- 1 - SYNTHESI S ROUTES TO

2(S),4(45(S), 7(S) - 2, 7- DI ALKYL- 4- HYDROXY- 5- AM NO- 8- ARYL- OCTANOYL AM DES

The invention relates to a process for the preparation of conpound
5according to formula (13) or its ring-closed formaccording to fornula
(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-hydroxy-5-am no-8-aryl - oct anoyl
am des (conpounds according to fornula 13 with X stands for NHR5), or
pharmaceutically acceptable salts thereof, such as the conpound Aliskiren,
and to a process for the preparation of these 10octanoyl am des, conprising
reacting said building block. Froma pager by Rueger et al, Tetrahedron
letters 41 ( DONDHESIS BOYEESTENE).4(5).5(58 7 (Sprdviy QY L-4 HY DROKY - AMINDSE ng
conmpound according to fornul a (Aay d3GANY) AMibbsR4 being 2-propyl is a
potentially interesting building block for use in a convergent 15synthesis
route to Aliskiren. However, the conversion of the ketone according to
formul a (4a) to the corméspondiongelenattd woesss far ttecbreparatien pharagrodnag t o
formul a 2}, t he j skl r.el-at ed conpounds
has so f a%’ r g%@%@ﬁg@ g.l[él (g?f()ac%:r.? %b{be(\;/{ng%ﬁp?rg{;%g@idh?gd @%I%&%’nﬁlf %r

st er eosel ect CYNRPSUN ¥ FhimgoRh evilding bk Menyssgend pyntesisratiesiiton | etters 41

(2000) 20p. 10Q9% (3?9)47 (S)H4, 7-0RIkknOMRIr Bt anG AR AHNEG Ry LAt @ompodras mul a
(13) with X S?2q§§§ ?r(QhRS a#§%$¢g%??§ﬁﬁﬁy thgmcoﬁggggonéﬂﬁg %zRﬁ hydr oxy
conpound usi AGFCEELIPITHAcH EREhTRGS O - Qb BT UMPSEL LY A99582 68 pondi ng
5(R) hydr oxy theapeuctdastad chegung Atgkaere dnd o aprotesss fiartiaEyreparatichof theed

di astere r | ch,onl gy o he end stage of the
synthesig@?tﬁgaﬁgiéﬁg%¥Fég'%%h %%ﬁ?ﬁggﬁéwﬁggﬁg¥%te salt) or with a high
25di ast ereomeri c rati o 6fonogpapehhy Raeger palehgiahrisongpticys fH 0PN 80048339 .

The i nventi ofpga0W: BIkRMHBSE PkddNeRlontaPity@ohPburfiid¥etihg Rdfofnl@a kg one
cont ai ni ng conpound according to fornul'a (4) or its open formaccording to
formula (11), or a mxture thereof, to the desirqf 5(S)-am no conpound
according to fornmula (2) or its open formaccor@ing to fornula (13). It is
an advant age of the new process that 30the product’sfare obtained in a snal
nunber of scal able steps, in a high yield and with - 2 - the desired
5(S)-am no or 5(S)-am ne-defdwatie. conf igupati on. Thus, the invention is
aimed at providing an alternative prﬂEEgs fpr the preparation of a conpound
according to formula (13) or its$,cdNO~ET 0s€d for@kgccording to fornula (2),

or a mxture thereof,
with R, being 2-propyl is a potentially interesting building biock 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
NHR; 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



0 wherein R1L being selected fromthe group consisting of F, d, Br, I,
Cl _6hal ogenal kyl, Cl- 6al koxY Cl1_6al koxy- Cl_6al kyl oxy, and

Cl_6al koxy-Cl1_6al kyl ; R2 being selected fromthe group consisting of F, d,
BO Cl_4al kyl or Cl4al koxY; Rl and R2 may be |inked together to forma ring
structure 10R3 and R4 each independently being branched C3_6al kyl; X stands
for NH R5 or OR6 wherein RS is Cl_12cycisal kYl, Cl.12al kyl,

Cl12hydroxyal kyl, Cl_6al koxy- Cl_6al kyl, C1_6al kanoyl oxy- Cl1_6al kyl ,

Cl12am noal kyl , C1. 6al kyl am no- C1_6al kyI C-1- 6al kanoyl am no-C1_ 6al kyl ,

HO (0) G- C1. . 12al kyl, Cl_6al kyl-0-(0)C C 1. 6al kyl, H2N-C(0)-Cl_ 15val kyI

Cl_6alkyl- HN-C( C Kk Cl 6al kyl ; saturated,
unsat ur at ed, %‘95}55?411"(3??@%98{%%?@@6 f”\f%}’l%?%cg%%%ﬂ”yl bonded via a carbon
atomto the N-atom and Thhs,ctie inehesros yidieylat povidipy konidrhative phstssfat ed one or

nore tines b I £l A Ry . or
N di -G N e%%%%é%x ofaE&h%uH&’E%@Pu‘ir@ ’for 15 (B efl r’]]% Cl%TchE@nyl
Cl_6al koxy, @tcoptindioXgroatadadn gt amixtioe thwoﬁal kyl car bonyI am no,

206al kyl car bonyl oxy, Cl1 aryl, Ng@gono or N, N-di-C _6al kyl at ed car r banoyl ,

optionally esterified car boxy cyano, hal ogen, hal o- Cl_g
hal o- C1_6al kyl, G ..12hetero ,Raturated, unsaturated o?

saturated Cl 6heterocyd'I'R)ﬁ oxyl, nitro; , or
optionally substd tuted C1_ 1 alkyl, optional A kylaryl, or
optionally substl CIyl2aryl; 25R7 repre is an O-protecting
group; Any, two of R7, Rg, or i onally |inked

together 40 forfa ri ng struct @e. In partl@ul ar R7 and X may(Be |inked
together to f bstltuted er oc und.
Rg denot es HNRere'P%be' 989 J?/or? eegdo%looﬁ ig e%l [ﬂ)?\; alloggn%gy 'ut ed
30C _ual kyl a@%bxy @feaﬁsmyr@malkquxysm& GBIIK@>G’€C1GQ|kﬂ2aI’y1 opt i onal |y

substi t ut ed RL D felseRRldMlom the gdup consisting of F, CI, Br,l, Cyalkyl or Cyalkoxy;

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

10  Rsand R4 each independently being branched Cgsalkyl;
X stands for NHR5 or ORg wherein
Rsis Ci.12cycloalkyl, Ciqalkyl, Cq42hydroxyalkyl, Ciealkoxy-Cq.ealkyl, Cqsalkanoyloxy-
Cysalkyl, Ci.zaminoalkyl, Cqsalkylamino-Cqsalkyl, Cs.ediatkylamino-Cisalkyl, Cy.
salkanoylamino-Cy.salkyl, HO-(O)C-C1.10alkyl, Cy.ealkyl-O-(O)C-Cy.salkyl, HoN-C(O)-C,.

15 qpalkyl, Ciealkyl-HN-C(O)-Cysalkyl, (Cqealkyl)o-N-C(O)-Cysalkyl; saturated,
unsaturated, or partially saturated C4_;xheterocyclyl 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-Cq.salkylated amino, Cs.salkanoyl, Co.
salkenyl, Ca.salkynyl, Cqsalkoxy, Cqsalkoxycarbonylamino, Cosalkylcarbonylamino, Cy.

20  ealkylcarbonyloxy, Cq.qzaryl, N-mono or N,N-di-C4.salkylated carbamoyl, optionally
esterified carboxyl, cyano, halogen, halo-C.salkoxy halo-Cyealkyl, Cs42heteroaryl,
saturated, unsaturated or partially saturated Cqgheterocyclyl, hydroxyl, nitro;
and Rg represents H, or optionaily substituted Cy.1;alkyl, optionally substituted C;.
12alkylaryl, or optionally substituted C,_,aryl;

25 Ry represents H, or is an O-protecting group;

Any two of R7, 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 Cy_12 heterocyclic compound.

Rs denotes H; optionally substituted C1.1zalkyl, optionally substituted

30  Ciazalkylaryl, or optionally substituted Cq.q.aryl; optionally substituted C(O)C1.ealkyl;



optionally substituted C(0)O0Cl_6al kyl; optionally substituted

C(0) NHC1 _6al kyl; or optionally substituted C(0)N(Cl_sal kyl)2; or R8 denotes
-NH R9; S (0 )2 R9; SOR9; S(0)3R9; S(0)2N(R9); 5-R(0)(R9)2; OR10, with
R10 standing for H, optionally substituted Cl_6al kyl, C(0)Cl_6al kyl,
S(0)2R9 or R8 stands for (R9)2Y with Y being an anion such as acetate, or
hal ogen; and wherein each RO group individually represents H, optionally
substituted Cl1_12al kyl, optionally substPtuted G _ual kylaryl, or optionally
substituted Cl_12aryl 10conprising the follow ng steps, a) reacting a
conmpound according to fornmula (11), or its ring-closed formaccording to
formula (4), or mxture thereof, O wherein Rl, R2, R3, Ra, R7, and
X are as desaoplidvady substitetell @(O JOi¥ Balkyl op@natynslibfttt@pd CILBHNHChsadkyt onpound

according to - - ( rei is as described above for
fornula (2) 5%%@3%b\%ﬁ%tgﬁ%§®§g€ﬁgaﬁw%§u Btdgn(?% a conpound according to

formula (7) oiNHBsconpound according to fornmula (12) or a mixture thereof, O

wherein Rl, Ro)\R3: sdiy: sRN.RFE R, are as described above for fornula (2)
and (13),5b) I?(ur) her reag)f ngg (cc?rtgoénd according to formula (7) or (12) or

a mixt ur e®t he?&d ,9)2?i n the presence of a reducing reagent, and optionally in

the presence-ORavitieRabysding BNH, apibnoinalbsjitutad G- hakpr&SnceakpfS(O)R nor e
a0t L1 ves. 2308 GhhdsIROI AT Bhihg ah Bribi Sich 26 BBbBLr oGP OUNT accor di ng

to formula (
and wherein each Ry group individually represents H, optionally substituted C.izalkyl,

optionally substituted Cy.2alkylaryl, or optionally substituted C.1z2aryl
10 comprising the following steps,
a) reacting a compound according to formula (11), or its ring-closed form
according to formula (4), or mixture thereof,

0O
0 OR, R,
0. '\NR4 O X

Rs Rs @ R, (11)
wherein Ry, Ry, Rs, R4, Ry, and X are as described above for formula (2) and (13),
15 with a compound according to formula (5)
Rg-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



formula (13) or a mxture thereof. So the invention
provides a process in which the 5(S)-amno functionality is introduced from
t he correspondi ng ketone contai ni ng conmpounds in fewer steps than in the
processes known so far. 5Preferably, in the process for the preparation of
t he octanoyl am des according to formula (13) with X stands for NH R5, such
as the conmpound Aliskiren, RL is 3-nethoxypropoxy; R2 is methoxy, 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 MOn e,
"Protective Goups in Organic Chem stry", Plenum 10Press, London and New
York 1973; or in IT W ﬁ?eene.§ndﬂf. M Wits, "Protective Goups in
Organi c Synthesis({m$ﬁf 30%%FWV8%,GWP'ey, New York 1999; and defined as a
customary group for protSdhé ngertthe poxigeenpatemin Vioeh has{Sroena t osyl at e,
mesylate, benzoybali§is REQREE] fom we'cghé%})m%det&{e BRERMY¥bGodHal ¢ 9r oup,

oup, etc., and all ot

such as the acetate grot er protecting groups customary
for al cohol s fyer§lepsdan it herprocassen KA sPfamewor k of this invention

OPtiR(inalRlzﬁ ngbsti tut gd W@f@@bl&hﬁ‘the&ﬂ&cebé/ﬁl‘mg@%pﬁgaﬂiemmé dls)btér{wl e?‘ﬂ&@éd i Eti on
) : , , o a ' n can be repl ac y
anot her at om? Ff%?%@é‘?fﬁ‘ﬁf?,ﬁ%)rW'm%‘?fﬁéﬁ%{%&ﬁoﬁ%ﬁﬁﬁ&mof%o%[‘%@?@@ﬁ’ gki ITed in
the art, prov Hedthbratopbhe RsisbsethoyeartdsRsand Ry aerd-prapth respect to the
processes carried out. Ep%e%ﬁmgﬁbrﬁofﬂl%‘?nve%nt, & é'—drot@%ﬂ\[gg%B%é o

ual ky . g. g

optionally 20substitute Kyl ,~ can be replaced - g. halogen, or

ot her functi 8hdecrigeding'sF- WnMeQief Paptacive rayPs irPgania GBS, PISRUT ner t
Slﬁbsé it _ueoél Pfose@foh@@hraNew Y&k bS1I, Eﬁﬁ‘m Wt Badend @RS PNOIM e aIs! "Pi*dt@cﬁilvg V\ﬂen
the desired reaction accardjng,to the invention is ried qut., and that
does not pr e%(?ﬁosf”n&gwcngﬂé‘?sgﬁNa@“"fjﬁg't'%[b\éﬁ%d\?erweﬁoc%ﬁ%’ £y ?ﬁq'ﬂgﬁi A¥%carri ed
out. 25For exatqhagy giotip fas plotesimg nheoaygpea@(mfcskista!ne@aiqsyltaﬂeemaw_ﬂate,hat sone
subst i t Uent Spf-6, 8! denk & ALITRY AL dfoll), BT aslieadnd LiRlo! eact i on

fromtaking place, alt the substituents ves W react.
It is under stlsoand Heatheimeriesiiag gmEps cusioMapHor YsRAQISRPYYIER Flomsr oup can al so

?ﬁ a het&g,oaryli 30Fortmgheﬁ@rﬁéwérklb?_hisﬁ@émh%;imwbbmu@?@&hgmmrk of

e | nventl on e NnDS Ss|fre CcQ | a S can qur.al,l on

e e R aiRe T sl T e e o SR Bt e Sor e RpuR B & 1)
wherei n X i sXhivh iRSreplasad ygarathe( 8pm, AdB)cartb(.S)r furti@lal grond kgumdt iron.  However,
unl ess speci fd.ol Yo ftaheth 91 BRI that el ard ME WAV RRLEQR, @ESO rel ates

[
to racemc nflgxtures or scaf’ mc m xtures o#ueeﬁ%e desi red conpounds, whereby
35t he desi r gdoeserfeqarried ogh Egerianiple, e B & alldwdisgenmiges cpnallsoner .

fF’r ef er ab.;loya_ stubgtmnti&ﬂ £0:,8kyl, canBeredidt@d @ 8ol Rl 'es,owr];tr mngﬁ&a%rsm;i. r ]gzd i E Iomar
or any individual stereoggenic centre is at |east ; no ef erably at
| east 90:10, and still 'ng?ee‘%ﬁ?eé(‘foé*?%%T'f/'“é{?”%'log’a?é‘t'”%s.@.ﬁ%“ém S definéd & 2 I n
an aspect ofsubstitent iveiedtes ant reha itskliagtearntieodesired repelidn@cadrdih ® tbenpounds
according t . - r Wagele i i fication
ot ods  knque 1ot Farhed off aredidt B R PRI ML BV IR0 A

cryst al li Zatfqom-,t,)eing carried out.

25 For example, it is known fo 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



optionally wwth an auxiliary, distillation, or chromatographic techniques
such as simulating noving beds (SMB). The formation of
conpounds according to forrmula (7) or (12) or a mxture thereof, fromthe
correspondi ng ket one conpounds fornula (11), or its ring- 10closed form
according to formula (4), or mxture thereof, using the conpound according
to formula (5) are perfornmed using methogs known to the person skilled in
the art to prepare C=N bonds from a ketohe. Suitable references can be
found in March, Jerry, Chapter 6, (1985) Advanced Organic Chem stry

reacti ons, mechani snms and structure (3rd ed.), New York: John Wley & Sons;
or other general Organic Chem stry textbooks 15and Conprehensive Revi ews.
More speci fi dheedeaingsl isgmerrte thgiundesired isomgafiar anydyditidis eigreogiid centigls.atg, p. 610
(1998); Vol . |e7a9t70‘603510(&&8%)ab@/%!e%@@%%@éﬁn hm%ﬁae&efe!%@ly at e¥Qlos:, p. 818
(1988); Vol. 54, p. Pal’tl cul ar these F@ c}f)aratl ons of conpounds
according to forrrul a (7)'”€i?a§(pf9t)°f '“‘ff“H‘i’@(tf’EF@StFW@ B 2aPEMeat al yzed by

t he addi ti oncehpsunBs ecstdatd t6Forkewi() oam(;l cardifinpaivedl by dassicat guridegiooyed i n

whi ch the_.reac nfor t R t|o of t driven to
conpl eti of by’ Shéjgrﬁ qunde t njv%ﬁeésron Sk)g%) 37 &g p%ﬁ%rg'g'alpgrggg‘r'at'l Gns are
perforned by optivealtyrvaihian adkigary.| digitiaton, orahr@h@togtaméwé@dinm@ﬁt@ﬁ asol ecul ar

si eves and/ og; 1,h& ,ng, BfysQEnmih.t ani um tetrachl ori de. The
conpounds aCClOI‘EI ?l%‘ toI or r?gF ? or (12) or a mxture thereof, can be in

the Z or E configurationhe 8’1‘”‘%?'%%?91?@“9%@“@8@'”gi%fﬁfrﬁtl”%t(7dl9fSﬂzl\R@r5? s a group

whi ch can bemgasé therdof Made s&h&g&mtkbwnb@omm@dﬂfmmwmds itagegr ding to
formul a to H

el os 0 Qe eBlstatihe o Beofafhe s RS vl b el fRlng o
easi |y renovedomam ( 6pal1e®aeid>rmpd$@bsmethsptiemcm@rtszweama@wk'”@ ia dherashtor i ch
ani i nes SUCE‘reBa?e‘@: W%ﬂ&’%%/orﬁ'a'klefoﬁg SuRRlie RIRGh s SHPEE folikd RdusEH Tiemam des,

hydr azones, phosphi nyl 1 m nes. Preferably, such corrpound accor di ng
to fornula (Qb‘aﬂiﬁrte’h 1ﬁ§5 VéWegﬁ%fg%?W%f”’?féfrfﬁ@@’B”%W@C%Ysl"bsr% | SyUeifsst i t ut ed
benzyl am neS(Brd@f)?N@WQ’foﬂd’ adHnywiteynees bnst ortzerﬁmgbamm@amc Chemlstry textbooks

Al t t t i

Socor P T e ergy KBvieds Mite SEERY Samitt FR ol PR e STRAAEY. (1 s
is equal to ml 98I 9 618 ( ¢Qﬂ$ﬁ:d&hd’0a@&®ﬁ§921)ganﬂ@r@mmﬁurﬁi\e§5$ Coll-Vep 6,

The reactio b&aq@ﬂ% ngﬁﬁ@fﬂi Ccrg%rfh%@weﬁarﬁt?&ns%cc(rﬂ&%nﬁ’é a mxture

t her eof resutln ion o ound according to forrmula (2) or
formula ( 13)acs@rd@9ﬁ@ f;@frnw@e(@ Wéﬁé’bfor a |Wt¥rﬁéh%?<§s%ﬂ6@3'&5¥edepyrt%%‘1'tf?@ % 8agent ,

and opti onal grgndtét rh@wir REEBEEcAbitionLaE ahpBled IﬁW\d\l(ﬁpﬁd @Qabln)forltﬁb t he
presence of an a reose tlve

non- st erdos & && 4 \98Iob%e\%gﬁ’oﬁgﬂ%givg%%e@?pﬁt'P HE? noe\éYater '\X%% same anount
one speaks qgfartgulaothest peposieine atd peeformeaittyi aamotrdpiedigiiaivhyandie tiesoner  of

COMPOUNGS aGL0H Bnd el LIV Lare 1R odRLTY fafidBloiand xtur e ther eof

with a (S)-configuration at st ereofgenl c center is fornmed in excess.
For clarity reasons thel"SICBIPAEHISEEPRIGNM EOERER (e Bi R 3 MXyrRethereot,

configurati @an bgrrﬂhéte&E%gﬁ!ﬁyueenw&ﬁlatnakthre tb@ﬁeoﬂ t WI I I be appreci at ed t hat

t he ot hér i sonmer of thﬁ: 0f 5 d:greogenl C Cﬁ é n, OVo musdS as r\g{e

Wen thé°reaction of t ée(‘?Eﬁtt‘E( trfdi® HEUB PR gaY Fﬁ? Pﬁﬁrﬁ EHISENEN or a

m xt ur e t hertedftainesupdoundg aceorditgetoffammuia Rpor fofmutn(tp perrednigticothdienf wito f or mul a
(2) or form#%éﬂ%émo E agel)uééws‘acﬁB&H&%qusé&ormtemme%mh /8 ifduci ng

reagent, and optli onal resence of a catalyst, ‘and optionally in
the presenc@refasty r@fnoﬁﬁﬁ@e&@mﬁai'wwsf'@teﬁ@ﬁﬁ%w%@?%S’ﬁgtéqnéfcééﬁﬁ'l‘%sﬁumeI y, the

formed isonggsg- neérﬁbxb%nﬁﬁ’é)@b@ér@ﬂly mbsrfﬁtfeb@dm)n&ﬂm&@ Hy@ratzb@asp@foson skilled in
I.zatl on cl assi 1 ON

Lot 807 SR e raH T BB Pk e farmsenis rsrptTiyS sille GRYPRAS wi th a
optical |l y paresastatmonat yre phtselly substityted heezyiaymivds, ooreggefewblyanmeibyl exanpl e
with ali paﬁgnzgramines.
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).



