SYNTHESI S ROUTES TO 2( SU( SV5( SV7( SV2. 7- DI ALKYL- 4- HYDROXY- 5- AM NO- 8-

ARYL- OCTANOYL AM DES The invention relates to a process for the preparation
of conpouw@ 2a00m05Ng to forrmula (13) or its ring-cl ose#Crmpaomansseei ng to
formula (2), which conpound is an inportant building block in convergent
synthesis routes to

2(S),4(S),5(S),7(S) -2, 7-di al kyl -4-hydr oxy-5-am no-8-aryl -octanoyl am des
(conpounds according to fornula 13 with X stands for NHR5) , or

phar maceuti cal | accetabl e salts thereof such as the conpound Aliskiren,
and to a prodbdESISR 31 Eh4(S) 17 (SPrdeD i A7 HYRRQISSS-AMINS-85i ng
reacting said buil d| ng bI ock M@CpgmgyLWMer et al, Tet r ahedr on
letters 4 1 (2000) p.10085- 10089, it 1s known that a ket one cont ai ni ng
conmpound according to fornula (4a) with R4 being 2-propyl is a potentially

interesti ng bU' | di ng biragkvbRfiorietitddtod HERRITEIERE pRpatRRIct cb@pbehd O
Al i skiren. ver, the conversion of the ketone accordi n?g)to formul a (4a)

to the éor@é@?}'éﬁ&lt%&)r@H@r(ﬂ?boréﬁrrlnér@feﬂrﬁ‘i’rﬁba%&@ﬂ&fﬁ@m{'% otRigha 2), and

subsequent lo¥mbBuhd® a%QHSB@HM bﬁllduﬁg&bIb@IE‘uanon(/@rgéﬁleégn%B’B%'lﬁt%tchas so far
remai ned unsati sfacto égﬁr?e? oK respect to vyiel /or stereoselectivity.

From a pap&fSHfSsaia yl ﬁwramér%wnp Srardrasctapoy! grpigejcompounds

p. 10091- 10Q34ording th PorkDRVMB WiflRK S%HQWW*‘FRQC&S%GHH&:&UQCJIIQra@b@pﬁatﬂlé%élts"“th X
stands for NHR5 are prepared by the correspondi hydr oxy conpound

usi ng substeraeh SHrhcardht sempowic Niskisen. @rfl 4o cﬂ’éoce?ﬁ @ré'%ﬁ' PrERPEHEN AlPNSIR)

hdeOXMOCOT&%BQ dﬁﬂ@e@%@rﬂpﬁélﬁ??éa%ﬁng ébléibUMﬁrng@b@b' e m xture of
di ast ereoners, which onl ou urified at the end sta

synthesis (t he cr yst al Ff%@,p@ﬁerot?y W@%@Fﬁ""f lpanedeondgitgrs 4632%?0(”? 1é)oﬁ59h

di ast er eomeinpgo, i@k kRov thaba 4etdHE cahtainfiRy ARRVNAE aBEording WMarheld44)33% . The

i nvention now provides a novel route for converting the ketone containing
conmpound according to fornula (4) or its open for ccording to formula (
11) , or a mxture thereof, to the desired 5(S) no conpound according to
formula (2) o Ry

OO

H5;CO (4a)
with R4 being 2-propyl is a potentially interesting building block for use in a convergent

15  synthesis route to Aliskiren. However, the conversion of the ketone according to
formula (4a) to the corresponding enantio-enriched amine (according to formula 2), and
subsequently to the compound Aliskiren or related compounds has so far remained
unsatisfactory with respect to yield and/or stereoselectivity.

From a paper by Sandham et al, Tetrahedron letters 41 (2000)

20  p.10091-10094, it is known that compounds according to formula (13) with X stands for
NHRs are prepared by the corresponding 5(R) hydroxy compound using substitution
chemistry with sodium azide. The corresponding 5(R) hydroxy compound had been
prepared in a inseparable mixture of diastereomers, which only could be purified at the
end stage of the synthesis (the crystallization of the hemifumarate salt) or with a high

25  diastereomeric ratio of 96:4 but at the expense of a low yield (33%).

The invention now provides a novel route for converting the ketone
containing compound according to formula (4) or its open form according to formula
(11), or a mixture thereof, to the desired 5(S)-amino compound according to formula (2)
or its open form according to formula (13). It is an advantage of the new process that

30 the products are obtained in a small number of scalable steps, in a high yield and with



or its open formaccording to formula (13). It is an advantage of the new
process that the products are obtained in a small nunber of scal abl e steps,
in a highwoizelodhiexed wi t ht he desired 5(S)-am no or 5(S) - &EITEP2@e05952¢ | ve
configuration. Thus, the invention is aiped at providing an alternative
process for the preparation of a conmpound according to fornula (13) or its
ring-closed formaccording to fornula (2), or a mxture thereof, wherein Rl
bei ng selected fromthe group consisting of F, O, Br, |, Cl-6hal ogenal kyl,
Cl- 6al koxy C1-6al koxy-C 1-6al kyl oxy, and Cl-6al koxy C 1-6al kyl ; R2 being
sel ected fqusr'fédéﬁ@cﬁime@ﬁé5§)T%”%‘fje@’at'@ comijgyratient- 4al kyl or C1- 4al koxy;
Rl and R2 may be |inkeghi©daed Resntion .é th’fédaatrp‘rd\/!ihl AV Eketh SivEDredtds R each

i ndependent |y bei n(rzj branched C3-6al kyl; X stands for NHR5 or OR6 wherein R5
is Cl- 12cy&fl‘eo%ﬂeR§’la o9t 3 oQMRYHNd e@forﬁm}arfwwéa iy or '@1”%@%%@3;0@1 6al kyl ,

C1- 6al kano;gb@@ﬂdmg@f(ﬁ@,u@wb? ofadik@rd Rerlokyl , Cl- 6a| kyl am no- C 1- 6al kyl ,

Cl- 6di al kyl am no-C 1- 6al ky Cl 6al kanoyl am no-C 1-6al kyl, HO-(OGCC

1- 12al kyl, Ci-6al kyl - O(O)C— Opal kyl, H2N-C(O-C 1- 12al kyI,

Cl1- 6al kyl -HN-C(O) C 1-6al kyl p—(XC1- 6al kyI) 2-N-C(O -C 1-6abryl R, saturat ed,
unsaturated, or partiglgd), safurated Cl-12heterocycl ylponded Xia g carbon
atomto the Natom and whi‘g terocyclyl is optlonaFIy ubsti t)it ed one or

nore tinmes by L-6alky gi f1uoromet hyl, nig,go L/ -nmonop or
L/,L/-di-C 1-6al K ed gmno, Ci- al kanoyl nyl, C2-6al kynyl,
Cl- 6al koxy, Cl-6a dycarbonyl am no, Co- al nylRam no, Cl1-

6al kyl cgr bonyl Bxy, Cl- 12ar yl, @)-nono or L/, 1/ -di-C 1-6al kyI at dd3)car bam)yl :
oPL onel ! 881 L bEg SRR G20n BRI SR e[
Cl1- 6het er ocykby G shlkdrypLydalkytoxys and @ndikasy- Cagnﬂg&ent S H or opt| onal |y
zg'?lsf)ln;ﬂ $(I!2§ 1srl%g|23taelftkc¥e(§j fa#ir!fgﬁg}%ﬁljé X??f'sr Zt%' ¥e,§|te %C%?r% g a&dx}lot ecting
group; Any Rywnddi, i, bd?a&hkedrto@étraareo fojortni comrey étwcture\ked t oget her to forma
ring 10  Rsand R4 each independently being branched Cssalkyl;
X stands for NHR5 or ORg wherein
Rsis Cq.12cycloalkyl, Cq12alkyl, Cq.2hydroxyalkyl, Cqsalkoxy-Cqsalkyl, Cqsalkanoyloxy-
Cisalkyl, Cq.12aminoalkyl, Cisalkylamino-Cqsalkyl, Cedialkylamino-Cqealkyl, Ca.
salkanoylamino-C.salkyl, HO-(O)C-C4.12alkyl, Cq.salkyl-O-(O)C-C4salkyl, H,N-C(O)-C;.
15  qjalkyl, Cyealkyl-HN-C(O)-Cqsalkyl, (Cisalkyl),-N-C(O)-Cqsalkyl; saturated,
unsaturated, or partially saturated C,_i;heterocyclyl bonded via a carbon atom to the N-
atom, and which heterocyclyl is optionally substituted one or more times by C,salkyl,
trifluoromethyl, nitro, amino, N-mono- or N,N-di-C,salkylated amino, Cq.salkanoyl, C,.
salkenyl, C,ealkynyl, Csealkoxy, Csealkoxycarbonylamino, Coealkylcarbonylamino, Ca.
20  galkylcarbonyloxy, Cq.q2aryl, N-mono or N,N-di-Csalkylated carbamoyl, optionally
esterified carboxyl, cyano, halogen, halo-C,salkoxy halo-C4salkyl, Cs12heteroaryl,
saturated, unsaturated or partially saturated C¢heterocyclyl, hydroxyl, nitro;
and Re represents H, or optionally substituted C4.1,alkyl, optionally substituted C4.
1zalkylaryl, or optionally substituted C4_j,aryl;
25 Rz represents H, or is an O-protecting group;

Any two of Rz, Rg, or X are optionally linked together to form a ring
structure. In particular R; and X may be linked together to form an optionally
substituted C4.4, heterocyclic compound.

Rs denotes H; optionally substituted C4.42alkyl, optionally substituted

30  Cyqzalkylaryl, or optionally substituted C4_s0aryl; optionally substituted C(O)C4salkyl;



structure. In particular R7 and X may be |inked together to form an
optionally substituted Cl-12 heterocyclic conpound. R8 denotes H,

opt i onal IwWootvatpteat ed Cl-12al kyl, optionally substitut @dTEP202a5459¢ ar yl |

or optionally substituted Cl-12aryl; optgonally substituted C(O C 1-6al kyl;
optionally substituted C(O OC -6al kyl; optionally substituted C(O NHC

-6al kyl; or optionally substituted CCONC -6alkyl) 2; or R8 denotes
-NHR9; -S(0O 2R9; SOR9; S(O 3R9; S(O2N(R9) ; -ORio, with RLO standing for
H, opti onaIO:R}{ substituted Cl-6al k%I, cOd -6a|,k}ll, S( O?_{2R9 or R8 stands
for (Rg)2Yorfienally spestitied q(QiH orakucprtivgalicabstivteddy (HNHGyeHkYiaid wher ei n
each R9 gr @uiondfisubsliuabd E(@ﬂ\gl‘:%aﬂ@'gé driR;@Bhétesal Iy substituted G _i

2al kyl, optionally substituted d.i 2al kylaryl, or optionally substituted
conpri si ng NAB%f ol | owi ng steps, a) reacting a conpound according to fornul a
(11) , orgid)RyBOR.CE@HER; SgDHNgﬁﬁ;or ding to formula (4), or mxture
thereof, wherein R1, R2, R3, R4, R7, and X are as descri bed above for

f or mul a5(2)'P('9‘?bRQ@2'13), wi th a conpound according to formula (5) R8-NH2 (5)
wher ei n R8 DR, AwitH 8§ Sthi@Ry RIPGY 8pfidiallf StivBatuded &) oyt A3, RyICB(@EREL i On
results in a_conpound according to fornula (7) or a conpound according to
formul a (12 ResterdsfardBe)e’ Wik YRiNg §ihanied pUqR1as qestatr®dr hRlpgeRi7, R8 and X are
as descri begdalevsan bach RO§AUP thdividuad ferrdsthts ) odtiehsiledubERagkicg,akgmpound

according to fornul a {7) or (12) or a mxture thereaof, in the presence of a
reduci ng r ORERY SUPRItERE Coralkyorl. or opionaihe sehrtibiied Caregit al yst, and
optionaply comptififg HEoRWIRg 8fepd, Or nore additives, which reaction results
in the formation of conpound accor di nt%to formula (2) or- Aforrmula (13) or

a mxture thé edgactinga compound according fo formula (11), or its rl)ng-closed form
according to formula (4), or mixture thereof,

O
O OR7 R4
0 IRy O X

R
R3 3
Rs 4) Rz

(11)
wherein Ry, Ry, Rs, R4, Rz, and X are as described above for formula (2) and (13),
15  with a compound according to formula (5)
Rs-NH; (5)
wherein Rg is as described above for formula (2) and (13)
which reaction results in a compound according to formula (7) or a compound

according to formula (12) or a mixture thereof,

20
wherein Ry, Ry, Rs, R4, R7, Rg and X are as described above for formula (2) and (13),

b) further reacting compound according to formula (7) or (12) or a mixture thereof,
in the presence of a reducing reagent, and optionally in the presence of a
catalyst, and optionally in the presence of 1 or more additives,

25 which reaction results in the formation of compound according to formula (2) or



So the invention provides a process in which the 5(S)-am no functionality
I's introduced fromthe correspondi ng ketone containi ng conpounds in fewer
st eps t hawoi2aitelspr ocesses known so far. Preferably, i mRCThHP2008%36 for
the preparation of the octanoyl am des agcording to forrmula (13) with X
stands for NHR5, such as the conmpound Aliskiren, Rl is 3-nethoxypropoxy; R2
I's nmethoxy, and R3 and R4 are 2-propyl. In the framework of this invention,
an O-protecting group is a group as decribed in J. F.W MOrie, "Protective
G oups in Oganic Chem stry”, Plenum Press, London and New York 1973; or in
T. W Geene anirpulagi3jpr y\idure-tigreelect i ve Groups in Organic Synthesis”,

Third edition, Wley, NeweRvkntkbdIovidetta fRlbaEH wtcrathe B8d)0dminy gr oup for
protecting the ox gen atom for instance a tosylate, nesylate, benzoyl ate,

benzoat e, tW%lP'R‘i}%{Xé'ﬁl' TOdHPGQ:E?rB(SQ%/F‘?rEeSQQ”%I”@F%tﬁﬁe C%’H%‘ﬁ'”@s"omﬁ’éu%se'f‘ate

group, et cfew@ifeRl thaPihhBE pRIcEsREIKNBEANBb9sPs customary for al cohol's or
oxygen atons. In the framework of this invention opt i onal l'y substituted

means tfat any hydrogeR §ip@Enn the PEasesios E16 RIEPH ALY Offhe Oﬁﬁnoﬁkam'ql? R, R
Rg, RIO R a@E&dﬁg td RIMGAUK (G WIREX RIS ESINHIYG, 306 ALihe RbATBouMY AliskGan, tF@1 . or

functi onal group known to a person skilled in the art, provided that the
subst i t uentS3-HIENPHRIOPORY: s It BEPKY: ad Rst?é‘dﬁ"cﬁfﬁgs%%p%arrl ed out. For

exanpl e, one, up to al I|nm)édfa%@mkbﬂh@ﬂnmhw%lébr&&hmglgrrwpﬂgaglodeal kyl,
can be repl aced or other_functional &rou ps. In the

al
f r amewor k @ﬁd@ﬁ"'t%ed 'H\Je'ﬁtWoM% ghe’l ‘Reatectiye GEeyRs B Qropric faemisly". Slenym

subst i ypentprédiat ofleMSandNew §8&kt 1978561 ih T\W\ﬁ@rb&ﬂa SesPredv Raed, PpteREeOr di ng
to the invention is carried out. and that does naqt prevent in any other way

the desiredPERNBAAME SHNBEFRY ThIET P?“B@f‘ diidey. New eap?e and define to a

person ski lchig@maRy §ragp frtprdtB@ingINeTBxyieR Btdrh UBNhStaRéLa Ydylatd, MicdQladd)d nay
sterically hinder the desired reaction from t aki ng place, although the

subst i t uentPsNEWEed1engatg; iriplkysiyl pecarpoxylic acid group; such as the acetate group,

etc., and all other protecting groups customary for alcohols or oxygen atoms.

15 In the framework of this invention optionally substituted means that
any hydrogen present in the description of Ry, Ry, R3, R4, R7, Rg Ro, Ry, R" and R” (and
X can be replaced by another atom, hydrocarbon, or functional group known to a
person skilled in the art, provided that the substituents are inert with respect to the
processes carried out. For example, one, up to all hydrogens in an optionally

20  substituted Cq.12alkyl, can be replaced by e.g. halogen, or other functional groups.

In the framework of this invention, an inert substituent is defined as a
substituent that does not react itself when the desired reaction according to the
invention is carried out, and that does not prevent in any other way the desired reaction
from being carried out.

25 For example, it is known to a person skilled in the art that some
substituents are very large and may sterically hinder the desired reaction from taking
place, although the substituents themselves will not react.

It is understood that wherever aryl is mentioned this aryl group can
also be a heteroaryl.

30 For all structural formulas shown in the framework of the invention,
the most desired configuration is that configuration ultimately allowing the synthesis of
compound according to formula (13) wherein X is NHRs, having a 2(S), 4(S), 5(S), 7(S)
configuration. However, unless specificly stated otherwise in the text, the invention also
relates to racemic mixtures or scalemic mixtures of the desired compounds, whereby

35 the desired isomer is present in excess to the undesired isomer. Preferably, the ratio of



It is understood that wherever aryl is nentioned this aryl group can al so
be a heteroaryl. For all structural formulas shown in the franework of the
i nvent i orwwotzhw/aross desired configuration is that confi gora®Pze/osdseé mat el y
al l owi ng the synthesis of conpound accorging to formula (13) wherein X is
NHR5, having a 2(S), 4(S), 5(S), 7(S) configuration. However, unless
specificly stated otherwise in the text, the invention also relates to
racem c mxtures or scalemc mxtures of the desired conpounds, whereby the

desired isoner is present in excess to the undesired isoner. Preferably,
the ratio &9 fesirgddsomsy t¢ g@dﬂé}deﬁ'@dﬂﬁ@“ﬁrﬁ@éénw'QH'V'id%'n%‘?rePGﬁ”'%?ﬁi‘treriﬁl?(/l dual

st er eogeni Gedzend:56, thsredrefeRMHf at (855890:10P4R Qﬂl%&é%@fé‘ra@ly dieast988: 10, and
still nore preferably at least 95:5. In_ an as%ct of this invention the

di astereomeric ratio ofn #hasreshpidhisdrveatieningidapiergomerodatia of 9 or (13) can
be i npr OVe@o%o@rﬁ&%ﬁic@@'m&@rﬂ)ﬁﬂ@@)@F‘(']@Fbmg@IH&H@V@U bpclbdgcappusRatiski | 1 ed
a

in the art, such as preferential crystallization, optionally with an
auxi | i aPy, mftaeds 2N thegpersant Hieddy thedh éu%ewe&ii@%t al gyRfaligatigneyl at i ng

nmovi ng bedsgpfisidiy withke equﬂlHl?t HigMIa8bn, &P TROMESgragi© tedhniguéPsdcpragul a (7) or
(12) or a mxture t her eof romthe correspondi ng ket one conpounds fornul a

(11, ﬁ"ﬁ“ﬂ'%t”}gl’ﬂﬁ‘é'i‘g)%df ©8#h according to fornula (4), or mixture

thereof, using the conpagrsimaas®bdontpbdufdd aédmlag(&fbrraulg (Pasrf(ezyerd usi ng
met hods known to the person skilled in the art to prepare C=N bonds from a

ket one. Sw”ﬂ'étHTeethP'@PErf@ﬁbté@ C@HﬁSFP%‘dF‘Gd‘r‘?EP”PrFOWHﬂdS fS’é’W'? (1nerptsaings, (

1985) AdvaneRdd Qreedticerdirteiferiiuya (4(?36:‘rtnh&tf&$e thBRGAARINGTRe @&ﬂp&lrfdt&:bwdﬂwg( 3rd
ed.), New York: John Wley & Sons; or other general O ganic Chem s

t ext books é%@r@aﬁﬁﬁbwsr@rf%n%wmeth%?én%@&q tﬁ?@eé%ﬁ’ar?ﬁ'l”%% natF‘%a&thn in

Organi ¢ SYMM@@,—NCBUnHS frUﬁh'a k(—ﬂonep Sﬁlﬂthlé 188@hced/@dn bg@un@irﬁﬁaﬁcﬂag\% and
Organic Synthese 18 (1988); Vol 93 197 . In

particul ar qrﬁ’@?é 6p?1§§5)r%‘t"’ia€ﬁ%d Qfg@%’&“dﬁ’égy EEctend ﬁlﬁ’cf’@"F’B? R ét’ ‘(07‘)” Cor
(12), or a (sidddur ﬂewhﬁfrve%hnw.@y@as@{syée&hb m%édéealaﬁgémc Che@fsty tdHteskEed or

Lew s acid, and conditions are enployed in | ch the reaction for the
15" 'and Comprehensive Reviews. More specific examples are given in Organic Syntheses,
Coll. Vol. 9, p.610 (1998); Vol. 70, p.35 (1992) and Organic Syntheses, Coll. Vol. 6,
p.818 (1988); Vol. 54, p.93 (1974). In particular these preparations of compounds
according to formula (7) or (12), or a mixture thereof, are catalyzed by the addition of a
Bronsted or Lewis acid, and conditions are employed in which the reaction for the
20  preparation of the C=N bond is driven to completion by removal of water. More
particular these preparations are performed by azeotropic distillation, and/or the
addition of molecular sieves and/or the addition of titanium tetrachloride.
The compounds according to formula (7) or (12) or a mixture thereof,
can be in the Z or E configuration, or a mixture thereof.
25 Preferably R is a group which can be easily removed subsequently
to obtain compounds according to formula (2) or formula (13) or a mixture thereof, with
Rs is equal to H. Examples of such compounds according to formula (5) with Rg which
are easily removed are optionally substituted benzylamines, electron rich anilines such
as 4-methoxy aniline, optionally substituted sulfonamides, hydrazones, and
30  phosphinylimines. Preferably, such compounds according to formula (5) with Rg which
are easily removed are optionally substituted benzylamines, more preferably a-methyl
benzylamines.
Alternatively, the Rg group is not removed, which leads to compounds
according to formula (2) or formula (13) or a mixture thereof, in which Rg is equal to Rg

35 in the compound according to formula (5).



preparation of the C=N bond is driven to conpletion by renoval of water.
More particul ar these preparations are perforned by azeotropic

di still atworeptoanadiodr the additi on of nol ecul ar sieves amdi@P200085%dei ti on
of titaniumtetrachl oride. The conmpoundsgaccording to forrmula (7) or (12)
or a mxture thereof, can be in the Z or E configuration, or a mxture
thereof. Preferably Re is a group which can be easily renoved subsequently
to obtain conpounds according to formula (2) or formula (13) or a mxture

thereof, with Re is equal to H Exanples of such compounds according to
fornula (5) with R8 whi' B9 r%acgorégfsthpyom@%n\;%@cogrcgng)t&fpma@ (%) 2§ (KL1F But ed

benzyl am negixtur! BefoPresUkiRS irPRE fdriR%ios BECbrasouhd HRESHANY t@fUnanlée(Q% aptional Iy
substi t ut ed sul f onam des, hydrazones, and phosphinylimnes. Preferably

such compodffa¥IRdSHPER AteTs “F‘?f?%l”athwjes«ﬁP%OfFéBr%HF'Bﬂ 9Nk 487 P9t'9r@H¥)ved
are optiong jhg ﬁ@&%g otk @gltal%‘n AL %gildi%ﬂy in"fRE BradeRELsRdN JddrvaBEdbe

benzyl am nes. ternatively roup i.s not renoved, whi ch eads to
conpounds &eewdnaeﬁess@sfftwmy&rmy SisotssIagivaly. (Whsn beth dsomets UillPa her eof , in

whi ch R8 i gorffidah tHeOsaite amoliMt®ne QPBMENS adfomadishebskiéQive sdtub@ Hrbterable
reaction of the con];pound according to fornul a or a mxture

t her eof redif BPMGT PTrFoMROUAS Agaording E?rfO%H%&Q)rﬂﬂ(f%[%’@G%h@ 3 BOtYRARATEOY 2) or

formul a (1ithQ (BH-cBhidurdtRntd &eeods stérBoddific @érﬂ@rﬂ@ﬁﬁm@a ifeXcRE8I HanglaFigagent
and optionally in the presence of a cataly and optionally in the

presence of e aHf ‘?t?t?f'@ed EARPHE é@ﬁ%l%?“étld ﬁ@?ee%‘gg'ér@¥'?r!/(9“5§f?ereoge”'c

non- st @peogehet bited Wil b¥EBPrdRtdY the OB bthetidomepef thelarBdtdréoddhfs ceate anmunt
one speaks of a _non-stereosel ective reaction. Preferably the isomer of

conpounds &BRORIPAWHES Wk nula (2) or fornula ( 13) or a mixture thereof,

with a (S)-configurati @hedtthé reaclio®ofsthe ceMBEIMETCadeRtiry tol férmiuds n@@rmz)excess
For clarity reasons the_obtained conpounds are depicted in one

confi gur at %A e Wieobisseling intBRf@matiop g quﬂpQM”Fjlacﬁ%rd%ﬁ? Kmaedd) Phat t he
ot her i somesriiia t1380iCa MidleIRSEENINChE PRisehcs an RAUEIRE REheAs ang bbtionally

15  in the presence of a catalyst, and optionally in the presence of 1 or more additives is
performed non-stereoselectively, the formed isomers can be separated by methods
known to the person skilled in the art, such as crystallization; classical resolution; using
chromatographic techniques like simulating moving beds, optionally with a optically
pure stationary phase; or by an enzymatic resolution for example with a lipase or

20 amidase.

Preferably a stereoselective synthesis, i.e. with an excess of the (S)-
configuration at the C-5 stereogenic center, preferably at least a 70:30 selectivity, more
preferably at least 90:10 selectivity, most preferably a 95:5 selectivity or higher, of the
compound according to formula (2) or formula (13) or a mixture thereof, in the

25  presence of a reducing reagent, and optionally in the presence of a catalyst, and
optionally in the presence of one or more additives, is performed.

Stereoselective reactions may be obtained:

A.) due to using compounds according to formula (7) or (12) or a mixture thereof
with a high optical purity at the C-2, the C-4 and the C-7 stereogenic center, the

30 formation of compound according to formula (2) or formula (13) or a mixture

thereof, is stereoselective,

B.) as A but additionally by using a compound according to formula (5) which is
optically enriched, hence introducing more directing chirality in the compound
according to formula (7) or formula (12) or a mixture thereof. Suitable

35 compounds are any optically enriched compound according to formula (5),



When the reaction of the conmpound according to fornmula (7) or (12) or a

m xture thereof resulting in the formation of conpound according to formula
(2) or fowvoubw/(0BF or a m xture thereof, in the presen®eTEHP2@0EWREI Ng
reagent, and optionally in the presence.pft a catal yst, and optionally in
the presence of 1 or nore additives is performed non-stereosel ectively, the
formed i sonmers can be separated by nethods known to the person skilled in
the art, such as crystallization; classical resolution; using

chromat ographi ¢ technjques |ike sinulating noving beds, optionally with a
optically pure ﬁei?raBWéWC%‘H&@Ed‘%arﬁ‘?%ﬁ”‘éHQ%Q'V@”‘? aavsla AP 4i5ed. d?oréxarrpl e

with a lipase Obrégﬂag@%tlcﬂ&%fnﬁ&% ¥-rfAeth IQfe‘ﬁ e&hfisd is\Regynthesis, i.e. with
an excess of the (S)- ‘configuration at the C5 stereogenic center,

preferably atC.) @aseseibed.usdershpeBibuyadditionaty i the Brespag §f amrontiealyt 90: 10

selectivity, rm%pm(g{e%frgg@@@/a@a ng>: 5 selectivity or higher, of the conpound
according to formula (2) or fornula (13) or a mixture thereof, in the

presencd of &} eadeseitper sager.B and bybadditaaellyinithe presepreceiancptisallya

catal yst, and oph}igpaldayaiydt the presence of one or nore additives, is
performed. Stereoselective reactions nmay be obtai ned: Arg due to using
conpounds accor di ng toltwlﬂh@pgdqratpo@py(rmermn skillgidyin thecart thek@®f with a hi gh

opti cal purcbﬁ%m%ﬁoﬁ Bﬁhgagové rlﬂ@thgdéft@ﬁ@f&rrlﬂea §er¥ao§él§ét%9§éﬂtl6n %s%fbie the

formation of conpound according to fornmula (2) or formla or a
m xture thereof, is st@h@é%(&lcé‘@tqg@ét cep. be any raduing a@mit,thn@waltwweus;erﬁm ng a
conpouRg aggmé@nqgeraﬁ formula (5) which is optically enriched, hence
introducing nore directing chirality in the conpound accordlng to fornul a

(7) or formila (12) or Adefionangentiasamied s pauahan of seveeria heklemanor
optically endnfegfd WMQQ’G&%@RE@’[F&UEQS EostAat etied. I-ﬁ’ér@fr@df@hbﬂs I%Fgl’lt&al ly

enri ched am nes and pheny %ﬁgm ne am de are used, nore preferably
optical |y & addieqn Q;fhbféﬁolg?'l‘ o5 {f1e teamstes of @ hydrige to@ molaeulglescr i bed under A

or B but additionally ifpdhiguifiRs RkRiIngfagdht AR b& Rlolebular hydrogen in the

15  presence of a transition metal catalyst; alkali-metal hydrides, such as NaBH,,
NaCNBHs;, BH; —THF, B,Hs ,9-borabicyclo[3.3.1]Jnonane (9-BBN) or lithium tri-sec-
butylborohydride (L-selectride); or hydrogen donating compounds, such as alcohols
and amines, for example iso-propanol and isopropylamine, or carboxylic acids in the
presence of triethylamine, for example formic acid, and salts thereof, or a Hantzsch

20  ester; or NADPH (Nicotinamide adenine dinucleotide phosphate) and NADH
(Nicotinamide adenine dinucleotide); or hydrogen donating compounds in the
presence of a catalyst.

