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PROCESS FOR THE MANUFACTURE OF VALSARTAN TFhe-present
invention relates to a process for the manufacture of
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ant agoni st) and salts thereof, to novel i nt er med hat,es

and. process steps. ARBs can, f or exanpl e, be used for
PROCESS EBRAFHE NMANUF AUTSRE OFVASARTAN ¢l at ed di seases and
-conditions. The class of ARBs. conprises conpounds
having different structural features, essentially
preferred are the non-peptidic ones. For exanple, :
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the tr?%tfnenééﬁé%%% Sfo a@\d r?’%te(jcdz'sﬁaggg é%ggoggphﬁas?rraceut ically
acceptabl e salt thereof of these ARBs conprise
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her'eof such as SOdh?'fP?ZI de or with an organotin .

Phar%%e&ﬂc%'wéﬁce&?b'? Py in azide or with a silyl
azide. The use of azides for formng the tetrazol ring
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producti on- process. -Ac;c;g%di ngly; an objective is to
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devel op alterpatlve progess variants that. exclude
the use of azides in the* heps of the production
of correspondi ng ARBs. The Qb 5t|ve of 't he present
invention is to provide a S;\ conpounds of
formula (1)

A
v,

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 sta_rtiﬁg 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
tributyitin azide or with a éilyl azide. The use of azides for forming the tetrazol ring system
requires a éophi_sticated system to run the reaction'in a.safe way during an up-scaled _
p-rodu.ction;p:ocess...-chcordingiy,é an-obj-ectivel.is-to_develop-—altema-ﬁve.-.,processyaﬁants;tha;.
~exclude the use of azides in the last stepé of the productian of corresponding ARBs.

The objective_ of the present invention is to provide a éynthesis of compo'unds 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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that (1) does not require a process step where an

azide is used, (2) results in high yields, (3)
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m ni m ses pollution of the environnent e.g. by

essentially avoi ding organotin conmpounds, (4) is.

econom cally attractive by U%Tng | ess’ reaction steps -

in the reaction sequence for the mnufacture of.

conmpounds of fornula (1), (5) affords enantionerically
minipises polutpatof ;U'remrwapmemw iy edsantisllycfvoldingtorganotin compounds, (4)
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The present invention:orelates to a process for the, -
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The present invention relates to a process for the manufacture of the compound of formula .
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or a-salt thereof. comprising



or a- salt thereof. conprising -3- (a) reacting a
conpound of formula (Il -a) 0" H5~1 . N.NRL or.a
salt thereof, wherein R, is hydrogenor a-tetrazole
protecting group, with a conmpound- cif-r fornmula Nb
ORZ chiral H2N O or a salt thereof, wherein RZ
represents hydrogen or a caFBOxy protecting group,
under the conditions of a reductive am nation; and
(b) acylating a resulting compound of formula (Il c)
ORZ HN O (llc) chiral NNN RL or a salt thereof

(a) Wrkdbifg GUIRRROAY SfrolRiigdl g (11 d) -4- O (1id)

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

: (b)
AOR: chiraf

o
or a salt thereof, wherein R, represents hydrogen or a carboxy protecting group, under the
conditions of a reductive amination; and
(b) acylating a resulting compound of formula (Il ¢} -

. _OR
H'x‘/z

(llc)

chiral

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



R3 wherein R3 is an activating group; and, (c) if Rl
and/or R2 are different form hydrogen, renoving the
protecting group(s) in a resulting conpound of
formula (Il e) o CY ORz (lIle) <chiral ,NNN RlL or a
salt thereof; and (d) isolating a resulting conpound
of formula (1) or a salt ther®of; and, if desired,
converting a resulting free acid of forrmula (1) intoa
salt thereof or converting a resulting salt. of a
conpound of fornula (I) into the free acid of fornula
(I') or converting a resulting salttof - a conpound of

formula (1) into a diff@rent salt. The reactions
descri bed above_and belfgyw in the giayi ants are carried .

out, for exanple™in e "Rabsence or, customarily, in
the presence of a suitable solvent or diluent or a
m xture thereof,. the reaction, as required, being
I W ling, at roomtenperature or with'
Wh%!nrﬁﬁg,aﬂggtr'wétgﬁp@g gflﬂr?lﬁa tenperature range from about .
(c) - 8ibB: apd/PoRs At difarentifigrmpidrrgenf remayingthesproiestinghesdipis) ina
,_,es%iﬁ%65ﬂbbdnd Sfiomub@u) - 10C to about +200C, and,
IT.hecessary, In a cjose.dves el,. under pressuLe in
an inert,gas atnosphergza . under anhydr ous
condi ti ons. Conpounds off fofdnul'ae (11 a), (11 b), (11
c) and (Il e), ers| AL bek _gromot h of R and R2 are
hydrogen can formsalts with Hfses, as boidy the
-t he -;5-a&ﬁ§rotected
ies, while conpounds

carboxy group have acidic
of fornul'ae (11 b) and

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 (l) into a salt thereof or converting a resulting salt
of a compound of formula (1) into thé-free acid of formula (1) or converting a resulting salt-of -
a compounid of formula (I} into a different sait.

The reactions described above and below in the variants are carried out, for example, in the
absence or, customarily, in the pfesence of a suitable sbtvent_ or diluent or a mixture thereof,.
the reaction, as required, being carried out with cooling, at room temperéture_ 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
slosed vessel, under pressure, in an inert gas atmosphere and/or under anhydrous
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conditions.

Compounds of formulae (il a), (Il b), (1 ¢) 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 1c) can also formsalts with acids. A corresponding
tetrazole protection group (R/) is selected fromthose
known in the art. Especially, R is selected fromthe
group consisting of tert-C4-C -al kyl such as
tert-butyl;:C - C2-alkyl that.is nono-, di or
trisubstituted by phenyl, sué% as benzyl or benzhydryl
or trityl, wherein the phenyl ring is un-substituted
or substituted by one .or nore, W%{ two or three

unprolgCiRsbRarRoXy gf?wdsaée geidisPrengrifasoniie ROMAoYES Ydrmiuasg dip) and

(] fcahQfsb‘f&mééltsaahth)élmdshydrOXy C, - Cral koxy,
C8- al kanoyl -oxy, hal ogen, nitro, cyano, and

trifluoronmethyl (CF3); picolinyl; piperonyl; cunyl;
A cﬂirde}éboncm"lgﬂ@mb}d profdetis grovp (R, pis! sﬂecﬁeddl‘bm those known in the art.
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pipeyahyb xymylCillyCcininhoryl; fluo@wlisﬂyfi Iswamg/m-@@;almmgéqr example;
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fromt e group consisting
"GFa'UdIQBYEﬁ"WyP"%G@ﬁetﬁ's%@l‘ﬁ/\"e‘h&'ﬁﬁyl or a -
. tert-C4-C7-al kyl, .especial:ly tert-butyl; C, -C2-alkyl
b SR B B e Fr G kb ar. -
Espéclsllybas istsute&téddronsthbig‘mdplﬁoeﬁsﬂﬁm mrm-cmkynmoa asangthyl, ethyl or a
ter&ﬁo &5‘3 rg?pie{clahgfc’e&-dbl%ﬁ (8@ %F)E %}Sa(ta‘l Srﬁ eé:_t 8’ %r irfsBB%tﬁlHSd by phenyl,

suth aﬁerﬂykmmnzmmrwrmmmgypheoyiymg Mmgﬂmﬂtutadtqr(spbsmuted by one -
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3 benzyloxymethyl A preferred example of protective groups WhICh  may be ment:oned is

benzyl

~ ~The activating group Rs is, for example, an activating group that is being used in the-field of
peptides, such as halogen such as chlorine, fluorine or bromine; C,-C;-alkylthio such as
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benzyl. The activating group R3 is, for exanple, an
activating group that is being used in theofield of
pepti des, such as hal ogen such as chlorine, fluorine
or bromne; C, -C7-alkylthio such as -6- nethyl-thio,
ethyl-thio or tert-butyl-thio; pyridyl-thio such as
2-pyridyl-thio; imdazolyl-&uch as 1-imdazolyl;
benzt hi azol yl -oxy such as benzt hi azol yl - 2- oxy-;

. benzotriazo(-oxy such as benzotriazolyl-I-oxy-;

'methymnrﬁ%ﬂ'm iﬁﬂﬁ@b’tbﬂ%tyl-ﬂﬂ@ fpyﬁdijl i sticA s pryneil-tlﬁlb‘\ﬁﬁildé).‘bm@ﬁch as

di oxo-
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benzolFR2Bly DBEXy- U0 §§-§Ikaﬁ’c§3fld eshcatab emyr@exy o pxﬁow&%yybﬁ*z 5-dioxo-
for exanple nmethyl, et n- propyl, isopropyl,
PY”O”HW[}T?W i sobutyl, sec- butyl_ tert- butyl or a

correspondi ng pentyl hexyI or heptyl residue 01-C4

al kyl , especi al | or tert but 1S
The QE’F%F[é?rr"@dL?seé hecethﬁfws&d hgfq*fa%teé&aa'ﬁﬁh% WA an'nGS» unless -
definc@idaefiiseN- propyl oxy, i sopropyl oxy, 'n-butyl oxy,
i sobutyl - oxy, sec-butyloxy, tert-butyloxy or a
correspondi ng pentyl oxy, hexyl oxy, or heptyl oxy

01-07IA@|6;i| Buyer. edxaﬁblé%teﬁiyk eyl, Pﬁ:rmﬂmr@t, ndouty; tdodllyy sec-butyl, tert-
referre 0X etno a .
outyt G2 SRRl Py} RS IR RANBS RO G P Sekprip eyt oty

or terta@yl ¥d preferred] onyl , butyryl, isobutyryl or pivaloyl.

C2- C5Al kanoy!l is preferred- Especially preferred is
acetyl or pivaloyl. Halogen is in particular chlorine,

_ Cr-GyiAllkeay isnfer exartyrle matimxy aethoNyn nerdpyloayl ésopsepy ey, indaltylobs isobutyl-

T oxy, S§?%h‘&%§(¥ tQH lbﬁ%{lﬁ& or§ oBFr@s&:%B&xﬁﬁ perﬁylg q’\@)}eydp)%a?rr I'?e%fytlixg?esidue.

'he re i've am rs carr
Cy- c@l@%rsa&eﬁefred Fepenialiygrefargechis methadi etanivenddertbutayy.
agent is a borohydride, which may also be in a

npl exed form or hiydro en or a hydr en donor both
CoCarAkaml i CoSeRikany-ox B ey Bropiofyloputyryi, isobutyry or

pwam%urctztemmaeyl i@ pefsha. r&p@@ﬁwtpréfarrad BUickRbreivarlyeni de
a silane. A suitable borohydride or a conpl exed
borohydr| de is, for exanple, an al kali netal

Halodéﬁ F:Qh){iiﬁlcd%r %hllehnélf‘.lusmfé arbrdraine ardrid d@rcm”def $einigé intiudes iodine.
an earth aI kali netal

Step (3): . .

In reaction Step (a), the reductive amination is carried out in the presence of a reducing -
agent. A suitable reducing agent is a bqrohydﬁde, which may also be in a complexed form,
dr hydrogen or a hydrogen doner- both in the presence of a hydrogenaticn catalyst.
Furthermore, a reducing agent ls a suitable selenide or a silane,

A suitable borohydride or a complexed borohydride is, for example, an alkall metal
borohydride such as sodium bordhydﬂde or lithium borohydride; an earth alkall metal
borohydride such as calcium borchydride; an alkeii metal cyanoborehydride, such as sedium
¢yanoborohydride or lithium cyanoborohydride, an alkali metal tri-(01-07-;Ikoxy)—borohydride
such as sodium trimethqu-ethoxy-borohydride: a tefra-C+-C7-alkylammonium- |



bor ohydri de such as cal ci um borohydri de; an al kal

nmet al cyanoborohydri de, such as sodi um

cyanobor ohydri de. or |ithium cyanoborohydride, an

al kali nmetal tri-(Cl-C7-al koxy)-borohydride such as

sodi um tri net hoxy- et hoxy- borohydrlde a

tetra- G - C7- al kyl ammoni um -7~ (cyano) bor ohydri de such

. as tetrabutyl anmoni um bor ohydri de or

t et rabut yl ammoni um cyanoborohydride. r A suitable

(cyangjbadohgdridecauch le tetethutytammeoréum-barbhydrideiot tetlajzdiyiagesonim-
n donor is,.-for exanple, nickel, such as

°W”§Bﬁ§§%%?@ke| and noble netals or their derivati ves,
r for exanple oxides, such as palladrunr pl ati ni um or
A Rl BN A0 aBR AP St o f 55RLE o . or
~ exaroe, ugkel, suctt as Rereynmitke), apt zmpblﬁ matads ontheir deriviatives, finexample

oxrd@’ g?er%% Il'ag n'\é\”gﬁairfhl'r@ﬁ'pﬂ g)gat%ﬂ r?roxfae Wﬂ&@&ﬁgb? \Agﬂrednﬂ!'esared to

ressures
suramnmtelia}e fer exsopieiocagdng cmcalr:wmnarmmp@r for @xamplet patinium on.
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ot ffcdchodift o SR B LR i
out at @reSﬁ@rres Eghyasnd, and ahpst 1A 2BwRpriess aryl strpem ﬁemreﬁratarmbetween
abor%‘; Ladd8S kb &l 200%¢, in farintrbetied?@86m t&ﬁpermﬁ% irn{ ot ﬁﬂi%

ormc acid or 'a salt thereof, e:qg . met al
or al kyl --anmoni um sal t thereof for exanpl e, the'

A prreqfel‘riéadiJ M dredert AShoP R for Shatiple Sa'?‘éytstérﬁ‘%rﬁ&fsrng' 4. propé’r%? hﬁ&qlf desired, :

in the presence of a tertiary am ne,
B N e R e e e M R By AR
alkyl%nﬁ'ﬁrb}ﬁbr% s&ﬂ@lﬁbr@@‘ RF Badifdie, tRe S&ITG sy Bk potebiumandreof, i -

' desrrfdgm B'?ﬁ grﬁgeernge % 2 tSQ'EWoaﬁ'SQ%r?é‘FgS? 1"'ﬁ§}'@ﬂﬂg}"ﬁq ggurt?rer Il'rydrogen ‘doriors-
compries! atirenaduobols soyle b kteaa) zrmthqxwlsahﬁmol tbetzyh hlicohol, benzhydrol, *

pentlﬂr[r1 g%l %01 h%ﬁ&.BPE O;RMI&?% %}‘Eﬁ:hg%%%f qrybﬁgiﬂg %plohex ne

phoS 'ati er'edr suc
: cyclqﬂeead;erm rmiasal tetralhle indoline; tetrahysiequinsiine thydoauioeng, e,

ypcﬁHQﬁfhﬁc 8 F Q'sﬁrta%fé %ﬂt thérgé’lrb‘iﬁﬁ g tHe s%biuﬁ{‘% therB6F, sodium N

drogen onor be used as. sol vent
- tetraéxcireaqrarer W@%raﬁﬁ%fhtﬁlaclﬁ’r limepanecoriapes. Anhgygropr donor may also -
be uS&d SNéMenk Sespééranyezc%@rpém ofRirRiB@Biaenol which is .

unsubstituted or substituted. Suitable substituents
conprise, for exanple, one, two or three substituents
A suisie sélenidé () for example, selenophenol which is unsubstituted or substituted. .

~ Suitable substituents comprise for example, one, two or three substituents selected from
e.g. halo, trifluoromethyl, tnﬂuoromethoxy, Cy —Cralkyl C,-Cr-alkoxy, nitro, cyano, hydroxyl,
' Cg—Crz-alkanoyl C,-Cyz-alkanoyloxy, and carboxy. Those srlanes are preferred that dre
completely soluble in the reaction medium and that may moreover produce organic soluble
by- products Especially preferred are tri- C,-Cralkyl-srlanes especially tnethylsrlane and tri- -
isopropyl-silane. Preferred are oommercrally available selenides.

