Organi ¢ Conpounds Field of the invention The invention

relates to a novel process, novel process steps and
wonosad1iont er medi at es useful in the synthesis 8CT/EP2006/005370

pharmaceutically active conpounds, especially renin

i nhi bitors. Background of thd4nvention Renin passes

fromthe kidneys into the blood where it affects the

cl eavage of angi ot ensi nogen, releasing the decapeptide

OrqaRREGhESHAE | Which is then cleaved in the lungs, the
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acconpani ed by an increase in extracellular fluid

in the, gynifasispfiRarmaeeWisaly acive semapunds, gseerially remie infibitosh
of angiotensin Il. Inhibitors of the enzymatic

Backafdunidf heGhvéitinn | ead to a reduction in the formation
angiotensin I, and consequently a smaller anount of
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hypot ensi ve effect renin inhibitors.

the 'ﬁ‘éﬂﬁyéu?ﬂﬂs ofhgrhorgans \ipt Wrmmenaﬁéyesaqdpsﬂng@ﬁnsm ” The octapeptide
increbéesDidoe E@SZ@e &Tﬁmrg&yw&t&ﬁr Wﬁhstnctlon and mdirecﬂ:\;’ by liberating
- et hyl pr op dr Oxy- 2-1i sopropyl - 7- [ 4- net hoxy- 2’
from @Wfﬁﬁ%’ﬂiﬂ%ﬁa&y wz@rvqmrgta'weg preiitaAldastaene. acqs)@wamed by an
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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 |l biosynthesis.

As the compound comprises 4 chiral carbon atoms, the synthesis of the enantiomerically
pure compound is quite demanding. Therefore, amended routes of synthesis that aliow for

more convenient synthesis of this sophisticated type of molecules are welcome.
it is therefore a problem to be solved by the present invention to provide new synthesis rou-
tes and new intermediates allowing a convenient and efficient access to this class of

compounds.

Summary of the Invention

During investigation into the reductive de-oxygenation of a diastereomeric mixture of secon-

dary benzylic alcohols of the formula I given below, an attempt was made to convert this



nore conveni ent synthesis of this sophisticated type
of nolecules are welcone. It is therefore a problemto
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synthesis rou tes and new internediates allow ng a
conveni ent and efficient acc2ss to this class of
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totall;f @Jw%u‘?e }olr lthe synthesis for aliskiren and related compounds.

Detailed Description of the Invention
In a first and very relevant aspect, the invention relates to a process for the manufacture of a

compound of the formula lii,

R,0

RO (i

wherein

R is hydrogen, alkyl or alkoxyalkyl;

R, is hydrogen, alkyl or alkoxyalkyl,

R, is hydrogen or preferably a hydroxyl protecting group;
R; is hydrogen or unsubstituted or substituted alkyl; and



wherein R is hydrogen, alkyl or al koxyalkyl; R is
hydr ogen, al kyl or al koxyal kyl; R2 is hydrogen or
wopswfiaraabl y a hydroxyl protecting group; R3 i BCIEHRMEE5370
or unsubstituted or substituted al kyl; andPG is an
am no protecting group, espe8i-ally one renovabl e by
hydrol ysis, e.g. |ower alkoxycarbonyl, such as
tert-butoxycarbonyl or benzyl oxycarbonyl; or a salt
; [
PG RS RL BRIy BT B i0bbyeg, over
alkoxyibarbeny, SNChIaS tetR@uthscqh@mfb@r nzyloxyerrbomé&d for a
ora%?( of the formula Ill, with a rea gent able to
anstorm (here especially benzyl i c) hydroxy
(espeC| ally the one bound by a waved bond in fornmul a
' | east tenporarily
said Jn)anmg&?"gé% %1@ ?%Ea?%}é%@n%‘osm@ﬁn& the formula Il as
mantloned above in the reaction mxture before ring
sl where X is a group other than
read\ﬁ@d”‘r o&rt'/g ntda& r%%erﬁ‘ﬁ@e%pem ally a | eaving group. These
compounds of forrrul a (1 PQ hat ﬂge used as starting
materials. These are acdessn using a synthesis
starting from(S) p rol;jNata c.acid. Reference is made
to PCT application W 006/02456% where ketone anino

derivativ ds are prepared that can be
converted i'nto esp tive am no al cohol by

hydr ogenati on { ijon. A reagent able to
transform

preferably is a custormra/
reagent for the conver sion of a benzylic al cohol®into

wher%ngi QPRGNS P@ard 48 b8ied 16P R e6mpblidd bERY i&ehuls AL Mith a rea-
gent able to transform (here especially benzylic) hydroxy (especially the one bound by a
waved bond in formula 1) into X (which is presumably at least temporarily present in a
transitory compound of the formula il as mentioned above in the reaction mixture before ring
formation takes place) where X is a group other than hydroxy or hydrogen, especially a

leaving group.

These compounds of formula (I) that are used as starting materials. These are accessible
using a synthesis starting from (S) pyroglutamic acid. Reference is made to PCT application
WO02006/024501 where ketone amino derivatives of such compounds are prepared that can

be converted into the respective amino alcohol by hydrogenation or reduction.

A reagent able to transform hydroxy into X preferably is a customary reagent for the conver-
sion of a benzylic alcohol into a group other than hydroxy, especially leaving group X, e.g.
where X is halo selected from the group consisting of (e.g. aqueous) hydrohalic acids, such
as hydrochloric acid, a thionyl halogenide, such as thionyl chloride, PX*3, POX*3, PX*5 or
POX*s wherein X* is halogen (so that the X resulting in a , especially chloro or bromo, a
combination of triphenylphosphine/halogen, such as triphenylphosphine/iodine, where X is
an organic sulfonyloxy moiety an active derivative (formable under comparable conditions as
shown below for activation of an active derivative of a carbonic acid of the formula XVI, also

in situ, especially an anhydride (e.g. the mixed anhydride with a carbonic acid, such as acetic



where X is halo selected fromthe group consisting of

(e.g. aqueous) hydrohalic acids, such as hydrochloric
woaetet313m4t hi onyl hal ogeni de, such as thionyl ear@EP2@e 05370

PX* 3, POX* 3, PX* 5 or POX* 5 wherein X* is hal ogen

(so that the X resulting in-a-, especially chloro or

brono, a conbination of tri phenyl phosphi ne/ hal ogen,

such as tri phenyl phosphi ne/i odi ne, where X is an
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gen base, such as imidazole, at temperatures e.g. from 0 to 50 °C.

Alternatively, compound (lli) can be obtained from compound (I) using an ion exchange
resin, preferably an acidic ion exchange resin such an amberlyst acidic ion exchange resin,
preferably Amberlyst 15 (Fluka) under the elimination of water. The reaction preferably
takes place in the presence of an appropriate solvent, such as toluene and/or acetonitrile, at

temperatures e.g. from 0 to 50 °C such as room temperature.

Another important embodiment of the invention relates to a compound of the formula Il as

defined above, or a salt thereof.

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

following.

In a preferred further embodiment of the invention, this synthesis comprises as a further step
or as individual synthesis the (partial) deprotection of a compound of the formula li (which in
free form or as salt is also as such a preferred embodiment of the invention) wherein R is a
hydroxy protecting group, especially one removable by deprotection conditions other than
those required for removal of PG, more preferably by hydrolysis, e.g. tert-C,-Cr-alkoxacar-
bonyl, such as tert-butoxycarbonyl, while R, R, R; and PG are as defined for a compound of
the formula | above, under removal of the protecting group R, to a compound of the formula
v,



an organic sulfonic acid, the reaction preferably

takes place in the presence of an appropri ate
wo2elmaemo4 such as tol uene and/ or PCT/EP2006/005370

di met hyl am nopyri di ne, and a base, e.g. a tertiary

nitro gen base, such as tri€shylanm ne, e.g. at

tenperatures from-30 to 50 OC. In the presence of

tri phenyl phosphi ne/ hal ogen, the reaction preferably

takes place in an app&ggrlate solyent, such as tol uene

and/ or acetonitrile, in {ﬁe presghice of a (preferably

cyclic unsaturated) nitroygen base, such as inmdazole,

at tenperatures e.g. from:0 'to 50 BG. Al ternatively,

conpound (III§<5an be obtai ned from conpound (1) using

an ion exchange 3 pf eferably an acidic ion

exchange resin sug anbefl yst acidic ion exchange

resin, preferabl Anbet | yst- 45 (Fl uka) under the

eli mination ofRQ@ter. The reaction preferably takes (V)
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I mportant enbodi nent of the invention relates to a
inventikpound of the fornula 111 as defined above, or a
salt thereof. A corrpound of the formula Il nmay be
inter alia,
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to theGBI@Eleyetatafe 6fitRe inixtary, farrexamipty feorn 3820168 °é) hydr oxy
protecting group, especially one renpovabl e by
deprotection conditions other than those required for

As an’ f&Rative @ ré%@tioﬁ”@fe@s mé@émtabmv@wdnmmou ¥Bi alsoergde (1) - can be

tert-C 4-Ct - al koxacar bon
transformed in a one-pot synXhes?s to co¥npound (IV) as the free base (1Va), which may be

purified by extraction, without isolation of the intermediate compound of formula (1) .

compound (IVa) then can be crystallized as a salt such as the maleate or oxalate. This is
preferred as it allows further purification. Compound (IVa) is easily transformed to
compound (IV). The introduction of the protecting group at the nitrogen is simple, selective

and clean.



R,0

RO

such as tert-butoxycarbonyl, while R, Rl, R3 and PG

are as defined for a conpound of the fornula |I above,
wounwasixenoval of the protecting group R2 to BCTERRWGHES370

of the formula IV,wherein R, Rl, R3 and PG are as

defined under fornmula Il ab®ve, or a salt thereof. A

com pound of the formula IV, or a salt thereof, is

al so as such a preferred enbodi nrent of the invention.

In the case of a protecting group R2 renovabl e by

hygrol ygis, e.g. tert-C|4-C7-al koxycarbggyl such as

t &rt-busloxycar bonyl, thg renoval preferab‘i._yod,akes

pl gce I n ¥ presence of| an acid or preferably a
b bweh as a—metat> hydr oxi deR@ %;}abl y a netal,
t

U

more preferably an al kalli metal car a such as
pot assi um car bonate, in |an appr apf | vent, sych
45 an al cohol, e.g. nethanol or et hanol wat er of a
m xture thereof, e.g. at tenperature® fromO 0Cto
the reflux tenperature of the m xture, for exanple
from30 tee 60 C. As an alternative to reaction steps
descri bed é—bQVe conmpound (I) - also crude (I) - can
be tran8%ofned in a one-pot synthesis to conmpound (IV)

a&‘?\\f base (1Vva), which may be purified by

ext i oh, without Tsolati dh of the internediate
&®mpound” of forrmula (I11) . conpound (IVa) then can be
crystallized as a salt such as the naleate or oxal ate.
This is preferred as it allows further purification.
Conpobﬁﬂ (I'va) is easily transforned to conpound (1V).
The introduction of the protecting group at the

In thl{%éiu%gggq,uée rggéc[mb gro gﬂé%elgrﬁldgﬁgragﬁ r&b%ﬂr éHo‘v%blé Ibyahydidlysis and
are mprepreferbbly, e.gntevtaBi- 6rbgkowmryb$tscweartyt%p@’oonyl The
remofé'l %eef%%% ﬁt}%%sr g| ﬁ'fﬁwsli?egnc@lokgﬁlﬂ%% BPMYle sréfetal§ an acid under
conditions well known in the art such as using an inorganic acid preferably as an aqueous or
alcoholic solution thereof such as HCI, trifluoroacetic acid, sulfuric acid, phosphoric acid,
methane sulfonic acid, etc. in an appropriate solvent, such as an alcohol, e.g. methanol or
ethanol, esters like ethylacetate or isopropy! acetate, or ethers like THF or TBME, water or a
mixture thereof, e.g. at temperatures from 0 ° C to the reflux temperature of the mixture, for

example from 50 to 100 °C.

If a crystallization of compound (IVa) is desired, this is performed by typical crystallization
techniques and adding the desired acid such as maleic acid or oxalic acid, preferably maleic

acid.

Protection of the pyrrolidine amino group is effected by methods known in the art such as
those described hereinafter in the examples or as referred to in the cited textbooks.
Preferably, a boc group is introduced at the nitrogen using e.g. di-tert-butyl dicarbonate

under standard conditions.

A compound of the formula IV can then be further used in a number of ways in the synthesis

of renin inhibitors such as aliskiren.



renoval preferably takes place in the presence of an
base or nore preferably an acid under conditions well
WORMB®WA130M t he art, such as using an inorgani cPaTiEH#2006/005370
preferably as an aqueous or al coholic solution thereof
such as HCl, trifluoroacetic7acid, sulfuric acid,
phosphoric acid, nethane sulfonic acid, etc. in an
appropriate solvent, such as an al cohol, e.g. nethano
or ethanol, esters |ike ethylacetate or isopropyl
acetate, or ethers |like THF or TBME, water or a
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acid or oxalic acid, ﬁ@ferabl y | ei c acid.
Protection of the pyrrol ine anjino group is effected
by nmet hods known in the ar{‘ﬂ'“s'u ag.those descri bed
hereinafter in the exanpl és or| as réferred to in the
cited textbooRsOP Qr ak boc group is introduced
at the nitrogen us .0. qi-tert-butyl dicarbonate
under standard copd . conmpound of the fornmul a
IV can then beROurt uséd i a nunber of ways in the (v
synthesis of renin inhibitors such as aliskiren.In a
wherdin Rs R, { Ry aritePGearb adidefined undertiermuty §habaye; opa salb theseof. This
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embofionents aﬂmm\&\pem ally synthesized as in the precedl ng
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The reactianssbeciallytakes plate Lederraustommary p@pﬂlh@n%tueha"%fomq oxidation of
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In the (preferred) case where R, in a compound of a formula IV is hydrogen, this reaction

can make use of such oxidants that allow for the direct obtaining from a compound of the
formula IV of a corresponding aldehyde of the formula V, or a salt thereof, or it can be lead
by first oxidizing to a carboxyl compound of the formula XVi,

R,0

RO (XV1)
wherein R, R; and PG are as defined above for a compound of the formula lll, or a sait
thereof, which can then be reduced with reducing agents to an aldehyde of the formula V
wherein R; is hydrogen and wherein R, Ry, R; and PG are as defined under formula Il abo-
ve, or a salt thereof. These process steps as such, as well as a compound of the formula
XVI, or a salt thereof, and a compound of the formula V, or a salt thereof, also form embodi-
ments of the invention. The direct reaction to an aldehyde of the formula V, can, for exam-

ple, take place in the presence of an oxidant that allows for the oxidation of an alcohol to an



The reaction especially takes place under custonmary

conditions that allow for the oxidation of a hydroxy
WOgrmupR130¢ an oxo group and enpl oyi ng cust omar $CT/EP2006/005370

oxi di zing reagents (oxidants). In the (preferred) case

where R3 in a conmpound of a-8oermula IV is hydrogen,

this reaction can make use of such oxidants that allow

for the direct obtaining froma conpound of the
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oxide. Where required, the stoichiometry of the oxidants is chosen appropriately to avoid

over-oxidation.

The oxidation of a compound of the formula IV (or also an aldehyde compound of the for-
mula V obtained preferably as described above) to a compound of the formula XVI can, for
example, take place with Jones reagent (CrO; in aqueous sulphuric acid/acetone), with man-
ganese dioxide, with pyridinium dichromate or especially under Pinnick oxidation conditions,
e.g. by oxidation with sodium chlorite or calcium hypochlorite in the presence of a weak acid,
preferably an alkalimetal dihydrogenphosphate, e.g. sodium dihydrogenphosphate, in an
appropriate solvent or solvent mixture, e.g. an alcohol, such as tert-butanol, 2-methyl-2-
butene and/or water, at temperatures e.g. from 0 to 50 °C. The reduction of an acid
compound of the formula XVI then can take place using reducing agents that allow for the
selective reduction to an aldehyde of the formula V wherein R; is hydrogen and wherein R,



in an appropriate solvent, e.g. nethylene chloride, at
tenperatures e.g. from0O to 50 C, under Swern

woceosdiBtioons, e.g. using di net hyl sul f oxi de i n PO&EP2006/005370
presence of oxalyl chlo ride, e.g. at |owered
tenperatures, such as from-90 to 0 OC, preferably in
the presence of a tertiary nitrogen base, such as
triethylanine or diisopropylethylam ne; under
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sulfatefana hyarauena anfappfopribiter sulleat, Isuck as v@teroara alcahdlebyaheas methanol
or etf@é\g Oijoggag ﬁgglifc%gte orggng%g)()b{ t%'gl? 9 grre o?h%?’vggggsat customary
tempéaturex,ang. from Oak@0piCace with Jones reagent (Cr™XB in

aqueous sul phuric acid/acetone), with nan ganese

di oxi de, with pyridiniumdichromate or especially
In a furtisereniboditnenit ab shidiefirsteemismindent of tise inaelglonby poocesatforthe synthe-

sis of\gi} %Etgﬁg l'bgnr] gnﬁéé%(gl%&(ﬁén Ccragp&ng?%B%%?rg%a wtgﬁund Hi‘-% formula V as
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wherein Hal is halo, preferably chlora, bromo or iodo, and PT is a hydroxyl protecting group,

with a metal, to give a compound of the formula VII,

(vih)
wherein R, R, and PG are as defined under formula Il and PT is a hydroxyl protecting
group, preferably one that can be selectively removed without removal of the protecting
group PG, e.g. 1-phenyl-C,-C;-alkyl, such as benzyl, or a salt thereof. This process step as

such, as well as a compound of the formula VII, or a salt thereof, also form embodiments of



but ene and/or water, at tenperatures e.g. fromO to 50
OC. The reduction of an acid conpound of the formula
woxMo/13tam can take place using reduci ng agent BCTHERR2006/005370

all ow for the selective reduction to an al dehyde of
the formula V wherein R3 is1bydrogen and wherein R R1,
R3 and PG are as defined under formula Il1. The

reduci ng agents can, for exanple, be selected from

. appr opsl af,. | . [

e oGP =GB 008 oo yoR M ey han o9
-1, thatiig, hheaothiew possible dialstexgdisamenip prastigallyaiot absefved. This shows a high
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acan SR 85 AT oRGHE Fing S 3 B RO A6 o in e
synthési$ bi/@hindnhibordssich ebatiskirehow f or the coupling of a

conpound of the fornmula XVl and a conpound of the

formula VI. For exanple, in the case of an acid
The rédttion iptsfeablyatakesplacenditiv i rétal feacting withdvie, conippund of the formula

redyction to | dehyd f,the far.

Vivo GEHES b g P E5ReBly 6 o MY S Roh k. un insum,
mangtaﬁtfsle, bmhﬁvﬁ)dbr&lmmpénﬁnbm cordpuridy oaNnXp (aikyhkMat.ie or -CeX, wherein

. .solvent, e. 2- pet t hyl h i gl . .
X is nSREG Ao F) AP HE B are kLBl e it ey Bheingble with
metalAohirlibhy, &lugh ab IMy/Fe,dirctill mtheawith dkwispddidse shgh as BFsdiethyl ether
comolay iy SRERSLY B 4, 58 TR e RROR T B BRHBIRE Feacion, o
with nigfhesiuiTDgiving ik toressponding Grigmatdwdiagentiti magsesidrat(blg) as the
metal Y GGG FEACURR T 28 SRBIIHRAIS SBYST G e Gyt ab ! Shic ether,
e.g. tatfRiifof@aR! &t Slkyiretarxé gl diethyl éther, dert-botyknethyitether, a hydrocarbon,
cuch kN et & e R EA DHERES e SRRy Bl oA s fpBures
e.g. ithelrBfgd YA I0070 °G BFigR&EDr rignahelikeyreagents os organa fithium

renin 1nhibitor, sych as aliskiren conprises reactin
compRUTS B RFRICEPO NS PETHIR & GrgRae ke R e d fedqrl Breferred.

proviso that R3 in it is hydrogen under Gignard or

Grignard-like conditions with a reagent prepared by

Comp{o@ﬁﬁbr fimifa @1CemeLprdpaiedideeoddingntoinrethbdsell knowrHal the person
skilleclhfpdpgfi)}i s r%g:a-?qﬂqén-&p%ﬁg%ol. q%%o pgée 59 g—%ZG%vr}ﬂchPi-g ir'w&réorated

herein by reference.

In a further embodiment of said first embodiment of the invention, a process for the synthe-
sis of a renin inhibitor, such as aliskiren, comprises deprotecting a compound of the formula
VIl as just defined by removal of the hydroxy protecting group PT, for example in the case of
a protecting group that can be removed by hydrogenation such as 1-phenyl-C,-Cz-alkyl, e.g.
benzyl, by catalytic hydrogenation, to give a compound of the formula Viti,

OH

(Vi)



with a netal, to give a conpound of the formula VII,
wherein R, R and PG are as defined under formula I11I
woan@/1BB0ks a hydroxyl protecting group, prefeP@blEP2@A©05370
that can be selectively renoved without renoval of the
protecting group PG e.g. l-qghenyl-C -C 7-al kyl, such

as benzyl, or a salt thereof. This process step as
such, as wel |l as a conmpound of the forrmula VII, or a

anerb 5 B o B 0 o 00 o s

step d¥ glith, &s gell balagmm;ioban ofthe: farmuth Ml ics a salitdherebbalso form embo-

s R R BB S g ESRIH, 05.nr
case Olyrlemﬁva[bfﬁﬁe protectisigireup byhydrbgenation withsiydrogandn tﬁeuzresence of a

hi bj t
catay Beh o ForRLMPE BB 5 Peladi) Phk SRy ech et oo carer,
such 88tRdrcoslpiptanagppropriaté belverammhread af altdtel,feog methabbl d:r(ethanol or

e.th rrespon net al ound Q. [, 1.t hiu .
non-fkghtsohverim s ool e Fer REIE DY s REeE Shetaibriptfpropriate
tempérétdi@sm@&j. ineeatange paLth 5®@PC.MX, (al kyl ) 3MhLi-, or

-CeX2 wherein X is halogen such as d, | or Br, nore
preferably Br; or further a reagent obtainable with

Ina ftﬁfﬁieﬁﬂenﬂfwbhérﬁtdf e4id fi rﬁlm’iboalﬂné@/df-me iaverttion| & pfonestrém the synthe-

as BF3 diethyl ether co
sis Of JBPI INPAqTn 19 FaAISKERT o BPESES PYTIEPe A CRPTBgL e Rfmua vin
at thef gHimday ihgavasd ghdupeo laaatddhyde compaitdiofithe fareiulargi vi ng
the corresponding Gignard reagent with magnesium (M)
as the netal for ?éﬁgnard regQt i on, an appropriate
sol vent, e.qg. as a fyclic ether, e.g.
tetrahydrofuran, an ahkyl et\her, e} g. diethyl ether,

te,

tert-butyl met hyl ether, &'fhydroeaflfon, such as
t ol uene, a hal ogenat ed jhydrocar bor, g. nethyl ene
chl ori de, 9 efiperaf Uires e.g. in thefrange fromO to

70 0OC. Gi gnar ard-|li ke reagents or organo
[ithiumc oreferred, and Gignard or
Gri gnar d- I'tKe reagents are partlcul arly preferred (IX)

wher%ﬁ)] % g(’j‘ﬂgq Lro ol a}"pggltr.%?gerafgpgglﬁ% g&eed rgere Rich then

cyclizes spontaneously to produce a lactol of the formula X,

(X)
which, either in the same reaction mixture (in situ) or after isolation and in a separate pro-
cess step, which as such also forms an embodiment of the invention, is then oxidized to a

lactone of the formula Xi,



skilled in the art, see e.g., Houben-Wyl, Vol. 13/2a,
page 53 - 526.which is incorporated herein by
wonrefeaseeee. In a further enbodi nent of said fPCEEP2006/005370
enbodi ment of the invention, a process for the synthe
sis of a renin inhibitor, sueh as aliskiren, conprises
deprotecting a conpound of the fornmula VII as just
defined by renoval of the hydroxy protecting group PT,
for exanple in the case of a protectifig group that can
be removed by hydrggenation sug > fyphenyl
t-al kyl, e.g. benzy by catafytic hydrogenatlon to
give a conpound of th for , (M'Il)wherein R

Ri and PG are as defined"t of mul a 111 above, or a
sal t thergcﬂ:é. Thi s process step as su as well as a
conpound 711 or a salf thereof, also
form enbo di i nvention. The deprotection

t akes pl agﬁg P ' dard conditions, e.g. in the
case of reéndval of the protecting group by (X1

e RSB e L Y5 PR el BRI Gar e formut 1
above? afﬂls%ﬁqdl@hcd\bf elctigystbps pomseattionrofa ampdued of thecformsgla Vil to a
comppgh REPe s RuBR BT o5 el i by T el orespeciay
a confRIUME K thesfoarhulasX &mdfor X or saltst thérebg dilsoofpri @mbedenents of the in-
veni ¥ o5680H Bt BB B VB AL sl By pre rormut
X prefe?aldy ial{estplawhﬁdlleﬁﬂfet comititiohs rrientiemd torhe Erefereddesoxidation of a

comeii B B 57 o o BB AP 6361, 5 O i e

preseh@é Gﬂhlme‘tﬂ)héulgﬁ'toxidaaein fihi amrqpria;aka)vept puoh @stroethylene chloride, pre-

et LSRR b So b b HRTH AP . FlpBhoorte

res frbrlfhela‘@% S50, T hetshageqmeot oxéstionpo ltrieacmnpmjryd df thepfommhutaeX| can take
a lactol of the ei t her

place g NG satedeaEioT pancpa vt af e1ESF 5l PPy iR Ragents
menti®RE@EB&WV: ¢HiOcan be isolated and oxidized separately with further reagents, e.g.

those mentioned above, more preferably using TEMPO/diacetoxyiodo benzene.