Preferably molecular hydrogen in the presence of a transition metal
catalyst is used, or a hydrogen donating compound, optionally in the presence of a

25  catalyst is used.

The reduction reaction may be carried out in the presence of one or
more additives. Suitable additives are any compound which will facilitate the reduction
reaction with respect to yield and/or stereoselectivity. Suitable additives are for
example Lewis acids, Lewis bases, Bronsted acids, Bronsted bases, or salts, such as

30 quaternary ammonium salts, e.g. tetrabutylammonium iodide.

The reducing agents can itself also be optically enriched, as such
facilitating stereoselective reaction. Optically enriched reducing agents may be
obtained by combining reducing agents like alkali-metal hydrides, such as boron
hydrides, e.g BH3, with an optically enriched compound which can coordinate to the

35 reducing agent, such as optionally substituted amino alcohols, and optionally



enriched reducing agent, D.) as described under A, B or C but additionally
in the presence of an optically enriched catalyst. It will be understood by
t he persomo=kiodiessi n the art that any conbi nati on of tRETAPOMS/0fEBRO0dS t O
performa stereosel ective reaction is pogsible. The reduci ng agent can be
any reduci ng agent, known to the person skilled in the art. A reducing
agent, also called a reductant or reducer is the elenment or a conpound in a
redox reaction that reduces another species. Here reductions refer to the
addi tion of hydnggen (H2),or the transfer of a h drlde to a nolecule. In

particul ar sHRgitytedidiemieesagént- BHMW%@Q'T‘(SM@W@‘W drBfen in the presence of

a transiti @ghsie),RHCHPRIOHPh)GH, kbl arirEREméy bt RHEH %lw NaCNBHS3,
BH3 - THF, BZHEI@;ZQ ggﬁabl%ﬁcl)o[:s X-agnanne] 6 ﬁ?er(])rr Ilta |

(- sechut YW RYEN PR C(d BRIBAT yommuwf&rfe@@ﬁ%aﬁqwae%ewﬁoémds

such as al ¢phe), . 8ABaRITRIKS BakdM, i X2 DR, CHeRP: PIFBP 8801364 B6B STHRY SRYlAM ne,
or carboxylic acids in the presence of tri eth | ami ne, for exanple formc

acid, afd ShpPptcaliy,gpriched cgmpaungyiobeaddedde e FGWC'W CAR BB $X8RPYe
adeni ne di %W&rﬁﬁﬁétﬂ@opgéﬁlpt}'@ﬂ Shoamtd. PiafrbliNseRhionaticler RfdRic ¥ nounts are

di nucl eotide); or hy dro%en donating conpounds in the presence of a
cat al yst. psgd. ép%{5|pyef VatayticalPeyunatet'sele presence of a transition

nmetal catalyst is usedjh®e c@s@&ﬂﬂh@l@@tﬁlaﬂl‘?ﬂﬁé@dﬁ%%%@ﬁber@Bttl*a‘ﬁglﬂbﬁy in the
presence of a catalyst is reduction reaction nmy be carried out

in the prediigldased gafalvgtis ﬁ‘ﬁ?‘%d J&ﬂ?? frgresitiongniptabipased satuvst 9%5 @fY any

conmpound WRbGize W trhndii hbtapivdetiee hbREY&idoas, dreredrbgdhevlid bf srRFeeH che yi el d
and/ or stereosel ecti vi ty Sui tabl e additives are for exanple Lew s acids,

Lewi s based® sapeiadandanaipparies end ap ke den-chiral o5 optically gariched . Suitable

catalysts are any transition metal based catalyst, preferably group VIII based catalyst,
more preferably Ni, Pd, Ru, Rh, Ir and Pt based catalysts. Any support that is known in
the field can be used. Suitable catalysts and conditions are for example described in
15  Larock, R.C. Comprehensive Organic Transformations 2" ed., Wiley-VCH, NY, 1999,
pp 835-840; and by Spindler, F. and Blaser, H.U. in Handbook of Homogeneous
Hydrogenation, de Vries and Elsevier (Eds.); Wiley-VCH, Weinheim, p. 1193-1214;and
by Clarke, M.L. and Roff, G.J. in Handbook of Homogeneous Hydrogenation, de Vries
and Elsevier (Eds.); Wiley-VCH, Weinheim, p. 437-439, and in Organic Syntheses,
20  Coll. Vol. 3, p.827 (1955); Vol. 21, p.108 (1941).
Suitable catalyst are for example RhCI(PPh3)s, Pd/C, PtO,, Raney
Nickel, Ru/C, RuCl,(PPhs),(ampy) wherein ampy stands for aminomethylpyridine or
Crabtree’s catalyst: [Ir(1,5-cyclooctadiene)(tris-cyclohexylphosphine)(pyridine)]” PF6".
In the case of the reducing agent being a hydrogen donating
25  compound the presence of a catalyst is preferred. Such catalyst can be any metal, for
example sodium or magnesium, or Al(OEt)s; a transition metal based catalyst, such as
H,IrClg; an organic compound (so-called organocatalyst), such as a Bronsted acid; or a
biocatalyst with oxidoreductase activity (EC class 1).
Suitable catalysts and conditions are for example described by
30  Klomp, D., Hanefeld, U. and Peters, J. in Handbook of Homogeneous Hydrogenation,
de Vries and Elsevier (Eds.); Wiley-VCH, Weinheim, p. 585-632.
In the case of the use of an optically enriched catalyst in the reduction
of the compound according to formula (7) or (12) or a mixture thereof resulting in the
formation of compound according to formula (2) or formula (13) or a mixture thereof,

35 the optically enriched catalyst is a transition metal based catalyst, an organocatalyst, or



guat ernary anmoni um salts, e.g. tetrabutyl ammoni um i odi de. The reduci ng
agents can itself also be optically enriched, as such facilitating

st er eoselworowaipwacti on. Optically enriched reduci ng agemEP200ai59526

obt ai ned by conbi ning reducing agents lige al kali-nmetal hydrides, such as
boron hydrides, e.g BH3, with an optically enriched conpound which can
coordinate to the reducing agent, such as optionally substituted am no

al cohol's, and optional | ysubstituted diam nes, e.g. 1-BuMe2Si OCH(Me)CH(NH
2) CPh2CH, PhS(O)2NHCH( Ph) CH(Ph) OH, or by a preforned optically enriched
al kal i - met & Pi9§ARYHe, such as a chiral boron hydride conmpound as for

exanpl e described by Egydabl&fbMtionmetahbdRbdatdystdareBrkfencdud o O g,
Chem, 1988, 53, 2861-2863. The anount of optically enriched corTEound to be

added to t MEErRIANEPHYOLRIIHT 8% FamBE SHPRIEIEASEd nenSUBRPTAde EXAPISE OERESE yi i cal

amounts. Progfa8is8Pind inQitiehd 8rsEbF dxantle Gé‘éoﬂbé!& b§2 Sﬁi’rﬁ@léﬂth ol BlakeeH UMRr e
preferably catal yt| cal anounts are used he case nol ecul ar. hydr ogen

as redugi ngleaglerk of HW?P%H%’P%R”%Q@& \é%ﬂseﬁf%ﬁ's?véeréﬁa%a Wity de,

transitionwahrdimbpsedscat1aliy e @88 oPRoRLNIab RIr6§erPis fetiadisy bhem. net al ,
whet her honobgeneous, or het er ogeneous of origin, and can be supported and

non- supported, and can!mi@esgpe ehhwdmge@rdoaavﬁq:%m@pl@ﬁ? 28 FRAYCING AIERISI e

catal ysts %Uﬁatﬂé‘Mpﬂdaﬂ}WéMdh@G tlﬁﬁélﬂén M@ﬁawa&@t@wﬁéts d@rv@é‘ll%rsad@hmngﬁ@laﬁb VI
based cat al yst nore prefera I r and based cat al ysts.

Any suppor fortexamPlesdessehed W\B'?ﬁ@rfAél '8 "éaé’iqbﬁ%k Qfs"é‘ﬂ”o@lﬁ’iet”é‘bﬁéd’é’ﬁ?’éﬁt’%’t s and

condi t gns Jas. QjefWeseaf@rmlaséiﬁmEuOanb VER, 9dinhditn Go. 1CABPHERE)SI at@l, G gani c
Transformations, 2nd ed &y V 1999, §R 835-840; "and by Spl ndl er,
0

F. and Bl as¥¥. Bipmgl Ghem-2A0 foRO%H0Rdriigathesis P@H}%@'@ﬁ&"?%ﬁucrﬂ@ Vries and
El sevier (lifac GleéNahGYutNQrécyMé‘s BREAISD sitablel 88itdotd dptRadly Biridlear ke, M L. and

Roff, GJ. in ndbook of Honbgeneous Hydrogenatijon, de Vries and El sevier
(Eds.); W losAngegialyfisians Biopst acﬁj§7f059’§am%lﬁ6‘e??f'b®fjé’é(rﬁ“@p@@n%"he“%%m e |

Vol . 3, p. &7 dnb9BRIssméah; T.3n Angbw 108k LA Eb. 2606, UaieB3cababyal ar e for

exanpl e RhCl gPPhS 3, Pd/C, 2, Rane Y
reference$ therein, and suitablé blocata ysts are those with oxidoreductase activity (EC

class 1), for example amino dehydrogenases. In the case of biocatalysts hydrogen
donating compounds are in particular NADPH (Nicotinamide adenine dinucleotide
phosphate) and NADH (Nicotinamide adenine dinucleotide).

The catalyst is preferably used in quantities from 0.0001 to 10 mol-%

20  based on the compound to be hydrogenated, the range 0.001 to 10 mol-% being
especially preferred and the range 0.01 to 5 mol-% being preferred in particular.

When an enzyme is used as the catalyst the amount of enzyme used
depends on the activity of the enzyme and it may vary between wide ranges.
Preferably, the amount of enzyme is as low as possible. Preferably the amount of

25 enzyme is less than 0.1 g per gram of compound to be hydrogenated, more preferably
the amount of enzyme is less than 0.01 g per gram of compound to be hydrogenated,
most preferably the amount of enzyme is less than 0.001 g per gram of compound to
be hydrogenated.

The reduction may be carried out at low or elevated temperatures, in

30  particular at a temperature in the range of -20 t0150 °C. Preferably, the temperature is
at least 10 °C, more preferably at least ambient temperature (for instance about 20°C).
Preferably, the temperature is up to 120°C or less, more preferably 90°C or less.

The processes according to the invention may be carried out at
atmospheric pressure or at elevated pressure. In particular the hydrogen pressure, if

35 hydrogen gas is used as a hydrogen source, may be in the range of atmospheric to



Ni ckel , Ru/C, RuCl2(PPh3)2(anmpy) wherein anpy stands for

am nonet hyl pyri dine or Crabtree's catal yst:

[1r(1, 5- cyolomatiasene) (tri s-cycl ohexyl phosphi ne) (pyri diPe@)EP2609BFG26 | n t he
case of the reducing agent being a hydrogen donati ng conmpound the presence
of a catalyst is preferred. Such catalyst can be any netal, for exanple
sodi um or magnesium O AI(CEt) 3; a transition netal based catal yst, such
as H2IrCl 6; an organic conpound (so-called organocatal yst), such as a
Bronsted acid; or a biocatal yst with oxi doreductase activi (EC class 1).
Sui t abl e c@pglbﬁ‘ést%f "QHEPQ?Bn@Pfq ipRgrtigiar fndhe esnge’ &t 'H%%E‘Pf'%gbg%'?arl?(loﬁrrp D.,
Hanefel d, Wyqg nPeters, J. in Handbook of Honbgeneous Hydrogenati on, de
Vries and EI sevier (Eds.); WIley-VCH Winheim p. 585-632. In the case of
the use of an opticall Jh%ﬁ‘?q%ﬂ%re@gﬂ%ﬂ ofsten by mawbe eaftied PuHN dre BRENERAHound

according te E)r‘ééé‘ﬂﬂe&)f(ﬂs)ol\/éht %%)eu@bn@séﬁléﬁtléfﬁ nﬁuﬁﬁf@&fsorv%ﬁwrhéy“lﬂe iged he
formatlon of .conpound accor formula (2) or formula (

13
m xt ur edt heyidaple SP'H%”%&Q'L@&IGI“Q’?@M FYaRaiPaficandar Omét'%hxqr%ﬁ%t?qnsgiﬁe%@%

based cat alhggine, F@tr@lémﬂ%t@cwﬁbxad&r meliyRgalohbyie; berrchabbrRehs afrink), on
netal based cata ysts are honogeneous or heterogeneous of origin, and can

be suppor t &iPhlig Nalagearips Gy dregarbensidishiarmsrthange gAY fsard and conditi ons

are for exw&loﬂ%ﬁéde@&ﬁtnh}% (§&|t6¥qﬂrl1%r prdfmorﬁﬂl@ Eér&%ﬂﬁnle)HeiHeré (@lelfi%m@fh@pk of
Honngeneouslbl—t{}dr ogena El sevi er

Vel bl m o] 8B Pty meﬁ%e@sg@?w«emn@ewa}etwiauhsg@myae@er%aeewlﬁ@ybgem.

I n the1gasettd, hyH|e88 §lysaREhetAY HETPRUBRréfErdne dldkan) diclBeHeSglysoii t abl e
optically enri ched transitjon netal based catal ysts, as well as conditions,

are for ex&MRACEYRLEF MBRACBY etileik K%ﬁonewceﬁoﬁe%ﬁ@%%%b%ﬂ kﬁlﬁ?ﬁﬁ}géﬁ@%@

Hydr ogenat ie@feys én(ﬁac@ﬁeé/(dt@ oﬁﬁﬁth@l adﬂtzﬁ@Waﬂ’érol@E@ﬁe? NWUsHtuMdHhactsmiei m  p.
1215; by Noyori et al 393-406. Optically

enri ched métenYIREiRifQe). %q&%%aagdq%@mpﬂ@r@@e %lem?tfrydgme%?%“apaea& 50
sui tabl e. wmea@/hm.o@%m@ldrw s@lﬂéh@é%d@tﬂf@ﬂé&@irﬁétﬁﬁts%lf@(@ Riregtayled aci ds,

for exarrpl e descri bed Ant onchi ck,

sulfone, tetrameth)Xene squomge tetramethylene sulfone) and alcohols (methanol,

ethanol, trifluoro ethanol, propanol, butanol, ethylene glycol monomethyl ether,

ethylene glycol monoethyl ether, diethylene glycol monomethyl ether) and water.

In the case of a hydrogen donating compound, preferably the solvent

is also used as hydrogen donating compound.

20 The transition metal based catalyst, optionally required for the
reducing reaction with molecular hydrogen or a hydrogen donating compound, can be
prepared beforehand, and added as such (vide supra), or the transition metal based
catalyst can be prepared in situ, i.e. by addition of the transition metal precursor and
the suitable ligands to the reaction vessel.

25 Suitable transition metal precursors are any available transition metal
salt or complex. Preferably group VIII transition metal precursors are used, such as the
one derived from Ru, Ir, Rh. Suitable precursor examples are bis(1,5-
cyclooctadiene)iridium tetrafluoroborate, bis[chloro-1,5-cyclooctadiene-iridium], bis(1,5-
cyclooctadiene)-rhodium tetrafluoroborate, bis(2-methylallyl)(1,5-

30  cyclooctadiene)ruthenium, dichlorobis[(p-cymene)chlororuthenium, dichloro(1,5-
cyclooctadiene)ruthenium.

Suitable ligands are any compound with possibility to donate
electrons to the metal center, as known to the person skilled in the art. The ligands can
be monodentate, bidentate, tridentate or tetradentate. More than one ligand can be

35 used. The ligands can be a mixture of non chiral and chiral ligands. The amount of



A.P. and Theissmann, T. in Angew. Chem Int. Ed. 2006, 45, 3683 -3686 and
references therein, and suitable biocatalysts are those w th oxi doreduct ase
activity waconleasssl), for exanpl e am no dehydr ogenasesPCIEPRINS/08%3€ Of

bi ocat al ysts hydrogen donati ng conpoundsiqare in particul ar NADPH

(Ni cotinam de adeni ne di nucl eoti de phosphate) and NADH (N coti nam de

adeni ne dinucleotide). The catalyst is preferably used in quantities from
0.0001 to 10 nol -% based on the conpound to be hydrogenated, the range
0.001 to 10 nol -% bei ng especially Preferred and the range 0.01 to 5 nol -%
bei ng pr ef d9AEWithrasaee t%medf‘eta\/tﬁé‘ﬁ eHCiah P{aigraply tﬁ%é@i‘obl%t qf figandieal yst the

anount of @REYER 015 8Ad d@nﬁ&@%r@f@rébhﬂoé@éér\/d)%)én@fs %Bl%q%ﬂlé)é'ﬁﬁs and 't may vary
bet ween wi de ranges. Preferably, the anount of me is as | ow

possi bl e. Preferably t IﬁQ’é't%Ugﬂ”dé@r%f?E?ﬁ%mP@ “9%’%‘%3 qesmpes! in F@”H@?O’Yﬁfam of

conpound thhﬁ)d@)ﬁé’éM}Vb&b@Q}anBﬁ”@ W&faﬁﬁﬂéévlérfaédﬁﬁwré& \ﬁtEH aNévABin,s | ess
than 0.01 gﬁg ram of conpound to be hydro referably t he

anount  Bf Coaprabegsiyh AR el %atfféwsngaIHa Qﬂcoeﬁﬁﬁaéurf’éa'fzo pand

hydr ogenat e@ma'ﬁlf&orwqg%?cgbr,ﬁgyr\hﬁa@emglgged out at | ow or elevated
tenperatures, in particular at a tenperature in the range of -20 tol50 OC.

Preferably, the tenperabf@ivepionglse [&é@?s R pecesioPeingEsRAaINof 8t | east

anbi ent t epg gaawgcdomﬁg torféﬁnangge%eué rikg Oieded Brrrﬂfa%&@\ialn)gtotdmutae@p%rrature
is up to 1200 ess, nore r abl C or |ess. pr.ocesses

accor di ng ©dnikiee FWPV&‘?@%@%’Q”@QW&%@%&‘BQ E’tfo%m%ébﬂe?ﬁ”@ HoedSEfe or at

el evat ed Pr&EHESaIBrdiddtolFamilIg W)asr rhiRRIrdEF QI BMtHS BSHPSd ddcofditigrtegen gas is
used as a hydrogen source, nay be in the range of atnpspheric to20Q bars of

Hydr ogen, r‘?‘i’J’Flé"q t5)gathe rgpepce; %atrﬁ@lq%ﬁ@g%t dRRLBARINI Ik thegrrseenisgod aof

Hydr ogen. Eat%lyrse@uatob%hml?acﬂhb@aeséhcébﬁ@w BaditiRy wiko &t M isSiEtiéHbf thé t he
absence or the presence of _a solvent, wherein one saolvent or a m xture of

sol vent s m&gmMpaURAsdd) orgl¢t- dBisePracass dpringre dled frmayaaof e amyjg BRIGYhat i ¢
and ar omat ifenhhdkeae Rednisty (PRBE 3ftéh referred to as reductive amination. The same

15  compounds according to formula (5), conditions and catalysts are used as described
for the separate reaction steps as above. In general one can say that the direct
reductive amination is performed with reducing agents and/or under reaction conditions
that are more reactive toward imines than ketones, such as sodium cyanoborohydride
(NaBH3CN) or sodium triacetoxyborohydride (NaBH(OCOCHj;)3). In the case of

20  molecular hydrogen or hydrogen donating compounds as reducing agent, preferably a
catalyst is added. Suitable catalysts and conditions are the same as described for the
indirect reductive amination. Preferably transition metal based catalysts and
biocatalysts are used. In the case of biocatalysts, enzymes like aminotransferases or
aminodehydrogenases can be used. These aminotransferase enzymes can be

25  obtained from various microorganisms for example, but not limited to, Vibrio sp.,
Arthrobacter sp., Bacillus sp., Pseudomonas sp., Paracoccus sp., Rhodobacter sp..
Genes for these enzymes can be transferred and over expressed in host
microorganisms like E-Coli. Conditions and examples of suitable
aminodehydrogenases are described by Itoh et al. in J. Mol. Catal. B Enzymatic, 2000,

30 10, 281, in particular in combination with ammonia as compound according to formula
(5).

Where an enzyme is used in the processes according to the
invention, the enzyme is preferably used in combination with a suitable cofactor
regeneration system for the enzyme which is known to those skilled in the art.

35 Examples are the use of formate dehydrogenase combined with formate, or the use of



hexane, petrol eum ether, cycl ohexane, nethylcycl ohexane, benzene, tol uene,
xyl ene), aliphatic hal ogenated hydrocarbons(di chl oronet hane, chl oroform
di -and t evpactwooswset hane), nitriles (acetonitrile, propPCHIEPRINM59526
benzonitrile), ethers (diethyl ether, difputyl ether, t-butyl nethyl ether,
et hyl ene glycol dinmethyl ether, ethylene glycol diethyl ether, diethylene
gl ycol dinethyl ether, tetrahydrofuran, dioxan, diethylene glycol
nononet hyl or nonoet hyl ether) ket ones (acetone, nethyl isobutyl ketone),
carbonic esters and | act ones %Wﬂor met hyl acetate, valerolactone)

N-subst i t u%oﬁ%g?wmﬁ%wrﬁ?% RghEpse. Cataldicameints PiHofRANy | ani de,

di met hyl f orgaREIMeIuffiRCH Ghdse doFRAS régycmﬁj §)stdnid. dazol i ne), and sul foxi des and
sul fones (di nethyl sulfoxide, dinethyl sulfone, tetranethylene sul foxide,

tetramet hyl ene sul f onejn HAGI&P HGhBMETEE RER HIRFOAS redvFiamaeents (MYATag8Ro et hanol
propanol,  Righafy oonﬁiohMJj)?B%fé}bMIQ%e émmgrr@fhléwonﬁbnﬁd of Btk st seheht,

nonoet h I et her, di et hylene gl ycol nononet hY ether) and water. In the case
of a hydr odef t%ﬁéﬂ?'ﬂ%aa‘?ﬁp@tﬂ 'e Hrigee s rtﬂ'?e“%e(ﬁrﬁé?ftexﬁ‘g‘péﬂ so used as

hydr ogen d%ﬂéﬁylaﬁylﬁﬁhm prBB?Iaﬁfr?é"WHénQﬁe BRir is h@é&ﬁlpﬁ?{%@'&ﬁbourﬂpt ionally
required for the reducing reaction wth nol ecul ar hydrogen or hydr ogen

donat i ng caRERERE Lo IAHUBAS b saNaeaNbEHFER AHEND FrRiCke A ey tamig o

supra), or hepfladnsidré 08ed s @dm&ﬁﬁ@%o@&mby@tmﬁ@r@ 6% pnaéf@mrm érﬁe/ﬁﬂet u,
i.e. by addition of the transjition nmetal precursor and the suitable Ilgands

to the readtVad apcdalyst aggirraisrably ‘ihﬁr%lgf‘i’%'”ﬁ%? abtainpd caMeBYIsACEOLINY

avai | ahpe 6 msutal (2Naret18) staadd fopH. conpl ex. Preferably group VI 1|
transition netal precursors are used, such as the one derived fromRu Ir,

Rh. Suitable precursor BXHWSNEY 2pralates io a BrocesaiopbieaeRasaion ¢iadi um

tetrafl uor gmipat®i adordicdiodbendia (£8) @Y fé ﬂ@@-bl@gé&f&)ﬂnlarcb&ulh@]to fd?m%(algﬁ-or
cycl ooct adi eneg -rhodiumtetrafl uoroborate, bhis(2-nethylall

cycl ooct adi@gREW&IINeEsAT ieanling f SPBIRPYTE ﬁCC@W’r%Q'I feR YR éﬂ)t (Pfétﬁl rlﬁ‘l@]CIQﬁeehl oro(1
, 5= cycl oogsathRBR)ifdHoFeMhAN4), or mixture thereof, with an amine of a general formula

15  Rg-NH,, in the presence of a reducing agent and catalyst, preferably an enzyme, and
optionally in the presence of one or more additives.

The invention also relates to a process for the preparation of
2(S5),4(S),5(S),7(S)-2, 7-dialkyl-4-hydroxy-5-amino-8-aryl-octanoyl amide s, (compounds
according to formula (13) wherein X stands for NHRs), or pharmaceutically acceptable

20  salts thereof, such as the compound aliskiren, comprising reacting the compound of

formula (1),

or (2) obtained by the process according to the invention with an appropriate amine, i.e.
of a general formula Rs-NH;, under conditions sufficient to form an amide bond,

25  optionally followed by purification in order to obtain the desired configuration of the C-5
stereogenic center. Suitable conditions for the amide bond formation are known to the
person skilled in the art, and are for example described in Sandham et al (Tetrahedron
Letters, 2000, 41, 10091-10094).

It will be appreciated that the order of reactions to obtain certain

30  2(S),4(S),5(S),7(S)-2,7-dialkyl-4-hydroxy-5-amino-8-aryl-octanoyl amides, or

pharmaceutically acceptable salts thereof, such as the compound aliskiren, is not



Sui tabl e |igands are any conpound with possibility to donate electrons to
the nmetal center, as known to the person skilled in the art. The |igands
can be nowoadentEd®s bi dentate, tridentate or tetradent aPE€I/HMR000/0895a61 one

| i gand can be used. The |ligands can be _g3m xture of non chiral and chiral

| i gands. The anount ofligand with respect to the netal is not crucial.
Preferably the amount of ligand is between 0.1 and 10, nore preferably
between 0.5 and 5 nol equivalents. Suitable |igands are for exanple |igands
descri bed in Handbook of Honbgeneous Hydrogenation, de Vries and El sevier
(Eds.); W IcB{Fiakq the\ePRARYNE acewinGle fefgHin &%ensi ve Asymmetric Catalysis I
to Ill, Jacobsen, E., Pfaltz, A and Yamamggor,H (Eds.), Springer Verlag,
1999 The invention also relates to B[ oceks r e preparation of a
compound according to fornula (13) dr | oséd formaccording to
formula (2), or a mxture thgreof b ting agconmpound according to
formula ( 1 1) , or its ring-c fofm according to formula (4), or

m xture thereof, with a conpo jng to formula (5), in the presence
of a reducing reagent, and oﬁﬁionally in the pré&sence of a catalyst, and

optionally in the pr nce .of .ap additjve, wWth , Lsolation of the
compounds’ CrhesPrpbRS SRRl S RBER CLiFina PR b SEoRd Pt | The
am ne noi eti.g. dfraogerehs fdretutenieN¥B,atngder soralit®oas ebiffieiantrteffenT @damaedondeduct i ve
am natign. The sa oun r di to.f.or mul ondi.tions and

cat o yspe SPUSRTERTRI NG RERAT ARt bRt Ao Tt s e A S hove.

I n general fomatioanf saypdundtactdrdindito éxmutagdOiti ve ami nation is perforned

wi th reduci ng agents and/ or under reacti OBRco[Qditi ons that are nore
reactive toward i mnes than ketones, suchyaé gbdi um cyanoborohydri de
(NaBH3CN) or sodi um tri acet oxybor oRyHtN JOLH 3)3) . In the case of

nol ecul ar hydrogen or hydroq{an donat i ngcorrpou s as reduci ng agent,
preferably a catalyst is addéd '

alkre catal ysts and conditions are the
sanme as described for the indi req@ictive am nation. Preferably

transition netal based catalRgSt 3%and bi’ocat al ysi® are used. In the case of

bi ocat al ysts, enzynes |ike am notransferases or
prior to the reduction reaction of the invention.

