WD 2006/ 131304 PCT/ EP2006/ 005370 -1- Organic Conpounds Field of the

I nvention The invention relates to a novel process, novel process steps and
novel internediates useful in the synthesis of pharmaceutically active
conpounds, C y renin inhibitors. Background of n Renin
passes froXﬁfﬁﬁ&kﬁg%eys into the bl ood where it affects£$ﬁ£b%%§@§gge of

angi ot ensi nogen, releasing the decapeptigde angiotensin | which is then
cleaved in the lungs, the kidneys and other organs to formthe octapeptide
angiotensin Il. The octapeptide increases blood pressure both directly by
arterial vasoconstriction and indirectly by liberating fromthe adrenal

gl ands t h&rgani¢ Gempeundset ai ni ng hor none al dost erone, acconpani ed by an
increase in extracellular fluid volume which increase can be attributed to
the action of angiotensin 11. Inhibitors of the enzymatic activity of renin
| ead to apFdkfsahé MRentidbnt Ne formation of angiotensin I, and consequently a
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was rmade to convert thi
of angiotensin I, and consequently a smaller amount of angiotensin Il is produced. The

reduced concentration of that active peptide hormone is a direct cause of the hypotensive

effect of renin inhibitors.

With compounds such as (with INN name) aliskiren ((2S,48,58, 7S)-5-amino-N-(2-carbamo-
yl-2-methylpropyl)-4-hydroxy-2-isopropyl-7-{4-methoxy-3-(3-methoxypropoxy)benzyl]-8-
methylnonanamide), a new anti_hypertensive 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 allow 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 | given below, an attempt was made to convert this



WO 2006/ 131304 PCT/ EP2006/ 005370 -2 group into a group other than hydroxy,
especially a | eaving group such as halo, e.g. chloro or iodo, or a

sul fonate of organic sulfonic acids, e.g. nmethane sul fonate (nmesyl ate) or

t ol uol sul f ylate), in order to facilitate the reductive process.
However , W%@gh&goé conpounds were not obtai ned. InstEQB’EBWOWWé?"'@em red
conpounds of the formula Il PG OR2 X Rio RO (Il) (which then,
according to the original intentions, ¢éuld have been reduced to a
correspond- ding conpound wherein instead of X a hydrogen atomis present)
wherein R Rl, R2, R3 and PG are as defined for a conpound of the fornula I
bel ow andgmup int@aa graupotiodritiean hydeoxy, éspeciabya leasipg gralpl sych ab dale| eug. dri@uapr such
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synthesis for aliskiren and relf@Bed g ounds. Detail ed Description of the
Invention In a first and very rpl evant 2aspect, the invention relates to a
process for the manufacture ofHM, cewpound of the formula I, PG OR2 3

Rio RO(lIIl) wherein Ris hg(drogn &Ryl or al koxyal kyl ;

)

(which then, according to the original intentions, could have been reduced to a correspond-
ding compound wherein instead of X a hydrogen atom is present) wherein R, R,, Rz, R; and
PG are as defined for a compound of the formuia | below and X is a group other than
hydroxy, especially a leaving group such as halo, e.g. chloro or iodo, or a sulfonate of
organic sulfonic acids, e.g. methane sulfonate {mesylate) or toluclsulfonate (tosylate),
pyrrolidines of the formula Ill given below are obtained in high yield as single enantiomers,
with the stereochemistry as indicated below. This surprising finding was then utilised in a
totally new route for the 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 i,

R,0

RO (i

wherein

R is hydrogen, alky! 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



R, is hydrogen, alkyl or al koxyal kyl; R2 is hydrogen or preferably a

hydr oxyl protecting group; R3 is hydrogen or unsubstituted or substituted
al kyl ; and WD 2006/ 131304 PCT/ EP2006/ 005370 -3 PG is an anm no protecting
group, espgsd e renovabl e by hydrolysis, e.g. |lo rbonyl ,
such as te?‘tm- h‘%%églbgarbonyl or benzyl oxycarbonyl; or amg(;/?@t"ﬁﬁzq&e’%?; said
manuf acture conprising (preferably cons_i3s‘ti ng in) reacting a conpound of
the formulal, PGOR2Z HOR3 R o RO (lI) wherein R R, R2, R3 and PG are
as defined for a conpound of the fornmula Ill, with a rea- gent able to
transform_(here especially benzylic) hydroxy (especially the one bound by a
waved bonHGiiman ariRg RIOIEptiRtheeUN qSpptially ong refpevabifaly RydEIvsis £4- lavatpor ari | y
present | Bidgxychibsiy! é&h%sqmﬁﬁ%ﬁfonylfb?béﬂy érbényRs Mentioned above in
the reaction mxture before ring formation'takes place) where X is a group
ot her thaﬁ”ﬁhﬁlﬂbﬁvoﬁr hydr ogen, especially a |eaving group. These conpounds
of fornmula (1) that are used as starting materials. These are accessible
using a synthesis starting from (Sa] pyrogl utam c acid. Reference is made to
PCT appl i &aid manufaplypeenerisingiprelprably CRR¥SIAB iMni no deri vatives of such
conpounds are prepared that can be converted into the respective am no

al cohol by hydrogenation or reduction. A reagent able to transform hydroxy
into X pr@ﬁée‘/'mgpmgo%d&jﬁ%fﬁﬁfwaﬂ-eagent for the conver- sion of a benrylic
al cohol into a group other than hydsgxy, .especially |eaving group X e.g.
where X is halo selected fromthe group sisting of (e.g. aqueous)
hydrohalic acids, such as hydrochygriclacid, a thionyl hal ogenide, such as
thionyl chloride, PX 3, POX'3, R 5 O R,

R,0

wherein R, Ry, Rz, R; and PG are as defined for a compound of the formula |ll, with a rea-
gent able to transform (here especially benzylic) hydroxy (especially the one bound by a
waved bond in formula J) into X (which is presumably at least temporarily present in a
transitory compound of the formula |l 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 (l) that are used as starting materials. These are accessible
using a synthesis starting from (S) pyroglutamic acid. Reference is made to PCT application
W02006/024501 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*;, POX*;, 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 triphenylphosphinefiodine, 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 carbenic acid of the formula XV, also
in situ, especially an anhydride (e.g. the mixed anhydride with a carbonic acid, such as acetic



POX*S wherein X is halogen (so that the X resulting in a, especially chloro
or bromp, a conbination of triphenyl phosphine/hal ogen, such as
tri phenyl phosphi nefi odine, where X is an organic sulfonyloxy noiety an

active deriw@gbdo¥g3is§r mabl e under conparable conditions el ow for
activation of an active derivative of a carbonic acid ofpaiﬁﬁ@%%aﬂa XVI,

also in situ, especially an anhydride (g.9. the m xed anhydride with a
carbonic acid, such as acetic WD 2006/ 131304 PCT/ EP2006/ 005370 -4 acid, or
a symmetric anhydride) or hal ogeni de of an organic sulfonic acid, such as
met hane- sul phonyl chloride, trifluoromethanesul fonylchloride or

t osyl chl orécidedr 3 symmetrip aebydiige) ethalpgepigs ef arorganig suémicr agiy, syich pe Jethapgse,

such as trsuﬁhgggn anbite trﬁfuoidﬁ?etﬂadéeuudn chibfdes gﬂ{hlo?id&hhw+resa%e%sni de,

PX*3, POX*3 *5 or POX*5, the react on pre akes place I n an appro-
priate sobasme,q. wewaarsutr@gmnéme suﬁhtané'lqﬁw&amn%.@rme liket lvthe gase ¢f|atth@gﬂn

base, suclhRgemy& FHNG Eb? dgﬂeogaaﬁ%%f@rralif?qg@sr n &R aP@'o-

t he presence of an anh an organ c sul'fonic ac
reaction pratesplBnty swcak@stObaa%en the pregenpe ekalagiany hitrgaembaseo puch aSem@d@el vent

such as t%'d;sn@aawhe%e%rsé ﬁﬁ#n%rs@pw Ithé‘ﬁres@H&&ablaa?ﬁrdﬁdegor Halidese | any

nitro- gen ase such as triet | am ne q%& te eratufes from-30 to
C. In theapressirsiigic acid; Wﬁéﬁa}qtlpna@&raww § 8lgen in tha ereseace PlAn FPseRst abl y

t akes pl agg doiveRDd s@&PéQWﬂeﬁB%nﬁ%r‘éﬁﬁéthy!a:ﬁhﬁ%ﬂ{mé ghals BEséy. %eaﬁﬁ; mpd-trile,
in the presence of {‘)_ll‘e er ab cyclic unsaturat ed nitro- tggpgﬂsase such

as i m daz@rebasg. suehpe athylae@neae@ af teswe@tyres §9mC30APt5@rﬁa¥"| eRE@Rfound

(111) canippeRprispRife/baRERS, Qﬁ@%@ﬁbr{ﬁréfekh‘ﬂlﬂﬁk@sﬂplb&nln%%ﬂﬂ:‘ﬁater DReht,
preferably an acidic i on éxchange resin such an anber|yst acidic Ion

exchange 64 3§ tolugpe paRY/ghHRcRIQNAE: intBe presenqe of a{prefrably crfwé uspatuiatag) Pe- of

wat er. Th@eh Basd, isGéh & PliGaR, ¥t tehplRiturbs agefrbm ditBgopLesence of an
appropri ate solvent, such as toluene and/or acetonitrile, at tenperatures

e.g. fromO to 50 C such as room tenperature. Another inportant enbodi nment
of the i naRehbMRIy, %ﬁb@%dmn%aﬁ‘bmmd(hfoni &ﬁnédmhmel)asnhg lanﬁtfn exdfhngeed above,
or a salt thereaof @ ound of the fornula I %/{ be used, .inter alia,
for the syftheH ferag r?gﬁ%@@&i‘?’@agﬂﬁs'%{ch\?é aé'lP&é'V ﬁ&@é’:'o'b%‘fhéf‘%[ei"‘r enin

i nhi bi t or preférgby Ambnystiais Buka Qe iheldimiratorfleBedten ethel réadtidn préfélabyWi ng. 1 n
a preferred further enbodi rrentt of the inventjon, this sznthems con})rlses as
a furt her ‘akes aaoe in the presence of an appropriate solvent, such as toluené and/or acetonitrile, a

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

Another important embodiment of the invention relates to a compound of the formuia (il as
defined above, or a salt thereof.

A compound of the formula lIl 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 Il (which in
free form or as salt is also as such a preferred embediment 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-butoxycarbony!, while R, R,, R; and PG are as defined for a compound of
the formuia | above, under removal of the protecting group R, to a compound of the formula
v,



or as individual synthesis the (partial) deprotection of a conpound of the
formula I'l'l (which in free formor as salt is also as such a preferred
enbodi ment of the invention) wherein R2 is a hydroxy protecting group,
especially [ abl e by deprotection conditions oth t hose
required fc‘))‘ra(ﬁ]r('a]lrgrlg:f/ig(?/4 of PG nore preferably by hydrol yS?Eg,T}EE_?Ogﬁmos%
tert-C4-Cral koxacar- bonyl, such as ter_ts-gbut oxycarbonyl, while R, Rl, R3 and
PG are as defined for a conpound of the fornula | above, under renoval of
the protecting group R2 to a conpound of the formula 1V, WO 2006/ 131304
PCT/ EP2006/ 005370 -5 PGOH R3 R o RO(1V) wherein R Rl, R3 and PG are
as defined under formula 111 abov®Gor a sal®Ht hereof. A com pound of the
formula IV, or a salt thereof, is al\w as sych a preferred enbodi ment of the
invention. In the case of a protecti nb'"gr- p 1 renovabl e by hydrol ysis,

e.g. tert-C4-C, -al koxycar bonyl ert - but oxycar bonyl, the renoval
preferably takes place i nRyHs an acid or nore preferably a
base, such as a netal hydroxid erably a nmetal, nore preferably an

al kal i metal carbonate, such gs.p i LA carbonate, in an appropriate

sol vent, such as an al cof¥D, e.g. or ethanol, water or a g§xture
thereof, e.g. at tenperatures from0QO C to the reflux tenperature of" the

m xt ure, WegrelaRafhi B andbRB30e ap defined under farmiga Hibabayei e salf therget As9nst eps
descri bedyGiad\beiheA0HMAN N or b)salt tiréd, 16 2l48%RsSbdh a prAérdfembsAmeniiRd in a
one-pot synthesis to conmpound (IV) as the free base (1Va), which may be
purified IByedR%.r action, without isolation of the internediate conpound of
formula (111) . conpound (l1Va) then can be crystallized as a salt such as
the nal eate or oxalate. This is_ preferred as it allows further

puri fi cat indhe cassah gunretertinggrour Re tegmqvable by hyergivsis de-g otertlorfrarl KRxyearenyl The

i nt r oduct 42A a8hert-BRoRycaHBRY, B BB })?éfeﬂabg tades PRERIN the prédanke of SEhagbt Ve
and clean. WD 2006/ 131304 PCT/ EP2006/ 00537
more preferably a base, such as a metal hydroxide or preferably a metal, more preferably an

alkalimetal carbonate, such as potassium carbonate, in an appropriate solvent, such as an
alcohol, e.g. methanol or ethanol, water or a mixture thereof, e.g. at temperatures from0 ° C
to the reflux temperature of the mixture, for example from 30 to 60 °C.

As an alternative to reaction steps described above, compound (I) - also crude () - can be
transformed in a one-pot synthesis to compound (V) as the free base (IVa), which may be
purified by extraction, without isolation of the intermediate compound of formula (lIl) .
compound (IVa) then can be crystallized as a sait such as the maleate or oxalate. This is
preferred as it allows further purification. Compound (IVa) is easily transformed to
compound (V). The introduction of the protecting group at the nitrogen is simple, selective

and clean.



-6 HRBR3 RO/ ~-O- OR2 PG ROHPGRO (I) (Ill) R3>04 HNPoO IV
RO/ (IvVa) In this sequence, a protecting group R2 and PG are preferably
renovabl e by hydrolysis and are nore preferably, e.g.
tert-C4- C7-al koxycar bonyl such as tert-butoxycarbonyl. The renoval
preferabl y wak@s1ab@ce i n the presence of an base or "D5@n&5§%9&%9%y an acid
under conditions well known in the art, such as using an inorganic acid
preferably as an aqueous or alcoholic golution thereof such as HC,
trifluoroacetic acid, sulfuric acid, phosphoric acid, nethane sulfonic
acid, etc. in an appropriate solvent, such as an al cohol, e.g. nethanol or
et hanol, esters |like ethylacetate or isopropyl acetate, or ethers |like THE
or TBME, waterjor a_.mxture thereof; e.g. at tenperatures om0 Cto the
refluxlfgzthe m xture, for exanple frdiq50 to 100 C. If a
crystal Il ono coppdund (1Va) i$ desired, thes_iS perforped by typical
crystal LiZegA o'\t pedeni ques—ane—adding the desired dcid suchl as naleic acid
or oxalic acid, preferably naleic cid. P8 “ory'of the pyrrolidine am no
group is effected by nethods known iin the g C t hose| descri bed
hereinafter i#i the exanples or as referred to in the cited xt books.
Preferably, a boc group is introduced at the nigyrogen using e.g.

di -tert-butyl dicarbonate

R3
o
HN ¢
ro i
o — -
RO’

(IvVa}

In this sequence, a protecting group R; and PG are preferably removable by hydrolysis and
are more preferably, e.g. tert-C4-Cr-alkoxycarbonyl such as tert-butoxycarbonyl. The
removal preferably takes place in the presence of an base or more preferably 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 isopropyl 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
exampie 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 maieic acid or oxalic acid, preferably malsic
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.



under standard conditions. A conpound of the formula IV can then be further
used in a nunber of ways in the synthesis of renin inhibitors such as
aliskiren. WD 2006/ 131304 PCT/ EP2006/ 005370 -7 In a first further

enbodi ment vad 2dobyesbgavent i on, a process for the synthesi §C.P/EP%0£/®I§%.;B
inhibitor, such as aliskiren, conprises oxidizing a conpound 0O he formul a

IV, especially synthesized as in the preceding steps, to an oxo conpound of
the formula V, PGO N,,,.... Ra Ro (V) wherein R, Rl, R3 and PG are
as defined under formula I |1 | above, or a salt thereof. This process step
as such, as well as a conpound of the formula V, or a salt thereof, also
form enbodi nents of the invention. The reaction especially takes place

under CUSkQIREduRIRTEnidoRierit BRihe@hefWor, AlprédiBs RofitRas s of FrehinaRiBitor,ar OUp
to an oxo group _and enpl oying customary oxidi zing reagents (oxidants). In

the (pref@fpagpliskien. camanriseraxidiging aompouRdioHhe omuiaiy) gsnegially syitRsgdn,
this reacid flthe FraBedifStep$ 2o 8h ofd EdmBUndaIR tfe fohAlia ®, | ow for the direct
obtaining froma conpound of the forrmula IV of a correspondi ng al dehyde of
the formula V, or a salt thereof, P& it carPbe |ead by first oxidizing to a
carboxyl conmpound of the fornmula XVI\ PG O ||N........ OH RmD RO (XVI)
wherein R R and PG are as defined aNowe ' conpound of the formula |11,
or a salt thereof, which can then be redliced With reducing agents to an
PN ydrogen and wherein R, Rl, R3 and

al dehyde of the formula WR,@kere R30S
PG are as defi ned under forrrul

wherein R, Ry, Rz and PG are as defined under formuia Il above, or a salt thereof. This
process step as such, as well as a compound of the formuta V, or a sait thereof, aiso form
embodiments of the invention.

The reaction especially takes place under customary conditions that allow for the oxidation of
a hydroxy group to an oxo group and employing customary oxidizing reagents (oxidants).

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,

(XV)

wherein R, R, and PG are as defined above for a compound of the formula I, or a salt
thereof, which can then be reduced with reducing agents to an aidehyde of the formuia V
wherein R; is hydrogen and wherein R, R,, 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



ve, or a salt thereof. These process steps as such, as well as a conpound of
the formula XVlI, or a salt thereof, and a conpound of the fornula V, or a
salt thereof, also formenbodi- nents of the invention. The direct reaction

to an al dewﬂﬁ,og{ng,ﬁe formula V, can, for exam ple, t he
presence of an oxidant that allows for t he oxi dation ofiggrr{ﬂ::ﬁ’is %%”JT]'O an

2006/ 131304 PCT/ EP2006/ 005370 -8 al dehyge without undue formation of the
acid of the forrmula XVI, e.g. under Oppenhauer con- ditions (e.g. using

cycl ohexanone, cinnamic al dehyde or anisal dehyde as oxidant in the pre-
sence of an al um ni um al cohol ate, such as alum niumtert.-butoxyal cohol ate),

pr ef er abl §ldgids Withaygiadye Sermation) ptihe 3R the fPRila XY 1.&:9-qinder Oppénauer con-

pyri di ni ugriehy (érgp@.l_a.lhg &?él&aexﬂﬁér\ed bi’r\hb’rﬁicddldéfh&w hisald¥hiybé @s 6$E|H§|nt .mq:’a@ﬁs e
di oxi de or sel enium di oxi de or by catal yticC deh dro enat.i on,

pr ef er abl §e15&i%hgn sWmiinmaicrbglaty. Sustias alfmingm- @S‘Pl?ﬂlalt?bﬁ'éefe@'il& Withs

TEMPO oxi a&bmmhc.cﬁ EENB@me@mEh@]&d@bwdmrmdhwerarﬁataepwdwmnlchrdmdtél
SQIUI’T’ISOIUI’T’IC Ite or_ca cium h pOC orlte re eralyln

bl each, .
t he pres eﬂ'?r@ a6td, E‘aﬁ%’l'ﬁsﬁéj'@‘éfetm sé'eﬁ‘u"b@?’éig%f’iﬁﬁ Hicriehyd r%e%ﬁigap?fr’ﬁ?ﬂal ate
sol vent, pieftaldlp usiRg BYH&RS useTLInddemd eaRtion\&rtiond)'suvh B TéwmbﬂwroﬁdO-

benzene | n.appropriate s I vent | ene chl ori de, eratures
Fr onl B 22 B Bl dmethupprione Al biga. € Sy ssalm FUaIE ok do
} n theggr &ﬂ@gﬂgtyﬁécmeﬁ@é,xteféfﬂﬂﬂn E\heqﬁ‘esei'lc@of Qb;dnﬁl@@&@ld etg?lmﬁséihﬁﬂﬁﬁmld%UCh as
rom to eferably in the esence, o tertia j trogen, base,
such as t Ia8%3npopsa }?Q‘SOE}'P"LiSP%ﬁ Wﬁﬁ[ﬂ’ laﬂﬁ’%%" N HRder. 86]’%99 %QQﬂ‘Pdl tions,
E/b ]gf usi nperthen@inha @:tiﬂrti;irlite sdivdnh & g meetRyIere: cHloridecat tem@emss félg[m'dﬂ 0 tsi Eg
at - tzner, conditio e.g. axidation n the
pr esencepé¢ (é Yagdes ‘Pﬂ%’?ﬁongﬁg'?sﬁ% HRPg aimeivisu W%{S? |“ntﬁ§ ﬂfo F
presence dde, Begsat Ibhretadnemedanﬂéslan& éslfrdxnl-go to 0 °C, preferab!y in the presence ofa
t (acet oxy; hydr.o- 1 x0l ne b n_.an e sol vent
such as N tPﬁSSr as "‘gﬂﬂa'ir""?é) (lﬂy‘flhyll%ﬂ?'d‘"{&% § 'Br usi ng
SQ3/ pyri dcmﬂutnomﬂ @using d:rdemglsuhiyd!@mlt!h@ﬂnedmoernftt\lqehlabmncaﬂmﬁde ;usmgwmﬁet-of an
B oPr | o il 5 3, el W e SR oo R BBt o T
i n the presbodinids; Dess-Martin odgatien jn mepmenmof@aseranenmlnmedd 1,Bxi de.
Where req | n riately to
avoi d {g? oXl d?al'? ]%bﬁa'%TﬁE b%ﬂfié&c%&oﬁ%ﬁb?— gngilnda% ALP%GA a’\a@%&?&t?g@%@gl V (or
al so an atndtmyzde chiorigsn ergl abfempesatiies from 0 to 50 °C; or using SOy/pyridine complex in
dimethylsuifoxide in the absence or presence of an appropriate solvent such as methylene

chloride at temperatures e.g. from —30 to 30 °C; or with lower preference using catalytic
dehydrogenation, e.g. in the presence of silver, copper, copper chromium oxide or zinc
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 formuia 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,



mul a V obtained preferably as described above) to a conpound of the formula
XVI can, for exanple, take place with Jones reagent (Cr03 in agueous

sul phuric acid/acetone), with man- ganese dioxide, with pyridinium

di chr omat ewqj 2086Pg§dsal | y under Pinni ck oxidation condi tb@ﬂ?ﬁzomﬁoogsmby

oxi dation with sodiumchlorite or calciumhypochlorite In e préesence of a
weak acid, preferably an al kalinetal cl_ldﬁydrogenphosphate e.g. sodium

di hydrogenphosphate, in an appropriate solvent or solvent mxture, e.g. an
al cohol, such as tert- butanol 2-met hyl - 2- butene and/or water, at

terrperatures %% fromO to C. The reduction of an acid corrpound of the
formul a X Ra P&ﬁret%fa%eedq&éqrﬁgﬂaﬂ@qu regucine Agents gan. fa PelPiePet he

sel ecti vesgiedeg b Bﬂ)}ﬁ eaéoﬁlﬂ:’ﬂékdﬁdﬁéest Bgonf r&nhahé/oom.%&idrbf% fofmtlX Spgen
and wherein R WD 2 131304 PCT/ EP2006/ 005370 -9 R1, R3 and PG are as

defi ned ufRIb?IS9 by HERdINa form il arB@lRd saboxyeKewp. e4h s AsK halogepids, agjue

sel ect ed éé:@m@gnh&@amwdmlwm auﬁédw@ﬁm 8.HCiR arSactiddfdrilte bgaemu&da@f the
formula XvVI can al sg used in a formw th activated car boxyl graou
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the couplin the fornmula XVl and acorr@ﬁ{é& of the  formla

of
Ve or clpicion fo aHademnes of v i Rtk RREon L ABIST Rl (N
fornmul a Xk tert-tﬁ.zhﬁyfaﬁmlﬁihhﬂgdﬁdé ) Marddppedpride suvehh:é erﬁhlhax))étlﬁ?yﬁéthbﬁke pl ace
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can take ceb hydr.ogenation in the es e of partiall oL soned

s ogenalTBioenator VapgstE 2y, Rt BeseRuBh weRaton SnolRhh \ibn b bRiREBEEm .

