{ PCT/ EP2006/ 009970 -1 3- ALKYL- 5-
}/\S- iE&Z({_OgSé)Z(% TETRAHYDROFUTRAN 2 YL) PYRROLIDI N 2 ONE DERI VATI VES
AS INTERN%QRQ&E% 4Ny THE SYNTHESI'S OF RENIN I NHI BI TORS Fi el d of the70
i nvention The preséent invention relates to novel C 8 | acP&miEPAWGHMY
conpounds. Moreover, the present invention provides nethods for
preparing these C 8 Iactan1|actope CFrpounds. These C-8 | actam

nds are nore specifically _
gaggogioC?gF?;hydro furan- 2- 5I) pyrrolidin-2-one conmpounds accordi ng
to formula (I11) as-shown bel ow._Such conpounds are key internedi ates

in the pgw@_mts_(mAekYL%n@Q |.|JE1JRQ\M [ art | Crlil?|YaI’ _
2(9) , 4( SEERNRITIVESIASANTERME] IJ&%‘ESMTHE '

am de derrTvatiVves, Or pfiar mtaceuttcat -y actept :
Therefore, present invention is also directed to useful |nt er nedi at es

' for
' eparation af these renin inhibitors as well as methods
Ippetpg(rai nsﬁlgjﬁ'@m nhibitors and its internedi ates. Background
of the invention Renin passes fromthe kidneys into the bl ood where
it af f ect e piesent bxentipe reftesan gowd %laﬁ@ﬂﬁﬁmoﬁ@b&ﬁﬁddﬁgst Kh%reover tﬂe

decapept i (esci POk tRADrVides il tﬁg'ds f?’hérGB%rf ave(ggl ng;%qng({gclpjfg GPMpoundthe

and ot her organs to orm
(lglcfggg;s)tl reases bl ood pressure bot h d| rectly by arterial
vasoconst e&? po a4 leFane eempsungs are mgmnugcaiwﬁqmwbeetmg??grgn l)zyi)
gI ands t fpeyrrsmh-ﬂmneQambsﬁrﬁisrﬂcﬂ&dﬂgﬁmﬁu%l(ﬁﬁis[,l %{?ﬂ}lﬂﬁug;roév;g%rgg, é’r‘?"l?@”"als are

flurd |
2t r1 but & PTiRBR Bie e Soraiin civenia inhiiers, Pnssrtsuloo RE)HSKSH8).7(5)2.7
enzymat i dliali-Ahydpxpb-anene-a- drﬁ@dtah@y!%ni’d@&@rﬁlh%s' & ﬂhgﬁnéc%w@atﬂy gt@cﬁp?abée

er anmount of angi ot en
o Steced o hereB T AAIRO S et Sbo AIOHEA pechbpierosdnin ohe

i s a di r 8§Pagaligasf tiese reaimiphibttern sis well ae ffetieddsdér pr&HriRg it REAIR friibitors

Wth conpaungmtfgughlaee% (with I'NN nane) aliskiren
((2S, 4S,5S, 7S) - 5- am no- N- ( 2- car banoyl -

4 dr oxy- 2-i sopropyl - 7- [ 4- met hoxy- 3- ( 3- net hoxypr opox
3) ngégﬁ;%n@—%ﬁm—ﬁ%ﬁﬁﬁﬁm de), a new anti hypertensive has been
devel ope&eminipalseésten freriddheys info theIde@NHre @Bﬁéc@é ﬁ@%‘lé&vﬁ%ﬁs&em at the 4
begi nni ngp, nt hesi s, t he conpoun ri ses

chiral car%étﬁﬁ%tg%%e%%agmgﬁ?bhgSs%’gptﬁf’ é'c”ﬁl%’teéﬁﬁ‘dt"?"ﬂﬁ?éﬁ ﬂteé'lql%ﬁVEU in the lungs,

the kidneys and other organs to form the octapeptide angiotensin |I. The octapeplide

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 extraceliular fluid volume which increase can be attributed to the action of
angiotensin Ii. Inhibitors of the enzymatic activity of renin lead to a reduction in the formation
of angiotensin |, and consequently a smaller amount of angiotensin |l 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, 58, 75)-5-amino-N- -(2-carbamoyl-
2- methylpropyl)-4—hydroxy—2-rsopropyI-?—{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 II 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.



pure conpound is quite demandi ng. Therefore, anmended routes of
synthesis that allow for nore convenient synthesis of this

sophi st i cwpedotoseeoof nol ecul es are wel come. WO 2007/ 04%44@rp2006/509970
PCT/ EP2006/ 009970 -2 Such

2(S),4(S),5(9S),7(S)-2, 7-di al kyl -4-hydr oxy-5-am no- 8-aryl - oct anoyl

am de derivatives are any of those having renin inhibitory activity
and, therefore, pharnmaceutical utility anzl-include, e.g., those
disclosed in U S. Patent No. 5,559,111. So far, various nethods of
preparing

2(S),4(S),5(S),7(S)-2, 7-di al kyl -4-hydr oxy-5-am no- 8-aryl - oct anoyl

am de derivatives are described inthe literature. In EP-A-0678 503,

6- i d d bed, which
oxhibi e S b R s R e g S T pouamite dEMalves are
ant i hy perangntiheee bapng eninnnhijpitvay astiviyiand; #Hergfoep plisinacaicall Uiiliand include,
02/ 02508, é&ié&t&%dqﬁﬁlg %Hﬁﬁ Nggs 8%@ AR % fgr 99 Foglagrberth%ié‘.d)f pfeﬁawﬁ ch

5- am no- y r oxy- co- ecar poxari-d

the cent r2é$ 4(8k ﬁ#@ﬁﬁ)&’t%ﬂlﬁﬂw%ﬂ -irydyoxdi-Sabiainio- %arakcydtan@yi aitle dedvaticecarer a
2, 7- di al lggberedinvthe4tepsh@ni ¢ acid ester. The doubl e bond of this

i nterrredl ate is sinultaneously halogenated in the 4/5 position and
hydroxyl ated in the 4- position via (under) halo-lactonisation

condi t i omsEPTIEs 18803, 8@hMite/-hytr&gny. eé&sfémah@c@bé%ﬂ{ Rard a&f]dﬁﬂgd

t hen the h%gi W l%g %l s converted to a | eavi nﬁw group eavl n
group i s SSUBLISTNRIGURR Prpediss dad cowd be yeechareant Eﬁﬂe@‘e‘!"%ﬁaefttﬁéh the
azi de i s pbameeedtizd] preparatidre. am ne group. Further processes for the
preparation of internediates to manufacture 8-am no-y-hydroxy-w

aryl - al kanecar boxam des are described in WO02/092828 pertaining to
t he prepdr &0 6202H082a mltlsydprﬁammgeigneoﬁesétmxﬁardaﬂw#-hﬁdreﬁﬁr Sryl- VO

2001/ 009
- ai Kyl - DRSS i Gt M ERAPRlre2Rnid iteipagintess 7 slip A
to t he pPétﬁa'ﬁ&Fid@ma Zot-dipikyl-Btaey-tprtediclagitr estey - Shanbutde Borat ofithis irasreediate

Zerd SWS) 02)600;:2:@3!476(8?1%3%33{ giﬁgétﬁl‘amd]g tﬁeotrlﬁ pﬁé gé’rl ?_lr%' h hﬂg%{ewu? fle ‘{1 ﬁ%Slﬁ&ﬁ g8

EP- A- 121856€D 3! °dP?t8?'ﬁ%@@é”?*&%ﬂ%%%h@@@a@ﬁe - @ﬁ’i@f@dyo Aywetexy lacione and
aryl - al &m&ﬁ@hhﬁmr&ﬁﬁlslcanﬁzﬁﬁk@ﬁ%mnb@;f@ %Qéébir@%ﬁe& %&lb&fluted with
al t er nat LY:8. 16) %g rout e{_j ) 0@@ ﬁg drox%

aryl - al kAAE2APHETTRF R 2 ?%QE?CFZ '?1&0 eﬁ%‘? i thgafune group.
internediate. Although the existing processes may |ead to the
desired

29 a( s} IRLprdAtsBliapldhafiith ofPiciinenate o mapactr B arugIon-o-

am de depivralkanassrboxsreides are described in W002/092828 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-dialkyi-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 8-amino-y-hydroxy-o- aryl-
alkanecarboxamides is disclosed. In GB-A-0511686.8 yet an alternative route route to obtain

§-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(5),4(8),5(8),7(8)-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-



exi sts a need to provide an alternative synthetic route to these
2(9), 4( S) 5(S S)-2,7 WO 2007/ 045420 PCT/ EP2006/ 009970 -3

di al kyl - %9(\% -ami no- 8- aryl -octanoyl ami de deri vat iR-dERYSOAKATP o
its manufacture ina sinple and efficient manner. Summary of the
invention Surprisingly, it has now been found that renin inhibitors,
in particular 2(9), 4(9),5(S),7(9 -2, 7- 3.

di al kyl - 4- hydr oxy- 5- am no- 8-aryl - oct anoyl “ami de derivatives, are
obtainable in high diastereoneric and enantioneric purity and in an
econom c nner using a novel C-8 |actam | actone conpound, in

parti cul &2 Vé"‘%"yﬁ‘@xlﬁg@"i’%‘t -B2R)arEneYl pRYdeXsfvatives te ensume s Mapyfacture in a
conpound mm;ﬁéahdﬁ@ff&bﬁﬁ’rﬁaﬁ]@rn’aterl al. In particular it was found that
by using a C8 |lactam | actone conpound, in particular, a

5- (15- oxo-¢; IR V(-1 2-yl) pyrrolidin-2-one corrpound as a

chiral m‘ﬁgﬁg—%g—gém:[{zﬁmn i ntroducing the organic aromatic noiety at
the end of the synthesis, the process is nore econonic than the
prior ar SUBFisEEYsEBaswar beemtound tahtanindnibitars,dn patitean2(Eb4(ShE(D T@)ei7-

to the S%fmypmyarax@grawnoss Ry g&ahéswaﬁwdbtdb%ﬁé@e§eé}g%eﬁ :e'YPF.gﬂvef

utilizi ngj a C-8lactam | actone canpound conveni ent s an

preserve ﬁsF?ée‘”‘%GE’é’raé’S(ﬁ'?éﬁti‘oé‘i‘%? pé.‘HBf andip, an ecqnepli 'F'P@%eftlﬁ@g FetonelC-§flactam

gr epar i ?@mmombmcsﬁn ﬁ?‘h@ﬂaﬂ ¥ BY5-oRb- tetmhy@eudu@ﬁ-tz-myaﬂoh@ﬁttzhone compourtm
escripti irs e esen

vent | o the 188 e JhBUEHEGE eh Bl bk e 7 C RpctsreReoRe R

(1)  wheempourl3in martCularad &y%-oxr-te@anBiry-tiraml i) pyrraliiih-Réne wﬁﬁeﬂml deyd |

CZ_7al kepyi, BMM%@%J%&MLBES BYd orgglélg {a%gﬁ%&y &f’fﬂs%ﬁ F ASH synthesis,

unsubst itute
O C, ., al Ky Proggss iunomRdeppais than thaupmmart anongssamhere thhatgagemrtanaﬂoor

by tr i1l W&W’%tlﬁt)’dduc&l toAhS %éﬁo‘d’!ﬁ L8R steb 'Bf ﬂe%&ﬁfw@éé Eérqé%d'l\ﬂﬁ%ver

is C, - 7alh}/ E‘peerabgbrance Cmal kyl , era

i sopr opyI” Zing 8 lactam lactone compound convemently Iocks and preserves the
stereochemistry and, thus, snmpllf es the method of preparing such sophisticated types of

molecuies.

Detailed description of the invention

Therefore in a first aspect, the present invention relates to a compound of the formula (i1}

wherein
R® is Cyalkyl or Csscycloalkyl; and

R*is Cysalkyl, Ca.ralkenyl, Cascycloalkyl, phenyl- or naphthyl-Cy_salkyl each unsubstituted or
mono-, di- or tri-substituted by C,4alkyl, O-C,.alkyl, OH, C,_alkylamino, 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.



WO 2007/ 045420 PCT/ EP2006/ 009970 -4 In a preferred enbodinment, R4 is
C1_7al kyl ref erably branched Cm al kyl, nost preferably isopropyl.

Pr ef er abl V! HH““@é’r‘i‘pound according to the formula (I11) P&I/RRRE6/009970
foll owi ng stereochem stry: R3,, OO H R4 Mst preferably, the
conmpound of forrmula (I1) has the following structure: O O A conpound
of the fornmula (I1l) may be used, inter alja, for the synthesis of
pharmaceutically active substances, preférably renin inhibitors such
as aliskiren, especially as described in the follow ng. The present

i nventors have found conveni ent net hods of preparing the key

i nt er mediAg@refered ¢rbadipat B isiGryalkd. ripferabbicbrarched idhealky! rmmpeafwably
bel ow. Amgopedpyl.he reaction steps either alone or in a suitable

conbi nati on nay be enpl oyed to yield the conpound of the fornula
(I'r). Moreover, any of the follow ng reaction steps either al one or
in a suitable conbination may be enployed in the synthesis of a

reni n i nitiréfetadly, thewompasndddcekiimgeto. thd forayiai(in) hesehafopedihg stehmchemsent
invention relates to a nethod for preparing a conmpound of fornula
(11) as described above, said pRdgess co i signg subj ecting a
conpound of formula (1) WO 2007/ 0f54% £P2006/ 009970 -5 O OO
N3 R&A NR3 (I) wherein R3 and R4 Q£ |ned for a conpound of
formula (11), or a salt thereof,Oto thdrogerra:u on to convert the
azide noiety to an amne and to effect lactamring closure.

Most preferably, the compound of formula (I1) has the following structure:

A compound of the formula (11) 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 (1.
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 (11) as described above, said process comprising subjecting a compound of formula

U



This process step as such, also forns an enbodi nent of the invention.
Preferred_enmbodi nents for R3 and R4 can be taken fromthe definitions
for conpolri&0d™ G rmula (11). Preferably, the compoundPGHERRBGHYIT0
the formula (1) has the following stereochemstry: O N3/i,. R4 o
R3 Compounds of the fornmula (1) can be obtai ned by methods well
known in the art, in particular by follgg[ng t he procedures for
preparing conmpound Il in EP-A-O 678 514 which is incorporated
herein by reference, in particular as disclosed in the working

exanpl es, especially exanple 2, in particular using conversion 2.cl.
WO 2007/ 045420 PCT/ EP2006/ 009970 -6 Alternatj¥ely, a conpound of
formula (11) can be prepared using a diffep auxiliary than the

one enpl oyed in the conmpound of fornﬂla (1 us, in one aspect, the
present invention relates to g methpd parfhg a conpound of
formula (11) as described aboye, sgid pfocess conprising subjecting a
conpound of formula (I1') O x" 0 R3 (1I") wherein R3 and
R4 are as defined for a conpQundjof fprmula (11) and Aux* is an
auxiliary able to forman ester\or ad de with the carbonyl
functionality, or a salt thereof, Yo hydrogenation to convert the
azide noiety to an amne and to effect lactamring closure. This

process step as such, also formns enbodi ment of the invention.
Preferred exanpl es of Aux* incl gphedri ne conmpounds, oxazolidi none
anal ogues, nethyl pyrrolidone anakogues, carbohydrﬁ§e anal ogues, and
cyclic al cohols or am nes. '

wherein R® and R* are as defined for a compound of formula (Il), 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 embodiments for R® and R* can be taken from the definitions for compounds of

formula (11). Preferably, the compound according to the formula (I) has the following
stereochemistry:

o N3/,"‘ "’HR4

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.¢1.



Typi cal exanpl es include those described bel ow as wel |l as anal ogues
thereof, {y& Rgsbdisesl ar oxazol i done anal ogues, such as gnﬁﬂﬁﬁﬁﬁ%omno
aUX|I|ary or in nore general terns chiral a- substitute
oxazol i di none anal ogues. The literature for preparing these
auxiliaries is nentioned below for further detail. Apart fromthe
Evans auxiliary used in the conpound of _gorrmula (1), ephedrine type
auxiliaries and cyclic alcohol type auxiliaries such as (+)-fenchol,
are preferred. WO 2007/ 045420 PCT/ EP2006/ 009970 -7 OH OH 1gf 0 11

1R ) -
ES§ (Evan /@l? nlz(amgcy t&'@ﬂupé "6{Jforrga1§ s(ﬁ)gérﬁ: Hrgﬁar{agﬂ %gn " y ergra? Bé')x'“ﬁ&ﬂfl%h@e
oxazol i dlm@ﬁ@m@e@@ theicompound of fgrau) ()2, 6- 01  o. nrethyl pyrrol | dl ne
or anal ogues D D acetoneglucoso D- D acetonefructose LOAF ox
LSO boss o0-1. "1 H CH O \ /0 00 O (+)- Fenchol (-)-Boneol

(-)-Ment hebs Mﬁiﬂﬁé\ﬁé@m e @emhﬂéﬁtﬁnQE%tés't@ﬁﬁrﬁ&%‘dJ FSreEQFIr%a com;:g)#rfd g{

| a% 2004, :
I;[ t e;;;? [ﬁ%g]lg (“ggi)gesc(igqs ab toillgﬁlcggljgc%ss? 98Mpsising sal%jectzng@tqog]pgapq)ﬁf formula
Asynm : 19, 1613, (2006)

Aux*

")

wherein R® and R* are as defined for a compound of formula (Il) and Aux* is an auxiliary able
to form an ester or amide with the carbony| 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 -
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.



4.) HJ. Kim at al., Tetrahedron Leta, 4 , 4116 (2006) The conpound
of formulg (1) can be prepared by follow ng the experinental
procedure&gsmhmﬁsﬁoned in EP-A-O 678 514 for the Evans &&&/FH2806(09970
Thus, a suitable acid chloride represented by fornmula (1'i) such as
3-nmet hyl -butyryl chloride 0O ~R3 C (1'i) wherein R3 is as defined
for a conpound of fornula (11) , or a salt thereof, is reacted wth
the respective Aux*-H, wherein Aux* is as defined for a conpound of
formula (1) in the presence of a suitable base to obtain a conpound
of formula (1"ij,) 0 ) s ly, the reaction can be cgnducted

with an acid cHliorjide jof the*forqula (1'iii) 0 §f) R& C ('iii) WO
2007/ 04542@5%}8?2006/ ~"~-$ wherein R4 ig gs.defined Tre a><
conpound o rpml a (II% al t ther.. the regpedtivey 7~
Aux' - H, Sk e | finegd for a comgindy ! '

t he preseﬁg{e' of ]a SUi talss,z-Bes®e-1 0 obt ai n a gound of
(1'iv) OR4 Aux (1'iv) THE"®8nmpounds of formtta (1'ii) a 1" iv)

are in turn reacted with (E)-1, 4-Di brono-but - Is)y@eme of {shanf s MuiSEEvans iike
(1'v) Br Br 6l'v) in the presence of a strog=base t o, FEPHY. a oo

)
conpound of&(%rml a(l'vi) OR4
ot
o j( jt C&/ (5,5)-2,5-DI-
- Q‘ o,

© methylpyrrolidine Hy

or analogues

c"“‘Q\cH,
D-Diacetoneglucose D- Diacetonefructose )
L-DAF ax L-Sorbosa wit
|
i : L
| cH, . @ { ’
g,
CH ov N o o
M 3 / I o
3 . - 0 I

N
{+)- Fenchol (-)-Bomeol  (-)-Menthol Menthylamine D-Pantolactone L-Aepfelsfure-imid

Literature:1.} K. Tadano et al,, Synlett, 2004, (12}, 2005
2.) Y. Shi et al, Synthesis, 2000, {14), 1573
3.) O. Piva et al,, Tetrahedron: Asymm.: 1§, 1613, (2005)
4.) H.J. Kim, et al., Totrahedron 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')) such as 3-methyl-butyryl chloride

(o]

R3
cl )
wherein R® is as defined for a compound of formula (1) , 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)
0

R3
Aux* (rii).

Similarly, the reaction can be conducted with an acid chioride of the formula i)
O

R4
cI (I}



Aux- Aux R3 0 (l,vi) wherein R3 and R4 are as defined for a conpound
of formulwo(béyoaarrd Aux* is as defined for a conpound etTfEbétdldooro
[ R4,

(I") , or asalt thereof. If R3 and R4 are identical, i.e. R3 =
it is appreciated that 2 or nore equivalents of a conpound of
formula (1'ii) are reacted with (E)-1, 4-Di brono- but-2-ene of the

formula (1'v). Thus a conpound of the fd¥tula (I'vi) O R4 Aux* Aux"
R3 0 (I'vi) wherein R3is Cl.7alkyl or C3.ecycloalkyl; R4 is
Cl. 7al kyl , C2.7al kenyl, Cntycl oal kyl, phenyl - or napht hyl - Cl. 4al kyl
?;"i‘ﬁ hI Enlswg:eteiirt gt slscl?slcmeﬁrgfbﬂa c%nalimun;alrof_tfcrr&nuﬁa(tj(_h}s,téilrtaUetaﬁ4 dhelbyof_, and the F\eslpective
al kyl , : v, , a am no i.-Cl. kyl am no, al ogen
and/ or b)’f\uf‘ﬁl‘f ‘P’ﬁ%?%r@é?‘hﬂ? Ia,s%ﬂﬂe%éia CP@p%Wdaqj%rm”ﬁa(yéﬁ*FeeprﬁﬁeWﬂfr? an
est er or saitdAbtebaget fe obken 8 acipoyid dfdierotulaofi@) i ty; or a salt thereof,
WD 2007/ 045420 PCT/ EP2006/ 009970 -9 4s a valuable internedi ate of
the process of preparing renin inhibijfors such as aliskiren, in an
efficient manner. Therefore such,caq nd&f4as wel |l as the nethod of
obt ai ni ng conpound (I1) using t AFE | nternediigte (1'vi) also forman
enbodi nent of the invention. The conmpound of fornula (l1'vi) is
further reacted with a hal ogenation agent such as NCS, NBS, NS (all
N- hal osud B¢ RPPeiEss of farmulg (I"ip podriliK) @snindirn reaptedhyitrh@) dl.aBibsyme-buti bene
react i onof efétulaqny to forma conpound of formula (I'vii) O O Hal

R4 O Aux

M\/Br

Br (I'V)

in the presence of a strong base to yield a compound of the formula (I'vi)
0 R¢
Aux*
Aux.)k[/\///\/l\‘_r
R3 © ('vi)

wherein R* and R* are as defined for a compound of formula (11} and Aux* is as defined for a
compound of formula (I') , or a salt thereof.

if R and R* are identical, i.e. R® = RY, 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\]/\/\/l\[rﬁ.ux*

RS °© (Ivi)
wherein
R is Cy.salkyl or Csscycloalkyl;

R* is Cysalkyl, Caralkenyl, Csscycloalkyl, phenyl- or naphthyl-C,4alkyl each unsubstituted or
mono-, di- or tri-substituted by C;_alkyl,0-Cy,alkyt, OH, Cq4alkylamino, di-Ci.salkylamino,
halogen and/or by trifluoromethyl; and

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



R3 (I"vii) wherein R3 and R4 are as defined for a conpound of formula
(1), AuxwOs0zEseefi ned for a conpound of fornmula (I')pcambzbéloodsso a
hal ogen, or a salt thereof. The hal ogen functionality of the conpound
of formula (I'vii) is then converted into an azide by inversion
using a N3 source to obtain the conpound of fornmula (1'). Exanples of
the N, source include standard reagents 8uch as Li N3, NaN3, KN3,
MeN3, al kyl ammoni um azi des of the type (alkyl)4NN3 or al kyl ) 3NHN3
or e.g. tetraal kyl guani di ni um azi des or organonetalic azides. The
react i on ipa veleahls interohediatoofdid pmnessm Iprederimg\mnimnmhl&)rﬁéutucrsascdmslaﬁeni i ok

h .
i xt o o St mBh ek e A oo Birdsins Ut thefiefhoy PR BicS somegung
t enper at Whessingrihis mﬁerﬂm@ée awi) aispéormma@mmem@fm intemtid®0C,

preferable 50 to 80C. The reaction to convert the azide noiety of the
conmpound of forrmula (I) or (I') to an amne and to effect |actam
ring closure prefe I a ce under conditions so as to kee

The’ ot hafeealbe b fortnula G shiiier cosiss wih 7 paleqenangrirasge Mt B CS

th ypi cal | wasak@s(qulrlanaomcmhades)rmenmmhy@arfaﬁ alsy@tha&ﬁic@ﬁ'ﬁﬂdorﬁ Feidtich
et er oge [ ys, cat al yst such as

W | ki nso%s'g&?:oé‘%qﬁg%% CO(P" %n%ﬁf@ﬂaﬂ @ ogeneous catal yst. Exanpl es

of the catalyst incl ude Raney nickel, palladiunC, Pd(OH)2

(Perlman's catal yst), nickel boride, pI atiggm netal or platinum

met al oxide, rhodium rutheniumand zi n®0X de, nore preferably

pal l adium C, platinum netal or plagl i de, nost preferably
pal | adi um C. The WO 2007/ 045420 fCT/ 009970 -10 catalyst is
preferably used in an anount of to 0% nore preferably 5 to 10%
The reaction can be conductsst-at nospheric or el evated pressure,
such as a pressure of 2-10 bar, e. 5 bar, nore preferably the
reaction is conducted at atnospherit pressure. Thd) hydrogenation

t akes pl $ r bl

ot ahydrnporn, nd R s BBkl nPnERhe o Rl A et Bemeg dyy =
as al coh6PmMP@INg. °f8¥ﬁ'aﬁ'dl)%}d'Tﬁiﬂ%h@ipgefbpraéﬁlh?lpf&&éet ate. These
solvents may be used in the presence of water. The reaction tinme and

t he terrpﬁ:h%hg]re a e chosen_so as to bpring the reaction to conpletion
at a mni PEFRMUNGlonAY, £ hR comPaYnef iy (Mvinviher gorvedied e an atide by
Typi cal | invelsenresiret & Ny sourcd @o cbladu’fﬁeed)mr&mn@ of @brhmlaf ahl Bamples of the Ny
pr ef er abgyurge EQ!UQQ stgnd§rﬁ(i£'a§"e§1ts suc as(?. r% Nnﬁr ?(I\E lﬁf RwPIan]'ir%oﬁmm azides of

the type (alkyl}sNN; or alkyl);NHN; or e.g. tetraalkyiguamdln:um 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.
Preferabiy, the reaction takes piace at temperaiures 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 formuia (1) or (') 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

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



as roomtenperature, for 10 min to 12 h, preferably 20 mn to 6 h,
nost pr ef ewedobyo8onin to 4 h, such as 1 to 3 h or 6 t@ckafeocidesd 09
the hydrogenation of conpound (I) or (1") stoichionmetric anounts of
the protonated auxiliary Aux*-H, such as the oxazolidi none, nanely
the chiral auxiliary (e.g. (S)-Evans reagent) are split off. Because
bot h conpounds (I1) and the auxiliary, sUbh as the Evans auxiliary,
are both crystalline and have simlar properties, it is preferred to
separate both conpounds and at the sane time recycle the expensive

auxi | i ar )Caﬁ}&sﬁusﬁiéf@rlaﬁiyiﬂﬁﬁfrﬁéﬂ Qﬁourtt Qﬁ’ﬂ&i e, rﬁ&éﬁéf@ﬂabkéﬁ% gg?aog@errle%cg:on
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compound ftly| dcetst8PAESE SR thy DeRlsed tﬂé’ga@ser ol f%)ég% e LLIARAL ana

wi th bases | i ke organi c or 1norganic base I hof gani C
bases. ﬁ}@afﬁmpégaftffﬁ@r%{psm epapto Narthe Fﬁﬁét'%‘ép@ﬁmieém afcmmtngnum time
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t ni m Xtures an
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such as aetrdramtdmpefaoreciouso soh um nahSpremr&blyDZ(Bifn&ftb% st BriefdPAtyp 80 min to

separati e typically acidified to protonate
the y- hyg%%&a%s?ﬂ%gf#? ﬂ)d o obt ain the y-hydroxy acid in the free

form Typical acids suitable for the acidification are chosen so that

they are D%hﬁé’ﬁﬂfﬁydrobgﬁé};oh '3)? cé(maé/lﬁ{dqg& a4 563;33%581&%6%5&?3 % Ergtonated

functionalities on fhe nol ecule aci ds 1 nc
or gani ¢ vty Ag’éu*c*ﬁ- siigh @ the exagelidinone gramaly the ghiral agxiliary (8.0.46)-Evants,
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() mte@ﬁhi&&éws@ﬂ‘i@tion or extraction). It was found that by saponification of the lactone ring
of the lactam lactone (ll) a transfer into the aqueous phase is possible due to lactone ring
opening whereas the oxazolidinone (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 (i1). Saponification is preferably
achieved by treatment with bases like organic or inorganic bases, preferably inorganic bases.
Examples include LiOH 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/agueous 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 HCl. The free acid will re-form the lactone (i), preferably by
heating the mixture to e.g. 30 to 80 ° C, more preferably 40 to 60° C, such as 50° C.



R4 (I1") wherein R3 is Cl_7alkyl or C3-acycloalkyl; and R4 is

Cl_7al kyl wogGho7edskmnyl , C3-Bcycl oal kyl, phenyl - or naphtﬁtyﬂ,mgogﬁ@bdwl
each unsubstituted or nono-, di- or trl-substltut ed by

C 4al kyl , O C1., al kyl, OH, C, 4al kyl am no, di-Cl-4al kyl am no, hal ogen
and/or by trifluoronmethyl; or a salt thereof, is a valuable

internedi ate of the process of preparing Tlenin inhibitors such as
aliskiren, in an efficient manner. Therefore such conpounds as well
as the nmethod of obtaining conpound (I11) using this internediate
(11")  al stuberdgshipduedibiadé fembiaqfiyt he i nvention. Preferred enbodi ments
of conpound (11) are also preferred for conpound (I1'). In particular
the follow ng stereochem strgdis preferred: 3 OHOOH ONHR4
Preferably, the conpound has t ol | o@Hhg formnula OHO OH ONH As
an alternative approach to obtajn ¢ of the formula (11),
the present invention relat "y anot aspect to a nethod for
preparing a conpound of fornula (1) as d Jned above, said process
conprising subjecting a conpound of formula (111){IMN\D 2007/ 045420

PCT/ EPZOQN%/eQlegQ?O -12 0 ON3 R4

R*is Cs.7alkyl or Csscycloalkyl; and

R* is Cy.ralkyl, Coralkenyl, Ca.scycloalkyl, phenyl- or naphthyl-C,_alkyl each unsubstituted or
mono-, di- or tri-substituted by C._saltkyl,0-C,alkyl, OH, C,.alkylamino, di-C,_alkylamino,
halogen and/or by trifluoromethyl; or a salt thereof,

is a valuable intermediate of the process of preparing renin inhibitors such as aliskiren, in an
efficient manner. Therefore such compounds as well as the method of obtaining compound
(i) using this intermediate (II') also form an embodiment of the invention.

Preferred embodiments of compound (11} are also preferred for compound (iI'). In particutar
the following stereochemistry is preferred:

R%,
2 OHO
J o~ o
0 N

H 2
R4

Preferably, the compound has the following formula

As an alternative approach to obtain the compound of the formuia (I1), the present invention
relates in another aspect to a method for preparing a compound of formula (11} as defined
above, said process comprising subjecting a compound of formula (il})



HO R3 (Il1l) wherein R3 and R' are as defined for a conmpound of
formul a (Wb)womassoesalt thereof, to conversion to an ap@yeivhéRoeoro
formula (IV) O O OONS R4 00 R6 R4 (IV) wherein R3 and R4 are as
defined for a conpound of formula (11) and R6 is C, -,alkyl or C
8cycloal kyl, or a salt thereof; to activate the acid noiety foll owed
by hydrogenation to convert the azide ndilety to an amine and to
effect lactamring closure. This process step as such as well as the
conmpound of forrmula (I1V), also forns an enbodi nent of the invention.
Preferred enbodi nents for R3 and R4 can be tmken fromthe definitions
for conpounds of fornula (Il). In a pr%%er ed enbodi ment, R6 is

Cl 7al kyl, nore preferably strai ght chai branched Cl -4 al kyl,
nost preferably nethyl, ethyl, i rs@putyl . Preferably, the
has the foll ow ng

2006/ 009970 -13 0 O O N3/~.,

stereochem stry: WO 2007/ 045420 RCT/
R4 O J~ OR6 R4 Conpounds ofHG'he romula (111) can be obtained by
nmet hods well known in the art, in IRgarticul ar from conpounds of the
formula (1) as defined above by folTow ng the pr@bedures for
preparing such conpounds in EP-A-O 678 514 which is incorporated
her ei n bgvhﬁfﬁfé?e R" areps dgfingdfgr a compowndsyffassute (ih of psaliihergahgo
exanpl es copapaen @l dnyardyéiiel & famuh@hogousl y,  conpounds of fornul a
(I') can be converted to compounds of fornula (11) follow ng these
pr ocedur es.

