reacting a conmpound of the fornmula (1 X ) as defined
above, or a salt thereof, with an am ne of the fornula
(XI11), (wherein the am do nitrogen can al so be
protected i f desired and the-fifotecting group then be
renmoved in the corresponding protected conmpound of the
formula XI1), or a salt thereof. This process step as
Itis slgc Iposdilde td diracty alrtaipritwe dommound of farhalai(X)/feorh kaompdbmdsof formula
r y c
O Py Rl 88 28 S Dol et Fhu Py iiferec
alteraptivesrigbadimen of thedrvestion ithis synthasis eomprises &7a3Tusther stp ehas an
individual E,\r}m@rﬁéé%rtﬁé BrepBRAieh B cBpb&iEs9oRRIa &§e I N particul ar
exanpl es 124 and 131 or as disclosed in WO 02/ 02508,
which is incorporated herein by reference, in
particul ar exanple H 1 ap page 35. cparation of J1).
Preferred enboginents fgr R3, R4 gand YAct can be taken
fromthe defi RN oOF P ‘ X
preferred enbodi Rl andd R27and Act can be
taken fromthe de i ongR’f oy, \gonmpounds of formula
(VI11). PrefeRabl y;>~the conpound\agcordinﬁ%go t he
formula (XII) has the foll owi ng stereoche try: The
a6k | fer N
whef PR bRTRELE SR Ahok kPSSl HIAEE (L ARG an actiating
groupzselested, from an aminozmotagindaseura inepasiiduias atcagramate, \Reig halogen,
hydr@qﬂ,t &l RaloGerthiky), T 8k &y RS alkAbhe/ briS, ARG -BUbK)ITRE @¥hiogen,
ether, preferably in the presence of a bi funct i ona
hYd'@&'a@%&YWTQ\ﬂAKWa‘N aRaltgherealhd a weak basic group,

e. g. 2-hydrax ridi ne or oline, in the presence of
compiSlag fie HeH ot bnd oBSuyS of ety d et PRYBHoRS ol (V1)
or asHit theesof tiefiretiapbeawittea canpeyrar aipsrmatagVilenper at ur es

e.g. inthe range fromO OCto the reflux tenperature

of the reaction nixturR1:f:fj/ﬁfon10 to 85 0OC
R2

Vi)

wherein Y is a metal containing group such as -Li, -MgX, -magnesates, aryl magnesium

species such as

*
N

R2

alkyl magnesium species,such as branched C,_;alkyl-Mg-, -MnX, (alkyl)sMnLi-, or -CeX,

, wherein R1 and R2 are as defined herein,

wherein X is halogen such as Cl, | or Br, more preferably Br; and R' and R? are as defined
for a compound of formula (X) above, to obtain a compound of formula (VIII'), or a salt
thereof, as defined above,

followed by reduction of the benzylic carbonyl group of the compound of formula (VIII') or a
salt thereof to obtain a compound of formula (X'), or a salt thereof, as defined above, and

lactonization of the compound of formula (X’) to obtain a compound of formula (X).



The am de coupling to conmpound (Xl I) using a conpound

of formula (XIl1) as described above can al so proceed
WOM74342fri | ar manner as di scl osed above usi ngPCR&EP2006/009970

ri ng- openedanal ogue of a conpound of formula (IX).

Thus, this reaction nmay proceed in using the

correspondl ng conmpound of the fornmula (IX1) as a

starting material wherein R3-#&-Cral kyl or

C3-8Cyd Cal Kyl; R4 is G -7al kyl, C2-7alkenyl,

C3-8cycl oal kyl , phenyl - or napht hyl - C 1-4al kyl each
Thisipneaess sfep s sdclalsorfonms andimbodiment of the bwentiamt Eor thig conversion,

T e

hydr oxyl, G -shal ogenal kyI d- eal koxy- C*al kyl oxy or

G - 6al koxy-C 1- 6al kyl ; i s_hal ogen, r rox,gl )
PreferiedignRyqimgnts Mdh%eqmwnaﬁ obfermas (Vi (P oYY’k X apg 4y can be
takeh Tfr@gi 18 daffitins MrQialeﬁ of ﬂ@s@é@ﬂﬁbund@ aP aéfinedWbave. 8Most preferably

car bamat e t there | S proces
potrBaponis v Bl ar R st s s g Rafitar oo e Giat

conversion of a conpound of fornmula (1 X) to a conmpound
of formula (I X ) can proceed according to the methods
For thegonvangion taomeorappudid of fosveld (Vi te hsompetrshes fermua (X) the same

or sﬂﬂgﬂhgﬂo@g §? -sSHlbY )nJ WM Ry 6hdn cd?lb@?é% nlcGn Be employed

npound I's recommende pr ot ect
namPW@sﬂeé@ﬂ?@P f‘?fﬂh%??’“’éfs“ﬂ‘f@’% 8 ﬁﬁ@‘ﬂﬂ@doqf fqara}u,lﬁ',quy) t(’ |a)905npou nd of
formilad ({VIIl)ghcl E@Rt%nﬁﬂbl@{d Qﬁorﬁ&ﬁfﬁ |oﬂfbrm§bfwm§f%dﬁﬂjﬁﬁé}(&bnversnon

protecti epr ncemsr
to 2 YRGS OB B ISt Saae PG e madics e, sglqged for
the dfdi’l&éﬁsmhtosaIcﬂmbhmdaﬁwmmwer@aml;on&m?nd bfosnula ) should be
nt h ref ne. as

empiably gL e IS reBh kidiiond SE ecp feo BRRITRART g e
hydrigfe reagentd such [ax'NaBHzioe LidtH.c dndcatbo themempiexdydrideneonditines
des&ﬁeg ﬂ{eﬁ eR ggﬁ’éjgg% éé(& Poilpfﬁrn# gﬁ%ﬁ%ﬁe‘:@%l@fy of 'cBmFéunQir(ﬁ Br&i€Qbly by
heating the mixture to e.g. 30 to 80 ° C, more preferably 40 to 60° C, such as 50 ° C.
Typically, acidic conditions, such as mild acidic conditions as known in the art using e.g.

organic acids such as citric acid, are employed for the lactonization.

In a preferred further embodiment of the invention, this synthesis comprises as a further step
or as an individual synthesis the preparation a compound of formula (XiI)

/I\ct OH R4

(X1

wherein R® and R* are as defined for a compound of formula (1), R' and R? are as defined for
a compound of formula (VIIl) and Act is an activating group selected from an amino
protecting group, in particular a carbamate, or a salt thereof, comprising reacting a
compound of the formula (1X ) as defined above, or a salt thereof, with an amine of the
formuia (XIlI),



salt formas described for the conmpound of fornmula
(MIM). Preferably, the conpound according to the
WOf200 540 ( X' ) has the foll owi ng stereocheni st PETFP2006/009970
preferaby a salt thereof, in particular as described
herein for the conmpound of fornmula (VIH ). Most
pref erably, conmpounds of fornula (I X ) have the
foll owi ng structure: or prefeﬁ%bly a salt thereof, in
particul ar as described herein for the conpound of
formula (M 11"). The conversion of a conmpound of
formula (I X) fosa conpound of fornmula (XIl) can
proceed aggcRrdixg t®iHhe nethods and conditions as
di scl osed 0o ound of formula (IX) above as the
starting materialll Conmpounds of formula (XII) may then
be converted intPa compound of formula (XIiupherein
R3 and R4 are as defined for a . oynd . of fornmul a
(wnege e 3eda AlfoRRACHAISS B st i erred And e lseung tupup then
be rémdva lirthe\ébirégponding dratedted tédrapamt of thei fornatnX iy, 8t @ 8alt thereof.
..conprisi renoyvi ng t activat i t; and, if
TrisGRREPL §oP 85 sORr L g i co e B BB o ina of ¢ he
formula XIVinto a salt (which is preferred) or an

L T
the ark e@incanaiogy i bedrecess disclosedin ER-R6X§ 883 whishiis igeenprated

hereftSf refePericB! $ecih barikaar les 123entan®bRks BBBosRIiR WO
under custonaz%?ggn itions in th senc

glace und , e}g. e pr e
02/02$08, yhichiigjincrpertedh ¥ Feifierce & particylar.cxampls, UEPP&’?S‘* 35
(preparhtioandf J1such as di oxane, e.g. at tenperatures fromO

to 50 C, for exanple at roomtenperature. The renova

of the group Act is perfornmed using standard

: 3 {

Pretfif & S ftReyieCicahdrtah BLLREh ROmiRE B A0 4 EBmBunas
of forrptla 6\0} andpriefekned wmbiodimends far R arkR® @ndyActepn pe taies fogRhe

defirtfdin€ forl B mpBGRIsRA etk (VAT e PRerb¥bly Sthe L8MBSund dtcording to the
ul ar ex 30, and optionally salt formation

partic anple 1 ar

formyla; (1) hassbe fHAWIRE SIAEIHRDISHY: described e.g. in
US- A-5,559,1 11, which is incorporated herein by
ref erence, ?d OH R4

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.g. a tertiary nitrogen base, such as triethylamine, at appropriate temperatures e.g. in
the range from 0 °C to the reflux temperature of the reaction mixture, e.g. from 0 to 85 °C.

The amide coupling to compound (XIl) using a compound of formula (Xlll) as described

above can also proceed in a similar manner as disclosed above using the ring-opened



see in particular exanple 83. Each of the above
menti oned nethod steps can be used individually in a
WOrBeMed200 prepare renin inhibitors such as alPCIHEP2ENG/009970
Preferably the steps are used in conbination of one or
nore, nost preferably all, to prepare renin inhibitors
such as aliskiren. Preferred enbodi nents for R3, R4
and Act can be taken fromthe*®efinitions for
conmpounds of fornmula (M) and preferred enbodi nents
for RL and R2 and Act can be taken fromthe
analalpfei af atcoopsuricoof feromeo(id Sha, thisreantian rfag priopeedbsising the

cordipBi BN NS oPARRED %) AL b Sl Bnardhd {hese

esis s rout w that with
conpounds of the fornula (II) ond (kﬁ) hi ghl y
i nportant new conpounds have b f pund that are

central intBhedrates bl e
synt hesi s rout ¢ [ | or the syint hesi s of renin
i nhibitors such al | SIR3r eAN_Ther ef ooe, these
conpounds oR2the~fornmula (I1) dﬁﬂ (M), orqx)ysalt
thereof, as well as their syntheses formvery highly

wheneinef erred enbodi nents of the invention. Listed bel ow
are definitions of various terns used to describe the

R® isrtbivalkylionCesayeldalayles and synt hesi s steps of the present
i nvention. These definitions, either d% repl aci ng one,
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Is@n@lkylh@nawﬁew&mavqloay%@hanyleqm\aéhtgvl a'tsvl eeyhﬁ@wsﬂtuted or
mon#tS 86 of i-duBStite8 %? @Mﬂky‘? o- @ﬁ Sdlik§), &R Cl LHng/1akhiRd, di'iCELgalkylamlno

preferred embodi ments of e invention, preferably
halogggand/qrd Ytt'l'ﬂé’Ofoé‘Peﬁ%y as t hey are used t hr oughout t he

e, SRodl idebintRELC ciFof il B or i B gpor
R2 ls"’han%eget(yd%x?ﬁgu a‘|'|{1eo|1(_er g]ko)gf)\ggl ngor "G -C 7-" defines

Yo and maxurally?

Act t?%ﬂ%ﬁfl\%’hh rdl Eé’le&@ frbﬁ\can%lﬂg |lo¥|p41n p‘éﬁﬁ:@lgpa carbamate;
%i n% or t1nmes)

el ng branc nor e
ora éalt t@eteaf J his- Rf‘PF&ISﬁ é@Pa’tﬁéUHbﬁ'ﬁﬂ fqtma ag emoﬁwat ofgpe gvention.
non-term nal carbon. Lower or Cl-Cr7-al kyl, for
exanpl e, is n-pentyl, n-hexyl or n-heptyl or
The RoWfersi@Dblya CompouhdadfiéyrimulL@RERI &kdip@md of formula (IX) can proceed

according to the methods and conditions as disclosed for the lactone ring opening of a
compound of formula (ll) above to a compound of formula (II'). It is recommended to protect
the alcohol moiety of the compound of formula (IX’) prir to the amide coupling reaction,

Standard alcoho! protection/deprotection chemistry can be employed.

Compounds of formula (IX’) were found to be important reactants in the above conversion
and, thus, the synthesis of renin inhibitors. Therefore, one aspect of the present invention
also is directed to compounds of formula (IX’). Preferred embodiments are the same as for
compound (VIII'). In particular, it is preferred that the compound of the formula (IX’) is in a
salt form as described for the compound of formula (VIII’). Preferably, the compound
according to the formula (X’) has the following stereochemistry:



met hyl, ethyl, n-propyl, sec-propyl, n-butyl,

i sobutyl, sec-butyl, tert-butyl. Halo or halogen is
wopnefsabl y fl uoro, chloro, bronmo or iodo, nDECT/EP2006/009970

preferably fluoro, chloro or brono; where halo is

mentioned, this can nean that one or nore (e.g. up to

t hr ee) halogen atons are present e.g. in

hal o- d- Cy-al kyl, such as trlflgoronethyl

2,2-dif|uoroethy| or 2,2, 2- trlfluoroethyl. Al kyl

preferably has up to 20 carbon atomand i s nore

preferably d-Cy-al kyl. A kyl i i Rt - chained or

branched (on r,

tinmes). Very S

i near or brancheg

at ons, especi
quoronethyI,Q%

conprlse 1 to 4 C
or 2 63at UN& anrrppes are
i fluoronethyl, tr uoronethyl
chl or onet hyl L chl or neth |, . trichlo
or PR St Hgteoh ety s AbpiribeP BB, r (B albRes o Ryl
(VIpr &fost prefeyabtyo mspnnpsmﬁsaaf fanmﬁla(u)e)tms thesiiovph@estruatuee:
i -propyl, i- and t-butyl, and branched i soners of
pentyl gnd hexyl . Cycloalkyl preferggly conprises 3 to

8 g-o0ar bon atons,~3 or 5 bei egpeci al ly
p eferred Sone e’ﬁnp es are clopropyl, cyclabulyl,
cocl of , S f_god cycl oact yl, The cyicl oal kylon

at koxy, am no, no, d| kyT™~am no, '
al kylthio, nitro, Ocy%ge, het erlocycl yl and thed4¢?xg;:>
Al kenyl may be [inean or brgpched al kyl containihg

doubl e bond and conprising preferably 2 to 12 C at ons,
2 to 8 C atons being especially preferred.
Particularly preferred is a |inear C2-4al kenyl. Sone

or p.@r@a&* 8%althepddf)ih portiolBSasdeR cRbditeréR tbr tREcdnSIRE of Bfmula
(V”Byopy but yl,

The conversion of a compound of formula (IX’) to a compound of formula (XIl) can proceed
according to the methods and conditions as disclosed for a compound of formula (IX) above

as the starting material.

Compounds of formula (XIl) may then be converted into a compound of formula (XIV)

OH R4

(XIV)

wherein R® and R* are as defined for a compound of formula (ll), R' and and R? are as
defined for a compound of formula (VIil), or a salt thereof, said conversion comprising
removing the activating group Act; and, if desired, converting an obtainable free compound of
the formula XIV into a salt (which is preferred) or an obtainable salt into the free compound of
the formula X1V or a different salt thereof. For example, if Act is (what is preferred) a C,-C-



pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,

dodecyl, tetradecyl, hexadecyl, octacyl and eicosyl,
wogaer4a420whi ch cont ai ni ng a doubl e bond. Espe®CalEPR006/009970

preferred is allyl. A kylam no and di al kyl am no nmay be

i near or branched. Sone exanpl es are nethyl am no,

di net hyl am no, ethyl am no, and di et hyl am no.

Al koxy- al kyl oxy may be |'i near- 9r branched. The al koxy

group preferably conprises 1 to 4 and especially 1 or

2 C atons, and the al kyl oxy group preferably conprises
alkoxyctanbahyQ;mmnrayclExatqnl—@ﬁomerbmlhbawmvlayd:anmﬂ,(e place under

cus%nnﬁmg%byl oi’fﬁ’thg &t%hgé()é%ée}{’l .?63 lg)ﬁ(%jy as hydrohalic acid, in an
appepriste hfeﬁwfoaqﬂw@nnoagn@ttmmatwesﬁmne@ b5/ %3, ligr example at

room T@rhfﬂé?éﬁﬁ@ Ofhd r@Mbvaldr MM&W&% Qéﬂbfmed using standard protecting

5- et hoxypentyl oxy, 6-ethoxyhex

grOttprgW )fﬁm tag)proosggryp @ﬁgﬁgqrﬁyqi 51tie literature referenced below or
using- rﬁétﬁ@d@ \@équthththyé at) gecle QUENIACOGTBISDB! WKiXh is mcorporated herein

br ae e al koxy .
oy (Rl bop SPHP B S0 16 2ad iR Al SHklowiGR Faitg jRestion
conditi@hsadsodescritzenice. ¢ e UsHA-| 55§ 10 dipwhicteik ércaldoyated hireindgeference,
t npl es are net hoxynet hyl ,
seei(?%é}ﬁg%yee?ﬁf}\e’%%_ nmet hoxypropyl, 4-nmethoxy butyl, 5-
nmet hoxypentyl, 6-met hoxyhexyl, ethoxynmnethyl,

EacR®F ﬁ@%@@@ﬂentn&me@%ﬁy@&%&an tfb L%EB W}{ ing method to prepare
5- et hoxypenty 6- et hoxy é} [0)4 %
renigy mn"esewéh ﬁyla"skzem B\@We&'y erﬁnepSaasa used i FobiRlen pyane or
moré) M@Qt)préf&bébb%lﬂ fo'peéar® Fenkl iARiBIEE s@dmbsOén@ﬁ.ﬁernabl y
conprlse 1to 4 C atons. Exanples are net hoxy, ethoxy,

Pref% 88‘ n Qo? g'ggﬁgyfgo%’yg %Actgcragﬂ)s ta@tc%réﬁ\sydgglgﬁ? tsyfgro pounds
~ of faingla (Mh@ed pteBemest ethbd®liroents for G radd R’ ang Agt can_cbasthknni fcbm the
defi Hfl&jfsel’gF uf'xb'glgltfbm \ﬂflp%&tg%?%gﬁlgﬁ% oﬂﬁ& is aliskiren.
unwant ed secondary reactions ch as ‘acyl ations,
etherifications, esterifications, oxidations,

All tﬁéHeV(ﬁﬂféféﬂlt%yntﬂBQs $fepd bAd rdufA&hbRNRat with cb%p@unds of the formula (11)
racteri Stic of protecting grouBHﬁ% hat they | end

andm@H§@|v\)@§°'ﬁaéga?wompowmam

a number of possible synthesis routes especially for the synthesis of renin inhibitors such as

g‘qa]; ¥e central |ntermed|ates to

aliskiren. Therefore, these compounds of the formula (ll) and (VI), or a salt thereof, as well as
their syntheses form very highly preferred embodiments of the invention.

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-
dividually or as part of a larger group.

The term “lower” or “C4-C;-* defines a moiety with up to and including maximally 7, especially
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,-C+-



secondary reactions, to renoval, typically by
sol vol ysi s, reduction, photolysis or also by en zyne
woaeiids429, for exanpl e under conditions anal oBOTAPRW6/009970
physi ol ogi cal conditions, and that they are not
present in the end-products. The specialist knows, or
can easily establish, which protecting groups are
suitable with the reactions meAti oned herei nabove and
hereinafter. Preferably, if two or nore protecting
groups are present in one internmedi ate nmentioned here
alkyl, rfior e)twgplearie ne;tm;mnn-gexw hpatn -haptyl on@reférablyeCgCoallg, especially as

r ively,
e CpBy G, LBl AR AL 0 Y
that are cl eavabl e under dlfferent conditions, e.g.

Halc%}%afdgéﬁ OF%feFEtJIﬁﬂJbY&' rBloYS ibfomd B8 o, Nedst Bbéféié!@li} ﬁudfé' chloro or
under condi ti ons, one cl ass b hydrol ysi s

brorpey é“'fﬁfee%%?] [semeptioged. 4is gan mean ek epe %’y“ﬂff?d?@t y%t%‘hteﬁ) halogen
atonid\re Predenf eqy). if hato-0a&s-alkgl, s@iheasttifioforhdthyie2l Balifiusfethy! or 2,2,2-
trif cle vgge (e.g. by catalytic hydrogenation), the other
f UBVeﬂV rolysis, or the |ike. As hydroxyl protecting

group, any group that is appropriate for reversible

. t
AioERIEE 8 o oo MR el Cfln ARES,
straigktsehaiped @r Prapaked (OAe hy efrcteﬁwd ndonaseiblengrogg Wogs)ngry preferred is
metthyiSt to mention a few exanples, be se lected froma
group conprising (especially consisting of) a silyl
protecting group, especiallydiaryl-Ilower alkyl-silyl,
Hal@@ﬁﬁkﬁsinatiuéhmeaﬂ orttRdrichbdibiid priekerably ecsm;myéet toraed aforny, ¥specially 1

or 25 b nEkapbEY P ol ot e RERY RS

dichiboarhethy, taclﬂbryoheﬂtyemz@t}droethyt\md 23 koilyaraethginy| , such as
terf-butoxycarbonyl (Boc), or phenyl-I| ower

Bra@hgﬁ’éﬁggfr@fg% Iy cofﬂ‘b‘ﬁgeé"‘:? ob@ﬁza\(érﬁg(yﬁ)anibgiyéretl -propyl. i- and t-butyl,

unsu tituted or
and prangle 'ﬁ%@ﬁ%PRW' angifemylas benzyl or p-met hoxybenzyl,

and met hoxynmet hyl. Boc (sel ectively renovabl e by
CycloXMyIPrafeiadly o@ﬁtﬂ)nmw 8 (lr‘ig%l:a?ﬁért éﬂ@tn!é 3 61 B&RG esptially preferred.
Somheyec)i(g%%iees%tré gyt)op%p%l ecultyﬂ cy)élogerﬁyl cycFo?lexyl and cyclooctyl. The
cycloalkyl may optionally be substituted by one or more substituents, such as alkyl, halo,
oxo, hydroxy, alkoxy, amino, alkylamino, dialkylamino, thiol, alkylthio, nitro, cyano,

heterocyclyl and the like.