20am dase. Preferably a stereoselective synthesis, i.e.
with an excess of the (S)-configuration at the 0-5 stereogenic center,
preferably at |least a 70:30 selectivity, nore preferably at |east 90:10
selectivity, nost preferably a 95:5 selectivity or higher, of the conpound
according to formula (2) or formula (13) or a mxture thereof, in the
25presence of a reducing reagent, and opgionally in the presence of a
catalyst, and optionally in the presence of one or nore additives, is
performed. Stereosel ective reactions may be obtained: A') due to using
conpounds according to formula (7) or (12) or a m xture thereof

with a high optical puri at .the 0-2, the C4 and the C.7 stereogenic
center, the 30formation T&% r%%%ﬁm? CRERBYAcEe g %meﬂlaa(iﬁr)“g)rorfaor nul a
(13) or a m xiixiure thdnenf esilting & tisd fernetior bmivipvend d8cyrding tXobuila &ddir t i onal | y by
using a conp [ i | S: Lcal i.ehed,
hence introd3%ﬁﬁ€?ﬁ§$éghﬂgg%?P%%kgﬁkgg%%%vﬁgﬁgpﬁgéggﬁ%gﬁﬁ"ﬁ%ﬁ@éﬁﬁgg to
fornmul a (7) #&rthe eieaenca of 4 ggtalyst. apdipiienatheintthrarressnce giantagpitiee 38ebrpounds ar e
an%/_ oplt : cgl | )tor@lﬁ&tﬁ@ Q@Fﬂao§&&iﬁ%ﬂ]‘grhnﬂﬁfsf§rg?s@&pﬁ\@lyfWh@r\lb&h (séaqersdwm Be - preferably
optically enriched am nes an enyl glycine am de are use r

P et arably oI I S et A BEIE! BORTS P oah o F ot EBg Pl ins

descri bed untherisofeonf @nipotindsddedriiiog &l foynulen(2) treonprués(é Bloe achixtare tbgebical | y
enri ched redygi ager : ) ' t itionally
in the preseﬁ@ggg?qgﬁﬂ%5¥?£gvr§eéﬂ$§§ﬁ%ﬁE%ﬁ#%ﬁ%%{ée?EE%%?%'Eﬂmﬁ%{erstood by
t he person st&eperedhe epiaipgd eprrountigtarafgpicieshinonaeerdauraiont (ked €B60gefet hods to

perform g st reQs elieGlill b8 apReGdtb PMal the PRSSEOhE of thB€-6 SdGLETC st can be
any reducing a%{er}t, énown to the person 10skilled in the art.

A reduci ng afeie OHe8G5¢% ed a reductant or reducer is the el ement or a
conpound i n a redox readheothetrtation efdbecasn@nod heordspde fasulakigre (tRduct i ons

;rgr g(r:u][ g_ t heoraaq‘Hig(&Jieotﬂer%Bf @X&fn%gﬁme(réﬂ%%n&r oftcg'rﬁpéJnﬁgt%éo%iné){o f@rnm{éj@i) gxe to a

formula (13) or a mixture thereof, in the presence of a reducing reagent, and optionally

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 technigues 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 formuia (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),



In particular the reduci ng agent may be nol ecul ar hydrogen in the
15presence of a transition netal catalyst; alkali-nmetal hydrides, such as
NaBH4, NaCNBH3, BH3- THF, B2H6 , 9- bor abi cycl o[ 3. 3. 1] nonane (9- BBN) or
lithiumtri-secbutyl borohydride (L-selectride); or hydrogen donating
conmpounds, such as al cohols and am nes, for exanple iso-propanol and

i sopropyl am ne, or carboxylic acids in the presence of triethylamne, for
exanple formc acid, and salts t hereof, "6f a Hantzsch 20ester: or NADPH
(Ni coti nam de adeni ne di nucl eoti de phosphate) and NADH (N coti nam de
adeni ne di nucl eotide); or hydrogen donating conpounds in the presence of a

cat al yst. Pref erably nol ecul ar hydrogen in the presence
of a transition npteérabbatribyllyteniiched sathes end ahdmylcgi)@gl@mndtqme useyl, corpound,
optionallyinthe Lyst The
reduction reactiof Fe?gowl;%)%&& eﬁn%{i}ﬁa& F?we%?l hr?hall ?r%ggrllsc%segf one or nore

addi tives. Sui @a)bﬁ%defdmemumé@‘ PagreB l@m?d@m&un@emwncwﬂan dptiedllyi t ate t he
reduction reacti o&r}%g@egg@%n; ovyield and/ or stereoselectivity. Suitable

additives are for exanple Lew's acids, Lewis bases, Bronsted acids,
Bronst ed BasesD-)o#s %eéP'i'b:?d Ui §s°r§d%a%tma'wn KiSeTsenTR & eaticaly g
t et r abut yl ammoni ugarichel @alyst. The reduci ng agents can itself

al so be optically enri C'}wm be un tjsgo%%fabgqubeleget s@ﬂedslk%eeé)r?tﬁ% ive reaction.

Optically enriched redum ng arned b ng reduci ng
agents |ike aprRiihdtiomef tk ah«)«@rm@b@is tg performs StbejemlehWrre%régn IS@OgSI*BHS with an
optically enriched C0rfp@H@ﬁedV}Gh&Qgé;@@arp&OJnc}lrémkﬁgtager{th@o%mﬂagb@gn agent,
such as o ti onaIIy substituted am no al cohdls, and optionally -
substituf®d dfilsdimbsarte g. t-BuMe2Si OCH( Me) CH( NH2) CPh20H,

PhS( 0) 2NHCH( Ph) CH( Ph) OHA r@diucbm agerft] #fO¢aedla epluttaat dryecmmsrius:ihecéleaielnabd - et al
hydri de, such _as a i ral, boraon e conpo cri bed
by E. J. Coracom%)unéh %redox reﬂctl%m{% uHesarI)Pn Ejgéje&%é H%&l r@%%@%@gré

2861- 2863. Tﬂi\@ additiomef thJbQ@p(ﬁzbqlﬂhwtr@ﬁfGrerﬁefaydd@&TPcﬂmdthdﬁ be added to the

reduci ng agent can be Irh;%m%@me%&}cfaeIagémwaly%e%n&@taahwégéalm fgount s.
Preferably stoichionetric or catal 'ytl c anmounts are used, nore preferably
M

catal yti &l RIRERIGE §F alransiio ety patphieh alialiamelpl ydidss sk @ )/aPdgen as reduci ng

fta)lgenéI a tr?nﬁzmmm BE} aTHFb@BQ9&3@tawicya$[3lss1]raﬁhdea(9 E’Eh@)sx%hﬂwru&ﬂtﬁlsbt-on met al
ased cata yst Cca ce of transitl {
namogencous. CoYSRanaRuEEhels oBF o en SRR AR, Sl LR AR

non- suppor t eahd ﬂmnbscmemnmmus@@mpaadﬂ aod isopopydahing, @nanbe*védamﬁjlntﬂm)l e
catal ysts arg.anye Eﬂﬁé\ﬁw%mmg faﬁé@hqptaaémﬁc £&4, %ha@éns tmrgéfe&aahhéﬁtz%@w VI

based catal yst, nore erably N Rh, d Pt based catal ysts.

Any suppdt askestoriNa ﬁbW‘POF'W’?'ﬁ%a‘qu‘é]edj'%ﬁow Rﬁ‘é’é‘d"ate@@l‘@ Y¥6PE catal ysts and

condi tions gneofiimi@xasaine diesestideg dori hydrboérad@aking Rnpouk@ipiehensi ve

Organi c Transfor matfl @?Ian ed., Wley-VCH Ny, 1999, pp 835-840; and by
Spi ndl er, F.PERACRYEEEYSY U in Handbook of Honpgeneous Hydrogenation, de
Vries and EI sevi er ( EdsPrpferatiyl regled/@H hyWeperhisiti prpsentd o3 tatdicangtdly O ar ke,

ML. and ROB:fataI)gt lgu &d) or%ﬁ)b V%Iﬂ cﬁ%aﬂﬂ%%&%gwéptwgry(?ﬂ%@%rrés‘éﬂee ge Vries and

El sevi er_ ( Eds 2673/ el m 7-439, and in Organic Syntheses,
20Col | . Aol Ca@ySbss (1955); Vol . 21, p.108 (1941).
Suitabl e catal yst are fmie rexanpt @aB’b@hﬁd?m@?c)a&edBdf i thaBresbncdansie dni ckel |

(F§ru ggf[ r ;RgICISZ qﬁ’g%@(ﬁ versmél&tabe ad(‘ja itives arg)gnyséo%%gﬁn OﬁlchaMI?acq?atte %e%ﬁucy \ne or

[1r(1,5- cyclrwhoramtlemepe(ct tol vield yrod/ ortetecgdseleotivitii $1etabip pddithes@ye foPF6- .
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



In the case of the reducing agent being a hydrogen donating 25 conpound
the presence of a catalyst is preferred. Such catal yst can be any netal,
for exanple sodium or magnesium or A (OEt)3; a transition netal based
catal yst, such as H2IrCl6; an organic conpound (so-call ed organocatal yst),
such as a Bronsted acid; or a biocatal yst wth oxi doreductase activity (EC
class 1). Suitable catalysts and conditigns are for exanple described by
30Kl onp, D., Hanefeld, U and Peters, J. in Handbook of Honbgeneous

Hydr ogenation, de Vries and El sevier (Eds.); WIley-VCH Winheim p.
585-632. In the case of the use of an optically enriched

or Mt ure PRAEEHTIUER, Bl U AERICHBLL T ind accor di ng Lo
formula (2) d%sﬂbﬂﬁﬂmdpbE8KP@Omehwamw@"mﬂem@®ﬂye@E@ﬁ®a%®tm@aﬂIy enri ched
catalyst is %y@rfd@@cﬁb@gcm?aq%rorb@%ﬁ%%@u“@%sfoﬁ@xﬂp@@d&@@e@lw g or - 9 -

a bi ocat al yst baséd catal ysts
are homogene&PEYor- ek HgKnassd iBfd- §F9 Gham- AR%E. c2rP B L288 8% #BaUnd

non- suppostedfogﬁxauyphm&eatomdster@tcﬁraia'ﬂdy@tosth@mdu@mmbetnt ©hdean exdess, exanpl e
descri bed bys§% eneous

ndbo
Hydr ogenat i of, ncgr Cat%@'cﬁ Sné()\yptgrprggaalsgly)stm?}wqml_q gé{)@f %rﬁ(émgare
1193-1214 |nuwdemmef@rfabkmh@tymaaamw@ggﬁeoas reduci ng agent .

In the case of hydr Ogenlﬂﬂ@@gs'e%gm%%wmgr%g%agt%g&{ﬁnd%eﬁgeﬁ'ﬂér%vtloﬁU' table
optically enrlched transition netal baséed Catal ysts, as well as conditions,

are for exanpeg Hﬁ?éFﬁB@ﬂ”%@k@Féﬁ?é@"aWQWT‘mFW'Wﬁﬁ@ﬁﬁawﬁdF”PBﬁﬁbeneous

Hydr ogenag i Oﬁburddlﬁtrﬁlsntdﬁ métdl 8gheltisd h@nodﬂn&@)él, @fhetdﬁﬁbén)eodﬂdfeygw(arid cMei nhei m
p. 1215; by gb 4  393-

06. Optically
enriched netal ?Ut.%)o % ”Suéﬁppgétg? rapgg%n %ei - C%'ra'é)roﬁtcﬁé’ én”Ch deéu'garbclae al so
sui t abl e. Sucett%{tﬂtsaargpw traisitipn enetal béred C@@@&hyewmlwolso ‘élﬂé)am(tm@tl)@@i aci ds,

for exanple H@r%%éf@r%l%w Flaunelmgu Ny B &&%@@&Bﬂy% An?sﬁpp@ﬂﬁlat-@'ﬁio%%wnn T.

in Angew. Chem_ I nt -3686 and 15references therein, and
sui t abl e bi oB&figlf §at ke wsed: %%@@éCﬂPWﬁBéﬁ?Gﬁpgaﬁﬁﬁﬁé%‘%@PW9p??“?@b”cIass 1),
for exantd e @m)dkpRchewmp@g@m&@gamm@hgoma@vmd & ovBdyay 18, th\ey, hgelg, ogen

donati ng conpo, are | am adenlne
dinucleotidgﬁﬁﬁg' Rat" fW%W@%EAﬁﬁaTﬁégﬁ?ﬁﬁgn&EJ é%*ﬁbgﬁpfﬂ? éotide). The
catalyst is WG@dQ@n@t@hydm‘med andh Etpadier (Et$. GWIIBVNIQFOV\@@ID@M ®- 1¥3rm31400d 20based
on the CO”D%"@arRQ PE. J?ﬁ%o%@@%h%ndﬁ&? o?ﬁ@rgggteeQ&JH}a%g%gaﬁml de@/@%‘

especial ly preferred e ran bei ng gre err

Py bl o Pind Eioevier (E96.% Wity ki l/ediioi 2, 7 4. el HE D EH08hy ot ¢ he

anount ob enzmﬂ&ﬂuﬁngdeﬂﬁaﬂvopg1kh@gqqunylty of the enzyne and it may vary
bet ween w de ranges. t he, anpbun W_as

possi ble. Preferably tﬁgmgﬂ%ﬁﬁgwg SR %% m% é aae%er gr am of
conpound t o NigkehRdiCo FefatPed;).(ampg \Ameeaﬁrearaw yartdséoraamnlumﬂnetMDyewzyne is |less

t ggﬂn? g fl 9 PRtrels gma%t ﬁfeﬂpewyo&asa.ehagny@y&ﬁ@%r%@ph.ﬁ@mnme@f eEgbly the
hydr ogenat ed. Y In the case of the reducmg 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.lrCls; 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



The reduction may be carried out at | ow or elevated tenperatures, in 30
particular at a tenperature in the range of -20 tol50 C. Preferably, the
tenperature is at least 10 C, nore preferably at | east anbient tenperature
(for instance about 20C). Preferably, the tenperature is up to 120C or

| ess, nore preferably 90C or |ess. The processes accordi ng
to the invention nay be carried out at atnospheric pressure or at elevated
pressure. In particular the hydrogen préssure, if 35hydrogen gas is used as

a hydrogen source, may be in the range of atnospheric to - 10 - 200 bars
of Hydrogen, nore in particular in the range of atnospheric to 50 bars of
Hydr ogen. The reduction reaction of step b) may be carried

out in the abd¥eretelyst the presence of a solvent, wherein one solvent or a

m xture of solvents may é@lﬁa&é#%srté§%eﬁeﬁ1@éé@d%QﬂaM@t@ta?e Hovdgtiskualol phat i c,
cycl oal i phat| c. and arongtic é rocar bons egiéent ane, &éﬁg}am@et rol eum et her,

cycl ohexane, MRIEFIFETRAYS bR RART caiche upROrtet GPdiBplsSUPRY P95 YHARSeC
hal ogenat ed hytdiysts and carsli(tidh<hrke dsrenmbpladescrived wyr Siraflan F.cind 8fder, H.U. in

tet rach! 06oe aREh P kAR IRERADM LA fov B O BOLIG G ) RRBZOBILTT | )

et hers (diethy ‘but ehe gl ycol
di met hyl et héYeinheinhypl &a3- ‘@H%"othe dﬁi%tQﬁmOlemé'tWéfo,gef@iﬁ%teﬁwfém@@@t ycol di met hyl

et her, tetrahydrofuran, :rdﬂh%%of%&& lcﬁ)mgtu@lcmgbudae@@ma% a@éntgronoet hyl
et her) ket ones (aceton carboni c esters and

| act ones (et fAyjad 'Sropﬁ%aﬂ'wnﬂca%%t%ﬁ%'on Vﬁfaég%?eﬁé’f‘t@%?? aSM%'&‘Bé}PN YAngere
| act ans( Niret fvy bwmm@heﬁm)by BlaokboRalindesdbatik e Hombgemedes Hydrogenation,

di met hyl tl?&:@rrg ﬁeilhe Cé. I eV;eF ﬁﬁhl”ﬂ?ﬁ' I nﬁgiﬁo Iﬁq\}) 'b ﬂ!})&f)ﬁg ;IOW des and

sul f ones OXI one, etra ene squOX|de
t et ranet hyl eRe. §tﬂﬂf0¢)r€é7)9maa@6al4c3@ﬁd10§ Qmﬁlmﬂﬁmhedé\ﬂﬁﬁﬁéﬂde% guchlagor o et hanol ,

propanol , bufrlééwt;les ea‘hb%tﬁ@%cﬁ!léécé?é al%%l@@d:ta@lﬁi&ﬁﬁoallﬁérﬁ%h&ﬂe gl ycol
nonoet hyI ether, dieth eneB%%él nononet

In the case @faafamﬁvar%g'féehbra E%ﬁ{%ﬂmﬁedg% zwa%wevneﬁ@ SEPURIRE i s al so
used as hydrageandTHagishagn, Cmmm@@dr CROThe. Ev.2086, 1450368008686 dhalsed cat al yst

opt | onal é’ r flal‘rlénrcggthfe%ﬁn aag’sw%g locgtaé( %tre'tﬂg ev\ﬂ/ h xmc?%ﬁ&g%’ Jg%,gfd(g@en or a

hydr ogen donal ¢an o of OF enan as such
(vide supra) cla&sﬂ)tfbr@xamahﬁntlmcodﬁhmémadmabas ¢nithe qasel qf@tOC@talmstbéyqspwar ed in

situ, i.e. by,nafit dohPButts drdf daFt%Ul%FNAQﬁHWE&InaMo%%‘dEﬁ@édlﬁﬁ@e&tlhé suitabl e
Ilgands to the reaction vesse S5Suitable transition netal precursors are

any avai | abl Rhopphaigians Hﬁ‘Dﬁ‘e(f\‘éﬂO“r!sa&P“fe W”@Sﬁﬂ“é’?ondp? eferably group VI I
transition metal precurs @taystisipsechably usdl ingutrhieonen dO00 VR Ofmams Ru, |,

Rh. Sui I bis iridi
e Y N e L
cycl ooct adi easedcialilpdifermdtasd tizd tange @BbIwG exol-Bibsha-praserrad imbanjicuiqrl, 5-

30cycl ooct adi ene) r ut henjm ardéﬁétg)lngf&@ée%[a(sﬁhecaém%%@h%ﬁvd#%hﬁmé{%d

di chl oro(1, 5- cycl ooctadi ene) rut heni Sui t'abl e |i gands
are any conpasfswntie E¥si dithe anpyPe apdis MK vy SeMyeERYidegaRess net al cent er
as known t o Hréferapg $6andkntl df eczynte it Beloards.poddiste.| Frgfardy tea@simount 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 to150 °C. Preferably, the temperature is
at least 10 °C, more preferably at [east 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



be nonodentate, bidentate, tridentate or tetradentate. Mdrre than one |igand
can be 35used. The |igands can be a m xture of non chiral and chiral

| i gands. The amount of ligand with respect to the nmetal is not crucial.
Preferably the amount of ligand is between 0.1 and 10, nore preferably
between 0.5 and 5 nol equival ents. Suitable |igands are

for exanple |ligands described in Handbagl-of Honbgeneous Hydrogenati on, de
Vries and El sevier (Eds.); WIey-VCH Winheim 52007 or Conprehensive
Asymmetric Catalysis Ito Ill, Jacobsen, E., Pfaltz, A and Yamanoto, H.
(Eds.), Springer Verlag, 1999 The invention also relates to

o P oees o R R AR e AT R SR Mo LR (1)

its ring- closed ‘8 her eof by
reacting a cdtypoverd according to fornmula (11), or its ring-closed 10form

according to formula (4jpe Férduéﬂoﬁfrégcﬁom%feﬁ% mabé Barfe FQTRAHE dosiieobdi ng to
formula (5), in the presence of a reduci ng?rea gent, and optionally in the

presence of &'SCAPENGY A sahvaNlopRarBIRANe §o'YaR HempsiuErsel seles ManbayeRd i ve,
Wi t hout the iss@lbiidop@ntefinclude ammumnﬁ@lc ernd 4rd@)tic hicBapbeCc@sstan&sul ting

in direct formation of t m ne noi et om.the ketaone |ety | so
often referr é?f(a{’?) pggolpgraﬁﬁwte[ \%Cki}?‘?( F%Wykﬂ%‘eéegﬁebefgene rtTguuerrf e@ggr ding to
formul a (5), akinbail halayasatedhily dcabdloy s tishlamoaetigeel CalerﬂE®C¢l1abéd for the
separate reaghhOfbrsdifite), AR on Y, HRRRARIc, 88%cRRIL) St R B T ect

reductive amnation I s ger uci ng ents and/ or under reaction

condi ti ons t ABvtYIEther b @taﬂtelﬂ\?é GEW\'/%P@'YF%dH@%h L R@Y'S’Pf’e%'yc%ﬁ'éwy'as
sodi um cy(anoacaérohnymmbﬁl@gt(/dﬂaalﬁ%ﬁwetm tgtazmyummm am%rowb@reaénmjmlde

( NaBH( OCOCH3 ecul ar_ dr.o o donatl ng
conpounds aspﬂloéo ué?yrluar Ef?eor?f”y' ‘%p%gg?tﬁfﬂ a%e é'le{hgt SObg&r l?f&%n& C%% t'5bl e
cat al ysts anebterondd kectomss (athgl qrh@tfslamtm leeS)daCIODe)d Nfsgbstitiied iepdinsét

reductive a”ﬂn&ﬂ&lb;ﬂ%hdd?{ef Srrb@%lrﬂdésr (am%tﬁynmdéremmyhaﬁ% FAtRYR AN

bi ocatal ysts are used case of biocatalysts, enzymes |i ke
ami not r ansf e(:dé%eé@“@?fdaW%a%W%%rﬁé‘gég'f%ﬁﬁ ddi@etﬂﬂéﬂfo’“ﬁﬁe@@ethy'

am not r arssf eduEs®, w&am@weﬁ@mﬂaﬁda5&thﬁefsnmby@crdl MbsolBi(BEwatE@ani snms for
exanpl e, but notl E mte cter sp. ,etﬁam | lus sp.,

to, Vibrjio sp., rob
Pseudonbnas Lol HiPrbatheld: appnckRyRB i R e cse “naynes
can be tr ansa‘twmﬁe@lyaddnwemyl@ﬂmr&E@mdeﬁemlwmbnom@tmmtg@hﬁmatbu ke E-Coli.

Condi tions and exanpl es A Y- QL RASES s M it
described by |toh et alln%eo%gégfitl'ﬁrmagn dPnathE%géﬁmnat% 2000, %010 281, in

particul ar iH2EDHIRIPEIYHRIGH ¢INatiteniNIPRUR conpound according to formul a
(5). 20 Vﬁ\@ﬁ@ﬂé‘f'brﬁﬂ@tﬁm%sb(%éi&lﬁd dpflotdn rpubEEBERE according to

cof actor  reBHEPATT oLy BAERG HEOBh o TE WA OT RAOR LS ESSe ski |1 ed
in the art. pByErainpfeeshaad candladdersas aich f(\codamlpea demwdrmgléorametatmsbd ned with
formate, or CEQ@SHZ%% bgfprepared 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 VIlI 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[chioro-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



- 12 - glucose dehydrogenase conbined with glucose. Catal ytic amounts of
cofactor generally suffice in these cofactor recycling systens.