(V)

wherein R® and R* are as defined for a compound of formula (1) and R is C4.salkyl or Cs. |
scycloalkyl, 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. This process step as such as
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 (II).

In a preferred embodiment, R® is C1_yalkyl, more preferably straight chain or branched Cy4
alkyl, most preferably methyl, ethyl, isopropyl or isobutyl.

Preferably, the compound according to the formula (1V) has the following stereochemistry:



Bot h conversions may be conducted as separate steps by isolating the
anhydr i dewaf200h@s4foormul a (1V) or by conducting them as peTanead@aieo7o
synthesis without isolation. Preferably the reaction m xture
obtained after the formation of the anhydride of the fornmula (1V) is
directly subjected to hydrogenation. The reaction of the conpound of
the formula (I111) to formthe m xed anhyd@i-de of formula (IV) to
activate the acid noiety preferably takes place under conditions so
as to keep the other functionalities on the nolecule intact. The
anhydride is typically introduced using an actgvated acid, such as
an acid chloride R6-CO-C. It is preferred dd the activated acid
over a certain period of tinme. Pr eferabl y eaction is conducted
under basic or acidic conditi ons ‘blryq basi ¢ condi ti ons.
Sui t abl e bases include organic | ases, preferably

organi c bases, nore preferably a ni base, yet nore preferably a
tertiary nitrogen base. Exa es @ tertiary nitrogen base

i nclude trinmethylam ne, DBU, .. .triethyl&gm ne and

di i sopropyl et hyl am ne. The reactr on o be conducted in any suitable

sol vent , ref er abl ent s ether, in rticul ar
THE and P otinE RefRe b S R PEload PE Dl il s sRe Bt
THE or to:lactenler fra'me:omam*Idsmﬂtrter foendad) ag uminearape\reaiwbmwamgatherwmﬁu&e

as to brig t I t ho h
product i oér}%o%mm nt ewogﬂdsc ugtds pi caﬁ & '?Bé) o?réetg%ap i1 I%‘"a#eb“%ncg'
conduct edn paticularas disdaged érmaworimge@@nms/esmlad!memnm& 3nwmaéogously,

pr ef er ablegm@oantfs of formb nl I

10 min h tro}93 h, nost %Sg)f%r at%léﬁg‘i%terﬁtﬁ coaﬂporﬁgﬁngt}éﬂﬂgiami)fe{ﬂlﬁé?’%gé{
h. WO 208549450 PCT/ EP2006/ 009970 -14 Reference is nade to

st andard procedures well known to the person in the art and as
described e. g. in Houben-Wyl, Vol. E5/2 (1985), p. 934-1183,

(1952 VM’&?&"%@B’E%V ol AL oo R0 sERIBE RSPt ol
reaction fQJ’f”“iﬂ”(MCQB b GaRAUICENg thRm dsa maot(swwesnowdmm motatlorhrePo:iardbiy the

noi ety t%a’iﬂﬂor@mrﬂrﬁ'e oBRfhddfef theGbrmlaash @f%é'aﬂﬂyo?rh@%ﬁfh@f q' \@ filrecti
t akes place under conditions so as to keep the er funct |t|
on the mSHREcFSq idaegenalighdr ogenat i on typically takes place in the
presence of a catalyst selected froma heterogeneous catal yst or a
honbgeneous catal yst, such as WI kinson's catal yst, preferably a

het er 0geRRAYSHET 81] the Eomm%fﬁ?e 3t mr.tltgﬁlift%tfgrln}/%e mixed anhydride of formula (IV)

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 R5-CO-CI. Itis 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 minto 2 h, such as 30 minto 1 h.



i ncl ude Raney nickel, palladiumC, Pd(OH) 2 (Perlnman's catalyst),

ni ckel bowiodmp7/piseXi num netal or platinum netal oxide, pchaEb2608Y009970
rut heni um and zi nc oxide, nore preferably palladiuniC platinum
metal or platinumnetal oxide, nost preferably palladium C. The
catalyst is preferably used in an amount of 1 to 20% nore preferably
5 to 10% The reaction can be conducted 14t at mospheric or el evated
pressure, such as a pressure of 2-10 bar, e.g. 5 bar, nore
preferably the reaction is conducted at atnospheric pressure. The

hydr ogen®eferandeil @sadplt@ s@ngdire peicablings @l RKoMr the pOIsYR M the BRKBA as

Penpor at dFe e S ROB GG 00k yBLERRYERE o SAR BT e bRelig Bl G
a m ni murgi 285xep. M3—ﬁ@&tanﬁh@upgmw&y:] 3}32 t&en:i Qia?wgr%g@?gj \tr\il:??l'r)ﬂrgdmmmrated
g)rlg:‘ g?;'b?ﬁ?rc%ﬁ‘ﬁﬂe‘?%g ,Opro(r:gnprgf g?ably 15 - 30 C, such as room

tenperature, for 30 mn to 48 h, preferanytho 36 h, nost
12 min to 24 h, such as 17 to 23 As yet an alternative

Dbt oach THE FASHEH A I EOBBMHISAA PIHe (VDlarRenier eyaaersaoigy & emine
i nventi ornd & éﬂ“éi:lilat:fénﬁﬂfgj Mur@ﬁrléﬁiﬁéblji &k@s ﬁi@&é\@ﬁdér%nd)r&ﬁ%blaago Reep the
compou S fles Rl ) B e, PSP b B e e v
2007/ 045 42EeRPETH R0t GOIREIE0 frorrﬂzﬁhmbmgemebu%aalydt &tda ladr@o@seﬁi@‘ datatght,
L0 e S TIEMBT LSy i e 38l o BB el
are as défdugedRangy nigkelopgleding/@fPA{@Hm{Pariman’s catatysiR7 nickel Gorideaplagihuror
3. metal or platinum metal oxide, rhodium, ruthenlum 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 atmospheric pressure. The
hydrogenation takes place preferably in an inert solvent, more preferably in tetrahydrofuran
or toluene. The reaction time and the temperature are chosen so as to bring the reaction to
completion at a minimum 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 (Il), the present
invention refates in another aspect to a method for preparing a compound of formuta (Ii) as
defined above, said process comprising subjecting a compound of formula (lil)

(i



ecycloal kyl, or a salt thereof; followed by hydrogenation to convert
t he azi dewnoetousi®@ an amne and to effect |actam ring pehr@Sdi®o008H S
process step as such as well as the conmpound of fornula (V) also
forns an enbodi nent of the invention. Preferred enbodi nents for R3
and R4 can be taken fromthe definitions for conmpounds of fornula
(I'1). I'n a preferred enbodi nent, R7 is GU57al kyl, nore preferably
straight chain or branched Cl. 4alkyl, nost preferably nethyl,

et hyl, n-propyl, isopropyl, n-butyl, t-butyl or isobutyl.

Prefer ablmeréuhaa ﬁﬁ’cﬂTR@)HﬁéCbs&!éﬁﬁécﬂfoﬂg cbﬁhpb@r@j éf@csrmmhaa(ui & alkas tdiddr, to
follown stereoghem strq% 5&)@3 ..,,R4 R7O R3 Conpounds of the
forml a %PFYG)'S'% o et g tarting materials for this
conversion can be obtained as descri bed above. WD 2007/ 045420

PCT/ EP2006/ 009970 -16 Both conversi ons nmay conducted as separate
steps by isolating the ester of the fornu (V) or by conducting
them as a one-pot synthesis w thout i sol ation g4eferabl y the
reaction mxture obtained after tdge® yon t he ester of the
formula (V) is directly subjected ydrogenation. The reaction of
the conpound of the fornula (I4 rmthe ester of formula (V)
preferably takes place under cdonditfons so as to keep the other
functionalities on the nolecule intaB3. The estemys typically

i ntroduced converting the acid (111) to an actjvated, acid, such as
an aci d"@ﬁr%? Raandiit weésgsffﬂ%i%arce@a%ww of fRrmul @R’ is Cralkyl or Co
Al t er nat |8welowkylt bea esit méreﬁﬁﬁblheled rby hogrdg&thtion B @nbas theaazmeaﬁ&wt@aﬁ

manner itable i azene as, the

The  congBlirs 2t LieRRih *Bs Sinrvieo oR P eeanpieRaSaot HewEl pale fampound
i ncl ude af formulai(drasedrmssien eabodimemettipéd interitiont ol yl ) -t ri azene. The
reacti on can be conducted preferably under neutral conditions. The
reaction can be conducted in any sui tabl e sol vent, preferably an
aprotic _solvent such as et such as THE or TBI\/E an aromatic or a
hal ogenatédfedes] gahedimapls for Fbr@f’& &Bnpetalfen fiopt he Idéf*i@t’%ﬁlfﬁfr‘?oﬁ@%iads of

t ol uene. forhwla@pction tinme and the tenperature are

In a preferred embodiment, R” is Cy.;alkyl, more preferably straight chain or branched C,.
salkyl, most preferably methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl or isobutyl.

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

R4

Compounds of the formuia (I} which are used as starting materials for this conversion can
be obtained as described above.



chosen so as to bring the reaction to conpletion at a mninumtine

wi t hout twe psmdeebi on of unwanted side products. Typi ealrhae2000009970
reaction can be conducted at 0 Cto reflux, preferably 10 to 40 C
nore preferably 15-30 C, such as roomtenperature, for 1 min to 12
h, preferably 10 mn h to 6 h, nost preferably 30 min to 4 h, such as
2 to 3 hor until all nitrogen evolutienthas stopped. Several other
procedures for making esters fromcarboxylic acid are described for
exanpl e in: Organicum WIey-VCH Ed. 20, (1999) p. 442 which is

i ncor por doatcdiReions PiayRl RheIted asTéiparfasichsby @Bnah.kgemtémwﬁe%mtume
to convert the azide np

formul a n
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typi cal | A 5r%§gr§an | ace in the presence of a catalyst selected froma
heterogen¥ alyst or a honpbgeneous catal yst, such as

W ki nson's catal yst, preferably a heterogeneous catal yst. Exanples
of the catalyst include Raney nickel, palladiumC Pd(CH) 2
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t akes pl ace I'n an 1 nert
tetr ahydrﬂasaﬁi'ml éﬁmlyli tﬂaa%'ma Thetieactioa gan be ﬁomduﬁﬁedzﬂﬁ%fenahhf ttnéﬁp@ert@ﬁhr e

are chos %Bncﬁﬁbn@s The réHch&gcérh% ESRGELSth ér@ éhﬂﬁﬁ?é Sénuém ;%fe?aumméﬂum
time wthout roducti on of unwant ed ro UCtS Pl Cca

react i on SEHEN SH‘éh DRYEE Sueh 2f T ot BYE, 29 F’Gﬂ‘aP'bPreﬁ B‘T"ﬁ%r&? &% %08’911% ”@re
nmore pr efpﬁa’fa’abiy THF nﬁﬂmyieﬁe cBifile aStolueAONTherationttiMicand & tetpdihtird dle
48 h, pr eﬁ% ab

to o3 h ShiERdoredh Bt d drabneRBclanicior o A miie s b e paiian &

(1) areuspwanrtad side ¢rdziectsw TypicalBdhe reaction 64D RODTAASHRAD® ° C to reflux,

PCT/ EPZO%ﬁéfQQ&Q ﬁ@ to Zé‘BC, 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,



0 00OQN3l_,-R& O ON3 R4 hydrolysis ONR3 HOR3 (I11) (1)

est enncatworoemygsni de formation o O hydrogenati on angcr@rehde@edoas
ring N3 RA N3 R4 closure O OR600 RHO R3 (IV) R3 M hydrogenation

and lactamring \hydrogenabon and closure closure R3 0 HR4 (1)
Schene 1: Routes to C-8 lactamlactone of forrmula (11) Schene 1
exenplifies as the auxiliary the Evans auXi-liary but other
auxiliaries as outlined for conpound (1) are al so possible. Thus,
the sane routes to the CG8 lactam |l actone of fornmula (11) as shown

i N SchenBngke aRIMNALIP Yhe kb BDnlid BorRBRA W s ph&ticPréstutd. ' DhediydfdgBnation
starting takes place preferably in an inert solvent, more preferably in tetrahydrofuran or toluene. The
reaction time and the temperature are chosen so¢ as to bring the reaction to completion at a
minimum 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 to 24 h, such

as 17t0 23 h.

The different approaches to obtain the compound of formula () are summarized below in
Scheme 1:



material. In a preferred further enbodi ment of the invention, this
synt hesi swooaprdsses as a further step or as an indivi depghEenicheshs
the preparation of a conpound of formula (VI) WO 2007/ 045420

PCT/ EP2006/ 009970 -19 R3)~, '> 0 O1 R4 Act NO wherein R3 and R
are as defined for a conmpound of fornmula (l1l) and Act is an
activating group selected froman am noe 18rotecting group, in
particular a carbamate, or a salt thereof; conprising introducing
the activating group at the nitrogen of a conpound of formula (I1),
or a salt thereof. This process step as such as well as conpounds of
formula (VI) also form enbodinents of the invention. This conyeri
proceeds under standard conditions and as described e.g. in standar
reference works, such as /& F. W MOme, "Protectiye Gr@ﬂ i
Organic Chem stry", Pb m Press, London and New Yayk 1973,]in T. W
G eene and P. G “Protective h%oué)s in O gany
Third edition, New York 1 LY ti fes”
(editors: E. & Mei enhof er), Academ ¢ Press, Yondon and New
York 1981, itd#e"Me hoder]mder or gani schen Chem e" (Methods of Organic
Chem stry), Houbemr: Wy ,) 4t h~edi tion, Volune 15/1, Ceeg Thi ene ¢
Verlag, Stuttgart 1974, in H -D: ,
" Am nosauren, Peptide, Proteine" Am no acids, Peptides+Proteins),
Verlag Chenie, WiJlEI%n Deerfielt Beach, and Basel 1982, and |in
Jochen Lehmann, "Chem e dgy Kohl enhydrate: I\/bnosagchari de and | nygrogenation
Derivate" (Chem stry OB rbohydrates: Mnosacchay ri des and and
Derivatives), Georg Thyene Verlag, Stuttgart 1 which are lactam fing

i ncor por at ed,, her g, ence,. I n pamcC Act is &n

al koxy carbdpyl jgroup so as to form a caljbamate, the reaction ijls
pref er ablgyy under basic condjtli

The base can be usjed

stoichionetricallyl or catalytically. "Suitable bases include orfganic
or inorganic bases? pref@rably organic basBs, nore preferably |a
nitrogen base, yet nore preferably a tertiary nitkhogen base. Exanpl es
of the tertiary nitrogen base include trietﬂxlantn '
di i sopropyl et hyl ani ne, DBU, TMEDA and hydrogenation

lactam ring
hydrogenation and closure
lactam ring closure ¥

(i

Scheme 1: Routes to C-8 lactam lactone of formula (I1)

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
(I} 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 2 compound of formula (VI)



trinmethylam ne. DVAP can be used as a catal yst. The reaction can be
conduct edwbnoems4sagui t abl e sol vent, preferably a pol ar selruebiossidh
as an ethyl acetate or isopropyl acetate, an ether, such as THE or
TBME, or a hal ogenated solvent, nore preferably THF, methyl ene
chloride or isopropyl acetate. The reaction tinme and the tenperature
are chosen so as to bring the reaction-ti®-conpletion at a m ni num
time without the production of unwanted side products. Typically the
reaction can be conducted at 0 Cto reflux, preferably O to 60 C, WO
2007/ 045420 PCT/ EP2006/ 009970 r320 nore preferably 15 -50 C, such as
20 - 45 C, for 10 min to 36 h, %h to 24 h, nost
preferably 6 h to 24 h, such as Anot her i nportant
enbodi ment of the invention rel ound of the formula (V)
R3 00O O1R4 Act (VI) wherein %?ﬁtis Cl. 7&*kyl or C3-8cycl oal kyl ;
R is Cl.7alkyl, C2_7alkenyl, C38cycloal kyl, pRéhyl- or
napht hyl whéreit RYAneRtAreRHehSdd foblh @6mpdund el mmulad(h{(arﬂf Act is an activating
tri-substitut e%c% Cl, al k%l , O%.t.ﬂfal k%‘lfp’ . OH, .CiL4aI }/bl am, no, di fttl "
al kyl ami 354 SFECEG IR LAY BINO RO Ine e IfstATiALlar 3 aToREat:. OF gsalt thereof,
acti vat i egmgrsinpingediedtgdte betvatimngraap abthpntitogen bhgcgrnmupd of formula (1), or a
articul bﬁqg ) I f ot.her preferre
gnbodi ma%%l,t ﬁ]xge?#'i S ah%ac?:?ﬁ §tg§a§§%égbs}ss{1? E%%ec&’ "!sp l% P'?%Sn%}clqormg”?aoﬁ;g. aiﬁon'%g"
pr ef er r e@mbadiownisaithe iRgentien.C1. 7al kyl , preferably branched Cnmal kyl ,
nost preferably isopropyl. In a preferred enbodinent, R4 is
Cl. 7al kyl, . preferably branched C al kyl, nost preferabl i _sopé)géyl .
In a pref BiSCaBvESHIBR ATOSEPAS, unset strrdaid canditans @pe ﬁﬁ&e‘@’@ﬁ%?:gf trstandarep| e,
aﬂ am nor@ér@?@&ﬁbﬂgg, sughayp. IV\./fW.C!hcd}ﬁi_i&W@&li@&@ﬁ)gby{d@@ﬁnib'Ehgtﬁﬁit ge T
chem str ct.. "Protectiv rgups .Organi ynt hesji s", ) Ed. T.
WG cenb a0 PiEss kAN e NG B 197 PriBgy B e HEroth MhyVils, Protective
Groups in Organic Synthesis", Third edition, Wiley, New York 1998, 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/I, Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and
H. Jeschkeit, "Aminoséuren, Peptide, Proteine" (Amino acids, Peptides, Proteins), Verlag
Chemie, Weinheim, Deerfield Beach, and Basel 1982, and in Jochen l.ehmann, "Chemie der
Kohlenhydrate: Monosaccharide und Derivate" (Chemistry of Carbohydrates: Monosaccha-
rides and Denivatives), 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
chioride 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,



reference), especially in the chenistry of protecting pyrrolidines.

I n the fokbowndsizoe term nology "Act” is maintained tBreyabadhodohe
syntheS|s sequence for sake of consistency. It is appreciated that
"Act" serves as an activating group when present on the |actam
nitrogen and that after |actam opening the Act group is a protecting
group. WO 2007/045420 PCT/ EP2006/009970-2021 Preferred protecting
groups conprise, for exanple, (i) C -C2-alkyl that is nono-, di- or
trisubstituted by phenyl, such as benzyl, (or) benzhydryl or trityl,
wher ei n mffe B#ee?émkn{ b Dgh 4 8, sueﬂ%xgl@éuw@%% ﬁh‘\tlétsbthubr%%r?&iy 9MGo 24 h,

nmore, e.g. two or three, residues e. % those selected fromthe group
consi stl H@Sbwe@ratérzﬁamk?ﬂh $HF8ASXY, - 1€ C7- al koxy, C2- C8- al kanoyi - oxy,
hal ogen, nitro, cyano, and CF3; phenyl:Cl-C2-al koxycarbonyl; and

o) oh AR e B ek S5 D Rehba) e

pi val oyI oxy-net hyl (POV), triR&l oroet hxoycaébonyl (Troc), 1-
adamant yl oxycar bonxyl (Adoc) buty© al So~pe benzyl, cumyl,
benzhydryl, trityl, allyl,"C, _,o0 | oxy carbonyl such as alloc
(al'l'yl oxycarbonyl). The protectdng hgr oup-ta I so be silyl, [Ilike
trialklysilyl, especially tri methyl;(ﬂl yl, te Eutyl di rrethyl silyl,
triethyl si lyl, triisopropylsilyl, tri rrethyl Si \Q t hoxymet hyl (SEM,
and can E% fe substituted sulfonyl (e.g. C-Cr-alkyl, aryl such as
phenyl, substituted aryl such as with Cl-C7-al kyl, hal o, hydroxyl or

Cl- C7- al koXC, A mg%tt?%y@gamp,enyl in particular tosyl
(4- et hyl - phenyl | fonyl), or canphorsul fonyl) or substituted

sul f enyl tRGseudD,S,hk@lr gL 2kehANEL deyelodN, dﬁé?yluﬁﬁa@ﬁthﬁ-l@ﬁﬂt\ﬁ ea@A@indWétituted or
roups i is refe e a
01085y, " medy P e b SibariRedy SraRu el B B himiad el e

al keny!| okglogar &yatiyrl by t@6iol@veatihyl- £0H. 6al kyI and C1.fial kyl - car bonyl ,

C6. | oaryl -carbonyl, CI1. Eal koxy-carbonyl ,

C6. | oar ymmaaabﬂh@ﬁwambpnylbctectiromm@mme pfdtentipg gravp, i@garticular a carbamate,
| oaryl - SHJ‘&QQWhere%F'CIH a‘?lﬁthgr péflzr@j t Gtk Q%yéc | ora substbtuted sulfonyl
C6. | oaryl -Cl. al kyl, and kyl - car bony , ry - car bonyl

Cl. sal koﬂSP“Ear bonyl and CG | oaryl - C1- 6al koxycar bonyl In a pr eferred
enbodi nent, Act is C5. | oar yl - C1_6al koxycar bonyl, C, - 6al koxy-carbonyl,
al | yl oxycar bonyl or C. Ioaryl Cl _Eal kyl such as benzyl,

oMt O 58 Ao BB R B ke PS8 6oL AT P

accor di nigoptepylhe for mula (VI) has the foll ow ng ster eochem stry: O N

In a preferred embodiment, R* is Cy.7alkyl, preferably branched Cssalkyl, 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.



Act More preferably, the conpound of fornmula (VI) has the follow ng

st ruct ur eswo\WoL'264847%045420 PCT/ EP2006/ 009970 -22 0 O | pigiep20dasboo7o
preferably, the conmpound of fornula (VI) has the follow ng structure:
~, OO0 OOi or Acompound of the formula (VI) may be used, inter

alia, for the synthesis of pharmaceutically active substances,
preferably renin inhibitors such as aliskilren, especially as
described in the following. In a preferred further enbodi nent of the
i nvention, this synthesis conprises as a further step or as an

i ndi vi duﬂdreféM'Q& BR¥cSing BRupS eRAprfel fbﬁe?arﬁﬂgqgmdizfﬁikyf by |rﬁbn6y -y O
OOR are as defined

for a co ﬁtd}“@ WBFIW' asueh% L%‘?%' \A?b?r?h&‘i’fyﬁlft“ﬂti’/'a‘ﬂ’h?fﬁ'” 3¢ BRRRY! ring is

sel ect ed uhsubstiautedadrisobstituted B¢ bhégr ngbmupg iwm qatireé agéidliesse. gaﬁmﬁted

R is hal hydr I 6al kox
or C, - 6alﬁ(lg)%'>e<tpI egre aoﬁé%’tlngé& "'% }& cﬁc l%lé{“a? %%J <1"’24' haldgen,
C, - Oal koxitro, oyare, and @Fet hberyb1- Q‘Zeaibmxysarhgn)ti rmldsatllsalp)romamglt affspeciaty
openi ng a salt
Chereof gy NedEhnialEstnoRf (D), ARIOS Rl BYEABR tRse)0h 1 0azaz0
PCT/ EP20benayiryymgthyl (BOM), pivaloyl- oxy—methyi (POM), trichloroethxoycarbonyl (Troc), 1-

adamantyloxycarbonxyl (Adoc), but can also be benzyl, cumy!, benzhydryl, trityl, allyl, Cy.10
alkenyloxy carbonyl, such as alloc (allyloxycarbonyl). The protecting group can also be silyl,
like trialklysilyl, especially trimethylsilyl, tert.-butyl-dimethylsilyl, triethylsilyl, triisopropylsilyl,
trimethylsityethoxymethyl (SEM), and can also be substituted sulfonyl (e.g. C,-Cr-alkyl, aryl
such as phenyl, substituted aryl such as with C,-C-alkyl, halo, hydroxyl or C4-Cs-alkoxy
substituted phenyl, in particular tosyl (4-methyl-phenyl sulfonyl), or camphorsulfonyl) or
substituted sulfenyl (subst.arylsulfeny!) For the use of sulfonyl and acyl groups it is referred

to D. Savoia, et al.,, J. Org. Chem., 54, 228 (1989), and literature cited there.

Examples for Act include C..4o alkenyloxy carbonyl, Cg.qparyl-Cysalkyl, and C,salkyl-carbonyl,
Cesoaryl-carbonyl, C4salkoxy-carbonyl, Ce.iparyl-Cygalkoxycarbonyl, C,salkyl-suifonyl, or Ce.
ioaryl-sulfonyl, such as C,.,o alkenyloxy carbonyl, Cg 1garyl-Cyealkyl, and Cysalkyl-carbonyi,
Cs.roaryl-carbonyl, Cisalkoxy-carbonyi, and Cs.earyl-Cqgalkoxycarbonyl. In a preferred
embodiment, Act is Cejoaryl-C,salkoxycarbonyl, Cisalkoxy-carbonyl, allyloxycarbonyl or Cs.
10aryl-Cyealkyl 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:

More preferably, the compound of formula (V1) has the following structure:



-23 RLY R2\ (VIl) wherein Y is a netal containing group such as
-Li, -MyXyo20m@nepates, aryl nmagnesi um species such as pr/dRodyBossRy
wherein RL and R2 are as defined herein, alkyl magnesi um species, such
as branched Cl1_7al kyl -My-, -WMX, (alkyl)3MiLi-, or -CeX2, wherein X
is halogen such as C, | or Br, nore preferably Br; and Rl and R2 are
as defined for a compound of formula (VI2RI-) above. This process step
as such as well as the conpounds (VIII) and (VI1) also form

enbodi nents of the invention. For this conversion, see also D.
Savoia, et al., J. Org. Chem, 54, 228 (1989), and literature cited
there. Preferred enbodi ments for/R3, R4 and Act for conpound of

formula (M11) can be taken from*.) def ioni tJns for conpounds of
formula (VI). In a preferred enbod| ne 1 Js hydroxyl, C1.
al koxy- C1. 6al kyl oxy or Cl1. 6al kox yoal K ., nore preferably

Cl- Oal koxy- Cl. al kyl oxy, nost preferably net ho% propoxy. In a
preferred enbodinent, R2 is hydroxyIA‘ESr Cl. 4alikoxy, nore preferably
branched Cl1. 4al koxy, nost preferably nmethoxy. Preferably, the
conpound M€ pricthiraigly [the Edepdunt@atoam(idl(Vl) ha¥ e bividgéthewr&g
stereochemstry: O ORL ""R4 R2 R3 Fi N Act Preferred exanples
t he conmpound according to the formula (VII1) have the follow ng
formul a: WD 2007/ 045420 PCT/ EP2006/ 009970/2L 2
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A compound of the formula (V1) may be Lised, inter alia, for the synthesis of pharmaceutically

4
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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 (V1)

(Vi)

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, C,.shalogenalkyl, Cqsalkoxy-C,salkyloxy or Ci.salkoxy-Cisalkyl; R? is halogen,

hydroxyl, Ci4alkyl or Csalkoxy, or a salt thereof;

comprising the step of lactam ring opening of the N-activated lactam lactone of formula (V1)
or a salt thereof defined above with a compound of formula (V1)



.. or Conpounds of fornula (VII) are obtainable
from corrp@grgd@/(gf_mi)or mula (VI1'), preferably in situ: R&g/pb200d09970
(VMI1') wherein X is halogen such as C, | or Br, nore preferably Br;
and Rl and RZ are as defined for a conpound of formula (VII1) above.
Compounds of fornula (VI1) can be prepared according to nethods well
known to the person skilled in the art-2Br particul ar hal ogen net al
exchange procedures, e.g. as described in the followng literature
ref erences describing several different approaches: Lit. 1: for
magnesates: a) K Gshine et al., Apgew Che,m, Int. Ed. 2000, 39, 2481
and lit. cited therein. b) K OGshimg& ey al.; J. Oganonet. Chem,
1999, 575, 1 - 20. c) K. Oshinma et _1a J. Org Chem, 66, 4333
(2001); d) A Akao et al., Tetrah®#Hron Lett(v)i)47, 1877 (2006); e) K.
| shihara et al., Og. Left., 7, 573 (2005), reports addition of
trial kyl whigtein Yiﬁa@ﬁ@%p@gainmg gmpmlnlylas @}rinmé(; -rhagresativh eyl eragaksiym
TetrahedrSP bhideSf ch as42, 4841 (2001). Lit. 2: for Gignard 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, pagei-s b WO 2007/ 045420 PCT/ EP2006/ 009970 -25- d) P.
Knochel et al Synt hesi s 2002, 565, e) P. Knochel et al., Angew.
Chem , 1185-16&6(200 |ch compounds f) S. Hall
et al., Heterocycles, ‘zlifﬂe'n%g @7)%&8?'?%%8 - hal ogen exchange
with Li lﬁ&ﬁrl&hagr@)sml?ﬁépecré@@hch aiﬁaﬁ&%@@&kﬁll\ng Zﬁﬂﬂc@éikﬂ-)}hﬂnlgl loeQteX,,

Fr o o) ShgBHtR B eaoisns aFT Aot Ba Aol ShardiR B e R o3 e

ri ch br ofw saoypocodpifumasda (\d1)gaboee e This pravess step abgudompeeihaksthe) C.

Feugeas, c&%%nﬁg (ﬁﬁ?gh'c? (Vll?glso (fc}T)'n erﬂr&tﬁﬁrﬂi&rﬁs gflt%g ﬁ'}v'ent% B6H thiRG toh\%}sB;l égg

netal to
also D. Savoia, et al., J. Org. Chem., 54, 228 (1989), and literature cited there.

By
el

Preferred embodiments for R?, R* and Act for compound of formuta (VIII) can be taken from
the definitions for compounds of formula (V1).

In a preferred embodiment, R" is hydroxyl, C,ealkoxy-Cysalkyloxy or Cysalkoxy-Cisalkyl,
more preferably C, alkoxy-C.4alkyloxy, most preferably methoxypropoxy.

In a preferred embodiment, R? is hydroxyl or Cy4alkoxy, more preferably branched C;.
satkoxy, most preferably methoxy.

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

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



el ectron rich bronmo aryl conpounds j) B. Bogdanovic et al., Angew.
Chem , | n§o 2bshe4s438, 4610 (2000) k) Handbook of G i gnar @ciRg@s®gbseero
(BEds. G S. Silverman, P.E. Rakita) Marcel Dekker, New York, 1996 I)
N. Krause, "Metall organi sche Chem e" ; Spektrum Akadem scher Verl ag,
Hei del berg, 1996, Chapter 3 n) Gignard Reagents - New

Devel opnents”, Ed. H G Richey, John Wkey-& Sons, Chichester, 2000.
all of which are incorporated herein by reference. Typically, the
organonetal lic species (VIl1) is prepared from conpound (VII")
according to the different literature nentioned above. Usually the
reaction takes place in an inert sol vent, ‘ nore preferg Iy in
tetrahydrofuranl, ot her etherg, or tol or0in sol ver

m X} ures such
as m xtur oet hers i ke ----hijt ane or
cycl ohexﬁ’!’h '
to bringg.he

g aré chosen so as
producti on

W t hout the
conduct ed

action can be
uch as 0 to 30

Nt Ur@s or at ]roomtenperatureb

C, nore ﬁ? to 0 ¢ In one enbodinment, the re jon can be
conducted at 0 C or bel ferably - 80 to -20 C pr ef er abl y
-80 to -40 C, such as-78to-50C for 30 mn h to 10 h pr ef er abl y

1 htob5 h, nost preferably 1,5 t &' 4 h, such as 2 to 3 h. The speci al
chal | enge in t he case of conpound (VIII) reacting with a netallo

organic species like (VII') lies in the cheno selective
differen i
act one. G By WRER (APse PiRloid i oBREATIER Bitkyia Y et 28y

ni trogenS'tLit WD 2007/ 045420 PCT/ EP2006/ 009970 -26 was found by the
present inventors that surprisingly only the lactamring is opened
and the |actone stays intact. Con'&} pags~ef* formula (VI1) were found
to be inportant reagents in the above ersion and, thus, the

synthesis of renin inhibitors. Ther@fore, in one aspect the present
invention also relates to a conpound of fornmula (VI1) RLY
vy

wherein X is halogen such as Cl, | or Br, more preferably Br; and R and R? are as defined
for a compound of formula (VIli) above.

