WO 2005/ 014602 PCT/ EP2004/ 007980 1 PROCESS FOR THE
PREPARATI ON OF TETRAZOLE DERI VATI VES FROM ORGANO BORON
WARDS/ORGANO ALUM NI UM AZI DES The invention rebParaE®2i0a/007980
a method for preparing substituted tetrazol es,
conmpounds obtai ned according to this nethod, new
reactants and new tetrazol e derivatives. Tetrazoles
are structural elenents, for exanple, of
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structural elenent a 5-tetrazole group. It is known
in the art that tetrazole derivatives can be prepared
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trial kyl ammoni um azi des or tetraal kyl anmoni um azi des
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avoid the above-mentioned disadvantages. Especially, a lot of effort has been made to
substitute corresponding organo-tin azides with alternative agents which are viable

alternatives in the production of tetrazoles with sufficiently high yields.

It has surprisingly been found that organo boron azides and organo aluminium azides can be
used as alternatives to corresponding organo-tin compounds. Said boron and aluminium
compounds are available in considerably large scales and are relatively inexpensive,
especially corresponding aluminium compounds that are produced for the polymer industry
(e.g. Ziegler-Natta catalysis). It has surprisingly turned out that high yields of tetrazoles can
be achieved when using these organo azides to be used according to the present invention.

Furthermore, as the corresponding boron and aluminium azides are not known to be toxic,



(e.g. Ziegler-Natta catalysis). It has surprisingly
turned out that high yields of tetrazoles can be
wachisanemd2 when usi ng these organo azi des to beprPasaa#2004/007980

according to the present invention. Furthernore, as

the correspondi ng boron and_gl_um ni um azi des are not

known to be toxic, WO 2005/014602 PCT/ EP2004/ 007980 2

their use does not require special care when recycling

the waste water and noreover the dial kyl netal azi des
theiryss dees pP@auierIsPerial chigy Weensiesydng the \eﬁ?te Jfer apddngrepyer the

dlal@%&éltdz%%% caﬁ\b%rbrocﬁlfb%hl Gha 14788 E@a‘}é)ﬁf‘lgwr&s@' aMdkiild &MafiBns. Even

di al kyl al um ni um azi deS have these advant ages,
thoughegprwap@ﬂdm diglkyrbasiers end éléuwh Furpinisin azidesbaNedhess advantages,

theyth%ﬁg nbf“lrée%ﬁfésﬁbfﬁé&ﬁq}% ﬁtb%ﬁ‘@re% b8 uBkd [b%cyélééd‘dﬁbﬁ% W|th nitriles

tetrazo known fromthe literature is
to fogmdetragiolesy y¥imatlis knawn fhero thabipadwe icthat e @s%aanyéal@mum azides

can Eb%édjﬁsop%ﬂ%p%kﬁes bRd EBB% Rfl ﬁ@ﬁ SAGSS #dR @st%% eI':It:?\/\/ever the use

e use I -organ oron or di- anyl
of diedrganyh boren 7 dd@rganyl@@p@awm/@mges taspeetivelvt Btfpém teagoles with
is fully surprising. The present
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or gano aI um nium azi des, especially as defined bel ow,
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(I') or a tautoner or a salt thereof, wherein R
represents an organic residue;, conprising (i)
The Ipesseht ingerdion oelptastd agirodess fierl the RaGhfaCture ef) a Wittalzolarof formula
azide of formula (R )(RZ)MN%‘(II b), wherein R has
the nmeani ng as defined gb v,( Ry and R2, independently
of another, represent an okganjc residue such as an
al i phatic f esi due, an ali cyﬁ—rU resi due, a
heteroalicyclic residue; an'alicy®lic-aliphatic
residue; a heteroalicyclic-aliphatic residue; a
carbocyclic or a heterocyclic aromatic residue; an
or agauibinpharta salt ibsiedfievhereiniR teptesentaraal drgdric residueesi due,
com%ﬁ§h resi due, independently of another, being
'UPstituted or substituted; and Mis boron or
(i) alreauting arpmpodnd of formula R-CN (II a) with an azide of formula (R;)(Rz)M-N,-(ll

b), wherein R has the meaning as defined above; R, and R,, independently of another,
represent an organic residue such as an aliphatic residue, an alicyclic residue, a
heteroalicyclic residue; an alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a
carbocyclic or a heterocyclic aromatic residue; an araliphatic residue or an heteroaraliphatic
residue, each residue, independently of another, being unsubstituted or substituted; and M is
boron or aluminium; and

(i) isolating the resulting compound of formula (1).