Alkeny! may be linear or branched alkyl containing a double bond and comprising preferably
2 to 12 C atoms, 2 to 8 C atoms being especially preferred. Particularly preferred is a linear
C.4alkenyl. Some examples of alkyl groups are ethyl and the isomers of propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl, hexadecyl, octacyl and
eicosyl, each of which containing a double bond. Especially preferred is allyl.

Alkylamino and dialkylamino may be linear or branched. Some examples are methylamino,

dimethylamino, ethylamino, and diethylamino.

Alkoxy-alkyloxy may be linear or branched. The alkoxy group preferably comprises 1 to 4
and especially 1 or 2 C atoms, and the alkyloxy group preferably comprises 1 to 4 C atoms.



As ami no protecting group, any group that is

appropriate for reversible protection of hydroxy
WOognrwips42ds possi ble, e.g. those nentioned i n PR&EEP2006/009970

standard textbooks under "GCGeneral Process Conditions".

An am no protecting group may, just to nention a few

exanpl es, be selected froma group conpri sing

(especially consisting of) ac% “(especially the

resi due of an organic carbonic acid bound via its

carbonyl group or an organic sulfonic acid bound via
Exainples sud methrpkynogtoyieny, 2amsthenyethyloxy, StrhethoxXyipeabylowy.dapt o,

e St Py cahehbn gl ARBmenyion 2
ethogy OBt SRR ORI, SSRSB ROy, 6-<hoxyheryloxy,
propyRkyrRtthPSME %ht‘?(b&%etﬁ@@@ 2- m,wayemw arﬂi KBty ayoky:

such as benzyl oxycar bonyl ['uor enyl - | owner
B SR B SR AR g Abes 1104 an
espadidtip A yor 2rb stoyrils; aralbe aﬂdykgra:upa prefergtly campriseaddd 4 C atoms.

; : . |

L S e L
metmxmpentyheﬁrhpmommm gihayymethyhedetiydxpsthyloB-ethionypropw| 4-ethowybutyl,
-etl%xys&ﬂ?% a{hbyyﬂe%ﬂ pr’BHMWW %WloxyHEwP§tdr6d%&9etﬂi}l and 2-

uted ary preferably nono- “or polycy
butyloxyribylal | y nDnocycllc blcycllc or tricyclic aryl
noiety with 6 to 22 carbon atons, especially phenyl
Alkoky aray banlaéa&rdr ethinchedhpid prgferdbhecommisefias meﬂétom's Etemples are

| uor acena enyJ L en or ant h I,
methi: e‘w&ns u%“é’t'.p“?ﬁyv%‘y BQPE‘%'P’%%S"W'%E [‘]’é‘y
especially one to three, nnletles preferably

Protﬁ&%@@ﬁ&l&%%éyyb&s&%?%ﬁ ijizkfaﬁéUHr{d P“c%’ g%‘l’rﬁ&ﬁﬁ €bh Jh]% f&angshould

PTO"E?C"&TQ(fyPCt'OQGkﬂﬁO% qQoPEemned ?Qﬁt%ﬁtt Hywantﬁ@s%conégryéeacapw such as
acyléﬁdﬂl@r&herﬁﬂhﬂfn@ eI ANEBLiIGHS, b)@&’éilonb)évaQPW is, an s%iﬂaﬁ"ri‘é%ﬁb’ns Itis a
Phen{tl ox% c@ﬁ hyl ox r@&]en Iy
characteri role gﬁﬂuRﬁﬁéﬂ )ye dﬁﬁ%rﬁﬁlvesdfzaqﬁ ¥p|m Wpo@un@asnred
sec&ldan‘yk-amwhgxy rerﬂcb‘ﬂan prldﬁm]l By sélVolyghis, (dduttidn/ pRdtslykis or also by en-
en n htaz | - cﬁ-. C
2y Sy o G uack R arapodisdi eGPl S and tat
they are not present in the end-products. The specialist knows, or can easily establish, which
protecting groups are suitable with the reactions mentioned hereinabove and hereinafter.
Preferably, if two or more protecting groups are present in one intermediate mentioned here-
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



C 7-al kanoyl ) - am no, carboxy, d-C 7-al koxycarbonyl,
phenoxycar bonyl , napht hyl oxycar bonyl ,
wopbergs420- d- al kyl oxycar bonyl , PCT/EP2006/009970
napht hyl - d- d- al koxycar bonyl, carbanmoyl, N-nono- or
N, N-di - (G -C 7-al kyl, phenyl, naphthyl, phenyl-CVC
7-al kyl and/or naphthyl-d-C 7 al kyl ) - an1nocarbony|
cyano, sulfo, sulfamoyl, N-moR8= or N, N-di- (d-d-al kyl,
phenyl, naphthyl, phenyl d- Cy-al kyl and/ or
napht hyl -d- C 7-al kyl ) -am nosul fonyl and nitro. Salts
diargfiever igtsilyl, sycht dsediptesnyeddutylsilgl brymareqegfecablydridawer slkylsilyl,

sucrg% qug%g%mﬁ BFmH rﬁgllg 2 a gl%'hﬁl é %hé\ﬂérta?k Eglagl}’ch as

nter I'ates nme ned ere sa
acetbibberezml leserialkerycatbenylcatch as derbhigtoxysarboryl|(Beg), @rarhepyi-lower alk-

oxydé#rtkdnyf §@éﬂ é%éﬁﬁﬂ&iﬁb%ﬂyl tEl Sy drSHyr I, E%dﬁﬁut@a% %u@é&hﬁed 1-

gr oup basi ¢ or "aci di

phe"p‘%‘ Q@ﬁ?'ky by §‘E°h<?§rpe€§Y'§( pﬂ??"ﬁ‘i”@!@%’&ybla@% ”FH}OPW 'H?thV'eQQ‘f (selectively

remé\ﬁib!d 18y thydrolyisy and BefzyPdeleai@sy iemanatie bp hidlogehaliéh)emelgspecially
tions, or can be isolated especially in solid,
pref%ré cially crystalline, form Such salts are forned,
for exanple, as acid addition salts, preferably with

we 67 et 405 9 PR B RTRRMAIAE ST oy
groups fisadssibie, egotiere meomr(e@i iy the| standarcolextappksoinder “General Process
Con@ﬁ@ﬁ@' /Qfll EManb?otgaﬁ\b@?&%b)P Alst o lﬁgﬁt%ﬁtaqg\lv%x&ﬁklté be selected

Sui tabl e inorganic’acids are, for exanple oge
fromga. grgyp CQ'HEW'%(GHW%'M I?PB?'?t@gé’& a¢yl (gspecially B‘%[E?'Gue %fra" organic
carb@hi@%@fdﬂfduﬁd a@ntd caﬁéhy@%@) &rda&fﬂgéhlc%‘mfﬂﬁlc atkid, boﬁﬁu V|a its sulfonyl

h
arou el SlnRted mSicallp 2 Baiamer skl St 3 Nowe by
rohdmy!udhnef Brefaried mn@tprmng gqotupaaredowen alkdxgcamordl eapecialy tert-
outoRforP 460, Bl Rk aBRbftoRl) 4RRZE befnfid CaradB Hbreny -
lowes gikaxyaaehonuln suchas faprearipwihcgedrbonyt i2dowert alsaneyliower alk-1-en-2-yl
and kgve‘?I la Ukﬁc@ﬂioﬁqu é’r’allp?%ﬁ-eﬂﬁS\HM Hﬂétcpréﬁr‘eﬁce belr(\jg gll\ﬁe? to isobutyryl,

2-na al enesu oni ¢ acid ene- oni c
benzgyl, heneygeatd r@s@mw'www&ewa N wdmtwﬂocmawd@vhplr .
mett®/ipyNoRdiRRWIigeHd @éspedslydert-BlitoRydafiongIl gani ¢ protonic

acids, such as ascorbic acid.
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), indeny|, fluoreny!, acenapthyleny!, 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, C4-Cs-alkenyl, C4-Cz-alkynyl,
halo-C4-Cr-alkyl, such as trifluoromethyl, halo, especially fluoro, chloro, bromo or iodo,
hydroxy, C;-Cs-alkoxy, phenyloxy, naphthyloxy, phenyl- or naphthyl-C,-C;-alkoxy, C,-Cs-alka-
noyloxy, phenyl- or naphthyl-C,-C;-alkanoyloxy, amino, mono- or di-(C,-Cs-alkyl, phenyl,
naphthyl, phenyl-C;-C;-alkyl, naphthyl-C,-C;-alkyl, C;-Cs-alkanoyl and/or phenyl- or naphthyl-
C4-Cy-alkanoyl)-amino, carboxy, C4-Cs-alkoxycarbonyl, phenoxycarbonyl, naphthyloxycar-
bonyl, phenyl-C;-C;-alkyloxycarbonyl, naphthyl-C,-C;-alkoxycarbonyl, carbamoyl, N-mono- or
N,N-di-(C+-Cs-alkyl, phenyl, naphthyl, phenyl-C,-C;-alkyl and/or naphthyi-C,-C;-alkyl)-ami-
nocarbonyl, cyano, sulfo, sulfamoyl, N-mono- or N,N-di-(C4-C7-alkyl, phenyl, naphthyl, phe-
nyl-C,-C;-alkyl and/or naphthyl-C4-C;-alkyl)-aminosulfonyl and nitro.



In the presence of negatively charged radicals, such

as carboxy or sulfo, salts may al so be fornmed with
woRawass42e. g. netal or anmmoni um salts, such asPaITERRGI06/009970

nmetal or alkaline earth nmetal salts, for exanple

sodi um potassium magnesiumor calciumsalts, or

ammonium salts with ammoni a or__sui tabl e organic

am nes, such as tertiary nono&ri-nes, for exanpl e

triethylamne or tri(2-hydroxyethyl)am ne, or

het erocycl i c bases, for exanple N ethyl-piperidine or

N. N - di et hyl pi perazi ne. When a basic group and an
Salt@g}edesgﬁgglgtftﬂ% Ehﬁrﬁa@&?}f \)IWaJcQEtaE%;ESItt of cort grﬁrrlr%sgof f(t)rmula XIV or
genwellu saits oflameefdherintaipediates rmentlnmedﬂeéelnawhgalsm@ arg@pt excluded for

chemizal @hM tY sl@lléﬁ';fe'rébﬂtvhﬂbaﬁw nm-%?s‘iarﬁ Tﬁmnﬁéd Whéte salt
formula XIV o general fo of the internedi ates

fom}mrp% aucmgq%t?%lq qr chlcagrglbosp a@sqr%qeétt {h@t cRexist in dissociated form

at |eabtqrarnm¢ta g Gl&lb|p)‘i Mﬁ@@ﬁ@ﬁu tahbén sqlebts sblatione X@Mah®e isolated
I. [ at eoz. &p alh ) rFor t herapeutic use, only
eSp%r']ajP'ﬁ%E 9t 5% SF'F@V LTS E salts or free compounds of
the formula XV are enpl oyed (where
r i L
sueR R84 2SN LSt BB JREEH M2l 8991 L o por
ganigfacigdenfiasu perapainds IqéfOfrnulﬁml\éoo@rv of |tlne ntesmediates mentivnedeherein

with ra%a@tc' rﬁ’(Fdeéh Rtd¥e fé"@ qmlﬁor&ﬁ aﬁ@rm? %Qéal@‘me bﬂ&rﬁfa@@ﬁ*lc@ﬁ)ﬁaccceptable

in free formand In thei'r salts, Tncluding
salts. fyiable ipofganiciagids aae f?fee’@g’é’&f Qélog?ﬂ e Sy @sshydfqﬁhlorlc acid,

sulfigicaE, er pHbsphdticlaeid. Surzzﬂﬂé &fgaﬂlb acideatd, fdr@aéﬂtnpla &a‘rbd)@ﬁt
erence 0

PhosiiaHs L oG o emle R T SamPlk A7 Fod g S8, actc acd
fumémramldj Iseémeacamcblthe aad ahihe acidg spelt asglutaniioadit or aspartic acid,

maI&@ &iﬁns e|c ?doar%rtrg)ﬂjng\e%layrdaif%nzgg a%% g'@ﬂm%rng-t (g)roe%a%%-

Frere
sulfqnuxacunl @tfm‘neeﬂ %-dxsulésmmﬁ ipgnFanesultopiciasitnd; naphmeluenmlfamle acid,

1,5- %ph‘fﬂé’l’éﬂe—cﬂ&lfﬂﬁk%ﬁdak c@&ghé&fiuﬁ‘é’mlg‘a&@ ﬁ%étﬁ'ylt Rleét for N- propyl-

each Is 1ntended fo include al so any sol vate
5“"%?&6‘6! Qr@t@ﬁrmro@g@@c% geha@s aé?O’B'FnaG'é' of the
conpound of formula XIV, or salt of any one or nore of

In thg)Pg%eeémF? Pva%@h‘f‘# riare rﬁglfsg%(,rs)%% %Q tcar%oxy <i)r suﬂo salts may also be

formed with bases, e.g. metal or ammonium salts, such as alkali metal or alkaline earth metal
salts, for example sodium, potassium, magnesium or calcium salts, or ammonium salts with
ammonia or suitable organic amines, such as tertiary monoamines, for example triethylamin
or tri(2-hydroxyethyl)amine, or heterocyclic bases, for example N-ethyl-piperidine or N,N'-di-
methylpiperazine.

When a basic group and an acid group are present in the same molecule, a compound of

formula XIV or any of the intermediates mentioned herein may also form internal salts.

For isolation or purification purposes of compounds of the formula XIV or in general for any
of the intermediates mentioned herein it is also possible to use pharmaceutically unaccept-
able salts, for example picrates or perchlorates. For therapeutic use, only pharmaceutically
acceptable salts or free compounds of the formula X1V are employed (where applicable



Different crystal forns may be obtainable and then are

al so included. Where the plural formis used for
wocomgasHrds, starting nmaterials, internediatespPCI&EPREE/009970

pharmaceuti cal preparations, diseases, disorders and

the like, this is intended to nean one (preferred) or

nore single conmpound(s), salt% phar maceut i cal

preparation(s), disease(s), §order(s) or the Ilike,

where the singular or the indefinite article ("a",

"an") is used, this is not intended to exclude the
comptisaddh phamaceuticpl prepdreticrs), \andiizase atotheleforStpeafeirerjat least in the

' Lay the conmpounds of the formula

cas{@f@ﬁp’@hﬁﬂsﬁfg}%ﬁgﬁ &lé(ﬂlY'y nment i oned herein,

internedi ates are especially conpounds of the fornmula

In vnla\lv,of Me,clds\é )r(clalytlon\éhbp b\éMéen thé bémpodnﬁs ah%nnter?ﬁed%tes infree form and

i nvention rel ates

Xl The
i thg QD QiR dEcIuAing Jiaen SN oo P B RIS ES Pr example

in thbhberlf cationl bﬁdéﬂtnf cétlon of kné covhpovhds 3 Salts thékdok,' any |ré¢gre|n3e to “com-
X" ntion a

[ar. XV b
pouRsssipriEey A aiels e Y BtepENnle S D1 bl o A GRIAASE abecaly t
the campoudd(syofithe foomslaiy his tdke sndegsteodsaereferidg alss neros eénore

saltéotﬁgl% of'& z{ i rg gf@ 9¢+F&é£BEd.L ﬁe(% g&ergﬂlsgsu%caiﬁh%r)rpgagtg o‘i’ Q%ﬂing material
and pngph@@@ﬁalt@ melr@of,a&;ach@éwblqbsﬂ intepeed todughedsi aisd gnyrsohiate,

metéBUWb BidcBrssr sJEﬁ%ts e@fe?%?élﬁhile%f el c%hipBGr‘iH of f@l‘ﬁlldi'éjkﬂﬂ or salt of any
ods wth the single steps of sequence | eading to

one gr werﬁp%faﬁfeo?s anpEonTt wdaewwenhmdef R gxPlisHlY mantigngd otherwise.

Diffefér Ryt fommb ehay bRl dbesinblaal then BRAdsEiREUdédal |y active
substances, and/or their use in the synthesis of

pharmaceutically active conmpounds, such as renin
Wherattielpldralferm sased ifalcosnpaindsk staing Geatertats, infferoeeintes, salts,

pha%&k@éé’@@g%nggor{soh Isg#eggdlﬁrgec{él%ﬁg E %a\ﬁlg %mte[nGSd to mean one
(preferred) ¢fireoreisingtecnompeynd(s). shlsic aaqmtetélpwgir@af@tmﬁa) otisgase(s),

dlsoﬁfép(’s @rsthé ke SREeRthe sRg@ht orﬂﬁgﬁﬁéﬁﬁé aicid {é’neaql ") is used, this is not

her el nbef ore and herei naft whil e reacti on

intendef 4o exchle tap BTl Rus Pl PIRIEPY AENB RS or bel ow

Starting materials are especially the compounds of the formula |, Ill, VIl and/or XiI|
mentioned herein, intermediates are especially compounds of the formula ll, II’, IV, V, VI,
VI VI, IX, IX, X, X, X XI, XI, XI”, XIl and/or. XV.

The invention relates also to methods of synthesis of the intermediates of the formula Il, II’,
IV, V, VI, VIII, VI, IX, X, X, X*, X" XI, XI’, XI”, XIl and/or. XV mentioned above from their
respective precursors as mentioned above, including methods with the single steps of a
sequence leading to a compound of the formula XIV, more than one or all steps of said syn-
thesis and/or pharmaceutically active substances, especially renin inhibitors, most preferably
aliskiren, including methods with the single steps of a sequence leading to a compound of
the formula XIV, more than one or all steps of said synthesis and/or pharmaceutically active
substances, and/or their use in the synthesis of pharmaceutically active compounds, such as

renin inhibitors, especially aliskiren.



are preferred: In any of the reactions nentioned

her ei nbefore and hereinafter, protecting groups nmay be
wousEd4sdrer e appropriate or desired, even if tRCI/EP2006009970

nmenti oned specifically, to protect functional groups

that are not intended to take part in a given

reaction, and they can be |ntroduced and/ or renoved at

appropriate or desired stagesS7Reactions conprising

the use of protecting groups are therefore included as

possi bl e wherever reactions w thout specific

mentioning of protection and/or deprotection are

described in this specification. Wthin the scope of
Genbh PratbsChosdiignsonl y a readily renovable group that is

not a constituent of the particular desired end

uct of formula XIV is designated a "protect )

The é‘?”&tﬁ’ﬁ‘g '"&?F@génw%‘aﬁﬂ‘@%’eﬁ%gf@aﬁe&o’bﬁkﬂ@i’W tbg a“???@“‘ possible
limittichis @ the@as© bf Sinyie tdaeticts, gppiePh denerillRallrodedcésd Mmentioned

nergHiBHRR and Rerelibfer” hid ek BRaOR Reg R rittabdiFabove or below

are prefapred! ar e descrl bed for exanple in standard
reference works, such as J. F. W MOrie, "Protective

Ina &Liﬁ’é réa@tlﬁsmtlﬁn@ﬁéﬁﬂ)é%w a I'%Péﬁ'f%ffé? ep?&ectln?'bq&fbsm be

w York 1973, T. G eene an
used phefeAepIopHAteIop dpSrenevangiinPes aghmeriienac spepiFally. to protect
funcBéhd! gfitips Wak Bbé,nolNﬁm‘tén\é@H ko ﬂaﬂ@%an in"b gJé}Erera’@ﬂiHnl df®they can be

introfIeiLARclor SaLEA 2t SROTSRTALR 4" oY o105 GEapenans dofmeyisiga the use of
protekgting @rams iagLtherefdrh @ntiugied @bpbéxitle whérelgaadtions without specific

men@ﬁ n%%ﬁé{xgebtlo%n%(foq dg\grékéc{l ggrretodefén})%g in M?s%_?upméf %%hotgu bke
Withimtthe Idcopieefdik g|splosum|¢n|ycslaadlbmem9@nle grepp Prab tsgioh @ 'tonstituent of

the é/ééfﬂhl{l%ﬁe?idagl\‘éiﬁendpﬁgﬁidgg%or JIQB( E%gigf/ﬁ%%ggprqéﬁmgegroup", unless

Deerfli e Beac \
the eqniext E‘é’iC?W‘@ wlﬁg"Thewmeptppnpf fyastionahgieups By sughdreteeting
groupS Oth8 prit&dtiRg Rfub@ﬂwenﬁb%& Gitdlthe }eggll\l)n% alaﬁro]aagtgqgrtﬁelamﬁoductlon

in Jochen Le 'Cheni e der | enhydr at e:
and removal are descri edl?or example in standard re erence works, such asJ. 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/, Georg
Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jeschkeit, "Aminosduren, Peptide,
Proteine” (Amino acids, Peptides, Proteins), Verlag Chemie, Weinheim, Deerfield Beach, and
Basel 1982, in "Protecting Groups", Philip J. Kocienski, 3rd Edition, GeorgThieme Verlag,
Stuttgart, ISBN 3-13-137003-3 and in Jochen Lehmann, "Chemie der Kohlenhydrate: Mo-
nosaccharide und Derivate" (Chemistry of Carbohydrates: Monosaccharides and De-
rivatives), Georg Thieme Verlag, Stuttgart 1974, all of which are incorporated herein by
reference. A characteristic of protecting groups is that they can be removed readily (i.e.
without the occurrence of undesired secondary reactions) for example by solvolysis, reduc-
tion, photolysis or alternatively under physiological conditions (e.g. by enzymatic cleavage).
Different protecting groups can be selected so that they can be removed selectively at
different steps while other protecting groups remain intact. The corresponding alternatives



nosacchari de und Derivate" (Chem stry of
Car bohydr at es: Mnosacchari des and De rivatives),