Compounds of formula (VIl) 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, 38, 2481 and lit.
cited therein. b) K. Oshima et al.; J. Organomet. Chem., 1999, 5§75, 1 - 20. ¢) K. Oshima et
al., J. Org. Chem., 66, 4333 (2001); d) A. Akao et al., Tetrahedron Lett., 47, 1877 (2006);

e} K.lIshiharaetal, Or'g. 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



R2 (VII)

wherein Y is a netal containing group such as -Li, -MX

- magnesat @@ 208f/yds4dBagnesi um species such as Rl My R2 \hegighiedesand
R2 are as defined herein, alkyl magnesi um species, such as branched

Cl. 7al kyl -My-, -WMhX, (alkyl)3WnLi-, or -CeX2 wherein X is hal ogen

such as

G, I or Br, nore preferably Br; Rl is hal ogen, hydroxyl, Cl_

6hal ogenai kyl , Cl. 6al koxy- Cl1-6al kyl oxy o125C1. 6al koxy- Cl_sal kyl ; and
R2 i s hal ogen, hydroxyl, Cl_ 4al kyl or Cl-0al koxy; or a salt

t her eof .

Such conpounds meke it possible to connect the aronmatic

noi ety ofd)trh&nbeidl Bt i NBidhésx 2402, 668 carbon chain in an efficient

manner .

or MyBr,
formul a
O:l::)

Preferably Y is Li, a nmagnesate or MgBr, nore preferably Li
&P Khothad et 91 ahgevalthem. MIBl 1652006), albttyori vk iy B6iBpdainds
(VIl) have the following structures: O/ Li Of v-R8 \ | or
5 5. biall eGal(, VieteagcyChet.| 24) 1RE @ 9€7), diredt kihalogeneikehamigk with Lametat d

Cl-? alkyl ~oo~”"0oR8 rrl_OOOMB O M-Li Ol I\ oor of
or \ | R®) RayAppl: DU 1043026¢iATe R0PH0BME diebiddihaloaen exsbaparwitisLimeatéing
the foll ow ng structure are preferred: WO 2007/ 045420

S

PCT/ EP200B/ 0

ggaps, Byllz Spe.(ehim. ry../(8) 1893- 194§4( 19648 direct action of Mg metal to
electron rich bromo aryl compounds to give electron rich Mg compounds
i} C. Feugeas, Comptes Rendus, 90, (1), 113-116 (1965); direct action of Mg metal to
electron rich bromo aryl compounds
j} B. Bogdanovic et al., Angew. Chem., Int. Ed., 38, 4610 (2000)

k) Handbook of Grignard Reagents (Eds. G. S. Silverman, P.E. Rakita) Marcel Dekker, New
York, 1996

1) N. Krause, “Metallorganische Chemie”, Spektrum Akademischer Verlag, Heidelberg, 1996,
Chapter 3 )

m) ,Grignard Reagents — New Developments®, Ed. H.G. Richey, John Wiley & Sons,
Chichester, 2000.

all of which are incorporated herein by reference.

Typically, the organometallic species (VII) 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
010 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 h to 10 h,
preferably 1 h to 5 h, most preferably 1,5t0 4 h, suchas 2to 3 h.

The special challenge in the case of compound (Vill) 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



Z~~, 110 (Vila) (Vvild) Preferably the conmpound of formula (VII1') has
t he fol | opongomiussgture: ~Ol~ O Br After the conversi pargbr@eowewund
(VI') to conpound (M 1) it is preferred to separate conpound (Vill)
in a sinple and conveni ent nanner wi thout extensive purification
techniques. Simlar as in the work-up of conpound (Il) it was found
that by saponification of the |actone ri2hg of the compound (VIII) a
transfer into the agueous phase is possible due to I|actone ring
openi ng whereas possi bl e by-products stay in the organic phase. By
sinpl e W&@?&uﬂﬁ:@%@bﬂe@&tﬁrﬁﬂeh&‘ﬁ@ﬂap%rﬁﬁ%‘ir@%l;f brihPink ikt rikd & opRhEd afiae
a re-lactonisation is possible, which allows the isolation of pure
conpound RAAEISJAYSEHBSNi fi cation is preferably achieved by treatnent
with bas | i ke, or.gani i norganj c bases referably inorganic .
bases.  BXRMRPUIs TR were Rl edeeRl rastiad e ALPis GBI SI3oH
or NaCOH. amthghsapesyhtheais iob renirsinhibijgrs.c Ehérgfots irdoret &ghecttha pesedtdiledtion
SO'Ve”t-aéé%§&£§%>é@&%ﬁ&ﬁm%ﬁ%ﬁﬂﬁ@g@% tens or agueous/organic sol vent

m xtures and even orgahic sol ven stch as al cohol s or toluene,

wher eby al cohol /water m xtures, sggh et-hanol i c/ aqueous sol utions,
are preferred. After phase separati he aqueous phase is
typically acidified to protonate ydroxy acid salt to obtain

the y-hydroxy acid in the free fo Typi cd&¥laci ds suitable for the
acidification are chosen so that they are stronger than the _

y- hydr ox WNge&indY A Meiab pentaiBing OFasp suehy as thiloMal tnaanessies, lney! msigeesive,
in parti gpdoids dudg adct group, intact. Suitable acids include organic
acids, such as citric acid, tartaric acid, oxalic acid or simlar
acids, or dilute inorganic acids such as dilute HOJ. The free acid
will re-f9 Mgact one noi ety of conpound (VIII1), preferably by
heating the ure toe.g. 30 to 80 C, nore preferably 40 to 60 C

such as R ' Thg%ggregp@%w%qrgpgeﬁn%rnéle@m(VI [1') WO 2007/ 045420

PCT/ EP2006/ 009970
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; R'is halogen, hydroxyl, C,.
shalogenalkyl, C+.salkoxy-Csalkyloxy or C,.salkoxy-Cisalkyl; and R? is halogen, hydroxyl, Cy.
salkyl or Calkoxy; or a salt thereof. 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 (VIl) have the following structures:

./\/0\ I/\/c’\.
o M
OJ:-ErLi ]@/ Q\RS or
o or ~o
(Vlia) (Vilb) R8=C,, alkyl, preferably branched C1-7 alkyl
o C|> R8
o o (\/0\ T~ RS .
C‘(\/ \/\o ! Mgr o o M?’“Li
OCL - ST T KT
\0 0/ ~ o} [8)
(Vlic) (viid}) {Vile)

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



R2 R3 HN: O Act (M11') wherein R3 is Cl_7alkyl or C3.8cycl oal kyl;

R4 is Cljﬁ@ubmmnbgﬁ.7alkenyl, C38cycl oal kyl, phenyl - or pcT/EP2006/009970
napht hyl - G . 4al kyl each unsubstituted or nono-, di- or
trl-substltuted by C, -0al kyl, O C, aal kyl, OH, G .4al kyl am no, di-

al kyl am no, hal ogen and/or by trifluoronethyl; Rl is hal ogen,
hydroxyl, C, -6hal ogenal kyl, C, 4al koxy- Ct2Bal kyl oxy or

C, . 6al koxy-C, . 6al kyl; R2 is hal ogen, hydroxyl, Cl.4alkyl or

C, _4al koxy; and Act is an activating group selected froman am no

protecting group, in particul ac~g oarbamate;, g@r a salt thereof; is a
val uabl e intermediate of the go\c’ess_of prEpari Ay renin inhibitors

such as aliskiren, in an efficy Yranner© ¥fBor e such conpounds
as well as the nethod of ObL& corﬂfoyn&f Zi I11) using this
intermediate (MI1') also forman enbodi neht the invention.
Particularly preferred exanpl espdi t he conmpougflyof fornmula (VIII1")
include a salt, nanely a carboxylate salt. Preferred exanpl es

i ncl ude iPnefegblyithe s@hpcung wé forasiadiviahastedsidwiigleaduttose: earth net al
salts, such as Li, Na, K, My, Ca salts, or organic salts, such as

primary, secondary or tertiary amn ©s. Exanples of primary
am nes include C3-8cycloal kyl am nes _such as cycl ohexyl am ne, primary

aromati c am nes, such as aniline, ar?/ B ami nes such as
benzyl am ne and including aryl branched kyI am nes such as phenyl -
or napht hyl et hyl am ne. Secondary amPne$” i nclude N di-substituted

(C _ral k¥\lft? t@é_? ﬁ{e‘?% ?(?J)#%L‘n@ourq@ﬂﬂ%' 0/£0 %r?tf wﬂﬁﬂglpre%nedfftb é/z)raf%.m nes

such as am nes or ~am nes
i ncl ude REMPPIRSL (YYD jin ey @myd WRWEM W&y&%ﬁﬂw&vmﬁﬁy&ﬂonand/ or

phenyl - Citechniﬁ@éé@’én)nd@r”&sﬂﬁ%e \E&kldp%élc%byudar( l?ﬁl?@%t:h@ 1 ﬁ){ Eépo%gilpﬁ‘%log of

The advant usi ng the conpoun f formu

(he oal « McBeige g iR &?{PWH%VW ait@nsfesiplo the apyeaus PQBWS gossible due to
crystal | izetnemb@pedihg Whaieas possisé B-piadubtaRebyen the drfhic pHaReURY| Isﬁ»ﬁble
o bo VB SOUT PO PR b Sritir oD b e et shRET 8 g freloBH e poskHe.
reduct i owhigh albwes 08 igdatioowy burgrcoopowk(V11f)h SaBinificatibo isyrefesably shicved by
a treatment with bases like organic or inorganic bases, preferably inorganic bases. Examples
include LiOH, NaCH, K,CO, or Na,CO;, preferably LIOH 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 HCl. The free acid will re-form the lactone moiety of compound (VIII},
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’)



carboxylic acid and not part of a |actone. Such a salt can be

obt ai ned Wy »8é@ndped procedures known in the art and aspg@gebdddRehob
the exanples. As one nethod, the salt is obtained directly fromthe
saponification after ring opening of the conpound of forrmula (Vill)
with the respective base as descri bed above. Alternatively, the free
acid of fornmula (VIII") can be basified-2286-deprotonate the y-hydroxy
acid salt to obtain the y-hydroxy acid in the salt form Typi cal
bases suitable for the salt fornmation are chosen so that they
convert the acid to the salt butokeep thegfhegsfunctionalities on
the nolecule, in particular the i njfact. Suitabl e bases

I ncl ude i norgani c bas 4 N X, K2Cco8, Na2CCB,
My(OH) 2, MgCQOB3, or organi $ ses, in particular
primary, secondary or tertiary am Ré bﬁags in particular the ones
menti oned above. Prefdéfred enbodi nents of Anmpound (VI(\}”I”)) are al so
preferred for conpound (MI1'). In particular the follow ng
stereochgmegdfy is preferred: OOHR4 R OR3 OH RWWO Act or
preferably a salt thereof, in particular as described herein.

Pr ef er abRy js ¢ helkgiormyndioaks; the following formula 0O CHO CH 0 CH O
OHH SO OHNYOO O+ or I O/ or preferably a salt thereof, in
parti cul & isG-dlgic ChfmcnileCeiccloaNY| 20@TYI0 dSAPHIET/ BRIVEEH AOSGRTuted3D
In a pretghLe | ct S n

conpr i seg%aé g[ EH ﬂ.ﬁfsﬁtﬁ{?&%@ ﬁa&%‘ “%ktﬁ 'V duaT’QE%/ rbﬂb d'%ﬁt‘%{gﬁ%%
pr epar at halgeen @W&Yﬁﬂﬂ@rom@hﬁul a (I X) O O

R'is halogen, hydroxyl, Cishalogenalkyl, Cisalkoxy-Cisalkyloxy or Csgalkoxy-C,.salkyl;

R?is halogen, hydroxyl, C,4alkyl or C4alkoxy: and

Act is an activating group selected from an amino protecting group, in particular a carbamate;
or a salt thereof; is a valuable intermediate of the process of preparing renin inhibitors such
as aliskiren, in an efficient manner. Therefore such compounds as well as the method of
obtaining compound (VIlI} using this intermediate (VHII'} also form an embodiment of the
invention.

Particularly preferred examples of the compound of formula (V1II") 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 saits. Examples of primary amines include C, gcycloalkylamines
such as cyclohexylamine, primary aromatic amines, such as aniline, ary| alkyl amines such
as benzylamine and including aryl branched alkyl amines such as phenyl- or
naphthylethylamine. Secondary amines include N di-substituted (C,.7alkyl, Cascycloalkyl,
phenyl, and/or phenyl-C,4alkyl) amines such as di{C47alkyl) amines or dicyclohexylamine.
Tertiary amines include N tri-substituted (Ci.;alkyl, Cs.scycloalkyl, phenyl, and/or phenyl-C;4.
salkyl) amines. Particularly preferred is the Li salt.

The advantage of using the compound of formula (VIil) in the form of the salt is the
opportunity to yield a solid, preferably a crystalline, material that is easier to handie in the
production process. Another advantage is that a broader range of reducing agents can be



R / RR R2 aR3HNMNI Act (IX) wherein R3 and R4 are as defined for
a conmpoungo@bofm@ssml a (11), R and R2 are as defined fopcTapssignosns
of formula (VIIl) and Act is an activating group selected from an

am no protecting group, in particular a carbamate, or a salt

t hereof, conprising reduction of the benzylic carbonyl of the
conmpound of forrmula (VII1) as defined ab@9e to a nethyl ene noiety.
This process step as such, also forns an enbodi nent of the invention.
Simlarly, this reaction can be perforned by using the conmpound of

formul a EMpldyed f&rth@reﬁlaéﬁontolﬂ ﬁfeﬁt% ceﬁﬁorkh?rouﬁ%éﬁ kHROC "B B6yAls-a salt of a

Preferred enbodi nents for can be taken fromthe
definiti Gﬂ%boFﬂ'F acidAngaRbRart Bffa lPBtPPr?:I a (M) and preferred enbodi ments
for R and R2 can be taken fromthe definitions for conpounds of
formula (M I1). Preferably, the conpound according to the fornula

h h
The r equStToR sehoRhaS BuBhed BYRBAIAdcelles Erolffin ¥ alidnt s dodhhef e
means. Typﬁimdﬁfk yAs ohg thetigd e isalhiscabtiingd diredlicirero thamaphnificatipd aftergringan
be enpl Oﬁﬁﬁrlli t @%F@Jndtcﬁ ?or&%farf\/lt Wﬂ'{'i‘?é %gﬁ]élchlbé batOL deddc ARG é;@l:e

terns in icatron, it ydr ogenat i on an
reduct i oﬁ\ltwinmhveéy H}ﬂﬁew'd qn‘d@rsmﬂﬁ @flkhbwetp%baﬁf@dé%aenrﬁtoeatﬁém abedsogyrasid

shown in ﬁﬁ%f@th& R xgr 9&@§§1e5§aﬂﬁorﬁ§ '@fgﬁ:gl t?acse%l#l abﬁesfof e salt formation

respectlve I nternne orm an errb
WO 2007/ ersefpgepegihebihep spmEddirmacid fthagalt but keep e gthey fumonalmes 91'1 me

AG  (X) mblddale, in particutar the Act group, intact. Suitable bases include inorganic bases, such as
LiORH, NaOH, Ca(OH)2z, K:CO3, Na,CO3, Mg(OH)., MgCQ,, or organic bases such as amine
bases, in particular primary, secondary or tertiary amine bases, in particular the anes -
mentioned above.,

Preferred embodiments of compound (Vill) are also preferred for compound (VIII'). in
- particular the following stereochemistry is preferred:

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.



O0O OORa/ ft HHRF H RAe/ Rae Ra\i ReRH \ RaeHN Ra\ | Ra
H\ - AC Ador’ibbwe(:sﬂzbl) PQOH\\H OH\\ ~ R} OCH R4 OHpb’rﬁEpEéﬂas/@sﬁﬁo\
011 Natla R \ OH / NRal / RT HN ACO R2/ RJ HNC O '
Act (M1l e.0. as tho Il eak (X' ) a0. na tnauaett 001 RO o RJ o] or /
HH Re R / ~H Ra Rl 001 009 Schene 2: Routes to conmpound of formula
(I'X) The reduction to conmpound (I X) can-pdeceed either in a single
step or in two steps with the corresponding al cohol (X) as an
intermediate O OHOR R z RHNRAct (X)) wherein R3 is C, _7alkyl
or C3-acyfh pkdrdd: fufifer bmbbdiméat Jfﬁﬂ'le m@ntlﬁﬁl th%@{zhthe@%ﬁﬁbl%lslﬁ\élafunher step

phenyl - or naphthyl - Cl, al kyl each unsubst itutéd or mono-, di-
tri-subsfi?R @dwuéfvaﬁhﬁw the RigRR{PIRA @ carppoupd OQTOWP'QMO
di - C1- 4al kyl am no,

Act (1)

wherein R® and R* are as defined for a compound of formuta (I1), R' and R? are as defined for
a compound of formula {V1I) 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 carbony! of the compound of formula (Vill) as defined above to a methylene moiety.
This process step as such, also forms an embodiment of the invention. Similarly, this
reaction can be performed by using the compound of formula (VIII') or a sait thereof as the
starting materiél.

Preferred embodiments for R, R* and 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 (VIil). 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/for 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.



hal ogen and/or by trifluoronmethyl; WD 2007/045420 PCT/ EP2006/ 009970
-32 R i swbhabopens2ehydr oxyl , Cl. 6hal ogenal kyl , PCT/EP2006/009970
C, . sal koxy-C, - 6al kyl oxy or Cl.sal koxy-C, -6al kyl; R2 is hal ogen,
hydroxyl, C, aal kyl or C, -0al koxy; and Act is an activating group
selected froman am no protecting group, in particular a carbanate;
or a salt thereof. Conpounds of fornmula-GXy were found to be

i nportant reactants in the above conversion and, thus, the synthesis
of renin inhibitors. Therefore, one aspect of the present invention
also is directed to conmpounds of fornyka (X).° Preferred enbodi nents
are the sanme as for conpound (VII1). ogol functionality is
typically epineric and both epi sol ated. Preferably, the

conmpound according to the formnmu he foll ow ng
stereochem stry: O :OMR3H. NAEphlR4 bst prefera Y. conmpounds of
formula (X) have the follow ng structure: 1 O O ..,,~ OOHNO

O HW/OO0- + 0 or Wen enploying the single step nethod, the
reaction also proceeds aia the al cohol (X) ich can b2 isol ated.

o
This reacfion o con e t the carbonyf noiefAto a nethxlene functi )
in positT 8 'y _takeS e cdhdi t ons R
t he ot herg tl'bna*l\l ties on I ébulue | ntact, in p culﬂ’an-wiage

group Act. The nversion to the nethyl ene“noie t akes pl ace
typically by hydrogen tjon.
the presence of a cata
a honngeneous cat al yst,

O OH R4
R1 oH
R} HN_

Vill"} e.g. as the Ll salt

drogenati on typica t akes plfcglln

sel ected from a het esoydfieous ca Qlyst or

oH R4
Rt OH
RS HNL o

(X'}  og zstheLizalt

j@ﬂdmw

Scheme 2: Routes to compound of formula (IX)

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

(X)

wherein
R®is Cyralkyl or Cascycloalkyl;

R*is Cy.7alkyl, Caralkenyl, Cascycloalkyl, phenyl- or naphthyl-C,4alkyl each unsubstituted or
mono-, di- or tri-substituted by Ci.4alkyl,O-C,.salkyl, OH, Ci4alkylamino, di-Cy_salkylamino,
halogen and/or by trifluoromethyl;



WO 2007/ 045420 PCT/ EP2006/ 009970 -33 Wil kinson's catal yst, but

pr ef er ablywoasdmisenegeneous catal yst. Exanpl es of the capaty$boss/o09970
i ncl ude Raney nickel, palladiumC, Pd(OH)2 (Perlman's catal yst),

ni ckel boride, platinum netal or platinumnetal oxide, rhodium
conpl exes, ruthenium conpl exes and zinc oxide, nore preferably

pal | adium C, platinumnetal or plati num@d2tal oxide, or Raney nickel,
nost preferably palladium C The catalyst is preferably used in an
anount of 1 to 20% nore preferably 5 to 10% The reaction can be

conduct eg & hadddERSIRGlYE (QEhRdRYak@IC Plafk® S aalkyfts Br @S,afkoRy-ESSiltye Of
2-10 bar, e.g. 5 bar, nore preferably the reaction is conducted at

el evat ed Ritsrasagea, hybiheyhydiaigesatCiakokplead pl ace preferably in an
inert solvent, nore preferably in tetrahydrofuran, toluene,

net hanol Acks hamolivadingl galip seletiet froesarodminb psotaatihy griug, in\pattisulaas earbamate;
possi bl e, They fhgagki on tinme and the tenperature are chosen so as to
bring the reaction to conpletion at a minimumtine wthout the
production of unwanted side products. Typically the reaction can be
conducted at 0 Cto reflux, preferably O to 1000 C, nore preferably

15 -70  Conpdaiisd formBfd (XwefeobuPioembertdnd réhctanbbiR tiRSabbvl chivebsibn

Longer reactiop tines nmay also pbe appropsiate to ensure conplete.
oot o1 B thise ety M5RpiE ol InniBerSr MhaTEots oe HEPSOT S PreSHB TBHEp ofay
be fir st asoisdirected td coapolalde ehfakm X)X yPrefatiad embodiviehis afe thearpiecas for

hydri de ' r ' . enol ysi s o]
bt ai - aCopgOrE Rty ol AndSpbia7ls yEMT ohRbs K BOERARS CE] ot
pr ef er ablsplatesk dyefgrablye therrpepovothdédording toghe fosmule (Kekgs thdbliowvingr
functi ongelddcRemRfy.t he nolecule intact, in particular the Act group
and the lactone noiety. 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 Methoffen der organi schen
Chem e" (Methods of Organic Chem st@y), €yl , 4th edition,
Vol ume I'V/c, Reduction Ig&il, Ry, «Stuttgart 1974,
pp. 1-486 all of which are T™pe : by ef er ence. a) R
L. Augustine, "Reduktion” tker, &l nc., New York, 1968, 1 -
94, b) F. Zymal kowski, " y che drﬁl‘é'r\un en", Ferdi nand Enke
Verlag, Stuttgart, 1965, pp. 103-114, 121-12%! 126 - 144 ¢) QH.

Wheel er, MoBt prEfafdBis Ebxp&indt RefordniB QRYhavB R RIlewik§ strueturBat ai
| nt ersci ence, New York,

When employing the single step method, the reaction also proceeds via the alcohol (X) which
can be isolated. This reaction to convert the carbonyt 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



1966, Chapt. 11. d) R H Mtchell et al., Tetrahedron Left., 21,

2637 (1989b20&)04580 T. Blickenstaff et al., Tetrahedronpcz2ép2048m970
(1968); WO 2007/045420 PCT/ EP2006/ 009970 -34 The reduction typically

takes place in the presence of a suitable reduci ng agent sel ected
fromL-Selectride, lithiumtrial koxyal um ni um hydri des, for exanple,
lithiumtri-tert-butyloxy alum nium hydBBde, |ithium

triethyl borohydride (super hydride(r)), lithium tri -sec. butyl boro-
hydride) or lithiumtri n-butyl borohydride (Lit.: A -M Faucher et
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selected froma heterogeneous cata or a nbgeneous cat
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Exanpl es of the catal yst include Raney nickel, palladiunmC, Pd(OH)2
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20% nore preferably 5 to 10% The reaction can be conducted at
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e.g. 5 bar, nore preferably the reaction is
functionalities on the molectle 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 [V/c, Reduction
I & il. Georg Thieme Veriag, Stuitgart 1574, pp. 1-486 all 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 c)
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);



conducted at el evated pressure. The hydrogenati on takes place

pr ef er ablwoizo7aas4zmert sol vent, nore preferably in tetpahwdtmtosan
ethyl acetate, toluene, nethanol, ethanol, isopropanol and al so

m xtures of this solvents with water are possible. The reaction tine
and the tenperature are chosen so as to bring the reaction to
conpletion at a mninumtine without the4production of unwanted side
products. Typically the reaction can be conducted at 0 C to reflux,
preferably 0 to 100 C, nore preferably 15 -70 C, such 30 - 60 C,
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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). (Perlman’s catalyst), nickel boride, platinum metal or platinum metal oxide, rhodium,
ruthenium and zinc oxide, more preferably palladium/C, platinum metai 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 refiux, preferably 0 to 100° C, more preferably 15-70° C, such30-60°C, for6 bh
to 48 h, preferably 10 h to 36 h, most preferably 12 h to 24 h, such as 20 - 24 h.



standard conditions. Exanples of the hydride source include NaBH4,

Li Al H4, LwBHbe704€80BH4) 2. Reference is nmade to the |itepatryrecgiod®so
above. Particularly preferred are conplex hydrides. These are

typically hydride reagents such as the ones nmentioned above, in
particular NaBH4 or Li AlH4, with chiral ligands such as BI NOLs, am no
acids, chiral amno alcohols, and other386hiral |igands which can

form conpl exes with any of the above hydride reagents. For the
preferred procedures and conditions, it is referred to: 1) Og. Proc.

Res. & De‘The réduc(s&) to cbthpo(iRPER) can@lsdﬁb@é&@bz%@ﬁ@f@s@bﬁd{rg]é&npc(u?&i (VA3

(2003) nth. Co 59 4) 4

(52 g5db @ YA RSP sE Aok 1) BP0 DUSIITT St tpl ph 35 84 e
Chem , 6Prefe@éq edecBﬁent(s %&935) dé‘s)cr;ﬁ}dﬁﬂwel tn a itiilar Manhef 20Aibplossttiatidve,
Ilteratur h : f vvh| [E.d- RSOl te ei_n by
ref er enceﬁs%ﬁc{??n lg'l gB%ﬁ%érdsm% sm? gp oﬂna?h rre%ésr%gn&aaltfo%opﬁé gr oup
and R3) rm?mﬁdmm di fferent react|V|ty Especially, it was found that
the anti-epinmer is nuch nore reactive in the desired hydrogenolytic
cl eavage of the benzylic OH bond @ th hydr8den Bfd a catal yst such as
Pd/ C. Conpounds of forgqula (X ) Mere found to be i gportant reactants
in the above conversion f i y0f renin

i nhi bitors. Therefore, one iinvention also is
directed to conpounds Plrepgr red enbodj nents are the
sanme as for conmpound (VII1"). In partlcul ar, it is pr(éferred t hat

t he corrponrglnd of the formula (X') is in a salt formas described for
t he conp&’uﬁEF"bf formula (MII1'"). The al cohol functionality is

typi cal | ws pi mers can be isolated. Preferably, the
corrpoundﬁa(l:sg%r%ﬁ(w&t &aaﬁ%%wbr nula (X') has the follow ng

st er eochemi e[ Miky D Qrﬂkeﬁﬁ Bl ocEballdd, ;H&le or l%hﬁﬁkcgfa[h?f@dccﬁruﬂg%sﬁtu‘@ dr

thereof, in particufar as described herein for_ the conpound
formul a mono-, di- or tri-substituted by C1.4alkyl,O- CHaIkyI OH, CHaIkyIamlno da-C1_4aikyIamino

halogen and/or by triflucromethyl;
R’ is halogen, hydroxyl, Cy.shalogenalkyl, C,.salkoxy-C,salkyloxy or C,.¢alkoxy-Ci.calkyl;
R? is halogen, hydroxyl, Cialkyl or Calkoxy; 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 (VIIP') to a compound of formula (X") can proceed
according to the methods and conditions as disclosed for a compound of formula (VIH) above
as the starting material. Preferably the reduction is performed with a hydride source under
standard conditions. Examples of the hydride source include NaBH,, LiAIH:, LiBH,,
Ca(BH,4).. 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
alcohois, 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)



(M11"). Mst preferably, conpounds of fornula (X') have the

fol I ow ngwetwemiusyze: OH OH OH OH O OH O OH H@ O o HNYRc@/Ep2d0s/0099t0
syn and anti syn and anti or preferably a salt thereof, in particular
as described herein for the conpound of fornula (VIII') WO

2007/ 045420 PCT/ EP2006/ 009970 -37 The conversion of a conmpound of
formula (X') to a conpound of forrmula (F&-can proceed according to
the nmet hods and conditions as disclosed for a conpound of formula (X)
above as the starting material. Instead of further reducing the
conmpound ofg fgrcmgl @hé%) edliﬁptghyet(godglye conmpound of forrmula (1X),

t he conpoun ternatlvely cyclised to a
pyrrolidine g%‘g %y%d(% tecpture Gt IRIPISchene 2: ROt

:c3R (XI) wherein R3 is ClL_7al kyl or C3.gcycloal kyl; Ris Cl1_7alkyl,
2. 7al k e aly bf wiGiSlb esechaspdegied hptegmby ref@enceapht hyl - C, . 4al kyl each
unsubstituted or nono-, di- or tri-substituted by
C, ., al kyThetv® apimiesd (syrCend anti Wit negpeshiotbe Qi orolp pad RG] may slgw differleogen

fénd/G or k%arcféxlhiyl E%é;mgg«( hty»léars @nd ﬁa{;mla%@ epm{y Esrrﬁefaﬂ mor% Qﬂﬁ{e %B%&ﬂ}/&w

hydr oxy| Ny&gagnakgic CG?VQQP@JFWV'W herd wgh awﬂra@ﬁm sta @aw@uﬁh as Pd/C.

sel ected froman am no protecting group, in particular a carbanate;

Compounds of formula (X'} were found to be important reactants in the above conversion
and, thus, the synthesis of renin inhibitors. Therefore, one aspect of the present invention
aiso is directed to compounds of formula (X'). Preferred embodiments are the same as for
compound (VIII'}. In particular, it is preferred that the compound of the formula (X) is in a sait
form as described for the compound of formula (VIII"). The alcohol functionality is typically
epimeric and both epimers can be isolated. Preferably, the compound according to the
formula (X) has the following stereochemistry:

oH OH R4

Act

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



or a salt thereof. Preferred enbodinents are the same as for conpound
(M) . TRoodmigepr ef erred further enbodi ment of the i pegiiphdBuodohd S
synthesis conprises as a further step or as an individual synthesis
the preparation a conmpound of formula (XI) R3O O R NRa RZ Act
(XI') WD 2007/ 045420 PCTI EP2006/ 009970 -38 wherein R3, R', R, R2 and
Act are as defined above, or a salt ther@®dt, conprising cyclisation

of the benzylic al cohol and the am ne noieties of the conpound of
formula (X) as defined above to a pyrrolidine noiety. This process
step as such, also fornms an enbodi nent of the invention. Preferred
enbodi nents for R3, R4 and Act can be taken fromthe definitions for
conpounds "8 senyessing ok a8 9mpongd obogpWa (& d 1o AtRomPpREnd of fogRrulr Xy fgn Rsoceed
can be t akandﬁg @cmﬁehﬁetdecﬁs and eondtioh®bs drREBPELRAS BMPboRdTYt i (X)) above
The reactlgp q f ound of the formula (X) to formthe

pyrrol i di?R cﬁa¢' E’énFXI) preferably takes place under conditions
so as to keep the other functionalities on the nolecule intact. It

I s consi gesgd J‘fh@"r‘ef Véduggtgttng FGrﬁ%‘d%@ fcmn?l &?Efr&{ﬂ&% thégc%nﬁg)ﬂﬁy ot t%rmula

al cohol occurs tion o a benz

car bocat i(l&h tomrenpeundiaf ésmww (X) may hecltetnatiealy gyclised théi pirotidige norap@md of
connect equriuld | xBasARbwAiPYEhepich as a Boc-group or a Cbz-group which
is stable under these conditions. The cyclisation is typically
effected under acidic conditions. "Suitable a.lds oncl ude strong

i i i idic i Aange resins. A suitable
strong acid shoul d preferalft S Ka8f <|4,75. Preferred are
organi c acids such as tartaric anoNoxall g¢ or aryl or alkyl
sul fonic acids, mneral acids as QQQSphoric acid or phosphonic
acid, or acidic ion exchangg 57'ns such as Anmberl|yst or Dowex, such
as Dowex 50WK2-100, 50WK2-200, 50WK2-400, X

wherein
R® is Cyzalkyl or Cs.scycloalkyl:

R* is Ci.zalkyl, Co7alkenyl, Cagcycloalkyl, phenyl- or naphthyl-Cqalkyl each unsubstituted or
mono-, di- or tri-substituted by Cs,alkyl,O-C,4alkyl, OH, Ci4alkylamino, di-C,salkylamino,
halogen and/or by trifluoromethyl;

R' is halogen, hydroxyl, Ci.shalogenalkyl, C,salkoxy-Cysalkyloxy or Cqsalkoxy-Cqsalkyl;
R? is halogen, hydroxyl, C,_alkyl or C,4alkoxy; 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 (VII1).