A suitabls silane 'is, for example, silane whichis tr'i_substit.Uted by a substituent selected from -
the group consisting of C;-Ciz-alkyl, especially Ci-C;-alkyl, and C-Csp-acyl, especially Cy-Ci-
_ecyl. Preferred are commercially available. silanes.



e.g. halo, trifluoronethyl, trifluoronethoxy,
C -Cral kyl, Cl1-Cr7-al koxy, nitro, cyano, hydroxyl,
C2- Cl12- al kanoyl, C, =Cl12-al kanoyl oxy, and car boxy.
Those silanes are preferred that are conpletely
soluble in the reaction nedium and that may noreover
produce organi c soluble by-8roducts. Especially
preferred are tri-Cl-C7-al kyl -sil anes, especially
triethylsilane and tri- |sopropyl-silane. Preferred
The aécﬁrcmfﬁhétioﬁﬂ i )arewably abrried 56t UrabIORSdic, Aeivalicr Bfeferably under
e s

basic porilliper; AstapS BesectinBes. R Gerole) e ekl meishhycrpyise or
carbﬁmalel,muﬂb Bs lssdlumgrydfoxﬂk fet@sshinkmtdroxides Potdskium&arbonate:

Q- i al C-C8-. . .
Furth el AL AL 6 B SSA P e e Lo aeming e as
triethyteditios, |tmLe-mopylmmne,nmbstylmmfeeoradﬂhy}ddmprdp@ﬂm& alpipdeidine, such

as Nk Bpfi e, b BlrpRORE SRR b NRE R e RSl PBRes

rncluﬂelrmiurdnyyﬂromdej @odium rwdrdxrdaaﬁo@;unswdnomc&bdmaim sodium carbonate,

potale_élu %ﬁg@@‘gen&%&?ﬁé e&% Méja?‘b%\ tep (E Secs:ile rgré Fr?_p asto(?:hum

an am n a5 can
hydroxide, Gbdi@T-carthgriatmonte-n-wopftaraise. t r i et hyI am ne,
tri-n-propylamne, tri-butylam ne, or
et hyl -dii sopropyl am ne, *a' pi peri di ne, such .
The regiuciiveramingtiopi ip earried n@t in g suitablepingrt gqﬁvm or 8 gixiurgof solvents -

-.nclulgr a*earl ms?rmnrsr&nvé’r&eﬁaryroe%beaeﬁwnﬂ 6 ydes gg&ﬂge&h‘ng

oxl de, sodi um hydroxi dé, sodium h rogenc

: ma‘%'@l?rqwﬁfﬂ‘&h?dﬂéﬁ and (Ipe) diant %ﬁ"%ﬁ‘@@%ﬁr%@h@séﬁéum

: boroﬁﬁrﬁ&%lr gtﬁ}unpﬁérbﬁﬁﬁrﬁﬁ arFSaMRGIHIal |n§toetél b@foﬁ?&rﬁﬂ dugh a8 @hlb"m’n
roxi de or tri

. boropysiies drykall ala) NGOPTO es o i ST SRaoP Bl fthium

cyarﬁbd)rdaydnder is aised #$ redacing ag@itvfenémmﬂle)elpmwr BOlviat} for example an

»aloopl Shen SORAFAN CRAT e SiRnplo el iR of Ui Bsperea.
<« If anaafichh (rrbeital iy C4-CH-alkoxy)-bblobydridestich as,mmymeﬂwtecysaﬂmxyas

- vorc i AIE B flERmob LRSS Kt a@rremrurﬁammonium{

et a oro e Su
. borobysirigieyai tatr@éutmmraq’m'amcymbarohweﬁ@s@ﬁerhwradueng ggent, for:

exarﬁﬁle hy@%@h%&yﬁeﬁ he Ed?urBHér ei&rs %ﬁch aﬂ éthﬁéééﬁ%te or rsopropylaceiate
yanobor oh as red

etheg A A6 S MBIORFER B \?Brwwlmehv'eka%r@aﬁ Bretared. 4f byskgen ora
h dr§gl§rfd@ﬁ>r rsm%bb s %ducﬁb@ﬁ@h edcha fﬁénﬂéednce of a hydrogenatron

ano r S erred '
catalypy 8 PPl EaNA 15 Hrelebpd cTHS 140 YE B alid e diso b cA A ot eg: in
a miStQe ofan drganitesdmeny with vatey,-boliomoniy-dihd Biphasic. In a biphasic system a
7 a k ni rohydrid such as
phadeiArast SR e o e, ¥, B
benzy#timetbyiampirenimomhalidecs. gmiﬂlmdehydy beladded. i s used as
reduci ng agent, for
If Ry and Rz both represent a protectlng group and if the compound of formula (llb) is afree
base, i the presence of. a base is not requrred I, however Fh 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 Ry and R, each are hydrogen, no racemisation is observed even if the



exanpl e, hydrocarbons, such as toluene; esters such as
et hyl acetate or isopropylacetate, ethers such as
tetrahydrofuran or tert-butyl methyl ether are
preferred. If hydrogen or. a hydrogen donor is used
as reduci ng system each in the presence of a
hydrogenati on catal yst, a podtar solvent is preferred.
The reductive.am nation can also be carried out e.g;
in a mxture of. an organic solvent with water, both
reaction &- caauhet dait pith sfgal ok moee thiap bas equiaitefbase lphasmnd conditions,
S h but yl ammoni umhai f de,
Pre‘%’.rag& {)r?%"r'é:egéeﬁ e\é?)tetvg%ﬁlzﬂﬁ‘ﬁ e%oﬁ% amoni um hal i de, e.g.
chloride, may be added. If Rl and R2 both represent a

The i’ﬁg&%ﬁf%&%ﬂmg ggégﬁsear%%tésf totr\B9el %@P&Hﬁ% o‘?fonfnglra:IH a?th(at &B) be used

resence

as intermediates fpl’ihB,mmWMe of Re comphyt fdermulm@). R2 i s a.
protecting group, not nore than a nolar equival ent of
a base may be added. In order to -avoid racem sation,

The presentigvertion lkeyvigs refatesdbInpvel gpmpeunds of faspulad|l h@thaé@am be used -
gﬂﬂi HP&: and R2 each .

as lnEatlre d@%?%%gﬁ%%{ugaﬁuggf I%farr?ﬁol S ol;%ﬂuvéc;%)' even if the
-9- reaction is carried out with equal. or nore. than

The %ﬂ@ﬂ Hf é( é&rﬁ;ﬂ&un@fof Ram@iayn @?ﬁvltma |cgm69ur}ﬂi 6f'ft9rﬂ§ﬂa %l b) results inan
. prefera eratures between -10C a
'”te'ﬂ}eé’?éwfqr%@%ﬂ?m%ﬁsr%ﬂ(@/ﬁ%gfP@i“%ﬁ dkc} o novel conpounds- '
. -of faormula (11 a) that- can be used as-..jnternedi ates:
for the manuf acture,ﬂ%he conpound of formula(]). The
. present invention lik se relates to rovel compounds
wof: formula (11 bgofhatx can be used %..1.,.nter nmedi:at es -
_.ﬁ.for t he manuf acture f he con‘poundLral formula (1).
“Thé reaction of a'c odd of_f or mufa (11 a) vvlth a
~compound of formula (11 b) fts in an . -
.internediately forned | mng [ base) of fornula
"(IH0') R (11lc 11 ff that R1L that can,
. under certain .reaction condjtio jk isol at ed -or
~that can be subj ected to tlgle eduyctt’l on. wit hout.
|solat|on A o]

. that cam, 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 absorptlon or adsorptlon or

by a chermical reaction. A suutable water scavenger includes without limitation anhydndes of
organic acid, a!ummosmcates such as molecular sieves, other zealites, finely divided silica
gel, finely divided aluminia, anhydrides of inorganic acids such as phosphoric anhydride



The reductive amnation Is a two-step reaction, the
formation of:an imne by renoving water, followed by
the reduction step-. The renoval is an equilibrium
reaction, which can be directed to the formation of
an imne by continously elimnating the water, for
exanpl e, by azeotropic rendbV&t. Furthernore, a water
scavenger may be used to renbve or inactivate free
wat er . whi ch maybe effected by a physical process such
(P:@9), mb@mnp:tsuﬁartes suchdasneghtivro sultate, sbyiuen suliate] arad magnesium sulfate,
I enger i ncl udes W t hout
an] 6 HBaniC BN PR S SRR IEBKETOTC o
al um nosi l i cates such as nol ecul ar si eves, other

v SB35 SRl R el 6 <98log £ Bt o 1R 1 1.
comprovsg lebfarmular(H il isi rdectedaitiv i comnpeungand farmulal (1).oBaybedmthe

[ f f : i :
pregl%fl ? ?tfg blé%ﬁrfdjﬁo or '?Z%g% ngrg?iéﬁé ai- t ﬁ S ﬁ% as cai gﬁgjrr?an then be
conypittest m:ecorresrmdm @mwun efifernubatll a)iby reducing the compounds of
mula (Il .
o 25 M 08 00 heRIBAHG bR Bl b 7, (|
conmpound of formula (Il b), maybe in the. presence of

Th@rn%@draief mﬁre' of ASHFHURI. (1 %IF@ Gah NS Be iSRSVl of the -

formuta (11, - % can t ~caonverted .into
solyegt ree%;ﬁ’drﬁ’éﬁt‘r‘r%}"’ o?ﬁ?&ﬁ'ﬁﬂbébﬂzem?%fe&“"("ﬁw MARy reducing

.the conmpounds of formula (it c') with a correspondr ng

red nti.oned .abov The i nt.er
in & RiplREreRan gy e docpfe et € e egt el iSRG dfnpound.of
forrhglaliated by renoval -of the solvent, e.g. bhy'- S
distillation, especially by azeotropi ¢ renoval of
water. In a- preferred vari ant, -the reductive am nation
“The eeductiveiastinaion isunphiqueferablyciamiddrayt witbarprsomval ofdfee water,

es;;eeﬁw"é Iﬁ%(aln'd F?z Qemgcp F‘og‘éﬁ QHG WftH @ bakd ktw dsoé%diuﬁw xide, a.solvent

hout renoval free water,

sucéﬁmfaaw amﬂ f rwucmsdewe% YGhps WHW?MH% Wi th a

base such as sodi um hydroxi de, a. solvent such as

met hanol and a r ucrn rea ent. suych as, sodi um .
In iR Bipaimige Strieting] St bevasenen g leuda gL paffbrse both the
corfispomditg E@ﬁmﬂmﬁt&i&spéncf ny Mbme( theren!. ) Petenediis thelibisbmer. -

they corresponding E and the corresponding Z isoner

thereof. | Preferred is the E isoner. The present '_
The preeentiinventiork iwivise relatestte sompoundapbiormdda i ¢’} whenginaR«(is hydrogen-

or fi te}ra%lg hgh%ﬁ? gro%p%'ﬁ n R9ls lﬁdrogfeﬁ BFL EﬁrbBy;SrSf‘eEhrﬂﬂgroup

dr og car

Copesmoadrng sgmgewnds. can @@ruse@, pointrrmgdiatesierihe maptiaciiee ofdbe
corfSounBlof fdFRtlladl)e Prifefred Qr% FRpeliRed éfrf&nﬂﬁa {h®, wherein at least one of

R, and R, represents hydrogen or both of R, and R, represent hydrogen.

The compounds of formulae (il a) and (I 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



compound of formula (I). Preferred are conpounds of
formula (11 ¢c'), wherein at least one of R and R2
represents hydrogen or both of R and R2 represent
hydrogen. The conpounds of forrmulae (Il a)' and (11 b)
are partially known and can be prepared 'according to
nmet hods known per se.  Anot het- enbodi nent of the
present invention is a process for the manufacture of
the conmpound of forrmula -11-- HN NIJ-" (il a') or a
n fgaNt thereef, conprising (i) reacting a conpound of-
\pfé NVN Hal (IV a). or a salt thereof, wherein
il ogen, with aconpound of formula RS R6 , RO
wherein Rs, R7 and R8, independently., of.one

represent hydrogen or Cl-C6-al kyl, such as
Yethyl or e{l{?ajr, and RO represents Cl-Ce.al kyl; ;or R7
and R9 toge form CZ-C5-: : - al kyl ene, such as

or asaliythereef, cpmplisit®ene, butyl ene, or R6 and ; R8 toget her
f Jonl ePermuian t he presence of an acid; and
(|) %?&F@act InﬂJ rmu

a resulting. compound of fornula R6 R7
N 1 T--_ N—11 . _ _

Hal

(IV a) _ . :

. or a sait thereof wherein Hal is halogen with a-compound of formula

’ RS y

RN R .

. R (IV b)

-.wherein Re, R; and Rg, independently.of one anotfier, represent hydrogen or C;-Cg-alkyl, -

-such as methyl-or ethyl, and Rg represents C,-Cg-alkyl,-or Ry and Ry together form C5-Cs- :

- alkylene, such as ethylene, propylene, butylene, or Rs and Rg together form Cs-Cg-alkylene,
in the presence of an acid; and : C :

.(ii) reacting a resulting compound of formula
Re._ _R7

R9 N—

RB
' Hal

ive)
with a compound of formula

(Iv-d}:

wherein X represents halogen such as iodine, bromine or chiorine, and Rs and Hs,
independently of one another represent C,-C7-alkyl, such as methyl or ethyl, or together
form C,-Cas-alkylene, such as ethylene, propylens, butylehe or 1,2-dimethylethylene or 2,2-
' dimethylpropylene, in the presence of a transition- metal catalyst; and



ONN RS Hal (IVC wth a conmpound of fornmula o0'RS
" OR5 wherein X represents hal ogen such as | odine,
brom ne or chlorine, and R5 and H -S, independently
of one another, representCl:-C7-al kyl, such as nethyl
or ethyl, or together form C27C4- alkylene such as
et hyl ene, propyl ene, butyleneg2or 1.,2-dinethylethylene
or 2,2- dinethyl propylene, in the presence of a
transition. netal catalyst; and -12- (iii) renoving

(iif) S ERHRY h?@ehuerﬁlblly & iRaSing@ Step Hb %Fbtééiiﬂ? @F&IpQQFan‘S resultm%
groups .froma resulting conmpound of Tormila

corpReHNANf EFAUENI O N RS Ra O (I1V e) by treatnent with an
sci dpz preferably in the presence of water, (iv) a

re

ul ting con‘poympl of formula (Il a') or a salt

erdBi\ The r&actions Steps (i) -(iv) described above
S j ' R carried out, for exanple the
ustomarily, in the presence of a suitable

sol v | uent or a mxture. > :, thereof, the
reac , as required, being carried out with cooling,
room tenperature" (I¥e)Wth. .-, vvarrri ng, for exanple

by L&tﬁeh?ﬂﬁ%r?&%i& prerefaBy i ih Eh%gﬂaé% QUL of @Gy UP to the

ng proin on medi'dm preferably
(iV)f r@ressiiog compa@d:af for i (Il-e)ooe satt émﬂeoﬂ f necessary,
in,.a, closed vessel, under pressure, in an, inert.

gas atnosphere, and/or under -anhydrous
The reactions Steps (i) -(rv) descrlbed above in the variants are carried out, for example i

the absence or, customarily, in the presence ofa suutable solvent or diluent ora mixture. -«
thereof the reaction, as required, being carried out with coolmg, at room temperature or Wlth
warming, for example ina temperature range from about -80°C up to the boiling pointof-the "~
. reaction-medium, preferably from about -1 0°C to gbout.;t—ZQO"C,: and, if necessary, imar i
:__clo_s’_ed __yje_ssel, under pressure, in an.inert gas _et_rrrpspttere,_ ,end_/pr under anh')rdrous R CORK

, conditions.

Step (i)-is carried out, for example, the in-the presence of 0.0001 t0 0.1 ecjui'valents, BT R
preferably 0.001 to 0.04 equivalents of a Bronstedt acid, such as sulfuric acid,'h)idrochlorifd_s B
acid, phosphoric: acid, methanesulfonic acid, ethanesulfonic acid, para-tpluenesulfonic acid;: ¢
camphor-10-sulfonic acid, trifluoroacetic acid, triehlo_roacetic acid, 0,0’-dibenzoyltartaric acid
‘and the like. R o _ S

The reaction is carried out in a solvent Which is sufficiently stable under anhydrous acidic*.
conditions, e. g. in ethyl acetate, lsoprepyl acefate, an aroniatic solvent, such as toluene or
xylene, or an ethereal solv'e'nt,'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 pomt of the reaction medlum
"‘pre‘ferabTy between 307and"60°C. .

Step (i) 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(il).



conditions. Step (i)is carried out,.for exanple, the
in-the presence of 0.0001 to 0.1" equivalents,
preferably 0.001 to 0.04 equival ents of a Bronstedt
acid, such as sulfuric acid, hydrochlorid. acid,
phosphoric acid, nethanesulfonic acid, ethanesulfonic
aci d; para-toluenesul fonic-adi-d., canphor-1

O-sul fonic acid, trifluoroacetic acid, trichloroacetic
acid, 0,0 -dibenzoyltartaric acid and the |ike. The
reaction is carried out in a solvent. which is
sufficiently stable under anhydrous acidic, -

Step" @) Shria B8, f? ex&nplbnbﬁa;mdzv.@c@ﬁe@blﬁng b&ﬁ;%&;eldf fc%@iaqr\ﬁe) in

an aronmati ¢ sol vent, such as tol uene or yl ene,

or
Wated O & WAL INARRT BT 1 ARPTORYAIE SFA S ROer e gpbs et reating with
an abi%teft é@%@iéﬂﬁ@?atu@tdﬂystﬁﬂii&bn of the ]-Jrc?dtﬁt iBRECHpIShPB\Edistilling

antril as ac:ﬁtonltn preferred

off aE er peRttof E‘et%ﬂ?%?"’e”‘ afifiBg walgty ?°8H"Q @ﬁﬁ@%“aﬁﬂ'é Gognbination of
thes® eﬁe&emslaﬁp@pdatbhﬁgdm dovegtsee BtheR siidheas t8RaHydfturan, +,4-

dioxdig bty pingh IR, Supty B eGSR e, a'swé.%ﬂ@?gsceaﬁvaﬁt Shidgr1-

propbhdﬂ&ptdp@ﬁolnﬁbm’bpyl albathies tojuehe) xyleps pagetie acid or formlc acid. Preferred

solv {s%ﬁeﬁ%atﬁg ogggﬁ ? %ggﬁﬁﬁ%lﬂ%%figég%ﬁoate atl:ch@ such as sulfuric acid, -
hydrdetddricoacii ipb¢ephoptiaciy métbampisulimqadid, athane$uifopic aci]:!3para- P
tolue%tegﬁfo%c' Ac}d 831[}7.( ée%k? %'e?tlcfé%fci ?8&?\‘1%1 ‘iec& pr%fe‘#eﬁ%%*ﬁ 'al:lagmﬁfunc acid v

and hydw@m@ccchvaﬂeramt ahadidhyed)is b@weemegé mhd Gélﬁqumtents With
gﬂébﬁ ed
rosppEtlo HRARS Riardrol Barbllbifhiochd, PEALT Slqd AL
: acconpllshed by distilling .off all.or a part of the .