A tautomer of a compound of formula (I) is a compound of formula

N
R /\/NH



(ii) isolating the resulting conpound of fornula (1).
A tautonmer of a conpound of fornmula (1) is a conpound
wohodsmeoeka R~ N H N=N (I') WO 2005/ 014602 PCT/EP2004/007980
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have ng nmeani ngs: An organic residue
is, for exanple; an aliphatic residue, an alicyclic
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otheiwrsedeﬁnadd;alﬂw daye ithehtatlowing exbadings: a car bocyclic or a
heterocyclic aromatic residue; an araliphatic residue
or an heteroaraliphatic residue, each residue,
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for exanple, Cl1-C20-alkyl, in particular Cl- C10 aI kyI.
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I i kewi se C2- C20- al kenyl , i n parti cuI ar

-C10- al kenyl , Preferred
Ak S §, Of GrarERar ot G-t crzeamﬁtyﬁs/% Cror?""pyar S Eupigpl € preferred, for
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Alkenyl is, for example, Cs-Cyp-alkenyl, in particular C;-C,,-alkenyl. Preferred is C;-Cs-
alkenyl; for example, 2-propenyl or 2- or 3-butenyl. Alkenyl is likewise C,-Cys-alkenyl, in
particular C,-C,s-alkenyl. Preferred is C,-Cs-alkenyl.

Alkinyl is, for example, C5-Cyalkynyl, in particular C,-Cypalkynyl. Preferred is C;-Csalkynyl
such as propargyl. Alkinyl is likewise C,-Cyalkynyl, in particular C,-Cjealkynyl. Preferred is
C,-Csalkynyl.

Alkyl, alkenyl or alkynyl that can be interrupted by NH, substituted NH, O or S is in particular
C,-Cy-alkoxy- C,-Cyo-alkyl, -C3-Cyp-alkenyl or - C4-C,g-alkynyl, or C3-Cyp-alkenyloxy- C;-Cyq-



such as propargyl. A kinyl is Iikew se C2-C20al kynyl,
in particular C2-ClOal kynyl. Preferred is
wQ2e0@Hakdoynyl . Al kyl, al kenyl or al kynyl that eawErp2004/007980
interrupted by NH, substituted NH, O or Sis in
particular C1-C20-al koxy- Cl- C20-al kyl,
- C3- C20- al kenyl or - C3-C20-al kynyl, or
C3- C20- al kenyl oxy- Cl1-C20 WD 2005/ 014602
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residue is, for exanple, nono-, bi- or polycyclic.
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CyclBallsghih padiculay Ch-Chaycloikyla ittefeBrediis gyclopantybamd oallahexy! i ¢
residue is, for exanple, an alicyclic residue, wherein
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Cycba@en?ﬂlﬁ lnspattk:ular Djcydidali@nylcandSs pederhblgfcyolbpatt-2c and -
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A heisSel BRSSPl ARSI S Wheginyg east one carbon
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residue is, for exanple, Cl-C8-alkyl, C2-C8-al kenyl or
C2- C8- al each of which substitute ) _
An Qs 2JRIURIRIER. 65 AT R LRIy Rl 7 sbsdituted by
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A heterocyclic aliphatic residue is, for example, C,-Cg-alkyl, C,-Cg-alkenyl or C,-Cg-alkynyl
each of which substituted by C;-Cgcycloalkyl or by C,;-Cg-cycloalkenyl wherein one carbon
atom of C4-Cgeycloalkyl or by C,-Cg-cycloalkenyl, respectively, is replaced by NH, substituted
NH, O, or S, especially piperidino-methyl or -ethyl.