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 (XI)




nore preferably the reaction is conducted with an acidic ion exchange
resi n. Wiea 2005iagg2an  organi ¢ or inorganic acid the reaRCT@R2006009970
preferably conducted under anhydrous conditions. The reaction can be
conducted in any suitable solvent, preferably an inert solvent such
as an aromatic or a hal ogenated solvent, nore preferably nethyl ene
chloride or toluene. The reaction time-a&hd the tenperature are
chosen so as to bring the reaction to conpletion at a mninmmtine
wi t hout the production of unwanted side products. Typically the

react i onwharin Rt RE QR RE bedlAettar® as Gefiredrabble)or a palefreret| dombdsihg cydis&tion

nore pref I 5- 30 ch.. r Qom erature. . for I n .t 2
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2 to 3 habduedo pypyrrokdird meietyf Thie praskss $tXp ps secht, bleo farmsanantbediment of the
preferreg,gnpdi nent of the present invention converted to the

conpound o ornula (I'X) by reduction or hydrogenation. Thus in a
preferred further embodi ment of the invention, this synthesis
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R4, R, Edmpouhdédetfoandaagliigefi ned above, or a salt thereof,

conprising hydrogenation or reduction of the pyrrolidine nDiety of

t he conpound of fornula (XI) as defined above to ring-open and to

obt ain t}ﬁbe mesdtigh @mehembmpvurichoﬁotmi forroula 8X) Thifempthecpemlidise e farsnula (XI)
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corrpound rom conpoun %@can procee I'n a sin
or in txelegklerptaet. dt @p?@nwi@rﬁdtt dygng ﬂw@n@iongnr@iynatmqiuthﬁeb@mhc alcohol

(XI") or oédifs PONGWEY ke élﬁmﬁét%ﬁ draRfer to¥givk @DertViik %ﬂfd&ﬁﬁﬂrﬁ%ﬁtcﬁ $§Qrapped
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acidic conditions. Suitable 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 soivent, preferably an inert solvent such as an
aromatic or a halogenated solvent, more preferably methylene chioride 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,
suchas2to3h.

The pyrrolidine of formula (Xi) 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 (IX)



Li, Na, or Ca. Such reductions are typically conducted in liquid
anmoni a oxooedsad2or eaction conditions like | ower al kybcglpohghsoar

| oner al kyl am nes as known to the person skilled in the art and as
descri bed e.g. Houben-Wyl, Vol. XI /1, page 968-975, and al so
Houben-Weyl, Vol. 4/1 c, pp. 645 - 657, and R . L. Augustine,
"Reduktion" , Marcel Dekker, Inc., New Yegk, 1968, "dissolving netal
reduction”,which are incorporated herein by reference. Wen obtaining
t he conpound of fornula (1 X) via the internmediate (XI') or (XI"), the
pyrrolidine is preferably subjected to hydrogenagi on. Hydrogenati on
typically takes place in the presence of a cat#l yst selected froma
het er ogeneous catal yst. Exanpl es of the cat ays i ncl ude Raney

ni ckel , pall adium C, PdR ~gfi ckel bori de,

pl ati num netal or platinu m rut heni um and zinc
oxi de, nore preferably pal Lnum netal or platinum netal
oxi de, nost preferably & Catglyst is ﬁ%eferably used
in an anount of 1 to 20% nor e preferably 5 to 10% reaction can
be conduc 3 eric¢_or_el ev ted pressure, . .su as_ a. ressure
of 2-10 B’h?’e'r!a %r@s aPd traéeSFSFé'}egtﬁ "?'r?éauﬁémeif%"ﬁ PIESRACt ed
at at rmphgdrogeqatlels sureductibh ef thedhyoglidieg moiety df dheconpoace opfoaheta €K s i n
an inert f £ ur ol ue

a1 conol s *2ieli e B G-GieR o Ao bipiind Flrgiehentidty AlosliBh 40T process
sol vent s stPtas sueft @lsodprans am%%bqsllré?ntmﬁﬁle iprestien.abl y net hanol , et hanol
and al so m xtures of these solvents with water. W) 2007/ 045420

PCT/ EP20Q6/ 009970 -40 The reaction time and the ter‘g)erature are
chosen sdNg&07v§r 8RN R FompauRddO: Tasm copPudirB cripRrocgrd aither Ky #eiRgle ster or
Wi t hout iltevoir atbie lepwith thervomrasshdmigds rrpndasB et X ot phe pyrtdlidihB @ree base

reaction an bhe to reflux, preferably 0 to 1000
C, nore 85 a@r%[‘%”ﬁ%}j&%see%mg[}’&ﬁ 30 - 60 C or roomtenperature,
for 10 mn to 12 h, preferably 20 min to 6 h, nost preferably 30 mn
to 4 h, such as to 3 h. For nore detail reference is made to
Tet r ahed¥éren cosducting'B@ ENGETEPn apgrsinglehelep.tee feadionsuelesgbhputilizes metal
Houben- V‘ﬁ'waied\f@lﬂuctn%lT?p]cal R%‘i’él&ein%fb éd ar@aﬂé‘almélgpa[ﬂzﬂrﬁe cafi fhetals, preferably
Houben- W 968-.9 whi ch are_ i ncorporated
herein Ey/ Pe‘?‘"e‘?%n%‘ém fF‘F“"@B'%’f s Wm?%we%{cr%dn ligted apmogiagy siniar eetian
off, it dear:uut]gws mﬁT iowver @l;d;u@e;dhas ofl RSRF aihﬁcém[mbstmnonge@akqderm sRiiled h]eghe
conpoun Q a I S o e
i rrportan? raegg?gu?c&b%(xetgh Cotr#)%dl H@&(Lf?b%agea%%—)gw ar\{d\ealsolf-! en— eyl
Vol. 4/1c, 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 (IX) via the intermediate (XI') or (X1}, the
pyrrolidine is preferably subjected to hydrogenation. Hydrogenation typically takes place in
the presence of a catalyst selected from a heterogeneous catalyst. Exampies 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 atmopheric pressure. The hydrogenation
takes place preferably in an inert solvent, more preferably in tetrahydrofuran, toluene,
alechols such as methanol, ethanol and also mixtures of these solvents with water are
possible, most preferably methanaol, ethanol and also mixtures of these solvents with water.



and, thus, the synthesis of renin inhibitors. Therefore, one aspect
of the present7i4smenti on also is directed to conpounds pofr/Erosusiab® 70
(XI"): BO R ~HR X, R (XI') wherein R3is Cl1_7alkyl or

C38cycl oal kyl; R4 is Cl_7al kyl, C2_7al kenyl, C38cycl oal kyl, pheny-I
or napht hyl - Cl1. 4al kyl each unsubstituted or nono-, di- or
tri-substituted by Cl. al kyl, O Cl., al kyl-40GH, CL1. 4al kyl am no,

di - Cl4al kyl am no, hal ogen and/or by trifluoronmethyl; Rl is hal ogen,
hydr oxyl , Cl.6hal ogenal kyl, C1.fi al koxy- CLl. bal kyl oxy or

Cl. eal koxfheGaadtioalifgland tl@tei’r@el‘ﬁir@@ﬁ&’lchohy;d T0F- 14 (0 brﬁ@‘ﬁ@é texsttiodto completion
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forrrula were also found to be

i mpor t ant? P“’ﬂ%t Q%ggﬁ't??“gf’(@y’aﬁ?}v)é' n Qﬁ&gfe‘%ﬁ&ggﬁ AR Whiahpee IncR@OsRT HREsins

of reninbynéfelenters. Therefore, one aspect of the present invention
also is directed to conmpounds of fornmula (XI"): R3O R NR4 H
If during this reaction the Act group is split off, it can be re-introduced as described in the
preparation of the compound of formula (V).

Compounds of formula (XI') 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 (XI'):

wherein
R is C,.ralkyl or Csscycloalkyl;

R*is Cy.7alkyl, Coralkenyl, Cs gcycioalkyl, pheny-l or naphthyl-C4alkyl each unsubstituted or
mono-, di- or tri-substituted by C,alkyl,O-C4alkyl, OH, Ci.4alkylamino, di-C4_alkylamino,
halogen and/or by trifluoromethyl;

R'is halogen, hydroxyl, Cishalogenalkyl, Cisalkoxy-Csalkyloxy or Cisalkoxy-Cysalkyl;
R?is halogen, hydroxyl, Cyalkyl or Cqalkoxy;

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



R2 (XI") wherein R3 is Cl.7alkyl or C'cycloal kyl; R4 is Cl.7alkyl,
C2_7al kermy,20€®msyol oal kyl , pheny-1 or napht hyl - Cl., al kyelcTaeede/oos9ro
unsubstituted or nono-, di- or tri-substituted by Cl-0al kyl, O Cl

al kyl, OH, Ci-4al kylam no, di-Cl.,al kylam no, hal ogen and/or by
trifluoromethyl; Rl is hal ogen, hydroxyl, Cl.6hal ogenal kyl,

Cl- 6al koxy- Cl- 6al kyl oxy or Cl-6al koxy-Ci4®6al kyl; and R2 is hal ogen,
hydr oxyl, Cl4al kyl or Cl_, al koxy. Preferred enbodl ments for R3 and R4
can be taken fromthe definitions for conmpounds of formula (VI) and
pr ef er r e@refeied! eﬁmmameﬁ@rfom3 and RR2%aedie BRed Bl@Nhé rdéﬂh‘tlditfs ﬁeﬁbrﬁbédrﬂﬁf‘of

f f f VI | | .f
compouna TP s Hrsher o bipitients B 6° Badd G bB ok Tl e-keions for
t he conpoamgdowfdsfobfonmlila (¢IH). nay be alternatively converted to an

activated conpound of forrmula (X" ). Thus, in a further enbodi nent

of the present invention, this synthesis conprises as a further step
or as an Gomueundfy af f@wtm@él s Welte disoefranattpobe amportasd uaactaits in ghendbave

(X"). mc&%?d.&ﬂéﬁ’d?%fq%%?%@@%‘399@917rpmh“bﬂ@rs "f‘ﬁér'éfc% d%?e d%ﬁectrofﬁwe%?resent

H N wherein R3 a are as defined for a conpound of fornula (

R and Rﬁ“"ﬁ?té’“ﬁs%éfjlr‘?@%pPéompéuﬁ%?fé‘ﬁfﬁ'ﬂl”%@“ Pormula (VI11), Act |s an
activating group selected froman &3 no protecti ng group, in
particular a carbamate, and Act" is ay ?hdravvl ng group, or
a salt thereof, conprising,conversio ¢ benzylic al cohol of the
conmpound of forrrula (X) as de ¢ ’ Gt |
noi ety. This process step as s
(X"), also forman enbodi ne

s well as the cBrnpound of fornula
e i nvéntion.

(X1”)
wherein
R®is C,.7alkyl or Cascycloalkyl;

R*is Cyzalkyl, Caralkenyl, Cs scycloalkyl, pheny-I or naphthyl-C,4alkyl each unsubstituted or
mono-, di- or tri-substituted by C;alkyl,0-Ci.alkyl, OH, Cq4alkylamino, di-C;4alkylamino,
halogen and/or by trifluoromethyl;

R'is halogen, hydroxyl, Cq¢halogenalkyl, Cisalkoxy-Ciealkyloxy or Cisalkoxy-Cqsalkyl; and

R? is halogen, hydroxyl, C,.alky! or C;alkoxy.

Preferred embodiments for R®* and R* 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 formuia (ViiI).

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").



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

def i ni ti ape 2b@rosspepounds of fornmula (V1) and preferregdeempardsomatc
for R and R2 can be taken fromthe definitions for conpounds of
formula (MI1). The activating group Act" should be an el ectron

wi t hdrawi ng group according to literature (F. J. MQillin, et al.,
J.C.S., (O, 136 (1967) and Houben- Wyl -4¥el . 4/1c, pp 73, 379-383.
For exanple trifluoracetyl, or simlar electron w thdraw ng groups.
Such el ectron withdrawing groups like -CO CF3, or -CO CFm wherein
Cn stands for a saturated carbon chain of 2 to & and mis 1 to 12,
enhance the hydrogenol ytic cl eavae»l?ﬁ benzyI| car bon- oxygen bonds
by a factor 30 - 70 or Fred to norgct\vated benzylic

OH groups. Therefore anRAgt" ’ . 3 he type Act" =
-(CO0-R9, where RO can be - ' al kyl - oxy- R10,

aral kyl, aryl, substitut ed : by subst. with
EV\Gsubstltuents such ag*F, S3f kyl or SOZaryI ),

O al kyl, Oaryl, NHRLO (where R70 can be al yl, aryK Jar al kyl ,

benzyl, hesrayR? asdiRSire asdefinsiytor a bmpdadndczﬂwmar(uﬁmaﬁmzétam asSaie @for
one ore nore of thes gdues

att achneﬁt°°8’fp°5'hdr %FSF AR ﬁ}r@ 6&6&6” @f%iame B’H@é\Pé‘al”%?m‘e““"g
react i ng gomm pqarigslaot catbpmete, Xhd F\nt maraglecrmraylthdmvmg solp eota daitlitieereof,
t ol uene, B
hal i de of I’ﬂggs'%% v ?'Eg%ch Ol!’c?rn ﬂ,coarl {1&%% "@0%5%? ﬂgkﬁdg?ga%o%rpecj
aci ds or abm%dé@namhwq ﬂe@Ww%ﬂ h@rprtmsagytep@ﬁ Spﬁb%sg‘enléasj@moomppwfsof
or car bokdHnRR: (X0, aks8 RHANALBSodimEt P BRZMENtSPCYant es or

sul fonyl i socyanates. WO 2007/ 045420 PCT/ EP2006/ 009970 -43 The
conpounds of formula (X') can then be converted to the conpounds of

for mJ![ a ﬁréf%rﬁed &Hﬂb&%lmant@ o RY, ¢ rapd Actcames tﬁ@g%mﬁtdeﬂﬁltlbmﬁor compounds
i nvention IS nt hesi. s rises.a er s

i dodl otie 2 Pae PRt P AT B e st RO Gane bRE Bmie Spuipneor
O R R4 cB2pdundsNf achulal(d)l). wherein R3, R4, RL, R2 and Act are as

defi ned above, or a salt thereof, conprising

The activating group Act”” should be an electron withdrawing group according to literature (F.
J. McQuillin, et al., J.C.S., (C), 136 (1967) and Houben-Weyi, 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 ary! (especially subst. with EWG-substituents such as F, CF;,
NO, or SO;alkyl or SQzaryl.), O-alkyl, O-aryl, NH-R'® (where R'® can be alkyl, aryl, aralkyl,
benzyt, benzoyl, subst. sulfonyl. In all cases an EWG moiety, such as one ore more F or CFs,
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, EtOAg, 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.



hydr ogenati on or reduction of the activated al cohol npoiety of the
conpound WD Yaorwsdze (X') as defined above to obtain thecwmEprkylsoom7o
noi ety in position 8 This process step as such, also fornms an
enbodi ment of the invention. The process conditions can be chosen in
a simlar manner as for the conversion of conpound of fornula (X) to
a conpound of formula (1X). As a further4drternative approach, the
conpound of forrmula (X) may be subjected to radical - based

de- oxygenation (reduction) to yield the conmpound of formula (IX).

Radi cal BFhsedmpoertisaif farmslagdXe) danskerpieocrmvededtbehe carygoundabf formula (1X).
differ entT'hﬁg‘ a&ﬂne?%g@ﬁ‘?urﬂ%?@klbﬁdlﬁﬂem &Qﬁé’ SQH’tBth]s ﬁthgé% é)rﬁﬁr?sreg%g'aq"t}rﬁwer
IS generated, iC duce Feconbi nati a ﬁy rogen

radi cal . stEf o as@adrdividuat pyrithesss the@mﬁatﬂtlpn pla mmm;\tnh of farmualegXf t he
conmpound of forrmula (X) in this case. Thus, in an alternative

enbodi mrent of the invention, this synthesis conpFises as a further
step or as an individual synthesis the prepapat¥on a conpound of
formula (I1X) O OR R4_iRR RHN Act (IX) wheyein R3 and R4 are as

defined for a conpound St rermn jJo g s &nh activating
tectipg gloup, in particular a

group selected froman amn

carbamate, Rl is hal oge 2007/ 04842K- -RCT/ EP2006/ 009970 - 44

hydroxyl, C1 hal ogenal kyl, C, _6al koxy- Cl. 6alA¢| oxy orgx)

C, _6al koxy-GCi.6alkyl; R2 is halogen, hydroxyl, C, .4alkyl or

Cl. 4al koxsherain R3 FéaRt R ed aof are @empfinei atgve, rcalas.:famthmédfmmfnshbe

gorrpound hg&mﬁ%{ém 3r Q&c oq &?Q?tgé? gl%blpo!?nme% Bﬂh &FBOJM of formula (X"}
erivative a

sequen Sane to ra
r educt i omsdefinsigtatione tch@btalo (tmornatﬂmieoé rrfocﬁtsrmlp@sn(wo@ . Trﬂmprsccfﬁscmms@ schp

as such @isgqoma[pper@gboqﬂgggymgqﬁveg{,m{ he invention. The thiocarbonyl
derivative can be any known thiocarbonyl derivative known in the art

suitabl e for radical -based de-oxgenation. Preferred exanples are
t hi onocambanpbesss dititions can be chosen in a similar manner as for the conversion of

compound of formula (X) to a compound of formula (IX).

As a further alternative approach, the compound of formula (X) may be subjected to radical-
based de-oxygenation (reduction) to yield the compound of formula (IX). Radical based
reductions are less prone to stereochemical differentiation, since usually a planar carbon
radical intermediate is 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 individua!l synthesis the preparation a compound of formula (iIX)

Act (lx)

wherein R? and R* are as defined for a compound of formuta (11} and Act is an activating

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



as imdazolyl derivatives, thiocarbonyls, such as xanthates, or

t hi onocarpones@assParticularly preferred is a thi onocapatmatisoiooro
formula (XV) (N. NJs=Z=( O Op R R4 R2Z R HN- Act (XV)
wherein R3 and R4 are as defined for a conmpound of formula (I1) and
Act is an activating group selected froman am no protecting group,
in particular a carbamate, R is hal ogen44-hydroxyl,

Cl. 6hal ogenal kyl, Cl1 al koxy-Cl al kyl oxy or C1. 6al koxy-C, -6al kyl; R2
i s hal ogen, hydroxyl, Cl4al kyl or C1l.4al koxy, or a salt thereof.
Conpound gy @ [EHel.alage(n)éN@b C‘{‘%’%ﬁ-@@ﬂkﬂl&yt&ﬁ . DAkl N Lalk aed id Rhisgdr)

t he abov onver si on nthesis of renin inhibitors.
Ther ef orEV‘ﬁ'B’FVé %s‘ﬁ'é!ﬁ't"rgﬁ"‘aﬂl‘f?éypﬂréféﬁtt qr%ﬂ’fent ion also is directed to
conpounds_of Preferred,e e sane .as for
compound SPUpTEITE PaRsEor e s e cATRR B 2 1P SOk R0 et e Pecarfieny
bot h epi densticaandaubseqanty schjedingcemalbd radicahizased ngubugtich @woedbtaidtheg t o
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t ransf or muedton. of the benzylic alcohol to the thioncarbonyl
derivative, nethods known in the art nay be enpl oyed. For

t hi onocar banat es Opartj cul ar the conpound of fornula )
The thiocarbonyl erivative can be any known thiocarbonyl derivative known in the art

suitable for radical-based de-oxgenation. Preferred examples are thicnocarbamates, such
as imidazolyl derivatives, thiocarbonyls, such as xanthates, or thionocarbonates. Pariicularly
preferred is a thionocabamate of formula (XV)

H-N
R ~
Act (XV)
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,
hydroxyl, Cishalogenalkyl, Cisalkoxy-Cisalkyloxy or Cisalkoxy-Cisalkyl; R? is halogen,
hydroxyl, Cialkyl or Cysalkoxy, 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 (VII1). The alcohol functionality is typically epimeric and both epimers can be
isolated. Preferably, the compound according to the formula (XV) has the following
stereochemistry:



(XV) see e.g. the nethods as described in Derek H R Barton and
Stuart Wwhp@omiss€p J. Chem Soc., Perkin Trans. 1, 19PEI/EP2304/009900¢
t hi ocarbonyl s such as xanthates see e.g. Derek H R Barton, Doo Ck
Jang, Joseph Cs. Jaszberenyi, Tetrahedron Letters 1990, 31, 3991; for
t hi nocarbonates see e.g. MJ. Robins, J. S. Wlson, J. Am Chem Soc.
1981, 103, 933 and MJ. Robins, J. S. W#son, J. Am Chem Soc.
1983, 105, 4059. The radical -based de-oxygenation is performed using
standard met hodol ogy, in particular Barton.MConbie conditions as
forth in the literature references t he thiocarbonyl derivative
formation. It is preferred to use<$?? er Bu3SnH or
tris(trinmethylsilyl)-silane as a ci ng agent. VMen
tris(trinethylsilyl)silane is ysed/as reducing ag atertiary
thiol such as dodecyl - nercapt /P yst For
conditions using the tris(trinethyl&lyl)- 9'- see e.qg. D etnmar
.19 . ,,@»-._ catal ytic
her reduci ng agent, e.g.

amounts of Bu3SnBH in the pre ’
NaBH4 can be enployed. O he 3 ® g. bhenyl si | ane,

di phenyl sil ane and tri pheg e are aldo™u eful for the reduction
step, see e.g. D H R Barton, P. Bl undel |, Dorchak D. O Jang
and, J. Jaszberenyi Tetrahedron 1991, 47 8969; D. H Barton,

Cs.
D. O J zb 1993, 49 7
PO e el e N
deoxygeni therst may bdhemployest. dtanthionathmatesdinglakticlilapthesphipoesd of formula

hypophos phoy Qs @cﬂ'\éjme%gg%!a& Q%%hécgm Dk B BJHOBSC‘I%E%tuA?'t V\{%‘Q:%b[r{éle J.

Tsuzuki, "Heterocycles as vvel ropano
pr esence @emdSpauPetin Harwyi 1975, 45¢, éorghiogarbariylsrsgrch BS X@lh@tﬁw ege Spr lerek

S. Z. Zag e 6 7 t
St eve The B e O e ol S 3000 1 B or

-46 1t i $hiBgcgPPopaiesisee & gt -HiRobie| & SNVigPm + Her. Ebamotee 1881 wsrﬁaﬁ%and

(X) froquwm@umds WilsoR! SR CHeM]. ool 4988U105, sgdqat i on of any
i nternedi ates as a one- pot - synt hesi s. hus, in a preferred

alternative enbodi nrent of the invention, t hi's synt hesi s corrpr i ses as

go];r;{)fjgg ?[r?e aﬁé c%-m%;ggr%l_‘\él&d%%‘!rﬁ rX (ﬁise 3] %a%\é]aerd %eﬁpo%o%gy, in part:cular
Barton.McCombie conditions as forth in the literature references for the thiocarbonyl
derivative formation. It is preferred to use either BusSnH or tris(trimethylsilyl)-silane as a
reducing agent. When tris(trimethyisilyl)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 Hofle, Synfett. 1990, 705. Alternatively, catalytic
amounts of BuzSnBH in the presence of another reducing agent, e.g. NaBH, can be
employed. Other silanes e.g. phenylsilane, diphenylsilane and triphenyisilane 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, 8. Z. Zard,
Tetrahedron Lett. 1998, 37, 5877, are also useful to achieve the desired deoxygenation.



Act (X) wherein R3 and R4 are as defined for a conpound of formula
(1) and wotodmdazoacti vating group selected from an apCn@EP2006/009970
protecting group, in particular a carbamate, Rl is hal ogen,

hydr oxyl , Cl. 6hal ogenal kyl, Cl-6al koxy-Cl sal kyl oxy or

Cl. 6al koxy- Cl. 6al kyl ; R2 is hal ogen, hydroxyl, CL.4alkyl or

Cl- 4al koxy, or a salt thereof; conprisingbthe step of lactamring
opening of the N-activated |actam|actone of fornmula (VI) or a salt
t her eof defined above with a conmpound of forrmula (VII) RLY R2 (V1)

wher el N Wi$ Sls8 podisé tC@Richy Sibtaig tig @uﬁp@ua laf %&nulhl(X) frd\@é,comﬁa@maﬁaémxa
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Cl_7al ky laitéfpative-dvbidintetit kof/ihe Jivebtien, this synﬂm&% cowipeised as Xfurthehsadpgreds an

such as ﬂdwdug?%*nﬁﬁeas@%ée?%%‘ it g’%l)% Ocﬁ?%{ngpa &Ed R2 are as defined

for a conpoun above, onpound of fornula
(M11"), or a salt thereof, as defi ned above, fe@jlowed by reduction
of the benzylic carbonyl group of the conmpound gf formula (Vill') or
a salt thereof to obtalnacorrpou ), or a salt
t hereof, as defined abovet d . conmpound of
formJIa(X') to obtain a coyp 3 ' . VWD 2007/ 045420
PCT/ EP2006/ 009970 -47 Thi s]Q eSS gep ds such also forns an
enbodi nent of the invent&oh. For this coiver Lon, see also D.
Savoia, et al., J. Og. Chem 54, 228 (1989? and Il%()arature C|ted
there. Preferred odi rren or the co nds, o
here: ChElS] RS FUbRd oS Bt s Ui s PRIl LSS, (Mg
each of t;preetaoteﬂdmnﬂm mund@fotaﬁdzg@mmem gdniklap aeharaatate; R otdlogen,
conpound car I L. i r
ae Tho. Lol Coun@Bihril B K i bliB S 1Tl K96 boflio )
to a conﬁWﬁwl&mﬁwmpma(lmmf@ sediriereof;
comprising the step of lactam ring opening of the N-activated lactam lactone of formula (V1)
or a salt thereof defined above with a compound of formula (V[l)
X
R2

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

Y

(Vi)

species such as

*
~

R2

alkyl magnesium species,such as branched C,zalkyl-Mg-, -MnX, (alkyl)};MnLi-, 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 (VIil') 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).



or simlar nethods as described above individually for each

conver si ogoQasy/fassenpl oyed, nanely as described for theceadpyREHHNRN
froma conpound of formula (VI) to a conpound of fornula (VIII)
including salt formation to a conpound of forrmula (VIIN1'), and
further conversion to a conmpound of fornmula (X ). For this last step
in particular the nethods as di sclosed +d7- the conversion of a
conpound of forrmula (VII1') to a conpound of fornmula (X ) should be
enpl oey, preferably the hydride reduction conditions as nentioned
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the mxture to e.g. 30 to 80 C, nore preferably 40 to 60 C, such as
50 C. Typically, acidic conditions, such as mld acidic conditions
as known Frefetrénbermbodiments doréhgcommauges btfoanilas ()1 (1) a@d/1IE), X' )and §X) ciyn be
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of the invention, I'S conprises as a
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Act OHR4 \ // HNN,WNHZ OO R / \ ( 3R R (XII) wherein R3
and R4 are as defined for a conpound of fornmula (Il), R and RZ are

as definggr {hercomaerﬁorﬁrmlaanwunﬁ@r fadnala(Viihltg adbstplaid cbfsorﬁ:mnaa(txt) khéadahieg

| ect t t
R e
formul a (kiplyas ddetrbeddordbovavesiondraa b tcotmpenrelodf formiulah(Vairto ardompoorid of

the for ?&%@P(@?hi() inetucf SR Ao & E%J%PQ%%/U%?ZMB anﬁunﬁg"&mﬁéﬂ ion

"NHzZ / 0 ( I rogen cted
desi red &ndcempeoyndaif &rmulagXgr GopthisHas stel@en pariowedthe metthmis as disclosed for

corr espoipgd Mv&"s@h%ﬁ%@mﬁ&mmﬂfa e tf)%rcr@rﬂp%uﬁ@ bﬁforrﬂfla & ﬁﬁ’lohld be

thereof. Th é)rocess S as such also forns an enbodi nent

i nvent i OIgrnp oey, preferably the hydrlde reduction conditions as mentioned therein lncludlng the
hydride reagents such as NaBH, or LiAlH,, and also the complex hydride conditions
described therein. The free acid will form the lactone moiety of compound (X), preferably 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 (XI[)

/i\ct OH R4

(Xip

wherein R® and R* are as defined for a compound of formula (I}), 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 (IX ) as defined above, or a salt thereof, with an amine of the
formula (X111,



Thi s conversion can proceed according to typical peptide coupling
reacti onswoebd7/dsgeon in the art, e.g. in analogy to thecprre®ss09970
di sclosed in EP-A-678 503 which is incorporated herein by reference,
see in particular exanples 124 and 131 or as disclosed in WO

02/ 02508, which is incorporated herein by reference, in particul ar
exanpl e H1L on page 35 (preparation of J43: Preferred enbodi ments for
R3, R4 and Act can be taken fromthe definitions for conpounds of
formula (VI) and preferred enbodiments for R and R2 and Act can be
taken fromthe definitiops,for conpounds of formula (VIII).
Preferably, the corrpgy@ corﬂ”_pg to the forrmula (XII) has the

foll owi ng stereochem § OHR4AI H HgNNHZ R OO 3RPR
The reaction preferably t ak pl ace under standard conditions for the
formati on of an am de from@ |actone, e.g. in an appr%p' ate sol vent
or solvent m xture, in an ether, such as tert-butylnethyl

et her, préTeéf?'aB’IEaﬁmlﬁO ﬂ%@gfiﬂ exfeaieebe profecind {drsirpd AR theareipgting gipurHhen

weak aci @i femciad .@th%a#e%auﬁg B SeMed @orﬂpou%u fav%%myar X &E‘a Qant thereof.
prollne in the presence an a Iate ase, %F atertiary
‘e

ni t r ogen T BASECCEURAP 8% SHTY %?91@9[’8 ‘Pl@re'ba‘?'méﬁb?fé'ﬁﬁ"?"é‘?’ﬁ' nper at ur es

e.g. in the range fromO C to the refl ux terrperature of the reaction
i xt t

Using o TBRBRRIREE SrisPacieg Gesortp S TbliaLG S PG R Y ghwh b

proceed the aat, signinlsaloguhmtbe paseds distiossein &FoA-678 §0hghichés incargerefedned
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form hi's react rocee
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R4 R1 OHpréphrdilis &2u1).

Preferred embodiments for R?, R* and Act can be taken from the definitions for compounds
of formula (V1) and preferred embodiments for R" and R? and Act can be taken from the
definitions for compounds of formula (VIil). Preferably, the compound according to the
formula (XII) has the following stereochemistry:

The reaction preferably takes place under standard conditions for the formation of an amide
from a lactone, e.g. in an appropriate solvent or soivent 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 nitregen base, such as triethylamine, at appropriate temperatures e.g. in

the range from 0 °C to the refiux temperature of the reaction mixture, e.g. from 0 to 85 °C.