In the case that am nes are used as reducing agents (hydrogen donati ng
conpound), preferably the amne is the conpound of fornula (5), the

sol vent, 5and the reducing agent. Suitable amnes for this triple use are
for exanple phenyl et hyl am ne and 2- propy*@nlne When the amne is used
triple (as conpound according to formula (5), solvent, and reduci ng agent),
preferably, phenylethylamne or 2-propylamne are used as conmpound
according to formula (5), preferably an enzyne is used as catal yst, and
preferably the R8 group in the obtained compounds according 10to fornul a
(2) and (13) liganghuit reerecHo the metal is not crucial. Prefarpily thevasipunoH liganslds rel ates to a

process for tﬂ@ﬁve@ﬁ@ﬁadn%t1borﬂor‘éfpre§er@9lP99M@Qn @@%ﬁaélmwemaféafsrmla (13) or its
ring-closed formaccordin g or a mxtu P% z reacting
a conpound according to ¥ ?%FQ&‘”E’?LT}”OF&X fplg "Wnﬁadﬁﬁcﬂ %’d” F’ éé’ rding to
formul a (4) Fﬁﬁno@bndoUE elydirogeratdn, deivtits @l Eisaviee (Huik. ),a/VmF\EQHilWélm‘fde a

15R8- NF2, b{)‘?eorpée eré‘h%%y?%A%m&%&Pc?batQ%?@‘FBtu/ %ngb%@i 2 i, Rrgfserably an

enzyne, and opti ona itives.
The |nvent|oﬂambgﬁkxélﬁﬁe$Ehmnmﬂb%dm3§§9for t he preparatlon of

2(9),4(9),5(9),7(9) -2, 77@5@4V5M%n4a13t3¥é1é@§)6 épr@éese%%feqaryéar%h%ﬂgyl am de s,
(conpounds according to fornula 9 wherei n gHRS%
phar maceut | ca@mo%é@émm ® fmuéa {3 qrﬁéf'%ﬁ'osegderm %C«gortdwa t% rﬁ%? or

al i skiren, cammxtu;%ltmedsﬂb@eéacng; 4 benmany acooetiraf to faomoma (&1 )( d&)its rlng-olbseécQ)
obt ai ned_py roges ccordin i ti opriate
18 ]l-‘ m aCcor §OI fgr &a r‘r@:) 5’9 E&(?mg\%reﬁﬁ@ﬁ a c%&g%&d@c@&dfﬁ??g

amne, i. a ene con I'ons sufficient to
form an am d@rrbuiﬁéﬁ) p3heopresenna bl yrefatingpeatnb png apionplyaR therPresenes dfer t o

obtain the d@astblglﬁdarﬁ%flbr%w AlthOPreSdnck Bearfaditst, %ﬁ@mm Sol6®MtdRthe Sui table
conditions for the am de nd formation are kno person skilled in

the art, andSUPROUPET (/&RAH) Eh'ﬁééoé?ﬁsb"@%imi”ﬁ ”S%H‘F?t‘}hfélm‘aé‘f’” 8{]‘%?‘?8‘{’}%{“%9’ on
Letters, 2000om 4k, keld@oickP 3. often referred to as reductive aminatiord. Thadshrhe be

apprecia d that the order ons..Lo oht r

302(S), 4?% ou%sgccardygé g)(r!z (Eftﬁ (,hongmons an c%{r#/ﬁ%eaéé l%e'a as de§%|b8g/| ari des.
or phar e e ufor ttlaISl%garafccmlabditepm absw Hveg@r@fal OBQIEAN SBY thaﬁ@ecimﬁound

al i skiren, |gdide aminkfor is BEMGBY with Rodubifg GEUFROMRILr BRELT&HAREh édhdltiondTul & (6)
CRT R that are more reactive toward imines than ketones, such as sodium cyanoborohydride
(NaBH3CN) or sodium triacetoxyborohydride (NaBH(OCOCHSa)s). 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 ltoh 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



R2(6) or the conmpound according to formula (7) can be reacted with the
appropriate amne i.e. of a general fornmula H2ZN-R5, under conditions
sufficient to forman am de bond, 5optionally followed by protecting the

al cohol noiety at the G4 center, resulting in the formati on of conpound
according to formula (10), OR7 R4 prior to the reduction reaction of the
invention. It will also be appreciated tfpat reacting the conpounds
according to 10formula (3) or the compound according to fornula (4), or a
m xture thereof, with at |east two equival ents of the am ne of general
formula R8-NH2 could result in the formati on of conpounds according to
formula (10), i inthis case.R5 is e 15 case, the
am ne of gen@rugpse}l@ehw PR Wme W'tﬁ ?Saebﬁata{yhearg%%%sedﬁ(é% (e)ﬁ to obtain
certain 2(S), 040Slys(Bpe ﬁ(t@sepraefdnabvoydgﬂ/—Shydr oxy- 5- am no- 8- aryl - oct anoyl
am des, or pharmaceuti cgj jny c?sfectﬁé’ctaﬂme% a?@%steé ab RRK.ERG ag&%y&é dfhe conpound

allsklren al so preciated he conpound
accor di ng t o dpeRtiRaremRAnd) BrisaRbly tha ativg isihe ﬁor&FP%’BﬁSTerm%? (5 pRiYedt fornul a

of HO- R6 gndand m@m@tluhinglégerkrmmﬁbléQm%@&ﬂﬁtﬂi&tﬁﬂ@ﬂsé&’ekdr%ﬁamﬂet he art,
t he C 4 center,

optionally follo b rotectl e .al cahol

resulting in % Y\ﬁ’ Pﬁéf B o OQ:V P&f&e dfe ?'%P?ﬂfluge(%tg?% ?ﬁ'?%’?pofjo t he
reaction or ae@cdmgmsf;ormm!at(h)esolwelat\d aducing ageint)l prafesolybeheaplpthglemitteed t hat
the CorrpoundZ?or %Wnd&%{é Qsefd%rg%Jnaodn@accordlﬂréto fo%fb @)3 pFe?@'ElSI?gn Whiheal cohol s,

of a general under condi tions kno person skill ed
inthe art, ﬁw%ﬁwf@)ysﬁcﬂnﬂ@Wé@fawthﬁr%tg%@ﬂfbﬁheebtamﬁ%cwwﬁ6$ WGRTBAY at the

0-4 centes, foastild @garidug)l"gear{d@lfd}mi on of corrpounds of formula (6), prior
to the reduction reacti nof vention also relates to

he
new processes for the p 'HY‘%ﬁ'f"bﬂ'S%fe %%SntBSL?ﬁ%;?SS f@&@?ﬁreﬁaratt'?)n Potmula (4) and
(11) as desccdnh@dn®e¢®w1ng to formula (13) or its ring-Clised fompocmdinatodomdilan).taw f or nul a

Can’ be obt ai e By R B R R o B R P Rovger
et al referrfedngerogtymta formula (4), or mixture thereof, with an amine of a general formula
15 Rs-NHj,, 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(5),4(3),5(8),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
formuia (1),

OR; Ry

HRsN/,I' ORg

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



10Thi s | engthy route has several drawbacks, of which the use of
stoichionetric anmounts of chiral auxiliaries, a |ow diastereoselectivity,
and hence a cunbersone separation, are the nost striking ones.

An ot her aspect of the invention is a new process to conpounds according to
formula (3) or fornmula (4) or mxture thereof, which are relatively short,
15hi gh yielding and with high select|V|t:fs The
surprisingly short and efficient synthesi's for the conmpounds according to
formula (3) and (4), conprises the steps of a) an addition reaction of a
cyanide to the enantionerically enriched conmpound according to
formula (14), wherein R4 is as described in claiml, followed by 20b) a
hydrol ysi s ofcrucié satherdomeogicoassorion toiReet®(P)aci d chl ori de synthesis ¢) a
coupling reaction of the acid chloride comggurgs with conpound according to
formula (19). For clarity reasons the.gynthes¥s asg depicted in scheme |:
Schene |. The coupling reaction of the cpnpoundg according to fornmula (18)
5and (19), with Rl is met hoxyp, is nmethoxy, R3 and R4 are 2-propyl
and MX is MyCl, leading to conp [ ackording to formula (4) has been
described in Rueger et al, asg Fehe redRt o earI|§ Simlar conditions could
be used to achieve the coupllng bet ween conpou s according to fornmula (17)
and (19), | eadihagompoundrpaudiohy @doatt [AYcandefroaated with(tB9 appwbptagd amibvei s chosen

fromthe gro and X is
an anion, i npgé)ﬁérg%%ralﬁéqug?em Fllgl‘ (aé!’? gﬁﬂatuoﬁﬁoé\%c@?m fﬁ? %(‘ am'% @L({’I de.
Conpounds5ac @léfloﬂiﬂ'mjo'b@)’ef‘ oV niptestifdthy algakp! (nPS?}y Yrthene4cgpien ?ﬁéF‘é@f“ Ban be

easi |y obt ai Redaffoh@rtdiRus@LERTRYEideuRi (16) | € contai ni ng conpounds
according to formula (15) and (16) xture thereof, using nethods
known to the person skilled in 15the art O|%SIS of nitriles and acid
chloride formation, respectively). Re"Ng HR5C‘orrpounds according to
formula (15) and (16) (as dlﬁclosed i n 2009/ @80773) or m xture thereof
are prepared by reacting the € ahdehyde o

Rg
prior to the reduction reaction of the invention.
It will also be appreciated that reacting the compounds according to
10 formula (3)

OR, R,
6] ORg

R 0

| R 3)
or the compound according to formula (4), or a mixture thereof, with at least two
equivalents of the amine of general formuia Rg-NH, could result in the formation of
compounds according to formula (10), in which in this case Rs is equal to Rg. In this
15  case, the amine of general formula Rg-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-Rs 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)



formula (14) with a cyanide, preferably wwth HCN, NaCN, KCN, (R)3SICN (with
R - 16 - selected fromCl _6al kyl, Ctioal kylaryl, and Cl1_10aryl),
optionally in the presence of a chiral catalyst. Said catal yst can be a
chiral organic conmpound, a chiral netal conplex, or an enzyne, as descri bed
in by F.X. Chen and X. M Feng in "Asymmetric synthesis of cyanohydrins”
Current Organic Synthesis 2006, 3, 77-944-and references therein; 5and by
P. Poechl auer, W Skranc, and M Wibbolts in "The | arge-scal e biocatal ytic
synt hesi s of enantiopure cyanohydrins” in Asymmetric Catal ysis on

| ndustri al Scale H U Blaser and E. Schm dt, Eds. Wley VCH, 2004, pp

151 164, Pr ofot A1, 9ol 3 LIl g, BEISS SR Loyl kBl Foch! Tl

catal yst is use roxynitrile
| yase) are u§@doerssu|8k1&¢ﬂ ie theod pptiooaly féllgwed hxep@gmmveféﬂ@ al@opl regepetind of

formul a (15) gRrc- @Q@r’n}@ru%ulﬂ&fﬁrt@fﬂlgnatngn bdomgbéhds bBlorm@4 (69, gHoxloUuke t her eof
are known to the person sk in the art and are described in the

references ab‘%?yét'oné?ﬂft'?’é?fé'?%'ﬁ&@é‘o'f ‘her ei n. The conpound
accordingsto fornul a (15}15) ivéioRAlsod selReIaInetly@rddesses for g rbasattbnragl at i vel y
easily to th und in f L a | oyi ng acidic
15condi ti onsgor%pomg ?CCPr 1 30 %ﬁ%ﬁ%k‘géf‘%a a2 ?E'(S '@%egg%?gr?onl c acid, all in
anal ogy with | actonizat ifbmcqt’mdm@lecq@nimmof@ﬂtl'hé“)p@lﬁfsfﬁﬂsm*ﬂolxﬂdoquyt he art.
For the lactgpg n{e‘ﬂ{dgfﬁtdng"% alR® R' §re@rr§&§§f & BeAdbtainddloy GahEMbd kB8N the

preferentially R6 is net . ecorrpound according to formula (16) in the
di ast er eoche'ﬁ?ré‘&’ﬁ ﬁsﬂéﬁ'P%'“&’ﬁg?r@u?'a‘[ﬁ’f?%Wj ©&h°¥e obt ai ned by ring-cl osing
the conpound accordi ng Tigs Ragoy mwka’:ha(sjs5\)eralrdrztmeacl€besiwm(dw taendé glur at i on, or
by ring-cl osj t.h di aster the c : forrrula
(i) wen 11 30e a8t SuPIF A “Bney ol SERERBEAARER. dhdfrka

epi neri zat i owwndersohe S@Saramnear@dfgﬂmp@ Strlém@rlest o the thernodynanmi cal I y

preferred diastereoner, Ar%t%@rQ%b&%fﬁw@%v@&%hﬁ@é‘lnghQ%E@sﬁ@ﬁ&ﬁpoﬁr@éd
epi meri sation can be conduct ed by heating the conmpound accor |n%pto formul a

(16), opti orffePingde Rrpua (7)raiprmalia &) Pemxture Rigresh i A ArT PaIKE HThr esence of
a base or5 otthgryigtihg ald witraelgh tdlactigitiesAl t ernati vel y, the di astereoi soner with

the desired configuratign can. be s er eoi soner
maki ng use of their di fﬁ"eerseurﬁnsmﬁl\}'sggr? eﬁﬁ;c'eer&%f%&eq%f&tp ﬂg}ogﬁéént al
cryst al | i zatédceerying by folmpulaEansd (), comagssisdhestersepar at i ng ITDVI ng beds (SMB)
chr omat ogr aphxé%t §Hb&m&ner Cﬁef.@ﬁre# @éyaﬁa‘de%Mﬁe%Hmm%%mggmhe@eorp&uheund in

Schul t e 30and rube 416 and references
t herein. accord'”g to formyfef é@aﬂh‘?}e‘f‘% ICRSASSERREd ALY fRYoved Por mul a ( 16)

in the deasterb$O§thd1FblS]§is bithél akilé §Aus NSWGLedcidodhidrige epitidsiked by
ring-closing a d.accordi o f 1 wth R7
is equal to H° gn eﬁéo(%n% %Tpc@aq?lq]flan%ﬁ%[ér'?%g?mpou 9w asn?pecfﬁ%ﬁ%cgla?gmmxtures
of conpounds acctrdilag!®o 35fornul a (15) or (16) can be hydrolysed to the
correspondi ng aci ds andqf Bafy Pilsbhd B8 syntheses are depicted in scheme I:



- 17 - wth respect to the undesired di astereoner 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 5building block according to formula
(14), which was disclosed in V@ZOOQ/OSO]] . The conpound according to
formula (14) can be obtained in various alternative ways, all surprisingly
short, and atomefficient, as illustrated in Schene Il for the conpound
according to formula (14) wth R4 is equal to 2-propyl (nunmbered as 14a),
wherein R6 is as described for conpounds according to fornula (13), R and
R' are equal op 1Rj ndependently stawr] H,or an optionally s ﬁstituted

Cl1_8al kyl, or etDEL_an.o%Eé I \QubsLLLuLed ri?E}g@4naxinal 10
carbon atons, and Hal &tands for Halogep. ° - 19 - ¢ As
part of the invention new routes to1$onpounds accordi ng tgmgornula (14) are
di scl osed. (14) In one 87 the new routes, the'C mpound
according to fornmula (14) is obtained by| resol ution nethF s of the
correspondi ng acetal, the conpound according 5to fornul a (20) (depicted in
the schene for conpound of formula (20a))Y, followed by hytrolysis of the
acetal noiety to the al dehyde noietyg, d0r exanple mﬁth/zggd such as agueous
HCl . Suitable resolution nethods ark tho known to theopsrson skilled in
the art, such as preferential ¢§5talTiZatfon, optigpalfy/wth the aid of
chiral auxiliaries; classical resolutiof:; chromat ographi ¢ techni ques such
as SMB; or enzymatic resolution 10ng8bhods. In particul ar, %&hzymatic

resol ution nmethods are used. Suitable enzyres_tgo-he~ysed in resolution
processes as descri bed above are for ex%rrp. Exanpl es of

sui tabl e hydrol ases are esterases, |ipagesk proteases, pti dases or

acyl ases. These enzynes may be obtai ned from aniwpl s, for exanplegpig |iver
esterase, or from m croorgani snms, such as bacteria or fungi or om pl ant s.

15Exanpl es of suitable enzynes are tosed in e. ‘wRr) N
particular on p.4 line 25 to p. 7%+ ‘P@gferably used of
non- ani mal ori gin. R aceni c COmR according to
formul a (20) can be obtai'n ways, for exa by al kyl ating the
substituted nmal onate est h &an al pha- 20hal ogemg , followed by

hydrol ysis and decar boxylati on as deg%cted on the right side of Schenme I1I.

Condi tions and reagents for these stéps are known to the pe%éon
Scheme |.

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 MXis
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);SiCN (with R



skilled in the art. Al pha-al kylating an appropriate ester with the

al pha- hal ogenat ed acetal, as depicted on the top of Schene Ills another

vi abl e option. OGther new routes to conpound according to formula (14) are
based 25o0n catal ytic asymmetric reductions of cyclic or non cyclic
precursors in which the C=C doubl e bond can be a tetrasubstituted one, or
the isonerized tri-substituted one, or agm xture thereof, optionally

foll owed by ring opening of the | actone, and subsequent oxidation. For the
cyclic compounds according to fornmula (21la) this reaction 30sequence is
depicted on the center-bottomof Scheme II. For the isonerized cyclic

conpound, or la (2la
thrg is deplc?bgkéh&%%: Qé&téﬁﬂwgé&lg@P@”%ﬂﬂE%ﬁﬁﬂégpnt épf%ﬂ&%ﬁnds(mnt% R4
is 2-propyl . chiel cathlgstnoaid cey@imt@arpbeeed?@b@rgartw%nnoe%tauCbrﬁa'wqiiéﬂf@@'exs

depi cted on thg, Er%mlseetstdegénbﬁgm kICr{eanlF\d Rau. 'F%ngmplz\@ﬁrY%étﬂc Sdidsisabl e

conditions and reagents for the cataly % reductions of
the C=C bondOé‘fyé”%yﬁf"PsaFU%@t@é%‘%f‘l‘q%@3‘8%39%6 of - %é“‘? @Eﬁﬁ‘é’ﬁ%ﬁ‘e&ﬁf'”’t he C=N

bond. More spe¢by P.@c%&ﬁmﬁﬂraﬁ Srenglastmi Webbdits incMiagplagyessc2d bdtatafytiddandbook of
Honogeneous I o at| de Mwles and, El s X
Viéi nhei m 205%9 8r|3aa | g)/ur(?r@f 8fmdrms |n me\{leceéatglgsqn%or) lhgygtrlia?écat\l(%_{opti cal ly
enriched t raHsJJ’ tﬁl@ﬁr m@smasie@deawy;m% 2@%: pndBtt16bPreferebly EGcor on of the

C=C bond. ?SICN in the presenc%LHfE%Eﬂa%lecdﬂl?g'chﬂa@gﬁs ang. M@@%&bﬁecf QENRe
ring- openlng 0 | act on, and subsequent Oxi dati on e al cohol noiety
are known to hler?éqﬁ%ef Wi (yRforynitgilejlypse ) ase 4gad. S'P*F"Q'Pé’to%i‘i}‘stf‘?{éher?yﬁg‘ea'ﬁem ng of

the lacton (bthenpommdffamaiat(ne)R4 corspadnaeioying to fdDdiai &)t @ mintuthe scheme
with formula h<23r2e% afeskng\?vﬁ ﬁ&t%ﬁngggbrpskqpﬂ math%%ltf%lné greso%ls%/%%i o the references

Anot her HEMIFOUté 2oy d any resol ution
met hod of théxwa@@mﬂﬁmwaqﬁﬁhﬁea conpound according to fornula (22)), itself

easily obtained by redugtd &ﬂn&tma %Om@n@%ﬁula@pgmhmlstéauéu%mué an421) or
its isonerised conmpound, or m xt ur e ther eof ﬁ%>Cte at_ th

| ef t - bot t om %?reﬁé?'ata/ﬁ'yf@gaﬁ%wﬁ PMPPYLd %Cﬁ%"d'ESFﬁ)fB PheTRRIoY g %C'CB? opyl .
Suntableﬂiesahumbmnag&bﬂ@MSamemﬁhhmﬁammumesakewgmmlmananme@umﬂmdescr|bed

above for comoqzaq,o?acc o ,l%wnqggn onfs&ﬁeaopuléogn (AR RGBSyl N

conpound acc®rdr Pesol Ut i on
met hods of tRes cwffqn@ulnttv @eelbyldinog m@erﬁoﬁaﬂuRalS(nmf)W foll owed by 20hydrol ysis

of the acetal noiety t Wﬁ%nﬁ)logwyéégrdm@it@%ymulé%) 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 diasterecisomer 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 Rz is equal to H and Rg is Cq.salkyl.