A carbocyclic aromatic residue is, for example, a mono- or polycyclic (such as bicyclic) or
benzoanellated carbocyclic residue, such as phenyl, naphthyl, but also biphenyl, each of

which can also be substituted.



A carbocyclic aromatic residue is, for exanple, a
nmono- or polycyclic (such as bicyclic) or
woensgan®bk | at ed carbocyclic residue, such as pRemgP2004/007980
napht hyl, but al so bi phenyl, each of which can also
be substituted. WO 2005/0146@2 PCT/ EP2004/ 007980 5 A
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6- menber ed and nonocyclic radical which has up to
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appropri ate 6-nmembered radicals are 1n artlcu ar
suchyge pyitalyl, piazelyd) imigezelyt thazelvh trirazelyl, gyl anddhisni, while suitable
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especi al |y benzyl, 2-phenethyl or 2-phenyl- ethenyl. A

An %ﬁﬂp&f?@ ﬁ%lo‘lughsacgbr%{aﬁﬁk 2§ )}TCg a?ky&? %@ﬁﬁ Por Cze %ﬁlkyna/# each of
whioktié elhbstlwtembys phenyl ecbybyanbyiryhzspgtiallyi handﬂza{pyenethyl or 2-phenyl-

etheﬁngl' azolyl, tetrazolyl, fury[, thienyl or pyridyl,
pecially pyri dyI met hyI Al kyl , al kenyl, or al ki nyl

can al so be substituted, for exarrpl e, by a substituent
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of whigh hmsubstmutedancbwazdmt isidazylyl, rtnazalyb eettazolyt, éayll théenyearcpyridyl,
reﬁﬂdue Iin eﬁendently of another, being unsubstituted

espegally YUYNERYY by one or nore, e.g. two or three,

substituents, for exanple, selected fromthe group
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the drwdp e@disting@.dr@f ¥n amn@msdmtaeai heterdalisyclic AbSidues bloarbmbycnc and a
hete oalicyclic res es, can so .be s bst
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hydrdRyIe&AENTEdl rcyd x?meéﬂb@xy &mdGrfidate§ 8&MoxEsi due,
i ndependent I'y anot her, bei ng unsubstituted or

substituted by one or nore, e.g. two or three,
Alicy ot hdteRRliSyclid Rersnd%lé§@'9h Biso Be@bsfdieh! BREAMIB! BYhe or more,

consi sting of hal oge
e.g. two or three, substltuents selected from the group consisting e.g. of an aliphatic residue,
alicyclic residue, a heteroalicyclic residue; a carbocyclic and a heterocyclic aromatic residue;
each residue, independently of another, being unsubstituted or substituted by one or more,
e.g. two or three, substituents, for example, selected from the group consisting of halogen;
amino, substituted amino, mercapto, substituted mercapto, hydroxyl, etherified hydroxyl,

carboxy, and amidated carboxy.

An alicyclic-aliphatic residue, a heteroalicyclic-aliphatic residue, an araliphatic residue or a

heteroaraliphatic residue, each residue (e.g. in both the alicyclic and the aliphatic moiety),



am no, substituted am no, nercapto, substituted

nmer capt o, hydroxyl, etherified hydroxyl, carboxy, and
warmaaned2 car boxy. An alicyclic-aliphatic resi @aQ&/EP2004/007980

het eroal i cyclic-aliphatic residue, an araliphatic

residue or a heteroaraliphatgc residue, each residue

(e.g. in both the alicyclic and the aliphatic noiety),
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carboxy, and anidated carboxy. A carbocyclic or a