The RolRBH Qte‘bﬁ‘v}’ %"Harrléwcﬁ]t B&dﬁ@ﬁ@fo coﬁ@éﬂtlbﬁﬂ lédihﬁloﬁrﬁ@twcﬁ Slich as: by e
I nat | r{,.ate, or ’

cws?ggmgﬁq%reaplgn%fm@nggg[ﬂzirna Lz 3§ I’frgﬁ{jtg ad:p%mlxiur g&eswed or .
neceis@oyafter woitolp, esgeetally by BXtidction - @rlwlthasnaao@rhpw ctfmné @action » -, -
alecohol s, such as nethanol, ethanol, 1- propanol,
x“f pr opanol i sopropyl acet at e, toluene, xylene, acetic
acid or formc acid. Preferred solvents are methanol

The @Bﬂggﬁ%?ﬁw@?ﬁé&“ﬁ%a?%Fﬂﬁ%ﬁ@gﬁﬁ"&%ﬁo§”.fS'S*’;‘@?d

met harBsul f oni ¢ acid, ethanesul fonic acid, para
toI ugnesyl foni ¢ aci d, benzoi'c acid, ‘acetic acid,

M coaci d. Preferred aci ds are sulfuric acid and
ygr ochl oric acid. The ampunt of acid used is between
X 0.05 and 6§ ®gui val ents ' with'

wherein X is halogen, for example, bromo, with magnesium under Grignard conditions,

especially under anhydrous conditions, preferably in the presence of an actlvator such as.
1 2-d|bromo—ethane to form a copmpound of formuta

(v ),

which is then treated with Zn(X), , X being halogen, especially chloro.



. Thfzplrsf?é?m of 2.tpira3pipINing @gsiass loangm

respect to the starting material, preferably between
0.1 .and 1.5 equivalents.. . The isolation. Step (ivV)
is carried out according to conventional isolation

met hods, such as. by «crystallizing the resulting
conpound of formula (Il a')yfromthe reaction

m xture.- if desired or necessary af ter work-up,
especially by extraction -'or by chromat ography of the

R oA R B Al o

antagosists gampnibe aestruckiral $eahus the tatrazdietinge tmprobass sequentes for the
i Iy
el AR AR el des SO ERR b Mt wRERERAEL ¥
reqyiredan actlvator 'such as. 1, 2-di bronp-ethane, to form
a coprrpound of formula OR IRS X-My (iV d"), which
s then tre

- ForSaimPat RBHNIPI SR SRR S S o BoR e RSt

reagénts IsausetheThef triptanylonethyigreup infledvbeiaten ghder acidic poriditions. A

oSSR O MO TSR0 8 e BERLAAS o
2-pitemHrRRIaPYtetrazpleRipCtion B ssed nenehiea prtalation gierde Ay

fur@.&:%ltavérgan e esbad ot fis wdwﬂ\gsgmapa%wee dorrdsRE afx@rB! €,
he ri

roagPy P OD TR a s PRl el Gy ged Sorcton
step,rwnﬂd:reatyragatdeyllasgrddsapvamgml eaved | ater under acidic
condl tions. A disadvantage of the triphenyl met hyI
roup is regarded to be its hlegq nol ecul ar vvelg The
llsgeagents Gy yeipg p 3-medyl2-

prob@ gPsLphid SnothaiRarint. a’e'drﬁﬂreﬁ{ova thid ro@ Méquifell hbSR Bcidic conditions .
nver enpy

e [ ctli u
whfER AL kot P Syt SO Bkt foulf BFE borlhl Ponet
trifluoride etherate, or a transition netal catal yzed
AlEIRENVRE Efib DR Panoethyl tetrazole protecting group Is being used. The low stability of
this prott_acﬂhg 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 {(phenylmethyl)oxymethyl group. However, one
type of the two isomers formed is not stable towards organometaliic reagents, not even at

low temperatures.

The objective of the present invention Is to provide a synthesis for the compound of formula

_(Il a’) or salts thereof by using protective groups which (1) do not have the disadvantages

described above, (2) are sasily introduced in high yield, (3) are of low weight, (4) are stable
in the presence of organometallic reagents, such as aryl zinc and aryl magnésium‘
compounds, (5) are easily removed in high yield under acidic conditions which are
compatible with sensitive functional groups, such as a formy! group.

It has surprisingly been found that the process as described immediately above mests the
above objettives. For example; & person:skilled in the art would not exped that compounds



step, which are regarded as a di sadvantage. The
protection of a tetrazole ring agai nst organonetal lic
reagents by using a 2-nethyl-2- propyl group Is

anot her variant. For its renoval this group requires
harsh acidic conditions which are not conpatible mnth
sensitive functional groups!?n the conpound or

product. Alternatively, the 2-cyanoethyl tetrazole
protecting group is being used. The |low stability of

of foinfhi& (Imd)b&ﬁ bé DgedifoPtp cbommgéathrmnpequmm V&), as

corrdsG R, EIOEHg PRGPOI B UBrP S A PESRgLaRe] rnula OV o) wers
not cdhsiashednd stgbie.in Suhraametakorganig sousding elastionb e\ peredreskiiRd in the:

art e p b T o Blnabad P Ree o ofp B g P R Gl 19

would bgaplitrait Hurthernioee,gepersan skilled divihie agttwouldawpect that correspondmg

oSG AR IR OSBRSS e

mild ¢driditeong asrouthaed abctvlaer eof by using protective groups
whi ch (1) do not have the di sadvantages descri bed
~above, (2) are easily introduced in high yield, (3).
Accosdieglpfanother wbgdiment(of fhespresent irbieationiane nove! garepasmde obformulae

v PRI 0, oS o, o e&&%%fzdmwa w

e). yi eI d under aci dic -conditions ‘which~are conpatible
with sensitive funciional groups, such as a fornyl
roup. It has surprisingly been found that the process
A Pfei%"%i%’@P%@&“ﬁ Phihizinspest ‘% ‘%‘1’3BR‘Pée'?Pé'?é’FB"Q"H%'ateéBBG‘é’OmP°““d of
form@RAj). ectives. For exanple; a person.skilled in the art -

.Hevvou]q . not expect that conpounds -15- of fornula (IV

C) can be used for the. coupli ng- With a compound of
“Re.. f (1V dp7 ‘as - correspondi ng:.pr.ot €cti ng groups of
- %h rezgl elyi ng of conpounds of forrula (1V d) were

- Rt donsi ed Po stable in such a netal organic
' iction. A person -skilled in the' :art would

: that correspondi ng protection groups of the-
tetrazol es of fornufaeflV d). would be split off.

e A T, SRR A, B bFeel by SR S B Rbior -
ethylt erttbgetbelefsrmbzm-ratmleae J(duvh e} ethylend, m@yﬁpbj butglefe ohat . -

1 ,2%%18}/%@&{9&?48 or E Bg i g %@gg%tedrr] t%]% } e th!allﬂ]ﬁ lﬁ&%\éﬁdenﬂy of
one annilgr ieor‘esenehydmgen oc Erfoalil suh a‘scmmul geethyl, and R, represents
C,-Cr-alkyl, or R; and Ry together form Cz-Cs-aIKYIene, such as ethylene, propylene, '

butylene, or Rs and Rg together form Cs-Cs-alkylene.

Preferred compounds of formula (IV &) are those compounds, wherein R; and R's,
independently of one another, represent C4-Cy-alkyl, such as methyl or ethyl, or together -
=form Cz-C4-alkylene such as ethylene, propylene butylene or 1 2-d|methylethylene or2,2-

D Vi W

dlmethylpropylener Br wherdin Rs, R7 and Re, mdependently of one’ arfother represent

hydrogen or Cy-Cs-alKyl, such as metiyl or ethyl, and Ry represents C4-Cgq-alkyl, or Ry and Re
| together form C,-Cs-alkylene, such as ethylene, propylene, butylene.



(Iv -a), (Ivb), (IVvce, (IVd, (Ivd);-(11 d"),

and (IV e), especially conpounds of formula (IV e). A

preferred enbodi nent of this aspect of the present

invention relates to a. conpound of fornulae Re R7

RO o TNONRS R81 \. p (IVe), wherein RS and R 5r

i ndependently of one anot her16represent Cl- C7- al kyl,

such as nethyl* or ethyl, or together form

C2- C4- al kyl ene, such as. ethylene propyl ene, butyl ene
Evér more]prafedlembh)tb@'tcby& mnmular(l\Qe)&fd bﬂﬂbdﬂ.mdp whpisireR£andR’s,

ent I not her
naps BB Sy e raretert ErCaih sud Bimest g g b or
wherelyhs, Raadd RQ_rép@WeeBlwn*&genCéncﬂ?{g mbfeysémsﬁ}q -CRéalkghd RO
toget her form C2-C5-al kyl ene, such as ethyl ene,
pr.opyl ene, butylene, or Re and R8 together form
Mo6Bpréierrati Icy’dnpmmdslaf afrmokadty e)cmp oum;ieumi‘s whereiruRgard Rs.e)

lnde%éjwdtg fj}g rﬂ%f%'m%@ eeprmﬁ ﬁer 3-a pr ege%ﬁ?n%gyl Ceihyl ow opyl and
whensthRaand Ry l‘ﬁptesemt hydiogen, and H7@gdtﬂa dogetifep famm Cz-Cs-alkylene .such as
such as et hyl ene, propyl ene, butylene
ethgr% %ﬁggﬁﬁeﬁyl et hyl ene or 2,2- dinethyipropyl ene br
wherein Rs,-R andRei i ndependently of one- -
I
Esge[cfa?rg?ﬁérf?n c{ &gttl%fd?ﬁpounaé’ S f8Rla AV eﬁfa%e%léy hcaﬂ? Hﬁébn!eed in

and RO represents C, -C4-al ky
themorbmlempieeget her form C2-C5-al kyl ene, such as

et hyl ene, propyl ene, butylene. -16- Even nore

iR EEToRSERBORRE ST AR 129 ) P RE oARBDRL PR the <

-~forﬁ1§ﬁ5rﬁéf%ﬂ¢on€faou% obdoliyibla (15 dCWith e comidntibnal etithation of a corresponding
- propyl. 'aqr. erein RBs, R7 and R8. represent hydr ogen,. .
hy‘%WSP"}-/@Wgﬁ?V@i\Q 'f’feforcq)u'h al kyl . Mbst preferred

conpounds: of fornula:(1V e) are conpounds wherein R5.
‘and R 5, . i'ndependently of one another, represent
- C -C3-al®yl, such as nmethyl, ethyl or prqpyl , . and

with the conventional reduction of a dbrresponding derivatives of the carboxylic acid *of

formula




wherein R6 and R8 represent hydrogen, and R7 and RO

toget her form C2- C3-al kyl enb, !such as ethylene or

. propyl ene. Especially preferred are the conmpounds. of

formula (1V e) that are specifically described in the

wor ki ng exanpl es. In: another enbodi nent of the

i nvention, reaction Step (a)y€an. be, conbined with

the formation of a conpound of fornmula (11 a) .with

t he conventional oxidation of a correspondi ng

hydr oxynet hyl derivative of fornula OHO NN R1
W th_the convepti.o reduct i of, a_correspondin .
Wi s (SR o REMBRPBE O R R P P AHIT 4 28 tors o
withl thdrtonveitionahleydedlysis_eF. anragptatesat fireulef or exanpl e,

hydroxy, C, -C7-al koxy or hal ogen such as chioro; or

wth the co tional hydrolysis of an acetal e of
RSON\ I N NINRL wherein R5 and
RS-', i ndgpents y of one anot her, represent
C, -Cral kyl ; ¢ methyl or ethyl, or. together
form C2- C4- al kyterie;sAChy, as: et hyl ene, propyl ene-or
butyl ene or 1, 2-

R1

Wherein-R,r, and Ry, independently of one another, represent C;-C;-alkyl, such as methylor - =
ethyl, or.together form C;-C,-alkylene; such as-ethylene, propylene or butylene or 1,2-
dimethylethylene. ;

The present invention likewise relates.-to reaction Step (a), e‘speci__ally the reduction step of::: = .
reductive amination. If -the reaction is carried out, for example, with a borohydride and under:::+
-basic conditions in a polaf 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 (i1 ¢) or (1¢), resp_ebtivély, can surpriéin_gly be obtained in‘an ~:
‘essentially enantiomerically pure form.'. It lS expec"ted- that under basic conditions, normaly:

‘an at least partial racemisation-will take place. In contrast to this, surprisingly, for example;

‘an enantiomer excess (ee) of a compound of formula (11 ¢) or (Il ¢"), respectively, of = 95%,
préferably = 98% and most preferably = 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 Stép (b), the acylation is carried out, for example, in absence or in presence of a

suitable base.



di met hyl et hyl ene. The present invention |ikew se
relates to reaction Ste a especially the red fiction

step of"-::: reductive amnation. If the reaction is
carried out, for exanple, with a borohydride and
under:.- -basic conditions in a polar solvent,
optionally, in the- presencéBOf wat.er, preferably in a
lower.. ... (especially anhydrous) al kanol such as
met hanol , ethanol, isopropanol or glyne, the,
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mo@ﬁoﬁﬂ@ 'i'gi{)?hame Sffhes Lﬁr@ﬁbsﬁi‘&ﬁ&ﬁ Ir &Bstﬁ%a'p dsNardthes,

ssent enant | onmeri cal pure orm S exp ect ed
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amrﬂ lﬁm%dfoi‘ﬁés@ E?&rﬁﬂé‘s Which rﬁérﬂﬁﬁed htnf@otiam o

surpri si ng for exa e, . an 'enanti oner

hyd@%@@s@t?wm 6?"79”%%@@0)‘1@“@?» mtﬂf?ﬁ)’II'am(nlel trichutylramingior
ethfldu)soprbﬁ%’ﬁﬁ&' N-@l'\é(hyl ﬁfor;ﬁlohr?éo@N rr@if%i Bib@ﬁﬁ:b/e am?&ﬂ{ol-and

preferably % can be achieved. Step (
an'hﬁ? @f Q'F}fmvjﬁr@a?'ﬂ%’ﬂh%%ﬂe andiginens pellidiemar t i ons,

Rtidminbrilurd hiy8olas.aA prderra SR e a trabpgx-ankﬂu%nteo
out roomtenperature,- preferable in a range of about

such) Sﬁeﬁ‘ﬁbd“ﬁgﬁfmyéﬂé’ﬂﬁ?rﬂ‘} PYNdN& eaction. Ste (b), the

‘acylation is carried out, for exarrpl e, |n absence or
R T N D L e
Theqersonrskilied in therankhiolly ereabled tpisplect adsuitablasbinerst or solvent -
v Rl R St T §raB0 b abrfblE S Rftne Ol eqdShenas
ethyirsetate oy mbdureof ethylncetd@e-aGd waltdrya halaganatedihydrocarbon '

sucmig Fr%’fﬂﬂﬁ\% é:ha‘lﬁm fiile Wah &8 af@)ﬂmﬁfe SRR e, dn'?a?lllé*de )

roxi de potassi um carponate, triet h

suchiaﬁtetnahvdrst & Siephee, 1 ATBHoR-SRANR e Such Pt

dimBhiAsrhainiden bR Wy dhBEaMSon; BhdrRid Whieh®) idhwkisseoment.
N- et hyl - pi peridine, dirnethyl- aniline or

"di met hyl ami no- napht hal ene, a lutidine, a collidine, or
. Durlngnizey&dyldtionohy campauriduiidmndiaciic)] df. RAs pydebgan; e base i s

confiparods it B S p B R oo givridar This oy
inteirsediate is snglytprone ta raqemisatibs, maiaiv un@erlbaemtcomrthnﬁ a ‘oun

déh?féa%ﬁ h&ﬁre@? Icé(r?ﬂé dvoided by first adding the compound of formula (I} .
d), especially the halide, to the compound of formula (lic) in.a. suitable inert solvent
(e.g. dimethoxyethane; tetrahydrofuran or acetonitril), then slowly adding a sub- |
stoichiometric amount of the base, especiaily pyriding, in relation to the compound -
of formula (I d). Small amounts of water i 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 (H d)-and a base such as pyridine keepina the reaction

mixture acidic at all times.