It will also be appreciated that reacting the compounds according to
10  formula (3)
OR; R4
o) ORg
R O

R
Rz ’ @)

or the compound according to formula (4), or a mixture thereof, with at least two
equivalents of the amine of general formula Rs-NH; could result in the formation of
compounds according to formula (10), in which in this case Rs is equal to Rs. In this
15  case, the amine of general formula Re-NH,, is preferably the amine needed to obtain
certain 2(S),4(S),5(S),7(S)-2,7-dialkyl-4-hydroxy-5-amino-8-aryl-octanoyl amides, or
pharmaceutically acceptable salts thereof, such as the compound aliskiren.
It will also be appreciated that the compound according to formula (4)
can be reacted with alcohols, of a general formula of HO-Rg under conditions known to
20 the person skilled in the art, optionally followed by protection of the alcohol moiety at
the C-4 center, resulting in the formation of compounds of formula (3), prior to the
reaction or reactions of the invention.

It will also be appreciated that the compound according to formula (7)



am nodehydr ogenases can be used. These am notransferase enzynes can be

obt ai ned from various m croorgani sns for exanple, but not limted to,

Vi brio spwvp280tipwbact ersp., Bacillus sp., Pseudononas PPT/EPREOASBCEUS Sp.,
Rhodobacter sp.. Genes for these enzynesigcan be transferred and over
expressed in host mcroorganisns |like E-Coli. Conditions and exanpl es of
sui t abl e am nodehydr ogenases are described by Itoh et al. in J. MI. Catal.
B Enzymatic, 2000, 10, 281, in particular in conbination with amoni a as
conpound accordl ng to fornula (5). Wiere an enzyne is used in the processes
accor di ng 8" PRECFGHRAENH aisonqhof agepara! fosmplagf Bb yn@ﬁgéanﬁilhora,sdw@méﬁ on

with a sui t@gbb&rs6P5iatddan tﬁ@&r@%h@rﬁdll?'ﬂol@%ﬁ pr&@Ectidnef ERZMBBhoMofdly b known
to those skilled in the art, npl es are e use of formate dehydrogenase

conbi ned withhCriosanifreresyling Wéhﬁ%”@f'@ﬂ‘ chQ%TépQH'@ﬁ?ﬁfrf%@Wﬁé@ BT fed wi t h

gl ucose. Casdloyibh Fesafibibtife Mves@fract or generally suffice in these cofactor
recycling systens. In the case that am nes are used as reducin agents

(hydr ogén donating conpb&fyEntisy alsQreies o sy aererses forithe Preprsdana’ of

formul a (5)ompBendsdcesring @W&ﬁd@(%%ﬁ@@110@s%§&tbed%éld/\ﬁb| e amnes for this
triple use are for exan‘gl e phenyl ethylam ne and 2-p éyl am ne. Wen the

amine is used triple (& e{‘EB’P?BB‘t{PrS’o‘aC&é’Ed(H"r%‘iOﬁf@”“‘i%a f”@f‘ﬁ'ﬁn tszmeth%apmwy and

reduci ng agend bnetﬁb&?feﬁ‘nrda@éhd H@M@thﬁbw a8 8bRined- iy LR¥IndEIKRBWARFthesed as
conmpound according to fornu erably an enzyne is used as

catal yst, d4difietHreepeAgsriped HERF@%Iebﬁ'ﬂefeﬁ'efjﬁ%a%’teal ned conpounds accordi ng

to foragla (2) and (13)rhigtignifiisy dobte Hds sEREral BRBLEIR) oPWAiSh EHR LﬁaTeQﬁ to a
process for the preparation of a cohpound according to formula (13) or its

ring-cl ose& q@FQW%fE%BF‘@PW@ of ghifah pr|liagiep 23 lovnaiiagiergoRelartlity. RBdd6Ce®§ r eact i ng

a conpound cagdersdhidtebaration Ntk the mdsthirikingPdndst s i ng- cl osed form accordi ng
to formula (4), or mxture thereof, with an amne of a general formula

R8-NH2, in the presenc&n@th %{%@%@M@l%ﬁ@ﬁ?n SrINVAUPEICHS] 10 GOMPOEPEDI y an

enzyme, andccording to formula (3) or formula (4) or mixture thereof, which are relatively short,
15 high yielding and with high selectivities.
The surprisingly short and efficient synthesis for the compounds
according to formula (3) and (4), comprises the steps of
a) an addition reaction of a cyanide to the enantiomerically enriched compound
according to formula (14), wherein R, is as described in claim 1, followed by
20 b) a hydrolysis of the nitrile group followed by acid chloride synthesis
¢) a coupling reaction of the acid chloride compounds with compound according to
formula (19).

For clarity reasons the syntheses are depicted in scheme I:



optionally in the presence of one or nore additives. The invention al so
relates to a process for the preparation of

2(S), 4(S)WO(B0/0(%5- 2, 7- di al kyl - 4- hydr oxy- 5- am no- 8- ar yIPCOGPa09pEIsaén de s,
(conpounds according to fornula (13) whemein X stands for NHR5) , or
pharmaceutically acceptable salts thereof, such as the conmpound aliskiren,
conprising reacting the conpound of fornmula ( 1) , or (2) obtained by the
process according to the invention with an appropriate amne, i.e. of a
general fornmula R5-NH2, under conditions sufficient to forman am de bond,
optionally f@ll d by purificati oQRi R,order to obtain the gesired
configurati RC_5_SLELEO L. Suitable co i.gns for the
am de bond formation are known to the persoh skilled i arf and are
for exanple described in Sandham et al (Tetrahedron Letters 2000 41,
10091-10094). (W wil| be appreciat é®that the order of reaél®ons to obtain
certain 2(S),4(S),5(S), 7(S)-2, 7-di al kyl -|4- hydr oxy-5-am not 8- aryl - oct anoyl
am des, or pharmaceutically acceptable s%lts t hereof , such|as the conpound
aliskiren, is notcrucial, so the conpound according to fo la (6) or the
conmpound accordlng to fornula (7) can be reacted with the gppropriate am ne
i.e. of a general formula H2N R5, condi tions suffi nt to forman
anm de bond, optionally foll owegdy “Rpg the al coho IRty at the G4
center, resultlng in the fornatlon of cgnpound accoraid 0 fornmula (10),
prior to the reduction reaction of e invention. It wll ?4§o be

appreci ated that reacting the conpo ds accordlng to fornula (3) or the
conmpound according to fornula (4), or ith at | east two
equi val ents of the am ne of general for H2 ‘cou d esult in the
formati on of conpounds according to for |az |ﬁ mhlc in this case R5
is equal to R8. In this case, the am ne of gener@b formul a R8-NH2 i

preferably the am ne needed to obtain D/Jé
OR; Ry R
D/\.j/v\( |

Scheme I.

The coupling reaction of the compounds according to formula (18)

5 and (19), with R, is methoxypropoxy, R, is methoxy, R; and R4 are 2-propyl and MX is
MgCl, leading to compound according to formula (4) has been described in Rueger et
al, as referred to earlier. Similar conditions could be used to achieve the coupling
between compounds according to formula (17) and (19), leading to compound
according to formula (3), wherein M is chosen from the group of Mg, Li, Ce, Ti, Cu, Zn,

10  Mn, Fe, B, Si, or Al, and X is an anion, in general a halide. Preferably M is Mg, and X is
chloride.

Compounds according to formula (17) and (18) or mixture thereof can
be easily obtained from the corresponding nitrile containing compounds according to
formula (15) and (16) or mixture thereof, using methods known to the person skilled in

15  the art (hydrolysis of nitriles and acid chloride formation, respectively).

Compounds according to formula (15) and (16) (as disclosed in
W02009/080773) or mixture thereof are prepared by reacting the chiral aldehyde of
formula (14) with a cyanide, preferably with HCN, NaCN, KCN, (R)sSiCN (with R



certain 2(S),4(S),5(S),7(S)-2, 7-di al kyl - 4- hydr oxy- 5- am no- 8- aryl - oct anoyl
am des, or pharmaceutically acceptable salts thereof, such as the conpound
al i ski rerwol2o1oi1b165al so be appreci ated that the conpoun@#CagEPeediosf2¢ o
formula (4) can be reacted with al cohol_s,g-of a general formula of HOR
under conditions known to the person skilled in the art, optionally

foll owed by protection of the al cohol noiety at the G4 center, resulting
in the formati on of conpounds of forrmula (3), prior to the reaction or
reactions of the invention. It will also be appreciated that the conpound

accor di ng tSS'eP@fjﬁiﬂ”hC(Gﬁ‘%’érQb@'W@éﬂt@Hj Q\A 103 Y AQRYABA Y In Bfe R{CYRAGEICAR f or mul a

of HO R6 unfesl aridt tSamnsathnaantse 4 bfraP&iyaRio céﬂﬁbburﬂﬂ al dhirbiNBetdl domplex,
optionally foll owed by prot ect ion of the al cohol nojety at the C-4 center,

fesul ting b RBYER. AaeSHIESH 1B BB ot tenandpobnbipas e ASYPIEEIC syBihesi

reduction ropagdnoRfdrits” Chﬁehtrﬁ’r@aﬁlb(@ynt%?@ 200893“7'7@7 arhéﬁéfér@h@ésetﬁe&aﬁm new
processes for thegrc))reparatlon of conpounds according to fornula 4) and ( 1

1) as descrnB&Y FErsdiaueieVe SkisnarRN M WAl it ol Fedrragrasalediocaiglylit r1 i s

et hoxXy pr oROXesi&af ér%nﬂséd}@%yancﬂ@@nr@wﬁ)ﬂ@mﬁn@trrl@ C%‘t%éi@b!rﬁ Indastrifessdn; ai ned by
a nethod known_in the literature, descrjbed in et al referred to

above. Thi ¢-YeRigeenanddurehmid, Z \r2 PR KRp 9% Fepferatly HGY. of

st oi chi omeyRri,SiGNBURE %r&%n@é‘bﬁ@éuﬂ%bl’éldhlralrda%iystii‘s bRV, mbaeS;srefe%aﬂmtahw ty,
and hence a cunbersone separation, are the nost striking ones. An ather

aspect of teeRzMEtN MG NEPRIEE §58% %ﬁ@@&ﬁ@@“%&@r@?ﬁéj”tﬁs'?orrrul a

(3) or 160rf&lb&n§&)nd%fféﬂr?&1dl(f1§ bﬂ”@fnﬂﬁfund%é&ﬂlngft@fdrﬁh@t(ﬂEﬁbb’a stwaute, hi gh
yi el ding and with high sel ect|V|t|es The surprisingly short and efficient

synt hesi s ﬁfdﬁ’e@fh%red@ﬁ%d?n% %?(E%Qﬂ%h"l‘?& in therast 3rel are dgperthed in e retesrRsesses t he
steps of ahbale,addirdfeRMcésMetdign of a cyanide to the enantionerically

enri ched corrpound according to formula (14), wherein R4 is as described in
claim1, followed by The compound according to formula (15) with Ry is equal to H is ring-
closed relatively easily to the compound according to formula (16) by employing acidic
15  conditions e.g. catalytic amount of para-toluene sulfonic acid, all in analogy with
lactonization methods known to the person skilled in the art. For the lactone formation,
Re is preferentially Cq.salkyl, more preferentially Rg is methyl.

The compound according to formula (16) in the diastereochemically

desired configuration can be obtained by ring-closing the compound according to

20 formula (15) in the desired configuration, or by ring-closing both diastereomers of the
compound according to formula (15) with fixed configuration at C-2 stereogenic center,
followed by epimerization of the C-4 stereogenic center to the thermodynamically
preferred diastereomer, also being the desired diastereomer. Said epimerisation can
be conducted by heating the compound according to formula (16), optionally in a

25  suitable solvent, and optionally in the presence of a base or other suitable additives.
Alternatively, the diastereoisomer with the desired configuration can be separated from
the other diastereoisomer making use of their different physical properties (e.g.
preferential crystallization), or by means of classic or separating moving beds (SMB)
chromatography. Suitable examples of SMB chromatography can be found in Schulte

30 and Strube J. Chromatogr. A 2001, 906, 399-416 and references therein.

Preferably the compound according to formula (16) in the
diastereochemically desired configuration is obtained by ring-closing an optically pure
compound according to formula (15) with R is equal to H and Rg is Cqsalkyl.

Alternatively, diastereomeric mixtures of compounds according to

35 formula (15) or (16) can be hydrolysed to the corresponding acids and than purified



b) a hydrolysis of the nitrile group followed by acid chloride synthesis c)
a coupling reaction of the acid chloride conpounds wi th conpound accordi ng
to fornulsoQamyo1l0fesr clarity reasons the syntheses are ®€piEPr@d/059526chene
l:(14) (15) (16) (17) (18) Schene | . The coupling reaction of the
conpounds according to forrmula (18) and (19), wth RL is methoxypropoxy, R2
is methoxy, R3 and R4 are 2-propyl and MX is MgCl, |eading to conpound
according to fornmula (4) has been described in Rueger et al, as referred to
earlier. Simlar conditions could be used to achjeve the coupl i ng between
conpounds déEJetRaGHIC Be HBHGRIEd dEstereqiner Qyiuping puskiaatiog 'P‘EihEQﬁr’ﬁtﬂM‘ﬁgoé%or di ng
to formlapgedon sWﬂ@cﬂﬁitﬂeM’tl C;'Sr@ﬁa@éhtfal%tbmﬁatﬁfnoeﬂrcﬂﬁllm thé—bres&@oe dfia Cu,

Zn, Mh, Fe, B, Si, or A, X is an anion, genera a halid
Pr ef er abl yCNA“"F'saUMBarya%th@métoe'ﬁlpBﬁt%‘”'0@8%6%%% MEeor ding to for mula ( 17)

and ( 18) or mxture thﬁérﬁﬂfﬁer%Be&&h@WehNo@&b@r'd@@ﬁe\ﬁlrrélmaé Rﬁhé@ééf@ﬁpond' ng
nitrile contalnlng conpounds according to fornu § é m Xt ure

t her eof 9 u@%”%'ﬁ’%ﬁ%‘:%ﬁ%}?fPES“‘t”ﬂé1@eWE'Srr‘nWﬁldﬁC@ée‘i’ H‘ W@@OQ P8 Wﬁdr‘_B? ysi s
of nitril €%o Edur@dlééi:oﬁd?ﬂrg)fd fEndIR{ B hABe cHRHRAGH ViRbUS)alte FRIFPOWARS apccor di ng
to fornmula (15) and (16) (as discl osed in WOR0Q9/080773) or m xture thereof
are prepar é&lr%?'”%{a?@?ﬁr@“dﬁ{@m&ﬁ"%'%ﬂt itestipdRd iBfechemal far he £pmppynd a

cyani de, p_%@&&ﬂﬂ?'t&fdﬂnhfé (H@\lmtﬂ\ag& quQNo 2(;%&5'(%&%@ Bs ke&) arbesh Rfem G

- 6al kyl , | aryl , [ ionally in the presence of a
chiral cat éﬁﬁ@ﬁc“bsﬁrf%f ‘E’ﬁt%’l“?%% a%’FP"E)%“d“’EPH'?é SR NI R @6 B98a, a chiral

netal  qonplikiepeRdierti sRMAYSEan @StioRSHCIULBRMLUT RMIkY; oF fof@iheditdal. M Feng in
"Asymetric synt hes?s of cyanﬁ drﬁﬁi Current Orﬁ ani c gj;;nt hesi s 2006, 3,

77-97, and OPBQF&”léﬁE*éfé'“ttﬁ(eF'%ﬁ’ A m%@i‘abi)o @ﬁrb%e@mSaaecr Halgtargle fghldalogery m
V\ﬂbbol ts in "The |l arge-scale biocatal ytic synthesis of enantiopure
cyanohydrins” in Asymmetric Catalysis on Industrial Scale;



H U Blaser and E. Schm dt, Eds. W/l ey-VCH 2004, pp 151-164. Preferably
HCN, or (R)sSICN in the presence of a suitable chiral catalyst is used.
Mor e prefwored/HONsand the enzyne HNL (hydroxynitril e | pasEpP2emwos5u43€d.

Sui tabl e conditions for the synthesisi8of conmpound of formula ( 15) or
conpound according to fornula ( 16), or a mxture thereof, are known to the
person skilled in the art and ate described in the references above, and
references therein. The conpound according to formula (15) with R7 is equal

to His ringclosed rel ativel sily to the conpound according to formul a
(16) by enpl oying acidic conditN,ons e.g. catalytic anount of para-toluene
sul fonic acid, all in analogy wsth | actonization nethods known to the

person skilled in the art. For #&he | actone formation, R6 is preferentially
Cl-6al kyl, nore preferentially R6 is methyl. The conpound according to
formula (16) in the diastereochem cally desired configuration can be
obt ai ned by ring-closing thezcompound according to fornmula (15) in the
desired configuration, or bya+ng-closing botg ast ereonmers of the
conpound according to fornula (15 with fixed™C jguration at C 2

st ereogeni c center, followed2bw epinerization of the G4 stereogenic center
to the thernodynamcally pre%e%%ed di astereongr, al so being the desired

di astereoner. Said epinerisagipn can be condugtef by heating the conpound
according to formula (16), gPt{onally in a suﬁtaale sol vent, and optionally
in the presence of a base d&Adofher suitable agdifives. Alternatively, the
di ast ereoi soner gith the dexired configurati of.chn be separated fromthe

ot her di astereoi&omer maki ng use of their diffekent physical properties
(e.g. preferantifal crystalliza%ion), or by nean$rof classic or separating

h (] -
nmovi ng beds ) chr @mat ography=oSui t abl e exanpl es of SMB chromat ogr aphy
can be found in Schul f& and ube g). Chromat / A 2001 , 906, 399-41 6
and ref erences’ t herein—Psrefgrapl y § he conpound WccaXding to formula (16)
in the diasteredgchem cally dési{ed configuratpg i 5 obtained by
ring-closing nsoptically pure g o
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conpound according to fornula (15) wth R7 is equal to Hand R6 is

Cl-6al kyl. Alternatively, diastereoneric m xtures of conpounds according to
formul a (WB)20w0106) can be hydrol ysed to the correspondCagraagsosand t han
purifiedwi th respect to the undesired diq@st ereoner by using purification
met hods known to the person skilled in the art, e.g. preferential
crystallization, optionally in the presence of a chiral auxiliary, or

chr omat ogr aphi ¢ techni ques such as SMB. I n another aspect, the invention

provi des new routes to the useful building block according to fornula (14),
whi ch was di scl osed i nA}ER0EHIEIOVENEON TR TRYAHELFRINRALEEP 8FFRIINS T or nul a

(14) can beofilAi1888re disdi¥edous al ternative ways, all surprisingly short,
and atomefficient, as illustrated in Scheme Il for the conpound accordi ng

to formila (14) wiih RN 9P GdUBNOY 6O tommpauIHEERd ngdo EIa (AbKel n

is as desCrob%fbdftgfre%lmﬂﬁ?ﬂﬂgﬁo%6ﬂhglcalge§dbnfjiﬂ@'ﬁ'éét%l Qﬁle?’éomé%un@%@cﬁdm@re
equal or independently st an optionally substituted C al ky!, or form

t oget heP arP BpMHEHAP) (ﬁeg'ﬁtﬁgt'” ms&aempﬁg Q?fn%’bl&‘i’ REPmMYa b FIRWERDY and Hal
stands for nhjaloR8Rbr#Xe Setia nysdty tdthe(dldbyde toictE h@r@(ah{ﬁwiﬂ@ééld Qficit he

i nvention néw routes to conmpounds according to formula (14) are djscl osed.
In one of tREEHEN Flogtitable tasaluiohpisthods 262 Brse KePwbiorthe parsan chilgd jndhe

obt ai ned byt &5 éﬁdr%réﬁbf@?ﬁalﬁiatbh%&@hélwmb @w Fehral auxmaﬁe@npound
according to fornmula (20) (depicted in the schene for conpound of fornula

(20a)), foldlashed FB?'WF 6hr9§‘ia gAY higchi@ies suthPe SMB: O ERe B tEdRSUE I Roi et v,

for exappl endthdds. &C;béitl&ﬂ’éiher@z@nﬁaﬂél%%ﬁjtlb@het@dstaﬁ@h@ed %ﬂéubleﬁiyrﬁ@étb%s are
t hose known to the person skilled in the art, such as preferenti al

crystal | i zAFFOH, re%‘EJH'i'QS‘n%{'PF‘?FSﬁf R desreibad gooye %rﬁlf?raqxaHIPJﬁ hydaelpess: cl assi cal

resol uti on;ExapRIFBH QGiEARIh i rdI8SY U rE e erSdes Nigase s R te MesepEptidBséLor €sol ution
met hods. In particular, enzymatic resol uti on nethods are used. Suitable

enzymes t o 3¢ dhese ?r@ymeamyrpep?ta@a%%gem@"a@gcfpf?f@aﬂ%e@é'varr e for

exanpl e hydsRka%e8r from microorganisms, such as bacteria or fungi or from plants.

15 Examples of suitable enzymes are disclosed in e.g. WO2006/117057,
in particular on p.4 line 25 to p.7, line 6. Preferably, enzymes are used of non-animal
origin.

The racemic compound according to formula (20) can be obtained in
several ways, for example by alkylating the substituted malonate ester with an alpha-

20  halogenated acetal, followed by hydrolysis and decarboxylation as depicted on the right
side of Scheme Il. Conditions and reagents for these steps are known to the person
skilled in the art. Alpha-alkylating an appropriate ester with the alpha-halogenated
acetal, as depicted on the top of Scheme Il is another viable option.

Other new routes to compound according to formula (14) are based

25  on catalytic asymmetric reductions of cyclic or non cyclic precursors in which the C=C
double bond can be a tetrasubstituted one, or the isomerized tri-substituted one, or a
mixture thereof, optionally followed by ring opening of the lactone, and subsequent
oxidation.

For the cyclic compounds according to formula (21a) this reaction

30  sequence is depicted on the center-bottom of Scheme II. For the isomerized cyclic
compound, or a mixture thereof with compound according to formula (21a) this is
depicted on the center-left of scheme Il for the compounds with R4 is 2-propyl. For the
non cyclic precursors this reaction sequence is depicted on the top-left of scheme |l (for
Ry is 2-propyl).

35 Suitable conditions and reagents for the catalytic asymmetric



Exanpl es of suitable hydrol ases are esterases, |ipases, proteases,

pepti dases or acyl ases. These enzynes may be obtained from animls, for
exanpl e pwQ 20ivan168st erase, or from mi croorgani snms, sSucRCIEPR@CHSIS2G Or
fungi or fromplants. Exanpl es of suitablge enzynmes are disclosed in e.g.
WO2006/1 17057, in particular on p.4 line 25 to p.7, line 6. Preferably,
enzynes are used of non-animal origin. The racem c conpound according to
formula (20) can be obtained in several ways, for exanple by al kylating the
substituted nal onate ester w th an al phahal ogenated acetal, followed by

hydr ol ysi s eSO albR &7 CRaE A e S Miaph%. SeserBon abRyerpGhE rausion e e ke | |

Condi ti ons pARE MERAPBEIRc ERIMPIBESR FlsBitSedh %hﬁ@mstm barR@bsepr skilled in
the art. Al pha-al kylating an appraopriate ester h t he al pha- hal ogenat ed

acetal , as F@é'mg@ﬁ@@f'wqfﬂ%eﬂaéﬁ” St g Fisevies ('é%} Méleyw %l\@e'ab?'ﬁbn Q her

new rout es gpg7 conpound according to formula (14) are based on catalytic
asymetric reductions of cyclic or non cyclic precursors in which the C=C

doubl e Bond can be a tgf?fﬁ@myé?‘?'?ﬂt'@d“yémge”d?C‘?rﬂ@”?%ﬁﬁm Rdigally enriched

tri-substi tidhgitorPm@tal Bhsedl dBtANYHE Brel IRRUEOT the ARfuCHERT the Tl kIMaD by ring
openi ng of the |actone, and subsequent oxi dation. For the coicl (e corrpounds

according to fornul a (§P5§b'? Rerdi tl‘%‘ﬁ@t”pé?\a%eé‘&%f@h@@ ring-qpeping ok H1edactPre

cent er - bot t:aMsQbseEBAIBXidation bPihetat®hbsAbRTy %6 #n6WE td mecp@m@ﬁtsnmed A thd
m xture thereof with conpound accordi ng) to fornul a 21?:1)3{43?| s is depicted

on the centr Pfeé$r?b'é$fthesﬁrl‘ﬂ§ﬁ%eﬂ'rig ¢idbe fas ”dwnwth ®OPYhEopyl . For

the nong Cy@bbi@teﬂrlﬁﬂw&ﬂémetvhihﬁofnﬁiﬂ&'QQ&J)FIS éﬂéiﬂ{é‘élﬂn hén deBh&icedventst he
top-left of schene Il or R4 is Sui tabl e conditions and

reagents for the catal P@eé‘%?)’i’rfﬁé{t‘?F Wﬂ@ﬁ%oremtt%@r@@ @BdHaaaye sinilar
as descri begsohhRWendtRéd bftRe FREHAS laeldnQh cbdﬂ?o&d\bd@@%g I ENEPED)Y itself

exanpl es are descrlbed in chapters 23-31 of Handboogk of Honbgeneous
Hydr ogenat ¢8Ry QRtaiRed E%“%E'HB“CE A dRg epmpaetnd accorginadg fayyla (Aar ehds m

isomerised compound, or a mixture thereof, as depicted at the left-bottom corner of
15  Scheme Il for the compounds with R, is 2-propyl. Suitable resolution methods for this
route are similar ones as described above for compound according to formula (20).
For the synthesis of the compound according to formula (14),
preferably,
a. resolution methods of the compound according to formula (20), followed by
20 hydrolysis of the acetal moiety to the aldehyde moiety, and
b. the catalytic asymmetric reduction of compound according to formula (21),
followed by ring opening and oxidation,
are used.
More specific, and without being limited thereto, the synthesis to
25  Aliskiren (2(5),4(S),5(S),7(S)-N-(2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy-2,7-
diisopropyl-8-[4-methoxy-3-(3-methoxypropoxy)fenyl]-octanamide hemifumaraat) using

reactions of the invention, is as depicted in scheme Ill.



