New Met hods Field of the invention The present
invention relates to novel nethods to prepare C-8
wo a@Bamsbact one conpounds. Moreover, the presePCT/EP2008/053891
invention relates to novel internedi ates obtai ned and
enpl oyed in these nethods. Thege C-8 | actam | act one
conpounds are nore specifically
5- (5- oxo-tetrahydro-furan-2-yl) pyrrolidin-2-one
C oynds according to formula (1) as shown bel ow.
Nﬂvs’:@é%—’i%npounds are key internediates in the
preparation of renin inhibitors, in particular
2(S),4(S),5(S),7(S)-2,7-
di al kyl - 4- hydr oxy- 5- am no- 8-aryl - oct anoyl am de
Fieldlef theatviention or pharmaceutical ly acceptable salts
thereof. Therefore, the present invention is also
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Moreovepahé presehissentiemrelates o bovedinteranediatessobtained and employed in
thesk%eetﬁ di ates. Background of the invention Renin
passes fromthe kidneys into the blood where it

affects t he cl eavage of angi ot ensi nogen, releasing the

Theske€dhleptaimactang comnpagids are wivire bpéaificaliyebr-(5-orartatchhiy drotflaen-2-yl)
, f t Qe
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key iptesorédistassis theeproparatioh oreninyinitibitaas tie padicular 2(S), 4(3) 5(S),7(S)—2,7-
. | . [
oK YER IR0 AHOS AN SEL bbb AhaeRLAT) Becota
saltsathdesf. e Taerefora dnpreaentacvepiionis alsmdlm toruseful intermediates in the
: 0 an be . . ..
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and ¢ intérenediatgamat i c activity of renin lead to a reduction

in the formation of angiotensin | , and consequently a

AESs tAETNBLRf angiotensin Il is produced. The

_‘I&’gguceu concentrati on of that active peptide hornone
Reningpagsesi fremtthe kidseysditottie blope etheresit afeats freatieaviage ehi n

angijatréhgim)éé}{ ?‘eleasing the decapeptide angiotensin | which is then cleaved in the lungs,

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

effect of renin inhibitors.

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

renin-angiotensin system at the beginning of angiotensin Il biosynthesis.



Wth conmpounds such as (with I NN nane) aliskiren
((2S, 4S,5S,7S) -5-am no- N-( 2- car banoyl -
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anti hypertensi ve has been devebaped which interferes

Wi th the renin-angiotensin systemat the begi nning of
angiotensin Il biosynthesis.As the conpound conpri ses
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Further processes for the preparation of intermediates to manufacture §-amino-y-hydroxy-e-
aryl-alkanecarboxamides are described in W0O02/092828 pertaining to the preparation of 2-
alkyl-5-halogenpent-4-ene carboxylic esters, in particular in the claims and Examples, WO
2001/009079 pertaining to the preparation of 2-alkyl-5-halogenpent-4-ene carboxylic acids,
in particular in the claims and Examples, WO 02/08172 pertaining to the preparation of 2,7-
dialkyl-4-hydroxy-5-amino-8-aryloctanoyl amides, in particular in the claims and Examples,
WO 02/02500 pertaining to 2-alkyl-3-phenylpropionic acids, in particular in the claims and
Examples, and WO02/024878 pertaining to 2-alkyl-3-phenylpropanols in particular in the
claims and Examples,.



aryl - al kanecar boxam des are descri bed in W02/ 092828
pertaining to the preparation of 2-
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descAibdd Al Wwereoabhseeom idufarGh 8fe @5RE daiEXEnfles. The G-8 lactam
pyrrolidine internediate, in particular in the clains

'actoaﬁ GOERAMRSSEATE Preparefising awiigripaqushnas dhe Byanscasniatyang azide
chend&y {asnﬁteodiﬁe@hé hifi8géryatend 5- 0xo-tetrahydro-furan- 2-yl)
pyrrolldln -one conpounds according to fornmula (1) as
wn bel ow, has been first described in
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ead to the desired renin inhibitors, in particular
simpleand efficient manner.

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

‘Sumphlanosfithé ventasi de derivatives, there exists a need to
provi de an al ternat ive synthetic route to these

Suroffii | A3 BRYBPEST SO - Blagtapt 6tona BPoUFR paricular, a 5-(5-

oxo-tétrahydad-furas-2tyo) ;Bﬁﬂ%lidhﬁ—Zl-dr% BB tuaCtgnireinhibitérs Sih akrRuRRd
2(8), 3@) S‘fé)e';](%) r?)qcrill Irkyl-4S H%ngy 5 %mlrgohg alryrl“égtgtnoﬁ amide derivatives, are

obtainable in high diastereomeric and enantiomeric purity and in an economic manner using

a novel approach by utilizing organocatalytic Michael and Henry reactions. In particular it
was found that by using theses approaches, chiral intermediates can be prepared in a simple
manner with the possibility to conduct the steps in a one-pot fashion or in a continuous flow
manner, and at the same time avoiding stoichiometric amounts of chirality-inducing agents,
as well as to use inexpensive starting materials. In addition no dangerous azide chemistry is
necessary to introduce the nitrogen atom. The important intermediates of these approaches
bear unprotected or protected hydroxyl functions which makes the processes much less
sensitive to racemization or epimerization during e.g. base promoted reactions. Overall the
present invention, thus, simplifies the method of preparing such C-8 lactam lactone
compounds and consequently, renin inhibitors, in particular 2(S),4(S),5(S),7(S)-2,7-dialkyl-4-
hydroxy-5-amino-8-aryl-octanoyl amide derivatives. As an additional advantage, at least



Surprisingly, it has now been found that C 8 | actam

| act one conpounds, in particular, a 5-(5-
W@@stespahydr o- furan-2-yl) pyrrolidin-2-one, BCHEPIN$(053891

renin inhibitors, in particular
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DetatiedipészripiomeithaMnivBntidme possibility to conduct the
steps in a one-pot fashion or in a continuous flow
The presastrinvention ptovidee nssahadst to bty 9I0H8 gt RickIMe@oRipouAd of formula
0 anmounts of chirality-inducing agents, as well as to
use i nexpensive starting materials. In addition no
danger ous azi de che%stry i's necessary to introduce
the nitrogen atom ortagt ioternediates of
t hese approaches bear
hydr oxyl functions whi
sensitive to racem z&iorn or epi m§hl12atl on during e.g.
base pronoted reactions. Adverall the pr esent
i nvention, thus, sinplifies the met héd of preparing
whergiich C 8 | actam | act one conpounds and consequently,
renin inhibitors, in particular 2(S), 4(S), 5(9),
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derivatives. As an additional advant age, "at
particWarioin Rl are prangeds & neatert $Lt9hr%"u¥%°r@%)ﬁ and perforned in
a continuous flow manner, thus, rendering the process
Act i ap Agiveling FuP SelssiaskTEana BN AFNG BrateCHRG 9rape: i Rasticular one that

togethBP &ith RifoRs QEartblaﬁwa'té“(ﬁEts'aQ%eT&ﬁ present invention
provi des nethods to obtain a C-8' | actam | actone

using 88THRWRY stdpsfPgandcatalytit MERIcEAMY RaRH rEdctibAs.
I ndependent|ly of one "anot her hydrogén; Cl-7al kyl,
C3. 8cycl oal kyl or benzyl, in particular both R 1 are
branched C3. 6al kyl such as isopropyl; and Act is an

Ina ﬁ@tdrhé@tdnﬁtgad%&\tpb&ﬁhé%ﬁ‘@@ ;d"@mp?é”feﬁﬁﬂyr@z BIKOL 8GdH ADmethyl, ethyl,

particul ar one_that
n-progpyl, |sopropy| iIsobutyl, or n-butyl; C;. 8cyc|oa|ky| such as cyclohexyl; or benzyl. Most

preferably both R' are Cy_salkyl, in particular branched Csealkyl, such as isopropyl. In
another embodiment, one or both of the R' are hydrogen.

In a preferred embodiment, Act is an N-protecting group, for example, an amino protecting
group which is conventionally used in peptide chemistry (cf.: “Protective groups in Organic
Synthesis”, 5. Ed. T. W. Greene & P. G. M. Wuts, in particular in the relevant chapters
thereof, especially in the chemistry of protecting pyrrolidines. In the following the
terminology "Act” is maintained throughout the synthesis sequence for sake of consistency.
It is appreciated that “Act” serves as an activating group when present on the lactam
nitrogen and that after lactam opening the Act group is a protecting group.

Preferred protecting groups comprise, for example, (i) C4-Cg4-alkyl that is mono-, di- or
trisubstituted by phenyl, such as benzyl, (or) benzhydryl or trityl, wherein the pheny! ring is



together with N forns a carbamate; or a salt thereof;

usi ng as the key steps organocatal ytic M chael and
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Preferred protecting groups conprise, for exanple, (i)
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ConoREFRPSI o sBRBH PO NG s RN otk Ry BFo0BH Y Pisfested
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embddifent, AeYi8 ButoditorGedzyiBkiRaMon(l - C2- al koxycar bonyl ;
and IIyI or cinnanyl . Especially preferred are
benzyl oxycar bonyl (Cbz), 9-fl uorenyl nethyl oxycarbonyl
(Froc), benzyl oxymet hyl (BOM), pival oyl - oxy- net hyl
Prefdriély) the cbmp bl Ssobadiny oath8 eshiruld (TY 198) the Yollowing stereochemistry:
adamant yl oxycar bonxyl (Adoc), but can al so be benzyl,

cunyl , benzhydryl, tRn;yI allyl, -10 al kenyl oxy
carbonyl, such as al | o¢ a |yl bonyl ). The
protecting group can al IyI like
trialklysilyl, especig Ntrl §I|y|

|IyI

tert.-butyl -di met hyl sil yI driethyl

triisopropylsilyl, trinet ﬁyl silyet hoxymst hyl (SEM,

and can al so be substituted sul fonyl or substituted
Mostsuéfesainy, the compound of formula (1) has the following structure:

A compound of the formula (I) may be used, inter alia, for the synthesis of pharmaceutically
active substances, preferably renin inhibitors such as aliskiren, especially as described in
WQ02007/045420, in particular in the claims and Examples.

Alternatively, the compound of formula (I) has preferably one of the following structures:



Exanpl es for Act include Cl-10 al kenyl oxy carbonyl, C
aryl - C al kyl, and Cl1-6al kyl - car bonyl
w@2e0308894 - car bonyl , C1-6al koxy- carbonyl, and PCT/EP2008/053891
Cenoaryl - Cral koxycarbonyl. In a preferred enbodi nent,
Act is Cl-6al koxy-carbonyl, alkyl oxycarbonyl or Cb6-
10aryl - C 1-6al kyl such as benzyl, t-butoxycarbonyl or
benzyl oxycarbonyl. In a preferred enbodi nent, Act is
t - but oxy- or benzyl oxycarbonyl. Preferably, the
conpound accordi ng 60 the formula (1) has the
istry: Mst pyeferably, the
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in particular in the clainms and Exanpl es.
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conmpound of forrmula (I) provide conpounds havi ng one

the pol Low ng stxuctuges. ol A) or (IB) wherein Act
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obtain a C-8 | actam | act one conpound of formula (1)
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In another embodiment, methods to obtain a C-8 lactam lactone compound of formula (1)
provide compounds having one of the following structures:

N vy, N
o A
Act Act
(ic) or (ID) ,

wherein R1 is hydrogen, C,.;alkyl, C;.scycloalkyl or benzyl and Act is an activating group
selected from an amino protecting group, in particular one that together with N forms a
carbamate.

In still another embodiment, methods to obtain a C-8 lactam lactone compound of formuia (1)

provide compounds having one of the following structures:



wherein R 1 is hydrogen, C1-7alkyl, C3-8cycloal kyl or

benzyl and Act is an activating group selected from an
W@ri0s0a198pot ecti ng group, in particular one thakCT/EP2008/053891

together with N forns a carbamate. These conpounds

(IA 1B, IC ID IE and IF) ate.al so enbodi nents of

the present invention. They can be transfornmed to the
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procedures well _known in the art, e.g. in DDH Rich

B. Ep. _Ha0qg, &Vg RC Letger & 4783 (2004), and
t he ergnces citgd in] wherein the al kyl ati on
Nt he fone ri N& dexcrdbed (in particular see

0" canpounds #Rand 9 injScheme 3), and e.g. in

WA2D06/ 024501, wheref¢t the al kyl ati on procedures for

lactamrings are disclosed (in particular see

cofffbunds (I1}rand (1) in Scheme 1). The present

i nventors have found conveni ent methods of preparing

the_key internediate of the formula (1) as wll be.
whergliR} [Shydraden ot AV GepxRioaligfordrenzHant dict s Bradivaing group
sele@kd B A &R0 Protb&ing oy, AP p&rtiERABLOHEAthAOBgEMYr W N forms a

| oyed to yield the conmpound of the formula (I).
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Cmbﬂﬁgﬁhver, any of the follow ng reaction steps either
al one or in a suitable conbination my be enployed in
the synthesis of a renin inhibitor, such as aliskiren.
Thus, in one aspect, the present invention relates to

a net hod  f r [ a ound of V), einR 1 . .
Theﬁescqmﬁluaa%ﬂ,?\, I%lf@jbk%gara,l%ggn‘%céjg? sglleQl\rQen \M}zﬁ% pgggent invention.
Theyt mﬁﬁh dnfanmrgiedhb trey above Qlibikyhbutastituied 1Bliaki-Mctope by aﬁﬂ@la:tjion

t her eo ai rocess conmpj,SLng suhj ecting a canpoun
proctfLr PSRl RSN Pre Atr s Brin-A- RENA0UqhE: Hat (Gpage Laters, &, 4763
(20040 ap6 thiedrefdredaeis it @ tHeralh, witdreid th@klkylati® fthe Idctor® ring is
desc%gleé 8r|1 pgr[tTi]cHISr gefe cf:o%prt%lngs gtlalnld)3 ir'? S%hgrlnle%, and e.g. in WO2006/024501,
wherein the alkylation procedures for lactam rings are disclosed (in particular see

compounds (ll) and (lll) in Scheme 1).

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

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

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

wherein



wherein R2 and R3 are as defined for a conpound of

formula (IV), or a salt thereof, to formthe enam ne
wWorei08t1y9804Thi s process step as such, al so for nEPGIEP2008/053891

enbodi nent of the invention. Preferred enbodi nents for

Rl can be taken fromthe defingtions for conpounds of

formula (I). Thus, nost preferably, the conpound of

formula (I11) is isovaleryl aldehyde. Preferably, the
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Reactions D.WC. MacM Il ap al kyl, cycloal kyl, benzyl,
phenyl R'1l hydrogen, alkyl, cycl oal kyl, benzyl, phenyl
JIn-Pel Cheng K Jorgepsep S, Tsogobva These catal ysts
can be prepared or obtained gccording to or in anal ogy
to the literature references’gi ven bel ow for the
organocatal ytic nitro-M ch@el addition including the
references cited therein. kpr the enam ne fornmation,
ref erence can be nmade to gener(bu nmet hods wel | knovvn to
erson skilled in the art particul ar,

WherﬁFb%gmﬁsélef'Bﬁ? fQr erPrireund of F%W‘P%V)a%a %%WBE?&IQ t% Rdhyfal amine

of foRglig\Wigan be adopted: 1.) P.W Hi cknott, Tetrahedron,
38, 1975-2050 2.) P.W Hicknott, Tetrahedron, 38,
3363-3446 3.) Organi kum ZO}hzed , Wley VCH p. 431.
Thus, a conpound of the fi¥pula (1V) R2\ ,R3

3 any

wherein R2 and R3 are as defined for a compound of formula (1V), or a salt thereof, to form

the enamine moiety. This process step as such, also forms an embodiment of the invention.

Preferred embodiments for R' can be taken from the definitions for compounds of formula

(). Thus, most preferably, the compound of formuila (Il) is isovaleryl aldehyde.

Preferably, the amine of formula (l1l) is a chiral amine, in particular a pyrrolidine derived
catalyst suitable for asymmetric Michael addition reactions. Examples of such catalysts

include those exemplified in the sketches below.



NRL (IV)wherein R 1 is hydrogen, Ci.7al kyl, such as

C2. 7al kyl, C3.8cycl oal kyl or benzyl, in particular
w@108ald8y4 , such as C2. 7al kyl, C3.8cycl oal kyl BECT/EP2008/053891

benzyl; R2 and R3 together with N forma chiral am ne

noi ety; or a salt thereof, is.ag-valuable internediate

of the process of preparing renin inhibitors such as

aliskiren, in an efficient manner. Therefore such

COMPOU 38l 2 oAb RS ERbeYehlfos Vot | O

preferred ones, are as defined for conpounds of
ormla (3" can | I8, fespetr v a'hus 1 i's )j<
Npr er abhy Rsopr opy Preferybly t e onpo ~R~
dar .wl A, dd¥)lda@s @ structure accordi rg o for.mJ
(I'va), V\herel n R4 is carhoxy, .am do N@HDI’]OGF@&sudI

ns,ubstl ed or s tifut ed C2i Kyl) D- W.C. MacMillan
u St i or s tu,‘ted Cl yl razol yI
or "a"sal t th vof . Part uI ary, % pre'fer

stLhe corrpoun \ for sl a has a structur d| ng
o (I1Vb) ereln RO is |nngl defft | of on
F*k«yl ae M ﬁt@ n D ropyl
Nl o) tyI re-butyl, , preferr
|s th at IRéast one of the Ro'is Iar t han net hyl , c tomasii
such ass"f’ert butyl The enam ne of for (1V) can

react ed

@ o- ael add _

-‘ nd, RRE s ena%g%s f FREC situ,

4 i e presepty i pveit son al so L

el.g tes asta furz @ indivi dy to a
f or nul aii\/) >/©\K

rocess for reparing a conpof
C. Palomo Tsogoeva D.J. Dixon

A Alexakls K. Jorgensen

R"™ = alkyl, cycloalkyl, benzyl, phenyt
R™ = hydrogen, alkyl, cycloalkyl, benzyl, pheny!




wherein R 1 is as defined for a conmpound of formnula

or a salt thereof,

(1),

woe@anose al yti c nitro-M chael

sai d process conprising an
addi ti on react i BCT/BP2008/053891

ni troethyl ene or a precursor thereof with a conpound

of formula (1V) as defi

ned ab Preferably, this

&

reaction takes place by directly reacting the

compounds of fornul ae (

I1) and (I1l) as defined above

with the nitroethylene or the precursor thereof
wi t hout 2 talysfs foras 1 ael tions| \)) . The
definitions for RlL, R2|and R3,9i nc] uddi ng the preferred

nes,] are as defi ped fc
(34| r¢shechively. It
Hni t'¢ oet hylyene is prepar
@hbmeNl t r 0et hyl evaeard s adg
nitro-M chat,_ addition
reeursor of /nitrgethyl

. Y EHBei N OGS
“el i m nEt®Y under {He r¢g

L-Alanine, etc. C. Palomo

Atk Ot hyl erie.”"Typi cal

Cral kyl ¢ onyl ,
ucmiyzs/@nyl oF:
[;uw | fonyl

¥t ol uol sul f onyl he pre
prefehabl y 2- ntt'roet hyl
formula (XI1) cHtf"w8"pr
. g.Cby-rsterificgtion
C rde with troet
k.g. inJ. F SEQT €,
Shemi.stry" ¢ P enurfPr ess
T. W G eene™and P
Organi ¢ Synt hesi s

DOR | ,

h as

SU B4 hyl car bonyl ,yar Ic
Lok pht ha , or d .7alkyl
chi as et hanful fonyl and

iird edition,

4998 | N spafdd C

o of—ff ormul ae (1) and
IS Ppretferred that the
ed i Q.sdbfU S@ that a precursor

ed in the onganocatal ytic [—)\(N Q
N (o]

y

react ingm. pically, the N
) sfa\sfructure of formila
aH eavi ng gneup that=\s

act | @dameondi Fi oRs 1
exanpl es for LG 3

N

curs j articularly
benzgat e~ The precursors of
epared '&s known in the art,
of the respective acid or acid Y
hanoJ";WPcr %%gurp%% are descri bed
" Pr oL el M orddhd Fondni OF gaNI
, London and New York 1973, iR
M Wits, "Protective G oupsTn
W ey, New Yor k[,:)\/
the rel evant chapters theredf

avean

W

N

"Gelgy-Pat.

Met hods of el im nating

O -G Aaeanand-an—t-ba +
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nature of the LG and ar

The art ; f%,gf??'% QeLt he refe

e also well docunented in the

CfSpareEicT SR RSEPIAURg o o5 ARt erature

referehéss divenl tselGvp foraife biglaRodalgivltie-MicHaR| difition including the references

. organocatal ytic nitroet
cntedrtégr 1 y

hyl ene M chael addition

€M on under conditions that eliminate the ester

noi ety, such as

For the enamine formation, reference can be made to general methods well known to the

person skilled in the art. In particular, the procedures outlined in the reviews and textbook

shown below can be adopted:

1.) P.W. Hickmott, Tetrahedron, 38, 1975-2050
2.) P.W. Hickmott, Tetrahedron, 38, 3363-3446

3.) Organikum, 20" ed., Wiley VCH, p.

Thus, a compound of the formula (1V)

431.

(V)



basic conditions, using in particular mld bases such
as organi c bases, in particular Ncontainig bases such
W@gooBHmsohyl nor phol i ne or N-ethyl norpholine. PONEP2008/053891

nitroethyl ene and the chiral enam ne of Formula (IV)

react wth each other in a stefeosel ective manner

mhich is driven either by "steric shielding" or by

"“el ectronic shielding" due to the chirality of the

Wheenanlne The stereochem cal outcone of the reaction

53$ends on the chlrallty of the chlral am ne of

taI
R ig B Sor syt 28 R LR Byl SEhe B e RSk
such &a1C} jatkyl, @ R¢lictoatkysorfb@hzyihe or ganocat alytic
nitro-M chael addition reaction are well docunented in
R2 &riweRS tdgetrser with Nafoeimcodhitat aming ragiektycat al yst s as
outlined in the following literature procedures can be

or aadibpiteeetf, iSanmalUablecintatriediatearf thy pravessadf dreftaring renin inhibitors such

as aﬁs&r{eg I%//Iaﬁ% ﬁﬂangg%gﬁffg}a%)su%h ?or%ég{n@% ago fgil'm ’an(grr%odiment of
the iByenitient, 6 11 (4), 2005) 3.) S. Ley et al., Og.

Bi onol. Chem, 3, 84 (2005) 4.) D. Enders et al.,
The Nafinitians fooR1, R2land RGLnéIB&G@)he&Mfdrieﬁ oneslareas)delfned for

comgoq e holf 'E_ornggng(QSAQQﬁlﬁfl resp%ctn)&ély_: %}ws 813 p@g@%ﬁyﬁéﬁg?py

Preféfna))ly%e Barhpomndedf fadmula Adpleas a Slnedture dcobrdinigdo forffula G984

(2006) 8.) S. B. Tsogoeva et al., Eur. J. Og. Chem,
4995 (2005) 9.) S. B. T eva et al., Chem Commun.,
1451 (2006) 10.) A. Al exakils et al., Adv. Synth.
Catal ., 346, 1147 (2004) N[1.Jr4]. P. Cheng et al .,
Angew. Chem, Int. Ed., 45, 3093 (2006) 12.) N N
Joshi et al., ARKIVCC, 002), 167 - 196; review
enanti osel . M chael R1 (IVa)

wherein

R4 is carboxy, amido, N(mono- or di- unsubstituted or substituted C,.7alkyl) amido,

unsubstituted or substituted C,.;alkyl or tetrazolyl; or a salt thereof.

Particulary, it is preferred that the compound of formula (V) has a structure according to

(IVb)
anY,
1
'/l Si(R,),

R1 (IVb)

wherein R9 is independently of one another C,alkyl, such as methyl, ethyl, n-propyl,
isopropyl,n- butyl, isobutyl or tert-butyl, or phenyl, preferred is that at least one of the R9 is

larger than methyl, such as tert-butyl.



additionl3.) M Gaunt et al., Drug D scov. Today, 12,

8-27 (2007); new organocatalysis review 14.) R J.
wo-Riostiofso4 et al ., THL, 40, 4485 (1999); Addi tiPRCI/BP2008/053891

ni troethyl ene to ester Lienolates Wien formng the

conmpound of formula (V), it istpossible that the

chiral amne of formula (Il1) is recycled and can be

used again in the reaction with the al dehyde of

formula (1] i S kes t he nuf.acturin t hod ver .
The p8aiR e fariviin ) nRisdale S TR L AR o BLERN it on i
the argiradcgtalytic aitdiMichael agidition asdctivbn. Rrefémablyhtheremtarine is formed in situ

.thar{Dunt. as in the case of using chiral auxiliaries. A
WINGH&°H'PRd anbunt of the catal yst ranges from 0.5 to 20

| % such as.1 to 15 nol % . articular 5 .1010 nmol %
Thusriee eSelinanieT aRe FlplER 2% et Ries hasP RouBaHE S process for
prepbrifd acempbold sifemhude)de Schenme 1: Organocatal ysis

cycle with specific catalyst as an exanple As a

particul ar advantage & this approach, the above

reaction cycle can be conducted with an appropriate

organo catalyst in a c rhireus fl ow manner. Wth such

a continuous flow node if is possible to scale up the

process in an econom c fREhiadhy For further detail

concerning a continuous fl &w reQct (\WMn, reference is

nmade e.g. to Baxendal e and Ley, Chem Comm, 4835

0 n h iter r kL t herein,, Thus .
wnehOREl 8 B i S of 0 0P S PR g s
compisinaak gtganosaialticastr&Miatedek gdiditidiBre@ctjon af aditkogthybane or a precursor

benzyl , i Lt - 7al kvl ch - 7al.k .
thereé v@é )? Cﬁoggqo@f}‘? olléfolﬁ%g% Z()F/{fl);asgdrelﬁée% gﬁé{/et I@?@%{fly,?@s géacnon takes
place by dadxdtly reandtiag rhedcat pounitds ohéorpulaedBsaraf (Hpraspiefined above with the
. renin inhibitor ch as..al i skjten, in _an efficient
nitrofi3lele oM ey eiss WerRa T S LAae eBing g1 o 88 vy
enbodi nent of the invention.
The definitions for R1, R2 and R3, including the preferred ones, are as defined for

compounds of formulae (I) and (lll), respectively.

It is preferred that the nitroethylene is prepared in situ so that a precursor of nitroethylene is
added in the organocatalytic nitro-Michael addition reaction. Typically, the precursor of

nitroethylene has a structure of formula (XII)

N
0]

SO (xmy

wherein -O-LG is a leaving group that is eliminated under the reaction conditions to reveal
the nitroethylene. Typical examples for LG are C,.;alkylcarbonyl, such as methylcarbonyl,
arylcarbonyl, such as phenylcarbonyl, phthaloyl, or C;alkyl- or arylsulfonyl, such as
methansulfonyl and toluolsulfonyl. The precursor is particularly preferably 2-nitroethyl
benzoate. The precursors of formula (Xll) can be prepared as known in the art, e.g. by
esterification of the respective acid or acid chloride with 2-nitroethanol. Procedures are

described e.g. in J. F. W. McOmie, "Protective Groups in Organic Chemistry", Plenum



The definition for R 1, including the preferred ones,

are as defined for conpounds of fornmula (I). Thus, R 1
WO goopnefses abl y i sopropyl. In a preferred furthRCT/EP2008/053891

enbodi nent of the invention, this synthesis conprises

as a further step or as an indjyidual synthesis the

process for preparing a conpound of fornmula (M),

V\/nerein R1is as defined for a conpound of fornula

| t ther roces )
Prese R Ao I YRR e T epRERE P9 By Moo Tefctive Groups
in Otgmam(ﬁymnmsmd Tfirdfentition| Wile))New Werkr £399¢Ini partidutar &mthe relevant
h | ¢ C%F f|s wel | known to a person skilled in the art
¢ apgﬁré L®escri bed e. g. in Methoden der organi schen
Chem e" (Methods of Organi c Chem stry), Houben Weyl,

et el Pfling LT cHrtd 96708 SxachabitoB the T ke aiso well

docunedresditt thehatey sint therrefefencEbenéraidued iadbvd. erea(bhmle if LG is Cy.

7alky;cgaé?ﬁny lgra %&F@ﬁ)o}wlﬂe ééq%gafﬂ%mopgl@ %Hq({qag%ethé ?he orgagocatalytlc nitro-
ethyteheahlk}@ey auwmmrsam:m drdetesnditions #xsaBhiRatel the Ristémoiety, such as

basig ﬁOQi’ﬁ” buf:(?éy %a@ m m %%Faw?ﬁn?%ﬁﬂ%waﬁsaé% particular N-

containgg B‘é%BHéu@f ady- rﬂ&dyltm@ﬁh(ﬂfneax @t MsiHolineke CeCl 3 to
the NaBH4. A preferred exanple of the reagent is NaBH4
due to its selectivity. The reductiontakes pl ace

The pitektyRbE nt theathilan8fidmide lof BBimula0NE redicel Rl aidh/othér in a
drofuran r t.ql uen Ln m xtures of THF/ water

sterggeleE A {BRIRAGICH ¥ HEVTCAEET B oo Haidng by electronic shieling’

due toetmaeheélw 6f thé enSRPREThS @te?éimh@rpﬁ;bl dtsng?érh@ of fhg%?&ﬁntd@?ends on
onatamn m { W ou roduction o

the GAK ELSENRY Spibrabieenuiny T AP et RO AT angdhe

correspoading eslerds- oPeleCréic Eﬁéldhl‘g preferably 10 to 80 C,

nore preferably 15 to 40 such as 20 - 25 C, for 1

mnto 3 h, preferably 10 mn to 2 h, nost preferably

The 38ation tshdRidhs fof th@eorgél&lfdatébﬂlcl ﬁlt@ﬂﬂl&héﬁﬂ Mtlon reactlon are well
conversion to a npound of formu

docuyriert b dus DfecSiiR BieradBaS Fill CoiuSisoAp Hieg i He' following

literat@re PdcRd(Nés dah beedepRd: Wi t hout isolating it. It is
therefore an option to performthe reduction step,

Somp g &tusdioy olgapetNgiutiomitrb-Mikieaepb@difons:
1.) A. Alexakis et al., Org. Lett. Vol. 8 (12) 2559 (2006)
2.)S. Ley et al., Synlett, 611 (4), 2005)
3.) S. Ley et al., Org. Biomol. Chem., 3, 84 (2005)
4.) D. Enders et al., Nature, Vol. 441, 861 (2006) and lit. cit.
5.) Y. Hayashi et al., Angew. Chem., Int. Ed. 44, 4212 (2005)
6.) C. F. Barbas et al., J.A.C.S., 128, 4966 (2006)
7.) C. Palomo et al., Angew. Chem., Int. Ed., 45, 5984 (2006)
8.) S. B. Tsogoeva et al., Eur. J. Org. Chem., 4995 (2005)
9.) S. B. Tsogoeva et al., Chem. Commun., 1451 (2006)
10.) A. Alexakis et al., Adv. Synth. Catal., 346, 1147 (2004)
11.) J. P. Cheng et al., Angew. Chem., Int. Ed., 45, 3093 (2006)

12.) N.N. Joshi et al., ARKIVOC, (2002), 167 — 196; review: enantiosel. Michael
addition




nmenti oned organocatal ytic nitro-M chael addition
reaction, in a continuous flow manner. In such a case

W b@snegoacti on is preferably carried out underPCT/EP2008/053891
conti nuous flow catalytic conditions. For further
detail see the literature citer4above in connection
with the continuous flow reaction. Thus, a conpound of
the formula (VI) wherein R 1 is hydrogen, Cl-7alkyl,

Z;E 2 ﬁﬁ'p%m@'_ glbk%g%lsgﬁ%/ ﬁjoggyll, &l §%{7%?§%y | rievs} onrganocatalysis

C3-93/(':eycl oal kyl or benzyl; or a salt thereof, is a

vahaaBl ¢ Flintaftreteatl| AHE, 40, 4482 (1999% eKlitioh of hitpathykge to ester Li-
r eandlateshi bitors such as aliskiren, in an efficient
manner. Therefore such conpounds al so form an

embhodi ment of the, invention, .The definjition far R 1
wheFTRREF T eforhrtet o BRBIN, A eesiiet el St of formula
(i isaewcleu@dafaﬂfbmrmldaagléln) iﬂ tll’i'é‘lt?c]tcicﬁiwitlls twaﬂa’f}@@d formufla (. This

. SQPpro The nitroal cohol o or [ S, one o )
makp§, 30 S taclir B nimelrRg YRRV o oraie Br tihalen el 3h e be used in
cata(ytibr;ran)p)mt G'Ba(cbhtmasgwbi afstﬁibhibmb?iclgememrtbﬁd\i/d; I&F@rcasé'hﬂ using chiral

.ot her .reagent,, the, al de or a
auxifioeSy AFRREY AROWEAR 16 HDpR/oRdroch B o Ak sugl a8 1 to 15
mol%gin paiticaidr 5 totoheclek amipd egahbcatalysig crcleisMRetaRdah Scheme |.

formula (M) as theoj_’[agttl ng materia! for the

a

al dehyde, it cabrafo E@sépgg; conpg Rf formula (M)
(same Rl) as there or the ¢ddpQisal dol reaction,
5 of [formul a &%ﬁ can be used for

e

or different c
al dehyde on one hand andNigsaldehyde

t he startiag gm
step or as an (ndivi dwabwgyn{hesi s process for s

t he prepapatiop 1
- the nitro-al dol reaction o
t he ot her nd preferred further enbodi ment QPEW/«W
the invéHtion, | thi.s,.synthesis conprises as a furjher ky
i VI (s M o)
preparing a conp
as defined fqmdai

hydr oxyl protett
process cQnpfd Si
functionalit

.

/\/N\o-

Lg

,,,,,

Lg = leaving group

Scheme 1: Organocatalysis cycle with specific catalyst as an example

As a particular advantage of this approach, the above reaction cycle can be conducted with
an appropriate organo catalyst in a continuous flow manner. With such a continuous flow
mode it is possible to scale up the process in an economic fashion. For further detail
concerning a continuous flow reaction, reference is made e.g. to Baxendale and Ley, Chem.
Comm., 4835 (2006) and the literature cited therein.

