WD 2004/ 026847 PCT/ EP2003/ 010543 -1 PROCESS FOR THE
MANUFACTURE OF VALSARTAN The present invention relates

wo oooa/opgsatess for the manufacture of an angi ot PEIFEP2003/010543
receptor bl ocker (ARB; also called angiotension ||
receptor antagonist or AT])-receptor antagonist) and
salts thereof, to novel internedi ates and process
steps. ARBs can, for exanple, be used for the
t r eat ment PRICERY Rt BHFS MANUENTHURR [oat exh.sdRB@Bses and
conditions. The class of ARBs conprises conpounds
having different structural features, essenti aI I y

T precB A e 1 B R SisSp heice Sis receptor
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? art an (cf. EP25 3108 candesartan (cf.
salts ther@gb}l% Byve %\Eﬁr roCess SigPs1 343 s 3y £ SxamRle; be | used for
the treataBdst hpeklensioh f&ﬁ&&élhﬁa@i c(i:fé‘ase&ﬁ’n@@&?ﬁ@hs. and tasosartan
(cf. EP539086), or, in each case, a pharmaceutically
acceptable salt thereof. Al of these ARBs conprise

The clas$ BEARBS b@mpMS COMPBONGS Faltid difbrefl SRRl feéf{aﬁés Bsdntidty
e forpmation of the tetrazole ring is

pfefe”edc\lﬁfﬁtm% BQN-RIANAIC; GReph EORB¥ATPRIE L TIPRIOBIMAYf @ae’a ﬂb&mwpounds
that are dépidtaiforh Be §rbep BBMKRGIf R/ﬁlsgrftanNBB$mmgﬁg¥ tidatan (cf.

eresao) atiben (ol %el Shrasien (9 S OPS s criwengas kno

EP45451d§ffdlM§§arMﬁ5(cft BRi506285), akd td3osi¥nqEr. Epsggtbé@}béreuﬁéal&ﬁldase a
h l% H]ereof such as sodi um azide or "'wt
P armac%‘t‘%’ﬁ "[‘(fcﬁpté efetdbRrROhs  tributyltin azide or vvlth a
silyl azide. The use of azides for forning the
te zol ring system requires a sophisticated system
All of the?%}'\hgﬁ cpmBriseheifoswingienagn srygiyralieleiggt an up- scal ed
production process. Accprdingly, an objective is to
devel op alternative prokcess variants that exclude the
use of azides in the Md gtes of the production of

correspondi ng ARBs. The op ive of the present

S s~0of conpounds of
formula (1) that (1) does not r e a process step
where an azide is used, (Z)N e suiy n hi gh yields,

(3) N

The formation of the tetrazole ring is a critical step in the manufacture of these compounds.

Methods for the manufacture of ARBs having this structural feature include the formation of
said tetrazole ring by starting from corresponding cyano derivatives that react with HN; or a
suitable alkali metal salt thereof such as sodium azide or with an organotin azide such as
tributyltin azide or with a silyl azide. The use of azides for forming the tetrazol ring system
requires a sophisticated system to'run the reaction in a safe way during an up-scaied
production process. Accordingly, an objective is to develop alternative process variants that
exclude the use of azides in the last steps of the production of corresponding ARBs.

The objective of the present invention is to provide a synthesis of compounds of formula (1)
that (1) does not require a process step where an azide is used, (2) results in high yields, (3)
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attractive by using | ess r_eza_cti on steps in.the
reaction sequence for the "manufacture of conpounds of
formula (1), (5) affords enantionerically pure target
products and products of high crystallisability. In
minimisgfdpaliution ofdke endronatenhegl by esseptialyaveidinasorganatiaogipoynds, (4)
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It has é’u‘%Hiﬁ’sﬁ#.gﬁ{/ BgenV}Qur%) 9\%{ %%%é@es%’%&?rﬁﬁ@%‘ 4!%]19%‘@}1'( ifvention meets the

above objectives.

The present invention relates to a process for the manufacture of the compound of formula

(1

Y,

chiral

or a salt thereof, comprising



(a) reacting a conmpound of fornmula (1 a) O H (ila)

N N NNRL or asalt thereof, wherein R is
whyano2sw7 - or a tetrazole protecting group, W BCI/BP2003/010543

compound of fornmula lib ,OR2 H2N chiral O or a salt

thereof, wherein R2 repre's%'nts hydrogen or a carboxy

protecting group, under the conditions of a reductive

am nation; and (b) acylating a resulting conpound of

formula (11 ¢c) ORZ HNo (lic) ~ t chiral I N NN

o efingl ol BB S ¢ f o (1

\ .
- N N
R1

or.a salt thereof, wherein R, is hydrogen.or a tetrazole protecting group, with a compound of-"-

formula

(lib)
HNT - oR, chiral

o
or a salt thereof, wherein Rz represents hydrogen or a carboxy protecting group, under the
conditions of a reductive amination; and

(b) acylating a resuiting compound of formula (I} c)

(lic)

chiral

v
R1

or a salt thereof with a compound of formula (il d)



(lid) R3 wherein R3 is an activating group; and, (c)
if R and/or R2 are different form hydrogen, renoving
W0 b@4peatect i ng group(s) in a resulting conpoRCMER{003/010543

formula (Il e) O NORZ o (Ile) chiral NNRL or a

salt thereof.; and (d) isdl-ating a resulting conpound

of formula (1) or a salt thereof; and, if desired,
converting a resulting free acid of forrmula (1) into a
salt thereof or converting a resulting salt. of a
conmpound of formula (I) into the free acid of fornula

(I') or converting agesulting salt, of a conmpound of

formula (1) into a (j!fferent Sﬂé The reactions
descri bed a win t variants are carried

out, for exanple, in the absence or, customarily, in

the presence of a suitable solvent or diluent or a

m xture thereof, the reaction, as required, being
wherein Baisianeastivatingvarop;@og) i ng, at room tenperature or wth'

t

© o D B e A plchfig g i
resultinggppevinthplfofrmdm(tiebut - 10C t o about +200C, and, if ‘

necessary, in a closed vessel, under pressure, in an

I nert gas atnosphere an r under anhydrous

condi ti ons. Conpoun of {fformulae (11 a), (Il b), (11

c) and (11 ) fr both of R and R2 are

hydrogen can formsaltp witjh bases, agubpth the

unprotected tetrazol e Ling%nd the WOcReD4/ 026847

PCT/ EP2003/ 010543 -5 un ted carboxy group have

acidic properties, while pounds of fornmulae (I1 b)

and : .

or a salt thereof; and

(d) isolating a resulting compound of formula (l) or a salt thereof; and, if desired,

converting a resulting free acid of formula (1) into a salt thereof or converting a resulting salt :
of a compound of formula (1) into the free acid of formula (1) or converting a resulting salt'of . .-
a compound of formula (I} into a different salt. S

The reactions described above and below in the variants are carried out, for example, in the -
absence or, customarily, in the presence of a suitable solvent or diluent or a mixture thereof,
the reaction, as required, being carried out with cooling, at room temperature or with
warming, for example in a temperature range from about -80°C up to the boiling point of the -
reaction medium, preferably from about -10°C to about +200°C, and, if necessary, in a
closed vessel, under pressure, in an inert gas atmosphere and/or under anhydrous
conditions.

Compounds of formulae (Il a), (I b), (Il ¢) and (Il e), wherein either or both of R, and R; are
hydrogen can form salts with bases, as both the unprotected tetrazole ring and the



(I'le) can also formsalts with acids. A correspondi ng
tetrazole protection group (R/) is selected fromthose
wopmw2dsm’ t he art. Especially, R is sel ectedrdT/Braoiie10543

group consisting of tert-C4-Cr-al kyl such as

tert-butyl; C - C2-alkyl tRat is nono-, di or

trisubstituted by phenyl, such as benzyl or benzhydryl

or trityl, wherein the phenyl ring is un-substituted

unprote@fed&:abﬁ)ky btﬁuﬁdwaby a0kl [FropeTiiess white gombuendsrof fibvesae (Il b) and

those sel ected fromthe group consisting

(i) Carb?'S? gﬁnse S hae hydroxy, C,- C7al koxy,

C2 C$ al kanoyl - oxy, " hal ogen, nitro, cyano, and

A corregpqnﬁng r oneiﬁ%m tl(?l’? é(gxpg k@ﬁllslg‘%/ %cé}ed Eb&ﬁtkggg e(ﬁown Im{hé art.

Especwllli;ll RGs séiéctlau keph the|g{d3up édi’fsmﬁ%@mbﬁr&, Cr am;atshwh as tdriybutyl; C,-
Sl

Cg-alkyloti:uat(ts négo-a pi?,q tg%lﬂt&%{}{ttecgw ﬁ)/ﬁeny n\%hh %(B‘?fiﬂy or benzhydryl or trityl,
whereirfthBBh&W! ritkd) RUH-sibstidtked 6F subdtitateldy-omeldp hﬁdw lg.g. two or three,
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Calko @ca-elkenoyu -8Ry, PaldgBh Sfiiro, dyﬁﬁcb cana&nm;ogométhwqu%ﬁ bie6lrgt

piperony; 8@7}{ aq:e g;&%gm%gln%ég tg;nﬂn,gwquucgﬁ t”'ﬁ:a“l%éé"ﬁ'"h%’?'tfi” e/xample
trnmeth;ﬂ)éimQnetﬂﬁgﬂyc&&ert%%rﬁéthﬂ@ﬂ | orsdicl)-@salR@phihyledlyl, for-

examplg, digo Yt RNSRY-NE Gty Al eu@;@‘h&b hiifichabapch as nseRdsyjenony!

wherelrﬂhebﬁéﬁw HH? 1 |yutBaiURENO subsitGtealby)dn@y ¢RsrB.cey! two or three;

ot oS BTt PP S ot B RS et oo,

Co Ca-aacaﬁbyﬂlb)d' -hldifeRPiitro cy@h@ @MF@C@ﬁgvalkanoyl such as acetyl or-
- met hoxypheny! ) e

valeroyk en%etﬁ@wmy)saplb Re %1%Wy-carbony, for example methoxy-,

ethoxy-®r Eé?ﬁﬂ)ﬂ/l()ﬂy BArbbs éd@dlb%&ycaﬂﬁj’ﬁﬁw EREY PR Of! preferred protective
met hoxynet hyl ethox net hyl , met hyl't hi oneth

groups yhichm mea‘w&ﬁﬁre erighy |befw§ Rév?w?wew% snghenyl-2-propyl,
d.phemnrhémyxhw fleito: ﬁ\&@bh@ﬁ?pﬂﬁylnﬁ) rﬁéihb@ﬁheﬁfllmuﬁfénlymthyl

i.s selected fromthose known In
d'phen&éppagma nr%rhy'@enleowew legreoRyehy sWaw%ths F@fhywaomethvl |
2-tetraHyll I; allyk imehgRina andaidiyisityiet hyl or a F
erar?errotﬁﬂnraﬁymﬁg Ig/‘l t,mels)gegl aHﬂ?/gStnert butyl; C,-C2-al kyI
that is nono-, 'di or trisubstituted by phenyl such
A corredSorRRigZakbaxy phﬁaétmgctguup (P RIRigttdd Feorp ktﬁmé'kanHQh ih art.
u

un-substjtuted or substituted b

Especiglgies Sthpied opaiie i eongicting LErCerll whssnribfcetnviora

tert-C4-9C$-§lRﬂ égp&iaw telaebmfd €,- CQZH(yllﬁhKMb mdm)bd (3] zwmsubsmuted by phenyl,
kanoyl - ox

such a%gl or Qﬁﬂz gll vmqeg%up ltl?ﬁ,;ph nylpn I's(yﬁyqugg p§e9|or subsmuted by one
or more; el 84/ br; thie! Feﬁ'ﬂ(@é@@ gt seldcRid fed ‘ﬂ”ﬂ U@BMhsnsﬂng of C;-Cs-

net hoxyet hoxy-methyl . and b I ox
alkyl, g F@a b AN O R BRI 0k POBUGR OIS YRR RHGF ooyt

piperony® Aflyl; Qﬁmﬁmyﬁ tetmmfuraﬂﬂeteﬂsﬁyd«@yrml gﬁau@(y%dxy‘m‘tm and
an _actijvating fgrou ﬁ)el ng in the
benzylcpcy@gg\ylofA preferred example o protectlve groups which may e mentloned is

benzyl.

The activating group R; is, for example, an activating group that is being used in the field of

peptides, such as halogen such as chlorine, fluorine or bromine; C4-C;-alkylthio such as



pepti des, such as hal ogen such as chlorine, fluorine

or bromne; C -Cr7-al kylthio such as WO 2004/ 026847
WOEMDABRBO03/ 010543 -6 net hyl -thio, ethyl-thi oOPCI/EP2003/010543

tert-butyl-thio; pyridyl-thio such as 2-pyridyl-thio;

i m dazolyl such as 1 -ini&azolyl; benzthiazolyl-oxy

such as benzthiazolyl 2- OXy-; benzotriazol-oxy such as

benzotri azolyl -1 -oxy-; C2-C8-al kanoyl oxy, such as

methyl-thio, \atioy-thioyr teﬁ—uth«ﬁbloyﬂwnﬂyli-thi@rsugh &8s dl@;ﬁ@yl-ﬂ?so :mldazolyl such as
- 0X es an activating group

1-imidapdivi ﬁeq;ﬂva%b'l “ROKEY iiethiazslyl g &Y RpRACHIazo LS UG 8

benzotrizzoigl-Hbgy- W@C@«BMaﬁ%ﬂw afidreds lblﬁM@ylb;@eorf b?\'/dlév%)&gor 2 5 dioxo-

unl ess ot herwi se:” C, -

pyrrohd\néd?ui1 gﬁﬂa@% ?{ﬁn acéxe/ﬂmg grﬁu;byvalﬁp imay lgeorﬁpatmned are ’?’7’?
n-butyl, isobutyl, sec-butyl, tert- butyl or a
hexyl or heptyl residue.

cor r.espondi erit
The 99’&?“’"'&2 'é)f-‘l q’%é‘g Xﬁ qnd RREBIRGier havhiie follawipg meapinggi unless
deﬂnedlcﬁh@wgéerred C C7- Al koxy is for exanpl e nethoxy; :
et hoxy, n-propyl oxy, isopropyloxy, n-butyl oxy,
i sobutyl oxy, sec-butyloxy, tert-butyloxy or a

c,-c7-A«1@r be@maﬁwplégnamw kéir@)(hrprb@}(y&@?éfpyl Q- b&\gpts%b%b’ sec-butyl, tért- -

- oxy is preferred
' butyl O'Er“éﬁf ’&FP%"H%"‘%&‘S&!&W' Of&ﬁwsﬁ%ﬁe CenGe=ahent, @syema"y methyl, ethyl >
or tert-bUBA Shréfelsanoy! i n. C2-C8al kanoyl -oxy is in particular P
acetyl, propionyl, butyryl, isobutyryl or pivaloyl.

C2- CSAl kanoyl is preferred.., Especially preferred is

Ci- o7-Aa©ay il fo:%xaﬁip!@h@ﬂioxy,'*&h&@eﬂ ﬂrc%)ylo&y H?éﬂrb% 4 nCWxg N€obuty)-:.

E@y ne o%m,rom ne, in a broader sens
oxy, seq-ByfyIRyy, fert-pulylgxy ara P%”?ﬁP@Pé'P@ eantyigxg hegdpxy, 1on herigloxy: tsidue. «
+ C1-Cy-afRb@yis phoferrdd) EESRRIMMY brdemdd BAhdiRdkyl §lh6féV ShPRriBtho J{YEI ng

.the presence of a reducing agent. suitable re
‘agént is a borohydride, which may also be in a

Cg-Cg~Atk@ﬁ@,H AXCHC Maoyl-64y. if Mamﬁﬂhr%e@l Bw&gﬁ 'Bu%ﬂ Q5o or
ence of 'a_hydrogenati on cata

pivaloy! F@?{‘%@Fgw Is prefpRgdc ﬁﬁae%gﬂef%e@swe%m Rivaleyleni de:

- or.a silane. A suitable borohydride or a conplexed

. Halog bor ohydri de for exang an al kali netal

alogerpigin, Lf'%{é’“éﬂﬁ'@ﬁ HHioring QF BFAMBR.GIRY i A dEOasier Bense ingtudes iodine.
Chlorindoielpedizngéd.de; an earth al kali nmetal borohydride such .
as cal ci um borohydride; an alkali netal

cyanobor ohydride, such as sodium cyanoborohydride or

Step (a) i thi um cyanoborohydride, an al kali netal
such as sodi um

al koxy) - bor ohydri de o
In reacthP ﬁﬁ&ﬁb%ﬁ redyet )%pawég icaeied gut in the presence of a reducing. -
agent. A 8litableGed(oin@byottaTHBBIdMIride, which may also be in a complexed form, -

or hydrogen or a hydrogen donor both in the presence of a hydrogenation catalyst. -
Furthermore, a reducing agent is a suitable selenide or a silane.