2007 Preferably nol ecul ar hydrogen in conbination with optically enriched
transition netal based catalysts are used for the reduction of the C=C
bond. Suiweakbw/wmordi ti ons and reagents for the ring- operCmEPRIIWBEBS24 act on,
and subsequent oxidation of the al cohdl noiety are known to the person
skilled in the art. Preferably the ring-opening of the |acton (the conpound
wth R4 is 2-propyl is depicted in the schenme with fornula 22a) is
performed in non al coholic solvents. Another new route to conpound
according to fornmula (14) is any resolution nmethod of the racemc lacton (a
conpound according to fornula (22)), itself easily obtained by reduction of
t he conpound according to fornula (21 ) , or its isonerised conpound, or a
m xture thereof, as depicted at the |left-bottomcorner of Schene Il for the
conpounds with R4 is 2-propyl. Suitable resolution nmethods for this route
are simlar ones as described above for conpound according to fornula (20).
For the synthesis of the conpound according to fornmula (14), preferably, a.
resol uti on nethods ofgthe conpound according to fornula (20), followed by
hydrol ysis of the acemaL noiety to the al dehyde noiety, and b. the

catal ytic asynnytrlccreﬁéctlon/pf conmpound according to fqgnula (21 ) ,

foll owed by ri operg nggand i dation, are used. Mire sp i c, and

wi t hout bein tedtthérety, e,synthe5|s to Allsklren\gJ=

(2(S),4(9),5 7(S) Ig-c HDyFLZ met hyl propyl ) - 5- am ng@- 4- hydr oxy- 2, 7-
di i sopropyl - &E4- net hoxy- 3- ( hoxypropoxy)fenyl] octa e

hem funmaraat) using reactions of the invention, is as depiLgted in schene
I11.1yst ScheneThe processes and conpounds accordlng to Eh i nvention are
particularly useful for the grfparatlon of

2(5),4(9),5(9),[1§S) - 2, 7-di al ky| - 4- hydr oxy- 5-

see schem
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am no- 8- aryl -octanoyl am des (conpounds according to fornula 13 with X
stands for NHR5) , or pharnmaceutically acceptable salts thereof , such as
di scl osedwDr0W21682508, WD 2006/ 061427 and WO 2006/ 095@LZ0/EPMN00ORISA¢ €
hereby incorporated by reference. In pardicular, the processes and
conmpounds according to the invention are useful in the preparation of
conpounds according to formula (I) of claiml1 of W02/ 02508 A 1 and the
pharmaceutical Iy acceptable salt thereof. Salts, including pharmaceutically
acceptabl e salts of conﬁounds according to for mul a (13), wherein X is HNR5,
means salts that are g&RePHoE§SesW CORBPUPSPCOHRD IRhe YENIANA8gi cal Iy nor

ot herw se ﬁl%anaﬂﬁnéaul f@ﬂﬁetdﬂ@éarﬁ%&#%S)tﬂS) 8&9,7( %cb M?hﬂw&@%&%kﬁél

activity of the parent conpound, These salts are derived from an |norgan| C
or organic a&En%S@Wlﬁé?@Oy'%?%@@WPP%%SI dpcgeiedpmeilatd wih &stankis felonpounds

accordi ng tNHR, (?rdﬂgbharr&ée%htlcaﬂ!g@céé?ﬂatﬂé(m|tﬁer@bﬁcdu@ﬁ%g diselod&®inp59, 1 11 whi ch
is hereby inc erence an 0Léartl cular in colum 11 |ine 50

to col ufn i’ﬁop?/ﬁ%f’%ssW%?%%(PW%&Wéﬁp 20RR{0GROHL MANT5R NeEebyliRGOTRIEBIEACI t | y

i ncor por at @4 r&rdneb ahARRulaA the BRIFBSIERER SR dadcardififtol tRY RREA R MRy be
i sol ated by met hods known to the person skilled in the art, such as

crystal l'i z&{% BEefuldn 816 Rreraratan of somPRE bR SErHKhicdorE th i at%%“m ‘Sofre specific

i sol ati ons,wbo/0P508 A1 Bhd 8 JIH%Frﬁéébutlé‘él@ a‘é@é&éblb%ﬁlt tHerddte exanples. The
anount of reagents and additives used in processes of the invention are

in principal known to ©RES RGudng @mrmpewtiCﬁ"w%eaﬁaP'ea%@HS RESPIRAWIBet ween

wi de |hpit Sacc@aihgfﬂélfdﬂﬂu%mi%ﬁﬂ/h@@r\lk% HNRE—, hRed RAGRE that BRAGA YAl Ysafes ASH-S,
etc.), it can be used | ar ge excess, in stoichiometric amounts, or

| ess than 9% 2l erfider P'@'OQP?B %'Ot'?%}“"sék@%@@b'q gndihiat pessesa dietassad  hat

cat al ysts pREmsRIolRidal adliity bMAE ptdnt cOMbUNIETHERM IS ateLdsrived HAIm an
stoichionetirc anounts, in particular in catalytic amounts. The foll ow ng

exanpl es i QUGN G PTOTPRAC ?ﬁ'@é’ﬁp?% wi t hout however bei ng

Pharmaceutically acceptable salts of the compounds according to
15  formula (13), are for example disclosed in US5,559,111 which is hereby incorporated
by reference and in particular in column 11 line 50 to column 12 line 33, of said
document, which paragraph is also explicitly incorporated by reference.

All compounds according to the invention may be isolated by
methods known to the person skilled in the art, such as crystallization, distillation, or

20  chromatographic techniques. Some specific isolations, but not limited hereto, are
described in the examples.

The amount of reagents and additives used in the processes of the
invention are in principal known to the person skilled in the art and may vary between
wide limits. Depending on the nature of the reagent (reactivity, costs, etc.), it can be

25 used in large excess, or in stoichiometric amounts, or less than stoichiometric amounts,
for example, it wil be understood that catalysts and certain additives will only be used in
less than stoichiometirc amounts, in particular in catalytic amounts.

The following examples illustrate the invention, without however being

limited hereto.



limted hereto. EXAMPLE 1 Preparation of 2-isopropylidene-v-butyrolactone
fromacetone and y-butyrol actone : LDA, THF H2SO4, tol uene -780C, 2h

Ref | ux, 1Mb2001a)16Bi | sopropylamne (41 .0 m _, 292 mmol PCT/EP3008659526\aS

di ssolved in THF (140 m .) and cool ed t®3-700C. n-BuLi (2.9 Min hexanes,
95.8 m _, 278 mol, 1. 1 eq.) was added dropw se at -700C and the resulting
yel l ow solution was stirred at 00C for 30 mnutes. The solution was then
cooled to -70C, after which a solution of vbutyrolactone (19.3 m _, 253
mmol, 1.0 eg.) in THF (100 mM.) was added dropw se over 20 minutes. The

sol ution e d for 1 hour at -70 OC and then acetone (37.2 m _, 506
mol, 2.0 ¢fegari@sh FPAE6breHAiR¥AS G-HAMRSIactEndTiro REtonSWRE 9BIBRbIaY¥oné:NE
reaction was stirred for 4 hours at -70 OC and then alTowed to reach room
tenperature | e stirring overni ghtwoJh
and diluted wi g/ﬂ'BEO The éPgdHfc | ay
6x) and thg coxbi ned queousﬂ‘a%‘é’fo S re RN

The conbi nged o %ani%yers'%r dried ( , i''t'et ed and cohcengr at ed
in vacuo to g¥ve the alcohol as a yellow lirogwfd/oil which was uset~w the

next step without further purification. The crude al cohol was diss&lved in
tol uene (500 m.) and BRiISDIoFWEEBNINGT44.0 M7 B9AIMmMol3R 1 emmwlas disgolved ) was

dded. f£h [ ' ' I i ght.
added. 4 eﬂk%syhg'nﬂgaa@?%}&b&%-%Xé.%ﬁuN@?.@Wﬂ%ﬁ%a%&%.é GL! 576 Qiei Al pht

Subsequent |y, ion m Xxture was owe 0 reach roomtenperature.
The organi ©ql)ayasradged daipwigesat -V CharviBE resudtingayshed solution was stireayl. at DR,

NaHO (Saltor FinhuRRITRE LdlGidn Vil 18 cdolodlid 98-¢ MePin o ddlibRlpy. and
gl ve a%rovvn?lqw . The aqu r

d I
concentrated 1 n vacuo to aqueous | ayers were

conbi ned amdtyrdiactpme ({83 mbaikamod 170 eThie EHuEddsnl)avasraddad dropsviseextaract ed
R sy
10 506 mmol, 2.0 eq.) was added dropwise over 20 minutes. Subsequently, the reaction
was stirred for 4 hours at -70 °C and then allowed to reach room temperature while
stirring overnight. The reaction was quenched with water and diluted with MTBE. The
organic layer was extracted with HCI (ag. 1N, 6x) and the combined aqueous layers
were extracted with chloroform (9x). The combined organic layers were dried (Na,;SO,),
15  filtered and concentrated in vacuo to give the alcohol as a yellow liquid/oil which was
used in the next step without further purification.
The crude alcohol was dissolved in toluene (500 mL) and H,SO, (95-
97%, 1.75 mL, 32.8 mmol, 13 mol%) was added. The resulting reaction mixture was
heated under reflux overnight. Subsequently, the reaction mixture was allowed to reach
20  room temperature. The organic layer was diluted with MTBE and washed with HCI (aq.
1N), NaHCO; (sat. aq.) and brine (sat. aq.), dried (Na,SO,), filtered and concentrated
in vacuo to give a brown liquid. The agueous layers were combined and the pH was
adapted to 7. The aqueous layer was then extracted with dichloromethane (3x) and the
combined organic layers were dried (Na,SO,), filtered and concentrated in vacuo to
25  give a yellow liquid that was added to the previously obtained brown fraction. The
product was purified by vacuum distillation (65°C, 1 mbar) to give a slightly yellow
liquid. After further purification by column chromatography (heptane-EtOAc 7:3) the
desired product (21a) (22.0 g, 174 mmol, 69%) was obtained as a colorless liquid.
'H-NMR of compound according to formula (21a) (CDCls, 300 MHz) &
30 =1.89 (s, 3H, CH3), 2.26 (s, 3H, CH3), 2.88 (m, 2H, C3-Hy), 4.29 (t, J = 7.5 Hz), C4-H,)

ppm.



give a yellow liquid that was added to the previously obtained brown
fraction. The product was purified by vacuumdistillation (65C, 1 nbar) to
gi ve a slwohlwinolywkl ow | iquid. After further purificati @eTHRP2@0/089526

chr omat ogr aphy (heptane-Et QAc 7:3) the dgsired product (2la) (22.0 g, 174
mmol, 69% was obtained as a colorless liquid. 1H NVR of compound accordi ng
to formula (21la) (CDCI3, 300 MHz) d = 1.89 (s, 3H CH3) , 2.26 (s, 3H CH3)
, 2.88 (m 2H, C3-H2) , 4.29 (t, J = 7.5 Hz), CA-H2) ppm EXAMPLE 2 Racenic
2-i sopropyl -v-butyrol actone from 2-i sopropylidene-v-butyrol actone : bars)
(21a) (rac£§%$ﬁﬂi%§ tetrasubstituted al kene (21a) (5.0 g, 40 mol) was

di ssol ved iRucBintanRbplob0-Bilityrofdebratiidng 2Gdpfopidetél @ligitadidider an hydrogen
at nrosphere (50 bars) in the presence, of Pd/C (500 ng) for 16 hours at room
t enperature. Bubsefjuently, the suspensionfwas filtered over dicalite and
the resulti sol utyeRenas ¢ ted in vacuo to give the
saturated | acto 1 g——%A—ﬁﬁBk— 61% [ as\a col orl ess I|qU|d 1H NWVR of

13, 300 MHz) d = 0.94 (d, J =
6.6 Hz, 3H, CH3) 1.05 (d, J =6.6 Hz, 3H CH3) , 2.08 (m 1H, C3- H),
2.21 (m 2H, C2-H%hd C3- H) 2.48 (m 1B220CH3) 2CH), 4.18 (ddd, J = 7.2,
9.0, 9.0 Hz, 1H, C4-H (ddd, J = 3.3, 8.7, 87 Hz, 1H C3-H) ppm
EXAMPLE 3 Cpening of r;{eéitﬁt@szbﬁt%ﬁﬁ* alsgn PIALIS BAGMBINCERS STWER sodi um
salt : 6raetdd) (100 nd)Sab tiiréinQin @Wéﬂﬂwd(afaﬁh?@'@%er(at%osﬁh@‘e (5(?bé?@?|) in
MeOH (10 an was added a sol ution é

MeOH (20 nif) thepresansg Gf P88 me) f%ﬁ%@é"%%t rP?'Bde’HPerPB’é‘?nstl{abﬁﬁ%%ﬁ' €f or

hours and tsh@ébn%@ﬁ%tfﬂt@héﬁcb\ﬂeﬂd\éalﬁé@na megleg@tuﬁ@aegrogdm@ﬁwuéldagcé@%@éa c
sodiumsalt in quantitative as_an of fwhit

in vacuo to give the satura ed Iacton (3.1¢g,24 mmoI 61%) as a colorless liquid.
'H-NMR of compound according to formula (rac-22a) (CDCls, 300
10 MHz)&6=0.94 (d, J=6.6 Hz, 3H, CH3), 1.05 (d, J = 6.6 Hz, 3H, CH3), 2.08 (m, 1H, C3-
H), 2.21 (m, 2H, C2-H and C3-H), 2.48 (m, 1H, (CH3),CH), 4.18 (ddd, J=7.2, 9.0, 9.0

Hz, 1H, C4-H), 4.31 (ddd, J = 3.3, 8.7, 8.7 Hz, 1H, C3-H) ppm.

EXAMPLE 3

15 Opening of racemic 2-isopropylidene-y-butyrolactone to the sodium salt:

O

NaOH 8 Na
_—
HO ®
0 MeOH
RT, 16h

(rac-22a)
To a solution of compound (rac-22a) (1.5 g, 12 mmol) in MeOH (10
mL) was added a solution of NaOH (0.47 g, 12 mmol, 1.0 eq.) in MeOH (20 mL). The
resulting solution was stirred at room temperature for 16 hours and then concentrated
20  invacuo to give the corresponding racemic sodium salt in quantitative yield as an off-
white foam.
'H-NMR of sodium salt (CD;OD, 300 MHz) & = 0.94 (d, J = 6.4 Hz,
3H, CH3), 0.98 (d, J = 6.4 Hz, 3H, CH3), 1.70-1.87 (m, 3H, C2-H and C3-H,), 1.95 (m,
1H, (CH3),CH), 3.58 (m, 2H, C4-H,) ppm.
25



foam 1H NMR of sodiumsalt (CD3OD, 300 MHz) d = 0.94 (d, J = 6.4 Hz, 3H,
CH3) , 0.98 (d, J =6.4 Hz, 3H CH3) , 1.70-1 .87 (m 3H, C2-H and C3-H2) ,
1.95 (m wbi20(0@H8)62CH) , 3.58 (m 2H, C4-H2) ppm EXAVPLEPCTEPRIN00§9506
optically enriched 2-isopropylidene-v-hutsyrol actone to the sodium salt,
followed by ring closure to determne the e.e. (of the sodiumsalt ) (22a,
83% ee) Optically enriched lactone (22a) ( 1 10 ng, 0.86 mvpl, 84%ee) is
dissolved in D20 ( 1.0 m.) and a solution of NaCH (34.4 ng, 0.86 mol, 1.0
eq.) in D20£ 1 .0mM.) is added at 0 OC over 30 mnutes in three portions.
The reacti K e is stirred for an additional 90 m nutes at 00C. 1H NWR
shows conplieningveficHliPBniidHed LiBSprobNRBRekib18 rOREBRS tCABRBMINM salthe pH of

t he reactian mxture IS adapted to O0-1 u3|n aqueous HCT ( M and the
reacti on milsdowed : cfords ede ke The aqueous
| ayer is extr cted ith chI oroform(2 “the conbl ned orga ic layers are
dried (Na2SO4 i

t he enanti cess okO”Honmpound accofdi ngetgafo{omIM&) (2 3%
EXAMPLE 5 Al kyl ,of the—sediyy e met ; ium
salt of 4-hydroxy- 2, soppepyl but anoate (56 |y, O. 33Rﬁnﬁll) and (s,

277 mg, 3.3 mmol, Y0 eq. peey@ne suspended inma mxture of chloro (2.5
m.) and DVF ( 18- R%¢)The resul ting suspension was stirred at ©BOSE ce)

temperagure for 4 hour papslytdnBbheaaehe Ay (AIdthd, 086 Minona4es ee)libe aqueous
| ayer was extracted with chI orof orm (3x) and the conbi ned organic, |ayer

were dri ed dsRabedin D0 £1.9 méy apd 3 5@luiomeee®EtEd4ime. P8 MMoRdd eaiain
renoved by (¢9¢NL6)FP§éé’dédOJi 0Vt $vet 8b WaMRed A tHiceSortiAs dRSd FeBEtidiarhhitre RSt T as a
col ourless ail gquantl tative

stirred for an additional 90'minutes at 0°C. 'H-NMR shows complete conversion into

the linear ring opened compound. The pH of the reaction mixture is adapted to 0-1

10  using aqueous HCI (1M) and the reaction mixture is stirred for 1 hour at ambient
temperature. The aqueous layer is extracted with chloroform (2x) and the combined
organic layers are dried (Na,SO,), filtered and concentrated in vacuo. Chiral GC shows

that the enantiomeric excess of compound according to formula (22a) is 83%.

15 EXAMPLE 5

Alkylation of the sodium salt to the methylester:

=] MCI, NaHCO3
O Na > O\
HO ®  CHCl, NN-DMF  HO
4 hours, RT
[¢] [¢]

The sodium salt of 4-hydroxy-2-isopropylbutanoate (56 mg, 0.33
mmol) and NaHCOs; (s, 277 mg, 3.3 mmol, 10 eq.) were suspended in a mixture of
20  chloroform (2.5 mL) and DMF (1.0 mL). The resulting suspension was stirred at room
temperature for 4 hours and then quenched by addition of water. The aqueous layer
was extracted with chloroform (3x) and the combined organic layers were dried
(NayS0Q,), filtered and concentrated in vacuo. Residual DMF was removed by co-
evaporation with toluene to give the desired methyl ester as a colourless oil
25  (quantitative).
'H-NMR of methyl ester (CDCls, 300 MHz) & = 0.93 (d, J = 5.4 Hz,
3H, CHs), 0.95 (d, J = 5.4 Hz, 3H, CHj3), 1.65-1.93 (m, 4H, C2-H, C3-H,and OH), 2.32
(m, 1H, (CH3).CH), 3.64 (m, 2H, C4-H,), 3.69 (s, 3H, CH;0CO) ppm.



1H NMR of nmethyl ester (CDCI3, 300 MHz) d = 0.93 (d, J = 5.4 Hz, 3H, CH3) ,
0.95 (d, J =5.4 Hz, 3H CH3) , 1.65-1 .93 (m 4H, C2-H, C3-H2 and OH),
2.32 (m wo20(@H8)62CH), 3.64 (m 2H, C4-H2) , 3.69 (s, BHI/EERBOGDS26

ppm 13C- NWR of methyl ester (CDClI3, 75_Mgz) d = 20.0, 20.4, 30.5, 32.2,
49.3, 5 1.4, 6 1.4, 176.3 ppm EXAWPLE 6 Oxidation of the

4- hydr oxy-ethyl ester to the correspondi ng al dehyde (14): To a sol ution of

t he 4-hydroxy ethyl ester (50 ng, 0 29 rrm)l) in chloroform (2.5 m.) was
added KOAc (42 ng, 0.43 2 resul ting suspension was cool ed
to 0 0C and then TEMPO @ NMF?oofrfﬁethld 8 %@0'3,2752'\/%?%?&4& 2Di4naP oy 32.
trichlorocyamueia afudifel&spm. 34 my, 0.15 mmol, 0.50 eq.) were added in a
single portion. The resulting reaction mxture was stirred at 0 OC for 90
m nut es and then quenched with Na2S203 (ag. 10% w w). The aqueous | ayer was
extracted wxaAmmirchl or onet hane and the conbi ned organic | ayers were washed
wth NaH(IB Zsat aqg. ) dr| ed (Na2804) , flltered and concentrat ed in vacuo
to gi vedcorpiaignoni X glde wEBi | . 1H NIVR of
(14a) (CbC 3, 30 : CHB) , 0.94 (d, J 6.6
Hz, 3H, CH3) , 1.26 (t, J :7 2 Hz 3H, CH3CH20CO|, 2.03 (m 1H, (CHs)ZCH),
2.53 (m 1H, .7 ( 1FFM1@CF1§1§ 2. 88 (m H ., 4.16 (m 2H,
CH3CH20C0) 0. m ~EXANPLE T Pr efar at|
net hyl - 4, 4- di et hoxy- |sopropyl 6%3"? ate (a corrpg%l according to formul a
20a) Sodi um hydri de (32 0 gof a dlspersmn In mneral oil; 0.8 nole)

was suspended in 1 L dmy aldiutiendr geal-egires &hﬁ@e@te‘@%(ﬁmaem aaknrﬁ@puhl ng. Next

di net hyl Irral nate (1 s added in hour at
o 150 hna chbrotaba EMShas pesedknhc T2 mgco T mubela he (5588 evol ut i on
of hydr ogeRrugssnsbnigasdIorREt6d.°C and then TEMPO (1.0 mg, 6.4 umol, 2.2 mol%) and

10  finally trichlorocyanuric acid (TCCA, 34 mg, 0.15 mmol, 0.50 eq.) were added in a

single portion. The resulting reaction mixture was stirred at 0 °C for 90 minutes and
then quenched with Na,S,03 (ag. 10% w/w). The aqueous layer was extracted with
dichloromethane and the combined organic layers were washed with NaHCO3 (sat.
aq.), dried (Na,SQ,), filtered and concentrated in vacuo to give compound (14a) (30
15  mg, 0.17 mmol, 61%) as a yellow oil.
'H-NMR of (14a) (CDCls, 300 MHz) 8 = 0.92 (d, J = 6.6 Hz, 3H, CHa),
0.94 (d, J = 6.6 Hz, 3H, CH3), 1.26 (t, J = 7.2 Hz, 3H, CH5;CH,OCO), 2.03 (m, 1H,
(CH3),CH), 2.53 (m, 1H, C4-H), 2.78 (m, 1H, C2-H), 2.88 (m, 1H, C4-H), 4.16 (m, 2H,
CH3CH,OCO), 9.79 (s, 1H) ppm.
20
EXAMPLE 7

Preparation of methyl-4.4-diethoxy-2-isopropylbutanoate (a compound according to

formula 20a)

Sodium hydride (32.0 g of a 60% dispersion in mineral oil; 0.8 mole)
25 was suspended in 1 L dry DMF and cooled to 0-5°C by external cooling. Next dimethyl
2-isopropylmalonate (139.2 g; 0.8 mole) was added in 1 hour at 5-10°C and stirred for
another hour at 10°C, whereafter no further evolution of hydrogen could be detected.
Next bromoacetaldehyde diethylacetal (157.6 g; 0.8 mole) was added to the reaction
mixture to give a red-brown solution, which was then heated to 130°C for 18 hrs with
30  stirring. GC analysis (HP-5, 30m * 0.32 mm * 0.25 um; T;5#=80°C (1 min), rate
20°C/min, Tepg=300°C(3 min)) showed complete conversion of the malonate.

This mixture is cooled to room temperature methanol (32 g; 1 mole)



Next bronpacet al dehyde di et hyl acetal (157.6 g; 0.8 nole) was added to the
reaction mxture to give a red-brown solution, which was then heated to
1300C f orw@&otwEowst h stirring. GC anal ysis (HP-5, 30m PCOEP2009105952€0. 25 nm
Tinit=800C ( 1 mn), rate 20C mn, T nd=3Q0C(3 mn)) showed conpl ete
conversion of the malonate. This mxture is cooled to roomtenperature

met hanol (32 g; 1 nole)and |lithiunchloride (34 g; 0.8 nol) was added. The
m xture was stirred under nitrogen and heated to 1300C for 8 hours. GC

anal yses shovved corrpl ete conversion. Next, _the reaction mxture is
concent r at @adilifiumehirsidedhe; 0-8snathuas addsgo The mMitureivastiBpd URER BWOAd af t er

addi ti on ofanWakafed (&S990 thr 8RSuREERYAmalyRES shaibed &inﬂﬂéte(c%ﬁ\%rgbﬂu Néxt! ther ed

over a precoated filter. The phases were separated and the water |ayer was
extract ed WPIRORBIHYIE. I8 é?'ﬂceBH?S‘?P'é'ﬂ Kaguo((205, @éGntPﬁr)"f’OﬁHB' @ﬂi‘l‘ﬁieﬁréﬁ’o@ﬂgam c

llayers wer endiiteeaditf &%&@%5@@3%6%%4&@%@@@@@ A, iredf ovieh g

sol vent _under reduced_pressure % he resi dual liquid was
subj ect ed PEFPREEftEHhdNe Phasss W%[ﬁséﬁar@m’o@dt e MBLErJayep wgp gatrageywith

col orl ess @hdthyMtert.b&t Iléﬂ:%egn ﬁ39@ﬁwpmﬁéic@ﬁ5|ﬁé@ibgﬂmtha)fé?§ Wé?eadr(e%Qﬁ/br Overal |
yi el d 45% 1H-NVR (d g 2&)
1.8-2. 1 (m a2§i94an‘d (g)nf:ﬁ?trq:[gﬁ by gvapogatlpn(%theﬂxblven uqdqréedlg:ﬁjj prqgs;gfre(( q_H)
EXAMPLE 8 BBy The r&S@Iditidnd wak sﬂgbfﬁéb tdHréctdh tdiaimdtiotr 6 TRMORBAM Y anoat e
(a conpound. accordin % to fornul 20a) Esterase In a round-bottom fl ask

equi pped widvs &€ Hpf *P%e\bafrta?u%cemc ﬁO'BPOl{W@CﬁBW%t@éOWE%S?IOa) Overall

4, 4-di qghog}@d’z |45%propyl but anoate (202 3 mml) vvere added to 2.265 | of
Phosphat e Buffer pH 7. m\/P | -free extract of the
enzynme (Diversa 13665, '?5‘ 3br&%‘é)6"ﬁe13(@”h@'ﬁ) dddey 1&hd! Bree! €81 uti on
was sti rre@mtz 8 @AM L BRES. at(queH}Jrgt?l (s, QH)?4Q1f(n£ hgpyenantiomers was totally
consuned (nonitored by the consunption of NaOH used to keep the pH
constant).

EXAMPLE 8

15 Enzymatic resolution of methyl-4,4-diethoxy-2-isopropylbutanoate (a compound

accordinq to formula 20a)

O

Esterase \/
/\

/\ /\ OH

In a round-bottom flask equipped with a pH -STAT apparatus 47 g of
the purified methyl 4,4-diethoxy-2-isopropylbutanoate (202.3 mmol) were added to
20  2.265 | of Phosphate Buffer pH 7.5 (100 mM). 85 ml of the cell-free extract of the
enzyme (Diversa 13665, 5.35 g of enzyme) were then added and the solution was
stirred at room temperature until one of the enantiomers was totally consumed
(monitored by the consumption of NaOH used to keep the pH constant).
After 72 hours (e.e. > 99% of the remaining methyl 4,4-diethoxy-2-
25  isopropylbutanoate), MTBE (500 ml), Charcoal (20 g) and Celite (20 g) were added and
the mixture was stirred for 10 minutes. The suspension is then filtered and the water
phase extracted three times with MTBE (3 X 500 ml). The combined organic phases
were filtered over Celite to eliminate the residual biomass, and the organic phase was
dried over anhydrous sodium sulphate. After filtration the solvent was evaporated in
30  vacuo to give the desired enantiomer of methyl 4,4-diethoxy-2-isopropylbutanoate (e.e.

> 99%) as a pale yellow oil (20.5 g, 88.2 mmol, 95% pure — based on GC analysis).



After 72 hours (e.e. > 99% of the remaining nethyl 4,4-diethoxy-2-

i sopropyl butanoate), MIBE (500 ml), Charcoal (20 g) and Celite (20 g) were
added andwORzelomiatesre was stirred for 10 m nutes. The sREPARPII09/059586t hen
filtered and the water phase extracted -tdgree times with MIBE (3 X 500 m).
The conbi ned organi c phases were filtered over Celite to elimnate the

resi dual bionmass, and the organic phase was dried over anhydrous sodi um
sul phate. After filtration the solvent was evaporated in vacuo to give the
desired enantionmer of methyl 4, 4-diethoxy-2-isopropyl butanoate (e.e. > 99%
as a pal e yAMRLEBP| (20.5 g, 88.2 mol, 95% pure - based on GC

anal ysi s). m?&%ngofﬂﬁ(ﬁlﬁ)\ﬂ@%dr@lmnﬁthm%thvlbutanoate (14a)
2- (fornyl methyl) - 3- et hyl but anoat e

Met hyl - 4, 4- di et hoxy- 2- éﬁw'ﬁthpah%ﬁ%rqw'%ﬂa@a@d%e 25980 #5613 8ol ) is
di ssol VEd 'nﬂn&?@ d'@soﬂleém izﬁéi mﬁO@NSﬂ@Irefn%Cétlfr@H fcﬁ’r 2h’€r§ aﬂﬁoohpl‘émpb%%r ahaire. The
mxture is extracted wt X and concentr at ed

by evap®r atM¥Hes e%?ﬁ%Ct%%WﬂlémetWﬁBEPty‘e%é%ﬂ19@ &%ﬁl}decqnée@if%?qj 16.3 g of

col orl ess @ivhporadibrNiffthd mrﬁhnderoreg&e@@ess@@to y1e|@56% gP&‘ domrleéé'%ll 2.35-2.45
(dd, 1H; 2.65-2.70 (m, 1 (f§ Eg 70 (s, 1H
EXAMPLE 10 Preparation %WWK%BE%@% %QWHO&%@@BN@ 'E'b ﬂl%ﬂ%ordl ng
to fornul a12ga) ey 70amahmt:i 78 p0MRE 1HE 3BdE08IeN8L7ngs, m

di hydr o- 3- (ﬁ?opan 3I [ de?ne)fura%(Bh? (I;Br?ej( (212) 537 rrg) (11 mol)
(R-1-1(S)-2-(D -2-furfuryl phosphi no) -

ferrocepyl |exAnmick 1g ert - but yl phosphi ne and 250 i 0.04 M (10 nmol )

Ru( COD) ( et hyl aI [yl 2 soI ut| on . in d| chl ororret hane were placed in a vial
fol | owed byraeafaign gf 2o Ryl-vepsitvrola ReQsding dlag2a) B ni (320
nol ) di hy@é@rv%c(aﬁwn fiic h%'dBHq'eﬁ@tﬂﬁﬁ)Jfldiﬂﬁ'ﬂrc%%‘ﬂbpé}ﬂz-vha'éﬂeﬁuEa(hLZ(Bh)OtheWaS
transferred_to the hydrogenation apparatus and was hydrogenated for 1 h 30
nin at 50 é&&nd 25 bar hydr ogen. GCanal ysi s showed 100% conversi on and 93%

enantiomeric excess. 57 mg (11 pmol) (R)-1-[(S)-2-(Di-2-furfurylphosphino)-
15  ferrocenyllethyldi-tert-butylphosphine and 250 wl 0.04 M (10 umol)
Ru(COD)(methylallyl), solution in dichloromethane were placed in a vial followed by 1.4
ul (10 umol) HBF4.OEt,, 5 ml dichloromethane and 35 ul (320 umol) dihydro-3-(propan-

2-ylidene)furan-2(3H)-one. This solution was transferred to the hydrogenation

apparatus and was hydrogenated for 1 h 30 min at 50 °C and 25 bar hydrogen. GC-

20  analysis showed 100% conversion and 93% enantiomeric excess.