pal | adi untthfatearmhy@ndg‘eatueaaadps’ovﬂtrtegelment,rsmh aamampan altehal (duchat methanbl as
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i xtur e ot HERRD oBE hebi SEE Bp ok oF LD Share Fu 8 fen S oRER X £, Of
0 to 80 QCeniperauresyd¢.Qdrorefo80i8nt of said first enbodi nent of the

I nvention, a process for the synthe- sis of a renin inhibitor, such as

al i skiren, conprises reacting a conpound of the formula V as just defined
with the afrtber erhlaadif@ntiof sait firs empddiogehofunelaver@ionga aratess foGihegyathe- | | ke

condi {] onge ut L Rdh [EBAG Sudt SPAERF Yo RS HR1RY o RofBORRHAIGlorklE V £ I 2
just defined with the proviso that R, in it is hydrogen under Grignard or Grignard-like
conditions with a reagent prepared by reaction of a compound of the formula VI,

HB|\I/O\

wherein Hal is halo, preferably chloro, brome or iodo, and PT is a hydroxyl protecting group,
with a metal, to give a compound of the formula Vil,
PG OH

R,O

RO VI

wherein R, R, and PG are as defined under formula IIl 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 VI, or a salt thereof, also form embodiments of



wherein Hal is halo, preferably chloro, bronmo or iodo, and PT is a hydroxyl

protecting group, wth a netal, to give a conpound of the formula VII, PG
OH N,,,..... OPT R10 RO (VI1) wherein R, Rl and PG are as defi ned under

formul a "'w?%tmﬂ'isb‘as a hydroxyl protecting group, pref erabl one that can
be selectively renoved wi thout renoval of the protecti nJCT Ve g.

1- phenyl -d - C7-al kyl, such as benzyl, a salt thereof. Thi s process step

as such, as well as a conpound of the’ F%rmtl a VIl, or a salt thereof, also

form embodi ments of WD 2006/ 131304 PCT/ EP2006/ 005370 -10 the invention. The
di ast ereosel ecti vi tTy of this reaction can be very high, e.g. larger than 99
1, that [heinyembontThediastereessiastivity-of this eartinsrean besvent bigh. eal lasgenthan 88ser ved.
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t hi s conversion and so Int synt hesi reninin tors Such as
al i ski r enadveRtagesh the use 9f ther Rireglidipe fiagexstem fr dhigyenyersioreangd thusalseimi§ew t h

t he corrpo%égfs dethénih MhiBitbA suMh ak Qlidkirys t he corresponding metal conpound,
e.g. alithium sodium iron, zinc, tin, indium rmanganese, alum nium or

copper netal conpound, or MX, (al kyI)3I\/hLi , or -CeX2 wherein X is hal ogen
such as Crpe tea@ﬁoﬁrefe%ﬁtaﬂé@&lﬁé@mw a ﬁ?etal‘?éacill# thﬁiheactfn?tﬁ‘ﬂlﬁﬂfof felaniap! e

with netal conbinations, suc further wwth Lewi s acids,
such as BEblogvethe cozespending metl esameeundgetgza "tbrunt [sedium gon zincy findndium,

Gi gnar d- Hah@’arfe%@%u%mftﬁﬁ o@dpﬁ@ﬁhgtal édﬁ‘i‘pduﬁé‘cdr'm (é]’k\}/g 1).MhiiD dregaRsinereidi vi ng
t he correspondi ng ghard reagent with nesi um as the netal for

Grignard ?(é%t’d‘"l'?fiﬁﬁ‘ suich aﬁr‘F' 4/ Bepmrstpéefgrew por figther aa[ﬁa%ﬁt’ﬁ gptainapleviths 5

cyclic et hfal cofibiflatidn8! 1R IMY/Fé, 3 stilffirtRérwilh LRWRCAGids: slch 84 BF{bidth@ el
tert-butyl net hyI et her, a hy drocarbon, such as tol uene, or. a hal ogenat ed

hydr ocar bERMPIX g, Mg, rfgﬂt%@wc I giys aSrigpardilikefraoset fpeenanard-ike reachien. Phnge
from O t owilPmiagnésiire §Ring tﬂé o&ﬁ’éﬁﬁﬂdlﬂg tsht:;ﬁara %@ﬁt WittPiaGREEAA (Ug) & than
conmpounds are preferred, %nar i gnard-1j ke reagents are
parti cul aF‘PSf’ B},réﬁﬂgpergdeactaon in an propnate solvent e.g. an ether such as a cyclic ether,
e.g. tetrahydrofuran, an alkyl ether, e.g. diethyl ether, tert-butyimethyl ether, a hydrocarbon,
such as toluene, or a halogenated hydrocarbon, e.g. methylene chloride, at temperatures
e.g. in the range from 0 to 70 °C. Grignard or Grignard-like reagents or organo lithium

compounds are preferred, and Grignard or Grignard-like reagents are particularly preferred.

Compound of formula (V1) can be prepared according to methods well known to the person
skilled in the art, see e.g., Houben-Weyl, Vol. 13/2a, page 53 — 526.which is incorporated
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+-Cr-alkyl, e.g.
benzyl, by catalytic hydrogenation, to give a compound of the formula Vill,

vin



Compound of formula (VI) can be prepared according to nethods well known to
the person skilled in the art, see e.g., Houben-Wyl, Vol. 13/2a, page 53 -
526.which is incorporated herein by reference. In a further enbodi nent of
said first wwobadiismeg of the invention, a process for theraphfobGsssil S of a
renin inhibitor, such as aliskiren, conprises deprotecting a conpound of the
formula VII as just defined by reanaI 4¢f. the hydroxy protecting group PT,
for exanple in the case of a protectlng group that can be renoved by

hydr ogenati on such as 1-phenyl-C, -Cral kyl, e.g. benzyl by catalytlc
hydrogenatlon to_give a conpound of the fornula VI, OHOH PG N........

R O | ~ - WReeinRy Ry angPS girsns dafined Upéqf/fmtk/m%masaﬂh%@r B"ﬁ PF@CGF@ and
PG are as sréﬁfdsrsadh (3RS JsQf EBmgbuhd bf mbwﬁnmwmaors@ééu th@l@bﬁ%iso fdih emps-OCess
step as suc as a_conpound of th formula VII1, or a salt thereof,

al so f or nAiSHARE Ofdh‘i’r’é‘t‘{?%t'oﬁf T'P%éel?rﬂﬂ?éﬁ'ﬂ'i lB'f“Ps PI8Re WEBT ﬂ?%‘?ﬁ’ ¢ gAnditigns <.y indhe under
standar d_eeqfiiemasel bt prétBctigyro %5 hyBfogeR R Akt lydtdienii tieqsbdonte 81 SUD by

hydr ogenation with en int 'Eresence cat al such as.a nobl e

metal cat SFGYE! S‘éC"'gaS ?)ﬁ?t? %meﬁﬁ'rFaW? ﬁgnﬁﬁ"aﬂié’"br’”g@rway %’eé‘%ﬁ ON&Camelch as

char coal , siidh &chaPdal i b SproeHiate Béivers, Luabh asaf aloahaOélgl methabel orethaadiobr Or
et hanol , or Egn al cohol i ¢ sol nts S 31})&5‘“ not stricted to) .tol uene
Relide

or ethyl HewpgpRolicspivantssupt #% “‘?‘é ”e“@‘%je“?\f agqiate Al APRTPIA: 0 to
50 C. I n genperdties, egbiadheinge fons@iobd 90, st enbodi nent of the invention, a
process for the synthe- sis of a renin inhibitor, such as aliskiren,

conpri ses oxidizing a conpound of the fornmula VIII at the primary hydroxy
group to #&na aritehgrebodimentaf sdiddirstiehdobioiemtibiahé MvemtidnChiproceb for the synthigi 0

sis of a renin inhibitor, such as aliskiren, comprises oxidizing a compound of the formula Viil
at the primary hydroxy group to an aldehyde compound of the formula IX,

(1X)
wherein R, R; and PG are as defined under formula 1!l above, or a salt thereof, which then
cyclizes spontaneously to produce a lactol of the formuta 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 X,



RO (I X) wherein R R and PG are as defined under fornula Il|l above, or a
salt thereof, which then cyclizes spontaneously to produce a |actol of the
formula X, PGOOH NRO RO (X) which, either in the sanme reaction

m xture (i webdog)3ess after isolation and in a separate REPEPSRSSsSIEL. Which
as such also fornms an enbodi rent of the invention, is then oxidized to a

|l actone of the fornula XI, WO 2006/1313Q4 _PCT/ EP2006/ 005370 -12 O PG N'
Rio RO (XI) whereinin formula X and XI R, R, and PG are as defined for a
conpound of the fornmula Il above. This sequence of reaction steps from
reaction of a conpound of the fornmula VIIl to a _conpound of the formula Xl
as such, as well as a conpounqwgf the forg Dor especially a conpound
of the forrmula X and/or X, or |ts therg al so form enbodi nents of the
in- vention. The oxidation of a S&gpoun- of the formula VIII resulting in
the lactol of the formula X prefeal'abt 25" pl ace under the conditions
mentioned to be preferyed for oxidatign of a cdspound of the formula IV to

;
an al dehyde of the fo @ g.~wth SO03/pyrigine in the presence of

di met hyl sul phoxi de in an ajp ¢ sol vent, such as nethyl ene chloride,
pre- ferably in the pr'SE) extliary nitrogen base, such as
triethylamne, e.g. at™tenperatu- res from-30 to 50 C. The subgdapuent

AR B s T S e e R S e A e
above or aboweaThibeedquzdcabbaalivh stpgiirare eeastigrasiad erypount lof therfoimana Viiagant s,
€9 compound of the formula Xl as such, as well as a compound of the formula IX or especially
a compound of the formula X and/or X!, or salts thereof, also form embodiments of the in-
vention. The oxidation of a compound of the formula VIl resulting in the lactol of the formula
X preferably takes place under the conditions mentioned to be preferred for oxidation of a
compound of the formula IV to an aldehyde of the formula V, e.g. with SO4/pyridine in the
presence of dimethylsulphoxide in an appropriate solvent, such as methylene chioride, pre-
ferably in the presence of a tertiary nitrogen base, such as triethylamine, e.g. at temperatu-
res from =30 to 50 °C. The subsequent oxidation to the compound of the formula Xl can take
place under the same reaction conditions employing an excess of some of the reagents
mentioned above or it can 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 tu compound XI with the reagent TPAP (Tetra-N-propylammonium perruthenate) e.g.
according to fit. 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 Xl

as ijust defined, or a salt therecf, with an amine of the formula XIlI,

HZN \x]/ NHZ
0

(X11)



t hose nentioned above, nore preferably using TEMPQO di acet oxyi odo benzene.
Alternatively, it can also be oxidized at the primary al cohol w thout
effecting the secondary alcohol to conpound XI with the reagent TPAP (7

et r a- N- pr opyd) 3gpeRszeym perrut henate) e.g. according to | Ley et
al. Synthesis, 639 é(}141994). This method is particularly PE?EF%@?’&?”%

further enbodi ment of said first enbodingnt of the invention, a process for
the synthe- sis of a renin inhibitor, such as aliskiren, conprises reacting
a conpound of the fornula XI as just defined, or a salt thereof, with an
am ne of the formula H2N (NH2 0 (XI'1) WO 2006/ 131304 PCT/ EP2006/ 005370
-13 (wher dVReEidhg 'Hﬁf?%‘g‘@?? a&%’rPeaHf%C%@ sesired JﬁFfp’QfEE‘f'}g&ﬁ"‘éﬂw € he
protecti ng:egémuwed nh&:ﬁe cd’rﬁasbeﬁmwgfﬂroldttéd@n%ﬁﬁ@smé(ﬁbrﬁﬁllé)xm.&ﬁfa%éltW}Jnd of
the for rrul ; disaf hereg@, obtai ning a conpound of the formula
Al, PG OY I'@;"?",“?. mmpﬂN'L oftpg oy Ao RO (XI11) wherein R R and PG are
as defined for a conpound ¢gthe forpHa
process step as such, as wel

t hereof, al so f or m embodi ment ,of
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a salt thereof. This

la All, or a salt
req?'.tll on preferably

3 %m am de froma
| act one, in apié,gprorlate soljvent or sal vent m xtlure, in an

et her, such as er et her, pref@ably in fne presence of a

bi functi onal cat aI yst weak aci d| c and a weak basic group, e.g.

2- hydr oxypyri di ne %A e presence of an appropriate base, e.g
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t he
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The reaction preferably takes place under standard conditions for the formation of an amide
from a lactone, e.g. in an appropriate solvent or solvent mixture, e.g. in an ether, such as
tert-butylmethyl ether, preferably in the presence of a bifunctional catalyst with a weak acidic
and a weak basic group, e.g. 2-hydroxypyridine or proline, in the presence of an appropriate
base, e.g. a tertiary nitrogen base, such as friethylamine, at appropriate temperatures e.g. in
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 X1l by reductive or hydrogenolytic ring opening to a compound of the formula X1V,

(Xiv)
wherein R, Ry and PG are as defined for a compound of the formufa If, 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 comparabie to those of a Birch reduction with



formula X1l by reductive or hydrogenolytic ring opening to a conpound of
the formula XIV, PGOHH...... , IN\\ ~rNHZ R 0O OO0 RO (XIV) wherein R
R, and PG are as defined for a conpound of the formula Ill, or a salt
thereof. T on step as such also forms an enbod

I nventi on. WI’?Q?“E@%E% ive ring opening preferably takes B@@émﬁ%{%é%
condi ti ons enpl oying appropriate net aI as reductants, e.g. under
conditions conparable to those of a Bi rcﬁ reduction with WD 2006/ 131304

PCT/ EP2006/ 005370 -14 alkali nmetals and liquid ammonia, e.g. with sodium or
lithiumin the presence of liquid ammo- nia (NH3) in the presence or absence
of an appPpl ingtals angrliaHisrarempiiag-g.dyithsedivaner lifhiven i the presange gliqwd apmer |

e.g. tet raiaman.m esé?’i%glo%lbé‘@?\oéb?&h%pro&laﬁb fuﬁhaaéuwemaﬂsdwwmmgpera-

tures, e.g. from-9 g. at about - Al'ternative reductions
met hods aFeeh wtmree Qe‘egahyckﬁfﬂtaﬂeo?ﬂ%rﬁh' Mheﬁ Grﬁ ethapek atipyerdadPeraot her

reduct i onypgd, '&%d?rom ld@ t6abg| |=gn& g. AtiabBitUTBAC: Adrhatalr¥lRiBREMEINCES argTBgNEST UM
i n ant hracene, the |ike ch do not require the use of liquid annDnla

and | ow t Bﬂ‘ﬁ@(’%tetﬂ é@dt(ckon with @)lc'umu ip @Wﬁi%werw@qu%ﬁ with CRlg,
effected m.uhyetrt@.%n@rbimnylﬁucm Vﬁﬁéshﬁdﬁu aMitfacidle! or tha ANE) whithid¥hatFdq uﬁ@d are

descri bed e.g. in Houben-We | ume 11/ St | ckst of f ver bi ndungen 1, page

968 - 971tf@rUSB°fwmaf@m°€ta%nd'OWmlPeaﬁéwéﬁ 26°C)- 1753 (1998). In a further

enbodi ment of said first embodi ment of the invention, a process for the

synthe- sis of a renin inhibitor, such as % I Skiren, ri ses de rotect| ng
¥ Sigh

a_ conpounfiterpatively, s ring opening ynay pegitpsted by hydrpgenalighy E@H"ﬁ’gﬁﬁ Wl t he
formul a Xihovdn thé2a and are desbtitdd eZg. i Houben-Wefd, Ubiume 11/1,

Stickstoffverbindungen Il, page 968 — 971 or D. Tourwé, et al., Tetrahedron, 54, 1753
(1998).

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
XIV to give the corresponding compound of the formula XV,

(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,-Cr-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 X1l as described above by reducing it selectively to a compound of the



RO (XV) which is pharmaceutically active, especially as a renin inhibitor,
wherein Rand R, are as defined for a conpound of the formula I, or 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
formul a XVwao 20m6/618dser ent salt thereof. For exanpl e, ifpeg-;,ﬂ.ﬁmg,ﬁgg% i s
preferred) a C -C, -al koxycarbonyl group, such as tert-butoxycarbonyl, the
renoval can take place under customaryqgonditions, e.g. in the presence of
an acid, such as hydrohalic acid, in an appropriate solvent, such as

di oxane, e.g. at tenperatures fromO to 50 C, for exanple at room
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formula VI as defined above, especially a zinc, lithium or magnesium derivative, to a
compound of the formula XV,

{(XVII)
wherein R, Ry and PG are as defined for a compound of the formula Il 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

compourd of the formuta XVH, or a salt thereof, alsc 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), pentafluorophenyt, 4-nitrophenyl or N-
hydroxysuccinimide ester), imidazolide, a “Weinreb amide”, acid halogenides (such as the



formula VI as defined above, especially a zinc, |ithiumor nagnesium
derivative, to a conpound of the fornmula XVII, PGOO, PT R o RO (XVIl)
wherein R, R, and PG are as defined for a conpound of the formula Il and PT
is as defined for a conpound of the fornmula VI, or a salt thereof. This
process stwmmes/sumd, as well as a conpound of the forpul/epdidoss7eor a salt

t hereof, also formenbodi nents of the invention. The activating of the
carboxyl group in a conmpound of the fornagl.a XVI to forma reactive
derivative thereof preferably takes place under customary condensation

condi tions, where anDng t he possible reactive derivatives of an acid of the

formul a XVI ct ster such t he .h ybenzotr| (

pent af | uo?B'Bh‘gﬁ dle ﬁ(‘f‘?'%%hé macg\}[e Rphyﬁygﬁy%ygﬁc%s Pﬂ"fﬁ %’%@Fi?s) H%-BWer

i m dazol i dikaneic "a\tﬂsm‘reﬂynmntde ‘aphyatridels }eae qngefarretbsRcémw carbotib eaciii&d@eb31304

PCT/ EP2006/ 00537 16 acid c ride

(such as ﬁ’?’)‘(é’iﬁ ﬁ%y%eae%‘—%g( hﬁoﬁﬁgﬁ o%aﬁgg g';itc dg'sgg}‘?é?/r\;ﬁ%t%g %gu'{ag ar

anhydr i de&)rmlae)@il h ea r aitablRe saltent e for aexampile aababgdmted/mydmarbouarsueh s be

formed in_sit ac o] v of

Formil a xOPUENS ShPbdH: o Agrnangtrhafics, dhadimEhpaReRE, MReAFRRIREE

such as namm)nheihq&ertdtbmmndéeor Arrikktatie rof tioydif rooneressochtl solveédts\-aod Mttmwdadnnma:rfnade

N- et hy| c i re

Such sol vaHTEY Ses. i PR A S, WSte i euarPpl Bl By briienf

triethyl atmenand,df treopacivel ddrivalienofribe @EitlEA)thleorNuhelﬂ lisy formoegh liro sitd, iansuitabld, | f

the reactiyve der| vat

sui tabl e C%%RJ’B? Fﬁﬁﬁt tg%te'? %%é?’ r?fgr%ére Ctb"ree(%g&ayé% r g'}f o%arbtgmégég@g d"“gr%o);\}l t he

car boni ¢ acsil, dor &xarplé alicyelohexyicashadiimidedrhydraxyperecotriazole (DCC/ HOBT), bis(2-

di cycl ohe d e h.a : HOBTY = Bl S (\Prs e age.

0X0- 3- oxa)%‘{’g %‘%%'“%%ﬁ%’ﬁm é'ﬂ%%}r&l E%G %gb:’égéﬁz'&' o'm‘? pyri?iklﬁ (AEN‘N'N

O (1, 2-di k@t@nmtf&'m&muﬂn- py tetuafiugrobhrateN, N(FPTEWE r ar@bbydaiiazol-1yl)-N.NN",  N'-

tetrafl uo [ |y - ' -

tot r anet nyt o san bR leyenaispaald \Efu pEhdanitabt- o) ipymotdinophospho-

(benzotri amm~h¢xaﬂumybosphatpy r r dPYBPRD ph o $4§drdimethylaminopropyt)-3-ethylcarbodiimide
hydrochloride/hydroxybenzotriazole  or/1-hydroxy-7-azabenzotriazole (EDC/HOBT or
EDC/HOAL) or HOALt alone, or with (1-chloro-2-methyl-propenyl)}-dimethylamine. The reaction
mixture is preferably stirred at a temperature of between approximately -20 and 50 °C, espe-
cially between 0 °C and 30 °C, e.g. at room temperature. The reaction is preferably carried

out under an inert gas, e.g. nitrogen or argon.