Alternatively, it can also be oxidized at the primary alcohol without effecting the secondary
alcohol to compound X1 with the reagent TPAP (Tetra-N-propylammonium perruthenate) e.g.
according to lit. ref., S. Ley et al. Synthesis, 639 (1994). This method is particularly

preferred.

In a further embodiment of said first embodiment of the invention, a process for the synthe-
sis of a renin inhibitor, such as aliskiren, comprises reacting a compound of the formula XI

as just defined, or a salt thereof, with an amine of the formula Xit,

H,N NH,

O (i)



cess step, which as such also forns an enbodi nent of

the invention, is then oxidized to a | actone of the
woRewrnala4 Xl wherein in formula X and XI R, Rl BGWEPD0aNES370

as defined for a conpound of the fornula Il above.

Thi s sequence of reaction steps fromreaction of a

conpound of the fornmula VIIl to a conmpound of the

formula XI as such, as well as a corrpound of the

I I
(whe;e(?rgj ra@w}iénﬂ{og@ﬁﬁ%ﬁ gﬁ)lear/eeo a SO ?so %frcr’] éer%gth%%&w:tﬁ\gémup then
be retrivsred in thervomesponting protatied compdund of dinep toumallaok i, los a salt thereof,
the lactol of the fornmula X

Obta'ﬁ'géguéo UEP O&%uﬂofrgglg xu'ﬁder the conditions nentioned

to be preferreqbéor oxi d@k omof ~a conpound of the

formula IV to an ql dehydg e foryule V,e.g. with
SCVpyridine in thenprese di rreE}hyI s phoxyge in
an appropr| ate sol yent, gt hy or i de,
pre f ertiary niltrogen
base, slic at tenperdtu res
from-30 t PC. The subsequent oxidation to the

conpougab can take place under the
same .reaction condl tions enpl oyi ng an excess of sone (X1
wher&F\ e dnf %%Pesagﬁgﬁdﬁ%%pa @ﬁ&}’) oi* the‘?@rﬂupz? Ill %PE%taﬁ‘fhereof
d o>3| 4 zed “Separ at e.g.
This pmns@ step Bk shehy a&bm)bas iirﬁfP'@PleS* @frtb@ chr K@l or a salt thereof, also
enzene. Alternatively, it can
form E@gﬁgg&ngsf(ﬁgﬁg gtﬁo'JtPhe pri mary al cohol vviyt hout
effecting the secondary al cohol to conpound XI with
The rtegalorngﬁgép%bl%%ﬁgs %EI%E rtff\d@l’ QERMB %g}ymgbﬁwop ﬁ{e; fr(ﬂfrhglg?i &an amide
from ewtmeg@zg in mappmrraﬁecsoi\@nbawéqlmﬁ Atixtyrep ieg &t argther,such as
. t; I ¢St
tert bﬁhﬁ tbpl%th%fé?%rggg in ﬁ{) %nggﬁ?hbéﬁwg?%%yg{ with'§ weak acidic
and a weakobasic grosnpchgaz-rudwoymyr@me Fpigines wsthe PIRIENAY oaan appropriate

basefﬁ.g?éé%rg{ nit Jb%nfb%rsglg&h?sttﬁéth#dgﬁpﬁq g‘ W,Gpné}é témpé&htures e.g. in

an amne o
the range from 0 °C to the reflux temperature of the reaction mixture, e.g. from 0 to 85 °C.

In a further embodiment of said first embodiment of the invention, a process for the synthe-
sis of a renin inhibitor, such as aliskiren, comprises opening the ring in a compound of the

formula XIll by reductive or hydrogenolytic ring opening to a compound of the formula X1V,

52
Z
L
N

R,0

RO (XIV)
wherein R, R, and PG are as defined for a compound of the formula Ili, or a salt thereof.

This reaction step as such also forms an embodiment of the invention.

The reductive ring opening preferably takes place under conditions employing appropriate

metals as reductants, e.g. under conditions comparable to those of a Birch reduction with



(XI'1) (wherein the am do nitrogen can al so be protected

if desired and the protecting group then be renoved in
woRhws/1smos espondi ng protected conpound of the POTMARRE@6/005370

XIl11), or a salt thereof, obtaining a conmpound of the

formula XlIl, wherein R Ri-1and PG are as defined for

a conpound of the formula I, or a salt thereof. This

process step as such, as well as a conmpound of the
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st st obanones 8ot iy B A RRORE PR ammo-
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lithiurR/dR- SR PBEtyBfphaRylRiepraghésitire ilastbraceng, orahe éke,ivehigh do not require

the ur AU APEeTi S IPH BRECFIGLS PG OC Lo ¢ ho 1 of | ux

terrperature of the reaction mxture, e.g. fromO to 85

I f h
S o B By Ol BRI r e
knowh@rﬂtﬂé érﬂéihdJarTeQiescﬁWe gs|na10ublemWeyl Yolopei Blés, openi ng

orrrul
StickBRYRP GG A8 Ao S & TSty TP S P2
(199%]‘ t he forrrula XIV wherein R, R and PG are as
efined for a conpound of the formula Ill, or a salt
thereof. This reaction step as such also fornms an

Ina fﬁﬂﬁ&@rﬁﬁﬂ&m?ﬁt dflaaidi mmbmmm thieciiuentione ampirompss for the synthe-
sis o NG G B LAY Al s Br7Bed PERTERIRT o efibpung gt fomue
XIV t6 givdithé edsesiorBngaipound bhmedomiula X, rch r educt i on

wi'thal kali metals and |iguid anmonia, e.g. with sodium

or lithiumin the presen qui d armo nia (NH3) in

the presence or absence ppr ¢Pri urt her
n er,NE‘zg.
, €e.qg. hanol , at

sol vent or sol velgNmi.x;
O

t et rahydr of urane, and/
| ower R,

RO | (XV)
which is pharmaceutically active, especially as a renin inhibitor, wherein R and R, are as
defined for a compound of the formula |, or a salt thereof; and, if desired, converting an
obtainable free compound of the formula XV into a salt or an obtainable salt into the free
compound of the formula XV or a different salt thereof. For example, if PG is (what is
preferred) a C,-C;-alkoxycarbonyl group, such as tert-butoxycarbonyl, the removal can take
place under customary conditions, e.g. in the presence of an acid, such as hydrohalic acid,
in an appropriate solvent, such as dioxane, e.g. at temperatures from 0 to 50 °C, for

example at room temperature.

An especially important aspect of the invention relates to a process for the manufacture of a
compound of the formula XV, or a salt thereof, comprising first opening the ring in a com-
pound of the formula Xlil as described above by reducing it selectively to a compound of the



tures, e.g. from-90 to -20 0C, e.g. at about -78 OC.

Al ternative reductions nethods are possible, e.g.
worewusdtioon with calciumin tert-butanol, othePCT/EP2006/005370

reduction nmethods with cal cium

l'ithiumdi-tert-butyl bi phenyllsi-de, magnesi umin

ant hracene, or the |ike, which do not require the use

of liquid ammonia and | ow tenperatures (< -20 00).
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able daltrintbehe freb odinpemd of the dordhula XY'tor ardifferentsalt thereohe
invention, a process for the synthe sis of a renin
i nhibitor, such as aliskiren, conprises deprotecting a
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can bBberﬁacB@s a@‘mne@l agme_ ;ﬁ mydfirptoaxittizing atcosmpoondmof thelfornayla IV whe-
i Bk 58 G oy PRI T R 1 o eppomons
ding dMetdide @bt foerhlie \sairta saltttiberebf ahd dencaxigizion tha)aldern@e of the for-
mula &?{J%rﬁgﬁ/ﬁpgmg Ia{s{d:qrf I{)‘% Eois%lu )é?\e@fg fsialf( h)%&/%og?%gpéfreacuons
analogbas/{®, thsstcbembée abe\m)tas)dpsand:adrgdoyemra satttheedof (phtainable pre-

ferably@g?g%l %g:eglr nd us{ ons?yh}/t%?c %n gr%ﬁ%u&lﬁ ggth(f l%rﬁmﬂlg XVI is first

descritied) apetedi R, RObNdEPG areuasrd@aedi abmwfer aeompornd of the formula i, or

a salétﬁ%é{' at :a:%afg%n %Ieﬁgf \{a;qB%hr %E‘S@l gro%bb%ﬁﬁ@eally capable of

transformBigtit iﬁm; dreaad aahdeo aanme@ acid anhydridehea a:ammmmidazaoﬁde ora

“Wei%sﬁ%gﬁcgqu <f hptg?g%%lgurﬂ Favléjﬁ'} %(\glxe rllﬁ%ré%ll I: d%ﬁ\%[t@g of a compound of the
formula VI as defined above, especially a zinc, Ilthlum or magnesium derivative, to a

compound of the formula XViIl,

(Xvil)
wherein R, R, and PG are as defined for a compound of the formula Ill and PT is as defined
for a compound of the formula VI, or a salt thereof. This process step as such, as well as a
compound of the formula XV, or a salt thereof, also form embodiments of the invention.

The activating of the carboxyl group in a compound of the formula XVI to form a reactive
derivative thereof preferably takes place under customary condensation conditions, where
among the possible reactive derivatives of an acid of the formula XVi reactive esters (such
as the hydroxybenzotriazole (HOBT), pentafluorophenyl, 4-nitrophenyl or N-

hydroxysuccinimide ester), imidazolide, a “Weinreb amide”, acid halogenides (such as the



pound of the formula XIlI1 as descri bed above by

reducing it selectively to a conpound of theformnula
wWOXp0g/1as30dlescri bed above, or a salt thereof, aRATHER2096/005370

deprotecting a conpound of the fornmula XIV to give the

correspondi ng conpound of thesfornmula XV, or a salt

thereof, and, if desired, converting an obtai nabl e

free conmpound of the formula XV into a salt or an
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nycrdeBlgahyd@erzotR B n Y T s BrdfeaRopazde St RgioBT  or
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rmula VI, or a salt thereof. This process step as

f J .
out ugderian inert gap, e-gsNqogehP[f8™of the formula XVI1, or a

salt thereof, also form enbodi nents of the invention.
The subsequent reaction with a metallo-organic derivative of a compound of the formuta VI,
especially a zinc, lithium or magnesium derivative, or further a manganese, aluminium or
copper derivative, then preferably takes place under customary conditions, e.g. analogous to
the Grignard or Grignard-like conditions mentioned above for the reaction of a compound of

the formula VI with an aldehyde of the formula V.

In a further embodiment of said second embodiment of the invention, a process for the syn-
thesis of a renin inhibitor, such as aliskiren, comprises reducing a compound of the formula
XVII under stereoselective conditions and deprotecting the resulting compound under remo-
val of the hydroxy protecting group PT to give a compound of the formula Vill as described

above, or a salt thereof.

The reduction under stereoselective conditions preferably takes place in the presence of a
stereoselective reductant, such as LIAIH(O-tert-butyl);, LiBH(sec-butyl); (Selectride®),



The activating of the carboxyl group in a conmpound of
the formula XVI to forma reactive derivative thereof
wopnwfigrabl y t akes pl ace under custonary condeREEEP006/005370

condi tions, where anong the possible reactive

derivatives of an acid of th& fornula XVI reactive

esters (such as the hydroxybenzotriazol e (HOBT),

pentafluorophenyl 4-ni trophenyl or

CCII
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oS, B, B S50, PR GTPRUEE PP v or o
such By1denis ag.§.cat tesipelatares lfrahh-yﬁ(btmeSQ:"rG ofsedefor example, Riieger et al.,

[ L/~ L/, L/ -di met hyl t am de,
Tetraﬁ?QrﬁB{.ﬁb?rszg%éé %g*n'qg%%e) net hyl eln(rere ch%/o?icge?mor ea

m xture of two or nore such solvents, and by the
The S%&ﬂw éﬁ‘?’h@keau"’agg:é‘?’gg@? gwﬁr ac%ﬁélﬁg;?%% if PT is a protecting group

that chh beabimpled by hpdrogenatiod, such as hephee:abm-@eatkglr e\gatbenyl,diy catalytic

the acid of the fornula for
nycroggiadity foresaipiey et ehferions Sreitial® o sf thigfed above for
deprot@aiohiof @ cdatpouad iof thedtbrrhiile Mtlar boni ¢ acid of formul a

XVI in situ, for exanple

di cycl ohexyl car bodi i m de/i - hydr oxybenzotri azol e (DCC/
A corhisSRihg; of lthes foPmulzaxol | aontezfat thel regtted hwa phmpoound bf teifdmnula X, or a

BOPCl);, O h i dyl ) - ' .
salt thergdh p& HetdiRt 2B tic fiaf can Peiihgrregctgl e the actbh steps
showRabeve ot yiéld zadompauni-dlithé fdrmull XV tog tarsattebéngblir oni um
tetrafl uoroborate (TBTU);
(benzotriazol -i-yloxy)-tripyrrolidi nophosphoni um
Alterrtivéll| 3l esrapoarsprahe fgrMuBORY as defined above, or a salt thereof, obtainable

or prq%rg:ﬁ[ymt%p?%gﬂrﬁ; E&%@?ﬁ@%’?‘? F 'E%T %rskéggrilé Qnggdiment of the

inven@6n, ah\védrfaherfreactelam acoripaand ef theDGinTBXVME, EDC/ HOAL )
or HOAt al one, or W th
(1-chl oro- 2- - propepy ) - di (PHyI am ne. The
reaction m xt |s pref rablyi{stirred at a
tenperature of b;a\t I jrately -20 and 50 OC,

espe .

R,O
RO (XVIINy

wherein R, R, and PG are as defined for a compound of the formula lli, or a salt thereof, by

,,,,,,

reductive or hydrogenolytic ring opening of the pyrrolidine ring. This process step as such,
as well as a compound of the formula XVIil, or a salt thereof, also form an embodiment of
the invention. The reductive or hydrogenolytic ring opening preferably takes place under

conditions as those mentioned above for the ring opening in a compound of the formula XIV.

Alternatively, a compound of the formula Vil as defined above, or a salt thereof, obtainable

or preferably obtained either according to the first or the second embodiment of the



cially between 0 OC and 30 0C, e.g. at room

tenperature. The reaction is preferably carried out
wounwas1dm i nert gas, e.g. nitrogen or argon. FPA®EP2006/005370

subsequent reaction with a netallo-organic derivative

of a conmpound of the fornulal84, especially a zinc,

['ithiumor magnesi um derivative, or further a

manganese, al um ni um or copper derivative, then

. r ef er abl I i ;
venfibly St UhBReRRE 8 dSRisRlng STREBIEYH B8 witnout
sepaatadefrotectiomstep] oned above for the reaction of a
compound of the formula VI with |_{aldehyde of the
formula V. Inlg further eppodi »qp of said second
enbodi nent of t inventfon, ajprocess for the syn
Iy Qr, sych as aliskiren,
conpri ses reduci ngHa ¢pnpounegof- the formula XV
deprotecting the
of the hydroxy

aﬁ ; 2 , or a salt thereof. The
reduct™Gn under sfereosel ective conditions pr ef er @MIN)

wher%iggﬁip %ﬁ@%ﬁg 'ag%gggeﬁewg}%f)gpfﬁ%% %)5{?\)%‘?@&}1@5“\,\6? a salt thereof, by

redudtiiviBbl( ?mrggenqm)c rBtg(dhiidnir_(g ofitoe pynrglidinsorinegs Sihisrprocess step as such,
ectride [ O [ .

oo wiFhEhS 1 BTG KU B AR i an pmocciment o

the inention. TBakeductiae dr Bydrbgermlyteyrimghepsiningpreferably takes plaseunder

i | cohol '

concfif B st iBheg RN i o SPAFLERLI U ormut v,
This mletr{olale EhHiCGISHy prefétré BWNARPPITNER Motecting group rémavabiekader the

J d t . i 1 - ' '
concRE P58 LOBTAY. RBELAEER TS Brarh RGP DL s a ben

or m xtures of two or nore such solvents, e.g. at
A ok B QAL 2R B Be B 638 gy BBl o s
or sedéred etabodinent oftthe tiriventiora ines prolcasefou _nimbssyr@t@isddrajrenin inhibitor,
such %g %ﬂéktirle% Pf‘domep'agéblyl/ fas E’Tcoh\%oﬂn&’ bP {h%%'rr\[\]&a YiP¥8 an aldehyde with ope-

ned pyrrolidine ring analogous to a compound of the formula IX, preferably under conditions
as described for that reaction) to a lactol of the formula XIX,

R,0

RO (XIX)
wherein R, R;and PG are as defined for a compound of the formula lll, or a salt thereof
(where both this reaction as well as a compound of the formula XIX, or a salt thereof, as
such are also embodiments of the present invention), which, either in the same reaction

mixture (in situ) or after isolation, is then oxidized to a lactone of the formula XX



that can be renoved by hydrogenati on such as

1- phenyl -C -Cy-al kyl, e.g. benzyl, by catalytic
wohlywrigg®mat i on, for exanpl e under conditions BOAERYWEH05370

to those nentioned above for deprotection of a

conpound of the formula VII-.19A conpound of the fornula

VIIl can be further reacted to a conpound of the

formula X, or a salt thereof, as described above,

whi ch then can be further reacteqjvia the reaction

steps shown a e to yiel dda—cgpound of the fornula

XV, or a salt thereof. Alfernatively, a conmpound of

the fornula VIIIl gy, defitted abpve, or a salt thereof,

obt ai nabl e or prefigrabfy obteai ned either according to

t he fE{ t or _the second enbodineﬁE~oi the invention,

1

can b gd to a conpoynd of the formula
XVITT, ( gin R R and PG are as defined for
a comﬁé la Ill, or a salt thereof, by
reduct™ve or hydrogenol ytic ring opening of the (XX)

i_di ring. . Thi 0

wherdid KR, 5% e osiihef (P A Eamam S 8 ety PPy 43l rereof
(whereltsie réaution 218 sech txlalse b eafbotimeent o et presentTimeention), the reaction

r ctive, or hydrogenpol ytic, ri o) ' e
g Y
compband bhtee forgula Xetoiangmpouad ©f theoforrdulaf X1t Adadtomerol the Xpronula XX,

ernativel a ound of e_f V| :

ora BB YShko B, STRGYBAecl b ARG indformaa xvi n e
case,[ithefectibn gisolpreferably @kinggrlaceacwied conditianstdraldgous tto those

th econd e di ment of thejny i C
doscs 35 BEHE S SRR Bt RERSR o Bl L6 ormuia
A laciont bbthe farrsalp aXCi| ar alsqit theef,iio nisstaeprefdridd naw embedigient

R .and PG are as defined for a conpound of the

acmrﬁ@lgr{ﬁlﬂbe Y§OU9Sr a salt thereof, by reductive or

hydrogenol ytic ring opening of the pyrrolidine ring.
A cor;1r;|)qolusr’1dporf ?I?eef%‘?’mﬁia %gn ﬁ]%%h in a further embodiment of said first or second
embodiment of the invention in a process for the synthesis of a renin inhibitor, such as
aliskiren, be reacted with a compound of the formula XIi defined above (if in protected form
with subsequent deprotection of the amide nitrogen), preferably under analogous reaction
conditions as described there, to a compound of the formula X1V as described above, or a
salt thereof (where this reaction as such also is an embodiment of the invention. The latter
can then be deprotected as described above to give the final product of the formula XV

described above, or a salt thereof.

in a third embodiment of the invention, a process for the synthesis of a renin inhibitor, such
as aliskiren, comprises reacting a compound of the formula Vi, or a sait thereof, as defined
above (obtainable according to the first or second embodiment of the invention) by reductive

or hydrogenolytic ring opening to a compound of the formula XXI,



as well as a conmpound of the fornmula XVIII, or a salt
thereof, also forman enbodi nent of the invention. The
wonre@ustiove or hydrogenol ytic ring openi ng prePeraiprkoo6/005370

takes place under conditions as those nentioned above
for the ring opening in a ca@gound of the formula Xl V.
This nethod is particularly preferred when PT is a
protecting group renovabl e under the conditions of the
reductive opening, in particular, A TPT is phenyl-CrC
T-al kyl, such gg benzyl. OM conpo 9 of the formul a
XVI1l can then be\oxidiz~d in g further enbodi nent of
said first or seco enbbdi nent] of the invention in a

,,,,,,

process for the sypthé§is of~4a renin inhibitor, such

as al iélgren, pl y as a cof nd of the fornula
VI vig an C - th ope ned |pyrrolidine ring

anal ogous onpound of the formula I X, preferably
under ' escribed for that reaction) to a

| act ol the formula XI X, wherein R R and PG are dXXi)

S Téaction as we
protectimypgroap, arfa aticthéreomiivhersithis reantioa stapl as sundy, eswell s a compound

oy ORISR 8 G S5 OB

benzyilor aherin P&Ak Aydrogen aad Pds berdytli atsxforro emnbagirnente ofthe invention.

T

those(mbmtionet! labeve adhe omg agerdngin @ sompamdad therforoiuiaeXil. & compound

t t o ti t i, oON. | i
ot 00 i BYERH g P Ll 30 ol or e
formuldViitatiove byxedovaloi the potgeting drap tolyivef @ compaund ofdhe formula

SRR Sl B P, vl S5 PRSP B 5.2

compbunds XCandXXrahdokiVidme preferablyaunddr khalogous teastiomeaenditions, or in

cocn £ SR APl AL P BB Shyp ora s

thereofki dati on a conpound of the fornula X to a conpound of
the formula XI A |actone of the fornmula XX, or a salt
thereof, is also a preferred new enbodi nent

In a fourth embodiment of the invention, a process for the synthesis of a renin inhibitor, such

wher%ﬁfg, Eﬁ%n%%%%gecﬁ%?%gﬁif&f a &;}%?&%or%"fl the Hrf'nugégﬁlaaehdslg‘i' fs a hydroxy

as aliskiren, comprises reacting a compound of the formula X, or a salt thereof, as defined
above, by reductive or hydrogenolytic ring opening to a compound of the formula XiX as
shown above, or a sait thereof, which reaction as such is also an embodiment of the
invention. The reductive or hydrogenolytic ring opening preferably takes place under
conditions as those mentioned above for the ring opening in a compound of the formula XIV.