Thus, a compound of the formula (V)



the conpound of fornmula (M) as defined above with a
protecting group. Typical procedures to protect the
whgasoxgh4 f uncti onal ity can be taken from t he PCI/EP2008/053891
literature references cited in the section "Genera
process conditions" below in cfgnection with
protecting groups. Preferably, PGis a benzyl group
since this group can be renoved sel ectively and
conveni ently by hydroanation. O her preferred
exanpl es of protectin |groups are e.g.,
p- met hoxybenzyl, o, m yoiqy! nety! and silyl
protecting groups as nmenfiongd in the references cited
in the section "CGeneral ocggs conditions" below, in
particular TMS, TES, TI d I8 Thus, a conpound
of the fornmula (VI1) wherein R 1 i )as defined for a
ound of formula (1) and PG is a hydroxyl
Whe%ﬁﬂ?ecting group, or a salt thereof, is a valuable

k ! ¢ : : '
R1 ig ROFOIRr 2ol s i o oo o3 vRloBRILrtardnih Baicier Ok,
suchTdeeC ghltkyke Cssnybloabpipmiedsylal so f orm an enbodi ment of

the invention. The definitions for RL and PG including
or a saltthpresf,ds aedivablesnteanediats of el precessamf poepapiog netsn mihibitors such

f l. . d kb i respectdively. .
oo a2 PR SO Ly o BRBRE ¥ gmosment o
the ibemtiph.. In a preferred further enbodi ment of the

invention, this synthesis conprises as a further step

or as an individual synthesis the process for

The peﬁgﬁuﬁ fiog Ra],c molvping e pfef%rmc}ml?es, ehé: ad b(i?f;nmhdgmpdén@uhdé sf formula
i, r und of formul a an is as
- @é’fsi' %@ﬁ?%?e'gb'x%ﬁégﬁg of formula (VII), or a salt

t hereof, said process conprising a Nef reaction of the
compound of forrmula (VII) as defined above to convert
In a preéerradt fudhéremtbadimentiof het iovertioa) ttishsydthebis wotripased ad § further step

o asEHRGAIAESRIN bOBs] B o101 ARRBLAEB Bt

outlined in the followyng literature procedures can be

adopted: a) P. Cecchenelli, et al., Synth. Conmun. 28,
3054 (1998) 1\1//\7

+*
R1 _.NJ

O hife) N')

wherein R1 is as defined for a compound of formula (), or a salt thereof, said process

comprising the reduction of the aldehyde carbonyl functionality of the compound of formula

(V).

The reduction to an alcohol is well known to a person skilled in the art and is described e.g.
in Methoden der organischen Chemie" (Methods of Organic Chemistry), Houben Weyl, 4th
edition, Volume IV/c, Reduction | & Il. Georg Thieme Verlag, Stuttgart 1974, in particular in
the relevant chapters thereof. The reduction typically takes place in the presence of a
suitable reducing agent selected from LSelectride, Lithium trialkoxyaluminium hydrides, for
example, lithium tri-tert-butyloxy aluminium hydride, lithium triethylborohydride,
tetraalkylammoniumborohydrides and NaBH, or by addition of a Lewis acid like CeCl; to the
NaBH,. A preferred example of the reagent is NaBH, due to its selectivity. The reduction



b) G Kabal ka, et al., Synth. Commun. 22, 2587 (1992)

c) F. Upi, et al., THL, 3 1, 7499 (1990) d) H.
wa@hiokasdsps a et al ., Synth. Commun., 17, 677 (1BGIEPMS/053891

R Ballini, M Petrini, Tetrahedron, 60, 1017 (2004),

revi ew Thus, a conmpound of theqgorrmula (VII1) wherein

R 1 is as defined for a conmpound of fornula (1) and PG

is a hydroxyl protecting group, or a salt thereof, is

nt er nedj ate of e ocess . of e
take s R A DD Tk o G ErE 1 (BT PR AL toluene o in
mixtores ot THFMate edrastiearsliGBtee. 0RO verdsomtive ahatie %ﬂwperature are chosen
nt of the invention. The defjnitions for

nmbodi R 1
s0 a3 {1BriRg the,eaclian do CoRElerisn:fl PUlImMERAINe withpUl therpiugdian of

unwtaﬁ:wed @mwwms Ofyddéllmﬂea@a&tloh o’éﬁ%e&:%nd@cﬂéd bde&BQé’fﬁJx
t|v referably isopropyl

PrefBRBb4BIED: GerEyR bioRredl 1aHE 081 5. SHHLaT aRpGRIE dpr 1 minto 3,

prefér@bwloanh\(b kin, nco%np&éeerebnfemrnﬂﬁ tby husi ng a chloride
compound of formul a (XI'1'l) and reacting with cyani de

to formthe corresponding nitrile of formula (XIV) and

If thé %Béﬁd)l’ﬂ@ dah%drbdt mnbw.deh@bbmerﬁs.ém) @E&ﬁwﬁaﬁﬂﬁ d?fforfﬁ?}l an is

g % in a preferred further ment of
posg tﬂeen .Ptﬁﬁe"?ﬂh fhat %momgpgd ebieprilady) igdediced withawt '§Q'éﬁtﬂg it. Itis

theréforedsn Siitiond ipeHeidtheS¥aidiieR 's.%’ept Bﬁéf&b@l?@%?tﬁé?rwnh the afore-
erein IS

aring a conpoun or mul a
men %negﬂe?fsﬁ'é%af%w%'%M%‘aﬁbﬁd&rt'ondﬁmjuoa 'ma)w@ﬁauqm@flosv rggnner. In

sucl*d@f:éé‘éelﬁefr@duc@oﬁ Rraetergbipéarfiod B ihdeMbdntinuSlis @ovﬁé‘ét'élytlc conditions.
t hereof , sai d process conprising reacting a conpound

For tyrtheqdetail %Pe(tkﬁlhtefaw'@p@bﬂie Inscongection;witthe gentipuous flow
reacgompound of formula (1) and PGis as defined for a
conmpound of formula (VII) and X is a hal ogen, or a
salt thereof, with a source of CNto convert the

Thus B @ngbeint WpdHe apaliafyyto a nitrile functionality.

OH

wherein

R1 is hydrogen, C;_salkyl, such as C,.salkyl, C;scycloalkyl or benzyl, in particular C4;alkyl,
such as C,.salkyl, Cs scycloalkyl or benzyl;

or a salt thereof, is a valuable intermediate of the process of preparing renin inhibitors such
as aliskiren, in an efficient manner. Therefore such compounds also form an embodiment of

the invention.

The definition for R1, including the preferred ones, are as defined for compounds of formula

(1). Thus, R1 is preferably isopropyl.

The nitroalcohol of formula (V) is one of the possible starting materials for the nitro-aldol
(Henry) reaction which will be described later. The other reagent, the aldehyde of formula

(V) as described below, can be prepared as shown below or as described in the examples.



Conpounds of fornmula (XI11) can be prepared foll ow ng

the procedures as disclosed e.g. in Helv. Chim Acta,
w@208(18B80L£848 (2003). X is a hal ogen such as cPCDEP2968/053891

brom ne or iodine, preferably chlorine. The

substitution of a halogen to mitrile is well known

to a person skilled in the art and is descri bed e.g.

in Organi kum 20th ed, Wley VCH p. 245-247, and

IS R AN TR
samé rc@ﬁ‘ipﬁ&hcaloﬁﬁﬁﬁiudaewl) {@imeeraMRk ahe Madgdent kbrONe iEeda®ol reaction, or

. N(GCi-7al kyl) referred exanple of the r ent is
attergatromapts st amstp FAKeh b 4eed B ahe piRseiaton LA pbyde on the
one Bad/&i as thestarigeinatedibl for the HAMSEIdoEctidN\Ih the loyhee hand.

di gl yne or tetrahydrofuran. The reaction tine and the

te ert e are chosen so as to bring.the reaction
In = BT eSS L e S RS U RS POREES G Gitner step
or adngivieidabdydtheBis prloiss for brebdrlglaycdnisound a8 fdrgilac@m) be

conducted at 0 Cto reflux, preferably 10 to 120 C,

nore preferably 20 p6—®0 C, such as 50 - 90 C, for

1 htob5 h, preferably mnto 3 h, nost preferably 3

h. Thus, a conpound of la (XIV) wherein R1

is as defined for a conpognd of_ forrmula (1) and PG is

a hydroxyl protecting gro8p, .om\a salt thereof, is a

val uabl e i ntermedi ate of thé& pr o@es$v|o)f prepari ng

renin inhibitors such as aliskiren, in an efficient
whemmRels. asldefined tore csmmmuno raspmumd& (a)lm FfCG) isa ﬁydroxyl protectmg

ermbodi rirﬁFt o{J tﬁe nvention (g iy tbg | § ?j ¢
9rouBny " REPLSP d”???ésﬁP%‘PB?'P%anaﬁ §¢ '"Qr gdra@f Yiggonality o
the compoandrpblantsia Vi) bedefihexakidve withch pratedesg gidugd above,

respectively. Thus, R 1 is preferably isopropyl. PGis

referred f

Topil BsieRiey SR nelDRBY i el EpRPRARD el gatue
referasces ditad irhibe setign "@enasal processitanditionk” Isslow iresarmettian with
prote%{ig ?oupg OEreReran?l,r baqs % b%(r)l %lrjonu% s(lnrflcef lrsr&%uap éavnI tl)eI Pe’moved
selectively and conveniently by hydrogenation. Other preferred examples of protecting
groups are e.g., p-methoxybenzyl, o,m,p-pyridylmetyl and silyl protecting groups as
mentioned in the references cited in the section "General process conditions” below, in
particular TMS, TES, TIPS and TBDMS.

Thus, a compound of the formula (VII)

PG—O

R1 __.N{
o 0 wn
wherein R1 is as defined for a compound of formula (1) and PG is a hydroxyl protecting
group, or a salt thereof, is a valuable intermediate of the process of preparing renin inhibitors
such as aliskiren, in an efficient manner. Therefore such compounds also form an

embodiment of the invention.



wherein R 1 is as defined for a conmpound of formnula
(I') and PG is as defined for a conpound of fornula
W@ MoBN1980¢ a salt thereof, said process reductPGHERf008/053891
the nitrile functionality of aconpound of fornula
(XI'V) as defined above to convegt the nitrile
functionality to an al dehyde functionality. The
reduction of a nitrile to an aldehyde is well known to
The %eﬁrbg snfo'éﬁérﬁng @?intgg&ungréit:}e ?n %rlgﬁsd g%és%be?ﬁggeﬁr%d fopcgmpounds
of fofihelae ¢ byd ad Aes@ibdBO abd @S Tespotivelet Tialse & dsplegdrhiely $sopropyl. PG is
refc bl 4 r111 (1991). The reduction typically takes place
P ?ﬁ YRS‘ﬂ’esence of an H source sel ected from hydri des,
for exanple, DIBAH A preferred exanple of the reagent
is DIBAH. The reaction takes place preferably in an
In a breﬁrtedsfohharﬁmbonhnmtmf d‘f@m@éﬂﬁpnj ﬂhusdyofﬂe@iﬁ@bﬁiph@dib%s a further step
hexa cl ohex ne tol.uene or
or a9 5 PANAERETERS Fe Frobpss BEPraearHiE 8o menund eliprma (VI
time and the tenperapur e, are chosen so as to bring the
reaction to conpletion af a mninmumtine wthout the
production of unwanted skde oducts. Typically the
reaction can be conducted 0OC to refl ux,
preferably -10 to 50 0C, h eferably -5 to 30 0C,
such as 0 C, for 30 mn to 5 h;, pfélkrably 1 mn to 3
nost preferably 2 ment i oned before
Whe@!"b%h?o@ dfinge f%ﬁ %P”(RS”IUW)Of fasmylas)andi ffg i iSRS ‘éﬁfﬁnﬁﬂ fqrs compound

of foFrﬁ@a 'g‘lll'l)r er é‘lséi{){hef&ﬁcéahd)&océ—ﬁ%mérl%m@ PREFf REERM Jf e &?rﬁpound of
the invention, this synthesis conpris

fOfma@ o1y a5 @%\ed @Pebe torcogyert ing 'HHP W"@ﬂ‘aﬂ‘a“%ﬁﬁt?iﬁ‘eaéﬁ’@w’ﬁ gunctionalty.
process for preparing a conmpound of formula (IX),
wherein both Rl's are the sane or different from each

The geation gpndiicas dor ther INgE deagsion aareoyplh deaupented i thg literature and

conditlohs aB@uthﬁe@Mﬁ@%BW Il?éf"etlﬁélgrd%@ﬂur%s %§n QSfaHG;ﬁgdf or a
cwggoun formul a 1), ere PG s can be

ﬁﬁé‘h@fﬁmdﬂf?'eﬁéﬁ C@F“"&msa?t%{q‘k(ﬂ%%) sai d process

cmrka%an& 8t 51I tsryﬁmab@ﬁimdrHQwésmggz)l on of the nitro
ound of formula (V) as defined
. Urpi, et al. THL 31 74 9 (1990)

d) H. Chikashita et al., Synth. Commun., 17, 677 (1987)

e) R. Ballini, M. Petrini, Tetrahedron, 60, 1017 (2004), review

Thus, a compound of the formula (VIiI)

PG—O

'R

wherein R1 is as defined for a compound of formula (I) and PG is a hydroxyl protecting
group, or a salt thereof, is a valuable intermediate of the process of preparing renin inhibitors
such as aliskiren, in an efficient manner. Therefore such compounds also form an

embodiment of the invention.



above, when R5 is H or the O protected nitro conpound
of formula (VIl1) as defined above, when R5 is PG
wo ogettiesn4 wi t h t he al dehyde of fornmula (VII1) BGI/EP2008/053891
defi ned above. Preferably the reagents are the al dehyde
of formula (M11) and the nitrgconpound of fornula
(VI) to obtain a conpound of forrmula (1X) wherein R5
is H Aternatively the reagents are the al dehyde of

f ula (V.1 the O protected nitro conpound, of
The d@ffipd fUR neEPG b aaa RS RERGRITRH Bred. Grear Gotiag for compounds
of fonvhelaei(l) aRd as ebEsibedtabbed fedpachivdRCs Thus, Rds pesi@abldsapropyl. PG is
fo[) |la (1 X) are preferably the sane so that they can
prefg/a &éﬁﬁ% din asingle step. Preferably PGis in this
case benzyl. Depending on the nature of the reagents
Ao ativall T fmesint ariiia (VI Gartpe repareeitayusiion Hgrde compound
of fop@® (XNY 8 rdettingadtrherapide, toGodn tﬁéﬂcayreatbﬁqdaﬁg fiitrile or fdorrlnula (XIV)
r e nitro-aldo

i sppropyl .. The reaction conditions f

and (?‘ﬁ‘%\"??x‘? B'H:t[? f%?P%@Péh%'PPhW&QM%’m% W-the literature
and conditions and catal ysts as outlined in the
following literature procedures can be adopted: Sone

Thus, i @padfarred fupthen@hBbdid@hBdithé fvéntnd BOSRtRs ddnprises as a
zzi 0, Tetrahedron,

Ni tro-Al dol .r tions: 1.) F. A Lu
furtngh te8 6 26,25 Tchighe) Sijassis e Fratfss [P SPAInGE COBRORY formula
(XIv@l ., Tetrahedron: Asym 17, 3315 (2006); general
review asym Henry 3.) K Nagasawa et al., Adv. Synth.
Catal ., 347, 1643 ( ; organocatal ytic 4.) H
H enstra et al., Ang. em, Int. Ed., 45, 929 (2006);
organocatal ytic 5.) Y. qet al., Chem Eur. J.,
J2, 466 (2006); organocat gl . NnHenry 6.) H.
Maheswara et al., Chem Rfmun., 40 2006) ;
Cu-l1l-sparteine catalyst 7.) K Nagasawa et al., Eur.
' )o id | Y
et @ 3308 G TR GFRLOFIA L 5 B domon
of formlg £YH), paa isplt thergaf - saihprecgss comprising reacting a compound of formula

(X1

PG—O

k‘Ax
R1 )

wherein R1 is as defined for a compound of formula (I) and PG is as defined for a compound
of formula (VIl) and X is a halogen, or a salt thereof, with a source of CN™ to convert the

chloride functionality to a nitrile functionality.

Compounds of formula (XIII) can be prepared following the procedures as disclosed e.g. in
Helv. Chim. Acta, 86, (8) 2848 (2003).

X is a halogen such as chlorine, bromine or iodine, preferably chlorine.

The substitution of a halogen to a nitrile is well known to a person skilled in the art and is
described e.g. in Organikum, 20" ed, Wiley VCH, p. 245-247, and literature cited therein.

The substitution typically takes place in the presence of a CN™ source selected from metal



9.) B. Trost et al., Og. Lett., 4, 2621 (2002); Zn -

Li gand catalyst 10.) D. Evans et al., J.A C S., 125,
wa2@821982003) ; Cu- BOX-Ligand catalyst 11.) C Rel/BP0%053891

al ., Angew. Chem, 117, 3949 (2005); Zn-NME-Li gand

catal yst For the enanti osel ect2ve and

di ast ereosel ective nitro-al dol reaction of a conpound

of formula (M) or (VIl1) with a conpound of fornula

cvarlgiés b exatips el ECH, CENTIEN G- ARgAGR n sfbeRt grarmpig of the

reag8ht ib&ngiN. 'Ef)esneennorﬂum!sma@esprefﬁrably i asine/ ssivent, h’rdﬁ@ﬁreferably in

omsg e Bt S lmeiarae G iRl Teteilpa it ahatne®

temgeeétermeehsaemso aéne u\hgasamwmtoeam(maenraebemm filne without

t res on .
e SRR R N S BTy BeS L e R b i ato -
to reﬂwarnaéfera‘bn'atﬂ 01 120° CTheore pmrasbry Qotth@omP T, 8ucH 8950 -90°C, for 1 h

to5 é\c f?équ F‘s? Brlj\}“ng?tr‘lfré%(%ﬁf% Wn: tnr g?gleggl 2? egeﬂt i on

Thus, a corrpound of the formula (I X)wherein both Rl's
are t he same or different fromeach other and are

dr oge h as C2- 7al kyl,
Thug] 8‘8> B%Pﬁgp Lﬂ%@w in particular Cl-7alkyl,

such as C2-7al kyI ';;:3 %:ycl oal kyl or benzyl; R5 is
hydr ogen or PG PG S hydr oxyl protecting group and
wher eby both PCs can be\th ame or different; or a
salt thereof, is a valuabfe i r medi at e of the
process of preparing renig,inhi bNt ors such as
aliskiren, in an efficient nanner. PH¥}efore such

conmpounds al so_form an enbodi ment of the invention. _
whergHER & i5rS S8R Lo RofonRPOLINg R TopiBLIS (NANdATGhis @ Redlroxyl protecting

grou?r&fﬁﬁfﬁﬁer‘éﬁﬁ% a 2410218 irfl&ihidiRie bPtheGRERRY %fj?re‘%rmg renin inhibitors
ornul ae (1) and as described above, respectivel

suchmas aliskipgm iny an ?ﬁr@p@trrggrpryaq 'g}]ﬁ;ef@m,fuch@mp@unds also form an

embodiment of the invention.

The definitions for R1 and PG, including the preferred ones, are as defined for compounds
of formulae (I) and as described above, respectively. Thus, R1 is preferably isopropyl. PG is
preferably benzyl.

Moreover, in a preferred further embodiment of the invention, this synthesis comprises as a
further step or as an individual synthesis the process for preparing a compound of formula
(VIID,

PG—O
Yw
Rt 0 (v

wherein R1 is as defined for a compound of formula (I) and PG is as defined for a compound

of formula (VI1), or a salt thereof, said process reduction of the nitrile functionality of a



preferably benzyl. It is also preferred that both Rl's

are the sane. It is also preferred that if both PG s
wae@sptssent they are the same. Mst pref er abl PCT/RB2008/053891

hydrogen. The conpounds of formula (IX) have

preferably the structure of foyqula (IXa) wherein the

definitions for R1 and PG including the preferred

ones, are as defined herein. The stereo sel ectivity at

t he h ction can be contr
compe Tl VLSS et et S WA o
aldehydegfundtiohglity. ef erences. In a preferred further
enbodi ment of the invention, this synthesis conprises
as a further step or as an individual synthesis the

rocess for epari nd of fornula . . .
The fediicligiiofea mtr it AHaIOghyp & WRLKROLLO PIFeR Srillsshin thespst and is
desoﬁﬁédﬂe@t rreroag“uﬂnmﬁera@trsd@‘zu re2d¢ (fi 959)aJ ORIEPRLORefstry, 46, 5250

nd Act ivatin rou sel ect’ed
(oot PRTH tdratebins Thtre el 3088k, T rishtbe bibighliy faker pisce in the
prestR@edfHRrH WoliiteNefeRterain ﬁwm@aroe exémpla DIBAH. thsreRefed example

sai d proce cQnpri si.n enatjon of the nitro
of 1 GHRAERLRATIBAY ey RECtED AR RS STAR & 20y IRg"L sovent, more
prefdidSly AOGBRAbIoRTEthAH ﬁé&dn)é h&itase, Ry a6ikexahe tdiGerdr &S%Qﬁ/dﬂffuran or
a cat al éSt sel ected froma heter o%eneous cat al yst or

mixtygRghReS U Ehe Fashion time and theylemperdiinestin choger so 3t b”“Q the
reacwreroaroamemoa daetrﬁrhmgmm m@swmahatlhu%rodua@ﬂ@ﬂ lﬁﬁva(hfed 41€e products.

i.ncl ude Raney ni ckel | adi u &g%

Tvp'%aﬂasrth C%orb%%rhrey%qrrductﬁparéo o raféux are&%r@hw § “Grmore
prefdthiBly LABOTES Auckh s A€, C 1fHI03h MR tol 3k RefekEB2N fhif {018 h, most

oxj de, nore preferably Raney nickel, palladiun C
pref‘-’ﬂ?%ﬂ’?ﬁhm metal or platinumnetal oxide, nost

preferably palladi um C or Raney nickel. The catal yst
As riehtipreaf [eafedel theld@shytia opforalRUNII & a dtaftthgdR&terialbethe nitro-aldol

referably 5 to 10% The reaction can be conducted at
reacil’hospheric or el evated pressure, such as a pressure

of 2-10 bar, e.g. 5 bar, nore preferably the reaction

i s conducted at at rmspheri C pressure. The

hydr ogenati on takes place preferably in an inert
Thuss i & ereferreddiuether erhiesdidabyt of thé mt/emrmyrdmw‘ syht‘:m:s&rcomprrses asa

toluene. Also.suitable are protic .solvents, suc
fortns 86 B 25 & el At Ses BelPraiist 10 Grerahg i CHOTAYP of formuia
(IX),These sol vents may be used in the presence of water.

The reaction tinme and the

O—R5 OH R1

0—PG

wherein both R1's are the same or different from each other and are as defined for a
compound of formula (1), R5 is hydrogen or PG, and PG is as defined for a compound of
formula (VIl), whereby both PG’s can be the same or different, or a salt thereof, said process
comprising a nitro-aldol (Henry) reaction of the nitro compound of formula (VI) as defined
above, when RS is H, or the O-protected nitro compound of formula (VIl) as defined above,
when R5 is PG, together with the aldehyde of formula (VIIl) as defined above.



tenperature are chosen so as to bring the reaction to
conpletion at a mnimumtinme wthout the production of
W@ RWan1msH si de products. Typically the reacti oPCTEP200%053891

conducted at 0 Cto reflux, preferably 0 to 60 C,

such as 0 to 40 C, nore preferaply 15 -30 C, such as

roomtenperature, for 10 min to 12 h , preferably 20

rrin to 6 h , nost preferably 30 mMnto 4 h, such as 1
referred froman economc

or 6 to 12
Pref@tagwdﬁ% Ferapls ais theaoghye gw%?swaﬁmwntrﬁ qofpound of formula
(V1) fcﬁél%lh%rbo‘h%dlﬂ& eeformRIN B Atereih lREJ i§ Fpr/@fe@rﬁaftﬁglytth@FeabEﬁts are the

protectin og%groug PG i s conducted
a'deemfc%fpw \{)'D il the QrRraireteg RitreveaPPEng pifopnga d¥t) tagbtain a

comﬁé@tbo&f%rnﬁﬂ% AKPWREIRLRS & PG Oh&eby b&ﬁWé lngthgléeﬁmound of formula
Al ternatively, the rotectlng gr oup PG can

(IX) P%@f@aabo%th& saglesoaihat ey pambe f@m\@@sn wmglw@wr.eferably PGis
in thish@s@bknand as descrl bed herein, in parti cuI ar the
l[iterature references cited in the sectlon General
rocess conditions"” below in connection
Depglp

deeen thegrairsghine reageniy ehiormrigekyh Pbk\{)l) and (VIIl) used, the R1’s

can bé/fHe dpabi ditferf8R PRaferablyl thel)'afd Blef hd érﬁ%@&bf%@@ "h@F@n‘P e.g. they
standpoint to use as few steps as possible in

are l?‘é%tstopfﬂ?y%equence Therefore, it is preferred that t he
i ntroduction of the activating group Act is conducted

concomtantly. This can be achieved using the
The rga@t@ﬁt cor’glt@ns der éh%@pt(peﬂgologHQ%y)S@ag arg Nveflgocumented in the

literANEr HeEELMGItiBRs bRAChiaRRts Ji‘bé‘fthhéd PAthE IfSlloMARd WMerature procedures can
appropriate if Act is an al koxy carbonyl dgroup so as

be agePtedr m together with N, a carbamate, where the
correspondi ng al koxy carbonyl anhydride, e.g. BOC
anhydri de, can be present in the hydrogenation

Some8itstbiufdfoR hidia rcaf%ﬂ@b %@%datélﬁlc' N’ltr@fAldJ‘ € ES -
eactl on condition escri1 bed
bell ol Aak¢%HN JFV@%?C&W” tﬂegﬁ 86@ @Q@ﬂ e ' an be 9PRGAJBYEY

| N23 Ns €N BaniLetH. CPetbahedrd AdgmWeT 1334 B @xaD6) N IgeRerl feview. asym.
anahe descri bed herein, in particular the |i terat ure

TSR A B e B R e B S8 e
gr ayph Hidrostrd et CAng MChenitl e, Edingg, ioopabadey; o'?@ér%catalytlc
CXRTH) ok DL e 0 530%04 PG, "3 g gty
WoB K $. Mahebwaa el al.,FChéM. (Mitﬂ‘ﬁua,, 4068 @0ve);i ve Cuoldparteine catalyst
7.) K. Nagasawa et al., Eur. J. Org. Chem., 2894 (2006); organocatalytic (high syn)
8.) M. Shibasaki et al., Chem. Rev., 102, 2187-2209 (2002); La-Li-BINOL- catalyst
9.) B. Trost et al., Org. Lett., 4, 2621 (2002), Zn - Ligand catalyst
10.) D. Evans et al., J.A.C.S., 125, 12692 (2003); Cu-BOX-Ligand catalyst
11.) C. Palomo et al., Angew. Chem., 117, 3949 (2005); Zn-NME-Ligand catalyst

For the enantioselective and diastereoselective nitro-aldol reaction of a compound of formula
(V1) or (V) with a compound of formula (VIlI), different catalysts can be used, either
organocatalysts or chiral metal ligand complexes, e.g. Shibasaki system, Evans system or
Trost system [ see cited literature in references 1.), 2.) and 5.) ]. As a preferred catalyst the
Shibasaki system (see reference 8) or the Nagasawa system (see reference 7) can be



in Oganic Chemstry", Plenum Press, London and New
York 1973, in T. W Geene and P. G M Wits,
WO Rostiesso4 ve G oups in Organi c Synthesis", ThiPOI/EP2008/053891
edition, Wley, New York 1999, in "The Peptides"”;
Volume 3 (editors: E. Goss ammgJ . Meienhofer),
Academ ¢ Press, London and New York 1981 , in
" Met hoden der organischen Cheni e" (N@thods of Organic

Chem str Houben W ion . .
emo G5 LS et B FRg: 1 Pl ToALRM. InF s Al nachiral
aminanfbr kixadpleGpkeeihe. " Ami nosaur en, Peptide, Proteine"

(Am no aci ds, Peptides, Proteins), Verl ag Cheni e,

Wei nheim Deerfield Beach, and Basel 1982, and in

Jochen Lehmann, "Chenie der Kohlenhydrate

e KBRS BIEL A b Mt bebe I ALY Of SR g

Thi eme Verlag, Stuttgart 1974, in partlcular in the
oHel evant chapters thereof. In paPG-<€0l ar when Act is
an al koxy carbonyl pgrotd¢Ros0 as to form together with
rbamate, the reaction is prefe y~conduct ed
er Basic conditions. The base can bqg use
stran chiNdpret rical Iy or catalytically. SRt abNe¢ bases (V)
(V) i ncl@de P ganic or inorganic bases, prefe?PablyP organic
bases, nore preferably a nitrogen base yet nore
p eferably a tertiary nitrogen base. anpl/es of the
teytiary nitrogen base include triethylammne,
di i\sopr opyl etP®+8@Qm ne, DBU, TMEDA and tri gret hyl am ne.
can be used|as a catalyst. The feact/on can be
conducted in any ablye s oIventNe referably a pol ar
sol vient such as an gthyl acetate or/isopfopyl acetate,
an ether, such as R or (XBME, an gl cohgl, such as
nmet hapol , et hanol or gsopropanol al ogenat ed
sol veNt, noreggprgferably THF, et chl oride or

I sopr opyl acetat The reaction tynme and the

t enper ature are so as tobrfing t/he reaction to
conpletion at a m wi t hout fhe production of
unwant eyl si de prod icallly thg reaction can be

conducted at 0 Cto refgx pr feraply 0 to 60 C,

nore preferably 15 -5¢ 45 C, for 10
mnto 36§ h, prefPerablfy 3 h to 24 h/ nost preferably 6
such as 1P - 17 h.

R1T 0 =
/ (Vi)

Nitro-Aldol

Nitro-Aldol

O0—R5 OH R1
0—PG
R1 _.N.
o o RS = H (if (VI) is used
(IX) RS = PG if (VIl) is used

Scheme 2: Overview of routes to nitro-aldol reaction

Thus, a compound of the formula (IX)



Most preferably, the conmpound of formula (X) is
obtai ned in a one-pot synthesis froma conpound of
WO 2008104 | X) usi ng hydrogenation in the presePCEERI008/053891
(Act) 20, such as (Boc)20O. Thus, a conpound of the
formula (X) wherein both Rl's. @ye the sane or
different fromeach other and are hydrogen, G -7al kyl,
such as C2- 7al kyl, C3 8cyc|oalky| or benzyl, in
particul ar Cl-?alk : 8h asg C2- 7al kyl ,
C3- 8cycl oal kyl Yor enzyl Han ct is an activating
group sel ected rot ggtipgg group, in
particul ar one t N forms a carbanat e;
or a salt thereoff is val uabl e internedi ate of the
process of preparBh hn inhibitors such as
aliskiren, in an efgﬂc|ent manner. TherefléYe such
compounds al so form an enbodi nent of the invention.
Wheﬁﬁb definitions for R 1 and Act, including the
eferred ones, are as defined for compound
b°thf%1r hileshe pgme-ppdiferaat romseachathar apdyare )615%?51/ |C1 73lkyl, uch as C,.
alkyPr &l 8RRy | of tehsyl RaAPRNr C, L&k h&dl@LalRylt ©X¥ycloalkyl or
A o e ereyl, Iaiamuier 6Fef)2?fd(§d%?h%tabg o igatky
benzyte the same. The conpounds of fornula (X) have
referably the structure of fornmula (Xa)ln a preferred
R5'$UWFW¥W ffodi nent of the invention, this synthesis
conprises as a further step or as_an individual _
PG @9%{4@&'@?‘&@“%@@5& ang w.he%bé PRI g s£ap hegbareameer different;
n Rl and Act are as defined above

or a gt ey s ?H@iﬁgefé e lile 66 ShecPTEeRes Al SToRgriss feath [Npitors such

as alkirg@tih an efficidni aBhérMah¥refdre @6 SorBpounde akRTBMY BA effbodiment of
formul a (X) as defined above to effect double ring

the igYesdiBfe into the lactone |actam The sel ective
oxi dation of the primary al cohol preferably takes
pl ace under conditions so as to keep the other

The fdﬁmﬂﬁdr@rfai Ruif8 PG, maeglﬁgltmle; pt@erirr]é& %ﬁ‘és ardaP definedUor compounds
the s ary o] ut als e_Act

of folEiaR ) g1 g HeSERPHPYS reahiactle BN RS 1 AEEghigssomropyl. PG is

preférablg bbbyl y 1ta§ alsbreferred that both R1’s are the same. It is also preferred that if

both PG's are present they are the same. Most preferably, R5 is hydrogen.

The compounds of formula (IX) have preferably the structure of formula (1Xa)

OH OH R1
WO—PG
R1 __.N.
o 0 (1Xa)

wherein the definitions for R1 and PG, including the preferred ones, are as defined herein.
The stereo selectivity at the hydroxyl function can be controlled by using the appropriate

catalyst as described in the above literature references.