The amide coupling to compound (Xil) using a compound of formula (XIll) as described

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



R2 Act (I X) wherein R3 is Cl_7alkyl or C3_8cycloalkyl; R4 is

Cl_7al kylwoGBu7/@abieny! , C~ecycl oal kyl, phenyl - or napht pyira@iseslobasho
each unsubstituted or nono-, di- or tri-substituted by

Cl- Oal kyl , O Cl1-4al kyl, OH, C1.4al kyl am no, di-Cl4al kyl am no, hal ogen
and/or by trifluoronethyl; Rl is hal ogen, hydroxyl, Cl_6hal ogenal kyl,
Cl- 6al koxy- Cl. 6al kyl oxy or Cl1. sal koxy-Cl4%al kyl; R2 is hal ogen,

hydr oxyl, Cl1-0al kyl or Cl.,al koxy; and Act is an activating group

sel ected froman am no protecting group, in particular a carbanate;

or a sal andifiRiee b -comPbinddfasARsa GXEPh@S tHidIRBctnSRay SHobdeddn u@iﬁ’?ﬂ@ ment
of the inventiop. The conversion of conmpound of forrmula (IX) to a
Compound BIESPERTRA SPMAORNS OFR iAW) SSE SBRAB MAEH ¢ he met hods and
conditions as disclosed for the | actone r'bplg oR ning of a conpound
of formula (I1) above to a compound of forrrula‘f‘ll'). It is

recommended to protectRig he~al cokqQl maj efy~of pound of formula
(1X) prir to the anide c i

protection/ deprotection c N . Conpounds of
formula (I X') were foural t 6~Be i nportant Aetact ants iniklze above
conversion and, thus, the synthesis of renin inhi bit%r . Therefore,

one aspegherdin the present invention also is directed to conpounds of
formula (1 X ). Preferred enbodi nents are the sane as for conpound

(VIT1") . Rt R Maslkyl ebCafeycibdikfis preferred that the conpound of the
formula (I1X') isina salt formas described for the conpound of

f or mul a RVisIQ,yalkyl FEahiem| Gs,scdivalkyh mhemytcor napiatbyldl;najkyl @athendubstituted or

(X') has > Lol l.ow ng. chem st Ly, 0Q7/.04542 . .
ber) ErooBBnGolS LB BR b B B sl DR e, SFer gty
sal t t hehaeden and/gsdy triflpotomettys descri bed herein for the conpound of

formula (VIII'"). Mst preferably, conpounds of fornula (1X ) have
the foll BV\FWQK@??UHQME Cahalogenpglkyl, Cisalkoxy-Cqsalkyloxy or Cqgalkoxy-Cqgalkyl;

R?is halogen, hydroxyl, C;.alkyl or Ci4alkoxy; and

Act is an activating group selected from an amino protecting group, in particular a carbamate;
or a salt thereof. This process step as such also forms an embodiment of the invention.

The conversion of a compound of formula (IX) to a compound 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 fermula (I1'). It is recommended to protect
the alcohol moiety of the compound of formula (X'} prir to the amide coupling reaction,
Standard alcohol 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 formuia {IX"). Preferred embodiments are the same as for
compound (VIII"). In particular, it is preferred that the compound of the formula (IX) isin a
salt form as described for the compound of formula (Vili’). Preferably, the compound
according to the formula (X'} has the following stereochemistry:



OHOH HNOOHW/Oo o O or or preferably a salt thereof, in
parti cul awoasodrseni bed herein for the conpound of for mpeaepbdidiohesro
The conversion of a conmpound of fornmula (I X') to a conpound of
formula (XIl) can proceed according to the nmethods and conditions as
di scl osed for a conmpound of formula (IX) above as the starting
material. Conpounds of formula (XI1) may 5hen be converted into a
conpound of formula (XIV) \\ // HZN N\V~NHZ ::sOHR4o0 (XIV)

wherein R and R4 are as defined fora conpound of formula (I1), R
and and R2 are as defined for a conpound ofo,.forﬁyla (Villr), or a
salt thereof, said conversion corrprl Si ng r gnovi i- t he activating
group Act: and, if desirBH btai oM ee conpound of
the formula XIV into a salt an obt ai nabl e
salt into the free conmpoung

t hereof . For exanple, ifR¥ct TS (what is préfbkrred) a C -C7 WO
2007/ 045420 PCT/ EP2006/ 009970 -51 al koxycar bonyl group, such as

t er t - but G Preierang Falt hheeof. énpArtigularas deakived ihatain fonthercompaundheideynula
condi t i oRgur)e Mbst prdferdlsy, ROABEARR P for@liad Bl Chave W YolswiRy Sth@fipkd ¢ aci d,
in an appropriate solvent, such as dioxane, e.g. at tenperatures
from0O to 50 C, foj exarrple at roomtenperature. The renoval of the
ar d protecti group chem stry

group Act is perfopnmed using stand

followi ng theg procedures as ¢ T bed in erature rgf enehced
bel ow or usgng neth e AD | Bt h art P- A-0678,,
503, which is Y,ncorpory Py rere 9

exanpl e 130, and optiog formation ond| ti ons

as descri bede. g7 in“Us- , 359,411, whi ¢ po

ref erence, Lee in particul ap I e 83. | Each of the ab ned

net hod steps can be used individually |op a nethod to prepa S ‘
or preferably a salt thereof, in particular as described herein for the compound of formula
(Vir.
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 (1X) above
as the starting material.

Compounds of formula (XII) 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 (1), 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 X1V 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+-



renin inhibitors such as aliskiren. Preferably the steps are used in
conbi nat i wo 007/ol€00r nore, nost preferably all, to pregarEp2608nL9970
I nhibitors such as aliskiren. Preferred enbodi nents for R3, R4 and
Act can be taken fromthe definitions for conmpounds of formula (VI)
and preferred enbodi ments for RL and R2 and Act can be taken fromthe
definitions for conpounds of fornula (VI-81)-. Mst preferably the
conpound is aliskiren. Al these different synthesis steps and routes
show that wi th conpounds of the formula (I1) and (VI) highly

i mpor t agtalk‘tﬁ:ycarngmd;s shial as bpesutbxyuatonylahe AlrfovaPEdn take place under
i nt er medi at

t | |
For 1 he. SPRERELY ©rBePE R i R PARebre STAb g cres B TRHE i dh Bhor e
t hese compeiopdsteabivehie sdadrasdiexane] 9.g.aatdenipdraturesifromn 8 & 50 ‘tchewre;&famp@%
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or all general expressions or synbol s used in the present osure

and t hus Byirgerenge iy pﬁ?‘&?*@%?’@a‘m PR ARtONgHY saitdormplian tsing! reaction

pref erab Ic}bnaﬂ@{syastdbsbﬁt%dteﬁg % USSA-5158Y, 184 SvHigaE inchiporaiad ﬁ’éfblntﬂweference
speci ficat | on rﬁ'ﬂ‘(gss the% gre otherwise limted in specific instances
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either il 1KF25P part of a larger group. The term "l ower"
or "Cl1-C7--" defines a noiety with up to and incl udi ng maxi mally 7,

especi al l@ﬁch%ﬁth@%bﬁv@m%ﬁtﬂnﬂ@n@h%& an eﬁjsegﬁ’\dﬂ?&aﬁé in g the Fo gpare

noi ety bel ranc nor e rai g
bound vi dewn inBfPIsHUCch ps gliskisen.t Brrefﬁrﬁ!dy tr@aatetmrare Lskin Combﬁat!cbib?of\b@e or

2007/ 04541‘?(99 Wét %P@QQQK/ 98 Z)eraré?enm |Kl¥b|tor%< Qlllch%ad'mlhfeﬂn I's n-pentyl,

n- hexyl or eptyl or prefera y - espeC|alIy as nethyl

Cert. hut ff’ef° SR smBsSmBnS e, m%%@;csafr% hehsiomn PerpHiitersorsampgnds
i odo, nosffopmetbdvabhy pldferadosmistimeras for R' Bho Rband\hetrcanfbﬁltﬂ;ein?.rom the
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2, 2-di fl uoroethyl or 2 2,2- trifluoroethyl. Al kyl preferably has up
to 20 Cam%s@tdﬂf@r@rﬂgyﬁtﬁeéﬁgt@ps’é’éﬁ %%@lspo@tha@alt cgﬁhourﬂslﬁyme férmuia %l)

strai ght-chai ned or branched (one or desi re 0SSi
times). \ggp&Vibpng{nlg,lrpgqj'tqngne%:prﬁwunds have been found that are centrai mtermedlates to

a number of possible synthesis routes especially for the synthesis of renin inhibitors such as
aliskiren. Therefore, these compounds of the formuta (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;-Co-



Hal ogenal kyl may be linear or branched and preferably conprise 1 to 4

C atons, wepeei@|bizy 1 or 2 C atons. Exanples are fl uor eaeteydos/009970
di fluoronethyl, trifluoronmethyl, chloronethyl, dichloronethyl,

trichloromethyl, 2-chloroethyl and 2,2,2-trifluoroethyl. Branched

al kyl preferably conprises 3 to 6 C atons. Exanples are i-propyl, i-
and t-butyl, and branched isoners of pesyl and hexyl. Cycl oal kyl
preferably conprises 3 to 8 ring-carbon atons, 3 or 5 being
especially preferred. Sone exanpl es are cycl opropyl, cyclobutyl,

cytcl opeln}awb f&)/@la@rﬂﬁé(t tyts rﬁMMY@h@ﬂﬂbY'n—heW ortcpyé:érgaiykal-cxramyh | espelchgl, as
optiona stitute one or. nore u S uch as al ky
hal o, th’ﬁfgl?yg%pma}"k FORY MRBUY! 'ISR?H &”EVE?%‘I% E&W@m no, thiol,

al kyl t h| o nitro, cyano, het erocycl yl and the like. Al kenyl may be

| i near or i o i sin

prefer abIHy Por%q}%ﬁc]))%%ﬁ%éte{)%wL% ﬂ% % C?H(%r ‘Bt %s@gr‘%&e&?@?ﬁlﬁro, Ehioro or
pr ef er r edronfe mhiecahale Isymentiohed, thig car m&ah thatane orGRorakegytip to3bree) halogen

exanpl es f
SN i e e

tetradec??“oﬁ@ﬂﬂ ecyl , octacyl and elcosyl each of mhlch cont ai ni ng
a doubl e bond. Especi aI ly preferred is all y] Al kyl am no and

di al kyl am_n e |linear or branched. . Sone e
et hy ! g oTOTAR A U or7S CoBALGTEH S TG Fs Ry G Tl Al is

Al koxy- alskgibbohamey oberantiee(one or, lifrdesicdteshd pseibiel More/tirges) Nery preferred is
preferabl @ rrprises 1 to4 and especially 1 or 2 C atons, and the
al kyl oxy graup preferably conprises 1 to 4 C atons. WD 2007/ 045420
PCT/ EP2006/ 009970 -53 Exanpl es are mnet hoxynet hyl oxy,

2- met hoxygfdaxh QK ma% H@?ﬁ’lg F?J?Mé@éé(d pfater E@'ﬁ;ﬁg\étiytqud atoms, especially 1

5- nethoxypentyloxy hexyl oxy, et hox
et hoxyet RyR &dtoms- Et%w%a@dfyll Ry, il ieeargaltityiBiagomethyi: chioromethy!,

5- et hoxy prRloydreatiyi, tﬁcmbrbméme&ydhwyetnyl @h@mzl DHAGRLEVIOXY
but yl oxynet hyl oxy, propyloxyethyloxy and 2- butyloxyethyloxy

Al koxyal kox fer

Corpr ) seSH By aRE A OERl Bnefha S REFlc 198 S R Sha Ebi,
pr ef er ablagd bramphedsiegmérstof pant@ aaddwryl. Exanpl es ar e rret hoxymet hyl ,

2- met hoxyet hyl , 3-net hoxypropyl, 4-methoxybutyl, 5- nethoxypentyl,

6- met hoxm%éﬂl(yl p?éf@ﬁ%b{r%%yées g@t@ﬁ%@&mﬂ ato%seé WHQﬁQQﬁmlaIIY preferred.

4- et hoxy et ox enty 6 propyl ox
but yl oxy p‘%ﬁxamgleﬁrab% thc!%@(l zc_yclopentyf cyclohexyl an cycioocty’l The
cycloalkyl may opticnally 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.

Alkenyl may be linear or branched alkyl containing a double bond and comprising preferably
210 12 C atoms, 2 to 8 C atoms being especiaily 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 {o 4
and especially 1 or 2 C atoms, and the alkyloxy group preferably comprises 1 to 4 C atoms.



butyl oxyet hyl . Al koxy may be linear or branched and preferably

conpri se wotxo#4§i2at ons. Exanpl es are nethoxy, ethoxy, pat/Epbdhs/ 000970
| - propyl oxy, n-, i- and t-butyl oxy, pentyl oxy and hexyl oxy.

Protecting groups may be present (see al so under "General Process
Condi tions") and should protect the functional groups concerned

agai nst unwant ed secondary reactions, su®f-as acyl ations,
etherifications, esterifications, oxidations, solvolysis, and simlar
reactions. It is a characteristic of protecting groups that they

|l end t her?ahqms af@?tldihb%yméthfloxylmin!imﬁxymﬁl@ﬁﬁ Baﬁeths:@@mp%w a eaclt i on;

to renova I.ca sol vo IS, I otolysis or also by

en- zyne "ééé'ﬁ?’&ﬁ Wryloxy. léfm%tgwpgty% zr'm%tﬁ ?’Fi‘ﬁ% gtﬁ fiylo xé’oé

physi ol ogtrealetogodi B4eﬁmypramdoﬁyha{ethmrmyylatye5ﬁmoxm@a&nw, 6-athblyhexyloxy,

end- pr od ' i |.ch

or ot et | Aepros/HEnTBEF bibXimERQIY, oSy ERf aRE Btk b Y

her ei nabove and hereinafter. Pr eferabl if two or nore protecting

groups arekopyalierayibg ligerr or hradchedi Hleeaiélﬁéﬁmgi WipcrieREably-comprisesbip 4pRrd

ghosen S‘ésbé’tﬁéﬂy 1:ofr 2@ Gtofls, &ﬁtﬁtnerawp@ow@@ﬁergw faﬁnﬁr%'t%QW%M d%}bﬁuscan be
one se- Jec re differen in

groups t I%‘? E&Y @5@8%1’%3tﬁ¥1dgwem°ﬁ‘§mgorﬁ‘ me%ﬁﬂ?’?‘?"&ﬁs u h%‘cl ass

by m : d In;mlmmwmm S-trhﬂmoﬁymﬂﬁl bmomﬁbtwymtmxmdﬁ_rsa bmbﬁmro@ﬁmcbtg¢matyl,

one cl as en n.ac t he ot

hydr ol ys%sé??{on&%{% pér%{shé chg x%i grogylg me?h%" ug«ﬁoé(y '%feg’%"s 21?§o;}ygoacﬁ§tfn¥l\7éd 2

cl eavage bpwyloyyethyl. cat al ytic hydrogenat i on) , the other by hydrolysis,
or the like. As hydroxyl protecting group, any group that is

appropri ai@xy ﬁ’fay 'b@Yﬁéa?'o'P b%n@ﬁéﬁ Sid prereratly &Bﬁ‘i’ﬂr@é 1%y 4@ 9&!9@ E§amples are
p055|ble ose nentioned in the st'andard textbooks under

" Gener al "ﬁﬂﬁg‘yc%g%xydﬂ)rﬂﬂdt'lpé?%’mxy,ﬂ “hly BRORIHY IR PRRYIPRGESH Oy, | ust

to mention a few exanpl es, be se- Iect ed froma group conprising
A R T E N B teftt BRor CRepiHea ot sheua
di phenyl ptodedt tl’tﬁmmt@nal)gmunsrconmreeq)a@@t atmlvgnteat sedoovmy reddiytss sligH as
such as tLepky ohgtéﬂ\%h" le%'tér)f"catﬂ;rnst&lcgg’?[)né’ ls?f\:bt}féas £ sﬁﬁlbélr réHcHY 1tis a

e.g. |ower a Y oxycar bonyl,

such as PB@@C@W@@@@F%WQWB@&M hey I%ﬁéhsmsqlweachlv K-e. witheus podesjed

such as Be&syh wmab@mafemdv@t wlaéw @,pwi@dws ré&:&&@ﬁbh&t&a‘l&ﬁg opélso by en-

substituted 1- en |-10 such as benz benzyl ,

and et hORYRAEH. IOt PECSR PSP AEHBISIE PSRRI P Gt et

benzyl ( sredyexrd nM&ir@seﬁE&ﬁﬂN@bﬁcﬁpd@;&udﬁtSdﬂ@g@Eabﬁsﬂ Roovad, er espesiaedtyblish, 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 io 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



preferred. As ami no protecting group, any group that is appropriate

for reverwobherq@sgoecti on of hydroxy groups is possibl ecrapdioshhase
mentioned in the standard textbooks under "General Process

Condi tions". An amino protecting group may, just to nmention a few
exanpl es, be selected froma group conprising (especially consisting
of) acyl (especially the residue of an oganic carbonic acid bound
via its carbonyl group or an organic sulfonic acid bound via its

sul fonyl group), arylnmethyl, etherified nercapto, 2-acyl-I|ower

al k-1 - ensdt.arylflb\bwa:m-siwf. |SQ&M9:§5| @bl‘féﬂyp}sé?t“-bmwéiwbMFﬂeQﬁéf@rabBth}{I@ﬁe{r%dcyisilyi,
am no rotectl r S.a ower al Kkoxycar ponyl , especl erti-
ol vy e R e Pt it of Kt s R s Br Beto o S IR danbyl Slichas
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N,N-di-(C,-Cs-alkyl, phenyl, naphthyl, phenyl-C,-C-alkyl and/or naphthyl-C-C;-alkyl)-ami-
nocarbonyl, cyano, sulfo, sulfamoyl, N-mono- or N,N-di-(C4+-C7alkyl, phenyl, naphthyl, phe-
nyl-C;-Cy-alkyl and/or naphthyl-C;-Cy-alkyl}-aminosulfonyl and nitro.



generally salts of any of the intermedi ates nenti oned herein, where
sal ts ar ewpapomusizoded for chem cal reasons the skill egdcpmrsaa/ovgors
readi |y understand. They can be fornmed where salt form ng groups,
such as basic or acidic groups, are present that can exist in

di ssociated form at |east partially, % in a pHrange from4 to 10
I n aqueous solutions, or can be |solated Sespecially in solid,
especially crystalline, form Such salts are forned, for exanple, as
acid addition salts, preferably with organic or inor- ganic acids,
from conpounds of forrmula XIV or any of the internedi ates nmenti oned
her ei n |
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bl i cabl b B0 Biisaat eI ReBltr Bocurh 3= ARy Sreito o3l ay aiso 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 triethylamine
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 XIV are employed {(where applicable



conprised in pharmaceutical preparations), and these are therefore
pref erredwat200#@s420i n t he case of conpounds of the for@arEPX060099M0
view of the close relationship between the conpounds and
internediates in free formand in the formof their salts, including
those salts that can be used as internedi ates, for exanple in the
purification or identificati on of the con”ﬁounds or sal ts thereof, any
reference to "com pounds", "starting materials"” and "internedi at es"
her ei nbef ore and her ei nafter, especially to the conpound(s) of the
formul a Xowprised in phbenagad@akpreparatisns) efndithesegratheceftre ppeferrar atrifedst in the
salts th%@é’gf&rmsp% H?gé‘&f‘fﬁeefo uld x§@r respondi ng free conpound,
internmediate or starting nmateria and one or nore salts thereof,

each of which is intended to include also any solvate, netabolic
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VI, Vil IDiffévéntlcrystd ¥rmb YoayXe obtain@bletind tiekn areXdiso indflidlednd/ or . XV. The
i nventi on relates also to nethods of synthesis of the internedi ates

of the formula Il, 11", v, Vv, vi, Vviil, vill', IX IX, X X,
X', X, XWherihe plotal fommd/used foddompoundsnstdrtianh enagerfate) intérheidiates, salts,

respect | KaRRAUAPL SoASIIRNEONRS ARUES hRRIALICTE LS W HaA b

single s uence oun of mul'a:
mor e thaﬁpr@f?éreé)roramreweisssompoyacﬂ(a) $9its), pmmmase@nal/mparatlon(s) disease(s),

phar rraceutsbmlrdsyoraﬁé l[Réewﬁé'n*éstﬁ@Qi?@&ar &%R@%@H:ﬁé altRi Pl *’H?n")tié LSS thid R bt
preferablr?/ aliskiren, in grret ods w th the single 'steps ofl

sequence %’H?Fﬁ%e’f%”d&tﬁ%ﬁlﬂfﬁjrm’t ply pf?f%"aPiéir“?ﬁ?F‘é %/, nore than one or
all steps of said synthesis and/or pharmaceutically active

subst anc t hei r use t he syni hesi s of ceut i |y

St e o st ellial 37 depdifity e P By Hetaliud [ 3. k) on. wo

2007/ 0451#1@“@@!3/@@,0@@0&%66 are especially compounds of the formuia ll, I, IV, V, VI,
VI VP, BX, X, X, X0, XU XL XP, XIPP, X1t and/or. XV.

The invention relates also to methods of synthesis of the intermediates of the formula I, II',
IV, V, VI, VIIL VI, IX, X, X, X, X7 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.



-57- General Process Conditions The follow ng, in accordance with the

know edgewof2oev/@aesgon skilled in the art about possi bl epclrimphécaiohens
In the case of single reactions, applies in general to all processes
mentioned hereinbefore and hereinafter, while reaction conditions
specifically nentioned above or below are preferred: In any of the
reactions nentioned herei nbefore and heréifnrafter, protecting groups
may be used where appropriate or desired, even if this is not

menti oned specifically, to protect functional groups that are not

i ntended to take part in a given reaction, and they can be

i ntroduced and/or renoved at appropriate or desired stages. Reactions

conpri si Q use o rotecting groups are therefore included as
possi bl e era?Process Eomp wi t hout specific nmentioning of
protection and/or deprotection are described in this specification.
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protecti kg pregfedieds, the protecting groups thensel ves, and the
reactions appropriate for their introduction and rem)val are
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York 1999 une 3
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edition, Volu erre er gar

o R o Hoteia ander ooprolgH L miear Do TR AS g Bt e

(A no adVithin thBepdpedefshis Hiscbsairasply a\leadinageﬁbmnlmromfthahmm a Demytifucat of

Beach, a " ' L1 i enski

Sra i ¢ M pATE apar erbrod b ATEY 8 985natge's Wil und GRLE e

in Joc heHﬁq_@wt%hwdma@h@themia@ﬁhﬁcﬁwteﬁwmf azretmﬂ%gronmacslmmr@tectmd

Deri vat €4y, QQE!Hb ﬁForté’ctlﬁé gxg@bg’ﬁmteﬁégsand W%@%Q%&F%ﬁﬁ?t@aﬂ tll;ﬁr introduction

rivati ves) g hi ene Stuttgart 1974
i ncor por ae%@m@'@ P8 %cr'heef%r%ﬁ@efe %S@ﬁﬂ?fﬂé?fé?e?@? werksf sushgsde h Wg

groups i sMcowaé, "PREYCHVE GriSsie DRyRAL CRanlbiry, Plengm Prads! ttswonfahe New York
ggf\lj{)[ 5 glclg?:? f Jg ;eglrere%g a?l Tbogd%r %urtealgltolté)c:g\?g G];o%gas ?n Fggmc éjw\{nthe&s" 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, "Aminosiduren, 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 selectivelf at
different steps while other protecting groups remain intact. The corresponding alternatives



tion, photolysis or alternatively under physiological conditions
(e.g. by wozgyemiss2oc| eavage). Different protecting groppgs/EP20V6060970
sel ected so that they can be renpved selectively at different steps
whil e other protecting groups remain intact. The correspondi ng
alternatives WD 2007/ 045420 PCT/ EP2006/ 009970 -58 can be sel ected
readily by the person skilled in the art3Bromthose given in the
standard reference works nentioned above or the description or the
Exanpl es given herein. Al the above-nenti oned process steps can be
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al i phat i etreédpaes, fot eiam;ﬁéaﬁaér%ncar@imlmtﬂigaﬁratmwph@bécI ic ethers, for
exanpl e tetrahydrofurane or di oxane liquid aromatic hydrocar bons

such as 'ﬁg%&()g 8 Fro%%hufef\ntﬁbse $Q \hen t%%t ai«%' %lallta{%f & for ean%%qrﬁd&éeig% on may be

1- or 2-pr anor, At
hydr ocar bglnsted mcgldeaisosmdfrylbmspeclﬁbdiyme‘ooexaom!a) vwatarr enteraciugh aslales,

such as dj By gl@mdﬁr Qfan?dor eglyéceﬁ?@teﬁ{&g %uclpé‘s‘ alfstic SHGE, B8

heterocycllc nitro ? bases
N- net hyl £57Peie digthy] ethener CV“&%P?B‘SS@M"@X%P'G t%fﬂ‘?y‘éfpfttﬂ@‘@ orgipanediavidwer

al kanoi c aﬂﬁﬁrﬂacfh h&saérbs@ suétPsis 828R 6r BRIBHG, GicdRoIs YRR iad Srettarl lethanol or
suc cIoh xane, hexane or

| i near or r hydr ocar bons S C
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sol vent 'gbg(,tsHEl'?gs ﬁ'&&o%;';c% nRr%ggﬁ Bgséspfoy\gﬁﬁﬂg p;lrjrpdinelc grrN-methyipyrroEidin~2—one,
carboxylic acid anhydrides, such as lower alkanoic acid anhydrides, for example acetic an-
hydride, cycliic, linear or branched hydrocarbons, such as cyclohexane, hexane or isopen-
tane, or mixtures of these, for example agueous 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.



exanpl e by chromatography or partitioning. Were required or desired,
wat er - f r e@O00 IS0 | ute sol vents can be used. Were requirmedyosiobhero
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in conpodPRFS SHATRGIMAISE!S R PrRfmraity usadavhi '@Fi"b‘éd’oﬁ’@"%sﬁ fosmulagtV anich
Speci al m@ﬂﬁcﬁbé@asﬁ sem preferted. Speuidl ipRitereadidis biven o teBationadolditions that are

i denti cal o,.t hose nt| o n t he Exanples. The

| nvent § ord<trd A8 a B4Rl 1 oo et R laBnlab e AT R EPR2P 40 e
descr i bedokgskirtng esmeondd and inteopedibiea desyibédhereidnpepeoidy these leadied tas
preferre } ially relates to any of the

nmet hods %gihgéﬂdgdn%erﬁg%&]n oteg%g%%p&ﬁerel nafter that |leads to
aliskiren, or a pharnaceutlcally acceptabl e salt thereof. The

fol I ow ng*hEm@ﬁh@ses%e&;m Fe%tés' th téﬁp ea{h@ meifods W46 b8 ReMidbafRIE ahd M ti ng

t he scop t here he other hand represent preferred
enbodi ne Be”lﬂﬁef It;@t P@%ﬁ:‘f’laﬂﬁk“ e?fsa pffaﬁw@?eutlﬁ@u|agg@gabé¢,§ﬁlbtpeqeﬁg process

of manufacture of aliskiren, or salts thereof. Wiere nentioned in the

pCT] EPoodtF QUG DRpesenlah MBS T RIGHBRY vine Dihag i ioRe et

formul a @hilg theyanddothied mmw} represent preferred embodiments of the reaction steps, inter-

Ea]?’ I( sop; AGites 4ritirdrIRPHRBNHs o Meuth: & BY A RrnUb A 1hekddpy T ol i di n-ton

Where mentioned in the Examples, “boc” stands for tert-butoxycarbonyl.



OO00POON~~o00" HOO O (llia) MM297.36 MM397.48 (Na)
MF=C141- 1w8N80%0482eCLI9H31IN306 O O I H}I~ O"' (l1la) Y pNvEPEBIBH9970
MF=C14H23N03 MAE371.48 M-=C19H33N06 26.45g (88.9 mml) of conpound
II'la, are dissolved in 150m of toluene. 10.35g (102.3 nmol) of
triethylamne are dissolved in 10 ml of toluene and added to the
solution of starting material at roomte®ferature. This solution is
then cooled down to 0 - 5C. At this tenperature a solution of 13.97 ¢
i sobutyl-chlorofornmate dissolved in 10 m of toluene is added over
25 m nut Examidiéer 30 min. stirri ng at 0 - 5C the suspension is

al | owned \ ) per, : The reaction vessel is

t ransf er e¥ P 58 % AN GEogenat ed there by
addi tion {Mscﬁgoﬂdlﬂi#—isaproﬁggsbha-rtetral@?ﬁmfmw@ylﬁ)yrﬂohdinsz-bhe] (ileact i on
suspension is then filtered. The filtrate is diluted with 150 m of
wat er and the organic phase is separated. After washing with water

the organic | ayer isoevaporat ed.—The crude materd al 4 s dissol ved at
reflux in 40 m of gthyl acetatle and 20 m of Jieptahe until a clear
solution is obtai @d\ The solutilon is allowed to ¢bbl down to room
terrperature N[he tallization statgtsoaﬂ diately WO
2007/ 045420 JPCT[EP2006/ 009976~ -61 apd onpl eted} by sTjrring for
further at 23-25C. The [suppenst I's cooled] down|to 0-5C
and stirring gs continued for addi h at this tenpergture.
After filtr
{itla) — —
(iva)
MW=297.36 MW=397.48
MF=C14H23N304 MF=C19H31N306

J(/' o 0

(lla)

MW=253.34
MF=C14H23NO3 MW=371.48
MF=C19H33NO8

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

10.35g (102.3 mmol) of triethylamine are dissolved in 10 mli of toluene and added to the
solution of starting material at room temperature, This solution is then cooled down {0 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 filirate is diluted with 150 mt of water and the organic phase is separated. After
washing with water the arganic layer is evaporated. The crude material is dissolved at reflux
in 40 ml of ethyl acetate and 20 mi of heptane until a clear solution is obtained. The solution
is aliowed to cool down o room temperature. The crystallization starts almost immediately



the product Ila is washed with 30 mMl of a cold m xture of heptane /
et hyl acewet2e0204342and dried under vacuum at 40 C. A si RgFTEPeKI¢HLRI0
X-ray determ nation confirns the absolute configuration at all 4
stereo centers to be (S,S,S,S). M: 136-138 C, clear, colorless
1H NVR (400MHz, CDCI3): 6.04 (s,1H), 4.22-4.16 (m1H), 3.51-3.46
(mi1H), 2.55-2.51 (ma1H), 2.44-2.38 (m$My, 2.17-2.09 (m 3H),
2.07-1.99 (m1H), 1.94-1.87 (m1H), 1.80-1.73 (m1H) 0.99-0.97 (d,
3H), 0.95-.93 (d,3H), 0.91-0.89 (d,3H), 0.85-0.84 (d,3H M5 M+ =
254 | R bidWas chapletst, bylstiffihgforl fathaat routs 4t 2312870/ "ﬂTeCEuspénsldrﬂ’ls cooled

transm S%I é ﬁ)%é‘lgpg Eﬂﬁ %%ogﬁf%%rfg éc@glﬁﬁ% 3@ a(t" h{sni'elm%%Fa ure Rf];er fi Rra?un

(1I)V|a8 ogenat i on
4- i sopr opihyd prédiast dla isswashiey eiitb -30umiaxi aZold Hiplpre of Hegtane 2 ethybdcefdté a)1 dhd@ri6d

0000 Nz + NNOi H MW=253.34 MW =
458. 55 Mﬁde'gy? M&%%-43D 55 MF. =C,.HnNOo MF, =C,.HyN, 0. .
(S)-3{(S)-2-[(S)-2=Azi do-2((S) 1t -

(3S, 59) - %éllﬁ?@&@@ﬂél X-?a c(e?énﬁlrgllbﬂcb%ms@@absgmieﬁ@n’s‘"gwﬁ{% ét(a§)4 stereo
propyl - 5- oxo- tetra é Q- (uran-2-yl)- isopropy45-oxo-tetrahyl -ban-2-

i sopr opy CRPBHIP P5(S osﬁ)strahydro furan-2. pynolidin-2-one
yq- eayq- praséiBs denties poletdygl ) - 3- met hyl - butyryl }4-bent (I a)

yl - Oxazohyi,qj\iz 2R eBERF Y dlsmig £95498 (3B 3.51-3.46 (m. 1), 2.55-2.51
(m,1H), 2.44-2.38 (m,1H), 2.17-2.09 (m,3H), 2.07-1.99 (m,1H), 1.94-1.87 (m,1H), 1.80-1.73
(m,1H) 0.99-0.97 (d, 3H), 0.95-.93 (d,3H), 0.91-0.89 (d,3H), 0.85-0.84 (d,3H)
MS: MH' = 254
IR: 1775 = Lacton, 1704 = Lactam, cm™ (FTIR-Microscopy in transmission)

2) Alternative preparation of lactam lactone of formula () via direct hydrogenation

[3-Isopropyl-5-(4-isopro;5yl-5-oxo—tetrahydro-furan-z-yl)pyrrotidin-2-one] (11a)

8]
Q
}k Q 2 ||..< )\\NH
N ,\L
) N
N
N NH, D M
IE_
N
MW, = 456.55 e
L M.W. = 430.55 | M.F. =G HaNO,
MF. =CatiaNi0s MF. = CoiHsN;05
. . 38,55)-3-Isopropyl-5-({25,48)4-is0-
'(S)-S—-[(S)-2-[(S)—2-Aud&Z-((S}d- (8)-3-{{S}-2-[(8})-2-Aminc-2-((S)-4- |(3ropyl )5~oxf>tetrahydm-furan 2-yl)-
isopropyl-5-oxo-tetrahydro-furan-2- isopropyl-5-oxo-tetrahydro-furan-2- pyrralidin-2-one
y)-ethyll-3-methyl-butyryf}-d-benz yi)-ethyi]-3-methyl-butyryl}-4-benz (lia)
yl-oxazolidin-2-one yl-oxazolidin-2-one /(

(12

MW, = 271.36
ME. =C,HsNO,

{8)-2-[{5)-2-Hydroxy-2-{{5)~4-is0~
propyt-5-oxo-pyrrolidin-2-yl)-athyl]-
3-methyt-butyric acid

(ir'a)
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



MW C271.36 ,4H,.Hn, HIrl OH MA NO

(S) - 24( S)W-2BFIARHRY - 2- (( S) - 0-i so- PCT/EP2006/009970
propyl - 5- oxo-pyrrolidin-2-yg-ethyl)- 3-nmethyl-butyric acid (lra) 9.0
g (19.7 mmol) of conpound la and 1.08 g of palladiunf C (5% together
with 55 m of toluene are charged to a hﬁdrogenati on flask. The

hydr ogenation is perfornmed at room terrp atur and nornmal pressure.
After 24 hours the conversion is controlled and is conplete. The
reaction mxture is filtered through a bed of a filter aid and washed
with tol tﬂ%nevettbema@et)'fh@me iIPSRPERRSDI6/ AT B givec? whitertrystallihe solid

catal yst &g fﬂggtlé%@ u‘?é/ B'f%'&ﬁatoﬁﬁ’d hd aX@ﬁw‘é“é@aEQ?&g}é a white

crystalline so conS| sts as a mx ound Ila and
t he Evandosgrafmtedhe deﬂTtedsf@ﬁ‘fDPalﬂfb"@ fiemdes andignctoemsosiating Isalid (94 @) tie

auxi | i ar Hls%H@eﬁfnyﬁ)trﬁi c;f'ttﬂﬁeréo{l'b %e(r%s@{ﬁ\dgaleérscolmr@%)édﬁﬂ%n 1@a§éégrg{r

toluene. To the resulti I’II\E | ear, colourless solution 1s room
t enper at d§aPeFBIuFR 2Qm ofg spAium Y eids selutioneT ke ieéhltmgrﬁ!@u'ﬁ@m gtirigg at room

enul si on téperhtufd B 1 Abul PTREYediRERESRALUE Aolveri thé Hasidaquddie phase é@ﬂhe

roduct is now nt ueo hase as t sodi um sal.t a the
P 1T o SR el Bt B A5G RS S e B SRS e DR e Ph 28 i
times w time2@ithi200Ml of aliuemreao tanplowy etratithe stxiEey. Thbeqmotxslphase;us tFrehe

aqueous %gﬁiégfj %Nﬁh ?B of % l’/d&{ncgglldl CapjuZtQh%Thre{(?({) ]I?ur%gca'ﬁ d Cgtl ?\Cthg Ia;[c? m

adj ust t ihg acl on
I1"a is pyéoxyiatigtliealis pﬁemmhat@t Atteri stigingdor aamadgifidnali 0rmain. tBe cmstaﬂs arhditered

cryat al | A Sricd Vet e & Bl ot BalfiS E”‘m’%%igi*éﬁf’%dv'ﬁ
(DNSOdG)'npo1¢8-1é§ °GH), 0.87-0.91 (3xd,9 H), 1.36 (m1H), 1 52

(Zm?éH)2 3%44-?\%@(@!@80((5%}“03@@33-#)%8’#0%8(&8@- 113% %91 2%2Q:W1 1815
2

1.72
d
33 2 st odnaky. 2 A Bk ingh 235208 oy AT gty S 2s
1661, cm(m(1F|Tlﬁme§ﬂﬂﬂyH)l 7.561(I6d) S M, BisT) O12)03 (M%adl\/‘l'ﬂ-i GO 2
IR: 1730, 1702, 1661, ¢cm™ (FTIR-Microscopy in transmission) ‘

MS: MH* = 272

The compound II’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 (tlc 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 example No. 1).