In a further embodiment of said fourth embodiment of the invention, a process for the syn-
thesis of a renin inhibitor, such as aliskiren, comprises oxidising a compound of the formula
XIX, or a salt thereof, to give a lactone compound of the formula XX, or a salt thereof, as
described above (preferably under reaction conditions analogous to those for oxidation of a
compound of the formula X to a compound of the formula XI as given above) which, in yet a
further embodiment of said fourth embodiment of the invention, can then be reacted with a
compound of the formula X, or a salt thereof, as described above, preferably under reaction

conditions analogous to those described for reaction of a compound of the formula X1 with a



according to the invention. A conpound of the formula

XX can then, in a further enbodi nent of said first or
wogewadtsoenbodi ment of the invention in a proc@€$/EPRI06/005370

the synthesis of a renin inhibitor, such as aliskiren,

be reacted with a conpound a21the formula Xl | defined

above (if in protected formw th subsequent

deprotection of the am de nitrogen), preferably under

com Bl BERITGFBRLP T 0P (P8 L BRTB AR d e scrdcboove, o
a saltsualateof tvehigrocar( thiesr ie a foitber erploedimantsef ssidcioudh sonbiogineent of the

inven a'gp %%[ ggﬁ%tgg{ed I{’l}es 1¢0 \fﬁwd}ng i thTé“r%rJné‘u%tﬁP qi%%a?tﬁﬁ%}egﬁ as described

above to
aboverpreltemblyoﬁndéreanfamgnui; aor)dmomsasrdelseubmbahme for the deptatection of a

there i,rd enbodi nent of the invention, a
compé)luogéaﬁg\e fg?m@ﬁg?\s/ynt hesis of a renin inhibitor, such

as aliskiren, conpri ses reacting a conpound of the

r a,. VI,
ina ff{‘g‘b%%%é%?%t oa{gla%lna? nt é o) (%ceeg% F?rgff g?r(tég'%% ﬁ’ﬁg Peiin inhibitor, such
as aliekiteo] lcnmptlse;sf reabting emmmbomm!) oflthe farohutat Xas described above, or a salt
n ti in ni_n
terep} By PG ot e RRE AT pk el 1§ BB Kby s formua xx,
or a saitrtherent) asfdesbm)ddmhmé dwhére this dede€lion @s aubly disoXgrms an embodlment
rotecti rqu or .a,salt thereo i

of it GedtpOUi@ve FonPerdBeda G Cpepi bty g place under
conditionsras tho¥Ximentioned abdve fohtheaig, opesingdn al dompolued of theH@mula XIV.

= benzyl oxycar bonyl and PT is benzyl or wherein PGis

hydrogen and PT is benzyl, also form enbodi nents of
In a fultieeri emvisoddirnent. of'Ebtd frftkcbmbddiraenﬂof hiyelingmtion, wipracess fer the synthe-

sis o S RS, S 153, BREE A AURIpE AR o rormu o,
or a saitithereof) with a d:mn;ﬁcmnmdf ¢éhedoxnula Xdh rmpau;ali tiedreofh as tiesaribed above,
prefef%)lly urbc{ﬁ%% 8P' 8%)@ gnoé%r} % tchre P]ogg gghgg ?lé%afgfl'e ion of a
compionad pf tweefotmulg Xymithia domnpiund oathm‘lrpnulad(lbto Yile afaormpoluad of the
forml.tlfla.| &V Bg%fe ?)ﬁgra S?%??g]%\éﬁ%{éﬁergsfg %v%\luﬁ% aéarr%etl:ieer%fin a‘?ﬁhr?er} eribbdiment
of said fifth embodiment of the invention, be deprotected into a compound of the formula XV,
or a salt thereof, as described above, preferably under reaction conditions analogous to

those described above for deprotection of a compound of the formula XIV.

In a sixth embodiment of the invention, a process for the synthesis of a renin inhibitor, such
as aliskiren, comprises reacting a compound of the formula V as described above, or a salt

thereof, wherein R; is hydrogen, with a compound of the formula XXIi,

Y Rx

S (XXl
wherein Y is PhsP* or (AIkO),P(O) wherein Alk is preferably alkyl, e.g. C4-Cr-alkyl, (both of
which may also be prepared in situ , respectively) and Rx is hydroxy, protected hydroxy,
amino or NH-CH,C(CH5),-CONH,, resulting in a compound of the formula XXIil,



conpounds XI X and XX and X'V and preferably under

anal ogous reaction conditions, or in each case a salt
woRherieg4 to a conmpound of the fornmula XV as HETIERZW®6/005370

above, or a salt thereof. In a fourth enbodi nent of

the invention, a process foer2t-he synthesis of a renin

i nhibitor, such as aliskiren, conprises reacting a

conmpound of the forrmula X, or a salt thereof, as

defi ned above, by reductive_or hydrogenolytic ring

opening to a gappound of the™ornmul a XI X as shown

above, or a salt\¢hereof jon as such is
- he reductive or
hydr ogenol ytic rlng openi ng pref»rably t akes pl ace

underrcon ose nenti aped above for the ring
openlnb ' pourd of the fornmula XIV. In a further
enbodi nent id fourth enbodi nent of the invention,

a proggse yi~thesis of a renin inhibitor,
such as aliskiren, conprises oxidising a conpound of (XX

wheréuhR ROLAYPE deas Qfindd 96 4 c&h&mﬂfof thedfoBnuR 18 dnd 0B Qs defined
ompound of the formula a salt thereof, as

fora %@aqqnsézi they top@ulapfogh; é%ra?bﬂaii th?feefr ThISRIPFESS Stehas sydhas well as a

comp@unrﬁi SR Sortriuld RRAE of BlsafXhdtadf, BRo FdmipemBomaients diffthé iention.
formula X to a conpound of the fornula X as

Here figgpagtiopraprake plagein hemipsanse cbaisHiRRIR Ressof ol grample, sodium
hydncfeo Bﬁﬁ/htrﬁurfﬁoﬁémmlurﬁf cﬁd&ekﬂh‘tﬁiﬂﬁﬁ mlthlﬁm“dlﬁsb&aphﬁmlde in

reacted with n@oun of the fornmula Xl I, or
£

appropﬁ@tees@fvenﬁﬁsse@ses 8. SishRirahydrofaRpydreaamens, @&?9"&{'6 or

halogSHétQa hy%éa%ﬁ!; QQ? uﬁemehb QAR i B Finkierds oPtwd a@biedsuch
a conpound formula Xl w th aconpound of the

5°|Vemt§rfﬁﬂﬁ’a3'9®'ﬁ 3‘#?5“@?’@%"%5 Relwpem n® Grandntdof Gr nula XV as
descri bed above, or a salt thereof, which can then in
a further enbodi nent of said fourth enbodi nent of

In a furthes gMbediment of spid shdi emiodinest af the ipysntien. & PreRess for E\e synthe-
sis offa%ﬂHllﬁ'uBﬁ%r SlichPasSAliskird ) @bRPFisePreabfffa b&‘ﬁﬁo@’@dﬁhe formula

preferably under anal ogous conditions as describ

ed
XX, 15 @\saltithereph andepieduelive; a5 iy droggneiif RAMIN G the, gyrrohdme ring and
formatiGh B azilidfino ring in formula XXIIl to give a compound of the formula XXIV,

RO

RO (XXIV)
wherein R, R; and PG are as defined for a compound of the formula lil and Rx is as defined
for a compound of the formula XXII, or a salt thereof. This process step as such, as well as a
compound of the formula XXI1V, or a salt thereof, also form embodiments of the invention.
The reductive or hydrogenolytic ring opening preferably takes place under conditions as

those mentioned above for the ring opening in a compound of the formula XIV.

In a further embodiment of said sixth embodiment of the invention, a process for the synthe-

sis of a renin inhibitor, such as aliskiren, comprises reacting a compound of the formula



In a fifth enbodi mrent of the invention, a process for
the synthesis of a renin inhibitor, such as aliskiren,
WOocosBi®es reacting a conpound of the fornul aP&I/ER2006/005370

descri bed above, or a salt thereof, by reductive or
hydr ogenol ytic ring openi ng 23 gi ve a conpound of the
formula XX, or a salt thereof, as described above
(where this reaction as such also forns an enbodi nent

of the jinvention). The reduct.iyv '
00V er pbRIoRY Pt id B0 B LAY B Binelifd SPERTMIE xx. or a salt
theredfS if FbAA ?m’fecnﬁir)]@.nﬁrbfab@fmmhtmsm(crriiﬁgisqmetabwg hiydroxy and the

co und of the fornula X V.. | ur t. e
nyarogy PRSI arosp BB aF RS 1 O h DU G R fHefgh can. for
examb{é_[ teﬁgb@:lé@éﬂidmr atigicafr basiceonditiond)i friefevably sutbe presence of

al i skiren onprises.reacting a ¢ d of th
coprabge e I B R b1 & SREROD el Sy soen s
tetraﬁy@fc{jfﬂﬁaﬁ, IlﬁS}droca?bor&, sath a¢ toweef or alogiamted hyehiocdtbares, such as
ety AR SR SO SR b bR T gproerature o
the résb@ctfv@ﬁ%&tianhiaer?.fA ﬁomfﬁmmuffdh@fortrhm XXrona salithereof,acan then,
) Ive a C of t g ! [
i G0 56 SR Perb Ao <P o BB i e Uiveres
into agiliﬁgﬂiuﬁﬁ?* tP{éf fgﬁrﬁhld )fIVfdsfdeeUmgi an?ma, oafa sdlethereof tyi reacting it with

e deprotected into 0 und,of the fo a
a congoupd B drecprmuiactlgs Be gt vee coPBPURLEL 8 RS Pas der
ned a}b@?@,t r@f@re%l:wl?ﬂ\dér@Q@cﬁaﬁ abagmdarcafmgmseo tesemdrdibnat abeve;
. for deprotection o co nd. t he .for XV, ..

which, T R TReg RFSERTFLATCBRTERLD| {e citth GIRCo BT baLQg tygptpf, can then
be depYdtE&Ies it a @bmpolifid bNthieibiinkila XV, osashlt éeeredfj sreferably under conditi-
ons 2486BPYS G abH Pes e 2SO ArRiALESTon oha aTRoHe Fitne formuia XIv.

Qy_dr ogﬁn, with a conpound of the fornula XX |, wherein
i ot kel amgodiobt o G B sl e R BABlsgs or e o
thesi@éﬁf@r?ﬂighﬁ)itg}, lslich a$ BRgkireh, sophphises iéhdiirg iascompbund pf the formula

protecte ydr oxy, .am 2-CONH 2, . .
X0V il 81k MBS AT HERC T G e TPRGPETing (with con-
ditions preferably analogous to those described in the preceding paragraph) to give a com-
pound of the formula XIV, or a salt thereof. The latter can then, in a further preferred embo-
diment of this version of the sixth embodiment of the invention, be deprotected to a com-
pound of the formula XV, or a salt thereof, preferably under conditions analogous to those

described above for deprotection of a compound of the formula XIV.

All these different synthesis routes show that with the compound of the formula 1l a highly
important new compound has been found that is a central intermediate to a number of pos-
sible synthesis routes especially for the synthesis of renin inhibitors such as aliskiren. There-
fore, this compound of the formula lll, or a salt thereof, as well as its synthesis 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 symboals used in the present disclosure and thus yiel-



wherein R, Rl and PG are as defined for a conpound of

the formula Il and Rx is as defined for a conpound of
wourhw/1Boosul a XXI|1; or a salt thereof. This pr8CeEER2@H/045370

as such, as well as a compound of the forrmula XXl I1I,

or a salt thereof, also foripenbodi mrents of the

i nvention. Here the reaction can take place in the

presence of a suitable base , for exanple, sodium

. h [
cng T Frumies f st bl aiephlio MRl ok i Bre usea
through@t tt@és;ﬁtdmjaﬂon anlgss they manytheodise dmjted irdspeciictinsiances either in-
or _hal ogenat ed hydrocarbons, e.g.

d“"d‘ﬁl,'?ﬂ&?‘éﬁ@gﬁf’é‘?rpa%gr&' m xtures of two or more such

sol vents, for exanple at tenperatures between -78C and

e 990 %o Ao SOV i B 3 B oy . osposty

up toSaril Micludingembxinialifidbicaron atoms, aaid ahemetyl g bcam:ped {erse or more
or mul a

tmes} R6 SLBEN-GHARAE PG BRT ¥3ch ISNAL Je AT PR BRERTRgY grower or Cr

Cr-aliiyh, efopbékér?blbdislﬁﬁpd;:(rg(t?l? Inamkyrf @ rvaéptonorarefenatey i0;iGliakyl, especially as
in fornula
methY'o?‘?M'lv B-PRORN SeGFREPRY L é&’ty EH@' ng)rugn 3%‘988@.51%(1 f or

a conpound of the formula Il and Rx is as defined for
ound o t he for

Halo g o B Aeglextbp o cetigto: Homipst oy oSt IAIGGRY Typro. chioro o

bromb*n\gh%réltﬁld i8 rﬁ@fﬂtMRe@ thia caflntedrtbataie oahee (Bay. mp to three) halogen
enbodi nents of the | tion duct
atoms, GEi IGERT 561 1 NG G Ugh & &7 HEr o e heg 2ufluqosty or 2.2.2-
mﬂudpusgiﬁﬂ conditions as those nentioned above for the ring
opening in a conpound of the formula XIV. In a further
enbodi nent of said sixth enbodi nent of the invention,

Alkyl 9rd$é@bmsfwtot20&:aswﬁ &ersarg) isfmere ipeefierablyndi- m-tamym Alkyl is
as aljskire i ses regct n aco

straighhrghaingh e BRI (Gn6 ST ULISSTEA B a o i T F s E@H pgrerred s

methyl0 gi ve a conpound of the fornula XX, or a salt
thereof, if Rx in the conpound of the fornula is CH
(or if |t is protected hydroxy and the hydroxy

Alkoxf?élﬂ?l% hIkPO(WHChU® preferablysds jﬂﬁl'ﬁéfﬁdd)t thagis eabshithted Bha carbon, prefer-
ring opening reaction can, fo

ably at a terminal carbon (in w-position), with an alkyloxy (= alkoxy) group wherein alkyl is as

defined above, preferably C;-Cr-alkoxy. As alkoxyalkyl, 3-methoxypropyl is especially prefer-

red.

Protecting groups may be present (see also under “General Process Conditions”) and
should protect the functional groups concerned against unwanted secondary reactions, such
as acylations, etherifications, esterifications, oxidations, solvolysis, and similar reactions. It is
a characteristic of protecting groups that they lend themselves readily, i.e. without undesired
secondary reactions, to removal, typically by solvolysis, reduction, photolysis or also by en-
zyme activity, for example under conditions analogous to physiological conditions, and that
they are not present in the end-products. The specialist knows, or can easily establish, which
protecting groups are suitable with the reactions mentioned hereinabove and hereinafter.
Preferably, if two or more protecting groups are present in one intermediate mentioned here-

in, they are chosen so that, if one of the groups needs to be removed, this can be done se-
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to a com pound of the formula XV, or a salt thereof,
prefefiedf er abl y under conditions anal ogous to those
descri bed above for deprotection of a conpound of the
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-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 carbonyi group or an organic sulfonic acid bound via its sulfonyl
group), arylmethyl, etherified mercapto, 2-acyl-lower alk-1-enyl, silyl or N-lower alkylpyr-
rolidinylidene. Preferred amino-protecting groups are lower alkoxycarbonyl, especially tert-
butoxycarbony! (Boc), phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl, fluorenyl--
lower alkoxycarbonyl, such as fluorenylmethoxycarbonyl, 2-lower alkanoyl-lower alk-1-en-2-
yl and lower alkoxycarbonyl-lower alk-1-en-2-yl, with most preference being given to iso-
butyryl, benzoyl, phenoxyacetyl, 4-tert-butylphenoxyacetyl, N,N-dimethylformamidinyl, N-
methylpyrrolidin-2-ylidene or especially tert-butoxycarbonyl.

A group X other than hydroxy or hydrogen is preferably a leaving group, e.g. halo, such as
chloro, bromo or iodo, or the acyloxy moiety derived from an organic sulfonic acid, such as a

alkanesulfonyloxy, especially  C;-Cs-alkanesulfonyloxy, e.g. methanesulfonyloxy,
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Salts are especially the pharmaceutically acceptable salts of compounds of formula XV or
generally salts of any of the intermediates mentioned herein, where salts are not excluded
for chemical reasons the skilled person will readily understand. They can be formed where
salt forming groups, such as basic or acidic groups, are present that can exist in dissociated
form at least partially, e.g. in a pH range from 4 to 10 in aqueous solutions, or can be isola-

ted especially in solid, especially crystalline, form.

Such salts are formed, for example, as acid addition salts, preferably with organic or inor-
ganic acids, from compounds of formula XV or any of the intermediates mentioned herein
with a basic nitrogen atom (e.g. imino or amino), especially the pharmaceutically acceptable
salts. Suitable inorganic acids are, for example, halogen acids, such as hydrochloric acid,
sulfuric acid, or phosphoric acid. Suitable organic acids are, for example, carboxylic,
phosphonic, sulfonic or sulfamic acids, for example acetic acid, propionic acid, lactic acid,
fumaric acid, succinic acid, citric acid, amino acids, such as glutamic acid or aspartic acid,

maleic acid, hydroxymaleic acid, methylmaleic acid, benzoic acid, methane- or ethane-
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In view of the close relationship between the compounds and intermediates in free form and
in the form of their salts, including those salts that can be used as intermediates, for
example in the purification or identification of the compounds or salts thereof, any reference
to “compounds”, “starting materials” and “intermediates” hereinbefore and hereinafter,
especially to the compound(s) of the formula XV, is to be understood as referring also to one
or more salts thereof or a mixture of a corresponding free compound, intermediate or
starting material and one or more salts thereof, each of which is intended to include also any
solvate, metabolic precursor such as ester or amide of the compound of formula XV, or salt
of any one or more of these, as appropriate and expedient and if not explicitly mentioned
otherwise. Different crystal forms may be obtainable and then are also included.

Where the plural form is used for compounds, starting materials, intermediates, salts,

pharmaceutical preparations, diseases, disorders and the like, this is intended to mean one
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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 of formula XV is designated a "protecting group”, unless

the context indicates otherwise. The protection of functional groups by such protecting
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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 atmos-
pheric 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
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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 XV -
scribed as being preferred. Special preference is given to reaction conditions that are iden-
tical or analogous to those mentioned in the Examples. The invention relates also to novel
starting compounds and intermediates described herein, especially those leading to com-

pounds mentioned as preferred herein.

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

hereinafter that leads to aliskiren, or a pharmaceutically 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.
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d@eayl chigrigde issadyiad drapwise etirqos teraaiature. Foepniiuge is Hired at room
Q&hwemﬁé %r@haurg%ﬁa% 22@7& 'ethavloRbiid BA MIBéENAta} SreHdRled. The two
especially the conmpounds of the formula I, VI, XlI

HHare pygtg{p is extracted and the organic layer removed and washed with 20mL of
10% aqueous sodium hydrogen sulphate solution followed by 20mL of saturated aque-
ous sodium bicarbonate solution. Finally the organic phase is washed twice with 20 mL
of water and the solvent removed in vacuum to give an oil. Chromatography on silica-
gel, eluting with heptane/ethyl acetate mixtures provides e.g. 1.04g of 3 as an oil with a
negative [a)y (measured: e.g. - 39.1) at c= 1, CHCl;.

boc
O/boc

HN,,

O

(1)



menti oned herein, internediates are especially
conpounds of theformula 11, IV, V, VIIl, VIII, IX X

WOXDQ6/IRIdoN, XIV, XVI, XVII, XVIII, XIX XX XXPCTXER(G0b/005370

D

/
S
o

and/or XXIV. The invention relates also to nethods of
synthesis of the starting negerials (e.g. of the for

mula |, VI, XIl and/or XXI) and especially the

internedi ates of the formula I'lI, IV, V, VIIl, VIII,

X, X, X, XIH XV, XVI1, IHL, XX o XX, I, . .
Nariant smplexing metansRUEheBYLSHipRER: fisaldich ot Ae"@éx Qf garbonic acid
RES Ca,e)S@Eeirtb@ﬁ:x%é}bbwl&arr@mmemetmﬁwctu%etﬁekﬁaaksr)Abbhiyr]s -methyl-

he single steps of a sequence Ieadrng to a co
y

d‘ﬁxylhéStﬁbﬁ?ﬁrlbé‘WSt%ﬂ iny Rarbr 4% ieng Splreg ds‘é(l"r‘.l 0.044g of
%Yrﬂeﬁrpr%ﬁru%@ﬂ%er BhAr reesyit igal {ristRfdrhive SHRGt bR to  0°C.

espec renin inhibitors, nost £referabl

d\netaanes@rphonyiccmgndﬁg (QedBab s adfied, dropwise n?grdy they ggactign mixture is
Qva?ﬁ‘r%H%‘ tSorh ?@ﬁb&gt&é’ afd SHTEPIR B0 Houkd Q'hfe‘?ﬁlﬁithlr@rs)&futed with 20mL

nore than one or all steps of said synthesis and/o
ot avatercenst tr@arrrg?n'&deyerese@a@%nﬁesorgaﬁ@/'aveft 'ﬁérqsheg avith 20mL of

s%t\ﬁgt%ds @&é&%%l é% mPBREMBASHE! s&ialidry an@l rerarycmaoerga% phase is
such as renin in 1tors, especially aliskiren.

@@sbed |twipe yiths20 Tinefl W?@h§n¢me sQverdiEmgVed fn vacuum to give an oil.
%ﬁﬁ@ﬁg% th;nhsrﬁd%e%# n&w irfe\With RdptandIet h?%be‘(‘z!ftb'nlu?t@résrbrovrdes e.g.

e art out 0SSI nrtatrons in the case of
dliGhyg of 3 anan |Odn§he piggucteshows ayrggativg [alo(ragasurd; Gk s&9.1) at c= 1
ki oned hereinbefore and hereinafter, while reaction
cond?tions specifically nmentioned above or below are
preferred In any of the reactions mentioned

gmgﬁ{p%g g hsr, ﬂ@gf)ﬁﬁ\ellgﬁ LA geﬁng.r BRS1BH7 ciF Bfbonic acid

desrre even | is I's not
rteams))r@ttrmpmcarbamyrw:m urmeewy Bt(Adnetbawy-butylh-bpazyl]5-methyl-

B i OR b RER 3 8.0 57 Rk eBPIAR 1o poted it
ApfBgogirimidazolerat desrn tempetahge sTripReagiphasphineo(tpt4gs isadded, followed
oy CardGise addition of a solution of 1.11g of iodine in 15Mi of toluene/acetonitrile
(85/15) within 15 minutes. The reaction mixture is stirred at room temperature for 4
hours and quenched with 20mL of a 5 % solution of sodium thiosulphate. The organic
phase is separated and washed twice with 20mL of brine. The solvent is removed
under vacuum and the resulting oil is chromatographed on silica-gel to give e.g. 1.24 g
of 3 as an oil.

Variant employing ion exchange resin:

M.

o "o Amberlyst 15
—
HN

}\ Acetonitrile
O\ le)

o 7T r.t.