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

or as an individual synthesis the process for preparing a compound of formula (X),



secondary al cohol Such a reaction is well known to a
person skilled in the art and is described e.g. in S
wQ.2008/188M hesi s, 639, (1994) and K H. Al t mann, POBEP2008/053891

Lett., 34, 7721 (1993). Suitable oxidants are mld

oxi dants that avoid over-oxidaggon, in particular mld
oxi dative systems using a catalyst are preferred. Such

a systemis e.g. N-nethyl norpholine N oxide (oxidant)
together with teE;apropyI nmoni um perrut henat e ( TPAP)

as the catal yst. is pre Brr that the oxidant is
used in excess t nvepsl on rates. The
catal yst is typicalYy e y i n~~an anount of 1 to 20

nmol % such as 5 to Due to the position of the

am ne and the secondary ‘ghol in the nol ecul e,

spontaneous cyclization to formthe | act®m and the
actone, respectively, occurs. The cyclization is in

Wher@awcrth Riisaredie semeer diffagnbisemiassh ofier eRaere andefinedder a

comb&%a\/@tf@fmﬂ@(m‘éﬂd A is) atclﬂﬁatfriggcﬁo&d Ssiédtéd fr§mer?§rﬁﬁ16%‘F{otectmg
drive the equilibriumtowar | actone | act am

groumﬂe nagw{?épn%fhakéﬁgéiheé Mh%f%ﬁua&ﬁé@wemq sairtbereof, gaid

procés%r@ﬁ@erWéﬁéN&’thé Eltrroq{xhé{?bnﬁﬂi]‘ df lthb%ﬁnp%ﬁﬁd BERMmula (IX).
or in general by placing nolecular sieves inth

reaction mxture.A s an alternative route to the

HydregEmRisAd légllyftéld'emﬂa%e(n‘l iheBtbserice!dr altatdlit t88cted from a
o

nitro-al proach, the aldehyde conpound of fornua
hete(oalen?quwlb% OF é@@ﬂ@semq% @Ay rpeseeViiksopiseatalyst, preferably

a heltY6ep@snatatanstaBdarpes 8t thebatalf¥fhclddB FarBY BicREN BSlladium/C,
furt her enbodi nent of the invention, this synthesis

Pd (%w&??rm ngatalysty nigkel b%rtd@pplatmtag mgialion @lafingmanetal oxide,

rhodﬁﬁ‘rﬂtrblﬂéhlﬁmtd?ﬂ IHOSESS nidhé IpFEf@rBny' Rihed n?dRQPBHI% LQIfI/C platinum
formula (XVI), wherein R1's are the sane

metadof platirine rffe\taimxgacmoattmefﬁr%hwpalaé'uagcd%ﬁanewnmbﬂ dhe catalyst is
prefé‘rQBlp‘QH&ﬂmoécn A6 loR1 &4 QO%R%o're,Sp@?é?’!all\ﬂ/YIS to 306 FfRé r%a@tﬁnn can be

defined for a conpound of fornula , or a sal

condugiedab ptmaespharigproRiewied Bipssirs| wha?sm megsuae @be- 1p+h@ﬁr §). 5 bar,
mord SrRErh tHf reb&RNNS ESRYLERIIPA WA SIhetie bratkarel ¥k HydkaS¥hation
takes place preferably in an inert solvent, more preferably in tetrahydrofuran or toluene. Also
suitable are protic solvents, such as alcohol, e.g. ethanol or methanol, or ethyl acetate.
These solvents may be used in the presence of water. The reaction time and the
temperature are chosen so as to bring the reaction to completion at a minimum time without
the production of unwanted side products. Typically the reaction can be conducted at0 ° C
to reflux, preferably O to 60° C, such as 0 to 40° C, more preferably 15 -30 ° C, such as room
temperature, for 10 min to 12 h, preferably 20 min to 6 h, most preferably 30 min to 4 h,
suchas 1to3hor6to12h.

It is preferred from an economic standpoint to use as few steps as possible in the reaction
sequence. Therefore, it is preferred that the removal of the protecting group(s) PG is
conducted concomitantly. This can be achieved if the protecting group(s) PG are selected
from e.g. benzyl groups. Alternatively, the protecting group(s) PG can be removed as a
separate step by methods well known in the art and as described herein, in particular the
literature references cited in the section “General process conditions” below in connection

with protecting groups, to reveal the hydroxyl functionality.



wherein R8 is Ctalkyl, R 1 is as defined for a
conpound of formula (1V) and PG is a hydroxyl
wWpe@satIs)yg group, or a salt thereof, togetherP@i/EP200$1¢53891
al dehyde of forrmula (VII1) as defined above. Conpounds
of formula (XV) are commerci aldg/- avail able or can be
prepared by nethods known to the person skilled in the
art. Preferably, R8 is d*alkyl, in particular nethyl
or. eth ecifica thyl. R1is dr.ogen .
Agaif it §gisired B e Ectnathi Taipdinu o e 55 FRUEHEET B4 pagsivte in the
reacfidn Jerjueyite. dhehsfohieoy %’prefeﬁeﬁ&lﬁétitlﬁelln&bdthbtldh @@ e. aclitidting group Act

s cOPGuRF ConROmIANG T33P, S IEUBS SRUSO 1reag ek rgtya solvent or

co- sélOéntCmmﬁ)@HWiSQéﬁatlf)ﬁ)féﬁdzhﬁe This ls?iaﬁlcgférlﬁﬁﬁﬁrbblbﬁé ifk®Veean alkoxy
refera
] Wﬁ

carbB?)apeCt Lﬁ\é)e/als)égﬁgrm ?qqgii\ @\tl}ﬁ)@ncq{ age %Xorrespondmg alkoxy
carbama lapgyiige t ?g]tc BOCAMAFdite) ¢ar Bﬁ pf&énghg\@gﬁjﬁ@d@kh@rﬁl réiction either
S O or mu as.descri bed above
StolcHATRUAD B eGS0 Raal o ROIO0H Gehe e comerée desanibed below
the sane or different fromeach other and are

AIterBét[l\ﬁ?yg &eaqroFR/éPto'ifyé‘rPeo'Ptrﬂd uc?gprp(%aslep%gtqoée;ggg% od.s wed known in
the drBarftl d/@Hselydd IEreine Mt pargbuldT dhedlite Ritura ré@féncé@@ife@ﬂﬁ thé Section
a val uabl e i ternggl ate of the process of preparing

“GenegaliPROGRRFRITLANS  BEIEH eonects W profastinn olsps clogtptect the

amlrféEfDﬁ@bnalT%eF@%@xﬁn@l&tﬁns%ﬁV&ﬁi&ﬂ%r@de‘é@s ﬁﬁdéﬂs@d’hdard conditions and
i ment of the invention. The definitions fo

R1
as dgg5 Rl BaI ARG AR WBS! YOG briol. Ntimiss Protective Groups

in Or@@ﬁic@@n‘fnﬁfy" CRIERGH rwdéssotofﬁdzfnraﬂdaeevc lhbriedur 3am ﬂeﬂcer&fad and P.
ectjvel Thu IS preferab y hydr

G. MoM? tgoﬁf% ve Geyi m&f@?@ﬁ MWB@ yird efition.SVigys New York 1999,
in "TRE Skplidead \Idhahe BQbMitdrd:'E5 Grb&s AMEJ. Meienhofer), Academic Press, London

and New York 1981, in "Methoden der organischen Chemie" (Methods of Organic
Chemistry), Houben Weyl, 4th edition, Volume 15/l, Georg Thieme Verlag, Stuttgart 1974, in
H.-D. Jakubke and H. Jeschkeit, "Aminosauren, Peptide, Proteine" (Amino acids, Peptides,
Proteins), Verlag Chemie, Weinheim, Deerfield Beach, and Basel 1982, and in Jochen
Lehmann, "Chemie der Kohlenhydrate: Monosaccharide und Derivate" (Chemistry of Carbo-
hydrates: Monosaccharides and Derivatives), Georg Thieme Verlag, Stuttgart 1974, in

particular in the relevant chapters thereof.

In particular when Act is an alkoxy carbonyl group so as to form, together with N, a
carbamate, the reaction is preferably conducted under basic conditions. The base can be
used stoichiometrically or catalytically. Suitable bases include organic or inorganic bases,
preferably organic bases, more preferably a nitrogen base, yet more preferably a tertiary
nitrogen base. Examples of the tertiary nitrogen base include triethylamine,
diisopropylethylamine, DBU, TMEDA and trimethylamine. DMAP can be used as a catalyst.
The reaction can be conducted in any suitable solvent, preferably a polar solvent such as an
ethyl acetate or isopropyl acetate, an ether, such as THF or TBME, an alcohol, such as
methanol, ethanol or isopropanol, or a halogenated solvent, more preferably THF, methylene

chloride or isopropyl acetate. The reaction time and the temperature are chosen so as to



same. Alternatively, one is hydrogen and the other is
i sopropyl. Most preferably, R8 is nethyl. The
weorspowsas of formula (XVI) have preferably theCT/EP2008/053891
structure of formula (XVla) wherein the definitions
for R 1, R8 and PG including.she preferred ones, are
as defined herein. The stereo selectivity at the
hydroxyl function can be controlled by using the

riate catalyst as.described. in the a
oring PP 5PaS PR RBLNT BT TV UBY P e BRI HRf pgicton of unwanted side
prodesisodiypealy thé rédvtioh Baebé tomductdd & CSYOtMRSIUSE, &emblﬁe% 60° C,

e r as.a di_vi dual sy thesi s t
mord BBt 15507 Ep Qi 20 S qurdr B DL AP 3 h o 24 .
most\befehisly Boith 28Vs satiead he-game or different from each
ot her and are as defined for a conpound of fornula
(I) or a salt thereof, said process conprising
dro enatlon of the nitro functionality of the
MOS&%G% % 8¢ cemPaNdf focnya gfds PPtﬁlj‘eél"b% QPe-Pobsyihesis frem a
combp8@ieeTforp@ilsl(IR} QSRS Rydr6§ERRtibA ifiBie PPesn6d BF@(&)E@”§chas (Boc),0.
separate step the renoval of the protecting group
to reveal the hydroxyl functionality. Upon
ydr o enatl n of the nitro functionality of the
Th“%éﬂﬁwg ﬁ@ﬁﬁﬂ?ﬁ?(‘hﬂ) ring closure to formthe
Iactan1typ|cally occurs spontaneously. The reaction

formula (X) as des is preferred from

an econom c standpd nt tlo use as few steps as possible

in the reaction sedﬂenag\\(gerefore it is preferred

that the removal of the protecting groufXPGin a

compound of formula (XVlI) is conducted concomtantly.
Whergi) s can be achieved if the protecting group(s) PG are

sel ected frome. benzyl groups. Alternativel PG
bothl%ﬁ ‘basihe Samﬁ@rﬁ%ﬁw fPBRathtatiens and ace h!ﬁ@g%r&b@kw such as C,.
7alky¢ thqamc%ﬂ(y%r SR A AR S, . dIRA, é&ﬁ%‘s'@zr}alﬁﬂnék Idy@BSikyl or
the hydrogenation to remove PG = benzy
em%héﬂ@gous to the ones provided for the preparatlon of
onpounds of forrmula (X) as descri bed above,

Act |map@,cwﬁtlpggr%pp sejeted from an amino protecting group, in particular one that

together with N forms a carbamate;

or a salt thereof, is a valuable intermediate of the process of preparing renin inhibitors such
as aliskiren, in an efficient manner. Therefore such compounds also form an embodiment of

the invention.

The definitions for R1 and Act, including the preferred ones, are as defined for compounds
of formula (I). Thus, R1 is preferably isopropyl. Act is preferably alkoxy carbonyl, in
particular butoxy carbonyl (BOC). It is also preferred that both R1's are the same.

The compounds of formula (X) have preferably the structure of formula (Xa)



protecting group PG in particular if other than

benzyl, can be renoved as a separate step by nethods
waweds/1kasown in the art and as descri bed her ei nPCT/RP2008/053891

particular the literature references cited in the

section "General process condigg.ons” below in

connection with protecting groups, to reveal the

hydroxyl functionality. Thus, a conpound of the

formula (XVII), rein bo are the sane or
di fferent fron1gg§h otherbgnd fe

hydr ogen, Ci-7al kyl,

kyl o benzyl; or a
salt thereof, is ayval ' diate of the
process of prepari in inhibitors such as
aliskiren, in an e Nhedranner. Therefore such
conpounds al so form an enbodi nent of t H&a) nvent i on.
The definitions for RL, including the preferred ones,
are as defined for compounds of formula (I). Thus, R 1
is preferably hydrogen or isopropyl. It is also

Ina mw‘r%rfemnérlwibdaﬁﬁéhtlaﬁrfe lﬁsféhtlbheth%mh%ls @B@pliSes as a further step
%} Hggen and the other is_ isop The cogjpounds of
or an

gUphyineSR A0 PigeationBIepar o SoTReYT & oFmas ()
formula (XVila), (XVlla) In a preferred further

enbodi nent of the iﬁVeﬁt'on tgi s _synthesis conprises
as a further step or a$ amindivifdual synthesis the
process for preparing ownnd lof formula (XVIiIl),

(XVI1l)wherein R1 afe a deflned”ﬂpove or a salt
t hereof, said process coumprising sel ﬁ tive oxidation
of the primary al cohol of the conpou of formula

wher@ﬁ\ﬂ1 gn@ﬁctdé?% 0 iR t?ovtaooreéc £4 t‘heféoﬂ Gafd LS do CF H‘P:‘f’ising

actone | actam t erhative Y, e conpoun
selectige myibatiqafitne primary gieabiplsraiiihe/ cameowd of firmuld (Qwisiwigfined above

to e@k(&%‘i{ﬁ%cl&%r@ﬂﬁo m@ng&b{f?ﬁg tapjret hods to obtain a C8

'act am one conpoun romula (XVII1) provide
conmpounds havi ng one of the follow ng structures:

The selective oxidation of the primary alcohol preferably takes place under conditions so as

to keep the other functionalities on the molecule intact, in particular the secondary alcohol
but also the Act group. Selectivity is generally achieved due to the lower reactivity of the
secondary alcohol Such a reaction is well known to a person skilled in the art and is
described e.g. in S. Ley, Synthesis, 639, (1994) and K.H. Altmann, Tet. Lett., 34, 7721
(1993). Suitable oxidants are mild oxidants that avoid over-oxidation, in particular mild
oxidative systems using a catalyst are preferred. Such a system is e.g. N-methyl morpholine
N-oxide (oxidant) together with tetrapropyl ammonium perruthenate (TPAP) as the catalyst.
It is preferred that the oxidant is used in excess to ensure good conversion rates. The
catalyst is typically employed in an amount of 1 to 20 mol%, such as 5 to 10 mol%. Due to
the position of the amine and the secondary alcohol in the molecule, spontaneous cyclization
to form the lactam and the lactone, respectively, occurs. The cyclization is in equilibrium
with the ring opening, so that removal of the water formed during the ring closure is
preferred to drive the equilibrium towards the lactone lactam. The removal of water can be
achieved by entrapment in a Dean Stark apparatus, if reflux conditions are used, or in

general by placing molecular sieves in the reaction mixture.



(XVITTA) or (XVIIIB) wherein Act is an activating

group selected froman am no protecting group, in
w@a0siicashar one that together with N forns a CRCTERPWIE053891

I n anot her enbodi nent, nethods to obtain a C-8 | actam

| act one conmpound of forrmula (X411) provide conpounds

havi ng one of the followi ng structures: (XVIIIC) o r

(XVI1IDwherein R 1 is hydrogen, d.yalkyl,

C3..8 | oal k r benzyl, a Act | n.activatin
As DR Butle P sAT BRIt o Ll 3T is g Be' ifo-aicol
appioach,itee hidehyateeconpaiund opfrmes (\Wil; tarl\bd adRdawithed hiavaster followed
t her ..embodi nent, nethods to obtain a C8

b hIn stiItJ ang g
y hydiepenation @nd R&19atihound of formula (XVII1) provide
conmpounds havi ng one of the follow ng structures:
(XMITTE) or (XVIIIF) wherein R 1 is hydrogen,
Thuglr&l_bbyéfgrré&f@myéﬁémail)dﬁmbngcﬁfftb@ mE¥htiot) thi§inthesisiddmprises as a
actjvatin r oy el ecte rom an am no protectin
furtref §{6R 0 R g VA SITTGRRE 1R AT DR RTIEPPAINHR SeTFRALAG of formuia
(XVigar bamat e. These conpounds (XVIIITA XVIIIB, XVIIIC,
XVITID, XVIIIE and XVI11F) are al so enbodi nents of the
present inventi@l. Upon ogHdatron of the primary
al cohol of the npound of forfrula (XVLI) ring closure
to formthe | j ® _Eﬁont aneousl y.
The reaction gondigiong for the oxidation are
anal ogous to R&e mles,m:\ovi ded for the preparation of
conpounds of formul a®(1) @s descri bed aboyey)
I ntroduction of the group Act to obtain conpounds of

whetd€bdtR IR are(the s&A8 obgiffaeht RYRaRA olRPWAd iafe Ad8efMet for a

om0 A A ST R B s G

(VIVERDOA B8R Baid grobadsidofiprising lahifréL8Idel @enBy) #84ktion of the nitro
Exanpl es. Each of the above nentioned nmethod steps can
compeungsfdoimiia (AMual Iy in a nethod to prepare

N
I +

R8 R1 __.NJ
o) O (xv)
wherein R8 is Cq.7alkyl, R1 is as defined for a compound of formula (V) and PG is a hydroxyl
protecting group, or a salt thereof, together with the aldehyde of formula (VIil) as defined

above.

Compounds of formula (XV) are commercially available or can be prepared by methods

known to the person skilled in the art.

Preferably, R8 is Cysalkyl, in particular methyl or ethyl, specifically methyl. R1 is hydrogen,
Ci.7alkyl, Csscycloalkyl or benzyl, in particular C4.7alkyl or hydrogen, in particular hydrogen.

The definitions for R1 and PG in compound of formula (XVI), including the preferred ones,
are as defined for compounds of formulae (I) and as described above, respectively. Thus,

R1 is preferably isopropyl. PG is preferably benzyl.



renin inhibitors such as aliskiren. Preferably the

steps are used in conbination of one or nore, nost
wWpe@BatwM y all, to prepare renin inhibitors SRCHERX08/053891

aliskiren. Alactamlactone of fornula (1) can be

converted to aliskiren as descygbed, e.g. in

WO2007/ 045420, in particular in the clains and

Exanpl es. I n anot her errbodi rrent t he pr esent invention

relates to.a ocess r|n conmpound o )
The { Epfliha codifortingies, raleopud S5 By Aen i or B o0t dhp obfBaration of
compduride offdraukal ()X) a@ﬁiesanmlmeé., hydroxyl, G -
hal ogenal kyl , R7 is hal ogen, hydroxyl, G - 4al kyl or
Cral koxy, or a salt thereof, conprising one or nore of
Thus, BecohpolLembnge $éréfuta e(Miner individually or in any
conbi nation: the manufacture of a conpound of the
formula 1V as defi ned abawe, tRe nanufacture of a
conmpound of thel{formul a as fi ned above, the
manuf acture o f 8rmt®a VI as defined
above, the mahufagture |of a conpound of the fornula
VIl as definerB abaue, Nﬁe manuf acture of a conpound of
the formula Vi1l as @efired above, the ma pcture of
a compound of the formula | X as defined above, the
whergmnuf acture of a conpound of the fornula X as defi ned
above, and the manufacture of a conpound of the

both fmrsrmle ahagara@t;r BiffEreabRYR. ed¥R %&héa raaﬁ %F@W&o#&ﬁ 5 oM und

of fornu s ) is aliskiren. these different
BCYCIQ?'N('!%Q?%ZY&) BptigHar hysiress %'I?om?f‘ﬂat wi t h conmpounds of

L&rrrula (M), (V) and (M 11) but also (X) highly
Rs'ﬁ Bi¥Yant new compounds have been found that are

central interpediates to a nunber of possible
PG '%95‘@’ﬂ'8§¥'§r9t8‘if{”§§r8%e0| ally for the synt heS| s of renin

I bit rs such as alis ren Ther ef or e,
ora 5%{;'16 és avalughle injermadi P{,f péﬂrdaS(s\glf p{goan%ferg} iggibitors such

as al(sKirer0lin &n &flicient MahBsH Therefore blichaorhitRintis SKBHRS &% eBbliment of

the 'r\‘/veern onh| ghly preferred

The definitions for R1, R8 and PG, including the preferred ones, are as defined for
compounds of formulae (l) and as described above, respectively. Thus, R1 is preferably
hydrogen or isopropyl. PG is preferably benzyl. It is also preferred that both R1’s are the
same. Alternatively, one is hydrogen and the other is isopropyl. Most preferably, R8 is

methyl.

The compounds of formula (XVI) have preferably the structure of formula (XVla)

o 0 (XVla)

wherein the definitions for R1, R8 and PG, including the preferred ones, are as defined
herein. The stereo selectivity at the hydroxyl function can be controlled by using the

appropriate catalyst as described in the above literature references.



enbodi nents of the invention. Listed below are

definitions of various terns used to describe the
woensl1198 er nedi at es and synthesi s steps of thRCPERXE$1053891

i nvention. These definitions, either by replacing one,

nmore than one or all general eypressions or synbols

used in the present disclosure and thus yiel ding

preferred enbodi nents of the invention, preferably

apply to the terns as they are usedthroughout the

speci fication unless they are otherwwse limted in

ina Brpq Cl:egiefﬁrtléenrfﬁ}]n%no%iﬁe(n)e}l E}E rﬁégrgrg;:rv i%gsgpthser(s)'rgggwl%ngeasr%s g ffurther step
or ad atlingRldubBsyatHebisahd Piocess for Rparit® B oMpouhd offBEhLIEEXVII),

and possible, nore tines) carbon chain, and is

especially O C 7-al kyl, sggh g G C 4- aIkyI in

parti cul ar branched ocC 4 aI k ~such as isopropyl.

The term "l ower" or / a noiety with up

to and i ncl udi qg‘ [ , especially up to and

i ncl udi ng maxi mal | y 4 __Nwarbon atons, said noiety

bei ng branched (one gr nore times) or straight-chai ned

and bound via a termg nal or a non- teer h car bon.

Lower or CrC 7-al kyl, for exanple IS n(g)ntyl,

r e I

whe%&npti%?(&‘l%ya% él'ne rrg rﬁe PP&rffFrll:e%F ﬁ& aXh é:{l']epagcé % so%e/f‘n,ed fora
compe undit of Iformue!ob)ubyh ,sal$ ﬂ'cerdmft §dld ptoee$s Eonbprising hydrogenation of the

nrtroeuﬁchrf) t)?? g%%?i(/’rlpeungote :}ny t'i/"f] @E\ﬂi%{rd E) uqs glpgur%g¥ #drm the lactam, said

procpsafcennpﬂslng as iasonqmrmpgrit or gedaydte stepfthe aérhgvdh afstharprd;tectﬁ@ group
rbo at.o he preferably C C 7-al kyl. Al kyl
PG to? etaptg ro&%’ P'H&'&ng' Y'br anched (one or, if desired

and p035| bl e, rmre tinmes). Very preferred is nmethyl.

Upom&&'og agr?rlw %E@E 9 gﬁf!?er l#tli%?ogﬁpodugﬁ ?o[gr?%!ab rr‘i;p(g);rclosure

to folmlthee Iestanetlyprcaﬁyeﬁ:purtsrapsntaaeowm;anTltdmbctnmecomrditims tor the

hydr%,[%ﬁr%tralrJ iﬁ%@? ggrc?vltjcfe{gﬁ ﬁw&@erqeﬂsl? ion’ of cb%‘pohrtr]ds of
formilaZXyas Hermnbedi bgbveor 2, 2,2- trifluoroethyl.
Hal ogenal kyl may be linear or branched and preferably

conprise 1 to 4 C atons, especially
It is preferred from an economic standpoint to use as few steps as possible in the reactron

sequence. Therefore, it is preferred that the removal of the protecting group PG in a
compound of formula (XVI) is conducted concomitantly. This can be achieved if the
protecting group(s) PG are selected from e.g. benzyl groups. Alternatively, if PG is benzyi,
the two hydrogenation reactions can be conducted as separate steps. The reaction
conditions for the hydrogenation to remove PG = benzyl are analogous to the ones provided
for the preparation of compounds of formula (X) as described above. Alternatively, the
protecting group PG, in particular if other than benzyl, can be removed as a separate step by
methods well known in the art and as described herein, in particular the literature references
cited in the section “General process conditions” below in connection with protecting groups,

to reveal the hydroxyl functionality.

Thus, a compound of the formula (XVII),



1 or 2 C atons. Exanples are fluoronethyl,
di fl uoronethyl, trifluoronethyl, chloronethyl,
walr@biiosedret hyl , trichl oronethyl, 2-chl oroet hyPCHRB2008/053891
2,2,2-trifluoroethyl. Branched al kyl preferably
conprises 3 to 6 C atons. Examples are i-propyl, i-
and t-butyl, and branched isoners of pentyl and hexyl.
Branched CrC 4-alkyl is preferred, such as isopropyl.
Cycl oal kyl preferably conBrlses 3 to 8 ring-carbon
atons, 3 or 5 being espec breferred. Sone
exanpl es are cycl opropyl, lcycl H cyclopentyl,
cycl ohexyl and cycl o6 oal kyl may
optionally be sriist tuted by one or nore substituents,
such as al kyl, hal o, hydr oxy, al koxy, am no,
al kyl am no, dlalkyl ino, thiol, alkylthio, nitro and
cyano. Al kenyl nmay % |inear or branchegvaj kyl
contai ning a double bond and conprising preferably 2
to 12 C atons, 2 to 8 C atons being especially
preferred. Particularly preferred is a |inear
wherétr 4al kenyl . Sone exanpl es of al kyl groups are ethyl
and the isoners of propyl, butyl, pentyl, hexyl,
both iRl zre, th@sdmé or diffesdnt frdeaadch othied @y lare Bydtegad, C,.7alkyl, such as C,.

exa ecyI, octacyl and eicosyl, each of
7alkymﬁsé?]ycigﬁ&y5?rtheﬂé Y'a doubl e bond. Especi aI ly pref er red

ne is rad| derive

or a ot By 2t pER dupdnftinte 57 8 ol Piaanty Yetin hBbrs suh
as alaikkglh aéman efficent msnnert eheremredudﬂycomupmmds alsorferm a@h eddBddiment of
§ wherein R14 is al kyl, each of which can be

tltuted or substituted, by one or nore

substltuents i ndependently selected fromfor exanple,

G-C7-alkyl, OC 7-al koxy-CC 7-al kyl or Cr
The @efialtibrox Jor Rl k exciddengethes peefdiradaloaed, aradas alefided ifarecompounds of

form%?@’. %ugﬁkiisnééefe%ggmgaggﬁn ﬁﬂf%%r T E@? %Ys’grpgg{fegr% that both R1’s

are thesains tor bné¢ asthydrogenlzhtitheibther is\isapnepybr nore, e.g. up
to three, substitutents preferably independently
selected fromthe substitutents nmentioned above for

The g Lf%gg ‘of éswélaa(g\/ﬂgpg %rgjfe?%%/ h‘gel sérugwgg}éf t%?mular&eﬁa)or

dinethylan1no ethylan1nQ“ianQ1d|ethylan1no

theln

OH
R1 o

0 (XVlla)

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

or as an individual synthesis the process for preparing a compound of formula (XVIII),
R1,

0
R1 vy



Sul fonyl is (unsubstituted or substituted) Cr
C7-al kyl sul fonyl, such as nethyl sul fonyl,

W@ eovgisod t ut ed or substituted) phenyl - or napP@hiEP20@/053891
C7-al kyl sul fonyl, such as phenyl net hanesul f onyl, or
(unsubstituted or substituted)zgphenyl -
napht hyl - sul fonyl; wherein if nore than one
substituent is present, e.g. one to three

itutents, the substituents are sel ected
Whereﬁbéi)é%%ﬁﬂ? finef aBRYS, PhAGAN Hifreot. i BIagess soMRIAing selective
omd&tﬁﬂnQ}f @@WW'a%Mol ditk Sgmpolmdadf W(X\Eﬁ) B8 @efihdd/above to effect

preferred is C7-al kyl sul fonyl, such
ring ﬁ‘éf@fﬁllrgaltﬁeo'ﬁyqone BSM phenyl - or napht hyI ) d-C
7-al kyl sul fonyl, such as
phenylnethanesulfonyl.Sulfenyl is (unsubstituted or
substituted) C -ioaryl-d-Cy-al kyl sul fenyl or
Alteraif@ib &Hd domting lof fodmalal (X115 has Ghefe@dlyydreudf tienibliowing structures:
wherein if nore than one substituent is present, e.g.
one to four substitytents, the substituents are
ecteg_i ndependenfly fromnitro, halo, halo-CC

7al and Cr Cr - yhoxy. A kexy @l kyl oxy may be
ear \orbranched. The al koRy {roup preferably
0" conpri ses fyrﬁ 4 and ciaklyll or 2 C atons, and
the al kyl oxy grgup @refgrably conprises 1 to 4 C

atonms. Exanpl es are net hoxynet hyl oxy,
2- met hoxyet hyl oxy, 3-nethoxypropyl oxy, 4-
In oneearplpdjmenty meshipds o akteinek G lﬁ@tyzrrblﬁgtone compound of formula (XViil)
prov@e%ﬁ@em&ﬁw Rhe cﬁtﬁ'ﬂé) {f; 3é|tr9¥t¥1re32 et hoxyet hyl oxy,
3- et hoxypr opyl Oxy, 4-et oxybut yl oxy,
5- et hoxypent yl oxy, 6-ethoxyhexyl oxy,
Ahtyloxyethyloxy

py| oRy@ePhyl oxy
2-p |l o yethyl-xy
o NKOXY I May e gr branched. The al koxy

grtbup preferably cdhprises 1 to 4 and especially 1 or
C atons, and the aIkyI group preferably conprises 1

2

t atons. Exa are met hoxymnet hyl ,

vaﬁoxyet hyor Wﬁ\ ypr opyl, 4-nethoxybutyl, 5-

met hoxypentyl, 6-nmet hoxyhexyl, ethoxynethyl,
wherzinsAdi dxgreattivialin@grouh srigpted grdm ad agttoxrptegting group, in particular one

- hexyl , propyl oxynet hyl,

matEﬁ?ﬁﬁp%¥ﬁﬁnkx+saga§%opy oxyethyl and 2- butyl oxyet hyl.

Al koxy being a radical or part of a radical is, for

exanple, C C7-al koxy and is, for exanple,

In another embodiment, methods to obtain a C-8 lactam lactone compound of formula

(XVIIl) provide compounds having one of the following structures:

N " N
O H R 9 H

(XVIHIC) (XVIID)

or



met hoxy, ethoxy, n-propyl oxy, isopropyl oxy,

n- but yl oxy, isobutyl oxy, sec-butyl oxy, tertbutyl oxy
W@rwsalse4 i ncl udes correspondi ng pentyl oxy, heRgI/BR3008/053891

and heptyl oxy radicals. Cl- C4al koxy is preferred.

Al koxy may be |linear or branchgg.and preferably

conprise 1 to 4 C atons. Exanpl es are nethoxy, ethoxy,

n- and i-propyloxy, n-, i- and t butyloxy, pentyloxy

whe?lerllr}j R éxp{)fdo %&e&?hﬁqlg?yé?égc&ﬂallty Ef( %nd Atcﬁ?l bqurbﬂ%}‘vatl ogy group

selebtati)ftroyﬂ an asiorytextfingogropp Mabaticulal@neratiogatmey With § forms a
b%lr?1 Eerred especially acetyl. Acetyl is -C(=OC r
carvePf%yl , preferably -C(=O) Me. Protecting groups may be
present (see al so under "GCeneral Process Conditions")
and shoul d protect the functional groups concerned
agai nst unwant ed secondary reacti ons suchas

B S T ——

(XVIUhanoandecepmspburmdsdﬁavmgodr@odﬂtm@fogowmgstrudstatest hey | end
t hensel ves readily, i.e. w thout undesired secondary
reactions, tor val, typically by solvolysis,

i Phot ol'4sis\ or o ®y en zyne activity, for
& under condjti nallogous to physi ol ogi cal
and N hey not present in the

o enﬂ product§1 The spHci al i st knows, or can easily
establish, which protecting groups are suitable with
t he reactions menti oned her ei nabove and hereinafter.
YFEbiy, ibrtwo dKVMBY e protecting groups are
present in one internediate menti oned here in, they
[ [Qugs needs to
wheBiRT RINRRGRE. iy, Chofbely ol At § Sadt g groue
seledted ﬁnnmrdarhherpemttactmgcgrem iimgarticwamnene that togétﬁemﬁvﬂama‘br}n@s a
cmb#ﬂg fr different conditions, e.g. one class by mld
ronS|s t he ot her by hydrolysis under harder
condltlons one class by hydrolysis in the presence of
an acid, the ot her by hydrolysis in the presence of a
base, or one class by reductive cleavage (e.g. by
Theseazoatppuinds (KM HBPEVIHB] XN)HC, DXl D X Elnd D{MIH ) areiatso embodiments

oftheg?ethhﬁverﬁ\% hydr oxyl protecting group, any group that
approprlape for reversible protection of hydro

Upon oxidation of the primary alcohol of the compound of formula (XVII) ring closure to form
the lactone typically occurs spontaneously. The reaction conditions for the oxidation are
analogous to the ones provided for the preparation of compounds of formula (1) as described
above. Introduction of the group Act to obtain compounds of the formula (1) can be achieved
as known inthe art and in particular as described in the preparation of a compound of

formula (X), e.g. as described in WO2007/045420, in particular in the claims and Examples.

Each of the above mentioned method steps can be used individually in a method to prepare
renin inhibitors such as aliskiren. Preferably the steps are used in combination of one or
more, most preferably all, to prepare renin inhibitors such as aliskiren. A lactam lactone of
formula (1) can be converted to aliskiren as described, e.g. in W02007/045420, in particular

in the claims and Examples.



Xy groups is possible, e.g. those nentioned in the
standard textbooks under "CGeneral Pro cess

w@rvdittgsens” . A hydroxyl protecting group nay, P¢UEP2008053891
mention a few exanples, be se lected froma group
conprising (especially consisiigg of) a sily
protecting group, especially diaryl-lower alkyl-silyl,
such as di phenyl-tert-butylsilyl, or nore preferably
tri-lower alkylsilyl, such as tert-butyldi nethylsilyl
or trinmethylsilyl; an acyl group, e.g. |ower alkanoyl,

In afoﬁ%_&%ﬁ}ogﬁ%ﬁ,lrtbg ﬁgeﬁ%évéagﬁntg\éﬁélaﬁlé Eé) )échr&%gg rf]c}/rl ﬁregal#ﬁtg aacsompound

of fophitaxygar bonyl , such as benzyl oxycar bonyl ;
t et rahydr opyranyl; unsubstituted or substituted 1-
phenyl -1 ower al kyl, such @8 begzyl or p-nmethoxybenzyl,
and met hoxynet hyl . Boc (s-IectlveI“ re abl e by
hydrol ysis) and be sehect T™vE %Hby
hydrogenation) are especially pr?ferred Iyl is
-Si RR R' RgWhekre R B/ and R' ao®e i ndeperaently of
each ot her Y aryl or phenyl-Ctalkyl. As am no
protecting i ,group that is appropriate for
reversi bRg p ectlon of hydroxy groups is possjihl e,
e.g. those nentioned in the standard textbooks der
where@e Rdr sl afrdefinst f@oadridnhrmwtﬂ ofAfmrrarrianO) pRQti:Edtaidggn hydroxyl, C,.

ehalc%:eRgIR %gﬂ%&@%& glkggggy ?esﬁec‘:( %r@ ngﬁg tl? ﬁtg ogfeﬁcﬁt%iroxyl, Ci.

salkyhoy IC iﬁmcbahlsﬁﬂﬁmeobmdmesmg ome wrrgaei af thafitoming steps either
mdlvfad‘u &grq}il%ﬂ%%ﬁgt'ngt? carbonyl group or an organic
0

oni c a dnd via its sul f onyl group),
- athplnmtuf@dtureetf beomipoend nkthe dpiraula B as:gtéffried\move

- o P earBouby bRl B Vb fipugpbote. o
. athbwmdnmwf A cespecndbi tyletfmmmmt/bagldefmd rapbvé,Boc) ,

n Lkox [ e SU S
Z@Jr“é‘ia% a t?gn;c? "%% ﬁ%?P%ﬁf? \Hz%\/gaﬁgf% dr%bo%ﬁl such
- amefmmmnyleméatwmoamdbohmb forﬁtula)\xl&ras@dtémedybe\teower
e e} oxyca

- Sk rafadisler a2 twefiEhr BRI s B, 1o
- i thebnﬂrwfgdturetméaz:oyippummmwmw as defined above, and

tert- ace | f.or mam di nyl ,
- TSR SRR Hinsdo B & e ARV

tert- but oxycarbonyl Furt her exanpl es of nitrogen

Most preferably the compound of formula (XI) is aliskiren.