het erocyclic aromatic residue can al so be substituted,
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R kS 664k g
or é ﬁcl? ; SEE e[sque(ﬁ td Q&éﬁﬁt?@ fr%frﬂﬂ@ Iggéé{b ddo?u%i’sﬂ% &y%f an
allph&é‘@ ef?&mlei é Ilcereﬁeyeombete@abwcmcgsaueca&ﬁrboaychc and a heterocyclic
I
aronihﬁggr%gﬁ%éé nétaIEI;/ regsr B ink pérﬁfé@ﬁ*’ﬁ% arﬁoﬁlg%bﬁﬁﬁé hﬁ;gs%truted or substituted
by opelgs moraitesgl twpr ties, substituents, dorexanyle, selecteddmm the group
t] , r

consIB ok PHREL T arb 5. B ani e, HicrEihol RBs b0, nyarouy,
etherifiedbystroxyl, mwxytandeaimdeieda:pthmxyhydr oxyl, etherified

hydr oxyl, carboxy, and am dated carboxy. Substituents

of an aliphatic residue, an alicyclic residue, a
Subsigvents af an:glqdhiatic resiiud yan alwycliw‘eisndyelé ketatoalityelic @sidue; an

Id ter .Cl e i phati.c residue; a .
alioyofi s oo ™S Rl iR Peidhd 8 B RieIB.or g heterocyoii
aronaatizlregitiag; ian arelmhdutere@rdualmr arhetevgdraliphatia tdsiduep sardiikewise be

SR |fl kein se be acetalized fornyl. Halogen is in
ace i @0Mar hal ogen of atom c nunber not nore than 53,
such as fluorine, chlorine, brom ne and i odi ne

Subst.i t ut.ed rcapto_is, . for exa [ ed by
HelogiR 5 LI PRORR 8 S(aiea It PEL DI A0 0. ugh as labrine,
chlohgd, ®Feraink @yid lisding. esi due; an al i cycli c- aI | phatl c

residue; a heteroalicyclic-aliphatic residue; a

carbocyclic or a heterocyclic aromatic residue; an
Subgtit@ted PhrEasio Is¢ fdr éemple, aibshtef BpambidhRas tesidue, an alicyclic residue,

a heteroalicyclic residue; an alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a
carbocyclic or a heterocyclic aromatic residue; an araliphatic residue or an heteroaraliphatic
residue, each residue, independently of another, being unsubstituted or substituted by one
or more, e.g. two or three, substituents, for example, selected from the group consisting of
halogen; amino, substituted amino, mefcapto, substituted mercapto, hydroxyl, etherified
hydroxyl, carboxy, and amidated carboxy.



resi due, each residue, independently of another, being
unsubstituted or substituted by one or nore, e.g. two
wonodslme®2 substituents, for exanple, sel ect edPCTmmRdone07980

group consisting of hal ogen; am no, substituted

am no, nercapto, substitutedynercapto, hydroxyl,

etherified hydroxyl, carboxy, and am dated carboxy.
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heteseasematic aleehol.ach of whish C@aramaﬁ substittind. exanpl e,
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derived froman aliphatic or arallg;atlc hydr ocar bon
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gsug ted or nonosubstituted or, independently of
C7algn aﬁ%‘%rmgr, di substituted by an al | phatic or

aral i phatic hydrocarbon radical or disubstituted by a

it 8 aRbru e 1) Beb P AR B he Bl Y oy

unsulmstitubed ertroomosubstitutad knenrzcmluendentg of ione paotheg udis&ubstltuted
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ahphmnh'ydmeakban eadical (E/T\aihkyday be ﬁibrﬁb&éd(@]@lor may be condensed

%(ﬁ%ll ganrégré @ohenxh gﬁ Gral k @%Wmlalkylene or lower
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, ph&ayi-@z-@ &kérwnepmﬁc @Z@kmyl ecmes@(mamm- M dzycm@l Ns, for
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yl, G, BIRFIBASLHNAILC 2 JAKy RABOTRG, - ;aqq@;am arih@nched.
ubstituted am no has the neanings indicated in

connection with substituted
Alkylene is, for example, C,-C,palkylene, in particular, C,-C,alkylene, for example

methylene, ethylene, or 1,5-pentylene. Corresponding alkylene may also be
branched.