Exact Mass =537

Exact Mass =555 Molecular Formula =C29H47NO8

Molecular Formula =C29H49NO9



of protecting groups are therefore included as

possi bl e wherever reactions w thout specific
wonersiidmeing of protection and/ or deprotecti onPETAEP2006/005370

described in this specification. Wthin the scope of

this disclosure only a readidg- renovable group that is

not a constituent of the particular desired end

product of forrmula XV is designated a "protecting

group”, unless the context indicates othermﬁse. The

r ot cti,on. of ti
s RN B 92 LR taptygy = oo
butyl aliehzl/f]6 metat-hieon sty ted ity testelr oir (HiFPlEIB r95l0% rboalucT8, brmmol) are at

and renovg| are des d exa e in stand
et Rapr R, o SRS O RS, 48 EETLE, 950 meaw
Ambédyet ps (ka@ogm :} ﬁh%@uﬁj)r yl‘he rEls@ﬂmgmﬁ}rtams sticad @ r.&rfdr 5 hours.

hen it Ssbe ot ey T PR 5 5 kg s e s s
c|ear@6uohﬂ%oulv\¢9hﬁw HNew 9@2% bl®99, in "The Pepti des”

Vol ume 3 ditors enhof er
The sigtiba malerisl dicen BecREBAca AReNaNe 3 }'r@“@@%vf"g."ﬁet?‘%t hoden
Prep&latioPbOcmpcunan Khestuetion dfthd octsespl af)l getohe with LiBH,
Chem stry), Houben Weyl, 4th edition, Volume 15/1,

CGeorg Thiene Verlag, Stuttgart 1974, in H -D. Jakubke
In a %WnWthréG&%k@d lﬂask Ard dies6luscB4.5Re 062. 8 enmél) @f ®isABSc-aryl ketone in

400 el S08.8% FLPiveigh Fo i 0P 99892 Sfof 407 o of LB,

in 32J@¢ BﬁWHFGhWBnoppﬁ@emhﬁeldﬁlhlﬂmm @irhatiredra: temperature The dropping
Derivate

Nb
funne i R 681 oL SHESRE A FasUe Hirdursc HUEed oligpm temgepture over
night THh&{Tan atitiagal aphotirit @A 619 of LiBM.Ghar mbiwrei o tiocmbTHF and 1 ml of

protecting S i.s that the noved
o 22 ik S it et 15 et ZABUE AT coted 00
°C. The fl\ééc%ﬂ@ﬁfié quéﬁchléu bl 250l éddtl“tt@lcws fSllowea ldxycztn @ltractive work up with
otolysis or alternati under si.ol o
500 (B phiweles e 20! B TENE ntia PBoGIcablAtgd dMBE ries pegiem sulfate and
evap@rrafgoeﬁlt VAdiueT @ RveCarvedP viseb&s bt dviich tbrdistt ey miturbeof epimeric
ved se Iectlvel\é at different steps while other

benzﬂlctﬁ"éﬁpfsd@%‘ﬂﬁﬁ'ﬁﬁr hain intact. The corresponding
alternatives can be selected readily by the person

skilled in the art fromthose ven in
il. Svnthesns of (2R, 3S, 58)—5—Hydroxvmetﬂyl -lfs]opropvlhz [4-methoxy-3-(3 _methoxy-

propoxy)-phenyllpyrrolidine-1-carboxylic acid tert-butyl ester 6:

O

(6)

A solution of 2.52g pyrrolidine 3 in 2.5mL of methanol is treated with 3.87g of
potassium carbonate, and the suspension is warmed to 45°C and stirred at this
temperature for 4 hours. The reaction is then diluted with 60mL of tert-butyimethyl

ether and 20mL of water and the mixture extracted. The organic layer is separated and



standard reference works nmenti oned above or the

description or the Exanples given herein. Al the
woahnatinent i oned process steps can be carri edPOUEP2N96/@05370

reaction conditions that are known rjer se, preferably

those nentioned specifically34in the absence or,

customarily, in the presence of solvents or diluents,

preferably solvents or diluents that are inert towards

e S e

3P s BRE avar K TPk SIHAE FER ot BB BN metnyt ether.

a]gmnd:ombrhm osgeauqolageﬂsosrre avashad gmrcs withu2mia of waterr amd the solvent is

exchangers

f
A§Meyed 41 v \’[Nr‘!rgl"? é%g? aag%/h(?faor%s %Irﬁ %ﬁpga n{k e@,{ is found at c= 1,
redog edH- NMRTB(HGGM%ABM eB00KMBIG6IB0E3H); 04.08:39G(BH), 3.80(1H),

et e ABRy T @ B! 7 O aeCHy 4 SSTH). 1.400m,

anRu(aM),IarRbKM).1500C, for exanple at from-80 to -60
0C, at roomtenperature, at from-20 to 40 OC or at
reflux tenperature, under atnos pheric pressure or in

Altermative 06@te to (218,635, 58k idydipRintgnyl<B-isoprogdelr2-p-metoxe-3-(3 methoxy-

and/ in a nert atnosphere,. for, exanpl e under an
propGifphenyb i) ezt B SIG R © HTO0 A0

those solvents that are suitable for any particul ar
reacti on nay be sel ected include those nentioned

speci ficglly or, for exanple, ter, est er such as
gver al kyl - ower Jlal kanoat es, for exan‘pl
CM‘)SL& as allph tlc ethers
' cycl-r-c—-et—l?er or__exa —
( &1&&9 Qer,‘;Ufa e or di exenecn | | qur\dgh)/ H* (.. HC))
Hy ons, Bﬁﬁ as benz@ne r tol ueng - CO, /Isobutene

such as- nethanol et hanol 1-—or 2- propanQL+
nitriles, such as acetonitrile hal ogenat ed
hydrocarbons e.g. as nethylene chloride or
chloroform acid am des, such as
dj nmet hyl acetanrde~—ba ses, such

nj t rogen bases HY ex nple pyri dj ne or
et bl perr 2- one, carboxy v@\acrck
such as |l o Ik noi c achgmgn yd i des, COOH
acetic a W hydride> cy¢lic, r or braﬁbhed
hydr ocar bonggzssuch as cyclohexane, hexane or (5 4535
i sopent ane,

[o]
o= oM
—_— N
(Boc),0 /O\/\/OD\\“
o

(6) 4376

Svynthesis of {(2S.4S,5R)-4-Isopropyl-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-
pyrrolidin-2-yl}-methanol (Z)-but-2-enedioic acid 1/ salt 6 :

To a solution of 5.56 g of carbonic acid (2S, 4S)-2-tertbutoxycarbonylamino-4-[4-methoxy-3-
(4-methoxy-butyl)-benzyl]5-methyl-hexyl ester tert-butyl ester (1) in 28 ml ethanol absolute,

2.5 ml of aqueous hydrochloric acid 37% (or an equivalent amount of hydrochlorid acid in



or m xtures of these, for exanple aqueous sol utions,

unl ess otherwi se indicated in the description of the
wopnr@ads®es. Such sol vent mixtures may al so bePUS&#2006/005370

wor ki ng up, for exanple by chromatography or

partitioning. Where requirefsgpr desired, water-free or

abso lute solvents can be used. Were required, the

morking up of reaction nixtures especially i n order

i sal a esl Le u f ol c
ethaneh 2 M gosst Sk hilr At eadpe! h et h S EeMeteafion Bl i
gradiHllp HBate@NH 78-BONG wWathin N1 Slirring taedaﬂtm t@nperatiré ancontinued for 2-4 h,

neutralization, chr onat

until Wlp%ﬁ cqﬂp;g}gt:%'?g? irq%cf at 1o Ure a8 ﬁ??‘FF S% gt[lﬁg?]a/ 3?1 (Snl of water is

adde& hﬁhel d;rlgamchﬁehnce&mnbgm $tﬁbﬁéd§6ff a mubpaﬁmmeeemm adueous
process I.n

conceTiEUh reaciecatialy L SaBGPURCT Rl e eBueo R By d sgrerated. and
after alidifiéri BB @bplaipyaedtatdﬂ SppRXIMAIEIRB. DD agq@stiisSodusn aydIOXId

g AN T T

The &garﬂc et salepdrited ad @d:&iéatrsteu Ro Rpprosizhaely 26rmh residual volume
formof a salt, or conmpound obt ai nabl e by the

(aze%’roB@e?g’OH@'c‘gfﬁ“ﬁtﬁ"’lgoW? ﬁ@ i nvention is produced under
the process conditions and processed further in situ.
In the process of the present invention those starting

A solUBdresfi 4 @g fnﬁeﬂene raefdah abln |$tﬁﬁ6baﬁml shadded Wb thel doncentrate of

f
interapUEPAP) (% PRTCIEPHTOPYAAAS O A0 s Y SRIGRI Y (ahpaicate i
lnltlatEB%S/ séé@n? @enom 6Ad completall oseting of theatiepensidri 1S C.IMhe

crystallia 6 LTS aripker e iafer aclhedulf B3 enappyiacetate
isoprésARe BAl VY ard @5 ineaduddHMRAEP-DMBWIS300K) i DRAETHYS6.9-7.1 (2H),

6.0 iy o i a0 TS0 S5 B4 B 84, 0

(3H), hﬁaez sefrers.obas (IHadse-1.9 (@H),skisern (1), ®@8-0.9 (3H), 0.7-0.8 (3H).
phar maceutical ly acceptable salt thereof.

Synthesis of (2R,3S,5S)-5-Hydroxymethyl-3-isopropyl-2-[4-methoxy-3-(3-methoxy-propoxy)-
phenvll-pyrrolidine-1-carboxylic acid tert-butyl ester (6) :

2.27 g (5) maleate 1/1 salt is dissolved in a mixture of 10 ml methylenechloride and 8 ml
water. 8 ml aqueous sodium hydroxide solution 2.0 M is added at 0-5°C under vigorous

stirring. Then a solution of 1.14 g di-tert-butyl-dicarbonate in 10 ml methylene chloride is
added within 10 min. After 15 min at 0-5°C, the reaction mixture is slowly heated to room

temperature and further agitated for approximately 0.5 h.

The organic phase is separated, washed with water, dried over sodium sulfate or by
azeotropic destillation and finally evaporated in vacuo. The remaining crude (6) - or a
concentrate of the product in methylenechloride - can be directly further processed to (7)

according to patent example below.

. Synthesis of (2R, 3S, 5S)-5-Formyl-3-isopropyl-2-[4-methoxy-3-(3 methoxy-propoxy)-

phenvllpyrrolidine-1-carboxylic acid tert-butyl ester 7




The foll ow ng Exanples serve to illustrate the

invention without Iimting the scope thereof, while
woRhey3tie4t he ot her hand represent preferred eRODAPAWANSSIT0

of the reaction steps, inter nediates and/or the

process of manufacture of algskiren, or salts

t hereof . Where nentioned in the Exanples, "boc" stands

for tert-butoxycarbonyl. Exanples: |I. Synthesis of

(1S. 3S. 0

dSVS-t er t - But oxycar bony! oxyR®tay! - a-i Sppr opyl A- f Amet ho

Xy- S- Qret hoxy- propoxy) - phenvagﬁjrol|m'ne 1-carboxylic

acid tert- buégl ester 3. Variant efpfoyiHg thionyl

chlorlde Ay lution Qf 2.16g of carjbonic acid (2S,

48) - 2- \)\/8 y (

tertbutoxycarbonylan1no-

pxy- 3- (4- met hoxy- buty

| ) - benzyl ] 5- et hyH;Chex er tefN-butyl ester 1 in
30 nL of dry tol uene s treated with 1. 07g of pyr|d| ne )
. and 0.68g of thionyl chloride is added dro L
Using Sitx/tyadine complex: AtsRlutian,qf d: & pEalsehql bdg ioh Gistnylene chloride is
treat&i3 Wﬁﬁ rSQHLr &d lﬂbtt@lsﬂ%bﬁdé RHld &.E2Potic®ly RN istatided OT!‘RiL mixture is
ter are ad . The two phase systémis extract

cool%@htp ) Dfe a@ﬂgaaﬁp@tlpwéﬁ B4l the SRdPYEAIRG FOTIPISY @m‘/%’r in 46mL of

dmeW?@t%@E&@d@s%bH'@r EOARRNDY Ritated. TAE Weadibn iPbtrRuest 0°C for 2
of saturate ue ous sodi um bi car bonat e

hours, gint fnches il JOSM Qlrwaler anghiaaeTl; of KZide. (e rganic layer is

sepaY&tE@ aR8 wish&d witRi®miasch dol %qﬁ@éﬁ&ﬁﬁdlurﬁWM%eh%u‘bﬁ%@%luhon The
ive an oil. Chromatography on silicage

orgavie whans 5 e Meishg!! B AL o Walar lowed P snlcobsatibted aqueous

sodu}'m QQ&OQEn Ean%%nét'é éblldtloW' Flhal the %@éﬁ(@plﬁé&e% WaBR&WRK water until the
1) Vari ant enpl oyin

pH ofrmemgm mlgwgn Sz1Ths $Qi\ée"t)$ 'iasn femeyedio gveths alde chyde 7 as an oil.

A %31 CHC -N ..D 00K) 9.75(1H 690680 H
"e%"g(zﬁl ??@J@ car'’bon IIzarq n'(\)ﬂ 4“('1%?hgx -) - 5( ) (3H).

4.6344. J0(3N). y4-OR{RRAY| %EM%% BASH)| 3@3(H), 2101 @Q(‘SH é§t5éTH)1 1.60(1H),
1O ) pyT i dine and 0. 559 of t11 et hyl ai pe and
cool ed to 00C.

Alternatively, to a solution of 1.1 g of the alcohol 6 in 10 mL of dichloromethane is added 0.4
g of pyridine, 1.1 g of diisopropylethylamine and 2.0 g of dimethyl sulfoxide. The mixture is
cooled to -5 °C and 0.6 g of sulfur trioxide-pyridine complex is added in four portions over a
period of 2h. The reaction is quenched by addition of 2.5 mL of water and acidified by
addition of 1 mL of 37% hydrochloric acid. The phases are separated and the organic phase

washed with 2.5 mL of water, dried over sodium sulfate and the solvent removed in-vacuum,

to afford e.g. 0.88 g of the aldehyde 7 as an oil.

Using TEMPO: A mixture of 0.96 g of the alcohol 6, 0.044 g of sodium hydrogencarbonate,
0.026 g of potassium bromide and 0.051 g of TEMPO in 3 mL of dichloromethane and 1.2
mL of water is cooled to 5 °C. To the mixture is added dropwise 0.13 g of 10-13% sodium
hypochlorite solution, and the mixture stirred for 5h between 5 °C and 20 °C, before addition

of 0.57 g of sodium sulfite. The phases are then separated and the organic phase washed

twice with 5 mL of water. Evaporation of the solvent in vacuum affords e.g. 0.50 g of the

aldehyde 7 as an oil.



Met hanesul phonyl chloride (0.43g) is added dropw se
and the reaction mxture is warned to roomtenperature
woanw/18tiosred for 30 hours. The mixture is dil BCEAPRH06/05370
20mL of water and the organic |ayer separated. The
organi c layer is washed w tilg7201L of saturated aqueous
sodi um bi carbonate solution and finally the organic
phase is washed twice with 20 nL of water and the
sol vent renoved in vacuumto give an oil.
Chr omat ogr aphy on silica-gel, eluting with
V. RAatRer/ ebhyl (2Rcet38.e BB )X4idopsornyl-6M4 aesthexye3-(3 . GAethoky-propoxy)-
3. as an oll_. The product, sh a tive [a]d
[ idiner1,2-digarbo _ d 1-fert-bu l’es 7 %3 Vari ant
enpl oyi ng tri phenyl phosphi ngfd odi ne: @& sol ution of
1.48g of carbonic acid (2S, >
4S) - 2- t er t but oxycar bonyl am no- 4nN}.4- nBtROXY- 3- (4- met hox
y-butyl) - ben(éyl ] 5- net hyl hexyl estert ertoéut yl ester 1
in 15 ~dey _Ql ugne/ acetonjitril ¢ (85/15) is
treat 631H\@|@;h (C}./S;&«ﬁwl i p roomtenperature.
Triphenylphosphiﬂf (1. 14 5 d, followed by
dropwi se additio RN * .1 1g of iodine in
15M of toluene/acetonitrile (85/15) within 15 (15)
m nutes. The reaction mxture is stirred at room
tenperature for 4 hours and quenched with 201 of a 5
A solatigobiut.7gwf te alddhyde T in tarol phteriebutanel ipfrgaler withhdrsk of 2-methyl-
IS S r t W | el
2-butgl JERBLAYT B3 8P 3G e 8hd 1 75 or <Rl ibarolif phosphate
in 15ink. of lwaterds agdeg Hepwise. The itwaphase mixtyevs stired for .984“igUte$ at room

oot 5, 5t o oUEES 3, S50 4, W8 RGN oranic aver i
sepaifataedrahd waSBEHATINCEImML of water. The solvent is removed in vacuum to give the
acid 15 as a clear oil which slowly crystallizes. 'H-NMR (d®-DMSO, 354K) 12.25(1H),
7.35(1H), 6.90(1H), 6.81(1H), 4.38(1H), 4.25(1H), 4.00(2H), 3.75(3H), 3.45(2H), 3.23(3H),
2.15-1.85(4H), 1.65(1H), 1.25(9H), 0.85(6H).

V. Synthesis of (2R, 3S, 5S)-5-((1S, 3S)-3-Benzyloxymethyl-1-hydroxy-4-methyl- pentyl)-3-
isopropyl-2-[4-methoxy-3-(3 methoxy-propoxy)-phenylipyrrolidine-1-carboxylic acid tert-butyl

ester 8:

(8)
A solution of 1.98g of aldehyde 7 in 15mL of tetrahydrofuran is cooled to 10°C and is treated
with the Grignard reagent prepared by treating 1.23g of ((S)-2-bromomethyl-3-methyl-
butoxymethyl)-benzene with 0.12g of magnesium in diethylether containing 0.043g of 1,2-

dibromoethane at 45°C. The reaction is stirred for 90 minutes at room temperature, then



Mol ecul ar Fornul a =C29H49NOO45, 70 g of carbonic acid

(2S,
WO0428)6/13130er t but oxycar bonyl am no- 4- [ 4- net hoxy- 3PCAAERRG0GOKSIT0

ybutyl)- benzyl]5-nmethyl - hexyl ester tert butyl ester

1 (HPLC 95,0%b.a., 78,1 moBg-are at r.t. dissolved

in 390 mM of acetonitrile. To the solution are added

11,6 g (55,0 nequ) Anberlyst 15 (Fluka 06423, 4,7

mequ/ .. The r l.tin ' r ir t ROr_ 4 i
20mig Bf Ao agfut Spilibh 88 Mg colorhl §Ep8, fllodvea bf'audition o
20mif of tertamﬁylatetrﬁmatheanﬁeZ@gatﬁalphaﬁé tsrs!eptahﬂed esd dashexbtwace with 20mL

col ourl ess ol HPLC 97 2% b
o walp Hhe tioftit sfsh R pongstied ineshiu ' alisr 8 cold¥alpghet 8 as an oil
Purificelidrogm @.gcar?élmwvereree@ang ofpuré 8cAamegan@ ).l found at c= 1, CHCI,,
reductiop of the corresp. aryl ketone with LiBH4 In a

M" + 455628, Mh# &+ Nz 8301 | ask are dissol ved 34.5 g (62.3
mml) of bis-Boc-aryl ketone in 400 ml of ethanol and
of water._ To this solution is added a solution

Alter@qtlvgb' A sglutipn |9f B of aldehyde 7 ip 3¢ pt- of tgtrahydrefHrands added toa
roonitéﬁ{b%lkatwetsmldhohfbf 'ﬁ\é‘GnQﬁarﬁQ@é%ér@ wa?édJ!_slfreﬂThﬁg 20 9 of ((S)-2-

funnel is rinsed wt HF and

ch'orp@sﬁm -drnethylthutexymetiayl}-henzgne with o OF MAGREEILMAN a@@ gL of
tetraW&&ﬁ;ranT&ﬁiﬂalﬁiﬂquﬁb Tof @@adnb@mdémar@ffoﬂis hOTBe RfactibBldstirred for 1 h

a m xture of THF and 1 m wat er i s added. The
at roweé%mpgrﬁtqfﬁxmnéopénlmafr%e'oﬁutfs"%c'é@ adsleds Thspixtuse js stired until

the e%la%@ A finh ﬁaQ dQQerJJ‘ Qhér?ﬁ\@tdhggeé SreCiepRrdIed atd tHe drﬁﬁmc phase

acetlc acid an extractive work up
wasfegcywm 500mtmt18rﬁ: wra @b'omie selutien el herprgapicphiase sp%@sntrated in
vacubﬁ‘r td'gived. i £0.6 9lir'wiB Subit alcenhanFlagaBAr ated in vacuum
to gi've a very viscous oil which consist as a m xture
of epineric benzylic alcohols in the ratio (8 : 1).
Il. Synthesis of (2R 3S,
58) 5 Hvdrox msthyl 3-i sopropyl - 2- f4 msthox -3-(3

tert-butvl ester 9:

_O
H,C™ N\\_-0

© (9)
A solution of 0.48g of 8 in 1.5mL of methanol is treated with 0.1g of 10% palladium on
charcoal. The suspension is stirred under an atmosphere of hydrogen until the uptake is
stable. The suspension is filtered and the solid washed with 5mL of methanol in two portions.
Removal of the solvent in vacuum provides alcohol 9 as an oil. A negative [a]q (e.g. - 34.1, -
34,6) is found at c= 1, CHCl;.

Vla. Synthesis of ({(1S,2S,4S)-2-Hydroxy-4-hydroxymethyl-1-{(S)-2-[4-methoxy-3-(3-
methoxy-propoxy)-benzyl]-3-methyi-butyl}-5-methyl-hexyl)-carbamic acid tert-butyl ester 9a:




pot assi um car bonate, and the suspension is warned to
45C and stirred at this tenperature for 4 hours. The
wore®waBidh is then diluted with 60nL of tert-bBCYIEREGRPISITO
ether and 201 of water and the m xture extracted. The
organi c layer is separated agglt he agqueous | ayer is
washed with a further charge of 401 of
tert-butyl methyl ether. The conbi ned organic | ayers
are washed twice with 201 of water and the solvent is
renoved in vacuumto give theg al cgqon\g as an oil. A
negative [a]ld is found at c=11, CHC 3.} 1H NVR
(d6- DMsQ D20, 300K) 6. 9086 80'(3 , -9b(3H),
3.80(1H), 3. 75(3H) 3. 55-§ 45(3H), 3. 23(3H) 3. 05(1H),
2.00-1, 3 - 4 , 1.20(1H), 0.74(6H).

5S) - 5- Hvdroxyrret\hyl | -2-f4-nmet hoxy-3-(3

met hoxypr opoxy) - Npyr rol i ti ne-1-carboxylic 3(95}3'
tert-butyl ester 6 (6) 43L6 Synthesis of

((2S, 4S. 5R) - 4-1 sopr opyl - 5-f 4- met hoxy- 3- ( 3- net hoxy- pr op

o) A BSOS P 7 PP Bt 7. agp 7 o
amméni& Gogderised ditb tine flaske I'Itb thE&ﬁxture is added 0.44 g of Sodium and the
result?n@? qﬁ%ﬁ‘fg b W@g% s Iﬂa}% rﬁ@? [fl%fg ;FS?S( ﬁuxture is added 2.6 g of
ammédriain- dhldrwb e’sﬂe&rmx(ulé us znlo%dmb wahhan ok. (anhmwlnwt eyappraiesoff and
1£0Us dr 0ocC .
unvesglesCRaR s v e oS aBfon BLAQ i Dug b8 13 of agetic ace
After 0 56]6325%1 ef watelr i adugadfawd the phasesOarbGEparatus. rch@dmus phaseis

oo B8 AN B PR b s o

timesudith 1:1 twmsﬁrofertaetfommrymg marpd;cgnurn stlfate mad @vaporatinginwasuum.

purnggo At ¢ ohdemy pREsr 4P o o diaien Sut i ofifroetate-neptane
affor@rxad%tmm geoTRURE 99 S4HINMR SCDCRCBO0K)a6.8 (2H), & (1) 44 (1H), 4.1 (2H),

s bbb bl APARUHRSET, 2 e MR b, 2622 o0, 1 510

(8H), |1s4)(g|-gpabapg(m|-¢) approximately 3.2 nl aqueous sodi um

hydr oxi d
b) A solution of 1.0 g of the pyrrolidine 8 in 2.5 mL of tetrahydrofuran is added to a mixture of
0.37 g of sodium in 5 mL of ammonia and 2.5 mL of tetrahydrofuran at -50 °C. The mixture
is stirred for 3 h then 2.56 g of ammonium chioride is added and the mixture allowed to warm
to r.t. To the mixture is then added 40 mL of toluene, 1.9 g of acetic acid and 25 mL of
water. The phases are separated and the aqueous phase is back-extracted with 25 mL of
toluene. The combined organic phases are then washed with 4 x 120 mL of 1:1 water-brine,
dried over sodium sulfate and the solvent removed in vacuum, affording e.g. 0.76 g of the

product 9a as an oil.