GC CONDITIONS:

Column Chiraldex G-TA (30 m x 0.25 mm ID x 0.13 ym)

Oventemperature 80°C (1min) > 5°C/min - 180°C (5 min)
25  Carrier gas He flow rate 1.2 ml/min

Split ratio 1: 50

Injection volume 1 pyL

Enantiomer 1: 10.3 min
Enantiomer 2: 10.8 min
30  Substrate: 11.7 min



GC CONDI TIONS: Columm Chiraldex GTA (30 mx 0.25 mm ID x 0.13 mm

Ovent enperature 800C ( 1mn) - 5C mn - 1800C (5 mn) Carrier gas He flow
rate 1.2 wD/2niomi@pbit ratio 1: 50 I njection volunme 1 niPEma®Re09Mme952d: 10. 3
m n Enantioner 2: 10.8 min Substrate: 1bg7Z m nEXAMPLE 11 Synt hesi s of
enantiomericallv enriched cvanohvdrin: (S)-nmethyl 2-((S)-2-cvano-2-

hvdr oxyet hyl ) - 3- net hyl but anoate (a conpound according to fornmula 15) A

m xture of 72 M S-HNL in 18 m K-Phosphate buffer (20 nM pH=5.6) and 360
m MIBE is charged to the reactor. The 2 phases are m xed by stirring and
at a terrperEéiAM%-—%LOOC 200 M pure HCN (0.53 nol) is added. Methyl 2-
(fornyl met kyhinedis W bR tRHABARL R ricH&) &ya8bhlirinUiHtn&h{i2-@5) scyMbBE are dosed
to the reactor in 20 mnutes The mxture I S stlrred Tor 3 hours at 0O0C.
The conver $igiexygthyllhg-matiapdpila popoind agcrdingdedarmitizgel Yeact  on mi xture
Is diluted wt m IVrI'BE After phase sepa ti nthe water layer is
extracted w tth BE (2 x 100 ygn,.(spandifiedOM t§ 0.2 m concentrated H3PO4
and dried ov S Af t er—filtration the | hevapor at ed under
reduced predsure y eIHTng 2 1.0 g of theNyandhyd)inof formula (15) (e.e.
of G4 center is 9%% . EXAMPLE 12 Synthesis of t | act one nitrile:

(2S,4S)-tetrahvdro-4-isopropyl -5-oxof uran-2-carbonitril ef_&a ound
accordi Ag to fornul a 16)MixkiEe el ehBh§dtNlninghd relkisapperhete puf r42QJ|)n s diluted

with 120 mpl—F'l%.G) and 360 ml MTBE is charged to the reactor. The 2 phases are mixed by
stirring and at a temperature of 0°C 20 ml pure HCN (0.53 mol) is added. Methyl 2-
(formylmethyl)-3-methylbutanoate (16.5 g) diluted with 95 ml MTBE are dosed to the
reactor in 20 minutes. The mixture is stirred for 3 hours at 0°C. The conversion of the
10 aldehyde is >95% and e.e. >95%.
The reaction mixture is diluted with 200 ml MTBE. After phase

separation the water layer is extracted with MTBE (2 x 100 ml), acidified with 0.2 ml

concentrated H;PO, and dried over Na,SQ,. After filtration the MTBE is evaporated
under reduced pressure yielding 21.0 g of the cyanohydrin of formula (15) (e.e. of C-4
15  centeris 97%).

EXAMPLE 12

Svynthesis of the lactone nitrile: (25,4 S)-tetrahydro-4-isopropyl-5-oxofuran-2-carbonitrile

(a compound according to formula 16)

0]
OH p-TsOH, toluene o,
NC O\ L ---|III<
NC

20 O
The cyanohydrin of example 11 (12.4 g) was diluted with 120 mL of

toluene and 25 g of mol sieves 5A were added. To this mixture, 250 mg of p-
toluenesulfonic acid was added and, whilst stirring, the mixture was heated at 70 °C for
1 hour. After cooling to RT, the molecular sieves were filtered off and washed with

25  toluene. The collected organic phase was washed with a saturated aqueous solution of
sodium bicarbonate and dried over Na,SO,. After filtering off the Na,SO4, the organic
phase was concentrated under reduced pressure yielding 10.7 g of crude lactone.
Purification by flash column chromatography on silica gel yielded the title compound
with >98% purity.



tol uene and 25 g of nol sieves 5A were added. To this m xture, 250 ng of
pt ol uenesul fonic acid was added and, whilst stirring, the m xture was

heat ed atwdQo®®1dwS 1 hour. After cooling to RT, the noIPETHPA0IHEBIES Wer e
filtered off and washed with toluene. Thg collected organi c phase was
washed with a saturated aqueous sol ution of sodi um bi carbonate and dried
over Na2SO4. After filtering off the Na2SO4, the organi c phase was
concentrated under reduced pressure yielding 10.7 g of crude | act one.

Purification by flash col um chronatog hy on silica yi el ded the t|tIe
corrpound wi th >98% pur i BPNMR(AGOM 2o @Asb bddg) J= 84 31H211Udc?

2.3 Hz, 1H)(m 2H§3@ 6&-2741 f;mzﬂﬁ)zm'éz ﬁ@g_né {0 (&HE6.8H3131), @@7((83&%*)9 1 10
(d, J— 6. 3H) , (d, J=6.9 H). EXAVPLE 13 Synthesis of the

TBS-protecﬁBdBH%anohvdrln (S) - et hyl
2-r(S)-2-cvano-2-(fbutyl di methylsilyl) oxyethyll-3-nethyl butanoat e,
conpound accor di ng to formula (15) Imdazole (7.35 g, 108 mml) was added
at 0 0CPto on of the cyanohydrin (10 g) in DMVF (180 m ), followed
by TBDVSI Clsyhihedié off theSFRE proiddtad cyEHnBhyHrikt LSRG S SY-9-8¢hrt2-{00M
tenperature overnlght. Subsequentl¥, t he reactlon nlxture mas poured over
an i ce-col iagihyl thylbutapoais,
di et hyl ether (100 m ) the organic | ayer S separat ed and the aqueous
| ayer was further extracted with diethyl eF%ZL.(leoo m ). The conbi ned
shed with a saturatedéﬁ u sol ution of sodium
dri an ol vent was then renpved
under reduced \Th?QD'%g:frl—" "[h'%g?f%%1 by flash colum
chr omat ogr |ca gebwyaeldnmthhe N | e compound. 1H NMR (400 MHz,
CDCI3) : d 4.26 (dd J= 9.2, 3owmight 1H), 3.50 (s, 3H), 2.37-2.29 (m 1H),
-20038 (5963|(_|)m él)_(DAl\/PiE rﬂlgazole%géng,’Fd?mmol)%v%soe{dggd %{Tb °&?cl)_g’soluhon of(tﬁe 3H,
10  cyanohydrin (10 g) in DMF (180 mL), followed by TBDMSICI (9.77 g, 64.8 mmol). The

mixture was stirred at room temperature overnight. Subsequently, the reaction mixture

organi c | ayers
bi car bonat e an®'br

was poured over an ice-cold aqueous HCI solution (1 M, 80 mL). After the addition of
diethyl ether (100 mL), the organic layer was separated and the aqueous layer was
further extracted with diethyl ether (2x100 mL). The combined organic layers were

15  washed with a saturated aqueous solution of sodium bicarbonate and brine, dried over
Na,SO, and the solvent was then removed under reduced pressure. The crude mixture
was purified by flash column chromatography on silica gel yielding the title compound.

'H-NMR (400 MHz, CDCl,): & 4.26 (dd, J= 9.2, 3.4 Hz, 1H), 3.50 (s,

3H), 2.37-2.29 (m, 1H), 2.08-1.96 (m, 1H), 1.86-1.68 (m, 2H), 0.81-0.68 (m, 15H), 0.00

20 (s, 3H), -0.08 (s, 3H).

EXAMPLE 14

Hydrolysis of tetrahydro-4-isopropyl-5-oxofuran-2-carbonitrile (a compound according

to formula16) to the corresponding acid: tetrahydro-4-isopropyl-5-oxofuran-2-carboxylic
25 acid

Tetrahydro-4-isopropyl-5-oxofuran-2-carbonitrile (19.7 g, 128.7
mmole) was dissolved in 200 ml 6N HCI and stirred at reflux for 18 hrs. The mixture
was cooled to room temperature and extracted with methyl-tert.butylether (3 x 100 ml).
The combined organic layers were dried over Na,SQy, filtered, and concentrated by
30  evaporation of the solvent under reduced pressure to yield 16.8 g of yellow oil (97.7

mmol).



Hydrol ysis of tetrahvdro-4-isopropyl-5-oxofuran-2-carbonitrile (a conpound
according to formulal6) to the correspondi ng aci d:

t et r ahvdrwo2eiooprespyl - 5- oxof ur an- 2- car boxylic acid PCT/EP2009/059526

Tet r ahydr o- 4-i sopropyl - 5- oxof uran-2-carlkgnitrile (19.7 g, 128.7 muol e) was
di ssolved in 200 mM 6N HCl and stirred at reflux for 18 hrs. The m xture
was cooled to roomtenperature and extracted with nethyl-tert. butylether (3
x 100 m). The conbi ned organic |ayers were dried over Na2SO4, filtered,
and concentrated by evaparation of the solvent under reduced pressure to
yield 16.8 g of yel | owPdrificatioy viz thegicyclgigpyiemingsdh via t he

di cycl ohexyl am ne- sal t Thdheionebil RWisBbhved T Z40sHPhepRshel medfRidH. bltpethane/
met hyl -tert. butyl et her ( Next dicycl ohe%%(ljam ne (17.7 g; 97.7

: : 2 vIiv). , !
mmole) is é@d’é\ﬁ_ N?’S[S\'/ﬁygéhe)gﬂﬁ‘?ﬂif‘%ﬁ%ﬁg? %7r-§§ir&q"ﬂ 'fiéfjij QBY(FF s% quﬁ%r_‘eous_
preci pi t at @rjskalliZ88bRb&UrP I hE ipkddipatcoR isonash B¢ filatidh, NRRRENRitRREptERE 86d | N
vacuo to yield 17.6 of a white solid. Next, this white solid is suspended
in 200 ™ rﬁ’é'_?%iﬂ Vacep o b‘ﬁ'tdy1l7eq 8 6f 2 hije golgl. ﬁl!ext(, s B’hﬁ‘?’rﬁ@'@)'s gyspeasied RE00; s
added dr op nMngéth@Htert. BQetRIBRA aldhE58 BBmBles biiédhc HCISé hddedirbpvisenat her 0.5
hrs. The precipitate is_filtered off and the filtrate is concentrated in

vacuo to yirePr tengergtust- Tf‘ﬁé“'étéfed's@B“f‘?‘i‘)f%ﬁBPtﬁeEﬂ%%‘rﬁ’r-iT@ﬁtp“Eﬁ'@W? isiffteszAi ch
crystal | i zeg abtes filafea¥chidhatet anehdug-to Jigrd\ g(dfimgad (5700 And|)hs 3H) ;
1.05 (dd, 3I—R; 2.2-2.7. %3 Xx m together 4H); 9.2 (broad s, 1H) EXAMPLE 15
Synt hesi s d8Ntsewa Rl whist QIY%%'&eéﬁgPr-%fed&B‘?%? 8iRn9ingar bonyl chl oride (a
conmpoung according to fiquNwRacB8),) 70.95 Yd, 8rY, 103 [RIYSA), @as27i (BIxeA, tdgétreked
round bottom flask (250 m) equipped with magnetic stirrer, nitrogen gas
inlet, septiithbatPadenbdouple, was filled with 7.12 g (38.08 mol, 1.00
eq) carboxylic acid | actone (of exanple 14) and 45 m toluene (dry,

degassed). E5XArIT\1/IPL(E7'155 g, 59.09 mmol, 1.6 eq) oxalylchloride was added and

Svynthesis of tetrahydro-4-isopropyl-5-oxofuran-2-carbonyl chloride (a compound

15 according to formula 18)

A dry and nitrogen gas filled 3 necked round bottom flask (250 ml)
equipped with magnetic stirrer, nitrogen gas inlet, septum and thermocouple, was filled
with 7.12 g (38.08 mmol, 1.00 eq) carboxylic acid lactone (of example 14) and 45 ml
toluene (dry, degassed). 5 ml (7.5 g, 59.09 mmol, 1.6 eq) oxalylchloride was added and
20  subsequently 22 ul dimethylformamide (dry) resulting in gas evolution. The solution
was stirred at room temperature for 3.5 h after which a sample quenched in ethanol
showed no starting material by TLC. The solvent was removed in vacuum at room

temperature and giving the desired acid chloride.

25 EXAMPLE 16

Preparation of compound according to formula (19a)

o)

@ .
Mg, THF Q
~o ~o

A dry, nitrogen gas filled, 3 necked round bottom flask (500 ml)

equipped with reflux condenser, dropping funnel, magnetic stirrer and nitrogen gas inlet
30  was filled with 4.680 g (192.5 mmol, 1.1 eq) Mg powder, 10 ml tetrahydrofuran (THF,

dry, degassed)) and a crystal of iodine. A solution of 54.930 g (174.5 mmol, 1.0 eq) 2-

(3-methoxypropoxy)-4-((R)-2-(chloromethyl)-3-methylbutyl)-1-methoxybenzene, and



subsequently 22 m dinmethyl formam de (dry) resulting in gas evolution. The
solution was stirred at roomtenperature for 3.5 h after which a sanple
guenched wo 2etdapws showed no starting material by TLC PTREPI@VWEITR6 was
removed in vacuum at roomtenperature amgp giving the desired acid chloride.
EXAMPLE 16 Preparation of compound according to fornula (19a) A dry,
nitrogen gas filled, 3 necked round bottomflask (500 m) equipped with
refl ux condenser, dropping funneI nagnetic stirrer and nitrogen gas inlet
wasfllledwlth4680 (19

t et r ahydr of%f @h? (ZWO”‘@FV"“QH‘@Q%%@%H‘) yHEr’ﬂ‘PSaor%H’%f%@ ﬁPd 8@ ”?'(S’Eﬂhr'feso'%'%dr’% ion
of 54.930 gdtiedhhe MQ@urry JThps BBdur@ was heated to boil, and while keeplng it refluxin

(3-net hoxypropoxy) 4-( (R %chl oronet hyl ) - 3- net hyl but yl ) - 1- et hoxy 8enzene
and0.6 m iezremam%a%fr%ﬁ@ PYe W8S affledTilinp yage 'Br%?ﬁr@t? ’B'r’fﬂ"?wamtheé‘f this

sol uti on wasardd@det r‘éfl&ﬁ@odﬂﬂroﬁb WirrahothERB S HNakbBichasalsabedLt@nbRed ., and
whi | e keeplng it refIUX|ng the remai ni ng sol uti on of above was added drop

wi se i nd1. Hoptartpemaierial [ e\ﬁa@,cecnﬁérprh%fdh%@rlgﬂ%rérsomr WRs Oo®diNi ons for

anot her 3. Yetormileti®y tticHhwan doyiens| ingTbfensheyRe d3andéaot i ng material . The
concentration of the Gignard solution was 0.763 Mdetermned by titration
w th s-butanol using phenantroline as indicator. EXAMPLE 17 Synt hesis of
conmpound ago@mpIgqto fornula (4a): Coupling of compound according to

formula (19a) wth the corrpound accordl ng to fornula (18a) The in exarrpl e
15 prepar e@ nthiesis Sralele) f lingeof g ding

o formulasiday Couplingo

and coaped fhiulh @Ba) @R RLRmM @h@acéBPdih i fs50l ution Wasadded dr op
wise in 30 mnin tota of the Giignard

eq
sol ution of exanple 16TNRELPIATPE ﬁ%pr%rw@%ﬁ%%rr%(d%)w ‘éjﬁ?oi"fdd'@“f’The

reaction mrﬁﬂWﬁ(d\"ﬁ%eQé&béﬂadd‘cdoﬂ& Witttlar? el atevdi®i. TWakis 2deied s§lh£PéM Was The
f or med slurry was filtered and the precipitate was washed wth 50 nl et hyl

acet ate. TRAIRGAIPYERE i Crotm@t'eéota@éﬂwéér%dnwh h-Oree0e PT e GrignardRpIutien ni )
and brine (teRarpie 160kdePthglhe NBRIEMmpéiatlr& beldw 2N, The reaction mixture was

15  cooled in ice and 25 ml water was added slowly. The formed slurry was filtered and the
precipitate was washed with 50 ml ethyl acetate. The combined filtrates were washed
with water (50 ml and 100 ml) and brine (100 ml), dried on Na,SQ,, filtered, and
evaporated under vacuum to yield 17.19 g crude product as an oil. This was purified by
column chromatography to giving compound according to formula (4a) as pure

20 diastereoisomer.

EXAMPLE 18

BnQ OH
LDA, THF
)
0°C 2h
OEt

Diisopropylamine (3.56 mL, 25.3 mmol, 1.05 eq.) was dissolved in
25  THF (14 mL) and cooled to -70 °C. n-BuLi (1.6 M in hexanes, 15.2 mL, 24.2 mmol, 1.0
eq.) was added dropwise at -70 °C and the resulting yellow solution was stirred at 0 °C
for 30 minutes. The solution was then cooled to -70 °C, after which a solution of ethyl
isovalerate (3.65 mL, 24.2 mmol, 1.0 eq.) in THF (15 mL) was added drop wise over 20
minutes. The solution was stirred for 1 hour at -70 °C and then
30  benzyloxyacetoaldehyde (3.74 mL, 26.6 mmol, 1.1 eq.) was added drop wise.

Subsequently, the reaction was stirred for 3 hours at -70 °C and then allowed to reach



evapor at ed under vacuumto yield 17.19 g crude product as an oil. This was
purified by colum chromatography to giving conpound according to formula
(4a) as pupeotiEstedr eoi soner. EXAMPLE 18 Dii sopropyl am RET(ER2&8/084526 25. 3
mmol, 1.05 eq.) was dissolved in THF (1431) and cooled to -70 OC. n-BuLi (
1.6 Min hexanes, 15.2 nL, 24.2 mol, 1.0 eq.) was added dropw se at -70
OC and the resulting yellow solution was stirred at 0 OC for 30 m nutes.
The solution was then cooled to -70 0C, after which a solution of ethyl

i soval erate (3.65 nL, 24.2 nmol, 1. q.% in THF ( 15 nl) was added drop

wi se over JePTHiieResaiurernhilesgiring ‘E)‘f?”i}!&%t £b¢ raaghon wes quw&n?d #ith NrpCosahind
then benzy|a@§)é@@¢ﬁ@§<ﬁ@%ﬂ¥ﬂﬁle( @agéxtl‘ﬂetedz\ﬁlﬂﬁEm (8x)1 Thé cBRhbinewpgAfded drop

Wi se. Subsequently, the reaction was hours at -70 OC and t hen

al | oned to'%y@é%\ﬂﬁr@d'vﬁstf@%\@hélf'l]%s%ﬁq )éjr%(N??%)d‘UtéF%%CO”WW%’&| on was

quenched WiyhbydNFAfide the Yesirforbd @isl (4.918, BE BANS, 7M%|x’t’é@§oﬁd‘ib§tél‘ébﬁféré’)" th
Et CAc (3x). The conbined organic | ayers were washed with brine (sat. aq.)

dried (Nazﬁéw)ye"owr'M@F@d’v%snléﬁeéd%@m%ﬂéeW'thowtafewrtpar'%%nthe desired
products (4.9 g, 17.5 mmMRZ@t’/%,r@odMH@) Et oA, QS'I—EQ@-H@I%)%Z@(W@ILI' ow oi |

whi ch was used in the ne ste ut further urlflcatlon NVR
(CcDal 3, 306G sy =0 W@é(mnﬁHgﬁﬁoz(%ﬂbm% B(ﬂQCfé?r)r éth?cff’lé)C?’H
2.08-2.35 (aﬁhdd’ﬂ)lzCl—g)G@Mg% Mphc&/éZ?G ém @), 4.1 1 (m 3H C3-H
and OCH2CH3 ) , 4.54°(m 2H, PhCH2), (m’ 5H Ph) ppm EXAMPLE 19

CH3SO2Cl, 1, 2-di chl or oet hane Et 3N, DIVAP, 0 OCto RT reflux, 2 h To a

sol uti qp ofexAngriat ¢9hol conpound of exanple 18 ( 1.0 g, 3.56 mmol) in

1, 2-di chl oroethane and triethylanmine (5.0 _, 1: 1 v/v) at 0 0C was added
N, N- 4-di net hyI am nopyridine (44 ng, 0.36 , 10 mol % and then

met hanesul 8yl ¢ ﬂHorlde (0.83 nm _, 10.7 eaa‘b\ 3.0 eq.) in a° opW| se

fashi on. The CH.SO,CL, 1,2-dichloroethane "0 DBU, Toluene o
Q
Et;N, DMAP, 0 °C to RT reﬂux 2h
OFEt
E/Z 1:1

To a solution of the alcohol compound of example 18 (1.0 g, 3.56

mmol) in 1,2-dichloroethane and triethylamine (5.0 mL, 1:1 v/v) at 0 °C was added N,N-
4-dimethylaminopyridine (44 mg, 0.36 mmol, 10 mol%) and then

15  methanesulfonylchloride (0.83 mL, 10.7 mmol, 3.0 eq.) in a dropwise fashion. The
resulting solution was stirred for 48 hours while warming to room temperature. The
reaction mixture was quenched with NH4CI (sat. ag.) and diluted with water. The layers
were separated and the aqueous layer was extracted with chloroform (3x). The
combined organic layers were washed with NaHCO; (sat. aq.) and brine (sat. aq.),

20 dried (NaySQ,), filtered and concentrated in vacuo to give the mesylated product as a
yellow/brown oil, which was used in the next step without further purification.

The mesylated compound was dissolved in toluene (10 mL) and
diazabicyclo-undecene (DBU, 0.64 mL, 4.3 mmol, 1.2 eq.) was added. The resulting
solution was heated under refluxing conditions for two hours under a nitrogen

25  atmosphere. The reaction mixture was allowed to cool to room temperature and diluted
with EtOAc. Subsequently, the organic solution was washed with NH,ClI (sat. aq.) and
brine (sat. aqg.), dried (Na,SO,), filtered and concentrated in vacuo. The residue was
purified by column chromatography (heptane-EtOAc 95:5 v/v) giving 0.88 g of product
(3.36 mmol, 94% over 2 steps, 1:1 E/Z-mixture) as a yellow oil.

30 'H-NMR of product (1:1 E/Z mixture) (CDCls, 300 MHz) & = 1.09 (d, J



resulting solution was stirred for 48 hours while warm ng to room
tenperature. The reaction m xture was quenched with NH4Cl (sat. aqg.) and

di | uted wvohlowatierss The | ayers were separated and the agUEGEPIOMIAFERE WaS
extracted with chloroform (3x). The coniygned organic | ayers were washed
with NaHCO3 (sat. aqg.) and brine (sat. aq.), dried (Na2SO»4) , filtered and
concentrated in vacuo to give the nesyl ated product as a yell ow brown oil,
whi ch was used in the next step without further purification. The nesyl ated

conmpound was_di ssol ved i n tol uene élo m}.‘% and di azabié_\écl 0- undecene ( DBU,
0.64 m_, & &6mroP GHOHey1)18ds/ 28ddE: Sthé& M@ t3hg ol ehdr ke’ heat ed

under refl yri ng, GH(@IH})%),CHWZ-E@VG (MMBHNEUIS AUYIRIH,R 44 1 {nﬁzgﬁm catppamsqre. The
reaction mxture was all owed to cool to roomtenperature and diluted with
Et OAc. SubZ&lbaRttY 8-Ah@totgari e 146 dth 6A- a8 Sds HadP- (enTieH) (58 . aq. )
and brine (gabH, @) gom.dried (Na2SO4) , filtered and concentrated in vacuo.
The residue was purified by columm chromat ography (heptane-EtQAc 95:5 v/v)
gi vi ng D. 88 g of product (3.36 mml, 94%over 2 steps, 1. 1 E/Z-m xture) as
a yel | ow oigxaMpig\pR of product ( 1 : 1 E/Z mxture) (CDClI 3, 300 MHz) d =
1.09 (d, J= 6.6 Hz, ?nlal, CHCEB) , 1.18 (d, J = 6.9 Hz, 3H, CHCH3) , 1.30 (t,
3H, OCH2CH3) , 2.77 1H/ CH(CHs)2) , 4.12-4.26{(m 3H, C4-H, OCH2CH3) ,
4.41 (m 1H, C4-H), 4. 2H? PhCH23s, 6.01 (dt 1.2, 5.1 Hz, 1H,
C3-H), 6.69 (t, J = 5.7 Hz, C3- . (m~5hH; ppm EXAMPLE 20
ethyl 4-(benzyl oxy)-3- hydyoxy-~e- i solkBihyl but anoat yl

4- (benzyl oxy) - 3- hydr oxy=2-\sopr 8Pyl but anoate (3.9 g, nmol ) was di ssol ved
in toluene (25 m.) and the‘resulting solution was heated under reflux
overnight in the pr ese%é‘}?(gwlgst%i chionetric sulfuric acid (96% 0.74 m _,
14 mol ). The reacti onigloxilihaewas all owed to cool to roomtenperature

after which the reaction was ,
Ethyl 4-(benzyloxy)-3-hydroxy-2-isopropylbutanoate (3.9 g, 14 mmol)

was dissolved in toluene (25 mL) and the resulting solution was heated under reflux

10  overnight in the presence of stoichiometric sulfuric acid (96%, 0.74 mL, 14 mmol). The
reaction mixture was allowed to cool to room temperature after which the reaction was
guenched with NaHCO3 (sat. ag.). The aqueous layer was extracted with chloroform
(3x) and the combined organic layers were dried (Na,SQ,), filtered and concentrated in
vacuo. Subsequently, the product was diluted with pentane and extracted with

15  acetonitrile. The acetonitrile layer was washed with pentane (2x) and then concentrated
in vacuo. The product was further purified by column chromatography (heptane-EtOAc
4:1 v/v) and Kugelrohr distillation to give the unsaturated lactone (1.3 g, 10 mmol, 74%)
as a colorless liquid.

'H-NMR (CDCls, 300 MHz) & = 1.19 (d, J = 6.9 Hz, 6H, 2 CHs), 2.69
20  (m, 1H, CH(CHs)y), 4.76 (m, 2H, C4-H,), 7.07 (m, 1H, C3-H) ppm.