The subsequent reaction with a metallo-organic derivative of a compound of the formula 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 formuia 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 formuia
XVIl 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®),
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Alternatively, a compound of the formula VIII as defined above, or a salt thereof, obtainable
or preferably obtained either according to the first or the second embodiment of the
invention, can be further reacted to a compound of the formula XVIil,

OH

(XVIIN)

wherein R, Ry and PG are as defined for a compound of the formula IlIt, or a sait thereof, by
reductive or hydrogenolytic ring opening of the pyrmrolidine ring. This process step as such,
as well as a compound of the formula XVIII, 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 V1l as defined above, or a salt thereof, obtainable
or preferably obtained either according to the first or the second embodiment of the



deprotection of a conmpound of the fornmula VII. A conpound of the formula
VIIl can be further reacted to a conpound of the fornmula X, or a salt

t hereof, as described above, which then can be further reacted via the
reactlon st above to yield a conpound of the fornula XV, or a salt
t her eof . ?@?ﬂ%ﬁ?&ﬁny a conpound of the formula ViIl RETHERIMO03Hhove, or
a salt thereof, obtainable or preferably obtained either according to the
first or the second enbodi ment of the i ention, can be further reacted to
a conpound of the formula XVill, CHOH PGN........ HRL O RO (XViIl)
wherein R, R and PG are as defined for a conpound of the formula Ill, or a
sal t ]thgreimfe,ntib:y cambdlﬁmﬁeweanted‘nlxodaragmwhdﬁf merfdamgxlar)}lwnli digctf whﬁmtg -
pyrrolidin rQcess step as suc as well as a conpound of the
formul a eePF}a?eq?epé&ggfd?’ s??%r eof, also forman enbodi nent of the invention.
The reductive or hydrogenol ytic ring_opening @Heferably takes place under
conditions as those nenti of above ¥ thE}ri ng opening in a conpound of
the formula XV, Alternative\y, a cpnpound of the formula VIl as defined
above, or a salt thereof, obt aétab é pr.ef erabl y obt ai ned either
according to the first or the copd enbodi mant of the WD 2006/ 131304

PCT/ EP2006/ 005370 R;Q8 v an be furt reacted to a conpound of
the forrmula XVviII d|re Jui t a separat deprotection step, PG OH OH
HR O RO (XVIIl) whey RAand PG are as defined for a conpound of the
formula Ill, or a RO (XVIII)

wherein R, R; and PG are as defined for a compound of the formula ill, 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 XV, or a sait therecf, 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.
This method is particularly preferred when PT is a protecting group removable under the
conditions of the reductive opening, in particular, if PT is phenyi-C,-Cralkyl, such as benzyl.

A compound of the formula XVIIl can then be oxidized 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, (comparably as a compound of the formula VIl via an aldehyde with ope-
ned pyrrolidine ring analogous to a compound of the formula 1X, preferably under conditions
as described for that reaction) to a factol of the formula XIX,

R,0

RO (XIX)
wherein R, Ry and PG are as defined for a compound of the formula I, 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



reductive or hydrogenolytic ring opening of the pyrrolidine ring. This
process step as such, as well as a conpound of the fornula XVIII, or a salt
t hereof, also forman enbodi nent of the invention. The reductive or

hydr ogenol v ' peni ng preferably takes place under conditions as

t hose nent%%?g%kgggee for the ring opening in a conpoundAFRM&BIhul a X V.
This nethod is particularly preferred when PT is a protecting group
renovabl e under the conditions of the r'@ductive opening, in particular, if
PT is phenyl-C, -Cr7-al kyl, such as benzyl. A conpound of the fornmula XVIII
can then be oxidized in a further enbodi nent of said first or second

enbodi nent of the invention in a Process forQhe synthesis of a renin
inhibitor, such as aliskiP&, (conpagablyfas a conmpound of the fornula VI
via an al dehyde with ope- ne ggyrrolidine ring anal ogous to a conpound of

the formula I X, preferably undgr:c as described for that reaction)
to a lactol of the fornula Xl %, .... H RORO (XIX) wherein
R, R and PG are &3,Qefjmed fox_a-conpound of[the fornmula 111, or a salt

t hereof (where both t pactijon as well as a conpound of the formula Xl X
, or a salt thereof, a$ h ajke al so enbodi rents of the present

i nvention), which, ROther i ane reaction mxture (in gshdu) or after
isolation, is then oxidized to a | actone of the forrmula XX 006/ 131304
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descri bed 5hg¥hd R thehlaa R Feompound of the formula XI. A factone of the formuta XX,

or a salt thereof, can also be obtained directly from a compound of the formula XVIII. In this

case, the reaction also preferably taking place under conditions analogous to those

described above for oxidation a compound of the formula X to a compound of the formula Xi

A lactone of the formula XX, or a sait thereof, is also a preferred new embodiment

according to the invention.

A compound of the formula XX can then, in a fusther 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 XIV as described above, or a
salt thereof (where this reaction as such also is an embodiment of the invention. The latler
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 Vii, or a salt 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,



conpound of the formula X to a conmpound of the forrmula XI. A |lactone of the
formula XX, or a salt thereof, can also be obtained directly froma
conmpound of the formula XVIII. In this case, the reaction also preferably
taking pla ondi tions anal ogous to those described above for

oxi dat i on gﬁc%ﬁ%@%ﬁ%‘of the formula X to a conpound of PREEPHOMNSEN A

| actone of the formula XX, or a salt th%h? Is also a preferred new
enbodi ment according to the invention conpound of the formula XX can
then, in a further enbodi ment of said first or second enbodinent of the
invention in a process for the synthesis of a renin inhibitor, such as
aliskiren, be reacted with a conpound, of theQ&Tnula Xl | defined above (if
in protected form with sub¥aquent d¥pr ot egfion of the amide ni trogen),

pref erably under anal ogous re ction itions as described there, to a
conpound of the fornula XIV aspyesefibed anove, or a salt thereof (where
this reaction as such also is efbodi nent ‘'®f the invention. The |atter
can then be deprot ; i_bed above to{ﬁTVe the final product of the
formula XV described salt thereof. In a third enbodi nent of the
I nvention, a process f & Lhesis of a renin inhibitor, such as

al i skiren, conpriséﬁDrea ing @ conpound of the formula VII1, or aysalt

t hereof, as defined above (obtainable accordlgg fo the first or second
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XXI, or a_salt thereof, especrally wherein PG = benzyl oxycarbonyl and PT is
benzyl or méedépwemsW§r°ﬁ9mlﬂ§e'wgammpsrpr%ers@hms pigcs Mnfler ¢AnditpBTiSrent s of
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t akes pl ace under conditions as
of the formula XXI, or a salt thereof, can then be reacted in analogy to a compound of the

formula Vil above by removal of the protecting group to give a compound of the formula
XVl as described above, or a salt thereof, which can then be further transformed e.qg. via
compounds XIX and XX and XiV and preferably under analogous reaction conditions, orin
each case a salt thereof, to a compound of the formula XV as defined above, or a salt
thereof.

In a fourth embodiment of the invention, a process for the synthesis of a renin inhibitor, such
as aliskiren, comprises reacting a compound of the formula X, or a sait thereof, as defined
above, by reductive or hydrogenoiytic ring opening to a compound of the formula XIX as
shown above, or a salt 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 sait thereof, as
described above (preferably under reaction conditions analogous to those for oxidation of a
compourid of the formula X to a compound of the formula Xl as given above) which, in yeta
further embodiment of said fourth embodiment of the invention, can then be reacted with a
compound of the formula XII, or a salt thereof, as described above, preferably under reaction
conditions analogous to those described for reaction of a compound of the formula X! with a



t hose nenti oned above for the ring opening in a conpound of the formula Xl V.
A conmpound of the formula XXI, or a salt thereof, can then be reacted in
anal ogy to a conmpound of the formula VIII above by renoval of the

pr ot ecti ng vodh 9dep1318040i Ve a conpound of the formula XVi bbT/ﬁztB@%&’}obed
above, or a salt thereof, which can then be further transforrrec{ vi a

conpounds Xl X and XX and XIV and preferally under anal ogous react | on
conditions, or in each case a salt thereof, to a conpound of the fornula XV
as defined above, or a salt thereof. In a fourth enmbodi nent of the
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to give a conpound of the formula XlIV as descri bed above, or a salt
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of the i mvemhirthenembediohept aftsaik féith anmtiodingent ohtbe invéntidn, alpeodess farltlze vithear a

descri bed Sshdona Triiahaten B BEFreh <BPh ket R poBRRAEEHBe IERIAE, 0%,
fifth enbedasahthecdoftwith a carepaundrof tre fomudeXH, dr_carsaithhereyfrnahdescx;lbetﬂ aboveeni n
| nhi bit or %r(égly L@Eeﬁ%ba}&hrc%gcgp&%ral@%s fo3RGde' REntBnEP IBRE G Rhctidheorkor MUl 2

Xl as des@ ove
compound of the formula X| with a compound of the formula XII, to give a compound of the

formula XIV as described above, or a salt thereof, which can then, in a further embodiment
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 XXH,

Y Rx

0 (xXI)
wherein Y is PhyP* or (AlkO),P(O) wherein Alk is preferably alkyl, e.g. C,-Cr-alkyl, (both of
which may also be prepared in situ , respectively) and Rx is hydroxy, protected hydroxy,
amino or NH-CH;C(CH;)-CONH;, resulting in a compound of the formula XXil,



t hereof, by reductive or hydrogenolytic ring opening to give 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 invention). The reductive or

hydr ogenol yi;¢ i peni ng preferably takes place unde Lri.0ns as

t hose nent?%%g%%gﬂggg for the ring opening in a corrpoun%(‘g}fi‘e’?@gB g@nula XI'V.
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of the formula XilI, or a salt thereof, as described above, preferably under
reaction conditions analoqg s to those maptroned above for reaction of a
conmpound of the formula XI" Wath a conpounfl of the fornmula XlI, to give a
conpound of the fornula XV gg, desckj bedhaboye¥ or a salt thereof, which
can then, in a further enbodi rent" [ ifth enbodi nent of the

i nvention, be dep&ggf v the fornmula XV, or a salt

t hereof , as descri Med~ ~eferabl y under reaction conditions anal ogous
to those described abg d
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solvents, for example at temperatures between -78°C and 100°C.

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
XX, or a salf thereof, under reductive or hydrogenolytic opening of the pyrrolidine ring and

formation of an aziridino ring in formula XXill to give a compound of the formula XXIV,
PG

R,0

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 XXH, or a salt thereof. This process step as such, as well as a
compound of the formula XXIV, 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



Here the reaction can take place in the presence of a suitable base , for
exanpl e, sodium hydride, butyllithium hexyllithium cyclohexyllithium or
lithiumdiisopropylamde, in appropriate solvents, such as ethers, e.g.

t et rahydr ofy@ih 346 rocarbons, e.g. toluene, or hal oge hydr gcar bons,
e.g. nethyl ene c'r g‘?‘i de or mxtures of two or nore such%iﬁgygﬁ?@?mfor

exanpl e at tenperatures between -78C ang 100C. In a further enbodi nent of
said sixth enbodi mrent of the invention, a'process for the synthe- sis of a
renin inhibitor, such as aliskiren, conprises reacting a conpound of the
formula XXII1, or a salt thereof, under reductive or hydrogenol ytic opening
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such as which, in a further preferred embodiment of the sixth embodiment of the invention, can then

be deprotected to a compound of the formula XV, or a salt thereof, preferably under conditi-

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

In yet a further embodiment of said sixth embodiment of the invention, a process for the syn-
thesis of a renin inhibitor, such as aliskiren, comprises reacting a compound of the formula
XXV, ora sali thereof, wherein Rx is NH-CH,C(CH,),-CONH,, under ring opening (with con-
ditions preferably analogous to those described in the preceding paragraph) to give a com-
pound of the formula X1V, or a sait 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 11} 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 symbols used in the present disclosure and thus yiel-



met hyl ene chl oride, for exanple at tenperatures between O0C and the refl ux
tenperature of the respective reaction m xture. A conpound of the formula
XX, or a salt thereof, can then, in a further preferred enbodi mrent of the
si xt h enbodi nent of the invention, be converted into a conpound of the
formul a Xl Ww@swdesaessd bed above, or a salt thereof, by r%EFE‘l’?‘ﬁﬁf s th a
conpound of the formula XI|I as defined above to a conpoun the formul a
XI'V as defi- ned above, preferably under,reaction conditions anal ogous to
t hose nentioned above; which, in a furtfher preferred enbodi nent of the

si xt h enbodi nent of the inventlon can then be deprotected to a conpound of
the formula XV, or a salt thereof, preferably under conditi- ons anal ogous
to those dEgdrefsaead ambodiments oidha ipvertion.Jrelgrably appiieiheitesms er dheyarerused x| V.
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wherein Rx is NH CH2C(CH3) 2- CONH2, under ring opening (wth con- di tions
preferably anal ogous to those described in the precedi ng paragraph) to gi ve
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pos- sible synthesis routes especially for the synthesis of renin inhibitors
such as aliskiren. There- fore, this conpound of the fornula Ill, or a salt
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general expugsetNsS or synbols used in the present disclosure and thus yiel
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straight-rhalned or branched {one or, if desired and possible, more times). Very preferred is

methyl.

Alkoxyalkyl is alkyl (which is preferably as just defined) that is substituted at a carbon, prefer-
ably at a terminal carbon (in ©-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 concemed against unwanted secondary reactions, such
as acylations, etherifications, esterifications, oxidations, solvolysis, and similar reactions. It is
a characteristic of protecting groups that they lend themseives readily, i.e. without undesired
secondary reactions, to removal, typically by solvolysis, reduction, photolysis or aiso 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-



The term"lower" or "C, -C -" defines a noiety with up to and i ncluding

maxi mally 7, especially up to and including naximally 4, carbon atons, said
noi ety being branched (one or nore tines) or straight-chained and bound via
a termnal gor a non-term nal carbon. Lower or C - CTal kyl, for exanple, is
n-pentyl, nWRWEIHI4n_heptyl or preferably C - C4-al kyl , PEFERmIGHISY0AS

net hyl, ethyl, n-propyl, sec-propyl, n-butyl, isobutyl, sec-butyl,

tert-butyl. Hal 0 or halogen S prefenﬂﬂzﬁiluoro, chloro, brono or iodo,

nost preferably fluoro, chloro or brono; where halo is nentioned, this can
mean t hat one or nore (e.g. up to three) halogen atoms are present, e.g. in
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al koxy) grwag,,s)g%e[ﬂhg iR kyl is as defined above, preferably C -C, -al koxy.
As al koxyal'kyl", met hoxypropyl is especially prefer- red. Protecting groups
may be present (see al so under "Ceneral Process Conditions") and should
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As amino protecting group, any group that is appropriate for reversible protection of hydroxy
‘groups is possible, e.g. those mentioned in the standard textbooks under “General Process
Conditions™. An amino protecting group rnay, 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 crganic sulfonic acid bound via its sulfonyi
group), arylmethyl, etherified mercapto, 2-acyl-lower alk-1-enyl, silyi or N-lower alkyipyr-
rolidinylidene. Preferred amino-protecting groups are lower alkoxycarbonyl, especially tert-
butoxycarbony! (Boc}), phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl, fluorenyi--
lower atkoxycarbonyl, such as fluorenylmethoxycarbonyl, 2-lower alkanoyl-lower alk-1-en-2-
yl and lower alkoxycarbonyl-lower alk-1-en-2-y}, 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,-C;-alkanesuifonyloxy, e.g. methanesulfonyloxy,



one class by hydrolysis in the presence of an acid, the other by hydrolysis
In the presence of a base, or one class by reductive cleavage (e.g. by
catal yti c hydrogenation), the other by hydrolysis, or the like. As hydroxyl
pr ot ecti ng @Hou group that is appropriate for revey ction of
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under "General Pro- cess Conditions". A.Qydroxyl protecting group may, just
to mention a few exanpl es, be se- | ect e from a group conprising (especially
consisting of) a silyl protecting group, especially diaryl-Iower
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Salts are especially the pharmaceutically acceptable salts of compounds of formula XV or
generally saits 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, .g. in a pH range from 4 to 10 in aqueous solutions, or can be isola-
ted especially in solid, especiaily crystalline, form.

Such salts are formed, for example, as acid addition saits, 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, suifonic 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-



- 26 hal oal kanesul f onyl oxy, especially hal o-d -Cral kanesul f onyl oxy, such as
trifluoronethane- sul fonyl oxy, or unsubstituted or substituted
aryl sul fonyl oxy, such as toluolsul fonyloxy (tosyloxy). Unsubstituted or

substi t ut eGy@sgok/1dig04Pr €f erably a nono- or pol ycyclic, e§@§&bi)loklyosg%nocycl i C,
bicyclic or tricyclic aryl noiety with 6 to 22 carbon atons, especially

phenyl (very preferred), naphthyl (ver;a sRreferred), i ndenyl fl uorenyl,
acenapt hyl enyl , phenyl enyl or phenant hry and is unsubstituted or
substituted by one or nore, especially one to three, noieties, preferably
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case of compounds of the formula XV.

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 1naterial 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 obmpound of formula XV, or salt
of any one or more of these, as appropriate and expedient and if not explicitty mentioned
otheswise. 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



fumaric acid, succinic acid, citric acid, am no acids, such as glutamc acid
or aspartic acid, maleic acid, hydroxymal eic acid, nethylmaleic acid,
benzoi c acid, nethane- or ethane WO 2006/ 131304 PCT/ EP2006/ 005370 -27
sulfonic a e-1, 2-di sul fonic acid, benzenesulfo

2- naphthalgﬁgsu ?ﬂ%ﬁc aC|d 1, 5- naphthalene dlsulfonlcggﬁEﬁﬁhngym

N- cycl ohexyl sul fam ¢ aci d, N-nethyl N-gt hyl - or N-propyl- sulfamc acid,
or other organic protonic acids, such as ascorbic acid. In the presence of
negatively charged radicals, such as carboxy or sulfo, salts nay also be
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renin inhibitors, especially aliskiren.

General Process Conditions

The foliowing, 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



otherwise. Different crystal forns may be obtainable and then are al so

I ncl uded. Were the plural formis used for conpounds, starting materials,

i ntermedi ates, salts, pharmaceutical preparations, diseases, disorders and
the |ike, W@Og@mﬂtended to mean one WO 2006/ 131304 Pgé- f@ﬁ%g{)@/sp,g%?o -28
(preferred) or nore single conpound(s), salt(s), pharnmaceutica
preparation(s), disease(s), di sorder(s% or the Iike, where the singular or
the indefinite article ("a", "an") is u % this is not intended to exclude
the plural, but only preferably neans "one". Starti ng materials are
especially the conpounds of the formula I, VI, Xl and/or XXl mentioned
herein, i9moupswd piotesting grouspthemseives, @phthr reastions apRespEatePatheY | | |V, v,
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alternatives can be selected readily by the person skilled in the art from those given in the

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

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



of protecting groups are therefore included as possible wherever reactions

w t hout specific nentioning of protection and/ or deprotection are descri bed
in this specification. Wthin the scope of this disclosure only a readily
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context indicates otherw se. The protecté n of functional groups by such
protecting WO 2005/ 131304 PCT/ EP2006/ 005 -29 groups, the protecting
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cess steps are carried out, or in which a starting material is formed under the reaction condi-
tions or is used in the form of a derivative, for example in protected form or in the form of a
salt, or a compound obtainable by the process according to the invention is produced under
the process conditions and processed further in situ. In the process of the present invention
those starting materials are preferably used which result in compounds of formula 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 illusirate the invention without limiting the scope thereof,
while they on the cther hand represent preferred embodiments of the reaction steps, inter-
mediates and/or the process of manufacture of aliskiren, or salis thereof.



form depending on the nature of the reaction and/or of the reactants at
reduced, nornmal or elevated tenperature, for exanple in a tenperature range
of from about -100 C to about 190C, preferably from approxinmately -80C to
appr oxi mat &%gge or exanple at from-80 to -60C, at erature,
at fron1-23&pg %r at reflux tenperature, under atndg"%ﬂﬁgﬁﬂ 3ﬂ}essure
or in a closed vessel, where appropriate Fnder pressure, and/or in an inert
at nosphere, for exanple under an argon oF ni trogen at nosphere. The sol vents
fromwhi ch those solvents that are suitable for any particul ar reaction nmay
be selected :nclude those nentioned specifically or, for exanple, water,
esters, subhemssmentioned insthi Exampleer ‘bat ksdards fardertdbotoxgoabgriyé et hyl acet at e,
ethers, such as aliphatic ethers, for exanple diethyl ether, or cyclic
et hers, for exanple tetrahydrofurane or dioxane, liquid WO 2006/ 131304
PCT/ EP2006EX06@€8: - 30 aromati c hydrocarbons, such as benzene or tol uene,
al cohol s, such as net hanol, ethanol or 1- or 2-propanol, nitrites, such as
acetonitrile, hal ogenated hydrocarbons, e.g. as nethylene chl oride or
chl or of or ny SyothesiandfdeS, 3SubH)-GtertiBute tthoviaxmetieyl Grisal 2y H4-ndetiod @8-
ba- ses, s : anpl- pyri di ne or

' slma At artt e freh as | ower
al kanoic acid anhydrldes for exanple acetlc an- hydrlde cyclic, linear or
branched hydrocarbons, such as cycl ohexane, hexane or |sopen- tane, or
m xtures of these, for exanple aqueous sbP&tions, uf ebg ot herw se i ndi cated
in the description of the processes. Such | vent m xtures nmay al so be used
in working up, for exanple by chronatograph&bor.-artitioning Wher e
requi red or desired, matgn)free or abso- luté sollvents can be used. \Were
required, the morklngiﬂﬁiof Y esy_especially in order to
i sol ate desired conpounds or |ntern9u Dl | ows customary procedures
and steps, e.g. selected fron1f@0g 0 L D sing but not limted to
extraction, neutralization, cryStafization, chrdnato- ﬁ?hy, evapor at i on,
drying, filtration, centrifugation and the Ilke. The invention relates al so
to those forns of the process in which a conpound obtai nabl e as
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t he rerralnlng pro- ce S are carrie out or I‘tln
material is fdeﬁ@@wmbamﬂamunoéa{dtmejhpwéaﬂrmembm@utw-ba@zyumthnhhemestelr m of

a derivative, ({op, GXARR!Einidd Rf O &F Rbreq FEREd Witn b1t o' pYRdie 4nd 0.68g of

thionyi chloride is added dropwise at room temperature. The mixture is stirred at room

temperature for 3 hours and 0.22g of ethanol and 30 mL of water are added. The two
phase system 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/ethy! acetate mixtures provides e.g. 1.04g of 3 as an cil with a
negative {a)y (measured: e.g. - 39.1) atc= 1, CHCl,.
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salt, or a conpound obtai nable 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 whi chyw@sigkizibfy compounds of formula XV - scribed %T}Eﬁiog&uo%ﬁf erred.
Speci al preference 1's given to reaction conditions that are en-"tical or

anal ogous to those nentioned in the Exaggles The invention relates also to
novel starting conpounds and internedi&és described herein, especially
those | eading to com pounds nentioned as preferred herein. The invention
especially relates to any of the methods descri bed herei nbefore and

herei naf t & t Matianteansloyimgahnethanesuiphanyl zhnideracsiutioo aif 1y88g of eptbabic e@cidal t

t hereof. The erve t L1 ust hout
[t ing € he GopeYendra PR RinianiR AR sty LA Er S A R il
preferred enbbehyhestes toft tutg es&ercﬂnnnzcsm.pm dnntetenamizdiratited \ithd 00444 hef
process of manuf c ure of. aliski r salts thereof. 2006/ 13 o
T/ Ep2006/ 00BTPEVAMToRkAEe . Attt By Bf, treht RE| 80 t?88‘e"sté? §Cf'or
tgt but OXycammyibsutl)prEnwrrahleﬁde 10.43g)nik heiles dlbp\(nf&e &ndB?e reaction mixture is
5 5-tert-Butox onvi ox 4- net hox

met hoxy- pr opo¥§ eﬁﬁ@ﬁ ?T6W¥?fﬁ u&‘%l ﬂ’édgft’r@gﬁ daiwq"és JOpgixurg %gﬂy%&w&g@gp%
boc 0-boc H36F WateH3RH the Siganié 1aar isaparaapiThy orgnichibperyit washed itk 20/AL of
solution of 2,168 of car bon| c..aci

: d

t er t but oxycar FEHPFEdPARY 45%‘?'%959&%0’{359 r%? "ﬁS&f"&uf 0l hen9t@Rnis. pRASRyE. hexy

| ester tertwhsHeyl tw&iet\.eth 20 miL AOvater @rfd e \solvehtuenved irt vmumo\gutdwaritomg of

pyri di ne and 6 t hi on chI ride dde

Femper at ure.  SHETRSRERY Srooicerdaeffind b mRianee] SRAE Fyfires Phdides oo

0. 22g of et haméhgans as8@nmil. THe patigst shows addgdtive Tlg (hessurgd@se- 39.9) ato=l §

extracted and hﬁg organi c | ayer renoved and washed with 20nL of 10% aqueous

sodi um hydrogg ul phate solution foll owed by 20nL of saturated aque- ous,

sodi um bi carbonate solution. Finally the organic phase is washed twice with

20 m. C  Variant employing triphenylphosphine/iodine: A solution of 1.48g of carbonic acid
(28, 4S)-2-tertbutoxycarbonylamino-4-[4-methoxy-3-(4-methoxy-butyl)-benzyl]5-methyl-
hexyl ester tert butyl ester 1 in 15 mL of dry toluene/acetonitrile (85/15) is treated with
0.58g of imidazole at room temperature. Triphenyiphosphine (1.14g) is added, followed
by dropwise 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.