Alternatively, diastereomeric mixtures of compounds according to

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



b. the catalytic asymetric reduction of conpound according to formula
(21), followed by ring opening and oxi dation, are used. Mre specific, and
Wi thout being limted thereto, the synthesis to 25 Aliskiren
(2(S),4(9),5(S), 7(S) - N-(2-car banoyl1- 2- net hyl propyl) - 5- am no- 4- hydr oxy- 2, 7-
di i sopropyl- 844- met hoxy- 3- ( 3- met hoxypr opoxy) f enyl Foct anam de hem f unmar aat)
using reactions of the invention, is as picted in schene IIl. 21 - 22 -
The processes and conpounds according to the invention are particularly
useful for the preparation of 2(S),4(S),5(S),7(S)-2, 7-di al kyl-4-hydroxy- 5-
am no- 8- aryl -octanoyl am des (conpounds according to fornula 13 with X
stands for NHRS5), or pharmaceutically acceptable salts thereof, such as

di scl osed i n WhVpDeioRBHesNdaAlee JosTemany iy PUIZHOBNEDSEROOMUE th ar e

her eby i ncor pefsah edidayn hefRl €9 CReretentidl @R LiaREdtBh, optiRIPHASESSEshca Rl
conpounds according to the invention are useful in the preparation of

conpounds acCBFHP 'afyoof Sromigoreriyc Eehmiques s a5:5MBo2/ 02508 Al and t he

phar maceuti cal | y accept abdmetisabépdch @tedofentidadrbddesineal rodteo tidasefmceut i cal |y
acceptablg s f n dj ' I i Xis
e, means: Suldhe ok ACRRIRER BRRFILIAE b kELRAM, bBoo IS The
blologlcalIyC@bmmmﬂhe&v@&mkﬂwﬁwéﬂﬁébmebe@h@"@ﬁélWWQ@%%@Qﬁﬁﬁﬁwﬁﬁsﬂfed

phar macol ogi gabridtdy éHoHYar@fatéth%fF[?l@ﬁter; iI1GRERAUNGchelRaEBr t%@lcéﬁ%p@:fn@ derived
froman inor anlc or or cally acceptabl e

Pha
ol 5 of |t hed Qg B AT G PSP (EBpSroArs ) Waah e
di scl osed inaiﬁﬁmﬂﬁﬂf&iﬁnmhumhem&xmegebymmmthpGWamfﬁ hyeqeﬂerence and in
parti cul i al docunent,
i oh par sgr AaFdETy S 2Pud Sy st & OF oy BaghBLSh AT 0o nas
accor di ng t oontieealiyrsviesiituiteshringeof naaimas 40 eqreeh dgms, and Hal ﬁ@ldﬁé@é"éﬁ?ﬂ@ﬂn to the
person skilled in the art, such as crystallization, distillation, or
20chr omat ogr aphi ¢ techni ques. Some specific isolations, but not limted
hereto, are described in the exanples. The amount of
reagents and additives used in the processes of the invention are in
princi pal known to the person skilled in the art and may vary between w de
limts. Depending on the nature of the reagent (reactivity, costs, etc.),
it can be



25 used in large excess, or in stoichionetric anounts, or |ess than
stoichionetric anounts, for exanple, it wil be understood that catalysts

and certain additives will only be used in | ess than stoichionetirc
amounts, in particular in catalytic amunts. The foll ow ng exanpl es
illustrate the invention, wthout however being limted hereto. - 23 -

EXAMPLE 1 Preparation of 2-isopropyl islene-v-butyrol actone from acetone and
v-butyrol actone: 0 H2SO4, tol uene Reflux, 16h (2l1a) Diisopropyl amne (41.0
m., 292 mmol, 1.15 eq.) mas dlssﬁlved in 5THF (140 nmL) and cooled to -70C

n-BuLi (2.9 Min hexanes, q% 278 mmol, 1.1 eq.) was added dropw se at
-70C and the resulting yeIIo ution was stlrred at 0C for 30 m nutes.
The solution was then cooled A0 70C, after which a solution of

ybutyrol actone (19.3 nmL, 253 mmod, 1.0 eq.) in THF (100 ni) was added
dropwi se over 20 m nutes. The scdfution was stirred for 1 hour at -70 C and
then acetone (37.2 nL, 10 506+mmol, 2.0 eq.) was added dropw se over 20

m nut es. Subsequently, the reactkon was stirred for 4 hours at -70 C and
then allowed to reach room teppefature while stiiring overnight. The
reacti on was quenched with maggg and diluted h |MIBE. The organic | ayer
was extracted with HCl (aqg. ﬁN +6x) and the coni’ned aqueous | ayers were
extracted with chloroform (93 . IThe conbi ned organlc | ayers were dried
(Na2SO4), 15filtered and concentrated in vacuyp tjo give the al cohol as a
yell ow | iquid/oil which ma50q§ d in the next step without further
purification. The crude ach% I| was di ssolved in tol uene
(500 mL) and H2SOf (95- 97%?&1 75 m, 32.8 m®p),| 13 nmol % was added. The
resulting reactiog mxture was peated under i%glux overni ght. Subsequently,
the reaction mxtdre wgs allo to reach 20room tenperature. The organic

| ayer was dilufed w thgVIBE hed with HCl (aqg. 1N), NaHCO3 (sat. aq.)
and brine (sat., aq.), dried , filtere nd goncentrated in vacuo to
gi ve a brown Ilquad‘_TﬁE—aqUe@ | ayers were copbi ngd and the pH was
adapted to 7. Eheaaqueous | ayer s then ext £ wi t h di chl or onet hane
(3x) and the cemki ned organic | ayers were dried (Na2804) filtered and
concentrated in vacuo to 25 gjvye a yellowliquid that was added to the
previ ously obtaimed brown frac Qon The product [was purified by vacuum
distillation (65C, 1 nbar) t@ gEve a slightly yel§ow liquid. After further
purification by colum chrongt ﬁraphy (hept aneg EtDAc 7:3) the desired
product (21a) (22.0 g, 174 nfo] N 69% was ob{&s Qghas a colorless |iquid.
11-1-NWR of conpound according to fornulea (2% | ( 13, 300 MHz) 5 30= 1.89
(s, 3H, CH3), 2.26 (s, 3H, 8 (M. 2H, CB-H2), 4.29 (t, J = 7.5 Hz),
04-1-12) PPm :

1) Ring opeRin

l 2) Oxidation
L
(22a)
T Resolution
@)
oé% -
(rac-22a)

O

0
H ORg
I -
(14a) :

catalyst

chiral
H,, or hydrogen

1) chiral catalyst
H,, or hydrogen
Catalyst, Hy

donor
2) Oxidation

OR
(0]
Rg
0]
&%
and/or
O

=
and/or
Scheme Il

HO
H



- 24 - EXAMPLE 2 Racem c 2-isopropyl-v-butyrolactone from
2-1sopropylidene-v-butvrol act one: Pcl/C (10% p EtOH, H2 (50 bars)

(21a) (rac-22a) The tetrasubstituted al kene (21a) (5.0 g, 40 nmol) was

di ssolved in 5 ethanol (100 m.) and stirred in an autocl ave under an

hydr ogen at nosphere (50 bars) in the presence of Pd/C (500 ng) for 16 hours
at room tenperature. Subsequently, the suspension was filtered over
dicalite and the resulting clear sol utioff was concentrated in vacuo to gi ve
the saturated lacton (3.1 g, 24 mmol, 61% as a colorless liquid. 1H NVR of
conpound according to fornula (rac-22a) (CDCI 3, 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, 02-H and Oaxsm)artoﬂthé&v(enrtionbblwrol@{stpzmpounds agofdinttke J- 7. 2,

9.0, 9.0 Hz (ddd, J = 3.3, 8.7, 8.7 Hz, 1H 03-H ppm
EXAMPLE 3 152@“'61%‘8@@'%@%6% C 2-isopropvli dene- v- buty rol actone to the

sodi um sal t: In one of the nepyoutes dha ganeued a"@@Wﬁ@d‘hﬂ’”{‘P'ﬁéﬂéﬁa) (1.5
g, 12 mol) iBMel (é@lu@m%@ds&ﬁ%@oﬁeﬁﬂh&ﬁg chété?fthé\&ﬂrﬂ)dﬁd 4dcoghingl2 ol ,

1.0 eq.) in MeOH ( The resuylting solutio room
t enper at uPe F‘bfPrrﬁ‘éa f?@b?‘%p'éﬁe"ttﬁ%ﬁd@{ﬁd% repw Eﬂ”ﬂ“kﬁ% ﬂ%ﬁf%y t he
correspondi ngyd{ralgﬁmmhé@@htanmosaa;}ﬁ)tmenaldmam inbiatyi ﬁoeeganejlajwmacahswﬁfas white

Vel 6 = o, oS HOL Suigpi oo i o oAl PG T P Bl LAREED. 900
1.70-1. 87 ( mart33ch @Qprlelfegmtﬁal@wsmyzatlop, %loowwp{the(mf)c?m%aux@arﬁg (m 2H

04-H2) PPrn. gassical resolution; chromatographic techniques such as SMB; or enzymatic resolution

10  methods. In particular, enzymatic resolution methods are used. Suitable enzymes to be
used in resolution processes as described above are for example hydrolases.
Examples of suitable hydrolases are esterases, lipases, proteases, peptidases or
acylases. These enzymes may be obtained from animals, for example pig liver
esterase, or 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 Il. For the isomerized cyclic
compound, or a mixture thereof with compound according to formula (21a) this is
depicted on the center-left of scheme |l for the compounds with R, is 2-propyl. For the
non cyclic precursors this reaction sequence is depicted on the top-left of scheme I (for
R, is 2-propyt).

35 Suitable conditions and reagents for the catalytic asymmetric



- 25 - EXAWPLE 4 Opening of optically enriched
2-1sobropylidene-y-butyrolactone to the sodiumsalt, followed by ring
closure to determne the e.e. (of the sodiumsalt) NaOH D20HO RT, |h 0 C
2h (22a, 84%cc)(22a, 83%ee) 50ptically enriched |actone (22a) (110 ny,
0.86 mmol, 84%ee) is dissolved in D20 (1.0 nL) and a solution of NaCH
(34.4 ng, 0.86 mmol, 1.0 eq.) in D20 (1,9.n) is added at 0O C over 30
mnutes in three portions. The reaction mxture is stirred for an
additional 90 mnutes at 0OC. 1H NMR shows conpl ete conversion into the

| i near ring opened conpound. The pH of the reaction mxture is adapt ed to
0-1 10usi ng aqueQus | M and the reactio xt.ur tlr 1 hour
at anbi ent t EmYEYSE Gt ?C%é’%%%fé&l%'af%%/%5“#%985%"?5%{‘@%@%“ R Om?’oro?{)rm(Zx)
and t he conbiboet Morgspatitc bayeles agsr d}asdﬁldeddw ¢hslp2 Q)31 Q‘leaU@bce)d oand

concentrat ed r ss of
conpound acc(l)_}f) @P%g%? %?@%ﬁgmﬁqﬁé Ew%@ﬁﬂ gﬁ ‘Alféi(rﬁlégfl on of the
sodi um salt £2e0% he met hvl est er: HOCHClS NY- DMF HO Na NaHCO8 4 hours, RT
00 5 ThePMh%@@b&la%dég ;drcawnafohsmpropmehpumn@ate (56

ng, 0.33 nmol) and NaHCOB eg~) re suspended in a
m xture of Zﬁﬁrfﬁ'tGPHTeEﬁI RAYES CgtaWEtf aéFanLgs ﬁ)%ff @%cﬂgoft%%—ﬁ}g&ﬂ?“ ng suspensi on

was sti rred at room tenﬁatmteLtroeduﬁms add heagerss fon thetringropepienoftiedlablpn.addi t i on
e or o U E Yo AR AT B, Weldlofi O OR L Getich 1oE e

conbi ned organic were d tered_and concentrated in
vacuo. Resi d@!alprmﬁbm nerapeeitg Bithelgcten &porapiognd with R+ BaRIgMESt o gi ve t he

desired p@t hydpi®st i hedhdm& AiPtrh@8 828iid performed in non alcoholic solvents.

Another new route to compound according to formula (14) is any

resolution method of the racemic lacton (a compound according to formula (22)), itself

easily obtained by reduction of the compound according to formula (21), or its

isomerised compound, or a mixture thereof, as depicted at the left-bottom corner of

15  Scheme Il for the compounds with Ry 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(S),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 IIl.



25(quantitative). 1H NVWR of nmethyl ester (CDCI3, 300 MHz) 6 = 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,
03-H2 and OH), 2.32 (m 1H, (CH3)2CH), 3.64 (m 2H, 04-H2), 3.69 (s, 3H,
CH30C0) PPrm - 26 - 13C- NWR of net hyl
ester (CDClI3, 75 MHz) 6 = 20.0, 20.4, 30.5, 32.2, 49.3, 51.4, 61.4, 176.3
ppm EXAMPLE 6 5Oxidation of the 4-hydroxy-ethylester to the corresponding
al dehyde (14): TEMPO, CHC13 HO KQAc, TCCA 0 C, 2h(1l4a) o

To a solution of the 4-hydroxy ethyl ester (50 ng, 0.29 mmol) in chloroform
(2.5 nnL) was added KOAc (42 ng, 0.43 nmol, 1.5 eq.). The resulting
suspension was cooled to O C and then TEMPO (1.0 ng, 6.4 pnol, 2.2 nol%
and 10 finally trichlorocyanuric acid (TCCA, 34 ng, 0.15 mol, 0.50 eq.)
were added in a single portion. The resulting reaction m xture was stirred
at 0 Cfor 90 mnutes and then quenched wth Na2S203 (aq. 10% w w). The
aqueous | ayer was extracted with dichl oronethane and the conbi ned organic

| ayers were washed with NaHCO3 (sat. aq.), dried (Na2SO4), filtered and
concentrated in vacuo to give conpound (14a) (30 15ng, 0.17 nmol, 61% as a
yellow oil. 1H NMR of gl14a) (CDCI3, 300 MHz) 6 = 0.92 (d, J = 6.6 Hz, 3H,
CH3), 0.94 (d, J = 6. 6~H§c 3H, CH3), 1.26 (t, J = 7.2 Hz,~3H, CH3CH2000),

2.03 (m 1H, (CH&)ZCH)Z §~53( 1H, C4-H), 2.78 (m 1H Z2-H), 2.88 (m
1H C4-H), 4.1 {m, 2H EEBCH g 9.79 (s, 1H PPITL 2Q/EXAVPLE 7
Preparation of hy& -4, ﬂ@dle Xy-@-i sopropyl but anoate {3 conpound
according to ornuka#?ﬁaj’ d ﬂnﬁhydrlde (32.0 g of a ®)% di spersion in

€ooled to 0-5C
0.8 nol e)

mneral oil; 02 ol e) 25 was®s Spended in 1 L dry DWF
by ext ernal coollng Next di nethyl 2-isopropyl nal onate :
was added in 1 hour at 5-10C and stirred for another hot at 10C,
whereafter no fufther evolutl%%
br onpacet al dehyd Edlethylacetal (157.6 g; 0.8 nole) was aﬁd.
reaction mxture @ give a red-brown solution, which was the
130C for 18 hrs th 30stirri G&C anal ysi s (HP-5, 30m * 0.
pm Tnt=80C (1 n), rate 20C/ :n,Agénd:300C(3 mn)) SQQfﬁdOC
conversion of the mal onate. OQ(:Z e

@]

mm * 0. 25
Bgpl et e
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This m xture is cooled to roomtenperature nethanol (32 g; 1 nole) - 27 -
and lithiunchloride (34 g; 0.8 nol) was added. The m xture was stirred
under nitrogen and heated to 130C for 8 hours. GC anal yses showed conpl ete
conversion. Next, the reaction mxture is concentrated in vacuo (70C, 25
nbar, -500 ml distillate), cooled and after addition of water (500 m ) and
met hyl -tert. butylether (300 mM), filter.ed_over a Sprecoated filter. The
phases were separated and the water | ayer was extracted with

met hyl -tert. butylether (2 x 300 ml). The conbi ned organic |ayers were dried
over Na2SO4and concentrated by evapor ation of the solvent under reduced
pressure (70C, 25 nbar) ., The residu u fractlonal
distillation (60C 1 nbérlbi" pEO8eS§’F§/3mgcfmé)0§?ds ‘“@&@&%%ﬁp&%@ ?he racem c
conpound acc@ediculgiytusefubionthe arep@iin of A@ IS0, & dialkglod-hydroxy-5-

1H NVR (CDCI (& ciBouidoockyifa bk i3 P Bdod ) 240 2.3
(m 1H): 3. 4%)n|n?08§rycgz n@;b'%xmsdje %c unds/ace (l g Hr) a 15Enzymat i c
resol uti on ofNHfek HW“BH“%BHW"‘@{%@B@?D@'? §%‘ﬁﬁ%‘§ﬂfbﬁfcaﬁ§§tsé'°?%? 'Eonpound

accor di ngst o viouses, 3@@)2006/061@.@7 and WO 2006/095020, Whldhl’lar@hér@uy’lde(ﬁrptbrta@m fl ask
equi pped wi t tus 47 of, the r|f|

e By e Ao ARRE Bioctld o) R M ST Bt | o
Phosphat e BuffearsefoHn TheSor¢k0@ionj congBumds awf:ortilhetcnfen‘rmﬂéf@)eféC@mﬂatt of the
enzynme (Di Veugsh h386Pa1 andiRe InsHnabllf )acc\,%fa%letﬁﬁﬂwe@éé)@ed and the solution

was stirred at roomtenperature untl%{é'ng of the enantioners was totally
consumed (nonitored by BRE E‘S'Hé’(]@rﬁ'?qr@ﬁc%*'cﬂéé“?eﬂ?eﬁ spis WEaPPPHESpH

constant ) Aiaé@rdmbao ReMUIS ({33, heretn QIBIRR,, bitans emaitai &g gewedaw safe, non-

4,4-dieth | byt MIBE. (,500 d
Gl te (20 oPtaranl ﬂg'éwaa‘flefﬁ@"%%ﬁ?an%sggti%iaﬁ‘é?f SRR, The
suspension i Ishatrmecmldgldatmtie'ti chtie et e Hasee saXs a@coteemedfmf@enu mes Wi t h

MIBE (3 X 50Qhdic o @5@?& nefs@rgani c phases were filtered over Celite to
elimnate the resi |orrass and the organi c phase was dried over

anhydr ous sodi um sul pha?%armA?QL@?a”V|aF‘ieip§P|ec§3?”§ NS AMROHPISRESOENIor at ed i n

30vacuo {® gﬂoMﬁhlé {18), destor @dnPRANEdIcRE® I 85,5894 1Y lwhich is hereby incorporated
4, 4- di et hoxy- 2

g, 88.2 mTDIby F§ Eﬁongﬁggt}lljnbpggg graltaﬁoléﬁnj;{lgn%{‘g(?tgco%mnamqlﬁé§3yo? £8W oil (20.5

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 spegcific 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.



- 28 - EXAMPLE 9 Preparation of nmethyl 2-(fornylnethyl)-3-nethyl butanoate
(14a) Met hyl - 4, 4- di et hoxy- 2-i sopr opyl but anoate (e.e. >
99% 25.6 g; 110 Mol ) is dissolved in 220 mM 0.5N HCl and stirred for 2
hrs at roomtenperature. The 5mi xture is extracted with nethyl-t-butylether
(2 x 100 mM) and concentrated by evaporation of the solvent under reduced
pressure to yield 16.3 g of colorless oil,

IHNWR (CDCI3) : 0.95 (dd, 6H); 1.85-2. (m 1H); 2.35-2.45 (dd, 1H)
2.65-2.70 (m 1H); 2.75-2.90 (m 1H); 3.60 (s, 3H); 9.70 (s, 1H 10 EXAMPLE
10 Preparation of 2-isopropyl-y-butyrolactone (conmpound according to
formul a 22a) by catalytic asymmetric hydrogenati on of

di hydr o- 3- ( pEAMRLE-ly| i dene) furan-2(3h)-one (21a) 5.7 ng (11 p.nol)

(R -1-T(9) - 2ptddaradioh Urd-HEbRNGSRALAM)rolactone from acetone and y-butyrolactone:
15ferrocenyljet({Idl-tert but yI phosphi ne and 250 pt 0.04 M (10 p.nol)
Ru( COD) (et hyl a y1)2 olution in di of onet/hane were placed/in aypvial
fol | owed by 1. (10 tlnnl}m¥ﬁﬁ4 OEt 2 di cHPOrdiEt h d 85 |1

(320 [Inmo!) dih ro 3_{propang: y[ I den€) f urfan- }( 3Hnan& This solutign was
transferred to e hydrogenation apparatus_and was hydrogenat edf or "1 h 30
mn at 50 C and 25 bar hydrogen. GC- 20anal ySis showed 100% convetsion and

1D x 0. 13 pm Ovent oRBSPAEPERIE T Ty 252 ﬂ“@'cf’bréaﬁ%%(S%(’T%d(‘gO o2
25Car ri er5 ga$HFé! 400w and ceolad tp - Lni-Buidg?-pM ip Aexapes:: 95'§U“'I—rﬁ7§(§‘ﬂmﬁn1 voI ume 1

pL Enanti Omaétiﬂ-wasl&jd%d dlpwieantiedBid Re rés@l’n? VQIIBW%@@@}S\M’ﬁn&ed o€ mn -

29 - EXAMPLE 11 Synthesis of enantio drln
(S) - et hyl 2“(?%mem%yéﬁﬁﬁqw“mﬁva?8&9@? ﬁe@ﬁ?”@ﬁﬁgﬁ8éﬁ d" conmpound

accor di ng t obdtgbiattbae U9)3 mL, 253 mmol, 1.0 eq.) in THF (100 mL) was added dropW|se over
20 minutes. The solution was stirred for 1 hour at -70 °C and then acetone (37.2 mL,

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 (aqg. 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,SO4 (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. ag.) and brine (sat. aq.), dried (Na,SO,), filtered and concentrated
in vacuo to give a brown liquid. The aqueous 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, CHa), 2.26 (s, 3H, CHa), 2.88 (m, 2H, C3-Hy), 4.29 (t, J = 7.5 Hz), C4-H,)

ppm.



HCN, (S)-HNLOH HONC 00 5A mixture of 72 ml S-HNL in 18 ml K-Phosphate
buffer (20 MM pH=5.6) and 360 mMl MIBE is charged to the reactor. The 2
phases are m xed by stirring and at a tenperature of 0C 20 ml pure HCN
(0.53 nol) is added. Methyl 2- (fornylnethyl)-3-nethyl butanoate (16.5 @)
diluted with 95 Ml MIBE are dosed to the reactor in 20 m nutes. The m xture
is stirred for 3 hours at OC. The convergi.on of the 10al dehyde is >95% and
e.e. >95% The reaction mxture is diluted with 200 m
MIBE. After phase separation the water |layer is extracted with MIBE (2 x
100 m ), acidified with 0.2 m concentrated H3PO4 and dried over Na2SO4.
After filtrati MIBE i s evaporated under reduced pressure yielding
21.0 g of th drin of formula (15) (e.e. of 0-4 1l5center is 97%.
EXAMPLE 12 SBuairhie8iipahyltHeitiraledtoresrani 2fsobrapylidene-y-butyrolactone:

(2S, 49) -tetrahydro-4-i sopropvl-5-oxof urans2-carbonitrile (a conpound
according to fgrmul & 16) OHp- TsOH, tpl ue NC 200 The

cyanohydrin e carkl e 11(f_’c1(2(10%)§)
w re Rgde sy n9

g of nol sieves ure, 250 ng of ptol uenesul fonic
o~/whi | st stirring,

acid was added a m xture was heated at 70 C for 1
hour. After coolingiyo RT, the nol ecul ak-2%) eves were filtered off and
washed wi th 25tol uene. The col |l ected organi c phase was washed with a

sat urat ed aqueous sol ut TontebasubsiilitadrelbersRbornad 8. 4hamah vag disseyedNa2soa.