The invention likewise relates. to a compound of formula (Il ¢), wherein R4 is
hydrogen or a tetrazole protectmg group and Rz is hydrogen or a carboxy



The person skilled, in the art Is fully enabled to;
sel ect a suitable solvent or solvent :system . For-
exanpl e, an aromatic hydrocarbon such as tol uene, an
ester such as ethylacetate or a m xture of
et hyl acetate and water, a hal ogenated hydrocarbon
such as nethylene chloride,-®¥nitrile such as
acetonitrile of proprionitrile, an ether such as
t et rahydrof urane or di oxane, .1, 2.dinethoxy-ethane;

. proteatifgigroapl/ Cé)(cmﬂmgdi cma-tpbyhd otrfanmmi @l c)pwhéreimyRinoethyieg;

uene,. I S use
P 3 M FRAEAOIE Do E ARTBER e IS TR AR ey o | s
confipotin@gerormulagl). . car boxyl -group might al so be acyl at ed
formng a m xed anhydride. This internediate is
strongly prone to racem sation, nmainly under basic
Theciovehitibn dkewise Réatesiiogaddtion StepbY. eThecmaultieg conpoded oby

forréllélr @L F)a%q'n ptn%otélﬂgﬁi ﬁ%?%uaﬁ%eéégﬁﬂ%%n éﬁl%'pu]m forq") For '
exa(ﬂplez; )amenammm@’lﬁxcﬁsl(ee)lqﬁelcpn‘@t;wvbwftfom(@ @l.cyor (" C ).

'res%c%?é@%é%?@arb%feﬁgfyr%ﬂ51?“ o8 brifordbfiPd 6% Lhn b, then

- stolc metric unt” o
achigysd, especi al | y pyridine, in relati on to the conpound'
of formJIa(II' d). Small anounts of water In the
reaction mxture, preferably two equivalents, ma

If Ra FRRresenitaA PIPtecting BwyR apd Re i# hyatqash or o REStedag BaYR: Bhn
exaﬁ{dpﬁé? e e&@ﬁaﬂéﬁg opbttth E)éoﬁmbﬂﬂvﬂd GI6@Hifa mrd)aé |haative

tion of a ound. g&gud% pﬁ; and a basé ;
-cortegeepding halide 'Bﬁr?lcg ?qﬁ? PR B9 ?pyl- &g d| C
propjlardink. aré B8ded tﬂaﬁiokrﬁy;mﬂﬂlng mombew ﬁé@MIaﬂBﬁ) dissolaed in ..
r.mul a erei.n ogen or
- a S%{‘ag&ﬁog"far %?eél?t é\"@p rgp\?gh'pn%ﬁage@sal ﬁ')?g ?og('gej gr a
.car boxy -19- protectlng grioup, -excl udi ngaiconpound of

|
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_ resultin or an be obt ai ned
o ey SoTROAG, Oyl ST 2 o diehyegion, s, OZL 2 NS

- exanple an enanti oner excess: (ee) .of:-a compound of
'NOlfmally, in co;responzilng corg'\pounds of formula (}l c);. wherein R; is hydrogen, -
one would expect a racemisation. However, in a presence of a base, no
racemisation is observed. '

If B, is hydrogen and R, a protecting group, the tetrazote ring might aiso be
acylated. When, however, the reaction mixture is quenched, for sxample with
water or an alcohol such as methanol, the corresponding compound can be:
obtained wherein R, is hydrogen. |

i Compoun-ds of fb_rmula (1 d) are known or can be manufactured éccd‘rding to
methods known per se.



respectively; of > 95% preferably _> 98% and nost
preferably 99% can be achieved. If R2 represents a
protecting -group and R is hydrogen or a protecting.
group, for exanple, two equi vaI ents of both a
conmpound- of fornula (11--d) .,the corresponding
hal i de thereof, and-a base,: (b g
et hyl -dii sopropyl _anmine or tri-n- propyl am ne . are
added to -a correspondi ng conpound-of formula: (Il c):
Thettes®ohhot thd psrot'@tusglgrba;bﬂ eothahe estrazole and cdrbbxyaitetecting

S b d
oo EB ot A TR R raC SR W W o (14
c), wherein, R2;is hydrogen or a protecting group, one
_ | . oo, paRiniv i
For it 4 BEF Rl 5755 A g O sab o o 71V 1
espedalfydiyatydragenatiidndeepresence ohg enitable iydrogenation catalyst.

A-s@ﬁﬁﬁrc‘é‘?ﬁ stBBOEﬁséﬁgr%r% l&'r%iél 3R] d8hne g%&%%ﬁ‘@ to

ent i , in cdrrespon g cofrpounds
noblﬁmetglsmntlael(q!erlva&\)esmémmpimxweﬁ, hn}qﬂwasg@ﬂadrumme woul d

PIAPERESAS WHERITPSE ibfeo, IRREKEL to Wipeon PR, fr e el
to carign Rp calciympaskanaity HrediygrogeRationanay-prefeeablyi tmgcafwmut '
-at p?és%ﬁre@ Petvian ﬁ&rﬁﬂabo\/}f‘%b athp‘éﬁ&' 8 roohtémp&atald BawBbt Ur e
uenche exa wat er or an al cohol
-abostr@ ° teahaut ﬁ%m’a in W@@Pw@ﬁamﬂ"h@wef?ﬁaaﬁad@aﬁut be.
100898t @i ned wherein R is hydrogen. Conpounds of fornula-

(I'l d) are known or can be rmnuf actured accor di ng to
met hods known per se. Step ¢ :"-20- The renoval of the

Theﬂéﬁ%)%}idf Bgrltglf&li&@butbpérbuﬁ h@spfeeﬁv%gzéﬁrﬁoeaéﬁﬂuéﬁgﬂ b?’&'t&atmg g
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conbitivzy | est er can be converted into the corresponding :
acid especially by hydragenation in the presence of a
sui tabl e hydrogenation catalyst. A sui tabl e catalyst

Ste rises, for exanple; nickel, such as ‘Raney nickel:

Thquaation Step (d) of a compound:of formula (I)is carried out according to 'c:OnventionaI' -,
isolation methods, such as by crystallizing the resulting compound of formula (1) fromithie = -
reaction mixture — if desired or necessary after work-up, especially By extraction - or by
chromatography of the reaction mikture. ' ' o

The cbnversion of an acid of"fqrmula (1) into a salt is carried oui ina manne'r known per se.
Thus, for éxample, 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 convertéd-into-the
acid (free compound) in a customary marniner, and salts with a base can be converted, for
example, by treéﬁng’ with a suitable acid agént. |

The present invention. likewise relates o the. novel compounds as.described jn the Working,

Examples part.

‘The following examples illustrate the invention described above; however, they are
not intended to limit its extent in any manner.



noble nmetals or their derivatives, for exanple oxides,
such as palladiumor platinumoxide, which may be
applied, if desired, to- support materials; for
exanple to carbon or calciumcarbonate. The

hydr ogenati on may preferably be carried out at
pressures between 1 and abogy-100 atm- and at room
tenperature between about -80 to about 200C, in
particul ar between roonmi tenperature: and about.

100C. The reanaI of atrityl or tert-buty'group,
respectively,’ can be achieved by treating

WorkingExamnledi ng protected conpourids Wth an acid;
especially under mld r. conditions. . Step d The

Exainp@l 5t i on Step d of a conpound: of formula (1), is
carried out according .to conventional isolation

nmet hods, such as by crystaII|Z|ng the' resulting
a) @’?éﬁ%‘?é{ o OB ARV £10) H A SRb S Ebiph GRS Rl /- ficenal:
- desiTed Or necessary after wWork-up, especially by
éﬂﬂ@@ﬂﬂ&ﬁé‘ior by chromatography of the reaction
m xture. The conversion of an agid of formula (lI) into
a salt is carried out irn a mannegr known per se. Thus,
for exanple, a salt with a basg”dotegonpounds of the
formula (1):. is obtained by treating . the acid form
“with a base. Salts with a e can, on the other hand,
be converted into- the (free compound) in a
customary manner, o@ tstvith a base can be
converted, for exampl¥& T Y{reating with a suitable
aci-d agent. The present | mwghtion. |ikewi se relates
_to the novel. compounds as described in the Wrking
ﬁExaanes part The foll ow ng-exanples illustrate the

Aquik ?&5&1 LiflicR2eY.Su NANEY S hm&lﬂ@)édééoeto aﬂéﬁrred

|ntene its extent I n ‘ -
suspRpsien ol Lé&@%(%@ 9; 20cfypmel) and 234y Hﬁpt@}gk%ﬂ)—@,phgpyl 4-carbaldehyde

(5 g&mehhﬁ&)ZWé:eif (&odujlatlﬂoérﬂtté;ﬁﬁéaétm% ¥htt pRiAheradbhéd. The resultlng

El Z) =
solutlon is strrred t roo gmperature for 15 minutes. The clear solution is evaporated at.

‘80°C’in vacuoe, and remaining water is azeotropically removed with 10 mi 1-butanol, “%.v
"H:NMR (CDzOD, 300MHz): Coe s .
=821 (CH=N, s), 7.67 (CsHs-CH, d); 7.40-7.60 {4 CsHs-CH m), 7.18 (CeHs-CH, d); 3.42 -~
(CH d), 2.31-(CH, m), 0.98 (CHa, d), 0.82 (CHs, d). _ BT A

b1) Prepération: of (S)-3?Methvl'L2-((2‘-(1H-tetrazol-S-vD-bi' heny

. acid




am no)-butyric acid fJ COH N, N Aqueous sodium
hydr oxi de solution 30% (4.2 h|;; 31.5 nmmol) iv added
to a stirred suspension of L-Valine (2.43 g; 20.8
mol )- and 2" -(1
H tetrazol - 5-yl)-bi phenyl - 4- car bal dehyde (5 g; 19.6
mol )-, In water' (20 m) at _.pbeam tenperature,, until
pH 11 is reached. The resulting. solution is stirred
at roomtenperature for 15 rriinutes. The clear
solution is evaporated at-. " 60C in vacuo, and
remai ning water is azeotropically renoved with 10 m |
Aglietust sdilim hydréiide $diEion@ADRAappradmaddly) 100,mi; 260 @mdl) is.added to a-

snr%?%_hgpiégl?%fl—lg@éh%g% gcg'OQlE?mctl)anc"i% ;1 l-?%t iolg@)}(l_%_[)%ﬁyl -4-carbal-
deByd®326.0 Ig; 160 Aamdd). iB vafaTiiRN0 mil) at fwbin tBmppmbtas, untit pHb1 1 is reached.

e JeRIoH aaiines € ptarorie) SLEPG jetet ol pprersp aneotro-

ploaﬂwmmed wilh drhutandt. okiedresigos (imineras 2. Dlidfdaay) jix dixsohetidn gbsohife : -
etre38) @Bbg OQm{r%H i bﬁroﬁ%%g B3pp 10 hblol) ?éi RIAARFEGHAR 10 the
soltign i Cbﬁ"éh yThmreeqwbahlxtumh yHireed 2630 mi) atTBH Crand, )it therreaction is
co}é@eﬁ‘{ggi@ﬂ_ﬁ[]ﬂ&cﬁéd ;PéHEtn%ﬁ BPRLRL 406 mipaid ljédeH‘éhﬂ:?‘c béid 2.0 Mi(80

e resu Tl ng c | ear 1 on | eva
mixt60gpmol)n The etganicaslyentdatipnelhig sitipped off é'omztboplp@r solution: (pH 7) at .

50RE flacto.! ﬁﬁ@m. dgs Ehtﬂeobélﬁérfb%htrate E'"!fd;ﬁs@&i By 4 | bw(sm a@dition of. .-

a solid foam 1 ssol ved i n absol ute- et hanol
hyﬁnoyhlom'%%&mm &ﬁqs{%wg'w 78l B1078mg)) at # CGrrRyiring the addition the. -

deSifBstodubt pRCIItes, it édﬂ@cted sphm&mnwaéh&rvﬁfﬁ watééand driedin: o v e
reacti on mxt relss red f

vapdo- e § é}ﬂ;lifp ¥t fesusP IEE P@@&?ﬁb% ﬂ@}?e*glrryﬂ?cooled o
. rodifl irhpepatund (BRBaretiyl QX (aH()H-towdzbisypisibhantyi-4-yanetlylRafino)-butyric:::

actli Bty MASTRM mefBiafhdaple, sol vert, (ethancl) Is .,

omthe-clear ‘ion: (pH 7). at '@ 50C
i n vacuo. The remmi ni ng. agueous. concentrate is '

bz?dJAﬂéﬁwgﬁ\/eﬁ)P (@"5 e8! l(@"‘h@ﬂt@iréio‘? g-yﬁfblphenyl-4-yl-methyl).-am|no)~butync

. acud canbe prepared e.g. as. follows: .

Aqueous sodium hydroxide solution 10 M (approximately 41 ml; 410 mmol) is added-te'a -

- stirred suspension of L-Valine (24:8 g; 210. mmol).and 2*-(1 H—tetrazol-s-yl)-bvph_enyl-4~carbar-.:-~.‘-:’='--
dehyde (50 g; 200 mmol) in water.(200 i) at room temperature, until pH 11 is reached. The:: ;.
resulting clear solution is evaporat‘ed--af 60°C in vacuo, and remaining waiter is azeotrobioally
remaved with 1-butanol. The_residue (imine as a solid foam) is dissolved in methanot (60'0."

mi), and sodium borohydride (3:13 g; 80 r'hmo_l) 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), -
guenched by addition of water (300 mi} and hydrochloric acid 2.0 M (160 mi; 320 mmol). The -
organic solvent {methanol) is s‘tripped off from the clear solution (pH 7) at 50°C in vacuo.

The remalmng aqueous concentrate is adjusted to pH 2 by slow addition of hydrochloric acid

20 M (approxumafely Sl.ml)at"40°C'“Durmg they addmon"the desired: product pregipitates: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 ternperature, (S)-B—methyl-2_~( (2-(1 H-tetrazol—5-yl)-biphenyl-4-'yl-methyl)-amino)—butyric
acid is collected by filtration and then dried in vacuo.



hydrochloric acid 2.0 M (approximately 70 nl; 140
mmol ) at 40C. 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 nethanol at 50C, and the slurry is
cooled.to roomtenperature. (28).-3-nmethyl-2-((2"-(i
Fbtetrazol . 5-yl)-bi phenyl -4-yl -met hyl ) - am no) =but yric
(.' acid. is collected. by filtration and then
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resid (imne as a solid foam i1s dissolved in
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~ The reacti-on m.xture lé&ﬁlﬁlrre
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stlged for g@ou‘%at 0°Cx - thg geachion: qup]legug\ 89 BY t-lﬁ[;gc) then quenched by
adamsn 6Wateby10aal ahd BYdredhiovataeid 4730 (. 31) urdiigH is between 2-2.5. Further
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" Er@hmem&lxbess)(byﬁ-MHCj)eeai 9%9%i'n’ vacuo.” The remai ni ng
- aquepus. concentrate i-s adj ustedito.pH: 2 by.sl ow
addi ti on of hydrochloric acid, 2:0 | Mapproxi mately.
b4) O Bterhitively; 48} Enidtini-Ad(2- - tetrdza)5aM-biprenylel yimeethyl)-amino)-butyric +

'aoﬁbf&ﬂ%&t Qphi&ﬁ@'té‘e%%owét is collected by flltratlon

water and .dried in vacuo. The crud
In grogdulétes! gutoclave Senady-3{H -&e! Héﬁmzoh&yaeeheexhﬁ Wemeth4§/Z)-

ynﬁéﬂe] amfr?wbmyﬂubea 1 E@ee 2trﬁrao|;bmu 5% nvs: @®hg bt M/wh)@OBharged
era

R bt LS msmsneﬁ% St igeeih h 9ales e fuhed wth
- argén 4hd Kydegleh e The grdvguiielis setad 5obarsand thdyackbn stieret At room e
- te@gera&re eﬁ}eéEerth%coo r@%’uog |s§é§rﬁ recéb)y I?gFLL C)l'hen tﬁe aut%crave is flushied -
' wutl'katrgdin“ airbthe Satalyst isifiiéred pif- Burther waukhyal a)nda:nyetail)samn greidone similar <

e prepared e.g. as follows: Sodi um hydroxi de
to(e érgﬂ'garbzgl 89 mol) is added.in portions to a stirred
suspensi on of L-

b5) Alternatively, (S)-3-methyl-2-((2'-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl)-amino)-butyric -
“acid can be prepared e.g. as follows: . |

2'-(1H-tetrazol- 5-yI)-biphehyl-4—carbaldehyde (0.79 g; 3.2 mmol) and L-Valine (0.4 g; 3.4
.mmol) are suspended in 15 mi methanol. Then sodium hydroxide is added (0 27 g; 6.72
""nmol) and e reac’tlon RAGRS IS St rred ‘Gt oo temperature “Until" 3 Slear- SOMIIoN 36
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 af 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).