WOQCewrigs4ehi eme Verl ag, Stuttgart 1974, all of RATAR2@6609970
i ncorporated herein by reference. A characteristic of
prot ecting groups is that they can be renoved readily
(i.e. without the occurrence of undesired secondary
reactl ons) for exanple by solv8rysis, reduc tion,
photol ysis or alternatively under physi ol ogi cal
conditions (e.g. by enzymatic cleavage). Different

can pe stlected nepdiy byiihe pessonisgillee Ingbé ed from thbse gitdrey thastatdard

V. )\

refelreﬁg(? %g?(rsﬁrgéng?rgégp@o%% %}h% c{e%?r é)%?lt\ o[sl_l{qg %z(gwple'sg hrl]lg,:eln
alternatlvescan be selected readily by the person

All thgcahquedneniiongrpraeessistens can 6§ cagied oyt 'Hfhie( FRacierueriditigns that are

knoW@ﬁ@'s%n srféfé/f\éwﬁ]oa@ mehﬁ&fé@ s@@@ﬂ&u r.n tﬂéeaﬂiﬁﬁﬁérpéds%iné?ﬂy, in the
iven here bove-nent| o

ed
Pfesﬁ%ecgfxs%""ﬂ“é 55 g%‘?‘% Efeé%{?'i"v éﬂ"’%ﬂ}? °h‘i’ilﬂ'€P‘s At erg 'Bﬁ” owards the re-
agent® nsed arahdisdohetthémn ain Meb&r oryResdhce btk sts tdaadensation or

neutrr‘gallz%ng %ggrq re ei(e:xre]afn{%eailoln f\é e% ﬂgt%rgg?ua Sencﬁ?rge)%:pa%qqrﬁ &,ﬁ é“ the H*

cus
formp defeadinigl o tla@ hatoret of tfa;er reactioneamd®r ohthe reactarit st redyaedanasal or

eIevE@@ térﬁpé}%&t ?c%rl&?rqp@nﬁja gérﬁ;?é?gtgfe Fah§é*bf de?n Blgcﬁjt %&&QS agout

resence Sts ensation or neutrali
190°£g @fﬂf@ab*f/ apn@p@rﬁaqlreatelan&é’%ﬁ anpfexigately, 3$0°gsfog exaroie at from -80

to -60%C AR fempRrdlurel & fhdhe-2d%o BOPOor dERANM RPNk Nehder atmos-
nature of the reaction and/or of the reactants at

PhericRIGESUEE OFB ArRASet Veriel WALERPRAEPRSISIICE Prosdiire cansfgs inan inert

atmégphérel RINRRIrMpIE LAdéraingRgd orfrittugenthidsphé) 0C t o about
1900C, preferably from approximtely -800C to

The @?I%rﬂé kr%tvﬁl ¢h J\?Q&!Ivefn?sr tpglxé’:}ggg%b?et fo b %r@&lér%ac@&? %ay be

selectedmtaﬂemlnq,se rmmlenech&mg icgllyenri for @xagipiay watesy edters gsuch as Iower
aIkyﬁ'o@élezﬂkéh%%f%%I for ¥hMphdTe @fﬂplré?:gfa‘l@te%eﬁ'@ dgén Q(Tr 9&7‘55( ceethers for

I n an inert atnoSphere, exa e under
exaraplg 6’#?”61' efiet. opgestic smtﬁsfﬂﬁ@r@np'w@r@wr%ﬁ@@e arcispRane lgHid
aronhdtR 99 dDBAMERs, Suéad betizend bi tb@bh@ aﬂdbhol@n%cﬁ%tm&hﬁrﬁﬂ ethanol or
1- oL BRI P SoFch A5 ACpHIALP e EP P NLPEAEOSg g as@ethylene
chlotidener chloroform, acid amides, such as dimethylformamide or dimethyl acetamide, ba-
ses, such as heterocyclic nitrogen bases, for example pyridine or N-methylpyrrolidin-2-one,
carboxylic acid anhydrides, such as lower alkanoic acid anhydrides, for example acetic an-
nydride, cyciic, iinear or branched hydrocarbons, such as cyclohexane, hexane or isopen-
tane, or mixtures of these, for example aqueous solutions, unless otherwise indicated in the
description of the processes. Such solvent mixtures may also be used in working up, for
example by chromatography or partitioning. Where required or desired, water-free or abso-

lute solvents can be used.

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, chromatography,

evaporation, drying, filtration, centrifugation and the like.



al kyl -1 ower al kanoates, for exanple ethyl acetate,

et hers, such as aliphatic ethers, for exanple diethyl
woebtvers420r cyclic ethers, for exanpl e tetrahy®CHERREGH09970

or dioxane, liquid aromatic hydrocarbons, such as

benzene or toluene, alcohols, such as nethanol,

et hanol or 1- or 2-propanol, nitriles, such as

acetonitrile, hal ogenated hydﬁ@carbons e.g. as

met hyl ene chloride or chloroform acid am des, such as

di met hyl f ormam de or di nethyl acetam de, ba ses, such
Thedrsvehtidrerctatgcdlsactorthosedgems dfdse procéssrin ehiwhyal comppund bbtainable as

I r ' i -

itk TRt A il R P 1 A SRt InrelE g themaining pro-
cesg %tep%ar&rparr@dwétqr in witicthg gtarting, materd! iscformedenger the reaction condi-
tion®bA8 EESin SRR B B ABAvatisE Gbr S&nfpkSih BRAEADEforA S M Re Rrm of a

| sopentane, or mxtures of these, for exanple aqueous
sa'téislamomqgnd oRipinakle by e RIPSeSSiacERTERE &RitherinveRtion is produced under

the Fr@864s dohdi@Enindt ﬂi@cd%&&tﬁﬁtﬁ@ﬁm sty Qr'ilth‘écﬂré(@@,& omhétp\vlés%ﬁt invention
exa

ma | so_pe
thosEriesed BaRaBR P e DY LTSN L SorERU el fsmula XV which
are desribatlas beibgprefared. Specid preférahee is giver id eaction doaditisesthat are
|denY@aei ?aﬁf&)&ﬁus?gthogg%eﬁ@&&dqrgtr{%xgngf S:(?jlliéc g enrpo géé&%? also to
novelmaéhngemnmoesds ansl interwediates desariped here@desrr@slaamtu\ose ®pding to
com‘éo&\dssfﬁérﬁi‘éh&fjag brefaricdfefiPUp conprising but not

[Tmted to extraction, neutralization,
crystallization, chronatography evaporation, drying,

ThefinvehticH ésib@claﬂiﬁr@taﬁésftﬁ @ﬂ? bPiRe &Mhddg%ebérls@d FE%Mb@V&é‘bh@ n
t hose or ns of he process i n which

hereiiAta, (RLICaIA 9 AISHIRD. 5 AT BRIy SoRPial seftyon, -

the process is used as starting material and the

f LN HE, carrle out.. .or in which
e P B0 BR8P0 o ol a5 e
while theyondhe o@eu!mdl represénd pfefemedémboditeenty af the eeactiom steps, inter-
mediatédMM dor'the Bfo@é&%%nﬁxg‘icmrﬁ bf AidkifdACorl HitdiRkedt Sal L, oOr

a compound obt al nabl e t he process accordlng to the

i nvention is produced under the process conditions and

Whedé eRESRA if tHel BIRImplds, PokUstahds hhRtuRX§SHIbaHyl.t he
present i nvention



those starting materials are preferably used which
result in conpounds of formula XV which are descri bed
woae07wdb430 preferred. Special preference is gi PEWEP006/009970
reaction conditions that are identical or anal ogous to
those nentioned in the Exanples. The invention relates
al so to novel starting conpounds and internedi ates
described herein, especially fRose |eading to
conmpounds nentioned as preferred herein. The invention
especially relates to any of the nethods descri bed
Examples: nbef ore and hereinafter that | eads to aliskiren,
1) Pgé’ﬁﬁatp&a&lf_' igg}# Ik&f%lnleyof ?&ﬁ@& ﬂﬁ llv?a %'ﬂ_{ggrihpﬁ re € |0I1v e-rgth ie on
[3-Isoipropylis-(4+isopropyl-G-hxo-tetcahy draviuran2;yl)pyrrolidink2-onej(liahe
ot her hand represent preferred enbodi nents of the
reaction steps, inter nedi ates and/or the process of
manuf actuge of aliskiren, or salts thereof. Were
mentioned/in the Exanples, "boc" ds for
tert - bitt oxycar bonyl . Exanpl es: 1) arat|on of |actam
. Tformula (Ij1) vha @ ' ,
opr opyl - 5-<#=7s0pr opy! - §- oxp-t et rahydro-furan-2-y
rolidin-2-one] (Hap H23NOC3 MAE371 . 48
MFECI 9H33NOG6 26. 459 |(88. 9 _mmo of conpound Ilja, are
ssol ved in 150m off tolYene. .35¢g (102.3 mpl ) of
triethyl™#ine are dissolved in 10 ml gf Tol uene| and
admledorte the solution of stawisong nat®al at rpom
t MpErEEBNAOe. Thi s sol uti on NMFsCtoHaMN3edol ed down to O -
5C. At this tenperature a solution of 13.97 ¢
i sobutyl -chl orof ormate dissolved in 10 m of tol uene
is added over 25 mnutes. After 30 mn. stirring at 0O
- 5Cjthe suspension is allowedto warmup to rgoni
teqpé ature. , o

O H II/////

HO

(a)

MW=253.34
MF=C14H23NO3 MW=371.48
MF=C19H33NO6

26.45g (88.9 mmol) of compound IHa, are dissolved in 150ml of toluene.

10.35g (102.3 mmol) of triethylamine are dissolved in 10 mi of toluene and added to the
solution of starting material at room temperature. This solution is then cooled down to 0 —
5°C. At this temperature a solution of 13.97 g isobutyl-chloroformate dissolved in 10 ml of
toluene is added over 25 minutes. After 30 min. stirring at 0 — 5°C the suspension is allowed
to warm up to room temperature.

The reaction vessel is transfered to the hydrogenation station and is hydrogenated there by
addition of 5g Pd/C, 5%, Engelhard 4522. After 21 hours the reaction suspension is then
filtered. The filtrate is diluted with 150 ml of water and the organic phase is separated. After
washing with water the organic layer is evaporated. The crude material is dissolved at reflux
in 40 ml of ethyl acetate and 20 ml of heptane until a clear solution is obtained. The solution

is allowed to cool down to room temperature. The crystallization starts almost immediately



The reaction vessel is transfered to the hydrogenation
station and is hydrogenated there by addition of 5g
WORW70458%5 Engel hard 4522. After 2 1 hours th8CTERZG060O0P970
suspension is then filtered. The filtrate is diluted
with 150 m of water and the organic phase is
separated. After washing with water the organic |ayer
i s evaporated. The crude mat efilal is dissolved at
reflux in 40 m of ethyl acetate and 20 nl of heptane
until a clear solution is obtained. The solution is
and aiak completed ml@(drrinQGW’futtlmerQommutseame%er'ﬁle slispension is cooled

dowﬁ lié’ V] t53¢ lah& gﬁrhﬁq]ts%%ﬂmu% thh%%lt ?\tlf X’@g%tq}@ﬁfteé gyfatlon

the nrh@uqt s @evmheﬁ wiithy 3@mwloéa cgl@l\m'xtuce o-hep@nandthyt dcetdtend: 1iand dried
additional 3h at this tenperature. After

und%ﬁ’gﬁlﬁﬂ?g‘?}dﬁie product Ha is washed VVI:TE 30 M of a

cold m xture of heptane / ethyl acetate 2:1 and dried
A singlslenystd Pty Bctdrniitation confing theCatisblitd @nfi ?ﬁlréﬁbh at all 4 stereo

et er mi nat confirnms the absolute configuration at
°e"t8'i$|t°Ee§$§$:§ -centers to be (SSSS). M: 136-138 C
Mp: ¢8&a88 ° Cotlead eslsriebs NVR (400MHz CDCI 3) : 6.04 (s, 1H),

i, Gkl odtsai 3 el atho. $555:4 Qb g2 o
(m, 1H).9%44-2338 ((m1 H)HR,1742.89 {373, Z.07-1.69 (10,180 D98 7.87 dm, 13H)) 1.80-1.73

(m, 1%8%&2 08t 952081 Suf? B dico, §9L'2 S dladh3th

Lact on 4 ="Lactam 'cm 1
I=R2$A croscopy in transm ssi on) 2) Alternative

IR: ﬁsspj@at | 3?7 qu(t:%ﬁrgrh a?I;'PEeM|crosco%ryr|rrlljtrans§msglon)

[ 3- Isoprppyl 5 (4-1sopropyl -5-o0xo-tetrahydro-furan-2-y
2) Abtéfq\éiig S lg’%l dg'anétzp%'Ho_ornfﬂctgmctdn'e of f6rmuly hl-)%l |(r)e«R¥lydrogenatlon
[3-Isopropyl-5-(4-isopropyl-5-oxo-tetrahydro-furan-2-y|)pyrrolld|n-2-one] (la)

3 WS dy

N 0 ! g
“ —_—— NH2 —_—
)i _
N
M.W. = 456.55 ME - 253 o
M.F. = C,H;,NO,
L M.W. = 430.55 1 14H2NO;y
ME. = CaHaN.Os MF. = CoHauN;Os \
) . \ B . (3S,5S5)-3-Isopropyl-5-((2S,4S)-4-iso-
(8)-3-{(8)-2-[(5)-2-Azido-2-((S)-4- (S)-3-{(S)-2-[(S)-2-Amino-2-((S)4- propyl-5-oxo-tetrahydro-furan-2-yl)-
isopropyi-5-oxo-tetrahydro-furan-2- isopropyl-5-oxo-tetrahydro-furan-2- pyrrolidin-2-one
yl)-ethyll-3-methyl-butyryl}-4-benz yi)-ethyl]-3-methyl-butyryl}-4-benz ()
yl-oxazolidin-2-one yl-oxazolidin-2-one /l
(1a)
MW, =271.36
M.F. = CyHNO,

(S)-2-((S)-2-Hydroxy-2-((S)-4-iso-
propyl-5-oxo-pyrrolidin-2-yl)-ethyl}-
3-methyl-butyric acid

(Iia)

9.0 g (19.7 mmol) of compound la and 1.08 g of palladium/C (5%) together with 55 ml of
toluene are charged to a hydrogenation flask. The hydrogenation is performed at room
temperatur and normal pressure. After 24 hours the conversion is controlled and is complete.

The reaction mixture is filtered through a bed of a filter aid and washed with toluene to



3-nmethyl -buly pc acid (Ha) 9.0 g (19.7 muol ) of
conpound la and 1.08 g of palladiunmiC (5% together
wowpa7W4580m  of tol uene are charged to a hydr oBE€EREPRWA/009970
flask. The hydrogenation is performed at room
tenperatur and normal pressure. After 24 hours the
conversion is controlled and is conplete. The reaction
m xture is filtered through a%ed of a filter aid and
washed with tol uene torenove the catal yst. The tol uene
is evaporated in vacuumto give a white crystalline
reme\d thel calialysh The trdiesieds exaparatedinyaeuun tocgivepa white dfystaltide solid
d compound
which{ Yo GRS Bk Bf bmpbfind B cvBFs 88317”5705 o)
To separdtestye desitedi qwnwgurm ll@fromdhmmlarwfbetcrveta"es §blid (93 9) is
dnssGIk/&iifn 50 &%Ib&w%sTégéﬂeblﬂ{‘n aeé}dgﬁ&lﬂ%s 5808 i is added a_It_ room

nper at ur e I um h¥?r0XI de sol uti on.

tem?%@:tl‘ﬂq 20! AN sqdin hydrexide peletion: Thetssiiingpmpigion iestiiigd at room
tem;JerE\lQlté,r for Theuderé G&dkeR fp%ﬂd:@i |s|n§wﬁ9tﬁelﬂés‘t:fé§u&ﬁ§|phase as the

hase_as the s |umsat a the auxilia
sodidft 5ol 3n) Te g, AaVS i fedailens Bhase, tha RIUSALRRNASE 1S washed 3-
timegasthe@0 ni-of toluee ttv\lbtblhpléfélw‘éxtreﬁt the lam&ll’a@y tThe @qugdusiphbye is then

acnd‘? 3&1‘3}598 ér'ﬂ\?m tﬁyvﬂ{n%ra\éldt gj %)qﬁ ?H?% Q A2 nngtagldtfggﬂor{thfta I!]actam
hydrpieyl taoid3l'a Bupreaigtatedi Aftén stirtngdor drhalditi@oal:d® rhindthe x;yMstmard filtered

and ghec?m' v%c%rﬁ t @l/és ?Q\{fwﬂe C@g{a@;}??{)w&é '&?%%rfnggun%gl »addi ti onal

ered rred In vacuum
m.pt 95giw6 °& white crystalline powder of conpound I’

'H- NDIH?;DM% {3 dsogalb*d\ﬁﬁo(g@'\@gé*ﬁ 1%(%81&)d4%b')(mm) 1.72-1.85

(o 3 491 88 (s i 10328 (nlHheD e BB 4D B0 348 (iHH.21-3.25

(m, 1B4), 3%7:2(65&&11%4 Jcbi)i) 7%5J<Qs JHLRIH) M 2149 (broad24H, %@%13( EnblH) Y
I oa
IR 111793 t@}_&@& ﬁg@ MW°P>§'8§"f"S'Eﬁ?'ﬁ FTI R- M cr oscopy

MS:IMHt¥ 2Tes i ssi on)

The compound Il’a (3.65 g) is then again dissolved in toluene and treated with catalytic
amounts of p-toluene sulfonic acid mono hydrate (0.25 g) at 50 °C. After 5 h (tic control) the
acid is converted to the desired lactam-lactone lla. The toluene phase is extracted twice with
50 ml of water and the toluene phase is then evaporated in vacuum to give after drying the
white, crystalline compound lla with a melting point of 136-138 °C. The spectroscopic data
are identical with the material of exampie No. 1).

3) Preparation of “Azido acid”methylester of formula (Va)

(na) (vVa)

MW=297.36 MW=311.38
MF=C14H23N304 MF=C15H25N304



M. M+ = 272 The conpound Il'a (3.65 g) is then again

di ssolved in toluene and treated with catalytic
woanwiseo of p-tol uene sul fonic acid nono hydr RCE/EPR088509970

g) at 50 OC. After 5 h (tic control) the acid is

converted to the desired | actam| actone Ha. The

tol uene phase is extracted twice with 50 ml of water

and the toluene phase is then évaporat ed in vacuumto

give after drying the white, crystalline conpound Ha

with a nelting point of 136-138 0OC. The spectroscopic

data are identical with the material of exanple No.
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(11. Nm@)si-n@mm&twtr(azenq ighasdded @t rdorntemperatiire syen2fominpAfter the
addnﬁé’m me r95ct|gh Qahﬁﬁrﬂﬁfst Q@%d % stfrpﬁ@otﬁ‘@%éitéjﬁ (?d]ofg%uﬁs During

t ol y triazene 1s ad

the ’Pé@m"t%‘ﬁ%ﬁ@ﬁ 8% Fé”%%-@?d 2'%’ MORK UMBQ By of walergrgiadfemto the solution.

The loRAAld phgsé f&lwas,n@@wwﬁlso al !oﬂmﬁ?l @ 2456 Fl) ahd SAIINEHOO£8% (2 x
(0] 0 our s rin e re | On n| en

15 iy, TR oo phass R MASRY [? At P nAB e ot valek g 5Fa) and

evapdnates @ yiéld m.asmuow@amhghpimo lizZes inhe hgdgemafoh Sg 11

1 1 %42 X -

iR oz, E0GE 208 42t 270 SR Y48 ot 3B 2

(m, 169, 2162-247 (M3 H), 2.58-2110 (emn @HEBVI86T.93 6xitH)o1BPdLaR (Walkl)s 144-1.67

t inth fri t or .
(m 1‘1@-1\1%1 ?96%%‘:%&‘93)@ HF 25 4. 36 (miH, 3.70
GC/gS; BH)' = ®1218-3. 13 (m 1H) 2.68-2.62 (m 1H), 2.52-2.47

(m1H), 2.18-2.10 (m 3H) 1.98-1.93 (q, 1H), 1.89-1.82
(m1H), 1.74-1.67 (m1H), 1.02-1.00 (d, 3H), 0.94-0.91

3b) Hydrogehatids S5 AdUG asidSm2tidigsttl o fograuat(vatodila)' Azi do

acid"nethylester of fornmula (Va) to (M)

“, o (o]

o u -’I,/ ///

(lla)
1.5 g of (Va) (4.8 mmol) are dissolved in 15 ml of toluene. 0.3 of Pd/C,(5%), catalyst
(Engelhard 4522) are added and hydrogenation is performed at room temperature and
normal pressure over 24 hours after which hydrogen uptake was complete. The catalyst is
filtered and the filtrate is evaporated in vacuum to give a white powder, which is identical
according to "H-NMR, IR and Tlc to compound (l1a).