VII. Synthesis of (2R, 3S, 5S)-5-((2S, 4S)-5-Hydroxy-4-isopropyl-tetrahydro-furan-2-y1)-3-
isopropyl-2-[4-methoxy-3-(3-methoxypropoxy)-phenyl]-pyrolidine-1-carboxylic_acid tert-butyl

ester 10:



solution 30 %is slowy added at 0-5C under vigorous

agitation, until pH 11-12 is reached. The organic
WO200663130¢ separ at ed and concentrated to appr oRCHREP2I0§/005370

25 m residual volunme (azeotropic renoval of remaining

water). A solution of 1.16 g4omleic acid in 12 ni

i sopropanol is added to the concentrate of

internediate (5) free base in isopropylacetate at 40C.

Crystallization of (5) naleate is initiated seedi ng
at 400C and conpl eted by cooling of the suspension to
0-5 C. The crystalline (5) eate 1/ lnsat{ is
collected by filtration, was with 1p
i sopropyl acetate / isopropanol :1, (vWanddried in
vacuo. 1H NWR (d6- DMSO, 300 K) ), 6%9-7.1
(2H), wéwro H, 3.9-4.1 (2H),
3 8 (1 6- N3 , 3.3 (3H),

4-2.5 1H) 1920( (1H), 1.6-1.7
(1H), 0.8-0.9 (3HC nt hesi s of

(2R. 3S.59) - 5- Hvdr oxyneét hyl - 3-i sopr opyl - 2- f 4- et hoxy- 3- (10)

( 3- met hoxy- propoxy) - phenyl | -pyrrolidine-1-carboxylic

acid tert-butyl ester (6) : 2.27 g (5) nmaleate 1/1
Vanﬂ@mbl&ydigSSdWidum aA rsoltitioh eofod.20€ oflalcoho! 9 in 5mL of methylene

e S 8 s S ge o LSBT o .
soiutiéhgtﬁff 01229 Sif ﬂ'fei Bglalpijh@ﬁe acdﬁﬁﬂlebt Iirﬁ)mmlf of .dishethyl sulphoxide is added
Eut i/

cropyise WIRETRISE S0 Ane Arcpn s Ui 121 4o iges phy € fren warmed

to rodrR drhperatuié whd eréd foi lahutthierend@e. t 0 room tenperature
and further agitated for approximately 0.5 h. The

organi ¢ phase is separated, washed with water, dried
Wate@\(ﬂ!imﬁpﬂihdu ﬁbptahéa(tismuy ahy a8d&n tanpihe rdg@iﬁmgimixtom @nektracted. The

o B SRR SR el M S T S o e

followsdibydRatef (WL)}énHLﬂIU’/D a8GudtuGRaRMAE! bk@rbbﬁ)iteasmnbdl Tie byanic phase

atent exanpl e bel o
is renriJoved in vacuunn[i)to give e. g 0 18g of the lactol 10 M'+ = 536.

VII. Synthesis of (2R, 3S, 5S5)-3-isopropyl-5-((2S, 4S)-4-isopropyl-5-oxo-tetrahydro-furan-2-
yi)-3-isopropyl-2-[4-methoxy-3-(3-methoxypropoxy)-phenyl]-pyrolidine-1-carboxylic _acid _tert-

butyl ester 11:

(11)
A solution of 0.16g of alcoho! 9 in 3mL of methylene chloride is treated with 0.005g of
TEMPO followed by portionwise addition of 0.20g of (diacetoxyiodo)benzene. The mixture is
stirred for 5 hours at room temperature after which time only lactol 10 can be detected. A
further 0.20g of diacetoxyiodo benzene is added and the reaction stirred for a further 24

hours at room temperature. Aqueous sodium thiosulphate solution (5 mL of 10%) and water



[11. Synthesis of (2R, 3S.
5S) - 5- Fornyl - 3-i sopropyl - 2-f 4- met hoxy- 3- (3

wOoneaol1813p4 pr opoxy) - phenyl i pyrrol i di ne-i - car boR¢IIER2@6/0e5370
tert-butyl ester 7Using SO/ pyridine conplex: A
solution of 4.7g of alcohol-46-in 58m of nethylene
chloride is treated with 33nL of dinethyl sul phoxi de
and 5.67g of triethylamne is added. The m xture is

S80S e B 8 S BB B sy vin oo

water aidpinexddieni s astdedkddinopatiuse i gike ran26il. rﬁimmtre@gra"m on silica-gel

gives r@?qa% A T biteluat o 2580 185 MG naR ATl THE - oEpdhNMR (CDCT,
300K): %Xﬁé 8'(% H3 eP8144 ¢ ab-1asien), wiits?x&nj_scﬁ 3 50&HOBIBHBH), 2.5-2.6

sodi um hydr ogen suI hate sol uti on.
(2H). 232 AGHAShaa Gt Adchierie 1 adoah 1D, B3 o BRI
of saturated aqueous sodi um hydrogen carbonate

solution. Finally the organic phase is washed wit
Alternativedy, 7gnmig|of tatolptg are dlml\@queml eforetoniilg and 89(%? of molecular

sieve ?s %X&% fosthter@%pf:ﬁﬁr@v &dgé \é8|u§|8ﬁ o?‘ bq gﬁ%@? hin@%hyﬂﬁorphohne N-

ative ound at c= 1,
oxide (alhﬁ Dysay o RYP gteug(t\&pl}opy@ngoorgurgaggpothenate) in 1 ml of acetonitrile.

After% % ﬁs ég rﬁﬁg at 4‘0@@1( %‘:rglper%tu %(tﬁ%)lrea%tlép(lg’%m&e@gﬁ@ solvent is

evapoNatledrlnafacwh)andttbea\'esdllléma é'ﬁSQiVe lnle'QY'oﬁCGltfﬁé and fitesgd gia a short

pad lfps;] c%@n?lmfhe ﬁlirfpé i% %#/Qé&l Shhﬁ@ﬁc ﬁdjgﬁg 79- n49 gf égmpound 11.

opropy am ne and 0 g of
di met hyl squOX| de. The mxture is cooled to -5 0C and
0.6 of sulfur OXI C ' AN
Alternragmlgﬁgratqo '8"6{,@ ggl in %\'r%)é g%?toﬁ%?%n‘?ammgO?

g of 4Ayseieest Piplezdidiv Eieoes (bé a&déii orB9 gfofw&trelthydmdrp@olmh -Nraxdtle and 44

addi tion of 1 niL 7°/h
mg o JhuSRoPPEMSRE RPEuRERae, RaY BiRgBRTE i alEebvefliht At
removal of tHe wive‘hﬂhﬁ?acudml, the residue iwldkemrua in émyleamtaieiﬂﬁered through
e 350 A B S s B Sl . oot
of therrQ&e ilyoprotihiet (6|7qu) oh sflica @ef) 4futigg ofithssiblyl acetate-heptane affords e.g.

ydr ogenc rbonat
057gof the pure Lactone 1

IX. Synthesis _of (2R.3S,558)-5-[(1S,3S)-3-(2-carbamoyi-2-methyl-propylcarbamoyl)-1-
hydroxv—4-methv|-pentvl]-3—isopropyl-2—[4-methoxy—3-(3—methoxv-propoxykphenylk

pyrolidine-1-carboxylic acid tert-butyl ester 12:

NH

ZT

(12)
A solution of 0.08g of lactone 11, 0.052g of 3-amino-2,2-dimethylpropionamide and 0.014g
of 2-hydroxypyridine in 0.3mL of tert-butylmethyl ether containing 0.02g of triethylamine is
stirred for 18 hours at 83°C. The reaction mixture is then cooled to room temperature and



0.026 g of potassium brom de and 0.051 g of TEMPO in 3
mL of dichloronethane and 1.2 nL of water is cooled to
WO030@03130¢ the m xture is added dropw se 0.13 §CBEP2006/005370
10- 13% sodi um hypochl orite solution, and the m xture
stirred for 5h between 5 0C-apd 20 OC, before addition

of 0.57 g of sodiumsulfite. The phases are then
separated and the organi c phase washed twice with 5 nL

dilutech g\]/vvl\ﬁtoﬁrrgb (51” gtﬁl?e% %teiagﬁ cj)g%s;\%ee\yﬁtqlé/rﬁﬁtof! %?ﬁ&{%%?féo%tgﬁ hydrogen

as an oi hesi

sulpladte 68iRtior3 I heByaric iphage SBepatatéd ant iMackgd Bitli Yvater, and the solvent is

emd B FRES o DB I BY AR b o 1 SRR Y B e
solidas cerhgnael by filmatidbnandthethexand teraoved ihvatowatte diveid.g. BA6g of amide

of .2-methyl- 2-butene. A solution of 0.43g of sodium
12 a%ﬂlf%"i‘mt'g éhd’ é‘.‘gsg of sodi um di hydrogen phosphate in

i fa RSy I

[4-métawRy-3i(3-nfet refod/benadii® thathyitiutdBlmethyMaixel-cabiztnic _ acid
solvent 1s renoved in vacuumto give the acid 15 as a

tert-butyl e5te£18° \whi ch slowly crystallizes. 1H NMVR (d6- DVBO,
354K) 12.25(1H), 7.35(1H), (1
4.38(1H), 4.25(1H), 4.00(2
3.23(3H), 2.15-1.85(4Hj,

V. Synthesis of (2

3S) - 3- Benzyl oxyréeqchyl -

L8hpropyl - 2; [ 4- met hoxy-
H;C. phenyl br ' [

8: A solution
t et r ahilgle of uran iz »eq to 10C and is treated with
the Grignald reagent prepared by treating 1.23g of (13)

S) - 2- t hyl - 3- met hyl but oxy h benzene with
A soltish 5 BT h e i P ARt B Y e UP G R 35 cooled to
-78°®f Lifuid ammonia is added followed by 0.0042g of lithium metal. The deep blue
solution is stirred for 2 hours at -78°C, and then 0.35g of ethanol is added and the mixture is

stirred for 30 minutes at -78°C. Ammonium chloride (0.15g) is added and the mixture is
warmed to room temperature. The organic phase is partitioned between water and ethyl
acetate. The organic phase is separated and the solvent removed in vacuum. The residue is
stirred with heptane and filtered. Removal of the heptane produces 13 identical with an

authentic sample. M" + H = 652

Xl (28S,4S,5S,7S8)-5-amino-N-(2-carbamoyl-2-methylpropyl)-4-hydroxy-2-isopropyi-7-[4-
methoxy-3-(3-methoxypropoxy)benzyl]l-8-methylnonanamide)

Product 13 is dissolved in a mixture of 4.0M hydrochloric acid in dioxane. The solution is
stirred for 24 hours at room temperature and neutralized with solid sodium bicarbonate. The
suspension is filtered and the solvent removed in vacuum to give the product as a foam (for

characterization see e.g. EP 0 678 503, Example 137).



di br onoet hane at 45C. The reaction is stirred for 90

m nutes at roomtenperature, then20r of a 25% aqueous
wogaletizds of amroni um chloride is added, fol | 8GEAPRIP6/005370

addition of 207 of tert-butylnethyl ether. The

organi ¢ phase is separated a48l- washed twice with 20m

of water. The organic phase is concentrated in vacuum

to give the crude alcohol 8 as an oil. Purification on

F romfté% :ﬁ'%?s&ﬁﬂ?g’gb igy ‘?tf:ei h%rgﬂlgg%7%ﬁo@tﬂ”éﬁg,§g’r %ﬂﬂg@ﬂ:é{ ﬁﬁgifumarate

salt of BBOtitleAtdrepowatd vanh e prepaiedt fanexdm@Ed ag déscaibed iy déS 6,730,798,

in 3 f .t.etral o) i S a d t. . . .
exa"\p%oﬁﬁt %%@P%ﬁ'ﬁé eﬁﬁﬁt‘lﬁlma@fﬂ a?'ﬁegg%r g%'gsf%ut'roé]adrén?thano" filtration,
evap@atiqra bé thebgbtaireld usalutign2 Ce-dissdiviag ©f 41#e residue in acetonitrile, inoculation

. chl oronet hyl - 3- et hyl - =z n i
with &' siglani oh Heotis o POUTA R bRGER" Sall ait fiatbn of the
preciditabing rabtetial}- idcdnporated by mefdrencedhdreinTespacidly twithnregard to this salt
f §Iirreq.for 1 h at roomtenperature, then 100 nL of 2
ormatPN{EPPFi ¢ add is added. The mixture is stirred unti

t he excess magnesi um has di ssol ved, then the phases

are separated and the organi c phase washed with 50 nL

of 12% sodi um chl oride sol ution. The organic phase is

concentrated in vacuumto give e.g. 42.6 g of the

crude al cohol 8 as an oil. VI. Synthesis of (2R 3S.

55)-5-((1S

3S) - 1- Hvdr oxynet hyl - 3- hvdr oxynet hyl - 4- net hyl

pentyl)-3-isopropyl -2-f4-nmet hoxy- 3- (3

nmet hoxy- propoxy) - phenvnpyrrol i di ne-1 -carboxylic acid

tert-butyl ester 9: A solution of 0.48g of 8 in 1.5nL

of methanol is treated with 0.1g of 10% pal | adi um on

charcoal. The suspension is stirred under an

at nrosphere of hydrogen until the uptake is stable. The

suspension is filtered and the solid washed with 5nL

of methanol in two portions. Renoval of the solvent in

vacuum provi des al cohol 9 as an oil. A negative [a]d

(e.g. - 34.1, - 34,6) is found at c= 1, CHC 3.



Via. Synthesis of (p
S. 2S. 4S) - 2- Hvdr oxy- 4- hvdr oxynet hyl - 1- (( S) - 2- f 4- net hoxy
WO-2066(131304 PCT/EP2006/005370

nmet hoxy- propoxy) - benzvn- 3- nmet hyl - but yl ) - 5- net hyl - hexyl

)-carbamc acid tert-butyl egter 9a:a) A solution of 1

g of the pyrrolidine 8 in 17 nmL of THF is cooled to -

78 0C and 17 niL of amoni a condensed into the flask.

To the m xture is added 0.44 g of Sodium and the
ClaiMSasyl ting dark-col oured mixture stirred over night at
1. A préSediGor the rhdviufaitatelsfen ¢conpudne df heSfognaih IMTONI UM

chl ori de. Thedgéxture is allowed to warmto r.t.

(anmmoni a evapadradtes off A8, unr eact ed sodi umis

di ssol ved) beforevadditian of 40 mL of toluene and 1.9

g of acetic acid. Af'tey” 10 n 25 nL of water is added

and the phases are sepphrate The aqueous phase is

P A s’ ni of tol uene, then the

wat er - br i we_hetore _exyi ng over sodium sul fate and

evaporRB& ng Th vaduum™ Purification of the crude 'y

product (0.86 g) on silica gel, eluting wth ethyl
whergipet at e- hept ane affords e.g. 0.71 g of pure 9a. 1H NWR
Ris H e%alﬁ Q%)alk éklZH) 6.7 (1H), 47(1H), 4.1 (2H),

s tybh 3 & &% g ), 3.4-3.5 (1H) 3.4 (3H), 2.7-2.8

R, lsbququerz aAKYkosadkmxya'klé 0-2.2 (2H), 1.5-1.8 (8H), 1.4
R, is ﬁ?&'ﬂbger@olspr%fe@?aﬁlg'%lﬂydrﬁl profeting gasupef 1.0 g of the

grro i di ne of tetrahydrofuran is added to
Ra is Byqdrpgen peursiubgtityted prsubgtiuted @lkyh @9 of anmoni a and

PG n@aéarmnoqirofe%ﬁrﬁgﬁ&%db% réu@bne Rn&VableTyenydraaysis,ee. g Siower

stirred for t hen anmmoni um chl oride Is
alkoxa@mbaﬂﬂrﬁﬂlchl-‘r’étﬁﬁ%mcadp?'b&@ab%%quﬁ’ I t. To the
or a dHipthétesri S then added 40 nL of toluene, 1.9 g of
acetic acid and 25 nL of water. The phases are
separated and the aqueous phase i s back-extracted with
; i iest thé uf IPhases are then
said %Cﬁgsdégvr\?‘{r%t X§c1:t|2n rrL of 1:1 water-bri Ee dried over
sodi um sul fate and the && venyrr enoved in vacuum
affording e.g. 0.76 g &;\lthe prdduct 9a as an oil .

R,0

RO ()
wherein R, R,, R,, R; and PG are as defined for a compound of the formula lil, with a rea-
gent able to transform hydroxy in formula ! into X where X is a group other than hydroxy or
hydrogen, especially a leaving group, especially a reagent selected from a hydrohalic acid, a
thionyl halogenide, PX*3, POX*;, PX*s, POX*s wherein X* is a halogennide,.a combination of

triphenylphosphine and halogen, and an active derivative of an organic sulfonic acid.

2. A process according to claim 1, where in the compounds of the formula il and the
compounds of the formula |

R, is C,;-C;-alkoxy-C4-Cc-alkyl, especially 3-methoxypropyl;

R is C,-C-alkoxy, especially methoxy; and



VII. Synthesis of (2R 3S. 5S5)-5-((2S.

4S) - 5- Hvdr oxy- 4- i sopropyl -t et rahvdr o- f uran- 2- vO- 3-
WORB@HBOYY| - 2- f 4- met hoxy- 3- ( 3- met hoxypr opoxy) - POEMP2006/005370

p-pyrolidine-1 -carboxylic acid tert-butyl ester

10: Vari ant enpl oyi ng SOs/ py+48li ne. A solution of 0.2Qg

of alcohol 9 in 5nL of nethylene chloride is treated

with 3nL of dinmethyl sul phoxide and 0.2g of

i R T S A Pl O o2

added dropwi se within 15 m nutes at OOC The reaction

3. A it g Simigu TPt Boin AT, 5 hours. warer
Ris t(yliﬁb‘deh allml drailkoxpsikyl Lsreteratsly €, @wcbxyaesbebiaéy methdxyj ng

o ol i 56 . LB HARRES LT st B roon

R is Aydro§edn gr prefdrangch l’@)ﬁrclvsqt ﬁl‘ote(ctﬁgrb)o@nd 10% ﬁqueous

um bi ¢ SO 0 rgani ¢ phase is
Rais ?‘)é‘?fﬁQ%‘aoT H"F(Pgé{;tb'iﬁdt‘?f sé‘%%t”{édga]—kyg apdgy of the lactol 10
PG iddntamin@3ftotevlind grobpnédpesiatly ohe (ethbvab by hydrolysis, e.g. lower

5S) - 3-i sopropyl -5-((2S. ]
a'kox)i@%' bﬁ“X’*s’é@F‘@ﬁ;’W%—“&’%ﬁ?’B??y&hvdr o- f ur an- 2-
or a S&itBeresnpPr opyl - 2-r 4- net hoxy- 3- ( 3- et ho
cypropoxy) - phenv p-pyrolidine-1 -carboxylic acid
tertbutyl ester 11: A solution of 0.1 6g of alcohol 9
4. A icBmpblind @F thee fdhiiutne aebbmingd® bISmi Bewmemwnameomcs;)sa@, 5S8)-5-tert-

of TEMPO f ol d b Q 'o d|t Lan of 0.
butoyERrBERYBRTE) HERB R St tioxt ard meb P Foeiafor o
phenhgiyfr@naheﬂ QMg Patiatert-butgl éxter, vha ehit tHeneofonl y | act ol

can be detected. A further 0.20g of diacetoxyi odo

benzene is added and the reaction stirred for a
5. A procédacior hé rsnufactate ofeDEOrhsoUperalithy Rrméguepus sodi um

t hi osul phat e solutlondg mL of 10@% and water(5nmL) are

added and the phases are\separ at The organi c phase

is washed with 101 of water andf he solvent is
removed in vacuumto give A" ofT. Gp;onatography on

silica-gel giveg)e.g. 0.12g of | 11. [a]D = + 28.3 (1%

CHCI 3) , np.: , NMVR ( CDCl 3,

wherein R, R, R; and PG are as defined under formula lll in any one of claims 1 to 3 or as
given in claim 4, or a salt thereof, comprising removing a hydroxy protecting group R; in a

compound of the formula I, or a salt thereof.

6. A compound of the formula 1V,

(v)



300K): 6.6-6.8 (3H), 4.3-4.4 (2H), 4. 1(2@,

3.7-3.8 (4H) 3.5-3.6 (2H), 3.3 (SFD, -2.6 (2H),
wW02084131304 (1H), 2.0-2.2 (5H), 1.4-1. (4H) 1. 2CTAFQ06/005370

1.0 (3H), 0.9 (3H), 0.8 (6H). Alternatively, 76 ng of

| actol 10 are dissolved in 2%gd of acetonitrile and 80

nmg of nol ecul ar sieve is added. To the suspension is

added a solution of 2 1 ng of N nethyl norpholine

Noxi de and 2.5 ng of TPAP (tetra-N propyl anmoni um
whergir r ut henate) in 1 nl of acetonitrile. After 2 hours

Ris Hfdg’éhnﬁlkﬂtor KORY AT eferatile Cl 05- alleﬂ?tesmciaﬂy mtrmxg; e.

he sol vent is eva ted in v t he.
Ry is Bydregen, Ao o SRl etk Grres Wbl esnegialy 3t fokbroey:
Rsis ﬁyﬁtﬂogén &t uﬁs‘msﬁhtedm%ubsttmt@ataﬂ(yl &nevapor ated in vacuum
grve 77 of conmpound 11. Alter

ive
PG isea ATSPTCagolp SPEREIEPIS RIOGHR by DiTSiE S, lower
alkox?&a%&Wl tsuch @s t&%bwsorgﬂ g of 4A powdered
nol ecul ar sieves, is add 0.59 g of
or a sgitihgredly | nor phol i ne- L/ -oxide and 44 ng of
t et rapr opyl ammoni um perrut henate, and the m xture is

stirred overnight. After renpval tﬁf t he sol eg% é}
7. A comapung of ie TPEEVIAR Shawp inceRim,p Wit thg H9meéeét SS)5-
hydr&yhbg?ﬁﬁ-lédbféﬁ&ﬂb -[&irhdtRékyd®(3 meBRxy-Ppeoplxy Pprérypyrrolidine-1-

e sol vent agai n renoved I n vacuum
carbopayliq 3Gi¢ tart- %\ﬂy'cﬁsﬁrh@%?ﬂﬁ@"'g‘ﬂy product (0.72 g) on
SI I ica gel, eluting with ethyl acetate hept ane af f ords
. 0.57 g of the pure Lactone ]h Wnt hesi s of
8. Aqrgp@sggogtg)e_rgam{chture of a compound of formula
S. 3S) - 3- (2- car banoyl - 2- ngHy! - propyl car barnoyl )-1 -
hvdr oxy- 4- met hyl - pentyl | {3-i soDr opyl - 2-f 4- net hoxy- 3- (3
- met hoxy- pr opoxy HNhen ol i di ne- 1-carboxylic acid
tert-butyl ester ¥2: A solution of O Gdg of |actone

11, Oppégg , 2- di met hyl pr opi onam de and
0. 014g of ridine in 0.3nL of
tert-butyl et er containi ng 0.02g of

triethyhe s stirtred for 18 hours at 83C. The
react r%n m xture is then cooled to roomtenperat &)
wher@Rddi luted with 2nlL of toluene and washed with 2nm _ of

10% aqueous sodi um hydrogen
R is hydrogen, alkyl or alkoxyalkyl;

R, is hydrogen, alkyl or alkoxyalkyl;