Valine (2.48 g; 21 nmrnol) in 15 m nethanol. The
mxture is stirred at roomtenperature for 30
m nutes. ' Then

-(1H-tetrazol -5-yl)-bi phenyl - 4=car bal dehyde (5 g; 20 ~- -~

mmol ) is added. The . m xture becones a clear solution
after a few mnutes. The mxjque is then cool ed to.
-5C and sodi um borohydride (0.315 g; 8 mmol ). is.
added in portions to the solution. The tenperature'

mai.nt ali ne en 083G ., during. the addition. The
En@zgw{l?ﬁgeﬁ?&yﬂfﬁw §e>9§$ {"Ted for 2' hours at-0C
-the reaction conpleti on*l s' foI I ovved by HPLC - then

‘C) %I %Eg%ﬁgn of’{@ g MY

ZRind:-bviicidot  wor k- up and crystallisation are done
~according to exanple 1- b2). Enantioneric excess (by
HPLC): ee*>*994% b4) AI ternatively,

(S)-3- rrethyl 2-((2" - :
H=t etrazol =5-yl)-bip -4-yl -met hyl ) -am no) - butyric
acid can be pr&pa—reglﬁg asyfollows: In a 50-m steel
aut ocl ave, -

3-nmethyl -2([1-[2- (1" Htlet
-th-(E/2Z2)- ylidene]-am no
-mol) -and 5% Pt/ C (7.5. P mt / wt)) i s charged
under argon.. Then 15 m , are added and the
~aut ocl ave i's seal ed and f,J' ghed”wi t h- argon and
“hydrogen.- The pressure isws®t to 5 bars and the-
reactlon stirred at room terrperature The reaction

~ conpletion is nonitored byHPLC. ' Then the autocl ave is,
A sigpgosion of: (ﬁ)ta-mamlcﬁw((arﬂdHtthféaZ@h‘i-aiwlﬁhenwifyimtbyi)a@m@p}-butync

‘acit H A 50%%0?% @Q%trﬁ@%@%@ﬂa’h?ﬂd s B d8B°6] dHd valersyl-

exa (?r natively,
. ..,chk(rg)a (gs,@%wl)(lf added, followed by slow addition of pyridine (6.0 mi; 75:mmol)

dnvutéutvafﬁﬁzxatméhwybmah@ (Bowih.- B3 yAﬂewe&rhmbﬁoredmﬁwaeabﬁwmeqeacuon

d b
- oii DS e bRp S5 Frabhuntaeien ) £ 30des g oamy
t n@ﬁtﬂtarepmw ditevaliningfdrQ. i the; miRtude is aRkled as pH TGP eadtinibricn;:

aasud o BaRGhare KAERD 0% LT SR 326 Hindyye 36 tpb B sowvents:
arerstripped b ap80°4 in wecumtEthylaced:ate £2530) istadded tosthe berediniegiagueous .

,_ con?e/l"nt%té Gin gjrhesg&f- ﬁé ‘f% stééto%ﬁiﬂfg%o g‘*@gﬁé‘&d&%\ao\f% :0'M HCI:

edl e argon and
- %ﬁr@ﬁsmheotggm@n‘\as&)lsssegaﬁ?dmd conaetrried 6t 456 Ingagd (wetsals

azee{ro;ﬁ@éﬁ¥ ;Jrhsved) r $RE &r'yQtBlhEzQBﬁ |oﬂhb%'ibdu§t xgﬂﬂiatté%f A5BY and.— - atter

hée autoClave is flushed wth argon and t
add@mfqu'on%am (102 3¥lbs comPpletes BYRBINGViB I K- o s gpi & Golectid by.

filr@onS A ftes i) atBoeC AS8-rAdtji2aperitan kB P Hetelrald)5-yi)-biphenyl-
4-yimethyl}-amino} -butyric acid is received as a white powder.

Melting point: 108-110°C

; Enantiqmeric_ excess (by HPLC): ee >99.5 %

azZ6l - 5= yI) bi phenyl -4-yl]-nme
tyrld acid (1.5 g; 3.2

' [1] Alte'maﬁvely' p_'yridine and véteroyi_chlbride can be added alternately: A suspension of (S)-
' 3_—méthyl-2.—((2’-('1 H—tetrazol-s-yl)—biphenyl_-4—ylmethyl)—amino)-b'utyric 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
mmot) is added 0vef15 min., followed by slow addition of a mixture. (7.16 g) of pyridine (5.6



-24- Enantioneric excess (by HPLC): ee > 99.9 % «c¢)
Preparation-of (S)-3-Mthyl-2-{pentanoyl-f2'-(l
Htetrazol - 5-yl) - bi phenyl -4-vl nmethyl | - am no}-butyric

acid v v N COON NN NH A suspension of -

(S)-3-methyl-2=((2"-(1

Htetrazol - 5- A) - bi phenyl - 4-#5ret hyl ) - am no) - butyric

"acid (17.6 g;- 50.0. mmol) inl, 2-di net hoxyet han

(116-g) is cooled to -5C, and val eroyl- ch)drde (9.9
g) amwai’éi? ( bvér%‘l aﬁdeﬂﬁeﬂ‘ aﬂrﬂur@mspbdom.nsbaévozaembﬁd@@ §; 435

t
) 5 46K AG OHE 78 SAIEABHOY o 2P Ay G BB P 653 9) o
yndulitse‘1 Erhcp\ﬂatef 1@@ )2 tek BHch Abditiod bﬁp}h’fﬁlrfél-tﬁé‘ 9ha§lccmubmed by

e G 'v(l?ima*éw)aiear Tt he S shLiNays be e 2.5. The

. feadtib®igetiled i6r 25 iR, Ussnachtér2ple gf isadakd avsHIoi rein. Phe inixture is
aqueous sodj um ca

L b t
s G ot BB S Saf, b o8 i g e ka2
houd{ AEﬁlﬁtemer\tacm rembdapi cﬂgaﬁlabtﬁive(nls?ﬁj dibtjllatiorss frthee doitkeup and

bR AR STEY L AR B 1

.98 M’). The organic phase is
separ at ed and concentrat ed at .45C in vacuo (water- is
Exampled: roplcally renoved). The crystallization of the
product is initiated at: 45C and-- after addition of'
T husmmleecmbe(rnwawn)bv-mwmf Swéd'wgcreemon §gebemesC.  The

-solid is coIIected by. filt yﬂ,@fter drylng
2' -
%

At 50C (S)-3- L2-{ pent angy! -
" tyazol - 5- yI) phenyl 49971 Ty
rce| vetNas °a°<wm'-t e p' J8r. . Mel ti ng

| HP O:
S atlveP?H-pW?'GPne and, va erhl ori déastan be
- added™4l t ef nat el y: A suspen5| o,pr S _

s 3-methyl=2-((2'-(1 * == L Ny-Nm ' :
. Htetrazol - 5 yl) - bi phenyl -4-yl met hyl ) - am no) butyrl c
“acid’ 2 72 £~ i) |n12d|r@tethane(126

i S dto L, and val er oyl chllorilde:63. 75 g;
“i sadded: over- 15 th--by sl ow
" mxture (7.16 g) of pyrisip$(5 6 -25-

“Ny—NH Ne—NH

.a) Preparation of (S)-3-Methyl-2-{[2*-(1 H-tetrazol-5-yi)-biphenyl-4-yl-methyll-amino}-butyric -
Cld benzylester _ _
L-Vahn benzylester tosylate (6 38 g, 16.8 mmol) in toluene (40 ml) is extracted with a solu-
tlon of sodiumearbonate (2 36 g, 22. 0 mmol) in water (40 mi). The organic phase (contains
'L-vaﬁﬁbénzylésterfree base’ws*separate(i‘ and-2% (1 H-tet:azol-5-yl)—btphenyl-A-carbaldehyde-
- (4 13 g, 16.0 mmol) and tri-n- propyl-amme (3.20 mI 16.8 mmol) are added at room

azeotroplcaﬂy). The r_eS|duar oil (cont,almng the mtarmedlate imine is dlssolved in absolute
ethanol (40 ml), and sodium borohydride (0.68 g, 17.6 mmol) is-added in portions. within 10



g) and water (1.5 g) over 61 mn. After stirring for.

30 mn. valeroylchloride (5:3 g; 43.5 mmol) is added

over 8 mn., followed by slow addition over 30 nmn. of

a mxture (4.3 g) of pyridine (3.4 g) and water. (0.9

g). After each addition of pyridine the pHis

controlled by sanpling (hyggol yzed with water). The

pH of the sanples should al ways be below 2.5. The

reaction.is stirred for 25 mn., then water (25.6 Q)
mmdtéc's (?!ﬂﬁjf (85‘% 'ﬁ%l’gﬁﬂhm Q:ﬁut%%t é’tfr%g @osﬁhﬁs%%oﬁﬁer comple-
tion @tthe reagtifrp the raa@tone'mxtgre inquenchedwyith sataré HQ miyfangadjusted to pH
- I

6-7 b{xneé@}fﬁng W%mri‘sétag @“?3{‘? gﬁﬁ’?&h@&lkﬁﬁf ggggél:%&gﬂ{ed off from

the redmgion xmxtpneeat 50tin vabeand Braesiiual 2quets mixdiraepiracterhwitivigluene:

(60 le}z Y5 5@%&9 pRse :%@éﬁh%‘ﬁso@h Qidg abg.%ﬁifaa'gg%ﬁ? %of the
orlglr&gglump@q dsgtg]lgtlon (wqm E: eihaggbare azeotmcauy rempveg)] The resulting
conc ﬁle 3(@5 ml) IE'OIN’&HH@‘(Q‘Y %“?hé@\yl&t{?a@-%f Hiteti@Zol % y1)-biphenyl- 4-yl-methy!]-

amlng} @Wi‘ca%%‘l’ g@lzylef bfsd%ﬁéﬁ)aﬁﬁéls H stpf@mmatenagm fe)subsrauent.-
acy,.aqu,h@té@enzyl ester L-Valin-benzylester tosylate (6.38 g,
: .8 mol). in toluene (40 M) is extracted with a

soI u- tion of 'sodi um:arbonate (2.36 g, 22. 0: mml) in

MW&I -Riethivl]: -

I . ssparated, and,:2 ' -

' : : enyt 4- car bal dehyde- (4 13 g, SE
The ddlutidh dﬂ(&m )ne&hyﬂ.'z {2t-{ HiteprazghBhyljbiphesyit4-B-ra@hyi}-amib6}-Butyric. = - -
_acid ggr?{ﬁes%:ﬁ ?ap?gog{tjrgaptg@at eg q{ﬁ &%@ffﬂ%ﬂ&% (3%% {rc?rﬁ %é ﬂ)r'agiom step P
_is dilntepdwitb doluened(86 mi)i D ¢l9ar)solutr¢mlsmgglp@{ t=0-54 pnder anhydrous ‘condi=:

_tlons(g fladtﬁVI—Bﬁ‘sohﬂﬁy‘aH{lﬁd @Bﬂﬂnﬂtssznﬁbmsnd \faiéﬂbﬁa%ﬁe%cu |1 nm 336 - -

mmqaregdded ot Ag RAFSUTe; HRTERFIR GHeIToeRteg 18 SUTC g 30 min:
.and_a@@'_te_d at 50°C-for approximately 1 h and — after completion of the reaction - quenched-
by additi'on-of methanol (10 mf) at 50°C. The clear solution is stirred for_.approxirhately- 30
min ',at 5 0_°0_. énd finally cooled to RT. Water (SO ml) is added and the résu-lt{rig two-phasé:. . -
system ié adjusted to pH 2 by addition of hydrochloﬁc acid 2,0 M (approximately .11 mi; 22 .
- mmol). The organic phase is separated extracted with water (30 ml) and coricentrated at’
50°C in vacuo to approximately 50% of the onglnal volurne by destillation (water and
methanol are azeotroplcally removed) The resulting concentrate in toluene (40 ml) is!
seeded at 40°C in order to start the: crystallizatlon and agﬂated 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-(1 H-tetrazol-S-yI)-blphenyl-4-yl-methyl]—ammo}-butync
acid benzylester ’ :

- Melting-peint: -4352H16°C

Enantiomeric-excess (by HPLC): ee > 99.8 %

c) Preparatibn of (8)-3-Methiyl-2-[pentanovl-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyi]-
amino} -butyric acid’ '



mnutes (mn.) at 0-5C. The."resulting' solution is
stirred for 30 mn at 0-5C. After conple- tion of the
reaction, the reaction mxture is quenched with water

(10 m)-and. adjusted to pH 6-7 by addition-'of
hydrochloric acid 2 M (16 m,:32 mol) at RT. Ethanol

is distilled off from the-g@gaction mxture at 50 in

vacuo and the residual aqueous mxture extracted wth
‘toluene- (60 m). The organic phase is -concentrated :

A soﬁ‘ﬁlol"_? Qpé)lsﬂ\aéﬁﬂﬂt’{ﬁ-deﬂta%@?f[?)% ﬁﬁéﬁzﬁl—g ?l) ?{i’p J‘I %’I!1a etr‘yl] amlno}- .

i nal" vol tion.

bmyacz é@t’ Perpw@atqrw G %ao%a ynmqf)nle &@éﬂwﬁtmw rrcﬂb'ﬁéwﬂrtogawed atdbar
/ 50%C3R p?@s)en@@éﬁaﬂv@ﬂ ﬁiﬂa&l@n 031 dRR kR Ga?m){sﬁ 3% @heog, contammg 50.% ¥

Htetrazol -5-y I phenyl - 4-vyi -met’hyl ] - am no}-butyric.
wateg): j Afters éﬁ'i‘?'le&*'t fh? gquggu(cggsq of "WQTOQQU cafisymption) the catalyst is -

rerndVal %'flﬂ}at&ﬁ)ﬁnd e 1REHIS RUABENtratedBR Mt ln%cﬁd ﬁﬂ}terbé azeotroplcally'

' 'requ;(tesgijl {%ﬁs@@?@tén Bf ‘gﬁé}ﬁ?ﬂt}éws&qma??dq W [and aﬂgr addition- of: cyeio- .
hexawgw}rﬂ)huédmpl&eab%/ dodling 2y 553 €The Idokd fsaﬂouédteubyomwanon and after . -
i B DTGB S 2P AR 1HHARRS TSP egY L ppyl-amino}
butyA€ acld Rarezsiverbdscd Whitppdvedérimately 7.0 g 6.0 rnmol) in & -

Ioluee ) fromthe previous:step is diluted
MeltiRg phing- 08%38%35 m ). The clear solution,, is: cooled

' _'-Enartt@nfénﬁ@xcawdetby HALYHLews99:&¥ndi = ti ohs,,- and

N- et hyl -di i sopropyl am ne (6.1 m,"'.35:2:" nol) and

val eroyl ¢cfiloride (4.. 11m 336 mmol ) are added
- Examplel® s tenperature. ‘The r.eaction mi'xture is heated to
_50C W t h| n -30. mi. n!- _ _2,aqd-.-t~a|_.t at.ed bat 50C: for

i : 1)-amino)-butyric:
-by addr’ t| on ‘of net hanol (10 rr‘I)

at 50C and finall y
T&}"I s added and the

is adjusted to pH 2 by
acid 2...0 M (approximately
ir gani ¢ phase i's separat ed,
2Rd concentrated at  50C-
of the original volune:

for apprOX|nater 30:°
cooled. to RT. Watgr
Tesul ting two-phase:’”
~addi tion of hydrochl.
11t 22,0, mol).
.extracted with water (3
in vacuo to apprOX|nateux_

azeotropically rem)ved)\N/ rhe ‘resul ting concentrate .in
toluene (40 m). “& seeded at 401C in order to
start- the. crystal lization and agitated at this -

To atsuspmsﬁnnf d-viabing tendppylestewmumcylomdm@dﬂ 4(rhg; 2 itmel) in 5 mi:of Iso-

prop?ﬁﬁ&gﬁsi% ggdéldssoglfm%% dat% ?ﬂs‘f?;l rﬁi éé’m%ﬁn‘m k l?rL 19f \gaﬂép Rﬂer

separ at e
completeddisssiutiendhe Beo meyseaﬁde %ﬁpﬁ&ied imresiately: aThesefweOtJ% layeris .

waslgéd’ &&%lm?ﬁnq%? E\Sbro{:@la@&%a AR lcomBined drganic layers are washed with 5.
mL of waterr Qr%xglcolou%es)s organlc tsydlneg B%r sodltumyslu]lfat%nglltrza?gd_ be%gorrelxtgd in
vacuum and d_gleq in high vacuum to give a colouirless oil. The oil is dissolved in 4 mi of
gt Aftér dddition-of thé-2i4 H-tetrazor2:) biphienyld-Sarbaldehyde- (515 rigy
2mmol). and friefﬁylamine (0.278 iﬁl; 2 m'"m"ol)-, the yellow solution is stirred for 5 minutes: -
before evaporation in- vacuum to give a yellow oil. After dissolution i 4 mi ethanol the
solution is cooled to-0°C, Sodiumborohydr‘id'e. (78 mg; 2 mmel) is added in 4 portions with
stirring until the imine-dissapeared (HPLC). Thé_?'s'!ightly yellow solution is acidified from pH



acid benzylest6r.. . Melting;poiltt?; # 35~~.1-if Cf.
Enanti oneri c-excess (by HPLC): ee. > 99.8 %)
Preparation of (S)-3=Methyl-2-(pentanoyl-f2'-(1
Htetraz(jl-5-vl)-biphenyl-4-vl-nmethyl]- am no}
-butyric acid" -27- A solution of - .
(S)-3-I1Vletfiyl=(2-pentanoyizg2' =(1: H=tetrazol -5-yl)-b
i phenyl - 4=yl -met hyl ] -am no]-: - butyric acid '
benzyl ester (1'0.6:g; 20..0-mml) in Ethylacetate-(43 .
1.4 |3H B%Y {Hyédi? RGN 9% Ak ébltﬁl%ﬁ EvéPc'i_’zQEn o?trﬁfe?%%?&ﬁ&&s g mlxture .

um on charcoal catal

of uﬁi'par i yates0 This "Wﬁ@fér'% extragted rwnemr@vla@eia@f Thesombined . .
orgl'éﬁl@%))e?é"alé%‘ﬁ@é %vé?fsoHMﬁllrs%l&B fﬂt‘éP&P %o%d ih K'lﬁc&ff“ ghd 8fied in high:=

renoved by fi ti.on and filtrate is :

vaqyynbt@ﬂ%ﬁéa-rmth\d@cﬂa -t Hrk@éraéo'@né)r@?hqngl %ﬂgﬁtma;ﬁn@m)rlguwnc acid
terﬂ:tﬁjmé@g,)asa'ﬁ@| crystallization of the product is ,
Initiated at 45C and - after addition of:cyclb- hexan
(102 m) - conpleted by cooling to -5C.. The solid is

b) E:OH ﬁutarﬂtdn bw(ngs'LMétmthzﬁeTta?uzm mz A Bi-totrdFAERY-ASHEPPCA-yi-methyll=: -
- e - ent anoy - .
Ao X§1¥E§ﬁﬁﬂﬁhenyl 4-yl - met hyl =am no] . = Do e

butyric acid is received as a white powder. . Melting
poi nt: 108-110C. Enantioneric excess (by HPLC): ee

>. 995 % Exanple 3 a) Preparatlorlof
(S)-3=Methyl-2-((2'-(1 - :
H-tetrazol -5' vl )-bi phenyl -4" -yl .- nethyl) an1no) butyrlc
acid teit~butylester HN O NH 'N N To a suspensi on of
L-valine tert-butyl ester hydrochloride (419.4 ny;

2'mmol) in 5 nl:of Isa- propylacetate is added sodium
«carbonat e (265 ng, 245rri-niol ) .in .5 nl.:of water.