4) Preparation of Boc-protected lactam-lactone of formula (Via)

/" ‘0, o] 0 /l “, (o] o

(la) (Vla)



1.5 g of (Va) (4.8 mol) are dissolved in 15 m of
toluene. 0.3 of Pd/C (5%, catalyst (Engel hard 4522)
woany/esied and hydrogenation is perfornmed at POBAEP2006/009970
tenperature and normal pressure over 24 hours after
whi ch hydrogen uptake was conplete. The catalyst is
filtered and the filtrate is evaporated in vacuumto
give a white powder, which is®?dentical according to
IHNWMR, IR and Tlc to conpound (Ma). 4) Preparation of
Boc-protected | actam | actone of fornula (Via) (M)
14g (¥ttanlidgorenitd (553 ool red 6 0§ dindethyiamincapydidie {(0.0§5 mmol) are
diss?I\/ch{oﬁg he:lalW@@ Sﬂ)r(# Isg#r%ﬁglo%!re%gey IT mﬁ% %ol?tlon lga&?% %88(55.3 mmol)
of trstﬂylamumq This saliitienlisBvamed Bbingrnahidrpparstuter 4457 Ahthisdemperature
' [ t ;
a soIAngE)IZ gg{é\i f&‘g(éﬁ‘ h%dffﬁflrfgr?g%lr dg@grﬁé ultnlbg)nrmlggb?[&ggyga?etate is added
°Ve’(%W“8°h$f=b'I“)n dihe fQ@Pt'Q’b%H"gMOI‘ﬁ 2llawed ta st ovarnithit a40-45°C
Aftef HRRINADOHE ré’ébﬂbr@&&uﬂn& .gd&ﬂeld aeH to&obmn&npéra@% SaddilufeddBwith 160
actlogbsolutlon to stir_overn

mi 0&6994%"‘?3 eﬁ\ﬂ"ﬁpéf‘s'f’ﬂfssth?“ ﬁ@'?ﬂ%""\"k‘&é’f@ “Grengatt ?lgd?lc?"g'”“ed at this

tem g atuafot ® wourk OAfteDtﬁItnatlalimférrﬁtdectEcmds Washededthvadt i ckeoId
ensi on hen cool ed down to

nep{Ghe By KRR fng Jk TERPER LR AT T S bmaer ot ur &
"H-NMR (400Vin; EDCA):t4e52-# 48 (maiH, 8184t4129 {om, bid )1 2t6 8@ (M, 3 H),

2 SSBRREH02 S0o8 i AR SRS, PAApTAH AL Popoon.
10240 82 (pst.Ald), 019210-01 0,344 085084 (d.3H) , 2. 68- 2. 62 (m 1H),
MSZMgs—% 9 (m1H), 2.24-2.08 (m4H), 2.03-1.94 (m 1H,

. 75 (m1H), 1.52 (s,9H), 1.02-0.98 (pst, 6H),
IR : 9778724 B0 hctath/CddtorB &S 1088 Bo 3 I TIRBMicrostbpy-in #2dsrhiksion)

: 4460 ta Lacton/ Boc, 1185 Boc cm 1
Mpglbz-‘ﬁﬁ(% Crct?sa?:'opgirh n transm ssion) M 144-145 C ,

clear, colorless
5) Reaction of Boc-lactam-lactone (Via) with Aryl-Li -compound (Vlla) to compound

(vVilla):

KV
ey

(Via) (Viila)
8.56 g (31.12mmol) aryl bromide (VII'a) are dissolved in 125 ml of THF in a first flask. The
solution is cooled at internal temperature of -70°C. To this solution id added over a time of 1
hour 19.8 ml (31.69mmol) n-butyllithium, 1.6 M solution in hexane. The reaction solution
became then a pink-red color. The solution is allowed to stir for 1 hour at -70°C.
10.0 g Boc-lactam-lacton (Vla) (28.29 mmol) are dissolved in 125 ml of dry THF in a second
flask. The solution is cooled at internal temperature -50° C under a stream of argon. To this
solution is added the solution of aryl-lithium compound (Vlla) (from flask N°1) at -55 to -50°C
over a time of 30 minutes.



5) Reaction of Boc-lactamlactone (Via) wwth Aryl -
-conmpound (Vila) to conpound (Villa): 8.56 ¢
woQ8w/0¥24ol ) aryl bromide (MI1'a) are di ssol vEATIER2008509970
m of THF in a first flask. The solution is cooled at
internal tenperature of -700C. To this solution id
added over a tinme of 1 hour 19.8 m (31.69mMmmol)
n-butyllithium 1.6 M solutiof®n hexane. The reaction
sol uti on becane then a pink-red color. The solution is
allowed to stir for 1 hour at -700C. 10.0 g
The Beaxtib@ otxdure lisstied tifev at)-5¢°AB 0w rhools) The ecattigsisicoeldd tna

temgggﬁupgofo?oo@r eﬂ?lgpti n a second flask. The solution is

ed at intern tenperature -50 C under a stream of
The apyclay amecend partef|antlitium sompielsy i$ prepaied withdr2ggraryl bromide

(VIP8Y, 54 68 h%l)%%ﬂ%@%dgﬁ&ﬂndrﬁ)n thE 58k laAnkr é\élaeseﬁbeﬁénd Qdded at

over a tine m nut es. The reacti on_ m xtur
mterg?'i temegratse AT -20° Cxlyrieg 8 Ee of 1R Mipues tprihe feagtiqn 'BW% The
reacﬁ@@h@durb@s alowedpesttfo£hddirs at7/80CCover ni ght. The next

For itk fot) Py s i 6p il 712568 o Rl gy 25 or
10%0ditrin abndtsy)!uhon iniwater at Ot-158 Csduring rzammemteasTheemencr‘mgjs eaottiermic.
The§fgda%g ;?nwtaﬁ% {%tev%s'ﬂéh &ﬁf%%ﬂﬂ%ﬁh@ adk {&Pm%éﬂg{é 597%)'45% 150 mi

to the reaction mX
NaH@Ost[8Yob (2 3 78IMIbwhe arganie phaseds washedde 8 n&vtralw \@th ‘Ff&ml of

watéfegé k ﬁ&l)téaa eR/S;?&StbQ'Eb ﬁbmtcmo% dofnpBHihd gnné) a@ameléhﬁ white

t ol uene and of a 10%citric acid
am%m%ff».se'rﬂ in water at O - 5 C during 20 minutes. The
guenching is exotherm c. The organic phase is vvashed
Wt h O.m, citric, ac 0.l nd
To pigly it SReesmpRugd & oot or 8 saidte Be 274 Bpich R Hidvetlf 6o mi
of ethasdicThb the resultingtcdlear cqlbtiedstsblutibi®ans addedvanDes°C(28 mi of 3N lithium

hydr%Qge %Xﬁg\??r{ We?g tl?n% cﬁ oS'nﬂmﬁ%y&% rﬂ&R:?éJ{édaué\}/é& 4o%arﬂ15upato room

anor
temperature (21°C) and stir at thns temperature over a period of 1 hour. After this time water

and ethanol is partially evaporated and the resulting precipitate is diluted with 100ml of water
and 50 ml of toluene to give a clear solution. The desired product is now in the basic
aqueous phase. The water phase is washed with 150 ml of toluene (3 x 50 mi). To the water
phase is added 75 ml of ethyl acetate. To this reaction mixture 7.1 g (33.66 mmol) of citric
acid are added. The protonated product is now in the organic phase. The mixture is allowed
to stir at room temperature at the be-ginning, then later at 50° C. After 12 hours stirring, 3.6 g
citric acid (17.1 mmol) are added to the mixture and stirring is continued at 50° C during 24h.
The water phase is then separated and 7.1 g citric acid in 50 ml of water are added to the
organic solution. The biphasic solution is then stirred for additional 6 hours at 50°C. The
layers are separated and 7.1 g of citric acid in aqueous solution are added again. The
reaction mixture is stirred over night at internal temperature of 50° C. For work up 56 ml of
water are added to the reaction solution at room temperature. The organic phase is washed
with 50 ml of water (2 x 25ml) and 50 mi of NaHCO; [8%], (2 x 25 ml). The organic phase is
washed to a neutral pH with 50 ml of water (2 x 25ml) and evaporated to yield (Villa) as a
very viscous oil.

'H-NMR (400 MHz, DMSO-ds): (2 rotamers), 7.52-7.50 (d,1H), 7.37 (s,1H), 7.04-7.02 (d,1H),
6.99 (s,1H), 4.35-4.31 (m,1H), 4.06-4.04 (t,2H), 3.83 (s,3H), 3.49-3.46 (m,3H), 3.25 (s,3H),



To purify the desired conpound a part of the solid
(6.72g, 12.22 mmol) is dissolved in 60 m of ethanol.
WORO0Y&8420esul ti ng cl ear col orl ess sol uti on ar @CaduPeedcanIo7o
0-50C 28 ml of AN lithium hydroxide solution over a
time of 20 mnutes. This mxture is allowed to warm up
to roomtenperature (21 0C) and stir at this
tenperature over a period of - 6 hour. After this tine
wat er and ethanol is partially evaporated and the
resulting precipitate is diluted with 100m of water
2.5184P 6@ 1H), 2d15-1.85 (revdH)t ©8¢i1\88 (e, eHlearSESDB&(tchﬂ 1.Ih6s,9H), 0.97-
e I ta RNas he
0.95HH G 0PI Elth Bl 1 SE S AU ORI A GaLh
MS: WD* %]Mhe%ﬂhter phase is added 75 m of ethyl
cat Q neggtion mxture 7.1 g (33.66 mmol)
Rf_%f&cﬂ}eptaglagtt@&gare‘ggded. The protonated product is
now in the organi ¢ phase. The nixture is allowed to

t i { omte e at i.nni n en Iat ,
sa) Bpicslion' o 2Pieo B8 (FFL e 3ot Foiipptin o W Fyplalifg i cvina)
(7.1 nrr.o!) are added to the m xture and stirring is
L nued aiNZ0 C during 24h. The water phase is then
'; 7.4,;9 citric acid in 50 M of water are
#gani ¢ sol ution. The biphasic sol ution

g for additional 6 hours at 500C. The

T Iayersa separ at ed and?lgof citric acid in
agueous so ion ar qed again. The reaction m xture
is stirred over nlgh internal tenperature of 50 C

30 grb® mueikofigpdeomipound (Mélﬂ% rareydigsqivadde 12¢ ml pkethangd tq give a clear
soluﬁéﬂ tﬂwé QBufdn |§ ‘39(‘%& P et ahd!i fo mmﬁLlel-g(QrBS‘é; iﬁh@@%l'w%ter) is slowly

hed with of water % % of
add%qlq@@strrg@q dur(ng 4)§ rglgutﬁ]s)TheTr gctuepgsdﬂ‘g tI)b Av\gsznt&yrs a
HPLt:Q:oatralesmbwalcomblew dcfnvéelorﬁof sthrting neiter(al toth 5Vd|r))xyﬁﬁdd Li

comﬁﬁ\i\?ﬁé{ﬂ%ﬁgﬁﬁvﬁéh vdtlénljbl ut}oglti%ﬁéryiglp e%%ggéte?i bé/dilstlllatlon of
ca. 108, nilldf ethan8Avdter, ibdure. 7I'h94esidlﬁa]2 cérebehtrited @atd sé!BtidrHf the Li-salt is
extr%té}gtwg},cééth(é{hé E)'):eta% (g% @O%H%S%E%blfgag% ‘:?c:f?_ﬂ_g phases which
nowzooginithg ki qa;lh(xu,)-q;; bagk exqragted wvith (90 miigpturate godiumgghloride solution.
The QJFgaHEDphale %Ethérﬁe\%'ﬁ))rat&j il {acuum to give 33.0 g of a foam which is dissolved
in 30 ml of diisopropylether. To this solution is added at O °C 60 ml of n-heptane (isomer
mix.). The mixture is seeded and put in the refrigerator over night. The formed crystalline
material is filtered and washed with 2 portions (2 x 30 mi) of cold n-heptane and dried in the
vacuum oven over night to obtain a white, crystalline powder.

m.p.: 62 — 70 °C (melting range)

MS: [M - Li] = 566 ; Li-salt: MH": 574

"H-NMR (600 MHz, DMSO-ds): at room temp. rotamer mix (ca.1:3): 7.58 (d,min.), 7.5 (d,
maj.), 7.43 (br.s, min.), 7.38 (br.s.,maj.), 7.05 (d, min.), 6.98 (d,maj.),6.1 (br.d, -OH, min.
+maj.), 4.03 (br.m.,-OCHy), 3.82 (s,-OCHj3), 3.5-3.35 (br.m., -OCH,, +H;0), 3.22 (s, -OCH,),
3.05 (br.m, 1H), 2.0-1.9 (br.m,3H), 1.85-1.7 (br.m,3H), 1.65-1.55 (br.m, 1H), 1.4-1.3 (br.m,
4H),1.28 (Boc, maj.), 0.95 (Boc, min.), 0.85-0.72 (m,12 H + heptane).

at 300 ° Kelvin: 7.52 (br.d, 1H), 7.45 (br.d, 1H), 7.0 (2d, 1H)

IR: 3350 (br, NH,OH), 2960, 2932, 2873 (s,as CH,), 1686 (C=0), 15681 (as-C0O0’),1515
(amide, arom.), 1428 (sy.COO’), 1267 (C-0O), 1174 (C-O-Boc), [cm™].



0.95 (d, 3H), 0.92-0.91 (d,3H), 0.86-0.84 (d, 3H),
0.83-0.81 (d,3H), 0.80-0.78 (d,3H). Ms: [WMH - BoC]H+ =
wWOo2b@/0@42¢ 0. 45 (heptane : EtOAc = 1 : 1) 5a) PCT/EP2006/009970

Purification of conpound (Villa) via salt formation to
give crystalline Li-salt (Mlla') (Mlla') 30 g (55
mmol ) of crude conpound (Villa) are dissolved in 120
m of ethanol to give a clear®olution. The sol ution
is cooled to 0 OC and 110 mmol LiOH (2.65 g in 100 ni
water) is slowy added under stirring during 45
m nutes. The reaction is slightly exotherm After 2

M@M& sllghtly yeIIow turbld solution is

partially evaporated by distillation of ca. 100 m of
ethanol -water m yture. The residual concentrated water
[ of t hg i-ialt is extracted twice with ethyl

: 0/{) . The conbi ned ethyl acetate
\ph S (Chnnow contain the Li salt (XI1) is back
gktract éd wit 0 mM saturated sodium chloride
solution. The a%%\ani c phase is then evaporated in

vacuumto give 0 g of a foamwhich is dissolved in
30 m of dii sopropyl dvhi@). To this solution is added

A dr?‘ﬂa%é@\‘é};.g% g Ehé?&&{]@‘ﬂﬁ P ¥ Eled THE Which'i ‘ﬁw%‘ as%qéa% 0°C

e refrigerator over
undersrga Vmeyéh%telmméatw@treaqw 0;°€. fi2btd ok an @ﬁgronﬂmeswm

chloVIﬂé Qolgtlo?lQQ oirR&I8r, (2TrF 39218 hmeh lscéaded nfﬂéﬁﬁtﬁﬂl?oﬁ]ﬁbutyl lithium
in the vacuum oven over ?@’9@1: to o btain a

SOIUE?WthaWPﬁaﬁ@ HRRAEE " MY are g $HENgS Hbr"}ganf@y‘utes The
readbn mibiire id_stirred a5§6-25 °leorS§U rhinufesttAftep Tiht ﬂlMeHMBIL(thQQf compound

(VII'y, 'HBE%BI? gﬁé ncraol) moPén rr}l o%)ry I"I"l)-lflzag‘éroppeca( to tﬁe reacg gn mlxture during
15 min. at 25 °C which is slightly exotherm with gas evolution. The dropping funnel is rinsed
with 2 ml of THF and the reaction mixture is then stirred at 25 °C for at least 3 hours,
followed by a HPLC analysis to check the conversion of VII'. — In a second flask (No. 2) 3.53
g (10 mmol) of compound (VIa) is charged together with 22.5 ml of dry THF under argon.
The solution is then cooled to -10°C. To the suspension of (Vla) in flask No. 2 is added the
aryl alkyl species (VIIb) via a Teflon tube during a time periode of 1-2 hours under argon
pressure. The reaction mixture is then stirred at -10 °C for additional 15 hours.

After HPLC analysis showed complete conversion of (Vla) the reaction mixture is quenched
onto a soivent mixture of 25 mil of tBME and 22 ml of water containing 3.2 ml of acetic acid
under vigorous stirring at 0° C during 30 min. Then the aqueous phase is separated and the
organic phase is extracted three times with 15 ml of water (total 45 ml). The organic phase is
then evaporated in vacuum to an oily residue. The residue is again dissolved in 35 ml of
ethanol and treated at 0° C with an aqueous solution of 0.48 g of lithium hydroxide in 20 ml of
water under stirring for 5 hours to give the lithium salt (VIlla®). The reaction mixture is then
concentrated in vacuum to remove most of the ethanol and is then diluted with 35 ml of water
and 20 ml of TBME and is stirred for 5 minutes. The organic phase is separated and the
aqueous phase is again extracted with 20 ml of TBME. The combined organic phases
contain the unwanted lipophilic aromatic side products, while the aqueous phase contains

the desired lithium salt (Vllla®). The basic aqueous phase is neutralized by addition of 5.3 g



maj.), 7.43 (br.s, mn.), 7.38 (br.s.,mj.), 7.05 (d,
mn.), 6.98 (d,mj.),6.1 (br.d, -OH, mn. +mgj.), 4.03
WOoQ2hi7/0a5420 OCH 2) , 3.82 (S -OCH 3) , 3.5-3.35 POT/ERRG06/009970

-OCH2, +H20), 3.22 (s, -0OCH3) , 3.05 (br.m 1H),

2.0-1.9 (br.m3H), 1.85-1.7 (br.m3H), 1.65-1.55
(br.m 1H), 1.4-1.3 (br.m 4H),1.28 (Boc, mgj.), 0.95
(Boc, nin.), 0.85-0.72 (m 12-PB+ heptane) at 300
Kelvin: 7.52 (br.d, 1H), 7.45 (br.d, 1H), 7.0 (2d, 1H)
IR 3350 (br, NH OH), 2960, 2932, 2873 (s.as CHn) ,

of sdli6&@ri¢ &mD)mda S8rting &dlow&Dby theSdition ot 4eml afredingl acetdté2Bhe
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agaih Mt ) B 4 SIS 4 HeRy e wogaie Bhas pla-

poratgdain adclanh tol givesy verp gickg wisicogs kSidne (MItl@swhichhie pusssaricbriing to
HPL@ tawsg Is stirred at 20-25 CC for 30 mnutes. After
tPie a sol ution of compound (VM ), X = Br, 2.75 ¢
(10 mol) in 7.5 M of dry THF is dropped to t he
reaction mxture during 15 min. at 25 0C, which is
sI [ ght Iy Sxot herm vv| t h gas evoI ut| on. The dropp| ng

mpound

IIIH“ Xé Hbﬁn bénd téoﬁftﬁ\q b%f‘o ri@@r&ﬁfctﬁ,h \Mﬂﬁﬁﬁ i llia):
0 y a analySIs to chec € converS|on 0
VIT'. - In a second flask (No 2) 3.53 g (10)mmol) of

conpound (Via) is charg ther 2.5/m of dry
/ITHF undgy_ gegon. The sai utionjlis the¢n cpoledito -100C.
Mensi ongof (M 7 91'S |[aded t he
N al mspeci es (VI a t ybe during a
% MesgRer i od’ngf 1-2 holfs under arg@n
(Via) — — (Vllla')
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A 750 ml three necked flask was dried under argon flow by heating to 150 °C. After cooling
down under argon to room temperature the flask is charged with 25 g of bromide (90.8
mmol). The solid is then dissolved by adding 440 ml of dry (mol sieve) tetrahydrofurane.
This solution is then cooled down to -78 °C. At this temperature a solution of n-butyllithium
(1.6 molar) in n-hexane (57 ml) is added slowly over 30 minutes to give a clear, colourless
solution. The reaction mixture is kept at this temperature vor 1 hour. After that time a HPLC
control showed complete halogen-metalation exchange together with ca. 10-15 % of homo
coupling product.

In a second flask 26.73 g (75.6 mmol) of Boc-compound (Vla) dissolved in 440 ml of dry
THF (over mol sieve) is cooled down to -70 °C. To this solution is added under argon



pressure. The reaction m xture is then stirred at -10

OC for additional 15 hours. After HPLC anal ysis showed
woceosHane conversion of (Via) the reaction ni RCUHER2G0§/009970

guenched onto a solvent m xture of 25 nml of tBME and

22 m of water containing 3.2 nl of acetic acid under

vigorous stirring at 0 C during 30 mn. Then the

aqueous phase is separated an@9the organic phase is

extracted three tines with 15 mM of water (total 45

m ). The organic phase is then evaporated in vacuumto
presaureothiel i-spexiiesU(¥/l1a)Tfroen flask Owithin $5 ayajte;s tdighednvaimostrto®birless

e

clea O?I&[on I\HM ggtg taﬁ?ﬁiL%d%oﬁhrﬁ]pﬁ%wggr dc Hrg@gteac%g%rﬁ?on ?f (Via). The
reacjipn emxtmmaﬁeque@phw ¢rﬁg afbmhascmxm@ af §0gim @quenys citrichadighsolution
(10 §§thhd 600 i & TBME all®eC LRAGViRPoudisttriage 1S then

concentrated in vacuumto remove_npSt of the ethanol

The aauequs phagsis exiragtediwith £80 mbofiBNE. Thercombified opganig physes twice
with (BW20affl) dduedld ¢ifrie@cidotheh t»m:@m 2200 friSsoQiLgPRILArbERAS €10 %) and
fi naIbavpﬁ%j%&ﬁé mg?fa \ﬂ%ﬂEﬁlhq-ﬂr %glgﬁﬁ%elgsdg?% 8Yﬁr3? % re%g;t)oergted in
vacuuomntoggive 4 thickwiiwant ed | i pophilic aromatic side

Thef REHE (8 s BN UcciS if 56 RS SRARFICIL SEA5,IRE SHGR 96 s
solutieruis radtieéd atdd 1y 1§¢|mlpf an mﬁlarﬁsowtlgmbf IsmUmdwydloo(\dec(O a@1 ghol) under
stlrrng dﬁ'[e régétiroﬁ'nﬂﬁufeqjs LiowWRdvd eBh t@%yn‘i ieﬂ{beﬁar urégllnmaﬂé’lf 2 hours

acet ate. he neutra gqueous

lact@@wsapeﬂnawes p@@p@@d@%\?) . @vegthsﬂltfwa selt Ol )- o t i ¢

To tRi§ b@\uﬁbrﬁérelau&@b htyo3Q m\alp&om&@f sodilif bb@mridérhr@rbaéé&(@ 8 g,
is then vi usl| stirred for hours at 65

100 M')e‘?)’@rﬁé’ [I ?fga QUES, HP, g)[ntr hewegﬁ ?rorf %%ag% conversion of

startcngrmbtgha Additiopail E5Btrhg) r(zdﬁwénaﬂl) cﬂleamu g addgd aﬁd@tntmﬁg at40 °Cis

bi car bonat |on|s ed s under rring. . .
cont Ipver nlqh? &BL’E eaaalg g%owg%%%g% ggrglop t rﬁ?\l}'ﬂ%{lc mixture
of (Xah) rree tehastum gixhire weh ae@ed tnm Uhanbexcasnef hanehydridelwas destroyed
by s&ow (})t écﬁﬂqodo r?iq?'adf Eqﬁ@:ﬁ:@%ﬂn%%@ §olM‘ﬁcfnrt Amt (PJC L\ﬂ%te? Etlrnng to get

anil C ase | s
pH %&traﬂ@aydrﬂgmmpwmgls\p@sgv rT)heg?ﬁ'%'R? mift@redteoncentrated in

vacdlﬁé;toqéﬁ\o(/éféﬂhhﬁal THY sdliebSs PhHse iPSFRAERH NthicthyrEédtate and the
ethylaceta}/e phase is again mixed with 300 ml of an aqueous solution of citric acid and then
warmed up to 50- 60 °C for 12 hours whereby lactonisation takes place to give the 2 epimeric
alcohols (Xa) after phase separation and evaporation as a thick oil which was crystallized
from TBME/heptane mixture to give a white crystalline solid in the ratio of 95 : 5.
Spectroscopic data are in accordance with (Xa) epimeric mixtures.