All these different synthesis steps and routes show that with compounds of the formula (V1),
(VH) and (VIII) but also (X) highly important new compounds have been found that are
central intermediates to a number of possible synthesis routes especially for the synthesis of
renin inhibitors such as aliskiren. Therefore, these compounds of the formulae (V1) and
(VII), but also (X) or a salt thereof, as well as their syntheses form very highly preferred

embodiments of the invention.

Listed below are definitions of various terms used to describe the novel intermediates and
synthesis steps of the present invention. These definitions, either by replacing one, more
than one or all general expressions or symbols used in the present disclosure and thus yiel-

ding preferred embodiments of the invention, preferably apply to the terms as they are used



protecting groups are acetyl, benzyl, cunyl,
benzhydryl, trityl, benzyl oxycarbonyl (Cbz), 9-

wWo bawsneasyd met hyl oxycar bony (Frmoc), benzyl oxynmeR¢ilyEP2008/053891
(BOM, pival oyl - oxy-nethyl (POV,
trichl oroet hxoycarbonyl (Troc)sg.l-adamantyl oxycarbonyl
(Adoc), allyl, allyloxycarbonyl, trinmethylsilyl,
tert.-butyl-dinmethylsilyl, triethylsilyl (TES),

throughgit BB SEERTRD uplgg%h%stap%a%p%géllrﬁ@qq%gnggi!‘iqﬁggw%és either in-
ddeMWﬁkh&kﬁﬁQﬁhngép?@ﬁw|)nEthy|benzene pyrridinyl and

pi val oyl . Most preferred nitrogen protecting groups

are acetyl, benzyl, benzyl oxycarbonyl (Cbz),
AIkyIt Hélrﬁj @bﬁd&!al i pa(rtT@ radidal BB Wit by Bﬂah@%lfdﬁétd?)’llf désie)and

but ox¥car bon (BOO), pyrrolidinyl meth i
possgh'%m% imegy,¢3] %"r‘ chaip, r%ﬁ’éﬁeﬁﬁ%ﬂ?’é'b,‘ 152 &agh a?&-Cra'kV' in

partn&lé(r%r@b(&hedﬂxf(ﬁ Chikdl SuchBidbpropyl. -THattermY I8N0 BY G ,-BLNdefines a
groups, particularly silyl groups according

monettsowwhep ?/%?%'na'uéhnm@ma"% @F’%?Crha"wp teand inglydinggpaximally 4,

carbbrﬁ‘gf%ﬁ%n gaawdetgfbeﬁ\gqaaamheer@ne%'l%reqrm@) ¥t strféﬁf&%fn%g and
exanpl es are net hyl

bOUNCSGBEEINaL Dt bRy TR SABRD! Lowate" FaGriahi Srsramle, issn-penty,
n- he&l\?ﬂ oPf- %B@?Br&ﬁ@@a@? C‘?—@f%ﬁ(ty? "esﬁéc%l@ a's%tgfﬁ &hjasReshyPRec-propyl,

wher ei'n for exanp

n-buty, y$°é’PWiﬁlse°‘z§’§tybé?“ﬁéU' %P%F'W'artﬂﬁg%b'sﬁhmf‘é’dow iso-propyl, n-butyl,

isob@yiPgdd- F)L':ﬂfle@rtaﬁl)f*l V@r?'dﬂél’eﬁfe& Rds&plopgr part of a
radical, Is preferab a nono- or polycyclic,

especial ly nnnocycllc bi cyclic or tricyclic aryl

AIkyIrB?é%Hbl))’\f'\efsm;ﬁtotz‘b CbSREBANar i€ Wore ‘é?é?@r‘éb@ld YCPQ )’Alryl is

(very preterred), naphthyl (very preferréd),
Stra'ﬁh‘tmﬁ‘?@ﬁwm b%?é‘éh%beQWloéﬁWes"ﬁﬁ @ﬁ?lpéﬁyb'eomofﬁfﬁﬂ%ﬁit H?'ylprefe"ed 1S
metNd is unsubstituted or substituted by one or nore,
especially one to three, noieties, preferably
i ndependently selected fromthe group consisting of

Halo%'r@a%géh B/érefe%@y fladb kém*b br&molor fodd), keay brefé?%l?fl&%mc%hloro or

kyl, such as trifluoronethyl, halo, especia %
bronfq M’@P@ haigisgrentiopedribiscaningay, t EWWOFQKQ:Q?U%M( 58¢) halogen

atonf%@ﬁ@#é%éﬁt’ eg‘ﬂhﬁabﬂ(ﬂﬂ"alﬁh NQQY¥h as HruBRPEH] 2, @d“ ﬂuorogthyl or2,2,2-

koxy, al kanoyl’oxy, phenyl- or napht hyl -
triflugrpetiyk anoy| oxy, ami no, nono- or di-(CrC 7-al kyl,
phenyl, naphthyl, phenyl-C C7-
Halogenalkyl may be linear or branched and preferably comprise 1 to 4 C atoms, especially
1 or 2 C atoms. Examples are fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl,

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

Branched alkyl preferably comprises 3 to 6 C atoms. Examples are i-propyl, i- and t-butyl,
and branched isomers of pentyl and hexyl. Branched C,-C,-alkyl is preferred, such as

isopropyl.

Cycloalkyl preferably comprises 3 to 8 ring-carbon atoms, 3 or 5 being especially preferred.

Some examples are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cyclooctyl. The



al kyl , naphthyl -d-Cr-al kyl, d-C 7-al kanoyl and/or

phenyl - or naphthyl -G -C 7-al kanoyl ) -am no, carboxy,
w@e@s/11mhkoxycar bonyl , phenoxycar bonyl , PCT/EP2008/053891

napht hyl oxycar bonyl , phenyl -Ci -C 7-al kyl oxycar bonyl ,

napht hyl - Cr C 7- al koxycar bonyl_37car banoyl , N-nono- or

N, N-di - (CrC 7-al kyl, phenyl, naphthyl, phenyl -

C7-al kyl and/ or napht hyI CC 7 al kyI ) arri nocar bonyl

cyano, sulfo
cycifhiey Bbtasmlun b sUSTHRAGY oD AcmgIe esliesnts! sysh asalig halo,
oxo, Rgeaky dikokey ranfifo adIk¥amina ndiaRE Bfrenitiol adeItRiol hro and cyano.
Aryloxy refers to a Aryl-O wherein aryl is as defined
above. Unsubstituted or substituted heterocyclyl is a
nono- or polycyclic, preferably a nono-, bi- or
tricyclic-, nost preferably nono-, unsaturated,
Alkep@ntdyddd Imealadsrttrramc&ﬁd atio wramedag@rdcmbmmridmrrdi dopn gy neferably

210 J4 EBRS F T uonet BrivdsrEecialy Graeinty PHtgHipd) Pstpried € a inear
C,di@ingll Guntn@xanmtepsiiantoups atesthgichnidritbensonef©efsropyl, butyl,

penty YKL nebtt BHVL POLTREey S HodRevh Pofeh sy, hexagecypetacyl and

eicody) elabh etwhishlBshthiniigendsutiy Borer. abdpeciamg pietarekris layyl.
selected fromthe Preferred substituents are sel ected

fromthe group consisting of halo, C C7-alkyl, halo-C
Alkylen&k-abikylent reticsl dériaedkbam, C halkg-dod i€éspezidip Xy-C,diidfengsor C,-C-

alkyipig R i BIEJLP oo ORPBita MRS S BRI R 5 QKL sach o

whicRlca® bé @ﬁgwsﬁtd:tédoora@bbmheaow yhe oMhere srubfsﬁtnémte g’lde@endently

onpou d de pr nvent o
SR e Re TR LMt T
t hereof . Depending on the choice of the starting
A A B S o SRR o B0 B e o

morgYiIX% INR RiSortd) evheadin Rfi2lis éﬂxﬁﬁ@ioelsaﬁas@bﬁtlmt&pbﬂ Qﬂistltluﬁewﬁ/cﬁ'\e or
ur es acems,

moree £ LR, 13 Tt fUp ST s RS AR BARREo Bl Salbief i the pubstitutents

mentishedraboré foraikyleas. at ons. The conpounds of the present
i nventi on can possess one or nore asymmetric centers.

The preferred absolute configurations are as indicated
herein specifically. However, any possible
Alkylamino and dialkylamino may be linear or branched. Some examples are methylamino,

dimethylamino, ethylamino, and diethylamino.

Sulfonyl is (unsubstituted or substituted) C,-C;-alkylsulfonyl, such as methylsulfonyl,
(unsubstituted or substituted) phenyl- or naphthyl-C,-Cs-alkylsulfonyl, such as phenyl-
methanesulfonyl, or (unsubstituted or substituted) phenyl-or naphthyl-sulfonyl; wherein if
more than one substituent is present, e.g. one to three substitutents, the substituents are
selected independently from cyano, halo, halo-C4-C-alkyl, halo-C,-C;-alkyloxy- and C;-C;-
alkyloxy. Especially preferred is C;-Cs-alkylsulfonyl, such as methylsulfonyl, and (phenyl- or
naphthyl)-C;-C;-alkylsulfonyl, such as phenylmethanesulfonyl.



pure enantioner, pure diastereoisoner, or mxtures
thereof, e.g., mxtures of enantioners, such as

WO 2w8irsises, are enconpassed by the present i nvRCIE/ER2908/053891
In the formul ae of the present application the term"™
n Qa Csp3 indicates the absajgute stereochemstry,
either (R) or (S). In the fornul ae of the present
application the term"™ " on a GCsp 3 indicates the

te stere chem str ej t her
S”'fe@¥lpl§c UgeristiLied R b it &.emayy'éécpivpe'%@)egw s gplbstuted or
subsﬂt@f&@@@%ﬁnﬂﬁulf&@ﬂ NWhateidlif MbredRAEHAE bibstiflehbisPrestiny, e0d. one to four
he i nternedi ates nmenti oned herein, where salts are

SUbSWH?”&&éF% gubstiusnts REsSeigrtef dadapradetly L ity Al figlp-Cr-Cralkyl

and ®@-Cl-ak@agy.| y understand. They can be formed where salt
form ng groups, such as basic or acidic groups, are
present that can exist in dissociated format | east
partially, e.g. in a pHrange from4 to 10 i n aqueous
solutions, or can be isola ted especially in solid,

AlkoBsIRb 3] r’nary ¢ Jirsdamlok brchéd I The Sikexy gralip prefarabll ebmpses 1 to 4
s acid ddlt on salts,. pr ferabl '

f [ t
and SSPRRRIET BF 2 G P TgeA L MO ST iR BRI L RISES oy heh Gatoms.
ExampleDareansthotyniditylbxyt emierbaieeyloxpi-hefeskypepgbxy, Wit h a

ic nit m n p y
metho RN R PP R RPTY oSk P RE R SUPRS SN PBEP . 2
ethoxyéﬂ’fyﬂﬁw SLﬁ’fhﬁkﬂﬁo@ﬂ@cy, ﬁ@tr}&ymmb@ SSBQH@@'@ént@I@kﬁ%etﬁUﬁ}hexyloxy,
chloric aci sul furi Ci
p'OPQE’fYG'Yet ‘P’EVaB‘i‘téé'OZS\"@ ‘gV'B’%\@l FHQP xyethyloxy @Qg%‘&%xyeﬁ‘ybxy
car boxylic, phosphonic, sulfoni c or sul fam c aci ds,
AlkotyalkyEayrbé @next @ beanghédl, i ﬁlﬂbﬁ[@muﬂpfqierabl@(bbh@r@éﬁ dto 4 and

espebig 9021 1Pins: B ibPaal Siolh afaeiabl e ses Thad oftgme:
Exanfiplel areyridthexyeneey d2- mﬂéfﬂtdxyétﬁﬁl wnmta@iydropbenzzrﬁ%taomum 5-
ahesu oni c | SU

e e L

5- eth@&iz;dantyl Bethapinely) priopyloxynathybutylagintethyl, 2-propyloxyethyl and 2-
cl ohexyl sul fam c acid, N-nethyl-, Nethyl- or
putyReEHE,

ylsulfan1c acid, or other organlc pr ot oni c
aci ds, such as ascorbic aci d.

Alkoxy being a radical or part of a radical is, for example, C,-C7-alkoxy and is, for example,
methoxy, ethoxy, n-propyloxy, isopropyloxy, n-butyloxy, isobutyloxy, sec-butyloxy, tert-
butyloxy and also includes corresponding pentyloxy, hexyloxy and heptyloxy radicals. C;-
C.alkoxy is preferred. Alkoxy may be linear or branched and preferably comprise 1to 4 C
atoms. Examples are methoxy, ethoxy, n- and i-propyloxy, n-, i- and t-butyloxy, pentyloxy

and hexyloxy.

Alkanoyl is, for example, C,-Cg-alkanoyl and is, for example, acetyl [-C(=0O)Me], propionyl,
butyryl, isobutyryl or pivaloyl. C,-Cs-Alkanoyl is preferred, especially acetyl.

Acetyl is —C(=0)C,-C,alkyl, preferably —~C(=O)Me.

Protecting groups may be present (see also under “General Process Conditions”) and

should protect the functional groups concerned against unwanted secondary reactions, such



In the presence of negatively charged radicals, such

as carboxy or sulfo, salts may al so be fornmed with
wha®ea19sed g. netal or ammoni um salts, such as BCREP1008/053891

nmetal or alkaline earth me tal salts, for exanple

sodi um potassi um magnesi um.ofg cal ciumsalts, or

ammonium salts with ammoni a or suitable organic

am nes, such as tertiary nonoam nes, for exanple

BT B O ——
a chNaNeﬂQtl»deﬂMbﬁﬁr@eraﬂpsﬁtﬁat ’M@E end tﬁ@fﬁztélv%rr@ﬂ@lyaf@ vathout undesired
ent e sane nol ecul e,

acid group are
seCoBEARSHRRIODF. 1SRNk HRICH DY RSVER HEdFHoBy Rleipyis or also by en-
zymé&BBvitp Tedlet@fié OndBYoAdiféns’ sHaMdols & Bﬁvs»oﬁfﬁ»éaﬂi corittions, and that
i sol ation or Rurl ficati onﬁ_gur poses of conpounds of the

theyags fefipsesant Bythe sndierrdusts. 8¢ skierlist knayes. Phealt easdly S?@Q“Sh which

protéBiRg igfiipd ahes@iablel ith the R &BioRO FehtbrR dlieréifSbove and hereinafter.
har n?ceutl cal ly unacceptabl esalts, for exanple
a

Prefeiably alf B0 & MBErRIAEGING FOUPS-IE RN NS ipterfsediatsrngntioned here-

in, tl-lé?%rréfaﬁ‘&'éhlséalhéty»f CIS smqaiglr&p%a{ebas & bd fepfove8MPRWHADone se-
e fornmula XI are enp ere applicable

lectivebinsrd- $ERTitwo ﬁhmofﬁa@ga&epzanotqﬂ@@sfom &ifd pre elpavablregnder different

conoﬁ’troﬁst@@&fé)&@sspdyerﬁmf hRfloidis, |tﬁé‘§fhek By h{®oK8i8 @n8ér harder conditions,
onpounds of formula | , the direct precursors of

one 98%@0%0'%’?'5 intke ]p(ﬁqqﬂp%loﬁ@n agig, the atheppy hydrolypig dnethe presence of
a baé@'o@bh@'&%ﬁé By RjuepRcIéA\R eQ@eowéiaﬁa@fhdhyda&@édmgma&%sother by

n free formand in the tormof their salts, including
hydr?'bﬁi?,é’ré'éﬂ’ k¢t hat can be used as internediates, for
exanple in the purification or identification of the

ounds or salts thereof, any reference to
As hv@eﬁxﬁam’i@fémg areyra DY BEPURKDatrs aprropriate forirayassirieratestion of hydro-

Xy g@ﬁb@ls%@glﬁfeee ?nﬂwogéhﬁnﬂéﬁéoelh th&€ §BRGA LMD SkstUrBer “General Pro-
npound formula XI, is to be understood as

CeSSrCeqn@'monﬁg h%mfv(b PEOREtIBE SMMUPEMNIIYSS tQ MEPtQST  faw gxamples, be se-
lectedifPdnia @rétlp @nﬁﬁfsfn@?@é}fé@wg cf)rﬁsf?eﬁ»n@‘b‘?‘méi@ﬂprolé&lﬁé Hﬁﬁbaé@pec»ally

orsartlngmaerla ne or [ts the
diarykslomer gikyklyle Buhsas ﬂpmétfﬂrwv'ﬁw @dé‘%? QE?f%rﬁp'YéWWé“kwsﬂyl

suchrﬁi‘stt@}?@u nﬂé@\?léﬂﬁ%l‘ trﬁh&ﬁ’ylﬁ@l %ﬁta%{'l g‘?Bu@@dj‘i‘ovggr diRoyl, such as
npoun ny one or nore” of

acetx'hb:%oy' '@W&bak@war&pewamhe%@pfémbemxygafaonw (BRsY, or phenyl-lower alk-
oxycSPbBHllCéthYasrB%?\E¥IQfS%gr%hp‘lefeWaﬁ ro@rgﬁﬁrtﬁﬂ,ﬁbﬁﬁmﬁa ak substituted 1-
forns nma ai'nabl e”and then are also I ncluded.
phenyl-lower alkyl such as benzyl or p-methoxybenzyl, and methoxymethyl. Boc (selectively
removable by hydrolysis) and benzyl (selectively removable by hydrogenation) are especially

preferred.

Silyl is ~=SIRR'R”, wherein R, R’ and R” are independently of each other C;alkyl, aryl or
phenyl-C,_salkyl.

As amino protecting group, any group that is appropriate for reversible protection of hydroxy
groups is possible, e.g. those mentioned in the standard textbooks under “General Process
Conditions”. An amino protecting group may, just to mention a few examples, be selected

from a group comprising (especially consisting of) acyl (especially the residue of an organic

carbonic acid bound via its carbonyl group or an organic sulfonic acid bound via its sulfonyl



Where the plural formis used for conpounds, starting
materials, internediates, salts, pharnmaceuti cal
Wpe@patwod ons, di seases, disorders and the |i keCT/EP1088/053891
is intended to nmean one (preferred) or nore single
conpound(s), salt(s), pharmaceylical preparation(s),
di sease(s), disorder(s) or the |ike, mhere t he
singular or the indefinite article ("a", an ) is
this js pot intended to exclude the
9f°“8)n Ia\yy"B?“é‘b"e pihETed RS Teartog geacyl-largr gk ﬁge%tsé\f' PéNS'O‘é(?fea'kY'PYf'

rolid iﬂ?lnﬁﬁé @He;érﬁela%nﬁaﬁérpmiéamg Qrotiddearé Pywad |aﬂ<ok)boar$dr4yl efpdcially tert-
for Xl Il nentioned herein, internedjates are

butoggclgétggn&q (ﬁgc)c Bﬁﬂyu}ﬂ%er @F(ogyp@rq%}yhﬁquaq benzylgxygarbapyl, fluorenyl--
loweVhikoxy¥hitonyll Qﬁch&s fP@o}’ényWéthO)?WbllboﬂYle-Wwex\éMahoylll&/verlalk -1-en-2-

particul ar and/ or XV
yl a”F’HQ;W?I(ﬁ”??@‘YQ%EO’b’ B’M@( Rl -BRRr hi WithoRestsreferrnse beinggiven to iso-

butyﬁyn\béﬂidyplbhé%)@bé’ét{lah—‘féh betyrpsﬁbna%cam ﬁ?mhﬁ‘r?ecih)ﬂfo%aﬂb‘ﬁwyl N-

i nt er medi at es of formila formul ae
methyjpyrrogin-g-yliggpe of espegjallyxert-busoxysarhapy!- Jrurther p)gam;plﬂs of' nitrogen

proté&ﬁ% bﬁb‘th'péraré acet)llVoen\z'yl M'melVanhyclJr#i trity1 XoenbyBRFaPonfl (€bz), o-

roned above fromtheir res I Ve precursors as

fluoramyimeibiledycamany (Fnpe) aaw@o%\@ HEB QN ﬁ'V?l%!' yngetayl (POM),
tnchl%Fc%t’r&o%arﬁor%ﬁP WS&C ‘P édﬁﬁﬂh%x&@ar@om mér %llﬂf aﬂyf@(ycarbonyl

f or mul ae han one or
trimedhiyisilyls (et ﬁékvi §mﬁw|%lvl Hwa?wﬁdzzle(TESbén'swaexl$lkyb

tnme‘fﬁWs’ilS'é‘tﬂS)?y?netﬁyﬂ Q@EM?'tldatdx?BérBohﬁ '(B@CL gfbgty\lM nioﬁ’n%thyl 1,1-

prerera all sKiren I NCl udl n net
d'meéhmnéyls@ésgylmetayl%&aeﬁdz-wmcbrag PRg Pivaloy!. U@ﬁb@fafﬂﬂre@ifmtrogen
protéchﬁ %Rfuﬁy lafe aqsetyl "'Eérn‘%ylt Bé\’kyﬁﬂ?@a{rb@f{y]l (S5 Rﬁetﬂglsﬁﬁ"(ﬂES)

esi s and ﬁharnaceutlca %Oactlve subst'ances

tr'm%'la?thpﬁ@nqthﬂé%li tibwtoxygarbad (BOG) ppmalrdﬁweeﬂwwq gjvaloyl.
Furtﬁ%(f'tn'it%%eﬁ %Fmé’é{ﬁ‘ﬁsgro@déq}e %aafo& pprrbmylﬂhétﬂwt b@cé%‘éhﬁ%w benzyl

al i skiren. Genéral Proce tions

and gl GBS CHaREIAY Y BRI toohe SOl SIRAEEHS, erein R7,
R8 anf ﬂ@&@ﬂm?%ﬁ%ﬂ%ﬁéém &thbi, By grlf,)ts P'reﬂeltr&? e%&@9plef%or R7, R8

single reac F les I n gener to all processes
and ﬁ@ﬁf@ BRLY REYbiSAREIRY| é‘ba%la'ﬁfép@wafter Whl |l e reaction
conditions specifically nmentioned above or bel ow are

referred:
The term “carbamate” is to be understood as an ester group —CO,R attached on N ,wherein

R is, for example, alkyl, aryl or arylalkyl, as defined herein.

Unsubstituted or substituted aryl, being a radical or part of a radical, is preferably a mono- or
polycyclic, especially monocyclic, bicyclic or tricyclic aryl moiety with 6 to 22 carbon atoms,
especially phenyl (very preferred), naphthy! (very preferred), indenyl, fluorenyl,
acenapthylenyl, phenylenyl or phenanthryl, and is unsubstituted or substituted by one or
more, especially one to three, moieties, preferably independently selected from the group
consisting of C,-C;-alkyl, C,-C;-alkenyl, C,-Cr-alkynyl, halo-C,-C;-alkyl, such as
trifluoromethyl, halo, especially fluoro, chloro, bromo or iodo, hydroxy, C;-C;-alkoxy,
phenyloxy, naphthyloxy, phenyl- or naphthyl-C;-C;-alkoxy, C,;-C;-alkanoyloxy, phenyl- or
naphthyl-C;-C;-alkanoyloxy, amino, mono- or di-(C,-C;-alkyl, phenyl, naphthyl, phenyl-C;-C;-
alkyl, naphthyl-C,-C;-alkyl, C,-C;-alkanoyl and/or phenyl- or naphthyl-C;-C;-alkanoyl)-amino,
carboxy, C,-Cs-alkoxycarbonyl, phenoxycarbonyl, naphthyloxycarbonyl, phenyl-C,-C-



In any of the reactions nentioned hereinbefore and

herei nafter, protecting groups may be used where
wappsomsiat e or desired, even if this i s not neCE/EP29681053891

specifically, to protect functional groups that are

not intended to take part in _gqgi ven reaction, and

they can be introduced and/ or renoved at appropriate

or desired stages. Reactions conprising the use of

protectlng oups are therefore inclu as possipl.e
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desi gnat e protecting group”, unless the context

i ndi cates ot herwi se. The protectlon of functiona
Aryld3 Q&kREs 1BY AYLO- Rh&leRFAryNG a8 Wefiisy addig. Pr ot ecting

gfoups thensel ves, and the reactions appropriate for

their |ntroduct|on and reno val are described for

exanple in standard reference works, such as J. F. W
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Pl enum Press, London and New Yor k

tricyeticn apest grefergbly mongr, uRgplrateghRartially ﬁ@téﬂﬁé%lfﬁgjr?tﬁd or aromatic ring
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9, in "The Pepti des Vol une 3 Zedltor

prefaiay one f{obh rt@f%?ﬁtomﬁd%tf@ﬁﬂ%erﬁty&?de@cfmﬂfb Ftraen sjpen. sulfr,

S(= 0506I<s—'k=9©§|2 ar'td&s Mhl’i@ﬂﬁ&i gteéub‘éhﬂ@éu W&%’br@&@‘ @g up to three,

f
subs&wtwt@ Arefayaply rlﬁéiemsmftenﬂt;ée'ﬁ@tetrtt%exf’éﬁteggd SSP%TF‘H%IE? gire selected
from]tﬁg ?rou‘p'},oh‘sustﬂg o]fatélbbkﬁ Akl ha«llﬁ@{-‘-bk—@lk% C -@Paﬂ@i?bﬂaﬂtﬁcrcy-

Protei ne" (Ami no acids, Peptides, Prote

alkoxye nsu%tgaéjﬁ@wemetmxm Reft G-Coealrpy ool Wara tts*aa%trérocycw' is an

arorﬂa?@%ng isPste iRl RIELAES RYerFEPloNs hetétdbh. P J. Koci enski, 3rd
tion, GEOrgThlene Ver | ag, Stuttgart | SBN

3 13 137003-3 and i n Jochen Lehnmann, "Chem e der
Whe}ﬁqete?rﬂﬁyt@rc%ﬁf)ouﬁ@% AAZASE AthelBr E/béégﬁ‘t IR%rithﬂtlﬂs understood that

Chem str Car bohydr at es; nosacchari des and
refenem%usue\t@st)em@@fig tW'@ﬁBef%fr Pggendipg, Pp g ¢horesof | thff piarting

matd¥id drfdlbrBedufed, e EhEOIABS c&MBERIsent iReRERIm ofone of the

characteristic of protecting groups is that they can
possitde iserereer 3eatiurgs thereof, far exmsnnle Re pHE?cQH*‘P%‘r\%%“%’F or as isomer

mlxtb‘r'égesﬂcﬁ%g r§@éh@£’tg§‘éb{d Hiastetd dMpmermMiktufes2BBbendMY on the number of
sol vol ysi's, reduction,
asymmetric carbon atoms.

The compounds of the present invention can possess one or more asymmetric centers. The
preferred absolute configurations are as indicated herein specifically. However, any possible
pure enantiomer, pure diastereoisomer, or mixtures thereof, e.g., mixtures of enantiomers,

such as racemates, are encompassed by the present invention.

In the formulae of the present application the term "/ ona C-s.p3 indicates the absolute

stereochemistry, either (R) or (S).



photol ysis or alternatively under physiol ogica
conditions (e.g. by enzymatic cleavage). Different
Wpe@satIs)yg groups can be sel ected so that thepCT/EP200%053891
renoved selectively at different steps while other
protecting groups remain intagy. The correspondi ng
alternatives can be selected readily by the person
skilled in the art fromthose given in the standard
reference works nentioned above or the description or
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salt xRing fp%; sihths baRictdrcldic drelps, a@ﬁ@@ghtﬁga%nté}%’( in dissociated
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refl ux tenper ature, under at rmsp eric pressure or 1n a
gani¢ g% dropes@BPOUNGR Of formylard siriaay & thedetermpediates mentioned herein

with é%@é@rmtio@eﬁrétdrﬁ‘?éb iRETPSTARS), eéﬁcnﬁ?ﬂ@br?arhhﬁg&ﬁtlcéw acceptable
rgon or nitrogen atnosphere.” The solvents from wh

Sa'tSt Reiblesippraanicacidsare dpeeamniaialoges acidhy syshrasi 'wamhlonc acid,
sulfufi€ @613' %H@Mh&% a%ﬁi %‘Eﬂt@ﬂe oRfanitdidRe roPBRAMAE e<93rboxyhc

ecifically exanple, water, esters, such
phoquwa saffRRjie Dr wéamuaaklﬁﬁdart @M ACEliE AG(S Brapiamg acid, “Tactic acid,

fumaRE Rl SucchlidI8sis, (it abidasmdbi ! é&heésfbeutam.é Rid 6XRIPAHR: acid,
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ma'etCeq%wawesvruﬁlﬁwqﬂ mgthymaleic acidy @pazcm agtet methane- or ethane-

sulfoméqicﬁic @fl'#éﬁ@sl 2- aHGl?brﬁ’éaé?@ %‘ﬁﬂ@né&ﬁlf&rﬁé H88€2- nQﬂ)tﬁHQQJ\ésulfomc acid,
as methanol, ethanol or 1- 2- propanol

SucC
1,5- rmpmhme@@ dl%&fewcagldaway@fﬁhwlqugamr%%é\h@p&wl— N-ethyl- or N-propyl-
su:fahww@ erkéﬂ{é?,oré’arﬂc profonfEBAdE §iéh SNhQoHAC 206

hl oroform acid am des, such as di met hylformam de or
d| nmet hyl acetam de, ba

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

N,N'-dimethylpiperazine.

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

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

For isolation or purification purposes of compounds of the formula X! or in general for any of

the intermediates mentioned herein it is also possible to use pharmaceutically unacceptable



ses, such as heterocyclic nitrogen bases, for exanple

pyridi ne or N-nethyl pyrrolidin-2-one, carboxylic acid
wandvgdrgsoes, such as | ower al kanoi c aci d anhydp¢TEB2008/053891

for exanple acetic an hydride, cyclic, |inear or

branched hydrocarbons, such assxycl ohexane, hexane or

i sopentane, or mxtures of these, for exanple aqueous

sol uti ons, unless ot herwi se indicated in the
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procedures and steps, e.g. selected fromthe group
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to “cpRpaERn SPE G aRIA 2o T M ARiA e, SeRdabeTee a0 derginafter
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carrie ou or C a Startl materl a |1 S (0]
or mETRAES Thedeet.os Amiira gk FoTeRBUBE e SEBaUR IHRENAROT
starﬂh@ neateiedl ianaionk @r nfops sﬂts&ﬁ@ﬁeef le@crg bf)%/?@ﬁ @Bfeﬁﬂiﬂ &inéllde also any
(0] al na e

m of a salt a co
sonvase queSbOlecRraRip el ek 36 rater AL BAIAGH I CTaRRER T X. or sat of
any @dteornﬁ@f@eﬁheﬂs@na% I:ﬂtngﬁmaﬂél eénd ésa;&étﬁeﬁﬂtdnﬁ wrrtoﬂsipm:;m%/ ﬁie:ntloned
e_process o ep nventi on ose starting
othefle TS ar et i M 96 GERNANR €1 Pea are spg nciuded
corrpounds of formula I V\/ni ch are described as being
ferred. Speci reference is given to reaction
Wheg”o iRyraiHerm frayse f%’p?%’é?ﬂulnl?%ls%?'“gmﬂt% 1 tereditess salts,
pharﬁﬁﬁéutmaﬁ&ebﬂaﬁé}% Basddseaisortians érm/lﬁﬁthk@r’tmfs@é iﬁfeﬁféeé't@@lean one
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(PrefpRedrar eI rraiols FPMRE) aﬁqltﬂﬁ)'tma¢%‘§8?'@eﬁ%at'°“(s) disease(s),
dlsor@@f(@%tﬂﬁé liKEE Whie R tBE siyuidi ©F BleriRdbfings attiele (TAre“dnMVig DEé®his is not
E %&é rel ates to ag of the nmethods descri bed
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or a pharmaceutically acceptable salt thereof.
Starting materials are especially the compounds of the formula 11, 11, Xl and/or Xl
mentioned herein, intermediates are especially compounds of the formulae I, IV, V, VI, VII,
VI, 1X, X, XIV, XVI, XVIil and or XVIII, in particular I, IV, V, VI, VII, Viii, IX, X and/or XIV

including the preferred definitions of these.

The invention relates also to methods of synthesis of the intermediates of the formula
formulae |, IV, V, VI, VII, VIII, 1X, X, XIV, XVI, XVII and or XVIII, in particular |, IV, V, VI, VII,
Vi, 1X, X and/or XIV mentioned above from their respective precursors as mentioned
above, including methods with the single steps of a sequence leading to a compound of the
formulae | or XVIII, more than one or all steps of said synthesis and/or pharmaceutically
active substances, especially renin inhibitors, most preferably aliskiren, including methods

with the single steps of a sequence leading to a compound of the formula XI, more than one



The foll ow ng Exanples serve to illustrate the
invention without Iimting the scope thereof, while

WO b@g/109804 he ot her hand represent preferred enPCHEPN$/653891
of the reaction steps, inter nediates and/or the
process of manufacture of alisgren, or salts thereof.
Abbrevi ations: d chemcal shift m mcrolitre Ac
acetyl Bn benzyl Boc tert-butoxycarbonyl BOC 20

or o< S R B g e P BB A i s i
the synthetie lof phfmiateaticuttp Sctie BAH pdungn Uty Aatenin iRhibitdrs, especially
. hydri de DVAP 4-(di net hyl am no) pyri di ne DMF
a"SkK,g'N- di et hyl f or manmi de DVPU
1, 3-dinmethyl -3,4,5,6-tetrahydro-2(1 H)-pyrimdinone
DVBO di net hyl sul f oxi de ee enanti oneric excess ES

_ c . |
Genel EEF rcosg;ax! ESI a?leeCt rospray ionisation Et ethy

The following, in accordance with the knowledge of a person skilled in the art about possible

limitations in the case of single reactions, applies in general to all processes mentioned
hereinbefore and hereinafter, while reaction conditions specifically mentioned above or

below are preferred:

In any of the reactions mentioned hereinbefore and hereinafter, protecting groups may be
used where appropriate or desired, even if this is not mentioned specifically, to protect
functional groups that are not intended to take part in a given reaction, and they can be
introduced and/or removed at appropriate or desired stages. Reactions comprising the use
of protecting groups are therefore included as possible wherever reactions without specific
mentioning of protection and/or deprotection are described in this specification.