A suitable borohydride or a complexed borohydride is, for example, an alkali metal
borohydride such as sodium borohydride or lithium borohydride; an earth alkali metal
borohydride such as calcium borohydride; an alkali metal cyanoborohydride, such as sodium
cyanoborohydride or lithium cyanoborohydride, an alkali metal tri-(C,-C,-alkoxy)-borohydride
such as sodium trimethoxy-ethoxy-borohydride; a tetra-C;-C;-alkylammonium-
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(cyano) bor ohydri de such as

WO edonasty| anmoni um bor ohydri de or tetrabutyl aremBRP2003/010543
cyanoborohydride. r A suitable catalyst for the
reductive ami nation with-fydrogen or a hydrogen donor
is, for exanple, nickel, such as Raney nickel, and
noble metals or their derivatives, for exanple

(cyano)b@?@l*ﬁ}@ﬁde %@s@&r%léﬂ%unﬂb%h%rw&ﬁm@b@ M onium-

oxi de, which may be applied, if desired, .t support
cyanoboraydiideal s, for exanple to carbon or cal ci um car bonat e,
p for exarrpl e, platiniumon, carbon. The hydrogenation

o with gdrogen or a hydrogen donor may preferably be
A suitable gatalystifor #iq reguctiye asyprtion vt iwdeqgen oiadydingen deoor is, for

examplearthPéi F%hu%ﬁ @s m?\e?hrckgloghé R S A8 Br ﬁ%@fr‘ﬁ@ tivBD ot exa e

to about 200C, pafrticu et ween roo enper at ur
oxides, syl agg@tﬁdrq@mtmmnppéplgmlga o}qrgig,r\@rg@mm@mbgrapplged ffelesired, to

support r%ét%ﬁ@l‘sefvor @xa?rb{pﬁ% %T&&BHH? bt §ét&gm?c P(# geg%r e§$ﬁ1ple &latmrum on.

carbon. a he ngrggenqtrﬁ@ w@bfhyd@ggn Og_ﬁ hydmlen dmrahay pefarably O carried
out at pres@ﬁres%éﬁ%éerﬁﬂ%é%ﬁ@btatﬁrpt s ﬁ%ancf %r rog%ngbngrQ getween

sodi um or ot assi um sa reo esire

about -8@He abpuCE, rofpaarcuer betwegnandm éempereturaand about 100°C:
triethylam ne. Further hydrogen ': donors ;> conprise
ot her al cohol s such as ethanol, 2-nethoxyethanol,

A preferrgd hygriogan dopnslis, fdrenampilr, @l systepecdmrarsrr@-&bropanol and, if desired; :

abase. g oS IR o By R bPAL ko By AL BRARL or o
alkyl-ammentiuml saff, th¢raolfofqr rwampa trwrguﬂmm or the lpotassiuhyshitaherenf) ife,

sesoa, BOSHAZRAL O P i3 ey, AFDRE o oo
compriseseibair algohmiscsichias eltwind), &mmnsywwamr behiyhaleshollbenzhydrol, -
portan 4 SR 080 e RS, BB RS .
cyclohexgditneii irat?aniest,etralm, irwoﬁn@!tet,rarwelragmmhm; dlydrehuicbne,s -
ropopre P Sl S okl S o AR Sl HEBHT,
tetrahydroborats, edgdrs,arscobiaacithdimmnete; drisiiaresmdhkylydrogen donor may also .

be used h& Eélbém%&ggfggly%pm%F@Z%qgﬁe acigl™ C7-al koxy, nitro,

cyano anoyl, Cl-Cl12-al kanoyl oxy,"
and carboxy. Those silanes are preferred that are

A suitabl& QQBB%E% ¥or%35MEIe sél@n&&%ngf\ﬁl‘ﬁ{tﬁ %QJD gﬁlgétr ?Psdb@?ﬁrte@y

ani'c so y-pr o
Suitable EgtrsemeatSI Opnwrlee dor @carmle, ane, tv®1@|(ﬂirealslu§7$trtsema elscted from

e.g. haloeﬁrﬁ?‘&bﬁrle Iy triifuB B hA hARe: ca%ﬂg fc}é& OrrrérJ)eg%@mr,dmxyr

are commer Cl e sepenr o
C»-Ciz-alkanoyl, C;-Cy,-alkanoyloxy, and carboxy Those silanes are preferred that are

completely soluble in the reaction medium and that may moreover produce organic soluble
by-products. Especially preferred are tri-C,-C-alkyl-silanes, especially triethylsilane and tri- -
isopropyi-silane. Preferred are commercially available selenides.

A suitable silane is, for example, silane which is trisubstituted by a substituent selected from -
the group consisting of C4-Cyz-alkyl, especially C;-C-alkyl, and C»-Cap-acyl, especially C,-Cs-

acyl. Preferred are commercially available silanes.



A suitable silane is, for exanple, silane which is
trisubstituted by a substituent selected from the
wW@e@up26sensi sti ng of Cl-Cl2-al kyl, especially PCT/EP2003/010543

Cl-Cr-al kyl, and C2- C30-acyl, especially Cl1-C8- acyl.
Preferred are comerci al I®avail abl e silanes. WO
2004/ 026847 PCT/ EP2003/ 010543 -8 The reductive
amnation is preferably carried out under acidic,

The red&lﬁwé bﬁimé%nl% Blcedrabll YariBd 80t ulRS k6idrOAElitl @nprefeeably under

sui t abl e base conprises, for exanple, an alkali
basic COﬁ?'@Wﬁ(l Ajguitable baSERATINIESS. JUfcHaRPIS Gl q)fﬁ"ﬁw?@wd&a“ Sor

carbonaﬁé)ts@é"r?‘éléJ SR SicslRle GotRan %y@’r@k@ébbﬁﬁtﬁ&ﬁum carbonate
hernore, an am ne base can be used, for . SrU%L‘as

Furtherrn@rre, @ ammeatva@ﬂcambﬁélse@dehewp'%ﬂr' é%nﬁﬂr%\'m'%{%me
trlethylaﬁﬁria Fh Weﬁﬁh@% -blifylarhité Bt 8y IDGisOpropylamine, a prpendme ‘such

propyl am ne, a piperidine, such
as N- mqthyhypmqlrpﬁ 98 A r@prp@olmgfs%h@r st ,%@org@na agreferred bases

include lﬁhgﬁ"t% S, %B&bhﬁﬁ/drd:’ Rf §6Jn§rﬂ @ﬁﬁéncérﬁ@ﬂdﬂé’%ohiu?mtatﬂbnate

Sodi um hydr oxi de, i um hydr ogencar bonat e,
potassumm Hydragenoedzmatesand rm@w gwbﬁwpo &éﬁ%@'txaﬁ%fﬁaegfﬁfodwm
hydrox1c[%og&ﬁ§t‘n EHaRPNaES-prEsRaRInal | Y preferred is sodium
OXI e, sodium car bonate or tri-n-propylam ne. The
‘ reductlve am nation is carried out -in a suitable inert
The redﬁ&lv\é%m%\fon% Ehiby o6t iRk s%ﬁaMS Mett sdhemt B RiktdrRtd? solvents -
vents conventionally do not react with the
including watess prmdisaleenis eanveniipnalibge petgpactyfithrthe ﬁQﬂf%?QO(“i'Pg g)artmg
matenal@'?)‘f'}I fcfnlnlul%)(il ahfaaé'ﬂl 3’ Hﬁéﬂ. aﬁ@ﬁ ﬁieté?%&faw&fdeds%cﬁ wsRoa®im :

oro ride or hi um bor oh ide; an earth
bOthycthR ar lithiumvebeyo} yd;r@eowyaartmélk%lumﬁtaébor@ vQﬂd&rﬁuch as calcium

- borohy&?géan%Rélpﬁeta?%agggﬁjgh i gl‘éucg?’e%rbﬁatflfnﬁ’gyrﬁ@bb%hymr Jithium = .
- cyanobarphysisider ishipeid aaéedUp@Q@géGl o5 oxamples A@olag splvertofor example, an -
.alcohol§ Fueth%nﬁloleﬁ'oranélokﬁ&%an& BF Zﬁﬁéﬁ&!y%thaﬁ& oPdIgABak preferred. : -

anol ano I SOp ropano or
- Ifan alkzh maﬂ dyet+-Banlpxy) derahygidessuchassogiuat irigethoxyrethayy-

: borohycﬁ'ﬁdgaa tetf2BE ab{ hk&laﬁnﬁnon@% @!y%ﬁ&))ﬁbro@u%ﬁﬁyéifch 48 tét%tﬁénmomum-» e

mtrime hoxy- "bor’ohydr
borohyctrlelteroaietﬁabgwlaanmym'mﬁmQPWQWQH%)'ﬁé?%%l'ieidH@"@ agantafor

examplé, EHly g%'aﬁ QNIRA ML RIS, BB Siskh dlethylacetate © or isop isopropylacetate,

ammoni um cyanobor ohydride,” I's us
ethers sruga @6 |t¢tgamgt9ﬁlﬂran potert-buiylmgHivietharpae Breiarishdf hss%%gﬁna%f a
hydrogérpclidﬁ'\%P% us%ata%rrédmy%ﬁan? tdavh %Pﬁbfﬂr&e%e of a h¥drogenat|on

y acet at e, et'hers such as tetrah dro uran or V
catalyst; applapaelyenids ppfestede T haredystive apinagion can H&?B begaffiesiou e.g. in -

a mixtuf/SHTRds aﬂ? Q&Oﬁdt%ﬂ’ﬁ%@eraﬁoth%fﬁ Rfd %)b‘ﬁbﬁm Irf2Bphhsic bYdem a

presenc enation _catalyst, pol ar sol vent
phase tr@smr@ﬂ@lwstewchméev NPENimhalde. G- @W'Q?s@ be

benwlt%ﬁ%tﬁ&l%gwn%?ﬁurﬁg?%de b1y, cRlofdel itySePdddea. or gani ¢ sol vent

wat er nono- and bi phasic. In a biphasic
system a

if R; and R; both represent a protecting group and if the compound of formula (llb) is a free
base, the presence of a base is not required. i, however, R, is hydrogen and Rz is a
protecting group, not more than a molar equivalent of a base may be added. In order to
avoid racemisation, the reaction is preferably carried out by using less than an equimolar

amount of a base. If R, and R, each are hydrogen, no racemisation is observed even if the



phase transfer catal yst such as
t et rabut yl ammoni unhal i de, e.g. brom de, or
wheoapbdsuT met hyl ammoni um hal i de, e. g. chl ori dePCTEP2008010543
added. If R and R2 both represent a protecting group
and if the conmpound of for%hula (lIlb) is a free base,
the presence of a base is not required. If, however,
R, is hydrogen and R2 is a protecting group, not nore
reactlontlé"@é}n@d B0 viith @(ﬂl&l ¥AheRl thah ofe Qéﬁﬁal@ﬁyof %ﬁs@gﬁfé# mildEonditions,
order to avoid racemsation, the reaction iIs
preferabit aiftepagaiHres beiwean olR°Ctapd @Gy | ess than an equi nol ar
anmount of a base. If R and R2 each are hydrogen, no
racem sation i s observed even if the WD 2004/ 026847.
The pregsnt neenlinndikgwiss 4slatesgo peval cpmroundscef fermada Bla) thattdan be used -
as intenBétidtbs R tﬁ@ﬁﬁnhf&@&r@ﬂﬁh@%n‘n?@wﬁf‘&f fBImLHQ%Ig under mi | d
condi tions preferab enper at ures "between -10C
and 20C. The present |nvent| on likewise relates to
t .
The prefol PheRRPIRIARP soia1cs o MUd painboffits I MRS Ay H8sed
as interrpesfigtgs for thg mampiachresidhe corm@md orfotme(l).se relates to
novel conpounds of fornmula (Il b) that can be used as
internedi ates for the manufacture of the conpound of
The reagtigp ofi p gorpPpund pkfornaala (il ehwit aaownmxuwdouﬂula Ot bluleaul{slih an
ﬁ,qu)(@é I results in an
Intermeoﬁﬁnuta\é:Mrf(?r'gnc(lh:?’ate y fg?fne g%f%%%& f base) of formula
-7 (11 c') Ile" +Nchiral "ON N'NN ‘Rl that can,
-under certain reactjori.conditions, be isolated or that .
can be subjected to the reduction wthout isolation.
The reductive on is a two- a} pireaction, the-
formation of an ilfinefby renovi ngcef er.  followed by
the reduction step. The rerpval g an equi librium
reaction, which can be’ ted to t'he formation of
an. imne by continously LQg the water, for

~exanpl e, by
/
"N
\N N
R1

that can, under certain reaction conditions, be isolated or that can be subjected to the
reduction without isolation.

The reductive amination is a two-step reaction, the formation of ‘an imine by removing water,
followed by the reduction step. The removal is an equilibrium reaction, which can be
directed to the formation of an imine by continously elimihating the water, for example, by
azeotropic removal. Furthermore, a water scavenger may be used to remove or inactivate
free water which may be effected by a physical process such as absorption or adsorption or
by a chemical reaction. A suitable water scavenger includes without limitation anhydrides of
organic acid, aluminosilicates such as molecular sieves, other zeolites, finely divided silica

gel, finely divided aluminia, anhydrides of inorganic acids such as phosphoric anhydride



azeotropic renoval. Furthernore, a water scavenger may
be used to renobve or inactivate free water which may
wheooehtaetr ed by a physical process such as abspCpPEPIN3/010543

or adsorption or by a chemcal reaction. A suitable
wat er scavenger i ncl udes “WPthout Iinitation anhydri des
of organic acid, alumnosilicates such as nol ecul ar
sieves, other zeolites, finely divided silica gel,

(P20s), ihongehiy sdﬁfatedetabmdmmmum suﬁaltbystrerdﬁSulfa%e | e ifagheSiuRe bllfate,

and Oth%ﬁoh%‘%ﬂ%g%%ﬁ'ﬁgﬂ C %T’de@ V\Dl ﬁgggggfgsga fates such

as cal cium sul fate, SOdI um sul fat e, and nagnesi um

1 step @1 it ouf P4 Ry el eeR R A bt e bt formula (1), 2
compoummnﬁ!banmlal(lll agrsaa@btea QhtAtal d@gwpauﬁ@m@uﬁmaqn bf, Qﬁé’%ban fHel

te
presenc g ses g1 o RERE"p PSS agBROwTSS ST Ak ghen be
convertegl rrh!a&erresﬁonﬂlngadmdﬁpﬂun% obfofmily @ 608 redGEING EEMBYunds of

can en converted into
formula {!g? f‘&'gb% %ﬁrrﬁ%gmdﬁﬁ&”%‘?g@%?meﬁt'@e\d abPVBy reduci ng
the conpounds of fornula (Il ¢') with a corresponding
red ng. agent a ti oned above. The internedi ate
The intefriigciiie §Fine o |RimiTa (1) Gan, fog sxamRle, besiRalatsckby Enoval of the -
solvent, egobytietilaiyn rexpevially Bf atdd@opis PeeVH of Ralr. DY :
distillation, especially by azeotropic renoval of
water. In a preferred variant, the reductive am nation

In a prefesed edriang dh@tdduWnIe’wﬁhatr@Dib @hr*ri@g ot WGP Wahting ‘éfcompound of -
orrrul a (Il ¢'). The reductive am nation is nbst

formula{s erably carried out -without renoval of free water,
especi aIIy, iIf R and R2 being hydrogen and with a

T e S AT

especiallpgif Bhar&t(lj Rd B?m? Iﬁrycniolgbh ahd Wik al bas8 usH éé‘%diurﬁ'hgﬁroﬁﬁﬁ n; solvent - -.
nds, of formul a conpri se
such as REHHARG KA rr&uenaﬁ%aqqgré%%'ﬁ?s R HENEABorre

thereof. Preferred is the E isomer. The present
vention | j kew se rel ates to- ounds of farnmula (
in view of SR Bk Y G Rers e SRmeS pf B paa 80 Campren Bethithey
correspogding | saitheicernesponBihgi Bisbiyief MERDT.OPreferfet 8 E isomer. -
protecting group. Correspondi ng conpounds can be used

as internedi ates for the manufacture of the ..

The preseninipeentidn tikeviss rakhtas (d- domﬁﬂﬂﬁ@ bf Remala gl ?:9 'WI%@%IH 8 %fhydrogen'
ast one o

or a tetrag 85 FHERG arGon AR PG BT R NioRen S8 CRPORE BrbEag Sroup.
Correspdm;dmga@mpouﬂ'dm‘;‘cmm asetiss iaferhodiaek a6 thé manlifaafe of heb)

compoun%ro(? f(?rmutla (ﬂ IyreF erre argzl %gm%gtpncgeof ?orr%?e{ (? Idc’), wherein at least one of
R,y and R; represents hydrogen or both of R, and R, represent hydrogen.

The compounds of formulae (il a) and (1l b) are partially known and can be prepared
according to methods known per se.