R; is hydrogen or unsubstituted or substituted alkyl; and

PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl or benzyloxycarbonyl;

or a salt thereof;

said process comprising removing a protecting groups R, and PG in a compound of the

formula |, or a salt thereof and to form the pyrrolidine ring,



sul phate solution. The organic phase is separated and

washed with water, and the solvent is renoved in
wovewuamoso give an oil. This oil is suspendedPCWEBRG06/065370

hexane and stirred. The solid is renoved by filtration

and the hexane renoved in vaguumto give e.g. 0.06g of

amde 12 as a foam M - H = 648. X Synthesis of

((1S. 2S. 4S)-4-(2-carbanpoyl - 2- net hyl - pr opycar banov

- 2- hvdr oxy- 1- { ( SV2-

f 4- met hoxy- 3- ( 3- met hoxy ||5% opdAR), - benzvn- 3- et hyl butyl }

-5- et hyl - hexyl ) - car ba ijd tert-butyl ester 13: A

sol ution of 0.037g plfo '

t et rahydr of urane and 3

added f ol Ry@ed . ] i th| um metal . The deep

bl ue sol ution irreq for 2 hours at -78C, and then

0. 35g of et han s adddd and the m xture is stirred

for 30 m NROES mumchlonde(OlSq])ls

added and the mixture is warned to room t enper at ure.
wherdih®, R, gRpand Rhasxas defpreedtfort & oompolret ofdbe farmuda llbargl PG is an

. ethyl .acetate. t

aming pfeciERuRls satrae Dbl e Tt BY TR HRR, B T sl chfrarbony
such he pér&betoaywhriioriyt er eehzylteyaaridnybf t he hept ane produces

13 identical with an authentic sanple. M+ + H = 652

Xl .
9. A [traGstSpbhe MpnBactarensf-adNsqniparmd o the forruladVhy | pr opyl ) - 4
- hvdr oxy- 2-i s opyl 7-14-
nmet hoxy- 3- (3 kxoxypr opV) benzyl | - 8- net hyl nonanam de
) Product 13 is dhgsolved in a mxture of 4.0M
hydrochl oric acid 1 N dj oxalﬂe3 The solution is stirred
for 2 bours at roomtnperature and neutralized with
solid chur~ S The suspension is filtered
and the so
as a f N og~'chardsieri zation see e.g. EP 0 678 503,
Exanpl 0137) From the free conpound or the (v)
hydr ochl ori de salt obtainable, for exanple the
WherglB i f umrar at e

R is hydrogen, alkyl or alkoxyalkyl;

R, is hydrogen, alkyl or alkoxyalkyl;

Rs is hydrogen or unsubstituted or substituted alkyl; and

PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl or benzyloxycarbonyl;

or a salt thereof;

said process comprising protecting the pyrrolidine nitrogen with a protecting groups PG in a

compound of the formula (1Va), or a salt thereof

(IVa)

wherein R, R;, R; and R; are as defined for a compound of the formula lii.



salt of the title conpound can be prepared, for
exanpl e as described in US 6,730,798, exanple J 1
WO ewrpriogi ng m xing with fumaric acid, di ssol BCTAR2006/005370
et hanol, filtration, evaporation of the obtained
solution, re-dissolving of t48-residue in
acetonitrile, inoculation with a small anmount of the
title conpound's hem funmarate salt and isol ation of
the precipitating material), incorporated by reference
herein especially with regard to this salt formation
10. Arpracdssdar 6k anarafadurefof mnaxesenfpound btthedomhulaMir e of a
conmpound of the forrmula II1, mhe.ein R i s hydrogen,
al kyl or al koxyal kyl ; PG s hydrpgen, al kyl or
al koxyal kyl; R2 is hydrog n or p|eferab|y a hydr oxyl
protecting group; R3 is hydtogeh oyRunsubstituted or
substituted aIkyI 5] am o protecting
group, especi &,0 pOvaple by hydrolysis, e.g.

| ower al koxycar bonj ds tert-butoxycarbonyl or
benzyl oxycar bonyl ; t hereof; said process
conprising reaRO ng & conpound of the fornula I, (V)

wherein R Rl, R2, R3 and PG are as defined for a
whereio i dun Rs @hd tiMe afe asndiefined mndewf@m&a Heia jrenes@f daifs 1 to 3 or as

givent iF\aCnaﬁIno{ rBrryg%]I }rﬁéhé(gr E&;IHIIIQI fng %c%ﬁﬁ@n%f ﬁleQ‘ormula IV, or a

especi al y
salt thewf repcgrding to @sp emeao{ glaimsy 8 é or §elw-hﬁr%@ ithey ﬁ@%ﬁ that Rs in a

com;%&ﬂ& Ut ahé GoAthd 1vas HyRIsh thé'd}%%ﬂb# @an ke PlacBQfrechly to the oxo

compound of the formula V or by oxidizing first to an acid of the formula XVI

(XVi)

wherein R, R; and PG are as defined above for a compound of the formula V, or a salt
thereof, which is then reduced with a reducing agent to the corresponding aldehyde of the
formula V wherein R; is hydrogen and the other moieties are as mentioned above.

11. A compound of the formula XVI as shown in claim 8, wherein

R is hydrogen, alkyl or alkoxyalkyl, preferably C;-Cr-alkoxy, especially methoxy;

R, is hydrogen, alkyl or alkoxyalkyl, C-Cr-alkoxy-C,-C-alkyl, especially 3-methoxypropyi;
and

PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl,

or a salt thereof.



5, POX* 5 wherein X* is a hal ogenni de,.a conbi nation

of triphenyl phosphi ne and hal ogen, and an active
wodersBadve of an organic sulfonic acid. 2. APOTAPRES/005370

according to claim1, where in the conpounds of the

formula 11l and the conpoundggoef the fornmula | Rl is

CrCy-aIkoxy-C Cc-al kyl, especially 3-nethoxypropyl; R

i s d-Cy-al koxy, especially nmethoxy; andR3 is hydrogen,

2. 45 B 5 i e A 5, s+

lsoprsbylwram-mettio&y—m(B ragéthoxi-propoxyy- dtnyzdym:ge‘nhdlaé-h)ﬂ -dicarboxylic acid 1-tert-
but la iral K Er ferably d-C T-al koxy, especially
Yirets ydrogen, alkyl or al koxyal kyl,
d-Cr- aI koxy CrC c-al kyl, especially 3-methoxypropyl;

h f bl t ect
13. Ao e sl e srodnidar FodereR cubet i ¢ ot ed
R is ydtyden, alkyl ﬁ@lk@(yamylameﬁeraply(m@;t-alh@(yg espeTialgspathoxf; | y
mis R RREARY b 25 B ST srppaaly s petgrapromn
Ri |slHy6|l’og9f1oréns%sﬂ&lﬁﬂ)dtﬂﬂ;bﬂ;ﬁtutd’dﬂalkﬁ;rand a |l according to
PG l%g? ag"Q%?’PEﬁ'B&?E% Sﬁéﬁlcbe;&yr?g{a ﬁwovable by hydrolysis, e.g. lower

alkoxXycarbopylpfyoh-as- teA-butdryoanporyl( 3- met hoxy- pr opoxy) -

yrrolidine-1-carboxylic acid tert-butyl ester,
O'a%)“ﬁg%%?t thereof. 5. A process for the manufacture of

a conmpound of the formula IV, wherein R R, R3 and PG

14. Ai&f}gpaqsy eoff é@ee&rwg e\r/ﬁfcgcfr ng&g{ cllagp 1§ vg@tpg 5%@%2(8&' %,@S)—S-fom]yl-
3-isoprppr-2-$4- n@trrcﬂymﬂ(m gnethbyyd pppxy)Fphicagpynglidineu pcaoxylic aacid  tert-

butyl ester, or a salt thereof.

15. A process for the manufacture of a compound of the formula VI,

R,O

RO i)
wherein R, Ry and PG are as defined under formula llI in any one of claims 1 to 3 or as
given in claim 4 and PT is a hydroxyl protecting group, comprising reacting a compound of
the formula V shown in claim 10, wherein
R is hydrogen, alkyl or alkoxyalkyl, preferably C;-C;-alkoxy, especially methoxy;

R, is hydrogen, alkyl or alkoxyalkyl, C,-C;-alkoxy-C,-C.-alkyl, especially 3-methoxypropyl;

R; is hydrogen; and

PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl; or a salt thereof under Grignard or Grignard-
like conditions with a reagent prepared by reaction of a compound of the formula Vi,



conmpound of the forrmula Ill1, or a salt thereof. 6. A
conpound of the formula IV, (IV)wherein R is hydrogen,
woabdeyid1me al koxyal kyl , preferably d-C 7-al koxPCT/EP2006/005370

especi al ly nethoxy; Rl is hydrogen, aikyl or

al koxyal kyl, G -C 7-al koxy-CseC c-al kyl, especially
3-nmet hoxypropyl; R3 is hydrogen or unsubstituted or
substituted alkyl; and PGis an am no protecting
group, especially ogne renovabl e by hydrolysis, e.qg.

| ower al koxycar bonyl\ySuch as tert-butoxycarbonyl; or
a salt thereof. 7. Al}conpound of the fornula IV shown
in claimb5 w thialqe Tss, 5S) - 5-

hydr oxynet hyl - 3-i sopr opyl - nethoxy 3- (3 (V1)

Wher%ﬁ?é*E%b%'?ﬁ%%%?%%iﬁﬁ%?%i nd PR BT pRibeting group,

with 4 heetatanuf act ure of a conpound of the formul a | Va,
wherein R is hydrogen, alkyl or al koxyalkyl; Rl is
hydr ogen, al kyl or al koxyal kyl; R3 is hydrogen or

16. Ammmhtdﬂtmﬁoﬂmu&umhi; shibverdinadidip 15 @herel?G 1 s an am no

R i ooy ok HABopRIE BrPebl oA IR, St metony

R, is hgurbgbutatxw oaalkorydikyo, rCP@PiI}(bM@GGE—bWN bSpemiall& Imkthoxypropyl;
R g regf ; said process conprising removing a protecting
35&1‘?’ rl?ggn@‘n and PG in a conpound of the

PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower
alkoxycarbonyl, such as tert-butoxycarbonyl; or a salt thereof.

17. A compound of the formula VIl according to claim 16 with the name (2R, 3S, 5S)-5-((1S,
3S)-3-Benzyloxymethyl-1-hydroxy-4-methyl- pentyl)-3-isopropyl-2-[4-methoxy-3-(3 methoxy-

propoxy)-phenyl]pyrrolidine-1-carboxylic acid tert-butyl ester, or a salt thereof.

18. A process for the manufacture of a compound of the formula Vili,

(Viil)

wherein R, R; and PG are as defined for a compound of the formula il in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, comprising deprotecting a compound of the
formula VIl according to any one of claims 15 to 17 under removal of the hydroxy protecting

group PT.

19. A compound of the formula VIl as shown in claim 18, or a salt thereof, wherein
R is hydrogen, alky!l or alkoxyalkyl, preferably C;-C;-alkoxy, especially methoxy;
R, is hydrogen, alkyl or alkoxyalkyl, C,-Cs-alkoxy-C;-C.-alkyl, especially 3-methoxypropyl;

and



formula I, or a salt thereof and to formthe
pyrrolidine ring,wherein RR R, R2 and R3 are as
wodedoimaex4f or a conpound of the forrmula 111 an8CPEPR®6/A5370
am no protecting group, especially one renovabl e by
hydrol ysis, e.g. |ower al kQgjcarbonyl, such as
tert-butoxycarbonyl or benzyl oxycarbonyl. 9. A process
for the manufacture of a corrpound of the formula IV,
wherein R is hydrogen, alk {; al koxyal kyl; Rl is
PG 'SWcﬁ‘W@@ﬁrot§¢tWI9'8Fp£r ’Y'RS‘?P R3 is hydrogen or
unsubstituted or substituted alkyl; and PGis an am no

rotectin r ou ecially one r le b
20. A RompaNRd: pEne dorgitiia Yilbrcoariing {2 glet ﬁg‘ﬁv\(tﬁgﬁ%ﬂaég (2R, 38, 5S)-5-((1S,
33)-1thﬁaFoxphhbﬁfylésﬂfyeﬂwhaeﬂ{ym&ﬁémyl@éﬁ%ﬂ@%ﬂopypz -[@nathdxy-3-(3
Sai d process conprising protectin
methqyyrArepX- ﬁeew'lpvesel@mwtcarb&xw et fh'@utz;‘r%iﬁfsowsf?"ht“&'%f
compound of the fornula (I'va), or a salt thereof
wherein R R1, and R3 are as defined for a conpound
21. A@foqeﬁgfqrdherma@yﬁacttnemf adacial of Hhe toppuldghuf act ure of an
oxo conpound of the formula V, wherejoqR, R1, R3 and
PG are as defi ned p@der fornuﬂa I n any one of
clains 1 to 3 or as yjven in im4, or a salt
t hereof, conprising oNdi,zin hpound of the
formula IV, or a salt :therfof, dgccoidj ng to any one of
claims 5 Rop7 0L-9; WK in the case t RB3in a
conpound of thg fo laYTV is hydrogen the oxidation
can take pl ace gctly jto the oxo conpound of the
formul a Vge-by~oXidi zi'ng~first to an acid of the X
formula XVI wherein R, RL and PG are as defi ned abovdX)

wherdi? R, aR%‘PlanG‘ Bfe ab defifed ﬂfr%@nbbun@fofdhé fdrinutahBirie@hy one of claims
whi ch is then reduced th a reduci ng agent to the

1to %eras&wmc@“aﬂ @ERyaK ﬂaﬁre?fh gomprising

oxidizing a compound of the formula VIli, or a salt thereof, according to any one of claims 18

to 20 at the primary hydroxy group to an aldehyde compound of the formula IX,

(1X)
wherein R, R, and PG are as defined under formula X above, or a salt thereof, which then

cyclizes spontaneously to produce a lactol of the formula X, or a salt thereof.

22. A lactol of the formula X shown in claim 21, or a pharmaceutically acceptable salt
thereof, wherein

R is hydrogen, alkyl or alkoxyalkyl, preferably C;-C;-alkoxy, especially methoxy;

R, is hydrogen, alky! or alkoxyalkyl, Ci-Cs-alkoxy-C1-C.-alkyl, especially 3-methoxypropyi;
and PG is an amino protecting group, or a salt thereof.



formula V wherein R3 is hydrogen and the ot her

noi eti es are as nentioned above. 11. A conpound of the
woRerermdiame XVI as shown in claim8, wherein R i BCT/EP2006/005370

hydr ogen, al kyl or al koxyal kyl, preferably d-C

T- al koxy, especially nmethoxy52Rl is hydrogen, alkyl or

al koxyal kyl , (VC T-al koxy-CVCc-al kyl, especially

3- met hoxypropyl; and PG is an am no protecting group,

; _ . |
2. HERC AR o SSEBIAIP B B P 1953525,
hydraxyet-sopropgl-tefiabyrirpdunad--11)-Bhsopropyk2Hd-m&thorye 3¢ 3-dhethoxypropoxy)-

phen&@%k%%@?wsé{}aaﬁﬁ% %%@gé—%ﬁ?l gﬁer,%@a’sdé'lt thereof.

met hoxy- propoxy) - phenyl ] pyrrolidi ne-1, 2-di car boxylic

ci -tertbutyl ester,. or a f . .
26. A st St 57156 108 ot ¥ B 5 pharmaceutcay
acceplableciatt theriesf, whéreigen, al kyl or al koxyal kyl ,

. f b d-¢ 7-al k iall t.h X ' .
Ris RifeE AR Bt aR S Crko BE FRos A ethS:
Riis myddogyig., at"a? pgelkakvarl;)yximafcfa'kvwl-ﬁplﬂ-all@g ei;%er!:iaﬂyr?egethoxvpropyl;
substituted, or. substitu ;o an is an am no
and G BR B GPsEind BEilee PP o Hetert ravabl by
hydrol ysis, e.g. |ower alkoxycarbonyl, such as
t - but b : [t t f..14.. A d
25, ALF s SOMRRLRG L b Pl bt R G e
(2R,I:(SZ'5$h)—‘3ﬂ1 S5XR)-BF 60!\3;1]371!-h);dBe)tySA}WJpeﬁW[)‘Q—MM—IB{Z{-B\ethoxy-
ne XY-0f 0poxy) + phen: rrolidine:l-car i C_ac
prop i} PRI BRIPY BYAEPY Ed el AeideRH R Sl Cor i thereor.
t he manufacture of a compound of the forrmula VI,
26. A process for the manufacture of a lactone of the formula Xi

R,0

wherein R, R; and PG are as defined for a compound of the formula I in any one of claims
1 to 3 or as given in claim 4, comprising oxidizing a compound of the formula X as shown in
claim 21 according to any one of claims 21 or 23 to a compound of the formula Xl, or a salit

thereof.

27. A compound of the formula Xl as shown in claim 26 wherein

R is hydrogen, alkyl or alkoxyalkyl, preferably C,-C;-alkoxy, especially methoxy;,

R, is hydrogen, alkyl or alkoxyalkyl, C,-C;-alkoxy-C,-C.-alkyl, especially 3-methoxypropyl;
and PG is an amino protecting group, or a salt thereof.

28. A compound of the formula XI according to claim 27 with the name (2R, 3S, 5§S)-3-
isopropyl-5-((2S, 4S)-4-isopropyl-5-oxo-tetrahydro-furan-2-yi)-3-isopropyl-2-{4-methoxy-3-(3-
methoxypropoxy)-phenyl]-pyrrolidine-1-carboxylic acid tert-butyl ester, or a salt thereof.



wherein R, Rl and PG are as defined under formula I11
in any one of clains 1 to 3 or as given in claim4 and
WORT06/181304 hydr oxyl protecting group, conpri si n§CTERI06/AEF370
a conmpound of the formula V shown in claim210, wherein
R is hydrogen, al kyl or al kggyal kyl, preferably
Cr Cr-al koxy, especially nethoxy; Rl is hydrogen, alkyl
or al koxyal kyl, d-C T-al koxy-C*C c-al kyl, especially
3- met hoxypropyl; R3 is hydrogen; and PG is an am no
protecting group, especially one renovabl e by
29. AYsHess ¥eiithe nandifachef azblpsysdobmeformaxiii,as
tert-butoxycarbonyl; or a salt thereof under Gignard
or GrignardlikRGconditi og*svm 4 reagent prepared by
reaction of a coﬁpound 0 for myla rein Hal is
hal o, preferably cNierg; iNdo, WH,s a
hydroxyl protectimg grpup, with d|{nmetal. 1 A
conpoR)d.of orula VIl as shgwn in clgym 15
wherein R , al kyl or al koxyal kyl,
oxy, especially nethoxy; Rl is
hydr ogry”™ a &1 oxyal kyl, C -C t-al koxy-C (XN
Cc-al kyl, especially 3-nethoxypropyl; R3 is hydraodgen;
whergim &, RGahé P@aemsdefined fercd corgpaumauy the pealalllliy aoyene of claims
renovabl e by. hydrolysi.s, e.qga. |ower al I :
110 358 e B AT ST FEAng p EiFoePid B ESRRRING ag defined i
any oR@BPelEinth 28 td 28; or arsaitltirerydl, with @arahing of thecoemula 281, wi t h
the nanme (2R, 3S, 55)-5-((1S,
3S) - 3- Benzyl ox t hyl - 1- hydr oxy- 4- net hyl -
pentyl ) - 3H,Nopr 4 4- met hoxy- 3- (3 net hoxypr opoxy) -
phenyl ] pyrrolYdi ng- 1- carboxylic acid tert-butyl ester,
or a salt thereof 18. A process for the manufacture
of a conpound of Phe formula VII1, wherein RXH and

(whergﬁltﬁ% %gﬁlczc% gigrﬁglgrﬁgarﬁ so %ecp(?&gefégqf &fsirtea %nfj %@H}o@edtlhb dr&p then

be removed in the corresponding protected compound of the formula XIit), or a salt thereof.

30. A compound of the formula X!l as shown in claim 29 wherein

R is hydrogen, alkyl or alkoxyalkyl, preferably C-Cr-alkoxy, especially methoxy;

R, is hydrogen, alkyl or alkoxyalkyl, C,-C7-alkoxy-C;-C.-alkyl, especially 3-methoxypropyl;
and PG is an amino protecting group, or a salt thereof.

31. A compound of the formula Xl according to claim 30 with the name (2R,3S,55)-5-
[(18,3S)-3-(2-carbamoyl-2-methyl-propylcarbamoyl)-1-hydroxy-4-methyl-pentyl]-3-isopropyl-
2-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-pyrrolidine-1-carboxylic acid tert-butyl ester, or

a salt thereof.

32. A process for the manufacture or a compound of the formula XIV,



1to 3 or as given in claim4, or a salt thereof,

conprising deprotecting a conpound of the formula VII
woaewastiong to any one of clainms 15 to 17 undePCTERRIEI005370

of the hydroxy protecting group PT. 19. A conpound of

the formula VIIl as shown inggl aim18, or a salt

thereof, wherein R is hydrogen, alkyl or al koxyal kyl,

preferably CrC 7-al koxy, especially nethoxy; Rl is

hydr ogen, al kyl or al koxyal kyl, d-Cral koxy-CVC

c-al kyl, espedP@ |y 3-ne pyl; andPG is an am no

protecting group,\or a shlt threofH 2 conpound of

the formula VI 1| ﬁ@on. Aot O 9 h_tNH,nane
(2R, 3S, SS) 5-((1

39)-1Ry g - 3>nydr oxynet layl - 4- net h

pentyl) - 3- ' 2-[ 4- met hoxy- 3- (3

nmet hoxy- priopo dnyl ] pyrrolidine-1-carboxylic acid
tert - bROY er, a salt thereof. 2 1. A process

for the manufacture of a lactol of the fornmula X (XIV)
whergih ], R,randRG Breaasll daﬁwrfer asonipbthmﬁoh‘ the lformmm Hpio lamgt onk of claims

farmul a l.ll an
110 30 S bt 4, o 554 168150 bBp RIS obgile thefing™h 2 compound of
the faveiutl Xillngs sa\owmrm raum dnebf tihiend 29 ol bbyidductivar orehysleddgenolytic ring
her eof acc g one of 8..t0 20 at

t | ai
openfido g0 IRy BV 8 . fritfiaiel .l i8utath Zapverting an
obtaigé?t_a free m:lh'lgohﬁﬁ of th¥fornwinga X\rintB,a $ilt ca'ra]hl élﬁ?algab!e zsfalt into the free
efin nde a t ot
mm%f‘gﬂ?&ﬁgﬂr@ﬁ}aﬂ%rs gﬂxﬁ"gﬁ%lgﬁgﬁpft osgroduc:rgol act ol
o;tpeforrrulxax or a slal_t tgereof 22hAIactoI olfI
the fornmula X shown in claim21, qar r t
3. Apiess ot b8 i e chmanas o e @ROBRC " oy
or al koxyal kyl, preferabDp especial | y net hoxy;

"""" H\><H/NHZ
R,0

wherein R, R, and PG are as defined for a compound of the formula 11l in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, comprising opening the ring in a compound of
the formula X1l as shown in any one of claims 29 to 31 by reductive or hydrogenolytic ring
opening to a compound of the formula XIV, or a salt thereof, and removing the protecting
group PG; and, if desired, converting an obtainable free compound of the formula XV into a
salt or an obtainable salt into the free compound of the formula XV or a different salt thereof.