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

{Ha) (va)

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



The conpound Il1'a (3.65 g) is then again dissolved in toluene and
treat ed wolrocadsadzgti ¢ anounts of p-tol uene sul foni c aeCd/ErFRIVG/009970
hydrate (0.25 g) at 50 C. After 5 h (tlc control) the acidis
converted to the desired |actam | actone Ila. The tol uene phase is
extracted twice with 50 ml of water and the toluene phase is then
evaporated in vacuumto give after dryin§3the white, crystalline
conpound Ila with a nelting point of 136-138 C. The spectroscopic
data are identical with the material of exanple No. 1). 3)
Preparation of "Azido acid" nethylester of formula (va) 00 OO Na HO

ORI Ml kT e e e

di ssol ved11.h n]tﬁolm-mthy{iﬂmhbl@hrmzemamedm at owm teemeeatna’ewwer 25lmb64fter the

(11.1 nm%héiltlg LYz FsOuf \¥£§£I|o%ﬂ@c?sﬂrfs taéi')dfsdcao% £& é?otded?e oftsY Bfirin
‘Nter ihe & ACE] et SReRiod 3TB Holts, Dliing

over 25 mn. After _ the re on solu
stirr at tEeasiongiteges ggeis nsadtmeszqfdmrlsup BRimil n@watah@"ereééeci toghe so!ut!on

ni trogen Tﬁé%rda%uo%tﬁgé'fs%shg@(mtmb Kns'épiﬁ@idﬂz wam)ta% 41 1sleed, 49 (i pe
sol uti on. &? hase is washed wt "

) “and 46 T, TREEE CiRpe Rkt e BH S TIPLYEIST & TN 2

C/eutral R dr&tad 4Syigt vafasvwmbw(on&mhkﬁyéﬁmzeandtfheeé‘fa@éré@tedlt0 yield

a as a r e efr

(aoon, "ot Moyl R ¥ 3bThge Gt 370 1Sl 6381818 . £ ey

2. 68-2. 62m 1y 2.68-2.42 (524D, Z278-Lm0XH), 3HR 1198~ 294 (y, (Hi, 1381, 821(:79&-1)1:19’3-1.67
, 1H), 7 1 1.02-1.00 (d, 3H),

E)q94H%) 9 %}le% @%7@-')1\%326% @' §B§ mHyE? ogenatl on of("Azi 5?)

aci d" rretlad!mstm-l of3formula (Va) to (Ila) OH,'~A(lla) 1.5 g of

(vVa) (4.8 mmol) are dissolved in 15 m of tol uene. 0.3 of Pd/ C, (5%,

cat al yst
3b) Hydrogenation of “Azido acid”methylester of formula (Va} to (lla)

/L (0]

o ﬁ “"’///'/
(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 Tic to compound (lla).

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

//M° ., o °
—_—
o n g OMI
BOC

{lla) (Via)




(Engel hard 4522) are added and hydrogenation is perforned at room

t enper at uwe 2oswh45420r mal pressure over 24 hours after whech/Hrydsogem
upt ake was conplete. The catalyst is filtered and the filtrate is
evaporated in vacuumto give a white powder, which is identical
according to "HNWR, IR and Tic to conpound (ila). 4) Preparation of
Boc-protected | actam | actone of fornula-B&r o eoc (lla) (Via) WO
2007/ 045420 PCT/ EP2006/ 009970 -64 14g Lactam | actone Ila (55.3 muol)
and 6.7 ng di methyl -am no-pyridine (0.055 mmol) are dissolved

g og et ?g g 149 L36Amhctohe nﬂa@rmwou)a‘ﬁetsavt rag d'ﬁﬁétﬁ)h-lamrﬁﬁéyd'ﬂln@'io 055 Amstfchre
g

oo o7 s tooger hoFEor REPERYattialn, I 4 Falion s BUAR 06 (56 3rmme)

g (60.8 mhbig)hythmite r‘rhustmwbn i vesrmied iadlinternal téifiperbtuiesatp43ITy At mtsaémberame
added over | ut

20980 ouSufeh P 55,800 i FHSHEEOCHL0B AL SO0 dr ) 8 e
cool ed d(WH g e 0630 mimbe eeaghien sohutiodiid altowgdwd stiv ov&@ightrdt 4F4536pt ane.
The suspm} @R tnfe ﬁ@@.gscﬁeﬁgﬁd.&q%oa@d Qouflﬂoarﬂgm%rhﬁ%r f3fe hriy GRRK \ME.%O

at this erature for 5 hours tration product

s was he(ﬂ" gprtane. the gesnepsian isHBpn eepigbdan tofkeaand Sﬁﬁiﬂ‘gcﬁ pagnetbthis

\(/aClillﬂl)m aTterH&Gaturé’i‘oWRo&réOMMﬁaltraﬁEQh%)pro&mﬁga;é éﬁwgzéﬂéﬁd é«&éih(sfb rﬁllﬂ_?)féola9

m m 4

2.03-1.9 e?‘ﬁ{‘i’ﬁﬁ?'yf %%H%"%r %ddi"i’%"acf“%'?f?é% 1.02-0. 98 (pst, 6H),
0. 92- 0. 9IH{NMR H00M-E5COCRS 4(FR-BHB (WBHVKIB23620 (n, IR-i) 2 BBLA62L{E60H),

Ve Sass ppsLag ] 25 286 il I Rell b PRV 28 (T ERP RN
(\/ a) vthZN%(thH)c@ﬁ@fﬂﬁﬂdd(SH IO@S-Q&%beBﬁb)ound (Villa): 0 ou ™"
T V=0 \is . MH" = 354

IR : 1777-1760 Lactam/Lacton/Boc, 1185 Boc cm™ (FTIR-Microscopy in transmission)
Mp: 144-145 ° C | clear, colorless

5) Reaction of Boc-lactam-lactone (Vla) with Aryl-Li -compound {Vila) to compound
{villa):

g Nl)
/‘\ {Via}

(Vilia)
8.56 g (31.12mmol) aryl bromide (Vil'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 (Vila) (from flask N°1) at -55 to -50°C
over a time of 30 minutes.



oo (Vila) OO-OOHNWO o (Via) (Villa) 8.56 g (31.12muol) aryl
brom de (Wbi2oayo4a420 di ssolved in 125 ml of THE in a fireCTiEPamk009bhE
solution is cooled at internal tenperature of -70C. To this solution
id added over a tine of 1 hour 19.8 m (31.69nmol) n-butyllithium
1.6 Msolution in hexane. The reaction solution becane then a

pi nk-red color. The solution is allowed-€8-stir for 1 hour at -70C.
10.0 g Boc-lactamlacton (Via) (28.29 mvpl) are dissolved in 125 ni
of dry THE in a second flask. The solution is cooled at internal

t enper at Uhe reddliofCrivigteris stiretitiesanate50°at ges.3 hbard. Ths resetbdiukicotled o added

the solu rylL=d conmpound (Vila) (fromflask Nl1) at -55
to -50C tt%'ﬁger’g{“’ f L"O CJT‘E‘%EH’@P utes. WO 2007/ 045420 PCT/ EP2006/ 009970

-65 The eraa@emiaym seconceparsoisaryliithiuin coppound is p@p@edwéth 128gcryl droride
reaction (\!/ﬁ" )C@P#;@Hm‘io% aﬁﬁd %ﬁ%PﬁB h’i&ﬁm‘?fn thé QQnQYr‘FJn esﬁéb@ Qﬁécfd?e%t

a second ‘part ound IS prepare WI
brom de if&mpal tampel(aﬁﬂﬁsf ﬁﬁoﬂ)duama Srme o0 ﬁllmsyﬂolth‘% Feaghan fﬁ'xtqﬁ% Té"&me

manner ase4t8sfk Miked is ARda 4ot rer4 hduaggtregdctenperature of -50 C
durlngatlrre of é mnutes to the reaction n xt reaction

m xture i9r YPTkHRLAe fe5clen ;pl)qu&e IspYl gy Adnixiure ¢ 2@”“@6@'%? R goQ Feofa
reaction 1W&<¢i&ibecsd$omﬂén DlwaAertt Ot-B° € dfring 20 nithutes. T&elquemwy‘id ex&tlerftic,

f 109 0
The quendhe aipane Rsf rafied Wen ollsie Bgniote Pead £ 86 MDA 2B
citric adNatiCO:E8%I, r(12 wdb o). The oxgattic phdsedsdasted tork neiisiQE3VIHBIAD, ml(cﬂ X

vator (2 nesd 879 USRS B RPN B el PSS e o

near |y \Aﬁm%c’hoaf-‘rﬁ?'&mus soI id. To purify the desired conpound a part

of the solid (6.72g, 12.22 mml) is dissolved in 60 mM of ethanol.

O e Ao S OO SeT S O A5 M e & IS o

m xt ur e io$etabhaWadtlihe oestdtingiclear taoneg®biution are added at 0-5°C 28 ml of 1N lithium
hydroxide solution over a time of 20 minutes. This mixture is allowed to warm up to room
temperature (21°C) and stir at this temperature over a period of 1 hour. After this time water
and ethanol is partially evaporated and the resulting precipitate is diluted with 100mi 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 ml). 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 tater 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 m! 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 50 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),



tenperature (21 C) and stir at this tenperature over a period of 1
hour. AftwD Btii/®sizomre water and ethanol is partially evapmrassdoangd
the resulting precipitate is diluted wwth 100mM of water and 50 mi
of toluene to give a clear solution. The desired product is nowin
the basic aqueous phase. The water phase is washed with 150 m of
toluene (3 x 50 m). To the water phasebfs added 75 nl of et hyl
acetate. To this reaction mxture 7.1 g (33.66 nmol) of citric acid
are added. The protonated product is now in the organic phase. The
m Xt ure pS18.4DwedH), 2m5st.93 (nat4H)ONBT-H @IIRY, aH)ries3at.58 td Hyer.28 (GLEH) 00.97-

then | ater fl.er Ly ing, LErd id (17.1
nol ) ar Q.Qggé.e?ig%t (gggﬁegtﬁld)#qﬁrd;%jéﬁ%‘q Z‘ﬁlr,'ﬂ‘ PR%'Q% &do%pi ﬁhé‘g éat(%é%ﬁic

duri ng 2M$: [MAheBomit’'etr 4Fhase is then separated and 7.1 g citric acid
in 50 m _of ter are. ed to,the organic solution. The biphasic
sol uti oan§°\tﬁ%e 8 ”Frggﬁj@%ﬁaabiti onal 6 hours at 50C. The |ayers
are separated and 7.1 g of citric acid in aqueous solution are added
again. The _reaction _m xture is stirred over night at internal ,
t enper at 8RkF Yifiesgior, of egmpeppe (YIHakyda salt fyrmafion d gaﬁee""&ﬁt&hﬁ‘etrlé's??‘ié‘"“a)
reaction sol u]ti on at roomtenperature. The organi c phase is washed
with 50 ?@ogyater 62 25m ) and 50 m of NaHCO3 [8%, (2 x 25 nml).

The organi c phgse is sh q_ito a neutral pHwith 50 Ml of water (2 X
25ml) an #eld (MlIla) as a very viscous oil. '"H NWR
(400 MHz O. \{;ero aners), 7.52-7.50 (d,1H), 7.37 (s, 1H),
7.04-7. 03 (d,1H), 6499 (s,1H), 4.35-4.31 (m1H), 4.06-4.04 (t,2H),
3.83 (s,3H), 3.49-3. 4b<( m 3H), i (s,3H), WD 2007/ 045420

PCT/ EP2006/ 009970 -66 2.51-2. 4 f IH, 2.05-1.95 (m 4H), 1.87-1.80
(m 2H), 329635 MnBY of crutieicompo@ i (V8|20 H)e digsod/ed i 13Bm{ of etiZp) to@ig2s gedl
(d, 3H), 0184 ; - o ( ;

- Boc]H Qﬂ@%@OT% Sé%&ﬁ%%ﬂ%ﬁaﬁ;@ %nC(E?'OAc_ 2’_ I%Oﬁq%%ségy 1.g8r| [ E:%? S&r?w
of conpoafRed(WAder siiring during (4b miBytagt ihereadiiogisakigbivaxcliernnafteri2 hegrsa
(Villa") HPRCQokirbiGhbvs cdiisite cokivdribh bBstrting material to the hydroxyl acid Li

compound (Via’). The slightly yellow, turbid solution is partially evapcrated by distillation of

ca. 100 mi of ethanol-water mixture. The residual concentrated water solution of the Li-salt is
extracted twice with ethyl acetate (2 x 100 ml). The combined ethyl acetate phases which
now contain the Li salt (XIl) is back extracted with 50 m] saturated sodium chloride solution.
The organic phase is then evaporated in vacuum to give 33.0 g of a foam which is dissolved
in 30 ml of diisopropylether. To this solution is added at 0 °C 60 ml of n-heptane (isomer
mix.). The mixture is seeded and put in the refrigerator over night. The formed crystailine
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-dg): 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.,-OCH,), 3.82 (5,-OCHjs), 3.5-3.35 (br.m., -OCH;, +H,;0), 3.22 (s, -OCHj3),
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.), 0.85-6.72 (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), 1581 (as-C00"),1515
(amide, arom.), 1428 (sy.COO"), 1267 (C-0), 1174 (C-0-Boc), [em™).



30 g (55 mmol ) of crude conpound (Villa) are dissolved in 120 m of
et hanol tWOgher@4a4261 ear sol ution. The sol ution is cool edT/EP2M@s/ RN
110 mmol LiCH (2.65 g in 100 mM water) is slowy added under
stirring during 45 minutes. The reaction is slightly exotherm After
2 hours a HPLC control shows conplete conversion of starting
material to the hydroxyl acid Li conpouRd-(Villa'). The slightly
yellow, turbid solution is partially evaporated by distillation of
ca. 100 m of ethanol-water m xture. The residual concentrated water
solution of the Li salt is extracted twice with ethyl acetate (2 x
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sol ution. cirepeurghfMiitalphase is then evaporat ed in vacuumto gi ve
33.0 g of foamwhich is dissolved in 30 m of diisopropylether. To
this sol ut«ron is added at 0, 60 m of n-heptane (isomer mix.). The
m xture i[s seeded B 7 the refrigerator over night. The forned
crystalli e el ' fged and washed with 2 portions (2 x 30
pt apie gid ¢yied in the vacuumoven over night to
obtain a whife, crystal I\ﬁe powder. m p.: 62 - 70 C (nelting range)
M5: [M- Li] = 566; Li- MH : 574 ' H NWR (600 MHz, DMSO-d6): at
roomtenp. rotarrer m X (ca\JES). 7.58 (d,mn.), 7.5 (d, mj.), 7.43
(br.s, mn.), 7.38 (br.s j.) (Vinap5 (d, mn.), 6.98 (d,mgj.),6.1
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ept ane Kel vi n: H)
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5oy React1iph ot e 1P HRIILEoHE (o) i CrapiAeP kY7 Srpienaaes ing
(VI1ib) 16 mitetBdi@dviish isishghtlylexoBetiNmvih (36 étodition. The dropping funnel is rinsed
with 2 m] 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 (Vla) 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 alky! 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 (VIa) the reaction mixture is quenched
onto a solvent mixture of 25 ml 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

agueous 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 salf (VIlla"). The basic aqueous phase is neutralized by addition of 5.3 g



A dry flask, (No. 1, 100 m) is charged with 15 m of dried THE which
is then owolzedt/i4es20 C under argon. Wien the tenper at ur ecraredvedod7C,
6.25 m of an isopropyl magnesium chloride solution (2.0 nolar, in
THE = 12.5 mmol ) is added. Then 7.5 m of a n-butyl lithium solution
(1.6 nolar in n-hexane = 12.5 mmvl ) are added via syringe during 10
m nutes. The reaction mixture is stirre@8at 20-25 C for 30 minutes.
After that time a solution of conpound (VII'), X =DBr, 2.75 g (10
nmmol) in 7.5 mM of dry THE is dropped to the reaction m xture during
55 nin. a]Escﬂﬁ cﬁaca\éﬂeﬁdérstlmhgginb‘lvyd By fehfiinoMot 40 GRSF ev® bedthtenThelhe
roppi ng ri reacti PO m xt.ure
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anal ysi s dtseolcétmeGOtrhIe)f pater crtei roactioh nvktute is thelnrvmrcmstym’adeﬂ Fax2khofiMdoat 63)
3.53 g ¢ m
of dry i E VR SRR e b B ccho SRR SR B sl s o7, [
sus penS| §ﬁtutﬁ’fef( snda)m pigatbpaziR splptiorpisiagdedislewlytunder sfifripg. Slikipy issyienped and
(VI 1b) WicPadued®d biie idRenodtd itk deldrdhi 00&{3'59% mcaataanmyfsouﬂea@ma) is

argon pressure, ére reaction mxture is then stirred

addi ti onéﬂa'.“LBVaﬁB‘%Ff twiceayitherd mispavaigrdiajali 20 mhduieally dsmereatie PERiE £%-on
of (Vi a) pbiaeed e dGEULBNtOTGIVE Aty bk WRBEIE@sid0a N\ANIA virIHie Plrd dcsbiding tof
25 m SIH?:%{E d22rr1 of water containing 3.2 m of acetic aci
under APy ri ng at 0 C during 30 nmin. Then the aqueous phase
IS separated and the organic phase is extracted three times with 15
m of water (total 45 nl). The organic phase is then evaporated in
vacuumto an oily residue. The residue is agal n di ssol ved in 35 m of
et hanol éatimwdfaoc-tactam@adﬁo Aay pnd a species (W 2. 60N
[ithium |y
gi ve the g

concentrated in vacuumto renove
diluted with 35 nl of water and
m nut es. ,‘Ltl;,%;, ol ganiyC

agai n extracte IAh120 . TBME.“YThe uLely'
contain th philic aroma 3y 5ts, [while the
aqueous phase Tp(t)he desir i Villal). The basic
aqueous phf‘é@gl s neutralized by agdition of 5. WO 20 5420

PCT/ EP2006 970 -68 of solid citric acid under stirring foll owed
by the additiop of 40 mM of ethyl acetpte. The neutralized aqueous
phase is rgtgd ep) aced by 3. gof agdi tiogal citric acid

di ssol ved nk? £t e‘ri vi gorously

stirred f - A o
? HNYO 5 \f
o o]
| (Xa") 7< _ {Xa) \f<

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 (80.8
mmol). The solid is then dissolved by adding 440 mi 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 (Via) dissolved in 440 ml of dry
THF (over mol sieve) is cooled down to -70 °C. To this solution is added under argon



C to achieve lactbnisation. After HPLC control shows conplete

| act oni sawDam7iEs4y of saturated sodi um bi carbonat e sobPQTiERDN0ES09970
added slowy under stirring. Stirring is stopped and the aqueous
phase is renoved while the organic phase, which contains the product
(Villa) is again washed twice with 25 m of water (total 50 m).
Finally the organic phase is eva- porate@9n vacuumto give a very
sticky viscous residue (Villa) which is pure according to HPLC
analysis 5c¢) Reaction of Boc-lactam | actone (Via) and

aryl - pRasuesthe Vi-kpgcias @IS)IrgRo ek 1 Witfih h & iminutés tﬁ@f@@ﬂl@hbéﬁ%})lobu&ss

Xt .‘iT E%(?" PR A AT R: 8 HEAK cofoi Wl ebrpiets topsveiiqngst ) yhe
HNYO O Qr@cﬁommmenﬂ quenched orég k diphhbia gkixtwasof 600 ed aquesbes citniapamid $dldtion
by heati Eﬁ)e%?ﬁrjﬂli?? gf%%gﬂplé ngetrq%%ugggﬁ]gar gon to room

t enper at rom de (90.8 mol).
The sol i d"Pgayepss ma%m%@twwaua%@l qfﬂBME dte campinechergasicenhapes twice

t et r ahy digh ¢ 2260 miy Ja;{uao@&m& a8, then hhé‘é‘%?)@@b@ﬁwl)@%ﬂﬂnﬂﬁcarg&a% (10%%) and
erature a sol ution of n-but hi um r)

1 hexane Toaly Wi2 1 208l alerobis SRR PleseIE ALEEVSr aiiuend vpRipted

col our | egscuudlolWiiveddthicklo@. reaction m xture is kept at this
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hono coephiiongs pddetiatto °C 151 ml of a 1 molar solution of lithium hydroxide (0.151 mol) under
stirring. The reaction mixture is slowly warmed up to room temperature and after 2 hours
lactone ring opening was complete (HPLC) to give the lithium salt (Vllla’).
To this solution are added at 40 °C small portions of sodium borohydride are added (3.8 g,
100 mmol) over a period of 2 hours. HPLC control showed after 5 hours 66 % conversion of
starting material. Additional 756 mg, (20 mmol) of NaBH, is added and stirring at 40 °C is
continued over night. A HPLC analysis showed complete con-version to the epimeric mixture
of (Xa’). The reaction mixture was cooled to 0 °C and excess of borohydride was destroyed
by slowly adding 400 ml of aqueous citric acid solution {(~10%) at 0 °C under stirring to get
pH 3. Strong hydrogen gas evolution is observed. The reaction mixture is concentrated in
vacuum to remove ethanol. The aqueous phase is extracted with ethyl acetate and the
ethylacetate phase is again mixed with 300 mi 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 0f 95 : 5.
Spectroscopic data are in accordance with (Xa) epimeric mixtures.

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




In a second flask 26.73 g (75.6 mmoi ) of Boc-conpound (Via) dissolved
in 440 mworf2o0moas420HE (over nol sieve) is cool ed down tecTiP2606/00@70
this solution is added under argon WD 2007/ 045420 PCT/ EP2006/ 009970
-69 pressure the Li-species (Vila) fromflask 1 within 15 mnutes to
give an al nost colourless clear solution. After 20 m nutes an HPLC
control showed conpl ete con-version of (Vila). The reaction mixture
is quenched onto a biphasic m xture of 600 mM aqueous citric acid
solution (10 %9 and 500 ml of TBME at 0 C under vigorous stirring.
The aqueous phase is ex¢racted with 50 ml of ofBME. The conbi ned o

organic p Sgwicepgith (2 x ) aqueeds citric
twce (2 X iAm{ bi car lgong 10 % _a finap
200 m of The organi c phasg dii eld over ' MySO4

in vacuus girve i hj ck oI T. oThe i1° (4876 ) of 5Ai
in 500 m! of et hanolfk{—gi ve a dol ourl ess ?fﬁ—?i on. Tolthis sol u‘tefﬁé
is added at 0 C 151 nl ‘of a | nolar solution of |ithium hygdroxide
(0.151 nol) GHler stirring. The red®ipn nmixture is slowy warnmed up
to roomtenperature and after 2 hours actone ring opening was
conplete (HPLC) to give the lithiumsalf (Villa'). To this solution
are added at 40 C small portionsoof sodtum borohydride are added (3.8
g, 100 nmmol) over a period of hours/ HPLC control showed after 5
hours 66 % conversion of startirgg nmat erhal e-Aedi ti onal 756 ng, (20
mol ) of NaBH4 is added and stirwping A0, s continued over

night. A HPLC anal ysis showed conp cOf- ersﬁ/on to the epineric

m xture of (Xa'). The reaction xtlre vi&s\ctooled to O C and excess
of borohydri de was destroyed by slow x”addi ng 400 mM of aqueous
citric acid solution (-10% at O C undéf stirring to get pH 3.

Strong hydrogen gas evolution is observed. The reaction mxture is

concent r & {Srmmeh elicamraynd §bekaretdirgalyed imHembef adoireplaanok: acetic
extract eciciti(b h1£4d0. 3806 F BdtBy - e0 %S tENGeMER] M08 IPARRA. THe ?ﬁﬁ%ﬂbnanﬁon

m xed with 300 n of aqueous solution of citric acid and
war med ubs?%%gﬁ-ed Btﬁ%oagéf‘ 152b?fc?ﬁ‘?§5u(ﬁ1é°ff?630 h&omIe shavsHrearelstes| ace

to give tchavelsiemiAneadditionallaneiuat of dakayst 6. 354) ip baderl sreiTytaigerdtion i
oo 2y oMUl BT e AT AR
Spect r os dibgred add washegdewithmetbarod pod thediltvte s evpdrategiinmearduomd mWabeﬁ]m@t
Prepar at icQBu@éss}fb‘ﬂUﬂQé‘é}gdé brduct RO Wi BESNREST HIRRE anl Wal WaBfdd 3 —times

hydr ogenat | on o ) )
with 25 ml of saturated NaHCO4 ~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 tlc (SiO; , heptane :ethy] acetate (1 : 1) of this mixture showed 4

different spots besides smail amounts of starting material (Viil, 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 (IXa). The two spots with R 0.33 and 0.40 are the 2 different epimers of

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

epimeric compounds (Xa) with Ry 0.33 and 0.40 under acidic conditions (AcOH) at higher
temperature or with ion exchange resin at rcom temperature. Similar behaviours could be
ohserved in HPLC.



conpound (Villa): WO 2007/045420 PCT/ EP2006/009970 -70 1 - O...... /

| ~ - OH .WO.2007/045428 . ... .. /' 1 HNOHN O\ 1/ HN OI 1pCtNPdoapesoxe)
(IXa) /0 OO \'r / (Xla) T\ 2.75 g (5 mmol) of conpound (VII |a)
are dissolved in 30 Ml of a mxture of ethanol : acetic acid (2 : 1)

and 0.35 g of catalyst Pd-C (10 %, Engel hard 4505 is added. The
hydrogena-tion is performed at 50 C and!5 bar pressure. After 10 h
a sanpl e shows unconpl ete conversion. An additional anmount of
catalyst (0.35 g) is added and hydrogenation is continued. After 46
hour s al mitet praparatieagdiimgchrahatog@phy sf the M\ard efdhe dridde mbaarki20mpurg Kidices
is filtered and washed with ethanol and the filtrate is evaporated

in vacuufi 18 dgFiRd ATPOUARGHKa). BoT 8% exdd be Follesird whiclideysialzgd directly from
M Xture Yas:idirRsay¥@né &ﬁéﬁb%&&@@&%@@ pE%Meptade tiMes with 25 i

of saturated NaH -solution to néutralize the acetic acid and
extract it to the aqueous phase. After evaporation of the toluene in
vacuum agofpesd (19 ourl ess viscous oil was obtained (2.21 g). The
tic (SioglI pfée@t e :ethyl acetate (1 : 1) of this m xture showed 4
di ffer ent" B8t tesi des snal| ampbunts of starting material (M1, Rf
0.45) which were visualized by spraying with Dragendorf's reagent.
The spot on the top V\,i/l"h/P%f = 0. 96Kwas the desired conmpound (I Xa).

The two spots with Rfe0,33 -4 4@ ae the 2 different epiners of
t he al cohol derivative 3 ot with Rf 0.55 is compound (XI)
which is formed fromgep C¢hpounds (Xa) with R10.33 and 0. 40
under acidic conditiohs (AcOH) aP-<jigher tenperature or with ion

exchange resin at roomtenperature. Simlar behaviours could be

obser veds, ufrbldfao MG, 2H0) 9 748 %6 oM, BES QP08 %), 0.6-0.94 (4,3H), 1.16-

1.23 (bm,1H), 1.38, (s,9H,Boc), 1.5-1.65 (br-m, 2H), 1.95-2.15 (br-m, 5H), 2.50-2.35 (br-m,
1H), 2.45-2.52 (brm,1H), 2.50-2.59 (brm,1H), 3.28 (s,3H), 3.50 {t,2H), 3.70-3.80 (s*+m,4H),
4.03 (t,2H), 4.28-4.35 (m,2H), 6.62 (d, 1H), 6.67 (s,1H), 6.69 (d,1H).