Another embodiment of the present invention is a process for the manufacture of the
compound of formula



according to nmet hods known per se. Another enbodi nent
of the present invention is a process for the
woretwPzssur e of the conpound of formul a WO 20PdY/8PH831T10543
PCT/ EP2003/ 010543 -11 H NLJN (11 a') or a salt
thereof, conprising (i) téheting a conmpound of fornula
HEN-~ N °J N Hal (IV a) or a salt thereof, wherein Hal
is halogen, with a conmpound of formula R8 R6~ ,R9 R7
H N—w{(lv b) onherein R5, R7 and R8, independently of one
7@E)Nano heﬂ, represent hydrogen or C, -C6-al kyl, such as
g or ethyl, and R9 represents C, -C6-al kyl, or R7
s PO toget her form C2-Cs- al kyl ene, such as
et hyl ene, propyl ene, butylene, or R6 and R8 together
forn1csxﬁg3alkylene, in the presence of an acid; and

(ii) redcti'ng a resulting conpound of formula R6 R7
or a salt R@tedl, ¢dprSingN N R8 Hal (1V Q)

(i)  reacting a compound of formula

SN

AR

Hal

(IVa) .
or a salt thereof, wherein Hal is halogen, with a compound of formula
‘ RS
LUNPZ NP
L (IV b)
..-wherein Rg, Ry and Rs, independently of one another, represent hydrogen or C,-Cg-alkyl, -
"such as methyl or ethyl, and Ry represents C;-Ce-alkyl,’or Ry and Ry together form C5-Cs- - -
- alkylene, such as ethylene, propylene, butylene, or R and Rg together form C;-Cg-alkylene,
in the presence of an acid; and

(i)  reacting a resulting compound of formula
Ré._ _R7

.. N N

R8
Hal

(IV c)
with a compound of formula

(v d)

wherein X represents halogen such as iodine, bromine or chiorine, and Rs and R’s,
independently of one another, represent C,-C;-alkyl, such as methyl or ethyl, or together
form C.-Cs-alkylene, such as ethylene, propylene, butylene or 1,2-dimethylethylene or 2,2-
dimethylpropylene, in the presence of a transition metal catalyst; and



with a conmpound of formula OCRs ORS XZn \ (1V d)
wherein X represents hal ogen such as iodine, brom ne
w@eoogltasei ne, and |RS and R 5, independent!y BET/BPE03/010543
anot her, represent C -Cr7-alkyl, such as nethyl or
ethyl, or together form CZ-C4-alkylene, such as
ethyl ene, propylene, butylene or 1,2-dinmethylethylene
or 2,2- dinethyl propylene, in the presence of a
(i)  remevirg geiqoentially et incasiagle step the @roasting QUgUPSERAT a resulting
P2003/ 010543 -12 (iii) renoving sequentially.or
compowﬁﬁg%ypﬁ§1e step the prgteczing grougs f?on1a 4
@ulting conpound of formula R R7T R Rg~, N f O5
NNRS AB O/@LV e) by treatnment with an acid, -
efNar abl y ith the presence of water, (iv) a resultlng .
na C IRl orffila (1i a') or a salt thereof. The
Steps (i) -(iv) described above in the
re carried out, for exanple, in~ the
, customarily, in the presence of a suitable
ent or diluent(éf)a mixture thereof, the

by trea{;y?&?wtﬂrép AR Pl%%hﬁl?% th@edrﬁ%nﬁérof {vg@rout with cooling, =« .

ture warmng, for exanple in a
(iv) atresmmgaaqmp@unang@rmnbrﬂlaﬁmma SESGMFTQQ‘ to the boiling
poi nt of the' reacti on nmedium preferably from about
-10C to about. +200C, and, if necessary, in 47 %
The readtioss Stepedis e(iy) d@ﬁd@edmt@yg il ibe variantn afgeartied gls for example;in™
the abs%n?g 3P t?:ﬁgtgmaﬂlgdﬁw%e H%@Sﬁc@&@ﬁh@lﬂ% soﬁ/éﬂ%rtdlﬂeﬁt or2l ARture =

carri exa he in presence
thereobthe&e@ﬁm aprequited qleln@aﬂamﬂdsout \Ap)th@p@l;rg@ pyrognu@m\ple@ture or With -

warmlrgc oa’ex%lg] if%\}% érﬁpé)rfatu?e %n%@sﬂtoﬂgéb&ﬁ' gbe Csl}bclgtﬁébélﬁrlﬁ BihCof the

_ reaction medium, preferably from about -1 0°C to about +200°C, and, if necessary, in-a- = -

closed vessel, under pressure, in an inert gas atmosphere and/or under anhydrous & - @

~ conditions.

Step (i) is carried out, for example, the inthe presence of 0.0001 to 0.1 equivalents, e
preferably 0.001 to 0.04 equivalents of a Bronstedt acid, such as sulfuric acid, hydrochloric -~
acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid, para-toluenesulfonic acid;" *
camphor-10-sulfonic acid, trifluoroacetic acid, trichloroacetic acid, 0,0’-dibenzoyltartaric acid
and the like. :

The reaction is carried out in a solvent which is sufficiently stable under anhydrous acidic -
conditions, e. g. in ethyl acetate, isopropyl acetate, an aromatic solvent, such as toluene or
xylene, or an ethereal solvent, such as tert-butyl methyl ether, tetrahydrofuran, butyl ether or
1,2-dimethoxyethane, or a nitrile, such as acetonitrile. A preferred solvent is toluene.

The reaction temperature is between 15°C and the boiling point of the reaction medium, :-
preferably between 30 and 60°C.

Step (ii) is carried out, for example, by using a conventional transition metal catalyst, for
example, corresponding conventionally used platinium or palladium catalyst palladium, such
as dichlorobis(triphenylphosphine)palladium(l).



aci d, phosphoric acid, nethanesulfonic acid,
et hanesul foni ¢ acid, para-tol uenesul fonic acid;

w@ 200plozis4710- sul fonic acid, trifluoroacetic aciBCT/EP2003/010543
trichloroacetic acid, 0,0'-dibenzoyltartaric acid and
the like. The reaction is-¢@rried out in a sol vent
which is sufficiently stable under anhydrous acidic
conditions, e. g. in ethyl acetate, isopropyl acetate,
an aromatic solvent, such as toluene or xylene, or an
et hereal solvent, such as tert-butyl nethyl ether,

Step (lﬂ)&hrriidmycdn dbuémmplé; Wiy issehvihgra Rsultidg 3omp6imdm>fmﬁmUv e) in

h as acetonitrile. A preferred

water 3 figfire PLwElgr G SAEPTUA CIa T RYRRG AR Eengent reating wit

an acncb&ttelmted]@ﬁﬁp@fwbrbh&)kﬁélﬁz‘aﬂgn BRihatpréduct ReactRphdhen by dlstlllmg
eferab&é en 30 and 60C. Step (ii) Is
oft all 2, ] 1 DG SOl Fam HEIG B tascs R MSTiFie P Epmbination o

these rhéﬁﬂ:ﬁési | Approiatd ot@éﬁl@wﬁbntsfa@é ethR¥2 BDéiEas @Qﬁﬁﬁﬁ@@@i A%-
|onaJIyue EPlatlnlumor pal | adi um cat al
dloxan.;%tylg eﬁnﬁntrgq]t:cﬁuc AS ac etonitrile, alcohols, such as methanol, ehanol 1- .

propandl Qt):quséﬂbl sddprdpyhaseydie heriBhe N§lapal Addic'abialdr formOacid. Preferred
2004/ 0 847 PCT EP20 93/ 010543 =13 Siep (i) )

solveng gfe me Hrasbé‘bwqi%@feaﬁfpegteﬂ aridg shpe sHiuric acid,

hydroclfﬂf)né Qél&lbrﬁ)sblhdflc%)cld ﬂlet%bgulfdhic &eidl éfﬁéife@ulﬁfmd’%@r apdid:
riate organi c so]vent and subsequent t r&at] N

‘O'UG"W'F?{P 3 3&3 Aangoig acid acplie 2gid; topmicragidyr %ref%}e@sqcm are suifuie acid -

and hy@l’bclﬁlbﬁc @(El@dmﬁé ain&uﬁc‘cﬁ apRl Useh fodieh Bi05!dnd e@fifaidhl with
art o %anl c sol vent, adding water,

respectigsfic gﬁ‘“tfﬁéﬂﬂ?%ﬁmfe FRPIEDRtWRBN Aek ansh1-SrRAUVABRSS.
measur es. propr| ate organic solvents are ethers,
t.rahydrofuran, 1,4- dioxan, butyl ether,

The |so?ﬂtlpp|€1t%% :\35,% gtgogcaé:pgrﬁimgrtpp@nvq]ﬂ@awdsp@anogmhg@s suchas by

crystallii&bhﬁ@ﬁ&sultﬁ?'&@ﬁ@bund]of AR NPL) frgnﬁh@ﬁ?@eré%n nﬁ)&@r%r—oipgeswed or . -
tate uene @)gé(ene acetic:-acid or formc aci .

"ecessﬁ‘?yéfi?nf P’VQE}‘ UR SEResTiRIlY by eXtragionaiRs by shepreategiaphy, ofdhe reastien -
mixtureaCci ds are Bronsted acids, such as sulfuric acid,
hydrochl ori c aci d, phosphoric aci d, met hanesul f oni ¢
aci d, ethanesulfonlc acid, para- toluenesulfonlc aci d,
The coubnﬂﬁlzn?dsCof aotlia @¢ Q) he ;ﬁéﬂ)é}ed bPkeActing @l @mp Busd 6f foRfula
aci dg,are sulfuric acid and hydrochlorlc acid. The
anmunf of acid used is between 0.05 and 6.0
(Vakents with respect to'the starting material,
@ ef 8rably between 0. -and 1.5 equivalents.. The
X ol ati on, Step (iv) |s carried out accordlng to
convent i d¥a¥)si sol ati on met hods, such as by

whererrp)'( Y§ﬁa%d)énz 'fd?%x&rlﬂﬁler 5ioHd. Wite n%HﬁBQiPH%JrRifer égb%h%o% ions,

fromthe reactl on m xture -
especigljy badey anpydipue pongifions upefesatheini the preseycesitarsastivatar suasras

1,2-dibfoyh oL h ARk @ AR WopRipotiRg of BRRLILON

o’w5

Q/k ~R5
(o]
X-Mg v ),

which is then treated with Zn(X). , X being halogen, especially chlo‘ro.



m xture. The conpounds of fornula (1V d) are prepared
by reacting 'a conpound of formula o R Seo RS X (IV
wa@l2Qo4/02d8¢T ei n X i s hal ogen, for exanple, bronoPCTEPIN03/010543
magnesi um under Gignard cgnditions, especially under
anhydrous conditions, preferably in the presence of an
activator-such as 1, 2-di brono-ethane, to forma
copnpound of formula O Rs \ DRS X-My (IV d? whi ch
As mentignachiaihe begitring of the speqifioation xnpetioh ghenangigjensin I receptor
i al. . /
antagorﬁ%tg %@Bh%é/n ?Ig gﬂ;}%%w%ﬁ@@%ggﬁ%ﬁ%mgg l{n Egg&gg’ sQ&m%ég’s for the
manufastuez off Suchtcompoundssthe oise pha peniestisgangimior thertel@gple ding is
require(fmt agoni sts conprise as structural feature the
‘etrazole ring. In process sequences for the
manuf acture of such conpounds the use of a protecting

rorxaff d BRLRERNFOUT 0 PRel B SR b ol Bt Dh St
reagenhsii;}gseag aThEu'ipberglhneth)slmup is claared) atersinder agidicl coqﬂﬁ@ns. A
ssavep N FESH B al 5884 B B R IRdRl defyy. wiicn
The 2-pheoylf2-propylegaazdisprotectieg giosplis gsediolesebiearmelsliagion prior to any
st J0hE o LRSI BB SRS R oo
reagentsusudheas mpow giflsode etfiérate, ena\tlzahsiwn trieial cplatyzed déprgtection
step, W@%ﬁ%ﬁe r{eﬁ%ﬁeﬁea% ac&géﬁééﬁég?.and toxi-c reagents, such as

uoride e e, or a transition netal
catal yzed deprotection step, which are regarded as a

B T e
propyl groopisl angthexyaiiantaifot ieeremaal this;tgrplﬁp.reqblresh{ﬁﬁimaeldicwhh@jtions ::
wnion A A AR ke B P ool B

conpound or product. Alternatively, the 2-cyanoethyl

~Alterna§ ee;\é ?tﬁg? %-ﬁy%rﬁo%ttr%? {eittglgolg 'b?&gctinﬁ g}?g&ppg bléﬁegqjsec-jr.h ?h!a Y stability of
this protecting group towards most organometallic reagents, and the formation of highly toxic::

byproducts during deprotection are regarded as disadvantages..

Tetrazole rings can also be protected by a (phenylmethylj)oxymethyl group. However; one
type of the two isomers formed is not stable towards organometallic reagents, not even at

low temperatures.

The objective of the present invention is to provide a synthesis for the compound of formula -
(I &) or salts thereof by using protective groups which (1) do not have the disadvantages
described above, (2) are easily introduced in high yield, (3) are of low weight, (4) are stable
in the presence of orgénometallic reagents, such as aryl zinc and aryl magnesium
compounds, (5) are easily removed in high yield under acidic conditions which are

compatible with sensitive functional groups, such as a formyl group.

It has surprisingly been found that the process as described immediately above meets the

above objectives. For example, a person skilled in the art would not expect that compounds



this protecting group towards nost organonetallic
reagents, and the formation of highly toxic;:
whproehiset s duri ng deprotection are regarded aBCT/EP2003/010543

di sadvant ages.. Tetrazole [ings can al so be protected
by a (phenyl net hyl)oxynethyd™ group. However; one type
of the two isoners fornmed is not stable towards
organonetal lic reagents, not even at |ow

of formiilarived)danbeusediier thbjceating svitbfa ¢cdmpaund obfarmulaiBnd), e

g RGN DSBS B ABTRBREY B Wb

not condldierdal t6 Elabtoinrsaich hanetal drgartic saupling reegpiisn. Aemsanm(dled in the'

L2 il d ,
artwouf BBt Blpiarprtang MR ETRR BRIEF of Mol iodsrudomuil gy o
would wﬂﬁﬂﬁfﬂel’@kﬂdrﬁnofeﬁ algﬁﬂécm skilledin the aarwéuld eRuech theht aonyéspondmg

pteo S QRSB P 86 AP, B e e e

mild cohtiitibhssansutlinedeadovect i onal groups, such as a fornyl

group. It has surprisingly been found that the process

as described i nmedi ately above neets the above
Accordih@lyeﬁﬁétﬁ@semlfdd‘m@bﬁaﬂ‘nlhe?preaemai\&oﬁon;knel rioedl dompduedsoft formulae

not  ex hat 6o d 4/026847
v o), e ipbgoshonu s O g orny Y T EPeRa o offogula OV
e). for the coupling with a conpound of. fornula (1V d), as
correspondi ng protecting groups of the tetrazole ring
of conpounds of formula (I1V d) were not considered to
A prefediedinfbddimént & tHs ﬁﬁie’ﬂ:t ofdhg présencinugition gelateadd acompdund of -
person skilled in the' art woul-d expect that A
formulg o1 r espondi ng protectlon groups of the tetrazol es of
re farmul a (1'V d) mould be split off.. Furthernore, a

prot ection groups ‘of ‘the tetrazol es of
Re 7 vy, Mul d be split off that easily under

1 onditions as outli ned above. Accordingly, .
er Seffbodi ment ‘of the present invention are novel
nds of formulae (I1V a), (IVb), (IVec), (1Vd),
, (v d"), @éNe)(IV e), especially conpounds of

(1 e e 0
eSS e B L R e
ethyl, draogaither f66n BICSEII@Iene such as ethylene, propylene butylene or ‘
1,2-dimethylethylene or 2,2- dlmethylpropylene, ofr wherein Rs, R; and Rs, independently of

one another, represent hydrogen ﬁc{>r C;-Cr-alkyl, such as methyl or ethyl, and Rq represents
Cy-C;-alkyl, or R; and R, together form C,-Cs-alkylene, such as ethylene, propylene,
butylene, or Rs and Rg together form Cs-Cg-alkylene.

Preferred compounds of formula (IV e) are those compounds, wherein Rs and R’s,
independently of one another, represent C,-C;-alkyl, such as methyl or ethyl, or together
form C,-Cs-alkylene, such as ethylene, propylene, butylene or 1,2-dimethylethylene or 2,2-
dimethylpropylene, or wherein Rs, R; and Re, independently of one another, represent
hydrogen or C4-Cs-alkyl, such as methyl or ethyl, and Re represents C4-Cg-alkyl, or Ry and Ry
together form C,-Cs-alkylene, such as ethylene, propylene, butylene.



RO, NNOOTNNR R8 O(IV e), wherein R5 and R 5,
i ndependently of one another, represent Cl-C7-al kyl,
wGeomh/oas4net hyl or ethyl, or together form PCI/EP2003/010543

C2- C4- al kyl ene, such as. ﬁgylene, propyl ene, butyl ene
or 1, 2-dinethylethylene or”2, 2-di net hyl propyl ene, or
whereln R6, R7 and R8, independently of. one another,
represent hydrogen or Cl-C7-al kyl, such as methyl or

Even nedré wefereawbdﬂﬁndueps ebfonhela (Vle)Gfe abkpbundsrwhefeiaril drel R’s,

‘ n uch as e | en
indepehH8Y AEfne Shalher febrasing - By Hich 5B pEREprgropy. or
whereuﬁlslg%,—eaddlﬂélren@serﬂrr@rﬂ&rgeedamblﬁpmpmientst,ﬁ@mﬁWla (1V e)
are those conpounds, wherein R5 and R 5,
i ndependent|y of one another, represent Cl-C4-alkyl,
Most pasi@fedasonipeuhyd oibrrediayV, e)are cogpburels wHepsimBs and R’s,

indepefifonty o oL ire HRTREL o P B, SgrTH et T ofidyand
whereiiMmg agd Ry Rpreddnt Aydloféh, and dks ped & iddetharffoom ez-ﬁla@my@he,.such as
epr ese&ha hydr ogen or Cl-C4-al kyl, such as nethyl or

r
ethyler@tcﬁﬂqpy " RO represents Cl-C4-al kyl, or R7 and R9
t oget her form C2- C5-al kyl ene, such as et hyl ene,

cepecBhgRUpSRS A Eo i epeird A RRR AN f ot SaredeaAp e n

the woAdIrg) ex@mplegnds wherein R 5 and R 5, independently of -
one anot her, represent C, -C3-al kyl, such as nethyl,
et hyl or propyl or wherein R6, R7 and R$ represent

In-anoth¥cdraigeiime i oAl tr@nf/@ﬁbﬁs@abtﬁm@te@h)&bh)ﬂe coMitiried with the .

referred c und formul a e Go

formatlRh &t & ipa Rl fevmata ) Akl Ha Sntvaiatel SxEefa Bi porresponding

hydroxii@pth@isirivativé-oEforaduly| , such as methyl, ethyl or - v
propyl, and wherein R6 and R8 represent hydrogen, and
R7 and R9 together form C27C3-al kyl'ene,. such as
et hyl ene or propylene. Especially preferred are the
con'poHds of formula (1V e) that are specifically

descriQed t he wor ki ng exanpl es. I n another
enbodi g the invention, reaction Ste (a) can be
conbi ned fornation of a conpound of fornula
(I a) wt i ventional oxidation of a :
correspon '

'q

N\

NN

with the conventional reduction of a corresponding derivatives of the carboxylic acid “of

U

formula



hydr oxynet hyl derivative of formula OHN NL NN Rl
Wi th the conventional reduction of a correspondi ng
walesoswasisves of the carboxylic acid of fornul aPOI/ERDOMNI10543

R1 WO 2004/ 026847 PCT/ EP2003/ 010543 -17 wherein R4
represents, for exanple, hylroxy, C,-C7-al koxy or

hal ogen such as chloro; or wth the conventi onal
hydrolysis of an acetate of formula OR'S R50N NN

AN Rl wherein R5 and R5', independently of one

' .anot her resent Cl-C7-al ky such as met hyl or

whereif P yabresspls Bisexaiier Brdrbich Gok2aKaH &r baloga Aikas ohioro; o

with the@tbiyletishal Rydeslydie BRawacdiblio)df RiguRr 1, 2 di  net hyl ‘
et hyl ene. The present invention |likew se relates to

reaction @ep (a), especially the reduction step
of ,-:-: eductive amnation. |If the reaction is

carri exanple, with a borohydri de and
under:® bas nditions in a polar solvent,
optionally,

| ower

ence of water, preferably in a

\N N

R1
wherein Rs and Ry, independently of one another, represent C,-C;-alkyl, such as methyl ot .. -
ethyl, or. together form C,-C,-alkylene; such as.ethylene, propylene or butylene or 1,2-
dimethylethylene. . : A -

The present invention likewise relates to reaction Step (a), especially the reduction step of::: -
reductive amination. If the reaction is carried out, for example, with a borohydride and under.*
basic conditions in a polar. solvent, optionally, in the presence of water, preferably in a lower.. -
(especially anhydrous) alkanol such as methanol, ethanol, isopropanol or glyme, the -
resulting compound of formula (Il ¢) or (Il ¢’), respectively, can surprisingly be obtained in‘an
'essentially énantiomerically pure form. It |s expected that under basic conditions, normally”
an at least partial racemisation will take place. In contrast to this, surprisingly, for example;
an enantiomer excess (ee) of a compound of formula (Il ¢) or (Il ¢’), respectively, of = 95%,
preferably = 98% and most preferably 2 99% can be achieved.