EXAMPLE 21

(e]0]

Na o
®

HO DMSO, DCM, -78 °C

] 20 min then Et;N, 0 °C
OH

A solution of DMSO (0.41 ml, 5.8 mmol, 3.8 eq.) in DCM (7.5 mL)
25 was added to a solution of oxalylchloride (0.24 ml, 2.9 mmol, 1.9 eq.) in DCM (7.5 mL)



guenched with NaHCO (sat. aq.). The aqueous |ayer was extracted with

chl oroform (3x) and the conbined organic |ayers were dried (Na2S™4) ,
filteredwoowanewst rated i n vacuo. Subsequently, the pPCHEPROOMASISAS | ut ed
wi th pentane and extracted with acetonitgsidle. The acetonitrile |ayer was
washed wi th pentane (2x) and then concentrated in vacuo. The product was
further purified by colum chromatography (heptane-EtOAc 4:1 v/v) and
Kugel rohr distillation to give the unsaturated |actone ( 1.3 g, 10 mml
749 as a colorless liquid. 1HNWR (CDClI 3, 300 MHz) d = 1.19

Hz, 6H, 2 @FBBS @d@ga@g{{oggp{atr@q{p@g@ Zhe resylting sehastlorzwasewr@mt 7870(5‘7 m
1H C3-H pbmhinGXeMREENRH it 580 b 'di’ﬂweosfodmgél{@epﬁétemn théeéuéﬂmlm 48. 8 eq )
in DCI\/I(75m_3 was added to a solutjon of oxalylchloride

mol, 1.9 &M§) iPENY 67mio) apd)then aqeé'c@e'ddﬁé’é?rm'a $P DeRyens §§4ﬁﬁ‘§ﬁ¢1éﬁ’®d The

resul ti ng Sr‘hblﬂééuﬂltthMpé{shdrf\ﬁQs §t¥rrerd7f8r %tﬁé?@oZﬂnﬁﬂerﬂﬁi% °@féfférr watthch first
250 ng of the sodiumsalt depicte din the equation ( nmol ) in DCM

(7.5 m D) &irihyieeinedeatmle 1§d1“&i'0k d229-)iyas, adée@r Trﬂ?d’PaCt@”@'étﬁ'rf)W@\%?@"‘éﬁd’ded
The resul t'té‘gaa%H@p@rbﬁidcﬁ’ﬂlrr\é@%t gid terpdrdtae fé\ﬂpﬁélﬁé aﬁ@tH@nrﬂﬂ"&ﬁn dmpefSuRC af ter
which triethylamne (2.5 m , 18 mml, 12 was added. The reaction

m xture m@VQW”IM@etréa?t@adY?S(ﬂl@@WHt‘l"?tﬁéa”(b?‘etpm of the ARRONE [BYET VEF 4

hours and %ﬂﬁl@te@ttobﬂmWﬁWﬁlQiMr@q p\mérngasus |§y@Wa@,ets<trb@tedWﬁ mw)ed
with water and the pH of the aqueous |ayer was j usted -4 with HC

(1M aq.). a'FHéhea%fH@Eiﬂ%d PragRic '@Mﬁé’s WsierdicH dbasi Qi fﬁ@fﬂd(%ﬁ)cog?ﬂ"t'ialt@ 'Bonbi ned

or gani ol aygkso. WamNevIR lof £ &M&@é&ct shbivéd 8 nagurnét dﬁémféwtl'hélbégrédn vacuo.
1H NMR of the crude product showed a m xture of gro ducts. The desired

heni acet al "gRE¥AGeERlNES deptlign baa chalpaletislicinsak @t B&4ierat (G4-r IBReHané-ng) |

| mpor t ant | YsverdRidaNEH @xhélat-dRPotyfic bl ofltheCakeepotding @hyeridd whdi8bserved.
correspondi_ng anhydride was observed. The presence of th(;1 hem acet al was

confirmed Hye@resasse ﬁftf‘ehewetaé)ﬁ’ﬁﬁ/lﬁﬁﬂ"r?@d@ylﬁ% /3 =

15 EXAMPLE 22

O
N
o fa TEMPO, DCM, TCCA, o
HO ® -
0°C,2h
0
o)

4-hydroxy-2-
isopropylbutanoate

TEMPO (1.8 mg, 12 ymol, 2 mol%) was added to a suspension of the
sodium salt of 4-hydroxy-2-isopropylbutanoate (100 mg, 0.60 mmol) in DCM (5.0 mL)
at 0 °C. Subsequently, trichlorocyanuric acid (152 mg, 0.65 mmol, 1.1 eq.) was added
20  upon which the suspension turned yellow. The reaction mixture was stirred at 0 °C for 2
hours and then diluted with water. The organic layer was dried (Na,SO,), filtered and
concentrated in vacuo to give the anhydride as the sole product.
'H-NMR (CDCls, 300 MHz) & = 0.99 (d, J = 6.9 Hz, 3H, CH3), 1.04 (d,
J=6.9 Hz, 3H, CH3), 2.30 (m, 1H, CH(CHj3),), 4.76 (dd, J = 5.4, 18.6 Hz, 1H, C2-H),
25  3.05(m, 2H, C3-H,) ppm.



i sopropyl butanoate TEMPO ( 1 .8 ng, 12 mmol, 2 mol % was added to a
suspensi on of the sodiumsalt of 4-hydroxy-2-isopropyl butanoate (100 ng,
0. 60 nmolWwoi2o10BaMef5. 0 m . ) at 0 OC. Subsequently, tri cRCoEPe§O6952€ aci d
(152 ng, 0.65 mmol, 1. 1 eq.) was added 3gpon whi ch the suspension turned
yell ow. The reaction m xture was stirred at 0 OC for 2 hours and then
diluted with water. The organic |ayer was dried (Na2SO4) , filtered and
concentrated in vacuo to give the anhydride as the sole product. 1H NWR
(CbCl'3, 300 MHz) d = 0.99 (d, J = 6.9 Hz, 3H, CHB) , 1.04 (d, J = 6.9 Hz,
3H, CHR) _.Eﬁédxg_kﬁx?_ 31H, CH(CH3)2) , 4. 76 (dd, J = 5.4, 18.6 Hz, 1H, C2-H),
3.05 (m 2H, C3-H2) ppm EXAMPLE 23 Un at ed Iactone 2la (5:
was di ssol vedi t hapPl.ok 0., L) and : , : :
added. The Tes ng—eeJ—uH—eﬁ—wa %anighj{cl—&hroo e r aowr e and
then concentratled Pn vacuo to gi Ve the deglired ri ng opened salt ag an

of f-white solid~1H NWR shows that the desired conpound was contani nated
with a side prgduct (approximate}y 20% whi ch s identified asthe salt

depicted in the equation fornmed/by 1,4 tion of nethanol 1
desired salt (CD30OD, 300 WMHz) d{= 1. 70 ( 3Hya ) , 1.83 (s, CH3) |,
2.49 (t, J = 6.6 Hz, 2H, C3-H2) 363 82 6.6 Hz, 2H, P

1H NWR of side product (CD3CD, 300 MHz) d 1. 25 (s, , "CH3)

3H, CHB) , 2.49 (m 2H, C3-H2) \2.60 (dd, 13 = 2.0, i Hz, 1H G-
3.21 (s, 3H GRBO), 3 @‘As@tbrat@d"’ac@ﬂe'ﬂ% (5’9?‘ 46Hﬁ’ndﬂ\ﬁé§8|§s&\‘;eoﬁﬁlrﬁeﬁh&m ai ned
i ssol ved DVF (3 m.) and Mel

above (4:1 nol/nol, nmol ) was
(0.32 mmol (505”‘(§)Pr'ﬂbeaot| (Qn%egq A ’Wé]@' éddeﬁ) wahaddeds (ine f%'“ﬁ%‘é@'%‘éﬂ Was stirred

overni ght %Ewréc?@x?@rﬁ@ﬁpﬁrréédcﬂt&né%ﬁﬁe %@ih@h%@ﬁ&rﬁ%f&%ﬁ%&% to g theact i on was
guenched with water "and the resulting 'g' neous m xture was extracted
|.

wi th chl or gesias m@quewﬁéaEaﬁﬁn@é‘denegs&H% MVBrshowe that dhe desired

compound was contaminated with a side product (approximately 20%) which was
identified as the salt depicted in the equation formed by 1,4-addition of methanol
'H-NMR of desired salt (CD30D, 300 MHz) & = 1.70 (s, 3H, CHs),
10  1.83 (s, 3H, CHs), 2.49 (t, J = 6.6 Hz, 2H, C3-H,), 3.63 (t, J = 6.6 Hz, 2H, C4-H;) ppm.
'H-NMR of side product (CD30D, 300 MHz) & = 1.25 (s, 3H, CHs),
1.28 (s, 3H, CH3), 2.49 (m, 2H, C3-H,), 2.60 (dd, J = 3.0, 11.4 Hz, 1H, C2-H), 3.21 (s,
3H, CH30), 3.60 (t, 2H, C4-H;) ppm.
The mixture of salts obtained above (4:1 mol/mol, 720 mg, 4.2 mmol)
15  was dissolved in DMF (3.0 mL) and Mel (0.32 mmol, 5.0 mmol, 1.2 eq.) was added.
The resulting mixture was stirred overnight at room temperature under a nitrogen
atmosphere. The reaction was quenched with water and the resulting homogeneous
mixture was extracted with chloroform (2x). The combined organic layers were dried
(Na,S0O,), filtered and concentrated in vacuo. Residual DMF was removed by co-
20 evaporation with toluene to give a mixture of the desired ester and the ester derived
from the side-product (4:1 mol/mol, 600 mg, 3.6 mmol, 87%) as a yellow oil.
'H-NMR of desired ester (CDCls, 300 MHz) & = 1.79 (s, 3H, CHs),
1.93 (s, 3H, CH3), 2.51 (t, J = 6.3 Hz, 2H, C3-Hy), 3.62 (m, 2H, C4-H,), 3.67 (s, 3H,
OCHj3) ppm.
25 'H-NMR of ester of side product (CDCls, 300 MHz) 3 = 1.14 (s, 3H,
CHj3), 1.16 (s, 3H, CH3), 2.51 (m, 2H, C3-H), 2.74 (dd, J = 3.3, 10.5 Hz, 1H, C2-H),
3.14 (s, 3H, CH30), 3.60 (1, 2H, C4-H,), 3.67 (s, 3H, C(O)OCHs;) ppm.



(Na2SO™4) , filtered and concentrated in vacuo. Residual DW was renoved by
coevaporation with toluene to give a mxture of the desired ester and the
est er derwoedioirorwst he si de-product (4:1 nol/nol, 600 nmPpCTEPENII6I526 87% as
a yellowoil. 1H NWR of desired ester ((@C 3, 300 MHz) d = 1.79 (s, 3H,
CH3) , 1.93 (s, 3H, CH3) , 2.51 (t, J =6.3 Hz, 2H, C3-H2) , 3.62 (m 2H
A-H2) , 3.67 (s, 3H, OCH3) ppm 1H NWR of ester of side product (CDCl 3,
300 MHz) d = 1.14 (s, 3H CH3) , 1.16 (s, 3H, CH3) , 2.51 (m 2H, C3-H2) ,
2.74 (dd, J = 3.3, 10.5 Hz, 1H C2-H), 3.14 (s, 3H, CH30O, 3.60 (t, 2H,

- H2) , 3ESAMRLE 344 (0  OCH 3) ppm EXAMPLE 24 Preparation of a conpound

accor di NG Qe faBH o o hnpdus@bbdraing @ fokheageyipound according to fornula
(4a) with RA=2- propyl (868 rrg) and benzyl amne ( 1 .07 g) in di et hyl

ether (4.4 m.) was degassed Pwith N2. To the solution, a 1 M sol U 7i on of
TiCl4 in tolyeneo \@as s| APy ddded Ur@)d\/l’\/\()l gQr aus. stli pri’ng

After stirri ng for h Jat Iroom't enperatyre, the heteroo leaction
m xture was di | ucéd?wi dlethyl et herefos. 4 il . ) and Fi . RExtraction
of the filtrate by 0.5 NaNaOH (2 x 50 M ), drying the solution over Na SO4
anhydrous, filtration and subsequent evaporation gave the corresponding

e B, ot O o Rt b e Vi
accor di ng toeodyn(8E8Ineg)(ahl-beRr R pafind Q1CUVSg)Oiﬁ drttgOEPeHEd ALY aasdBgadsed fmxhrrul a
Gi 550l ved. M- 50 B spuion e REyoica adey b oeng 6B a8 g sty atireo it
di ssol ved. viyot®is Slifrg0ndict s@Ah@ebrath éth@orh@émg@fam&h@aétardg%hedsu@%uétamby 5
cycles of mlxtg?e vlagsr Pjilu?g(jjw}?#digthyl ether (5.4 mL) and filtrated. Extraction of the filtrate by
10 0.5 N NaOH (2 x 50 mL), drying the solution over Na,SO, anhydrous, filtration and
subsequent evaporation gave the corresponding imine, a compound according to
formula (7) (Rs=benzyl) in 0.8 g yield.
GCMS: M/z: 524.

15 EXAMPLE 25-27

Hydrogenation experiments of compound according to formula (7). Preparations of a

compound according to formula (2)
Method A

The imine compound as obtained in example 24 (0.052 g) was
20  dissolved in a solvent (5 mL). [Ir(COD)CI], (0.0016 g) was added and dissolved. After
preconditioning of the homogeneous catalyst mixture by 5 cycles of N, (3 bar) and by 5
cycles of H, (25 bar), the solution was stirred for 3 h at 50°C and 25 bar H..

Method B

25 A solution of benzyl amine (0.021 g) in CH,CI, (5 mL) was prepared.
Under an atmosphere of N, [Ir(COD)CI], (0.0034 g) was dissolved in the benzyl amine
solution (1 mL) giving a catalyst solution. The catalyst solution (0.1 mL) was placed in a
reaction vessel and the CH,Cl, removed in vacuo and the remaining complex
subsequently dissolved in 5 mL of a 0.01 M methanol solution of the imine compound

30  as obtained in example 24. After preconditioning of the methanol reaction mixture by 5
cycles of N, (3 bar) and by 5 cycles of H, (25 bar), the solution was stirred for 3 h at
50°C and 25 bar H,.



cycles of H2 (25 bar), the solution was stirred for 3 h at 500C and 25 bar
H2. Method B A solution of benzyl amne (0.021 g) in CH2CI2 (5 nL) was

pr epar ed. wOrdwyoiaxsat nrosphere of N2, [Ir(COD)Cl] 2 (0. 0084/ERR009ASISAé ssol ved
in the benzyl amne solution ( 1 nL) gi.ggng a catal yst solution. The

catal yst solution (0.1 nL) was placed in a reaction vessel and the CH2Cl 2
renoved in vacuo and the renmai ning conpl ex subsequently dissolved in 5 nL
of a 0.01 M nethanol solution of the inm ne conpound as obtained in exanple
24. After precond|t| oning of the nethanol reaction mxture by 5 cycles of
N2 (3 bar) R@SH'HBy 5 cycles of H2 (25 bar), the solution was stirred for 3 h

at 5Q0C and'gp. bar Hivkgsd! TS [ddat ca 10”/@,%Huétr{§reldngPSI red 4(R -2

stereoi soners are allso detected EXAMPLE Preparatjon of a conpaynd
according o formula (2) from the corrpound @SR ng| 485l a (4) - 2
steps. A solgtion off Ketone (T W% AECOrgg Ng to fpgeuia (4a) W th R4=2-
propyl) (3%9 ng) and benzyl amine ( 3r>] ny) ?Qn diethy| ether (2 m.) was
degassed by 282. Then,A(0.5 m .) HEifiylaceeteol U833 on OF T| €34 in tol ueng was

sl ow y adder@—aﬁrwrr‘ré—emmhe—hﬁyr ogeneops; T xture was |al | owed
to stir for 6.1 hour|. The reactlion m xturel subsequently was diluted by

di et hyl et hirto(cd 18P 9f theuhdesired BYR¥2 bteremisoorers firet digo petectepi t at es and t he
resi due washed with 5 portions of 1 m. diethyl ether. According to GC
anal ysis, the keton was conpletely converted to the imne and the excess of
benzyl am fXAMREEBAS in the diet hyI et her sol ution. Due to evapor ation of
di et hyI et t&% I ]

solutlon 8 0 D
hydr ogenat |mu_la(_(&.)_5_21ﬁﬁg_of the d| et hyI et her sol uti on of the inmine
solution was placed ina@35%k keBRS doRfpolh@bOMkaifl REforBS (BYIRATRLS bY a

st ream of

propyl) (359 mg) and benzyl amine (443 mgq) in diethyl ether (2 mL) was degassed by
N2. Then, (0.5 mL) of 1 M solution of TiCl,4 in toluene was slowly added at room

10  temperature and the heterogeneous mixture was allowed to stir for 0.1 hour. The
reaction mixture subsequently was diluted by diethyl ether (5 mL) followed by filtration
of the precipitates and the residue washed with 5 portions of 1 mL diethyl ether.
According to GC analysis, the keton was completely converted to the imine and the
excess of benzyl amine remains in the diethyl ether solution. Due to evaporation of

15  diethyl ether during the filtration step, the total volume of the imine solution was
adjusted with diethyl ether to a total amount of 10 mL.

For hydrogenation, (2.5 mL) of the diethyl ether solution of the imine
solution was placed in a vessel, and the diethyl ether was evaporated by a stream of
N,. The residue was subsequently dissolved in methanol (10 mL). Meanwhile,

20  [Ir(COD)CI], (0.0024 g) was dissolved in a solution of a 0.03 M solution of benzyl amine
in CH,Cl, (1 mL) and allowed to stand for 0.25 h. After removal of the CH,Cl, by a
stream of N, the remaining complex was dissolved in the previously prepared solution
of the imine in methanol (10 mL) and subsequently the reaction mixture was subjected
to hydrogenation. Prior to hydrogenation, the reaction mixture was degassed by 5

25  cycles of N, (3 bar) and by 5 cycles of H, (25 bar) and the hydrogenation was
conducted for 3 h at 50°C and 25 bar H,.

After hydrogenation, the reaction mixture was filtrated and treated
with 1 N HCI (1 mL) overnight. The methanol was removed in vacuo and the residue

dissolved in isopropanol (10 mL) followed by removal of water by azeotropic distillation



N2. The residue was subsequently dissolved in nethanol (10 m ). Meanwhil e,
[Ir(COD)CI]2 (0.0024 g) was dissolved in a solution of a 0.03 M solution of
benzyl armwoeoion1i@d2Cl2 ( 1 nl.) and allowed to stand foPCO/EP300/0595R¢ er
renoval of the CH2Cl 2 by a stream of N2,3gt-he remai ni ng conpl ex was

di ssolved in the previously prepared solution of the imne in nethanol (10
m .) and subsequently the reaction m xture was subjected to hydrogenati on.
Prior to hydrogenation, the reaction m xture was degassed by 5 cycles of N2
(3 bar) and by 5 cycles of H2 325 bar) and the hydrogenati on was conducted
for 3 h at &eyeeghdhoseside wps diggavad 'H;?d1rb§@ﬁ'é1rﬁ%ﬁept?ﬂ%af‘@§%’|%ﬁ?ﬁﬁa’xture
was {11t T aRIRNGok 6B 1 thb BIDIudbndBloyind.1 Tihabiad iy abdiato Higuplhanol vas

renoved i n vacuo_and e residue dissolved in |soproEano .) followed

by renoval 18fMkiaf B8N ie BiRsd@sdfRsEedPE Mathancl giving thir Phbsalt s @”r"ésu due was

di ssol ved infetRanbi. Tlme%éthé'rﬁ&m%fs d&@iﬂ’écﬁé‘rﬂj hdeSd v disshridah & mikiukd bRtIRLIOVEr
Siqg 2 and the Siqg @/‘éthe 1: 1 hep tane/eth% acet at e mxture (3 x

15 m )5 TK%H"—)?H@@@PFWQ%( SHa dolioyerby [exhastiog wWingt (Nt 1G%s (el Mol uti on

in met ha”0|The-Ef}%OIE‘3ﬁébad}@d dQ@SNQJS@'ddh?G‘ro@@C*lItFeh@d rf&MH%ydb@é@él‘éedelz
m xture of CH2C and triethylam ne fol'l owed %%§6Xt raction

with sat. Naﬂédﬂ;at(oz &C@rﬁ’ﬂ’gjo G?h@G@%C@Wﬂégb@meédn 0 ereaa2E®eHRYdr ous,
filtrated, sioldtewedomer (BEBYRyOf CH2C 2 by distillation. According to CC,

t he product was obtained in 66/ area % of the 4(S), 5(S)-stereoisoner
(R8=benzyl). EXAMPLE 29 Preparation of a conpound according to formula (2)
fromthe cexposmdE agcording to fornula (4) Reductive am nation protocol -
1-pot. 4a 2 Placed In a reactl on vessel NAP) RuCI 2 (DMF)x] (10
ITg), ket onelg 2 A O coramg ao ITg) and

di ssol ved |f&mb|?§4gfl-ﬂ$edu@t.\y@é,hma%n Qr'(lgngor_eaE@tlon mxture was degassed by N2
and heated at ter ours, a sanple of the reaction mxture was

anal ysed by GC and the for Pi on
OO ”< PREN NG <
~o o) ~o NHRg

4a 2

Placed in a reaction vessel, [((S)-tol-BINAP)RUCI, (DMF),] (10 mg),

15  ketone according to formula (4a) (40 mg) ammonium formate (189 mg) and dissolved

in 7 N NH; in methanol. The reaction mixture was degassed by N, and heated at 85 °C.
After 2 hours, a sample of the reaction mixture was analysed by GC and the formation

of product (4S,5S)-2 (Rs = H) has been demonstrated in comparison to a standard.

20 EXAMPLE 30

Preparation of a compound according to formula (2) from the compound according to

formula (7) using NaBH, as reducing agent.

A sample of the imine obtained as in example 24, was dissolved in
methanol, treated with excess of NaBH, for 1 h and subsequently quenched by 6 N
25  HCI. The methanol was removed in vacuo and the residue dissolved in water. After
basifying the water layer to pH 11 with 32 % NaOH in water, the product was extracted
by CH,Cl,. According to GC, the product was obtained in 60 area % of the 4(S), 5(S)-

stereoisomer of compound according to formula (2) with (Rs = benzyl).



of product (4S,55)-2 (R8 = H) has been denonstrated in conparison to a
standard. EXAMPLE 30 Preparation of a conpound according to formula (2)
from t he worepmumeiiéadccordi ng to formula (7) using NaBH agCrage@wogpsagent. A
sanple of the imne obtained as in exanpjpe 24, was di ssol ved i n net hanol,
treated with excess of NaBH4 for 1 h and subsequently quenched by 6 N HCl .
The net hanol was renoved in vacuo and the residue dissolved in water. After
basi fying the water layer to pH 11 with 32 % NaOH in water, the product was
extracted by CH2Cl 2. According to GC, the product was obtained in 60 area %
of the 4( S)%@@Atereoi soner of compound according to formula (2) with
(R8 = benz\aefAlRh & Be 4-(BIeaTtbSaithOReH aamd.ﬂqeosaormat@a) of the ket on
according to fornmula (4a) A solution aof F&fs -4a with éZ 17 9)
in i sopropanol (20 n . fSR&Eio8Of ASddargin =R riepyr Gt gh'”t'?rf@r?ﬂaé‘%@ énlof

KHCGB (0. 5 vihk-stikB@ fdreathi @nc i ihb'fr@séﬁ@é ofrAkLed (6.8 3') OHa rbﬁ&lbﬂrrﬁ&w@waéld
i sopropanol renoved in vacuo at and the residue disso|lved in CH2C 2

(20 m _P. ERPIPALR foom sMmperriure1and) sPRaNPhigmaveR inuacP at 40°¢ ! the residuf i ed

over Na2SO¥isaBh¥diPuR,Cls (2|0trﬁI§)t EQifaliBA ofMHaITSH 2] utieh V\IlthQNaﬁéH ($&B0 @aye a
viscous oil. Analysis showed full racem sation of the 4-C stereaogenic

centor . whidigd Py NAzRer ABRYEIaks, Bivelivh anceyaspraling of ihespivert gaverd YIRoast i cal | y

pure. EXANBHEAﬁaZydPsrme@tfmofac@ﬁusan@roameacb aefRhidGeher,vilguhdothé) Uusi ng
(R) - a- net hyl benz%j/q solution of ketone 4a (178 ng) and

(R) - a- met hyfersraepiars é?r‘rfsﬁé’”(jid@))rﬁ_r? SHIhORKCABY PY™®- m) was degassed by N2. To
the sohption, a 1 Msolution of TiCl4 in toluene (0.25 nL) was slowy added
under vigorQus stirring. The reaction m xture was allowed to stir for 2
hours, fil EXAMREEAY the residue washed extensi vely with excessive anounts

of ether. ImeraiRin 4@ doMPRViIRd BESrEiHako ﬁ)rafewatm @n%?@mé{h%b@?&%ﬂarﬂiﬁbne the
et her solution was extracted wt iJjute X and water (5

I’T‘L) . The OMe

MeO

A solution of ketone 4a (178 mg) and (R)-a-methyl benzyl amine (264
15 uL)in ether (2 mL) was degassed by N,. To the solution, a 1 M solution of TiCl, in
toluene (0.25 mL) was slowly added under vigorous stirring. The reaction mixture was
allowed to stir for 2 hours, filtrated and the residue washed extensively with excessive
amounts of ether. In order to remove residual amounts of a-methyl benzyl amine the
ether solution was extracted with diluted NaHCO3; (3 x 5 mL) and water (5 mL). The
20  ether layer was separated, dried over Na,SO, anhydrous, and concentrated. The

residue was used as such in the subsequent reactions.

EXAMPLE 33

Preparation of a compound according to formula (7) using (S)-a-methyl benzyl amine.

O
OMe
@]
O """m(
N CHs
MeO Wg

A solution of ketone 4a (178 mg) and (S)-a-methyl benzyl amine (264




ether layer was separated, dried over Na2SO4 anhydrous, and concentr at ed.
The residue was used as such in the subsequent reactions. EXAMPLE 33

Pr epar at iwe 20fo/@owsnpound according to fornmula (7) usi ng@CTEP2@2/08450 |
benzyl am ne. A solution of ketone 4a (448 ng) and (S)-a-nethyl benzyl
amne (264m _) in ether (2 nm) was degassed by N2. To the solution, a 1 M
solution of TiCl4 in toluene (0.25 nL) was slow y added under vi gorous
stirring. The reaction mxture was allowed to stir for 2 hours, filtrated
and the residue washed extensively with excessive amunts of ether In

order to retmREthrd? miavasrsgasseddy Ne. he R solwionz g1 Msplyiion efelieh fier
sol uti on wasuénd (0ast ad) \)Mé Qoﬂ!y'a‘dlﬁ@@i uh@éﬂ@@%r&& sfirhdrhe pdtivRbBiurevasl) . The

ether layer was separated over Na SO anhydrous, and concentrated.
The resi du@/lowed [ﬁ’s”é‘élfoég fgqygsm f'|trﬁte(dk%‘dstt]%§‘e$dﬂi’@ﬁ’t’a g4 Exienpively pRgpLesshie

Prepar at i oRnffun®s FRIRPUAGrRGFEO Fehhdl@ rbgduélramﬂuﬁts(c})a Méﬂh?l%eﬁw@l‘a@mﬁ@ﬁ%w
benzyl am ne and the ketone of fornu -C center bein

raceni c2 ACHEI §PIUHRN WRS REfaSRI With ¢ !PT%d 'N@')"CQﬁ&f’ £ @)m'd a}?@t"YW?r (QéTH-zyTheam ne
(264 nl) iRtk NSer (vds Bbgark@g, M@%ENaﬁS&NﬂwhyJ@u& hehdsdhbéntRited. dhé M

sol ution of T| Cl'4 in toluene (0.25 nm) was s[owy added under vi gorous
stirring. TeRIAYSYRS v %Wﬂﬂ%t%bﬁquﬁﬁk@aﬁt@@tl r for 2 hours, filtrated
and the resi due washed extensively with excessive anounts of ether. In
order to renpve residual anmounts of a-nmethyl benzyl am ne the ether

sol ution wXaMRLEB24ed with diluted NaHCO (3 x 5 nL) and water (5 ni). The

et her hayeprésar@RsFadoRtboufd 'a@@br@MQ'fo AR S 7 Pi; Mﬁﬂ@%me&&ﬂb&ﬁgmhé at ed.
The residue nas i?se as suc e sy sequen reactj ons

Pr epar at i of08#08 =S A3y & gentenbeingracemic; ng (S) - a- met hy|
benzyl am ne and t he ketone of for a 4a wth the 4-C center being
1 8 ng) and (S)-a-nethyl benzyl am ne

racem c. A _sOMaition of ketone 43,
(264mL) in|et her (2 nmL) was degasse 'S)by(NZ. To the solution, a 1 Msolution

of Ticl4 i

MeO - R

A solution of ketone 4a (178 mg) and (R)-a-methyl benzyl amine (264
pL) in ether (2 mL) was degassed by N,. To the solution, a 1 M solution of TiCly in
15  toluene (0.25 mL) was slowly added under vigorous stirring. The reaction mixture was
allowed to stir for 2 hours, filtrated and the residue washed extensively with excessive
amounts of ether. In order to remove residual amounts of a-methyl benzyl amine the
ether solution was extracted with diluted NaHCO3; (3 x 5 mL) and water (5 mL). The
ether layer was separated, dried over Na,SO, anhydrous, and concentrated. The

20  residue was used as such in the subsequent reactions.