6) Preparation of compound (IX), (penultimate precursor) by direct hydrogenation of

compound (VIiila):




5c) Reaction of Boc-|actam|actone (Via) and
aryl -Li-species (Vila) via conpound (VIlla') to
WOoceoatHrd ( Xa) by sodi um bor ohydri de reducti oRCRIEPRWG009970
going via (Villa): A 750 ml three necked flask was
dri ed under argon flow by heating to 150 0C. After
cool i ng down under argon to roomtenperature the flask
is charged with 25 g of bron de- (90.8 mmol ). The solid
is then dissolved by adding 440 m of dry (nol sieve)
tetrahydrofurane. This solution is then cooled down to
-7% 0C. At tdis tenperature a sol utd on of | 0

e5s sol ution. g
0 ' Tp# gt ur & vor of Wour? ATt that ti nt h
I control sk d conpl dte hal ogen- | ati on exchange 0%
gether with ca. 10-15 % of honp coupling prodygt. In
a second flask 26.73 g (75 6{ nmol) of Boc- conpound

(Via) dissolved in 440 m of}|dry THF (over nol sieve)
is cooled down to -70 OC. To this solution is added

under argonpressure the Li-species (Vila) fromflask 1
W thin 15 m nutes to} gi ve/arﬁ al nost col ourl ess cl ear
solution. After 20 mMmutes HP “ontrol showed
conpl ete con-version 0 ction mxture is
guenched onto a bi phasi | Xt l]l/(e of /6/80 m aqueous
citric acid solution q>10% a OmM of TBME at 0 0OC

under vigorous stirring. Thg/%aqueous phase is

extracted with 250 m of TB The conbi ned organic

hases twice with (2 x 200 ml) aqueous citric acid,
2.75 G, &g ebeqmpound O 11a) 3re lisgpied 15i PPk Advisturelof efhangticpcetic
acndf(2 ﬂdlj and 0\8% § oPcatalgéi®drt (1 %WEE elhard ¥508MiYadded. PhemRirédena-tion

d
s pefre 8140 * GHER & B ererep A 1o SRR SvbafierRiso
conversiai. Ant duditiohaltamogint/ef catalyst (11,85 @ds addddudndadrydrogendtion 3s

y . 1 o "y .
contﬁ‘?:le{!'.i /%\f%:? d?n %ﬁ@%%ﬁﬁosgtall %t@%ﬁg ]nﬁa:tne)ﬁl |suéno(rj12?r?ea{'r? Lg Fea%f?cjm rtnlxﬁne is
filtered and washed with ethanol and the filtrate is evaporated in vacuum to give an almost

colourless oil. The crude product mixture was dissolved in toluene and was washed 3 ~times
with 25 mi of saturated NaHCO; —solution to neutralize the acetic acid and extract it to the
aqueous phase. After evaporation of the toluene in vacuum an almost colourless viscous oil

was obtained (2.21 g). The tlic (SiO, , heptane ethyl acetate (1 : 1) of this mixture showed 4
different spots besides smaii amounts of starting material (Viii, Ry 0.45) which were
visualized by spraying with Dragendorf's reagent. The spot on the top with R¢ = 0.60 was the

desired compound (1Xa). The two spots with Rf 0.33 and 0.40 are the 2 different epimers of

the alcohol derivative (Xa). The spot with Ry 0.55 is compound (XI) which is formed from

epimeric compounds (Xa) with R¢ 0.33 and 0.40 under acidic conditions (AcOH) at higher
temperature or with ion exchange resin at room temperature. Similar behaviours could be
observed in HPLC.



stirring. The reaction mxture is slowy warnmed up to

roomtenperature and after 2 hours | actone ring
wogpeHmigowas conplete (HPLC) to give the |ithPORER20106/009970

(Villa) . To this solution are added at 40 OC snal |

portions of sodium borohydride are added (3.8 g, 100

mol ) over a period of 2 hours. HPLC control showed

after 5 hours 66 % conversion’df starting material.

Addi tional 756 ng, (20 mmol) of NaBH4 is added and

stirring at 40 OC is continued over night. A HPLC
Aﬂeaprabg'ratn& howvechremetiobetpby obthe 219y afithé¢ crutié mlxlmermmuce fractions

ture of (Xa, ' . re ion mxture was coal e
of g e eskocTng VR X R Oy ERHHPT Balefled Wi Fgallrepyirecty fom
the &I' ¢'Hé Mry@t@ﬁ#hé‘%afé?@l Whs Rkrnatieed fominepiapeaci d sol ution
at 0 OC under stirring to get pH 3. Strong
hydrogen gas evolution is observed. The reaction
Compo¥hdi(i®a) S concentrated in vacuumto renove et hanol.
M. _T;r%_ eous phase is extracted wth ethyl acetate and
P yI acetate phase is again mxed with 300 nl of

an aqueous solwtlon of

to 50- 60 pc># r 12 h( ereby | actoni sation takes
pl ace to goyexlhe v'T c al cohols (Xa) after phase
separation .ﬂti PR atéon as a thick oil which was
crystallizEd Fro BVEf hept ane ni xture to give a white
crystalline solid in Phgrratio of 95 : 5.
Spectroscopic data are I n accordance wth (Xa)

"H- r\w& o MHF‘C‘S(H €§74-8)767 P&%P%F—?td §lo ﬁfz ((Jr?gﬂ}’%‘iﬁdo §4 @3}4) 1.16-

timete ﬁ ecursor

i
1 23dgmp1cb'l)n1j3§ \BPHBoc) X1 %] 62 (tifsngz"()51 ﬁﬁ'@ﬂﬁ (gf-fr:géﬁbétﬁﬁ)dz 35 (br-m,
1H),2\45-b 8 (U’%Frﬁl-g §§@12V5§0tbfnﬁl 1 ﬁg 3ds (@%H? B, l2H§f ﬁo-@hb 4H),

cat al yst

4034 B 2615 3805 R0 R B S BT ho s
IR: §333d° (ﬁgﬂ)‘i%% (la‘iQo Cl?%%‘{ca‘?b&ﬂét Plrs%%éml@enﬁ;cm 10 h a

Shows unc npl et'e conversi on i t'i onal
(FTIamumkoﬁmaranahg&smn)(O 35 g) is added and hydrogenation

MS:'MH* = 535.7

trlc acid and then warmed up

Also the other “spots” are isolated and characterized by spectroscopic data:

Spot at Rf = 0.55 corresponds to compound (Xla)

'H-NMR (400 MHz, CDCl,): 0.77-0.79 (d,3H), 0.86-0.88 (d,3H), 0.88-0.90 (d,3H), 0.97-0.99
(d,3H), 1.10-1.30 (br-peak,9H,boc), 1.78-1.86 (m,1H), 2.0-2.06 (m,2H), 2.08-2.16 (brm, 3H),
2.50-2.60 (brm,1H), 3.27 (s,3H), 3.50 (t,2H), 3.77 (s,3H), 4.0-4.10 (brm,3H), 4.20-4.40 (br-
peak, 2H), 6.72-6.74 (d,1H), 6.75-6.77 (d,1H), 6.83 (s, 1H).

m.p.: 63-69 °C



continued. After 46 hours alnost all starting materi al
is converted. The reaction mxture is filtered and
wovewds2i t h et hanol and the filtrate i s evap8CatERA006/009970
vacuum to give an al nost colourless oil. The crude
product m xture was dissolved in toluene and was
washed 3 -tinmes wwth 25 m of saturated NaHCO 3
-solution to neutralize the adétic acid and extract it
to the aqueous phase. After evaporation of the toluene
in vacuum an al nost col ourl ess viscous oil was
IR: 3057 2297001773, (Rttoy),. 1688 ¢Bdd),c151S| TIBO, 1368 tmrg : et hyl
acetate ( 1) this m xture showed 4 different
MS: Mbt § 5&@5”@'@9;"“5@% amounts of starting material (VIM
Rf 0.45) which were visualized by spraying with
Dragendorf s reagent. The spot on the top with Rf =
SpobatR¢ %@tchaedmm aoompanddXa)-spimer THsyn-epimgsacsording to X-
w%tq 33 and 0.40 are the 2 different epiners of
ray 'écgfetw ferivative (Xa). The spot with Rf 0.55 is
compound (Xl) owhich is formed from epineric conpounds
on th R§E—0. '?{pand 0. 40 under acidic conditions

tenperature or with ion exchange
3 erature. Sim |l ar behaviours could be
+od “Nﬂ(PIPLC After preparative colum
?chromatogr of the 2.21 g of the crude m xture 20
pur e fractlo of the desired conmpound (IXa), Rf =
0. 60, could be cofXacted which crystallized directly

H- r\fMP@ YadomeQIdDCﬂSh@ 8%)@(@&& QHP orPLEs4 @i 3ma$ 40 (s 9H), 1.80-1.93
stal i zed from_hepta I'Xa)

(brm 359, 595 2 TP CATOE ARGty B2 6.0y (23 563 (5.3H), 4.05-
4.206bbm,3R), 325 dAH) (46 @B(d) 1H)06 96(@19)4 4(83, (@M H), B. 956(s 1H).23
(bm 1H), 1.38, (s, 9H Boc), 1.5-1.65 (br-m
MS: 1M9‘5N|24 1%5%an P50 2. 50-2. 35 (br-m 1H), 2 45-2.52
(brm1H), 2.50-2.59 (brm1H), 3.28 (s,3H), 3.50
(t,2H), 3.70-3.80 403(t,2H),428435
7) Pr on of (o] i ound (Vilia) in

EtOH:
H.O (9:1) at normal pressure & room temperature with Pd-C,10 %, wet, JM-type39:

V\|< (1Xa)

5.5 g (10 mmol) of compound (Vllla) was dissolved in of a mixture of 90 ml ethanol and 10 ml
water. To the mixture is added 5 g of catalyst Pd-C(10 %), water cont. ca. 50 %, from
Johnson Matthey, typ 39. The mixture is stirred at room temperature and normal pressure for
20 hours. After that time the conversion of compound (Vllla) was 98 % and 66 % of the
desired compound (IXa) was formed together with 28 % of epimeric alcohols (Xa) and 4 %
pyrrolidine lactone (Xla). Hydrogenation under the same conditions was continued for
another 48 hours without additional catalyst. After that time the catalyst was filtered off and
the solvent was evaporated under reduced pressure to afford an oil (5.9 g) which contained
according to HPLC 89 % of compound (1Xa) and each 5 % compound (Xla) and starting
material (V1lla). The oil was treated and stirred at 0°C with 10 ml of n-heptane (isomer mix)



IR 3358 (-NH), 1773 (lacton), 1705 (carbamat), 1518
(amde Il) cm1 ; (FTIR-mcroskop in transm ssion) NS
WOoRbH/025885. 7 Al so the other "spots" are isol aPEWERRWG6/009970
characteri zed by spectroscopic data: Spot at Rf = 0.55
corresponds to conpound (Xla) 1H NVR (400 MHz, CDCI 3)

: 0.77-0.79 (d,3H), O 86-0.88 gd,BH), 0. 88-0.90
(d,3H), 0.97-0.99 (d,3H), 1.1631.30 (br-peak, 9H, boc),
1.78-1.86 (m1H), 2.0-2.06 (m2H), 2.08-2.16 (brm
3H), 2.50-2.60 (brm1H), 3.27 (s,3H), 3.50 (t,2H),
and Seétéd(veth3-fmaldarfeuht dOconimoun HXa) yhabhel prddudtistapedito crystallize.

o 2500 i i 6l By By 6.

prodpgcy@s fitempand Mashed wg@gmp& mlqmew vem-pold: ndeatangitogMe after
drym('%ﬁwr?gc@?rpfhe@es:%d pro@uct Qs \K/§§|ﬂ9@ 85 HPR CCPIBAHIIH-NMR.

a)-epinmer 1 (syn-epinmer according to Xray structure
anal ysi s: 1H-NI\/R (400 MHz, CDCI 3) : 0.82-0. 88
8) Ptepafati) of con¥ inti ¢
rm 2.

compound a) i Agat 6,ba do W ¥ iols
of pbtasgiudiormate’5 (d, 1H), 4 60 (d, H), 6 80 (d 1H) 4.83
(dd, 1H), 695(31H) M5: M+ N4 + = 569 ; M-H = 550
J,Prepar atjfon of compound (I a) by direct
n<0f compound (Villa) in EtOH

[o]
j< (IXa)

22.0 g (40 mmol) of compound (Vllia) as an oil are dissolved in 150 ml of ethyl acetate.

10 g of Pd/C (10 %), type Engelhard 4505, and 500 mg of potassium formate was added to
~ buffer acidic components of the catalyst. Hydrogenation was performed with 6 bar and room
temperature at the beginning and was later increased to 60 °C. After 8 days additional cata-
lyst (5g) was added and after 9 days the conversion was 91 % and the 2 epimeric alcohols
were formed in a ratio of 93 : 7 (syn : anti) exclusively without any further hydrogenolysis to
compound (1Xa) or formation of compound (Xla). The catalyst was filtered off and the sol-
vent was evaporated in vacuum to give an oil which crystallized during standing at room
temperature (19.0 g). This material was re-crystallized from tert.-butyl methylether (20

ml) and n-heptane (60 ml, iso mixture) at 20 °C and seeding. After crystallization is almost
complete (2 h) additional 40 ml of n-heptane is added at 20 °C under stirring for 2 hours to
give then after storage in the refrigerator over night and filtration, washing with cold n-
heptane and drying the white crystalline material (syn/anti ratio = 93 : 7, HPLC).

m.p. of the syn/anti alcohol mixture: 69-71 °C.

8) Preparation of compound (Xa"), (salt of hydroxy acid from syn-anti epimeric
alcohol (Xa




HaO (9:1) at normal pressure & roomtenperature with
Pd-C. 10 % wet JMtype39: 5.5 g (10 nmol) of conpound
WO(2091/048320was di ssol ved in of a m xture of 90 WCTEPRENGHDIIT0
and 10 ml water. To the mxture is added 5 g of
catalyst Pd-C(1O0 %, water cont. ca. 50 % from
Johnson Matthey, typ 39. The m xture is stirred at
room tenperature and nornal pféssure for 20 hours.
After that time the conversion of conmpound (Villa) was
98 % and 66 % of the desired conmpound (I Xa) was forned
together with 28 % of epineric alcohols (Xa) and 4 %
pyrrolidine | apter ydr ogenat i on under the
same conditions oar anot her 48 hours
wi t hout additio i} [
catal yst was f‘]’lter d of and t he sol vent was
evapor ated under reduced pressure to afford an oil
(5.9 g) which contained accordi néx"l’b HPLC 89 % of

1 g (CBTRMLNSF 4r é@a:}meﬂmlnmaé bf EryStaminerpioottls (08h,a)atiared. 9 : 1) is dissolved

n 1l lial Thoeo i oo o] remtpediion S i Rya o
mma)se daterd tr) isaddesl Undanstionrig. aftecsimpguat@mbiedtlempeoaturetier 2 hours

the r?%&@ﬁ gst ?oZr%;?%tE elﬁo%t%f fre ye?r‘iaEHo‘ E%?rnoﬁgi fdlﬁlﬁgtlo%dstlgéjnreg%ual

_ erator over anot he
aquepye Phasgtis BWQ&@ witth2 x 2P &nf LSP(f: tl‘thWE%Jefa’@ tTée sambingd gihyhaagtate

extré’t‘,"tst é}e%héd Wﬂlu 5 R of BineVdtads feh @vﬁbd?ﬁ@& &80 bify é])'hé{ eI'o this is
after Ing in vacuum the desired product, "whi

addemﬁ ®l gﬁp @e toceysigiige the Nmnalgyh@prgﬁtal‘hg? Wﬁpe[ﬁlon is stc;c’red over
mghﬂﬁ ROIAGelatd)and(iSihen dkéred @pd Washad atheadPh-Biptalie and dried in

ro ena n f compound (Villa) in EtOAc at 6 bar.
Vac”i'ﬂ‘ gg’(?a"@?ﬁﬁoﬁ catal yst Pd-C.10 % in the presence of

m.p.pot&as $28.10 (roeltirtran@s). 0 g (40 nmmol ) of conpound (Vill a)
as an oil are di ssol ved in 150 m of ethyl acetate. 10
MS: ]M&fl BPPE: MD 9876 t ype Engel hard 4505, and 500 ng of
IR: FAAR AGbSETbE Qb RisYiBs: Rd6esBs503 fuH (bEINHR®H)! S958, 2874(aliph.-CH),
components of the catal yst. Hydrogenation Wwas
168HE=I0nBow) d160i5{ds, BOOY 1586 (hrmide ), 161 1Ka8 (ByeCQ@D )t 1867, 1258, 1171,
83@ i_(]ni ng and was |ater increased to 60 OC. After 8
102 ‘3% addi tional cata

9) Preparation of compound (IXa’), Li-salt of hydroxy acid from (IXa)

Wir

1 g (1.86 mmol) of crystalline compound (IXa) was dissolved in 10 ml of ethanol. To this

solution was added a solution of 88.6 mg (3.7 mmol) of lithium hydroxide in 5 ml of water.
The homogeneous reaction mixture was stirred at room temperature for 2 hours. HPLC
showed after that time complete conversion. The solution was evaporated in vacuum to
remove most of the ethano!l. The aqueous phase was extracted with 2 x 20 mi of ethyl
acetate. The combined ethyl acetate phases are washed with 5 ml of brine and are then
evaporated to give a sticky solid. To this is added 10 ml of n-heptane under stirring at 0 °C to



lyst (59) was added and after 9 days the conversion

was 9 1 %and the 2 epineric alcohols were forned in a
woneaveseh 93 @ 7 (syn @ anti) exclusively w t ROUIEP26D/009970

further hydrogenolysis to conpound (1Xa) or formation

of conpound (Xla). The catalyst was filtered off and

the sol vent was evaporated in vacuumto give an oil

whi ch crystallized during staf@iing at room tenperature

(19 0 g). This material was re-crystallized from

tert.-butyl nethylether (20 m) and n-heptane (60 m,
crystatliiae thexhatedgl. Hte G@stemeasm;peesim isgptoréd o\ night in the refrigerator and
. | . .
s G W8 S Rhard i AR ERTR SRyt e .
mph&@r%t@(g\ﬁk&legﬁﬂﬁﬁ) after storage in the refrigerator

IR: mﬁrm.&bgéupeamaéénh,&g.a% '39?3( dﬁ? BBT‘H I\WI)t 12195?>Ob§|331 ‘28’?’{ .76 (Boc),
nd dr the white crﬁta ine materi al 7)§n ant'i

ryl
1572(§ﬂQSD i5’9ﬁam'd¢-") HA38) 142 GO0 113661e1280.n123R¢ 1178 14201026 [em']

re.. 09 8) Preparation of conpound (Xa').

MS?@ Ltu] f552y!§(ﬁ‘!]; yb%é)m d fromsvn-anti epineric al cohol
(Xa)1 g ( 1.8 nmmml) of an epineric mxture of

At of pyrcy agid

éompoutd @ga’sg@uhcaﬂmﬁa i t hi um hydrOX| de (3.6 mml )
In water (4 m) is added under stirring. After
agphi ent tenperature for urs t e

10

at L onl and t he rﬂs—hdﬂa%—-aqu
exTracte \thh“z x 20 ml of ethyl adetateé. ﬂéﬁ

(vinggnbi ned ett?ﬂ acetate extracts are washed 5 MixaY)
of brine and is then evaporated to an oily solid. To
this is added 5 m of n-heptane to crystallize the

2.8 graat(sro rﬂn'nol) $héhr56)b§lﬂ_tl-%bllt (d@ﬁwpauwvm&)%sld&ssh@a ﬁ?m&;f iso-
re

e.r ator _and t
prongading & A FH-G Giooh JHLGpS A2 Vetavan 4050 At biBgeneFaal 26 over
nigh@(1&ih) be0.2 dar. \fter that tirkd Bonvels?dh &FCotmpealind (Vi 1" )avap06 %

(HPLC). Temperature was increased to 50 °C and hydrogenation was continued for

Ase i §

additionai 24 hours. After 41 hours only small changes in conversion were observed but the
ratio of syn/anti epimeric alcohols has changed from 83 % syn/17 % anti to 67 % syn/ 33%
anti. Therefor additional catalyst (1 g) was added and hydrogenation was continued at 50 °C
for additional 6 hours. After that time HPLC analysis showed no further conversion but again
a change in the syn/anti ration to 62 : 38. Hydrogenation was continued at 50 °C for
additional 36 hours without additional catalyst loading. After that time HPLC analysis showed
a syn/anti ratio of 45 : 55, but no further change in conversion (83 %) of starting material.
This shows an interconversion of the syn epimeric alcohol to the anti epimer under the
reaction conditions by an oxidative-reductive cycle. Hydrogenation was stopped, the catalyst
was filtered off and the solvent was evaporated to a semi-solid oil.