D Varlant employing ion exchange resin:
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Y k r.t.
_ Exact Mass =537
Exact Mass =555 Molecuiar Formula =C29H47NO8

Molecular Formula =C29H49NO9



of water and the solvent renoved in vacuumto give an oil. Chromatography on
silica- gel, eluting with heptane/ethyl acetate m xtures provides e.g. 1.04g
of 3 as an oil with a negative [aid (neasured: e.g. - 39.1) at c= 1, CHC 3.
boc 0, boc WZWHQS C O H3C 0 (1) WD 2006/131304 PCT/EP2006/ 005370 -32 B

Vari ant enpl oyi ng hanesul phonyl chloride: A sol ution P6HEP2¥88058T0 car boni ¢
aci d (28

4S) - 2-t er t but oxycar bonyl ani no- 4- [ 4- met hoy- 3- (4- met hoxy- butyl) - benzyl ] 5-neth
yl - hexyl ester tert butyl ester I in 20 nL of dry toluene is treated with

0. 044g of di nethyl am nopyridine and 0.55g of triethylamne and cooled to
0C. Met hanesul phonyl chloride (0.43g) is added dropw se and the reaction
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Tri phenyl phosphine (1.14g) is added, followed by dropw se addltlon of a

sol uti on r§ %:’h%lr% @\t eI Ré’&k@& f{agk %FEM:IIS c{lweﬁd%ﬁﬁé@%%&?g of 'b‘ e?oc(-gr?l; lge%rf"\ﬂ\t hin

15 m nutes. I on m X room tenperature
400 mt of ethano! and 3.5 m! of water To this salution is added a solution of 40.7 g of LiBH,

in 32 ml of THF via a dropping funnel within 15 min. at room temperature. The dropping
funnel is rinsed with 8 ml of THF and the reaction mixture is stirred at room temperature over
night. Then an additional amount of 13.6 g of LiBH, in a mixture of 10 ml THF and 1 mi of
water is added. The reaction mixture is warmed to 40 °C for 2 hours and is then cooled to O
°C. The reaction is quenched with 125 m! acetic acid followed by an extractive work up with
500 ml of water and 500 ml of TBME. The organic phase is dried via sodium sulfate and
evaporated in vacuum to give a very viscous oil which consist as a mixture of epimeric
benzylic alcohols in the ratio (8 : 1).

Il. Synthesis of (2R, 3S. 5S)}-5-Hydroxymethyi-3-isopropyl-2-[4-methoxy-3-{3 methoxy-

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

(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 stimed at this
temperature for 4 hours. The reaction is then diluted with 60mL of tert-butylmethyi
ether and 20mL of water and the mixture extracted. The organic layer is separated and



hours and quenched with 20nL of a 5 % sol ution of sodiumthiosul phate. The
organic phase is separated and washed twice with 20nL of brine. The sol vent
is renoved under vacuum and the resulting oil is chromatographed on
silica-gel 1.24 g of 3 as an oil. D Varia | oyi ion
exchange re@nﬁbﬁ\éﬁlﬁ?\l O Ho ' NOwmp o o Anberlyst nél%%&é"ggoo
Acetonitrile or.t, o\ Exact Mass Exact,6 Mass =555 =537 Mbl ecul ar Formul a
=C29H49NM® Mol ecul ar Formul a =C29H47NC8 WD 2006/ 131304 PCT/ EP2006/ 005370

-33 45,70 g of carbonic acid (2S,

4S) - 2-t er t but oxycar bonyl am no- 4- [ 4- met hoxy- 3- (4- net hoxy-

but yl ) - benzyl | e rmmubgus- lapseyis vershed withrat fuitberythagga of 40m laPLedt-9Bylo%dHyl ether.78, 1

et 11 6 g (D coTAasbitglc e e o Eb G 7 Cor el it 8 dhilts ©

resul ting m xtremeved irs vaquuedticagive the altehol B dsoan sil. A Tiegativei (Al isfauod adred 1,

evapor ati on of At fajl d

cl ear col ourl e%Heg H %rl ti’/ﬁwgg?@zo’ﬂa@"%%@%é&ﬁu n§3 ﬁgﬁgﬁﬁalf@(@% be
pr epar ed accor:ﬁiVﬁ(gHo 0 3t55e3. ASBHWIARS (3BT MHab(1HRr 298¢ b80(8H), ofl .6501M) o UINAD(AH )Y
reduction of t ryl ketone with LiBH4 In a 350 nl three necked
flask are di ssﬂ?%a% ﬁ@BH?(GZ 3 mmol ) of bis-Boc-aryl ketone in 400 m of
ethanol and 3.5 m of water. To this solution is added a solution of 40.7 ¢
of Li BH4 hﬁb .

t enperat ure;
reaction : Hpyrralidi boxylit agigh tarts ni ght . Then an

addi ti onal am)unt of 13.6 g of L| BH4 in a mxture of 10 M THE and 1 m of
water is added. The reaction mxture is warnmed to 40 C for 2 hours and is
then cooled to O ~ .

D&:r“\

0
0 &
N )—0
ook D N ——s
HregHay |2 T " H* (e.g. HOY
{1) Mixturs of epimeres - 8-
- H,0 0
- 5377

8557 - COQ, / Isobutere

>=—0H
HN— H._ _COOH
PN N o ) I
H COOH
Maleic add ~ o

(5) 453.9

XO
=

o ~OH
s
- /WDQ\
™o

(6) 4376

Synthesis of {{(2S .4S 5R)-4-1sopropyl-5-[4-methoxy-3-(3-methoxy-propoxy)-phenyl]-
pyrrolidin-2-yl}-methanol (Z)-but-2-enedioic acid 1/ sait 6 :
To a solution of 5.56 g of carbonic acid (2S, 45)-2-tertbutoxycarbonylamino-4-[{4-methoxy-3-

(4-methoxy-butyl)-benzyl]S-methyl-hexyi ester tert-butyl ester (1) in 28 ml ethanol absolute,
2.5 mi of aqueous hydrochloric acid 37% (or an equivalent amount of hydrochlorid acid in



C. The reaction is quenched with 125 nl acetic acid followed by an
extractive work up with 500 ml of water and 500 m of TBME. The organic
phase is dried via sodiumsulfate and evaporated in vacuumto give a very

vi scous oi kyghjoghszgansi st as a mxture of epineric benzykj ls in the
ratio (8: 1). Il. Synthesis of (2R 3S. BenlBaR6ERIN

5S) - 5- Hydr oxynet hyl - 3- |sopropyl 2-14- meégoxy 3- (3 net hoxy-
propoxv) - phenvl | pvrrolidi ne-1-carboxyli¢“acid tert-butyl ester 6: boc

N, ., ... .. OH H3CG-O-,0OH3C, Ol / (6) A solution of 2.52g pyrrolidine 3 in
2. 5m_ of nmethanol is treated with 3.87g of potassium carbonate, and the
suspensi oethasoh@Mpiscadted abESERAAfter stiniegl fant! b 21i0s5°C, thepreastiamrmixfue is4 hour s.

The react 'gﬁé&iutbﬁe ﬁ(%%bttg 785PE Winjri4 ﬁ%}knﬁﬂ atlrBfihc th'\’lge\,{llaE[ﬁ'E Wontifiddbr 249, 20

of wat er ure extracted e “organi c yer I's separated and WO
2006/ 13130atiansfereaiosiDcssmiete. Ttaequan@raqubm§ dogledrto RI, ard h@ ml of wateris

further Qﬁ\&/\éla&; ﬁg% oA%ﬁ]c s‘&ivebﬁ(e&*@ﬂﬂf) W gﬁ% loﬁ% U&c%ur? ar“‘fﬁe(\rgmfn%%rqg[%&?sm ¢

| ayers are and e sol vent enoved in
vacuum t o cgneestrateds exteastas with b&mhiﬁonmwlaoetaie e anpeoud layerds sepanateditand= 1,

5. 75( 3ty , SPeady Py Rebropypiie; a%@?ﬁw?@‘ﬂ%m Bofiyd P01
1.40(9H), dsolmtl@wm%l)l$ sioWlyHdsIeR at (45t € underivigerousiagiiatian, patikpH3E-12 is reached.
5S) - 5- Hydr p ﬁ%}l‘lt&% ver l§ sga‘BQFé??d/ bn@%Jn%eﬁfFété}P a&%ﬁ@@t@ﬁ%%ﬁes:dual xolyme o

pr opoxv) - pvrrol car boxyl i ¢ acl ester
HN O O  (nazepfrogieregnovalepfremainmig)water)) Mkl ure of epl meres (e.g.

A solution of 1.16 g maleic acid in 12 ml isopropanol is added to the concentrate of
intermediate (5) free base in isopropylacetate at 40°C. Crystallization of (5) maleate is
initiated by seeding at 40°C and completed by cooling of the suspension to 0-5°C. The
crystalline (5} maleate 1/1 salt is collected by filtration, washed with 16 ml isopropylacetate /
isopropanol 3/1 (v) and dried in vacuo. 'H-NMR (d®-DMSO, 300 K) : 7.2 (1 H), 6.9-7.1 (2H),
6.0 (2H), 5.3 (1H), 4.1-4.2 (1H), 3.9-4.1 (2H), 3.8 (1H), 3.6-3.7 (3H), 3.4-3.5(2H), 3.3
(3H), 2.4-2.5 (1H), 1.9-2.0 (3H), 1.8-1.9 (1H), 1.6-1.7 (1H), 0.8-0.9 (3H), 0.7-0.8 (3H).

Synthesis of (2R,3S,55)-5-Hydroxymethyi-3-isopropyl-2-[4-methoxy-3-(3-methoxy-propoxy)-

henyl}-pyrrolidine-1-carboxylic acid tert-butyl ester (6} :

2.27 g (5) maleate 1/1 salt is dissolved in a mixture of 10 m! methylenechloride and 8 mi
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.

lll. Synthesis of (2R, 3S, 55)-5-Formyl-3-isopropyt-2-[4-methoxy-3-(3 methoxy-propoxy}-
phenyllpyrrolidine-1-carboxylic acid tert-butyl ester 7




HzO O - cO | Isobutene 537.7 -ON-OH HN HHYCOOH O 1| / Maleicadd O 1 // H
COON 337.5 (5) 453.5 O-OH N (Bo),0 O (6) 437.6 Synthesis of

{(2S. 4S. 5R) - 4- | sopr opyl - 5-f 4- met hoxy- 3- ( 3- met hoxy- pr opoxv) - phenvl | -
pyrrolidin hanol (Z)-but-2-enedioic acid 1/ sa

(Z- 2- enedi Xi?(():y‘ig(}giﬁdﬁ%‘/ salt 6 : To a solution of 5.56 ¢ %FT@%EW?%O d (2S,
4S) - 2-t er t but oxycar bonyl am no- 4- ( 4- net ho\éy 3-

(4- nmet hoxy- butyl)-benzyl ] 5-net hyl - hexyl €ster tert-butyl ester (1) in 28 ni
et hanol absolute, 2.5 m of aqueous hydrochloric acid 37% (or an equi val ent
anount of hydrochlorid acid in WO 2006/ 131304 PCT/ EP2006/ 005370 -35 et hanol
2 M is added at 0-5C. After stirring fbmc 1 h at ©-5C, the reaction mxture
is gradually heated to 78-80C within 1 | ONStirri Ng at reflux tenperature is
continued for 2-4 h, until transformation Ns..cg e. The reaction m xture
is cooled to RT, and 18 gy of water is added. [The organic solvent (ethanol)
is stripped off in vHDD, Y@nﬂ\t\pﬂ) epeti N agueous concentrate i s

extracted with 42 m 1 sopropyl acet af e adueous | ayer is separated, and
after addition of 30 m isoprg \Iac el appgroximately 3.2 ml aqueous

sodi um hydroxid solution 30 % f0sl y at 0-5C under vi gorous i
agitation, until pH 11-12 is reached. The organic |ayer is separated a)nd
concent r atldsing 8Ogpywidine combpddxy A2<olution roédi7gund lalcobdlBria 58(vi né otettyfine chipnde & of

e 0 o APt obotf 674t bfiaiod & ek SR BRRIRk o5
at 40C. Cropslked|tbi(FGt araha colutib) ofbl8dgtef the SOyfiytidiae exbriplexsdisstiveg iatd640.Cofand
T sal ¢ et oeR TR i Aa il B R aEHs R 1
| sopr opandiouy and quemahed dwithe d0SmL ohonater drid MG ad-HepBBe. IBO diYanic TayBr {s1 H),
6.9-7.1 ( 2s'é'?)ar:ated and washed with 25mL of 10% aquceus sodium hydrogen sulphate solution. The
organic phase is then washed with 110mL of water followed by 25mL of saturated aqueous
sodium hydrogen carbonate solution. Finally the organic phase is washed with water until the
pH of the aqueous solution is7. The solvent is then removed to give the aldehyde 7 as an oil.
A negative [a], is found at c= 1, CHCl;. "H-NMR {d®-DMSO, 300K) 9.75(1H), 6.90-6.80(3H),
4.63-4.30(3H), 4.00(2H), 3.75(3H), 3.50(3H), 3.23(3H), 2.10-1.90(4H), 1.85(1H), 1.60(1H),
1.05(9H), 0.85(6H).

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 waler 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 aicohol 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. Evapoaration of the solvent in vacuum affords e.g. 0.50 g of the

aldehyde 7 as an oil.



6.0 (2H), 5.3 (1H), 4.1-4.2 (iH), 3.9-4.1 (2H), 3.8 (1H), 3.6-3.7 (3H),

3.4-3.5 (2H), 3.3 (3H), 2.4-2.5 (1H), 1.9-2.0 (3H), 1.8-1.9 (1H), 1.6-1.7

(1H), 0.8-0.9 (3H), 0.7-0.8 (3H). Synthesis of

(2R, 3S,59) t hyl - 3-i sopropyl - 2- f 4- met hoxy- 3- ( 3- net hox I OpOXV) -
¥ E&X lf«g‘ilmcarboxyllc acid tert-butyl ester (Pﬁ?)T/EPZ@%‘?ﬁ@(S)

phenyll-pyrrgl
mal eate 1/1 salt is dissolved in a mxture of 10 m nethylenechloride and 8
m water. 8 ml aqueous sodi um hydroxi dé’solution 2.0 Mis added at 0-5C
under vigorous stirring. Then a solution of 1.14 g
di-tert-butyl-dicarbonate in 10 mMl nethylene chloride is added within 10
mn. After 15 mn at 0-5C, the reaction mxture is slowmy heated to room

terrperaturI and furt herf Thet or anl c_phase
L) i 4

I'S separ atesd A a lejie! Hf q ‘sn OPRAY: Opl c
destillat '@Bn\ﬂ!ﬁﬁréudrh%l-tg Mh_ it estef#§ I emai ni ng crude (6) - or a
concentrate of the product 1 n nethylenechloride - _can be directly further

processed to (7) according to patent de8apl e bel@w. 111, Synt hesi s of (2R
3S. 55)-5-Fornyl - 3-isopropyl - 2-f4-met hoxy-8- (3 mef hoxv- propoxv) -

phenvl | pvrrolidine-I-carboxylic acid tert- dﬂ’t yi- 7 WD 2006/ 131304

PCT/ EP2006/ 005370 -36-_oc\ O H H3C-O\"-j«O H3C 0 ?% Usi ng SO pyri di ne
conpl ex: A sol ution Y5C%. W G i 31l of nethylene chloride is
treated with 33nL of dinethyl suipho 3. 67g of triethylamne is added.
The m xture is cooled to OC a_sQl u 6.84g of the SOBlpyri di ne
conpl ex dissolved in 46nL of di @t hyl” sul phoxi*de i s added dropw se WHhi n
20 mnutes. The reaction is stirred at 0OC for 2 hours and quenched vvlth
105nmL of water and 105nL of heptane. The organic layer is separated and

washed W tdsciaivh dpf1. 7H080tAE ‘é%H?deSPFH %Lhaﬂéﬁ-%ﬁﬂmﬁ% %ﬁfeﬁ vﬁﬁ’\' 3|'hl'. Qﬂz-m'@ﬁﬁzl-
organi ¢ phase is then washed wat er foll owed

sat ur at ed ZRliensud S%GPWW&%@E@U@@BE%@@ k@?&uf’f Qﬁﬂ'u"FidH‘é(ﬂ'loﬁe‘ﬂ HBOS(PF'B‘&m c
phase is vyassiRd obivhidr WaidAkd WRdpwisel FRe two phase mixture is stirred for 90 minutes at room

temperature and 15ml of toluene and 15mL of water is added. The organic layer is
separated and washed with 20mL 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).

Synthesis of (2R, 3S, 55)-5-({18, 35)-3-Benzyloxymethyl-1-hydroxy-4-methyl- pentyl}-3-
rrolidine-1-carboxylic acid tert-butyl

O

(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 lreating 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 stired for 80 minutes at room temperature, then



pH of the aqueous solution is7. The solvent is then renoved to give the

al dehyde 7 as an oil. A negative laid is found at c= 1, CHC 3.' H NW\R
(d8-DMBSO, 300K) 9.75(1 H), 6.90-6.80(3H), 4.63-4.30(3H), 4.00(2H,

3.75(311), 3.23(3H), 2.10-1.90(4H), 1.85(1H), 1. 05(9H)
0. 85(6H). Xﬁ{%rnaﬁgvely, to a solution of 1.1 g of the %ﬂgﬁ&%ﬁ@i”n 10 nmL of
di chl oronethane is added 0.4 g of pyridihe, 1.1 g of diisopropylethylam ne
and 2.0 g of dinethyl sulfoxide. The m"xfure is cooled to -5 C and 0.6 g of
sul fur trioxide-pyridine conplex is added in four portions over a period of
2h. The reaction is quenched by addition of 2.5 nL of water and acidified by
addi ti on @0mi atia 85%3Fpiehysi soutidroef @mechidm dhiesideHa addedirieliavedabyaadditicanef t he

The- sol verr e ShRrEARAntiafrer 1 oRlepliEos i Xebfraal oo paTled Dbt Yitelnd "2

an oil. Usf wgtefrﬂrbecolrgma:mmamrle ccxﬂcenmdgw wicutineto givedhe rude afobal gs ah o odi um

hydr ogencar bonat t d . 0 f T in 3
mL of di c%f’ﬁﬁ%ﬁ%‘%ﬂ%ﬁ@ %%“ 51% @Qéﬁ&e é"gg?@% [316'52’%69" %oc—tﬁelw Iﬁ'@(t ure
is added &t opd=B280M13 rg+cNa A650.3% sodi um hypochl orite solution, and the
m xture stirred for 5h between 5 C and 20 C, before addition of 0.57 g of
sodiumsulfite. The phases are then separated and the organi c phase washed

twi ce w t Aitématived, Avmumbn oESZ'Ag@r akielydedfinBhenlsof tekeatydrofunan tuaddedfté ar ds e. g.

0.50 f th |d L | 2006/ 13 3 /. 06/ 0 -3
. syt e eSS shiioRdy i Ghasard asem prepareif bicieliigng 2998 P20 57

met hoxy- pr;mpmme)hyl -Bhmethylibusoxymethyl ) hendeng -withc3a2 § ek piagneshan ¢h 120 mL of but yl

o1 dehyde. PAReliERroaifoa Y abT2 tbrerpestbany to b Bt reatests St rof 15
2- but ene. afrosni tenperatwé, Beri 360 aﬂ_ of @dV sutfudb beid iig addedd The Hgtuefis stirdedaumtil
di-hydr ogeg PIOSANALS osh iy h2lThisOfvatRiEh e oidEE e LB and RE ofgiRicHIESS

m xture |
washed with 50 mL of 12% sod|um chloride solution. The organic phase is concentrated in

vacuum to give e.g. 42.6 g of the crude alcohol 8 as an oil.