After e




conpl ete dissolution, the two phases are separated
i mredi ately: The. aqueous |layer is washed once with
4ml of i sopropyl acetate. The conbi ned organic |ayers

are washed wwth 5 nL of -water. The colourless organic -----

is dried over sodiumsulfate, filtered, evaporated in
vacuum and dried in high vacpgimto give a col ourl ess
oil. The oil is dissolved in 4 m of ntietharol
After:6dditi OrrDf the2' - .-1:kF~fetrazol =2~
1 1)b9}iiienyl -c4bakfehj rde.. (5 f5ng . 2mol ). and
~ triethylamne (0.278 |rml) t he yel l ow sol ution
is stirred for 5 m nutes befor evaporation in,
vacuumto gi ve er dissolution in 4 mn
et hanol ' . t he solutlonlscol to OC.
Sodlunborohydrlde (78 ; - pl ).is added, in 4
portions with stirring u “the i m ne-di ssapear ed
(HPLC) .. The slightly yell ow pgtNon is acidified from
pH -28- 1lto*pH 6 with 32 -:0 M HCl
sol ution. - Evaporation:. of/The ethanol =affords a
rm xture of a yellow oi | Wk water. This mixture. is
-extracted with isopropyl acet ate. The conbi ned organic
| ayers are dried over SOdI um sul f ate, f| I fe' red
- _evapor at ed- dried in,
(S)t%”leﬂ'lyb% (2-(1 H-tetrazol-s-yrg] b\phenyl-4 ylmethyl)-ammo) butync acnd tert-butylester v
(8.6 §) ~ F0miniy is Aisédived i lohltrieqs3 aw)dndm-yihyl-dwsmeﬁwémme Y8 mmi;
Ssglrp%o%?gcgyagﬁ)gylgﬁp%c{? @ﬂ II 93 6 rrgn%l)t arg%td&eg IS‘[' e aear solution'is

he4t&) tB350VEt dnllstifréd pethisaeroperatu fof 60 min. After completion of the reaction,
th el_r%gc :to]"Eu %gbgeﬁ's%ﬁbéqc'ﬂb& Qgg xieﬁ%xi QH%)ha\('s%madﬂdq%ﬂ)P Wt tCadded
- at BB)TfibuwethSe sysfgr is-gdjusted to pH 2 by addition.of 2.0 M HCI (~ 5 ml). The .
orda'nfcgiht‘ég% Eél_seéar%{e\i dMd Q:Bﬁééﬁlrrat’édlélt Q@’UW |vhc®"'('ré}ﬁ%m|hb' Watdr s removed

acl | ester 9 [).
azentopispdd Qn,poplmgdgﬁ@' (I‘@Eprqaﬁgc gﬁlas to crystalhze from toluene (S) -3-

me%;@(zhyém&hdyﬁppnmtraiameﬁ)(tﬁiwbnymyl-rﬁéihﬁ] aﬂ‘fnﬁgj - Yut@iechcid tert-butyl-
| chl dded at RT.
esthris TesabieR A5 WG HIET S TBHION SR B EPr r ed at

_Mé!tlhbgaoirﬁ'%@f@él”e for 60 min. After conpletion of the-
reaction; the reaction mixture-is quenched. wi th

Enggtiomsrisiexpess (Ry VP%&;) 56¢,998% finally, water is added

Example 4:
a) Preparation of (S)-2-((2'-(2"-tert- Butvl-tetrazol 5”-yl)- b|phenvl-4-ylmethvl)-amnnoL3-
methyl-butyric acid




at AT. The two-phase systemis adjusted to pH 2 by.
addition. of 2.0 MHC (- 5 nm)-: The organic phase

is separated and concentrated at 50C i n vacuo

(remaining water is renoved azeotropically). On -
cooling to RT, the product starts to crystallize from
toluene. (S)-3- nethyl-(2-peganoyl-(2'-(1

Htetrazol - 5-yi) - bi phenyl - 4-yl - net hyl ] -am no) - butyric
-acid tert-butyl- éster- is received as a white pomder

A s%&%ﬁl@oh ! grf]bg/l g@erﬁli'.‘g’ Ogﬁ%nélz% é(c@eé‘ ﬁc&%}m&’i{ . TngbPh Mriol. Atter

conpledergiseolytiona)hePeagionds évaposted, J)o-the whike sqiid is added 2-(1H-tert-

but}l gtFazﬁ%ilb-bﬁﬁ%w%?aé%idgﬁ% %ﬁ‘%_} rﬂleb\%% gyﬂ of ﬁ@r@%l After
cormgiste tiseelution the reaptian i avporated ammqe)shgtylya(eﬁmu oif ig dried in high
vamg.lur?{ alrhg ﬁ'ﬂl"ﬁé’ ﬂsﬁ%@lv’ga in 4 i effERNand B6IEd to (ﬁ@r@f&{a %odlum

sso ution reaction, Is evaporated
borcghy;jn@e 138 rgmdermmal (lq aqiqiqdem f-portions w:th stirring. until the i |m|ne _'

éé(rledt fﬂné éﬁ«jﬂtly Qelbbkv) soRIuBH %Béndfﬂed%ﬁaé ﬁi.?!%jm mgolfhlon to-pH

hanol

erdthwew%@m ewhlﬁes,sq@vaa;@) ﬂ&p@aomemiaqewée and 10rL water

are ﬁbdéﬂ“t'mé wiite! ;ﬁéh‘;uﬂiake isshlté#éd SashBd Wte WateY ahd Hﬁéd t-m@sult in2-((2"-
mne is dissolv ano cooled to 0OC

e S LR St oo - P BB £ e
: or. wWith stirring until ‘the imne -

_:Melbrggl sé@pgtg?gti? The slightly yellow solution is
““acidified with 1,8 M of a 1 N'HCl “sol ution. to- pH

‘Exa lf@975 Evaporation in-vacuum affords a white solid..
) of isopropyl acet ate and TOTL water are added.

&) Fiep:
i n A
T

to r;,esul't In:2-((2"- . o
et razol - 5" -yl ) - bi phenyl -4-yl -nmethyl ) -a

m no) - 3=met hyl - butyr| C id. ng poi nt; 189. 7C

: Exanple '"5: ' ' a)’ Pr%rﬁaglo !

.. (S)-2-{f2'-(2-Benzyl -®BH-D¢tr ¥5-yl) - bi phenvl-4-ylnme
t hyl | -am not . - 3- met hyl|= butyric acid benzyl ester

L-Valin-benzyl ester tosylate-(0.97 mimol, 368:mg) is suspended in isopropylacetate-(4 mli). -
To this suspension was added a solution of sodium carbonate (1.21 mmol, 128 mg) in water
(2 ml) at room temperature The tesultant mixture is agitated'for 2 minutes, transferred to a
separating funnel and the phases separated. The organlc phase Is dried over sodium sul-

- _'phate, filtered and concentrated in vaeuo to afford thie free base as a eolourless oil. The 2-

- (1H- benzvl-tetrazol-2—yl) blphenyl-4—carbaldehyde (0 88 mmol 300 mg) is dissolved in 1 2
'dlrﬁethoxyetnane & ml) at room temperature and e restﬂtant so"lutlon adfF Jicthefras™

base residue. After 8 hours the solvent is removed in vacuo and the residue dissolved. in
‘gthanol (4' ml). Sodium borohydride (1.1 mmol, 41.6 mg) is added to the reaction mixture.
The res_ultan.t opaque solution is stirred at room temperature for more then 2 hours and then
concentrated in vacuo to remove the ethanol. Water (20 ml) and dichleromethane (20 ml)



i OHNO N NNNL-Valin-benzyl ester tosylate
(0.97 mol, 368-ngy) is suspended in
i sopropyl acetate' (4 m). To this suspension was added

a solution of sodiumcarbonate (1.21 mmol, 128 ng) in - -~~~

water (2 m) at roomtenperature. The resultant

m xture is agitated for 2 ogputes, transferred to a
~separating funnel and the. phases separated. The .
organi c phase Is dr| ed over sodi um sul - phate,

are- aéglgtg %Igg %i ‘{rg‘ﬁ\g€§ ?d %}ﬁd chf H)? addftloi?tfgqu\lq-lélh%’hg ﬁgses
are septirbtdd-arntthe \ahuecmsmase e)ﬂrayte)jabalp hvethyi chibtaragthaneddRynlp The:
I 0, [ N
comiifed’BrgAlR ona ol Washels HPRREYRH i) afedovelahiychdusBoium
sulphste, fitduke-and copdentratedyin.vagup tafford shestitteerompgund 2 a eglogless oil.
hours the solvent is renoved in vacuo and the residue
. dissalved. in -ethanol (4 m). Sodium borohydride
____Im!lﬁ_ﬁ nmmol, 41.6 ng) is added to the reaction m xture.
The resultant og)aque solution is stirred at room
paratisn. SI2' i 2rtert-BuiPHbtetrazol-5-viihipheprd-vimethvil-aminol-3- ..
,c;,g e&tj ,:,-g&g{“ea_ 4gtef O renove the et hanol . Wt er (20
I chloronethane (20 m) -31- a re- added and
the aqueous phase pH is-adjusted to 1 by addition of 1IN
HO ;- The- phases are separated and the aqueous phase
extracted again with di ot onet hahe (10 m ). Th-e-
conbi ned: organi c phases| ar shed with water (10 -
m ), dried over anhydmpusiSbdhum sul phate, filtered
and .concentrated in.vaguooto afford the title conmpound
as a.colourless oil. z e 6 a) Prebaration. of
(St-24f2'.-(2-tent-Butyl-¥gtelrazol - 5-yl): bi phenyl -'4-y
"I met'hyl | -amino): -3 methyl ' c acid tert-butyl
est er A

L-Vali_n'-t'—butyl ester hydrochioride (1.32 mmol, 27_5_._3'.-.mg) is suspended i isopropylacetate«(5. -
ml). To this suspension was added a solution 6f sodium carbonate (1.65 mmol, 175 mg):ir = -

PRV

water (5 mi).at room temperature. The resultant mixture is agitated for 2 minutes,transfée< =

red to a separating funnel and the phases separated. The organic phase is dried over. - ..z -
sodiun sulphate, filtered and concentrated in vacuo to afford the free base as a colourfessi-+; .

oil.

The 2-(1H-6rt.-butyi-tetrazol-2-yi}biphenyl-4:carbaldehyde (1.2 mmol, 367.2 mig) is

dlssolved in ethanol (5 ml) at room temperature and the resultant solution added to the free -

base residue. After 90 minutes sodium boiohydride (1.5 mmol, 56.7 mg) is added:to the -:
reaction mrxture The resultant opaque solution i is stirred at room temperature for 2 hours: -
and then concentrated in vacuo to remove the ethanol Water (20ml) and dichlforomethane -

phases are -separated and the aqueous phase extracted agam wrth drchloromethane (1 0 ml)

~Fhe combmed organrc phases are washed with wafer (10 mly; dried over anhydrous sodium
,sulphate flltered and concerntrated in vacuo 1o afford the title compound asa colourless oil. -
H NMR (CDSOD 400MHz)



L-Valin-t-butyl ester hydrochloride (1.32 mml, 278:
nmg) is suspended in isopropylacetate(5. m). To this
suspensi on was added a sol ution of sodi um carbonate

(1.65 mmol, 175. ng)-..in water (5 m).at room -
tenperature Theresultant m xture is’ agltatedfor 2
m nutes,; transfer-?; red. §p_a separating funnel 'and

t he phases separ at ed. The organi ¢ phase is dried over
sodi um sul phate -filtered and concentrated in vacuo to

oo 8 DO 930700008, L LS50 ke el ool a1
(iH, egdetammm OEB@Fl g \Mtsg)}defg (ﬂﬂ,sﬁdf?tdezjt? 27 I(a'tl-:unm)z;)ll 1ggslgdd,
.J__."_fl a{'ﬁiwﬁrgﬂp ra g )?eglndue e resultant sol ution adde

'‘bas After 90 m nutes sodi um
bor ohydri-de (1.5 mmol, 56.7 ng) is added to the
“Exdr@g tion mxture. The resultant opaque solution is

WTlted at roomtenperature for 2 hours and then
concentrated in vacuo to renove the ethanol Wat er

a) "I%BQMIORBF(SJ% Mem

Ste~t - , T I ' ;
mu_m@t_a . phases are -separ at e) and the
gueous %hase extracted again wt

- L-Vattn benzylestes teryiaie (20100, 53 mmO' tfh@'b@améﬁ?q]@a i PfEactag with a solution
of sd@lﬁﬁ%@%d‘?«ﬁ% (V8§ %mot) th Wakee (126 19). hk orghiriephaRY feéomatns Levalifi |

 benpiRot gk PR Idr PRI BT T Ok DR Gatrse e (125
g, 500ol)and N-MR-diiSGbpylAHRRAEY i, Siﬁnmol&aﬁe d&tfded koot terhp8rature.
' ~The Hast:l:jmg rgel’.utlorhlsizehwp[e'lelﬂav ora?e_cﬁé;@;C i ytac[yglflz%t’eihe re@mgeaH azeotro-.
plcalli'r T¥dapsidihl 58 (dohtaihinglthe Jnt&iediateinive) stdibt;ol\nzb in fnethibRol. ¢160 i),

and &3 r g)pt)’raor rlnd(;enadza4 %g& rémg}g %?c*jea%{ Pt%f Z%ézdntmﬂé'mﬁ Gt &5"0 The:
resultipg solutionIs- BirgH o3k mimgt 0-5° |Afteetcﬁ5ﬂpleh@m’phtb;e tigsiprmation, the.
reactidn M.xttff@ mj&%ﬁéd by édd\(ehlom hem z.yarsan&ta &w{a@bex W-42:ml; 42, .

in tol'uene
mmoi a3k @Q adjystedig rah'réa?r Metf}?aP‘és Prft'@dgoff f"ztg th%?eptjon. fRixture-at
50°0/R vasud é{%ﬁthmréSIdu'Eh@qUébGQﬁierﬁ bRERtddWiDt 1@ivehe (180\HA. ITive Grganic:

: phase is concentrated at 50°C in vacuo to approximately 50% of the original volume:-by

'dlstlllataon (water, and methanol are- azeotropically removed). The resultlng concentrate:

(approxumately 80 g) contalmng (S)-3-methyl-2-{[2*-(1 H-tetrazol-5-yl)-biphenyl- 4-y|—methyl]-
" amino}- butync acid benzylester is used as it is as starting material for the subsequent.
' aCylation step. '

b) Preparatlon of (8):3- Methvl-{z-pentanoyl [2'( 1H-tetrazo|-5JI) biphenyl-4-yl-methyl]-
ammo[—butync acid benzylester _

The . selution. of (S)-3—methyl-2-{[2‘ {1H-tetrazol- 5—y|)-b|phenyl-4—yl-methyl] aminb}- butync