Step (a) is preferably carried out under mild conditions, especially in a temperature range of
about -10°C to about room temperature, preferable in a range of about -5°C and +5°C.

Step (b):

In reaction Step (b), the acylation is carried out, for example, in absence or in presence ofa
suitable base.



(especi al | y anhydrous) al kanol such as net hanol,

et hanol , i sopropanol or glyne, the resulting conpound
woboooeasut a (11 c) or (11 c'), respectively, CRCI/EP2003/010543
surprisingly be obtained i en essentially

enantiomerically pure fornll Tt is expected that under

basi ¢ conditions, normally” an at |east parti al

racem sation will take place. In contrast to this,
Swtableslwsps iass, rifl axample; alkalmsital hydioniden anearbmatesxcess ( ee)

morphoﬁ)rbe %r é)jﬁ%%naqmﬂ%s y?\égﬂggtiﬂné &)bs {ute(dlﬁ'ynﬁm)es anilines,

Fera Yo'and nost
naphthateref @niabs yln-:& -G Skytaninbs baagiqn l"@w;qwcas@p tqtegy Ci-G7-alkyl-

ammon@l I@e({@)?ﬁli%}s q:ﬁ{ampf% QM ch%‘%e mehﬁo ?nﬂblhaé’géduila i

er’rperature rang bout
hydroxmeb @utassmomarmnm ammhyjammeetreprapyl@rmlne arlbawg@mme Qibout
ethy'd"sé’wrpé([]%"aﬁe C'im@g}yfﬁ‘e g‘mo"f'é B¥ fa‘ g%{fe’%%h nce or
aniline oridipetyand-odphthalens, aahtidmebawlhdm @004/ 026847
P2003/ 010543 r

benzyEIPET N PO Rp AR Heb i pE B Gl Cralklimine
such as@hyidiisoprepyd-aminearis dymdaneam’ nes, unsubstit ut ed or

substituted pyridines, anilines, naphthalene am nes,

tri-CLl-Cr7-al kyl am nes, basic het erocycles or
The acytlﬁtdhas carried oal ik al suitabledmertisovent poii adeixiurEgbsqiveasnts.

e v ST BE RO Rt o

amne, tri
system! IFor bxnyple,cam arematic hysdrbtyéruom sughr asptpluané,ram, ester such as -

rp e_Q hyl -
enyec P o B e 1A PARBR L P PER
such a§mb{hywneehloade abeitizey Suahi anaadeydmmmhpmpnhmtmemncmherA :
referre ase ls a tr as
such a%teﬁ?ﬁyc{i?fi%é B Ukl 1y dl et%ﬁ%{rﬁ]eaﬁmé{beel%e gg’yl ation
dimethyl®raamideg dr ®bydrocarbors sutiabs elieney, ts usetivesolvent. in a - -
m xture of solvents. The person skilled. in the art

is fully enabled to-select a suitable solvent or
_During $ aﬁs’nﬁion oby sbepouriebof fevmauim(lbe), . kydneden, Iedr ocar bon

L uene, an . ate or a.

carborfRgys Biaby i o el B RieMing Uil &Fan Tuig ORI 2
mtermd?ﬂ;aié scstrdpgly pranecto rasemisation, evainly inder bagc condiliansi | e - - -

s aceton tr| uch
oAy R 7 b Ehafby DR PP (1
d), espaﬁ'aldethe halidea s thdICl)‘Eipbthﬂ of foemild €lic)an a suitabde l@@arSBlyﬁnt :
(e.9. dlmeﬁwoxyethane Y&P %yd}o?urgﬁ %F' a@estoﬁml)\,/%h 'slowly adding a sub-
stoichiometric amount of the base, especially pyridine, in relation to the compound
of formula (Il d). Small amounts of water in the reaction mixture, preferably two

equivalents, may additionally suppress racemisation.

The reaction can also be carried out by simultaneous or alternative addition of a
compound of formula (Il d) and a base such as pyridine keeping the reaction

mixture acidic at all times.

The invention likewise relates to a compound of formula (Il ¢), wherein R, is

hydrogen or a tetrazole protecting group and R, is hydrogen or a carboxy



During the acylation of a conpound of formula- (Il c),
if R2 is hydrogen, the carboxyl=group m ght al so be
waeokarasd? f ormi ng a m xed anhydride. This i ntRCTEPI0a/€0543
Is strongly prone to racem,gation, mainly under basic
conditions. Racem sati on'ﬂg\ﬂever can be avoi ded by
first adding the conpound of fornula (rr d),
especially the halide, to the conpound of formla
protecifrid gr))up,remluslmgtaamrmqundrqf faroiulae(iitc), Whergin Ry is ethyl and
[ t hen
R, is trﬂyln@%pg @é []Qébeeg %SIIF'%?%I?@ femﬁﬁﬁargﬁn%lﬂt@ o'(f)#ﬂé )
compobad ef foemplm(l)al ly pyridine, in relationto the corrpound
of formula (11 d). Small anmounts of water in the
reaction mxture, preferably two equivalents, my
The inahdioh ilikewiké yelatep fir eastiongBtepi(lglat Therresditing ¢asaaundef can

formud (5 8) P35 56 bbia Py ik BeeRldi) BRGNSl BurbIomRl Fde
exampiz)@h mnwnembmessk(eepoﬁagmmﬂom@aﬂﬁwmmla (hi Y onlec’ am dic

respefigBlae T PRI P A ot dFEbRE O o8 O o

achievadt et razol e protecting group and R2 is hydrogen or a ™
car boxy WO 2004/ 026847 PCT/ EP2003/ 010543 -19 :
protecting group,. excluding a conpound of fornmula (I
If R, representeea pratedlingigsoupt dmgl Ryds thydi@@en sr & prdtedting ghatp, &an .be

oramel i Sniivab el b AP ent DR Atk ("

Acorresp@’ac&tgaaaltde theaoﬂ; hoda Basq € §)ethyHuisopespyl-aining ardrigpeund - v 7

of. fo [,.a

propyl%riqgﬁta}r% %@p?%éa 3 glorz)eﬁﬁgn(%ugq %S’;Ré&r{be ) ){%ﬁnpq@(lﬁj%%@&v@h lirV

a suitablagtiventiay.g.driness  $aplisiogly ancacpmisatiorois obeemed.a (11 ©)
or (Il ¢c'), respectively, of > 95% preferably >
98% and nost preferably > 99%can be achieved. If R2

Normerllgcpn esaosondingreopotindsgofdomupa dhd), Rherein !ﬁyldmgmgeopr a -
tectin rou for u ts of,

a protffiih S50 eh R s b e ST e g sniBar g AR " © %

presenceaif bas@ onacidgndhat elel\tatdemmnma‘ratumdicaﬂéyas @p recegnisation. -

. et hyl - opr o ne are

s obstd ey B BRI SR REs i R8BI 2° 017 o)
dissolved in a suitable solvent, e.g: toluene.

Norma y, rcb?rb@&:r%ﬁng c%n{p%ﬁr%g éf‘%}n%]a (I? c)o %SFeYneﬁg is hydrogen,

one would expect a racemisation. However, in a presence of a base, no

racemisation is observed.

If R, is hydrogen and R; a protecting group, the tetrazole ring might also be
acylated. When, however, the reaction mixture is quenched, for example with
water or an alcohol such as methanol, the corresponding compound can be

obtained wherein R; is hydrogen.

Compounds of formula (Il d) are known or can be manufactured according to

- methods known per se.

Step (c):



Normal 'y, in correspondi ng conpounds of formula (11
c), wherein R2: is hydrogen or a protecting group,
won@4oishd expect at | east partial racem sati oPCT/RRI003/§10543
in presence of base or acihg_and at
el evat ed. t enperature. However, no racemisation is
observed under the conditions applied according to
this invention. Normally, in correspondi ng conpounds
The regovalsif the protacting proumé}og‘p We@tfﬁ@'%w eRjeexy pPreestingoul d
group, ¢ %éﬁ ‘B%tcaﬂ'lerdacﬁ&‘ TESAihG b mEMBBY Rhowh BexasePthﬁ@Qﬁ e of a
e, Nno racemsation is observed. If R 1Is hydrogen
and R2 a protecting group, the tetrazol e ring mght

For ex?rlnﬁlg Q%en%ﬁé@t?\’t(%q be%ﬁ{?ertéaqf‘n‘ﬁ“(ﬁé coﬁ%oﬁ@nﬁ%%bﬁn m xture

exa | cohol

espemsllydw hysiregenationin the h@semer dpitablediydmgspalinn ealalysde
A suuta?fét %&??& Wﬁ‘E)HEéQ & exb réyﬁfcf’?&e ch%rﬁ’é}geﬁ}%ck%f hgr mul a

owdi or be mahuf act ur ed”accor | ng to
noble metalroerdh&inderivagiees, s exemelp axidesygychas4aliadga or

platinufraide %\Qﬁ rﬁ%?ﬁé%{)pheaolf Fﬁ E?@@k}gﬂfmatt&%@rf&t%?ﬂp@

group etrazo prot ectin
to carbgmmn palcwancafeorwm iee| hysiregenation daygpreferabiy broeriTiRghovin

at pres@ﬁfesso%t\h%ﬁ Pend EE out 786 afi U dé? roém *?elﬁ'ﬁﬁé/rhﬁﬁ‘é Bétvfe@ﬂ be

converted 1 nto the correspondi ng ac especially by
about 1306 talena 2DOIC, iimpartieLianetwerreroom temperatariel asd about
100(,Chydrogenatl on catalyst. A suitable catalyst A
conprises, for exanple, nickel, such as Raney nickel,
and nobI e netals or their derivatives, for exanple
oxi d ium or | ati num oxi de, whi ch ,
The refigyelid BT P Ry Batean B s A oy ety -
corresﬁ(m’tmtd grotdotedceuniymunds withabis iavid) espdoiatipueder ilel - -
drogenation may preferably be carried out at

Cond't'8¥%ssures between 1 and about 100 atm and at room
tenperature between. about -80 to about 200C, in
Ste :gartl cul ar betvveen roomtenperature and about. 100C.
e renoval of '"a trityl or tert-butyl group,

The istlatigres tngej of,a capduvad @Chirmuladl)bs'cameabung;cordmg to conventional
|solat|og€r:9r8 3 Psgllcﬂ %a Et&%try%fqﬁlglng%que%ﬂﬁmé c\</>\'|mpour‘fflci1 ofaformula (h) from the .
reaction mixture — if desired or necessary after work-up, especially by extraction - or by

chromatography of the reaction mixture,

The conversion of an acid of formula (1) into a salt is carried out in a manner known per se.
Thus, for example, a salt with a base of compounds of the formula (l) is obtained by treating
the acid form with a base. Salts with a base can, on the other hand, be converted into the
acid (free compound) in a customary manner, and salts with a base can be converted, for

example, by treating with a suitable acid agent.

The present invention likewise relates to the novel compounds as described in the Working
Examples part.

The following examples illustrate the invention described above; however, they are

not intended to limit its extent in any manner.



conditions. Step d The isolation Step (d) of a
conpound. of fornmula (1) is carried out according to

w@oeowerdssonal i sol ati on nmethods, such as by PCT/EP2003/010543
crystallizing the resulting conmpound of formula (1)
fromthe . reaction mixtu?®e-- if desired or necessary

after work-up, especially by extraction - or by

chromat ogr aphy of the reaction m xture. The conversion

of an acid of forrmula (1) into a salt is carried out

i n_a manner known per se. Thus, for exanple, a salt
Working;Examplesase of conpounds of the formula (1) is

obtained by treating the acid formwith a base. Salts
- Examplg¥p g pase can, on the other hand, be converted into

the acid (free conmpound) in a customary nmanner, and

salts with a base can be converted, for exanple, by
a) Prdga@aionns 3Whéth 2 Aot *M@traEdl!é benylAS1RAGRSELZ)-viidene]-

L nyention ew se relates € Nnovel compounds as

i n t he Wor ki ng Exan'pl es part. The follow ng

exanples illustrate the inventj descri bed above;

however, they are not intended to limt its extent in

any manner. WD 2004/ 026847 PGjEiE’g,QOB/ 010543 -21-

Wor ki ng Exanpl es: Exanple 1: lh) Preparation of

3-nethyl -2{f 1-f2°-(1 '

Htetrazol -5-yl) - bi phgn 2 vll-meth-(E 2)-ylidene]-

am no}-butyric acid Of NN HN Agqueous sodi um

hydr oxi de solution 38 ¢g™ M ;- 31.5 mmol) is added

to a stirred suspension f//'T_ Valine (2.43 g; 20.8

mol ) and 2' (1 H

: Htetrazol -5-yl)-bi phenyl 4- car bal dehyde (5 g; 19.6
n, wat e roomtenperature, until pH

Aq“eouffofié'"} Rygkeprdde S#\g@w{&é)a (4-2 fy 31ommads addedio a stisedat -
suspen§ion of L%mgé @48 §; 2008 mhfolyarat-2fH-1dtRe ol SAbiphahiil4- c%ﬁ‘béléehyde
(5g; 196m?nol) In water {20 mi) at room temperature, until pH 11 is reached. The resulting -

solution is stirred at room temperature for 15 minutes. The clear solution is evaporated at

-

'60°G'in vacuo, and remaining water is azeotropically removed with 10 ml 1-butanol. 7
'H'NMR (CD;0D, 300MHz): , " R
8=8.21 (CH=N, s), 7.67 (CoHs-CH, d), 7.40-7.60 (4 CeHs-CH, m), 7.18 (CeHs-CH, 9¢ 342
(CH, d), 2.31:(CH, m), 0.98 (CHs, d), 0.82 (CHs, d). 2 )

b1) Preparation of (S)-3-Methyl-2-((2’-(1 H—tetrazol-s-vl)—biphenvl—4—vlmethvl)-amino)—Buwric

acid
HV;(COOH

o

\
N—NH




60C in vacuo, and remaining water is azeotropically
removed with 10 m 1-butanol. 1H1; NMR (CD30D, 300MHz):
W®2008/02%B471 CH=N, s), 7.67 (CBHS-CH, d), 7. 40- 7. BOT/EB2003/010543

C6H5-CH, nm), 7.18 (C6H5-CH, d),-',3."42 (CH, d), 2.31
" (CH m, 0.98 (CH3, d), -0282 (CH3 d). bi) '
Preparation of (S)-3-Mthyl-2-((2"-(l
Htetrazol - 5-yl) - bi phenyl - 4-yl net hvl ) -am no) - butyric
acid H COOH \ N NH WO 2004/ 026847 PCT/ EP2003/ 010543
- 22 Aqueous sodi um hydroxi de solution 2.0 M

Aqueoysgnsius hydipeity solotiom?.0 M (apprewithatelyst Gdul 809 oreol) is added to a

stirred %lsépr(efiggptﬁ B@Q@ ﬂ”s 9f d’%Mﬁk)e} Fi%l( Ca?ebtra%&os gﬂglﬁel‘wq carbal- . .
dehydg (26,119;¢ 00 Imﬂoibnmlve)ter (11 Oﬂanléat rpnzmﬁempyrmrer muth 11 is reached.