EXAMPLE 35

Preparation of a compound according to formula (7) using (S)-a-methyl benzyl amine

and the ketone of formula 4a with the 4-C center being racemic.

MeQO

25 Ph
A solution of ketone 4a (178 mg) and (S)-a-methyl benzyl amine (264



toluene (0.25 nm) was slowy added under vigorous stirring. The reaction

m xture was allowed to stir for 2 hours, filtrated and the residue washed
ext ensi veWg 20itiowicessi ve amounts of ether. In order t®CTHEPWS/05E26 dual
anounts of a-nethyl benzyl am ne the ethr. solution was extracted with
diluted NaHCG3 (3 x 5 nL) and water (5 nmlL). The ether |ayer was separated,
dried over Na SO anhydrous, and concentrated. The residue was used as such
in the subsequent reactions. EXAMPLE 36 - 39 Reduction of the imnes of
exanpl es 32-35 using NaBH4, and subsequent hvdroqgenol vsis (preparation of
conpound adbbIARY (€61 amAegassess HHVARTS thy salitoRandiM pelufier SESH dtided t o
the resi du%l%n@@mﬁ)%sléﬁly added @ﬁ&br%or&d& Sinaly. Y8 s&lctidBiMure4fhsd) Was

added and after rrpl et e conversion, reaction m xtures were quenched

with 1 N Hell O‘Q’Gdltorﬁ_')' fortZHpugcm'W@Fﬁdsandé%wmqewaﬁ@@%xtgﬁawwﬂéth FCS#F added

to the resigiints d¥ etfe®. IRRERRE Ror@dveGERIRIA atdufits)of aﬁh@th?l"ﬂ)éh@?l antlhelgeed to 13
wth 32 % NaOH under vigorous stirri (gHand cool in CH2Cl 2 was

separ at 8d &He"SAWORYVAT SxEAREd Witk dilite BNk Pr (D g'z) a(f‘di"’arﬁ?_’)(f’ Mine TR®NMbi ned
CH2C1 2 | aY%ErﬁarWy'eﬁﬂa@‘é@éarQ{@aS%d@@yﬂé%@marfh'ybrbﬁ@teﬁ‘ﬂ @RGerithgeCHRET 2

removed. Hvdroqgenol vsis For this purpose ng of the above obtained
am nes merée?dﬁ*l&w/w%‘?%hwm@wupse%epf re?ﬁté)”lseactl on mxture was treated
by 5 cycles of N2 (3 bar) and 5 cycles of H2 (25 bar) in the presence of

wet 10 % Pd/ C 280 E&). The hydrogenol ysi s subsequently was perfornmed at
500C and 2 38239 0r 2 hours. Anal ysis of the reaction m xtures by CC,

see tahbe b@d%oﬁ%@%ﬁﬁ.ﬂ& of A8mbIeR e Foirdf Né?@lqlp%ﬂ%%b@é'(ﬁ!éhﬂl ng to formla
enz

2 (R = a- me;tjhyl y preparl ng t a and a- et hyl

ben2y| am “ SN QY S .‘ .n e
solution of (45)-4 (2. wetrganolqsrﬁtﬁvés S ) B SIS BRSNS B2, 33, 34, and

35. In each vessel NaBH, (40 mg) was added and after complete conversion, the

he | mne fof corrpound

reaction mixtures were quenched with 1 N HCI (1 mL), the solvents removed in vacuo
15  and water (2 mL) added to the residue. In the presence of CH,CI, (2 mL), the pH was

adjusted to 13 with 32 % NaOH under vigorous stirring and cooling. The CH,CI, was

separated and the water layer extracted with CH,CI, (1 mL). The combined CH,ClI,

layers dried over Na,SO, anhydrous, filtrated and the CH,Cl, removed.

20 Hydrogenolysis

For this purpose, 45 mg of the above obtained amines were dissolved
in methanol (5 mL). The reaction mixture was treated by 5 cycles of N, (3 bar) and 5
cycles of H, (25 bar) in the presence of wet 10 % Pd/C (80 mg). The hydrogenolysis
subsequently was performed at 50°C and 25 bar of H, for 2 hours. Analysis of the

25  reaction mixtures by GC, see table below.

Example Imine Product (area %)
(4S,58)-2 (4S,5R)-2 (4R)-2
36 Example 32 | 14 80 6.5
37 Example 33 | 75 12 13
38 Example 34 | 15 39 46
39 Example 35 | 46 7 46




added a-nethyl benzyl amine ( 1 .45 g) and Ti(OPr)4 (2.98 g) and the

m xture was allowed to stir overnight. A fraction of the obtained solution
(1 .37 gyowaw/qppbmwsed in a 5 n. vial, degassed by N2 ardTapR@egsesré|y a 1
eq. of the hydride source was introduced3-The m xture was allowed to stir
for 40 hours at roomtenperature. For HPLC anal ysis, a sanple was prepared
by hydrolysis of the reaction mxture (0.2 nL) in 1 NHC (0.3 nL).
Extraction was carried out by a mxture of CH2Cl12 ( 1 nL) and triethylam ne
(0.1 m) in_the presence of an additional amount of water ( 1 m). The
CH2Cl 2 | ay &XAMRLE (a3t ed and dried over Na2SO4 anhydrous, filtrated and
the vol ati IgyftheSRRY 86mBbiHIR BicBoriRgite #EmeRd AR Sendi® bBAAMAURT prepBn PPt ai ned
resi due was dlssolved In the HPLC—eIuent and the solutlon subjected to
HPLC- anal y h 2\ A AVl G eg tsed Qb W

accordi ng tdqﬁefrémrwa,@je% (R' (R) a rret hyl benzyl) by preparing the imne of
conmpound 4a and (R)-a-net hyI benz am ne and_subsequent hydrogenati on

using PP/ C in different Ogsioldign &f A(Slje)"' - WEQ)WFHBéﬁz’VII-)Vé?ﬁrﬁép?%'V%'% g) and
Ti(O Pr)4 (aadg@agﬁeth\@%eﬁiﬂWnea@ld%ﬁ)ta‘hda'l MR8 Planb 4D mktdréwhé 9) in dry
a

THF (6.4 m_} and the m xture was to stir for 40 hours at room
terrperaturé’OW‘PfetOr%'ée‘(‘?raﬁhhA(fﬁﬁt'@” fhbe gbfainessoition (536 @) wes Blaced in@ber (1

m) in THF pfi5Qabegaaa€d at}N%nétsutssréqngntfﬁ1 & mf@m hfdtRe $BLicEvaser e
filtrated. Then removal of THF in vacuo C and the residue_was

i mredi at el YERossed-JEE m'htuﬁ‘t’ﬁ&a'{ox‘@drtﬁf“tf&r t%msﬁyr%@mp@fﬁt%redlz%rtl | | ation
of watep ngPL@aﬁdh%lé?bLéGﬁfNé)\%@brebarea HAhyarons® 6-thel haecﬁcsm&ttnéwgcm)was

di ssol ved in } and the obtained sol ution as such

hydr ogenat |'rthr"el§b r3o’ﬁ§ ExBRcioparas@riad Yh Sy atrﬂ'étué%ﬁf @H%ﬁ' “s’B'I—lﬂr]don in MIBE

(1.25m tr)etM‘@émm\éE\l@erﬂL)&ﬁitﬁeOpréééfﬁ@%‘ﬁaﬂ%Gdlﬂbﬁeﬁ@h‘é@ﬁtéfﬂvaﬁers(q"rr\‘l)?%e(5 m_).
To the obt ai ned substrate sol ution, % was added and t he

m xture pr&t&%daw%waﬁyapﬁateﬁétﬂd&t'ewvsr @%Oesangyérms 'ﬁr%%ft?”dath‘ﬂ 5 cycles

of H2 (25 Ramliles FérRoved giving a residue containing the product. The obtained residue was

15  dissolved in the HPLC-eluent and the solution subjected to HPLC-analysis, see table

below.
Ex. |[H] Product Product (area %)
(4S,5S) | (4S,5R) | (4R)
40 | 2M LiBH4 in THF | 2 (R = (R)-a-methyl benzyl) | 82 12 6
41 NaCNBHj; 2 (Rg = (R)-a-methyl benzyl) | 73 25 2
42 NBusBH4 2 (Rg = (S)-0-methyl benzyl) | 72 21 7
43 BH3 2 (Rg = (R)-a-methyl benzyl) | 22 72 5

EXAMPLE 44 - 47
20  Synthesis of compounds according to formula 2 (Rs = (R)-a-methyl benzyl) by

preparing the imine of compound 4a and (R)-a-methyl benzyl amine and subsequent

hydrogenation using Pt/C in different solvents.

(R)-a-methyl benzyl amine (0.66 g) and Ti(O'Pr), (2.99 g) was slowly
added to a solution of (4S)-4 (2.17 g) in dry THF (6.4 mL) and the mixture was allowed
25  to stir for 40 hours at room temperature. The reaction mixture was diluted with a
solution of water (1 mL) in THF (50 mL) and after stirring for 1 night the solids were
filtrated. Then removal of THF in vacuo at 30°C and the residue was immediately

dissolved in EtOAc (35 mL) followed by azeotropic distillation of water giving the crude



hydr ogenati ons were carried out at roomtenperature and 25 bar H2 for 24
hours. According to GC, conplete conversion of the imne-derivative was
achi eved.woOhetogtiereséoneri ¢ rati os of product 2 (R8 = (R) PaTmPRévglosiseanzyl

am ne) was determ ned by HPLC, see tabl.gghel ow. EXAMPLE 48 and 49 Synt hesis
of conpounds according to fornmula 2 (R = (R)-a-nethyl benzyl) by preparing
the imne of conpound 4a and (R)-a-nethyl benzyl am ne and subsequent

hydr ogenation using Pt/C in different solvents. (R)-a-nethyl benzyl am ne (
1.21 g) andTl(OP 4 (5.98 g) were slowy added to a solution of (4S)-4
(4.34 g) imrefuptin %QB'GM)T haﬁwdﬁr%oqﬂcwa$ disgelsedin Nl (1anlg@ng ”FQJr 40

hours at r oBmilgRAltdhWEEd aEQucH’iWﬂm&@@@@ﬁétloﬂ'}eaétlbﬁ‘s' m ne-derivative solution
in THF ( 1 nm) was placed in a reaction vessel d after renoval of the

sol vent the residue wa§oungsedanstons the %@Pv%tﬁtsowo'f‘rﬁ‘)MTBﬁéﬁzéﬂ&)t"Yaén of

Pt/ C wet (HdeFQt)ed%\dryhB@s éﬂ&@lb‘é&/éﬂﬁﬁl@ﬁ%ﬂ/@nf ﬁrmlf_byqlb‘i}g%lﬂélh@@s@détr%t&yc' es of
N2 (3 bar) and ydrogenations were carried out

at 5CI)05an&ob'ﬁorbér%lﬁﬁ/cowgr(ﬂf‘%ﬁ’cg) Wﬂé@gfjﬁ‘i’ ﬁ@d ﬁhﬁ iUTR BIRRRE@IdO onver si on of

t he i n ne- ¢9aioyahation %@%@B'&W‘;@S ba'ﬁj'@néib%g@@wH20(25€Eia'r)0$h@f conpound
according to fornula enzyl am ne) was_determ ned by

HPLC, see Mﬁrloge%%uoawwrae AP S AMERE03IHY2 T9E 2BBRP- benzy|

ani ne) (ar eacdfingdS Gtd)cohbtd Banviefddin @h%%—&én@t&e%s%@hlb%ﬁ 3’41e6 115
EXAMPLE 50 and 51 nthesi s of conpounds accord |ng to formula 2 = H)

by prepari S eHBEHGf %S%ffpr%fﬁ%lﬁﬁﬁ AR)-armptay! REDFK) PMINEA 23S daieTHEn *EV
subsequegnt HPL@, @e&RMld Blowsi Nng Pd/ C. A sol ution of ketone (4S5)-4 ( 1 .09
g), the a-nethyl benzyl am ne (363

Example | Solvent | Product 2 (Rs = (R)-a-methyl benzyl) (area %)
(4S,5S) (4S,5R) (4R)

44 THF 26 61 12

45 IPA 20 66 13

46 MTBE |22 66 12

47 EtOAc | 32 55 13

EXAMPLE 48 and 49

Synthesis of compounds according to formula 2 (Rs = (R)-a-methyl benzyl) by

15 preparing the imine of compound 4a and (R)-a-methyl benzyl amine and subsequent

hydrogenation using Pt/C in different solvents.

(R)-a-methyl benzyl amine (1.21 g) and Ti(O'Pr), (5.98 g) were slowly
added to a solution of (4S)-4 (4.34 g) in dry THF (16 mL) and the mixture was allowed
to stir for 40 hours at room temperature.

20 For hydrogenation, the imine-derivative solution in THF (1 mL) was
placed in a reaction vessel and after removal of the solvent the residue was dissolved
in a solvent (6 mL), then addition of Pt/C wet (140 mg) and the mixture prepared for
hydrogenation by 5 cycles of N, (3 bar) and 5 cycles of H, (25 bar). The
hydrogenations were carried out at 50°C and 25 bar H, overnight. According to GC,

25  complete conversion of the imine-derivative was achieved. The stereomeric ratios of
compound according to formula 2 (Rs = (R)-a-methyl benzyl amine) was determined by
HPLC, see table below



ng) and triethyl amne ( 1 .01 g) in ether (12 m.) was degassed by N2.
Then, slow addition of 1 Mof TiCl in toluene ( 1 .5 n.) at room

t enrper at We 2ardh10te8 mi xture allowed to stir for 3 hour. PET@PRANO5BRE ai ned
reaction mxture, 1.2 m. was diluted hysether (2 m.) and extracted with a
NaHCOs solution in water (3 x 1 m ), the ether |ayer separated, dried over
Na2SO4, filtrated and the ether renoved. The obtained residue was dissol ved

i n net hanol and the obtai ned solution prepared for hydrogenation by 5
Cycl es of N2 (’2 har\ and 5 cvcles of H2 (7R har\ The h\/rlrnmnr]a“ on was

carried outl EXAMPlee] $nvesthPeodyrt 9éRs 3 (Rleg-peihy! pazyhayyingl @ka%) and 25 bar of
H2 for 2 hours. AfTer Nydyfagegati on, al pBRrE was 11| jggred and the
stereoneri ¢ ratios| of compound accordihg to formila ( = was

det er mi ned |¥$ GC- aMEQEi $25see tabl e bpfbw Exanpl e aphihe Prodlct 2 (RR = H)
(area % (42955 (BN @gR)_E»O (R—af Methyl—benzyt ime 9515 5 1
(S)-a-Meth 9benzvl aAm neg 63 32 5 EXAM 52 Synt hes génof conpound
according to formula 2 (R = H) by preparing the inine of conpound 4a and
(R) -a- et hbﬁ?@@%bﬂ@m B¢ and subsequent hvdrogenation usi ng Pd/Cin

i sopr opanol f ketone (4S) 4 (434 ng) |n THF (1.6 n) was
degassed byyNhesFotnombenndsdgiording tafo by prena heiimiae(c
ﬁggr? (th obthpbindZa fmﬂh BEn s oA fishaliBn BLhL pdeE. 24
For thi8 purpose, a coﬂmﬁvtwaﬁ&ﬂam@@&m(ﬂt%&)(mememwm%ﬁﬂ 6(nlwe (ﬂ_6)3 I n
the clearhep f. S ed and
el uated on t%%mftrﬁ)({l@g%gﬁegio@m% B %ﬁ%\as co%ttsg&?b}y\ﬁ ﬂaeﬁmgé\%éure of
Et OAC/ hept aldéltlarmdfBM@faTcelwthIlJ@ﬁei’05mL)aW\momtemneadur@dandlih@mxtme 1 and 2

were conbi %ﬁ&N@J’% srtﬁeﬁir%qﬁ)lur %@%%ﬂ%mgb %Cftlblb y%g Z%L W% 'aﬁ’utgé{ b{,ermval

of the solvent 1n vacuo eres
ether (2 mL) and extracted with a NaHCOj solution in water (3 x 1 mL) the ether layer

10  separated, dried over Na,SO;, filtrated and the ether removed. The obtained residue
was dissolved in methanol and the obtained solution prepared for hydrogenation by 5
cycles of N, (3 bar) and 5 cycles of H, (25 bar). The hydrogenation was carried out in
the presence of wet 10 % Pd/C (80 mg) at 50°C and 25 bar of H, for 2 hours. After
hydrogenation, a sample was filtrated and the stereomeric ratios of compound

15  according to formula 2 (Rg = H) was determined by GC-analysis, see table below

Example | amine Product 2 (Rs = H) (area %)
(4S,58) | (4S,5R) | (4R)
50 (R)-a-Methyl benzyl amine | 95 5
51 (S)-a-Methyl benzyl amine | 63 32 5
EXAMPLE 52

Synthesis of compound according to formula 2 (Rg = H) by preparing the imine of

20 compound 4a and (R)-g-methyl benzyl amine and subseguent hydrogenation using

Pd/C in isopropanol.
A solution of ketone (435)-4 (434 mg) in THF (1.6 mL) was degassed
by N,. Then slow addition of (R)-a-methyl benzyl amine (308 pL) and Ti(O'Pr), (0.63

mL) and the reaction mixture allowed to stir for 24 hours.

25 The imine product was isolated by means of column chromatography.

For this purpose, a column was charged with SiO, and heptane (10 mL). In the clear



di ssol ved in isopropanol and according to GC-analysis, the solution was
free from (R - a-Methyl benzyl am ne. For hydrogenation, 5 nml. of the

i sopr oparmD 28b1diedn was pl aced in a reaction vessel anaCeamrdioiosssee by 5
cycles of N2 (3 bar) and 5 cycles of H24g25 bar). The hydrogenati on was
conducted in the presence of dry 5 % Pd/C (20 ng) at 500C and 25 bar of H2
for 20 hours giving the conpound according to formula 2 (R8 = H) in
stereoneric ratios of (4S5,55-2 (74 area %, (4S,5R)-2 (6 area %, (4R)-2
(20 area % according to GC-anal ysis. EXAMPLE 53 Synt hesis of corrpound
accor di ng t6PEaeROAE VOIROLthFI)'eWOBF%HﬁeiW@'P@'Y%W Hfatedapip they and

(R) - a- et hydiohang ¥luaash %s%Bﬁ’tm%!ébe %Uﬁl&fur@MﬂEt@ﬂ@?ﬁédt%%B\&aﬁﬂfngof Mo MTBE.
(R)-a-nethyl benzyl am ne ?mgf? and Ti (O Pr) 8 g) were slowy

Ced to! nralonets SHegrd teedion K weze400§$ Rpd iohy r&?lgu%fnmquw %TI2 and t he

m xt ure wagittdrslvihg b tdrhofaPbf A8 sBRERtSH /hcUPRABOLC MR Btk & (0.1418) w&act ion
m xture_was_slowy added to a vi gorous stirring solution of water m.)

and tri®t hﬁFSSSW?%é‘ sy anthagqqaedipg BoChianglysisdthgrsolition wes fiigs iiosn e
reaction mepeihg psylfdmhihé.at ed. The vol atiles were renpved in vacuo at 3Q0C
and the obtained residue dissolved in Et CAc (85 nL) foll|owed by azeotrop| o
distillation of residufPr Byfseernation. amt of thgderprorasglrddiopresiaceddr azooc.

The obt ai neghdties Vet Wc@d&@%&@?&o@clwgﬁ\lﬁ@%dﬂ—énd E@ycléwrrgqgaeaﬁ)on t he

MIBE sol uti_on In a reaction vessel MIBE renoved.

The obt ai nJﬁeﬁ‘égrO@E%‘g‘t{ﬁﬁé"’%ﬁ ‘?@SPQ}%'W‘HG’PF@G(‘%‘% Prfl_qryﬁdﬁ IP@(/%&?OWQX RESQ&di ti on
of dry15 %aRE16 tar8PHMB} 20 ﬁf)@r%rglw&cb%bﬂrﬁb Ia(lﬂﬁ)r(ﬁ@é t&foﬁﬁmm Re eml L of N2

(3 bar) and 5 cycles of H2 %@é X} was subjected
hydr ogenat iSEReQU&IGRYPR OFHS (4h@ressoh4fS. éR) 2o @I’e«ﬁ (1@ @&ﬁd@ﬂar%ébr di ng
to forml aadcdrBBgTo dolangfspy.eoneric ratios of (4S,55)-2 (72 area %,
(4S, 5R) -

EXAMPLE 53

15 Svynthesis of compound according to formula 2 (Rg = H) by preparing the imine of

compound 4a and (R)-a-methyl benzyl amine and subsequent hydrogenation using
Pd/C in MTBE.

(R)-a-methyl benzyl amine (1.30 g) and Ti(O'Pr), (5.98 g) were slowly
added to a solution of ketone (4S)-4 (4.34 g) in dry THF (13 mL) and the mixture was
20  allowed to stir for 40 hours at room temperature. The reaction mixture was slowly
added to a vigorous stirring solution of water (2 mL) and triethyl amine (305 mg) in THF
(100 mL) and after 0.75 hours the reaction mixture was filtrated. The volatiles were
removed in vacuo at 30°C and the obtained residue dissolved in EtOAc (85 mL)
followed by azeotropic distillation of residual amounts of water under reduced pressure
25  at 30°C. The obtained residue was dissolved in MTBE (20 mL).
For hydrogenation, the MTBE solution (1 mL) was placed in a
reaction vessel and the MTBE removed. The obtained residue was dissolved in THF (5
mL) followed by the addition of dry 5 % Pd/C (200 mg). After conditioning the solution
by 5 cycles of N, (3 bar) and 5 cycles of H, (25 bar), the reaction mixture was
30  subjected to hydrogenation overnight at 50°C and 25 bar of H, giving compound
according to formula 2 (Rg = H)_in stereomeric ratios of (4S,5S)-2 (72 area %), (4S,5R)-
2 (9.7 area %), (4R)-2 (18.5 area %) according to HPLC-analysis.



2 (9.7 area %9, (4R -2 (18.5 area %9 according to HPLC- anal ysis. EXAMPLE 54
Synt hesi s of conmpound according to formula 2 (R'" = H) by preparing the

i m ne of worzpwumoeiieda and (R)-a-nethyl benzyl am ne and $ODEPQWO59526

hvdr ogenati on using Pd/C in THF. Stock _sglution of imne conpound: A
solution of the imne conpound was prepared by slow addition of

(R -a-nmethyl benzyl amne (3.63 g) and Ti(O Pr)4 (9.38 g) to a solution of
(4S)-4 (13.02 g) in dry THF (50 mM ). The m xture was allowed to stir at
room tenperature and nonitored by GC-anal ysis until conplete conversion.
1.18 g of EXAMRLE 8% solution was treated with water (20.6 ng) for 0.25 h

at 500C an%vhfﬂ@siﬁroﬁ?%rﬁb&ﬂ{deadcgw fohnuld b (RAE HYBy BlepaRfiticamRI@t ure. The

clear THF solution was diluted %/ to a total volune of 5 nl. and after
addi ti on ofcognpound 62 apd R)rwmethyhbenzy ubggau ' 5 cycl es

[—a- A~

of N2 (3 bag)catHs, cycles of H2 (25 bar). The m xture was subjected to
hydr ogenation at 5Q0C and 25 bar of H2 to full conversion of the starting
mat eri aP gi vi ng conpoumtPcESeBian AGMIE $BPRANNY: A spirBon-ofihie jrRing caMBBWRY i ¢

ratios of (whs a‘ré’d by SloR RRitUh of (- ﬁﬁ%\%zbé&gﬁarﬂfné% ¥ q) 6AR&PH,( 1 1.9

area % accor |n PLC- anal SIS nt hesi s of conpound
accordi ng t®3 %3(9 %0'9“%3/0&6?‘%);; Fi3f2 eHe dnnlHe (QﬁmébﬁﬁémHUE@aW%ﬁneﬁowed
(R) - a- met hyd strenzodm empteaterdarf s ReN by b@ér%%rwrﬂmeomgb@gﬁdér@oand Li H

as an additive. 1.18 g of the imne solution of exa was placed in a
reaction vessel and di I1JISEQJIOW"?H“*Pﬁlsoﬁ‘ﬁﬂ’illﬂ’la%ﬁatﬂ V@thg’yatﬁ"n@gtﬁ ’Bwfﬁf%éphere

of N2. 1ghem,at |50'*¢) éﬁd ﬂ%)préélﬁteﬁé Ven%wédwlf@re(tlgﬂgt f&)}n téﬁﬁ)e?éi%dTI@é\QeéﬁT@F
condi tioning b (25 bar) the

H2
m xt ure vva§°‘§’ﬂ%” lé’é? QE}“%F’V WﬁrtB@éﬂté{ Y%W“%Pf %ﬂ#@@rﬁteﬁdﬁﬁ?” Bfdred %or 20
hours gi vi g/C  dthdiienédtor Bydrogénttien 8f 5tdyeles @ﬁN?@fIﬂarW N &
formula 2 (R8_= H)S 23 area %9 and conpound according to fornula 2 (RS
2 (25 ba he mixture was subjected to hydrogenation at 50°C and 25 bar of H, to
full conversion of the starting material giving compound according to formula 2 (Rs = H)
15  in stereomeric ratios of (4S,5S)-2 (78 area %), (4S,5R)-2 (9.5 area %), (4R)-2 A (11.9

area %) according to HPLC-analysis.

EXAMPLE 55

Svynthesis of compound according to formula 2 by preparing the imine of compound 4a

20 and (R)}a-methyl benzyl amine and subsequent hydrogenation using Pd/C and LiH as

an additive.
1.18 g of the imine solution of example 54 was placed in a reaction
vessel and diluted with THF anhydrous (3.3 g) under an atmosphere of N,. Then, LiH
(8 mg) and dry 5 % Pd/C (200 mg) was added and after conditioning by 5 cycles of N,
25 (3 bar)and 5 cycles of H, (25 bar) the mixture was subjected for hydrogenation at 50°C
and 25 bar of H, for 20 hours giving, according to GC, a mixture of the compound
according_to formula 2 (Rs = H) (23 area %) and compound according to formula 2 (Rs
= (R)-a-methyl benzyl amine) (49 area %). According to HPLC, the optical purity of the
compound according to formula 2 (Rs = H) was as follows: (4S,5S) (90 area %),
30 (4S,5R) (4.8 area %), (4R) (5.5 area %).



= (R -a-nmethyl benzyl amne) (49 area % . According to HPLC, the opti cal
purity of the conpound according to formula 2 (R8 = H was as follows:
(4S,5S) (WO armemoBg, (4S,5R) (4.8 area %, (4R) (5.5 ar eaTHEP2E¥ANMBRE 56
Synt hesi s of compound according to formygga 2 by preparing the imne of
conpound 4a and (R)-a-nethyl benzyl am ne and subsequent hvdrogenation
using Pd(OHWC. 11.8 g of the imne solution of exanple 54 was placed in a
reaction vessel and diluted with THF anhydrous (33 g) and heated to 500C.
To the obtained warm solution, water (200 m ) was added and the m xture
stirred foE2@MELEaGrs. Then, the mixture was cool ed to room tenperature
fol I owed b)Svﬁih'e"sﬂ's%‘f coRpaind 8o RITBIRILER By bAlRrind iRNReoreBl@LIR4S! ear
solution, 4.5 g, was pI aced In a reactlon vessel cont al ni n% dry 20 % Pd( OHWC
(75 ng). TREAL(Rye | peRzy amingandgubseauent b AHOR K OMR/CGar) and 5
cycles of H2 (25 bar) ang é&ﬁh@mhé’gﬁﬂﬁ’éd @f@xﬁﬁ@le@d%@ﬁla@éﬂ maefre%% and 25
bar of H2 for 38 haours giv ete _caonversion accordin

tor i B g539bans lien Hish SOE AP REGs G5 A6 MEBIAID S0L- Tlede obfands

obt ai ned i m&%@oﬂmaﬁrw&e%Ngﬁéﬁ)Es bddwDand the (ibdury Sirellfor ( Zoh&IR - heh22 ar ea
%, (4R -2 (24 area 9 57 Large scal e synt hesi s of conpound

accordi ng e maﬁttffmw@szoegedﬁ? E9o8p femperatire fRilgeddy Tisaton s thedam

(R -a-net hﬂe&kﬁﬂé?é"Fr&ﬁ‘tH!ﬁotﬂﬁﬂe@@l@éﬁﬁl@% h\scy\%eﬂa&édm ebdnRessel 23.7 ¢
of the imne solution o pl aced in a reaction vessel and

di | uted wi CANRQIOY ¥ 28)°°§H60*Hg/§ da r@@ %@@acw PREIrE a5 498858k M S ol ut i on,
sat. NabiCORyI1496f N3 vemsarReislegiaanst Hohes Hér’}bhld meﬁwdwg%damfwgs 2hrib@uiits. To

t he heterogeneous m xture, Na2SO anhydrous (10 g) active carbon (6 9 0)

was respectt @%Icya%?d%f%ﬁardﬁﬁbrfor\%d&“&%'v@ﬂ|CP'F‘P|%9 C@W@F?"’W%"Fﬁ'@&tﬁr%

cool ed to REeFARNBEFAD) kR dPhddne debdrdibhd farhure @&, 2 HpwaLashined inm xt ure

under N2 and the wet cake
stereomeric ratios of (4S,59)-2 (53 area %), (4S,5R)-2 (22 area %), (4R)-2 (24 area

%).