- acld benzylester in tolueng (approx1mately 80 g.,.48-50 mmol) from the prewous step is dl-f-

amvemE— S -—-—w—a—csv‘x:n—s' AR R Rt D et TaE s

luted ‘with- toluene (85 ml) ‘Under anhydrous condmons N-ethyl dusopropylamme'(24 O"‘ml-
140 mol) and valeroylchronde (17 3 ml, 140 mmol) are slowly added at 20°C internal tempe-
rature. The reactton mtxture is agttated for approximately 30 min and — after completion of
_the transformatlon quenched by addmon of methanol (31. mi)-at 20°C. Thae clear solution is
'agt_tated for 30- min at’ 20°C_, then -water_(78 ml) is added and the resultmg two-phase system



benzyl ester fiee base) is, separated, and
2'-(1Htetrazol -5-yl)-bi phenyl - 4- car bai dehyde. (12'.5
g, 50 mmvl) and N-ethyl -diisopropylamne (9.0, m, 52
nmol ) are added at roomtenperature: The resulting
solution is conpletely ‘evaporated at 50C in vacuo
(water is rehnved.azeotro-_gé;caiiy). The residual oi
(containing the intermediate imne) is dissolved .in
met hanol: (1:60 nil); -"and sodi um bor ohydri de. (0.84

s e R 2 AR L PR Peiof BplEh! i 2 mmoD

The @fgia@:c p#fasens sepsmhteﬂl otraokd Wit watan@Banirahd oodcehtisted at 50°C in

v PRSP EY 55 o SRR iy BT Bplotagnl ave

azedﬁ'-eﬁiﬁallyrmmoaelq!)u s'!tt'edembllr;gl-d:oﬁeéhtraltéah“ahalneme {~s94dd)sis isbéded at 40°C in. -

s o T o By B 0B 6 B BB - o
suspei§ion e gradigiiy code@ 0°E witim8€ 0its Trerswéid isrwpameat bysiigation, wa-

shed \Wl ﬁ’@rﬁb’ %Ilé)é?lea(eﬁ W%mrlﬁeh% 5%‘%{t Sb‘kteto lveg ?th%‘ {2-pentanoyl-

ation er an
[2* (‘dﬂmaz@pﬁ yjhblppenyéﬁﬁb@gt}wﬂ Fimino}-butytic acid) bmleetat rate:

Meltf@?ﬂ[gf”ﬁ' gatﬁggc 80 g) cont ai ni ng.
'Enan#ov@mﬁamssssbw&@ peePgi8 %. y| =met.hyl )- ani no}-butyric

aci d! benzylester is used as |t is as starting
nat eri: aI for__. t,.kl}e.s'ubsu_entr "l ac I at-l on, Sti'

. gl-ntrg}-baﬁﬁ&a&dyl.). bi phenyl 4 yl - rret hyII anmi no}-butyric
acl d benzylester The . 'solution.. of

A sol{UfipFar(BySHybing(elpRtan g £ 4(m-tambl-ayiybn)ahéwypmmémw-wnmo}- |
| -_buty{}@é.ﬁé( Llnzﬁal‘é &l%’ obgi, Y4d. &mﬂ‘%ﬁélg eﬁﬁ%ﬁé‘gﬁhﬂ‘ yid In%dr%qo/éngge% -at4 bar
: [ 50°xip prqsgnq.;ﬂ ofg wetg@llqﬁuprn onmbarg@qﬂ@a(ag@t 5%)(1 12)gd@ntalmng 50 % :

. w;ateﬁﬁI gitiel e eb’rﬁplgﬁ’&géftthé’ Fé%ctlcm' (@EJ@él of ‘%ﬂll@&éﬂ %brﬁﬂﬁdﬁ? tr{e?c%tastt is

val er oy | of I '
- remevagiby: f'!i'iaéo% %Ws? ﬁaffa%'a caﬂceyge*qdﬂ 49 ﬁ%.'n VP%LI?dé’ﬁte\' a'=‘t qzreetropwa"v :
: rem&%@) rmry@ﬂniymsﬁ or tﬂe Ipsodaal i§ ﬁit@.@bd‘aﬂ U5AP ACX hftdaiditios 8f: cyclo-

etio
nexeh AMED SRLGIER B GRPInG O T B solcs SolRRIEa i Hotsionsand afer
drying ai&D"G,C(B)JBmwhyFQ {pagamayt-[?;d(ﬂmet@fblmyh) -tgheR @ -yltrhathyl]-amino} -
nd the resulting two-phase ,

'b”wgglg?'%}%re%%&asi‘gﬁ e To PH 2 by addition-of 2.0 M’
Melthg@pthIOBﬂnﬁ“@.m d (appr oximately 10 m, 20 mmol). The

extracted. with water (78.
'E"aﬁ” cen f@%'& %C in .wvacuo to
apprOX| rrately 50% of the original volunme by

Exa,q&gtekl | ation (Wat er and. nethanol are

5-(2—Ch|orophenyl)-z‘-(tetrahydropyran-2-yl)-2H—tetrazoIe and 5-(2¥Chloropheny|)-
1-(tetrahydropyran-2-yl)-1H-tetrazole.

I



azeotropically renoved). The resulting concentrate in
toluene (- 94 g) is seeded at 40C in. order to
initiate the Crystallization and agitated at this
tenperature for approximately 1 h. The suspension is
gradual ly.' cooled to.0OCwthin 6-10 h. The solid is
separated by filtration, wa:z%hed with cold tol uene
(60 ml) and dried in vacuo at 50C to give

(S)-3- nethyl {2-pent anoyl - [2":( :

Me{ﬂ'ahgél{)enlgl o) i1k i ffg@%olf’s%ba%@{o%{%kp@rﬁdééfBQE-cWoFc?phenyl)- .

1Hﬁ¢imledﬁ§+45 & é&Q;@ snqiip tqum_r@)(GGO tiijd The esLBINguMixture)is heated to
Soﬁ%éﬂf‘ér gézué Sd?filir &E\%drﬁ MAL ﬁWAf 6?@@'?ﬁlﬁ1%yﬁwmgﬁ4n t@?.wege 60 ml)is
addegl ayer 90 gWUaS. o ed"nlme is Ginies BTecbat 567 fon 80 iminutess (ﬁlhe resulting
.'.soh'ﬁlangé \'N@Q%ld twick v)lfh?j m Q&Yéouélébdl%;[ﬂwo}( id8 %lﬂf?&n (96 I?Hteﬁéﬁ)cand

aci ddbenzyl est er
twiee With water (6 rplenach). )Th9| rgSlﬂth@gﬁg@r@c gbasq; xggqoncemtraggtjn vactio
usug@a@ frﬁ?éﬁ@ﬁﬁme?fo affbrd‘@%uﬁ%' o’:\@L(Qicmoﬂsbhbks?@aedrar@aioawﬁtz-yn)-zn-

telraznip Kfé@-,sgm%g}fa%% QF‘%‘QE?R"@HVQ &étgggh)@)(opyran-z-yl)J H-tetrazole (N1- *
isotnBY) G 8 g&RCeT @ﬁbmwﬁbcdrbiﬁ t‘cﬁ‘l—ﬁNMﬂ) ab 2 yeow f I'cﬁ‘m)V ed by )

e S PP ek 15 SP TR (i Koes -
(m,Cr M) 380-3. setmoanm ozaq/op(mdiﬁm 611:2-61 1842 (%a‘t ky 7mlﬂf41dr%rde), P
75235)%%(%%)05%58%8 (r&%ﬁgosol i Sxalns(coH ecz egog‘s © 'e d *

'H-NMR ofd¥{-somea#@0 MHz CDQk))A. 4443547 (r&'aOCH) Characteristic signal whichy.:

o RIS drat Ly

. -.butyric acid.is recel ved-as a white powder. l\/eltlng
.Exéiﬁ‘blab 108-11'0C.. - Enantiomeric excess (by HPLC)

,5(%5("2"@3198‘/'6%ﬁeﬂe'mrgj@.vmné%-v'&ﬁva?tbweamdé S?I'l?mﬁ‘ﬂp'ﬂ%m)azo
 1-{letralyirogyrdriz2-GiH1brepimiey| ) - 1- (tetrahydropyran-2-yl)-1
" HKtetrazole. N ci -34= Methanesul fonic aC|d (0 10 g;
.44 rnnol ) i s added to a-suspensi.on

FE®- chl or ophenyl ) -

N

Br

A sespension of 5-(2- bfomoph'enylHH “tetrazole (4. 50 g; 20.0 mmoi) in tert-butyl methyl
“ether (40 ml) is warmed to 45°C ahd methanesulfonlc acnd (0.058 g: 0.60 mmol) i is added.
A solution of 3,4~ -dihydro-2H-pyran (1.90 ml 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 tor abeut 0°C and a solutlon of sodlum _
. hydrogencarbonate (2 4 g) in water (30 ml) is added The aqueous phase is separated and
‘extracted willy teﬁ-baty!:methyl ether('ro mt). The combmed nrgamc phases are Washed~
twice with a 1N KOH solution (10 ! each) and: once with a so!utlon of 10. weight—% of
sodium chiofide in wate:' (10 ml). “The resultmg organlc phase is dned over anhydrous
sodiurn sulfate, filtered and evaporated in vacuo to afford a mlxture of 5- (2-bromophenyl)-2-
(tetrahydropyran-2-yl)-2H- tetrazole (N2- -isomer) and 5-(2- bromophenyl)_ +1-(tetrahydropyran-



1Htetrazole (88.46 g; 480.0 mol )" in. tol (jene' (660
m): The resulting mxture is heated to 5000 and a
sol ution of 3, 4-dihydr6-2H pyran. (42.88 rinl;. 494
mol ).in toluene (60 m) is added over 90 m nutes.
The m xture'is further stirred. at 50C for 90
"mnutes. The resulting' .S385-ution is washed tw ce
wi th 0: 5N aqueous sodi um  hydroxi de solution (96 m -
each) and twice with wat er (96 m. each). -The .
2.yi§-SALbirdA00 (N1USGRHEH In0d B8O bFatIIREST (ScbRiHRB T HANRE) ddhn orange
vacuo wusing an inpeller stirrer to afford a mxture
oil. of 5-(2=chl or ophenyl ) - 2-(t et rahydr opyr an- 2-yl)-2H

o He thr@eraorﬁMzroe mmer Q)D@BF‘ 1.72+1.85 (m, 3 H), 2 18—2 26 (m 2 H); 2:45-2. 54

2-chloro (tetra dro
(m, K)o PAAGT N W A 0L A e BP0 (5% 1A T0 1 G, 1 H),
7.4{-2a6qdi Y, 7.03A7ENR) 129, Asp-elobew, 1 H)qui d. . 1H NWR of
- N2=i somer (400 MH,:CDCI3): 1.72-1.84;(m 3 H),
2.16-2:25 (.m ' 2.H), 246255 (m 1 H, 380-3.86(m
Exafriphd) 10:4. 02=4.07.(m .1 H), 6:12-6.14'(m .1 H),

ool Rt bttt
@4547(m 1.H).. Characteristic signal which. -

ddes not overl ap vvlth the ;signals.of the N2- |somar
"o arrple :

5-( I,)\ﬁ (t et rahydropy. ran-2-yl)- 2H-tetrazo
| e afd enyl )- .1- (tetrahydropyran 2-yl)-i
Ht 28l . NL 11 aC]\I N Br- A suspensi on of

" 5- om)phenyl -~ Htefrazole (4.50 g; -20.0. mol)-

o1t =but yl thyI - ether (40 m) .is warmed to 45C

L L
addmm |2-dibrermoethant (Q.§06 rmbﬂr%/rlnﬂet)h éhe §®pen$l9m rss:ooleddu pGHd6mi-. - -
" of l dafbf 31 bldH-F bR R enddAY 58 o e B nlhnHy s

tirred nour s

) esu
 tetraypdratinan (120 18h s aideg o ARSIINE raselionRs Siaried e rayRitder of he:

solxﬁi@ﬁ 'oﬂ mbr&ﬂdiﬁli&&hﬁi\frﬁ&ﬂﬂ)‘benie?\e‘fs el BvERIEmINGER. Thd réstiting: -
R 0 SO PRI A A R i
tetratiygiestlinan 1 a seshveluenaat 2B thl afibrdingen salution af theNok&kponding: -
aryl?lrl%lgHé\I%r? n ﬁ{orra}g%]o* abou% % N?&qmcgﬁr?a?‘ow bnderaanﬁ%rgué %drt%r'rs 15:0-
ml of the above 0.78 M arylmagnesium bromide solution (11 Tmmol) is cooled to abotit 0°C
and a 0.5 M zinc chloride solution in tetrahydrofuran (23.4 ml 11 7 mrnol) is added over 15 _
minutes. The resulting suspension is stirred at room temperature for 30 mmutes in. order to
complete the formation of the correspondlng arylzrnc reagent. In ancthier flask, a solution of
a mixture of 5-(2-bromophenyl)-z-(tetrahydropyran-2—y|)-2H-tetrazoI'e- and 5-(2-
bromophenyl)-1 (tetrahydropyranlz-yl) 1H—retrazole (2.78 g; 9.0 mmol) in te‘trahydrofuran 9 -
mi) is added to drchiorobrs(tnphenylphosphrne)palladrum(ll) (0 253 g, 0. 36 mmol) under

. anhydrous eondmons Tothe wgorously stlrred resultmg yellow-orange suspensron is added

TR CETTE SRy = s —
Metihrre el W i ,——. ~“-.~l—...-v -\..

at room temperature the above suspensron of the arylzrnc reagent over 40 minutes. The-
mixture is further stirred at room temperature for 17 hours. A solution of sodium -
hydrogencarbonate (1.2 g} in water (15 ml) and ethy! acetate (20 mi) are then added. The
aqueous phase is separate'd and extracted wirh ethyl acetate (60 ml). The combined organic



sodiumchloride in water (1.0 m). The resulting
organi ¢ phase is dried: over anhydrous sodium
sulfate, filtered and evaporated in vacuo to afford a
m xture of 5-(2-bronophenyl) - 2-

. (tetrahydropyran-2-yi)-2Htetrazol e (hQ |soner) and

-5- (2=br onophenyl ) =1=(t etr aBgdropyran - 35. 2-yl)-1
H=t etrazol e (Nl-isomer) in a ratio of about 93:7
(according to' HNVR-. as an orange . oil. 'H=NWR of

:phaézg% déé Q'E%ed(teoQQ Wiz so%ﬂré) EOdéﬁX?' &o@e’i Y b %& ég% 9 ipyvater (15

1l e@eh) and pyice wltty ya)‘qar((ﬂ",c'( 1w each) qaq)d arg eygaogatgg lr;(\rﬁcuq e resulting:
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anhydrous: conditions.. To the. vigorously stirred
resulting yell ow orange. suspension is added .at room
tenperature the above suspension of the aryi zinc

reagent over 40 m nutes: ~Thee mxture is further R

stirred at roomtenperature for 17 hours. A solution
of sodi um hydrogencarbonatgz(1.2 g) in. water (15
m)- and ethyl acetate (20 ml) are then added. The
aqueous phase is separated and extracted with ethyl
acetate (60 m ). The conbi ned organic -36- phases are
: washed twice with a solution 'of sodiurn
_éuﬁﬂi@gﬁdﬁrbonate (1.2 g) in water (15 .m each) and.
twice with water (15 nl each) and are evaporated in
vacuo. The resulting vyellow orange oil is dissolved
1. i A procssalfer tRe Manwasitire of the mgnunﬂ@t fﬁwméﬂher
filtered" over a filter .aid, evaporated in vacuo and
purified by colum chr aphy on silica gel
eluting.with a I4 m xfjur e jof et hyl acetate and hexane

to afford the S \2-+&ber) 5-(4'
di et hoxynet hyl - b| phenyl - - yDIF 2- (t et rahydr opyr an- 2-vyi )
-2H-tetrazoie as a colorljess®ii.. ' H NWR of
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m 2 H, 2.11-2.18 (m
+), 5.97-5.99. .
-7.40 (m 2 H),
Mass spectrum

L =2-yl). -2H-tetrazoie (0.408 g;..-' .. 1.00 nrriol),
~ are added:- 94 % et hanol (2.5 rH) ‘and 'a- 2N. aqueous
oraggtﬁkféw c@‘mpngmgr ochl oric aci-d- ~(Q.5-m ; 1.0 nmol.).

"“The resultin t|o sheatedto 45Cfor 3 hours. _
(@) afeagting §gom ‘gﬂﬁdt g mu ha)vvater (about 2 m) the '
s mxture is allowed to-cool down to r:oomtenperature
~and then stirred..-:: at 0 to. -5C.for .30 mnutes. The
" resulting suspen3| oni'e@ filtered and the solids are
washed wi.th a small a unt of - ‘water, dried in vacuo
at 40C to afford 2'-g~ azol 5-y| ) - bi phenyl =-
4- car baI dehyde *as white, stal | i ne powder. 'Melting
poi nt:- 187.5-190. 0C. 7 ' '
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or a salt thereof, wherein R, is hydrogen or a tetrazole protecting group, with a compound of
formula

(Ib)
chiral




H gh resol ution mass spectrum (ES+): found: mz'th
251:0928 [M.H +; calculated:. mz:= 251.0927. -37-
What is clainmed is: 1. A process for the nmanufacture
of the conmpound of formula (I). 0 OHY O chiral -N
H ora salt-thereof, conprising (a): reacting a
conpound of formula (Il .a}38H (lla) NN NN RL or
a salt thereof, wherein R, is hydrogen or a tetrazole
protecting group, wth a conpound of ‘fornula IIb 1i2.

or a@aft idréds, w@ereﬁ% reﬁ'és@)tsslﬂ}dtrodeh%' aQbrboxypRftifg §8up; under the

represent s % rogen or" & carboxy protecting group,
Con‘ﬁlmf@r"ftaﬁéd”"" %ﬁﬁ‘ﬂaf‘?}’hg‘mﬁf a reductive am nation: and

(b} acylatlng a resulting compound of formuta (It ¢)

(lic)

chiral

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

0

S SET)

wherein R3 is an activating group; and,
{c) if Ryand/or Ryare different form hydrogen, removmg the protectmg group(s)ina

resulting compound of formula (Hf )

(I'fe)
chiral

“FH

.or a salt thereof; and
(d) isolating aresulting 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



(b) acylating a resulting conmpound of formula (Il c)

OR2 HNYo o (Ilc) chiral N.\'I NN RL or a salt

thereof with a conpound of fornula (Il d) 0 (I 1d) R3
wherein R3 is an activating group; and, (c) if R . e
and/or R2. are. different form hydrogen 'renoving the
protecting. group(s): in a-3%sulting conmpound of

formula (11 e) O NORZo (Ife) chiral NN N.. -

,or a salt-thereof; and .(d) isolating a resultlng

of acz:amp@umioﬂfmﬁm ([)Jinﬂ) tﬁ&}re@ bcia ob Arihula i bESdriveAind a rbéulting salt of
t| ng free acid of fornula

. 'aco(rrmoupﬁpgforrg‘(’)'ééﬁfntt?ﬂgfféfﬁ”? ‘converting a resulting

salt - 39. of a conpound of formula (I) Into the free
2. acI'ihg; p%cef's‘g E‘ng[:%lrg}né éo)cla%w 1, rﬂ\e/r%[lg fﬁ%%m%o&n%% of ormglae?'h a), ?Il b) (11 c),
and (Il e) Ry represents hydrogen and R; represents hydrogen and wherein.in compounds of
formula (! d) Rs represénts halogen. | |

3. The procesé according to claim 1 or 2, wherein the reductive amination is carried out in’
the presence of-a reducirg agent such as a borohydride, which may also be in cofnpleked.
form, or hydrogen or a hydrogen donor both in the presence of a hydrogenation catalyst.