Within the scope of this disclosure only a readily removable group that is not a constituent of
the particular desired end product is designated a "protecting group", unless the context
indicates otherwise. The protection of functional groups by such protecting groups, the
protecting groups themselves, and the reactions appropriate for their introduction and remo-
val are described for example in standard reference works, such as J. F. W. McOmie,
"Protective Groups in Organic Chemistry", Plenum Press, London and New York 1973, in T.
W. Greene and P. G. M. Wuts, "Protective Groups in Organic Synthesis", Third edition,
Wiley, New York 1999, in "The Peptides"; Volume 3 (editors: E. Gross and J. Meienhofer),
Academic Press, London and New York 1981, in "Methoden der organischen Chemie"
(Methods of Organic Chemistry), Houben Weyl, 4th edition, Volume 15/I, Georg Thieme
Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jeschkeit, "Aminosauren, Peptide, Proteine"
(Amino acids, Peptides, Proteins), Verlag Chemie, Weinheim, Deerfield Beach, and Basel
1982, in "Protecting Groups", Philip J. Kocienski, 3rd Edition, GeorgThieme Verlag,
Stuttgart, ISBN 3-13-137003-3 and in Jochen Lehmann, "Chemie der Kohlenhydrate: Mo-
nosaccharide und Derivate" (Chemistry of Carbohydrates: Monosaccharides and De-
rivatives), Georg Thieme Verlag, Stuttgart 1974, in particular in the relevant chapters

thereof. A characteristic of protecting groups is that they can be removed readily (i.e. without



FTIR fourier transforminfrared spectroscopy h hour(s)

HNMR prot on nucl ear nmagneti c resonance HOBt
wa2dvgdrssy/benzotri azol e HPLC hi gh perfor nance PETEPIH08/053891
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photblytilbybl' al@‘nlﬁt}i\.!elyi tf]fdaﬂpmsiﬁléﬁiéuﬂfcsrlﬁdiﬁor@-(%l by ehiyniRic cleavage).

. s) mllinole S e(s mass .
DiftefiE o By RURNES Hests bt et Rk eRy Po7 Pyt eiRstively at
different steps while other protecting groups remain intact. The corresponding alternatives
can be selected readily by the person skilled in the art from those given in the standard

reference works mentioned above or the description or the Examples given herein.

All the above-mentioned process steps can be carried out under reaction conditions that are
known per se, preferably those mentioned specifically, in the absence or, customarily, in the
presence of solvents or diluents, preferably solvents or diluents that are inert towards the re-
agents used and dissolve them, in the absence or presence of catalysts, condensation or
neutralizing agents, for example ion exchangers, such as cation exchangers, e.g. in the H'
form, depending on the nature of the reaction and/or of the reactants at reduced, normal or
elevated temperature, for example in a temperature range of from about -100 °C to about
190 °C, preferably from approximately -80 °C to approximately 150 °C, for example at from -
80 to -60°C, at room temperature, at from -20 to 40 °C or at reflux temperature, under
atmospheric pressure or in a closed vessel, where appropriate under pressure, and/or in an

inert atmosphere, for example under an argon or nitrogen atmosphere.

The solvents from which those solvents that are suitable for any particular reaction may be
selected include those mentioned specifically or, for example, water, esters, such as lower
alkyl-lower alkanoates, for example ethyl acetate, ethers, such as aliphatic ethers, for
example diethyl ether, or cyclic ethers, for example tetrahydrofurane or dioxane, liquid
aromatic hydrocarbons, such as benzene or toluene, alcohols, such as methanol, ethanol or
1- or 2-propanol, nitriles, such as acetonitrile, halogenated hydrocarbons, e.g. as methylene
chloride or chloroform, acid amides, such as dimethylformamide or dimethyl acetamide, ba-
ses, such as heterocyclic nitrogen bases, for example pyridine or N-methylpyrrolidin-2-one,
carboxylic acid anhydrides, such as lower alkanoic acid anhydrides, for example acetic an-
hydride, cyclic, linear or branched hydrocarbons, such as cyclohexane, hexane or isopen-
tane, or mixtures of these, for example aqueous solutions, unless otherwise indicated in the
description of the processes. Such solvent mixtures may also be used in working up, for
example by chromatography or partitioning. Where required or desired, water-free or abso-

lute solvents can be used.



nm nanonetre NVR nucl ear magneti c resonance Pd/ C

pal | adi um on carbon Ph phenyl Piv pival oyl Piv-Cl
w@raaliegh4 chl ori de ppm parts per mllion psi pRCFEB20pE53891

square inch RT room tenperature SEM

2-(Trimethyl silyl)ethoxymet hyl 468EM Cl

(2-chl oronet hoxyet hyl ) -tri nmet hyl sil ane TBDVS

tert but yl di net hyI silyl TBME tertbutyl met hyl et her TEI\/PO

TES triethy] sjl

2,6,6-tetra erldlnlox
Whegb Reqiired (s Woauea e ohePalor P EEs Bruen b BifeT (Lo RigFesies
combalyr&fs dIhit@r'ﬂ?ﬂJdﬁHjééi%lwwl:Nﬁ%mary procedures and steps, e.g. selected from
N, N-t et r amet hﬁ et h%/?rﬁenedl amne TMS tri rreth Si 'y

the ?4*9%@0?'89?%?& BEoh kA Briyartian Rewsigatior. PR, thromato-
graphly N@vapératios Wrahg flitrdtRBYtentrifugation and the like.

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

compounds mentioned as preferred herein.

The invention especially relates to any of the methods described hereinbefore and

hereinafter that leads to aliskiren, or a pharmacedutically acceptable salt thereof.

The following Examples serve to illustrate the invention without limiting the scope thereof,
while they on the other hand represent preferred embodiments of the reaction steps, inter-

mediates and/or the process of manufacture of aliskiren, or salts thereof.

Abbreviations:

) chemical shift

pl microlitre

Ac acetyl

Bn benzyl

Boc : tert-butoxycarbonyl
BOC,0 ~ di-tert-butyl carbonate
Cbz benzyl carbamate
Cbz-ClI benzyl chloroformate

DCM dichloromethane



Exanpl es: Exanpl e 1A: Organocatal ytic M chael addition
of "in situ" generated nitroethylen to
WO s@salsral dehyde and reduction of the resultiPQI/EP2008/053891

al dehyde by NaBH4 and Organocatal yst Al :
(SJ- Di phenyl -prolinol -O TMs-etfer (S) - 3- Met hyl - 2-
(S)-3-Methyl-2- o-ethyl)- 3-Methyl-butyrald bhydb
2-nitro-ethyl ester (2-nitr (2-nltro-ethyl)-

q but yr al dehyde  but an- 1-ol 2-Nitroethyl benzoate (7.8 g,

© 40 mmol) and $18S18&YMEE 8XCER%o| ) i soval er al dehyde are

DiBAHssol ved i n @isebutyrienigilimiydrte of tol uene and 5 m of

etonitrile at .ro t enper at ure.
DMA?F%)-di phenyl p?'&'i“ﬁgma@'%fé{'%r (1.3 g, 4 mmol) is

DMRdded at roonNiNeaRest@RfifdfBamilie this solution is then
DM ded under s%' in 5 mnutes (5.05 g,

hé:{}inq%atOOCwith e
mol ) of NLAERGTVibE pifsietRByqre-241 MePvainudingta | y
DMS®! | ow t ur bi ddigetniduddxidéf ter 24 hours at ca. 0 0C all
2-nitroethyl benzoate is consunmed (HPLC control). For
€ work up and r@RRIEPMEHC EXESPorned 4-nitro 2- i sopropyl
ES butyral dehydeelest®dspdyon in tol uene) is added slowy
within 20 mnutes to a wel| stirred solution of 4.0 g
ESI (160 nmol) of e'eeEASRFAYIBRIEMPAri de in a mixture of 30 mi
Et of water and gfiynl of ethanol. Vigorous hydrogen
evol ution is observed at the beginning. After 30
EtOA¢ nut es the r¥UAEHE i s conplete. The reaction
FTIRI xture is quenaéeashnsfdrh ifmaea4pe@idstbsy aci d sol ution.
The toluene phase is separated and the ‘aqueous phase
is extracted WfWIS)2 portions (50 m) of tol uene. The
HNMRbI ned  or gagrofoniRRRs ngRetiB@lsshndet h IN HCI, sat.
bi carbonate and finally wwth H2O (each 2 x 50 m). The
HOBto| yene phaselN¥dr@xykedzetiazolaysos and evaporated in
HPLEZAcuum t o a yiggh QuHeHlanctR§@a BhividtStaghy the
. enantioneric ratio by HPLC at 205 nmw t'h a Chiral pak
-Pr AD-H col um sRORIEBY'85 % enantiomer A and 15 %

iProgigant i oner B.isopropyl acetate

IR infrared

KHMDS potassium bis(trimethyisilyl)amide
L litre

LCMS liquid chromatography-mass spectrometry
LDA lithium diisopropylamide

LHMDS lithium bis(trimethylsilyl)amide
LRMS low resolution mass spectroscopy
M molarity

m/e mass-to-charge ratio

Me methyl

mg milligram

min minute(s)

mL millilitre

mmoil(s) millimole(s)

mol(s) mole(s)

MS mass spectrometry



According to lit. ref. the enantionmer A has the shown
configuration (S). The crude product was purified by

W@ atosmrmsehr omat ogr aphy on silica gel (200 g) WEHEP2008/053891
hept ane: ethyl acetate (2 : 1) to give in the pure
fractions 3-nethyl-2-(2-nitroeddyl)-2-butan-1- ol as a
slightly yellowoil. 1HNVMR (600 MHz, CDCI3) ; dH
(ppm 4.59-4.50 (2H, m CH NO2) , 3.76-3.72 (1H, m CH

vl oF %7 Bt llgpifilpde 21,30 07 O
nm CH(CHs)Z) , rian4>8~re1re43 (1H, m CH) 1.29 (1H, t , J
NIVI4 6 Hz, - "i?&H dd, J 7Hz, -CH3) . 13C NWR
R150 M, CDcEP%Ciea' nefipiRsoReNcss (CH2NOQ) . 63.95
Pd/q CH20H) , 43. Ghlia@idin or28arfén (CH(CH 3 2) , 27.21 (CH2) ,
19. 68 (CH3) 19.35 (CH3) .Ms: (ES-); [MH = 160 IR
Ph (FTIR- M cr osc‘%ﬂ?y n transm ssion) 3384 (br.OH), 2962,
Piv 2877(CH), 155div4leégNO 2) , 1466, 1435(CH), 1385 (syNOR)
. lcm1] 1H NWR f tn orresponding internediate nitro
Piv-Gi dehyde: (40‘23"’1\)12}2 @tﬁéﬁ . dH (ppm) 4.57-4.48 (1H,
ppmm CHNOZ2) 4p or BAllién 1H m CHNO2) , 2.42-2.35
(1H, m, 2.35-2 2H, brm, 2.15-2.05 ( 1H, m), 1.07
PSi (3H, d, CHB) P°Lt5‘ §9ey argInclyz) Exanpl e 1B:
RT Organocat al ythoemMe ae,{turaddlu on of "in situ"
g ted 'yt thm t I | dehyd d
ener at ed ni en to isoval eral dehyde an
SEIVﬁgeducti on of i%@ %Hﬂ?'{yf)ﬁfé‘oé\f"&%M)de by NaBH4 with

SEMganocat al ysfp- o«?ororﬁusﬂm@d@mwhwewﬁnbﬂ@l - O- TBDVG- et her
d different wor @E 2-Nitroethyl benzoate ( 11.71
TBD@% 60 mmol ) atﬁab‘(@'d ghvleilys nmol, 1. 8 equ. val )

TBMESoval er al dq@mg@ywequgtﬁéol ved in a mxture of 75 ni

TEMBD 1O UeNe AN, by e 3T T oom
TES triethylsilyl

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography

TMEDA N,N,N,N-tetramethylethylenediamine
TMS trimethylsilyl

TPAP tetrapropylammonium perruthenate
tr retention time

Ts tosylate / tosyl

Examples:

Example 1A: Organocatalytic Michael addition of “in situ” generated nitroethylen to
isovaleraldehyde and reduction of the resulting aldehyde by NaBH,4 and
Organocatalyst A1: (S)-Diphenyl-prolinol-O-TMS-ether



tenperature. (S)-diphenylprolinol-O TBDVs-ether (1

.76 g, 4.8 mol, 8 nol % is added at room tenperature.
wWab@snemes i on mxture is cooled to 0 C and 6. 9BCHEPHB8/053891

mol ) of N-nethyl nor pholine is added via dropping

funnel in 30 mnutes. The reacigon m xture is stirred

over night at 0 C and conversion is controlled by HPLC

to show 90 % conversi on. Additional Nnethyl norpholine

i s added and stirring is continued at roomtenperature

or 5h To the reaeiormm Xgure i ¢ added 30 ri* of {
tery f xt roa 0 oof g4l rN®%t r ac NSo
wijt h aqu. alds t|o

y
wat er (?50 n1)° Thloe_({m-u i s/ then ad MW: 161.20
slowy at 0,C ta a solution of 3.&:g.9f sodium (S)-3-Methyl-2-

3-MetHlpLieBdniyehe | deziwRe@Osal Of water andzZo-=- of et hanol ¢ wntro-sthy)-
under stirring. After 1 hour the Feaction is conpl ét'E"°
and after work up with 1 NHC (3 x 70 M), 10 %

2- Nnboetaylkmﬁame senB gt 4O mnﬁ&t)d #nd/@.31g )61a51dmﬁ¢m @owewulddhyde are
brine roduct

diss b et S A oH B E5 0 S rhe Srdmitis Abractn fsipmesature.

(S)- mpmwrpe@hnasodmsxentﬁwm aigoneqma;ns%déd% ﬁmntelncﬁ@%tur‘é To this
nant,i one t. a second _cr

soluffEis Joem Fade e SRR o oo N B AIBH315 e SAENER) of N-methy
mormdhhe @ gihé arsngrtylanew (2biy s3itioh )Afted 2ginearsasl @at 0 @0kl 2-nitroethy!

rt.
bensgats & PhSTe (ILEConfoh, ESTHRrR Tl anghrasistian e formbd d-itro 2-
isopfapgmwyrahahyﬁe (GolM@hiﬂ&blu@ﬁ@llé b@db@fl%wlz mwtﬁlntZ-O minutes to a well
ehyde_ and

. rate [troethyl en_to, propiaon
S“"?O"’Eaﬁ%ftq”oq? 44 {150 pielircr ?%urg%@éﬂvaedw NRELUIPOH 3P G &f water and
30 nhleéb\aB@mV@b&)L@mydro@Ei) edolMrdrig lobdeed BOthe beginning. After 30 minutes
ro-.2-nitro- ethgwgester

the %abﬁ}v’aw%&?{ﬁ &5 A& FEAEG) Mopioss gusnshad with @nHequsLilric geid solution.

The waereqxrfa@é weesiapasate@ aﬁﬂ%q@ne&us ah:Metué esttdtydd WENZ @8ktRNs (50 mi)
pr opi onal dehyde

of togHeQeST I%S%ﬂ%ae]? W)ggelcm\g ) q{gmged with )1N HCI, sat. bicarbohate and

fmall@@ﬂhd—ﬂﬁ(@@&lh Rx80 MR THe tbMeng pRgse is 18§ oler I\ﬁg@@P'a)wd'e‘%aporated in
added at roomtenperature To this solution is then

Vac%ﬁb@fﬂ'&@ro'stl rring at 0 OC within 3 hours (3.45 g,
30 mmol ) of N-ethyl norpholine as hexane solution to

e.a s ht | el ] ow turbid soluti
Detegm}/natlon o} thg enar\{tlglmer!c ratio by HPLC at 205 nm WIth a Chiralpak AD-H column

showed 85 % enantiomer A and 15 % enantiomer B.

According to lit. ref. the enantiomer A has the shown configuration (S).

The crude product was purified by column chromatography on silica gel (200 g) with
heptane: ethyl acetate (2 : 1) to give in the pure fractions 3-methyl-2-(2-nitroethyl)-2-butan-1-

ol as a slightly yellow oil.

'H-NMR: (600 MHz, CDCls); 8y (ppm)

4.59-4.50 (2H, m, CHyNO,), 3.76-3.72 (1H, m, CH,OH), 3.63-3.58 (1H, m, -CH,OH),
2.20-2.14 (1H, m, CHy), 2.07-2.01 (1H, m, CH,), 1.82-1.74 (1H, m, -CH(CHa),), 1.48-1.43
(1H, m, CH), 1.29 (1H, t, J 4.6 Hz, -OH), 0.94 (6H, dd, J 7Hz, -CH,).

*C-NMR: (150 MHz, CDCL); 8¢ (ppm)

74.84 (CHNO,), 63.95 (CH,0OH), 43.69 (CH), 28.70 (CH(CHa),), 27.21 (CH,), 19.68 (CH,),
19.35 (CHa).



After 3 hours stirring at ca. 0 OC all 2-nitroethyl
benzoate is consunmed (HPLC control). To the reaction
WOoroosut9804 s t hen added 15 ml of et hanol fol | owedr/Bp2008/053891
portionwi se addition of 1 g (40 mol) of sodi um
borohydride. The reaction m xtgye becomes very thick
and therefore 20 M of water is added to get a clear
sol ution. Hydrogen evolution is observed at the
begi nning. After 30 mnutes the reduction is conplete.
The reaction mxture is quenched with aqueous 2N HCl
MS: gES-); Im-H=wae adj usted to 3. The reaction mxture is

_ fﬁ]trat ed . in vacuum and then extracted with 60 ni
IR @:%%1 IGToggoRY dN rERRMISHIAN)  acet ate phase is washed with

mur(atcelel) 2062 Lmam(m)r b@ﬂﬂ(a%N@%) % 486, M3)5(caﬂl)d13851€dbez) [cm™]
N aquequs . The ethyl acefaté
%&f’é th%c%@gamdé@%@tqrwegg&wﬁptagie V% a yel I ow or ange

oil. (Z@@Mﬂﬁa@bcgmpl(ﬁprﬁ tio of the crude materi al
before chromato eterm ned by HPLC at 205 nm

4.57-46 (141, @nQﬂﬂ%ﬁ% H5Q:6 Hu QM%O:&%S? 92-2r@rflHank 2. 38-ahel (2H,

1 a f the (
b e A LR TR RSP (400 Mz

' d6-DVMBO), dH (ppm) d = 0.86 (3H, d, J=6.76 Hz, CH3) ,

ExarhoR 18- HropiatalltByGhed 4o of SR sfirerint? wﬁ?eﬂ%
Fﬁ/l—l— Dﬁa) isovalgrpidapydt andisdggtioB® me 1@2ulting 8l8elydens, NaBhh; with

t r ansm ss{g(? ﬁg’éﬂg'éﬁt[%) -Dé%%y %@g@%-@%%%&éﬂ%g@ﬂ%@&em
, 143Bork@d), 1381 (sy-NO 2) [cm 1] Spectroscopic

o R A . o
aldehjgleDae@issotidd (p pmixtdre=of17500! ¢f3eluenk add ZB.r@itof Idzetoﬁlt-ﬂge at room
temp]erggr,’aeg(%%{Wg&opalmolgo%dMé-@’thépm 78452 8(fitdol, Bm&tE NFRdded at
room temperature. The reaction mixture is cooled to 0 °C and 6.98 g (69 mmol) of N-methyl-
morpholine is added via dropping funnel in 30 minutes. The reaction mixture is stirred over
night at 0 °C and conversion is controlled by HPLC to show 90 % conversion. Additional N-
methylmorpholine is added and stirring is continued at room temperature for 5 hours. To the
reaction mixture is added 30 ml of water for extraction of salts, then further extracted with
aqu. Citric acid solution (30 ml) and finally with water (30 ml). This toluene phase is then
added slowly at 0 °C to a solution of 3.4 g of sodium borohydride in 20 ml of water and 20 ml
of ethanol under stirring. After 1 hour the reaction is complete and after work up with 1 N HCI
(3 x 70 ml), 10 % bicarbonate solution (2 x 70 ml) and finally with brine (70 ml) crude product
is obtained, which is almost pure according to NMR. The enantiomeric ratio measured as
described above was 96.4 % enantiomer A and 3.6 % enantiomer B. To get a second crop
of yield the acidic aqu. phases were combined and extracted with dichloromethane (2 x 30
ml) to give additional crude product which was combined with the first part.

Analytical data as in Example 1A.

Example 2: Organocatalytic Michael addition of “in situ” generated nitroethylen to
propionaldehyde and reduction of the resulting aldehyde by NaBH,



13CG-NWVR (150 MHz, d6-DVMSO), d (ppm d = 12.5, 26.5,

42.1 , 72.8, 204.0 Ms: (MH - HNO2)+ 84.9, (MH -
woRiosN19888. 3, (MH) 130.1 IR (FTI R m cr oscopyP¢TEP2008/053891

transm ssion) 2833-2972 (CH), 2729 (Ferm -Res

al dehyde., 1725(C=0), 1553 (assfNO 2) , 1434 (CH) 1382

(Sy-NO2) Exanple 3: Organocatal ytic M chael addition

of "in situ" generated nitroethylen to

isovaleraldehyde and reduction of the resulting

dehydesfy NaBH4 O ganasabaky 8 " f
. - Pyr @ tr ;@ZOI%’"('S) Q,Esér\g&ga y S%BHB NSo
2- i troet Hyl aﬁe(o ) and (0.26 9,

mol ) i soval @r aI deh‘yde re »eH—s lved in 4 of MW: 133.16

Propiona?dgi (in tr I l eb 14 R)-2-Methyl-4-nitro-
t enper at ur e. z(@m@y&er ol i di ne-t etragdlicbal alyst B (42R:2Methy

ng, 0.3 mmol) is added at roomtenperature. To this
solution is then added under stirring at -20 OCWIthIn

The érdQnBHz;tSt?tlc( %agl%rgw %ow o Hzalsgrﬁ] EQEFF@;IQW; nor phol i ne to

gi've 16 hours at -20
2- Nlm@tbyl |bezzqﬁte (‘b%& ay24 mew)Endd3\es 60anmaberiopipraldehyde are

dlss&%H .'h@o)ml &8 g%ﬁé 08). éggﬁégrwgf;%*l ém%Fthﬂ\an*éYﬁHr (#85 ?ng n}(@{il?%&dded at

formed as in he enanti onmeri c |
roond@mmwtn@d Toyhisiepigtien is20@n addegi undenstoring all &k wikminkg hours (3.45

g, 3(991'@1? Ca?thglgr{]gf‘pgglﬂ'%;és% és@?%:éé}g@&?@ﬁ&ﬂl?%ﬁomﬁurbld solution.
Aftercy peurs stitriapyat ce. Q\/ithééimtmﬂM benroate is |cnns4nnea:l (HPLC control). To the
reacHGAhAGE %S {erh{aﬁaé&% I‘ch'aﬁﬂ;@l onglbglm%@'\_rﬁ%daddmon of 1g (40

reduc tron o e resulting a
mmady @f@ndwm mrybydnge [I®Jreeiinn rm;xture_ becomes very thick and therefore 20 ml

of water is added to get a clear solution. Hydrogen evolution is observed at the beginning.
After 30 minutes the reduction is complete. The reaction mixture is quenched with aqueous
2N HCI and the pH was adjusted to 3. The reaction mixture is concentrated in vacuum and
then extracted with 60 mi ethyl acetate. The ethyl acetate phase is washed with saturated
sodium bicarbonate (4 x 20 ml) and finally with 0.5 N aqueous HCI (2 x 20 ml).

The ethyl acetate phase is evaporated in vacuum to give a yellow orange oil.

The enantiomeric ratio of the crude material before chromatography determined by HPLC at

205 nm with a Chiralpak AD-H column was 85 % enantiomer A and 15 % enantiomer B.

Spectroscopic data of the ( R)-2-Methyl-4-nitro-butan-1-ol:

'"H-NMR: (400 MHz, ds-DMSO), 8y (ppm)
5= 0.86 (3H, d, J=6.76 Hz, CH5), 1.55-2.02 (3H, brm, -CH, -CH,), 3.26 (2H,
m, CH,-OH), 4.56-4.62 (3H, m, CH,NO, & OH)

¥C-NMR: (400 MHz, ds-DMSO), & (ppm)
§=15.9, 30.3, 32.4, 65.2, 73.7

MS: [MH-H,0]" = 115.9, [M-H] =132.2



(S)-Ogano- Cataiyst C L-prollne NaBH
3- Met hyl - but yral dehyde (S)-3-Mthyl-2- Benzoic acid O
W@ ke gises al dehyde) (2-nitro-ethyi)- (2-nitro-BCYEP2008/053891
2-nltro-ethyl ester butyral dehyde butan-1-ol
2-Nitroethyl benzoate (0.39 g,522 mmol) and (0.26 g, 3
mmol ) isoval eral dehyde are dissolved in 4 m of
acetonitrile at roomtenperature. L-proline (catalyst
i 69. g, 0.6 mmol) is added at room tenperature. To
IR: %T'E'@H%P%'nit?”ﬁﬁ‘éﬁ'ogaded under stirring at -20 OC
\V@36Bi(OHH 288012066 (€Q), 1552 (as2NS,)mmads (GH), ﬂ\BSﬂE(t'sDéNOz? [cm™]
nor pholine to give a slightly yellow solution. After
16 hours at -20 OC all 2-nitroethyl benzoate was
Spe@t@3soHIe datatdPiife eprishOhding Hadkelel (QMath{I - §if6 ibufraldehyde):
bor ohydri de and workup 1s done as 1 n Exanple 2. The
enantioneric ratio determ ned by HPLC at 205 nmw th a

'H- ;\ﬂRr@;logqmﬁlaéngd)prgp pe 68 % enantionmer A and 32 %

enanti oner B. Ana tlcal data as in Exanple 1A

ExanpFd-09 (3t gaﬁoZéﬁé‘IZyQFb) ﬁr&9r2)3’éK21'd)lm)r @t (1 bnmyf4.62 (2H, m,

et hybpdudit gngate and
(S) - 36282?1?)31 g%%xeth | - 4- met hyl - pent anal cat al ysed by

(-)sparteine under solvent-free conditionscatal yst
So-NmR: ERBINISE WE-DESS, sTpshfT €0

0=125, 26.5,42.1,72.8,204.0

MS: (MH - HN02)+ 84.9, (M-H - HNO2)" 83.3, (M-H)" 130.1

IR: (FTIR-microscopy in transmission)
2833-2972 (CH), 2729 (Fermi-Res. aldehyde., 1725(C=0), 1553 (as-NO,), 1434 (CH)
1382 (sy-NOy)

Example 3: Organocatalytic Michael addition of “in situ” generated nitroethylen to'
isovaleraldehyde and reduction of the resulting aldehyde by NaBH,
Organocatalyst B ; (S)-Pyrrolidine-tetrazole

(S)-Organo-
Catalyst B
N\
O~
N
NN NaBH, j\
+ 0. (o]
H \/\"// ——— | H
(o] (o] o] N—
S)-3-Methyi-2- -3-M 1-2-
3-Methyl-butyraldehyde Benzoic acid {2-)nitro-etl¥yl)- {g-)nitro:"tl:yl)-

(isovaleraldehyde) 2-nitro-ethy! ester butyraldehyde butan-1-ol

2-Nitroethyl benzoate (0.39 g, 2 mmol) and (0.26 g, 3 mmol) isovaleraldehyde are dissolved

in 4 mi of acetonitrile at room temperature.



solvent-free |Isomers MNW 147.13 MAN 220.31 MAN 367. 45
4-Nitro-butyric acid (S)-3-Benzyl oxynet hyl -

W@ 2B3AB8TEL) - 7- Benzyl oxynet hyl - 5- hydr oxy- 8- et PgI/ERXD$053891
4- et hyl - pent anal net hyl - 4-nl tro-nonanol ¢ aci d net hyl
ester Methyl 4-nitrobutyrate (s53l..25 g, 7.64 mol)
and 3.01 g (S)-3-Benzyl oxynet hyl - 4- net hyl pent anal
(13.66 mmol) from exarrple 11 and 0.53 g (-)-sparteine

o) Aplidhd TS dRal: 1A i T e alies upoRdtmegrature. To thi
soluﬁ\frt ie Ithén‘kﬁtdet“dﬂiﬁeﬂ'ﬂ?in@lglﬂngo ext vﬁthmdurahém@tzscgnrm ﬁinﬁbl) of N-
eSS RIS Bt ESIE B agE) o hSas b 2B FLAtH ey

benAdatpiianedretimet (HPEC@bﬁtrél) Redudtion Witesddlie Befohydride and workup
act s were collected and conbi ned to

taining f
Wasgﬁa qqeas%[‘ttj?%@lp + product (mixture of 4

The shaﬁ@meﬂ@m@ttosdea@mméu ROHPDC HPRES nkMEh 20RirdipaNNBIH column was
DMSO,_ dH (ppm, stereol somer

82 W%%‘P@eéﬁsané '$ éé%qanﬁ*ﬂf'&efBCHs) , 1.25-1 .50 (2H, brm
Analy§ddi databs O ExamBié 102H, brm - CH ), 2.0-2.45 (4H, brm,
3.35-3.45 (2H, brm -CH20), 3.60 (3H, s , -OCH 3) ,
3.78-3.88 (m CHOH, from1 epiner) and 3.95-4.05 (m

% % (ﬁr"ggm)@atalﬁﬂ:' lW%ﬁ%el lz_alﬂdlﬁgn 87 48 s(tgﬂzerfé?ateélhrtroethglen to

1H m |so\(§£braldqhy,_dg apdggdl’(q‘ypn oﬁ{he;qe;ultvg] alfehyde by

[NH'N%}Q'"an'ocg’l%@sz (SVIPFbilRem Croscopy in transm ssi on)
3404 (br. 3064, “3031 (Bn-CH), 2958, 2874
(al.CH), 1738 (C=0, 1550 (asNO2) 1369 (SyNOZ) , 1175,

1092, 1074 (C O C)srodsl , 700 [cm 1] Exanpl e
Hydr ogenati on of CatalystC
4S, 5S - 7- Benzyl oxyrrmoﬁ- Y@ OXy- ?

§ v . . H y ] H ﬁ
y - rret+hy ni gr\g]g;ﬁ)nm CL_pm"ne " N\\O NaBH, N\\o

(o] (o] o N—
S§)-3-Methyi-2- §)-3-Methyi-2-
3-Methyl-butyraidehyde Benzoic acid 22-)nitro-etl¥yl)- 22-)ni‘b’o-etl¥yl)-
(isovaleraidehyde) 2-nitro-ethyl ester butyraidehyde butan-1-oi

2-Nitroethyl benzoate (0.39 g, 2 mmol) and (0.26 g, 3 mmol) isovaleraldehyde are
dissolved in 4 ml of acetonitrile at room temperature. L-proline (catalyst C) (69 mg, 0.6
mmol) is added at room temperature. To this solution is then added under stirring at -20 °C
within 5 minutes (0.25 g, 2.5 mmol) of N-methyl morpholine to give a slightly yellow solution.
After 16 hours at -20 °C all 2-nitroethyl benzoate was consumed (HPLC control). Reduction
with sodium borohydride and workup is done as in Example 2. The enantiomeric ratio
determined by HPLC at 205 nm with a Chiralpak AD-H column was 68 % enantiomer A and
32 % enantiomer B.

Analytical data as in Example 1A.