11) Reduction of Li-salt (Villa’) with sodium borohydride via (Xa)" to (Xa) using Sodium
borohydride reduction in ethanol-water (1 : 1):




M5: [MLi] " =568 ; MH =576 IR FTIR m croscope i
transm ssion: 3440, 3355, 3167 (br, NH, OH); 2958,
wOo28Wadad2bph. - CH), 1686 (C=0 BoC), 1605(as, COOPCY/EP2006/009970
1555(am de-11), 1514, 1438 (sy.COO ") , 1367, 1258,
1171, 1028, [cm 1] 9) Preparation of conpound (I XaM
Li-salt of hydroxy acid from IXa) 1 g (1.86 nmol) of
crystalline conpound (I Xa) wa 6di ssolved in 10 m of
ethanol. To this solution was added a solution of 88.6
nmg (3.7 mmol) of lithiumhydroxide in 5 nl of water.
he honogeneous reactiop m xture was stirred a% room
s z efor 2 h : vved after "t iome

M8 extracted wWth 2 x ﬁ

o]
¢ m of et hy acetate% xa)
W conbi ned et hyl acetate phdsSes #f'k washed with 5

2.3 @(4 rhrnlon Bf arganwmat) I‘},eans&ma% ?Jo@rdtehfbe&hd’r@ irfa ﬁﬁ)&t&r%)bf 10 ml of
his is ad éane und

Wateé ?PP PH@ °£1?th6"‘d6 'lecf@W'QE‘ éﬁ W?’E@dtuﬁé° ﬁ%t PP%Fma*!'H%V‘w"S of sodium
boroydtifeddré aided(U5PAASH ernndlxso\&t atpefododrer hdur HHRLG orftldEshowed after

« ol i, RZREV S B eaing FE{hnel FE 57y 30 s TR i s oo

and stirping a8 °C 9 @oGiBuedeler mght rHEPIG2 andlyRis sHbed mbmpkem:mmersmn

) ORI eSO g s s

(10%49990®UB)The1@e@lonmst9re is Zacentrated in vacgom ta gereove@ariol. The
aqué\gﬁs phMe islebdractéd \ﬁﬁaeth%etate'sm thO btHyadEanesate %nag:éfn mixed

nmpound (Villa (salt of hydroxy acid from

with B ¥ obah eesue SRl g ag A N ermed Hp lova 803Cgo42 hours

whe@‘as Ga"u&. gatmn)talaa‘s pxa%reb@we ke 3 apiteli€ aRPIBKIKaYbitérdhhseas
sol ve I N

sepdjgtion N & BROTION 4ha o seky B BN arvlRs B T Feftana.es o

whité® €bliahie the ratio of 95 : 5. HPLC and spectroscopic data are in accordance with other

(o]

samples of (Xa) mixtures.
Other solvent mixtures like THF/water, or i-propanol/water or water alone or ethanol with 20

vol.% of water are also good solvents for this borohydride reduction.

12) Barton-McCombie-route to compound (IXa)
a) Preparation of compound (XVa) = Imidazole-1-carbothioic acid O{(S)-2-[(S)-2-tert-
butoxycarbonylamino-2-((2S,4S)-4-isopropyl-5-oxo-tetrahydro-furan-2-yl)-ethyl]-1-[4-

methoxy-3-{3-methoxy-propoxy)-phenyil-3-methyl-butyl} ester

(XVa)
0



night (17 h) at 0.2 bar. After that time conversion of

conpound (Villa ) was 86 % (HPLC). Tenperature was
woiziereaeed to 50 0C and hydrogenati on was contPCARPAVNGHPIIT70

addi tional 24 hours. After 4 1 hours only small

changes in conversion were observed but the ratio of

syn/anti epineric al cohols has_changed from 83 %

syn/ 17 % anti to 67 %syn/ 33% anti. Therefor

additional catalyst ( 1 g) was added and hydrogenati on

was continued at 50 OC for additional 6 hours. After
EpirbértcotripoendXal( béty, Bsnreolshiewsdolmed indolubmr (18omyandiigh

vioierREB 55888, s HIRISEPALY. GBI b8 Plnen e
aminppyriding Q. 0igg)- Taédeaqhgrm Hlixtergtisstred qverright@t rosm temperaiyre. For
work- bﬁmaqh@é& Qﬁatlai/e?i' INaHREOYBS AL)SY Béé’ébt éncf tﬁé Ia?en%farééeparg’téd The

but' no further change in convers (83.99 of starting

orgaiaYeT I SXtrpRied Wi dto Sah NEHCORAER TR SNt pates E4Ph- The

orgdPiR 18RI l.s:draJdthmlhyareué ngseatand @i $Bient Bdﬁépdrbt@d uRdéitred@iited
an . oxi dati ve-reduc

presf o gbRI 7 B e Bt > et lnud yBF Shdle roductagpurined by
flasteéliromatbgtdpy so ksiiengelwith t-bdutyp oetilybethéasamestaiei phasd tocbbtain pure

comgburidhél(gL %eg Hl?l};té %erf tl HLNMI§;|F§ an%I HIQ ")Ss%%&u’r% ?g{r gﬁb%tjct 8onf irmed
the preplesedistructiure @taham@re m«ﬂleqster(emlsomgys (Eplﬁlegs)(ﬂhQﬁirbNM Rogpectrum
waslcbmiﬁéattec(tw thl: ?rese}ucé S rOamer. Vﬁ‘flll\ﬁ (Jdécmp-li %@QW&WW@O) 0.65-

m Xt ure wat er and t hano

0. 995(51 d2hibA 4%%%1)@64@&%(61 4B8Hp 8. 2&#3 %H?aﬁ |47 ﬂo?'r') ér?§ (&f3H) 3.76-
3.905@f 1 Hmmr@fmju o4 a0ematided. 731049 (8, 1H, @Hnb)oaqw«heeH;a 7.05

roB oftcr 67 (oo >ty o8 7w ot IV R ForSimireons 7. 9125

296{,29BB) 2876 2888169, 37 deok, 581 15171469, 84274 039C1865, 1331,

i r,ni H I S 0 e
1298‘%2%‘%”1‘&3 1"1‘6&%{‘439'? 0, 15%7&4652? %ﬁb\/\}a@gd rggs?,'ﬂ(%% $61 753, 725,
694 a66N64H ey ! HR-MS: I@M"bes@qﬁeQﬂlGﬂ@iﬁd far MNetF @8$ SR&8A1 fonnd

684 62894 Ctaﬂzu%?ééi BHVR?= 7830283 LRd 78b8bseE | S

concéntrated in vacuumto renove ethanol. The aqueous
phase is extracted with ethyl acetate and the
et hyl acet ate phase is again m xed

b) Preparation of compound (1Xa) by reduction of compound (XVa) with tributyitin

hydride:

o]
\|< (IXa)

Compound (XVa) (= Imidazole-1-carbothioic acid O-{(S)-2-[(S)-2-tert-butoxycarbonylamino-2-
((2S,4S)-4-isopropyl-5-oxo-tetrahydro-furan-2-yl)-ethyl]-1-[4-methoxy-3-(3-methoxy-propoxy)-
phenyl]-3-methyl-butyl} ester) (0.4g, 0.604 mmole) is dissolved in toluene (8 mL). The
solution is heated to 100 °C. Tributyitin hydride (0.916g is added via a syringe at this
temperature, followed by the addition of a solution of AIBN (0.019849) in tetrahydrofuran (0.4
mL). The reaction mixture is stirred for 1 hour at 100 °C, after which time another portion of
AIBN (0.01984g) in tetrahydrofuran (0.4 mL) is added. Stirring was continued for one



with 10 ml of an aqueous solution of citric acid and

then warnmed up to 50- 60 OC for 2 hours whereas
Wol2egm20sat i on takes place to give the 2 epi RETIER2006/009970

al cohol s (Xa) after phase separation and evaporation

as a an sticky oil which crystallized from

TBVE/ hept ane as a white solid_in the ratio of 95 : 5.

HPLC and spectroscopic data arf@-in accordance with

ot her sanples of (Xa) m xtures. Qther solvent mxtures

i ke THF/ water, or i-propanol/water or water alone or
additdriahhadr apl 00 °Q end thie. réaaibn wes euerahed by additjoodf tbe Freaetidremixture

orto it B ERARIGILT .87  XHERRSTD mb b 2y e s gractc
with gflueansgdling! (@X\ﬁh’)"—):aﬂdwlﬂ‘a\ﬁ@ilee(-w nglar Pag #dugious awg are comblned
and Qﬂ(é&zragtea With tdladier 1 QNL‘?X'M%@&H& |a9£9$ 3@ combined, dned on

S)-4 -|soroty -oxotetrayro-furan- yl_
anh)m,otﬁ; I\ia2§ 2 and the solvent was evaporated under reduced pressure. The 01Iy crude

prodief Wenptrified By MRShEIOMMBGRBMY on HIREIGED with nsidhxélfrabmsrw iSopropanol
(9:1)gtfs)té)§biq9§gnqor|fnlg zlf(a)9 eer@u?ﬁxw%s éﬂr&pciﬂ? a re{grg)nce sample of

compbiradZa bowydinglta iHPO2 204 eH(NMRO4g, 4.5 mmol e) i s added,
foll owed by the addition of dinethylam nopyridine
(0.037g). The reaction mxture is stirred over night
at roomterrperature For vvork u aqueous saturat ed
a3 (3 : STy h O B ; 2] A

tr,s{,hﬁe@, & th,,gyer S extract ed with aq., sat. NaHCOB
"JFZU_W¥Tﬂg%EFVWTh water (20 nmL). The organic |ayer is
drged on anflydrous MgSO4 and the solvent is evaporated
nder redpcgd pressure to obtain 2.08g crude product
1 N qui d. The crude product was purified by
gat ogr aphy on silica gel with t-butyl-nethyl
et her as bil e phase to obtain pure conmpound (XVa) as
a white fdﬁﬁl 1H-NVR, IR and HR-MS Spectra of the
product confirn@¥alt he proposed structure as a mixture

of di astereoisoners (epinmers). The 1H NVR spectrum
Compound (XVa) (= Imidazole-1-carbothioic acid O- -{(S)-2-[(S)-2-tert-butoxycarbonylamino-2-

((2S5,4S)-4-isopropyl-5-oxo-tetrahydro-furan-2-yl)-ethyl}-1-[4-methoxy-3-(3-methoxy-propoxy)-
phenyl]-3-methyl-butyl} ester) (0.4g, 0.604 mmole) is dissolved in a mixture of toluene (4 mL)
and tert-dodecylmercaptane (4 mL). The solution is heated to 100 °C.
Tris(trimethylsilyl)silane (774.5 mg, 3 mmole) is added, followed by the addition of a solution
of AIBN (20 mg) in toluene (0.4 mL). The reaction mixture is stirred for 15 minutes at 100 °C
and is poured onto cold methanol (10 mL) at -20 °C to quench the reaction. Toluene (10 mL)
is added and the mixture is extracted with aqueous 1N HCI (2x10 mL) and water with (10
mL). The aqueous layers are combined and extracted with toluene (10 mL). The organic
layers are combined, dried over anhydrous sodium sulphate and the solvent is evaporated.
The crude product was purified by flash chromatography on silica gel to obtain pure
compound 4 (30 mg, 18.5% yield). The product was identical to a reference sample of
compound IXa according to HPLC and 1H-NMR.

13) Synthesis of Bis-pseudoephedrine precursor (la'vi) from (+)- (1S,2S)-pseudo-
ers et al., J.A.C.S., 119, 6496 (1997)

ephedrine as auxiliary: according to Lit.: A.




was conplicated by the presence of rotanmers. 1H NWVR
(400 MHz, 354K, d6-DVMBO): 0.65- 0.99 (m 12H), 1.42
WOQ2807/095420 1.44-2.44 (m 10H), 3.24 (s, 3H), 3PETEPRQ06/009970

2H), 3.75 (s, 3H), 3.76- 3.90 (m 1H), 4.01 (t, 2H),
4.06-4.40 (m 1H), 4.73-4.89 (m 1H), 6.81-7.03 (m

3H), 7.05 (broad s, 1H), 7.62_(broad s, 1H), 8.28

(broad s, 1H). FT-IR (in trand®ission): 3317, 3125,

2961, 2933, 2875, 2836, 1769, 1701, 1604, 1591, 1517,
1469, 1427, 1390, 1366, 1331, 1290, 1265, 1221, 1168,
1143, 112065 Q.970H1064 1046, 1026, 968, 949, 886, 8

T 1f, 753, 725, lg94d, 666, 646 cm 4H5 oH
. Cal cl af ed N,
684532894 Chl ot ated for { 700. §0284, fofjnd

orosoldPad0306. "tb*%‘mmﬁémh on of corrpo nd (Lad,by oavh
reduction of conmpound (XVa) with tributyltin hydride:
Compound (XVa) (= | m dazol e-1-carbothi oic acid

A 100-nfi(tiee 2efKeB)ftaRk was tridxlibratey aggob diny by ieatingte 150 °C. After cooling

cowf e ROORTERESrC% 82 o760 AN i s HidrdB

addgshéhgm B-13-mhef Hisoptopylamjnectis-selyedi0.12gnl o dy0iHmirmaddgd under

stlrrﬂ%sﬁ@l rgﬁmldg@ugﬂédéﬁﬁ% é&)lé'ﬂ-t)o 78_ k@ uﬁ&’ér%g’;dﬁnTb %\l@&%‘p@ﬂs &Pis

C. Trrbutyltin hy IS ad Vi a

added, yndeg stirtRg ot %ﬁpﬁéw%ﬂqﬁr%m oA 6@&%9'%%“&&1&1' fithisg in

hexdMe t8 gﬁ@'L@fAlTﬁﬂe@Cttrrﬁ\'gaﬁé é&p@{lm&sw}udhtﬁr 1@&15@@6‘15 @bifiéHof 2.5 g of
e tion mxture is stirr

N-iseRicTon (5.8 asudererin e (b Ralreshumash i moff e i iakdea via

syrir(ge.ad 178584 Then metsatpsais;odrs)fvurmm Do CLwithirs 3Gohite dt this

tem%&étu(e 051?%1\1/\’%% ?qnlk gnn(gesdmmgﬁ oPp%r?sd{j%tdlb?cg'ﬁJ) tzrb%yeneaﬁ P mq(%f THF is

e reacti
addedda syringendtiting ie contiroed @t a- rﬁe"tChfantuthlifiD min). Adter sttmnsmﬁe

reacﬁ_&jl ﬁn e Gl oo te)n';_)d%t ggﬁg' @? tlhﬂ.dﬂ'&o)ﬁrwsfﬁobvéd ?&35@&% ed

agqueous
CO“VPFﬁéorha- ne fkastionpiguye z!ﬁ‘é’%‘érl‘ﬁﬂ 9ol a ArigurerQf 88,01 0f BguUegUEAMANONIUM

chlofidd &tﬁuﬁ%n (EY] 501n)l -of TBﬂEOTB@EdqlEéohgﬁﬁés‘é @Eﬁtré‘c@&hﬁt@%th 25 mi of
TBN&E n anh rous Na2SO4 and the sol vent

g,orqa@maeﬁrgggq;pgd Wit Bring; 459 i} fipel over MgSO4

and are finally fi f ltered and evaporated in vacuum to give a very viscous oil which results in a
white foam after evacuation in high vacuum. MS, 'H-NMR in de-DMSO at room temperature
(300° K) and at elevated temperature (394 ° K) confirm the structure. The compound exists
at RT as a mixture of 2 rotamers in the ratio (~2 : 1).

MS: 551 (MH")

IR: 3350 (br, OH), 2960, 1608(amid), 1450, 1407,1030, 970, 755, 700 [cm™"]

'H- NMR, 600 MHz (ds-DMSO): complex spectrum, 2 sets of signals, at 300° K (mixture of
rotamers (~2:1)



product was purified by flash-chromatography on silica

gel with hexane fraction / isopropanol (9:1) to obtain
woanpadsdo (| Xa) . The product was identical to &CT/EP2006/009970

ref erence sanple of conpound | Xa according to HPLC and

1H- NMR. c) Preparation of conmpound (I Xa)bv reduction

of conpound (XVa) with tt/R24(trinethylsilvgsilane:

Compound (XVa) (= | m dazol e-1-carbothi oic acid

O{(S)-2-[(S)-2-tert-butoxycarbonyl an no- 2-

What (sXidh8i ist- i sopr opyl - 5- oxo-t et r ahydr o- f uran- 2-yl ) - et hy
[]-1-[4-nmet hoxy- 3-(3-nethoxy-propoxy) -

1. phérophipogndet thelforowla/(ll) ester) (0.4g, 0.604 mmole) is
di ssolved in a m xture of toluene (4 nL) and
tert-dodecyl mercapfane (4 ni T$e solution is heated
to 100 OC. Tris(tri I sil | ane (774.5 ng, 3
nmol e) is added, fol the addition of a
sol ution of AIBN (g [ epe (0.4 nl). The
reaction mxture i s stfrred for B5 milputes at 100 OC
and is poured onto cold nethanol (10 nL) at -20 0C to

whefgitfench the reaction. Toluene (10 nL) is added and the
m xture is extracted with aqueous 1IN HCl (2x10 nlL) and

R? ig\@LakyVerdy ydlodiky);.andhe aqueous | ayers are combi ned
and extracted with toluene (10 nL). The organic | ayers

R* I%%ammg P?Henwlf@a%@cmamyl phhwﬂ-r MphWI-Omalkyl edokt e and
vent is_ ey
cnsaRTeeLe oG oY BB g P G A B PR G gatkyiamine,

d|-cpJﬂl@lam|nurraidgmmurwb;ttr(ﬂaermgathylﬁ 5% yi el d) . The
product was identical to a reference sanple of
oracamthewend. | Xa according to HPLC and 1H NVR 13)
Synt hesi s of Bis-pseudoephedrine precursor (la'vi)
from(*)- ffS. 2S)-pseudoephedrine as auxiliary:
according to Lit: A Mers et al.. J.ACS.. 119, 6496
2. (1998 chnpaumiy deaxging tonaiditnl ywharefrhidhgnd Rbareiipdependently

brancﬂbc'i b'sglal H.Ut yram db (HVI)

3. The compound according to claim 1 or 2 having the following stereochemistry:
o” N “Ra
4, The compound according 1o any of the preceding claims, having the formula

/l///, 0 O
0 ” '7/

5. A compound of the formula (II’)

RECTIFIED SHEET (RULE 91)
ISA/EP



A 100 m three necked flask was dried under argon flow

by heating to 150 OC. After cooling down under argon
woaosrmasbenperature, 2.54 g (60 nmol) of dri edcChrirPbiognve9o7o

chl ori de was added. Then 3.15 m of diisopropyl am ne

dis-solved in 12 m of dry THF is added under

stirring. The resulting suspension is cooled to -78 0C

under argon. To this suspe! sion is added under

stirring at -78 OC via syringe 13 nl of a 1.6 nolar

solution of butyl lithiumin hexane to give LDA After

stirring the suspension for further 15 mnutes, a

solution of 2.5 ¢ .

N-i soval eroyl - (S, S>pgeu (ne (10 mmol)

di ssolved in 10 ni ' GH a syringe at -78

0C. Then the suspefsi oﬁ' d up to 0 OCwithin 30

mn. At this tenperature a sol utddon of {4418 g (5.5

mmol ) of trans-1 ,4-di brono-2-butene ir$ % m of THF is

@d via syringe. Stirring is continued at 0 - 5 C
for further 30 mn.. After stirring the reaction

R%U,%[W@}damotawpgﬁ@ture over night a HPLC contr ol

showed conpl et'e conversion. The reaction mxture is

n%emgél@ﬁei @{‘Jaﬂ(eﬂylnbégdgblﬁaﬂ/l &Q;rm o%aﬁ\qH,ﬂ@s ,aRYEARA UM

| ori sol ution an agueous hase

unsyibgtityted of E@"Pwdb&f\kﬁ'ﬂpswt?ﬁ b)b@v EPBWEO %séﬂsvt @&, Cy.4alkylamino,
ARk NEHirR Eaﬂ%ﬁn an@@feﬁymﬂ@oménﬁﬂ with brine (50 m)
dried over are finally filtered and
oreVsdhahaker 1N vacuumto give a very vi scous oil which
results in a white foam after evacuation in high
vacuum M5, 1H NMR in d6-DVSO at room tenperature (300
K) and at el evated tenperature (394 K) confirmthe

6.5t I UreldoPnpoling aeosramdne cRirh Stwheddin RY and Pfi afé iﬁdb‘%&m@ﬁt

rota the ratio (~2 : 1). Ms: 551 (MH)
b’?’B‘?heggq)ea'kQ%o 1608(ami d), 1450, 1407,1030, 970, 755,

700 [crt 1] 1H NWR 600 Mz (d6-DVSO) : conpl ex
spectrum 2 sets of signals, at 300 K (m xture of

7. The compound according to claim 5 or 6 having the following stereochemistry:

-
-,
Z
R

8. The compound according to any of claims 5 to 7, having the formula

/,'

9. A method for preparing a compound of formula (If) according to any of claims 1
to 4, said method comprising subjecting a compound of formula (I’)

RECTIFIED SHEET (RULE 91)
ISA/EP



rotamers (-2:1)1/24 What is clained is: 1. A conmpound
of the fornmula (H wherein R3 is G . 7al kyl or
wO0@mmsd20al kyl ; and R4 is Cl™al kVl, C2-7al kenplCI/EP2006/009970
C3. 8cycl oal kyl , phenyl - or naphthyl -G . 4al kyl each
unsubstituted or nono-, di- or tri-substituted by
Cl. 4al kyl , O C 1. 4al kyl, OH, Cral kyl am no, di-C
al kyl am no, hal ogen and/ 24by trifluoronethyl; or a
salt thereof. 2. The conpOund according to claim1l
wherein R3 and R4 are independently branched
C3. 6al kyl. 3. The conpound accordingOto claim1l1l or 2
having the foll owi ng stereochem . 4. The conpound
according to any of the preceding cl\ains, having the
formula 5. A conpound of t RECTI FI ED
SHEET (RULE 91) | SA/ EP2/ whdrein"R3 is Cwal kyl or
C3. 8cycl oal kyl ; and R4 igj{Chal)ky!, C2.7a!kenyl,
C3. 8cycl oal kyl , phengux* pht hyl - C*al kyl each
unsubstituted or nono-, di-lor tri-substituted by
dral kyl . O C ~al kyl, OH1 di - C’~al kyl am no,(’hal ogen

a%é%ﬁn ﬁy artuf hﬁ E:léogsoég?ihgg #o'r a compound of formula (Il) and Aux* is an auxiliary
able to form an ester or amide with the carbdnyl functionality, or a salt thereof, to

hydrogenation to convert the azide moiety to an amine and to effect lactam ring closure.