The re%:tﬁﬁgge({l@atrléﬁﬁilo# E;té\)a Bllatélcflat' 0 dé?rf\?%gg and J%%alrﬁﬁéjlné{&p% azeotro-

orut1 on i 8 BVApor at vacuo
pically resmpied iwith tweritamoli Thazesdueo(imipt @alal e;ohd dxmmv)esl dissolbedlin absolute

tvarc 2 s RO L8 g AT oo o

solutio et @hB3(elr Thoke re@Btidi8mixtureG9 stimenl for 3G mirdalteld51Gy qmdr it thensadtion is

comm 9. e il TG0 A D i 0o

ml; 160 HPIo) ,Thgwegariitesbiimnt detbianal)ds stipped b fro(libe ciday salaitbn (pH 7) ati

so Y5818 oS sk B T g Bt of

hydrocblbmaaCIS glouMi(approximat®ly a@ mi;5a0 mmolv at4@rC. T[hmngamaddmtgm the . &

oo AR BRI, K Sl R Bty B Pt o

vacuo. 7TThendrudel godovios };usptendéﬂtm rBethang at Ee"ca@didﬁheosiuwlis cooledto -

room e IR EEL Skt B o 5 Sl s
acid is colledtedydittration iasd Shespdradidd vacuonet hanol at 50C, and the AR
‘ slurry is cooled to room tenperature.
(S)-3-nmethyl-2-((2'-(1Htetrazol -5-yO bi phenyl - 4-yl - ne ’
.b2)  Adtasialivedyyi(Bp3-nmibyH2H (2’ -(1ddetcazol-5-yh-digheayletlylbyethyl)-amino)-butyric -

acid cazwg t@gﬁérgﬂ%@’lg wlgglsdrl gd !'n vacuo.. b2) Alternatively,
Aqueoth% édﬂwn@ﬁﬁiroﬁdé’ Eéluf%rph@ N‘V(bpﬂro%ha'i@ﬁ bY In)l Lﬂm rﬁﬁh\:t) @Jédﬁeld% a

can

sined Bnamel YRR A5 AOTaON o Aot BH P Hasova - Bpbaryht-carbal = -

dehydd{80lg) 206 mattiEf welerd200 ml) at room temperature, until pH 11 is reached. The ' =, -

resulting clear solution is evaporated at 60°C in vacuo, and remaining water is azeotropfcally g
removed with 1-butanol. The residue (imine as a solid foam) is dissolved in methanol (600
mi), and sodium borohydride (3.13 g; 80 mmol) is added in portions to the solution at 0-5°C.
The reaction mixture is stirred for 30 min at 0-5°C, and, if the reaction is complete (HPLC),
quenched by addition of water (300 ml) and hydrochloric acid 2.0 M (160 ml; 320 mmol). The -
organic solvent (methanoil) is stripped off from the clear solution (pH 7) at 50°C in vacuo.
The remaining aqueous concentrate is adjusted to pH 2 by slow addition of hydrochloric acid
2.0 M (approximately 90 mi) at 40°C. During the addition the desired product precipitates. It
is collected by filtration, washed with water and dried in vacuo. The crude product is
suspended in methanol at 50°C, and stirred for a few minutes. Then the slurry is cooled to
room temperature. (S)-3-methyl-2-((2’-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl)-amino)-butyric
acid is collected by filtration and then dried in vacuo.



stirred suspension of L-Valine (24.8 g; 210 mmol) and
"-(1 Htetrazol -5-yl)-bi phenyl - 4-carbal - dehyde (50
wW@2002080mol ) in water (200 m) at room t enper BEVER2003/010543
until pH 11 is reached. The ;: resulting clear
solution is evaporated at -89C i n vacuo, and renai ni ng
water is azeotropically renoved with 1 -butanol. The
residue (imne as a solid foan) is dissolved in
Enanti’&ﬁ{eh@@%esé HPE): eedN09.§04i um borohydride (3.13 g; 80
I's-added in portions to the solution at 0-5C
The reactlon m xture is stirred for 30 mn at 0-5C
t StLylf-bi yi-4- iBY)-butyric -
LS o e e A e v
acid C@'lB@P?ﬁPafegzmrﬁﬁ)fpb'OWSFhe organi ¢ sol vent (methanol) is

tripped off fromthe clear solution (pH 7) at 50C in
SodumalidEXdeTHe 1o il 87 el igeasifeddp mosiang dp e ﬁ&rr%ﬁu@%‘awn of L-

Valmet((@ AR %1Wm%|)‘?|¥\’19%' ﬁnétﬂﬁn&lf 'I*P\)édﬁ&ﬁlm R dtifre@ @t foord téinPérature for

roxi mat el the addition

t he
30 mwuégs f&en Brﬁdhélfaé‘?'@c}"bplph?@é"‘ qafbalde%ye% (& gctlame)) | s added. The
mixturb! Beﬁg&‘%é AbletesON RN Yl aV‘@W%mﬁfé@ drHeEfhixttte IS SR com to -5°C

roduct 1s suspended in-nethanol at 50C, : an

and SQﬂ'Nf‘T b@lfof‘)tﬁ”d@ {3 fmgmﬁ aynolrife Addek s IPgrtiops g @GO‘F(&WO“ ‘The,
tempe}r_é%y%e[ fr%girzﬁ‘gfn@!sﬁ?&{ BEWe%n 6§)C :ﬁdﬂ‘ﬁb r\)ﬂa a%dﬁn@ﬁ -fHe rtka)sultmg mixture’ is "

pheny. hyl) - am no) .
stirredafior @ hioyrscad |0|°@ctt rwﬂpm ppnna\e @h'sefﬂ'@“tqq’éw dPked tth quenched by. .

addltuﬁ?&f%te XS@) é'ﬁ(pigﬁﬁéghl&gécﬁf’ 2P0 :%é @ig? i) é)H |3%etween 2-2.5. Fuither --

] C excess O ..
work-yp ard ¢rastaljeation a{@siomse fmorﬁmg @@mple( ‘1b2)
' EnantH’rﬁeGr‘lE eResds By MbLchidgheaybo4- yI - met hyl ) --ani no) - but yri c

cid can be prepared e.g. as f.ol l.ows: . Sodi um hydroxide
(1 71 g; 41.89 nmol) is added in portlons to a stirred

b4) ﬁH@rﬁ 'y?(S_RQ:f -mlethyMal({21¢1 Pﬁ-?etl‘]a%olﬁb-yl)"—ﬂnpﬁgﬁvlh Vihel®yAmino)-butyric -
met hanol’) " The m Xture is stirred room t'enperature .
acid cpp pe paparAdRigeas folfpus 2' 7( 1 '

Ina 56Fn¥| % P&&éc;a’:vé/ b)m&hmtﬁ[wﬂtz‘ ﬂw&lira%lﬂ&aeﬁysﬁshérﬁd-a-yl]?r@eth (E/Z)

I s added ure becones cl ear sol ut

yhdena}@re\nohbmw 2616 (t-29; 3:2HEMAY 2N B PC 1(715 M &Gt WHWt)és cf?@ed :
underad?gor?‘ Oﬂ'leHmsl?ﬁfrﬁQ%Qﬁbldaﬁe ﬁgdgdléwtﬂthe QuiBERNe id ScalcPéiRidsRed with .

tions to the solution. The, tenperature is
argonr@rirwaroa@a E’é‘? RESSRUIS-IS eetdeﬁ Begs ?%thﬁd BRGtion stirreeh at room

- tempdr&RH: tTH’éQreH&t?gnLHo%plétﬁ)n !§Hohﬁ&gd bPHPLCIOtHeh tﬁé aGchlavé Reflushed -
reaction cogﬁl etion' is followed by HPLC -

with agapsyriedbe eatalygidafittersd offs ng%qg work-gP ANy cgﬁ@"lsatlon are done similar- -

toexgwﬂé@gbj’:orl c acid 37% (5.3 g) until pHis between
2-2.5. Further work-up and crystallisation are done

according to exanple 1' b2). Enantioneric excess (by
b5) Hﬁ%ﬂveﬁ@(?} @ﬁwe%y%z -((2’-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl)-amino)-butyric
acid can be prepared e.g. as follows: A
2'-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde (0.79 g; 3.2 mmol) and L-Valine (0.4 g; 3.4
mmol) are suspended in 15 ml methanol. Then sodium hydroxide is added (0.27 g; 6.72
mmol) and the reaction mixture is stirred at room temperature until a clear solution is
obtained. 5% PYC (15.8 mg; 2 wt/wt-%) is added. The autoclave is sealed and flushed with
argon and hydrogen. The pressure is set to 5 bars and the reaction.is stirred at 60°C. The
reaction completion is monitored by HPLC. Then the autoclave is flushed with argon and the
catalyst is filtered off. Further work-up and crystallisation are done similar to example 1 b2).



b4) Alternatively, (S)-3-nethyl-2-((2'-(1
Htetrazol -5-yl) - bi phenyl - 4-yl -net hyl ) -am no) - butyric
wa@eood/ox@m? be prepared e.g. as follows: I n a 50PCI/ER10e8010543
autocl ave, 3-nethyl-2{[1-[2 -(1
Htetrazol -5-yl)-bi phenyl.24-.yi ] -nmet h- (E/ Z) -
yl i dene] -am no}-butyric acid (1.5 g; 3.2 mmol) and 5%
- Pt/C (7.5 ng, 5% w/wt) is charged wunder argon. Then
.. 15 .m netha re a ,And the autoclave is seal ed
VEnant'oﬁ‘ﬁHCFm%ﬁgﬁ’%'t@' eﬁ?g%bﬁgﬁd hydrogen. The pressure is
set to 5 bars and the reaction stirred at room
tenpera %: ' ' ' nni
c) Prepajiafon i (S)- J-g-lpenial -tefraz FRIPNen
aminbBEb@aticdgigt is filtered of f. Further work-up and
crystallisation are done simlar' to exanple 1 b2).
b5) Alternatively, (S)-3-nethyl-2-((2"-(1
H-tetrazol -5-yl)-bi phenyl - 4-yl -net hyl ) -am no) -butyric
39
h

acid can be preparegd . as follows: 2 -(1
FLtetrazoI-5§¥LL;pﬁQ | - 4- car bal dehyde (0.79 g; 3.2
mmol) and L-Valine (¥.4%°"3.4 mol) are suspended in
15 m nethanol. Thenisodium hydroxi de is added (0.27
g; 6.72 nmmol) and the Action m xture is stirred at
roomtenperature untils solution is obtained.
50 Pt/C (15.8 ng; 2 wt/wt-9 added. The autocl ave
is sealed and flushed wMh jon and -hydrogen. The
pressure is set to 5 blys and the reaction-is stirred

at 60C. The reaction caﬁgl etion is nonitored by HPLC
Then the autoclave is flushed with argon and the

 susp ol R4 Rebih Ry ldrechl WIS p A 80N e i
acid (1720 0/3MQ 68a01) iRCTZ-ERR00Yethas 4B 6 g)dg codierhiot-155Geand valeroyi-

. Q. 0 - N f e
:cl"\,lorlde((e(é)cg_e%_ﬁ ﬁé%ﬂ;@ﬁ%%}%gﬁﬁgﬁoﬁﬁ% l?/zs{&'( %bdlﬁ%ﬂe&q{yﬂ&bg ?6..6 mi; 7§.me.ol) |
diluted With & Rrdimethodyeitianel(B ndnyit] Afier nonplgtion ofdhe resctiontthe reaction

. acid o X S | .Or . o
mlxture(sssqq@ppr%% mgtlﬁ-@%?ﬁ'ly PI%Q@. \ﬁé}ep(fso ml) is added at room : =
temperatutee tndaitdr-sriplg)fehi phibe yhixtdreyis mejukied)te pHi Dby bddilion of i i -
aci 17 X ' 54l t .
acueouf§odyftnfydio o V0L Lty B B GO 190 fddfigMivenss
" are strippenloff dt 0%l mheshcud.o Ethyleedtats (1250ml) mddided tnthefremginingi agueous” -
}cor'\centggé,oam the.wo-gﬁ%e) system is adjusted to pH 2 at 0-5°C by addition of 2.0 M HCI
(~98 ml). The organic phase is separated and concentrated at-45°C in vacuo (water is -

azeotropically removed). The crystallization of the product is initiated at 45°C and — after
addition of cyélohe)'(an (102 ml) — completed by cooling to —-5°C. The solid is coliected by
filtration, and after drying at 50°C; (S)-3-methyl-2-{pentanoyl-{2’-(1H-tetrazol-5-yl)-bipheny!-
4-ylmethyl}~amino} -butyric acid is received as a white powder.

Melting point: 108-110°C

Enantiomeric excess (by HPLC): ee > 99.5 %

[1]' Alternatively pyridine and valeroylichioride can be added alternately: A suspension of (S)-
3-methyl-2-((2'-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl)-amino)-butyric acid (25.5 g; 72.6
mmol) in 1,2-dimethoxyethane (126 g) is cooled to ~10°C, and valeroylchloride (8.75 g; 72.6
mmol) is added over 15 min., followed by slow addition of a mixture (7.16 g) of pyridine (5.6



diluted with 1, 2-di net hoxyethane (60 m ). [1] After

conpletion of the reaction, the reaction mxture'. is
w@@aokd’ wi t h met hanol (18 ml). Finally wat erP¢B8P2903/010543

is added at room tenperature, and after stirring

for:1 h, the mixture is adRbsted to pH 7.5 by addition

of aqueous sodi um carbonate solution 10% 116 nl, 120

nmol ) at OC. The organic solvents are stripped off at

g) and ¥Reri(NSUPGUEr- 615‘?1%"/@%?%@&%? G i) véléroﬁgﬁgﬁdé Ej 3 §e43 5

remal nl Nng aqueous concenirate, and

mmol) isyaddeghover %'ﬂl‘]rlj’sfP'MVQd(PYpfFlP‘Q adlition e@ri3p n@tdd@&& g (4:3@) of
pyndmé/ké‘@b) akd wgl%r (d 9 2)5Tﬂﬁer%'a%ﬁ%elz|9ﬁ‘ @ﬁ?yn'dﬁe%ﬁ@ f—l% @gntﬂﬂ?? by

concentr at ed I n vacuo (water O ropt ca

samp"msé(’m(d@éwzed i W@f%t Bhe P & tmwplesrﬁévopldmws thesbelow 2. 5. The
reactioh 4 §t|n$td)%ir pis ! mﬂ\5 GhéRater 4.6 P ls%glgéé b\gé%‘?@f ﬁyﬂx? tf'ﬂ% is

)| et ed CO0 e SO
stirred |anetbeéao m;n e Wﬁﬁﬂ@%?ﬂ 2?aﬁ‘opvsf B@e pirg eyl st rrad f(ﬁ@ﬂother 2
2r,

hours. @ues??rg?rg:wgl‘-l re%ﬁ_?ngrletoﬁgn mc[si)lvef\f's byhdlft lation, furihe_r brvu{k up and
crystallizatiep Wor\@éédewbad lrath@iﬂxa@\pteoh\@l)ea’oovwel t| ng point:

108- 110C Enantioneric. excess (by HPLC): ee > 99.5 %

[1] Alternatively pyridine and val eroyl chl oride can be

Exampdsgled alternately: A suspension of (S)-
-met hyl -2-((2"-(1

This exb'rﬁp% éa’#&l Iﬂ@'tﬁé@d’ t@} rﬂgﬁr'@’&f' tﬂe Ydllﬂﬁfn Yedai mseﬁérngm yric . . ..

acid |rret oxyet ane (126
o 9) is cooledto-lOC and va mw 75 g;
72.6 mol) is ded over d by show
" ;tion of g) f pyr| dl
5847 PCT/ EP2003/ 0105 g) and water (f 5

n., followed by sI ow addlthon\v O mn. of a
m xture (4.3 g) of ~ pyridine (3—4ug). and water (0.9
g) .- After each addition of pyridine the pHis

co wjﬁi Tép@pl ing (hydrol yzed wat er). The
H Jof sa shoul 'd al ways _bellbel gw 2,,56. The ‘
reactl onllis stirred for 25 Mﬁf ‘er (25.6 Q)

I s addeg 2aver 30 nmin. The mixture is red for

anot her t hen_varmed.t o 23C OVEL and
stirred ofjher 24, hatlfs.. Adj ust enen

renmove rc solvents by distill at» st her
wor k- up %o crystallization is done aS\Nd-SBiCH bed in

the exanple 1 c) above. Exanple 2: This exanple can be
illustrated by neans of the follow ng reaction schene:

a) Preparation of (S)-3-Methyl-2-{[2-( 1H-tetrazol-Sjrl)-biphenvl-4-y|-methvll—amino}-butvric :
acid benzylester

L-Valin-benzylester tosylate (6.38 g, 16.8 mmol) in toluene (40 mi) is extracted with a solu-
tion of sodiumcarbonate (2.36 g, 22.0 mmol) in water (40 ml). The organic phase (contains
L-valin benzylester free base is separated, and 2*-(1 H-tetrazol-5-yl)-biphenyl-4-carbaldehyde
(4.13 g, 16.0 mmol) and tri-n-propyl-amine (3.20 ml, 16.8 mmol) are added at room
temperature. The resulting solution is evaporated at 50°C in vacuo (water is removed
azeotropically). The residual oil (containing the intermediate imine is dissolved in absolute

ethanol (40 ml), and sodium borohydride (0.68 g, 17.6 mmol) is added in portions within 10



0 O HHN HZN COOCH Ph O\/ / "Cl N\ NaBH4 / Base /
EtOH Base \N.~-NH OOOH LN _XY OO Hz /Catalyst ,
WORN/0268k7 ~NH a) Preparation of (S)-3-Methyl - 2P¢T/EP003/010543
Htetrazol - 5-yl) - bi phenyl - 4-yl - et hyl ] - am no} - butyric
acid benzyl ester L-Valin- b@ﬁZyI -ester tosylate (6.38 g,

16.8 mmol) in toluene (40 mM) is extracted with a
solu- tion of sodiuncarbonate (2.36 g, 22.0 Mol ) in

minute¥@ing.) 4t405°0. ) The Fbsulrigisdiuforib atiged 100 BO aimat 0l5°@alAfter comple-

" tion of ape( rg%/al est Eaggéq%ﬁnggi%ﬁéqll% q%%ﬁ x @ﬂu‘%ﬁgg%’%’t‘&%ﬁ aajusted to pH
' 6-7 by 46diflomBDhydrcthRbrit Aid® W(@eyﬂn Sinfl) (a3 FA0 Ethand 6 &sﬁn@alo}f from
adde roomte (ﬁra ur Theresujtln sol

the reqcrgorémgglgpgg 20" |gtvag|gba tl\%(@al uil\;agy%q@ rglxwé yéqpteué wnth toluene

(60 ml)azmi (’6r@§rh|§ phage)is cgﬁt%nltr@fécﬁﬁi@"@lid vdcOe id awmbﬂmatémso % of the -
ernediate imne is djssol

orlgmat wziurn?)bv depiauiiM@R IR gge %7@033388"%3'“8"‘%4% qﬁe resulting

) RSrithin IrhétRylld) QQ@MMQ b - hyl]-
concergﬁci%? F?ZOI g/ Sloggs(smzrg mynu%[glsm( m n. % |phenyl ?]yl methl
aminojluityiq 3G bansyigetenis ysedasiitis @g SlFacS'i'”%"ﬁa'ﬁf'ﬂ' faf th@ S'E!?ﬁequem
acylation &@p. conpl e-

b) Preparation of (S)-3 Methyl-{2-pentanoyl- [2‘-(1 H—tetrazoI-S-vI) blphenvl—4-vl methyl}- -
"~ amino}-butyric acid benzylester ) '
The solution of (S)-3-methyl-2-{[2"-(1H-tetrazol-5-yl)-bipheny!-4-yl- methyl] amino}- butyrlc
.acid benzylester (approximately 7.0 g , 16.0 mmol) in toluene (35 ml) from the previous step

_is diluted with toluene (35 ml). The clear solution.jis. cooled to-0-5°C under anhydrous condi--
_tions, and N-ethyl-diisopropylamine (6.1 ml,-35.2.mol) and valeroylchloride (4.1 ml; 33.6 -~
_mmol) are added at this temperature. The reaction mfxture is heated to 50°C within 30 min
and agitated at 50°C for approximately 1 h and - after completion of the reaction - quenched:
by aﬁddi‘tionA of methanol (10 mi) at 50°C. The clear solution is stirred for approximately. 30.-
min at 50°C and finally cooled to RT. Water (30 mi) is added and the resulting two-phase- = -
syétem is adjusted to pH 2 by addition of hydrochloric acid 2.0 M (approximately 11 ml, 22 L
mmol). The organic phase is separated, extract'ed with water (30 ml) and concentrated at
50°C in vacuo to approximately 50 % of the original volume by destillation (water and .-
methanol are azeotropically removed). The resulting concentrate in toluene (40 ml) is:
seeded at 40°C in order to start the crystallization and agitated at this temperature for:
approximately 1 hour (h). The suspension is gradually cooled to 0°C within 6-10 h. The .
solid is separated by filtration, washed with cold toluene (30 ml) and dried in vacuo at 50°C
to give (S)-3-methyl-{2-pentanoyl-{2°-(1H-tetrazol-5-yl)- biphenyl-4-yl methyl]-amino}- butync
acid benzylester.