34. A process for the manufacture of a compound of the formula XV as shown in claim 31
wherein R, Ry and PG are as defined for a compound of the formula lil in any one of claims

1 to 3, comprising one or more, e.g. all of the steps of:

(i) the manufacture of a compound of the formula Il according to any one of claims 1 to 3, or
a salt thereof, the manufacture of a compound of the formula IV according to claim 5, or a

salt thereof, or



Rl is hydrogen, alkyl or al koxyal kyl, d-Cy-al koxy-CVC

c-al kyl, especially 3-nethoxypropyl; and PGis an
woaniorig13os ot ecti ng group, or a salt thereof.23PCNEPAWH0O)5370

of the formula X according to claim?22 with the nane

(2R, 3S, 55)-5-((2S, 4S)-5-_55._

hydr oxy- 4-i sopropyl -t et rahydro-furan-2-yl)-3-isopropyl

- 2-[ 4- met hoxy- 3- ( 3- net hoxypr opoxy) -

0 BN L A PR TS SRR P St eror

the nfaAUfAdiure bXa %Bmwauhmocthalfmraﬂa I\Wacardihgtorelaieud; aa i;a;tt thereof,
accept abl ein Ris hy

It th
the EPUEPIGR L RTPOULPERSIRYE & opodideisy CABHEL pLfogH thereot,
with tﬁsbrt%\o thitlinitise bastimgaRsterialk lant intermaddistsy af tn,el fornolil&e m and IV R,

o e e hceeBost S A L SEBE AR B84 1, o

salt tl?e‘}eofAfheathm&aréseﬂwaémﬁo@i‘d dfhige fopmional \allla$coadirey tdictegm 18, or a
aim24 with the

salt yepre BTN ApLIOKSIAT] BN JPrmLI DUPCRRYEiR0 IRV 2 a2 ot

theredf, ihembAafBithfost/a %c(o?ue@‘tﬁ@?b)’rﬂﬁl@méﬁdordmg to claim 26, or a salt
phenyl ] - 3-i sopr C Aaci

tnereh e BHOGPCRes B ComBncaing e SHoebidity Bk 79,0r 2 sa

therebh %%BHU@@&:% 8f @Eo:ﬂpb@rfd 6MBe thmﬁmﬁxf\mdﬁdl'cﬂnd% Mdilﬁf 82,1or a salt
and PG are as defi neg for a cggqound of th

therepg ,aﬁg, the denrotestionPegint ageor, ing;taglaim 33 1g a&P"}PQUB? \%We fgrmula

XV, d?'a"#aﬁ‘tﬁere@p BRE, if HEreaX bsHveting o cﬂﬂ@iﬁﬁlblé @reefcobrip@und of the formula
formula X as shown in clai acco

XV ingst a gpihpan obtaingblexsplkigtong ?ﬁﬁ&ﬁﬁ'&%'ﬁ ohBE oy KV 2 diferent
salt tidreéf. sal t thereof. 27. A conpound of the fornula Xl as
shown in claim26 wherein Ris hydrogen, alkyl or
al koxyal kyl, preferably G -C t-al koxy, especially

35. Arﬂ?%&%)écccr&gldgstor&’kéﬁrl@ﬁﬂheré|tlké|ﬂ|;orﬁ¢50@id‘df>tbf@fdfﬁhla X6
- especl a
(25, 45055 S5 L5 e (3 ArRT PPN DrOR A MR 2 IRAPEOs T {-t4-metho-

xy-3-(3-methoxypropoxy)benzyl]-8-methylnonanamide or a pharmaceutically acceptable salt

thereof, comprising using starting materials and intermediates with corresponding

substituents.

36. A process for the manufacture of a compound of the formula XVI,

R0

RO (XV1)
wherein R, R, and PG are as defined for a compound of the formula lll in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, comprising reacting a compound of the

formula IV,



28. A conpound of the fornmula Xl according to claim 27

wth the nane (2R, 3S, 5S)-3- isopropyl-5-((2S,
wWO028)6/1413080pr opyl - 5- oxo-t et rahydr o- f ur an- 2- yl ) PBTIEPQ60M5370

- 2-[ 4- et hoxy- 3- ( 3-

met hoxypr opoxy) - phenyl ] - pyr -@bi-di ne- 1- car boxyl i c acid

tert-butyl ester, or a salt thereof.29. A process for

t he manufacture of a conmpound of the forrmula X1,

wherein R Rl anFL G are as_defined for a conpound of

the formula I11 any one [

given in claim4, c I‘ISI reacti ng a conpound of

theforrrula Xl as defl neg ml&py one of clains 26 to

\Aﬁ% |t thereof W|th an am ne of the formnula
XI I

i f deS|red a P pro ectlng group then be renoved in
t he correspen

XI11), oRQ sal't théreof. 30. A conpound of the (V)
Wherforrrula Xl as shown in claim?29 wherein Ris

ffUrogen, al kyl or al koxyal kyl, preferably C
R is Rydragdm >a}kyl 65HRGyalKyl p@éﬂé@@& BLalkéxy) BepEGAaN, m@th&sw

R, isyaSS S BYISh Akl ey s LIk oy o s ste el Gmelipxvpropyt

R, istydfogedl &nd her eof . 31. A corrpound of the formula X1
.accordin o.claim30 with the na

PG i3 gp amig 8’3’% Ging QFWPG%QW&W?"“BY%% E)f gVB’é’%?I’ .91 lawer

alko@b@?bbnﬂl ﬁiﬁiﬁé‘i tepteiitostylcaboh§loer # B3t thereof, in the presence of an oxidant

A e A M

thereof. 32. A process for the manufacture or a
npoun f the formula XV, wherein Rl an PG are as

37. ARERRROF Hhe BARURRIMGY PO i orPbia KW amy one

of claims 1 to 3 or as gven in claim4, or a salt

t hereof , conprP&.ng opef ng the-fing in a conpound of

t he forrrula XI11 s sho n in ajy one of clains 29 to 3

1 by reductive or Nyd/re yiire rifg gopening to a

compound of the chmJI a XIV, or a salt thereof; and,

i f deR,bd, 2 g an obt ai nable free conpound of

theforrrul salt or an obtainable salt into

the free

RO (XVlI)
wherein R, R, and PG are as defined for a compound of the formula Il in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, comprising reacting a compound of the
formula XVI,

(XVI)

wherein R, R, and PG are as defined for a compound of the formula 1ll in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, first with with a reagent capable of activating
the carboxy group and then with a metallo-organic derivative of the formula VI,



conmpound of the forrmula XV or a different salt
thereof. 33. A process for the manufacture or a
wocompiswed of the forrmula XV, wherein R Rl an®#CPEPar06/005370
as defined for a compound of the formula I'll in any
one of clains 1 to 3 or as gjven in claim4, or a salt
t hereof, conprising opening the ring in a conpound of
the formula XI1l as shown in any one of clainms 29 to 3
1 by reductive or hydrogenolytic ring opening to a
conmpound of the fo a XIV, or a salt thereof, and
removing the protect]ng group PG and, if desired,
converting anHab{ai le@ree conpound of the formula
XV into a salt or~an obtainBhl e salt into the frqvn
ound of the fornula XV or a different s
wheraif bigthale prefarablyoehiare, brOMQ QrdodR AP L A °>9(‘ protecting group.
conmpound of the forrmula XV as shown in claim3 1
wherein R, RL and PG are as defined for a conpound of
38. Atcnerppondral Helfeimela Xyflly one of clains 1 to 3,
conprising one or nore,pe.g. all of the steps of: (i)
t he manuf act urRGof a co the formula I11
according to any\one of \clainsjl1 to 3, or a salt
t her eof of a tqQmpdlnd_of the fornula
IV accordlng to cIa|n1. or a sal't thEfeof, or(ii) the

manuf RGOUr e wound of the formula IVa accor di ng
to claim t he manufacture of a
conpound @ la IV accordi ng to claim9, or a
salt thereo anf act ure of a conpound of the (XVII)

forrruIaVaccordlngto claim 10, or a salt thereof, _
wherdih R) R, @dR®diesas tidsﬂﬁedlfar | b@mpbmd ofrthe fartreuta Uil is aay @ne of claims
I ae

i nternmedi ates of t |, and | j

110 3 RAean i AR £ B Ao Erbieilia 1 phd st thereor
VI according to claim 15, or a salt thereof, the
manuf act ur e of und of t

39. ARERGsS %W ?6“%’1“2?‘%\"%’ aocP"éPoé‘QP E 4l e%@a\o'
rmnufacture of a lactol of the fornul@HI X accordi ng to
claim2 1, or a sdP6G thereof he nuf acture of a

| act one of the fornu\a X accprdingf{to claim26, or a
salt .,

”
‘r

—

RO (Vh)
wherein R, R, and PG are as defined for a compound of the formula [ll in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, comprising reducing a compound of the

R,0

formula XVII as given in any one of claims 38 under stereoselective conditions and (partially)
deprotecting the resulting compound under removal of the hydroxy protecting group PT, or a

salt thereof.

40. A process for the manufacture of a compound of the formula XV,



t hereof, the manufacture of a conpound of the fornula

X1l according to claim?29, or a salt thereof, the
wonemwuBeot ure of a conpound of the fornula Xl VPATES2@WHAES370

to claim32, or a salt thereof, and the deprotection

t hereof according to claim3§gto a conpound of the

formula XV, or a salt thereof, and, if desired,

converting an obtainable free conpound of the fornula

XV into a salt or an obtgipable salt into the free

conmpound of the fornmula 3% di fferent salt

thereof. 35. A process afcordi

compound of the HolNmul.z

7S) - 5- ani no- N- (2- car bapoy! - Ipropyl)- - hydr oxy- 2
-isop e} o)

3-(3-net ho benzyl ] - 8- net hyl nonanam de or a
phar maceut conpri si ng
usi ng RO eriats and internediates with

correspondi ng substituents. 36. A process for the (XV)
whersaRIfRCindr RG Gire as defigealfioda abmipbend of tinelfarmOia JII inteeryaine of claims

1to :%?Brr %Qiggf? ]qu?iﬁ'lr incia;%o%it tb?r%gf fg&ﬁ)é)l‘lilﬂ? %R% %ggno% & QvaellnofI the steps
off claim4, or a salt thereof, conpr|3| ng reacting a

(i thgp@yyagpurglgﬁ%%gg{p%w o&hg;!/%rpggz? 5‘ 'n%wg'ﬁ?{;&e of claims 1to 3, or

a salethpaf ahé ynanetdoturg ;of Rlconpobydi bt)tjperformklkw aocording to claim 5, or a
salt t Irkow?al kyl, d-C T-al koxy-CVCc-al kyl, especially

’ 6xypropy|; R3 is hydrogen; and PG is an am no
(i) thprmﬁr&ﬁédtm@ af acctmpeemp e thad foymoladVva am:ordhbeo lblaim 8, or a salt thereof,

e R ERBE ST et e TS P 3P 15 By for o sa ereo,
the nwrﬁsazmcre ok compaxnd aﬂthethrrgnlae(Vaacmrpmg nol ctaim Bfeor a salt thereof,
with tfhe prov1so 2@4 in tRe seart? ng maIena[s and intermediates of the formulae Illand IV R3
is hydrogen, the manufacture of a compound of the formula XVII according to claim 37, or a
salt thereof, the manufacture of a compound of the formula VIll according to claim 39, or a
salt thereof, the manufacture of a lactol of the formula X according to claim 21, or a salt
thereof, the manufacture of a lactone of the formula X according to claim 26, or a salit
thereof, the manufacture of a compound of the formula Xl according to claim 29, or a salt
thereof, the manufacture of a compound of the formula XIV according to claim 32, or a salt
thereof, and the deprotection thereof according to claim 33 to a compound of the formula
XV, or a salt thereof, and, if desired, converting an obtainable free compound of the formula
XV into a salt or an obtainable salt into the free compound of the formula XV or a different

salt thereof.

41. A process for the manufacture of a compound of the formula XVIii,



37. A process for the manufacture of a conpound of the
formula XVII, wherein RR R and PG are as defined for
woaiadpwynd of the formula 11l in any one of eCaIERS00§/005370
to 3 or as givenin claim4, or a salt thereof,
conprising reacting a conpousg- of the fornmula Xvi,
wherein R, R and PG are as defined for a conpound of
the formula Il in any one of clains 1 to 3 or as
given in claim4, or a salt therqsﬁ, first wwth with a
r eagent capab“gGof acti vgH ng the carboxy group and
then with a netakl o-orgahi c dejivative of the formula
VI, wherein Hal is‘galo, ably chloro, brono or
i odo, and PT is a fydr 6t'®cting group. 38. A
conpoF?ﬁ of the fornul , Wherein R Rl and PG are
as deth ofpound of the formula Il in any
one of cl or as givenin claim4, and PT is
: j group, or a salt thereof. 39. A
or the manufacture of a conpound of the (XVIil)

wherelf D G G Pro Ao ps TP PO g (e i3y 0B of claims

1 to 3 6r a& diveraih qpimed) or a saltaheredf, compedsiagréactihg a@ofmpound of the
0 I sing reducing a conmpound of the fornmula XVII as

form@?%[‘ in any one of clains 38 under stereoselective
conditions and (partially) d
conpound under rer®@al of th
PT, or a salt thereof\ 40. A proces$s for the
manuf acture of a conpdimd.. o e formul a XV, wherein R
Rl and PG are as definged fpr a conpound of the fornula

11 in anR,ne ofsclate ¥ to 3 or asfgiven in claim
4, or a salt t nprising one or nore, e.g. all

E{qm ectj@H the resulting

of the steps qof d_manufacture of a conpound of
the fornulRQO'I | ~&Ccoreing™~o any one of clains 1 to ?(VIII)
or a salt thereof, the manufacture of a conmpound of
wheréih R, Ryramd| RG bké as defindidrfgr 4 compeind &, the formula 11 in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, by reductive or hydrogenolytic ring opening of

the pyrrolidine ring.

42. A compound of the formula XVIil,

R,0

RO (XVIII)
wherein R, R, and PG are as defined for a compound of the formula lll in any one of claims

1 to 3 or as given in claim 4, or a salt thereof.

43. A process for the manufacture of a compound of the formula XIX,



salt thereof, or (ii) the manufacture of a conpound of
the fornmula | Va according to claim@8, or a salt
woRherigof4 t he manufacture of a conpound of th&CTEPRAWEA5370
IV according to claim9, or a salt thereof, the
manuf acture of a conpound afgghe formula XVI according
to claim36, or a salt thereof, with the proviso that
in the starting materials and |nterned|ates of the
formulae Il and IV R3 is hydrogqg t he manuf acture of
a compound of|5§e formul a G\ at ﬁrdlng to cl aim 37,
or a salt ther t he mapiuf ac{ure of a conpound of
the fornula VIII cordirg to ¢laim39, or a salt
t hereof, the nanuﬁ¢ctU'e ) l'actol of the formula X

accor i@gto claim2 1 or a salt” reof, the
manuf 2”02 ctOne of the fornula X according to
claim 26, |p salt |t hereof, the manufacture of a

conpouné:i)h h la XIl11 according to claim?29, or
a sal tR ereof, the manufacture of a conpound of (XPO

or a XLV accordi o claim 32 _or
wherglR ¥ Fhand et Bfecim s e 2ol Ry gl 1} #hBhe of claims
to 3 o@ a§ gméaun diairh 41 bea talt thereof Xabmrisirey evadlizing lacsoagfound odithe formula
esired, converting an obtai nable free conpound of
XV'"'(he formJIa XV into a salt or an obtainable salt into
the free conpound of the fornula OM or a different
salt thereof. BGl. A pr debls t he manufacture of a
conpound of the Normul a p (XVI11) wherein R R
and PG are as defilNed...
I1l in any one of R aj

1 to 3™y as given in claim

4, or onprising fféacti ng a conpound
of the for wherein R, R and PG are as
defined fqg -onpo nd of the formula Il in any one
of cl aRo¥ given in claim4, or a sal

t hereof, by reductlve or hydrogenolytic ring opeélng
wherélh R, R; and PG are as defined for a compound of the formula 11l in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, to the lactol of the formula XIXI, or a salt

thereof.

44. A lactol of the formula XIX,

R,0

RO (XIX)
wherein R, R, and PG are as defined for a compound of the formula il in any one of claims 1

to 3 or as given in claim 4, or a salt thereof.

45. A process for the manufacture of a lactone of the formula XX,



the pyrrolidine ring. 42. A conpound of the fornula

XVILLE, (XVIT1) wherein R R and PG are as defined for
woaradpwend of the formula Il in any one of eCAIERB008/005370

to 3 or as givenin claim4, or a salt thereof. 43. A

process for the manufacturegf. a conpound of the

formula Xl X, wherein RR, R and PG are as defined for a

compound of the forrmula Ill in any one of clains 1 to

3 or as given in claim4, or a salt thereof

conpri sing OXiF%Zi ng a co i

(XVI11) wherei

conmpound of the fQnmul a

3 or as given in ¢Yain

asalt thereof, to the

Iactqk , or a“salt thereof. 44. A
| act o™ a XI X, whereiph R Rland PG are as
defined fqg gonmpoynd of the formula IIl in any one
of clai as given in claim4, or a salt

t hered?fO 457A process for the nanufacture of a (XX)

| act one of the fornul g XX where
wheraf i Rednd 510 &1e25 AURE [0S PHEPRITE Torula i gng RS of aims
1to 3er a8l gNerin Eidif 43 oPh sa tiErgeMcompiiding oXidizingra lactebbfithe formula

t hereof, conprising oxidizing a lactol of the formula

XIX, x| X, wherein R, Rland PG are as defined for a compound
of the formula Il in any Qne of @Hains 1 to 3 or as
given in clai @, or a sal eof, to a conmpound of
the formula XX, ® a salt/thergof.

3
”
‘,
’/\

RO (XIX)

wherein R, R; and PG are as defined for a compound of the formula lil in any one of claims 1

R,0

to 3 or as given in claim 4, or a salt thereof, to a compound of the formula XX, or a salt

thereof.

46. A lactone of the formula XX,

R,0

RO (XX)
wherein R, R, and PG are as defined for a compound of the formula lli in any one of claims

1 to 3 or as given in claim 4, or a salt thereof.

47. A process for the manufacture of a compound of the formula X1V,



46. A lactone of the forrmula XX, wherein R Rl and PG
are as defined for a conpound of the fornmula IIl in
woampe/iemw4of clainms 1 to 3 or as given in clai RCIHEPRI06805370
salt thereof. 47. A process for the manufacture of a
conpound of the formula XlI\,gdherein R, Rl and PG are
as defined for a conpound of the formula Il in any
one of clainms 1 to 3 or as given in claim4, or a salt
t hereof, conprising reactjng a conpound of the fornula
XX, wherein RP®L and P&Ere>a
of the fornula IN in an

of the formula X I1H X
procersOf 0 A
formul a PG are as defined
for a conp in any one of clains
1to RO~ a ' laim4, or a salt thereof, (XIV)
conprising one or nore, e.g. all of the steps of: (i)

wherdif R, Fﬁ%ﬁﬁm ufeeasJﬁef&\e@foUpi@ eohpofind ticthé dormuialil ilh lany one of claims
accordi ng to_any one clajns 1.to 3 r a salt

1 to For@seaiYen i IRaiT i of AcAtaeTP ZOwBRiBaTeAcho AroMmsRg L the

formdla/xxccording to claim5, or a salt thereof, or (ii)

t he manuf acture of a conpound of the fornula |IVa

according to c‘g, im8, or aO ereof, the

manuf act ur e of conpound/of the formula IV according
toclaim9, or a [t t
manuf acture of a
t her eP\,f10 accordin

eof , jand then a) either the
he, formula V, or a salt

RO (XX)
wherein R, R, and PG are as defined for a compound of the formula Ill in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, with a compound of the formula XIi,
XI,

H.N NH,

O (xin

or a sait thereof.

48. A process for the manufacture of a compound of the formula XV,

(Xv)



to claim110, the manufacture of a conmpound of the

formula VI1, or a salt thereof, according to claim15,
woanw/B3hw4 manuf act ure of a conpound of the for RUTAPUOBI05370

or a salt thereof b) the manufacture of a conpound of

the fornmula XVI according tgsl aim36, or a salt

thereof, with the proviso that in the starting

materials and internedi ates of the fornmulae |11 and IV

R3 i s hydrogen, themaufactureo n
wherdio B SHSIE SR AIRG 1ch Eopavor tas Fathely (1 oy 8 of claims
1 to 381 hsidienTRIHIMGYE, OF 8 st tiereSfTBOMPAsIAg ohder frorend.g aldfithe steps
~according to claim39, followed by the manufacture,
of froma compound of the fornmula VI1l, or a salt

(i) thet ﬁgﬁﬁg&ur@@ﬂé‘b&ﬁb&ﬁda&Qﬁé tirRtid o a\b@bm@ todanynevafidlaiing 1 to 3, or
a conpound of the formula XVIII sal t .t hereof

a saltdaesept theymepufartirepla eompawndheiie e Roaccercia i fa 5. or

salttr@creéthrfor”w a XIX, or a salt thereof, accordi ng to
claim 43, the manufacture of a compound of the

(i) thegrangfackira af & COMBPLGH Of HEdBRTHIALA BoRArSInHo|63 fleor 3 &5 tereor,

the nﬁﬁPﬁ‘é ERFL Bf 8 c@rﬁ'upéuﬁ@mﬂé fsknitfla \&cdopding trclXiny/9, @ a galt thereof,
t thereof, according to claim47 and the

and thrfpr ot ecti on t hereof according to claim33 to a
aF FROURE ndnurdt@urb U B npOYlind ¥ thie Pfhlilat\V) @ @falt tAévaof, iakcording

desired, converting an obtainable free co

f do miaina 1Rthefenufacturer of & cappund Af ﬁ%f%mggp‘? 'u%ﬁgsaétﬁgemf

frf eo.emgnetmans BRE tHOmBRIRCRNE 681 a BopblirRf 6fithe Sérhiula VI, or a
t her eof . . A process for the manufacture of a

c@ﬁﬁéhLﬁﬁOfof the forrmula XXl ,wherein R, Rl and PG are

t>)a~°théJI Rian0RRre bf é CSH@SBQH@Qf ok foisuld SVIMHEGording o @1am @Bgor a salt
lains 1t or g_‘venln claim4 and

hyl@@rggfy wﬁhélp%gquw tgatdg, e gjartingdmaterials apd g?terna%(;ladtes of the
Hrgrgpékgllpénot Rer§ @H%ﬂd@e}ﬂ(l ﬂhe rﬁé}ﬂff&ttﬂre%f atompslindCef Eﬂliééformula

I ned for a conpound of the formula XXl and_PT
a XVIi according to claim 37, or a salt thereof, and the manufacture of a compound of

the formula Vil according to claim 39,

followed by the manufacture, from a compound of the formula VIli, or a salt thereof,
obtainable according to variant a) or variant b) a compound of the formula XVIIl, or a salt
thereof, according to claim 41, the manufacture of a compound of the formula XIX, or a salt
thereof, according to claim 43, the manufacture of a compound of the formula XX, or a salt
thereof, according to claim 45, the manufacture of a compound of the formula X1V, or a salt
thereof, according to claim 47 and the deprotection thereof according to claim 33 to a
compound of the formula XV, or a salt thereof, and, if desired, converting an obtainable free
compound of the formula XV into a salt or an obtainable salt into the free compound of the

formula XV or a different salt thereof.

49. A process for the manufacture of a compound of the formula XXI,



hydr oxyl protecting group, by reductive or
hydr ogenol ytic ring opening. 50. A conpound of the
woRerrmalam4 XXl , wherein R RL and PG are as defi REWEPA06/805370
conmpound of the formula | in any one of clains 1 to 3
or as given in claim4 and_gj.i s a hydroxy protecting
group, or a salt thereof, or prefer ably wherein PG =
benzyl oxycar bonyl and PT is benzyl or wherein PGis
hydrogen and PT is benzyl, and R(ﬁquRl are as defined
for a conpoun\c}D f the fobppla I “fahy one of clainms 1
to 3 or as gi \{n cl ai of a salt thereof,
respectively. 51. the nmanufacture of a
conpound of the f A whet
def i ned for a conpound of the formula I11 in any one

of cl &4 3 xS given in cllaim4, or a salt

thereof nore, e.g. all of the steps
ét : e of a conmpound of the formula

III acB6rding to any one of clainms 1 to 3, or asalt(XXI)

t hereof, the manufacture of a corrp? he fo

whergiryRa Re 8hd PRyaeRscdefingdl for 3, pormpund;o

to 3 ot € g%ﬂ‘iﬁ éﬁh\‘ﬂ%n@@ﬁus@ﬁ%@%r@fecﬁrﬁ‘@gh&bﬁﬁﬂ asdlVthereof, to a
acc (i]tocalmS or a salt thereof, the

compgundipiibe ierawa VH. conpound of the fornula IV according
toclaim9, or a t hereqhy t nuf acture of a
compound of the fma V, ¢ a sajt thereof,
according to claim 10,Nthe e @f a conpound

of the fornula VIl, or: a“s@lt ‘ - acpqrding to

cI al m 15, §e rranuf acture of a compound of the fornula
or aRs ~&ccording to claim49, the

rranufacture of npou d of the formula XVIII, or a

salt thereof , Ry deprotesti on under renoval of t he

hydr oxy prR®Pecting group PT, the manufacture of a (Vi)
ound f the f

oo B s e AL ol i b AR g T 0
hydronlI &B@cﬁr@f dhalp, by reductive or hydrogenolytic ring opening.