10. A method for preparing a compound of formula (Il) according to any of claims 1
to 4, said method comprising subjecting a compound of formula (1)

(0

wherein R® and R* are as defined for a compound of formula (), or a salt thereof, to
hydrogenation to convert the azide moiety to an amine and to effect lactam ring closure.

11. A method for preparing a compound of formula (1l) according to any of claims 1
to 4, said process comprising subjecting a compound of formula (lf)

RECTIFIED SHEET (RULE 91)
ISA/EP



or a salt thereof. 6. The conpound according to claim
5 wherein R3 and R4 are independently branched
wG20@&alskaphb. 7. The conpound accordi ng to cl ai MPET@EP286/009970
having the follow ng stereochem stry: 8. The conmpound
according to any of clainms 5 to 7, having the fornul a
9. A nethod for preparing a conpound of formula (I11)
according to any of cla#éfMd 1 to 4, said nethod
conpri sing subjecting a compound of formula (I")
RECTI FI ED SHEET (RULE 91) | SA/ EP3/24 wherein R3 and R4
are as defined for a conpound of f@rnmula (11) and Aux*
is an auxiliary able to forn1Q§ ter or amde with
t he carbonyl functionality, orf a galt thereof, to
hydrogenation to conver N he [ hety to an am ne
and to effect |actam osure. 10. A nethod for
prepari ng a conpound forjoula (11) according to any
of clainms 1 to 4, j od conprising subjecting a
conmpound of formula (1) erein R3 and R4 are as
defined for a conpound oR3formula (I1)upr a salt
thereof, to hydrogenation to convert the azide noiety

V\h@reﬁngﬁﬁhma“ artstdefinbd farta édm;.*oc&mitid ][df ]E‘tgmolalqﬂn Eoe a)siaﬂ; theteof, to
net hqd for prepari a co und of formula (11
CoRvEsIoN [%Q%'Ve(ﬁvd%&gfem‘iﬁﬁgm to 4, said process

conpri sing subjecting a compound of forrmula (I11)

RECTI FI ED SHEET (RULE 91) | SA/ EP4/ 24 erein R3 and R4

are as defined for a conmpound of ¢ la (I'l), or a
salt thereof, to

R4

Re& R3 (V)

wherein R® and R* are as defined for a compound of formula (ll) and R® is C;.,alkyl or Cs.
gcycloalkyl, or a salt thereof; to activate the acid moiety followed by hydrogenation to
convert the azide moiety to an amine and to effect lactam ring closure.

12. A method for preparing a compound of formula (11) according to any of claims 1
. to 4, said process comprising subjecting a compound of formula (fif)

()

wherein R® and R* are as defined for a compound of formuta (il), or a salt thereof, to
conversion to an ester of formula (V)

RECTIFIED SHEET (RULE 91)
ISA/EP



conversion to an anhydride of formula (1V) wherein R3

and R4 are as defined for a conpound of formula (I11)
wand7Ras42e Ci . 7al kyl or C3. bcycloal kyl, or a ®airtEP2006/009970

thereof; to activate the acid noiety foll owed by

hydr ogenati on to convert_the azide noiety to an am ne

and to effect lactamri r@ZeH osure. 12. A nethod for

preparing a conpound of fornmula (I1) according to any

of clains 1 to 4, said process conprising subjecting a

compound of formula (I111) whereip and R4 are as

defined for a conpound of fornul or a salt

t hereof, to conversion to_&h Bfémula (V)

RECTI FI ED SHEET ( RULE 91)0| SA/[EPwherein R3 and R4 are

as defined for a compoundlof fornmula (Il) and R7 is

Cral kyl or C3. 8cycloa/Xyl,~or a salt thereof;

foll owed by hydrogenation tg_convert the azide noiety

to an anine and to effect |attamring clo§fre. 13. A

nmet hod for preparing a conpound of fornmula é\/l) 7,

WaesreinR°RBI0RfcarR4s aetinagiora compaunichef famadad @ng Fods Crzalkyl or Ca.

foroula (1] | ' ! ¥i86 moiety to an

ool cona st YierBah (Byed g LarEh Al BHRuchah abiBs moiety

cahibanrmtido effect tactzh tring hleseref ; conpri si ng i ntroduci ng

the activating group at the nitrogen of a conpound of

formula (I1) as given in any of clains 1 to 4, or a

salt thereof. 14. A conpound of formula §\/I) wher ei n

RB3.i s Aimetbodipr prepadig 8 cpmpeandf formya (M) cvyal ky! |

C2. 7al kenyl, C3.8cycl oal kyl, pheny-1 or

napht hyl - C*al kyl each A3 0.0
<X

Act (VI)

wherein R? and R* are as defined for a compound of formula (lf) and Act is an activating
group selected from an amino protecting group, in particular a carbamate, or a salt
thereof; comprising introducing the activating group at the nitrogen of a compound of
formula (ll) as given in any of claims 1 to 4, or a salt thereof.

14. A compound of formula (VI)

wherein |
R? is Cy.salkyl or Ca.ecycloatkyl;

R* is Cy.alkyl, Cosalkenyl, Cascycloalkyl, pheny-1 or naphthyl-Ci.salkyl each

unsubstituted or mono-, di- or tri-substituted by C1.4alkyl,0-Cy.4alkyl, OH, Cy.qalkylamino, 1

di-C.4alkylamino, halogen and/or by trifluoromethyl; and !
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unsubstituted or nono-, di- or tri-substituted by
d*al kyl . O Cral kyl, OH, G . 4al kyl am no,
woi20@@044abky! am no, hal ogen and/or by trifl uor eaetErds/009970
and \ RECTI FI ED SHEET (RULE 91) | SA/EP6/24 Act is an
activating group selected froman am no protecting
group, in particular a carbamate; or a salt thereof.
15. The conpound accordgfg to claim14, having the
formula 16. The conpound according to claim14 or 15,
having the formula 17. A nethod for preparing a
Aat tsgroagiidaiirig groupreélactedfrbin) anvdraine iproteing glol} impartiadar a
&gﬁi‘ége_d for a conpound of formula (11) and Act is an
caram; 3’ting group selected froman am no protecting
ro In particular a carbamate, Rl is hal ogen,
°'%é’é#?’i‘?’%‘%- SHEET (RULE 91) | SA/ EP7/24 hydroxyl, G .
6hal ogenal kyl , d-eal koxy-Cvsal kyl oxy or G .
6al koxy-GCi - 6al kyl; R2 is hal ogen, hydroxyl, or a salt

15 R RSB R B BB R0, o0 2

salt thereof defined above with a conpound of fornula
(VIl) wherein Y is a getal containing group such as
-Li, -MyX - nmagnesatersaryl nmagpnesigm species, alkyl
magnesi um speci es, - MhiX] Li-, or -CeX 2
wherein X is hal ogen s or Brl nore

preferably Br; and RlOand| ag,defined for a
conmpound of Act

16.  The compound according to claim 14 or 15, having the formula

or

17. A method for preparing a compound of formula (Vill)

(Vill)

wherein R® and R* are as defined for a compound of formula (1) and Act is an activating
group selected from an amino protecting group, in particular a carbamate, R' is halogen,
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formula (VII1). 18. The nethod according to claim 17

wherein the N-activated | actam | actone of fornmula (V)
woooraasi2ed wi th a conpound of the foll ow ng feCcmEP2006/009970

(Vila) (MIb) RB = C1 7 alkyl, preferably branched

Cl-7 alkyl (Mlc) (M1d) (Mle) 19. A conmpound of

formula (VI1) vvherei nyYis a nmetal contai ning group

such as -Li, - - magn aryl nmagnesi um speci es

such as RECTI FI ED SHEET LE 91) | SA/EP8/24 , wherein

R 1 and R2 are as defined herein, alkyl magnesi um 2.
hsq!renyle@ shsicpganailsvlmeaaﬂ@éﬂcaalksdpwﬂr Q\,zbalkoxym%alkyl R?is halogen,

ucg}){'lé_%%i?rcwrﬂéogf)ga\ggﬂ gowhere| n X is hal ogen

nore pre erably Br, RLis

586D e BAGEAT Cl FREE e o omi
(\B) o ka@hdheranf dafinesl abavhavitb e conmundlo)échmnbdwﬁ
according to claim19 wherein Y is MyBr, a magnesate

or Li. 2 1. The conpounitacgerdifig to claim 19 or 20,
havi ng the foll ow ng fornﬁ‘{(ﬂla) (VIlb) R8 =C1-7
al kyl, preferably branc‘ag 7 al kyl (Mlc) (Viid)
(Vile) 22. A compound ot fornula (WII) wher ei n

wherein Y is a metal containing group such as -Li, -MgX, -magnesate, aryl magnesium
species, alkyl magnesium species, -MnX, (alkyl)s;MnLi-, or -CeX, wherein X is halogen
such as Cl, | or Br, more preferably Br; and R' and R? are as defined for a compound of
formuia (VIII).

18.  The method according to claim 17 wherein the N-activated lactam lactone of
formula (V1) is reacted with a compound of the following formula:

O O

O M
o Li @/ g\na or
~ o or \o

(Vila) (VIib) R8 = C,, alkyl, preferably branched C1-7 alkyl
| CI) R8
(0)
o o NOS ai
o X -
\o Q/ ~ O
(Viic) (viid) (Vile)

19. A compound of formula (Vil)
R2

wherein Y is a metal containing group such as -Li, -MgX, -magnesate, aryl magnesium

(Vi)

species such as
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R3 is Owal kyl orC3. Bcycl oal kyl; RECTI FI ED SHEET (RULE
91) ISAVEP9/24 R4 is . al kyl, C2-7al kenyl,
wG20@&oypsd20al kyl , phenyl - or napht hyl - G . 4al kyl peaa®2006/009970
unsubstituted or nono-, di- or tri-substituted by
G . 4al kyl , O G . 4al kyl, OH G . 4al kyl am no,
di - G . 4al kyl am no, hal ogen and/or by trifluoronethyl;
Rl i s hal ogen, hydroxyl,h8/@24. 6hal ogenal kyl ,
Ci . 6al koxy-Ci . dal kyl oxy or Cl.eatkoxy-C .6alkyl; R2is
hal ogen, «hydroxyl, G .4alkyl or Cmal koxy; and Act is

arf Mag group selected froman am no protecting
grou particul ar a carbamate; or a salt thereof.
23R conpo to claim.22, .having the
fornul a 24. er@'B%ﬁ?ﬂngg@E%?%F‘%ﬁ'ef’é (8% m 22 or 23,
havi ng t he formJIa 25. A conpound of formula (VII11)

Ymagnesiug) greriesreyan 3@19fam@ﬁﬂ@1@|k@2bﬂ9mé\ﬂ@f alig)sMalLi-, or -CeX,
QherEH Wb{éreWX G%a%éﬁ's%ﬁ lé¥ lc, I%4 BF, %(S’re rp? br‘éﬁ‘y Br R:jus halogen,

C"ec cl oal ky henyl -
m@w Qaa%ﬁlo i{.tcmsalk@év 6r samyI%y or 6. salkwy-G ealkyl and R? is

leltagéﬂl%&ﬂokylt ahéf/l &, gﬁ@k)kﬂ)sﬁrgaﬁ

erél
yl am no ogen and/ or tl‘l?? oromst hyl ;

20.  The compound according to claim 19 wherein Y is MgBr, a magnesate or Li.

21.  The compound according to claim 19 or 20, having the following formula:

(\/O\ (\/o\
Li o Ma
R8
U or ~ :@ or
(Via) (Vilb) R8 =C,, alkyl, preferably branched C1-7 alkyl
0. l/\/ R8
o o ~ .
o(\/ ) \/j, 0(\/ - . o M? Li
O - o e O
\0 O/ \O 0
(Viic) (viid) (Vile)

22. A compound of formula (VIIi)

(VT
wherein '
R?is C,.;alkyl or Ca.acycloalkyl;
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Rl is hal ogen, hydroxy), G -6hal ogenal kyl, d

- 6al koxy- G . 6al kyl oxy or Ci . 6al koxy-d. 6alkyl; R2 is
woabwgaso hydroxyl, d .4al kyl or d .4al koxy; ardTA®R006509970

an activating group selected froman anm no protecting

group, in particular a carbamate; or a salt thereof.

26. The conpound according to claim25 in the form of

a salt. 27. The corrpounﬁ,lazqccordi ng to clainms 25 or 26

in the formof the Li, , K, My, Cal prinmary,

secondary or tertiary amne salt. 28. The conpound

, ' f cl.ai 25 to 27.. havi th
R s B oo REP T e G eVl Rty 25 A 588 rpounc
unsu?smme? ion moho—l, Ellﬂ)éblg ﬂgzugﬁtut%iu%&g&;@?%ﬁglﬂl?gz{h €1.4alkylamino,
, a . or
d"C‘ﬁ%E%meﬁ%g%ﬂd/ "Ry °.r°'§5.hy’,'lA met hod for preparing

A is P BRBARiipa CLATARAERE i CrTnay o et SR S thgnEBrealiyt

2. fined f f 1 I VI d Act i

R is FFiogp; @?{Wﬁbg?%ffyigﬁ@?‘%ﬂso‘éﬁ FBom an ari no p‘?‘Et ecting

L T e S e RS

carbamatppund of fornmula (VII1) as defined in clains 22 to
24 or a conpound of formula (VIM) as defined in claim

ora it thereBD to a nethylene moiety. 3 1. A nethod for
preparing a conpound of formula (X)

23. The compound according to claim 22, having the formula

24.  The compound according to claim 22 or 23, having the formula

25. A compound of formula (VIlI')
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wherein R3 and R4 are as defined for a conpound of
formula (I1), RL and and R2 are as defined for a
woanpaustoof forrmula (VI11) and Act is an acti pariErgo06/009970
group selected from an ﬁgﬂzgo protecting group, in
particul ar a carbamate,. a salt thereof, conprising
reduction RECTI FI ED SHEET (RULE 91) | SA/ EP12/ 24 of the
benzylic carbonyl of tthe conpouii of Rgornula (VII11) as
defined in ‘ nolety 32. A
met hod for @H (X) wherein

(1), Rl and, aad are B85 de ed for @ conpound of
formula (VI F‘I) and Act is an aJ\tAcvatl ng gr ouQup)el ect ed
froman ami no protecting group, in particular &
whéfchgmate, or a salt thereof, conprising as a onepot
syn esi s the steps of - lactamring opening of the

L&t actone of formula (VI) or a salt
ereo 9‘67 5?&'@%}

I'n clainms 14 to 16 W|th a conpound

Famfscﬁﬁ an‘(yn' @agéiﬂé’\r)gl )558icBIY, brf-TF bR ARS AL OUP

neS| um Specl es

uwtbﬁtltuted orpncei g mrl-&hbstmetémeca@l%ﬂ edlkyk Ok, @1 -salkylamino,
g anched Cral kyl
d%@ky? al Ky ﬂ%ﬁ%ﬁ?[‘o?ﬁyﬁ&% r&?el n X is hal gger'\{g

Rﬂé%k?g%n%’dr& i, BrhaBE&h gﬁ%‘éfa% (,B,rsalk9lﬁ 81(:?6%%58%01 salkyl;

are as defined for a conp ornu

RO Riduch, RRITDANIT, Bl TR0 \aAd 1) or Lt

t hereo as defi ned laims 25 to 29,
Act is an actlvatlng group selected from an amino protecting group, in particular a

carbamate;

or a salt thereof.
26. The compound according to claim 25 in the form of a salt.

27.  The compound according to claims 25 or 26 in the form of the Li, Na, K, Mg, Ca,
primary, secondary or tertiary amine sait.

28.  The compound according to any of claims 25 to 27, having the formula

or preferably a salt thereof.

29. The compound according to any of claims 25 to 28, having the formula
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- followed by reduction of the benzylic carbonyl group

of the conmpound of fornmula (VII11) or a salt thereof
woaomhusizn a conpound of fornula (X'), or a saPCT/EP2006/009970

thereof, as defined in clains 34 to 39, and -

| act oni zation of the conpound of formula (X ) to

obtain a conpound of fonnup4a (X). RECTIFI ED SHEET

(RULE 91) | SA/EP13/24 33. A nethod for preparing a

conmpound of forrmula (X ) wherein R3 and R4 are as

defl nedl for a conpound of forrmula (1J), RL and and R2

as glefined for a coppound of fordqula (VIIl) and

ar@acti vat BHg '

N Aa (VI
Xy) noiety. \7!/
fornula (X1) vvhera?n R3is C ?7a| kyl or 0
C3. 8cycl oal kyl ; R G -7al kyl , C2.7al kenyl,

C3-8cycl oal kyl, phenyl - or mﬁpht hyl -d. 4al kyl each

unsubstituted or nono-, di- or tri-substituted by OH,
or Greferably\dl saltithereoldi - G - 4al kyl anmi no, hal ogen and/ or by

trifluoronmethyl; Rl is hal ogen, hydroxyl, C

hal ogenal kyl , Cl1. 6al koxy- Cl1. 6al kyl oxy or

G . 6al koxy-Ci G. eal kyl; R2 is hal ogen, hydroxyl, G -
30al kyA methodifonpreRaing; a eateponsd of tormHiadbO)i vat | ng group

sel ected froman am no protecting grou8 in particular

a

\Act (IX)

wherein R® and R* are as defined for a compound of formula (1), R' and R? are as
defined for a compound of formula (VII1) and Act is an activating group selected from an
amino protecting group, in particular a carbamate, or a salt thereof, comprising reduction
of the benzylic carbonyl of the compound of formula (VIil) as defined in claims 22 to 24
or a compound of formula (VIII) as defined in claim 25 to 29 to a methylene moiety.

31. A method for preparing a compound of formula (X)

\ACt (X)

wherein R® and R* are as defined for a compound of formula (1I), R' and and R? are as
defined for a compound of formula (VilI) and Act is an activating group selected from an
amino protecting group, in particular a carbamate, or a salt thereof, comprising reduction
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carbamate; or a salt thereof. 35. The conpound

according to claim34 in the formof a salt. RECTIFIED
wOkREN4§420WLE 91) | SAl EP14/ 24 36. The conpound acTmPi06m09970

toclainms 34 or 35 in the formof the Li, Na, K M1l

Ca, primary, secondary or tertiary amne salt. 37. The

conpound according to any of clains 34 to 36, having

the forrmula or preferablg/284 salt thereof. 38. The

conpound according to any of clainms 34 to 38, having

e fornmula or referabl sal t r eof A, e d
of thﬁ aan:fwvé sarrbpnﬂ 0& g 8? fOfIBP'ﬁdVEﬁ ap ﬁ?f'wéﬂéa'aam%g 24
toa%ﬂ)ﬁ% dly.as deflne_dfor a compound of formula (I1),
and R2 are as defined for a conpound of fornula
(VI11) and Act is an activating group selected from an
am no protecting group, in particular a carbamate, or
32 a ﬂ%‘\éthé@ﬁfr%%paruﬁé'a%oﬁﬁbb@oﬁ&@ﬂlﬂ)@f) SHEET (RULE 91)
f SA/ EP15/ 24 conprising a nmethod for preparing a
conmpound of formula (X) as set forth@n claim3 1 or a

conpound of formula (X inclains 34 to
38 and t hen hydrogenat onpound of fornmul a
(X) or (X)) H\Q . 40. A

met hod for prepg ' formula (X)) (X)

2
" Ad )

wherein R® and R* are as defined for a compound of formula (ll), R' and and R? are as
defined for a compound of formula (VIIl) and Act is an activating group selected from an
amino protecting group, in particular a carbamate, or a salt thereof, comprising as a one-
pot synthesis the steps of

- lactam ring opening of the N-activated lactam lactone of formula (V1) or a salt thereof
as defined in claims 14 to 16 with a compound of formula (VII)

R2

wherein Y is a metal containing group such as -Li, -MgX, -magnesates, aryl magnesium

Y

(Vil)

species such as

*
N

R1 Mg

R2 , wherein R1 and R2 are as defined herein,

alkyl magnesium species,such as branched C;.;alkyl-Mg-, -MnX, (alkyl)sMnLi-, or -CeX;
wherein X is halogen such as Cl, | or Br, more preferably Br; and R' and R? are as
defined for a compound of formula (X), to obtain a compound of formula (VIiI'), or a salt
thereof, as defined in claims 25 to 29,

- followed by reduction of the benzylic carbonyl group of the compound of formula (VIIF')
or a salt thereof to obtain a compound of formula (X’), or a salt thereof, as defined in
claims 34 to 39, and

- lactonization of the compound of formula (X’) to obtain a compound of formula (X).
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wherein R3 and R4 are as defined for a conpound of
formula (I1), RL and R2 are as defined for a conpound
wohodmuszba (VI11) and Act is an activating gr ®ap/EP2006/009970
sel ected froman am no protecting group, in particular
a carbamate, or a salt thereof, said nethod conprising
cyclisation of the benzylic al cohol and the am ne
noi eti es of the conpoundid3/B4formula (X) as defined in
any of clainms 32 to a pyrrolidine noiety. 4 1. A
met hod for preparing a conpound of formula (IX)
wherein R3 and R4 are as defined for a conpound of
formula (11), RL and and R2 are as defined for a
38onpdumethotl férqrepsring@ddmpound df RdemhulagXyn activating
group selected froman amno protecting group, in
particul ar a carbanate,Or a sal OHt hergof, said net hod

conprising a_gethod f of
Risese P

formula (X)

hydr ogenati on or

of the conpoung-s or mul B3 (X#§ to ringoopen and to
obtain the mBghyl efie noiety in pBsition 8. Ry FI ED
SHEET (RULE 91) | SA/EP16/24 42. The net hod accordi ng
whereth RP end R arendredetinedidrea comgoana &f rmbRr (M) IRt dndlahdiF® are as

converted to a r.rol i di sa of forpula (XI') or a
dEPeeEibr &eaBeeEotb@uia MR AT hot % ag S5ivRlio graupiseBbred from an
antives mr:mcﬂ%?gl grotipRA p&g&;zms a@afﬂaﬁﬁgb,f@a s&ltf@lﬁém@ﬂl, B@Pnﬂflsingdreduction

r a n ar ef i or .a conpoun
obfPeignAyiigaftion of teopctng o Foriladf i) s detieh 1 gt 25 to 29 to
athydfdxyanoiatyet at e, sulfate, nitrate, oxal ate,

sul fonate, triflate, phosphonate or phosphate.