Example 5: Organocatalytic nitro aldol reaction of methyl 4-nitrobutanoate and
(S)-3-Benzyloxymethyl-4-methyl-pentanal catalysed by (-)sparteine under

solvent-free conditions



acid nethyl ester with Ra-Ni to benzyl protected
pyrrolidonecatal yst Ra-Ni other THF, r.t. + stereo
W0 2@atS0MN  367. 45 MW 305. 42 PCT/EP2008/053891
(4S, 5S, 7S) - 7- Benzyl oxynet hyl - 5- hydr oxy-
5-4( 1S, 39) - 3- Benzyl oxymet hyl - 1shydr oxy-
8- net hyl -4-ni tro-nonanoi c acid nethyl ester
4- et hyl -pentyl)-pyrrolidin-2-one 1.0 g (2. 72nmol ) of
(4S, 5S, 7S) 7- Benzyl oxynet hyI 5- hydr oxy-

g 8- et hyl - 0| p) get d mehyl egtely from other
| € 5 ar d| ss + Stereo
t heg _hydro RaQJVNrf"*( Dei;ussa) at nor mal

pr‘éss‘bre and roomtenperature over niog (ca. 16
ww:thaur s) . Af t emw:eanpl et e conversi on the cat al meterdss

anirdohdt &6 €d  Ofd)s@dhyhid®. SOl vent i s euapes b iyhdhy@hVsy,.a
mUPET ] ow o | ATEEEEEi ng to 1H NVR,  MRy-“NB-eienelc 4Pl tsfre

obtained oil is a mxture of 4 di astereoi soneric
| act am conpounds. 1H NVR (400 MHz, d6-DWVSG, dH (ppm,

. . ! 0 ) ’ o i i ]
etk PR 105 g0 B4 Pk g B Sy oty mein
pentgnalSi@G@_gqnq@)-fromrep@mplgHZ)and B52§-(3-spBri¢inelareomined Kb@ither and are
stlrre(a’ \ﬁh\ouf %]é{falthpagacﬁ\ge ggﬁ%gﬁzémpegart% féb P Eb%ouz{g '%@éﬁgaglhme HPLC
cont olshowqﬁoalfmost earpléte convatsiar vEthearitea sl)tyrat_echvs reddgtfenmixture is
| mss
B T T T S B £ v o
cont@aipy fracies, wqrg@@lle(c@qgand caniigided toogive {he-nira@jdol pBBIuct@dxture of 4
ar i1
stere[(aggnyr? F@@é‘? E%ZL o%r%?r]et ﬁrNMR) hydr oxy- 4- et hyl - pe
ntyl)-
'H-NMR: (400 MHz, de-DMSO; 84 (ppm), stereocisomer mixture
0.8-0.9 (6H, m-d, -CHj3), 1.25-1.50 (2H, brm, -CH-), 1.62-1.87 (2H,brm, -CH-),
2.0-2.45 (4H, brm), 3.35-3.45 (2H, brm, -CH,0), 3.60 (3H, s, -OCH), 3.78-3.88
(m, CHOH, from 1 epimer) and 3.95-4.05 (m, CHOH, from 2. epimer), 4.40-4.46
(2H, dd, ab, -OCH,Ph), 4.45-4.60 (1H, brm, CH-NO,), 5.82-5.90 (1H, m, -OH),
7.22-7.36 (5H, m, Ar)

MS: [MH]" = 368, [M+NH,]" = 385

IR: (FTIR-microscopy in transmission)
3404 (br,OH), 3064, 3031 (Bn-CH), 2958, 2874 (al.CH),1738 (C=0), 1550 (asNO,)
1369 (syNO,), 1175, 1092, 1074 (C-O-C), 741,700 [cm™]

Example 6: Hydrogenation of (4S,5S,7S)-7-Benzyloxymethyl-5-hydroxy- 8-methyl-4-nitro-
nonanoic acid methyl ester with Ra-Ni to benzylprotected

pyrrolidone



pyrrolidin-2-one to

(S)-5-((1S, 3S) - 1- Hydr oxy- 3- hydr oxynet hyl - 4- net hyl - pent
W@ RGos/1804 ol i di n- 2- oneot her + stereo i soners PCT/EP2008/053891

(S)-5-((1S, 39) - 3-Benzyl oxynet hyl -

(S)-5-((1S, 3S) - 1- Hydr oxy- 3- hydgexymnet hyl hydr oxy-

4- met hyl - pentyl ) -pyrtol |l dl n-2-one

4- et hyl - pentyl)-pyrtolldln-2-onb 0.78 g (2.55 mmol)

of
(S)-5-
ntyl )-(* .
T tenprrature and 4 0C and nor pressure over 0.4 ¢

of °ﬁd T (10 %9 for 24 hours. APter conpl ete conversion
the catal”&y"sst67 s filtered off and the IM:¥&Mt is

s mrgd' Y&cuum to give t Awses Heﬁebe«rmyl at ed
z thpr o%%lg?ggg a colourless oil . 1@’%?3'(%6%“'%2

Cf6-DVSO); dH (ppm, isomeric mxture (4 isoners)
0.75-0.9 (6H, mult d, -CH3) , 1.1-1.3 (2H, brm CH),

1.0 4.(2472mdol) ol S, 58 7@)=V—;Bei:zyﬁ5xym"etﬂ)5 SQWdrO)@f H-lmet@ﬂ@-mtro-@rénanorc

acrdﬁ{neigﬁfs% Erpm e)@pirpdﬁ_ﬁ are@r%l?lv&dgg%@(zyl qﬁ dry 'Eybqu ar;e then
hydrégdated o2 Ra’NE®eglitta) 4t Abrhial p%s@@e&inﬁ&ooﬂhbrﬂﬁér@ﬁ)re M&er night
(FTIR m c 0SC transm ssi on)

(ca. §DBliE AfEr GoinFleiq fonvaision (1S §7GHILSITEH=OGH vkl Spleses s
evaporstea g givé aelidw bX bRy to O4LNIIARI 1) MG and HPLC the obtained oil is a

mrxtw;e o%'lgﬁgesgerea sng}_%%@ta(%comg dr oxymet hyl - 4- et hyl - penty
(S)-5-((S)-4-1sopropyl -5-o0xo-tetrahydro-furan-2-yl)-py
'H- r\MFQ I(4 (I)lr\lll_szd:,zl?)(l\allsoot I%S (ppm), isomeric mixture
0.81-0.88 (6H, mult. d, -CH5;), 1.10-1.42 (2H, brm, -CH), 1.60-1.75 (1H, brm, CH),
1.75-2.15 (5H, brm, -CH,), 3.25-3.45 (4H, brm, N-CH, O-CH, -OCH,), 4.38-4.48
(2H, -O-CH-Ph), 4.58-4.64 (1H, m, -OH), 7.22-7.38 (5H, m, arom.H), 7.46 & 7.54
(1H, two d, NH, for 2 diastereomers).

hyl - pesther
+ stereo
isomers

LC-MS: MH" = 306 (4 isomers)

IR: (FTIR-microscopy in transmission)
3269 (br, NH,OH), 2957, 2872 (aliph.CH), 1687 (amide, C=0), 1455, 1367 (CH,), 1094,
1074 (C-O-C), 738, 699 [cm™]

Example 7: Hydrogenation (S)-5-((1S,3S)-3-Benzyloxymethyl-1-hydroxy-4-methyl-pentyl)-
pyrrolidin-2-one to (S)-5-((1S,3S)-1-Hydroxy-3-hydroxymethyl-4-methyl-pentyl)-
pyrrolidin-2-one



+ stereo isonmers MV 211. 26
(S)-5-((1S, 3S) - 1- Hydr oxy- 3- hydr oxynet hyl -
W@ 3)08819806) - 4- | sopropyl -5-oxo-tetra PCT/EP2008/053891
4- et hyl - pentyl ) -pyrrolidin-2-one
hydr o-furan-2-yl)-pyrrolldl n-2sene0. 400 g (1.85 mmol)
of the |actamdi ol product of exanple 7 is dissolved
in 18 m of dichloronmethane and 2 m of acetonitrile.
1 g of nolecular sieves (0.3 nm perlform Merck) and

: 4- yl myLpheld ne- 4- oxye s oxidant is

adled] at or\;%@gnpermowre Thep 6 QLoATPAP, ~ Sther
pf op mmnl‘Um—"pFH’uth naje) as catal yst ik@ners

Wided. The reaction mixture isyfi'tst stirred at room

o tempepature for 6 hours, thencadditional 64 ng of
catal yst Is added because onl éﬂssl ow'conversion is

(18, h
mf‘j@y@g?ﬂf Rompt-r eact i on i xt ur SRR ey Ever
roomtenperature and finally at reflux for 3
hours After conpl ete conversion the sol vents are

t d.th
T L R R RN R —,
pyrrcslldirut-lone friom éxalmpter ed/aewlirloae?&gd ?rOZCgm_I methadblLbedesn Fddm
or o, et col | ected frac S

temig Bt AT | S0S oo pirsgGe e B 4ot dIE i for 24 pers. Afer
compl_eteocw‘nehl drsainl the wﬂa%btt mae:eg Ebiﬁ’nardii t!if Eblvged isf ?ya;porat%d g\ vNacuum to
. dichl or ane er isulfite, O.
gnveg‘a e’fped 4‘?& B%%*%ﬁ@d& a‘?f’oa 8%3%59? on gives a yell ow

coloured oil. The oil could be crystallized from
1 t he h t ff whit tals.
NI B0 WP By P o Rofhesc i Grarestlomer o

(ca. olzsld.ogemomdit g -EA,)NVR-1. %ktrNM?m 901 gdglzs (1H nz CH), 1.65-

re o | SONers. -

o 55 e Bt 3 5 2, Gl o Ot (1, m, RECH)

1. 60- 43453@6((f“'%_65(1)m 4-7@:1) 85 1208- éH%ﬁ-lg(ﬁh"i PaEN 7 5525 1H, 4 diff.

- CH) S rm -CH), 3 3.78 (1H, brm

CH)S'"QI?“@oN!Zﬂ pide) 1 brm 0-CH), 7.92 & 7. 96
amde H. M. [MeH + = 212, [2M+H + = 423

MS: [M+H] =216
IR:  (FTIR microscopy in transmission)
3323 (br, -OH, -NH), 2957, 2875 (aliph. CH),1684 (C=0, lactam), [cm™]

Example 8: Oxidation of S)-5-((1S,3S)-1-Hydroxy-3-hydroxymethyl-4-methyl-pentyl)-
pyrrolidin-2-one to (S)-5-((S)-4-Isopropyl-5-oxo-tetrahydro-furan-2-yl)-pyrrolidin-

2-one
catalyst: ?
H TPAP
acetonltrile, m..<
dichloromethane
OH other
H oxldant: H + . stereo
N-Methyl- isomers
morphollne-
o N-oxlde o
MW: 215,30 MW: 211.26
(S)-5-((18,3S)-1-Hydroxy-3-hydroxymethyl- (S)-5-(S)-4-Isopropyl-5-oxo-tetra

4-methyl-pentyl)-pyrrolidin-2-one hydro-furan-2-yl)-pyrrolldin-2-one



IR (FTIR microscopy in transm ssion) 3239 (br, NH),
2962, 2875 (aliph. CH), 1765 (s, C=O lacton), 1685
W@ 2008C98P4 | actam), 1180 (C- O, [cm 1] Exanpl e BCT/EP2008/053891
Organocatal ytic nitro al dol reaction of
(S)-3-Methyl-2-(2-nitro-ethyl)shutan-1-ol and
(S) - 3- Benzyl oxynet hyl - 4- net hyl - pent anal cat al ysed by
( )spartei ne catal yst ( )-spartbinb other T + +
tereag isome O acetonltrlle MN 161. 20 MN
0. 4099d1 39 Mme!) g@t{neé@cte@@dn%p@uﬂ,pf example 7 is dissolved in 18 ml of di-

chlor@ﬁ)eﬂ?an@bﬁa}d PKYfMERE Btrile ( ?? o molecular sieves (0.3 nm, perlform Merck)
5S, 7S) - 7- Benzyl oxynet hyl-2-130 (2-nitro-"th 4

and 0 Z’étglﬂfl"f @gﬁy@p&ph%p@-ﬁyﬁp&yge rst fjdant @ added at room P/emperature Then
64 mgrﬂft'lfF@EP Fh?iﬂ@pylaﬁn@n@lm Bé%@ﬁeﬁat@i ddcAalfdta$ kdded. The reaction

mnxtl.(rlg)slss %Egﬂm q;mmé{merg{tuma §| ho,ygsmtmaqddgpaal(ﬁmg @f catalyst is
adde@%e%&trﬁg"&w sielv c%hV@rEnBMlls‘ &Ss{ewédr ‘?h@?e@é't o RinkaR- léfh%ln s\'ﬂred over

acetonitril To this solution is adde
nightrgy reem temperaiuse ped ﬂrea"ywah eefly |f<erti1 leurs After |0pm@@t%9@werswn the

solvéhtdhfe dbpbRfd ih ‘%ﬁ&ﬁfn@hh’& ﬁhe r@? HQe %Qﬂﬂoﬂ)ed%‘é\’?‘ﬁﬁ 39trhil df dichloro-
unreacted nitro conmpound her ef ore addi tional

methange Meidichigomeirpne; solusign eajfﬂw @quﬁ*@n@ Ovgll 8ind Ghtechishy dichloro
metf‘fa?\fe The &J‘I@Etea‘ﬁa@hon—g@e %%b’cﬁé‘ﬂéd 'lﬁv&bﬁﬁ%@\%@ﬂﬂ?‘g tolf]g pink, yellow

y residue is chrorratograp on silica ge

coloq{g@p&w@nc@w@;\ggqlg dissqlyed mcrﬁ@rgm@&angohﬁq vyﬁqﬁng]g wnth bisulfite, 0.5
N HEI! 3RS SRr MEBERINS orbfordhi¥es 2 ydiRhl ol oith, ch

consi sts accor I nNg y as mxture

The gif eouic be rvstadizgs frﬁm@hﬂsetmef@nﬁﬂ]eéane tocieg off whtwmstals The
crystﬁéoé?e M&ixtufe 6f I\/@ stefbbid R (cd. SHTRICESrdlHgth WVR.

conpl ex proton N
'"H-NMR: (400 MHz, ds-DMSO); &4 (ppm), mixture of isomers.
0.80-0.90 (3H, mult. d, -CHg), 0.92-1.02 (3H, muilt. d, -CH3), 1.60-1.80 (1H, brm,
-CH), 1.95-2.25 (6H, brm, -CH, & -CH), 2.60-2.80 (1H, brm, -CH), 3.60-3.78 (1H,
brm, N-CH), 4.30-4.42 (1H, brm, O-CH), 7.92 & 7.96, amide-H).

MS: [M+H]" = 212, [2M+H]" = 423

IR:  (FTIR microscopy in transmission)
3239 (br, NH), 2962, 2875 (aliph. CH), 1765 (s, C=0, lacton), 1685 (s, C=0, lactam),
1180 (C-0), [cm]

Example 9: Organocatalytic nitro aldol reaction of (S)-3-Methyl-2-(2-nitro-ethyl)-butan-1-ol
and (S)-3-Benzyloxymethyl-4-methyl-pentanal catalysed by (-)sparteine

catalyst H H
(-)-sparteine other
o + stereo
tonitil isomers
aceton [:]
o'/"\\o o

MW: 161.20 MW: 220.31 MW: 381.52

(S)-3-Methyl-2- (S)-3-Benzyloxymethyi- (25,48,58,7S)-7-Benzyloxymethyl-2-iso-
(2-nitro-ethyl)- 4-methyl-pentanal propyl-8-methyl-4-hitro-nonane-1,5-diot
butan-1-ol



0.76-0.88 (12H, nmult d, 4x -CH3) , 0.99 (m CH), 1.1-1
.9 (sev. brm, -CHCH2) , 3.35-3.45 (4H, brm -CH O),
W@20083188 (sev. brm -CHOH), 4.4-4.55 (2H, abPCI/EP2008/053891

- OCH2Ph), 4.6-4.65 (1H, brm -CHNO 2) , 5.28-5.38
(1H, mult d, -CHOH), 7.25- 7.88{5H, m ar. H. M
[ MiH] + = 382. 2 ; [I\/H-NH4]+:3992IR (FTIR m croscopy
in transm ssi on) 3396 (br, , 3089, 3065, 3031 (CH,

Inag%$%s§a g(;(.,a) qu_bof 1 S’g%%?ﬁloi(@ I-4é$"16 -?en§a5nal and

0.84 3@, BYamoh rof mamub—(l)ltro{edm)idut&x&mpvanmhl of acetonitrile. To this
Subst i

solufrs B84 pET Ry () rseariiie Jhe QLR RatHG? PYEETgil At room

tempairatlrec HRLCARN{rek shiotvet GtilMBhreattal nteecomboulvill Tradiefors additional

al ., Ch, , Act 86, 2848, .20
aldeyey E08 I iAo AR sy RB AR iy e T BAARRSH Rpeysovent i
evapobatét ahd thengily fﬂ@’éldmﬁiﬁ@ﬁ@iﬁbtggrdpﬁﬁm Sglgﬁ 3!4/%815Mar|1e/ Et?Ac (2:
s char Wi t . 53 0
1). T4 it oAy AT BEtarRera S hes o g 2oty O HBicHcbeing
accor@ny\ey INENS WifostlP a8 ikt MBdtetcdRipRTeRs Wite ofd adthelnajbpPisomer.
this mxture is added via a dropping funnel a solution

of 100 g (0. 441 nol) of

'H-NMFE)(560 Ghizoabomsmﬂ sﬁ(pam hhébh%h@ﬂﬂﬁfeh%r%plebﬁfb%&nﬂMR
di ssol ved i n [(\,E/DMSO under stirring dur

oo 070 88 UI2AE it du S 9 M. -6 RUeS oM. OH & CH),
M Xt wras-§ abi@intdn, )d/@%%cﬂmsm%%é@%}m' a‘mﬁ@@l)emwss (2H, ab,

roont enper at ure an

t ol ueREERNat§eti0d TH bauLdiNrh 2528 5§8é8ﬁdf‘t#t é’@l Q'drPH) 7.25-
back 7extsiagt, @d My th additional 200 nl of toluene. The

conmbi ned organi ¢ phases are washed twice with brine

(200 m) and are dried over Na2SO4 , then filtered and

o, ST SR BRI oL [ o veeum

IR:  (FTIR microscopy in transmission)
3396 (br, OH), 3089,3065,3031 (CH, Bn-H), 2959-2875 (al. CH), 1552 (as-NO,), 1466,
1455 (ar.CH), 1369 (sy-NO,), 1090,1072 (C-OH, C-O-C), 739,699 (ar, monosub.),
[cm™]
Example 10: Substitution of ((S)-2-Chloromethyl-3-methyl-butoxymethyl)-benzene with
cyanide
(starting material see: J. Maibaum et al., Helv. Ch. Acta, 86, 2848, 2003)

c.\:':/o \/@ 3&%’3 \:(/ \/@

((S)-2-Chloromethyl-3-methyl- (S)-3-Benzyloxymethyl-
butoxymethyl)-benzene 4-methyl-pentanenitrile

MW: 226.7488 MW: 217.3136

A flask is charged with 25.93 g (0.53 mol) of dry sodium cyanide and 195 ml of dry DMSO.
The mixture is warmed up to an internal temperature of 90 °C. To this mixture is added via a
dropping funnel a solution of 100 g (0.441 mol) of ((S)-2-Chloromethyl-3-methyl-
butoxymethyl)-benzene dissolved in 55 ml of dry DMSO under stirring during 1 hour. After

additional 3 h at 90 °C the reaction mixture (slightly yellow suspension) is cooled to room



1H- NVR (400 MHz, d6-DMSO; dH (ppm 0.88-0.89 (3H, d,
CH3) , 0.90-0.91 (3H, d, CH3) , 1.70-1.83 (2H, m

WQ@200BH 19824 48- 2. 64 (2H, ddd. abx, CH2CN), 3. 38-BCHRP100$4)53891
dd, OCH2) , 3.51-3.55 (1H, dd, OCH2) 4.45-4.53 (2H,
dd, ab, PhCH20), 7.32-7.39 (5Hgm aromH . M [MH +
= 218, [M+ NH4]+ = 235 IR (FTIR—Mcroscopyin
transm ssi on) 3089, 3064 (ar.CH), 2964, 2875 (al.CH),

temmﬂ'iegqcrg_ﬁo E{?ff? %Zémiﬁ rﬂllﬁéa%%%agﬁeéﬁ:h%guezgg phase is

sepafsipd InBeacky &xaractait wisH adtitipbhydo Mesttalnens. tThel ®nMikdd organic

Phasglg)%?%l L9, d%é{ﬂ (gﬁf?ﬁ@[z%ﬂo}%gﬁ?gﬁgwhﬂqqﬁpﬂ then filtered and

evapbrdtbd MWactimtaaddinaih high/vazlia® tM@Ive?a?rﬂoﬁjpuPe hitas ks lad oil.
charged with 12.0 g (0.0552 nol) of

"(S)-3-benzyl oxyrret hyl - 4- met hyl - pentanenitril e and

H- NdﬁF&S(ﬂ)d)O/ﬂd]zl - @QS@) &f(pg,}ﬁf The solution is cooled to O
- 5 0C and 10 fresh di chl oronet hane sol uti on

of DIOH&-D.89 (%cﬂ rﬁha) 019%@9éd%iﬂv%|063)|1s7%@éd2v| B, axCH), 2.48-
dr oppi dhg(zﬁueal@!abﬂlﬂﬂ @@1) 13 Bgurao (Af-ct 84, SEL g:B.B@-iﬁ&rﬂgﬂ dd, OCHy,)

addi t 1 onal " hour shows conpl et e ‘conver sion.

r eac t44on?- ﬁ?)@'ﬂﬂ@ F=‘§ RhfeteNed 3817-39 GHHa1 ag@od)m ) at O

OC under stirring. Additional 200 mMl THF is added and

t he phases are separated. The aqueous phase is 3-tines
MS: fMthlact2d§ M ¢t NHd 7R23TBMVE. The conbi ned organi ¢ phases

are dried over MgSO4 . After filtration the sol vents

are evaporat ed under reduced pressure and finally in
IR: (IRT ifnMigeqsgamy indragisméssione product as an oil.1H NVR (400

Mé@ 3@54% Ob%ﬁ?’sfspgal‘tHg 22489 féﬂiéOM%g (&I%ng@_gg g{iﬁ%h 103 (C-0-C)

739 699 (arCH) [em™] ‘ ’

Example 11: Reduction of (S)-3-Benzyloxymethyl-4-methyl-pentanenitrile with DIBAH to

aldehyde
DIBALH
THF CH,CI,
0.
H
(S)-3-Benzyloxymethyl- (S)-3-Benzyloxymethyl-
4-methyl-pentanenitrile 4-methyl-pentanal

MW: 217.3136 MW: 220.31

A flask is charged with 12.0 g (0.0552 mol) of “(S)-3-benzyloxymethyl-4-methyl-pentane-
nitrile and dissolved in 50 ml of THF. The solution is cooled to 0 — 5 °C and 100 ml of a fresh
dichloromethane solution of DIBAH (0.080 mol, 1.45 equival.) is added via a dropping funnel
during 1 hour. After stirring for an additional hour HPLC shows complete conversion.

The reaction mixture is quenched on 1 N HCI (200 ml) at 0 °C under stirring. Additional 200
ml THF is added and the phases are separated. The aqueous phase is 3-times extracted
with 60 ml TBME. The combined organic phases are dried over MgSQ, . After filtration the
solvents are evaporated under reduced pressure and finally in high vacuum to give the

product as an oil.



2.19 (1Hm CH) 2.25-2.30 (1H ddd, -CH2) , 2.37-2.42
(1H ddd, CH2) , 3.28-3.32 (1H dd, -OCH2) , 3.43-3.46

W@ 1d8dh8o4 OCH2) , 4.40-4.44 (2H, dd, PhCH20O ,6 KNCRRP2008/053891
7.38 (5H m aromH), 9.65 (1H, t , aid.H Ms [MH =
219.3 IR (FTIR-Mcroscopy in ggansm ssion) 3088, 3031
(arCH), 2960,2873 (al.CH), 2723 (Ferm Res. A d.),
1724 (C=0O, 1465, 1368 (CH3) , 1103 (CGOC, 737, 698

1H%%M[8@MS&Q %’E@F—)m 12.6 ( 0.983 %in MeOH)

(2S, 45 681092 (Zﬂ-B@nUJl 9>@8@b®6'(3ﬂ 8 S@lﬂ QFBGLT §o (‘ﬁli hIchy), 2.08-
4- nitro-nonane-1

pr ese&nte(16k ”B&d‘:@ozéﬁt?&o (ﬂ*bﬁéﬁ»e@Hz)s@n@r%Q (1H ddd CH,), 3.28-3.32
[ (1S, 2|$ é@oé@e@%d-@wm *Hd' é’ch»da%m 44 (2H, dd, PhCH,0), 7.22-

(2S, Benzyl oxynet
((§)382¢5|H W@@Q@ﬂfﬁt 65 ( ﬁe@!ﬁw) t>uty|) 5- propyl
4 nitro-nonane- 1, 5-di ol
Ms‘llnet yl %ngl] carbam c aci d tert-butyl ester 0.64 g
(1 67 mml) of the nitroaldol product fromexanple 9
g (1.92 mml) of BoC20 are dissolved in 20 m
IR: é'FT'&MQFR?POPWﬁéWf@W@S@%f Raney-Ni (Bl 13 W Degussa)

I@s@@dgd(aréhﬁ 2‘96’@28‘79 (én%%yévw%?ﬂeé‘%w?fﬁéh (C= o? 1465,
essure and erature over night. tiona

Féé"—sﬁll(ck"@ A16% (950 5%1d7 , P98 traengsdi ilgmsl wi t h a time

interval of 6 hours and hydrogenation is continued

until > 95 % of the calculated hydrogen is consuned

[alo &md TRBLE G¥inedn Magitlet e conversion. The catal yst is
filtered off and washed with 2 x 10 m of

Example 12: Hydrogenation of (25,48,5S,7S)-7-Benzyloxymethyl-2-iso-propyl-8-methyl-4-

nitro-nonane-1,5-diol with Raney —Ni in the presence of Boc,0O

Raney-Ni \/@
o THF abs. other
stereo
{Bac),0 ”N isomers

MW: 451.65

MW: 381.52
[(1S,28,48)4-Benzyloxymethyl-2-hydroxy-
(28,48,58,7S)-7-Benzyloxymethyl-2-iso- 1{(S}-2-hydroxymethyl-3-methyl-butyl)-6-
propyl-8-methyl-4-nitro-nonane-1,5-diol methyi-hexyl]-carbamic acid tert-butyl ester

0.64 g (1.67 mmol) of the nitroaldol product from example 9 and 0.42 g (1.92 mmol) of
Boc,0 are dissolved in 20 ml of ethanol. Then 0.2 g of Raney-Ni (B113 W Degussa) is
added.

The mixture is hydrogenated at normal pressure and room temperature over night.
Additional Ra-Ni (0.4 g) is added in two portions with a time interval of 6 hours and
hydrogenation is continued until > 95 % of the calculated hydrogen is consumed and HPLC
showed complete conversion. The catalyst is filtered off and washed with 2 x 10 ml of
ethanol. The solvent is removed in vacuum to give an yellow oil which was purified by
chromatography to remove excess Boc,O giving a mixture of stereoisomers with complex

proton NMR spectrum.



et hanol . The solvent is renoved in vacuumto give an
yellow oil which was purified by chromatography to

w0 20sitesekcess BoC20 giving a m xture of stereRCHBRMI$053891
wi th conplex proton NWMR spectrumMs: [M+ H + = 452. 3,
352.3 (M+ - Boc) Exanple 13:_djydrogenation of
[ (1S, 2S, 4S) - 4- Benzyl oxynet hyl - 2- hydr oxy-1- ((S) - 2-
hydr oxynet hyl - 3- net hyl - but yl ) - 5- met hyl - hexyl ] - car bam ¢
acid tert-butyl ester to triol other stereo isoners [(
1S, 2S, 4S) - 4- Benzyl oxynet hyl -2 - hydroxy -

MS: [N 1SHP S,453)3, 23331 (Y - Bod)y dr oxym bt hy 1 - 1-
1-<(9)-2- hydroxyrret hyl -3 - net hyl -butyl )-d-
((S) 2 hydroxymat hyl - 3- et hyl - butyl ) - 5- net hyl net hyl -

{ {
Exall?l %@utﬁbﬁorggﬁt g1§8§ ?Q-Lﬁ %érﬁ%rrnieﬁﬁg&' hias-harE)%-
hydwm}d@nmylmkww 6trmih3dtﬂ1ewhwbamlc(aC)cht)ertfhubymebeatqoune|
12 is hydrogenated in 20 m nethanol at room
tenperature and nornel pressure with 0.2 g of Pd/C (10
4 ho . After wonpl etoe conwergton the
RS er ed Qfkeon cat e i s wasdwed
wik h gret hanol and t he—softvent 3 apgrat ed irfve dygm
0 Y1 VE<(0.35 g) of the expect e | ated cru
profuct aswessieol ourl ess oil as a m>(>tu € Qv serss

11526818 8@ 05@NRHGay- M5 [ M + H + 5,368, 8EXaR] GnldA:

14(8)@& thyl-3 ethy tyl)-5- ((S)-2-hyd
ydroxymethyl-3-methyl-butyl)- 5-methyl-
methy! a&"zc utyt ester hexyl}-carbamic acid tert-but( zster

[ (1S, 2S, 48) 2- Hydr oxy- 4- hydr oxynet hyl - 1- ((S) - 2- hydr oxy
0.45"H Mithol) 3f Nﬁédiczlbehww}y)proéctféﬁtc'ampouﬁc?zixbj frGA'ERAThRe 12 is

acid tert-butyl ester 'Wwth cat

hydregqnaigst ig AP ra'mﬁhamhabmﬁmtére(wmrmahmessure with 0.2 g of
Pd/ON1EBhLY E PR HBIG! AEr dniprdtél 8oidh§ibn theSda®dIRR is filtered off, catalyst

residue is washed with methanol and the solvent is evaporated in vacuum to give (0.35 g) of

the expected debenzylated crude product as a colourless oil as a mixture of sterecisomers.
MS: [M+H}+ =362.5

Example 14A: Oxidation of [(1S,2S,4S)-2-Hydroxy-4-hydroxymethyl-1-((S)-2-hydroxy-
methyl-3-methyl-butyl)- 5-methyl- hexyl}-carbamic acid tert-buty! ester
with catalytic tetrapropylammonium perruthenate (TPAP) and N-Methyl-
morpholine N-oxide

(o}

TPAP, catal. /l o
s,
OH N-Me-morpholine-N-oxide other
Acetonitrile, CH,Cl, ", +  stereo
HN\H/O\K o r § ]/ isomers
o o

MW: 361.53 MW: 353.48
{(1S,28,48)-2-Hydroxy -4-hydroxymethyl-1- (38,58)-3-Isopropyl-5-{(S)-4-isopropyl-5-oxo-
((S)-2-hydroxymethyl-3-methyl-butyl)- 5-methyl- tetrahydro-furan-2-yl)-2-oxo-pyrrolidine-
hexyl}-carbamic acid tert-butyl ester 1-carboxylic acld tert-butyt ester

1.08 g (3.0 mmol) of the NH-BOC-triol compound of example 13 is dissolved in 15 ml of di-
chloromethane and 5 ml of acetonitrile. 1 g of molecular sieves (0.3 nm, perlform, Merck)
and 3.65 g of 4-methylmorpholine-4-oxyde-hydrate (27 mmol) as oxidant are added at room
temperature. Then 176 mg (0.5 mmol) of TPAP (tetrapropyl ammonium perruthenate) as



i somers | (1S, 2S, 4S) - 2- Hydr oxy- 4- hydr oxynet hyl -
(3S,59)-3-1sopropyl -5-((S)-4-isopropyl -5-o0xo-
W@ ¢@pAPISMH/dr oxymet hyl - 3- met hyl - but yl ) - 5- met hyPCET/EP2008/053891
tetrahydro-furan-2-yl)-2-oxo-pyrrolidi nehexyl] -
carbam c acid tert-butyl estergsl-carboxylic acid
tert-butyt ester 1.08 g (3.0 mmol) of the NH-BOC-tri ol
corrpound of exanple 13 is dissolved in 15 m of
i chl oromet hane and 5 ml of acetonitrile.
cata%q is @deeg- Tgpég%glopm)guw flbsélqur%q ﬁﬁrowrtgwpe@%gegore’gh@.lrs then is
warrféd ép feerehink B%Trpl@]'t I ARercdPpIEte -coMelraibs (}(IIQIZC W r)m)atﬁe solvents are

oxi dant are added at roomtenperature.
evapofated mcyu'afanﬂwre(se%@r%%@y?d 29A %mb@frql@n'weﬂmté?ne The
dichREdAdtBaNESIolitnasIfiRded Sh& Sl@??fﬂ HMMo '?'érﬁ&\!‘ér TPAB ahél bitked with

stirred at roomtenperature hours, then is
dlchkﬂmnh%aarwp The pfcé#vlch«;@r@a;@ng iiagtiqns ame EuAPQERIAE Ireyacuum to give 870 mg

of a BRRVRIISNBIoUKALS, whlkR .éngga.ﬁ B%sél%d’r‘i‘n%&l&&ﬁneﬁw‘éﬁ@or at ed

I'n vacuum and the residue i s dissolved again in 30 ni
Afterashiingwigt Biswtiten SN Hile daving Py dMaSPreand eyaperetion a rink-yellow
colofifebtoBlishtames. Si G2 (15 g) to renmove TPAP and el uted

wi th di chl oronet hane. The product containing fractions
The gjl is ysipltirestieam riwtf\yhenbahamcgh@ﬁa@é t@gige off vdriterysitaik, The crystals

are é’ﬁull)lt@é’o@@fe%ﬁ’lﬁﬁné?él}'hémﬂ RNMR-SigRI&bfth g'(§%‘?§,‘$?@tér@olsomer is

di chl oronet hane. After washi ng W|t bi'sul
identijgd in the RixHge.over MySO4 and evaporation, a pi nk-yel | ow

"H-NRAR mmﬁmzocbdng 435&@'4@% nI h@g@ulzg' ?1 my%te%'i ez grg 1HHom

di et hyl et her hexane Ive

2.55%9 @P 95‘@ a4 a.oé (51 GH)x2 @Bé (%ﬂb’l‘r e1o$1sd)ﬁ§r(§1 1H7hé 52 (S OH),

)m gt er eoi sonmer is
102305ben Hzlépgg@;'@lr%s? gﬁe(&mgﬁt(g?g% 831—@3 (400MHz, CDCI 3)

MS :MB2=8548 (m 1H, 4.34-4.29 (m 1H), 2. 68 2.62 (m 1H),
X LRGN TS XNG IECA TN T
0.92-0.91 (d,3H, 0.85-0.84 (d,3H M5 : M = 354 IR :

1777 - 1760 (Lactone /Lactant -Boc% 1185 Boc cm 1
Example, 148y @xigatinsf [{19.29.4RkAitveraxysd-hydroxymethyl-1-((S)-2-hydroxy-

methyl-3-methyl-butyl)- 5-methyl- hexyl}-carbamic acid tert-butyl ester
with catalytic Tempo and bleach (NaOCI) as oxidant

H H Tempo, catal. /1
OH NaCIO, (bleach) p__d other
KBr, KHCO,, CH,CI, stereo
HN\n/Oj< Isomers
! ;L
MW: 353.46

MW: 361.53

[(1S,2S,4S)-2-Hydroxy-4-hydroxymethyl-1- (38,5S)-3-Isopropyl-5-((S)-4-IsoproP¥|-5—oxo-
((S)-2-hydroxymethyl-3-methyl-butyl)- 5-methyl- tetrahydro-furan-2-yl)-2-oxo-pyrrolidine-
hexyl}-carbamic acid tert-butyl ester 1-carboxylic acid tert-butyl ester

1.0 g (2.76 mmol) of “N-Boc-triol" compound from example 13 is dissolved in 10 ml of
dichloromethane. The solution is cooled to 0 °C and 18 mg of Tempo as catalyst is added. 5
ml of an aqueous solution (25 %) of potassium bromide and 12 ml of an agueous solution
(14 %) of KHCO; are added under stirring. To this biphasic mixture is added, via a dropping
funnel, an aqueous solution (40 ml), (8.5%) of NaOCI (bleach) under rapid stirring over 20
minutes. The colour of the reaction mixture changes to orange, then after 15 min to yellow.