After filgering Pfoolhs NRAFS in NSutIAR MhGerRARGEoYESatHOSHRAY (5abaed) under

reduced pressure yiel dlﬂg 10.7 g of crude lactone. Purifijcati on b% flash
col urm chr ontthsgPrasange 6P UF (BR04NGder 1Ginelgel AT PERY S SHRIHE i TR >98%
purity. - 3ispension was filtered over dicalite and the resulting clear solution was concéikdXR (400
MHz, CDC13):.55.1 dad, J=.8.4, 2. 3 2 c 2 2.62-2.41
(m 20, 2.37V30p 0%9%3 thepturgted el ,@% g %A.F%mﬂz‘? i 3%%')5,3 %b."g%]s? W%: 6.9 Hz,
3H). 5 EXAVPLE 13 Synt heBM& dtompentBs:qstiog ederanlaciaerdiay it 30%) - net hy|
2-1( Szj_— 2{(9%/%]92)264 P‘%ff{sﬂ %Givi—@,)éelrﬁ idrPax8 €4, =16 Bz, lal fhetoaneat e, czonpound
according C)H), SEWm?Z ) CZ)—H and C3-H), 2.48 (m, 1H, (CH3)2CH), 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-isopropvlidene-y-butyrolactone to the sodium salt:

O
NaOH © Na
—— @
o MeOH HO
RT, 16h i

(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 in vacuo to give the corresponding racemic sodium salt in quantitative yield as an off-

white foam.
'"H-NMR of sodium salt (CDsOD, 300 MHz) 8 =0.94 (d, J = 6.4 Hz,

3H, CHa), 0.98 (d, J = 6.4 Hz, 3H, CH,), 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



Ooverni ght | mdazole (7.35 g, 108 nmol) was added at O Cto a solution of
t he 10cyanohydrin (10 g) in DWVF (180 nL), followed by TBDVSICl (9.77 g,
64.8 mmol ). The m xture was stirred at roomtenperature overnight.
Subsequently, the reaction m xture was poured over an ice-cold aqueous HCl
solution (1 M 80 nL). After the addition of diethyl ether (100 niL), the
organi c | ayer was separated and the ang&ys | ayer was further extracted

wi th diethyl ether (2x100 nnL). The co ned organic |ayers were 15 washed
wi th a saturated aqueous sol ution of sodium bicarbonate and brine, dried
over Na2SO4 and the solvent was then renoved under reduced pressure. The
crude m xture was purified by flash columm chromat ography on silica gel

yi el di ng theE%ENEé_donpound

%Héylsz (230? ' ' ' —b§t ﬂ)lald?one IHhe sditd Sé|$é383l(_|)
, 96 (m T : . m
15H), 0.00 26glewedhy Be thegas : ydrolysis of

tetrahydro-4-is prop%I-S oxofuran 2- ca
formula 16) to gthe c rrespondr ng aci d:
t et r ahydr o- 4- car baxyl i § 258G M)
Tet rahydr o- 4-i sop} opyb- 5‘oxofUram>2 C onitTril® g, 128.
di ssol ved in 200 N HCP2G&ind stirred at rig flux for 18 hrs. M xt ur e
was cool ed to ro%tggoyrp r%f(brzlé and extracted with methyl-tert 2l%u8 | ether (3
x 100 m). The conbi ned organic |ayers were dried %é Ngéggl( 57 &7 ed,
and concehtrated by 30e98b‘@r”¥§?”rt9ﬁe lpctop(228) ( EhIyhERPMe <#) Br essure to
yield 16. 8 gdiedorelid Dy @id m(Pahd 4 goranbn of NaGH (34.4Rug,i0fd6cambioh.0vigg it bgd

di cycl ohexyl n 0 ed in 240
i heptane HelHol S P10 07 Purig pyes s e theebaloR ldith T
(17.7 g; 97. @rrwﬂmr@)r additiratie@mihutsg et 8°€. rspwrﬁmwgmelewarqrwmmmn occurs.

The preci pit | S MBSIA Mk heptansoand 5dri ed
in vacuo to @%gnéé ”’ﬁgéé%&gorwﬂnh eegé(')-‘ (rgfdr.ne Next tl wfrtﬁae solid is

suspendetf i n“WqH?OLﬁ‘éf(ﬁﬂMr%}dtth%i??‘;ftloétnﬁétwedﬁEl“"z‘r“déorr}]i houEa #Bigd| ) of conc
HCl i s addedeahberntune. sraeatqudoo@rayéresrpﬁmtedrvem chibefarimxPxiraadittee imbiregd f or

another 0.5 hrs.. The pr [ kLt S
concent r at e PH" ?/'3%‘?.5%%6 dc”)??é*adrsé“ fs"ereof e gce% %te?gjc}/ aébg &w% éégﬁov{/

brown oi | whhathheenestiethéricaxsessfof ewmmpméacmrr@st0§®rawm (Bge) 1518306+ NVR (CDCI 3)
0.95 (d, 3H); 1.05 (dd, 3H); 2.2-2.7 (3 x m together 4H); 9.2 (broad s,
1H) EXAMPLE 15 Synt hesi s of

t et r ahydtPo- £XAMEEDY| - 5- oxof ur an- 2- carbonyl chloride (a conmpound

15accor di ng Aneidtion Bitha sddiim salt to the methylester: A dry and nitrogen gas filled
3 necked round bottomflask (250 m) equi ppe magnetic stirrer,
nitrogen gas inlet,ySeptum and thernocoupl e, filled wwth 7.12 g (38.08
mmol , 1.00 eq) carb xyl iscyaci &L ¥éEne (of exanple 14) and 45 m tol uene
(dry, degassed). 7.8 g,cubQvMD>Mmolhp” 1.6 eq ox\r\yl chl ori de was added
and 20 subsequently 22 til di metiytFbrmani de (dry)llresulting in gas

evol ution. The solutidn was stirred at roomterrperature for 3.5 h after
whi ch a sanpl e quenchedhersoditmaaat iof Shysiexy-Higorerr Y FYairat®rmal0-By TLC. The

sol vent was nfRIPHRINAHTY,AE WY, 31300l @0BEY Abldl@spyhdedind mgturdier desi red

acid chIorrd
chloroform (2.5 mL) and DMF (1.0 mL). The resulting suspension was stirred at room

rtrile (a conmpound accorodi ng to

Nl e) was

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
(Na,SQ,), 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, CH3), 0.95 (d, J = 5.4 Hz, 3H, CH3), 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.



25 EXAMPLE 16 Preparation of conpound according to fornula (19a)

A dry, nitrogen gas filled, 3 necked round bottomflask (500 m) equi pped
with reflux condenser, dropping funnel, magnetic stirrer and nitrogen gas
inlet 30 was filled with 4.680 g (192.5 nmol, 1.1 eq) My powder, 10 mi
tetrahydrofuran (THF, dry, degassed)) and a crystal of iodine. A solution
of 54.930 g (174.5 mmol, 1.0 eq) 2- 26 -

( 3- et hoxypr opoxy) - 4- ((R) 2- (chloronethyl) 3- et hyl butyl) - 1- met hoxybenzene,
and - 32 - 0.6 m 1,2-dibronmonethane in 163 mM THF was prepared and 20 m
of this solution was added to the My slurry. This m xture was heated to

added drop wi se in 1. 5 noHHE s o bRdR PR h b En ST

condi tions f@93amD4hBM-3w53bmnafter whi ch anal ysi s by TLC showed 5no
starting material. The concentration of the Gignard solution was 0.763 M
determ ned by titration with s-butanol using phenantroline as indicator.
EXAVMPLE 17 EXAMPLEWNt hesi s of conpound according to fornmula (4a): Coupling

of conpoupd aspafich 4 the Phydt Q8RR (okBRdortisbdhdird@idepygequangd according to
formula (18a). The 1 n exanpl e 15 prepared acid chloride

(18a) was dissolvedytn 45 m THF (dry, degassed)yand cooled with an
ice/water bath. To tlhis cool ed sgkoichkon was drop wise in 30 mnin
total 51 m (38" .09 g ut¥on of exanple 16,
keeping the inside te erature BeroWC22 C. The rgaction mxture was
15cooled in ice and 25 Ml water waS?added slomﬁy f%e formed slurry was
filtered and the preci pirbatsgiunssormshadiradytdinybester (5@inhyd.2aeeiontie. The

conmbined filtrates were washe i er m d 10 nd brine (100
m), dried of"REPEHE-> FELW%?%%’,ewﬁ?gcg%%ré?gﬁ‘mﬁhggreq\]?a@’ueurr%g?ﬁ Yield 17.19
g crude pr odsispesssonamasaiobled Thi &C wasthpuTEMPed1.0yng 6)4unel,4 ont)egdaphy t o

gl Vi N _CONPONM AShiBlof)dNdrid Goid AYUBA, 34 hftPd. 18FrRi PR MRS BRI QMeT

single portion. The resulting reaction mixture was stirred at 0 °C for 90 minutes and
then quenched with Na,S,0; (ag. 10% w/w). The aqueous layer was extracted with
dichloromethane and the combined organic layers were washed with NaHCO; (sat.
aq.), dried (Na,S0y,), 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) 5 = 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, CH5CH,0CO), 2.03 (m, 1H,
(CH53),CH), 2.53 (m, 1H, C4-H), 2.78 (m, 1H, C2-H), 2.88 (m, 1H, C4-H), 4.16 (m, 2H,
CH3;CH,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; Tin=80°C (1 min), rate
20°C/min, Teng=300°C(3 min)) showed complete conversion of the malonate.

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



Dii sopropylamne (3.56 nL, 25.3 mmol, 1.05 eq.) was dissolved in 25THF (14
m.) and cooled to-70 C. n-BuLi (1.6 Min hexanes, 15.2 m., 24.2 mol, 1.0
eq.) was added dropwi se at -70 C and the resulting yellow solution was
stirred at 0 Cfor 30 mnutes. The solution was then cooled to -70 00,
after which a solution of ethyl isovalerate (3.65 nL, 24.2 mvol, 1.0 eq.)
in THF (15 nmL) was added drop w se over m nutes. The sol ution was
stirred for 1 hour at -70 00 and then 300Uenzyl oxyacet oal dehyde (3.74 ni,
26.6 mol, 1.1 eq.) was added drop w se. Subsequently, the reaction was
stirred for 3 hours at -70 00 and then allowed to reach - 33 - room
tenperature while stirring overnight. The reaction was quenched with NH4Cl
(sat. aq.) armddithemebiodduS4lad-emohass estdedathedixire Wasktioad upEx itrogee

combi ned or gapj ﬁeétéa’%ﬁ%o*’l@fo?s wesbhas: &‘ﬁé]ﬂe@Erhd%\%d(céﬁblete%‘am)ergéd %% hir2SO4) ,
filtered and concentrated in vacuo to glve ed 4.9 g,

17.5 mol , 73%%clieR %txw%'SSP”WPE%t?‘éF‘é@ﬁ*é)r@S’ 05§§ "@ayewodw f'|”atﬁhpeq>{e%s used
in the next aheaﬁwaﬁhmﬁoffmuetrkwo i df ietafit@tbutylether (300 ml), filtered over a

1H NVR 13, 3
2.08-2. ggg(c mP" efPﬁqed %@hﬁr‘?}haﬁwe“(sr%ﬁm a@ﬁq\g‘%&?&f Waig’it?ck%?]‘”‘ 03 H
and OCH2CH3 )nethq/l -§4.b0tylet (2 PRIOHR). The cBmbiaeq orgHic RIS Wre oL GVEXAWPLE 10

Bz 1.1 t .gxanpl e
18 (1.0 g, %SO4an? concent-r'_é?e@bf&)aP%r?fgfeﬁtd?ghﬁeéaglﬁgtlL{ﬁ?{&ﬁ%dlﬁ@&@%@&ﬁego o2 11

v/v) at 000 &é@baad‘aﬁ rRgifyel EHUfPeWWUQh?Ft%ﬁ&/ffﬁca???éd'ét&'&“%m6; é(‘i“b@ﬁ)dP 10
mor/ o) and t hieasd gretdiares il ffamyiaedrhio cbdeound a8cbrdrhg toXShmilanmna), OarBll eqg.) in
a dropmn§§ fasﬁ]qg The resulting solution was stirred for 48 hours while
war m ng t ﬁ%erature The reaction m xture was quenched with N H4C
(sat. aqg.) and diluted Vi-NVREODE:) : TR, 16aerZ(musHY 1skiar bt deB-andmt he
aqueous | aye X t r 3 The conbi ned organic

| ayers were 3Z§%§éﬁ ﬁmﬁghQﬂzﬁ%4@ Qh}@ @ﬁ?ﬁgh@ E%lne (sat. aq.), 20dried
(Na2s™4), filtered and concentrated in vacuo to give the nesyl ated product
as a yellomlbxmwnL@BI whi ch was used in the next step wi thout further

purification , TP oY I:ged'gohnpgnq s di ssol ved in
t ol uene % 0 fr &t ‘ Tdecehe PBU; 0 43 DI, 1.2 eq.)
was added. FﬂﬂJﬂE&ﬂQ&mng_gaﬂutlon was heated under refIUX|ng condi ti ons for

two hours under ni trogen 25at nosphere. The reaction nlxture was al | owed
to cool to roomte rature and dlluted

| o Esterase \/
P ~ P /\

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  2.2651 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 fo 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).

Q|




wi th Et OAc. Subsequently, the organic solution was washed with NH4Cl (sat.
ag.) and brine (sat. aqg.), dried (Na2S™), filtered and concentrated in
vacuo. The residue was purified by col um chromatography (heptane-Et 0Ac
95:5 v/v) giving 0.88 g of product (3.36 mmol, 94% over 2 steps, 1:1

E/ Z-m xture) as a yellow oil. 301H NWR of product (1:1 E/Z m xture) (CDCl 3,
300 MHz) 6 =1.09 (d, J - 34 - =6.6_Hg, 3H CHCH3), 1.18 (d, J= 6.9 Hz,
3H, CHCH3), 1.30 (t, 3H, OCH2CH3), 2.77 (m 1H, CH(OH3)2), 4.12-4.26 (m
3H, 04-H, OCH2CH3), 4.41 (m 1H, 04-H), 4.55 (m 2H, PhCH2), 6.01 (dt, J=
1.2, 5.1 Hz, 1H, C3-H), 6.69 (t, J =5.7 Hz, 1H, 03-H), 7.34 (m 5H Ph)
ppm EXAMPLE %t hyl 4-(benzyl oxy)-3- hyd roxy-2- isopropy | butanoate
Et hyl 4- (ben;%g%-g—s hydroxy 2- |sopropyl but anoate (3.9 g, 14 nmmol) was

di ssol ved i nPtaphtaoreof(n25hyhPYfoa ¢th 3 148) on was heat ed under

reflux 10overnight in t%@ff%&%@&@ﬁ@gﬁmtg@r 5949%% §q6iod (96%

0.74 nL, 14 mol). The reaction cool tO room

t enper at ur e AFMOBs gipfolRd TR0 AN e and stirerddpichiys aW’P’H tEmreiEre §58 . aq. ).
The aqueosis hByRs lsV@{f?a&éﬂ\KnM@tﬁyIthtbleﬁlB} @000 mir) z{rﬂk})n@é’mdaﬁabey conbi ned

organi c | ayers were ltere ntrat edln vacuo.
Subsequent | yevﬁpﬂ'@t'ﬁ}%&rﬂﬁﬁo"&éﬁg rg?r %F‘éc&dﬂetsﬁurﬁé%'%%igg 8%” %ePd with 15
acetonitrile. The acet ofi-NMR (€DIChY=r.95@S8, 6hshé@2.@p trh, 1rb‘6n2 3ne4pd and t hen
concentrat ed,, t id | by col umm

chr omat ogr aphf%ﬁggﬁgrgm @%0%692% m\,\®§) gﬁg Sﬂgﬂ)elglr#gh% 15?5“ | lation to give
the unsaturated lactone (1.3 g, 10 mml 74% as a colorless |liquid.

1H NVR (@Cl@XA@ﬁQEM-iz) 6 = 1.19 (d J=6.9 Hz, 6H, 2 CH3), 2.69 20(m 1H,
CH(CH3) 2) , 04 , - 35
- at -78 C udd D ek Y PReR e 9 AR was stirred
at -78 C forcaw/tumaaunrestnah\t@mqenhtmmmfﬁlihvdsro 32%0@@@M@M@It depicte
din the equa!gén (1.49 mol) in DCM (7.5 nL) and then acetic acid (0.20 ni,
3.5 mol g.) were added. The resulting suspension was stirred for
anot her 20 minutes at -F8mg (4f pwe!) (i 1clkS)2-F -2 fwIRhepPNQ2. 5 ., 18 mmol

12 eq.) pAs fﬁfgc%ﬁyle Rl Bs ikl 595 61 LRreenbip T each 0 C and

stirred at t rature ours and then at room tenperature
over ni ght . WC@@é{m@tth"xAhgo'qttpénwé'dow'@wamwﬁ PiEd t”k?e"'ﬂlfP'@’F"e? Ré14queous

llayer was adj 6%»&@3@'@@ 4 WilchiofdRlet{ahMan @85 )i (3TN EmaRHRRIG-3)(B¥Bin-Was
extracted w t

nd the conbined organic |layers were dried
(Na2so™), f IQI'XI'E?'@@‘CUE‘I‘? (FHoent s sdgion yas trans erred 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 mi/min

Spilit ratio 1: 50

Injection volume 1 uL

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



10vacuo. 1H NWMR of the crude product showed a m xture of products. The
desired hem acetal was identified by a characteristic peak at 5.77 ppm
(04-H). Inportantly, no overoxidation to the di-carboxylic acid or the
correspondi ng anhydri de was observed. The presence of the hem acetal was
confirmed by GC-Ms: mz = 144. 15 EXAMPLE 22 e IN a HO TEMPO, DCM TCCA, O
0 "C, 2 h 4-hydroxy-2- isopropyl butanoatg, TEMPO (1.8 ny,

12 pnol, 2 nol% was added to a suspension of the sodiumsalt of

4-hydroxy 2-i sopropyl butanoate (100 ng, 0.60 mmol) in DCM (5.0 nL) at 0 C
Subsequently, trichlorocyanuric acid (152 ng, 0.65 nmol, 1.1 eq.) was added
20upon whi ch the suspension turned yellow. The reaction m xture was stirred
at 0 C for 25OWMHEIG then diluted with water. The organic |ayer was dried
(Na2SO™4), fi lgypinesls amshacReebiil aheshel Bva\hanmnt(e) giethel 2-he)-aehwerk de as the

sole product . %0- 13, 300 MHz) 6
CH3), 2.30 (m 1H,

0.99 (d, J™EE8 ;
04(043)2), 4.76 -~ J= 5. 4, 18 6 Hz, 1H 02- 253 05 (m 2H, 03-H2)
PPITI. - 36 -G LE 23  14De0H)-HNA011 (§F q())ll\la HO Mel, DWF

H N NC
o} 0

5 A mixture of 72 ml S-HNL in 18 m| K-Phosphate buffer (20 mM,
pH=5.6) and 360 ml MTBE is charged to the reactor. The 2 phases are mixed by
stirring and at a temperature of 0°C 20 m! pure HCN (0.53 mol) is added. Methyl 2-
(formylmethyl)-3-methylbutanoate (16.5 g) diluted with 95 mi 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,SO,. 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
Synthesis of the lactone nitrile: (2S5,45)-tetrahydro-4-isopropy!-5-oxofuran-2-carbonitrile

(a2 compound according to formula 16)

O
OH p-TsOH, toluene O
NC O\ et --llll|<
NC

)
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

20

25  toluene. The collected organic phase was washed with a saturated aqueous solution of
sodium bicarbonate and dried over Na,S0,. After filtering off the Na,SOy, 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.



RT, 161i

10

15

20

25

30

RT, 16 0 Ow 0 21a Oove HO 0/ O

-30-

'"H-NMR (400 MHz, CDCls): 5 5.11 (dd, J= 8.4, 2.3 Hz, 1H), 2.84-2.74
(m, 1H), 2.62-2.41 (m, 2H), 2.31-2.16 (m, 1H), 1.10 (d, J= 6.9 Hz, 3H), 0.97 (d, J= 6.9

Hz, 3H).

EXAMPLE 13
Svnthesis of the TBS-protected cyanohydrin: (S)-methyl 2-[(S)-2-cyano-2-(f-

butyldimethylsilyhoxyethyl(]-3-methylbutanoate, compound according o formula (15)
OH
TBDMSICI, Imidazole

N »

/
NZ DMF, 0 °C to RT, N
o overnight

N

\ ~d4
g
@]

Imidazole (7.35 g, 108 mmol) was added at 0 °C to a solution of the
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
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
washed with a saturated aqueous solution of sodium bicarbonate and brine, dried over
Na,SQ, 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, CDCls): 6 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

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

EXAMPLE 14
Hydrolysis of tetrahydro-4-isopropy!-5-oxofuran-2-carbonitrile (a compound according

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

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,SOy, filtered, and concentrated by
evaporation of the solvent under reduced pressure to yield 16.8 g of yellow oil (97.7

mmol).