34. A compound of formula (X)
H OH R4
R1 OH

R3  HN__ o
R2 Act x)

wherein
R® is Cy.salkyl or Csgcycloalkyl;

R*is Cyzalkyl, Cosalkenyl, Ca.gcycloalkyl, phenyl- or naphthyl-C,.salkyl each
unsubstituted or mono-, di- or tri-substituted by C,.4alkyl,0-C;..alkyl, OH, C;.salkylamino,
di-C1.4aIkylamino, halogen and/or by trifluoromethyl;

R' is halogen, hydroxyl, C,.chalogenalkyl, Ci.salkoxy-Cy.galkyloxy or Ci.galkoxy-C.salkyl;
R? is halogen, hydroxyl, Ci.4alkyl or Cy.salkoxy; and

Act is an activating group selected from an amino protecting group, in particular a
carbamate; or a sait thereof.

35.  The compound according to claim 34 in the form of a salt.
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43. A conpound of formula (XI1): (XI') (XI") wherein

R3 is Cral kyl or C3.8cycloall<yl; R4 is G.7alkyl,
wG20vaukenyl , C3-8cycl oal kyl, pheny-1 or napht rgirA82006/009970

al kyl each unsubstituted or nono-, di- or

tri-substituted by di-Cl. 4al kyl am no, hal ogen and/ or

by trifluoronethyl; Rl is halogen, hydroxyl,

C . 6hal ogenal kyl , C .6ad4p4y- C - 6al kyl oxy or d -

al koxy-d-eal kyl; R2 is hal ogen, hydroxyl, G .4alkyl or

G - 4al koxy, and X' is an anion such as halide,
3d.r! fTM&%ﬁh@h@oor&% f@ét&imﬂ4 6r35in tt%%hﬁ‘o?the Li, Na K, Mg, Ca,

sul fonate, triflate, phosphonate or phosphate. The
conp ALY SeeYidan gy tedapl aniesat. havi ng t he fornul a
RECTI FI ED SHEET (RULE 91) | SA/ EP17/24 45. The conpound
according to claim43 or 44, havi ng the formJIa 46. A
corrpound of formula (IX1) wherein

373, gﬂwogmoyw acqading tacpy walaxm@@ﬁgpﬁ é'ﬁaymg the formula
C3. 8cycl oal kyl , phenyl - or napht hyl - d*al kyl each
unsubstituted or nono-,2Wi- or trgHsubfMituted by
G . 4al kyl , O @ 4al k no,
di - d*al kyl am no; MOr onet hyl ;

or preferably a salt thereof.

38.  The compound according to any of claims 34 to 38, having the formula

|
0

or preferably a salt thereof.

39. A method for preparing a compound of formula (IX)

2 ~
R Act (IX)

wherein R® and R* are as defined for a compound of formula (Il), R' and R? are as
defined for a compound of formula (Vill) and Act is an activating group selected from an
amino protecting group, in particular a carbamate, or a salt thereof, said method
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Rl is hal ogen, hydroxyl, G .6hal ogenal kyl,

G . 6al koxy- G - 6al kyl oxy or d-eal koxy-d-eal kyl; R2 is
woabagas20 hydr oxyl , Gi.4al kyl or d”al koxy; andpP&TEPR®6/009970

an activating group selected froman anm no protecting

group, in particular a carbamate; or a salt thereof.

RECTI FI ED SHEET (RULE 91) | SA/ EP18/24 47. The conpound

according to claim46 iqgphe formof a salt. 48. The

conmpound according to clainms 46 or 47 in the form of

the Li, Na, K M, Ca, primary, secondary or tertiary

oAl S sty AR CARABEGEIER (ef B Bty noiim 1 or

a sampotriteefdamulh(X’) a‘dnsetctwﬂpmmiainaéém 83 agd thenmy;iragbnatlon of the

eferably a
ot o forfia ) oF B B bl BB " ampaunc
of formula (1X) RECTIFIED SHEET (RULE 91) | D /FP19/ 24
wherein R3 and R4 are as defined for a conpound of
49.or ndInzetifad for prepadmgla aonhpBandofdormmilaléfl) ned for a
conpound of formula (VI 'H)B and Act is an activating
group selected froman amNn j Broup, in
particul ar a carbamate, : ®of , said net hod

(X

wherein R® and R* are as defined for a compound of formula (i), R' and R? are as
defined for a compound of formula (VIII) and Act is an activating group selected from an
amino protecting group, in particular a carbamate, or a salt thereof, said method
comprising cyclisation of the benzylic alcohol and the amine moieties of the compound
of formula (X) as defined in any of claims 32 to a pyrrolidine moiety.

41. A method for preparing a compound of formula (1X)

Act (IX)

wherein R® and R* are as defined for a compound of formula (I}, R' and and R? are as
defined for a compound of formula (V1) and Act is an activating group selected from an
amino protecting group, in particular a carbamate, or a salt thereof, said method
comprising a method for preparing a compound of formula (XI) as set forth in claim 40
and then hydrogenation or reduction of the pyrrolidine moiety of the compound of
formula (XI) to ring-open and to obtain the methylene moiefy in position 8.
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defined for a conpound of fornmula (VIII), Act is an
activating group selected froman am no protecting
wgnrowrm4sd2n particul ar a carbamate, and Act" i SP@WEP2006/009970

el ectron-w t hdrawi ng group, or a salt thereof, by
conversion of the benzylic al cohol of the conpound of
formula (X) as definedqgpscl ains 32 to an activated

al cohol noiety. 52. The method according to cl ai m 50,

said nmethod conprising hydrogenati on or reduction of

the activat 1 etV : i

421 or it p Qo SeBrGET o £ Yool e EARBEIARL Riynula 0 i
met hydneeredio &pyralidine ssit of formadla (BB). oreheyrieliding free base of formula
accordiing to claim50 or 5 1, wherein Act" is
-(C= -)R9, where R9 can be substituted al kyl,
al kyl - ox®8R 10 , substitgted aral kyl, suB8¢ituted
aryl, substytuted of~swgsubstituted O al kyl,

substituted O a NH R10 vvheFe R10 can je

Riuksiituged~a Kyl , Substi futed al'yN SUbsef tuy .
ar al suchy adi substitBted benzyl, zoyl , | R
subs ) ed Hul fonyl, wherein the sthstjituentHis in

Bich Case one or nore el ecténoni ?ﬁdrawl ng noi ety such

as F or CF3. 54. A net for preparing a mnpound of
formula (I X) | SA/ EP20/ wherein R3 and R4 "are as

def | 4 e
WIS s, B RIRALEL 2 cofBllod olibimia T i Fod B gf¥as
defioed ifer aacorapatinda fargulgr (Vi) and Xe ist ardarfien avairpsehalide,

v FhESHEA2afls® Bl il I Bt et
the conpound of fornmula (X) as defined in claim32 to
t hj [ i d b tl bj ect i
4§ e R o SRR LG o on o ot ai -t he compound
of formulRB(1X). R3

(XI’) (Xl l’)
wherein
R® is C,.7alkyl or Cs.scycloalkyl;

R*is Cysalkyl, Czsalkenyl, Cagcycloalkyl, pheny-l or naphthyl-Cy.salkyl each
unsubstituted or mono-, di- or tri-substituted by C,.4alkyl,0-C;.salkyl, OH, C,.4alkylamino,
di-C,.4alkylamino, halogen and/or by trifluoromethyl;

R' is halogen, hydroxyl, C.ghalogenalkyl, Cy.salkoxy-Cy.salkyloxy or Cy.salkoxy-C.calkyl;
R? is halogen, hydroxyl, Cy.salkyl or Cy.salkoxy, and

X’ is an anion such as halide, trifluoroacetate, sulfate, nitrate, oxalate, suifonate, triflate,
phosphonate or phosphate.

44.  The compound according to claim 43, having the formula
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55. The nethod according to claim53, wherein the

t hi ocarbonyl derivative is selected fromthe group
woaonsimsdzng of thi onocar bamat es, such as i nm dapgirsP2006/009970

derivatives, thiocarbonyls, such as xanthates, and

t hi onocar bonates. 56. The nethod according to claimb53

or 54 wherein the thiocarbonyl derivative is a

t hi onocabamate of formyme4 XV) wherein R3 and R4 are

as defined for a conmpound of fornmula (I11) and Act is

an activating group selected froman am no protecting

group, in pz?_qratl cular a carbamate, Rl is hal q%s

hydr oxyl , hal ogena kyl ,Oor d-eal koxy- Cv "akrkyl ;

is halogen Aal kyl or d”al koxy, orf a

t hegtof . . T =thod acord| ng tlany "

to 55 y#iery n tN& hi Ocar tiggtyl deri vatyXe “y
with B %{lstrlrreth ylsilyl)-siljane. .

met e ing a compou of fgRa (Xl 1)

RECTI FI ED SHEET (RULE 91) | SA/EP31/ 24 wherein R3 and
R4 are as defined for a conpound of fornmula (I1), Rl
and R2 are as defined for a corrpound of formula (VIII)

ang_.Act n _act (W o | ect dfr man mno
prg?ect ﬂhé 59‘88%“‘5?% bd;r?q@&ﬁl (1oL c'%r efSF‘ sal t
therepf, conprising reacting a corrpound of the fornula
| X @S defined,in claim30 or a conpo for

{1) accoguﬂg to clains 46 to 49, jor a sal/r#?aereof
Wi tT ’ zPa X1, erei n~Tfe_ani do o
ni trogen can aJ so\he oro|ected i f deS| ed and the

pr ot ¢ oupt hen\be-s,emoved in tH -
pr ot ect npou'nHHof t he yo/rnul a Xlil), ’7‘/
T X or ?

46. A compound of formula (IX')

wherein
R®is Cy.salkyl or Cageycloalkyl;

R*is Cy.salkyl, Cssalkenyl, Csgcycloalkyl, phenyl- or naphthyl-C,.salkyl each
unsubstituted or mono-, di- or tri-substituted by Cs.4alkyl,0-C1.salkyl, OH, C,_salkylamino,
di-C,.,alkylamino, halogen and/or by trifluoromethyl;

R' is halogen, hydroxyl, Ci.shalogenalkyl, C,.calkoxy-Cy.calkyloxy or Cy.calkoxy-C.calkyl;
R?is halogen, hydroxyl, Ci.salkyl or Cy.4alkoxy; and

Act is an activating group selected from an amino protecting group, in particular a
carbamate; or a salt thereof.
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thereof. 59. A nethod for preparing a conpound of

WO 200T945#0a ( XI'V) wherein R3 and R4 are as def iRCIAER2006/9970
compound of formula (I1), RL and and R2 are as defined
for a conpound of formula (VII1), or a salt thereof,
conprising one or nore of the follow ng steps either
individually or in any conbination: the manufacture of
a compound of the for rrulzpBIQL; according to one of
claips 9, 10, 11 or a salt thereof, the
4anufThecorpoynd acc&s%@tma'm 48 fghe dermATR SAlt. accor di ng
to claim13, or a salt thereof, RECTIFIED SHEET ( RULE
91) | SA/ EP22/ 24 t he manuf acture of a compound of the
formula VIII accordlngtoc sal t thereo}z,
48nd tThE CRAMIHAE AeFAding t°a°'€‘81§pﬂﬁ1?n’o47o‘f" e forma A e N K, Mg, Ca,
ac colpfiriagy, lseciddindr3Brtiaff arfinedalt. t hereof . 60. A net hod
accordl ng to clai'm58 conprising the steps of the
manuf acture of a conmpound of the forrmula Il according
to one of clains 9, or a salt thereof, the manufacture
49f a TheERMpPItndbeddiding & &R & Kime A6ab dB NGhviry ek frfiulk3.
or a salt thereof, and/or the manufacture of a

compound of the for mula VII1 accorghng g claim 17, or
a

or preferably a salt thereof.

50. The compound according to any of claims 46 to 48, having the formula

or preferably a salt thereof.

51. - A method for preparing a compound of formula (1X)

2 H-N\
R Act (|X)
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salt thereof. 6 1. A nethod according to claimb58 or
59 conprising the steps of the manufacture of a
woaopadsutoof the forrmula Il according to one oPCTIERR0VE/009970
9, or a salt thereof, and/or the manufacture of a
conpound of the fornmula VM according to claim13, or a
salt thereof. 62. A nethod according to claim58
conprising the steps of t{g? nuf acture of a compound
of the formula Il according to one of clainms 12, or a
salt thereof, the manufacture of a conmpound of the
3 ccardi I h 2
ﬁ)Hr Rtf¥1 ﬁaﬁﬁf% pé&’g a%oméﬂ:ﬁnd S{jfoﬁ?nﬁ?rgﬁ ﬁﬁﬁ@?ﬂdﬁ are as
Wﬂnedd@rca)c@np@mdwf éarenuta (V1)) amd A;:t isant adtivatinggrousSeledted from an
[
g?t?@bg&o%%ﬁr% &rbng% ul? %I?Ihl?‘éln%) ?Q’bﬁfna@ or & ggpﬁefénort’ %a (Pr‘?\e hod
c¢mar<ﬁm e meepagationea @mnpm@dmoxmpladw’)a salt ther eof
and/ or the manufacture of a conpound ofngthe fornula Vi
according to claim13, or Addlt therefgf" RECTIFIED
SHEET (RULE 91) | SA/ EP23g24 64. A T
cl ai m 58 conprgisi S
compound of the
a

H'N\

Act (X . ')

wherein R® and R* are as defined for a compound of formula (if), R' and R? are as
defined for a compound of formula (VIll), Act is an activating group selected from an
amino protecting group, in particular a carbamate, and Act” is an electron-withdrawing
group, or a salt thereof, by conversion of the benzylic alcohol of the compound of
formula (X) as defined in claims 32 to an activated alcohol moiety.

52.  The method according to claim 50, said method comprising hydrogenation or
reduction of the activated alcohol moiety of the compound of formula (X") as defined in
claim 49 to obtain the methylene moiety in position 8.

53.  The method according to claim 50 or 51, wherein Act” is -(C=0)-R®, where R®
can be substituted alkyl, alkyl-oxy-R', substituted aralkyl, substituted aryl, substituted or
unsubstituted O-alkyl, substituted O-aryl, NH-R'®, where R* can be substituted alkyl,
substituted aryl, substituted aralkyl, such as substituted benzyl, benzoyl, substituted
sulfonyl, wherein the substituent is in each case one or more electon-withdrawing moiety
such as F or CF;.

54. A method for preparing a compound of formula (IX)

Ra H_N
™~
Act (lx)
RECTIFIED SHEET (RULE 91)
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conpound of the fornmula VIIT according to claim25, or

a salt of these, the manufacture of a conpound of the
wbanomissu2b X according to claim 30, or a conpourdTaP2606809970

formula I X according to claim46, or a salt of these.

65. A nethod according to claim®63 conprising the

steps of the manufacture of a conpound of the formula

X according to claim3 1pgpiy a conpound of the fornula

X according to claim 33, or a salt of these, and/or

the manufacture of a conmpound of the formula I X

awlareidi RfgandR‘cdraiagdafinedfor a comppanther ff@lfmlﬂ@ di)f Bt and and R® are as

t of these.

| Xlaccording to ¢l ajm 46, a sal ] . 66. A

ARG e asshaaig ob oBn v iB e Bt b ahas v BosraRsdted from an
tARinopRAEERG Wreum in parteuiBmeuSstbahate)6r 4 SdlMkbROK said method

accor a sal ép ereof . and/ or

dlngt{) claim3 1, or the |
nEATRrsineihe trarstarmation of Hig GomroNad phioryia (%) asidefiiiediimglaim 32 to a
t tiochdbAy Yerivativeans %hbsédWL@théubjwﬂﬁg bhBe @ Fatica-base RBuction to

| X according to claim37, or

a ,caonpound of the for

aoﬁﬂﬁ‘ghelm%\".d fP."m}ﬂlPu hod for preparing a conpound
of fornmula (XIV) RECTIFIED SHEET (RULE 91) | SA/ EP24/ 24
wherein R3 and R4 are as defined for a conpound of

f &8, mul Ehe(mbthod BEc@titigad Blai? 58/ whersindied thiRdroPlyl derivative is
co ufd of forrrulalagwllg .or a salt thereof, . L
SRSTECLIorB !5 ropp CARRISINGIo! IHRNQcaTbRRIA Ry SUTMLaR midzaiyl derivatives,
| tARCHibAHS, | ek &s ixantABies CantdihibabefABonates.

56.  The method according to claim 53 or 54 wherein the thiocarbonyi derivative is a
thionocabamate of formula (XV)

R \Act (XV)
wherein R® and R* are as defined for a compound of formula (i) and Act is an activating
group selected from an amino protecting group, in particular a carbamate, R’ is halogen,
hydroxyl, Ci.shalogenalkyl, C,.salkoxy-Cysalkyloxy or Cyealkoxy-Cq.salkyl; R? is halogen,
hydroxyl, C,.4alkyl or C;.4alkoxy, or a salt thereof.

57.  The method according to any of claims 53 to 55, wherein the thiocarbonyl
derivative is reacted with BuzSnH or tris(trimethylsilyl)-silane.

58. A method for preparing a compound of formula (XI1)
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the manufacture of a conmpound of the formula I

according to one of clains 9, 10, 11 or 12, or a salt
woheo7@af420t he manufacture of a conpound of theprCwmredoa 009970

VI according to claim 15, or a salt thereof, the

manuf acture of a conpound of the formula X according

to claim32, or a salt th 9? and the manufacture of

a compound of the formula accordlng to claim39, or

a salt thereof. 68. A nethod according to claim4 1

conprising the steps o the nan,facture of a conpound

of the fornula Il acc ndto &e of, chai

salt thereof, the ma act e o0

her'eof ,
and/or t nanufacture off a conpound of thellformula X

accordi ng toys of a salt tRereof. RECTIFIED
SHEET ( RULE ¢

(X

wherein R® and R* are as defined for a compound of formula (1), R' and R? are as
defined for a compound of formula (VIil) and Act is an activating group selected from an
amino protecting group, in particular a carbamate, or a salt thereof, comprising reacting
a compound of the formula 1X as defined in claim 30 or a compound of formula (IX')
according to claims 46 to 49, or a salt thereof, with an amine of the formula XllI,

H,N NH,

O A (Xt
(wherein the amido nitrogen can also be protected if desired and the protecting group
then be removed in the corresponding protected compound of the formula Xll), or a salt
thereof.

59. A method for preparing a compound of formula (X1V)

OH R4

(XIV)

wherein R® and R* are as defined for a compound of formula (Il), R' and and R? are as
defined for a compound of formula (VIli), or a salt thereof, comprising one or more of the
fol!oWing steps either individually or in any combination:

- the manufacture of a compound of the formula Il according to one of claims 9,
10, 11 or 12, or a salt thereof,

- the manufacture of a compound of the formula VI according to claim 13, or a salt
thereof,
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- the manufacture of a compound of the formula Vil according to claim 17, or a
salt thereof, and

- the manufacture of a compound of the formula 1X according to claim 30, or a salt
thereof.

60. A method according to claim 58 comprising the steps of

- the manufacture of a compound of the formula Il according to one of claims 9, or
a salt thereof,

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

- the manufacture of a compound of the formula Vil according to claim 17, ora
salt thereof.

61. A method according to claim 58 or 59 comprising the steps of

- the manufacture of a compound of the formula 1l according to one of claims 9, or
a salt thereof, and/or

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

62. A method according to claim 58 comprising the steps of

- the manufacture of a compound of the formula Il according to one of claims 12,
or a salt thereof,

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

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

63. A method according to claim 58 or 61 comprising the steps of

- the manutfacture of a compound of the formula 11 according to one of claims 12,
or a salt thereof, and/or

- the manufacture of a compound of the formula VI according to claim 13, or a sait

thereof. RECTIFIED SHEET (RULE 91)

ISA/EP
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64. A method according to claim 58 comprising the steps of
- the manufacture of a compound of the formuia Vil according to claim 17, or a
compound of the formula VHI' according to claim 25, or a salt of these,

- the manufacture of a compound of the formula IX according to claim 30, or a
compound of the formula IX' according to claim 46, or a salt of these.

65. A method according to claim 63 comprising the steps of
- the manufacture of a compound of the formula X according to claim 31, or a
compound of the formula X’ according to claim 33, or a salt of these, and/or

- the manufacture of a compound of the formula IX according to claim 35, or a
compound of the formula IX' according to claim 46, or a salt of these.

66. A method according to claim 48 comprising the steps of

- the manufacture of a compound of the formula X according to claim 31, or a salt
thereof, and/or

- the manufacture of a compound of the formula X1 according to claim 36, or a salt
thereof, and

- the manufacture of a compound of the formula IX according to claim 37, or a salt
thereof.

67. A method for preparing a compound of formula (XIV)

H R4

(XIV)
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wherein R® and R* are as defined for a compound of formula (1), R' and and R? are as
defined for a compound of formula (VIII), 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 one of claims 9,
10, 11 or 12, or a salt thereof,

- the manufacture of a compound of the formula VI according to claim 15, or a salt
thereof,

- the manufacture of a compound of the formula X according to claim 32, or a salt
thereof, and

- the manufacture of a compound of the formula IX according to claim 39, or a salt
thereof.

68. A method according to claim 41 comprising the steps of

- the manufacture of a compound of the formula |l according to one of claims 9, or
a salt thereof, 4

- the manufacture of a compound of the formula VI according to claim 15, or a salt
thereof, and/or

- the manufacture of a compound of the formula X according to claim 32, or a salt
thereof.
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