Upon 30 minutes of stirring, another 18 mg of Tempo, 5 ml of KBr solution and 10 ml KHCO;



Exanpl e 14B: Oxi dation of

[ (1S, 2S, 4S) - 2- Hydr oxy- 4- hydr oxynet hyl - 1- ((S) - 2- hydr oxy
WOredoBA19808- et hyl - butyl ) - 5- et hyl - hexyl j - car BENER2008/053891

acid tert-butyl ester with catalytic Tenpo and bl each

(NaOCl) as oxidant other steregglsoners [(1

S, 2S5, 4S) - 2- Hydr oxy- 4- hydr oxynet hyl -1 -

(3S,59) - 3- Isopropyl 5-((S)-4-1sopropyl - 5-oxo-

oS R R 5 b ik BB o s s o

viruroas Starmga@tcl tert - butyl ester 1 car boxyl ic acid

tert-butyl este 2 “"N-Boc-triol"
TLC sBiva Ao PPl ey P uPELis SFRg! ofandtrpus Sodium thiosul-
fate dblatidrof10r%e) ibadged. Fraseohiét depardtsd é‘-ﬁlﬂih@d)rgéhr@p!%ea@d/a@ﬁed with

. of T t al d
o B 3585 8 s o ol U i
mateABUKBIR iSalmebi Klite (oﬂdHu% a@fordﬁh'mﬁReanadﬂ*ﬁ_Ct §|ﬁkﬂ?§’ is. The crude

stihrr asic mxture
matgiifsprTietplniLrom ik goReiaehapi (oo 1T Tp pive e B tte
compdurlBOL-14ddhmasdiondinder rapid stirring over 20

m nutes. The col our of the reaction m xture changes to

orange, then after 15 min to yellow Upon 30 m nutes
The 8pecitosEdpicata D HelEimpld ardth@karhe i Gepditdd in W0 KIB07/045420 A2,

8I ution and 10 m KHCCB3sol uti on are added. Then again
Pag&b4 of an aqueous solution (8.5% of NaClOis added

under virurous stirring at O 0C. TLC shows al nost

npl ete conversion. For P 50 m of an aqueous

_Xi@atﬁ_tén Benzyioy Paqt%ct'galotrﬁ)o%'\"@m -2 ndroRtRdibutphdsds

are separated and the organic phase is washed with

brine, dried over MySO4 and evaporated to give 0.73 ¢

of & whi t eSS0l | I'line rrat erial which is
pure |st-Biduct rdl%{ VR and HPLC

anal ysis. The crude nmateri al ecfystallised from
thm etﬁfef ‘Hept ane (6ni m) to give the pure

tle corrpound BOC- | act am | act one. MW: 25133
o 3-Methy| > [(S)-3-Methyi-2-(2-nitro-ethyl)-

(2-nitro-ethyl)- butoxymethyl]-benzene
butan-1-ol 4 vl =

1.0 g (6.2 mmol) of S)-3-Methyl-2-(2-nitro-ethyl)-butan-1-ol is dissolved in 15 ml of
dichloromethane at room temperature and 2.35 g (6.8 mmol) of benzyl (2,2,2)-trichloro
acetimidate and 50 mg (0.33 mmol) trifluoromethanesulfonic acid as catalyst is added at O
°C under stirring. A white precipitate of trichloroacetamide is formed after a short periode of
time. The reaction mixture is stirred at room temperature over night and after complete
conversion (TLC) the reaction mixture is filtered to remove precipitated trichloro acetamide.
The filtrate is washed with aqu. saturated bicarbonate solution, with water and dried over
Na,SO,. The solvent is evaporated in vacuum to give the crude product. The crude product
was chromatographed over silicagel with ethyl acetate/ heptane (1:4) to give the product as

an oil.

'H-NMR: (400 MHz, CDCl3); 84 (ppm)
8 =0.83 (6H, d, 2 x CH3), 1.43-1.52 (1H, brm, -CH), 1.62-1.72 (1H, m, -CH), 1.88-
1.98(1H, m, -CH), 2.02-2.12 (1H, m, -CH), 3.27-3.33 (1H, dd, -OCH), 3.38-3.44
(1H, dd, -OCH), 4.32-4.48 (4H, comp. m, -CH,-NO,, & -OCH,-Ph), 7.20-7.36



The spectroscopic data of the sanple are the sane as
reported in WO 2007/ 045420 A2, page 64. Exanple 15:

w@20sitlsed protection of PCT/EP2008/053891
(S)-3-Methyl-2-(2-nitro-ethyl)-butan-1-ol
(S)-3-Mthyl-2- [(S)-3-Methyl-gk(2-nltro-ethyl)-
(2-nitro-bthyl)- butoxynethyl]-benzene butan-1-ol 1.0
g (6.2 mml) of ved
S) - 3- Net 2-nitro-ethyl)-butan-1-ol is dissolve
|)n 1@% ”§:HT' Jor omet hane at roomtenperature and
2.35 g (6.8 mol ) of benzyl (2,2,2)-trichloro
aceti mdate and 50 ng (0.33 mmol)

MS: {M iHfH]ueras@et hanesul foni ¢ acid as catal yst is added at
O OC under stirring. A white precipitate of
trichloroacetam de is fornmed after a short periode of

IR: (unlmMI&bﬁcorpszactra@m&ndﬂ)ure is stirred at room
fure_over and afte ete converS|on
CSTeRo 3 o7 satampdi\ i 3P RO 1088 (Pt G24. SRBem- |

precipitated trichloro acetam de. The filtrate is
washed wi th aqu. saturated bicarbonate solution, with
Examplect6: fief reastion [)arMathzisdR-nimetadr-uexymeshlkgnzeae ed
in vacuumto give the crude product. The crude product
was chronmat ographed over silicagel with ethyl acet at e/

ane ( :d)net O give duct as an oiJ.
I Jpnditiogd ( d 83y (&ed dJj 2
. (IR, Brm -CH), 62y1 .72 (w

- CH) . 88- 1Qf§fﬂa CH), .02212(1H m
szsﬁh—b 327333(1H dd QH), 3.38-3.44 (1H, dd,
[(33 - ,g 4.48 (4H, C(? . t%Hz NO2, & -OCH - Ph)
butoxﬁne befze@6( SH, brm ar omsm tM + H =252 IR

(FTIR-M croscopy in transm SSI on) 2961 , 2931 , 2875,
1552 (-NC2) , 1384 (-N2) , 1095 (GO, 739, 699
Examgeyl§A: According to literature procedure b:

1.0 g (4 mmol) of nitro compound from example 15 is dissolved in a mixture of DMF-water (9
: 1), 10 ml. To this solution is added at room temperature °C a solution of com-mercial
sodium percarbonat (5 mmol) in water under stirring. The reaction mixture is warmed up to
40 °C and is stirred until complete conversion (HPLC) of the starting material. The reaction
mixture is diluted with water, the pH is adjusted to 7 and the product is extracted from the
aqueous phase with ethyl acetate (3 x 15 ml). The combined organic phases are evaporated
in vacuum and the crude product is chromatographed over silica gel with ethyl
acetate/heptane (1:4).

The obtained aldehyde is identical by TLC, HPLC and spectroscopic data to the compound

obtained in example 11.

Example 16B: According to literature procedure d:

A solution of 1.0 g (4 mmol) of the nitro compound from example 15 in 10 m! of absol.
ethanol is added slowly under stirring to a solution of 640 mg (16 mmol) in 10 ml of ethanol
at room temperature and under an N, —atmosphere. After stirring for 15 minutes the ethanol

was evaporated in vacuum. The resulting semi-solid sticky sodium nitronate is dissolved in



Exanpl e 16: Nef reaction
[(S)-3-Methyl-2-(2-nitro-ethyl)-butoxynethyl]-benzene
WORW0S2HBIB3 [ (S)-3-M qt hyl -2-(2-nitro-bthyl)- PCI/EP2008/053891
but oxynet hyl | - benzene MA 220. 31
(S)-3-Benzyl oxynet hyl - 4-nbt hygs pent anal Exanpl e 16A:
According to literature procedure b: 1.0 g (4 mml) of
nitro conmpound from exarrpl e 15 is dissolved in a
15 m-mg)fg tgg[?é agélthDerNg%oyé ﬁ%lgp%ﬂ I§ }%eré%ﬂe?oqlqﬂl}) gépggtfssestg lauvgelallosr%irred two
laye € @IRtUTe lof ls@lfu@@@buw MER) 6ad RMRRAENd &t 1T After Bomple®y adH’ltﬂfhrof the
stirrin eacflon ure i to 40

d
Sod Qs SRS AT IoROd D] DO R GhiFer B SR G5 gt Seneated and

the édu%btn’s PEasEal & éxdtactelilBtiheawith AtheXbed (H5aml) srrﬁial damtifed organic
is adjusted tqo 7 and the product is

extrass ?@Z@s& WPb@gﬁﬁea%hhsa&gawage@ IV eGHUBY m'vea%re%@@emde The
crud¥ prsdutt Was POENcABTIRR BN vEPEllicage NRFERe AR/ ROPRYYRIcEEite (9 : 1) to

i n vacuum and the crude product is chromatographe

ed
give Alrapst oug coMrpundwf kG i ?n%éasfé@ﬁ%waﬁ@r? thepamerggsfor the

compblirdi s1Rsined Fediadpid $1.i dentical by TLC, HPLC and
spectroscopic data to the conpound obtained in exanple

11. Exanple 16B: According to literature procedure d:
a) PA(JééthéFéIID@t af, nEh @oﬁﬂm’fﬁmié 3@34'{@8?l tro conpound

of absol hanol is added

o) GoBRIA. EhBbroRtH GBI 028 2587 A9 of 640 my ( 16
C)Fm],'@t )et bmﬂﬂ_mh pigge%bg@;)ol at room tenperature and

at mo ere. After stirring for 15 m nutes

d) Ht ﬁ@'kéﬁr}'ﬁér%lm wathe uf-edLiG Va88%MUm The resul ting

e) Rssammsml Pétriff Tetfihetpsh, ©m 1017 @084 L rdviewdli SSOl ved inlS
of water and the aqUeous solution is then added

sI owly dropw se to a well stirred two

The BOC-protected lactam lactone of formula (I) can be further converted to aliskiren as
described, e.g. in WO2007/045420. For example, the following methodology can be

employed:

Example 17: Reaction of Boc-lactam-lactone with Aryl-Li -compound:

M P@ o
i ' o

8.56 g (31.12mmol) aryl bromide are dissolved in 125 ml of THF in a first flask. The solution

is cooled at internal temperature of -70°C. To this solution id added over a time of 1 hour
19.8 ml (31.69mmol) n-butyllithium, 1.6 M solution in hexane. The reaction solution became
then a pink-red color. The solution is allowed to stir for 1 hour at -70°C.

10.0 g Boc-lactam-lacton (28.29 mmol) are dissolved in 125 ml of dry THF in a second flask.

The solution is cooled at internal temperature -50° C under a stream of argon. To this



| ayer m xture of sulfuric acid (10 % and n-hexane at

O OC. After conplete addition of the sodiumnitronate
wW@E0Bn19804 i s conti nued for 1 hour at 0 OC. TheP¢EER2968/053891

phase i s separated and the agueous phase was extracted

3-times with n-hexane (25 m)_gglhe conbi ned organic

extracts are dried over MJSO4 and t hen evaporated in

vacuumto give crude al dehyde. The crude product was

tra ver silic | with hepta o
soufifi i oo B oS Pl Fte e le e Nl sR thrgonc over
a timeLé¢, 30HRhGtegand spectroscopl c data are t he sane as for
The t@%ﬁcgﬁrg HE)&%% Is oterread tﬂen a %pgéaqr%ﬁﬁu urs g%e Fe:)qgggfn Fl‘é’@%ﬁd toa
temprature dffab_a‘id(avereﬁghal , Synt h. Cormun 22, 2587 (1992)

The aheidayia 4esond bart of s casinad 339%#%%1@'%%3@ bromide
(4. Gﬁmnﬁﬂi andBm! fin-tRatithidin in Tied éé\’ﬁ@ﬁ’fdﬁﬁer &destRBdd, 2Rk Hed at
evi ew The Béroproé}gct ed | aclgl m | actone of faornula (el)l_
mterea*ﬁe'meewrm SrEINgE&dting® oL 9 Biputestodae gractien gidure. The
reacﬁo@mn&ttﬁ?eV@WdQé@ﬂTQ@r4E@Drse§ta5m|©, the fol |l ow ng
met hodol oq’#/qucan e 17: Reaction
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For wark yphe gr&pwﬁgrev‘;ngﬁt ?/f“"ﬁﬁ”e Qfag'ﬁaﬁﬁ’&to'@n@@rﬁ' 2(5§1ml of a
10%: dtﬁHH@lU)soQﬁth inoWaat Steo asec @bﬁﬁ@h@ﬁﬁndté‘s JT%E dTbn&{mJHFexothermlc

in afirst flask. The solution is co i nte

The praagicRiage és weshesdoyith 159 Y itric acid, JPu/b'H%Yaderaé?dé&f’ Hv)s?”da1 50 mi
NaHUO'gE{B%i (2‘ xT8UAL. 19nd offanicPhas® B W@In:d o BweMirhl gHWi#N 50 mi of

M sol ution in hexane, The reaction sol ution becane

Wate{ Iﬁ%ﬁ 7ampi -svageratsdge Yiekderudg compawng as aneafiveuhiteanapiphous

solidd or 1 hour at -700C. 10.0 g Boc-lactaml acton (28.29
mol ) are dissolved in 125 m of dry THF in a second
flask. The solution is cooled at internal tenperature

To puﬁ% the BRI RnfifouRG B Paft AfIEOEblid (6. 70 1328232 MHdI)ﬂs ldfssolved in 60 ml
d the solution of aryl-1lithiumconp

of olhpRKT AR BRI FE COISTEEs BUIOTATE] BT 36" FAa! TN ihium

hydroxide solution over a time of 20 minutes. This mixture is allowed to warm up to room
temperature (21°C) and stir at this temperature over a period of 1 hour. After this time water
and ethanol is partially evaporated and the resulting precipitate is diluted with 100m! of water
and 50 ml of toluene to give a clear solution. The desired product is now in the basic
agueous phase. The water phase is washed with 150 ml of toluene (3 x 50 ml). To the water
phase is added 75 m! of ethyl acetate. To this reaction mixture 7.1 g (33.66 mmol) of citric
acid are added. The protonated product is now in the organic phase. The mixture is allowed
to stir at room temperature at the be-ginning, then later at 50° C. After 12 hours stirring, 3.6
g citric acid (17.1 mmol) are added to the mixture and stirring is continued at 50° C during
24h. The water phase is then separated and 7.1 g citric acid in 50 m! of water are added to
the organic solution. The biphasic solution is then stirred for additional 6 hours at 50°C. The
layers are separated and 7.1 g of citric acid in agueous solution are added again. The
reaction mixture is stirred over night at internal temperature of 50° C. For work up 50 ml of
water are added to the reaction solution at room temperature. The organic phase is washed
with 50 m! of water (2 x 25ml) and 50 ml of NaHCO; [8%], (2 x 25 ml). The organic phase is
washed to a neutral pH with 50 m! of water (2 x 25ml) and evaporated to yield the desired

compound as a very viscous oil.



The reaction m xture is stirred then at -50 C over 3
hours. The reaction is cooled to a tenperature of

WO 7@8@198ver ni ght. The next day a second part BET/EP2008/053891
aryl-1ithium conmpound is prepared with 1.28g aryl
bromde ( , (4.65 mmol) and 3mnd7 of n-butyllithiumin
the sanme manner as descri bed, and added at i nternal
tenperature of -50 C during a tine of 10 mnutes to

D e DS 08 o) TS S B B i bl 2

(d,1H), B199r(e, 1Hy, H85-4B1 (B, THI)XU06e4.04 (112D, 3B3 ¢, 3HpI3um@4ar(wl 3H) 3.25

(536 Qe 10 KO rtsd SETmo Sl g (s 2Bk e ARG o 25

(s, 91y, 0ATLE9P (R IEI) | GIMBINEH, 3M) L 1186-DB4NH, 3¢)  0.88-02%1 @, 3H)08®0-0.78
inwater, (2 x 75 m) and 150 m NaHCO 3 [8%, (2 x 75
d, 3"M) The organi ¢ phase is washed to a neutral pHw th
MS: [MA Bodpf” waser (2 x 75m ) and evaporated to yield
crude conpound as a nearly white anorphous solid. To
Rf =S theptane :dd©Aced! chnpound a part of the solid
(6.72g, 12.22 mml) is dissolved in 60 m of ethanol.
To the resulting clear colorless solution are added at
Exaﬂpm 2Birédt hQdrogBhatioh Idf HFl BAIBEAY icEMpE@hdHo FBRET(1R 35)-1-((S)-4-

tlms of mnutes 1his mxturels aIIovvedto war m up
BY!p otetralye 2-\p3-[4ymethy t b I-4-

metﬁvﬁaﬁ%}@éﬂbbﬁn&é@dte@t tﬂﬁ&l'e@ﬂarOf 1 hour . After th' s time
wat er and ethanol Ts parfrally evaporated and the

| uene to give a clear solution. The
'&O is nowin the basic aqueous phase. The
s@ is washed with 150 m of toluene (3 x 50
0 the water phase is added 75 ml of ethyl
acetate. Fecthis reaction mixture 7.1 g (33.66 mmol)
of citric acid are added. The protonat ed product is

. I _
5.5 {0 i DE0 IR A2 N B Sk e UBA e g1 v
of 9Gan| &hai| aAfl ﬂérmllt%téro Woé.hsn’lmtmremgadcﬁadﬁs g of:cataiyst &tCChO %), water

cont(%az t56 n{?(;fgd g&gr%o@qgaﬁﬁfekgyﬁ 55 'mexrﬁwH&uere ?sngirrsétdl at rrcl)onng ten’cﬁ'perature
and normal pressure for 20 hours. After that time the conversion of starting material was 98
% and 66 % of the desired compound was formed together with 28 % of epimeric alcohols
and 4 % pyrrolidine lactone. Hydrogenation under the same conditions was continued for
another 48 hours without additional catalyst. After that time the catalyst was filtered off and
the solvent was evaporated under reduced pressure to afford an oil (5.9 g) which contained
according to HPLC 89 % of the desired product. The oil was treated and stirred at 0°C with
10 ml of n-heptane (isomer mix) and seeded with a small amount of compound of the
desired product upon the product started to crystallize. The flask was stored in the
refrigerator over night and for another 24 hours at -18 °C. The product was filtered and
washed with small volumes of very cold n-heptane to give after drying in vacuum the desired

product, which was pure by HPLC, TLC and 1H-NMR.

'H-NMR (400 MHz, CDCls): 0.74-0.76 (2xd, 6H), 0.85-0.87 (d,3H), 0.92-0.94 (d,3H), 1.16-
1.23 (bm,1H), 1.38, (s,9H,Boc), 1.5-1.65 (br-m, 2H), 1.95-2.15 (br-m, 5H), 2.50-2.35 (br-m,
1H), 2.45-2.52 (brm,1H), 2.50-2.59 (brm,1H), 3.28 (s,3H), 3.50 (t,2H), 3.70-3.80 (s+m,4H),



24h. The water phase is then separated and 7.1 g

citric acid in 50 mM of water are added to the organic
waatism The bi phasic solution is then stirrRCI/ER2008/053891

addi tional 6 hours at 500C. The | ayers are separated

and 7.1 g of citric acid in aggous solution are added

again. The reaction mxture is stirred over night at

internal tenperature of 50 C. For work up 50 m of

L ut i
« 0olESL e 65 BRI B 400 DTREL0 AN 1007
wat er (2 x 25m) and 50 m of NaHCO3 [8%, (2 x 25

h hed t tral pHwth
R: Bl PSR =025k ) and evapor Zt ed 10 yiold the

SoSERH STZAPRNEE 16 et sl I (400

MS: ﬁm*]&-%35-7 04-7.02 (d,1H), 6.99 (s, 1H) 4.35-4.31
H, 4.06-4.04 (t,2H), 3.83 (s,3H), 3.49-3.46
(m3H) 3.25 (s,3H), 2.51-2.49 (m1 H, 2.05-1 .95 (m

4

The @\I&'_B]omgp(? éc} %rg Bé%ﬂ&%%cgeagmgba ﬁérgﬁ&iné’l c?)'_ﬁb rr%]lﬁaz gréow %eﬂow
(d, 3H), 083081(d3H) 8078(d3H) M5: [IVH -
BoCl H+ = 450 Rf = g{]ept ne N tOAc = 1 : 1)
Exanpl e 18: Direct hydr t aryI car bonyl
conmpound to produce ((1S 3S) - -((S) 4-
isopropyl 5- oxotetrahvdrofurarOZ yl)-3-f4-nmetrioxy-3-(

- met ri oxypr opoxy) benzyl - 4- net hyl pentvDcar bani c acjd
Thlsp@rﬁ\(erﬁg‘@ 9%/ n procee accyrcgngjto(tiglcmpjl & £04phRg éeﬁppons well known in

the a‘ﬁaébﬁ Wéndkﬂjgng Wp@&@ml%@laqw EP‘A@-%?QB@@ @béf ﬁpbarncmar ekamples
xture et hanol and 10 wat er .

124 ﬂﬁ"@d%‘r%f asdigdened i VO 9R/02ab % '9§?”'PH’3E}’E9@%’ HMB'E‘ gpge 35
(pre;SéPéﬁon &¥1).50 % from Johnson Matthey, typ 39. The
mxture is stirred at roomtenperature and nor nal
he mamoval,pidhe groupBP6 i Rerfoamed Using standaprprofesting ALpsp Shemistry

followlfwg $ﬁ@ﬂ5r*ob&ﬂ1r€§’é§ﬂé§irlb@@iﬁ1 8 iféra0ek Rferéhld deltv Qle@dlr‘gel‘i*ethods

npound was fornmed to ether Wth 28 % of epinmer

well 'él’l‘%h'ﬁlt%e ﬁrrﬁ F8 &F F-AH§i 308, InRartgvear eP‘@'@P@g@Ha?”%ﬂpt'ona"y salt
formHisHtsitd R asfsFEcsRNBhé b BEsMBEd @Yt 08exl5f58D 111, see in particular

example 83.

Example 19: 4-Benzyloxybutyraldehyde

TEMPO 0O
1" 2 ©\/O\/\)I
O\/\) -

NaOCl
MW: 180.25 NaHCO, MW: 178.23
MF: C;/H,,0, DCM/ H,0 MF: C; H,,0,

A procedure is followed as described by Rychnovsky (Angew. Chem. int. Ed. 2004, 43,
2822-2826).

To a stirred solution of 4-benzyloxy-butan-1-ol (50) (10.28 g, 57 mmol) in DCM (570 mL) at O
°C is added potassium bromide (1.36g, 11.4 mmol, in water 23 mL), TEMPO (0.178 g, 1.14
mmol) and then a mixture of sodium hypochiorite (9.1% available chlorine, 50 mL, 80 mmo}),
water (64 mL) and agueous sodium bicarbonate solution (8%, 114 mL) is added. The orange

biphasic mixture is stirred vigorously until the orange colour fades (30 min). The phases are



anot her 48 hours w thout additional catalyst. After
that tinme the catalyst was filtered off and the
W@ 0082 mM804vas evapor at ed under reduced pressur ePCDEP2008/053891
afford an oil (5.9 g) which contained according to
HPLC 89 % of the desired produgg. The oil was treated
and stirred at 00Cwith 10 m of n-heptane (isoner
m x) and seeded with a snmall anount of compound of the
roduct on. t r t ed to , _
sepafpdaaA g Atuers M phsiexaled Wi e e orided gropaice are dried
(Na,S0e) artl ¢hncentrdted @ yi@ld@hheangtdoinours at -18 0C. The
product was filtered and washed with small vol unes of
very cold n-heptane to give after drying in vacuumthe
H N r@:@omnﬂ@j@13)\/\hi ch was pure by HPLC TLC and
1H NVR _1H NWR )7 76 (2xd HL
0. 85- 0. &P ® 0(1b' 92C'd0@47 84 @ﬁ)(5H1m16r-H1 450 (2H, s, Ph-CH0),
(bm 1H) 3 53 (38,1, QS'-&?"?@@%ZH ot Jis @57(1h4z)ml QQ@H , 7.1 Ha).
1.95-2.15 (br-m 5 brim 1H, 02
(brm1H), 2.50-2.59 (brm 1H) 3 28 (s, 3H), 3 50

Exath Iezﬂ) 8-BenPyRBx$B8-H té’i'5

TI R- i crosbop in trans@ ssi on) : - 58 (- NH) oH o
73 (lacton ) d,¥Q5 anat-e}—=tsl de Il) ¢
7 The above c&”(’p?ound can oM

reacted with a conpound of formwl a shovvn bel ow. This

conwe¥:gi8gn can preeeess acc X Tt Yypi cal papthde :
coupli fig Peact i oneF: GENP: kn | , €. gQMF:CEHNO,
anal ogy to the process dis d Ty EP-A-678 503 see

in particular exanples 124 and 131 or as disclosed in

WO 02/ 02508, in particular }égr‘ﬁi‘ﬁal e H1 on page 35

(preparation of J1). The rermval of the group BOC is

performed using standard protecting group chem stry
4-behgylooybitagalt(h 468190 8 2dumel, methyke4oitiobutyrate (1.8 g, 8.8 mmol) and (-)-

: c ) | _

sparLéHLes\géié nlM Oes%fa rﬁ{n%ﬂ%gégcgﬁi)ﬂ@%gﬁ%ggﬂé%atﬁ?w%O\WA. EtOAc (5 mL) is
addegapnd thel setutior amﬁite@edltmoug@mﬂicepw@mlwry issreitoved imedauorto yield a
pale?é%d%»goﬁeac“ on conditions as described e.g. in US-A-5,

. see in particular
HNMR (600 MHz, DMSO-ds)

O (ppm) 7.36-7.26 (5H, m, Ar-H), 5.44/5.40 (1H, d, J 6.7 Hz, OH, syn+ant)),
4.59-4.50 (1H, m, CHNO,), 4.45/4.44 (2H, s, Ar-CH,0, syn+anti), 3.91-3.76
(1H, m, CHOH), 3.60 (3H, s, OCHj3), 3.44 (2H, t, J 6.1 Hz, OCH,R), 2.43-2.25
(2H, m), 2.21-1.97 (2H, m), 1.83-1.34 (4H, m).

BC NMR (150 MHz, DMSO-dj)
8¢ (ppm) 172.41/172.10 (C=0), 138.66, 128.24, 127.44, 127.42, 127.36,
92.23/91.13 (CHNOy), 71.78/71.51 (CHOH), 70.80(ArCH,0), 69.34/69.27
(OCHR), 51.56/51.50, 29.93/29.83, 29.58/29.53, 25.58, 24.93/24.87.

LRMS (ES+) ™, (ion, intensity) 343 (23, [M+NH,]"), 326 (100, [M+H]").
(ES-) "/, (ion, intensity) 324 (100, [M-H]").
FTIR Vimax (n€at, cm’") 3435 (br, OH), 3088 (w), 3064 (w), 3031 (W), 2954 (m), 2863

(m), 1737 (s, C=0), 1550 (s, NO), 1453 (m), 1439 (m), 1365 (m), 1205 (m),
1175 (m), 1098 (m), 741 (m), 700 (m).



exanpl e 83. Exanple 19: 4-Benzyl oxybutyral dehvde MWV

180.25 NaHCO 3 MW 178.23 M~: C,,H DCM H20 A
w@e@sathsre is foll owed as described by RychnovBKI/EP2008/053891

(Angew. Chem Int. Ed. 2004, 43, 2822-2826). To a

stirred solution of 4-benzyl oxygbutan-1-ol (50) (10.28

g, 57 mmol) in DCM (570 m.) at 0 OC is added

pot assium bromde ( 1 .36g, 11.4 nmmol, in water 23

m TEI\/PO(O 178 q, 1.14 nmol ) andthenamxture of
Exa d-Behy d-hysrexy-bytypypolidiv2-ghene, 50 m

80 mml) vvater (64 m.) and aqueous sodi um

car bonat e 381{““ on0(8% 114 m.) is added. The
@ nge bi phasjc m xtgre i &y Ny j gorously wHil o
N0 &M 3T T 1 ppase
areseparated a t he aqueoqﬁFI ayerYi s~extracted th
DCM The conbi ned organics are firied (Na 2SO4) ama,
conceffii8%d to yield an orange 0|I M“?W (400 Mz,
CDCI 3) dH (ppm) 9.80 (1H, s, 7738 29 5H, m
Ar-H), 4.50 (2H, s, Ph-CHZO) 3 52 (2H, t , 6] MZjuene
2.56 (2H, dt, 1.6 Hz, 7.1 Hz), 1.97 (2H, qu, J.Refkz).
Exanpl e 20: d-Benzyl oxy- S-hydr oxy”_#ig{rooct anbi c acid
met hyl ester MW 234.39 M- ClSFQG@\V H
4-benzyl oxybutanal ( 1 .463 g, 8.2 o
nmet hyl - 4-ni trobutyrate (1 29 g, 8.8 mml) and (-)-
spartel ne (206 ng, 0.88 mml) are ﬁﬂaﬁm@d and stlrred
§T hours. Et OAc §J I s added, and th
2085, e mm?'éoffqﬁt%rémthem% oS %mer'm&nt CRrramils 28t THE (40 mL)is
hydrb§ERHES( tiatn VRGESM tdmpératie)an B Sre¥&ldeVRRinky-nickel (1 g). Once the

reaction is complete, the THF was decanted and the catalyst is washed with THF (3x25 mL).

The solvent is removed under vaccum. TLC shows a ninhydrin positive spot indicating that
the cyclization is incomplete. The residue is refluxed in toluene (50 mL) for 3 hours. The
solvent is removed to yield a brown oil. The residue is dissolved in EtOAc (10 mL) and
filtered through silica gel, eluting with EtOAc, then with methanol to elute the product. The

solvent is removed to yield the desired product as a brown oil.

'HNMR (600 MHz, DMSO-ds)
54 (PPM).7.58+7.50 (1H, s, NH, syn+anti), 7.33-7.25 (5H, m, Ar-H), 4.69 (1H,
d, OH), 4.43 (2H, s, OCH,Ar), 3.41 (2H, t, J 6.6 Hz, OCH:R), 3.28 (1H, m,
CHNH), 3.21 (1H, m, CHOH), 2.20-1.82 (4H, m, 2x lactam CHby), 1.61-1.14
(4H, m, 2x alkyl CHy).

C NMR (150 MHz, DMSO-ds)
8¢ (ppm) 176.95 (C=0), 138.69, 128.10, 127.39, 127.29, 72.94, 71.77, 69.69,
58.34, 30.42, 29.14, 25.69, 21.46.

LRMS (ES+) ™, (ion, intensity) 264 (100, [M+H]").

FTIR Vmax (ne@t, cm™") 3306 (br, OH + NH), 3089 (w), 3064 (w), 3031 (w), 2931 (m),
2861 (M), 1685 (s, C=0), 1496 (w), 1454 (m), 1363 (m), 1276 (br), 1098 (s),
1077 (s), 739 (m), 699 (m).

Example 22: 5-(1,4-Dihydroxybutyl)pyrrolidin-2-one




1H NVR (600 MHz, DMBO-d6) dH (ppm) 7.36-7.26 (5H, m
Ar-H), 5.44/5.40 (1H, d, 6.7 Hz, OH syn+anti),
WA 2@8AM8B0 (1H, m CHNOR2) , 4.45/4.44 (2H, s, PCFEP202EN)53891
syn+anti), 3.91-3.76 (1H m CHOH), 3.60 (3H, s, OCH3)
, 3.44 (2H, t , 6.1 Hz, OCH2R)712.43-2.25 (2H, m,
2.21-1.97 (2H, m, 1.83-1 .34 (4H, m). 13C NWR (150
MHz, DMBSO d6) dc (ppn) 172.41/172.10 (C=0O, 138. 66,
128. 24, 127.44, 127.42, 127.36, 92.23/91.13 (CHNO®2) |,
71. #81R]1. 51 ( CHOH) on70. 80(ArCH 20) 69. 34/ 69. 27 OH
5

. t
[MFNH4] +) : 326 (180 H] +) Me({]gs-) nmSIZ (ion,
intensity) 324 (100, }[ +) FTIR vmax (neat, cmH1)

H :
2863 En)r ﬁ‘ga%ﬁflw ég 1550 g‘;") ,(&%é}%?ﬁ (m,

(0. 9% 3? 4é%h? }}r?fﬁr‘\:ex %%Mgﬁfo ro‘nn?nb p%élv?osus(e@pbn%ggts(én%bleyﬁ]) in MeOH

(20 k) @J;ﬁémgyhamg?(ﬂatrlmvdirmnmtbmipyta)twr with pallagiita oneafdon a€ catalyst

oA oS B g SASH L DAy sport e

unddryvdcoge tayied thd desinedatrodumdm t enperature) in the
presence of Raney-nickel ( 1 g). Once the reaction is
conpl ete, the THF was decanted and the catal yst is

'H NMR heb00i Mz, DIFSO3%R5 m ). The solvent is renoved

inder RSEA 766730018, 2 NS AR, RERIAL12, 8855 oo, 49

resi due(it$ g, 9f9.31KgCHOHY @. B®(EH @50 6Md-Hz,fOM,GH)h8PES3.20 (1H, m,

Toei due PO, 2 EETRE U 810 ‘/24 158 AR At oL m). 1.27-1.18

through(®,Imca gel, eluting with EtOAc, then with

13g g@fp\/h?&%l& ,\@'ﬁé%ﬁé& %gepfggggft asTgebfgl/\%egf | is renpved

Oc (ppm) 176.91 (C=0), 73.23/71.91 (CHOH), 60.85, 30.18, 29.83, 28.94,

23.01, 21.27.
LRMS (ES+) ™, (ion, intensity) 369 (3, [2M+Na["), 347 (19, [2M+H]"), 174 (100,
[M+H]"), 156 (12, [M-H,0T").
FTIR Vmax (Neat, cm™) 3326 (br, OH), 2942 (m), 2877 (m), 1678 (s, C=0), 1442 (m).

1422 (m), 1284 (m), 1059 (m, C-0), 1009 (w).