50. A compound of the formula XXI,
O-PT

(XX1)

#'PI%FCEB’F a |dP a(il‘/ Ofe 0f claims 1

wherein R, R, and PG are as defined for a compound of the formula I in any one of claims 1

to 3 or as given in claim 4 and PT is a hydroxy protecting group, or a salt thereof, or prefer-

ably wherein PG = benzyloxycarbonyl and PT is benzyl or wherein PG is hydrogen and PT is
benzyl, and R and R, are as defined for a compound of the formula l in any one of claims 1

to 3 or as given in claim 4, or a salt thereof, respectively.

51. A process for the manufacture of a compound of the formula XV,



XX, or a salt thereof, according to claim45, the

manuf acture of a conpound of the fornmula XIV, or a
wogelet13t3eer eof , according to claim47 and the PCT/EP2006/005370

deprotection thereof according to claim33 to a

conmpound of the fornmula XV,-gy-a salt thereof, and, if

desired, converting an obtainable free conpound of the

formula XV into a salt or an obtainable salt into the

free conpound of the forgula XV or a different salt

t hereof. 52. A process f syfanuf acture of a

conpound of the fornula

are as defined fldjNa ¢ My in

any one of clains 1 aim4, or a

salt Rh©reg L g reacting a conpoupd of the

formula X R and PG are as defined for a
compound la Il in any one of claims 1 to

3 or RO ' im4, or a salt thereof, under (XV)

reductive or hydrogenolytlc ring opening. 53. A
wher¢m R;Ra&nﬂcﬂe hiecaswefined dorua eornpoundeafithe torchuls 1litih@ny one of claims

1 to SRR Biode bR 4t ERPighgal® of FergEa iordhe steps
off 3 or as given in claim4, or a salt t her eof
o SRR LeCERa e Y Sl R Byt e 1103, or

a saltaheredf]i ltmrgm‘aoufanmre) pka cdbmpbandref the fan®ija B agrosdihg to claim 5, or a

t her t he manufacture of a conmpound of the fornmula
a'“'?eve%feeordl ng toclaim5, or a salt thereof, or (ii)
(i) thé heantantira©of Broempbuad obtnedomiblaiVa aca:ofdjngrtd dainvg, or a salt thereof,

o mRRARGLS B b SoFoAL sl oSBT b crg gt ot

the maaufaciiréoPa compaursdibt the iemmmdd V, or a salt thereof, according to clalm 10, the
manufacture of a compound of the formula VI, or a salt thereof, according to claim 15, the
manufacture of a compound of the formula XXI, or a salt thereof, according to claim 49, the
manufacture of a compound of the formula XVIII, or a salt thereof, by deprotection under
removal of the hydroxy protecting group PT, the manufacture of a compound of the formula
XIX, or a salt thereof, according to claim 43, the manufacture of a compound of the formula
XX, or a salt thereof, according to claim 45, the manufacture of a compound of the formula
XIV, or a salt thereof, according to claim 47 and the deprotection thereof according to claim
33 to a compound of the formula XV, or a salt thereof, and, if desired, converting an
obtainable free compound of the formula XV into a salt or an obtainable salt into the free

compound of the formula XV or a different salt thereof.

52. A process for the manufacture of a compound of the formula XiX,

(XIX)



t he manufacture of a conmpound of the fornmula V, or a

salt thereof, according to claim 10, the manufacture
woapocastwspound of the forrmula VII, or a salt POEERAF0H/005370

according to claim15, the manufacture of a conpound

of the formula VII1, or a sa$g-thereof, according to

claim 18, the manufacture of a conpound of the fornula

X, or a salt thereof, according to claim2 1, the

manufact ure, of a nd_of th Qr .
wher SR, o 15 3re & SPRAO 2 mbPinel ¥ kbl v B o gng or ciims 1
to 3 & ssaEeLindliaih 4 beafsalt thdreofX¥omprisieg eicting A epmpbund of the formula
X according to claim45, the nanufacture of a compound

* of the formula XIV, or a salt thereof, according to

claim47 and the deprotection thereofOBccording to
claim33 to a conp@Gnd of the )
thereof, and, if desiXxed,
free conpound of the fNraule XV into a salt or an

obtai nabl e salt into tthe ffee conmpound of the fornul a

XV or a diRDerepisa theteof. 54. Afprocess for the

manuf act ure of npourfd of the formlla XX, wherein

R, Rl and PG def ilned for a conpound of the

formula 1RGN laims 1 to 3 or asgivenig(
claim4, or a salt thereof, conprising reacting a X)
wher€ia R PRhd PG tahead definddfoxh combpeursd of tha férarutaillbin ¥ngode of claims

| R .R and .PG are a efiped for a.co und of the.

110 o 38 95en BRI e S Pehl Saq gt TR RiioaBhondiiing

openiigai m 4, or a salt thereof, under reductive or
hydr ogenol ytic ring opening. 55. A process for the
manuf acture of a conmpound of the fornula XV,

53. A(pfaedsdoetine ranuRictamrecof BEampouns of & foedutbotv,a conpound
of the formula Il in any,pne of clains 1 to 3 or as
given in claimd4, or a sy 3 conpri sing one or
nore, e.g. all of the st [

a compound of t hid,Nor. ne of
clains 1 to 3, or
,0
RO (XV)

wherein R, R, and PG are as defined for a compound of the formula lif in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, comprising one or more, e.g. all of the steps
of:

(i) the manufacture of a compound of the formula 11l according to any one of claims 1 to 3, or
a salt thereof, the manufacture of a compound of the formula IV according to claim 5, or a
salt thereof, or

(ii) the manufacture of a compound of the formula IVa according to claim 8, or a salt thereof,
the manufacture of a compound of the formula IV according to claim 9, or a salt thereof,

the manufacture of a compound of the formula V, or a salt thereof, according to claim 10, the
manufacture of a compound of the formula VII, or a salt thereof, according to claim 15, the
manufacture of a compound of the formula VI, or a salt thereof, according to claim 18, the
manufacture of a compound of the formula X, or a salt thereof, according to claim 21, the

manufacture of a compound of the formula XiX, or a salt thereof, according to claim 52, the



a salt thereof, the manufacture of a conpound of the
formula IV according to claim5, or a salt thereof, or
wOo@2pi6jy13139¢ nmanuf act ure of a conpound of the foPGUIER2(10¢/£05370

according to claim8, or a salt thereof, the

manuf acture of a conpound ofethe fornmula |V according
toclaim9, or a salt thereof, the manufacture of a
conmpound of the formula V, or a salt thereof,

rendBEB ) A8 o SR Bl £ O i 1.

manufhcture 45 carhpourdmffthe farmalaoXiVa oca spib thedeaff acdoedinhg tartibian 47 and

VI, .. t th f . di { ' 8
tne ofilteyb ferSdcr AT BLsaPR i Stap L Tfe Kyl or a san
therebf) andpif desitel) convegtingoare biatiamaBlelfreet duenpoamdfad theifoemaola XV into a salt

C ound of .the formula Xl r, a.sal ereq
or angbipeR gL e e Fre e g G Pilee g B & Wiarg ol thereor.
of the formula XX, or a salt thereof, according to
claimb5b t he nyf acture of a c ound of _the formula
54. AprGogis T3t 0 roREH LG o SERrDRUPHE B0 RV SS and t he
deprot ecti on thereof acc;{ﬂ ng toOclaim33 to a
conpound of theGformula
desired, convertimg an obfai najl e free conpound of the
formula XV into a Malt. of \an obtainable salt into the
free conpound of t'fie f XV'oy a different salt
there®,05 Q >’ for the mafjufacture of a
conpound o la XXI1I, (XXIIl) wherein R Ri
and PG are fingd for a conpound of the formula
11T 1 nRTY 5 1 to 3 or as given in clgyn4
and Rx is Rx is hydroxy, protected hydroxy, am no
wheréin®] RGnaHRG 2réCab\bifinent fona Talripotiinb ofetbe forrauig i iniamy one of claims
eacti.ng a co und of. .the fornul.a V. wherein R a
110 554 GV P ARTE S it Gl SP T d HRRG it F he
formdd Xil,s hydrogen, or a salt thereof, with a conpound of
the formula XXI'1, wherein Y is Ph3P+ ar (Al kO 2P(O
wherein Alk is alkp;b, e.g. G-C @I, and Rx is

hydr oxy, \

R,O

1

.
:"
//-\

wherein in formula X and XI R, Ry and PG are as defined for a compound of the formula lll
in any one of claims 1 to 3 or as given in claim 4, or a salt thereof, under reductive or
hydrogenolytic ring opening.

55. A process for the manufacture of a compound of the formula XV,

(Xv)



protected hydroxy, am no or NH CH2C(CH3) 2- CONH2. 57. A
conpound of the formula XXI1l, (XXIIl) wherein R, Rl

woanw/BGoare as defined for a conpound of the POTMFRREG6/005370
'l in any one of clainms 1 to 3 or as given in claim4
and Rx is Rx is hydroxy, pr.gjgected hydroxy, am no or
NHCH 2C(CHa) 2- CONH2, or a salt thereof. 58. A process
for the manufacture of a conmpound of the fornula

whercio R Bait 61O 215225 REA 013 FOTROA, JRE BT Wi gmy opgof olaims

1to 3%r‘Hs gherGih \eRiimi4) of haamtrerasid coipiisindipale oxsnorenfecd. alitof the steps
hydr oxy, am no or NH CH2C(CH3)2- CONH2, or a salt

oft thereof, conprising reacting a conpound of the fornul a
Q) th%hhufaé‘l%r@bf"é:—‘eomﬁoéﬂ@éfffhéﬁ)erra 2| ai:@bﬁdld@lerqunewﬁdums 1t0 3, or

reducti ve or hydrogenol yt
2 sallSbergat e BANIEII LA CRRRITA Ol iHe FITTHIANY 26COiie [SceiaimyS. or
salt tifstedtehs ned for a conpound of the fornula Il in any

one of claims 1 to 3 or iven and
(i) the grerlapturg oba cemBaURY 8 Beyortaie N 6@%@!‘@&6{"@%)‘2’ a Salt thereof,

the mgmé%turé’ bf ﬁ&ﬁbbuﬁ&‘&f Beffornfila I\Pacib’oﬁﬁﬁg?&) élaim 9 her a salt thereof,
manuf act ure of a conpound of the for

the marsdpsives ef & campRINGALthedorEIUR YeSes prihtheract, acgogtinpio M 10. the

manlﬂéct&r@%ffa%mﬁo@nb lok tHenfoﬂ’HMaQnB oPAh sélt ﬂ’idi&oﬂa&dbre’ﬁn@ to élaim 15, the
iven in claimd4, a salt thereof

manufagleriafg TRMBE R BTN ibrh SSGPGOTRSEPIENg (R 18. the
mamﬁﬁurp RGfal dnipouri8 iof ﬂ@fofrﬁﬁla@( ‘“096'[%@“ Tﬁlﬁbr@f)f bb@rﬁmgwb@m 21, the

in any one of clains ven [ cI ai 42
manufa@iuROf aCORRAUAL Pf tfmfeff@e'?éﬂ Wij?%&‘}?ef g'to Glaim 26, the
mand?‘k%ﬁéﬁ&(a%ﬂp%hn@@"ﬁ?e fofthuld >o@ldr atdagntesreof, uadﬁﬂlnglt@glalm 53, the

manufacture %a compound of the formula XIV, or a salt thereof, according to claim 47 and
the deprotection thereof according to claim 33 to a compound of the formula XV, or a salt
thereof, and, if desired, converting an obtainable free compound of the formula XV into a salt
or an obtainable salt into the free compound of the formula XV or a different salt thereof.

56. A process for the manufacture of a compound of the formula XXIl,

R,0

RO (XX
wherein R, Ry and PG are as defined for a compound of the formula Il in any one of claims
1 to 3 or as given in claim 4 and Rx is Rx is hydroxy, protected hydroxy, amino or NH-
CH,C(CH,;)-CONH,, or a salt thereof, comprising reacting a compound of the formula V,



61. manufacture of a conpound of the formula XV,
wherein R, R and PG are as defined for a conpound of
woRhes/Baosul a 111 in any one of clains 1 to 3 BCTAR2006/005370
given in claim4, or a salt thereof, conprising one or
nore, e.g. all of the steps.gf. (i) the manufacture of
a conpound of the formula |1l according to any one of
clains 1 to 3, or a salt thereof, the manufacture of a
conpound of the formula IV according to claim5, or a
salt thereof, or (ii) PGe manuf d&dt ure of a compound of
the fornmula | Va accordinb\to clajjm 8, or a salt
t hereof, the manufacture dia.eonpeund of the formul a
IV according to claim9, gr a alt thereof, the
manuf acture oR.©@ coppQund qf +he fornmula V, or a salt
t her eof , accor&ing ' t he manufacture of a
conmpound of the faq , or a salt thereof,
according to crR@ m 5¢; G facture of a conpound )
of the formula XXIV, or a salt thereof, according to
wheréh®, IR, 38d R areahdéfiredungeoformulad iroamylalydvet drel Rois fygen, or a
'#é, gr.ﬁ sal t thgrg f,f accor. \Eg to claim60 the
salt therrek with gmaeuRd ﬁﬁ%ﬁﬂﬂ“g e fornula XIV, or a
salt thereof, ac ing to claim47 andt he
deprotection theredf according to claim33 to a
conpound of tke fodnula RX, or a salt thereof, and, if
desired, convertyhg obt ai nabl e free conpound of the
formula XV into a sallt or an obtainable salt into the
free compound of theYornmula XV or a dif f(XXéiht salt

thereof. 62. A pr ss far the uf act ure :
wnerb S8 e 55 RS Lo B S8 U EaRl B s oy
proteated Hydroxy Caramo @ NHEH ,C(@HA-coMpnd of the formul a

I'l'l in any one of clainms 1 to 3 or as given in claim

4, or a salt thereof, conprising reacting a conpound
57. AdontgtRintl @ thel farnvlith XX,

RO

RO XX
wherein R, R, and PG are as defined for a compound of the formula ill in any one of claims
1 to 3 or as given in claim 4 and Rx is Rx is hydroxy, protected hydroxy, amino or NH-
CH,C(CHs),-CONHj,, or a salt thereof.

58. A process for the manufacture of a compound of the formula XXIV,



wherein R, Rl and PG are as defined for a conpound of
the formula Il in any one of clainms 1 to 3 or as
wogbosan1iom cl aim 4 and PT is a hydroxyl protecPCRgP2006/005370
group, or a salt thereof, by reductive or
hydr ogenol ytic ring opening-@0-the pyrrolidine ring.
63. A process for the manufacture of a conpound of the
formula XV, (XV)wherein R, R and PG are as defi ned
for a conpound of tpg formula Il in any one of clains
1to 3 or as given |n\ela|n14 or a salt thereof,
conprising one or nore, NE- 0. @ of the steps of: (i)
the nmanufacture of a coypound ¢f theformula 111
according to any one of: _ets 5} or a salt

t her eof, pound of the fornula
Y acqqr(gl thereof, or (ii)

t he manlif ay 3 corrpound of the formula IVa
accordi ng Al or a salt thereof, the

manuf a

Sound of the formula IV accor di n%
toclaim9, or a salt thereof, the manufacture of (&XIV)
whe@mmogn&\@ﬁetsr@ aEQfe‘ﬁHé@on'a Qmpufalok tﬂéﬂf%;rﬁelé Ill in any ope of claims

accor to claim1l manuf acture o J' oP
1to gor ap Q"fﬁbr"hﬁllaﬁn diand %Y'S@YQ@IXY nrﬁ@p@@'fhydmwmlwrtw* CH,C(CH;)--
Co%ab‘r% an th%l‘b?g,l iLer(%‘]o gcmgc%r mw]?’o&g a| m EJWL'aaS given in
clalmrﬁﬁmr@cftqirtbe"@pf amé@mseguﬁtu/e&r fwﬁ@gtemlm @ngppening. a

salt thereof, according to claim43, the manufacture

of a co ound of the fornmula XX, or a salt thereof,
59. Aa@@”ﬁp‘éﬁ'ggofttbeﬁquulﬂﬁwthe manuf acture of a compound

of the fornula XIV,pgr a salt thereof, according to

claim47 and the deprl\t ection thereof according to

claim33 to a conmpoundgf the rmul a XV, or a salt

thereof, and, if desired; convertinggan obtainable

free conmpound of the fagpsa ' salt or an

obtai nable salt into the free cofpound of the fornula

XV or @(ﬁiff ent_sal t Jthereof. O

RO (XXIV)
wherein R, R, and PG are as defined for a compound of the formula lil in any one of claims
1 to 3 or as given in claim 4 and Rx is hydroxy, protected hydroxy, amino or NH-CH,C(CHs),-
CONH,, or a salt thereof.

60. A process for the manufacture of a compound of the formula XX,




64. A process for the manufacture of a |actone of the
formula XX, wherein R, Rl and PG are as defined for a
woceeospawed of the forrmula |11 in any one of cl BCTHEP2006/005370

3 or as given in claim4, or a salt thereof,
conpri sing oxidizing a conpedid of the formula
XVITLH, (XVIT1) wherein R, RL and PG are as defined for
a conmpound of the formula Ill in any one of clainms 1
wher‘éﬂ‘n R, R aR$PE éf@"és' defifb@ ¥dP Aoonoud it te oRALRAAN i in Sﬁy SREOf claims
| actone of the fornmula XX, or a salt thereof
1 to 3 opas given it claifa 4@ salk theFeof gromprisingreasingo? C@m@ound of the
formb@nva XV, wherein R Rl and PG are as defined for a
conpound of the forrmula Il in any one of claims 1 to
3 or as given in clBSm 4, or a salt thereof,
conprising one or nore\ e.g.~all-of the steps of : (i)
the manufacture of a cddpound ¥f the formula |11
according to any one of: ¢lainsll to Rx or a salt
thereof, the manufactur€ of~&" compound of the fornul a
IV ac ordl ng to claimy, or a sallt thereof, or (ii)
t he 8 S a_ebnpound of Qhe fornula IVa
accordi ng A or a salt thereof, the
manuf act ure a cowpound of the formula |1V according
to claR@o, hereof, the manufacture of néxy)

conpound of the fornula V, or a salt thereof,
whergincR,Ri 3nfl PG ase a5 diefited far@ Gemmeuag of the fefmua dib inine of claims

1to @Br 5@ gw&ﬁ in&ihitn ¥lahd Fis %yﬁ@k; drBl@Et%@fhyd?B%? érﬂln@%rtm—l CH,C(CHa)-
t he manuf acture conpound “of formul a

CONkVI q>r|a S%‘rthﬁreé’él%“dﬁhEF%QPe"'ﬁ%cor ding to claim62, the
manuf acture of a conmpound of the fornmula XX, or a salt
thereof, according to claim64, the manufacture of a

61. masmalvg obe qompaupd fithe ]RMulagV.a salt t her eof

according to claim47 angyy
H
""" N\>§]/NH2
R,0

wherein R, R, and PG are as defined for a compound of the formula Il in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, comprising one or more, e.g. all of the steps
of:

(i) the manufacture of a compound of the formula 1l according to any one of claims 1 to 3, or
a salt thereof, the manufacture of a compound of the formula IV according to claim 5, or a
salt thereof, or

(ii) the manufacture of a compound of the formula IVa according to claim 8, or a salt thereof,
the manufacture of a compound of the formula IV according to claim 9, or a salt thereof,

the manufacture of a compound of the formula V, or a salt thereof, according to claim 10, the
manufacture of a compound of the formula XXIll, or a salt thereof, according to claim 56, the
manufacture of a compound of the formula XXIV, or a salt thereof, according to claim 58, the
manufacture of a compound of the formula XX, or a salt thereof, according to claim 60 the
manufacture of a compound of the formula X1V, or a salt thereof, according to claim 47 and



t he deprotection thereof according to claim33 to a
conpound of the fornula XV, or a salt thereof, and, if
wode®iBed4 converting an obtai nabl e free conpoea@EPFR00GHES370
formula XV into a salt or an obtainable salt into the
free conpound of the formula’7XVv or a different salt

t her eof .

the deprotection thereof according to claim 33 to a compound of the formula XV, or a salt
thereof, and, if desired, converting an obtainable free compound of the formula XV into a salt
or an obtainable salt into the free compound of the formula XV or a different salt thereof.

62. A process for the manufacture of a compound of the formula XVIil,
OH

(Xvi
wherein R, Ry and PG are as defined for a compound of the formula Il in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, comprising reacting a compound of the

formuta VI,

(Vi)
wherein R, R, and PG are as defined for a compound of the formula Il in any one of claims
1to 3 or as given in claim 4 and PT is a hydroxy! protecting group, or a salt thereof, by

reductive or hydrogenolytic ring opening of the pyrrolidine ring.

63. A process for the manufacture of a compound of the formula XV,
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wherein R, R, and PG are as defined for a compound of the formula lil in any one of claims
1 to 3 or as given in claim 4, or a sait thereof, comprising one or more, e.g. all of the steps
of:

(i) the manufacture of a compound of the formula Ill according to any one of claims 1 to 3, or
a salt thereof, the manufacture of a compound of the formula IV according to claim 5, or a
salt thereof, or

(ii) the manufacture of a compound of the formula IVa according to claim 8, or a salt thereof,
the manufacture of a compound of the formula IV according to claim 9, or a salt thereof, the
manufacture of a compound of the formula V, or a salt thereof, according to claim 10, the
manufacture of a compound of the formula VI, or a salt thereof, according to claim 15, the
manufacture of compound of the formula XVIiI, or a salt thereof, according to claim 62, the
manufacture of a compound of the formula XIX, or a salt thereof, according to claim 43, the
manufacture of a compound of the formula XX, or a salt thereof, according to claim 45, the
manufacture of a compound of the formula X1V, or a salt thereof, according to claim 47 and
the deprotection thereof according to claim 33 to a compound of the formula XV, or a salt
thereof, and, if desired, converting an obtainable free compound of the formula XV into a salt
or an obtainable salt into the free compound of the formula XV or a different salt thereof.

64. A process for the manufacture of a lactone of the formula XX,

R,0

RO (XX)
wherein R, R, and PG are as defined for a compound of the formula Ill in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, comprising oxidizing a compound of the
formula XVIli,
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(Xviin
wherein R, Ry and PG are as defined for a compound of the formula lil in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, to the lactone of the formula XX, or a salt

thereof.

65. A process for the manufacture of a compound of the formula XV,

NH,

(XV)
wherein R, Ry and PG are as defined for a compound of the formula i1l in any one of claims

1 to 3 or as given in claim 4, or a salt thereof, comprising one or more, e.g. all of the steps
of:

(i) the manufacture of a compound of the formula lll according to any one of claims 1 to 3, or
a salt thereof, the manufacture of a compound of the formula 1V according to claim 5, or a
salt thereof, or

(i) the manufacture of a compound of the formula IVa according to claim 8, or a salt thereof,
the manufacture of a compound of the formula 1V according to claim 9, or a salt thereof, the
manufacture of a compound of the formula V, or a salt thereof, according to claim 10, the
manufacture of a compound of the formula VI, or a salt thereof, according to claim 15, the
manufacture of compound of the formula XVili, or a salt thereof, according to claim 62, the
manufacture of a compound of the formula XX, or a salt thereof, according to claim 64, the
manufacture of a compound of the formula XIV, or a salt thereof, according to claim 47 and
the deprotection thereof according to claim 33 to a compound of the formula XV, or a salt
thereof, and, if desired, converting an obtainable free compound of the formula XV into a salt
or an obtainable salt into the free compound of the formula XV or a different salt thereof.