IR: 3358 {-NH), 1773 (lacton), 1705 {carbamat), 1518 (amide II) e’ ;
(FTIR-microskop in transmission)
MS: MR = 535.7

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

Spot at Ry = 0.55 corresponds to compound (XIa)

'H-NMR (400 MHz, CDCly): 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



After preparative colum chromatography of the 2.21 g of the crude

m xt ure 280p0ero4B42acti ons of the desired conpound (1 XapCTRP20060050)
could be collected which crystallized directly from the oil. The
crystalline material was recrystallized from heptane. Conpound (1 Xa):
Mp :78-79 Cr O\ 11 / H\y "HNWR (400 MHz, CDCI3): 0.74-0.76
(2xd, 6H), 0.85-0.87 (d,3H), 0.92-0.94 (d23H), 1.16- 1.23 (bm 1H),
1.38, (s,9H Boc), 1.5-1.65 (br-m 2H), 1.95-2.15 (br-m 5H),
2.50-2.35 (br-m 1H), 2.45-2.52 (brm1H), 2.50-2.59 (brm 1H), 3.28
(s, 3||:|)|) : mﬂmseézgilﬂ) 173 (V&to?\),&@a§5$3ﬂin)ﬂf$1(56139$$3da[cﬂllﬂ)], 4.( 28;_{)4. 35
(m2H), 6.62 ,IH), 6.67.(s,1H), 6.69 ,1IH). IR 3358 (-NH), 1773
(1 act on) ,Mﬁﬂ@?g" fcaﬁba’]“iﬁﬁ{ 2838 (amide Il) cm-1 (FTIR-microskop in
transm ssion) Ms: MH = 535.7 Also the other "spots"” are isolated and
characterized by spectroscopic data: Spot at Rf = 0.55 corresponds

t o conpo@pit &Res 080 tofresponds to oo poudd{Xe)epimdriA, (syiebitder adcdrdiny OX-
(d,3H), 0.86-0.88 (d,3H), 0.88-0.90 (d,3H), 0.97-0.99 (d,3H),

1. 10-1.3631(%"-'?}&'5%4’9‘11!%&), 1.78-1.86 (m1H), 2.0-2.06 (m 2H),
2.08-2.16 (brm 3H), 2.%0-2.60 (brm1H, 3.27 (s,3H), 3.50 (t,2H,

3.77 (S, 3Hp~A49@ud. 10 (b H, 4.20-4.40 (br- peak, 2H), 6.72-6.74
(d,1H), 6 g 83 (s,1H). mp.: 63-69 C WO 2007/ 045420
057, 2970, 1773 (lacton), 1688 (Boc),

PCT/ EP2006 @ 2 TR
CHLEO M5 M+ = 534; M NH4+ = 551 Spot at Rl1= 0.40
corresponds to corrpou\% a)-epinmer | (syn-epimer according to X- ray
structure anal ysis: \{g
(Xa)

"H-NMR (400 MHz, CDCly): 0.82-0.88 (3xd,9H), 0.92-0.94 (d,3H), 1.40 (s,9H), 1.80-1.93
(brm,2H), 2.03-2.11 (brm,4H), 2.37-2.45 (brm, 1H), 3.32 (s,3H), 3.35 (£,2H), 3.83 (s,3H), 4.05-
4.20 (brm,3H), 4.25 (d,1H), 4.60 (d,1H), 6.80 (d,1H), 4.83 (dd,1H), 6.95 (s,1H).

MS: M+ NHs =569 M-H =550

7) Preparation of compound (IXa)}, by direct hydrogenation of compound (Vlila) in

EtOH:
H;0 (9:1) at normal pressure & room temperature with Pd-C,10 %, wet, JM-type39:
(|) 0
94 ol
T HNYO

Q
\I< {IXa)

5.5 g (10 mmwol) of compound (Vllla) was dissoived in of a mixture of 90 ml ethanol and 10 mi
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 (Vilia) 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 (IXa) and each 5 % compound (Xla) and starting
material (Villa}. The oil was treated and stirred at 0°C with 10 ml of n-heptane (isomer mix)



6 OH HN 0111< (Xa) 1H NWR (400 MHz, CDCl 3): 0.82-0.88 (3xd,9H),

0. 92- 0. 94WOpB1043320 1. 40 (s,91-1), 1.80-1.93 (brm 2H), r2TAP20s6bds970
(brm4H), 2.37-2.45 (brm1H), 3.32 (s,3H), 3.35 (t.21-1), 3.83
(s,31-1), 4.05- 4.20 (brm3H), 4.25 (d,IH), 4.60 (d,1H), 6.80 (d, 1H),
4.83 (dd, 1H), 6.95 (s,1H. M5 M+ NH4+ = 569; M-H = 550 7)
Preparation of conpound (1Xa), by direct 78ydrogenati on of conpound
(vVilla) In EtOH H20 (9:1) at nornal pressure & roomtenperature
with Pd-C. 10 % wet. JMtype39: 1 / HN-O (IXa) 5.5 g (10 mmol) of
conpound at¥istéded withsa sthaibarhated of conadoudd QXA wkon thé pRdutt sttcdas elystarhige.

wat o conne Task g O b sl raB 455 o agh o Spdb¥ L ias v & Tre
stirred atoduciomas ﬁt&p&ﬂ%{tduvahamdmh@mwolpmes sweezy tad n ;ﬁﬁtaheltn give éi][terte[]

[ 0 o] e
) M T

al cohol's (Xa) and 4 % pyrrol | d| ne | actone (Xl a). Hydrogenat I on under
the sane geppd ; 2\ Y

and 7 Lk be :>. = -~ Lol M4 afgaivsid 0 iy Hrese
oi | (5. 909 o%kﬁﬁ’n i ned accordl ng to HPLC 89 %of corrpound (I Xa)
and each' 5 % corrpouna ZXI a) and starting material (Villa). The oil
was treate qh”ud stirregd at OCwith 10 ml of n-heptane (isoner mx) WO
2007/ 0454(2%/PCT/ EP20PBA009970 -73 and seeded with a small anount of
conpound S The oduct started to crystallize. The flask
was storedk g i gerator over night and for another 24 hours at
-18 C. The product s filtered and washed with small vol unes of

very cold n-heptane tg~give after drying in vacuumthe desired -
product, which was pure by{¥BLC, TLC and 1 H NVR

22.0 g (40 mmol} of compound (Vliia) 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 (Xia). 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 (80 mi, 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: 68-71 °C.

8) Preparation of compound (Xa’), (salt of hydroxy acid from syn-anti epimeric
alcohol (Xa}




8) Preparation of compound (Xa), (syn-anti epineric al cohols) by

hydr ogenawDam7gks42¢onpound (VIlla) in EtOAc at 6 bar, 20CT/ESL0G0eNTH
catalyst Pd-C. 10 % in the presence of potassiumformate / HN~O

(1 Xa) 22.0 g (40 nml) of conpound (Villa) as an oil are dissolved
in 150 mM of ethyl acetate. 10 g of Pd/C (10 %, type Engel hard 4505,
and 500 ng of potassiumformate was addeffto buffer acidic
conponents of the catalyst. Hydrogenation was perfornmed with 6 bar
and room tenperature at the beginning and was |ater increased to 60
C. After 8 days additional ca#}a- lyst (59) was added and after 9 days
t he conversion was 91 % Ic alcohols were forned in a
ratio of 93 : 7 (syn : a ut hout any further

hydr ogenol ysis to conpoun r Jorkmtion of conpound (Xia). The
catal yst was filtered of f{aiid thé s§ - vent was evaporated in vacuum
to give an oil which crystallized dup<ng standing at room
tenperature (19.0 g). This material was re- sy)stalllzed from
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2007/ 045420 PCT/ EP2006/ 009970 - 74- 1.8
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Candasolutlon of hydroxide (3.6 mmol) in water (4 m) is

t hi
added un&&rUYt ??Wﬁd"h'tﬁfsf)g#n stirring at anbient tenperature for 2

hour s m.p.: 118 — 128 °C (melting range)
MS: [M-Li|” =568 : MH* = 576
IR: FTIR microscope i. transmission: 3440, 3355, 3167 (br, NH, OH); 2958, 2874(aliph.-CH),
1686 (C=0,Boc), 1605(as,CO0 ), 1555(amide-il), 1514, 1438 (sy,CO0O"), 1367, 1258, 1171,
1028, [crm™]

9) Preparation of compound {IXa"), Li-salt of hydroxy acid from (IXa)
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1 g (1.86 mmol) of crystalline compound (IXa) was dissolved in 10 mi 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. HPL.C
showed after that time complete conversion. The solution was evaporated in vacuum to
remove most of the ethanol. 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



the reaction is conplete. Mbst of the ethanol is renoved by

di stil | atwamnoenaissdoe resi dual aqueous phase is extract edTmredc@0997@0
m of ethyl acetate. The conbi ned ethyl acetate extracts are washed
with 5 mM of brine and is then evaporated to an oily solid. To this
is added 5 m of n-heptane to crystallize the material. The
crystalline suspension is stored over ni’/§ht in the refrigerator and
Is then filtered and washed with cold n-heptane and dried in vacuum
to give a white solid. mp.: 118 - 128 C (nelting range) MsS. [MLi]
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conpl ete conversion. The solution was evaporated in vacuumto renove
nost of the et hanol . The aqueous hase was extract ed W th 2 x 20 m
of et hyl 10hHgdroggnatios - & eliaflvdroyacid frg N
5 m of brlm%%)gﬂh@m@ﬁammﬁ@d to gi ve a stlcky soI | d To
this is adde 0 eptane under stirring at 0 Cto WO
2007/ 045420 PCI/ P2006/ Q08970 -75 crystallize el _
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i ashafl wi th col ¢—n—heptane Bnd Hriled iy vacuum
to give a V\/m?e sO |df mp.: 88 - 98 C (neltifg Tahge) \ﬁR
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1260, 1239, 1170, 1122, 1026 [cm 1]

2.8 g of (6.0 mmol). of carboxy-Li-salt (compound VIlla") was dissolved in 40 ml of iso-
propanol. 2.5 g of Pd-C (10 %), JM type 39, wet, was added and hydrogenated at 25 °C over
night (17 h) at 0.2 bar. After that time conversion of compound (Vllla') was 86 %

(HPLC). Temperature was increased to 50 °C and hydrogenation was continued for
additional 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/fanti ration to 62 : 38. Hydrogenation was continued at 50 °C for
additional 36 hours without additional catalyst loading. After that time HFLC analysis showed
a synfanti 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,

i1) Reduction of Li-salt (Villa") with sodium borohydride via (Xa)” to (Xa) using Sodium
borohydride reduction in ethanol-water {1 : 1):




M5: [M- Li] = 552; MH = 560 10) Hydrogenation of conpound (Villa'),
(salt of WO®bwxosSEREi d from(Villa)) with Pd-C to conpoeQi/EPX@6)powso
epineric mxture OHb HOHr C7X I\ | HNOOtrU"" .0- 0 O (wvilla")
X (Xa') 2.8 g of (5.0 nmol). of carboxy Li-salt (conpound Villa') was
di ssolved in 40 m of iso- propanol. g of Pd-C (10 %, JMtype
39, wet, was added and hydrogenat ed at 25 C over night (17 h) at 0.2
bar. After that time conversion of conpound (VII la') was 86 %
(HPLC). Tenperature was increased to 50 C and hydrogenati on was
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whereas lactoni-sation takes place to give the 2 epimeric alcohols (Xa) after phase

separation and evaporation as a an sticky oif which crystallized from TBME/heptane as a
white solid in the ratio of 95 ; 5. HPLC and spectroscopic data are in accordance with other
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-i-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

{XVa)
0



water and 10 ml of ethanol. The solution is warned up to 40 C and
smal | por¥Pa@as’/@f428odi um borohydri de are added (151 ngpPCI/ERHOLP0STEr
a period of 1 hour. HPLC control showed after 4 hours 66 %
conversion of starting nmaterial. Additional 38 ng, (lImol) of NaBH4
is added and stirring at 40 Cis continued over night. HPLC anal ysis
showed conpl ete conversion. Excess of b5?0hydr| de was destroyed by
quenching on 40 m of aqueous citric acid solution (10% to get pH
3. The reaction mxture is concentrated in vacuumto renove ethanol.
The aqué&pinseriplraspoirs e} (1a@hge d nincle) iedisybivertiottalteneaid mihend 1,1-
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() Cva) %ﬂh&[ﬁﬁ!&k@a C%P‘Pé \%iaf?\i cfH-El‘\ﬁ\ng I%@HF@?\J{S( éﬂéc?ré to?(h%‘product confirmed

P%O)z(y((:?rﬂs rrsasgd stiapvigRgia mixixe of diasterrgidemerserimers) vBleeHI'NMR spectfum
met hoxv- %étafﬁbl&%{@&@r@@%?&\ééndéhﬁwbﬂne% TR 4'®Utnmiiz} 388K Q{G DMSO): B50
of f /-1 0\0 g'éu\(lm 12H), 1.42 (s, 9H), 1 44544 (r\’n\D 102:-?)0%/29;%? %%8 3.47 fthpHZ)os %?so %%03 76-
-77
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 transmission); 3317, 3125,
2961, 2933, 2875, 2836, 1769, 1701, 1604, 1591, 1517, 1469, 1427, 1390, 1366, 1331,
1290, 1265, 1221, 1168, 1143, 1120, 1097, 1064, 10486, 1026, 968, 949, 886, 811, 753, 725,
694, 666, 646 cm™. HR-MS: C34Hs1N;OsS. Calculated for MNa*= 684.32891 found:

684.32894; Calculated for MK'= 700.30284, found: 700.30308.

b} Preparation of compound {iXa) by reduction of compound (XVa) with tributyltin
hydride:

—_0
I
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o
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\1< (IXa)

Compound (XVa)} (= imidazole-1-carbothioic acid O-{(S)-2-[(S)-2-tert-butoxycarbonylamino-2-
((28,45)-4-isopropyl-5-oxo-tetrahydro-furan-2-yi)-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. Tributyltin hydride (0.916g is added via a syringe at this
temperature, followed by the addition of a solution of AIBN (0.01984q) 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



Epi meric conmpound (Xa) (1.66g, 3 nmole) is dissolved in toluene (18
m.) and IWO-2097%46¢&r bonyl - di i m dazol e (0.804g, 4.5 mmol ECTIEP26dMH60970
foll owed by the addition of dinmethyl- am nopyridine (0.037g). The
reaction mxture is stirred over night at roomtenperature. For

wor k- up, aqueous, saturated NaHCO3 (20 é is added and the | ayers
are separated. The organic layer is extfdcted with aq., sat. NaHCCB
(20 m.) and with water (20 nL). The organic layer is dried on
anhydrous MgSO4 and the solvent is evaporated under reduced pressure
t o obt ai adeiti@*&yhcwruadieotp)F@ducttheasaraioum@uendﬁeqtby@ddiﬁ'dneofdhmmcmmme
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8. 28 ( br campsyndlikh acéofdihfrto HALE madhdBiNdRoN) : 3317, 3125, 2961, 2933
2875, 2836, 1769, 1701, 1604, 1591, 1517, 1469, 1427, 1390, 1366,
1331, 1290, 1265, 1221, 1168, 1143, 1120, 1097, 1064, 1046, 1026,
968, 949, 886 811 753 725, 694 666, 646 cm HR-IVB _C34H51N3068
Cal cul at &liPreparation of comp JrA2 I TES ! J2lsl W' =
700. 30284ris {,ﬁﬂm s ,%306 b) Prepar ation of corrpound (1 Xa) by
reducti on of corrpoung (XVa) with tributyltin hydride: 0..< HN/O
ol< (I Xa) Cor}!pound (Xvg) (= I mdazole-l-carbothioic acid

O {(S)-241(D) - 2- t er t §BY; oxycar bonyl ami no- 2-

((2S, 4S) P4 2 0Xo0-tetrahydro-furan-2-yi)-ethyl]-1-[4-methoxy
-3-(3-net p- phenyl]-3-nmethyl-butyl} ester) (0.4g, 0.604
mml e) i9 dissolved {n toluene (8 nL). The solution is heated to 100
C. Tributyltin hydri (0.916g is added via a syringe at this
temperature, followed by t{2addi t| on of a solution of AIBN
(0.01984?’) in tetrahydraofuran g The reaction mxture is
stirred FOMPRURLKVaAL= gpzele-} ?rgPth!M’ﬁ i OrRY-ZalDr #risrt-RriiepeaRogyiamino-2-
Al BN (0. Q2934yn-isoprdsi-6-aky-thtabiydradural-24yIydthylj- 5 [Aaendxy-Si B-hidtity Wasboxy)-

cont i nuedhcfm% 39nr']|gthy[-butyi} 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 {+)- (15,2S)-pseudo-
ephedrine as auxiliary: according to Lit.; A. Mvers et al., J.A.C.S., 179, 6496 (1997}
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cold nethanol (10 nL) at -20 C. Toluene (10 nlL) is added and the

m xture is extracted wth aqueous 1 N HCl (2x10 nmL) and with water
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toluene (10 nmL). The organic |layers are~ é®nbi ned, dried on anhydr ous
Na2SO4 and the sol vent was evaporated under reduced pressure. The
oily crude product was purified by flash-chromatography on silica
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dri ed oveyrirgalay¢i8c0s Tbediharsuspdnphauawalmhdtweto@dmnm 8G&mev apthisat ed.
Th d f -SELJ
The crudg, Sgéew.%tcaogrfrw%@ﬁﬁg% 31@35%& @agg;,ﬁ 2;[ Bme%g zr?%lrrh Gerigets
i dent i cahddesl via $3€!W§¢e$ﬂf@"$'§ﬁ9’l‘t@uéﬂ at@o @p&fndfurt ?é)cml@r d«ﬁagstmmpﬁc
and 1 H NMRionldbtuRY Bt Jasmtémeéra%réo&m&g@%m@rdoﬂﬁo&%@% %&hpuéiea Vi)

from(+)- (9S,2S)-pseudo- hedrine as auxiliary: according to Lit:
overion ThE

A Mers ¢ eéﬁlon ;ga@t:cgl m: Q| is %Jgg@wetdlcg@;? mixture of 80 ml of aqueous ammonium
chloride solution and 50 mi of TBME. The aqueous phase is extracted twice with 25 ml of

TBME. Then the combined organic phases are washed with brine (50 mi) dried over MgSQ4
and are finally filtered 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 ds-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)



WD 2007/ 045420 PCT/ EP2006/ 009970 -79- IH OHH OHHIINN .., | i
OH H \ WoQobre45420. H U(Z. Hyanxy-t et ny42. pnny4 OH O  ( pidpypdiiRikaes n
M/l }e, Ndinrtl,yldurynm 4 NNW 550.'/8 NTA A 100 ml three necked fl ask
was dried under argon flow by heating to 150 C. After cooling down
under argon to roomtenperature, 2-8% g (60 mmol) of dried Iithium
chloride was added. Then 3.15 ml of diisopropyl am ne dis-solved in
12 M of dry THE is added under stirring. The resulting suspension

i s cool aghdtés eldithed istnder argon. To this suspension is added under
stirring at -7/78 Cvia syringe 13 m of a 1.6 nolar solution of butyl
['ithiumiyn h@@m@a ofthedforlatofa (IAf ter stirring the suspension for
further 15 mnutes, a solution of 2.5 g of

N-i soval eroyl - (S, S) pseudo- gghedrine (10 mml) dissolved in 10 m of
THE i s added via syringe at - . Then_tBe suspension is warnmed up
to 0O Cwthin 30 mn. At this tune a solution of 1.18 g (5.5
mmol ) of trans-1, 4-di brono- 2; fne | of THE is added via
syringe. Stirring is continudd atl 0 - 5 C Rbr Wrther 30 min.. After
stirring the reaction m xture at roomterrperature over ni ght a HPLC
control ,sh @fﬁd conplete conversion. The reaction m xture is quenched
onto a mXxture of 80 m of aqueous ammoni um chloride solution and 50

m of TER9E cIB4) EankdS extracted twice with 25 mM of TBM
Then the corrb gd or 2|c |%‘cﬁases are washed with brine (50 m) dried

over %frc% \A%ikélﬂ)l oga&yck&aﬁ{yﬁ%aﬁw &*’r?dbﬂﬂ@l—éﬁ diiyl gagum to give

a very VI SCOUS oam aiter evacuyation in

hi gh vacosyhstivgd onmeng, @snoﬁesgns@tasi bw&mawr%& -saligh OH( Sosiudamingy
at el evagqgg Wﬁﬁ@tﬂa’i@e@-‘?&?ﬂ/mB}tﬁgﬂfdnﬁé{hﬁhe structure. The conpound
exi sts Rl as a m xture of 2 rotamers in the ratio (-2 : 1). M

551 (M‘|o}a|stttI%3§&.(bf, OH), 2960, 1608(am d), 1450, 1407, 1030 970,
755, 700 [cml] "H NWR, 600 MHz (de-DMSO): conplex spectrum 2 sets

of signals, at 300 K (m xture of rotanmers (-2:1)

2, The compound according to claim 1 wherein R® and R* are independently

branched Cg.zalkyl.

3. The compound according to claim 1 or 2 having the following stereochemistry:
o™ N “Ra

4, The compound according o any of the preceding ciaims, having the formula

O ﬁ ”’17/

5, A compound of the formula (II)



WD 2007/ 045420 PCT/ EP2006/ 009970 -80 What is clained is: 1. A
conpound wH 2bdvsbponul a (11) R3O a H R (11) wherein pBgrwp$06/009970
Cl. 7al kyl or C3.acycloalkyl; and R4 is Cl.7al kyl, C2.7al kenyl,

C3. 8cycl oal kyl, phenyl - or napht hyl - Cl. 4al kyl each unsubstituted or
nmono-, di- or tri-substituted by Cl.4al kyl, O Cl. 4al kyl, OH,

Cl. 4al kyl am no, di - Cl4al kyl am no, ggl ogen and/or by trifluoronethyl;
or a salt thereof. 2. The conpound dccording to claim1l wherein R3
and R4 are independently branched C3.6al kyl. 3. The conpound
according to claim1 or 2 haying the follow ng stereochem stry: R3,,
OOOH~R4 4. The conpound cordi ng y of the preceding clains,
having the formula H 5, A co formula (11') WO

2007/ 045420 PCT/ EP2006/ 009970 HONHRE (I1")

wherein
R? is Cy.7alkyl or Cascycloalkyl; and

R*is Cysalkyl, C,ralkenyl, Cagcycloatkyl, phenyl- or naphthyl-C,.4alky! each
unsubstituted or mono-, di- or tri-substituted by Cy..alkyl,0-Cy.salkyl, OH, Cy..alkylamino,
di-Cy.calkylamino, halogen and/or by trifluoromethyl;

oF a salt thereof.,

B. The compound according to claim 5 wherein R® and R* are independently
branched Cg.galkyl.
7. The compound according to claim 5 or 6 having the following stereochemistry:
R,
. OHO
D—QOH
o N %,
H Gl

8. The compound according to any of claims 5 to 7, having the formula

,Z,

‘%

. OH O
Lo~
C ﬁ '.,’,
/"\

9. A method for prepating a compound of formula (If) according to any of claims 1
to 4, said method comprising subjecting a compound of formula (1)



R4 is Cl.7al kyl, C2_7al kenyl, C3 3cycloal kyl, phenyl- or

napht hyl "%Z&ﬁh}lﬁy_ézg each unsubstituted or nono- , di - or PCT/EP2006/009970

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

di - C1. 4al kyl ami no, hal ogen and/or by trifluoronmethyl; or a salt

thereof. 6. The conpound according to claim5 wherein R3 and R4 are

i ndependently branched C3. 5al kyl . é. The conpound according to claim

5 or 6 having the follow ng stered@ emstry: RY )\sOIlQHo OH H R4

8. The conmpound according to any of clainms 5 to 7, having the fornul a

OHO OH OH9. A nethod for preparing a conpougd of formula (I1)

according to any of clains 1 to 4, said nethgd conprising subjecting

a conpound of formula (1) WD 2007/ 045420 PET/ kP2006/ 009970 -82 0 O

ON3 R4 Aux* R3 (1) wherein R3 and R4 defj,ned for a conpound
pt'e to forman ester or

or a salt thereof, to

am de with the carbonyl functionali
hydrogenation to convert the agjge mepety to an amne and to effect
|l actamring closure. 10. A method fof preparing a conpound of
formula (I11) according to any of claiif 1 to 4, sapyd net hod
conprising subjectin conpound formula (1) O

P d wHerje% !;id an% Ig" arer;% define Ior a compouncf of)formula (1) and Aux* is an auxiliary
able to formn an ester or amide with the carbdnyi functionality, or a salt thereof, to

hydrogenation to convert the azide moiety to an amine and to effect lactam ring ciosure.

10. A method for preparing a compound of formula () according to any of claims 1
10 4, sald method comprising subjecting a compound of formula (1)

(0

wherein R® and R* are as defined for a compound of formuia (1}), or a salt thereof, to
hydrogenation to convert the azide moiety to an amine and to effect lactam ring closure.

11, Amethod for preparing a compound of formula (1) according to any of claims 1
1o 4, said process comprising subjecting a compound of formula (1)



O1R4 o NR3 (1) wherein R3 and R4 are as defined for a conpound of
formul a (Wbhoomiss@esalt thereof, to hydrogenation to cgayﬁﬁ@mkh@mﬂ)
azide noiety to an amne and to effect lactamring closure. 11

nmet hod for preparing a conpound of forrmula (I1) according to any of
claims 1 to 4, said process conprising subjecting a conmpound of
formula (111) WO 2007/045420 PCT/ ERR006/ 009970 -83 O OON3 R4 HO
R3 (Il1l) wherein R3 and R are as defined for a conpound of fornula
(1), or a salt thereof, to conversion to an anhydride of fornula
(V) 0 OOON3I R4 OOR6 R3 (IV) wherein B and R4 are as defined
for a conpound of formula (11) and R6 is_CJ¥/7al kyl or C3.

3cycloal kyl, or a salt thereof; to activwate\the acid noiety followed
by hydrogenation to convert the gzide i ® an amine and to
effect lactamring closure. 12. ¢A fie r preparing a conpound of
formula (11) according to any ofjjclaijne 1 to 4, said process
conprising subjecting a conpg, ormula (111) O O

R3 ()

wherein R® and R* are as defined for a compound of formuta (), or a salt thereof, to
conversion to an anhydride of formula (IV)

(V)

wherein R® and R* are as defined for a compound of formula () and R® is Cy.7alkyl or Cs.
acycloalkyl, or a sait thereof; to activate the acid malety 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 (i) according to any of claims 1
. to 4, said process comprising subjecting a compound of formuta (fif)

(i

wherein R® and R* are as defined for a compound of formufa (It), or a salt thereof, to

conversion to an ester of formula (V)



ON3 R4 HOR3 (Ill) wherein R3 and R' are as defined for a conpound

of formulwokhdessPs @ salt thereof, to conversion to a@C@;ﬁ)@gaémggm
formula (V) WO 2007/045420 PCT/ EP2006/ 009970 -84 O O O N3 RrO

R3 (V) wherein R3 and R4 are as defined for a conpound of formJIa
(I'1) and R7 is Cl.7aikyl or C3. 3e¥&loalkyl, or a salt thereof;

foll omed by hydrogenation to convert the azide noiety to an am ne
and to effect lactamring closure. 13. A nethog/for preparing a
conpound of formula (VI) R3 O Ol R4 Act wherein R3 and R4 are
as defined for a conpound of formula (I1) &@nd Rct is an activating
group selected froman am no protectiNg Rparticular a
carbamate, or a salt thereof; conp®isi I ntroduci ng the activating
group at the nitrogen of a corrpound of ormula (I1) as given in any
of claims 1 to 4, or a salt theg . A compound of fornula (V)
R3O O ONR4 Act (VI) wher ei n, R3 |35 Cl. 7al kyl or C3. 3cycl oal kyl ;

V)

wherein R® and R* are as defined for a compound of formuta (if) and R’ is Cy7atkyl or Cs.
scycloalkyl, or a salt thereof; followed by hydrogenation to convert the azide moiety to an
amine and to effect lactam ring closure.

13. A method for preparing a compound of formuia (Vi)

Act (VE)

wherein B® and R? are as defined for a compound of formula (If) 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 (i) as given in any of claims 1 to 4, or a salt thereoi.

14. A compound of formula (V1)

wherein
R® is Cyyalkyl of Cagcycloatkyl;

R is Cysalkyl, Cosalikenyl, Casoycloalikyl, pheny-1 or naphthyl-Cy.ealkyl each

unsubstituted or mono-, di- or tri-substituted by Cy.satkyl,0-C.4alkyl, OH, Ci.q4alkylamino, ;
di-Cy4alkylamino, halogen and/or by trifiuoromethyl; and {



R4 is Cl.7aikyl, C2.,al kenyl, C3.8cycloal kyl, pheny-1 or

napht hyl -%.zﬂ@ﬁ,dgghoeach unsubstituted or nono-, di- or PCT/EP2006/009976
tri-substituted by Cl.4al kyl, O Cl. 4al kyl, OH, Cl.4al kyl am no,

di - Claal kyl am no, hal ogen and/or by trifluoronethyl; and WO

2007/ 045420 PCT/ EP2006/ 009970 -85 Act is an activating group
selected froman am no protecting oup, in particular a carbanate;
or a salt thereof. 15. The conpound according to claim14, having the
formula O Act 16. The conpound according to claim 14 or 15, having
the for i Ik idyisapound
of for w%@ésvﬁ %t%ﬂfﬁoé}gﬂj%selggted %m\&}é‘;ﬁR@Bﬁo t%@fnﬂr@%ln? P&l%er ein R3
and R4 ar@Ramalesined for a conpound of fornula (11) and Act is an
activating group selected froman am no protecting group, in

parti cul & 858Edh¢i8ffat e, R1 i s hal ogen, WD 2007/ 045420

PCT/ EP2006/ 009970 -86 hydroxyl, C1.6hal ogenal kyl,

Cl _sal koxy- Cl_b5al kyl oxy or Cl. 6al koxy-Cl. 6al kyl; R2 is hal ogen,

hydr oxyl ,. Cl. 4al kyl or C1. 4al ,kox%, or a salt thereof; conprising the
step of IRt aﬂ@i%@%@ﬁﬁﬁ@o@mgﬁ garp Ybthayinpdie fosmuldm | act one of

formula (VI) or a salt thereof defined above with a conpound of

formula (M) RLY /j
0 I'il “,
Act f/

16.  The compound according to claim 14 or 15, having the formula

/j /L"f. 0.0
o~ N “, o 0o f/
O/gO 7/

or

17. A method for preparing a compound of formula (Viil)

)

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,



R2 (VII)

wherein Y is a netal containing group such as -Li, -MX

- magnesatwo 2867 W4s4FBgnesi um speci es, al kyl magnesi um sppgb@;m%,%b)jm
(al kyl)3MhLi-, or -CeX2 wherein X is halogen such as d, ,
nore preferably Br; and R and R2 are as defined for a corrpound of
formula (M11). 18, The method accor di ng to claim17 wherein the
N-activated |actam |l actone of fornmula (VI) is reacted wth a
conpound of the follow ng fornula: B0 r' -0~ ul a( O/ LI :crvr8
or or 0 (Vila) (VIIb) Ra = Cl_1 alkyl, preferably branched Cl-7

al kyl RB hy@o@l/ Chbalbgernalkyl Wfda!kbxy-()a&alkwn)cylaﬁi C Mikohyt@)salkt Rel)s Havbdee)

19. A co

nd |1 wh Y t al
containin i %8‘51§6@‘M@5C?‘4é¥0x% ,%%salt %@éfgsa% e, a(ra;FI Ragnlazl 3mrre :
\?\Eg?;ﬁ Sleﬂ’gng@GS“ﬁ@ 2/ SeRy 07/ gﬁ%ﬁg@%yg%%???% %—%gt?vated lactam Iaclvt%ne If.?)‘)ffzforml.ila

(V1) or a salt thereof defmed above with a compound of formula (V)

(vin

wherein Y is a metal containing group such as -Li, -MgX, -magnesate, aryl magnesium
species, alkyl magnesium species, -MnX, (alkyl)aMnLi-, or -CeX, wherein X is halogen
such as C}, i or Br, more preferably Br; and R' and R? are as defined for a compound of
formula (VIIl).