Melting point: 115 - 116°C

Enantiomeric excess (by HPLC): ee > 99.8 %

c) Preparation of (S)-3-Methyl-2-{pentanoyl-[2’-(1H-tetrazol-5-yI)-biphenyl-4-yl-methyl]-

amino} -butyric acid




tion of the reaction, the reaction m xture i s quenched

wth water (10 mM) and adjusted to pH 6-7 by addition
w@boohyeiiserhl oric acid 2 M (16 m, 32 mmol ) at RICT/EP2003/010543

Et hanol is distilled off from the reaction mxture at

50 in vacuo and the resi dul- aqueous m xture extracted

with toluene (60 m). The organic phase is

concentrated at 50C in vacuo to approximately 50 % of

A solutruiI Ef ‘%rd Iglbﬁ‘@ MRy R -A¢fictlakats- ?Pbrfgﬁ@iy@ﬂ—yﬂﬁféthyl] -amino}-: .

ar.e a eotrop |caI y renoved

butyric e@d benzylester ({B86 girk9. Omparmﬁmlaee? e 4ranhs| ygrogﬁgge@ at 4 bar
/50°C #cn‘r%vf 848t 3 @evﬂaarraBtuPrh&t‘ Yharbo |caﬁWsh54/o](1 1214, BMaRHGE0 %

enzy ester Is used as It is as starting materjal
water). f After chnplstios etjieieaction esasgiof BWF?Q%CO’WP”‘PP%’%&F‘%PW@W IS
removea_t{y @at%n %é rtWe% t)'rl{r%'! %rﬁ'fb‘eﬁt{'at'eb %t 215‘90 m vacuo (water is azeotroplcally :

razol - enyl - 4- - amno)-butyr
removedii ahebenygtyllhe@to@rof mﬁgprgduq.jtle @ﬁraﬁd at 5°C and — after addition of cyclo-

hexan (’(ﬁ% "ﬁ} 2y O'PM gfe% él[c%ol' e —|—5_°C_ Tlh_e reg{rd is cotleacrtrc]ednl()) f_rltratui/n and after . -
drying at;50°Ca(S)®- methzlya @ntanoylatgpﬂ 1%?@1%3/' bighepyl-4-ybmg hyl] ammO}

f th t .
outyrio JBB 1R oo Sb R A RO, 7™ T &l ear "ol uti on: 15,

" Meltinggmite tDa-b1C5C under anhydrous condi - tions, and

: fd 6.1 m, 35.2: nol) and - . o
_Enantld'}h?ereréégﬁeg%qbg éléagbg%%?;?, 6 "mmoi) are ;dded a

this tenperature "The. feaction. mxture is heated to
Exam eO within 30 mn and agitated at 50C for
I OXi rrately 1 h and - after corrpl etion of the

MI min. at 50C and finally cooledto

- RT.. Water (30 m) ded and the resulting
t wo- phase. . systemls ad ted to pH 2 by addition of
hydrochloric acid proxr mately 11 nl; 22

mmol ). - The organi c pha e i s separated, extract ed with
water (30 nm) and trated at . 50C in vacuo to
approxi mately 50 % of ¢ original volune by
destillation (water ars" T noI' ‘are azeotropically
removed). The resulti ng,cotrat e in toluene (40 m-)
i's.~ seeded at 40C iy oyder~to start the
crystallization and aQjtmied at this tenperature for.
approximately 1 hour (h). The suspension is gradually
cooled to OCwithin 6-10 h. The solid is separated by

To a shidgenbhiof D-valiisierdbutyldsterdydebchiiride (41 A Bhgn nraoijiind mkof iso-
in vacuo at 50C to

propyla@}atg quegﬁoglgnb@w(g}%e, 26F2ng (215 ‘mmol) in 5 ml of water. After

compléte dRisbREGH, 1he to) pHases erydeparatéd mﬁﬁbdtht]elyammcdqubdma/layer is
aci d benzyl est er I ting 0|nt -
washeghOhge Wdl’hé}m' ef ré%@gxléyb qﬁteH e)corr@gr cg)@ar%c l%lers are washed with 5

mL of water. The colourless organic is dried over sodium sulfate, filtered, evaporated in

vacuum and dried in high vacuum to give a colourless oil. The oil is dissolved in 4 ml of
methanol. After addition of the 2-(1H-tetrazol-2-yl)-biphenyl-4-carbaldehyde (515 mg;
2mmol).and triethylamine (0.278 ml; 2 mmol), the yellow solution is stirred for 5 minutes
before evaporation in vacuum to give a yellow oil. After dissolution in 4 mi ethanol the
solution is cooled to 0°C. Sodiumborohydride (78 mg; 2 mmol) is added in 4 portions with
stirring until the imine dissapeared (HPLC). The slightly yellow solution is acidified from pH



c) Preparation of (S)-3-Mthyl-2-{pentanovl-I12'-(1
Htetrazol - 5-vl) - bi phenyl -4-vl -net hyl | - am no)
WO baotpedse7 aci d WO 2004/ 026847 PCT/ EP2003/ 01054BCT/ER2003010543

solution of (S)-3-Mthyl-{2-pentanoyl-[2"-(1

Htetrazol -5-yl) - bi phenyl- §-'y| - et hyl ] - am no} - -

butyric acid benzylester (10.6 g; 20.0.nmol) in :

Et hyl acetate (43 m) is hydrogenated at 4 bar, / 50C
11-to pHi B withex2 fd ef afl.0aVMEI splatidra diEvapocatiootvé thecharch ativrgs @ reiygure

. . i ning . % . Af ' et | .
R AT TITY ORI AI ) e
organict&@lend Neidries overesoivadlsiifatd, ifiliered; evapoeaied inhactiurh anddded in high. -

o o) 35 B S B BRI G acia
tert-butyl8étbi @ @dlot 45C and - after addition of'cyclo- hexan - -

102 m) - conpleted by cooling to -5C.. The solid is
collected by filtration, and after drying at 50C,

b) PfephrasioR®f (B)-3-Refgpe oy2'-61H-tetrazol-5-yl)-biphenyl-4-yl-methyl]- -
. tetrazol -5-y|)-bi phenyl -4-yl -nmet hyl ] -am no} -
mﬁ@&ﬁﬁ&déﬂ&ﬁ@éceived as a white powder. Melting -~ -
poi nt: 108-110C. Enantioneric excess (by HPLC): ee >
99..5 % Exanple 3: a) Preparation of
(S)-3-Methyl-2-((2'-(1
Htetrazol - 5-vl) - bi phenyl - 4-VI - net hyl ) -am no) - butyric .
acid tert-butylester HN+ Y ON \ I NH To a
suspensi on of L-valine tert-butylester hydrochloride
(419.4 ny; 2 nmmol) in 5 nl of iso- propylacetate is
added sodi um carbonate (265 ng; 2.5 nmol) in 5 nl of
wat.er.. After- conplete .dissolution, the:two phases are
separated i medi ately. The aqueous | ayer .is washed
once with-4nl of isopropylacetate. The conbi ned
organic layers are washed with 5 niL of water. The
colourless organic is dried over sodi um sulfate,
filtered, evaporated in vacuumand dried in high
vacuumto give a colourless oil. The oil is dissolved
in 4 m of : : '




met hanol . After addition of the 2'-(l

Htetrazol - 2-yi) - bi phenyl - 4- car bal dehyde (515 ny;
wQeowlo)es4and triethylamne (0.278 m; 2 mmol ), PCTIEP2003/010543

yellow solution is stirred for 5 mnutes before

evaporation in vacuumto ‘g?%é a yellowoil. After

di ssolution in 4 m ethanol the solution is cooled to

0C. Sodi unborohydride (78 ng; 2 mmol) is added in 4

portions with stirring until the im ne dissapeared

(HPLC). The slightly ye w splution is acidified from

pH WO 2004/ 026847 P 543 -28 11 to pH 6

with 3.2 mM o sohution. Evaporation of

t he et hanol affords am' r of a yellowoil in

water. This mxture is

i sopropyl acetate. The cuobill organic | ayers are

[ [ teped, evaporated-in,

umto give

vacuum and dried in high.y'
(S)-3-methyl-2-((2'-(1 N’\
Htetrazol -5-yl)-bi pheny‘}NvayI nmet hyl ) - am no) - butyric
acid, .tert-butylester as an oil. b) Preparation of
(S) 3 I\/Iet hyl - (2- pent anoyl -i 2- (1

: h || - -
(S)-5-mgthg 2 G L deara el ek s Ran Aoy s B s i fester -
(8.5 g; ~48:0 fnof) is (Bibéol\led in doiddre((83 113) anet Ih-)ékhy@dl(sbarop@lhmme (6 1 mi; '

H- t | gh th "_
35.2 mgggl)?gqrde\fza?erwl%){q bgt(é rﬁl?%&@ ra%ol') A af}q#}@? Eﬁﬁ Ql)haal cies%l Hon is
heatedl 18 5b®d: @ﬂa StirttBatthis teingerbtues hyleodmhs afhierogyhmetioneof Gite deaction, -

mDl ) and,_val ero 4,1 o 33..6 .
the reaien gie & kit Wit meshanoL (0am sEE: e ;B aoded
at RT. e RR&pRASE Sbioht i@tédmstddtb&prt zwewﬁwa Z@M 1O (m siml). . The
After conpl etion of citﬁ,geg react or moved - .
organigphasgyia sp ratﬁaﬁeﬂean%frfﬁt%’eﬁ Qrioin ‘(afBO eRInG Heter isg <
azeotréﬂnd?laiM YO? ‘636!?@ tb RTaﬂr@Qﬂodrﬁlt stdfts td b@siblﬁ@e promgelusyst(B)¥B-
e

o .
ety PyEriaru Lo afresymindio B e anit-kkbhePtrgr ot -
ester iftfecelled iaB awfite polvdenadrifiteatiohaad dhing ie vasted ‘

azeotropically). On cooling to AT, the product st arts
Melting poro’ryéséf’(Dr ze fromtol uene (S)- 3-

EnantiEE) %ﬁ%?@m@g@%%%eny 74- yl -met hyl ) - ami no}-butyric

acid tert-butyl -
Example 4:

a) Preparation of (S)-2-((2’-(2”-tert-Butyl-tetrazol-5"-yl)-biphenyl-4-ylimethyl)-amino)-3-
methyl-butyric acid




ester is received as a white powder after filtration
and drying in vacuo. S Melting point: 153.4C
wEe@n2@sweri ¢ excess (by HPLO): ee > 99.8 % EREHPP®0O31010543

a) Preparation of (S)2-((2- 8 _
-tert-Butyl-tetrazol -5"-yr$96i phenyl - 4- yl net hyl ) - ani no
)-3- nethyl-butyric acid X HN COOH NN WO 2004/ 026847

PCT/ EP2003/ 010543 -30 A soda solution (1 nmoVl; 1.0

A sodardojutibn @1 moisl; ¥ .0i ral, adderhadl)ds hdded fonsvdind {1 1751 57g; 100nmo|) After

comp Bkl Fore S B E kst aRs, ol o
butyl-tdixatzgh-2-yipbiphamyl-4 aythaiddrynb €808.4 fgs arrﬂnabmahwdenl(o’ﬁ @fethnol. After

Mo ) |
cor B Pk B g 0 v B o
vacuurs) i‘rgdatrhme Mlés@Wedinh 4in3l ettidrflahdicdbidtito C(I)\"@Qdé:%l‘g SEEB@B)C
and cooled to

borohy{jrrrcgleO gl ('Z Ol)d? gﬂg%q 1nggep<3r§gnsreﬁ'1h af"'tmquﬁﬂ} 9 gingided

disappéared. Wbé Blighilp yéMoWbcﬁﬁtidﬂls BEIdHIBY With t11Bmi 6 NN HCI solution to pH
| ow qutlon is acidified

6-7. EGRERR FoUg o1 OIS st T SGSapEPPYACPIALS and 10mL. water
are addédapmeaﬁhn@l’préd’plta@é? iie S, %Qﬁ?oawww&l@r 5.3% ugbd t_lllnﬁe&lvbth .ﬁ{ze( (-
” 0 te an er ~are adde e [
(2 'tertlrﬁ‘g@ ?}F%gﬁé 'gb'f’ﬁ‘?'{ gf‘é’ ‘#@éﬁ%‘ﬂ'“m -Feli-BHtyHR acHr i ed
e o n2((2' : ;
4M€|tmgt(r.$2b'ﬁt 51rwf:’t7bdl;1tyl -tetrazol -5"-yl) - bi phenyl =4-ylI -mst hyl )-a
m no) - 3-net hyl -butyric acid. Melting point: 189.7(C
‘ le 5: a) Preparati.on ' a
Exam '[TIZ)-{i 2' - (2-Benzvl - 2Htetrazol - 5-vi) - bi phenyl - 4-yf e
- & VbH-tetrazolg Wighe

L-Valin-benzy! ester tosylate (0.97 mmol, 368 mg) is suspended in isopropylacetate (4 mi).
To this suspension was added a solution of sodium carbonate (1.21 mmol, 128 mg) in water
(2 ml) at room temperature. The resultant mixture is agitated for 2 minutes, transferred to a
separating funnel and the phases separated. The organic phase is dried over sodium sul-
phate, filtered and concentrated in vacuo to afford the free base as a colourless oil. The 2'-
Ne H-benzyl-tetrazol-z-yl)-biphenyl-4-éarba|dehyde (0.88 mmol, 300 mg) is dissolved in 1,2
dimethoxyethane (4 mi) at room temperature and the resultant solution added to~the free
base residue. After 8 hours the solvent is removed in vacuo and the residue dissolved in
ethanol (4 ml). Sodium borohydride (1.1 mmol, 41.6 mg) is added to the reaction mixture.
The resultant opaque solutioh is stirred at room temperature for more than 2 hours and then

concentrated in vacuo to remove the ethanol. Water (20 ml) and dichloromethane (20 ml)



NL- Val i n- benzyl ester tosylate (0.97 nmmol, 368 ng) is

suspended in isopropylacetate (4 mM). To this
waompension was added a sol ution of sodi um car POTEPI03/010543

(1.21 nmmol, 128 ng) in water (2 nm) at room

tenperature. The resultant3ti-xture is agitated for 2

mnutes, transferred to a separating funnel and the

phases separated The organi c phase is dried over

are adaedi abdtiRHquepiatitse fpH s etiR@tene 10 HRNohdF - HAY. %é%ﬂases
'& ord the free base as a colourless oil. The
are Se'(’51"3‘ “I?é\ﬁ’z‘?? agugoug phpse extractasd agaimyith Q'CE'SF%%ﬁ”a@?WGQ m). The -
combidd &@amhase@%e W@%hé(ﬁwiﬂi ek YRYmi)Ndrledver anhydrous sodium
ha? gﬁ ho%gt hane é %’ rogmtenperature and the
sulphafe, difipred fnd SePGRIBIeddR Yacka ig affqed he dile compeundeas @g@lourless oil.
After 8 hours the solvent is renpved in vacuo and the
residue dissolved in ethanol (4 m). Sodium

Exam ohydride (1.1 mml, 41.6 ng) is added to the
The resultan't oaque S%| liltl %n |s

méthﬂtbum;@%mbn@bﬁ,degt@r vacuo to renove the et hanol .