Example 23: Oxidation to unsubstituted Lactam-Lactone:

5-(5-Oxotetrahydrofuran-2-yl)pyrrolidin-2-one

OH CH,Cl,, KBr, o
OH NaClO, cat. Tempo 0
o
NH 0 11}
0 MW: 173.21 MW: 169.18
MF: C.H, ,NO, MF: C,H,,NO,

3.0 g (17.3 mmol) of an isomeric mixture of lactam-diol from the previous experiment

(Example 22) is dissolved in a biphasic mixture of 52 ml aqueous KHCO3 solution (14 %)



H NVR (600 MHz, DWVSO d6) dH (ppn).7. 58+7.50 ( 1H, s,

NH, syn+anti), 7.33-7.25 (5H, m Ar-H), 4.69 (1H, d,
w@edog/1m848 (2H, s, OCH2Ar), 3.41 (2H, t , J 6.BCHEP2008/053891

OCH2R), 3.28 (1H, m CHNH), 3.21 (1H m :

2.20-1.82 (4H, m 2x lactamCH®)-, 1.61-1.14 (4H, m

2x al kyl CH2) . 13C NWR (150 MHz, DWVSO-d6) dc (ppm

176.95 (C=0), 138.69, 128.10, 127.39, 127.29, 72.94, 7

77..69.69, 58 34, 30Q.42 29.14, 25, 69, . 46. LR .
and %%dyf AR FEplyten @ﬁt@h&ﬁ?mﬁei&ﬁfw 2 Mﬁq%ﬁ)en? . This
emuidRXs gaépgiz)t stiregd a?gscaﬁ% t6 lwr-g éQ‘lT d t%&ngu&&?gis é&(‘:d;eg , 30%920 min at
o \ . , , , S =0) , o
e éﬁ%"if syiag %ﬁﬁ@p@@%ﬁ"@ﬁ; = Elopig S%E?ﬁyr) Kebaa) apre et 85
accotding to/tdfation) 82. ®Bfndl MaClG:Xanp eguidd with respect to starting material. The
e I SHLBY 5 B A ER R i 10
aque‘r%u@miééwrﬁﬁar@mt@u%tna?pm{\b?eaénﬂt&ﬁwrml? naik). Tihté phbi@the_(nt?éﬁijusted to
. 'S ogenat e at, at room tenperature) w
4 W'*B&"i) A b@-gﬁ‘eg%ﬂlﬁelﬁs Blase $ fepxtrasise f'ﬁwg%'tké%yéa%ﬁ@te and then
with BRABFINMdthase @B /l)&o idoldté fritt predudfrofithalaggéousSphase. The product
owe

foll d by solvent renoval under vacuumto yield the .
contgjpigg Féb%%&aetﬁ are EomRIRES BG%GWIE“B?‘/SCQ'MG 8y °ﬁ w%(%mreated with
diethzlle'ﬁ'iyrZZCﬂQ\I)(t&?iveSNhitel\dH/staﬂy WhRtdre filtete® 6ff Ghbldribd. ActoRiify to NMR,

Hz, CH%n ,. 4.39 (1H, , 5.3 Hz, ., 3.38 (2H,
the cgyséall,tqke’ @j |§4)a’m|§t_ugesgf§h9@/v? RPESI[H? S o’me_rg,_tti _sin-_d%gfereomer
and {Mhntiiastdreddedind3ratid of 1 /M1, Mp. dhd isodfer tibkhure 30-133 °C

1.27-1.18 (1H, nm). 13C NMR (150 MHz, DMSO-d 6)

'HNMR (400 MHz, CDCl,), of the diastereomer syn — anti - mixture (1 : 1)
Ox (ppm) 6.5-6.35 (1H, br.s, NH-amid), 4.52-4.45 (0.5H, br.m, OC-H, syn),
4.42-4.33 (0.5H, q, OC-H, anti), 4.02-3.95 (0.5H, br.m, NC-H, syn), 3.78-3.70
(0.5H, g, NC-H, anti), 2.65-2.55 (2H, m, -CHy), 2.50-2.25 (4H, br.m, -CHy),
2.10-1.80 (2H, br.m, -CH,)

LRMS [M+H]": 170, MH® - CO =142, [2M + H]" =339
FTIR Vmax (Neat, cm’™) 3252 (br, NH), 2940 (m, CHaipn), 1773 (s, lactone) 1687 (s,
lactam), 1464 (w) 1432 (w), 1289 (m), 1270 (m), 1189 (m, C-O), 1148.



dc (ppm 176.91 (C=0, 73.23/71.91 (CHOH), 60. 85,
30.18, 29.83, 28.94, 23.01 , 21.27. LRVS (ES+) mz

W@ e@a/1198 ensity) 369 (3, [2MtNa] +) , 347 (19pPCT/EP2008/053891
[2MHHF), 174 (100, [M+H +) , 156 (12, [MH2O+) . FTIR
vmex (neat, cm"1) 3326 (br, G, 2942 (m, 2877 (m,
1678 (s, C=O0, 1442 (m. 1422 (m, 1284 (m, 1059 (m
C O, 1009 (w. Exanple 23: Oxidation to unsubstituted

Lact am Lact one:
Wh al trahvdrof uran-2-yl)pyrrolidin-2-one 3 3.0 g

(17.3 mmol ) of an isoneric mxture of lactamdiol from
the previous experinent (Exanple 22) is dissolved in a
1. A proskas fas praparing @ compsangrpf faguele i¥), KHCO3 sol uti on (14
%and 10 M of a KBr solution (25 %, then tenpo (0.1
g in2mM of tol uenecls added. This enulsion is
rapidly stirred and cagled to 0-5 0OC. To this enul sion
is added, during 20 mn C under stirring via
droppi ng funnel, a bl each sol utl on NaClO (chloro
content 8.5 %accordl ng Rb_¢iN q<8t| on, 82.3 mmol NaCl O,
4.75 equiv.) with respect £o start(\ﬁg material. The
[ tprr, feor t he
whefE LRI e L RO O, JoH s g en
said (Pragse wrap@sl@gaarmpmnoaataly@,q nitrpiMighaed ad@mn Fe@etiort ofrnitgeethylene or
aprépﬁj%ortr;g?gofm#f il &) agdisuRd drdf 4 W th 6N aqu. HC .
e aqueous ase s’then extracted first with ethyl
acet at e andthen wi t &L omet hane (8 x 50 m) to
i solate the product fronrthe xqueous phase. The
product containing CH2Cl 2 extNacts are conbi ned and
evaporated to give an oi |l @hi choi sptipeated with
di ethyl ether (20 m) to give vvhlte crystals whi ch are
filtered off and dried. According to NVR the
wherein-b|is Adeavinoe P thakiseliminates BnQﬁr thenreagtign ¢Reslgiops ko reveal
nitro&th§lef@i soners, the syn-di astereomer and the
an I-diastereomer in aratio of 1 : 1. Mp. of the
soner m xture: 130-1 33 0C 1H NWR (400 MHz, CDCI3) ,
wﬂhafcomp@umi akforPWa Y. ¥Rt theteel - nixture (1 : 1)

R2
N R3
N~

-

R1 (V)
wherein
R1 is hydrogen, C,.;alkyl, C;scycloalkyl or benzyl;
R2 and R3 together with N form a chiral amine moiety.

2. A process for preparing a compound of formula (VI), or salt thereof,

OH

O "o V)

wherein R1 is hydrogen, C,_alkyl, C;scycloalkyl or benzyl,



dH (ppm) 6.5-6.35 ( 1H, br.s, NHanid), 4.52-4.45

(0.5H, br.m OCH, syn), 4.42-4.33 (0.5H, q, OCH,
W@eaosH198d4 02- 3. 95 (0.5H, br.m NCH, syn), 3. 7BcBEFD08/053891

(0.5H, g, NGH, anti), 2.65-2.55 (2H, m -CH2) ,

2.50-2.25 (4H, br.m -CH2) , 2740-1 .80 (2H, br.m

-CH2) LRVB [ M+ H +: 170, M+ - CO = 142, [2M + H + =

339 FTIR vmax (neat, cm 1) 3252 (br, NH), 2940 (m

comé:rzl%ai%j %Qroclf;g%f %?ﬁoalr étqg? &halcggr%ggst? Aa?r%&%?d’fﬁg%ﬁ%ﬁ;ﬂ%\gﬁsing the

reducorCofahéreempsundloef fénfU1® 0BI6 obBin PleRApolAd af foRAmawvD.
of formula (V), wherein R 1 is hydrogen, Ctal kyl,
C3. 8cycl oal kyl or benzyl, or a.salt thereof, said
3. THE 0SS LGRSO AFEN 0P aRBERIL CORPRIEY B IOTRHALN) or sat
therestdis reépardds #€§ituodt i0h saparatestby, Beubfctiag BIcBMPLERT of formula (1I),
t hereof .of formula (XIl), or salts thereof, ... (XI)
Ora\ﬁﬁ'gpl?f‘??f’-(} LGis a leaving group that is elininated
under the reaction conditions to reveal nitroethylene,
with a conpound of formula (1V), or salt thereof, NR
1 (IV) wherein R 1 is hydrogen, Ctal kyl,
C3. 8cycl oal kyl or benzyl; R2jjand R3 together with N

forma chiral amne noiety. 2. A process for preparing
a conpound of formula (M) [ or salt thereof, wherein R
1 is hydrogen, Ci-7alkyl, . cycloalkyl or
benzyl , conprising the process(H preparation of (V)

according to claim1 and further conprising the

whereiny§d 15 Ridregen; e dltySoarifiQkY 8 ba2Y. (V) to obtain the

conpound of _f ormul Vi
with a crr?ral arrqme of Iormula (ﬁll),(or s)alt thereof,

_R2

HN
N
R3 amy

wherein R2 and R3 are together with N form a chiral amine moiety.

4. The process according to claim 3, wherein the chiral amine of formula (lll), or a salt

thereof, is a chiral pyrrolidine derived catalyst suitable for asymmetric Michael reactions.

5. The process according to anyone of claims 1 to 4, wherein the compound of formula (1V),

or salt thereof, is a compound having the formula (IVa), or a salt thereof,

Qm

=
R1 (IVa)

wherein

R4 is carboxy, amido, N(unsubstituted, mono- or di- or substituted C,_;alkyl) amido,

unsubstituted or substituted C,_;alkyl or tetrazolyl;
and R1 is hydrogen, C,.alkyl, C;scycloalkyl or benzyl.

6. The process according to anyone of claims 1 to 4, wherein the compound of formula (1V),

or salt thereof, is a compound having the formula (IVb), or a salt thereof,



3. The process according to clains 1 to 2, wherein the
conpound of formula (1V), or salt thereof, is
WEe@patsH in situ or in a separate step, by seGI/BR1008$1¢53891
a compound of forrmula (I1), or a salt thereof, R1 (N
wherein Rl is hydrogen, d .7alyyl, C3”cycloal kyl or
benzyl; with a chiral amne of fornmula (I11), or salt
thereof, HN R 3 (I11) wherein R2 and R3 are together
with Nforma chiral am ne noiety. 4. The process
according to claim 3, eretn the chiral am ne of
formula (I11), or a salt reof, is a chiral
pyrrolidine derived litable for asymmetric
M chael reactions. X y according to anyone
of claims 1 to 4, wheg ppound of fornul a
(1V), or salt thereof is% conpound having the
formula (IVa), or acgalt tshepeof, wherein R4 is
car boxy, am do, N(u 1substituted, nono- or di- or
substituted Ctalkyl) ami do, unsubstitMped or
substituted Ctal kyl or tetrazolyl; and R1 is
whefeyR3 o HISRSEERYY Of 208, EYEr Satdl OpPhashzyl . 6. The
process according to anfyon_e of clainms 1 to 4, wherein
7. The,progatarrsRtring torasyatg af ¢laips, 1 16, yherein Rdisisppropy. a
conpound having the fornmula (IVb), or a salt
8. Thdproeeds adeerdmditoraiins 11t e paBRNARYofQhe 81RBs BRAI B@Mperformed in a
_C1-4ahk\%l)l or $henyl. 7. The process according to
CONtIHOUHBOWP' ST ns 1 to 6, wherein RL is isopropyl. 8.

The process according t ains 1 to 7, wherein any of
. Atpﬁ%cegf gﬁé’r%orar'ﬁpla Cé’PE’%Hgi?Pg%"ﬁ’@H'ai(H“b conti nuous flow

process. 9. A proce]s_,&_f(gr preparing a conpound of
formula (VI1),

c 0 (v

wherein R1 is hydrogen, C,.7alkyl, Cs.scycloalky! or benzyl and PG is a hydroxyl protecting
group, or a salt thereof, said process comprising protecting the hydroxy! functionality of a

compound of formula (VI), or salt thereof,

OH

+

R1

O ~O V1)
wherein R1 is hydrogen, C,;alkyl, Csscycloalkyl or benzyl, with a protecting group.
10. The process according to claim 9, wherein PG is benzyl.

11. A compound of formula (VII),

PG—O

R1 <



wherein R1 is hydrogen, C1-7alkyl, C3.8cycloal kyl or
benzyl and PG is a hydroxyl protecting group, or a
W@ 2008/1198e¢4 eof , sai d process conpri sing protectPCHEPI9E8/053891

hydroxyl functionality of a compound of formula (V),
or salt thereof, wherein Rl isyhydrogen, Cl-7alkyl,
C3-8cycl oal kyl or benzyl, with a protecting group. 10.
The process according to claim9, wherein PGis
benzyl. 11. A conpound of formula (VII), PGORL OO

wheelf) | ywherein RL i s hydrogen, C alky!, C3.8cycl oal kyl

rotecting group; or a salt

.0 enzyl PG is a hydroxyl
R1ig hé)f@%‘?’?{ Clzgkyﬁh%-ﬂﬁ A et ding to claim 11
wherein i s.isopropyl. 13. The conpound according to
PG'&@;WHF?iﬁ%PEE 8P@P¥ PGis benzylﬁp14. A process for
repari ng a conpound of forrmula (VIIl), wherein RL is
oraﬁ9ﬁﬂg © Cl-7al kyl, C3.8cycloal kyl or benzyl and PG
is as defined for a co und of forpula (VII), or a
12. 1% CORRRLPAGECodR 15 BRER SL WMEERIB RIS REPRPKe! T eact i on
f the conmpound. of formyla 1) accardin 0 any one
13. -'3}6 %qnéqqygg%fcqrgm%o P'@'"ggﬁ\%w“ihﬁée'mﬁf%r'& b?ﬁﬂ’ﬁ:t ionality
0 an al dehyde functionality. 15. conpound of
14. 4 BroRRhler GrapRnG damepr kel Bemdg vlyen: o al kyl
C3. 8cycl oal kyl or bepéxk)PG is a hydroxyl protecting
group;

R1 o (Vm)
wherein R1 is hydrogen, C;alkyl, C;scycloalkyl or benzyl and PG is as defined for a

compound of formula (VII), or a salt thereof, said process comprising a Nef reaction of the
compound of formula (V1) according to any one of claims 11 to 13 to convert the nitro

functionality to an aldehyde functionality.
15. A compound of formula (VIil),

PG—O

'
RT 0 (my

wherein
R1 is hydrogen, C,;alkyl, C;scycloalkyl or benzyl
PG is a hydroxyl protecting group;
or a salt thereof.
16. The compound according to claim 15 wherein R1 is isopropyl.
17. The compound according to claim 15 or 16 wherein PG is benzyl.

18. A process for preparing a compound of formula (IX),



or a salt thereof. 16. The conpound according to claim
15 wherein RL is isopropyl. 17. The conpound accordi ng
wo oosligdssd 15 or 16 wherein PG is benzyl. 18. AP@I/BERMO%053891
for preparing a conpound of forrmula (IX),wherein both
RVs are the sanme or different.4¥xrom each other and are,
hydr ogen, Cl1-7al kyl, C3. bcycloal kyl or benzyl; R5 is
hydrogen or PG and PG is as defined for a conpound of
formula (VI1), mhereby bat h PG;S can be the sane or
different, or P aid process conprising
a nitro-al dol of o—gpgonmpound of
formula (M), or erein R1is
hydrogen, Cl1-7al kg|, . 8cycl oaI kyl or benzyl, when R5
is H or - an Op b eg nitro conmpound of fornula
(VII) according to any one of clains 11 tX)13, V\,hen R5
together with the al dehyde of forrmula (VIII)
Wher&é’b*b‘?*@h%@ g thhsarae ar differenkirems epsh pther and ate, hygdregen, C.zalkyl, Cs.
8Cycug;g,nw@ﬁ$,eﬁ;g3;pord|ng to claim18, using a chiral catalyst
sel ected fromnetal and organo catal ysts. 20. A
R5 i€ RyWeHborgcf ormul a (1 X), whereinboth Rl's are the
same or different fromeach other and are hydrogen,

and ﬁé id §§ H)ﬁmed@@r a 86mpbaad fbrrlila PENZYherBBy both G Q4R 'Bte'ie same
is a hydroxyl protecting group and whereby both

ord:ﬁ@egt &ﬁﬂsﬁ'é theigofsame or different: or a salt thereof.

21. The conpound _according to claim?20 wherein RL is
said ngqgﬁﬁ%ﬁcgmpnsmg a nitro-aldol (Henry) reaction of

- a compound of formula (VI), or salt thereof,

OH

R1

wherein R1 is hydrogen, C.salkyl, Cs.gcycloalkyl or benzyl, when R5 is H, or

- an O-protected nitro compound of formula (VII) according to any one of claims 11 to
13, when R5 is PG,

together with the aldehyde of formula (VIiI) according to any one of claims 15 to 17.

19. The process according to claim 18, using a chiral catalyst selected from metal and

organo catalysts.

20. A compound of formula (IX),

O—R5 OH Ri
R1 _.Ny

wherein



22. The conpound according to claim20 or 2 1 wherein
PG is benzyl. 23. The conpound according to any one of
W@R@BHHIS2H) to 22 having the fornula (1Xa) 24. PCPERME$653891
for preparing a conmpound of forrmula (X), wherein both
Rl's are the sanme or differentydromeach other and are
hydr ogen, C1-7al kyl, C3- cycloal kyl or benzyl and Act
is an activating group selected froman am no
otectin roup,. i n. particular one that, together wth
both i 5. ethe S BL ifeEet Bpm.pach ofher AR et hyageh. frotlkideC
sCycl6@IRylor 8engyl hydr ogenati on of the nitro functionality of
t he conpound of formula (1X) according to any one of
R5 ichyirdgen’dt A® 23 to an ami ne. 25. The process according
to claim24, conprising as a concomtant or separate
PG isthewdiohg pretedtiral grofip bhe whebg ebinRGgrean pedhe B4me @r different;
reveal the hydroxyl functionality. 26. The process
or a sditediong to claim 24 or 25, conprising as a
conconmitant or separate step the introduction of the
21. Taetdowrioung ageapdipg As tlaion 20 vberini Re if Mogropgnal ity. 27.
The process according to claim24 wherein the conpound
22. Toke doatpouhadaebrding tobibimi Pe@dr 2 hwaeirePBa$ benyayt. hesi s
usi ng hydrogenation in the presence of (Act)20 such
23. The doBpo)adacaBding te amponenef adimk @0t 22 haxihg whefoern nlalitd)
Rl's are the same or different fromeach other and are
hydr ogen, C1-7aHkyl, C3.oscy&oal kyl or benzyl; and
Act is an activyating grqup s Iectﬁg_féoman am no
protecting grou ' i & Ffat together with
N forns a carba e, #r a salt thereof. 29. The
conmpound accordi iRy toNgl ai m 28 wherein R1 is
i sopropyl. 30. The @onmp&und according t o(Ix4yai m 28 or
29 wherein R 1 is benzyl. 3 1. The conpound according
24. A proasys fonprephrity acompadihd ¢f fBhudexyei n Act i s Boc.

OH OH R1
R1 HN__
Act (X)

wherein both R1’s are the same or different from each other and are hydrogen, C,salkyl, Cs.
scycloalkyl or benzyl and Act is an activating group selected from an amino protecting group,
in particular one that together with N forms a carbamate, or a salt thereof, said process

comprising hydrogenation of the nitro functionality of the compound of formula (IX) according

to any one of claims 20 to 23 to an amine.

25. The process according to claim 24, comprising as a concomitant or separate step the

removal of the protecting group(s) PG to reveal the hydroxyl functionality.

26. The process according to claim 24 or 25, comprising as a concomitant or separate step

the introduction of the activating group Act on the amine functionality.

27. The process according to claim 24 wherein the compound of formula (X) is obtained in a

one-pot synthesis using hydrogenation in the presence of (Act),0O, such as (Boc),0.

28. A compound of formula (X),



32. The conpound according to any one of clains 28 to
3 1 having the fornmula (Xa) 33. A process for
w@e@parisnyg of a conpound of fornula (1) wherei PCRER200$053891
hydrogen, d .7al kyl, C3.8cycl oal kyl or benzyl and Act
Is as defined for a conpound ofgfornula (X), or a salt
thereof, said process conprising selective oxidation
of the primary al cohols of the conmpound of formula (X)
according to any one of claims 28 to 32 to effect
doubl e ring clos 1 actone lactam 34. A
process for prep of dwor mul a
(VMII1),wherein R 1 's h Z7al kyl ,
C3- 8cycl oal kyl or and PG is as deflned for a
compound of fornuIdRY X?ﬁ & a salt thereof, said
process conpri sing reductlon of the nitdX)e
functionality of a conpound of formula (XIV), wherein
Wheﬁ"l i s hydrogen, Cl-7alkyl, C3-8cycloal kyl or benzyl,

PG is as defined for a con&ﬂund of formula (VII)
bothd?1 s aeihe spme ok gffferem framapachl desryand arg ﬁbﬁ‘ifpaﬁfaIQw@'kY'B@s

sCycloalky s &ehzyi0dndPr epari ng a conpound of formula (Xv1),
wherein both R 1's are the sane or different from each

Atetaheart@dm Fup BE R Rom Gh-ah@h Blote &d irogdridtliarne that
o il g@l s Cl-7al ky(IDm anad PG¥Sloseasg efi ned&# or % neha

tog e&lﬁ‘rﬁﬂ‘ﬂm%oﬁf‘s?(ﬁafﬁﬂ"@ €VI1), or a salt thereof, said
process conprising a nitro-aldol (Henry) reaction of a

or agplf erednpound of formula (XV) wherein R8 is

20, % dabsghs e A8 el e oy o ' o
30. TR fomPatiod oFip HBO T Cora thier 28 Ws ey RIS80e0Yk ommound. of
1. T AP AL DR G AEhoBR R EiscP P SO AR ' Bt~
32. ﬁe compode according to any one of claims 28 to 31 having the formula (Xa)

OH OH R1
OH

R1  HN_
Act (Xa)

33. A process for preparing of a compound of formula (l)

N %,
Coda
¢ 0]

R1

wherein R1 is hydrogen, C,.zalkyl, Csscycloalkyl or benzyl and Act is as defined for a
compound of formula (X), or a salt thereof, said process comprising selective oxidation of
the primary alcohols of the compound of formula (X) according to any one of claims 28 to 32

to effect double ring closure into to the lactone lactam.

34. A process for preparing a compound of formula (VIiI),



R8 is Cl-7alkyi ; PGis a hydroxyl protecting group;
or a salt thereof. 37. A process for preparing a
w@ovpows of fornmula (XVI1), wherein both RVs BCEHEP1968/053891
same or different fromeach other and are hydrogen,
Cl-7al kyl, C3. 8cycloal kyl or_g&enzyl, or a salt
t hereof, said process conprising hydrogenation of the
nitro functionality of the conpound of fornula (XVI)
according to claim36 _to effect ring closure to form
the lactam 38. The pPGc®ss accor di ng to claim 37,
conprising as a concom t ant separate step the
renoval of the protecting PG to reveal the
hydroxyl functionality. 39 1A clanpound of the formul a
(XVI1) wherei nboth RVs areNhe QamdViby different from
each other and are hydrogen, C1-7al kyl, C3.
wheeiry BI draihyidjogens Cheati| G soxrclcaliehbn betrnwra@dfPG #0as defined for a

com?%«ff)%orf glﬁpeacﬁgﬂﬂi'%gggglw 8gé;srs] gﬁwglﬂggé{.‘c& {%A of the nitrile

functjorm@ity,ofia}mnu:g:gnq oCiormalak(I1V), C*scycl oal kyl or benzyl,
or a salt thereof, said process conprising sel ective
oxi dati on of the prP al cohol of the conmpound of
formula (XVI1) according to claim39 to effect ring
closure to the | actone | \41 A process for
prepari ng a conpound of f rmul a NXI) wherein R1is
hydrogen, C1-7alkyl, C3-8RB¥cl oal kyl (ow)benzyl, R6 is
hal ogen, hydroxyl, Cl ehal ogenal kyl ,

whef@iraRk w(ryydfb\gﬂnkyih mﬂwl (199 a@kldﬁﬂlyk%bér@yllaﬁcap@yh as Béfinet for a

compounogoefqbrmh {\ﬂf( ora sa]lt thereof,

into an aldehyde functionality.

35. A process for preparing a compound of formula (XVI),

o 0 (XVI)

wherein both R1’s are the same or different from each other and are hydrogen, C.;alkyl, Cs.
scycloalkyl or benzyl, R8 is C47alkyl, and PG is as defined for a compound of formula (Vil),
or a salt thereof, said process comprising a nitro-aldol (Henry) reaction of a nitro compound
of formula (XV)

o)

| .

R8 R1 __.N.
0 Y0 (xy)

wherein R8 is C,alkyl, R1 is hydrogen, Ci_zalkyl, Csgcycloalkyl or benzyl, and PG is a
hydroxyl protecting group, or a salt thereof, together with the aldehyde of formula (Viil)
according to claims 15 to 17.

36. A compound of the formula (XVI)



4al kyl or Cl-4al koxy, or a salt thereof, conprising
one or nore of the follow ng steps either individually
W@eoosn1wm conbi nati on: the manufacture of a cREPBR2VAS/053891

of the formula V according to any one of clains 1, 3
and 5 to 8,, the manufacture of4a conpound of the
formula VI according to any one of clains 2 to 8, the
manuf acture of a conmpound of the formula VII according
to clainms 9 or 10, the manufacture of a conpound of
the formula VI1Q accordi nf§Hto Blainms 14 or 34, the
manuf act ure of oundlof the fe@mpla | X according
to clainms 18 of 1 t hermanwf’ac e of a conmpound of
the fornula Xlaccobding.to any one of clains 24 to 27,
andt he nanufaE?uréRbé—g{cgnpound of the formula I
according to claim33. 427 A process for pKébaring a
conmpound of formula (XI) wherein R 1 is hydrogen,

whegein 7al kyl , C3-8cycl oal kyl or benzyl, R6 is hal ogen,
hydroxyl, Cl- ehal ogenal kyl C1-6alkoxx-C1-6aIkonxy

bothd% Tareghe R -oCdifissgnt fiom ¢achi adherang e hydrpdern Gpi-alkybl -
4al kyl or Cl-4al koxy, or a salt thereof, conprising

R8 i e8! hore of the foll owing steps either individually
or in any conbination: the manufacture of a conpound

PGiga QYHB’XV%?’%PH‘Q\B@HEW ding to any one of clains 1, 3
and 5 to 8, the nmanufacture of a conmpound of the

or a 69¥k theledfVI according to any one of clains 2 to 8, the
manuf acture of a conpound of the formula VIl according

37. A proeked 58 pfeparind 8 cofnpeuid@sifoastidev®f a conpound of
t he fornuFa VII1 according to clains 14 or 34, the
manuf acture of a conpoundogf tge fornmula XVI according
to claim 35,

OH

R1 s
NH

0 (XVII)

wherein both R1's are the same or different from each other and are hydrogen, C,.salkyl, C,.
scycloalkyl or benzyl, or a salt thereof, said process comprising hydrogenation of the nitro
functionality of the compound of formula (XVI) according to claim 36 to effect ring closure to
form the lactam.

38. The process according to claim 37, comprising as a concomitant or separate step the

removal of the protecting group PG to reveal the hydroxyl functionality.
39. A compound of the formula (XVII)

OH R1
OH

R1 e
NH

0 (XVII)

wherein



the manufacture of a conmpound of the formula XViI

according to claim37, and the manufacture of a
w@ovpows of the forrmula XVIII1 according to clRCTEBDNS/053891

43. The process according to claim4 1 conprising the

steps of the manufacture of a gonpound of the fornula

V according to any one of clains 1, 3 and 5 to 8,

and/ or the manufacture of a conpound of the fornula I X

cor di to cl aj 18 or 19. 44. The process

oot dEES 0 ithE st cr ffers Meghascn s APA@ e PUBESST, Gk, Cs

scyclBRyfara®ed#y® of a conpound of the formula V according
to any one of claims 1, 3 and 5 to 8, and/or the

or a BaIbthkasfur e of a conpound of the fornmula XVl according
to claim35. 45. A conpound of formula (1), or salt

40. A peicesy for prapanag arempbuidier foehliawkg), st ruct ures: (1 A)
(1 or (ID) wherein R 1 is hydrogen, Cl-7alkyl,
C3-8cycl oal kyl or Repzyl and Act is an activating

group selected from# 1 No @cting group, in
particul ar one that tpget with N forns a carbanate.
46. A conpound of fg Na (I cording to claim 45,

havi ng one of the follofli ng struckl m (I1B) (IE) or
(I'F) wherein R 1 is hydrogen, Cl1-7alkyl,

|
C3- 8¢ al kyl or benzyl and Act is an_activatin
whergi AR B P aasRAT Sach A ep, YCERHE G Y Bosfploalkyl or
benz}Zi;b? i eult &fer@cffgsdidﬂ @]Eocte@gedm@wlrsmg édreduvié @kita’ﬁti@ &?h@ﬁﬂfﬁb@-alcohol of
. 0 oun (0] ornul.a ,. O Sa ner eor , avl n
the Gofioond phRvIGR S etk ol i de Pkt T giog e i ihe Iactone

lactadct i vating group selected froman am no protecting
group, in particular one that together with N fornms a
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wherein R1 is hydrogen, C,.;alkyl, Csscycloalkyl or benzyl, R6 is halogen, hydroxyl, C,.

X1

ghalogenalkyl, C4salkoxy-C,ealkyloxy or C,salkoxy-C,salkyl; R7 is halogen, hydroxyl, C;.
salkyl or Cy4alkoxy, or a salt thereof, comprising one or more of the following steps either
individually or in any combination:

- the manufacture of a compound of the formula V according to any one of claims 1, 3
and 5to 8,,

- the manufacture of a compound of the formula VI according to any one of claims 2 to
8,

- the manufacture of a compound of the formula VIl according to claims 9 or 10,

- the manufacture of a compound of the formula VIl according to claims 14 or 34,

- the manufacture of a compound of the formula IX according to claims 18 or 19,

- the manufacture of a compound of the formula X according to any one of claims 24 to
27, and



R 1 is Cl-7al kyl, C3-8cycloal kyl or benzyl or ;a salt
thereof. 49. A conpound of fornula (VI) wherein R1 is
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50. The conpound of formula (V) or (VI) according to
clainms 49 or 50, wherein R 1 ig3isopropyl. 5 1. A
corrpound of formula (XVII11), (XVIII) wherein each R 1
|ndependently of each other, hydrogen, Cl-7alkyl,
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Cl- 7al kyl , C3-8cycl oal kyl henzyl and Act is an
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car banat e. a~(XVIN) according
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Act is aﬁ 7at i ng group sel ected froman am no
protecti N group, in particular one that togethétl)w th

N forms a carbamate.
wherein R1 is hydrogen, C.ralkyl, Cs.scycloalkyl or benzyl, R6 is halogen, hydroxyl, C;.

shalogenalkyl, Cssalkoxy-Cisalkyloxy or Ci.¢alkoxy-Cisalkyl; R7 is halogen, hydroxyl, C;.
salkyl or C4alkoxy, or a salt thereof, comprising one or more of the following steps either
individually or in any combination:

- the manufacture of a compound of the formula V according to any one of claims 1, 3
and 5 to 8,

- the manufacture of a compound of the formula VI according to any one of claims 2 to
8,

- the manufacture of a compound of the formula VIl according to claims 9 or 10,

- the manufacture of a compound of the formula VIl according to claims 14 or 34,

- the manufacture of a compound of the formula XV! according to claim 35,

- the manufacture of a compound of the formula XVl according to claim 37, and

- the manufacture of a compound of the formula XVIil according to claim 40.

43. The process according to claim 41 comprising the steps of
- the manufacture of a compound of the formula V according to any one of claims 1, 3
and 5 to 8, and/or

- the manufacture of a compound of the formula X according to claims 18 or 19.

44. The process according to claim 42 comprising the steps of
- the manufacture of a compound of the formula V according to any one of claims 1, 3
and 5 to 8, and/or

- the manufacture of a compound of the formula XVI according to claim 35.

45. A compound of formula (1), or salt thereof, having one of the following structures:
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wherein R1 is hydrogen, C,_alkyl, C;scycloalkyl or benzyl and Act is an activating group

selected from an amino protecting group, in particular one that together with N forms a
carbamate.

46. A compound of formula () according to claim 45, having one of the following structures:

N N “ N
o o Ry 9
Act Act Act

(1B) , (IE) or (IF)

wherein R1 is hydrogen, C,.;alkyl, Csscycloalkyl or benzyl and Act is an activating group

selected from an amino protecting group, in particular one that together with N forms a
carbamate.

47. A compound of formula (1), or salt thereof, having one of the following structures:

O T .’”/7/ O T O T
Act Act Act _

, or

wherein Act is an activating group selected from an amino protecting group, in particular one
that together with N forms a carbamate.

48. A compound of formula (V),
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(o)
I
R1 _.N.
0 0 V)
wherein
R1 is C,zalkyl, Csgscycloalkyl or benzyl
or a salt thereof.
49. A compound of formula (V1),
OH
R1 __.N

wherein
R1 is Cyzalkyl, Csgscycloalkyl or benzyl
or a salt thereof.

50. The compound of formula (V) or (VI) according to claims 49 or 50, wherein R1 is

isopropyl.

51. A compound of formula (XVIil),

R1”:]:>_<3;/[/O
o) N 2
H R1 xvin

wherein each R1 is, independently of each other, hydrogen, C,.alkyl, Csscycloalkyl or

benzyl, or a salt thereof,

52. A compound of formula (XVIil) according to claim 51, having one of the following

structures:
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L]

wherein R1 is hydrogen, C,alkyl, Cs.gcycloalkyl or benzyl and Act is an activating group

selected from an amino protecting group, in particular one that together with N forms a
carbamate.

53. A compound of formula (XVIII) according to claims 51 or 52, having one of the following

structures:
o O o. 0 Ruy, o0 O
(XVHIB) ’ (XVIIE) or (XVIIF)

L]

wherein R1 is hydrogen, C,_alkyl, C;gcycloalkyl or benzyl and Act is an activating group

selected from an amino protecting group, in particular one that together with N forms a
carbamate.