Vi Synthesis of (2R, 3S, 58)-5-((1S, 38)-1-Hydroxymethyl-3-hydroxymethyl-4-methyl
pentyl}-3-isopropyl-2-[4-methoxy-3-(3 methoxy-propo henylloyrrolidine-1-carboxylic acid
tert-butyi ester 9:

OH

0
H,C \/\/0

© ©
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 S5mL of methanol in two portions.
Removal of the solvent in vacuum provides alcohol 9 as an oil. A negative [a], (e.g. - 34.1, -
34,6) is found at c= 1, CHCl,.

Vla. Synthesis of {((18,2S,4S)-2-Hydroxy-4-hydroxymethyl-1-{{S)-2-{4-methoxy-3-(3-
methoxy-propoxy)-benzyll-3-methyl-butyl}-5-methyl-hexyl)-carbamic acid tert-butyl ester Sa:




tenperature and 15nL of toluene and 15nL of water is added. The organic

| ayer is separated and washed with 20nL of water. The solvent is renoved in
vacuumto give the acid 15 as a clear oil which slowy crystallizes. 1H NWR
(de- DMSO, (1H), 7.35(111), 6.90(111), 6.81(

4. 25(111), &ié%(éﬁ)@é 3.75(311), 3.45(2H), 3.23(3H), ]"%]5‘)’?2%%35(1‘% 1.65(1
H)y, 1.25(911), 0.85(611). V. Synthesis of, (2R 3S, 5S)-5-((1S.

3S) - 3- Benzyl oxynet hyl - | - hydr oxy- 4- net hyl = 39 1 pentyl) - 3-

I sopropyl - 2-f 4- met hoxy- 3- (3 net hoxy- propoxv) - phenyi | pyrrolidine-I-carboxylic
acid tert-butyl ester 8 boc\ OH H3CGO" ~-O0 H3CO0/ (8 A solution of
1.98g of aldehyde 7 in 15nm. of tetrahydrofuran i poled to 10C and is
treated with the Gignard reagent prepaﬁ'ed o5 bat i ng 1. 23g of
((S)-2-bronmonet hyl - 3-nmet hyl - but oxynet hy N), benzeng wi gy 0. 12g of nmagnesi um

I n diethylether containing 0.043g of Bmcz- dT br orfoet rane at 45C. The reaction
is stirred for 90 m@g}ae;hat/ oomtenperatyre, then WO 2006/ 131304

PCT/ EP2006/ 005370 -~3 0 of ~g"25% gous sol ution of anmoni um chl ori de

I s added, followed by addition g of tert-butylnethyl ether. The
organic phase is separated a \n@ e wwth 20n. of water. The organic
phase is concentrated in vacuumto gi ve the crude al cohol 8 &3 an oil.
Purification on S|I|ca gel delivers e.g. 0.97g of pure S. A negative [a]d is
found at c= M +H= 628, M +H+Na=650. Alternatively, A solution of
27 g of aladé]w@m qfr1 aef the pyrolidiner&inyid el of T issoglgd éei—78 “& and 17 mL of
roomtem%ﬁw@@ﬂeH&%&Ht&Eehgﬁ Gd &B%:ﬂufeﬁﬁ%{)@d @wgmed.hm érﬁfthé'X' ng 20 g

of ((S)-2- chlorometh but oxymnet h i/ enzen
magnesi u m"?W"TQG’aHLCQS‘PU"e@ &'ﬁﬁ'@ﬁ‘ﬁéﬁ GV%l’rI“QRSﬁ Bnngotthe mixtyre is added 2 6 g of

1, 2- di br onR@hdHAIR cf')lel‘ldé1 The Fﬁh&‘uré %aélfohﬁﬂ td Wardh id 'l teﬂlrrfrﬁénlé-e%po?éteg SPHhd

terrperature t hen mL_ of N sul furic acid is_add The m xture is
stirred uquacteﬁwed@szb'éwswﬁgw&eifqmﬁﬁ%mwf@dme&tolqeneﬁﬂfi Hé’ ppkacelc asid

separ at ed saae1d hfh 2% Sﬂ’-fﬁf watdtaS Sddemia ke Phés‘és 2kt $dpanited 2thes Sglicdls plhdsarnd de

solution. The organi c phase is concentrated in
back-extracted with 25 mL of toluene, then the combined organic phases are washed four

times with 1:1 water-brine before drying over sodium sulfate and evaporating in vacuum.
Purification of the crude oily product (0.86 g) on silica gel, eluting with ethyl acetate-heptane
affords e.g. 0.71 g of pure 9a. "H-NMR (CDCl;, 300K): 6.8 (2H), 6.7 (1H), 4.7 (1H), 4.1 (2H),
3.8 (3H), 3.5-3.7 (5H), 3.4-3.5 {1H), 3.4 (3H), 2.7-2.8 (1H), 2.4-2.5 (3H), 2.0-2.2 (2H), 1.5-1.8
(8H}, 1.4 (SH), 0.8-0.9 (12H).

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 chloride is added and the mixture allowed to warm
tor.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,

VIl. Synthesis of (2R, 3S, 58)-5-((2S, 4S)-5-Hydroxy-4-isopropyl-tetrahydro-furan-2-yl}-3-
isopropy!-2-[4-methox rolidine-1-carboxvlic acid tert-butyl

ester 10:




vacuumto give e.g. 42.6 g of the crude alcohol 8 as an oil. VI. Synthesis
of (2R, 3S, 55)-540S. 3S)-1-Hydroxynethyl -3-hydroxynet hyl - 4- net hyl
pentvl)-3-isopropyl - 2- f 4- net hoxv- 3- (3

met hoxy- pr yl I pvrrolidine-|-carboxylic acid t B ster 9:
OH boc\ Oﬂ?ﬁ?_ﬁ&g@@ﬁ&@ H3C0 (9) A solution of 0.48g ﬁ‘r@pﬁ@%@é&gﬁ% of

nmet hanol is treated wwth 0.1g of 10% pal | adium on charcoal. The suspension
is stirred under an atnosphere of hydrogéh until the uptake is stable. The
suspension is filtered and the solid washed with 5nL of nethanol in two
portions. Renoval of the solvent in vacuum provi des al cohol 9 as an oil. A
negative laid (e.g. - 34.1, - 34,6) is found at c=1, @
of ((iS.2S,4S)-2-Hydroxy-4-hydroxvnet hyl-1-{(S)-2-]4-nethoxy-3-(3-

met hoxy- propoxv) - benzyl | - 3- et hyl - butylt)Q - met hyl Onexwl )-carbam c acid
tert-butyl ester 9a: WO 2006/131304 PCT/ EP2006/ 003370 § -39 H OH | BocN,,,
H /O,~-0\01l / (9a) a) A solution of 1 b‘"bf- nyriglidine 8 in 17 nL
of THE is cooled to - 780C and 17 nL of armmoni @ condensed into the flask.
To the mixture is addg@ 0.4 KoFOSQdrR e resulting dark-col oured
m xture stirred over night at -78 C. I Xxture is added 2.6 g of
ammoni um chl oride. The m xturk,ds_3 magrmto r.t. (amoni a
evaporates of f and unreacted sodPum 'S di $Sol ved) before addition of (149 nL
of toluene and 1.9 g of acetic acid.

Variant employing SOy/pyridine: A solution of 0.20g of alcohol 9 in 5mL of methylene
chloride is treated with 3mL of dimethyl suilphoxide and 0.2g of triethylamine at 0°C. A
solution of 0.24g of the SOy/pyridine complex in 4mL of dimethyl sulphoxide is added
dropwise within 15 minutes at 0°C. The reaction is stirred for 40 minutes at 0°C then warmed
to room temperature and stirred for a further 2 hours.

Water (10mL) and heptane (15mL) are added, and the resulting mixture is extracted. The
organic phase is washed with 15mL of a 10% aqueous solution of sodium hydrogen sulphate
followed by water (15mL) and 10% aqueous sodium bicarbonate solution. The organic phase
is removed in vacuum to give e.g. 0.18g of the lacto! 10 M*+ = 536,

Vil. Synthesis of {2R, 3S. §5)-3-isopropyl-5-((2S, 4S}4-isopropyl-5-oxo-tetrahydro-furan-2-

yl}-3-isopropyl-2-[4-methoxy-3-(3-methoxypropoxy)-phenyl]-pyrolidine-1-carboxylic_acid tert-
butyl ester 11;

(11)
A solution of 0.16g of alcohol 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 thiocsulphate solution (5 mL of 10%) and water



After 10 mn 25 nL of water is added and the phases are separated. The

aqueous phase is back-extracted with 25 nL of toluene, then the conbined
organi ¢ phases are washed four tines with 1:1 water-brine before drying
over sodiumsul fate and evaporating in vacuum Purification of the crude

oily produc,,{,()(ng6 on silica gel, eluting with ethyl t ane
affords e.g. ﬁﬁs&%f pure 9a. 1H NVR (CDCI 3, 300K): chfﬁlzﬂzé(]ﬁm (1H) ,

4.7 (1H), 41(2H) 3.8 (31-1), 3.5-3.7 (5H), 3.4-3.5 (1H), 34(31-1),
2.7-2.8 (1H), 2.4-2.5 (3H), 2.0-2.2 (2Af1°1.5:1.8 (8H), 1.4 (91-1), 0.8-0.9
(12H). b) A solution of 1.0 g of the pyrrolidine 8 in 2.5 nL of
tetrahydrofuran is added to a mxture of 0.37 g of sodiumin 5 nL of

ammoni a affenld).dbe atdesf artcbmeailnysbaﬁra rsaparated $Be Qrgafiteephaise isuwashedswitht 10mleof f or

varm to et a e JORBHY KTLRONY toc Bl Gite 80%a; ChrPialodtotyl 3HER0L0,
zgmg and aﬁem‘ggoﬂmgmfdn [alhe *pﬁ?zSésU%l: etl-mparrapemhndﬂﬂﬂéCad-d}BNE(we@ehl s
eashed w B0G° 580 . Sp-44 200 edERT el 3 AR R G 8B SR 2 gna "

t he sol ve(gH), 282vedH)2.02c2(5M), B4Har @HN.£(GH), D0 (8HP 0% (3HN.8 BHYduct 9a as
an oil. VII. Synthesis of (2R, 3S, 5S5)-5-((2S.
4S) - 5- Hydr oxy- 4-i sopropyl -tetrahydro-furan-2-vl)-3- iso ro

| - 2- 1 4- mepéhidtivaly( 36 R} GOSMBr IPsRe)disseived i 2 nid ot akdthitiife Ands 80 |rh:§letﬁﬁdrd
tert-butyl ester 10. WD 2006/ 131304 PCT/ EP2006/ 005370 . - 40 O

H3C- 0~/ O SIRgTS(Rddeq!: 160 jhe guspensien isnasidsdianspulion ofyati me N"mewlmﬂfpfaﬁ{"‘%ﬁ“ 0. 20g

of al cohobxife bid Qr&n@f of TER AW |(R68-N- ﬁrbbﬂémdﬁnluﬁ'l bére@h@ﬁbtw i amef atetdhitins. hy|
sul phoxi dgﬁand ri ethyl am ne at | uti on of 249 of the

S03/ pyr | AR G R E Stringy A Tobmafasaergiires e, ReAcian Ssoamuleld. Teosarel i ¢ hi n

15 m nut egvapbrdiéd inNRuLSSHd B8 residisd is' digsdivealin é@uynhwéte%rﬂtm@ﬁdt\h@a shartmed
stirred for furt Wt er QnlL) and

to roomte rat ur
hont ane. (B STcate 108 DN S prapnmoled By ra HE toRe T dng of SRERABEdd: Tho

Alternatively, to a solution of 0.68 g of the alcohol 95 in 18 mL of acetonitrile, containing 0.7
g of 4A powdered molecular sieves, is added 0.59 g of N-methylmorpholine-N-oxide and 44
mg of tetrapropylammonium perruthenate, and the mixture is stirred overnight. After
removal of the solvent in vacuum, the residue is taken up in ethyl acetate, filtered through
silica gel, washing with ethyl acetate, and the solvent again removed in vacuum. Purification
of the crude oily product (0.72 g) on silica gel, eluting with ethyl acetate-heptane affords e.g.
0.57 g of the pure Lactone 11.

IX. Synthesis of (2R 3S,55)-5-[(15,35})-3-(2-carbamoyl-2-methyi-propylcarbamoyl}-1-

(12)
A solution of 0.08g of lactone 11, 0.052g of 3-amino-2,2-dimethyipropionamide 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



organi ¢ phase is washed with 15nL of a 10% aqueous sol ution of sodi um

hydr ogen sul phate followed by water (15nlL) and 10% aqueous sodi um

bi carbonat e sol uti on. The organic phase is renpoved in vacuumto give e.qg.
0.18g of the lactol 10 M+ = 536. VIII. Synthesis of (2R, 33,

5S) - 3-1 sopr, S. 4S)-4-isopropyl -5-oxo-tetrahvdr - 2=

yl)_ 3- |soprvg%§+06§31%442net hoxy- 3- ( 3- net hoxvpr opoxy) - phenv?F&%?@Fﬁ%PWe-l -carbo
xylic acid tert- butyl ester 11: O boc\ N 1"13CG~~ /\ \ H3C 0O I / (11)
A solution of 0.16g of alcohol 9 in 3nlL '0f met hyl ene chloride is treated

wi th 0.005g of TEMPO followed by portionw se addition of 0.20g of

(di acet oxyi odo) benzene. The m xture is stirred for 5 hours at room

t enper at urdilutedt with \d@mlc jof tiolpensang wasbed| with0 2awnob d0%eagiesoud . sotiiunh unytiegen

0. 20g of

urther 24 Hhac UBATTASBESAE hasd FoShyERe ratuishBl Withly phffle Bhvflie, o,
(5 nL of Ieypvedin vasuem tM1m¢IL§m1 IP@SMQ@@I Bmswfmexanelanq Stlft_e)ﬂ dhe
added and 4 iREed By FuaBARER) i nollie RRADGK fr PRASH bYWERERT0s! dfril

wat er and the sol vent renoved vacuumto give an v ro ogr aphy on
silica- gel‘lzajiav@@nel\g H= 628 of 11 [a)o = + 28 3 (1% CHCI 3) rrp.: 70 -
71,5 C, "HNWR (CDCI 3, 300K): 6.6-6.8 (3H), 4.3-4.4 (2H), 4.0-4.1 (21-1),
3.7-3.8 (4H), 3536(2H) 33(3H) 2526 (2H) 2324(1H) 2022
(5H), 1.4-XA. f XS )4 hia fbArasY) AR (S)-3
76 19 of |G Gho ;
mol ecul ar ‘ 1 0

N- et hyl erE&IMM_fN_omde and 2 5 ng of TPAP (tetra N-propyl anmoni um
perruthenate) in 1 m of acetonitrile. After 2 hours stirring at room
tenperature the reaction is conplete. ent is gevaporated in vacuum
and the residue is dissolved in etpyl a and filt via a short pad
if silicagel. The filtrate igoceﬁmhr,ate acuunl'{}to giXe 77Nhyg of conpound
11.

Hsc’o\/\/o
H

“o (13)
A solution of 0.037g of amide 12 is dissolved in 1mL of tetrahydrofurane and coocled to
-78°C. Liquid 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
stired 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 ethyi
acetate. The organic phase is separated and the solvent removed in vacuum. The residue is
stired with heptane and filtered. Removal of the heptane produces 13 identical with an
authentic sample. M™ + H = 652

Xl. (285,48, 58, 7S8)-5-amino-N-(2-carbamoyl-2-methylpropyl)-4-hydroxy-2-isopropyl-7-{4-
methoxy-3-(3-methoxypropoxy)benzyll-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 scdium 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).



Alternatively, to a solution of 0.68 g of the alcohol 9a in 18 nL of
acetonitrile, containing 0.7 g of 4A powdered nol ecul ar sieves, is added
0.59 g of N nethyl norpholine-N-oxide and 44 ny of tetrapropyl ammoni um
perrut hena nd.the mxture is stirred overnight. After_renoval of the
sol vent intv\%éﬁ’ﬁﬁf”?"he residue is taken up in ethyl acetfSTEFH¢310eq
through silica gel, washing with ethyl acetate, and the sol vent again
removed in vacuum Purification of the4ude oily product (0.72 g) on
silica gel, eluting with ethyl acetate-heptane affords e.g. 0.57 g of the
pure Lactone 11. | X. Synthesis of

(2R 3S, 5S)Frém 1 Bed SdmpBeund-arahd bydrch@idesialt phtapnabley far axb@pieythe hémifumarate

hyd -4- - D, [ ]-3-] | -2-(4- h -3-(,3- - -ph
DT oxy - & st ihe R bmpoiiid. RaR R Hepdret. ol EaRpE; a5 bEsqpedas (b e, Phen
D 52 o e e L o i e
02t shagtthgt o G mbolined PVER. BRI e ogdth infokoniiieL kit
stirred f mvithladhnv\%r szangiéxlnggifétgihgler fogggbmg/'smhgtri;gmai% t@iu lnalgxbgécﬂaﬁoﬂo%f;m mmr}

1 t . / - i

oot o e R A eSO e X ramRtc BT ssrbda ultl gl I sl

sol uti on. fdrvetion gaaetion.phase i s separated and washed with water, and the
solvent is renoved in vacuumto give an oil. This oil is suspended in 5nL
of hexane and stirred. The solid is renoved by filtration and the hexane
renmoved in vacuumto give e.g. 0.06g of amde 12 as a foam M -H=648. X
Synt hesis of ((1S, 2S.

4S) - 4- ( 2- car banovl - 2- net hyl - pr opvcar banoyl ) - 2- hydr oxy-1 - ((S) - 2-

(4- met hoxy- 3- ( 3- net hoxy- propoxy) - benzvl | - 3- et hyl but yl ) - 5- net hyl - hexyl )-carb
amc acid



tert-butyl ester 13: HOH boc~N N N-12 --N H3C-0O-,0 0 O H3C 0 (13)
A solution of 0.037g of amde 12 is dissolved in 1nlL of

t et rahydr of urane and cooled to -78C. Liquid ammonia is added

foll owed by 0.0042g of lithiumnmetal. The deep blue solution is
stirred for 2 hours at -78C, and then 0.35g of ethanol is added and
the mxture is stirred for 30 mnutes at -78C. Amoni um chl ori de
(0.15g) is added and the mixture is ward4fed to roomtenperature. The
organi c phase is partitioned between water and ethyl acetate. The
organi c phase is separated and the sol vent rem)ved in vacuum The
resi due i s THEICUAAKISVDERHINING X 5 Re@vzl of the heptane
produces 13 identical with an authentic sarrpl e. M + H= 652 XI.

(2S, 4S, 5S, 7S) - 5- ami no- N- ( 2- car banovl - 2- et hyl propvi ) - 4- hydr oxy- 2-i sop
ropyl - 7-f4- net hoxy- 3- ( 3- met hoxvpr opox hvl nonanam de)
Product 13 1-& efpeass(f ?féée Fﬁ”‘éfa?ﬁ’r)?t%F§°'8P3“4‘36ﬂ"ﬁ§‘ﬁ?‘8’gﬁt"ori c acid in

di oxane. The solution is spPGrred forpo4 hours at roomtenperature
and neutralized with solid so® um bi charbonate. The suspension is
filtered and the sol vent renova¥-i.nVaggumto give the product as a
foam (for characterization seé e.d. EP 678 503, Exanple 137). WO
2006/ 131304 PCTI EP28¢BL00 Fromthe free conpound or the
hydrochl ori de salt obtai | pr exanple the hem funarate salt of
the title conpound can* ~
6,730,798, exanple Ry (conprising mxing wth fumaric aci d{)

di ssol ution r|]er'1 et hanol, filtration, evaporation of the obtained
sol ution, r'¢ d?gsol ving of the residue in acetonitrile, inoculation
with a srraIFRlsamdmgten.cﬁik)'!Wea!KqXYa"Q/'corrpound s heni fumarate salt and

i solation of, it h){e\dmégnegkglotraatmoqga[mt erial), incorporated by reference

herein espeC| al 3/ gard to this salt formation reaction.
R, is hydrogen or preférably a hydroxyl protecting group;

Ra is hydrogen or unsubslituted 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 reacting a compound of the formula |,

0]

wherein R, Ry, Ry, R; and PG are as defined for a compound of the formula ill, 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
thiony! halogenide, PX*;, POX*;, PX*5, 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;-Cs-alkoxy-C4-Cy-alkyl, especially 3-methoxypropyt:

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



-44- THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A process
for the manufacture of a conmpound of the formula Ill, PGOR2 R3 RO
RO (ug wherein R is hydrogen, alkyl or al koxyal kyl; R, is hydrogen,
al kyl or al koxyal kyl; R2 is hydrogen or preferably a hydroxyl
protecting group; R3 is hydrogen or unsubstituted or substituted

al kyl; and PG is an am no protecting group, especially one renovable
by hydronS|s e.g. |ower alkoxycarbonyl such as

tert-but oxycarbonyl or benzyl oxycar bony®¥9-or a salt thereof; said
process conpr|3|ng reacting a conmpound of the forrmula I, PG OR2 HO
R3 R o RO f or

conpound of f CQ‘;m.l wﬁﬂe ‘P‘B?@maﬁﬁ @Q.BP% it Q% aéfg' g r{pﬁﬂﬂa&n} or m
hydroxy in fornula I |nto X where X is a group ot her than hydroxy or
hydr ogen, peci al | f a reagent selected
fToma hydr ohALPERols § e R ”ps"?‘l’dﬁg‘l"ga?’gﬁw&@el“yX" 3, POX"3, PX*5,

POX* S wher eiRis deg?naalhéwmj@nm"ﬂé prefer Qﬁyrﬁar(haﬁ"i%h egypecially methoxy;

triphenyl pheg phHyB@gandik @r@@%alkﬁr@, @,fhu@w-c\l@,-él@,ﬂ i ¥ dciav3-aetrRypropyl;
organic sulfonic¢c acid toclaim1l, where in

Cess accof
t he corrpountfs'sdfydPH%"?'cPr’?fﬁ’IaB'?PI?‘ ‘?’Qfﬁbf"?’ﬁ‘é?'“g%’ founds of the fornula |
R, is C, - C/Rlisdgrpgen er@insaisliyled oesypetdited iyl 3adret hoxypr opyl ;

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

4. A compound of the formula lli according to claim 3 with th.e name (1S, 35, 55)-5-tert-

butoxycarbonyloxymethyl-3-isopropyl-2-{4-methoxy-3-(3-methoxy-propoxy)-
phenyl]pyrrolidine-1-carboxylic acid tert-buty! ester, or a salt thereof.