Unsaturated | actone 21a (5.0 g, 40 nmol) was dissolved in nethanol (50 ni)
and NaCH (1.8 g, 44 mol, 1.1 eq.) was added. The resulting solution was
5stirred overnight at roomtenperature and then concentrated in vacuo to
give the desired ring-opened salt as an off-white solid. 1H NVR shows t hat
t he desired compound was contam nated with a side product (approximtely
20% which was identified as the salt depicted in the equation formed by
1, 4-addition of nmethanol 1H NWR of desired salt (CD30D, 300 MHz) 6 = 1.70
(s, 3H, CH3), 101.83 (s, 3H, CH3), 2.49 (t, J = 6.6 Hz, 2H, C3-H2), 3.63
(t, J 6.6 Hz, 2H, 04-H2) PPm

1H—NNR of side product (CD30D, 300 MHz) =1.25 & 3H, CH3), 1.28 (s, 3H
CH3), 2.49 (m 2H 03- Hf)ur'f'czat'@ov'@émd'cycleh%ylemmffa Hz, 1H, C2-H), 3.21 (s,
3H, CH30), 3.60 (t, 2H, H%Mdﬂl?m:s%h@dmm%@eﬁtﬁné?a{e&@l Rt atynaghr bove

ggf%zngLér?l526%gﬁ%¥fm@wéhgggw%%%gmgéhgé?50|éSﬁ%%@ngga&ﬁ?fﬁﬁpé”waé stirred

over ni ght at crysaiirdtienpecuad. The prenigitate & isuldtedigefiraibnyeshaf ith Adp@aneeadt | on was
quenched wi t iy, @t ‘;5 L%%}%.%B% 7:@%‘%’# LA SBRIMREGNERUH I L SR s g@ﬁj 4@% ted

W th chloroforn1éy ed organic layers were dri
filtered andmow h@ﬂév@@ﬂwhamh%&aﬂ«ﬁ@@nm@ahﬁmwmzMﬁ@Sﬁ@%ﬁw@aﬂwyeéb

20evapor at i ofyom t%hﬁpér@tdpbeﬁﬁeWt@’e‘{sestlﬂremdﬁbhﬁtﬁer@fs ﬁrberr@q)séor;ﬂdte%m@fe@nd t he

r r fr 79
Ss;; | g\?v IO:/Fgff anc?the flPrate is concg trated in vgcuo to yleld Q%Dg of the aC"{I%?WB'g aSI r8ed/() as

ester (000l 3(igh8B@wividi Whish Tryatalides( after 3Hw Q) starir®3 (s, 3H, CH3), 2.51 (t,

J=6.3 2H, C3-H2),

2510 NVR 3t “estor of & 45 Bronnse ( bOBIG M it fy 22 B i oo,
1.16 (s, 3H, 48R (bpadsy Hh 2H, 03-H2), 2.74 (dd, J= 3.3, 10.5 Hz,

C2-H), 3.14 (s, 3H, CH30), 3.60 (t, 2H 04-H2), 3.67 (s, 3H, C(0)00H3)

PP111- - 33@&@5§Q52%E 24 Preparation of a conpound according to formula
(7) 5A s t he conpound according to fornmula (4a) with R4=2-

Svnthesis 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 mi)
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 pl 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)

Mg, THF [;/
~ \O

(@)

A dry, nitrogen gas filled, 3 necked round bottom flask (500 mt)
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-(chloromethyi)-3-methylbutyl)-1-methoxybenzene, and



propyl (868 ng) and benzyl amne (1.07 g) in diethyl ether (4.4 nL) was
degassed with N2. To the solution, a 1 Msolution of TiCl4 in toluene (1.1
m.) was slow y added under vigorous stirring. After stirring for 1 h at
roomtenperature, the heterogeneous reaction mxture was diluted with
diethyl ether (5.4 nL) and filtrated. Extraction of the filtrate by 10 0.5
N NaOH (2 x 50 nL), drying the solutionggver Na2SO4 anhydrous, filtration
and subsequent evaporation gave the corresponding inmne, a conmpound
according to formula (7) (R8=benzyl) in 0.8 g yield. GOM5: Mz: 524. 15
EXAMPLE 25-27 Hydr ogenat| on experinments of compound according to fornula

7). P t d to f t hod A Th
1 e 23%2392@"r§'§1 SipDmeaTene Bt dronac i gasda ot Synp SEUIE o
sol vent (5 niajidedt® tHeGWBIGH]. Zhi§ 304 6vag heatadtodditledd ahie khepmglitretlixingf t er

diti t N2 3
o) Cand by & edppiab0 SpURSRISRNR RS SBIR M (i HAS € THE b Rand N2 L
50C and 25 baﬁatmundeéteﬁwdcoadltw/iorsaﬂouh@r%ﬁ hoaftepwhishy pnalysisiy L6 WWG@) |n

CH2Q 2 (55 mLho WaRing HRRARE Hhe &ng@rrtra%h a&mmﬂmr@om&,omasém (OD) C112 (0. 0034
g) was dissolved.in the benz Lving a cat al yst

sol ution. Thée E%S'f"é‘?cﬂ}%'tt'tr%qnlﬂ'%cﬁp”fﬁoﬁusfﬂ_g)p trB'I”&?édlqc% %' reaction vessel

and the CH2A 2 renoved in vacuo and the remai ni ng conpl ex subsequently
di ssol ved i ngRAfb; ©fz2 0. 01 M et hanol solution of the imne conpound 30as
obtained in 4. After preconditi on| ng of t he et hanol reaction
m xture by 5Seidsiscof gempgrind 3c¢esding tarermls ypkiag gffcol BYENI 19 he

sol uti 0n1(y\/asfo$rﬁulé!@Q}W@Tthgc&n%unég&o?d?ﬂg t@%rb@ra gh'ﬁ)a) - 38 - Resul ts: Exp.
Method Sol vent Product he gaexa ple 15 prepared acid chloride (18a) was dissolved in 45

ml THF (dry, degassed) and cooled with an ice/water bath. To this cooled solution was

added drop wise in 30 min in total 51 ml (38.91 mmol, 1.02 eq) of the Grignard solution

of example 16, keeping the inside temperature below 22 °C. 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 mi ethyl acetate. The combined filtrates were washed
with water (50 ml and 100 ml) and brine (100 mi), dried on Na,SO,, 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, THE

o ——— O
+
BnO/Y OFt e 2h

H
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



(4S,5S)-2 (4S,5R)-2 25 A Isopropanol 52 40 26 A Ethyl acetate 53 28 27 B

Met hanol 69 23 Up to ca 10% of the undesired 4(R)-2 stereoi soners are al so
detect ed. EXAMPLE 28 5Preparation of a compound according to fornula (2)

fromthe conpound according to formula (4) - 2 steps. A
sol ution of ketone (compound according to fornula (4a) wth R4=2- propyl)
(359 ng) and benzyl amne (443 ny) in digthyl ether (2 nL) was degassed by
N2. Then, (0.5 nmL) of 1 Msolution of Ti'Cl'4 in toluene was slow y added at

room 10t enperature and the heterogeneous m xture was allowed to stir for
0.1 hour. The reaction m xture subsequently was diluted by diethyl ether (5

m.) followed by filtration
room temperature while stirring overnight. The reaction was quenched with NH,CI (sat.

ag.) and the aqueous layer was extracted with EtOAc (3x). The combined organic
layers were washed with brine (sat. aq.) dried (Na,SO,), filtered and concentrated in
vacuo to give the desired products (4.9 g, 17.5 mmol, 72%, mixture of diastereomers)
5  as a yellow oil which was used in the next step without further purification.
'H-NMR (CDCls, 300 MHz) & = 0.98 (m, 6H, 2 CHCH;), 1.24 (t, 3H,
OCH,CH3), 2.08-2.35 (m, 1H), 2.60 (m, 1H), 3.52 (m, 2H, BnOCH2), 4.11 (m, 3H, C3-H
and OCH,CHs ), 4.54 (m, 2H, PhCH2), 7.32 (m, 5H, Ph) ppm.

10 EXAMPLE 19

Q
\/
8n0 OH S BnO
&\
O CH,80,C, 1,2-dichloroethane B”O\ /O DBU, Toluene \

reflux, 2 h

Et;N, DMAP, 0 °C to RT
Dt
- E/Z 151

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 NH4ClI (sat. aq.) and diluted with water. The layers
were separated and the aqueous layer was extracted with chloroform (3x). The
combined organic layers were washed with NaHCOj; (sat. ag.) and brine (sat. aq.),

20  dried (Na,SQ,), 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,Cl (sat. aqg.) and
brine (sat. aq.), dried (Na,S0O,), 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) 8 = 1.09 (d, J



of the precipitates and the resi due washed with 5 portions of 1 nL diethyl
ether. According to GC analysis, the keton was conpletely converted to the
i mne and the excess of benzyl amne remains in the diethyl ether solution.
Due to evaporation of 15diethyl ether during the filtration step, the total
vol une of the imne solution was adjusted wth diethyl ether to a total
anount of 10 nL. For hydrogenation, (2.5 nL) of the

di et hyl ether solution of the imne solution was placed in a vessel, and
the diethyl ether was evaporated by a stream of N2. The residue was
subsequent |y dissolved in nmethanol (10 niL). Meanwhile, 20[|r(CII»C]]2

(0.0024 g) ma i,ss0l i.n |, ution 3 zyl am ne
G20 3 (1RO Al AT Eel T B dr s oF Groen bt Oeahet 227 Y e

CH2CA 2 by a $treh-HEHND, 41626 emediHnChadl, OGpTRY, AtismdilEsof-viddh-3(mt he

previ ousl y PLADAAM) S, 91 Of sthe 1 8o WL DaNoF 1k L Bh)kands
subsequent |y the re&ctlo m xt'ure was subj écted to hydrogenatlon Prior to
hydr ogenat i ofit: dh&h}RAABt i on nmi xture was degassed by 5 25cycles of N2 (3
bar) and §y 5 cycles of H2 (25 bar) and the hydrogenati on was conducted for

3 h at 50C a H2. After hydrogenation, the
reaction nlxggéégggg—flltrated and treated with 1 N HQ (1 nL) overnight.
The met hanol was reno¥8d i n*facuo and the residu di sgol ved in isopropanol

(10 nL) followed by re ter py)azeotrop c digtillation - 39 - to
dryness. The residue was di hept ane and et hyl
acetate, filtrated over the}%?@?mmashed by the 1:1 heptane/ethyl
acetate mxture (3 x 1 TIEn, the Si02 was d by net hanol giving
the HCl-salt solution in nmethanol. The methanol was distilled and the
residue dissolved in a*Mipgte’of CH2A 2 5(2 nl) and triethylamine (0.2 nl)
foll owed by extraction wedhugate,. NaHCO3 (2 x 1 nL). The CH2A 2 was dried
over Na2SO! anhydrous, thbl% C%&r‘f‘z‘}ﬁx;fz)‘?i A)@ gzbé/op'?&)@ﬂ%m%hoé?é J42miy))

distillation. According was obtained in 60 area @6of t he
4(S), 5(S)- swr%ﬁioéfe%@rtol('ﬂ@:(%mfﬁf) th&eﬁse&mmﬁ'ozgvasP?@B%Haqqré?{‘uéf a
conpoundiac ceighginttRe prasdndk ar a&abh.&m@m §d11@n@élfﬂ)(()§lﬁ‘!€l carioaL, didmgmbdip Theor nul a

bl hcod i n o FEARE (o 68eBafoRE e o fPSiaisas Biiaager e o agtonuge

15ket one acamedﬂQOMbhhdﬁﬁuhateqayﬁ@4QUﬁg¥laﬁﬂwa$aﬁ%¢@dmﬁhéh@¢$9mng) and
di ssol ved i "(3; ggd @’33 leen;éﬁ%tq%%lla e \ferb ﬁﬁ(?)te dh%%é@?fﬁté&%@a%éor@@ﬂ?a‘i@@ﬂ by N2

and heated a our a sagg e reaction m xture was
anal ysed by V@@’Oaﬁelbftelfiéerft%ftﬁﬁpioéhdd‘fasﬁt“ﬁ with pepgansgnd sxifaeled Wil has peen
denonst rat edicbianiGMIAE bEAitHR 18/csvani@asHdd with pentane (2x) and then concentrated

in vacuo. The product was further purified by column chromatography (heptane-EtOAc
4:1 viv) 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 = 8.9 Hz, 6H, 2 CH3), 2.69
20  (m, 1H, CH(CHa),), 4.76 (m, 2H, C4-H,), 7.07 (m, 1H, C3-H) ppm.

EXAMPLE 21
(e}
Ct O
Cl
8 Na O o
HO @ DMSO, DCM, 78 °C
o 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)



20 EXAMPLE 30 Preparation of a conpound according to formula (2) fromthe
conpound according to fornmula (7)N a B H4 as reducing agent. A sanple of
the imne obtained as in exanple 24, was dissolved in nethanol, treated

wi th excess of NaBH4 for 1 h and subsequently quenched by 6 N 25HCI. The

met hanol was renoved in vacuo and the residue dissolved in water. After
basifying the water layer to pH 11 mﬁth*ﬁg % NaOH in water, the product was
extracted by CH2C 2. According to GC, the product was obtained in 60 area %
of the 4(S), 5(S)- stereoisonmer of conpound according to fornula (2) with
(R8 = benzyl). - 40 - EXAMPLE 31 Racem sation of the 4-(S) center of the
keton according to fornul a (4ae , _A solution of (4S)-4a

Wi th R4=- 2- prbpl°Cupder 7 niffogen aimpsphasp Ane resuiod aelytiopyes stired #d7§ §rfop h at
70C i tn t he p{z@%@rﬁlﬁe%d@{er W%s(éblo%@af-thér%tﬁjuhﬁ@éﬁtdepiﬂte{&'rzthué@a\g@f?1154:830| _eg to
room tenperature and | sopropa renpve vac a a e residue

di ssol ved in )@ECW'W'))?”%‘?P%?WC |d0(b2{) Hﬁ' %%é’&ﬂ“‘ﬂ %%Fﬂ!? V8§ REH wat er

(3 x 50 nl), Tds readitioy erspdiasBBWhsatingdiooarsthel 20 triratdsah -787¢ afieapiictat i on of t he
sol vent gave [.SGous i . yS) CemSatd e 4-C
stereogen?c 3%%&%@%“%2?”@”“ﬁgmﬁ#TQ%&L3%%2@%%%?&%S%E%??ﬁ§@%ﬂgﬂ¥g%g§? are
still opticakdpagh & anostiExhWRhiE tegmperayre peirddiouerengfthen & 6195bGRARe=EEdr di ng to
f 0; mul g E 7Rg U\?érﬁ]?rﬁ.(‘ﬁ)eg@é&%f\ s gtanpyd %@%ﬁﬁr and%&ﬁ@ﬂth@@qﬁougﬁymﬁa ( 158
ng) an -a-ne enz ne in ether asse

by N~ To. & haTEGpLIBiRGrSS St R BT abs e artseraler b B eaRE i EER R as

sl oW y addedanthiie combiger @ysnistaiérs wage. drithéN#.88¢) filmnedandtconesniwatsd &l | owed to
stir for h cpf BT resi . L yely with
excessivggan%%% sngwgpﬁéggnﬁg%8%H§Fh§§é€%ﬁ%®%§?@%Pﬁﬁ§f$§%§%%?% of a-met hyl
benzyl ani nehemiecasaluas idsolifiedibym diergcieisticactied S & IPPHIG4dT e NAQRAHB? 3 x 5

M) and wat epyeéxidtidn to tREdiZARIoRAL abid Yof the WBFeHBREN @R Y dridl W Rbba¥eEd. Na2SO4

anhydr ous, and concentrated. The residue S _us as such in the subsequent .
rea>clti ons. E E@nggofthe hemiacetal was conflljrmeg\%y G%—Iﬁg: mlsz=Hl(Li. q

15 EXAMPLE 22

O
SN
° % TEMPO, DCM, TCCA, o
HO >
0°C,2h
[}
O

4-hydroxy-2-
isopropylbutanoate

TEMPO (1.8 mg, 12 umol, 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,SQ,), 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, CHs), 1.04 (d,
J = 6.9 Hz, 3H, CHj), 2.30 (m, 1H, CH(CHs),), 4.76 (dd, J = 5.4, 18.6 Hz, 1H, C2-H),
25  3.05 (m, 2H, C3-H,) ppm.



Preparation of a conmpound according to fornula (7) using (S)-a-nethyl

benzvl am ne. 25Ph - 41 - pL) in ether (2 nL) was degassed by N2. To
the solution, a 1 Msolution of TiCl4 in 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 extensively with excessive anounts
of ether. In order to renove residual amgunts of a-nethyl benzyl am ne the
5et her solution was extracted with diluted NaHCO8 (3 x 5 nL) and water (5
m.). The ether |ayer was separated, dried over Na2SO4 anhydrous, and
concentrated. The residue was used as such in the subsequent reactions.

EXAMPLE 34 £%§®ﬁggﬁgtion of a conpound according to forrmula (7) using

(R) - a- et hyl m ne and the ketone of fornmula 4a with the 4-C center
bei ng racem c. o A so 1on of ketone 4a (1 ng) and

(R) - a- net hyl zyly amuevpR640pLl) in efjher g(@ mM¥Wovas degass h by, N2. To
the solution, a Sol utiren of Tl 2~1'n t Al uemes( 0. 25 )~ wasr'sl owl y

added under vi go stirring. The reacti@n m xture was al | owed
2 hours, filtrated and the residue mashe% extensively wth excessive

21a sj'dual aounts of a-net benyyl
th dj,l dted NAHOO3 (37K 5 ni) \and

amounts of ether”™ In order to repove r
am ne the ether sol ution was extfracted

ed,S&rijed over S dr qus,
such in the"Subsequ

water (5 nL). The ether |ayer S separ
and concentrated. The 20resi due \W&s uséd
reactions. EXAMPLE 35 Preparatign of a ¢ oud according to f
using (S)-a-methyl benzyhsArRs iRk g (Keb cnenmbl) i1a Mdoted @ methbndihe 4-C
center being racemc, 25 . .
(50 mL) and NaOH (1.8 g, 44 mmol, 1.1 eq.) was added. The resulting solution was
5  stirred overnight at room temperature and then concentrated in vacuo to give the
desired ring-opened salt as an off-white solid. '"H-NMR shows that the 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 (CD30OD, 300 MHz) & = 1.70 (s, 3H, CHa),
10 1.83 (s, 3H, CH3), 2.49 (t, J = 6.6 Hz, 2H, C3-Hy), 3.63 (t, J = 6.6 Hz, 2H, C4-H;) ppm.
*H-NMR of side product (CD30D, 300 MHz) & = 1.25 (s, 3H, CHz),
1.28 (s, 3H, CHa), 2.49 (m, 2H, C3-H,), 2.60 (dd, J = 3.0, 11.4 Hz, 1H, C2-H), 3.21 (s,
3H, CH;0), 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,S0,), 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) 3 = 1.79 (s, 3H, CH),

1.93 (s, 3H, CHa), 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 (CDCl;, 300 MHz) 8 = 1.14 (s, 3H,
CHs), 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, CHs0), 3.60 (t, 2H, C4-H,), 3.67 (s, 3H, C(O)OCHz) ppm.



- 42 - pL) in ether (2 nL) 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 anounts of ether. In
order to renove residual anmounts of a-nethyl benzyl am ne the 5ether
solution was extracted with diluted NaH (3 x 5n) and water (5 nL). The
ether |ayer was separated, dried over NaZSO4 anhydrous, and concentrat ed.
The resi due was used as such in the subsequent reactions. EXAMPLE 36 - 39
10Reduction of the imnes of exanples 32-35 using NaBH4, and subsequent
hydr oci enol ysis re aration of conmpound according to formula 2 wwth Rs = H
Met hanol (5 MmEXAMREAE 24dded to the residue of exanple 32, 33, 34, and 35. In

each vessel NaBHibAGr Teinasd ASREADE-Aben conpl ete conversion, the

reaction mxtures were quenched wth I NHC (1 nL), the solventg renoved

in vacuo 1l5and water (2 nl) ,added toBthp_&esidue. In the presepge of CH2dO 2
(2 nL), the pbl_waso.ad M@S wi_t h'32"% NaOkb ' T€rring
and cooling. The 2 separated and the water J td.acted with

CH2a 2 (1 ml). The” conbined CH2C 2 | ayBPs dried over ‘Na2SO4 anfydr ous,
filtrated and the CH2C 2 ®#enoved. 20Hydr ogenol ysi s ! For
this purpose, 45 ng of the above obtained am nes were dissol ved i n nethanol

(5 nl). The reaction m AtsdfBoM&rShd Edadord Bocollingye feemulaf4d\aita R,bar) and 5

i 0
Pyr ogenol yePePd (REahene FS be el for et Bt LhEmL Mg sy,
hours. Anal y8j.Sodlfe gdheioR5r eilcbiubon o Ti€luindgudng (GE,mlg @@s selyeadded ander Exanpl e
l'mne Pr Oduc&igér@ﬁ@ﬁirrﬁb. Aﬁgl""s%rrﬁé)fér% K%@éﬁ)éﬂ%}éﬁﬁ){tge ﬁ@terogeneous reaction
mixture was diluted with diethyl 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). [I(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 Hy (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,Cl, (6 mL) was prepared.

Under an atmosphere of Ny, [I(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,.



Exanple 32 14 80 6.5 37 Exanple 33 75 12 13 38 Exanple 34 15 39 46 39
Exanple 35 46 7 46 - 43 - EXAWMPLE 40 - 43 Synt hesi s of conpounds
according to formula 2 (R8 = a-nmethyl benzyl) by preparing the imne of
conpound 4a and a-nmet hyl benzyl am ne and subsequent reduction using
different hydrides. 5To a solution of (4S)-4 (2.17 g) in THF ( 8 nL) was

respectively -38 -
Results:
Exp. Method Solvent Product (area %)
(48,5S)-2 (4S,5R)-2
25 A Isopropanol 52 40
26 A Ethyl acetate | 53 28
27 B Methanol 69 23

Up to ca 10% of the undesired 4(R)-2 stereoisomers are also detected.

EXAMPLE 28
5 Preparation of a compound according to formula (2) from the compound according to

formula (4) — 2 steps.
A solution of ketone (compound according to formula (4a) with Ry=2-

propyl) (359 mg) and benzyl amine (443 mg) in diethyl ether (2 mL) was degassed by
N». Then, (0.5 mL) of 1 M solution of TiCl, 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 diethy! 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 diethy! 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



added a-nethyl benzyl amine (1.45 g) and Ti(OQ Pr)4 (2.98 g) and the m xture
was allowed to stir overnight. A fraction of the obtained solution (1.37 @)
was placed in a 5 nL vial, degassed by N2 and subsequently a 1 eq. of the
hydri de source was introduced. The m xture was allowed to stir for 40 hours
at roomtenperature. For 10HPLC analysis, a sanple was prepared by
hydrol ysis of the reaction mxture (0.2 1) in 1 NHC (0.3 nL). Extraction
was carried out by a mxture of CH2AA 2 (1 nlL) and triethylamne (0.1 L) in
the presence of an additional anmount of water (1 ml). The CH2C 2 | ayer was
separated and dried over Na2SO4 anhydrous, filtrated and the vol atil es
renoved giving a residue containi nP t he ﬁroduct. The obt ai ned resi due was
15di ssol ved itadiypessHeceaifupwes dEsfaivetd bl viten obhapfase ead ety a9PRE: anal ysi s,
see tabl e beliamtedBXer $itl] akdl 683, ARG hé 81 @aptihie/ethyl abtSteTBXtufedSxSR) (4R)
40 2M L1 Bra |1g m-ll-_liFThzen,(tﬁgsz(Ng)s_vv%_st%%tbr)]/yr%etlpa%rclﬂza/i\l/i)lg t%ezz I-&Z%—segt solution in

methanol. The methanol was distilled and the residue dissolved in a mixture of CH,Cl,

5  (2mL) and triethylamine (0.2 mL) followed by extraction with sat. NaHCOj3 (2 x 1 mL).
The CH,Cl, was dried over Na,SQ, anhydrous, filtrated, followed by removal of CH,Cl;
by distillation. According to GC, the product was obtained in 60 area % of the 4(S),

5(S)-sterecisomer (Rg=benzyl).