4,. The process accordlng to claim 1 or 2, wherein step (a) is camed out by first formmg* .

an imine of formula

R0 (e,

chiral

| <

by condensing compounds of formulae (Il a) and .(Il b) and by removing water ahd 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
com"po'u’nd of formuta: (Il d)to a compound of formula (I ¢)-and thén slowly adding a sub-
stmchxometpc amount of a base in :e!atlon to the compound of, formula (II d)

= Ve e RPN TN A R )




a conmpound of. fornmula (1) into a different salt. 2.
The process according to claim1l, wherein in conpounds
of formulae (Il a), (Il b), (Il-¢c), and (Il e) R
represents hydrogen and R2 represents hydrogen and

~wherein in conpounds of fornmula (11 d) R3 represents
hal ogen. 3. The process accorddi-ng to-claim1 or 2,
wherein the reductive amnation is carried out in.
the presence of a reducing agent such as a

_ borohydride which may also be in conplexed. form

, dro r a_h donor hoth in the presence-
6. fA rﬂ%gZﬂéﬁ%ﬂaBH%Eéf%?g}s?omQﬂupg‘?#é”B‘lr‘]%cess accor di ng
toclaiml or 2, wherein. step (a) is carried out by

first formng- : an imne of formula F .0 t2 N
chiral o N N AN Ri by condensi ng conpounds of
formulae (11fa). and (11 b) and by renovi ng water ahd
then foll oykd byrfeducing a conpound of formula (1llc)
I n the pri#&encl of a reducing agent. 5. The process
according fto coaim 1 or 2(licpherein step (b) is carried
out by firs ng a compadund of forrmula: (I1. d) to
a compound o mul a (11.c)-and then slowy adding a
sub- 'stoich » : amount of : a base in-relation
to the conpound of. ula (UT -40- 6: A process for
t he manuf acture ound of formila ORZ HNY o

(IIC) \Q

Rt

wherein R, represents hydrogen. or a tetrazole protecting group and R, represents. hydrogen
© ora carboxy protecting group, ~
comprising. reacting a compound of formula (i a)

. \N N
Rt
“or a salt theréof; wherein Ry is hydrogen or a tetrazole protecting group, with a compound of.

formula

_or a:salt thereof, whereln Ra represents hydrogen or a carboxy protectlng group, under the

condrtrons of a reductive amination.



chiral N\. I RL wherein Rl represents hydrogen. or
a tetrazole protecting group and R2 represents.
hydrogen or a carboxy protecting group, .
conprising. reacting a conpound of fornula (Il a): H
(lla) N N . N-Pl R or asalt thereof, wherein 1
i's hydrogen or -a tetrazol e pAdtecti ng group, with a
compound of - formula 0%chlai H2NY O or a salt
t hereof, wherein R2, represents hydrogen or a carboxy
protecting- group, under the conditions of a reductive
am nation. -41 7. proocess. .according - to alair’

7. cofhprecsshigesordied tq @a'"%ﬁ CompBYRGregEtinge $RMROUNd of iorray'a (tha)
H (I Ta)" "N i'" \N

“Nééen

R
or a.salt thereof, wherein R; is Hyarogen ora tetrezole protecting group, with a compound- of- -
formula ' '

‘on, | (IB)

chiral

o .
or a salt thereof, wherein Ry represents hydrégen or é, carboxy protecting group, while
eliminating water, and reducing a resulting-compound of formula (e)

R0 (ic")

chiral

"in the presence of a reducing. ag‘eht.



Ri. or a. salt thereof, wherein -R is hydrogen or a
tetrazole protecting, group, with a conpound of
formula oRz (IIb):.. H2 chiral O or a salt thereof,
wherein R2' represents hydrogen or a carboxy
protecting group, while el-i4&tnating water, and
reducing a resulting conmpound of formula (11 c¢') R 20
N (11c') <chiral o .\ I N N . RL 'in the
presehce' of a reducing: agent. -42- 8. A conpound of
formula HNoR2 O (Ilc) chiral NN NN RlL wherein
R, is hydrogen or a tetrazole protecting group
selected fromthe group consisting of tert-

8. A compound of formula

(lic)

chiral

AW o

N
R1
wherein

Ry is hydrogen or a tetrazole protecting group selected from the group consisting of tert-
Cs-Cr-alkyl; C4-Cop-alkyl that is mono- or disubstituted by pheny!, wherein the phenyl ring
is un-substituted or substituted by one or more, residues selected from th= group
consisting of tert-C,-C;-alkyl, hydroxy, C,-Calkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro,
cyano, and frifluoromethyl (CF,); picolinyl; piperonyl; cumyl; allyl; cinnameyl; fluorenyl;
silyl; C4-Cr-alkyl-sulphonyl; arylsulphonyl wherein the phenyl ring, when aryl is phenyl, is
unsubstituted or substituted by one or more, residues selected from the group consisting
of C;-Cr-alkyl, hydroxy, C-Cr-alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro, syano, and
CF3: C-Cs-alkanoyl; and esterified carboxy, and

R; is hydrogen or a carboxy protecting group selected from the group consisting of C;-
Cr-alkyl; C4-Cz-alkyl that is mono-, di or trisubstituted by phenyl, wherein the phenyl ring
is un-substituted or substituted by one or more residues selected from the group
consisting of C,-Co-alkyl, hydroxy, C,-C;-alkoxy, C,-Cs-alkanoyl-oxy, halogen, nitro,
cyano, and CF3; picolinyl; piperonyl; allyl; cinnamyl; tetrahydrofurany!; tetrahydropyranyl;
methoxyethoxy-methyl, and benzyloxymethyl.



C4-Cr-al kyl ; Cl-C2-al kyl that is nono- or

di substituted by phenyl, wherein the phenyl ring is
un-substituted or substituted by one or nore, residues
selected fromth s group consisting of
tert-C, -C, -al kyl, hydroxy, &3-Cral koxy,

C2- Cg- al kanoyl - oxy, hal ogen, nitro, cyano, and
trifluoromethyl (CF3); picolinyl; piperonyl; cunyl;

allyl; cinnanctiyl; fluorenyl; silyl;
C1- C7- al kyl - sul phonyl ; aryl sul phonyl wherein the
phenyl ring, when aryl is phenyl, is wunsubstituted or

9substA ¢compoiint wf forular nore, residues selected fromthe
group consisting of C -C, -alkyl, hydroxy,

C, - C7-al koxy, C2-Ce-al kanoyl - oxy, hal ogen,

nitro,, yano, aan/CFS C2- CB- al kanoyl ; and esterified
carboxy, and R2:is hydrogen or a car boxy protecting

group sel &afed t he group, nsi sti ng of Cl1-

C7-al kyl ; Wyl that is Hfa , di or
trlsubstltute h , V\herelnthe phenyl ring is
un-substituted or sup juted by one or nore residues
selected fromthe gr

[sting of Cl1-C7-alkyl,
hydr oxy, C1-C, -al koxy,~C2-§E anoyl - oxy, hal ogen,
nitro, cyano, and CF3 pi g yl ; piperonyl; ally];
ci nnanyl ; tetrahydrof ;

[ et rahydr opyr anyl m
et hoxyet hoxy-m et hyl \\agd benzyl oxymet hyl . - 43- 9. A

conmpound of formula Y W'IIN (hra Ochiral N NN
N RL wherein Rl is hydRdgen or a tetrazole protecting
W%ﬁ%g? selected fromthe group consisting of tert-

al kyl; Cl-C2-al kyl that is nono-, di- or

Ry is hyslodogeni drlattetdazkmje mbtating grobe seledtet h@nﬂh@ Q¥dup consisting of tert-
Cs-Cr-alkyl; Cq-Co-alkyl that is mono-, di- or tri-substituted by phenyl, wherem the phenyl
ring is un-substituted or substituted by one or more, residues selected from the group
consisting of tert-Cy-C;-alkyl, hydroxy, C~C;alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro;
cyano, and trifluoromethyl (CFa); picolinyl; piperonyl; cumyl; allyl; cinnamoyl; fluorenyl;
silyl; C4-Cr-alkyl-sulphonyl; arylsulphonyl wherein the phenyl ring, when aryl is phenyl, is
unsubstituted or substituted by one or more, residues selected from the group consisting
of C4-Cy-alkyl, hydroxy, C-C;-alkoxy, C,-Ce-alkanoyl-oxy, halogen, nitro, cyang, and
CF,; C-Cg-alkanoyl; and esterified carboxy, and

R. is hydrogen or a carboxy protecting group selected from the group con sisting of C-
Cr-alkyl; C+-Cz-alkyl that is mono-, di or trisubstituted by phenyl, wherein {he phényl ring
is un-substituted or substituted by one or mare residues selected from the: group
consisting of C4-C;-alkyl, hydroxy, C,-Cs-alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro,
cyano, and CF5; picolinyl; piperonyi; allyl; cinnamyl; tetrahydrofuranyl: tetrahydropyranyl;
methoxyethoxy-methyl, and benzyloxymethyl.




ring i s un-substituted or substituted by one or nore,
resi dues selected fromthe group consisting of
tert-Cl-Cr-al kyl, hydroxy, Cl-Cral koxy,

C2- C8- al kanoyl -oxy, hal ogen, nitro, cyano, and
trifluoronethyl (CF3); picolddnyl; piperonyl; cunyl;

allyl; cinnanoyl; fluorenyl; silyi;
Cl- C7-al kyl - sul phonyl ; aryl sul phonyl wherein the
phenyl ring, when aryl is phenyl, is wunsubstituted or

substituted by one or nore, residues selected fromthe
roup consisting of Cl-C7-al kyl, hydroxy,

- C7A dcesy for > r@anuthbtamnaf la-cdiipoulidbGeRRa Ni t T O,
-.yano, and CF3; C2-C3-al kanoyl'; and esterified
carboxy, and R2 is hydrogen or a carboxy protecting
group sel ected fragm te~group consisting of Cl-

C7-al kyl ; hat Is nono-, di or

trisubsti #erein the phenyl ring is
uted by onggr nore resi dues
Oconsi sti nggfghy CL- C7-al kyl ,
hydr oxy, Cl1-C7-al koxy, e- al kanoyl - oxy, hal ogen,
nitro, cyano, and CF3 ol i nyl ; piperonyl; allyl;

ci nnanyl ; tetrahydrof uraayT INEEtxahydr opyr anyl ;
ymat hyl. - 44 10. A
a~conpound of fornmula

nmet hoxyet hoxy- nmet hyl , and be
O NOR (Ile) chiral N B NN RL wherein R is

process for the manuf aci¥xre
\

hydrogen or a tetrazole Bt ecting group selected from
the group consisting of tewt- C4-Cr7-al kyl; G -C2-al kyl
that is nono- or disubstituted by phenyl, wherein the
phenyl ring is un-substituted or substituted by one
wWhereifbr e, resi dues sel ected fromthe' group consisting

fs Avalrdaer orGlie r OX Cl- Cral kox

R%Z- é’g’ Zﬁegkr’a% ogytfe?%#%é, prﬁg%égg%ﬁ%/otlﬁ selected from tXe group cansisting of tert-
Ca-Cr-alkyl; C4-Ca-alkyl that is mono- or disubstituted by phenyl, wherein th|e phenyl ring
. . . |

Is un-substituted or substituted by one or more, residues selected from 'the'group

consisting of tert-C,-C;-alkyl, hydroxy, Cs-Csalkoxy, C.-Cs-alkanoyl-oxy, Falogen, nitro,
cyano, and trifluoromethyl (CFs); picolinyl; piperonyl; cumyt; allyi; cinnamoyl; fluorenyl;
silyl; C-Cs-alkyl-sulphonyl; arylsulphonyl wherein the phenyl ring, when aryl is phenyl, is
unsubstituted or substituted by one or more, residues selected from the group consisting
of C-Cr-alkyl, hydroxy, C4-C;-alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro, cyano, and
CF;; C,-Cg-alkanoyl; and esterified carboxy, and

Rz is hydrogen or a carboxy protecting group,

comprising acylating a resulting compound of formula (I c)



cyano, and trifluoronmethyl (CF3); picolinyl;

pi peronyl; cunyl; allyl; cinnanoyl; fluorenyl; silyl;
G - C7-al kyl - sul phonyl ; aryl sul phonyl wherein the
phenyl ring, when aryl is phenyl, is wunsubstituted

or substituted by one or notr4; residues selected from
the group consisting of G -CTal kyl, hydroxy,

C, - C7-al koxy, C2-CB-al kanoyl -oxy, hal ogen, nitro,
cyano, and CF3; C2-Ca-al kanoyl; and esterified
carboxy, and R2 is hydrogen or a carboxy protecting
group, conprising acylating a resulting conpound of
formula (Il c) -45-HNYOR2 o chiral NNN RL or
a salt thereof, with compound of formula (Il d) O
(lid) R3 wherein R3 Is aggactivating group. - 46 11.
A conpound of fornula cf’according to claim8
selected fromthe g oupoconsistingngf:

(S)-3-Methyl -2-((2'(1
Htetrazol -5-yl) - bi phE
acid, (S)-3-Mthyl-2
H tetrazol -. 5-yl) - bi phery
, "acid benzylester, (g)-3:j0ethyl-2-((2"-(1
Htetrazol -5-yl)-bi ph

acid tert-butyl ester,
(S)-2-((2'-(2"-tert-ButNy P3tetrazo|-5"-y|)-biphenyl-4-y
| met hyl ) - am no) - 3- met hyl Rbutyric acid,

4-y|neth?w?-anino)-butyric

or a salt thereof, with a compound of formula (I d)

A, 9

wherein Rs is an activating group.



(S)-2-{[2'-(2-Benzyl -2H-tetrazol -5-yi) - bi phenyl -4-yl ne.
thyl]-am no}-3-nethyl-butyric acid benzyl ester, and
(S)-2-{[2"-(2-tent-Butyi-2Htetrazol -5-yl)-bi phenyl - 4-
yl met hyl ] -am no) - 3-net hyl -butyric acik tert-butyl
ester. 12. The conpound of f4rnula (I W according to
claim9 which is 3-nethyl-2{[1-[2'-(1 H

tetrazol -5-yl)-bi phenyl -4-yl]-nmeth-(E Z)-ylidene]-amn
o}-butyric acid.

11. A compound of formula (lic) according to claim 8 selected from the group consisting
of:

(S)-3-Methyl-2-((2'~(1 H-tetrazol-5-yl)-bi phenyl-4-ylmethyl)-amino)-butyric acid,
(S)—3-Methyl-2-{[2‘-(1H-tetrazol-S-yl) -biphenyl-4-yl-methyl}-amino}-butyric: 'acid
benzylester, (S)-3-Methyl-2-((2'- -(1H-tetrazol-5-y1)-biphenyl-4-yl-methyl)-z mlno) -butyric
acid tert-butylester,

(S)-2-((2'-(2"-tert-Butyl-tetrazol-5"-yl)- biphenyl-4-ylmethyl)-amino)-3- methlyl -butyric acid,
(8)-2-{[2'-(2-Benzyl-2H-tetrazol- 5-y|) biphenyl-4-ylmethyl]-amino}-3-meth yl-butyric acid
benzyl ester, and :

(8)-2-{[2-( 2-tert-Butyl-2H-tetrazdl-s-yl)-biphenyl-4—y|methyl]—amino}-3—met}1yl-bulyric acic
tert-butyl ester.

12. The compound of formula (Iic') according to claim 8 which is 3-methyl-2{[1-{2'-(1H-
tetrazal-s-yl)-biphenyl-4—yl]-meth.—(E/Z)-yIidene]-amino}-butyric acid.