5. A process for the manufacture of a compound of the formula 1V,

(Iv)
wherein R, Ry, Rs and PG are as defined under formula il 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 1], or a salt thereof.

6. A compound of the formula IV,

(v)



Ris C, -C7-al koxy, especially methoxy; and -45- R3 is hydrogen, while
the remaining noieties are as defined in claiml1l or claim2. 3. A
conpound of the formula Il shown in claim1l wherein R is hydrogen,
al kyl or al koxyal kyl, preferably Cl-Cr-al koxy, especially nethoxy; R
i s hydrogen, al kyl or al koxyal kyl, C,-Cv-al koxy-d -C7-al kyl,
especially 3-nethoxypropyl; R2 is hydrogen or preferably a hydroxyl
protecting group; R3 is hydrogen or unsubstituted or substituted
alkyl; and PG is an am no protecting gtggp, especially one renovable
by hydrolysis, e.g. |ower al koxycarbonyl, such as
tert-butoxycarbonyl; or a salt thereof. 4. A conmpound of the formula
1] accordiugf% claim3 with the nane (1 S, 3S, 5S5)-5-tert-
but oxycar bonyl oxymet hyl - 3-i sopr opyl - 2-[ 4- net hoxy- 3- (. 3- e XY- pr opoxy
e eyl ] piRis Brcraien iRl & ARV reisiil G eRR ey BEmear P oPs
t her eof . 5. RAispydmgers akgror alkexyatiyi s talioey-6f Craltyb pragially Smethayypropyl;
formila IV, E@d%}nﬁun ubstitatedor suRifutddAuyh s wherein R R1, R3 and
g*lngd naer ? Fa I

PG are as defI , ormu I n any one of cIainB 1 Eo 3 or as
gi ven in cl &Gris a) amino grofesling grensy %@PFB'&Y&%?[&!'H‘% YIHEPVRT %9 IRAGF oxy
protecting gkeBarbenyl, Budh astatimaexpcarindnyt he fornula 111, or a salt

t her eof . 6'o§6‘as(,:a?t qug}d of the formula lV, PGOH NR3 R o RO (IV
- 46- '

7. A compound of the formula IV shown in claim § with the name (2R, 38, 58)-5-
hydroxymethyl-3-isopropyl-2-[4-methoxy-3-(3 methoxy-propoxy)-phenyl}pyrralidine-1-

carboxylic acid tert-butyl ester, or a salt thereof.

8. A process for the manufacture of a compound of the formula Va,

(IVa)

wherein

R is hydrogen, alkyl or alkoxyalkyl;

R, is hydrogen, alky! 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 benzyloxycarbonyt;

or a sait thereofﬁ

said process comprising removing a protecting groups R, and PG in a compound of the
formula I, or a salt thereof and to form the pyrrolidine ring,



wherein R is hydrogen, alkyl or al koxyal kyl, preferably C, -Cral koxy,
especi ally nethoxy; R is hydrogen, alkyl or al koxyal kyl,

C, - Cr-al koxy-C, -Cr-al kyl, especially 3-nmethoxypropyl; R3 is hydrogen
or unsubstiluted or substituted alkyl; and PGis an am no protecting
group, especially one renovable by hydrolysis, e.g. |ower

al koxycar bonywg susabusés tert - but oxycarbonyl; or a salt pehesefesst.- A
conmpound of the formula IV shown in claim5 wth the nane (2R 3S,
5S) - 5- hydroxynet hyl - 3-i sopropyl - 2- [ 4- re47hoxy- 3- (3

met hoxy- propoxy) - phenyl ] pyrrolidine-1- carboxylic acid tert-butyl
ester, or a salt thereof. 8. A process for the manufacture of a
conpound of the fornula I'Va, OH :HPG.. . . R9 Ro RO(lva)
wherein R is hydrogen, alkyl or alkokyal«y ; R, is hydrogen, alkyl

or al koxyal kyl; R3 I's hydrogen oy (Hbupstituted or substituted al kyl;
and PG is an am no protectlng gr ot pecially one renovabl e by
‘hydrol ysis, e.g. |ower such as tert-butoxycarbonyl

or benzyl oxycarbonyl ; or ; said process conprising
removing a protecting ga& in a conpound of the fornula
|, or a salt thereof an 0 forn1the pyrrolidine ring, W @006/ 131304

PCT/ EP2006/ WQR Fe? RL arﬁ Rscéré'% déf'@dﬁr a compound of the formula 1l and PG is an
amino protecting group, especially one removable by hydrolysis, e.g. lower alkoxycarbonyl,

such as tert-butoxycarbonyl or benzyloxycarbonyl.

9. A process for the manufacture of a compound of the formula 1V,
PG OH
AN

R,0

wherein

R is hydrogen, alkyl or alkoxyalkyt;

R, is hydrogen, alkyl or alkoxyalkyl;

Rjs is hydrogen or unsubstituted or substituted alkyl; and

PG is an amino protecting group, especially one removable by hydralysis, 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 (IVa), or a sait thereof

(IVa)
wherein R, Ry, R; and R; are as defined for a compound of the formula 1.



Ro RO(I) wherein R R, R2 and R3 are as defined for a conpound
of the formula I'll and PGis an am no protecting group, especially
one renovabl e by hydrolysis, e.g. |ower al koxycarbonyl, such as
tert - but oxycar bonyl or benzyl oxycarbonyl. 9. A process for the

manuf acture of a conpound of the formula IV, PGOHR3 Ro RO(IV)
wherein R is hydrogen, alkyl or alkoxyalkyl; R, is hydrogen, alkyl
or al koxyal kyl; R3 is hydrogen or unsubstituted or substituted al kyl;
and PG is an anm no protecting group, espgcially one renovabl e by
hydrol ysis, e.g. |ower al koxycarbonyl. such as tert-butoxycarbonyl
or benzyl oxycarbonyl; or a salt thereof; said process conprising
protecting the pyrrolidine nitrogen with a protecting groups PGin a

conmpound of the formlﬂ %’('ﬂy’“}ﬁﬁz“% % @%ﬁﬁg@ﬂeﬁif}e% ...... R 3

Ri o RO (IVa) ined for a conmpound
of the formula Ili. -48- 10. A proe@ss for Yhe manufacture of an oxo
conpound of the formula V, PG O N\

N"'t.
e .

R,0

RO ‘ ' V)

wherein R, R;, Ry and PG are as defined under formula {lf in any one of claims 1 to 3 oras
given in claim 4, or a salt thereof, comprising oxidizing a compound of the formula IV, or a
salt thereof, according to any one of claims 5 to 7 or 9; where in the case that Ry in a
compound of the formula IV is hydrogen he oxidation can take place directly to the oxo
compound of the formula V 6r by oxidizing first to an acid of the formula XV

(Xv1)

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 Rs is hydrogen and the cther 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;-C-alkoxy, especially methoxy;

R is hydrogen, alky! or alkoxyalkyl, C;-C;-atkoxy-C,-Co-alkyl, especially 3-methoxypropyl,
and

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

or a salt thereof.



NR3 RoROM wherein R R, R3 and PG are as defined under formula
1l in any one of clains | to 3 or as given in claim4, or a salt

t hereof, conprising oxidizing a conpound of the forrmula IV, or a

salt thereof, according to any one of clains 5 to 7 or 9; where in
the case that R3 in a conmpound of the forrmula IV is hydrogen the

oxi dation can take place directly to the oxo conpound of the fornula
V or by oxidizing first to an acid of the formula XVI PGO N, ..,..
OH RO RO (XVI) wherein R, R and PG a#%® as defined above for a
conpound of the formula V, or a salt thereof, which is then reduced
wi'th a reducing agent to the correspondi ng al dehyde of the fornmula V
wherei n R3 i $2.hy dorogrand ah thetfhenutet el acooilied teedaiar & with tre meme {2l ITHE8R4-
11. A conpoupd reﬁys%g@m%mew-es %Mho@sprépla%anpup&rawmb& 2- R agdhstert-
hydr ogen, alkyf y pr ef er abl al koxy, especially
net hoxy; Ri PYYIigeF o6 m2! ‘Q‘Frﬁ% or al koxyal kyI

C, -Cr-al koxy-C, -Cr-al kyl, especially 3-net hoxypropyl and PG is an
ami no prot ecyy iy gcgg{qewofm&muwxs Gin InGIERY '“ﬁe{am hydrolysi's, e.g.

| ower al koxycar such as ut oxycar or a salt
t hereof . -49 '51’2/"’°Ae'b@|'ﬁ!$'cﬂjﬁﬁ°6‘?'k¥'h@efP@P'Ml9l' ﬁrﬂmwa@EWﬂ'V AGthe®i cl ai m 11

with the nanr, i BRirogk®, allyBpr alicoxi/slion oDy latkaxy[h-Cratiyb rspeBially33-methoxypropyl;
et hoxy pr onK i BRAYE LIRS sch ooy € acid 1. ter -

butyl ester of the formula V as
shown in cl a'f’%'sl@ amiprepratening qf%PhWPﬂﬂ'éﬁ“e "SI"RXH"'W YIRS &9« {pwer
preferably Gikdyeatthdagxsuch as patcbusdxysartoagthoxy; R, is hydrogen, al kyl or

al koxyal kyl , oxy-C, -Cr-al kyl, especially 3-nethoxypropyl;
R3 is hydr ogoergilsgﬁhgﬁésﬁbstl tuted or substl tuted al kyl; .and

14. A compound of the formula V according to claim 13 with the name (2R, 3S, 5S)-5-formyl-
3-isopropyl-2-[4-methoxy-3-(3 methoxy-bropoxy)-phenyl]pyrrolidine-1-carboxylic acid tert-
butyl ester, or a salt thereof,

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

R,0

RO Vi)
wherein R, Ry and PG are as defined under formula H! 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,-Cr-alkoxy, especially methoxy:

R, is hydrogen, alky! or alkoxyalkyl, C,-Cs-alkoxy-C,-Cs-alkyl, especially 3-methoxypropyl;
Rs 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,



PG is an am no protecting group, especially one renovabl e by

hydrol ysis, e.g. |lower al koxycarbonyl, such as tert-butoxycarbonyl;
or a salt thereof. 14. A conpound of the fornula V according to claim
13 with the nanme (2R, 3S, 5S)-5-fomyl- 3-isopropyl-2-[4-nethoxy-3-(3
met hoxy- propoxy) - phenyl ) pyrrol i di ne-1-carboxylic acid tert- butyl
ester, or a salt thereof. 15. A process for the manufacture of a
conpound of the formula VI, PGOHPT R o RO (VII) wherein R R
and PG are as defined under fornula I1r%n any one of claims 1 to 3
or as given in claim4 and PT is a hydroxyl protecting group,
conprising reacting a conpound of the formula V shown in claim 10,
wherein R is hydrogen, alkyl oxyal kyl, preferably C1-Cral koxy,
especially nmethoxy; R, is hydrog n, al kyl or al koxyal kyl

C, - C7- al koxy-C, - C7-al kyl , Hs QB-_jyet hoxypropyl; R3 is

hydr ogen; and PG is an am no protectinéﬂgroup, especi al | y (dhe
renovabl e t\ynéaéfﬁl H@i .y%ua; prérefhbly| AR, broflb lEPIBYE BRPPTYY a W fiecting group.
tert-but oxycarbo a salt thereof under Gignard or i gnard

li ke conditYBf™ ﬁ%fh a reagent prepared by reaction of a conpound of
the formula VI, -50- Hal ~O PT NO wherein Hal is halo, preferably

chloro, brW@A%mbmﬁ,ofmdor%ahméénmanwmwvme?&alng group, with a

netal . 16. as shown In claim 15 wherein
R 1o hydr odSIR BRI ST PREHORIRTPieraly G Br 2y, ety KBy

especi al | y frds hisragen Rikyi v dipdratige §;-Carbikauy- CD-I&%IKMQ&Q{S&J:MW3,-methoxypropyl

C -G -al koxy, &nyd%eﬁ'uﬁﬁ' especi ally 3-nethoxypropyl; R3 is

hydr ogen; and . . i
PG is an amino protecting group, especially one removable by hydrolysis, e.g. lower

alkoxycarbaonyl, 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,
33)-3-Benzyloxymethyl-1-hydroxy-4-methyl- pentyl)-3-isopropyl-2-[4-methoxy-3-(3 methoxy-
propoxy}-phenyllpyrrolidine-1-carboxylic acid tert-butyl ester, or a salt thereof.

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

R,0

)

RO (Vi)

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 deprotecting 2 compound of the
formula VIi according to any one of claims 15 to 17 under removal of the hydroxy protecting
group PT.

19. A compound of the formuta Vil as shown in claim 18, or a salt thereof, wherein
R is hydrogen, alkyl or alkoxyalky!, preferably C,-C-alkoxy, especially methoxy;
R, is hydrogen, alky! or atkoxyalkyl, C4-C;-alkoxy-C,-C+-alky!, especially 3-methoxypropyl,

and



PG is an am no protecting group, especially one renovable by

hydrol ysis, e.g, |ower al koxycarbonyl, such as tert-butoxycarbonyl;
or a salt thereof. 17. A conpound of the fornmula VIl according to
claim16 with the name (2R, 3S. 5S)-5-((1S,

3S) - 3- 6enzyl oxynet hyl -1 - hydr oxy- 4- net hyl -
pentyt)-3-1sopropyl - 2-[ 4- net hoxy- 3- (3 net hoxy-
propoxy}-phenyl ] pyrrolidine-|-carboxylic acid tert-butyl ester, or a
salt thereof, 18. A process for the na®dftacture of a conpound of the
formula VIII, OHOH PGN Rol'- RO(VIIl) wherein R R and PG
are as defined for a conmpound of the forrmula IIl in any one of clains
1 to 3 or a=G glaaminolpraiédinggrbup,@r adalsthtreoft her eof , conpri si ng
deprotecting a conpound of the formula VIl according to any one of

clainms 15 to 17 under renoval of the hydroxy protectin [ P
107 A compolind campaungottos e VINAcCHYRE RGN 11 BF ARTER (ZROrS SSE RIS,

tC he graor ’ mhfg).ejhpdroﬁn}emymdyda@@ﬂaetha%éthwper@l)kmsmabdyyt-lm-rpeted)ema(bI y

, - Cral koxy, .especi R, : r r

2 Koxyal kyl et BB TR lingr o ol Q56 U g ordal herest,
and -51- PGis an am no protecting group, or a salt thereof. 20. A
conmpound ofz1t Aok M MadUfadkie or sibdig of e @railaX]19 with the name (2R,
3S, 59)-5-((1 S. 3S)-1-hydroxynet hyl - 3- hydr OX yypt hyl 4- met hyl
pentyl)-3-isopropyl-2-[4-methggy-3-(3 O

met hoxy- propoxy) - phenyf] pyrroli d\ne-I-cdrboxylic acid tert-butyl
ester, or a salt thereof. .he manufacture of a

| actol of the fornula X,O £ R 6-,RO PG (X)
R, :

RO (X)
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
oxidizing a compound of the formula VIII, 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,

(IX)
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, alky! or alkoxyalkyl, preferably C:-C;-alkoxy, espedially methoxy,

Ry is hydrogen, alky! or alkoxyalkyl, C,-C;-alkoxy-C4-Cs-alkyl, especially 3-methoxypropyl;
and PG is an amino protecting group, or a salt thereof.



wherein Rl, R and PG are as defined for a conpound of the formula I
in any one of clains 1 to 3 or as givenin claim4, or a salt

t hereof, conprising oxidizing a conpound of the forrmula VIII, or a
salt thereof, according to any one of clains 18 to 20 at the prinmary
hydroxy group to an al dehyde conmpound of the formula I X OH

HN. . ...... HO (1 X) wherein RR R and PG are as defined under formnula
X above, or a salt thereof, which then 2cycllzes spont aneously to
produce a lactol of the for mul a X, or "33salt thereof. 22. A lactol of
the formula X shown in cIa|n121 or a pharmaceutically acceptable

It th f,  wh d | k Ik
bref er ably 26,4 BFAI A Bejomubgs asearey fissyin e Bré i As dors s 495,
al koxyal ky Ihydréxy-4Igembpybtetrat@produrani2kit3;iscpmpel-[Ainefhady-fe3- n@;hypwmsyw
and PGis ?ﬁeer@pgge @{50% S dxp d—,%wbuwast@f &3 dantepdopof . -52- 23. A

| act ol of according to claim22 with the name (2R, 3S,
5S)-5-((25, 4S)-5-
hydr oxy- 4- 280 @RE¢hyde edompbiydr 6f- thel farmuld-IX | shewdn irs dpimoPY | or 2 phbrmaxehiaaly- 3

-(3-net hox rOf%péx_%ﬁ mg@gp%%{égyr ol idine-l-carboxylic acid tert-butyl

ester, An al dehyde conmpound of the fornmula I X
shown |n cIRa$ hydpagen gikyborikarplie BreferaRlyIG-Crakeap espsFalydsgthoxyher eof |

wherein R igg .Mrogaera;ky;air liikbx Jﬁlkywct k@,xmk;kal Cr-alkfeapedily 3 GHETymRiiXY
especially WEEE ?:%/ §1 or aﬁgee t al koxyal kyl ,

Cl- Cr - al ko ’E?FR'{)? pméeg% AP O 328k ypropyl ;  and PG is an
am no protecting group, or a salt thereof. 25. An aI dehyde conpound
of the for gslm didéhdRcompbu@ df thedbraiulan R dccaidin to ieinnzdnwth the name

gg? gSFgrS) (%?x ii %s>}§ 83 F Ry adro{metgyi-pjnw)g-m ydy 3 ety
pr opoxy) - pﬁ@ﬁ%{) qunﬁ'b%‘ﬁﬁ?fyPi']BW‘?"@F? d °’1Y"“(?%.ﬁdd85?§?1“y'>ésﬁél°ﬂafﬂw‘e’ %/ft yl

ester, or a salt thereof. 26. A process for the nmanufacture of a
lactone of 2&.*%%%&29}& ﬁ\ew‘angactﬁg' of a lactone of the formula X1

R,0

wherein R, R, and PG are as defined for a compound of the formula 11t 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 XI, or a salit

thereof.

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

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

R, is hydrogen, alkyl or atkoxyalkyl, C4-C;-alkoxy-C4-Cr-alkyl, especially 3-methoxypropyl;
and PG is an amino protecting group, or a salt thereof.

28. A compound of the formula X1 according to claim 27 with the name (2R, 3S, 58)-3-
Isopropyl-5-((2S, 4S)—4-isopropyl-s-oxo-tetrahydro-furan-2~yl)-3-isopropyl-2-[4-methoxy-3-(3-
methoxypropoxy)-phenyl]-pyrrolidine-1-carboxylic acid tert-butyl ester, or a salt thereof.



N RoRO(XI) wherein R R and PG are as defined for a conmpound of
the formula Il in any one of claims 1 to 3 or as given in claim4,
conprising oxidizing a conpound of the fornmula X as shown in claim
21 according to any one of clains 21 or 23 to a conpound of the
formula XI, or a salt thereof. 27. A conpound of the fornula Xl as
shown in claim26 wherein R is hydrogen, alkyl oral koxyal kyl,
preferably G -Cral koxy, especially nethoxy; R is hydrogen, alkyl or
al koxyal kyl, C, -Cral koxy-C, -Crai kyl, esp®cially 3-nethoxypropyl; and
PG is an am no protecting group, or a salt thereof. 28. A conpound of
the formula XI according to claim27 with the nane (2R, 3S, 5S)3-
| sopropyl - 5-((2S,
4S) - 4-150DT 9BVA 5rasdd¥ fyr Ttr?étrﬁéhlﬁfé]‘é{u% Jflarcamp&nubbm§roh§&wwpyl 2-[ 4- et hoxy
-3-(3- nethoxypropoxy pheny yrro | di ne- 1- car boxylic acid
tert-butyl ester, or a saltPGhereof. 9. A process for the

manuf acture of a conpound of ttwe for 11T HP it.J NH2
N,,,.... N1IIf ROOO RO (hra: , G are as
defined for a conpoE?o of the for i nl any onellof claims 1 to

3 or as given in cl H ¥hg reacti &y a conp&dund of the
formula Xl as defined i p of clains 26 to 26. or a salt
thereof, with an ampg-of\the formula X11, y2N /NHZ O (XI1)
(mhereln the am do-nitrogen can al so be protected if desired and ®He
protecting ghatip R, Resind AR alceseiedifor atchepamt besp andula gl ipreoy et &dlaims
conpound of f.Qr L) o

1 {ePCol3cfh ? lrh ) confifisifly R8bihg LAGHERAd of R forfuis KIBOMHed)

the formula shown 1 n
any one of claims 26 to 28, or a salt thereof, with an amine of the formula Xil,

H2N\>§(NH2

O (Xi)
(wherein the amido nitrogen can also be protected if desired and the protecting group then
be removed in the corresponding protected compound of the formula Xili}), or a salt thereof.

30. A compound of the formula XltIl as shown in claim 29 wherein

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

Ry 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.