10 EXAMPLE 29
Preparation of a compound according to formula (2) from the compound according to

formula (4) Reductive amination protocol - 1-pot.

O O
O @]
OO .”'< —_— OO ”<
NHR,
\O (o] \o 8
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 (Rg = 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 = benzy!).



41 NaCNBH3 2 (R8 = (R)-a-nethyl benzyl) 73 25 2 42 NBu4B H4 2 (13,
-=Lci -net hyl benzyl) 72 21 7

- 40 -

EXAMPLE 31
Racemisation of the 4-(S) center of the keton according to formula (4a)

A solution of (4S)-4a with R,=2-propyl (2.17 g) in isopropanol (20 mL)
was stirred for 2 h at 70°C in the presence of KHCO; (0.5 g). The reaction mixture was
5  cooled to room temperature and isopropanol removed in vacuo at 40°C and the residue
dissolved in CH,Cl, (20 mL). Extraction of the CH,Cl, solution with water (3 x 50 mL),
dried over Na,SQ, anhydrous, filtration and evaporation of the solvent gave a viscous
oil. Analysis showed full racemisation of the 4-C stereogenic center, while the other

stereocenters (2-(S) and 7-(S)) are still optically pure.

10

EXAMPLE 32
Preparation of a compound according to formula (7) using (R)-a-methy! benzyl amine.

Ph
A solution of ketone 4a (178 mg) and (R)-a-methyl benzyl amine (264
15 pL)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)
o - (
N CH,
MeO \@
25 Ph

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




43 BH3 2 (EIf (-

131-a-net hyl benzyl) 22 72 5 EXAMPLE 44 - 47

20Synt hesi s of conpounds according to formula 2 (R8 = R -a-nmeth | benz by
preparing the imne of conpound 4a and (R)-a-nethyl benzyl am ne and
subsequent hydrogenation using Pt/Cin different solvents.

(R - a- net hyl

benzyl

amine (0.66 g) and Ti(APr)4 (2.99 g) was slowy added

to a solution of (4S)-4 (2.17 g) in dryﬂ@HF (6.4 nL) and the m xture was

all owed 25to0 stir for 40 hours at roomt

nperature. The reaction mxture

was diluted with a solution of water (1 nmL) in THF (50 nlL) and after

stirring for

10

15

20

25

1 night the solids were

ulL) 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, filirated 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 NaHCO; (3 x 5 mL) and water (5 mL). The
ether layer was separated, dried over Na,SO,4 anhydrous, and concentrated. The

residue was used as such in the subsequent reactions.

EXAMPLE 34
Preparation of a compound according to formula (7) using (R)}-a-methyi benzyl amine

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

A solution of ketone 4a (178 mg) and (R)-a-methyl benzyl amine (264
L) in ether (2 mL) was degassed by N,. To the solution, a 1 M solution of TiCls 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
ether layer was separated, dried over Na,SO,4 anhydrous, and concentrated. The

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.

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



filtrated. Then renmoval of THF in vacuo at 30C and the residue was

I mredi ately dissolved in Et0OAc (35 nL) foll owed by azeotropic distillation
of water giving the crude - 44 - product in 2.48 g yield. The crude
product was dissolved in MIBE (10n) and the obtained solution used as such
i n hydrogenati on reactions. For hydrogenations, the
substrate solution in MIBE (1.25 nL) waggpevaporated to dryness and

di ssolved in a solvent (5 nmL.). To the obtained substrate 5solution, 5 %
Pt/ C wet (140 ng) was added and the m xture prepared for hydrogenation by 5
cycles of N2 (3 bar) and 5 cycles of H2 (25 bar). The hydrogenati ons were

carried out a enperature a 5 b or rding to
GC, conplete“ oﬂ@@?%&dﬁg&?Sdﬁgﬁ$ﬁyﬂé ﬂe??VSH%y%]ﬁééﬂggﬁ géggﬁﬁﬁﬁ
stereoneri c tatane$0.26 mpywaksbawRaddes urddr Rigomusretirting. Tb@myﬁonawtn@)vv%as
determ ned by, L QL Csr & 9o L@bht% t?@é&i"’{h @gmbvssf%glemﬂé.vé? ZieR8 =
(R) - a- net hyl benzy { 2 @ 5R) (4 %FF 26 61 12 45 | PA
20 amounts of ether. ln order to remove res:dua amounts of cx-methyl benzyl amine the

5 ether solution was extracted with diluted NaHCOj3 (3 x 5 mL) and water (5 mL). The

ether layer was separated, dried over Na,SO, anhydrous, and concentrated. The

residue was used as such in the subsequent reactions.

EXAMPLE 36 - 39
10 Reduction of the imines of examples 32-35 using NaBH4, and subseguent

hydrogenaolysis (preparation of compound according to formula 2 with Rg = H)
Methanol (5 mL) was added to the residue of example 32, 33, 34, and
35. In each vessel NaBH, (40 mg) was added and after complete conversion, the
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,Cl, (2 mL), the pH was
adjusted to 13 with 32 % NaOH under vigorous stirring and cooling. The CH,Cl, was
separated and the water layer extracted with CH,Cl, (1 mL). The combined CH,Cl,

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 Hy (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 %)
(45,568)-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




66 13 46 MIBE 22 66 12 47 EtOAc 32 55 13 EXAMPLE 48 and 49 Synthesis

cor_np_o_unc l1l5preparing the imne of conpound 4a and (R)-a-nethyl

am ne and subsequent hvdrogenation using Pt/C in different solvents.
benzyl amine (1.21 g) and Ti(OPr)4 (5.98 g) were slowy added

(R) - a- net hyl
to a solution of (4S5)-4 (4.34 g)

in dry THF (16 nL) and the m xture was
allowed to stir for 40 hours at room tenperature. 20For hydr ogenati on,

t

i m ne-derivative solution in THF (1 nmL.) Was placed in a reaction vesse

after

r enoval

then addition of Pt/C wet (140 ng) and the m xture prepared for

hydr ogenat i on bi 5 Cécles of N2 (3 bar) and 5 cycles of H2 (25 bar).

hydr ogenati o ied out at 50C and 25 bar H2 overnight. According

The

to GG 25C0”@v%681§5frb\éﬁwb§ur@9 a@éor@.molfmﬂa@zd(%hw@w pees/) &g hirgyeedg The
stereoneric ratlos f di to f Iakl SR@ gd% a- met hyl
he in ? o ! e Ay ( sgauen reduction using

benzyl

anm ne

10

15

20

25

different hydrides.

To a solution of (48)-4 {(2.17 g) in THF ( 8 mL) was respectively
added a-methyl benzyl amine (1.45 g) and Ti(O'Pr), (2.98 g) and the mixture was
allowed to stir overnight. A fraction of the obtained solution (1.37 g) was placed in a 5
mL vial, degassed by N, and subsequently a 1 eq. of the hydride source was
introduced. The mixture was allowed to stir for 40 hours at room temperature. For
HPLC analysis, a sample was prepared by hydrolysis of the reaction mixture (0.2 mL)
in 1 N HCI (0.3 mL). Extraction was carried out by a mixture of CH,Cl> (1 mL) and
triethylamine (0.1 mL) in the presence of an additional amount of water (1 ml). The
CH,Cl, layer was separated and dried over Na,SO, anhydrous, filirated and the
volatiles removed giving a residue containing the product. The obtained residue was
dissolved in the HPLC-eluent and the solution subjected to HPLC-analysis, see table

beiow.

Ex. | [H] Product Product (area %)

(48,5S) | (4S,5R)

=
Z

40 2M LiBH,4 in THF | 2 (Rs = (R)}-a-methyl benzyl) | 82 12

41 NaCNBH; 2 (Rg = (R)}-0-methyl benzyl) | 73 25

42 | NBusBH, 2 (Re.=(S)y-a-methyl benzyl) | 72 21

o N N e

43 BH3 2 (Rg = (R)-a-methyl benzyt) | 22 72

EXAMPLE 44 - 47
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 P¥/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 (48)-4 (2.17 g) in dry THF (6.4 mL) and the mixture was allowed
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

benzvl

he
and

of the solvent the residue was dissolved in a solvent (5 n),



- 45 - Exanple solvent Product 2 (R8 = (R)-a-nethyl benzyl am ne) (area A)
(4S,55) (4S,5R) (4R) 48 MeOH 25 61 15 49 | PA 24 61 15

-44 -

product in 2.48 g vield. The crude product was dissolved in MTBE (10mL) and the
obtained solution used as such in hydrogenation reactions.
For hydrogenations, the substrate solution in MTBE (1.25 mL) was
evaporated to dryness and dissolved in a solvent (5 mL). To the obtained substrate
5  solution, 5 % Pt/C wet (140 mg) was added 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 room temperature and 25 bar H; for 24 hours.
According to GC, complete conversion of the imine-derivative was achieved. The
stereomeric ratios of product 2 (Rg = (R)-a-methyl benzyl amine) was determined by

10 HPLC, see table below.

Example | Solvent | Product 2 (Rs = (R)-a-methyl benzyl) (area %)
(48,58) (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
Svynthesis of compounds according to formula 2 (Rs = (R)-o-methyl benzyh) by

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

hydrogenation using Pt/C in different solvents.
(R)y-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 (5 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



EXAMPLE 50 and 51 Synthesis of conpounds according to formula 2 (Ra = H)
by preparing the imne of conpound 4a and a-net hyl benzvl am ne and
subsequent hydrogenation using Pd/C. 5A solution of ketone (4S)-4 (1.09
g), the a-nethyl benzyl amine (363 ng) and triethyl amne (1.01 g) in ether
(12 m.) was degassed by N2. Then, slow addition of 1 Mof TiCl4 in tol uene
(1.5 nm) at roomtenperature and the m'_xé{u_re allowed to stir for 3 hour.
From the obtained reaction mxture, 1.2 nQL was diluted by ether (2 nL) and
extracted with a NaHCO3 solution in water (3 x 1 nL), the ether |ayer
10separated, dried over Na2SO4, filtrated and the ether renoved. The
obt ai ned resi due was dissolved in nethanol and the obtained solution
prepared for |fyanegenelvetn Pidus 2Re FéR)-omeNl ez amneaierastycl es of H2 (25
bar). The hydrogenation A ed out Jgefyhe presemeg of wet 10 ")/0 Pd/C
(80 ng) at 5QC_and 25 barof 'H2 for 2 hours. After nwvdrogenal i on, a sanple
was filtrated4nd t hMeOHef &dmeric rati &' of conpoundi’@5accorfing to formul a
2 (RB = H) qgdeterpned| by GC-anal ysi g1 see tabl e|bgl ow Exanpl e am ne
Product 21 (3s—=+1 | 11i1({area{)0) (45,5545 5R—{(4R) 50
(R -a-Methyl benzyl amne 95 5 51

EXAMPLE 50 and 51

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

compound 4a and a-methyl benzyl amine and subseguent hydrogenation using Pd/C.

5 A solution of ketone (4S)-4 (1.09 g), the a-methyl benzyl amine (363

mg) and triethyl amine (1.01 g) in ether (12 mL) was degassed by N». Then, slow

addition of 1 M of TiCl, in toluene (1.5 mL) at room temperature and the mixture

allowed to stir for 3 hour. From the obtained reaction mixture, 1.2 mL was diluted by

ether (2 mL) and extracted with a NaHCOj solution in water (3 x 1 mL), the ether layer

10  separated, dried over Na,SQ,, filtrated and the ether removed. The obtained residue

was dissolved in methancl 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 %)
(48,58) | (4S,5R) | (4R)
50 (R)-a-Methyl benzyl amine | 95 5
51 (8)-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 subsequent hydrogenation using

Pd/C in isopropanol.
A solution of ketone (4S)-4 (434 mg) in THF (1.6 mL) was degassed
by N.. Then slow addition of (R)-a-methyl benzyl amine (308 L) and Ti(OPr), (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




(S)-a-Methyl benzyl amne 63 32 5 EXAWVPLE 52 Synt hesi s of conpound
according to formula 2 (R8 = H) by preparing the i mne of 20conpound 4a
and (R)-a-nethyl benzvl am ne and subsequent hydrogenation using Pd/Cin
i sopropanol . A solution of ketone (4S)-4 (434 ng) in THF
(1.6 nL) was degassed by N2. Then slow addition of, (R)-a-nethyl benzyl
amne (308 pL) and Ti(O Pr)4 (0.63 nL) apd the reaction mxture allowed to
stir for 24 hours. 25The im ne product was isolated by nmeans of col umm
chromat ography. For this purpose, a colum was charged with Si 02 and
heptane (10 nL). In the clear - 46 - hept ane phase 1 nL of the reaction

t | ved_and el uat ed h ol
?oﬁtr:lﬁe\(ljvazy égt‘fﬁﬁ?%\e/*f?ﬁ% g E{tgﬁ@%ﬁtéoﬁtrﬁﬁ% %aé q%‘sglr et |oerllusapGd on "gwtﬂg oS

col l ected. Fisimt Trmwelaatuamd/agcmnwdmrmnmelde A dOAS/S eriard ardnbiastiensodf 11'17102
filtrated f Olrrl.lj,gmsr g(flleéétgé enviah 19hqa bhe es(% & e ahcﬁ‘re\éﬂf}é{%m%hnégpﬂo-ghe resi due

(0.14 g) was i n 1 soprop ano cord C- anal ysis, the
sol uti on was filtrptee faipwing PRﬁemOé{a'l\?éfWO'VB@h’iWUaﬁi ?Qec ereS‘due (014 g)was  pqop

hydr ogenasi ogisséivedlin Rbprbhiiol éﬂmc@cb}am?lto SOlaHhil9%) el abaeedfrédrém (RRACt i on
vessel and conditi oneo‘p cycles of N2 (3 bar) and 5 cycles of H2 (25

b
bar). The hy#ht hatn28ri ”\}Xﬂ% conducted in the presence of dry 5 % Pd/ C (20
ng) at 50C 10and 25 bar Fafhydidgématio?® houaf tee gopropanot $ndutioo mpe pladedioeor di ng t o

formula 2 ( 52 1188 of N §6§~§§)5 (8%t AL B3 H,
(4S,5R)-2 (g%a_tld_bv‘%&l ?’%%oggwg%gsacgbgfoaééor ! gyce -ang?% |a§) EXAMPLE
53  15Synt heSishygfodentisn wae C@'&%Jé‘iedl'rh'@epf?s?féﬁerﬁﬂ%( A’FQ@ @Oﬂjg)bf‘yf’[%rceparl ng
th i M nep Of aOrs BEH ABr 20WbutR)ividg e cbyibodranizydrdiagriorfermaind? embstepuent I
ydrogenati on usin nzy

anine (1.30 ?reﬁ'ﬂa'%ﬂaﬁ‘@ ‘i—f’r(%ﬁgg; g8 aP Gt LV eaad%gcﬁﬁbg? ?a ?I on of
ket one (4S) - dcodlingdo GL-amalydisy THF (13 nL) and the m xture was 20allowed to
stir for 40 hours at roomtenperature. The reaction m xture was slowy

EXAMPLE 53

15  Synthesis 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,55)-2 (72 area %), (45,5R)-
2 (9.7 area %), (4R)-2 (18.5 area %) according to HPLC-analysis.



added to a vigorous stirring solution of water (2 nL) and triethyl am ne
(305 ng) in THF (100 nL) and after 0.75 hours the reaction m xture was
filtrated. The volatiles were renoved in vacua at 30C and the obtai ned
resi due dissolved in EtOAc (85 nlL) followed by azeotropic distillation of
resi dual amounts of water under reduced pressure 25at 30C. The obtained
resi due was dissolved in MIBE (20 nl). For hydrogenati on,
the MIBE solution (1 nL) was pl aced in a@*eaction vessel and the MIBE
renoved. The obtai ned residue was dissolved in THE (5 nL) foll owed by the
addition of dry 5 % Pd/C (200 ng). After conditioning the solution by 5
cycles of N2 (3 bar) and 5 cycles of H2 (25 bar), the reaction m xture was

30subj ect ed tEXAMRLEddenati on overni ght at 50C and 25 bar of H2 giving
conpound aCC@thQQS chbotn%f)lmﬁla%cgrdﬂw%fﬁmlﬁ')la-ﬁ YRaS;t(ﬁTWa'nﬁq fRlihAs off (4S,59)-2

(72 area %, ea ) ar ea wo according to
HPLC_ anal ySI & Om A = W VKON K A d Slh ._ eSAhhn I .-.-‘! N lon using

accol - danVoE@EHﬁggg_lng the |n1ne of conpound 4a and (R -a-nethyl benzyl
am ne and_subsequent hy% eqa% usin Pd/gﬁ% oﬂhSShgck sol uti on of
i M ne conPound: A sol ut PG SPUIHL IR E UheP'{ige °p %6%r%8”WV) 2 ow

addi tion of (A@p@paretﬂbylsloiyemzlydun a‘r(Rhen(e&yﬁmer@ylaamme@@ Pnd T(EPr)38 g) to a
solution of o Ll dlad (5o gﬂﬁdW LT Mithidlfastfisné] | oned to

stir at roon1te erature -analysis until conmplete
conversi on. P sfigalgogp tqnmeéatwmaﬁ@ ”@6!“?1?‘? BhChersalypis 4t GOTURIEE CRRMEETON 20. 6 nm)
for 0.25 10h at 50C and 118 dpkCihiHet safu@or wag)tv@dedqytn‘wétérr(ao B(Brig)&ir orzmom

t t THF t THE .t I f
S and T t B SHGERR G Feroripy FEmoRRATD A b Ty et Sl T T T
hydr ogenat i osoligipnSvas yithtes by THRR o Btaberd)maofth 5L eye bftes additidiof (1B55 %ar ). The
mxture vas gypl@s) &) dAauliagaabbanial opo & it REEAH Ak sabof Ul |

conversion of the mat era VI ng npound according'to fornula 2
(Rs = H) 15iH: @@@ﬁ@owrm'étuwawbﬁﬁtegmwsagﬁzatmat%QQa’fm%% by BEg -2 (9.5

area %, (4Rut Zofefsibh. &t@rs@m_n?@ma@ﬂav@mn@gompodﬁalaec@ma@ SonulEXARLIE) 55
compound s BOSHPRS [Lovel ol Sheirear s a2 B 8RRy B R SRt i on
usi ng Pd/ C aavda W) bcasdingio HId-arialysis. 1.189 of the imne
solution of exanple 54 was placed in a reaction vessel and diluted with THF

anhydrous (3.3 under an atnosphere of N2. Then, LiH (8 ng) and dry 5 %
Pd/ C (200 nd?ﬂw&éiéﬂﬁed and after conditioning by 5 cycles of N2 25(3 bar)

and 5 cycl esgthekid of go'i*mhﬁha aédaajlrmtzstf&m@lavza& Sreikriag redminerof byfis@@enrat i on at
50C and 25 bar di ure of the

conpoundac ; £ 4IRe7ISS RS- U eib 8t ®accor di ng
to fornul a 21( mma(R) a- nethyl benzyl am ne) (49 area @6 Accordlng to

HPLC, the optical purit H
wes as fol | v (48 59" g%ohng rﬁg%mawaﬂ ACERHA BB o b ML ReRibRs =
vessel and dlluted 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 (Rg = H) (23 area %) and compound according to formula 2 (R
= (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 (4S8,5R) (4.8 area %), (4R) (5.5 area %).