15
EXAMPLE 57
Large scale synthesis of compound according to formula 2 by preparing the imine of
compound 4a and (R)-a-methyl benzyl amine and subsequent hydrogenation using
Pd/C.

20 23.7 g of the imine solution of example 54 was placed in a reaction

vessel and diluted with THF (52 g) and heated to 50°C. To the obtained warm solution,
sat. NaHCO3 (400 pL) was added and the mixture stirred for 0.25 hours. To the
heterogeneous mixture, Na,SO,4 anhydrous (10 g) and active carbon (6.9 g) was
respectively added under vigorous stirring. Then, the mixture was cooled to room

25 temperature followed by filtration of the reaction mixture under N, and the wet cake
was washed by THF (4 x 8 mL). The obtained clear solution, was placed in the
autoclave containing dry 5 % Pd/C (4 g). The autoclave was degassed by 5 cycles of
N, (3 bar) and 5 cycles of H, (25 bar) and the hydrogenation was carried out at 50°C
and 25 bar of H, for 15 hours giving complete conversion according to GC.

30 The product was isolated by filtration of the catalyst and subsequent
removal of the solvent under reduced pressure. The residue was treated with 1 N HCI
(20 mL) and water (50 mL) and the water layer extracted by heptane (3 x 50 mL). The
water layer was separated and the pH was increased to 13 by the addition of 32 %
NaOH (~ 3 g) in the presence of MTBE (40 mL) under vigorous stirring. The MTBE

35 layer was separated followed by an additional extraction of the remaining water layer



was washed by THF (4 x 8 nL). The obtained clear solution, was placed in
the autoclave containing dry 5 % Pd/C (4 g). The autocl ave was degassed by
5 cycl es WD 2bp@/(1B16bar) and 5 cycles of H2 (25 bar) and PoE/ERVOSEAELI ON
was carried out at 500C and 25 bar of HZgf.or 15 hours giving conplete
conversion according to GC. The product was isolated by filtration of the
catal yst and subsequent renoval of the solvent under reduced pressure. The
residue was treated with 1 N HCl (20 nL) and water (50 nlL) and the water

| ayer extracte E@g hept ane (3 x The water | ayer was separated and

the pH was WHdY B & b T@Gﬁg)mPW@dMﬁﬁ layrsgrerg sirieg R&@qusoaaglyyqr%t he
presence off.ltM&Ear(dﬁkﬂemsaJa\%'oratw |K/FPﬂg9¢h§&¢rﬁﬂSéd?ﬁl acw@.dyrﬁ@%rh@m (RPS

separ at ed foIIovved by an_additional extraction of emai ni ng wat er

| ayerwi t h EiEst@ER?”iﬁ“C)fat'OﬁHé (ToRBIrA&RE MPBEC) KiRe? ) %\é&%atﬁau "éaaf&g@ﬁ)ﬁazsm
anhydr ous, ({@Qtareeg% addtfidihg & GEBE evaporated giving the conpound according
to forrrula 2 (R8 = in stereoneric ratios of (4S,55)-2 (82 area %,

(4S, 5R) 2 (8.3 area W and (4R)-2 (10.2 area %9 according to GC. EXAMPLE 58
Prepar at i oexgivieigegund according to fornula 13 with X = NHR®, obt ai ned by
reacting a corrpouna accordl ng todforrrul a|2 R =H) W|h

conmpound a(é%brnfboﬂgd b@ccfr@ihﬂ‘tﬂ f@)rrﬁulﬁ@&R: =H)) \K/lﬁ} @-agﬂno 2 2-dimethylpropanamide.
3-am no- 2, 2- di net hyl pr Nganam de (7.08 g) and trlethyl amne (3.50 g) and the

vi scous m xture was red at reflux inghe~gresence of MIBE in order to
obtain a homgeneousﬁ‘nﬂiﬂure Under sl ow heat ng tHo 6R4C, the MIBE was
removed by distillat » ‘ "® stir for 20
hours at 650C in the prese pf 2 hydroxypyr| dijne ( 1. g). At complete
conversion of conpound ace g oMful a 2, Phe react9on mxture was
di ssolved in MIBE (71 nf.) and the MIBE | ayer extracted by 5 % NaCl in
wat er (IQ x 7 1 nm_). TAgodahbotinsflagkvas ¢hayeadswitteeampoysd @gctidinBli®E ( 3 X 7
1 m.) and in L.ay: ; f
Na2SO4 anh;];érobegé) 1 f‘ ?gét\@e-gggn If' Rg,éﬁ#@@g\@%ﬁt@&Ifné}?/g?arﬁhh@my@we

(3.50 g) and the viscous mixture was stirred at reflux in the presence of MTBE in order

to obtain a homogeneous mixture. Under slow heating to 65°C, the MTBE was
removed by distillation and the remaining residue allowed to stir for 20 hours at 65°C in
15  the presence of 2-hydroxypyridine (1.94 g). At complete conversion of compound
according to formula 2, the reaction mixture was dissolved in MTBE (71 mL) and the
MTBE layer extracted by 5 % NaCl in water (2 x 71 mL). The combined water layers
were washed by MTBE ( 3 X 71 mL) and the combined MTBE layers (total of 4
fractions) dried over Na,SO, anhydrous, filtrated and the MTBE evaporated in vacuo
20  giving the crude product in 10.29 g. The crude product was dissolved in MTBE (71 mL)
followed by extraction with 1 N HCI (15 mL) and water (2 x 15 mL). The combined
water layers washed with MTBE (71 mL) and the combined MTBE layers washed with
water (2 x 14 mL). Under cooling and vigorous stirring, the pH of the combined water
layers was adjusted to pH 11 by 32 % NaOH in the presence of MTBE (71 mL), MTBE
25 separated and the remaining basic water layer washed with MTBE (5 x 71 mL). The
combined MTBE layers were dried over Na,SO, anhydrous, filtrated and removal of
MTBE in vacuo affording compound according to formula 13 in with stereomeric ratios
of (4S,5S)-13 (71 area %) and other stereoisomers of 13 (29 area %) according to
HPLC.
30



giving the crude product in 10.29 g. The crude product was dissolved in
MIBE (71 m.) followed by extraction with 1 NHC (15 m.) and water (2 X
15 m ). wWbheonatbicsed wat er | ayers washed wi th MIBE ( 71Pgil/EP2emos595he

conbi ned MIBE | ayers washed with water (s x 14 ml ). Under cooling and
vigorous stirring, the pH of the conbined water | ayers was adjusted to pH
11 by 32 % NaOH in the presence of MIBE (71 ml ), MIBE separated and the
remai ni ng basic water |ayer washed with MIBE (5 x 7 1 m ). The conbi ned
MIBE | ayers were dried over Na2SO4 anhydrous, filtrated and renoval of MIBE
in vacuo afXeMRLf5%onpound according to formula 13 in with stereomeric
ratios of (Pd#figuabn bBcémboddercdbdirRe fethivel 13 BRI RREBpRIS81By (29 area %
according to HPLC EXAMPLE 59 Purification of conpound accordi ng to formul a
13, obt ai néBsializafienwitiy fugsaric@eidsr yst al | j zation with fumaric acid. A

solution of the Comouﬂ%oﬁﬁ@ﬁb@th@gsohﬁ)oﬁﬁcﬂ H&ﬂcﬁdlﬂrz;o @ﬁn@lﬁﬁ@' Aeebthinegxanpl € 58

( 1488 and fumaric acid m;i in EtOH Eﬁ)d%re heated to 400C
and sub eq@éﬁ’f‘PVWé@t%a@ﬂﬂqu‘@Hﬁ@@'H Ame) in FRH 6% mhueereheaisdda pressure

to a total 4‘0% ahd s@ﬁse?u@ﬁltlyghe érfh@nél(?!?ﬁl@{?éd@}&Qtll%ﬁ&@ﬂﬁﬂleﬁéﬂld&u%%%@% toa
di ssol ved in CHBCN&(& 1)5 at 370C. The solution sl ow ){ was cooled to room
terrperaturéoa'riW'grét 11 TRecaprentgiadAthansl selpiianyyasdissdivada Calsedl ©7and t he

m xture wasniglat gyl T1he s8lutibn él@Mywasr@Me% toT@&n @érﬁﬁér@lu?@érﬂﬂséﬂd'eﬂ boly ra€rBw
fumarate salt was f| trated and ‘dried giving ‘%ro uct. According to 1H

NVR t he cofpEiaiiof 'S'Ei[?r”eflﬂi@%"a&‘e%a"a?rtdrta‘%é“ Freé’&%qt% Wedite stirder 19 hQues-Fifgur e 1.

The al ho( Shredigitatas fkkitdte f@hbcld sMwadmMBstal angaliéd Giding 188 p@aLal ned as such
was 93 area % accordi ng\ to HPLC, EXAMPLE 60 Purification of conpound

according to formula 13°°QBigilhedNMR Biesiopinoussis mife hesifgsa trace of
re-crystal ldcg@hit@Meft, see Figure 1.

The all (S) purity of the aliskiren fumarate-salt (2.8 g) obtained as

such was 93 area % according to HPLC.
15
EXAMPLE 60

Purification of compound according to formula 13, obtained in example 59, by double

re-crystallization

The acetonitril containing product 7° fumarate-salt (2.8 g) obtained
20  from first crystallisation was dissolved in ethanol (40 mL) and the total amount reduced
to 5.8 g by partial distillation of ethanol. The concentrated ethanol solution was
dissolved in CH3CN (80 mL). The solution was slowly cooled to room temperature and
seeded by a few crystals of the aliskiren' fumarate-salt and the mixture was allowed to
stir for 19 hours. The precipitated aliskiren fumarate-salt was filtrated and dried giving
25  the product in 2.4 g yield in a stereomeric purity of 98.2% of (4S,5S)-Aliskiren fumarate
salt.(98.2 area %).

This isolated aliskiren' fumarate-salt was redissolved in ethanol and
the ethanol partially distilled to a total amount of of the residue of 5.0 g. The obtained
residue was dissolved in CH3CN (80mL) and cooled to room temperature. At room

30 temperature, the solution was seeded by a few crystals of Aliskiren' fumarate-salt and
the mixture was allowed to stir for 5 hours. The precipitated Aliskiren' fumarate-salt was
filtrated and dried giving the product in 2.2 g yield in a stereomeric purity of (4S,5S)-7
(98.8 area %), according to HPLC. From the isolated product, a "H NMR spectrum was

recorded, see Figure 2.



The acetonitril containing product T fumarate-salt (2.8 g) obtained from
first crystallisation was dissolved in ethanol (40 nL) and the total anount
reduced two20B/gotsy partial distillation of ethanol. TheCrmreeasested

et hanol sol ution was dissolved in CH3CN580 nL). The solution was slowy
cooled to roomtenperature and seeded by a few crystals of the aliskiren
fumarate-salt and the m xture was allowed to stir for 19 hours. The
precipitated aliskiren funmarate-salt vvas filtrated and dried giving the

product in 2.4 g yield in a stereoneri urity of 98.2% of
(4S,5S)-Aliskiren fumarate salt. (98. 2C % . This isolated aliskiren
fumarate-salt was redissolved in ethanol and the et hanol partially
distilled to a total amount of of the residue of 5 0 g. The obtai ned

resi due was- di ss&reesgs fcﬁ”@-ﬂr@ﬂﬁr@ﬂ@i’rﬂﬁaS%p%@I%OWQteé?ﬁﬁ%@? Qtitfre. At
room t enper at ur e inglRse@kdtnl RRBoMAY t58GHRIA Y, ¢t of Mt wRkadrs of Aliskiren
fumarate-salt and the m xture was allowed to stir for 5 hours. The
precipitated Aliskiren furrarateosalt was filtrated and dried giving the
product in 2.2 g yield in a steeoneric purity of (4S,5S)©OR,(R8.8 area %,
according to HPLC. Frqip jhe fsopatRed product, a 1H RVR, spact rAm vwas
recorded, see Figure 2. éLA1 Process for the prepar% 0
accordingtofmrm a (13) or its ring-closek,for [
or a mxture therpe whgrein R1 being sel ecte m tjhe group consi sting
6alfRgoxy- C 1- 6al kyl oxy,

of F, d, Br, I, 6haRggenal kyl , Cl1- 6al kfj&
and Cl- Qal koxy C 1- 6a| kyI R2 Zei ng seI ecte 2fromthe group cor(é$)st| ng of
get her to

F. 4, BrJ, Cl-43 k en & e| ef’jl tegz%) th anu Sfin k%
forma ring st rucv,\‘[ é P§ %3 R i ﬁ&é%é’n%?é‘ﬁ& yg%el ng ndhed
C3- 6al kyl ; X st agodemal kRS s adkoxRCwatkogy-C 1 FBkylexyCAnd G cyathoapdC yalkyl;

Cl-12al kyI , Cl- 1%{h gn%@é%oke%'ffom e69ar|0llj<p())():(gn3|stlng fall-' ké(I Br,I,C%MaIkyI or Cy.
salkoxy;

10 R1 and R, may be linked together to form a ring structure;

Rs and R4 each independently being branched Cssalkyl;

X stands for NHR5 or ORg wherein

Rsis Cq.12cycloalkyl, Cq.q2alkyl, Cq.iohydroxyalkyl, Cqsalkoxy-Cqsalkyl, Cy.
salkanoyloxy-C4salkyl, Cs12aminoalkyl, Cqsalkylamino-C4salkyl, C4.

15 sdialkylamino-C4salkyl, Cssalkanoylamino-C.salkyl, HO-(O)C-C.,alkyl, C;.
salkyl-O-(O)C-Cqsalkyl, HoN-C(O)-Cy.12alkyl, Cqsalkyl-HN-C(O)-C1salkyl, (C4.
salkyl),-N-C(O)-C46alkyl; saturated, unsaturated, or partially saturated Cs.
12heterocyclyl bonded via a carbon atom, and which heterocyclyl is optionally
substituted one or more times by Cq.salkyl, trifluoromethyl, nitro, amino, N-

20 mono- or N,N-di-C4alkylated amino, Cqsalkanoyl, C,galkenyl, C,gsalkynyl, Cy.
salkoxy, Cqsalkoxycarbonylamino, Cosalkylcarbonylamino, Cy.
salkylcarbonyloxy, Cy.12aryl, N-mono or N,N-di-C1.salkylated carbamoyl,
optionally esterified carboxyl, cyano, halogen, halo-C,.salkoxy, halo-Cq.salkyl,
Ci.12heteroaryl, saturated, unsaturated or partially saturated C4_sheterocyclyl,

25 hydroxyl, nitro;
and Rg represents H, or optionally substituted C_.12alkyl, optionally substituted
Ci.12alkylaryl, or optionally substituted Cq_zaryl;

Ry represents H, or is an O-protecting group;
and wherein any two of Ry, Rg, or X are optionally linked together to form a

30 ring structure;



6al kanoyl oxy- C 1-6al kyl, Cl-12am noal kyl, C1-6al kyl am no-C 1-6al kyl, C1-

6di al kyl am no- C 1-6al kyl, C1-6al kanoyl am no-C 1-6al kyl, HO (O CC

1- 12al kylwoecar/dalskyl - O (O) G- C 1-6al kyl, H2N-C( O - C 1- 1ParkpR09@ioseal kyl -
NC(O)-C 1-6al kyl, (Cl- 6al kyl) 2-N C(@p-C 1-6al kyl; saturated,
unsaturated, or partially saturated Cl- 12heterocyclyl bonded via a carbon
atom and which heterocyclyl is optionally substituted one or nore tinmes by
Cl-6al kyl, trifluoronethyl, nitro, am no, Nm)no- or L/ L/ di - C 1-6al kyl at ed

am no, Cl-6al kan(%%/ C2- 6a| kenyl , C2-6al kqg C1-
C1- 6al koxycar bonJis&RnPiES "'C:Spt'%aﬂX/P‘é%tB’é‘?ﬂ/ aﬁ?'kﬁd O@P”a'é’aﬁ%i'tétﬁﬂﬁbnyl oxy,

Cl-12aryl, L/- m)n}élk?raryhlorldptlghallgzs@lbﬁﬁutléybé}tm%f%/l Qﬁ‘ﬁl@ﬁém}éhbstﬁlﬁlbd @Q@bd&’

esterified car boxy hal o- C 1- | kyl ,

Cl- 12het er oar yl , 6@5& ’Lﬁ%}p@@ﬂy %H%@Hf@fiaﬁ(@é%raaﬁ%& topﬁq’wy §a@ﬁj'ﬂ5%6i(0)NHC1

Cl- 6het er ocycl yl alkydsrdpybnalpistbstituted d Br Rsfdendesopt i onal |y
substituted Cl- 1§aw Ir?jboptl gna |y subé(?ﬁ(ﬁgeﬁé@@? 12a8I kylaryl, or

opti onaply substr"f“dﬁ@d Cl-12aryl; R7 represents H, or is an Oprot ecting
group; and wher eLg(®BRe; S@tpggqg(d?;hg BO),LRX are optionally |inked together
to forma ring structure; R8 denotes H, optionally substituted G _i 2al kyl,
optionally SUbStll?({Q@%PZCi - i2alkylaryl, or optionally substituted G _i
2aryl; optional | yr jyb&his o €)X Wiy belr@adrkéﬂlon Suthi é%fh%bla‘fe oibslogemt ed
C(O)OO - 6al kyl ; opt| onal ly substituted C(O NHC - 6al kyl; or opt| onal |y
substituted C( O) RpEwhegan R@ﬁh) Ps '”B?D%Qeﬂté’rféf’@e”tﬁlﬁh@pt'o 'bf?*P@é' utegRo;

S(O 3R9p S( O 2N( Ry, opfior3ly stisstefed QK AIRARRY oWobibniIP SiiBxE LAY ©mzﬁ){2|| such as
acetate, or hal ogen; and wherein each RO In ependently represents

optional |y subst CPTMPEYNGIhe foloMNg§iEPS.opt i onal |y substituted d.i 2al kyl aryl,

or optionally subst iddétieglacompbisd aetotdigy foabirdnk 01 SéréRFing-closed form

according to formula (4), or a mixture thereof,

0O
O OR7 R4
0 "Ry O X
R1 R1 O
R
R 3
R3 ’ (4) Rz (11)
15 wherein Ry, Ry, R3, R4, Ry and X are each as described above for formula (2)
and (13)
with a compound according to formula (5)
Rs-NH; (5)

wherein Rg is as described above for formula (2) and (13)

20 which reaction results in a compound according to formula (7) or a compound

according to formula (12) or a mixture thereof,

wherein Ry, Ry, Ra, R4, R7, Rg and X are each as described above for formula
(2) and (13)

25 b) further reacting compound according to formula (7) or (12) or a mixture



a) reacting a conpound according to formula ( 1 1) , or its ring-closed
formaccording to formula (4), or a mxture thereof, wherein R, R2, R3,

R4, R7 amwsloXowv@Eowach as descri bed above for fornula (2PCarmp2¢o2®39526th a
conpound according to fornula (5) R8-NHs3 (5) wherein R8 is as described
above for fornmula (2) and (13) which reaction results in a conpound
according to formula (7) or a conpound according to formula (12) or a

m xture thereof, wherein R, R2, R3, R4, R7, R8 and X are each as descri bed
above for forrmula (2) and (t13) b) further reacti ngI conpound according to
formula (7) or (12) Msred) irithq dregens A@rredysing KagpiteddhertioppianteRiuci ng

reagent, and opti 0n%Fés)én&@oﬁdﬂé*atﬂ?@t?@rﬁlﬁ@pt%alﬁ/ iR MAP8EncedtdneRE il |y in
the presence of one or nore additives, which reaction results in the

formation of conpouRHdii&Serding to formula (2) or fornula ( 13) or a

m xture thereof. whichheREtRAESUIBGHE PedbihtioR of béthpauhd ad6idRigno fdhufp@pounds
according to fornmula (7) or forpnul 12) are not isolated fromthe reaction

mul a
nmi xt ur e2bef ore c&F FYMHG (d8korsx Bi¥tuss theseofa process according to any one of

claims 1-22 wher & flog§dsB8RicBdrding t8efafr i MRAereM th@@orﬁb@&ﬂi%ca%c@fdir? t6ddraluyst and
wherein said catalyst is a transition netal based catalyst. 4. A process

for the preparat O &myladapaieiiet soktediirery theoreasicnmixtre before,garying
ring-closed formegeggpding to fornula (2), or a mxture thereof, conprising
reacting the conpound accordi nq to fornula ( 1 1), or its ring-closed form
according o f or MATACYSB)2CCHAINGIQANY 8¢ ARTAIBE, T-%i Wherain SRt in BSTRIEEAdE ng t o
10 the presence of a catalyst and wherein said catalyst is a transition metal
based catalyst.
4, A process for the preparation of a compound according to formula (13) or its
ring-closed form according to formula (2), or a mixture thereof, comprising
reacting the compound according to formula (11), or its ring-closed form
15 according to formula (4), or mixture thereof, with a compound according to
formula (5) in the presence of a reducing agent and a catalyst.
5. A process according to claim 4, wherein the reducing agent is selected from
the group of molecular hydrogen or a hydrogen donating compound; and
wherein when the molecular hydrogen is used it is used in the presence of a
20 transition metal catalyst and when a hydrogen donating compound is used it is
used optionally in the presence of a catalyst.
6. A process according to claim 4 or 5 wherein said catalyst is an enzyme,

preferably an aminotransferase.

7. A process according to any one of claims 4-6 wherein compound according to
25 formula (5) is also the reducing agent.
8. Process according to any one of claims 1-7, wherein X in the compound

according to formula (11), and also in resulting compounds according to
formula (12), if it is formed, and the compound according to formula (13),
respectively, stands for ORg and wherein Rg is as described in Claim 1.
30 9. Process according to any one of claims 1-7,wherein X in the compound
according to formula (11), and also in resulting compounds according to
formula (12), if it is formed, and the compound according to formula (13),
respectively, stands for NHRs, and wherein R is as described in Claim 1.
10. Process for the preparation of a compound according to formula (13) or any

35 pharmaceutically acceptable salt thereof, wherein X represent NHR5, wherein



formula (5) in the presence of a reducing agent and a catalyst. 5. A
process according to claim4, wherein the reducing agent is selected from
t he groupwofzomaliewsal ar hydrogen or a hydrogen donati ng ®©CEEP0L/05%06€
wherein when the nol ecul ar hydrogen is .uged it is used in the presence of a
transition netal catalyst and when a hydrogen donating conpound is used it
is used optionally in the presence of a catalyst. 6. A process according to
claim4 or 5 wherein said catalyst is an enzyne, preferably an

am notransferase. 7. A process according to any one of clainms 4-6 wherein
conpound accor di i RECISSIANPASEST Prasess Aerofdied Oegf &géme 1-9andpr ocess

accor di ng to any whBRiPRs &l & dBscdbe in\e@hain X in the conpound according to
formul a 1 1) , and also in resulting corrpounds according to fornula (12),

if it is fdr med, ARNRWMED @6FRIBIAL BEBBRITH to formula (13), respectively,
stands for OR and wherein R6 is as descri bej]klR4C| aiml. 9. Process
according to any one of clains 1-7,whergin i § the conpound according to
formula ( 1 1) , and also in resultlng C dsyraccording to formula (12),
if it is fornmed, and the compgund.accqrdilng to fgrmula (13), respectively,
stands for NHR5, and wherein RS S scribed in aim1l. 10. Process for
the preparation of a conpound inRto formula (13) or any
pharmaceutical ly accept able s¥t thereof, wherei@X represent NHR5,

e oheb e ProC e ihe B L iR afbuBh o ?fmeﬁggrin%%ﬂ TR TR ARl M

formula (1 1) whenrehs gidup ofDRRNANNNRS afd Whaefin ReEn@R; ke 49 @dsatided iand
wherein X is sel%'ted fromthe group of OR6 and NHR5, and wherein R6 and R5
are as descri bed draimil. 12. A conmpound according to fornula (12)

12. A compound according to formula (12)

OR; R,

(12)

10 wherein all the R-groups are defined as in Claim 1 and wherein X is selected
from the group of ORs and NHR;, and wherein Rg and Rs are as described in
Claim 1.

13 A compound according to formula (7)

15 wherein Ry, Ry, R3, and Ry, are defined as in Claim 1, and wherein Rg denotes
H; optionally substituted Cq.1,alkyl, optionally substituted Cy.4,alkylaryl, or
optionally substituted C.j2aryl; optionally substituted C(O)Calkyl; optionally
substituted C(O)OC,.galkyl; optionally substituted C(O)NHC_salkyl; or
optionally substituted C(O)N(C.salkyl),; or Rg denotes

20 -NHRy,

-5(0)2Rg; SORg; S(O)3Re; S(O)2N(Ro);
-P(O)(Ro)2;



wherein all the R-groups are defined as in Caim1 and wherein X is

sel ected fromthe group of OR6 and NHR5, and wherein R6 and R5 are as
descri bedwprzo@abrsl. 13 A conmpound accordi ng to fornul @Cl/EP200esE26O R1,
R2, R3, and R4, are defined as in C ai mgk_- and wherein R8 denotes H
optionally substituted C _i 2alkyl, optionally substituted or optionally
substituted G _i 2aryl; optionally substituted C(O G -6alkyl; optionally
substituted C(O OC _ 6al kyl; optionally substituted C(O NHC -6al kyl; or
optionally substituted C(O)N C 1-6alkyl) 2; or R8 denotes -NHR 9, -S(O
2R9; SOR9; S(O SRBs sigdy o ARe with Yﬁ\ﬁ@p(%é}@fbwqi?sa%c&% oF §RIOQER)) 2Y wi t h
Y being an ani on gy Ghertsn éﬁ&\tﬁélﬂdeﬁndeﬁﬂlmﬁi‘éseﬁt@ql-l ‘bgﬁér%llg s@@eﬁﬂfbt@@&

i ndependent |y represents H_ optional Ly substituted optionally

substituted or opﬁ‘ﬂh&ﬂ'?f‘%hﬁ%@ﬁ“flﬁ?%@ 1]%@,'ky'ﬁ’iyb@éggt'%@%?‘bt?sﬁb‘“i%ca ¥Ybf

claims 1-10Q4, V\he'P%désé B@c&@iﬁ@%lé‘rﬁ%/ g 10w, wbefet Rl Anlpdlind Scdoddih &
reacted _wi th 3-am no- hyl pr opanam de to obtain a conpound accordi ng

to formdla (13) J\WFFW'%QNHQBW‘%HG%%GWﬁ%é{ﬂ“'&%?izyd'%ww%”é%%ﬂ toobialer eof .

15. Process accor®ohfpolifd 880bréihg & RifBla 1t 3HAWiENMR,, WhBR fhiack itRafpnpound
according to formula (2) or formula (13) is further reacted to obtain

2(9),4(9),5(9), 7esyenglo sl thenesl| - 2- met hyl pr opyl ) - 5- ani no- 4- hydr oxy- 2, 7-

di i sopropyl1s8- [4Prﬂ@del@9>é&co3d|6§1m9ﬂwmgr1w3rfoefwWhe%m fRadEnfiRuRl any

pharmaceutically acceptable salt there
according to formula (2) or formula (13) is further reacted to obtain

10 2(5),4(8),5(8),7(S)-N-(2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy-2,7-
diisopropyl-8-[4-methoxy-3-(3-methoxypropoxy)fenyl]-octanamide or any

pharmaceutically acceptable salt thereof.