Water (20 m) and dichl oronet hane (20 m) WO

2004/ 026847 PCT/ EP2003/ 010543 -31 are added and the
aqueous phase pHis adjusted to 1 by addition of 1 N
HCl . The- phases are~sgparated and the aqueous phase
extracted again with di\hlor nmet hane (10 m). The-
conbi ned organi c phas€sS 3 shed with water (10 nl),
dri.ed over anhydrous .odbun1 sul phate, filtered and
concentrated in vacuo tFafford the title conpound as
a.colourless oil. Exang 5. @)  Preparation of :
(S)-2-1[2'-(2-tert-Butyf- ’ azol - 5-yi’) - bi phenyl - 4-

yi met hyl | -am no) -3 hy ic acid tert-butyl
ester H L-Valin-t-buggﬁ\es er hydrochloride (1.32

mrol , 278. ng) is suspended in isopropyl acetate, (5.
n1) To this suspensi on was-added a sol ution of sodi um

L-vair BRI pidoctier®ednia2mbgi ?2%P%*&%%P@n%f'ampaqwcetme

ml). Té uns Quspensibrewat addsf ®seluticredt dodiutn Sabaiaé (165 ﬁmﬂeim mg) i

ted .
M s Rt A
red to & aepavating fafifed ndd tHeepHases shetateds The ORJaPIY PS8 is difdd over- :

sociur) gt Shefeg e sepecripiest 7o B e rea e g yalouress:
oil. (1.2 nmmol, 367.2 ny),is dissolved in ethanol (5 m:)
at roomtenperature and the resultant solution added

The 2’ tH-tére-butybetrazol-2-yl)-biphenyl-4-carbaldehyde (1.2 mmol, 367.2 mg) is
dissolved in ethanol (5 ml) at room temperature and the resultant solution added 1o the free
base residue. After 90 minutes sodium borohydride (1.5 mmol, 56.7 mg) is added to the
reaction mixture. The resultant opaque solution is stirred at room temperature for 2 hours -
and then eoncentrated in vacuo to remove the ethanol. Water (20ml) and dichloromethane - -
(20 mi) are added and the aqueous phase pH is adjusted to 1 by addition of 1N HCI. fhe :
phases are separéated and the aqueous phase extracted again with dichloromethane (10 mi).
The combined organic phases are washed with water (10 ml); dried over anhydrous sodium
sulphate, filtered and concentrated in vacuo to afford the title compound as a colourless oil.
"H NMR (CD;0D, 400MHz2):



base residue. After 90 m nutes sodi um borohydride (1.5
mol, 56.7 ng) is added to the reaction m xture. The

WO e®uleamt opaque solution is stirred at room PCT/EP2003/010543
tenperature for 2 hours and then concentrated in
vacuo to renove the ethanoB2-Water (20ml) and
di chl oronet hane (20 m) are added and the aqueous
phase pHis adjusted to 1 by addition of 1 N HClI. The

5=7. BSRWﬁSQSJ—@fﬂz)S?ﬂW%Be(GH?W 1.he (B4 B 0sSHH AL (BXtd, debldd), 4.17
or onet hane (0]
(11, d. ook 49T aStTR: AR e & Rzt 2@%&&»5”33’ fiffap. o

J=THZPMRI 1.8831dlrpYs799di um sul phate, filtered and
concentrated in vacuo to afford the title conpound as
a colourless oil. '"H NWR (CD30D, 400MHz): WD
Examp?é}?l‘” 026847 PCT/ EP2003/ 010543 -32 6=7.86 (1 H, d, J=8
7.41-7.68 (3H, m), 7.44 (2H, d, J=8Hz), 7.24 (2H,
d,J8Hz) 4.17 (1 H, d, J=13Hz), 4.08 (1 H, d,

a) Prep: - iz pl HohylH- Zol
acitbenaylastepn of (S)-3- Methyl-2-{f2°-(1 |

Htet | h yl - 4- vl thyl | - |
Sl BT 0 B0 R i
of sodlﬁ%cﬁmbheté (‘7 3 @'693“910( 99 water (1235 @?t TR bRfAniiphasé (contains L-valin® -

benzylégjggfrqlafg ?)asep%zgq%;’qgﬁgzra%ﬂ gg(é H(tggﬁ%oégﬁg) q_pw{-%-carbawahyée (12,5
g, 50 nth%Bﬁ ¥he N&hgf&l%rgﬁﬁ&hne% DeRAL2hRRbI) @BGdded tlroom temperature

tetrazol henyl - 4- car baI dehy deﬂélZ 5 d5 ]
The reﬁﬂlﬁng S@!H@pw&pwieieiy PYASIYEY RRAD fein(\GCEP (aterss '?H?gYG) azeotro-

plcauyﬁl‘rﬁeaééi@&l @ﬁ (oRRMihPHRSRRIHEBate i) [sefstolvedth ﬁf)@{HathC{ﬂ 60mil),
“1s conpletely evaporated at 50C in vacuo (wat

and sqdym@g@hygri%ﬁor% g, A2Ema)is ageiRd IndRAripng withn 10 min at 0-5°C. The: /-

resultn(gf Qahl%rmsn&rkﬁ Qor‘ 84 ffiredoare. Nfb:n@amplétldi'i SSiBb \tR@siofmation, the. -

hanol . (1.60 ni) and sodi um borohydri

reactlozzwﬁmqi s qt@namiew @C#ﬂ'tquf oh M hickeRnlorig gk (ﬁp%fgx'mate'y domi, 42 -

mmol)%‘t @9550 Jﬁbeadjuét@@tﬂ BH BO7. M HAACP IS distille iokTiRsn tHef redliom mixture at .

ter conpletion of the transformat .
50°C if NaoLo @pcthe Ersidrakadieoup @'ﬁHWéStGBW'@d@P?"%h 8gmik Theygroanic: -
. phasehé! %ﬁé@ﬂt&iécﬁaﬁ%“@) ﬁﬁ%t@xion@é;ﬁbﬁméfely Hd)% &2he dﬂ@ﬂa) v@hme by

adj ust ed

to - 7. Met hanol J%SSt il lI of f
dlst'"aw% M’?‘ﬁé anné d@?‘ihB?P' niret %?reé’tm@?a"ystﬁ@‘?"ﬁ )Va resHitipg, &Once""a‘ei
(appro&@ﬁdtg¥3é0 afl eeAminy (@)Lt;-ﬁmemyt-equt-em-wnbboltsawﬁpﬁer(qurl :methyl]-

he: organi ¢ phase . is caoncentrated é ﬁ% ‘
aminobautiie Pgid Bl IsRIehut dgd S0dt oF etShetaswpgmﬂfgr'a'v rd wseque""‘
acylatiGh &tdp. | ation (water and methanol are azeotropically
renoved). The resulting concentrate:

b) Preparation of (S)-3-Methyl-{2-pentanoyl-[2*-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyi]-

aminol-butyric acid benzylester

The solution of (S)-3-methyl-2-{[2°-(1 H-tetrazol-5-yl)-biphenyl-4-yl-methyl}-amino}-butyric
acid benzylester in toluene (approximately 80 g , 48-50 mmol) from the previous step is di-
luted with toluene (85 ml). Under anhydrous conditions, N-ethyl-diisoprepylamine (24.0 ml,
140 mol) and valeroylchloride (17.3 ml, 140 mmol) are slowly added at 20°C internal tempe-
rature. The reaction mixture is agitated for approximately 30 min and — after completion ‘of
the transformafion - quenched by addition of methanol (31 mi) at 20°C. The clear solution is
agitated for 30 min at 20°C, then water (78 ml) is added and the resulting two-phase system



(approximately 80 g) containing (S)-3-nmethyl-2-{[2 -(1
Htetrazol -5-yl)-bi phenyl -4-yl -nmethyl] am no)-butyric
wa@eiodobsmzyl ester is used as it is as starti ngPOEER003010543
for the subsequent: acylation step. b) Preparation of
(S) - 3- Met hyl - { 2- pent anoy| 138~ (1
Htetrazol - 5-yi) - bi phenyl -4-vl -net hvl | - am no}-butyric
“acid benzyl ester The sol ution of '
is adjusB)d ©- pitt2htyy addifidn2of-Z4.8 M hydrochioric acid (approxxmately 10 ml 20 mmol).

e offah 5517 Bediricl BT i oA P oy b Dt & 0 i
vacuo46-a56rdﬁmdat)alyf503md hﬁe M@N&I%ﬁlrﬁé B dishillation (Wéfé?(an\ﬂ‘ héthanol are
Y 85 .e er anhydrous conditjon .
azeoternga ﬁjﬁ"ﬁ’v?@op 'W?F quq%or((%gtrgtedp tolugngy( ’“n% g) igsgeded at 40°C in. .
order M&hlﬁd&t@}th@ biy@fdllﬂ@tldn]a?’rd%gfatedje& @hlm'@hﬁeréﬁ)% R APhroxiAEad 1 h. The

action mxture 1s

suspeiRior B, SN SRR S DRI B5E0 i gy s Iesoparatod by ftraion, wa-

shed vitIgi toleeheqb0 nﬁ!h@nd AFRBIh0EBEs BP50°C t@%f@(@?—@ -A¥thyl-{2-pentanoyl-
at 20C. clea

t han
[2- (”'@'ﬁﬁﬁf?" 4 é'p %@"f‘é( %Wﬁ@"@@o}n@‘ﬁyrﬁ’@%@“w'ﬁ@ﬁf wat er
Meltmgjﬁ{&ntm)]sl-sw@ed and the resulting two-phase system WO
E 4/ 026847 PﬁrgggZOOS/ 010543 -33 is adjusted to pH 2
”a""B?‘eaﬁam‘%sarﬂ OHPECE efr $R3rochl ori ¢ acid (approxi matel y
10 m 20 mmol ). The organl c phase is separated,
. " and i:oncesntrat ed Iat 50C

) arﬁlho}db@md é@d{l on (vvat er and met hanoI are
azeotropically renoved). The fesulting concentrate in

A solutiadl ¢fg 8B 3(Methyl-{@peh@nsRgatqaHabtr A 5iy)- mgsﬁe%u-quethyu -amino}-
inifiate the stallizatjon and agltated at

butyricygietiyigster (e it QAL Biejvieastate i mi !ﬁs’?)@'f@eaﬁfeid§f 4bar
+ 1 50°C @ prdsandeyofconéiamiiadiui GnidhaRioal &mél%tfs% @hﬁa §0édniia:mﬁg 50 %

- shed wi‘th d t ol uene

- water)? B3 £l 1y BB o0t TG toaeD ognesnpton) the catalystis -
: ‘removécﬁ);y firratdrhand ha finems BroMbentlated 4t45°C i i vacuo (water is azeotroplcally >

: remov%cz:)I g%%g:zﬁ%allgg%/ %,% orbthglgrqr%ﬁbss §|!eﬁg§ gtg amrg%%e_r alcjid |<r>r|\ gf cyclo- .

_ hexan (amarrm) oo ripleteX BESSoling Yo HBICL) Theesbiid i98bIBt¥a by miaanon and after -

ta

R E OIS R TR T RS S —

butyncacnddsﬁecmutasuefmm%fpoﬁa)erf Z/Et Ih_\/l Eﬁ Ip]ent a_noy{L [2°-(1 .
- bi phenyl - 4-yl - e - am no} -

Meltmg Ry ﬁ%qa%%dyb)enzyrest'gr (1)0/' .6 g; y20. 0 nmol) in

Enantiehénd ecebats: HRIAD: o& ».99% ydr ogenated :at .4 bar / 50C
in presence of. a wet palladiumon,: charcoal catalyst

5% (1.12 g, containing 50 %.
Example 8:

5-(2-Chlorophenyl)-2-(tetrahydropyran-2-yl)-2H-tetrazole and 5-(2-Chlorophenyl)-
1-(tetrahydropyran-2-yl)-1H-tetrazole.

o AN

._Ci



water). After conpletion of the reaction (cease- of:
hydr ogen consunption) the catalyst is renoved by
wo pdogpozaaseon and the filtrate is concentrated aPCHBR20035010543
vacuo (water is azeotropically renoved). The '
'cryst allization of the prodtct is initiated at 45C and
= after addition of cyclo- hexan (102 m)- conpleted
by cooling to -5C. The solid,"is collected by
MetharfesUiforid acit (0.aag;af. 4£mmally i iadgedito 86 pension of 5-(2- chlorophenyl)

1H-tetré;c%l%58r§%9y4§(@ }Bﬁ} @]Eﬁ%n@éw S’?]petm r]engri\q]@}xture is heated to |

50°C ahditsbivtionof 8 4Lcﬁhyd&£EH¥ﬁfhrﬁ($2688Whﬂ ne4q WNbi)eih tolbéd (600ml) is
added 8xgar%too;p;ngg§n,é‘%cngx%ﬂfaer}g urther st(%rre(;3 ego%c(fgly 90 mlnu}es els?we resulting
solutiorPis(wasBat awiee Weth o 2qucbas @aaiuﬁlmﬂydm shivtioh(2é+r @éd,‘h':)éﬂd :

twice wppfl\@gqrégg% CE\L)N_ E‘g r}%r%lréltu T@l%t@h%h dro ycro%cr:]entra¥e() in vacuo
using aﬁ@ﬁb&%?@@ﬁéﬁb%ﬁi a mbduryRss MQQﬁlldréﬂfén I)@Qtéiraﬁ?drbﬂﬁraﬂaz-yl)-QH-

terazofs (8120 apl g oTioropPeiyIB{ HEyas pesgen g Y- 1 Hiistregole (N1-
isomer) iR ratib Bf AISOUIOBS (AERMJIAY to ’iINMH)%%ld yéua@ ligligt ure i's

, I f di_hydr o- 2 : ,

H Nm%aa%h%ssqmer 9 oL PCIR b, B3 Inp 6122 G ra”z 55 -

(m, Qsemntaee(m 1THE 410224.07 @n, SHS, W 12061143, 1 907 .86-7200Cnd; QTH)
The resylting solution is washed tw ce .

752'7%31('7? bv'é'l\? Q888 A8 um hydr oxi de solition (96 m

"H-NMR @€ W) -igdiler (100 WZV\CDEIJ\@ 434-5(49Qn1'ﬂ1 H%aehéracteTBlﬁ: signal which’ :
esutln turbl organi c phase is concentrated in
?rﬁfgh? &2"

doeS“%FE’GHap P i signa! ¢Perer to- afford a mixture
of 5-(2-chl orophenyl) -2- (tetrahydropyran 2-yl)- 2H—

: "~ tetrazole (N2-isonmer) and - °

_Examp -$2- chl or ophenyl ) - 1- (tetrahydropyran 2-yl)-1.

5-(2-Brbinbphérdi)ad-Retdhyliropy SAMEYI)-2HNeRaiol hid sfz-@hﬂﬁé Byl

) 5&2&’6 rgd) gto Y pR//R) ag)a yeIIowllqmd le\/Ig1

 1-{tetrakydropyART 'X'hb'd‘two'ecocu 3): 1,72.1.84 (m 3 H),

216225(m 2 H, 2.46.2:55 (m,lH) 380386(m

, 4.02-4.07 (m 1 H), 6:12-6.14. (m 1 H),

7.44 (m 2 H-+., 7.52-7.56 (m7 1.H), 7..96-7.98 - - |

t H. . "HNWof N1-isonmer (400 Mz, CDCIS) "o

4- 5547 (m 1 H. Characteristic signal whi ch’

A suspension of 5-(2-bromophenyl)-1H-tetrazole (4.50 g; 20.0 mmol) in tert-butyl methyi
ether (40 ml) is warmed to 45°C and methanesulfonic acid (0.058 g: 0.60 mmol) is added.”
A solution of 3,4-dihydro-2H-pyran (1.90 mi; 21 mmol) in tert-butyl methyl ether (21 ml) is
added to the resulting mixture over 1 hour at 45°C. The mixture is further stirred for 6 hours
at 45°C. The resulting solution is cooled to about 0°C and a solution of sodium

. hydrogencarbonate (2.4 g) in water (30 ml) is added. The aqueous ‘phase is separated and
extracted with tert-butyl methyl ether (10 ml). The combined organic phases are washed
twice with a 1N KOH solution (10 ml each) and once with a solution of 10 weight-% of
sodium chloide in water (10 ml). The resulting organic phase is dried over anhydrous
sodium sulfate, filtered and evaporated in vacuo to afford a mixture of 5-(2-bromophenyl)-2-
(tetrahydropyran-2-yl)-2H-tetrazole (N2-isomer) and 5-(2-bromophenyl)-1-(tetrahydropyran-



does not overlap wth the signals. of the N2-isoner.
Exanple. 9:
wWG2(020Bseanophenyl ) - 2- (t et rahydr opyr an- 2- yl ) - 2HCBEPRASD10543
e and 5-(2-Bronophenyl)- 1ls{tetrahydropyran-2-yi)-1
Htetrazole.. N-\{ ON N 11Br A suspension of
5-(2- brormphenyl) 1 Htetrazole (4.50 g; 20.0 mol) in
tert-but nmet h et her (40 rr17) is warnmed to 45C and '
2-yl)- 1Hrtqtmﬂl@s(§ﬂﬂsﬂﬁn% i ratie of @lwtg?» oaeerréing to H NMiR@isqan-orange
oil. solution of 34d|hydro 2H—pyran(1 90 m,; 21 rmol) in
; tert-butyl neth ether (21 m) is, added to th
H-NMR e&NEtl$Qﬁ@err€119&M é, @hek): 1 ??oerSém, A5t 2.18r2.26 (7, @r'é) R5-2.54

(m, 1 quif 8018865, ﬁcrg% bou.& Gours), 6a1t2 é5§ mThﬁ) f7e§1i'7t3*5'191 1 H),

ution 1s t o about sol Ution
7.41-7.4%muhH) Ry - Bgéﬁ@ai bﬁnﬁﬁéﬂ%ﬂ(ﬂﬂd)"'] n wat er (30 rH) is
added. The aqueous phase is separated and extracted
with tert-butyl nmethyl ether (10 m). The conbi ned
Exampleri®ani ¢ phases are washed twice with a 1 N KOH