30(4S,5R) (4.8 area %9, (4R) (5.5 area %9. - 48 - EXAMPLE 56 Synthesis of
conpound according to fornmula 2 by preparing the i mne of conpound 4a and
(R -a-nmethyl benz | am ne and subseci uent hydrogenation using Pd CH /C.
11.8 g of the imne solution of exanple 54 was placed in a reaction 5vessel
and diluted with THE anhydrous (33 g) and heated to 50C. To the obtained
war m sol ution, water (200 pL) was added4gnd the m xture stirred for 0.25
hours. Then, the m xture was cooled to roomtenperature followed by
filtration of the fornmed precipitate. Fromthe obtained clear solution, 4.5
g was placed in a reaction vessel containing dry 20 % Pd(OH) 21C (75 nmg).
The reaction E§.vas degassed by 5 10cycles of N2 (3 bar) and 5 cycles
of H2 (25 ba e hydrogenatl on was carri ed out at SOC and 25 bar of

H2 for 38 hod& ~'§oon_ut-x“ gdicoinfe aerel ) i AT,
HPLC, the co - i abnad in
stereoneric %ﬁ@‘g}“c ar ea area A, (4R -2

(24 area % . 15 EXAI\/PLE1$‘¢9%Wg'é'”@é@“”é’”ﬁﬁ’é%‘d%ﬁ@‘d@s R duAEP25E¥Dr di ng t o
fornul a 35 byl\géHsgl%Hldﬂtﬂed Wen Tk B@y@ﬁou§®3@dﬁ@hé¥a@ed&ﬂd%°(d?)'oma?ydd benzyl
am ne and subsequ ion ysin J.m ne

sol ution of gﬁé’ﬂfﬂ '084"}’/%1%[5(%41@'85"53?#&:9 %gé%eTlgqr%s%lgrgé OFS%S drPut' 80" with THE
(52 g) and hiatngxtuteovas@Goled o rbbre taviyiesature dolvaedrbsigiralion ofithe $aned NaHCO3 (400
pL) was adde%&%[}%t m?om%tfgg\eﬁ |e'éF§J%tlt)9r4 Hgém EIQHardsin aT@acE&?vé%@éler ogeneous

m xture, dr ous act’ive car g) was respectively
added under Wf@ﬂ'@m@y@@l"/ff’ I%*)z Kérimat He rﬁ?%i'?'ﬂlﬁ@“%&’a%é‘?ﬂaédeqw § oom

25t enper a4 ur gcleglot R %ab}én&kslct/a@éd)fm (23‘b&%drtm%r@enmxméeamedem N2 and
t ai ned | uti on, was

t he wet cake
placed in t h%tvggtﬁ 8%? rc?g'ﬁ%#gﬁﬁ('n(b"ﬁﬂ V”%gQVWI?g? A accl‘h%'n%uqt o@l ave was
degassed by Acooydigas HELCNBe ¢8@nbamn) aesridisy oyohes R HH) (25 obkineddnd t he

hydr ogenat i og r\é’@tﬁeﬁﬁ%ﬁdsecﬂ& 53)32(5%%%51 @Tﬁ%%ég%ézﬂre'é%f UR) %25& l&'%HafaS gi vi ng

conpl ete conversion accor uct was i so
filtration of)the catal yst and subsequent rermval of the sol vent under
reduced fyessure. The residue was treated with 1 N HC (20 nL) and water

50 nL) an ayer extracte y heptane (3 x 50 nL The wat er
( ) d ;h}ej ﬁgig I d by h ( ). Th

| ayer was s nd the pH was increased to 13 by the addition of 32 A
NaOH (- 3 g)Large dchie spntbssincfeombodBBECErdiog td fprnusial2 by piegannutke iting ofi ng. The

MIBE 351 ay er o ias.RLRALT RTo PG M Al AR BBA y GELEREL) BnPT the
remai ni ng Wa[ er Taye
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. NaHCO; (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 Nz 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



- 49 - with MIBE (40 nlL). The conbi ned MIBE | ayers were dried over Na2SO4
anhydrous, filtrated and the MIBE evaporated giving the conpound accordi ng
to formula 2 (R8 = H) in stereoneric ratios of (4S,5S)-2 (82 area 9%,
(4S,5R)-2 (8.3 area %9 and (4R)-2 (10.2 area % according to GC. 5 EXAMPLE
58 Preparation of conpound according to fornmula 13 with X = NHR5, obt ai ned
by reacting a conpound according to for a2 (R8 =H wth

3-am no- 2, 2-di et hyl propananmide. MO e OH NH2 NH2 MeO 10A round bottom
flask was charged with conmpound according to formula 2 (R8 = H) (8.8 g),
3-am no- 2, 2-di net hyl propanam de (7.08 g) and triethylamne (3.50 g) and the
viscous mxture was stirred at reflux in the presence of MIBE in order to

obtai n a honode MIRF“Aimk-dihe conbidet MEBBBYRBAtE hefadoVes@:SPhanvisEswas

L ermvedt b)éSg iﬂﬁrta.léflsaﬁﬁ E@MWE’e&J&@ra}E&%E@WA@JHQ oérﬁ&iuﬁwgcoakdi%%rmaszt R =f or | 2?
ours a j.n e presence of 2- r oXYy.py.rL.i : : onpl ete
conversi on of éGHHFEYRA Ca[é’(‘ﬁ?rogf PVE (ﬁ%?rﬁ“ﬁ?&é’ ésﬁg%ééﬁeﬁ 6%%@%&?9 was

di ssol ved i n (NIIB&reé %) aotordiagnd ¢he MIBE | ayer extracted by 5 % NaCl in water
(2 x 71 ). The conbined water |ayers were washed by MIBE ( 3 X 71 nL) and
t he conbi ned MIBE | ayers (total of 4 fractions) dried over Na2SO4
anhydrous, fEXAMELES3and t he MIBE evaporated in vacua 20gi ving the crude
product in 16;29r@on dNBrpbiacBsfl & folRSa 4 saOk\atHR ok Hylbadti)

fol lowed by extraciion wt NG (15 i) and water (2 X 15 mb). The
Conbl ned V\at = ,:_.'_...‘4’ '7"':.' A =ﬂ f .' ‘;'Al.z '.L -_-‘,: ._5 Girn 1 i!-:"'_l.‘.ir ’.".n BE | ayer S

washed with water (2 E:if m.). Under coohine aad vigorous stirring, the pH

of the combined water| | ayers was adjusted"to pH 11 32 % NaCH in the

presence of MIBE (71 OMIBE_25sepa ed._and S vaji'ng basi c water
| ayer washed with MIBE (5 : yers were dried
over Na2SO4 anhydrous, fi aped add _refoval of° MIBE i i vacua affordi ng

compound according to fornula 13 in with stereoneric ratios of (4S,5S5)-13
(71 area'®) and ot her sféepwiibobiern flaskofasicharopd Wik egmogundeeeydrhy to HPLC. -

50 - EXAMPLEaRula Pr) £ HF?tg SN3-ahineIRGHRthyRESHRAREHIDY (.68 §)anmuicthylamingbt ai ned
In exanple 5&’.50@5 agé %%tv%cédszn%(tlupenwgg sttilhregcj lél{%ﬁdxcm ﬂ]%l pcrlésenoe 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 85°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,SO4 anhydrous, filtrated and removal of
MTBE in vacuo affording compound according to formula 13 in with stereomeric ratios
of (45,55)-13 (71 area %) and other sterecisomers of 13 (29 area %) according to
HPLC.

30



A sol ution of the conmpound according to fornmula 13, as obtained in 5exanple
58 (1.48 g), and fumaric acid (155.4 ng) in EtOH (15 nL) were heated to 40C
and subsequently the ethanol renmoved by distillation under reduced pressure
to a total weight of 3.21 g. The concentrated et hanol solution was

di ssolved in CH3CN (37 nmL) at 37C. The solution slowy was cooled to room
tenperature and seeded by a few crystal-spof aliskiren fumarate salt and
the m xture was allowed to stir for 19 hours. The 10precipitated aliskiren
fumarate salt was filtrated and dried giving the product.

According to 1H NVR the conpound is pure besides a trace of acetonitri

| eft, see Fi Yheple 5 The all (S) purity of the aliskiren
fumar at e- salg—t@—%—g% obtalned as such was 93 area @6accord|ng to HPLC. 15
EXAMPLE 60 Purficé ' d aenertingd fosmpla18i okiaines in gxampled8 8y obt ai ned i n
exanpl e 59, gyﬁgggmbﬁwm{@n@ﬁy§&@lIlzatlon The acetonitril containing
product 7. funmarate-salt obt ai ned 20fro alllsatlon was
di ssol ved i n et hanol (46SWEW”&%H“FWEWPHFHFCQHB%ﬂ%é ‘@%Egég % ageging

partial dsst etdnipld 587108 g@tahammancﬁhe oncegtin BtCdt(16triamete rmtagittoon was

di ssol ved in anggt(ébsgqtben}%t eﬁ'laﬁgl r&%&\%@ by?j%tllﬁalt 8v¥\4ruryde Fégllgé?d ;}rtgss[u%qma

tammaUMeé PEWCr Iren fumarate-salt and
the m xture vmtwalbmt@f\éd1190T®tqqncefftfrﬁteﬂigtﬂ&o@ﬁ@'utlwsﬁ%@ivﬁ‘i’ it EENAPT ski ren

fumarat e- sal {, Was74d Fhe é&l%n%&%lﬂhé&%oﬂh Yd f38m25hheatDieQhd Gbedead b3 a4'e\g yield

in a stereoneric purity of 98. 2% of e s .(98.2
area %. orystals of aliskifen * fufjqrate ?@Eﬁ”&&'?—'f‘d“ﬁ “)feswsr%'ﬁwf’ﬁ%aﬁl 5{1’& géﬁ"{rs

redi ssol wed pracigitabeainmbki@n diutaeatetditans! filtpsrd dndldiyd givisg ihelpeativco a tot al
amount of of the residug of 2 solved in
CH3CN (80nmL) and cool e gm““ J%1$§%%£@%?§&@hm§%F&@%ﬁ%%%?%ﬁ%ﬁggfure t he

sol uti on wasacstoaitid tbfbseedFigwevicrystal s of Aliskiren funarate-salt and the
mxture was allowed to fidd (é%ur Sy Siskirbh euridreeishit {288 grbbinegikdsr en
fumarate-salt was filtrated and dried giving the product in 2.2 g yield in
a st er eoner i YCPHUWRF Py aiGe % ABOEA O HPER: 8 area %, according to HPLC. From
the isol®ed product, a 1H NVMR spectrum was recorded, see Figure 2. - 51 -

CLAI M5 1. Prqggﬁﬁgﬁpé)the preparation of a conpound accordlng to fornul a

(13) or its sed formaccording to formula (2), or a m xture
t her eof , O 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 CHsCN (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 (45,5S)-7
(98.8 area %), according to HPLC. From the isolated product, a "H NMR spectrum was

recorded, see Figure 2.



OR7 R4 (2)K2(13) wherein R being selected fromthe group consisting of
F, d. Br, |I. Cl _ shalogenal kyl, C _eal koxy, Cl eal koxy-Cl. 6al kyl oxy, and
Cl4al koxy-Cl. 6al kyl ; R2 being selected fromthe group consisting of F, .
BO, Cl_4al kyl or Cl.4alkoxy; R and R2_gmy be linked together to forma
ring structure; R3 and R4 each independently being branched C3.6al kyl; X
stands for NHEks or OR6 wherein Rs is Cl_12cycl oal kyl, Cl42al kyl,

Cl. 12hydroxyal kyl , C1. 6al koxy- Cl1. 6al kiYAimsCl- 6al kanoyl oxy- C1_6al kyI

Cl. 12ani noal kyl, C1. 6al kyl am no- C1. 6al kyl, Cl- 6di al kyl ani no- C1. 6al kyI ,
Cl_sal kanoyl am no- Cl4al kyl , HO (0) G C, 42a| kyl, Cl1. 6al kyl-0-(0)C- CL. 6al kyl,
H2N- C(0) - C1. 12al kyl , O _eal kyl -HN-C(0) - C1. 6al kyl, (C,

6al ky02- N- C(0) - CL. 6al kyl ; saturated, unsaturated, or partially saturated
O . 12heterocycl y1 Psessaeler be areqa@livn RS A cameexnd asrardipg 'BI‘P”ﬁ‘é'PéF’@BS/’E'V'S‘ is
optional |y substi t lcest foreadbrdingne foimuie 2),lay aGixtekdeydof, tri fi uor omet hyl
nitro, amno, N-nmono- or N, N-di-g .6alkylated am no, Cl.6al kanoyl,

C2. 6al kenyl, C2.6al kynyl, C, 2 koxy, d.sal koxycar bony&gm o,

C0. 6al kyl car bonyl am no, Cl 6a|q<y c,a{‘bonyl oxy, Cl.1 DNo, Or

N, N- di - Cl1. 6al kyl at ed cam optionally esterifi é cyano,
hal ogen, hal o- Clg ’ I o Cl. 6al kyl , CR,12hg p saour at ed,

unsaturated or part , hitro; and R6

y

represents H, or gep nal IR} sub E)I tuted Cl- Opt i onal | zsubstituted
Cl_12al kyl aryl, or optionally substituted Cl 12ar yI R7 represents H, or is
an O-protecting grwbgsein Rykeingpripctadroghihe ginyp Gnsiting ¢€, CloBr. ¥ Cir ¢ opt i onal | y
l'i nked -t oget her t oshilbgenatkyl Crglkeky, Gedalkory-C.calkfidky; and (RaalibonGh.eatkyld,
optional ly substitg] @éﬂqngteléahEahlme §Blg QR&kt ofsv:lbﬁtart:ui&éikﬁ&s chakéy! aryl,
or optionally subs | t ut Z'édy thep fgg\naa rfé ﬁug% jol tuted C(0)Cl. 6af kyI
optional |y substitQt¥g %{W@&iﬂﬁ Kogethebig o substituted C(0)NHC .
6al kyl ; or opti onalR43ndduiegen 't“!ﬁpedd@('l)ywﬂa‘g’& b¥. or Re denotes - NHR9,
- S( 0) 2R9 SOR9; S(ﬁ}@%fc&%@)ﬂwewﬁ( 0) ( R9) 2 or Re stands for (R9)2Y
With Y being an amnkl0csugBoar, Skce, Sy RRLMIC B, M mgikﬁ' 8,.each Re
i ndependently repr ent s H 0&8' fQ' ?( g%&(ﬁt ed kygéy optional | y
substituted Ci nalsﬁ@?%ﬂy wY-Csplicgln ety cla\ﬁ(y BTN arYl ; conpri sing
the foll owi ng st epdialkylamino-C,salkyl, Cealkanoylamino-Cygalkyl, HO-(0)C-C,.¢zalkyl, Cu.

salkyl-O-(0)C-Cysalkyl, H.N-C(0)-C1.42alkyl, Cygalkyl-HN-C(O)-Cysalkyl, (Ci.

salkyl)-N-C(0)-C,salkyl; saturated, unsaturated, or partially saturated C,.

s;zheterocyclyl bonded via a carbon atom, and which heteracyclyl is optionally

substituted one or more times by Csalkyl, triflucromethyl, nitro, amino, N-

mono- or N,N-di-C,.calkylated amino, Ci.galkanoyl, Csalkenyl, Cosalkynyl, C,.

galkoxy, Ciealkoxycarbonylamino, Cesalkylcarbonylamino, Ciealkylcarbonyloxy,

C1.12aryl, N-mono or N, N-di-C.salkylated carbamoyl, optionally esterified

carboxyl, cyano, halogen, halo-C,salkoxy. halo-Cyealky!, Ciizheteroaryl,

saturated, unsaturated or partially saturated C,gheterocyqu!. hydroxyl, nitro;

and Rg represents H, or optionally substituted C4..;alkyl, optionally substituted

Ci.1zalkylaryl, or optionally substituted C.s2aryl;

Ry represents H, or is an O-protecting group;

and wherein any two of R;, Rg, or X are optionally linked together to form a ring

structure;



a) reacting a conpound according to forrmula (11), or its ring-closed form
according to formula (4), or a mxture thereof, 0 OR7 Re R2(4)(11) wherein
R, R, R3, Re, R7 and X are each as descri bed above for formula (2) and
(13) with a conmpound according to formuk&a (5) Ra-NH2(5) wherein Re is as
descri bed above for fornula (2) and (13) which reaction results in a
conpound according to fornmula (7) or a conpound according to fornula (12)
or a m xture thereof, R2(7)R2(12) wherein R, R2, R3, Re, R7, Re and X
are each as described above for formula - 53 - (2) and (13) b) further
reacting compound ac®QushoRe H; epfiorsislisstifuied Gk akkfidptietalipsubisttitea €, t her eof , in
catal yar . and opti ond AT e suBRiuEeh. s aptolel AREBLFERIES ©\ T
reaction results in satel ersienalyisubsityied RRSu VA CotanalY SYLSIMIeE@INEC( 2)  or
formula (13) or a m iy & dpbietdiptubstZuted C(0)N (R sTkyd)s ooRgHengtes 0 cl ai m 1,
wherein the conpound§w@gcording to formula (7) or formula (12) are not

i solated fromthe reaction nixtUée bg&%%? Sarrying out step b). 3. A
process according to soni @ Rer (Rt 1-(59,' wherein step b) is perfornmed in
the presence of a catédP)¥Rl: and wherein said catalyst is a transition netal
based catalyst. 4. AoriR, QeRdsSfoAFGRY WitH1Y bkifg 8hicHsuckés sdetitd]Br RatsgenC ONPI i Si Ng
nccor ding to f ormul e Sdas Rus e sprebions N okl LBRAEIERE [ 00T
fornul a ?5) in the p'Fg@ PRliSNaHY sybIBEATLE riekuigdvh o oftignally Substipted CorBryi: A ’
process accordi ng t ocooprsing the folibvangesteps, he reduci ng agent is selected from
the group of nol ecul Ar (RBUHOHEMPBIndPaRYdhe BIBmARN@T)l stots FiRgRRIFomitNd
wherei n when the nnleculargﬁgg Fgﬁggbs u§%guit uaﬁused in the presence of -a

“hydr.o
transition netal catal SSP NN WY IEES MEE%t i ng conpound is used it
is used optionally in the presenc

Oof a catalyst. 6. A process according to
claim4 or 5 wherein said catal

is an enzynme, preferab
am not r ansf er ase. “Re o

R, o

Rz @ Rz an
wherein R;, Rz, Rs, Ry, Ry and X are each as described above for formula (2)
and (13)
with a compound according to formula {(5)

Re-NH, (5)

wherein R; is as described above for formufa (2) and (13)
which reaction results in a compound according to formula (7) or a compound
according to formula {12) or a mixture thereof, '

Rz (12)
wherein Ry, Rz, Rs, Ry, Ry, Ry and X are each as described above for formula



7. A process according to any one of clainms 4-6 wherein conpound according
to formula (5) is also the reducing agent 8. Process according to any one
of clainms 1-7, wherein X in the conpound according to forrmula (11), and
al so in resulting conmpounds according tg formula (12), if it is forned, and
t he conpound according to fornmula (13), ?éspectivel y, stands for OR8 and
wherein R8 is as described in Cdaiml. 9. Process according to any one of
claims 1-7,wherein X in the conpound according to formula (11), and also in
resul ting conpounds according to formula - 54 - (12), if it is formed,
and the conpound aggandi(tsy to fornula (13), respectively, stands for NHRs,
and wherein Rs is ribed in ' o 10, f . paration
of a conpound acco?j iﬁ%ﬁ%ée d?%ﬁmaf’%}@%%gc%'f’ 'f’%%fgﬁﬁlgar %éﬁ)iogzgﬁx?/&rgccept abl e
salt thereof, wherei ntiRreeksrteepigeencpirE? rediringaragentandsrlenaliyinéipri ses a
process accordi ng to payenodef Diatalyshiamd oftioBaligirthapesaica oRmeics mase descri bed
inclaiml. 11A corrpog&bﬂivgézcordi ng to fornmula (11) OR7 Re (11) wherein all
the R-groups are defjned as in Clair‘r}l, and wherein X is ssl ec eg fromthe
group of ORs and | Mnigreeactiondespis indhe, fopsaatign of sepaynd ageordiadiefermitid (Bhe'a ai m 1.
12. A conpound accofaiinuplg (t3porfaomixtranthe®2f OR7 Re R2(12) wherein all the
R]: g FC]%}SJ ps Sr ﬁ Hﬂﬁgf | NAGrétesd é&p&lﬁgb 8 dlai N widiEih BeltompbundS 8dcofido fonAliat higg'rA\OU p
o] an , - a er el e I :
conmpound accordi ngP’?Sr Pré‘?uﬁ%(:qs) Eﬁ%%‘fﬁv@%etrﬁg{%%ﬁﬁgge bgé,rec%aa%ﬂké‘t are
defined as in Cai#fRP-and wherein Re denotes H optionally substituted
G .i2al kyl, oti onAlprogessidasdrdibg toathy Che dQidirks/1-2rwHereinostep b) i$gerforrogt inonal | y
substituted Cl_12agybreset bPedthiyst SHA Whirkil k5 c£thistisla Ptk meaPbdsaaal | y
substituted C(0)0CL. Qallcyl; optionally substituted C(0)NHCl4al kyl ; or
optionally substi t ff'”C( 0) N(Cl_sal kyl)2; or R9 denotes .

4. A process according to any one of claims 1-3, comprising reacting the
compound according to formula (11), or its ring-closed form 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 frem 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 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 § wherein said catalyst is an enzyme,
preferably an aminotransferase.

7. A process according to any one of claims 4-6 wherein compound according to
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 te formula
(12). if it is formed, and the compound according to formula (13), respectively,
stands for OR; and wherein Ry is as described in Claim 1.

9. Process according to any one of claims 1-7,wherein X in the compound
according to formula (11), and also in resuiting compounds according to formula



-NHR9, -S(0)2R9; SCRs; S(0)3R9; S(0)2N(R9); or R9 stands for (R9)2Y with Y
bei ng an ani on such as acetate, or hal ogen; and wherein each R9
i ndependently represents H, optionally substituted C. optionally
substituted Cl.12al kylaryl, or optionalky_substituted Cl_12aryl. 14.
Process according to any of clains 1-10, wherein the conpound according to
formula (2) is further reacted wth 3-am no-2, 2-di net hyl propanam de to
obtain a conmpound according to fornula (13) with X=NHRs, or
pharmaceutically acceptahle salts thereof. 15. Process according to any of
Pl e 110 and 1. vilel B Recst s PR eIGS CooTHR APar B
formula (13) is furt hetandséebiH and wbiéreiaiRa is as described in Claim 1.
2(S),4(9),5(8), 765) - meeesm:mryrabhraaoﬁm%fmegtaaranfmm;.ﬂaxhw ¥y 2, 7-
a

di i sopropyl - 844- met hg -B-é - et hox 0 fenyli- nam or any
phar maceutical | y acceDE b1 g’ggﬁt_acﬁﬁ%&rg@%%‘% efwxe'em%'e‘”ese"tgﬁms' wherein
the process comprises a process according to any one of claims 1-9 and

wherein R; is as described in claim 1.

11. A compound according to formula (11)
OR; R4

Rz [¢R))

wherein all the R-groups are defined as in Claim 1, and wherein X is selected
from the group of ORe and NHR;s, and wherein Rg and Rs are as described in
Claim 1.

12. A compound according to formula (12)

OR; R,

RNy,

Rs (12)
wherein all the R-groups are defined as in Claim 1 and wherein X is selected
from the group of ORg and NHR;, and wherein R and Rs are as described in
Claim 1.

13, A compound according to formula (7)

wherein Ry, R,, R;, and Ry, are defined as in Claim 1, and wherein R denotes
H; optionally substituted Cs.12alkyl, optionally substituted C,_,zalkylaryl, or



14.

15.
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optionally substituted Cs.,2aryl; optionally substituted C(O)C.salkyl; optionally
substituted C(0)OC,.salkyl; optionally substituted C{O)NHC,_qalkyl; or optionally
substituted C(O)N(C,salkyl)z; or Rg denotes

-NHRg,

-S(0)2Rq; SORs; S(0)3Re; S(O)N(Ro);

-P(O)(Re)2;

or Rg stands for (R,).Y with Y being an anion such as acetate, or halogen;

and wherein each R, independently represents H, optionally substituted C,.
1z8lkyl, optionally substituted C..r;alkylaryl, or optionally substituted C,.paryl.
Process according to any of claims 1-10, wherein the compound according to
formula (2) is further reacted with 3-amino-2,2-dimethyipropanamide to obtain a
compound according to formula (13) with X=NHRs, or pharmaceutically
acceptable salts thereof.

Process according to any of claims 1-10 and 14, wherein the compound
according to formula (2) or formula (13) is further reacted to obtain
2(S),4(8),5(S),7(S)-N-(2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy-2,7-
diisopropyl-8-[4-methoxy-3-(3-methoxypropoxy)fenyll-octanamide or any
pharmaceutically acceptable sait thereof.