31. A compound of the formula Xl according to claim 30 with the name (2R,38,5S)-5-
[(1S,3S)-3-(2-carbamoyl-2-methyl-propyicarbamoyl)- 1-hydroxy-4-methyi-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 X1V,



R is hydrogen, al kyl or al koxyal kyl, preferably C, -C7-al koxy,

especi ally nethoxy; R is hydrogen, alkyl or al koxyal kyl,

C - C7-al koxy-C, -Cr-al kyl, especially 3-nmethoxypropyl; and PGis an
am no protecting group, or a salt thereof. 31. A conpound of the
formula XlIl according to claim30 with the name (2R 3S,55)-5 [(1

S, 3S)-3-(2-carba

noyl - 2- met hyl - pr opyl car banoyl ) - 1- hydr oxy- 4- net hyl - pentyl ] - 3-1 sopr opyl
- 2-[4-met hoxy- 3- ( 3- net hoxy- propoxy} phemyl.] - pyrrolidi ne-I-carboxylic
acid tert-butyl ester, or a salt thereof. 32. A process for the
manuf acture or a conmpound of the formula XIV, PGOH H N...... ,. N
Nl-12 R o OORO (XV) anbein R By apd PG are as defined for a
conmpound of the fornmula 111 1"y any ope of Yl ai o 3 or as given
inclaim4, or a salt thereof, \gonptsi rﬂm e INHg in a
conpound of the fornula X1l & sH | ai 29 to 31
by reductive or hydn:qg;eno ti i openi ngyto a cogpound of the
formula XIV, or a salt . @nd, if desired, converting an
obt ai nabl e free conpoung ormula XV into a salt or an

obt ai nabl e salt intoROhe T pound of the fornula XV or a  (xy)
different salt thereof. 33. A process for the manufacture or a )
conpound of WhEEIYRFnand PRpre agyigfingd fopacompound of thg frjmyla Ihingny opy p§13m&))
wher ei n R andoRor as giveasin dieim 4 @da tar thered oapptisinh afening thefriog imd e>nipolind aof
any one of QJmeaflo%la]‘Xﬁl%séhWn iﬁ%n)gén\é%cléinlsgb?dﬂb‘}/we(ﬂfcti@o?%&rgéen_@lﬁ%q;ng
conprising opening the ring 1n a conpound of the formula 1" as
shown in anyPBH® 8P CMaPYRd ob thefymy %\{r oF 2 ERIPe 6 M. KoRpBY EARIERg @n
ring openi ngtatablae fre@ogpopandd offthd feendlX Viintosa S&t\dr amoebtaingtdd daltiiethe deg
and renovi n%%p&n%ptthgg%hglfg Xt\,ﬂﬁg;amefég}' Saﬂ.xlﬂ-{i}re-df.f desired, converting an

obt ai nabl e free conpoun ornmul a Into a

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

OH
H\><H/NH2

0]

R0

RO (XV)
wherein R and R, 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, comprising opening the ring in a compound of
the formula Xli) as shown in any one of claims 29 to 31 by reductive or hydrogenolylic ring
opening to a compound of the formula X1V, 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 ¢laim 33
wherein R and R4 are as defined for a compound of the formula [l 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, ora

salt thereof, or



salt or an obtainable salt into the free conpound of the formula XV
or a different salt thereof. 34. A process for the manufacture of a
conpound of the fornmula XV as shown in claim33 wherein Rand R, are
as defined for a conpound of the fornmula Il in any one of clains 1
to 3, conprising one or nore, e.g. all of the steps of: (1) the
manuf act ure ofyw@eoEReund of the formula |11 accordingPEQE@ﬂ%ngﬁ of
clains 1 to 3, or a salt thereof, the manufacture of a conpound of
the formula IV according to claim5. or_g_salt thereof, or WO

2006/ 131304 PCT/ EP2006/ 005370 -55 (ii) the manufacture of a conpound
of the fornula |IVa according to claim@8, or a salt thereof, the
manuf act ur e %p 1R rSRBAHRAY: 9 borhbtind O thtHoRnuava SERFFHINE chith & oRh Biher&r,

a salt thereof, the nanufacture of a co und of the fornula V
accor di ng t o &EHiAGHE %P cgmRUNY OIt “eﬁoﬁﬂ'#n‘]f)' a\ﬁf"r’ﬁnq 'ﬁéﬁ’ﬂ? 8\ﬁ'§8§f REE% n
t he starti ngtheatasciacth® chadompriued niEte mitrada \baccotdmgftoclaiml Heorla dalt kheggofl | V

R3 is hydr oggiine bRGisSMaLh #HelstrhgHatéiak QRPRIARedtes! dP el imlab A1 Mdlv R,
according to cl

im15, or a salt thereof, the factur f
S omound of - P 250 BB BLe PR o e el acgprons ki 5. ora
t her eof , t hesattherédidbaimenudéctae béectonipogfd of the farmpimyiihadcxtdmg doradinrig. are

claim 21, or gaisé@bds, thd M%Lﬁé&ure b EladBReiha oHiS YOccrding ¢ @58 28f orlbhEit
formula X ac t he nuf act ure

dj t I 26, | t h f,
of 5 compountiesP PRETERGRE xieiovaehs frie £ sermes 587 % o Sl
t her eof , t hetheeealufhacanufectafe ofia comprynhel tief forméa XIB peaprdingip Waiatoe pih 7Y

to cl S' m 3'[2, th@feo@th@ﬁ{ahufaétb@rﬁgtom@&dd %fhl?ahfﬂﬁmﬂle(éhé&d. lend Berrriz, 01? salt
according to,claim 0 onpound_ of or a or a
Fhereor | angteiep. Her drAeRT BRR ecllahd 6 laih Bolets corifaun o oty
the formul a X%\wreseitheresfapnd. t desirad. ¢nartinasn ebigeabie fragtcomperad pf g formula
conmpound of kheitd Deatat an obGitdbltsall iinkd 1BE 8EY confpalidd df erfeaiula X3bor aAlifferent
process accogaq{it&geogo cl aim 34 where the conpound of the fornmula XV is
(2S, 4S, 5S, '

7S) - 5- am no- N- ( 2- car banoyl - 2- et hyl propyl ) - 4- hydr oxy- 2-i sopr opyl -7- (4
- met ho-  xy- 334, A-praekdaayRaing @)dim Be whastk IheBompduny binbe aoraiis de ior a

" Yoo | b ; .
N
process for *FreSmahereceneeberyE8-asiniaenaearde ¢narhparasayticalivgreertaple sal

thereof, comprising using starting materials and intermediates with corresponding
substituents. ‘

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

(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
formula IV,



N, ..o OH Rio RO(XVI) wherein R R and PG are as defined for a
conpound of the formula IIl in any one of clains 1 to 3 or as given
inclaim4, or a salt thereof, conprising reacting a conpound of the
formula IV, -56. PGOHNR3 RORO(IV) wherein R is hydrogen,

al kyl or al koxyal kyl, preferably C, -CTal koxy, especially nethoxy;, R,

i s hydrogen, al kyl or al koxyal kyl, C,-C7-al koxy-C, -C7-al kyl,

especi ally 3-nethoxypropyl; R3 is hydrogen; and PGis an am no
protecting group, especially one renova#fe by hydrolysis, e.g. |ower
al koxycarbonyl, such as tert-butoxycarbonyl; or a salt thereof, in
the presence of an oxidant to give a conmpound of the forrmula XV, or
a salt thereof. 37. A procesB8Gfor the nuf acture of a conpound of
the formula XVil, PG O PT RIORO ( ) wherein RR R and PG are
as defined for a conpound of the fon &I111 in any one of clains 1
to 3 or as given in cd'g 3 |t thereof, conprising reacting a
conpound of the formilFa

wherein

R is hydrogen, alky! or alkoxyalkyl, preferably C,-Cs-alkoxy, especially methoxy;

Ry is hydrogen, alkyl or alkoxyalkyl, C;-C;-alkoxy-C4-Cs-alkyl, especially 3-methoxypropyi;
Rj 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, in the presence of an oxidant
to give a compound of the formula XVI, or a salt thereof.

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

PG

R,0

RO (Xvi)
- wherein R, R, and PG are as defined for a compound of the formula ifl in any one of claims
1 to 3 or as given in claim 4, or a sall thereof, comprising reacting a compound of the
formula XVI, '

R,0

RO (XVE)
wherein R, Ry 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, 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,



Rio RO (XVI) wherein R R and PG are as defined for a conpound of
the formula Il in any one of claims | to 3 or as given in claim4,
or a salt thereof, first wwth with a reagent capable of activating

t he carboxy group and then with a netall o-organic derivative of the
formula VI, W 2006/ 131304 PCT/ EP2006/ 005370 -57 HalicO PT NO

wherei n Hal iwob@kesizopr ef erably chl oro, bronmo or io0do,p@EiR@:d0d00kSo @
hydr oxyl protecting group. 38. A conpound of the formula XVil, PG O
N,,,.... 0, PT. RRo RO (XVIl) whereinsgR R, and PG are as defi ned
for a conpound of the formula Il in any one of clainms | to 3 or as
given in claim4, and PT is a hydroxyl protecting group, or a salt
thereof. 39. A process for thegmanufacture of a conpound of the
formula VIII, OHOH PGN. RYRO(MII) wherein RR R and PG are
as defined for a compound e@fythelforgula Il in any one of clains 1
to 3 or as given in claim4, or a salt Rtereof, corrpr|5| ng\/,;edum ng a
conmpound of the fornula XVl %I ven in an

st er eosel ectGEN¢EhEPECONECHRY Cf" BTPRP PpCo: é%dp'gf'? 8y ﬁ?rﬁ’ﬁ'l' ?rﬂtgcmg ELe

resul ti ng conpound under renoval of the hydroxy protecting group PT,
or a salt tBBel &Moound of the formula xvii,

R,0

RO XV
wherein R, R; and PG are as defined for a compound of the formula lit in any one of claims

1 to 3 or as given in claim 4, and PT is a hydroxyl protecting group, or a salt thereof.

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

(Vi
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 reducing a compound of the
formula XVII as given in any one of claims 38 under stereoselective conditions and (partially)
deprotecting the resuiting 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,



40. A process for the manufacture of a conpound of the fornula XV,
-58- OH HZN,,,,....S1" N2 Rio OO RO (XV) wherein Rand R are as
defined for a conpound of the fornmula Ill in any one of clains 1 to 3
or as givenin claim4, or a salt thereof, conprising one or nore,
e.g. all of the steps of:. (i) the manufacture of a conmpound of the
formula IN according to any one of clains 1 to 3, or a salt thereof,
t he manufacture of a conpound of the formula IV according to claimb5,
or a salt thereof, or (ii) the nanufaélure of a conpound of the
formula | Va according to claim8, or a salt thereof, the manufacture
of a compound of the fornmula IV according to claim9, or a salt

t hereof, the manufacture of a conp-ohd he fornmula XVI according
to claim36, or a salt thereof, wfih the prgvi hat In the
starting materials and |ntermp@ra 63~Qf e Nay e-NH, and 1V R3

i s hydrogen, the manufacture of alconpoundjjof the fgrnula XVil
according to clai mMR3%,_o t hereof , Ot he manubacture of a
conpound of the fornul 3 acgording to claim39, or a salt

t hereof , the manuf actol of the fornmula X according to
claim21, or a saltROthereof, the manufacture of a lactone of thH&V)
formula X according to claim?26, or a salt thereof, the manufacture

of a conpoypd g %WRI b gy#jé’n& o a@Gﬁ%fqug Bdnd Brn‘fdl?l‘”% g&(@@ of Baim I1'fto 3

t hereof, the manufacture o the formul a accor di ng
to clai m 32! apgivep ig glpim 4 Phé?@ﬂf‘e'e&fn@”ipﬁﬂnaj‘é’]@r%ﬂ@& P@nalt ¢ &estps of

accor di ng kgthgh%'ng?aéére o a BorFBUTRE B Ye Rlmid e atwqu@anﬁ%e%aﬁnﬁ%@ or

t her eof , convert an obtain %bm§ gnd of
the for nul & salkiperest 8‘%("%‘&@'“&“&@@ puad AEIRE torraulg {V gogerging i
conpound ofsalt therebfoormul a XV or a different salt thereof. 41. A

268%??—2 1;8311) E%%A@%g% GC% % fég@gunﬂ oFfP@PdPM%Q" Al ackdi@ind ©rdHh 8, oF¥l shlt theldr,
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 XVI according to claim 36, or a salt thereof,
with the proviso that in the starting materials and intermediates of the forrhulae iland IV Rg
is hydrogen, the manufacture of a compound of the formula XVil according to claim 37, or a
salt thereof, the manufacture of a compbund of the formula VIH according to claim 39, ora
salt thereof, the manufacture of a lacto! 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 salt
thereof, the manufacture of a compound of the formulé XiIl 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 formuia
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 XVIil,



PGH R o RO(XVIII) wherein RR R and PG are as defined for a
conpound of the formula Ill in any one of clains 1 to.3 or as given
inclaim4, or a salt thereof, conprising reacting a conpound of the
formula VIII, OHOH PGN Ro RO(VIIl) wherein R R and PG are as
defined for a compound of the forrmula Ill in any one of clains 1 to
3 or as givenwobughzasem 4, or a salt thereof, by reductpo@posmoss7o
hydr ogenol ytic ring opening of the pyrrolidine ring. 42. A conpound

of the formula XVIl I, OHOH PG H' R-GRO (XVIIl) wherein R R
and PG are as defined for a conpound of the formula IIl in any one of
claims | to 3 or as givenin claim4, or a salt thereof. 43, A

process for the manufacture of a conmpound ofOHhe formula XI X, WO
2006/ 131304 PCT/ EP2006/ 00537Q, - 60

R,O

1

RO XVt
wherein R, Ry and PG 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, comprising reacting a compound of the
formula VI,

R,O

RO VIl
wherein R, R, and PG are as defined for a compound of the formula It 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 XVIII,

PG

R,0

RO (XVii)
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 sait thereof.

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



PGN,. HRo RO (XIX) wherein RR R and PG are as defined for a

conpound of the formula IIl in any one of clains 1 to 3 or as given
inclaim4, or a salt thereof, conprising oxidizing a conpound of the
formula XVIIl, OHOH PGH RIORO (XVIII) wherein R R and PG are
as defined for a conpound of the fornmula Il in any one of clainms 1

to 3 or as giwghek/siskai m4, or a salt thereof, to the, 5 t he
formula XIXI, or a salt thereof. 44. A facto] of the fég?%utﬁgm)g(%(, PG

OOH HRO RO(XIX) wherein R R angyPG are as defined for a

conpound of the formula IIl in any one of clains 1 to 3 or as given
inclaim4, or a salt thereof. 45. A process for the manufacture of a
| actone of the fornmula XX, -61- OO %RIO OH

R,0

RO (XIX)
wherein R, Ryand 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 oxidizing a compound of the formula
XVHI,

(XVIH)

wherein R, R, and PG are as defined for a compound of the formula Il in any one of claims
110 3 or as given in claim 4, or a salt thereof, to the lactol of the formula XIX{, or a salt
thereof.

44, A lactol of the formula XIX,

(XIX)
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 salt thereof.

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



RO PG (XX) wherein RL R and PG are as defined for a conpound of the
formula I'll in any one of clains 1 to 3 or as given in claim4, or a
salt thereof, conprising oxidizing a |lactol of the formula XI X, O CH
PGH RIORO (XIX) wherein R R and PG are as defined for a
conpound of the formula Ill in any one of clains 1 to 3 or as given
inclaim4, or a salt thereof, to a conpound of the fornmula XX, or a
salt thereof. 46. A process for the mafitifacture of a conpound of the
formula XV, OH HHZN. ....... NNHZ RIOOOO ROwherein R and R
are as defined for a conpound of the forrmula Ill in any one of clains
1to 3 or as giveninclaim4, or a salt thereof, conprising one or
nore, e.g. all of the steps of: -62- (1) the manufacture of a
conmpound of the fornula Il according,to apg one of clains 1 to 3, or
a salt thereof, the manufaPGure of a g£ongound of the formula IV
according to cIa|n15 or a sSalt theleof,| or (11) the manufacture of
a conpound of the fornmula W {i ng_to-claim8, or a salt thereof,
t he manufacture of a conpound of tlhe fornul”aV according to claim9,
or a salt thereof, ei ther the nuf acture of a conpound
of the fornula V, or a , according to claim110, the
manuf acture of a CodB ormula VIl, or a salt t%saeof,

wherein R, R, and PG are as defined for a compound of the formula Ili in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, comprising oxidizing a lactol of the formula

XiX,

R,0

RO
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, to a compound of the formula XX, or a salt

(XIX) -

thereof.

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

OH

wherein R and R, are as defined for a compound of the formula il in any one of claims
110 3oras given in claim 4, or a salt thereof, comprising one or more, e.g. all of the steps of:



according to claim15, and the manufacture of a conmpound of the
formula VIIl, or a salt thereof b) the manufacture of a conpound of
the formula XVI according to claim36, or a salt thereof, with the
proviso that in the starting naterials and internedi ates of the
formulae 11l and IV R3 is hydrogen, the manufacture of a conpound of
the formula XVIl according to claim37, or a salt thereof, and the
manuf act ure of a conpound of the fornulg VIII according to claim 39,
foll owed by the manufacture, froma conpound of the formula VIII, or

a salt ther ?i?%\ wg%@&%%ﬁﬁ&%ﬂé gf] tpﬁgfofrﬁxl E&J%r}gat)) aﬂy orYeatgf'c%Wrgs ﬁ): 3ao|rm

conpound of accordin cl
41, the manafatharee! e menkigRPG A coTPQURe Offt'aﬁ fotmule B aecording 4 %l'lnt5 ora

t hereof , acefrerser, 6ro cl ai m 43, the manufacture of a conpound of the

formul a XX ,. e

o e el S GRS  SLAE o o cotvrpt
Rio OORO mmmufaptuméaéwnmnd Rf the famiaVaaceordiag thedlaimdelof asaltdnereof,
corrpound of apd¥ged Oormula 111 in any one of clainms 1 to 3 or as given

in claim4, or, a aIt t here Sin actin und_ of .t he
formul a XX 0 thﬁ:\ﬁn%\ E&&(é@{c a c%ound ogthg?or{ml:g \pora S gﬂ%éeé} accordlng
defined for a chrp‘e!m‘dJ the manufatiyrernlp gornpqund pf fbm‘p"@lﬂéVb-fOF@ISait P’PGFGOfl to
3 or as given i mcgdrahgnotiair@is, aanaa{etmadmemfofa%mﬂsmd SOIRB fiHndia ¥il, blhe

formula X I, Xl Ish!t thereof
b} the manufacture of a compeund of the formula XVI according to claim 38, or a salt
thereof, with the proviso that in the starting materials and intermediates of the
formulae Il} and IV R; is hydrogen, the manufacture of a compound of the formula
XV according to claim 37, or a salt thereof, and the manufacture of a compound of
the formula Vi according to claim 39,

followed by the manufacture, from a compound of the formula VI, or a salt thereof,
obtainable according to variant a) or variant b) a compound of the formuta XVIli, or a salt
thereof, according to claim 41, the manufacture of a compound of the formula XIX, or a salt
thereof, according to clalm 43, the manufacture of a compound of the formula XX, or a salt

thereof, according to claim 45, the manufacture of a compouhd of the formula XIV,

OH

R,O

1

RO (XIV)

d PG are as defined for a compound of the formula Ill in any one of claims

wherein R, Ry an
of the

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

formula XX,

(XX)



HZNNNH2 O (XIl) or a salt thereof, and the deprotection thereof
according to claim33 to a compound of the fornula XV, or a salt
thereof, and, if desired, converting an obtai nable free conpound of
the fornmula XV into a salt or an obtainable salt into the free
conpound of the formula XV or a differg t salt thereof. 47. A
process for the nanufacture of a conpol of the fornmula XXI, PG CH
0-PT H R10 RO (XXI) where f Rk ofdaims
conpound ofwhesein Rt rﬂ!?F‘gslar? ﬁs %‘%@e‘ﬁ%a c?mfoﬁnéi&?he%mmmr}?%y&agl ven in
cl ai m 4 and 5% or 5s givényidciainya,pr aiseitthenegf. Wihougpmpgrndpidng fP”’i“?‘?é?‘é to a
compound of,the formula VI, PGOHAN,,,..... 0. PT RORO(VII)
wherein R, )ﬂ and PG are as defined for a conpound of the fornula XXl
and PT is a hydroxyl prot in%%roup, by reductive or

hydr ogenol ytic ring opHgipg , conmpound of the formula XX, OH
OPT PGN RIO RO (XXI) -64-jwherein R, R, and PG are as defined for
a conpound of the fornula I ig any one of claine 1 tqyg Or as given
in claim4 and PT is a hydroxy protecting group, or a salt thereof,
or prefer- cablsyit Waebebnd R&daprbiection|tioecged acdomimglto caich BTo Bsompeuny of toe

wherein PG f(lar%wu W %gggal?tggregrrar{dslf 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.

47. A process for the manufacture of a compound of the formula XXI,
O-PT

(XX1)
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 sait thereof, to a
compound of the formula VI,

PG

(i)

wherein R, Ry and PG are as defined for a compound of the formula XXI and PTisa

hydroxyl protecting group, by reductive or hydrogenolytic ring opening.
48, A compound of the formula XXI,

0-PT




benzyl, and R and R, are as defined for a conpound of the formula I
in any one of clains 1 to 3 or as givenin claim4, or a salt

t hereof, respectively. 49, A process for the manufacture of a
conmpound of the formula XV, OH HZN,,.,,,.. NNHZ Ro 0 O RO (XV)
wherein R and R, are as defined for a.gpnpound of the formula Ill in
any one of clains 1 to 3 or as given in claim4, or a salt thereof,

conpri si ng,ANEn ?r RnQ"dePG Qregs d@Med or atcgﬁpcﬁu'h@%hé)formlglé ) ntah?om Qfa%ﬁur €

of a conpoun formul a accor to any one of” clal ns

3, or a s‘<§’l3t°'taﬁ§'?“%‘b'f‘ c'at"héa%%msa?divem Rﬁ?*e%{m&srﬁﬁblﬂﬁasaf thereaf, Pro?f?fﬁ'l a
|V accor di sy Wiereih BGM tenzytoxyarbonglland Pierbendyl oravhelein BG tshgdmperdraiTus e
of a conpo i r .
thereof " REGA DG B tsetneh BEEBRTLIR o he Tl rar e Btde 1
to claimot waaglsm 'ﬂ Ctah‘é‘i‘ @oﬁsalmereﬁfawaveawwre of a conpound of the
formula V. or a salt thereof, according to claim 10, the manufacture
of a conmpagnd af,rddess fo?fh@lr'rllaﬁuf\albthred?é%orﬁé’duhd&hﬁé%ﬂﬁula gocording to
claim 15, the nanufacture of a conpound of the formula XX, or a
salt thereof, according to claim4 the manuf acture of a corrpound
of the fornula XViIl, or a salt thy

renoval of the hydroxy prot (ﬁ ) nufacture of a
conmpound of the formula XI';Z ) ; Ang to claim
43, the manufactu of a _conpound of the flormula XX, or a salt

t hereof, accordi ng(e? 12 5 T he manuf &ture of Oa conpound of the

formula XV, PG OHH NNHz ROOORO(XIYV) wherein R
R, and PG are as G onpound of the formula Il in an)x/ one
of claime 1 to 3 or as given in claim4, or a salt thereof,

conpri si NG heRAMR Er'ilgR,aarQQgB&M@gfo‘?fa cBrlﬂﬁounE thﬂé‘*oﬁ'nafg(lll in any one of claims 110 3

or as given in ¢laim 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

(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 IV according to claim 9, or a salt thereof,

the manufacture of a compound of the formula V, or a sall 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 XXI, or a salt thereof, according to claim 49, the
manufacture of a compound of the formula XVII1, or a salt thereof, by deproteclion 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

XV,

(XIV)

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 XX,



-65- PGO H RO ROPG ON wherein R R and PG are as defined for
a conmpound of the formula Ill in any one of clains 1 to 3 or as
given in claim4, or a salt thereof, with a conpound of the formul a
Xil. Xil, HZN- x /NH2 0 (XIl1) or a salt thereof, and the
deprotectlon t hereof according to claim33 to a conpound of the
formula XV, or a salt thereof, and, if-@esired, converting an
obt ai nabl e free conpound of the fornula XV into a salt or an
obtai nable salt into the free conpoung_of 4®e forrmula XV or a
different salt thereof, 50PG proces~ fofy"t he manufacture of a
conmpound of the forml a Xl X, 4 ,., RO RO (XIX) wherein
R R and PG are as defined f Rotnad, of the formula Il in any
one of clains 1 é or r a salt thereof,
conpri sing reactlng § the formula X, PGOOH R ON RO
(X) -66- wherein R1, R PG aje as defined for a conpound of the
formula I'll in any S to 3 or as given |r1<1xy m4, or a
n

salt thereof, under reductlve or hydrogenolytlc ring open
wherein R, R, and PG are as defined for a compound of the formula litin 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,
HzN NH2
o (X1

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.