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

fs] M
0 LI :@/ Q\RB or
\0 or \0

{Vila) {VIib) R8 = C,, alkyl, preferably branched C1-7 alkyl
[ ) R8
0 © (\/ ~ |/\’ .
g/\/ i} \/\c‘} 0 . S M?"‘Ll
o X -
~ 0 0/ ) O
{Viic) (Viid) (Viie)

19. A compound of formuta (VII)
Beg
R2

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

(Vi

species such as



al kyl magnesi um speci es, such as branched C1. 7al kyl - My-, - WMX,

(al kyl') 3Mpbizng7/RE420CeX2  wherein wherein X is hal ogen sgef/rdSooshnoko
or Br, nore preferably Br, R is halogen, hydroxyl,

Cl. 6hal ogenal kyl , Cl1_sal koxy- Cl. sal kyl oxy or Cl. 6al koxy- Cl. 6al kyl ;

and R2 is hal ogen, hydroxyl, Cl.4alkyl or Cl.4al koxy; or a salt
thereof. 20. The conpound accordi nggj.o claim 19 wherein Y is MyBr, a
magnesate or Li. 21. The conpound according to claim 19 or 20,

haV|ng t he foIIovvlng formula: O, Li OR8 O-I or oor (Vila) (MIlb)
R8 Cl7 7 avky! erablybranchedCl?aIkyI " _O OR8 p/ oO
~, NgSr or 0 /I L| or RS o\IIO/OOI(\/Ie) (Vild) (Vile)

22. A conmpoungst-tormula (V1) OOR RA 2 RHNR Act (VIII)
wherein R3 is Cl.7al kyslwwelcﬁ%%ﬁﬁarw#deﬂmd@wm 045420

PCT/ EP2006/ 009970 -88 R4 is Cl.7al kyl, C2_, al kenyl, Csscycl oal kyl
phenyl - or alkgphadngsiuai smielsywoaaasfbramm:llfabhlkw{h&g} dﬂn){m}aibyl)amu- ar-CeX;p

il 1 gal Lg%%%n@”e’% X B stedaelsfien 88 o ior PhporrbratBiebilie iR najassen,
hydr oxyl , bydrogl d'@ehdbggna,lky(:&satkmqp@f @lkyloay by Cozalkoay-Cq.ealkyl; and R% is
Clsal koxy- &Iﬁﬁéﬁ)ﬁbﬂrox%mﬁl@%r Q[’koW B Q6 therdur @l kyl o

Cl. 4al koxy;

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:

i/\/o\ (‘\/0\
o Li o Mg
R8
or ~ or
~ O‘ 0
(Vita) (VlIb) 88 =C,, alkyl, preferably branched C1-7 alkyl
I (l) RS g
(\/0\ 0(\/ " | 2
MgBr o U iﬂ
/ \ ~ 0
{Viic) (Viid) (Viie)

22.  Acompound of formula (VIIf)

(Vi)
wherein '

R® is Cy.salkyl or Ca.acvcloalkyl:



Act is an activating group selected froman am no protecting group,
I n parti cwbahogesseer bamate; or a salt thereof. 23. The @mw[009970
according to claim?22, having the formula O ORLl ,'1/4 H N
Act 24. The conpound according to claim?22 or 23, having the for mul a
O O1;51 0 HNY H\NO\ or 25. A conpound of formula (MI1"') WO
2007/ 045420 PCT/ EP2006/009970 89 4 HRA R OH RZ RHN-I O Act
(VI [1'") wherein R3 is Cl-7alkyl or C3.scycloalkyl; R4 is C _7al kyl,

. 7al kenyl, C3. 8cyc|oal kyI phenyl - or napht hyI Cl., al kyl each
unsubstufut ed or or tri-substitute

Cl. 4al k§ 15é‘n@kﬁaﬁkﬁkenﬁﬁa@iclaﬁkwymfmwher ﬂal?h’fhkl:ﬁw.t%lk!rlﬁﬁa% no,

hal Ogeruﬁﬂﬂétﬂﬁteﬂlbrhfdnﬁl ﬁﬂro?ffﬁéﬁbéhiutéﬂ]by QfJéﬁJyprm alR%(ﬂdDPiXD' uafkylamino,
Cl. 6hal o enal k c}/ oxy- ¢ kyl ;
14alkylamino, h‘logen and/or by trtfluoromethy!

R' is halogen, hydroxyl, Cyshalogenalkyl, Cq.safkoxy-Cyealkyloxy or Cy.galkoxy-Cs.galkyl;
R? is halogen, hydroxyl, Cy.salkyl or Cyealkoxy; and

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

or a salt thereof.

23.  The compound according to claim 22, having the formuia

24.  The compound according to claim 22 or 23, having the formula

25. A compound of formula (VIII")



R2 is hal ogen, hydroxyl, Cl.4al kyl or Cl.4al koxy; and Act is an
activati ngogoevnseel ected froman am no protecting gr OUPCTIER2606/008970
particular a carbamate; or a salt % ereof. 26. The conpound
according to claim25 in the formof“a salt. 27. The conpound
according to clainms 25 or 26 in the formof the Li, Na, K M), Ca,
primary, secondary or tertiary amn ne salt o28. gkhe conpound accordi ng
to any of clains 25 to,27, the fornrula OOHRM R OH R2 R3 H
N O Act or preferabl§l A _SE ~29" e sQnpednd according to
any of clainms 25 to 28, ) | a WO 20Qf/ 045420

PCT/ EP2006/ 009970 -90,v H O QRfF Ol p OH HYO OHM / O O or

or preferably a salt Bier eof”. 30. A net hﬁdqcftor prepari »a& conpound
of formula (IX) O ORR4 R2I R3 HMN Act (IX) !e}lnRSandR4
are as defin g for a conpound of fornmula (11), RlL and R2 are as

defi ned fa’be%ncorrpound of formula (M II1) and Act is an activating

group sel g¢ 1 .protecting group, in particular a
car bamat eﬁ %ﬁ*&%%@ﬁ@f@%&comi sing reduction

R* is Cyzalkyl, Cazalkenyl, Csgcycloalkyl, phenyl- or naphthyl-Cy4alkyl each
unsubstituted or mono-, di- or tri-substituted by C,.salkyl,0-C,.4alkyl, OH, C;.4alkylamino,
di-C14alkylamino, halogen and/or by trifluoromethyl;

R' is halogen, hydroxyl, Cy.shalogenalkyl, C,salkoxy-Ci.salkyloxy or Cy.galkoxy-Cr.salkyl;
R? is halogen, hydroxyl, Cy.salkyl or Cq.alkoxy; and

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

or a salt thereof.

26.  The compound according o 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 salt.

28.  The compound according to any of claims 25 {o 27, having the formula

or preferably a salt thereof.

29.  The compound according to any of claims 25 to 28, having the formula



of the benzylic carbonyl of the conpound of formula (VII1) as defined
in clai mrewd2obRosddeo or a conpound of fornula (VIII") as pdeidmeRobsdro
claim25 to 29 to a nethylene noiety. 31. A nethod for preparing a
conmpound of forrmula (X) O H RAct (X) wherein R3 and R' are as
defined for a conmpound of fornmula d& R and and R2 are as defined
for a conpound of formula (VIII) and Act is an activating group
selected froman amno protecting group, in particular a carbamate,
or a salt thereofi conpri sing reduction WD 2007/ 045420
PCT/ EP2006/ 009970 -91 of the penzylic car bonyg of the compound of

formula (VI§T) ms 22 t opa hydroaql )
32. A neth for (} of RACt (

wherei n R3 ang” R4 9 pﬂla %
and and R2 arkg i ngd for onpound Act
is an acti In

d from an .-ampé ' w
particul ar t thereo conprising as a ong
synt hesis the steps of ring opelng of the N actQwath

| actam | act one of formnul a (VI r a sart thereof as defined il
clainms 14 to 16 with a conpound of forrmula (VIl) RLY R2 (VII)

wher ei n YoripgeferabBtaadalichateaf.ni ng group such as -Li, -MyX -magnesates,
aryl magnesium species such as RL My R2 ('\ (( wherein R and R2

are as defined herein,

30. A method for preparing a compound of formula (X}

Act {1X)

wherein R? and R? are as defined for a compound of formula (Il), R' and R? are as
defined for a compound of formula (VII!} 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 (1), 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, comprising reduction



al kyl magnesi um speci es, such as branched C1. 7al kyl - My-, -WMX

(al kyl ) 3Mpbi2g07/02E420CeX2 wherein X is hal ogen such as Cecrlep8iosihso7o
nore preferably Br; and R and R2 are as defined for a conpound of
formula (X), to obtain a compound of formula (VII1'), or a salt

t hereof, as defined in clains 25 to 29, - followed by reduction of
the benzylic carbonyl group of theggonpound of forrmula (VIII'") or a
salt thereof to obtain a conpound of formula (X ), or a salt thereof,
as defined in clains 34 to 39, and - |actonization of the conpound

of f or mo the banaylic cadionyia the compmuing af trmele (M) as dxjined/ip cEgns 28 4524 0
PCT/ EPZPO%)%Q%?‘T%g]et 2 33. A nethod for preparing a conmpound of
formul a™( ‘RBHNR4COM Act (X') wherein R3 and R4 are as
defined for a conpound of formula (11), RL and and R2 are as defined
for a conpound of fornula (VII1) and Act is an activating group
sel ected,fro : ' articular a carbanate,

a sas% th'g}nz%{?O@ @geﬂgi’ﬁﬁg%ﬁ’@g‘éﬁﬁg’mw{ e benzylic carbonyl of
the compound of formula (VI11") as defined in ghaim25 to 29 to a
hydroxyl noiety. 34. A conpound of formula (X' HOHRA RLOH R2 /
R3 HN*1 Act O (X') wherein R3 i§H C3. 8cycloalkyl; R4 is
Cl. 7al kyl , C2. 7al kenylgl C3. snapht hyl - C, . 4al kyl
each unsubstituted or stituted by
Cl. 4al kyl , O C1. 4al kyl , - i no, di-Cl. 4al kyl am no,
hal ogen and/ or by tri fieusrSuethyl : ESNGEY ogen, hydr oxyI
Cl. Bhal ogenal kyl, C,. Bal koxy- CL1. eal Kyl oxy 6ft C, . 5al Oxy- C, . eal kyl ;
R2 is hal ogen, hydroxyl Cl_4al kyl or Cl.4al koxy; and

wherein R® and R® are as defined for a compound of formula (I1), R' and and R? are as

defined for a compound of formula (Vi) 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 formuia (VIi}

R2

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

Y

(Vi)

species such as

*
b

R2

alkyl magnesium species,such as branched Gyzalkyl-Mg-, -MnX, (alkyl)sMnLi-, or -CeXz

, 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), to obtain a compound of formula (VIiF), or a salt
thereof, as defined in claims 25 to 29,

- followed by reduction of the benzylic carbonyt group of the compound of formula (ViII')
or a salt thereof to obtain a compound of formula (X'), or a salit thereof, as defined in
claims 34 to 39, and

- lactonization of the compound of formula (X') fo obtain a compound of formula (X).



Act is an activating group selected froman am no protecting group,

I n parti cwlpaoso4semr bamate; or a salt thereof. 35. The eeia®dsd 00970
according to claim34 in the formof a salt. WO 2007/ 045420

PCT/ EP2006/ 009970 -93 36. The conpound according to clains 34 or 35
inthe formof the Li, Na, K, My, Ca, primary, secondary or tertiary
am ne salt. 37. The conpound accor(tﬁ?ng to any of clainms 34 to 36,
having the formula OHOHR4A R OH R2 RB HN O Act or preferably a
salt thereof. 38. The conpound according to any of clainms 34 to 38,
having the formula rr® OHOH CHOHOOHOOH CHNYOO HN OO or
preferably a salt thereof. 39. A nethod for preparing a conpound of
formula (139  Qn metHd fdorefiring d cdiipduntilof Afulal9) wherein R3 and R4
are as defined for a conpound of fornula (I1l), R and R2 are as
defined for a conpound of formul 20Vl I1) awolh Acggis an activating
group selected froman_ am no profecti ng grjoup, jin particular a

carbamate, or a salt tfire 2 ‘ 0% 04%420
PCT/ EP2006/ 009970 -94 conj gpari ng a conpound
of formula (X) as set for i el aj mBlu-mr\

" et (x)

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 (VIIl) and Act is an activating group selected from an
amino protecting group, in particuiar a carbamate, or a salt thereof, comprising reduction
of the benzylic carbonyt of the compound of formula (VIII') as defined in claim 25 to 29 to
a hydroxy! moiety.

34. A compound of formula (X')
M OH R4
R1 OH

R3 HN o
~
R2 Act (xs)

wherein
R?is Cy.salkyl or Ca.gcycloalkyl;

R?is Cyqalkyl, Cazatkenyl, Cs.acycloalkyl, phenyl- or naphthyl-C4.,alkyl each
unsubstituted or mono-, di- or tri-substituted by C,4alkyl,0-Cy.,alkyl, OH, Cyalkylamino,
di-Cs.salkylamino, halogen and/or by trifiuoromethyl;

A' is halogen, hydroxyl, Cy.shalogenalkyl, Ci.galkoxy-Cy.galkyloxy or Cr.salkoxy-Ci.salkyl;
R? is halogen, hydroxyl, Ci.salkyl or Ci4alkoxy; and

Act is an activating group selected from an amino protecting group, in particular a
carbamate; or a salt thereof.

35.  The compound according to claim 34 in the form of a salt.



a conmpound of forrmula (X') as set forth in clains 34 to 38 and then
hydr ogenaloanoafssizoe conpound of fornula (X) or (X ) t@ce/EpomRALI
of formula (1X). 40. A nethod for preparing a conpound of formula
(XI) R3O ::ct04 (XI) wherein R3 and R4 are as defined for a
conmpound of forrmula (I1), R and R2 are as defined for a conpound of
formula (M11) and Act is an activ83ing group selected froman amino
protecting group, in particular a carbamate, or a salt thereof, said
nmet hod conprising cyclisation of the benzylic al cohol and the am ne
noi eti es t he, IR : Y Qf

32 to a p?/)érol I dé:ne mﬁ&eltacgr%ﬁgfd;&%@qiﬁ%of%srﬂ‘?ﬁﬁéeﬂgrﬁlo?]ﬂiegﬂt%lﬁ,p%ﬁhﬂ]@C?)%,
formula (1X) @ima@yRecondaly ordettianGarping sRitAct (1 X) wherein R3 and R4
are as defined for a conpound of fornmula (11), R and and R2 are as
defined for a conmpound of formula (VII1) and Act is an activating
group selected froman amno protecting group, in particular a

car bamat e37.or Enesempounepewsirding i amneitdidas 3ddade. eving the fetiuad f or
preparing a conpound of fornula (XI) as set forth in claim40 and

t hen hydrogenati on or reductl on ofHt he pyrr@Hi ~noi ety of the
conpound of formula ( : e net hyl ene

noi ety in position 8. : 2 -95 42. The
nmet hod according to claim{ ereiin corrpound of formula (XI) is
converted to a pyrrolidipesght of ber matte (X ') of a pyrrolidine

free base of fornula ") RBOOR3 O R-AR

ar preferably a salt thereof,

38.  The compound according to any of claims 34 to 38, having the formuia

ar preferably a salt thereof.

39. A method for preparing a compound of formula (IX)

(IX)

wherein R® and R* are as defined for a compound of formula (Il), R and &% 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



%"HRa NRa\ H\ H R r or R (XI') (XI") wherein R3 and R4 are
as defi negrof007/@seonmpound of formula (11), Rl and R2 ar ecasp26belobsnes
for a conpound of formula (VIII) and X is an anion such as halide,
trifluoroacetate, sulfate, nitrate, oxalate, sulfonate, triflate,
phosphonat e or phosphate. 43. A compound of forrmula (XI'): R3 OR3 0
Rxz:4 or (XI') (XI") wherein R3.ggs Cl.7al kyl or C3.8cycloal kyl; R4

is C _7al
napht hyl -
trl-subst
- Cl. 4al
hydroxyl

kyl, C2.7al kenyl, C38cycl oal kyl, pheny-I or
Cl. 4al kyl each unsubstituted or nono-,

Robfmd miedeiffaranaia gnedng ﬂrawé@@ﬁﬁﬁif% gy ahor

a@mmpbmmqéomhm [X') & s@dortomyldiths 341tk g8 any then hydrogenation of the

- kol S8 By o R G o o o

sul f at e,

nitrate, oxalate, sulfonate, triflate, phosphonate or

phosphate. 44. The conpound according to claim43, having the forrrul a

WO 2007/ 04642 0A RiEtHh &R0 NPl GompBond Siformd () ., O RR + '11/11
4 f19C4 Xor 45. The conpound accor %ng to cl ai m43 or 44, having the

formul a,

/ O O O1HON 8]

(X1)

wherein R® and R’ are as defined for a compound of formula (i), R' and R? are as
defined for & 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 alcoho! 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 (EX)

wherein R® and R* are as defined for a compound of formula (II), R' and 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
comprising a method for preparing a compound of formula (X!} as set forth in claim 40
and then hydrogenation or reduction of the pyrrolidine moiety of the compound of
formula (X1) to ring-open and to obtain the methyiene moiety in position 8.



HH OXor 46. A conmpound of formula (IX) HRA R \ OH | / R3 HNC
O R2 Act WwbXo)7049h28rein R3 is CL. 7al kyl or C3. 3cycl oal kykr/mruoe®09970
Cl. 7al kyl, C2.7al kenyl, C3.3cycloal kyl, phenyl- or naphthyl -Cl. 4al kyl
each unsubstituted or nono-, di- or tri-substituted by

Cl. 4al kyl , O C1. 4al kyl , OH, Cl.4allgg.am no, di-Cl. 4al kyl am no,

hal ogen and/or by trifluoronmethyl; R is hal ogen, hydroxyl,

Cl. 6hal ogenal kyl, Cl. 6al koxy- CL. 6al kyl oxy or Cl. 6al koxy- Cl. 6al kyl ;

R2 i s hal ggen,__hydroxyl, Cl. 4alk 14al , ' :
et vt i ar oL Seleticea iy S arespa i fomBe oy s
particul ar a gonvbAs®ices paroliding ahit of foemelaf(X!' VD 20Rlidins 26 base of formula
PCTI EP2006/ 009&?,8 -97 47. The conpound according to claim46 in the
formof a saltV¥48. The conpound according to clains 46 or 47 in the
formof the Li, NarsK, My, Ca, prpmary, secondaryR8

te
salt. 49. The conpound <0 any of clains 46 ¥¢

rtiary am pe

the formula OH R4 R+ R31HN,,, O R? Act
salt theréd asgording t &,
having the fo R R
R2 x or A2
(X" (X1

wherein R® and B* are as defined for a compound of formula (I}, R! and R? are as
defined for a compound of formula (VIll) and X" is an anion such as halide,
trifluoroacetate, sulfate, nitrate, oxalate, sulfonate, triflate, phosphonate or phosphate.

43. A compound of formula (XI'):

(XI")

wherein
R? is C,.7alkyl or Cy.gcycloalkyl;

R?*is Cyralkyl, Casalkenyl, Cagcycloalkyl, pheny-l or naphthyl-Cy.4alkyl each
unsubstituted or mono-, di- or tri-substituted by C,.salkyl,0-C,.4alkyl, OH, Cy4alkylamino,
di-Cy.salkylamino, halogen and/or by trifluoromethyi;

R' is halogen, hydroxyl, Cy.ghalogenalkyl, C,.salkoxy-Cr.salkyloxy or Cisalkoxy-Ci.ealkyl;
R? is halogen, hydroxyl, Cy.4alkyl or Gr4alkoxy, and

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

44.  The compound according to claim 43, having the formula



ON pOHOH OOHO OHHNYO O)EBITIIIIIT"?1" OO+ or ?2 O or

pr ef er abl yoaosBddsadoher eof . 51. A nethod for preparing apeqffipasid@dosifo
formula (IX) O ORR4 R2RH-MN Act (IX) WO 2007/ 045420

PCT/ EP2006/ 009970 -98 wherein R3 and R' are as defined for a
conmpound of forrmula (I1), R and and R2 are as defined for a
conpound of forrmula (VII1) and Act -9& an activating group sel ected
froman amno protecting group, in particular a carbamate, or a salt
t hereof, said method conprising the preparation a conpound of
formula (X') .Act” O RA R xxcc RAct (X ") wherein R3 and R4 are as
defined for a corrpound“%j formilg (IL)o A and Rz are &, def i ned for o
a conpound of formula (VI Acy’ 1< g
froman am ngtprotecting »p{ i n{particul ary1a carbanma

is an el ectron- WN\eF v Oty salt t
of the benzylic 4 0l of /[t compou of fornu ) astlefined in
cl ai ns 32t0§& gt ed Fal cohol noi ety. 52. '- od according to
cl ai m 50, said Tethod conprising hydrogefa®l on or

45.  The compound according to claim 43 or 44, having the formula -

. Q _/
0 Q

46. A compound of formula {(IX)

wherein
R?is Cy.qalkyl or Cagcycioalkyl;

R*is Cysalkyl, Cozalkenyl, Csgeycloalkyl, phenyl- or naphthyl-C4.;alkyl each
unsubstituted or mono-, di- or tri-substituted by Cy.salkyl,0-C..alkyl, OH, C,_satkylamino,
di-Cy.4aikylamino, halogen and/or by trifluoromethy;

R' is halogen, hydroxyl, Cy.shalogenalkyl, C.salkoxy-Ci.ealkyloxy or Cygalkoxy-Ci.salkyl;
R? is halogen, hydroxyl, Cy.qalkyl or Cy.alkoxy; and

Act is an activating group selected from an amino protecting group, in particular a
carbamate; or a salt thereof.



WO 2007/045420 PCT/EP2006/009976
reduction of the activated al cohol noiety of the conpound of formula
(X") as defined in claim49 to obtain the nethylene noiety in
position S. 53. The nethod according to claim50 or 51, wherein Act"”
is -(C=O0-R9, where RO can be substituted al kyl, al kyl -oxy-R10,
substituted aral kyl, substituted aryl-97substituted or unsubstituted
O al kyl, substituted O aryl, NHHLO , where Al can be substituted
al kyl . subsf7+ ut dbe spppound aeoording orlaimAGip the ot asaubst i t ut ed
benzyl, benzoyl, substituted sulfonyl, wherein the substituent is in
each case one or nore electon-w thdrawing noiety such as F or CF3.

54. A nethod for %reparing a conmpound of formula &IX 0- OR R4 7

~ R HN R Act 481 x) Thpconosinshacesingte aiams e adgdn the fogn ofihedsiNa. s Mg, Ca,
and R4 are as def hpadnf &cohuafiratmaydmihesapl a (11), R and and R2
are as defined for a’conpound of formula (VIIl) and Act is an
activating group selected froman amno protecting group, in
particular a carbamate, or a salt thereof, said nmethod conprising

the transforpgti ommetombeurPatekith ©f arydt Bidiras 480 38, HRgIesiorul! ai m
32 to a thiocarbonyl derivative and subsequently subjecting sane to
radi cal - based reduction to obtain the conpoundygf fmymnmula (IX). 55.
The met hod according to clakm 53, wherein the t¥hi ocaybonyl derivative
is selected fromthe group™® O~Q Ri otTosarbangte%’ such as
i m dazolyl derivatives, thiog yl s, jsuchgas xant hatles, and

t hi onocar bonates. 56. The mpLHegd gecor dRig g-di.cl ai m 5300r 54 wherein
the thiocarbonyl derivativ8&is a~ thionocabamatactof formula (XV) <J
8==( O O

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 formuia (IX)

R Act (1X)



R RA RZ~1 RBHM Act (XV) wherein R3 and R4 are as defined for a
conpound wo Hendmia (11) and Act is an activating group@gjp@@k@giggm
froman amno protecting group, in particular a carbamate, R

hal ogen, hydroxyl, C, 6hal ogenal kyl, GCi.6al koxy-GCi . 6al kyl oxy or

G _6al koxy-C, . 6al kyl; R2 is hal ogen, hydroxyl, CLl.4alkyl or

Cl. 4al koxy, or a salt thereof. 57. Fhe nmethod according to any of
clains 53 to 55, wherein the thiocarbonyl derivative is reacted with
Bu3SnH or tris(trinethylsilyl)-silane. 58. A nmethod for preparing a .

o R Ty AR End * et fera B oo L Gl B rdand FE 865

defined f odemm:fnp@ vordpaind af fariuta (Mil)andRict #eh Klivalirg g6up S61bitae rohdn

a conpound C an activ ouy | ected
from an %&@t@ érﬁapd% BE'B'CU‘Aﬁa ﬁaﬁ]ﬁmﬁ 8F aéa%g@g%ﬂaﬁagpmS& 4 sal t
t her eof , couppnsamglglerpmmaraﬂuyla@ommmﬂwﬂtbrmfuiat(b(e) formula | X as defined
in claim30 or a conmpound of formula (11X ) according to clainms 46 to
49, or a salt thereof, with an am ne Aét't he for a X, H2ZN N -12

O (XIl1l) (wherein the anido nitroEr protected i f
desired and the protectigg :

correspondi ng protected compelng J = or a salt
thereof. 59. A nethod for ng a corrpund of formla (X1v) [/
-N
R2 ’ H \
Act (XH)

wherein R® and R* are as defined for a compound of formula (i), R' and R? are as
defined for a compound of formula (VIil), 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 48 to obtain the methylene moiety in position 8.

53.  The method according fo 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, benzoy!, substituted
sulfonyl, wherein the substituent is in each case one or more electon-withdrawing moisty
such as ¥ or CFs.

54. A method for preparing a compound of formula (IX)

R ~
Act (1)



N\X ::~R402 ~ (XIV) wherein R3 and R4 are as defined for a conpound

of formulwoGhddessfBe and and R2 are as defined for a coppeipshodiogero
formula (VIIl), or a salt thereof, conprising one or nore of the

following steps either individually or in any conbination: - the
manuf acture of a conpound of the formula Il according to one of
clainms 9, 10, 11 or 12, or a salt phereof, - the manufacture of a

conpound of the formula VI according to claim 13, or a salt thereof,
WO 2007/ 045420 PCT/ EP2006/ 009970 -101 the manufacture of a conpound
of the for Wh&eM‘FP'an@WOJrQ'aggleﬁt‘}booﬂo%%bﬂﬂéut[lrgf clnf@}ornﬁﬁé Kll L Re&RPAn ﬁ’ﬂgre as

t he manufacture of a conpound for ] according to c
30, or a safiafined faragempogod opforuiRdY 1R eod Agt ln@ntest!mt@gmrw Sﬁbﬁ!ﬁmd trorn@n

the steps Ogm,nogﬁﬁ?éﬁ?\pl&ré\,?d Wﬁarﬁéuié‘rac ﬂg éé]ﬁﬂé%ﬁ% method

according to on e manufacture of
a conpound @Mmparisngrtios Wawﬁownatlaa@bmmm@n@obfpmwma {(Xpas defingdiin claim 32to a

hecor di g t HlogfrtR dERANe Shil oo AnfiKIPRAIND Symt B callladud feltotion o
cl ai m 58 oroB&n Hiseampnung of femuledpd- of - the manufacture of a

conpound of the formula 11 according to one of clains 9, or a salt
t hereof, and/or the manufacture of a conpound of the fornmula Vi

accordi ng tgs cl ajyp rﬁ@tho@%c@or&ﬁgtto cl%fﬁ%@%r}eréﬁ 1hﬁh('i)$%%ﬂ&lac§é?l 'qu to

claim 58 conprising the steps € manufacture
formula 11 Wﬁ’@ tnebgrgngcms;ﬂqng.qfrmq@carbamates such as mdazolyl derwattves,

thiocarbonyls, such as xanthates, and thionocarbonates.

56.  The method according to claim 53 or 54 wherein the thiocarbonyi derivative is a
thionocabamate of formula (XV)

H-N
R \Act (XV)
wherein R° and R* are as defined for a compound of formula (}) and Act is an activating
group selected from an amino protecting group, in particular a carbamate, R’ is halogen,
hydroxyl, Cy.ghalogenalkyl, Cy.salkoxy-Cysalkyloxy or Cysalkoxy-Cyealkyl; R? is halogen,
hydroxyl, Gy.salkyl or Cy.4alkoxy, or a salt thereof.

57.  The method according to any of claims 53 to 55, wherein the thiocarbonyl
derivative is reacted with BusSnH or tris(trimethyisilyl)-silane,

58. A method for preparing a compound of formula (X1)



or a salt thereof, - . the manufacture of a conpound of the formula
VI accor divigkobPoshmdl m 13, or a salt thereof, and/or th@cw(f,@@b@r;@
of a conpound of the forrmula VIII according to claim17, or

thereof. 63. A nethod according to claim58 or 61 conprising the
steps of - the manufacture of a conpgund of the fornula 11 according
to one of claims 12, or a salt thereof, and/or the manufacture of a
conpound of the formula VI according to claim 13, or a salt thereof.
WD 2007/ 045420 PCT/ EP2006/ 009970 -102 64. A nethod according to

cl aim 58 conprising the steps of&ct t HeHma

the formula VI1l according to clgim1l gyt he fornul a
VIIl" according to claim25, or a‘s# esSe, nul-tjadcture of a
conmpound of the for Ia | X according to claijn 30, or conmpound of
the formula I X acc aiar46, or a Qalt of tKese. 65. A

met hod according to cI 3 conprising the steps of - the
manuf acture of a conpoénd o theH:’forrmIa X according to claim 31, or
a conpound of the Bormul™ X according to clai m33 or a gi of

t hese, and/gr th g %igf_uijacturde Of &h ound oé

accordi ng YV er@f"a nf Yr a5 defig OpRR 0 fBF’Wﬂ]Fé”)bﬁ aﬂ‘é@oﬁﬁﬁ?ﬁg to
cl ai m 46, @éf.r@d&@déc@ﬁpddmes#forﬁﬁta (lefun%tnh%t ReFCAcV A ot §él€ﬂ:té§from an
conprising the ste ufactyre of a conpound th

of
o o i PR neropR T paroug & SBARE, ofa SULIRerantcaBRPTBIg reacting

nmanuf act ur & compaurbaife fudmok (X 12e defihddinalath %Ccfr@rcsbnﬁrﬁma of forniadfk’) or
the formula 1X

It th fact f
gccszgr di ng %(Epegc]sggﬁqngaﬂms 4'6@% (?rfa ga[lﬁ@&gg?wﬁBnR W'H%PL@& tergruiza Kibar i ng
a conpound of forrmula (X V)
H,N NH,

O - (Xt
(wherein the amido nifrogen can also be protected if desired and the protecting group
" then be removed in the corresponding protected compound of the formula XII), or a sait
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 (VIll), or a salt thereof, comprising one or more of the
fo[loﬂving 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,



HRA\\ // HZNN-\/~-NHZ R OO R2 R3 (XIV) WO 2007/ 045420

PCT/ EP200g60085048420- 103 wherein R3 and R4 are as defi negdchk@ipadsonosro
conpound of forrmula (11), RL and and Rz are as defined for a
conmpound of forrmula (VII1), or a salt thereof, conprising one or nore
of the following steps either individually or in any conbination: -

t he manufacture of a conpound of.ighe fornula 11 according to one of
claims 9, 10, 11 or 12, or a salt thereof, - the manufacture of a
conmpound of the formula VI according to claim15, or a salt thereof,
t he manufacture of a conmpound of the forrmula X according to claim 32,
or a salt - t hefémangisgtureof sesnrposind rof thef fasmolanyidiuandomding teecl&ior 1oy ar a
| X accor digaf iiedt! fidn 39, or a salt thereof. 68. A nethod according
to claim4l conprising the steps of - the manufacture of a conpound

of the fornul atieimasefecitiraef a coropeurstof dhafonmuld, IXaccomingabtcldirh @0eof a salt
the manuf ggdbge of a conpound of the formula VI according to claim
15, or a salt thereof, and/or the manufacture of a conpound of the
formula X according to claim32, or a salt thereof.

80.  Amethod 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 183, or a salt
thereof, and/or

- the manufacture of a compound of the formuia VIil according to claim '1‘:;, or a
salt thereof.

81. A method according to claim 58 or 59 comprising the steps of

- the manufacture of a compound of the formula ll 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. Amethod according to claim 58 comprising the steps of

- the manufacture of a compound of the fbrmula Il according to one of claims 12,
or a salt thereof,

- . the manufacture of a compound of the formula VI according to claim 183, 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 manufacture of a compound of the formula il according to one of claims 12,
or a salit thereof, and/or

. the manufacture of a compound of the formula Vi according to claim 13, or a sait
thereof.
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64. A method according to claim 58 comprising the steps of
- the manufacture of a compound of the formula Vil according to claim 17, or a
compound of the formula Vill' according to claim 25, or a salt of thess,

- 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, andfor

- the manufacture of a compound of the formula 1X according to claim 35, or a
compound of the formula IX' according to claim 48, 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 sait
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 1X according to claim 37, or a salt
thereof.

67. A method for preparing a compound of formula (X1V)

(XIV)
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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 (VIi}, 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 8,
10, 11 or 12, or a salt thereof, ‘

- the manufacture of a compound of the formula VI according to claim 15, or a sait
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 X according to claim 39, or a salt
thereoi.

68. A method according to claim 41 comprising the steps of

- the manufacture of a compound of the formula Il according to one of claims 9, or
a salt thereof, X

- 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 sait
thereof.