A ' _£ach) con of 10

50D oy o2 P O A AP MGG
resulting organi c phase is dried over anhydrous -

Ej\;;)di umsul fate, filtered and evaporated in vacuo to

o -fhmard a moﬁbre of 5- ( 2- br onophenyl ) - 2-

) iy r 2-yl)-2Htetrazol e (N2-isomer) and
phé’rf?l\) - 1- (t.etr.ahydropyran WO 2004/ 026847
2083/ 010543 -35 2-yl)-1 H-tetrazole (N1-i soner)
§ ratio of about 937 -(according to 'H NVR) as an
Rarige  oil . 'H:NI\/R of N2-.i soner (400 I\/Hz CDCI3)

: 172185& ,218226@?1 S-n
Toasqueﬂsmrgofg@ @neggmt mrlgq_()s 1149)R xdym( treLh){q[ofuran (40mlyis. v
added 52%@;&?2’1@% 16 ml; 4. 23&11170!)351' r(efﬁuséerl'é)on is Godidd To 4’@(1 idiﬁd 6ml', -
‘of a solyion of 1-bromo-4- (dletgvoxymeth;?benzene (53. 6 g; 2%0 mmol;_?n anhydro S

Atetrahyéroﬁﬂ'an Ptz@trh@ YHHRbAY At 1PaeBdtioR T btartel tRS Fertaitticp By fian

2-y|)-2Htetrazole. ~Col,O-"~ N:
solution of bromo-4-(d|ethoxymethyl)benzene is added over 90 minutes. The resulting: -

mixture is further stirred at 20 to 25°C for 2.5 hours. The mixture is diluted with anhydrous
tetrahydrofuran to a total volume of 250 ml affording a solution of the corresponding: - -
arylmagnesmm bromide of about 0.78 M concentration. Under anhydrous conditions,:15.0
ml of the above 0.78 M arylmagnesium bromide solution (11.7°’mmol) is cooled to about 0°C -
and a 0.5 M zinc chloride solution in tetrahydrofuran (23.4 ml; 11.7 mmol) is added over 15
minutes. The resulting suspension is stirred at room temperature for 30 minutes in order to
complete the formation of the correspondlng arylzinc reagent. In another flask, a solution of
a mixture of 5-(2-bromophenyl)-2-(tetrahydropyran-2-y|)-2H—tetrazole and 5-(2-
bromophenyl)-1 -(tetrahydropyran;z—yl)-1 H-tetrazole (2.78 g; 9.0 mmol) in tetrahydrofuran (9
mi) is added to dichlorobis(triphenylphosphine)palladium(ll) (0.253 g; 0.36 mmol) under
anhydrous conditions. To the vigorously stirred résUlting yellow-orange suspension is added
at room temperature the above suspension of the arylzinc reagent over 40 mihutes. The
mixture is further stirred at room temperature for 17 hours. A solution of sodium
hydrogencarbonate (1.2 g) in water (15 ml) and ethyl acetate (20 ml) are then added. The
aqueous phase is separeted and extracted with ethyl acetate (60 ml). The combined organic



~ 1 . To a suspension of magnesiumturnings (5.11 Q)
i n anhydrous tetrahydrofuran (40°m)~ is,.,.

wa 2@4a2dseonoet hane (0.106 nm; 1.2 mol). The SPCPEPEODON0543
is cooled to 12"C and 6 of a solution of 1
- br ono- 4- (dlethoxynethyl)benzene (53.6 g; 200 mmmol ) in
anhydrous tetrahydrofuran (120 nl) is added. Adter
the reaction has started the remainder of th

phasessare wtasbed bicelwittha sattian psasitig 9%@9%5%@?\%&@ g)dn water (15
.ml eac ¥&Lithdatd? A Btrﬁ%acﬂ_f‘é‘nd &é‘é‘v&ﬂ)&g’tedﬁ’ﬂ ?iéd\!lbe 'Fh% resulting

er stirred at 2.5
yel|ow-ma>mga od is disstiMedting smqllwo&mwrt@'tu@uty{ @?MWB?"M"LWS% oygy afilter

aid, ev%pc?rgttealm Vi uB%d%Ern@bﬂol%ﬁ %@nﬂﬂogﬂa&?) & diRa gﬁl eiuhﬁ witha -

or respon megnesi um bromde of about
1:4 mixwros athyhaqedﬁte at bexamiawﬁprﬂjéemﬁwsom@h 6\'2—'395196 5 (ﬂ

‘ dlethoﬁﬁ?ﬂ@?mﬁhgr\(ﬁ 043 tMr%%kW—X@MGQ&&@a@Q:\cAHfoHQ& oil..

oo ed t’o
'H-NMBHif mm@nsm(mo@ Mbte, CRGiat T-ahitaY 572 Ha § UB 1461} .66 {m, 3 H), 1.88-

2.03 ( S,uspi‘ns' 2 I@ﬂgfwjrs %0537"(‘(%%@% 5.38%s, fﬁft)ubtgmgg (m, 1 H), 718-

enperature
© 7.20 (mgi hid}, §s38-Th40 (mie? H),o7 4388l (81 8 H)hégﬂar%w,drﬁbf t he

ar, reagent I n anot her flask, a

Mass GRPFRTESH: i 2980 AR S |

5- (2- bromophenyl ) - 2- (tetrahydropyran 2-yl)-2Htetrazol

d 5-(2- bronophenyl)-1-(tetrahydropyran-2-yl)-1.- .
Examq???gtrazole (2.78 g; 9.0 mml) in tetrahydrofuran (9

2'-(2H-tdtyazok5-gtloiplnbnyb4- carbaldehyd : '

To 5-(4! @%&h%ﬁ’%ﬁs&% IohBR{Y gg?éﬁgh e rfg@érl 24y $iLielrhzdi0 (266 6

© 1.00 mmcgbarelﬁsibyd 84 P& etbdncplé% airol) and g &N aﬂne@ww@'osm ererigric acid-. -
" (0.5 ml ae I %ﬂ T8 rééiﬁm Soihch# lx%?eci i%%saé%%ﬁbtﬁ@eﬂﬁéﬂﬂe @bdition’ of -

Zl nc reag nt over m nut es m xture 1S
water (abpbiml)dbhé meuteds allowschto sapisioante eodmfemperatdia-and then stirred .-

at0 to‘;"@é%ﬂ §5H~'m9nf 16204 %snht ngj; Q&?grgs%rﬁ%g FALed (aﬁd ?hegéohHQ aY@sﬁl&éhed

et hyl” acet are
+ with a aopal auwupmiwtersdlmba wac@dataﬂﬁﬁCéwﬁqet%w W@M@Z@ltwlb blphenyi-' o

ned organi c WO 2004/ 026847 .
4'Carb%@$b%2ﬁgﬁt?%%’ﬁg{ngé’g&g%ases are washed twice with a
- Melting pbiot:i187.56T90d156 um hydr ogencar bonate (1.2 g) in~water -’
. [ Nz -
righ reckiiglrhaB ARSI inth 2 206 Rhoct iroPl s paCcRn i -
251.0987. is d| ssolved in a small vol'une of tert-butyl
met hyl ether, filtered over a filter aid, evaporated
in vacuo and purified by col unm chromat ography on
silica gel eluting.with a 1:4 mxture of ethyl
acetate and hexane to afford the main isoner
(N2-isoner) 5-(4'-
di et hoxynet hyl - bi phenyl - 2-yl ) -2-(tetrahydropyran-2-yl)
-2Htetrazole as a colorless oil..



1 HNWR of N2-isomer (400 MHz, CDC13): 1.24 (t, J =

7.2 Hz, 6 H, 1.61-1.66 (m 3 H), 1.88- 2.03 (m 2 H),
WQ20302818 (m 1 H) 3.50-3.71 (m 6 H), 5.49 FGI/ER20pH/010543

5.97-5.99 (m 1 , 7.18- %720(m 2 H, 7.38-7.40 (m

2H),743756(m3H) 90-7.92 (m 1 H). Mass

spectrum (ES+): mz = 409 [ MtH + Exanple 11:

2' -(2H-tetrazol -5-yl) bi phenyl 4- car bal dehyd. To

5-(4' - Di et hoxynet hyl - bi phenyl - 2-yl)-2-(tetrahydropyran

VVht"Zf‘l -2Htetrazole (0.408 g; 1.00 nmol) are added 94
al 8t (2.5 m) and a 2N aqueous sol uti on of
hydrochl ori c acid ,.'. (0.5 mM; 1.0 muol). The

resul ti sol ut s .heated t o .45C 0 hours: After
1. A(WQC%%?JEE hSﬁned’l” ?é’F nﬁa@&"ﬁouﬁdﬁ? %’W’H{g( ixture is

. allowed to cool down to roomtenperature'' and then
stirred, at O to 5C §or
suspension is filter an
a smal | anou Hn vacuo at 40C to
afford 2'-(1 H-tetrazol - bi phenyl 4-car bal dehyde
as white, crystalline pwolero Mel ting pointy
187.5-190. 0C. Hi gh resol ¢ ASS spectrum (ES+)
found: mz = 251.0928 [ Mt alculated:. mz.
251.0927. WD 2004/026847 PS| 10543 -37- What
is clained is: 1.ShRlprocess for anuf act ure of the
conmpound of formula (1) 0 N3 O / .1 chiral N

\ NN N
- < OWEN

or‘a salt thereof, comprising

m nutes. The resulting
the solids are washed with

(a); reacting a compound of formula (1l a)

\
NN
Rt

or a salt thereof, wherein R; is hydrogen or a tetrazole protecting group, with a compound of

formula

(Ib)
HN ~OR; chiral



N.N H or-"a salt thereof, conprising (a): reacting

a conpound of forrmula (Il a) O H(lIla) N N NNN
W0OR2004026837 sal t thereof, wherein R, is hydrogenP@r/EP2003/010543
tetrazole protecting groupggwith a conpound of

formula OR2 (11 b) H2N chi raI 0 WO 2004/ 026847

PCT/ EP2003/ 010543 -38 or a salt thereof, V\herel n R2

represents hydrogen or a carboxy protecti group
or a salt Hapseofy waeredted PPICSARIS HYdIRIPR QLR CRIPEX R RFOH PB qr Olipy, ynder the

condltlérps)of%b@dth@gn%a&@ﬁ*’éﬁd ng Corrpound of formula (Il c)
o chiral N a salt thereof with a

(b) a@ﬂﬁmﬂm epsyking é?m?‘éﬂd(qflfmd')u'a dl )

(llc)

chiral

or a salt thereof with a compound of formula (11 d)

0

\/\/IJ\R3 | | (lid)

wherein R; is an activating group; and,
(c) if Ry and/or R, are different form hydrogen, removing the protecting group(s) ina

resulting compound of formula (Il e)

(Hfe)
chiral

.or a salt thereof; and
(d) isolating a resulting compound of formula (1) or a salt thereof; and, if desired,

converting a resulting free acid of formula (1) into a salt thereof or converting a resulting salt



(lid) R3 wherein R3 is an activating group; and, (c)
if R and/or R2 are different form hydrogen, renoving
WO b@4peatect i ng, group(s) in a resulting conpPCHEPN3/010543
formula (11 e) 0 OR2 (lle)lggQ 5 chiral \ f / N\ I N
N R1 or a salt thereof; and (d) isolating a
resulting conpound of fornula (I) or a salt thereof;
i f desired converting.a res btln free acid

of
of a ccrvaR &' U dnta Tamree AL BIGR 1 ohoamEr it & esuthg salt o
_ acomﬁ&?riéiéf'f&ﬁw C?thQ aflerehpg4iB47 PCT/ EP2003/ 010543 -39
of a conpound of forrmula (1) into the free acid of
' formula (1) or converting a resulting salt of a

| 2.  hHesnd é&f:orfjﬁ’ub%l cRirh |1?. whBieth iR cBrpb@idNdf ieulae @} a) T{l]l?b) (I c),

process according to claim1, wherein |n conpounds
and (Ilfea ﬁ,ﬁp%[gse(r]tq h)égrogqr] qmdolj%z rqplqseess hydrgggn @p \A@Fre;m in compounds of
formmgqusaﬁg{gpﬁeslgugr%énand R2 represents hydrogen and
rein in conpounds of fornmula (Il d) R3 represents
haI ogen. 3. The process according to claim1 or 2,

3. TREHBLEsstdBorifBUS Clarh 1387 2) WhbRih 1he rédictilé HmiHation i céri out in
presence of a reducing agént such as a borohydrid

the pregened ohmjedirisg agent sych gaR kotehydride hichomnay ?EPG’@éﬂ cemp@xed
form, JJM%%%H oFiQ'Fu%roBQﬁ Bohdr BdREinRhE pRIBERcOH eﬁ‘hﬁﬂ@dlé?ﬁﬂ&%é@&st

talyst. 4.7The process according to claim
V\,hereln step (a) is carried out by first formng, an

4. THE Bec&s dcebmiHgRo claim 1 or 2, wherein step (a) is carried out by first forming: -

an imine of formula

“i"\n/\u | (i)

by condensing compounds of formulae (Il a) and (lI b) and by removing water and then
followed by reducing a compound of formula (lic’) in the presence of a reducing agent.

5. The process according to claim 1 or 2, wherein step (b) is carried out by first adding a
compound of formula (Il d) to a compound of formula (Il ¢) and then slowly adding a sub-
stoichiometric amount of a base in relation to the compound of formula (1l d).



R2ZON (I1C) <chiral N NN Rl by condensing
conpounds of fornulae (11 a) and (Il b) and by
WO 20vwo2a3g7 wat er and then foll owed by reduci ng BCT/EP2003/010543
conmpound of formula (l1c) .izg-the presence of a
reduci ng agent. 5. The process according to claim1l or
2, wherein step (b) is carried out by first adding a
compound of formula (Il d) to a conpound of fornula
(Il ¢) and then slowy adding a sub- stoichionmetric
6. APREBEs of the amdadtird & Bédniibuh@ of fRemamound of
formula (11 'd). WD 2004/026847 PCT/ EP2003/ 010543 -40
6. A process for the manufacture of a conpound of
formula HNOR2 1 o (lIlc) chiral Ne N NRL
wherein epresents hydrogen or a tetrazole
protectindg group and R2 represents hydrogen or
R,ng group, conprising reacting a
ormul a (II(”a;. O H(Ila) N W N N
c

a

chiral

NN
R1

wherein R represents hydrogen or a tetrazole protecting group and R, represents hydrogen
or a carboxy protecting group,

comprising reacting'a compound of formula (li a)

N-
R1

\QN

or a salt thereof, wherein R is hydrogen or a tetrazole protecting group, with a compound of
formula

Ib
H.N OR, cfhirgl

o
or a salt thereof, wherein R, represents hydrogen or a carboxy protecting group, under the
conditions of a reductive amination.



Rl or a'salt thereof, wherein R is hydrogen or a
tetrazole protecting group, wth a conpound of fornula
w@R02/0t68db) chiral HN O or a salt thereof, REERIN3/010543

R2 represents hydrogen or _gjcarboxy protecting group,
under the conditions of a reductive am nation. WO
2004/ 026847 PCT/ EP2003/010543 -41 7. A process
according to claim6, conprising reacting. a conpound

of formula (Il a) OH (lIla)' sN\V I NNRL or a
7. RBploceddwdcORfing WA 6) cBﬂnphﬁn@YéHcﬂﬂ@B c@i‘np@uﬁ(ﬂ)f @ﬁﬁulg (1} a)
protecting group, with a conpound of fornmula OR (IIb)

H2N 2 chiral O or a salt thereof, wherein R2
represents hydrogen or a. carboxy protecting group,

while . elimnating ater, and reducing a resulting
conpound of formJIa(I "RRON (lIlc") )r"~l
chiral O N N H

NN
Rt

or a salt thereof, wherein R, is hydrogen or a tetrazole protecting group; with a compound of - =

formula

f ' (iib).
OR, chiral

o .
or a salt thereof, wherein R, represents hydrogen or a carboxy protecting group, while

eliminating water, and reducing a resulting.compound of formula (Il ¢’)

R0 (IIc)

chiral

.\QN

in the presence of a reducing agent.



N RL in the presence of a reducing agent. WO
2004/ 026847 PCT/ EP2003/ 010543 -42- 8. Aconpound of
wo eoomt@4HN ORZ o (I1c) chiral NN NRL WhRCEEP20B3/010543

I's hydrogen or a tetrazole,protecting group and R2 is
hydrogen or a carboxy pro% cting group, excluding a
conpound of formula (11 c) wherein R is ethyl and R2
is trityl. 9. A conpound of formula R20 N (llc")
chiral N NN NRL wherein R is hydrogen or a

: cting group and R2 is hydrogen or a

8. A%@%B@éghﬁg@@?g%ting group. WD 2004/ 026847

PCT/ EP2003/ 010543 43 10. A process for the
manuf act ure Qf compound of formula O

0]
HN e

(lic)

chiral

N

\@l

R1 :
wherein R, is hydrogen or a tetrazole protecting group and R; is hydrogen or a carboxy . *

protecting group, excluding a compound of formula (1l c) wherein R, is ethyl and Ry is trityl: . -

9. A compound of formula

R0 (I1c)

chiral

N
R1

wherein R, is hydrogen or a tetrazole protecting group and R, is hydrogen or a carboxy
protecting group.

!



Y OR2 (Ile) o chiral NN\ 1 1~ N RL wherein R

represents hydrogen or a tetrazole protecting group
w@anw4®B8uEpr esent s hydrogen or a carboxy protBCI/EPZP03/010543

group, conprising acylatingsa resulting conpound of

formula (11 c) HN oR2 00 (FI c) chiral NN RL or a

salt thereof with a conmpound of fornmula (Il d) 0 (I1d)

R3 wherein R3 is an activating group. -

10. A process for the manufacture of a corhpou’nd of formula

(lle)

chiral

o

wherein R; represents hydrogen or a tetrazole protecting group and R, represents hydrogen
or a carboxy protecting group,
comprising acylating a resulting compound of formula (11 c)

(llc)

chiral

or a salt thereof with a compound of formula (|1 d)

0

\/\/U\R3 (I1d)

wherein R; is an activating group.