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

(XiX)

wherein R, R, and PG are as defined for a compound of the formula H} 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

X,

X)



51. A process for the manufacture of a conpound of the formula XV, OH
HZN,,..,.. Ne~X(NHZ Rio OO RO (XV) wherein Rand Rl are as defined
for a conpound of the formula Ill in any one of clains 1 to 3 or as
given in claim4, or a salt thereof, conprising one or nore, e.g. all
of the steps of (i) the manufacture of a conpound of the fornula I
according to any one of clainms 1 to 3, or a salt thereof, the

manuf acture of a conpound of the form#Hed-1V according to claimb5b, or
a salt thereof, or (ii) the manufacture of a conpound of the fornula
| Va according to claim$S. or a salt thereof, the manufacture of a
conpound ofvh&bl F,0R Bhd ARG laké &cdeanati forga domp6lral ofh@ foroladll Biany otdefrckands, 1

t he manuf agture of a.c undo thef I Y/ .-

accordi ng o:yclaﬁlg'veiﬁ‘ ?a{”}ﬁ(a orr%f'r?l} heret ur” géeo dﬁ“’é%ﬁ%’&ﬁ"&%g#"}? htg&{)%ﬂ%l a
VII, or a salt thereof, according to claim1l5, the nanufacture of a
corrpound 0k, tArtﬁoééggmr'h@ n\énuactuf;érof@ cgﬁbéuna bereRtmuiggoording to claim
18, the manufacture of a conpound of the fornmula X. or a salt
thereof, according to claim 21, thegymaqufacture of a conpound of the
formula XI X, or a salt thereof, accgrding t he

manuf acture of a conpound of Ht,tqg fg
according to claim45, the manuf 3

3 CO of “the fornul a
A1V) whegfein R R and PG

XV, PGOHH,...,.rdWN

are as defined for a cof theforrrulalll in any one of clains
1 to 3 or as givenin ¢ a salt thereof, conprising reacting
a conpound of the R& '- OO0 PGH...... (XV)

wherein R and R, are as defined for a compound of the formula [l in any one of claims 1to 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 ill according to any one of claims 1to 3, or
a salt thereof, the manufacture of a compound of the formula 1V according to claim §, or a
salt thereof, or

(i) the manufacture of a compound of the formula IVa according to claim 8, or a salt thereof,
the mianufacture 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 a compound of the formuia VIil, 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 50, 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,

(XIv)

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, or a salt thereof, comprising reacting a compound of the

formula XX,



RIOI | RO (XX) wherein RR R and PG are as defined fora conmpound of
the formula Il in any one of clains 1 to 3 or as given In claim4.
or a salt thereof, with a conpound of the formula Xl |, XI, HZN , NHZ
O (XIl) or asalt thereof, and the deprotection thereof according to
claim33 to a conpound of the fornula XV, or a salt thereof, and, if
desired, converting an obtainable free conpound of the formula XV
into a salt or an obtainable salt into tfe free conpound of the
formula XV or a different salt thereof. 52. A process for the

manuf acture of a compound of the formula XX, O PG H R10 RO (XX
wherein R R, and PG are as%(gefined f @ ,'s‘ pound of the fornmula it
in any one of clains 1 to or as gi nclaim4, or a salt

t hereof, conprising reacting apgomet ~the formula XI, OO PG
RO RO (XI) -68- wherein in férmifa ,"-R, and PG are as defined
for a conpound of thReyf n any ong—of clains 1 to 3 or as
given inclaim4, or'a , under rleductive or

hydr ogenol ytic ring opg ) 3. A process for the manufacture of a
conpound of the formRda XY, (XX)

wherein R, Ry and PG are as defined for a compound of the formula lIt in any one of claims
1 to 3 or as given in claim 4, or a salt thereof, with a compound of the formula XIl,

XH,
H,N NH,

o (XN

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.

52. A process for the manufacture of a compound of the formula XX,

R,0

RO | )
wherein R, R, 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 reacting a compound of the

formula X,

xn



HZN Nom x /NHZ R+tO O~ RO (XV) wherein R and R, are as defined for
a conmpound of the formula Ill in any one of clains 1 to 3 or as
given in claim4, or a salt thereof, conprising one or nore, e.g. al
of the steps of: (i) the manuf act ure of a conmpound of the fornula I
according to any one of clainms 1 to 3, or a salt thereof, the

manuf acture of a conmpound of the formula IV according to clain15, or
a salt thereof, or (ii) the manufacturggof a conpound of the fornula
Na according to daim8, or a salt thereof, the nmanufacture of a
conmpound of the formula IV according to claim9, or a salt thereof,

the manuf acy, i @nnmfoﬁnmtﬁ{ngnd)ﬁda%sfo@f ﬂ&!lf& a\éom%ur@ o?@aktforﬁ\t]@rlleiﬁfany

according to daim1l th manuf act ure of a conp of the f $
VIl, or a s%.‘l‘ecOftcﬁé'?seUP3°éé%8'?’%n R glatmy® @F%F?ﬁtﬁ?{%ft‘fﬂé’e’ rﬁ%%ﬁ\‘eafefm f&ge&P'V%
conpound of riigepehiag.mul a VI11, or a salt thereof, according to claim

18, the nmanufacture of a conpound of the fornula X, or a salt

t hereof, according to claim?2l1l, the manufacture of a conpound of the
formula X, 58rA aFOS@ISthFt“??éT‘%’MHCt%%f@r‘HmH@““P&fE‘Fé?’WF'?G( 't he

nanufacture of a conmpound of the foraHIa XX, or a salt thereof,
according to claim51, the manufact iy a conpound of the formula
XIV, PGOHN,,,,.... NNH2 Ri hp O 2 ' R’kg’ and PG are
as defined for a conpound of th Nt claims 1
to 3 or as given inpgchai @of , conpili sing reacting a
cormpound of the f or hula O

RO oxv)

wherein R and R, are as defined for a compound of the formula Il in any one of claims 1t03
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 |l according to any one of claims 1 to 3, or
a sall thereof, the manufacture of a compound of the formula IV according to claim 5, ora
salt thereof, or

(ii) the manufacture of a compound of the formula IVa accordlng 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 VIil, 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 XI, or a salt thereof, according to claim 26, the

manufacture of a compound of the formula XX, or a salt thereof, according to claim 51, the

\><”/NH2
RO (XIV)

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

manufacture of a compound of the formuta XIV,

OH

2T

R,0

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

formula XX,



R30 RO ()(X) wherein RR 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 thereof, with a conpound of the forrmula X1, XIl, HZNX /NH2
O (XIl) or a sal t t hereof, and the deprotection t her eof accor di ng to
claim33 to a conpound of the formula XV, or a salt thereof, and, if
desired, converting an obtainable free conpound of the formula XV
into a salt or an obtainable salt into-gdhe free conpound of the
formula XV or a different salt thereof. 54. A process for the
manuf acture of a conpound of the formula XX/ 11, PG Rx ORHO (XXII1)
RO wherein R R, and PG arlgGas defi ned conpound of the formula
1l in any one of clains 1 3 or ds gijven in claim4 and Rx is
hydroxy, protected hydroxy, ﬁahﬁ,np oP\NH- CH2C( CH3) 2- CONH2, or a salt
t hereof, conprising reacting aco of the formula V, PGO N' R3
Rio RO(V) - 70- V\:hﬁ’@ln R PG are as| i ned under fornula |11
in any above and R3'i s or a salt!thereof, with a conpound
of the formula XXII, Y
RO (XX)

wherein R, R, and PG are as defined for a compound of the formula it 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,

XU,

H,N NH,

o (X1

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,

54, A process for the fnanufacture of a compound of the formula XXIIt,

(XX

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(CHg)o-
CONH,, or a salt thereof, comprising reacting a compound of the formula V,

V)



wherein Y is Ph3P4 or (AIkO,P(O wherein ALk is alkyl, e.g. C-C
-al kyl, and Rx is hydroxy, protected hydroxy, am no or

NH CH2C( CH3) 2- CONH2. 55. A conpound of the formula XXIIl, PG Rx R o
ORO (XXIl 1) wherein RR 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

and Rx is hydroxy, protected hydroxy, am no or NH CH2C(CH3) 2- CONH2,
or a salt thereof. 56. A process for theymnufacture of a conpound of
the formula XXIV, PG N Rx R o 0 RO (XXIV) wherein R R and PG are
as defined woarein BoRpadiRG ark as definbd under forrhdid Hliimargrapodenddi; ischydiogen, oda
to 3 or as §Hlt\f€é?edfWlﬁlaado%ur@%‘ath@foﬁnﬁlawrOXy1 protected hydroxy,

am no or NH CH H, , sal't thereof, conprising reacting
a conpound of the fornula XXI as given in cIa|n153 or a salt

t hereof , under reductive ar hy rogeg%lytic ring opening. 57. A
compound of the formul a NRx R o ORO(XXIV) wherein
R, R and PG are as defined for compound of the formula I'll in any
one of claims 1 to 3 or as giveR in claim4 and RXXI hydr oxy.

protected ydrdy s sHPR Ako Dol A PR o PIY B1-cind A3 Rk i fyGroes! -

protected hydroxy, amino or NH-CH,C(CH3),-CONH,.

55. A compound of the formula XXII,

(XXN)

wherein R, R, and PG are as defined for a compound of the formula lii 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(CHjs),-
CONHj,, or a salt thereof.

56. A process for the manufacture of a compound of the formula XXIV,

R,0

RO (XXIV)
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 Rx is hydroxy, protected hydroxy, amino or NH-CH,C(CH,).-
CONH,, or a salt thereof, comprising reacting a compound of the formuia XXl as given in

claim 53, or a salt thereof, under reductive or hydrogenolytic ring opening.

57. A compound of the formula XXIV,



58. A process for the manufacture of a conpound of the fornmula XX, O
PGH RHO RO (XX) wherein R R and PG are as defined for a conpound
of the formula Ill in any one of claine 1 to 3 or as given in claim
4, or a salt. thereof, conprising reacting a conpound of the fornula
XXIV, PGNRx R OORO (XXIV) wherein RR R and PG are as defined
for a conpound of the formula Il'l in any one of claims 1 to 3 or as
given in claim4 and Rx is hydroxy, pratgcted hydroxy, am no or

NH- CH2C( CH3) 2- CONH2, or a salt thereof, under ring opening. 59. A
process for the rranuf acture of a corrpound of the fornmula Xv, OH
HZN,,,..., NHN-12 RRo O O ROpXV) wherein R and R, are as defined
for a compound of the forrmula II'Nin anqy ope of clains 1 to 3 or as
given in claim4, or a salt theredi, fTi sing one or nore, e.g. all
of the steps of: (i) the manufact ure ' pound of the forrmula 111

according to any one of clains 1 tj{o 3 salt thereof, the
manuf acture of a c ound of the flormula I ¥ according to claimb5, or
a salt thereof, ?:ETEB a conmpound of the fornula

t he manufacture of a
ing to cl a| m9, or a sal }x)a\%ereof

| Va according to clai mf
conpound of the forpgy

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 and Rx is hydroxy, protected hydroxy, amino or NH-CHC(CHg).-
CONH,, or a salt thereof.

58. A procéss for the manufacture of a compound of the formula XX,

(XX)

wherein 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, comprising reacting a compound of the
formula XXIV,

PG

R,O

RO (XXIV)

wherein R, R, and PG are as defined for a compound of the formula !l in any one of claims
110 3 or as given in claim 4 and Rx is hydroxy, protected hydroxy, amino or NH-CH,C(CH;),-
CONH_, or a salt thereof, under ring opening.

59. A prbcess for the manufacture of a compound of the formula XV,



t he manufacture of a conpound of the formula V, or a salt thereof,
according to claim10, the manufacture of a conpound of the formula
XXI'll, or a salt thereof, according to claimb54, the manufacture of
a conmpound of the formula XXIV, or a salt thereof, according to claim
56, the manufacture of a conpound of the fornmula XX, or a salt

t hereof, according to claim58, the nmanufacture of a conmpound of the
formula XIV, PGOH R o OO RO (XIV) wierein R R and PG are as
defined for a conpound of the forrmula Il in any one of clainms 1 to
3 or as given in claim4, or a salt thereof, conprising reacting a
conmpound of the formula XX, OO ROGHN~_.- HRHOIl ~ RO (XX) -73-
wherein R R and PG are as definedffor 3 ownd of the forrmula 111
in any one of Claims 1 to FHph.AQ ' Ep

thereof, with a conmpound of the f ,NHZ ~/ 0O
(XI'l) or a salt thBi@qQf , ¢ depr ot ect pon there f accordl ng to
claim33 to a conpound ormula XV, or a salt thereof, and, if
desired, converting a e free compound of the formula XV
into a salt or an ainZbl e Salt"into the free conmpound of the (xv)
formula XV or a_ different salt thereof. 60. A process for the

manuf act ur Whesein & e GLaes dsfingder § eamagrngd oktfieformuladilyingny one of claims 1to 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 Hl 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 54, the
manufacture of a compound of the formula XXIV, or a salt thereof, according to claim 56, the
manufacture of a compound of the formula XX, or a salt thereof, according to claim 58, the

manufacture of a compound of the formula X1V,

R,0

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

formula XX,

0 O

’
.,
‘e,

—

RO XX)

R,0



PGH RIORO (XVI1l) wherein RR R and PG are as defined for a
conpound of the formula IIl in any one of clains 1 to 3 or as given
inclaim4, or a salt thereof, conprising reacting a conpound of the
formula VI, PGOH OPT RIORO (VII) 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 and PT Is a hydroxyl protecting group, or a
salt thereof, by reductive or hydrogenofytiic ring opening of the
pyrrolidine ring 61. A process for the rranuf acture of a conpound of

;[/\hhgr L?Lnlél gwaX\e/rRm-%fPé agd P&él(? ?Fe%FﬂP‘c’ﬁ foaa g%mnpﬁ d OAR\erQhuQ | lRQ:r(ym of daims

or mula 111l in
any one of gligB@Baslgiven iBclaior4, asa galtteerepfnwity aa‘FOmPQ“”chrf the faruf2 )?hnereof,
conpri si ng e or nore, e.g. all of the steps of (i) the. manufacture
of a compound’ of the forrmula Il according to any one of clains 1 to
3, or a salt thereof, the uf Eﬁzure of a conmpound of the formula
| V according to clai m 5HNy thereof, or (ii) the manufacture
of a conmpound of the fornmula |Ifa according to claim8, or a salt
thereof, the manufacture of agconpound of the formula g\ according
toclaim9, or a salt thereof, the manufacture of a conpound of the
formula V, or a salt thereof, according to claim 10, the manufacture
of a conpounth et théreoff andrthg depratection thegeokapcerding torakayn 33 &re edreRonpd efdhe

claim 15, tRemula 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 sait thereof.

60. A process for the manufacture of a compound of the formula XVIil,

OH

(XVitly

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 VII,
OH

R,0

RO Vi
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 PT is a hydroxyl protecting group, or a salt thereof, by
reductive or hydrogenolytic ring opening of the pyrrolidine ring.

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



manuf acture of conpound of the fornmula XVIIIl. or a salt thereof,
according to claim62, the mnufacture of a conpound of the formula
XI X, or a salt thereof, according to claim43, the manufacture of a
conmpound of the formula XX, or a salt thereof, according to claim 45,
the manufacture of a conpound of the fornula XIV, PGOH H,,......
N NHZ ROOORO(XIV) wherein R R and PG are as defined for a
conpound of the formula Il in any one_gg_clains 1 to 3 or as given
in claim4, or a salt thereof, conprising reacting a conpound of the
formula XX, PGH R O RO (XX) -75- wgrein R, and PG are as
defined fora conpound of the fornul. 11 ne,of claims 1 to 3
or as given in claim4, or apglt tF oanHnd of the
formula X1, X1, HZN\/x/NHZZO('I) eof 2 and the
deprotectlon thereqiﬁyc ding. to HO a co und of the
formula XV, or a salt t , If de5|red converting an
obt ai nabl e free conpou formula XV into a salt or an
obt ai nabl e salt int&Qhe pound of the formula XV or a (XV)
different salt thereof. 62. A process for the manufacture of a
| actone of the formula XX, O O, PG H

wherein R and R; are as defined for a compound of the formula I 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 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

(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 XVIil, 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 XIV,

OH

RO

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

(XIv)

formuta XX,

(XX)



RIO RO (XX) wherein RR R and PG are as defined for a conmpound of
the formula Il in any one of claims 1 to 3 or as given in claim4,
or a salt thereof, conprising oxidizing a conpound of the fornula
XVITl, OH/OH PG/JI. HRO!-- RO(XVIIl) wherein R R and PG
are as defined for a conmpound of the forrmula Ill in any one of clains
1to 3 or as giveninclaim4, or a salt thereof, to the | actone of
the formula XX, or a salt thereof. 63.,A process for the manufacture
of a conmpound of the forrmula XV, -76- OHHZN..,.,.. N N-12 ROOO
RO (XV) wherein R and R, are as defined for a conpound of the
formula I'll in a on | Qi [ I M ! alds a
salt thereof”?"er(% rRl‘ g?dngégﬁeea%oolrgﬁr%r%% ‘%"‘59” né’?’fthg?&ﬁﬁlg ug.tn;éggb?%éd( 1)

t he manuf act & dords givep Engitimdd oGt salttergoh it pgomPqung obipe frgeaglls o any
one of claigg 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) the manufacture, of co und of the forrmula | Va according to
claim8, or a salt the manuf acture of a conpound of the
formula IV according to claim{p, or a salt thereof, the manufacture
of a conpound of the fornula @ or a salt [hereof, accggling to claim
10, the manufacture of a conpound of the fornmula VII, or a salt

t her eof , aceersdit thgrdof a6d thieiedrbtectidheherstd Bttoadigs elaiof 33¢0 aponpelndfof thbe

formula Xvi florlmulaoiv.%rg%LIE thy%gfr gr%f if dgs(fr(ég,rchQQinb @n 8!)tgiir\£ﬂle696e éo%ound of the

formula XV into a salt or an obtainable salt into the free compound of the formula XV ora

different salt thereof.

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

R,O

RO , (XX)
wherein R, R, and PG are as defined for a compound of the formula Ii! 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 XViil,

RO (XVIIT)
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, to the lactone of the formula XX, or a salt
thereof.

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



manuf acture of a compound of the forrmula XX, or a salt thereof,
according to claim62, the mnufacture of a conpound of the formula
XIV, PGOHH H,,.... NNHZ R o 0O ORO (XIV) 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 givenin claim4, or a salt thereof, conprising reacting
a conpound of the formula XX, PGO HR O RO (XX) 77_ wherein R

R, and PG are as defined for a conpound’®f the formula Il in any one
of claime 1 to 3 or as given in claim4, or a salt thereof, with a
compound of the formula XiI, X, HON Hz O (XIl) or a salt

t hereof, and the deprotectlon therecf accprding to glaim33 to a
conpound of the fornula XV, HN.a, 82 S L NHdesi r ed,
converting an obtai nabl e free conmpound of tfhe or a XVinto a salt
e conpoung of theg@gormula XV or a
ess according to any one of clains 1,
5, B, 9, 10, 15, 18, 2 32, 33, 36, 37, 39, 40, 41, 43, 45,
46, 47, 49, 50, 51, R§2 , 56, 59, 60, 61, 62 and 63 (XV)
substantlally as hereinbefore described with reference to any one of

t he exarrpl e/awere%R 2RO AP elend d@rr@dw%ohwodnbef taé ARS8 I0h adNdhe?eladfs 1to 3
cl ai nB 33, 36,,37

0
41, 43, 45 o’r E%Q'V'ﬁd]'n c%gn Qf 5%5 a sgtl%egegtz c%ms@g{oneg% mcg% e. gsgll ofél’(xf s?f% ol}
and 63 subs ﬁvntarufalcgdrqa@ airemepyridef the forpuls o adserdingita anviose ef @aims 1 tt<b3 &hy
one of the A6RMVRS the manufacture of a compound of the formula IV according to claim 5, or a

sailt thereof, or

(i) the manufacture of a compound of the formula {Va according to claim 8, or a salt thereof,
the manufaciure 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 compound of the formula XVill, or a salt thereof, according to claim 60, the
manufacture of a compound of the formula XX, or a salt thereof, according to claim 62, the
manufacture of a compound of the formula XIV,

R,0

RO (XIV)
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 reacting a compound of the

formuia XX,

(XX)



66. Conpound according to any one of clains 4, 6, 7, 11, 12, 13, 14,
16, 17, 19, 20, 27, 28, 30, 31, 38, 42, 48, 55 and 57 substantially
as hereinbefore described with reference to any one of the exanpl es.

-77 -

wherein R, R, and PG are as defined for a compound of the formula lll in any one of daims
1 to 3 or as given in claim 4, or a salt thereof, with a compound of the formula XII,

X,
H,N NH,

O ' (XIt)

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.

64. Process according to any one of claims 1, 5, 8, 9, 10, 15, 18, 21, 26, 29, 32, 33, 36, 37,
30, 40, 41, 43, 45, 46, 47, 49, 50, 51, 52, 53, 54, 56, 58, 59, 60, 61, 62 and 63 substantially as

hereinbefore described with reference to any one of the examples.

65. Compound produced by the process of any one of claims 1, 5, 8, 9, 10, 15, 1, 21, 26, 28,
32, 33, 36, 37, 39, 40, 41, 43, 45, 46, 47, 49, 50, 51, 52, 53, 54, 56, 58, 59, 60, 61, 62 and 63

substantially as hereinbefore described with reference to any one of the examples.

66. Compound according to any one of claims 4, 6, 7, 11, 12, 13, 14, 16, 17, 19, 20, 27, 28,
30, 31, 38, 42, 48, 55 and 57 substantially as hereinbefore described with reference to any

one of the examples.