Substituted amino has the meanings indicated in connection with substituted
carbamoyl! and is furthermore acylamino, such as C,-Cg- alkanoyl-, phenyl-C,-C;-
alkanoyl-, benzoyl-, C,-Cg-alkanesulfonyl- or benzenesulfonylamino.

Acetalised formyl is, for example, di-alkoxymethyl or oxy-alkyleneoxymethylene.
Most preferred is branched oxy-alkylene-oxy-methylene wherein the alkylene
group is branched such as oxy-2,3-butylene-oxy-methylene or oxy-2,3-di-methyl-
2,3-butylene-oxy-methylene.



car banoyl and is furthernore acyl am no, such as C2-C8-
al kanoyl -, phenyl - C2- C5- al kanoyl -, benzoyl -
wQ2081adokanesul f onyl - or benzenesul f onyl am noPCT/EP2004/007980

Acetalised fornyl is, for exanple, di-alkoxynmethyl or

oxy-al kyl eneoxynet hyl ene. Mgt preferred is branched

oxy-al kyl ene- oxy-net hyl ene wherein the al kyl ene group

i s branched such as oxy-2, 3-butyl ene- oxy- et hyl ene or

oxy-2,3-di-methyl- 2,3-butyl ene-oxy-net hyl ene. WO

2005/ 014602 PCT/ EP2004/ 007980 -8 Al kanoyl is, for
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preférr&yrrol yl. Pyrazolyl is 3- or 4-pyrazolyl. Im dazolyl
- or 4-imdazolyl. Triazolyl is, for exanple,

1,3,51 Htriazol-2-yl or 1,3,4-triazol- 2-yl.
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Pimb) 5070 b 2165 ST, ol 200t E50a0hr Treaoy
is 24t 4—i®1i@aﬂoty<hb1ﬁéa2}91w isdior example, 1;31'5 ﬁﬂ tmazpy&yblqﬂ 1,3#-triazol-
, X3P
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r'esi dues as nenti oned above and bel ow
shoul d preferably not conprise those substltuents

that i nterf { th the reactants efer
Ak SrBErp, Bbieleblin PEAEHET ERg BlShh bt B -
Cralpyxy, tydst patarrenf§ C,-@halkdxyistichias mkeilhmﬂyuémdxy)m prapgdxyt art ed
; ”g¥t ﬁ’ substituent selected fromthe group consisting
ert éyogen C, - Cral kyl, C, -Cral koxy, hydroxyl,
hydr oxyl - C, - Cral kyl , hal o- C, -Cral kyl such as CF3,
fornyl, C, C7a|kx thyl, .an
SubpBlps of isies e e Konod b aae B w sfiopyl prefsrably not
confpAséiHoRe sapdtieimyd thadintepiephanly thel rebétaihtsi s unsubsti t ut ed
or

Preferred R is selected from the group consisting of phenyl or of pyridyl each of
which is unsubstituted or substituted by a substituent selected from the group
consisting of halogen, C,-Calkyl, C,-C,alkoxy, hydroxyl, hydroxyl-C,-C,alkyl, halo-
C,-C;alkyl such as CF;, formyl, di-C,-C,alkoxy-methyl, and C,-C,alkylene-methyl;
of C3-C,cycloalkyl; of C;-C;cycloalkenyl; of biphenylyl that is unsubstituted or
substituted by a substituent selected from the group consisting of halogen, C,-
Cialkyl, C,-Calkoxy, hydroxyl, hydroxyl-C,-Calkyl, halo-C,-Calkyl such as CF;,
formyl, di-C,-C,alkoxy-methyl, and C,-C,alkylene-methyl, for example 4’-C,-
C,alkyl-biphenyl-2-yl, 4-hydroxy-C,-C,alkyl-biphenyl-2-yl, 4-halo-C,-C,alkyl-
biphenyl-2-yl, 4’-formyl-biphenyl-2yl, 4-di- di-C,-C,alkoxy-methyl, or C,-Csalkylene-
methyl; of C,-C,alkyl that is unsubstituted or substituted by a substituent selected
from the group consisting of halogen, of phenyl; of phenylsulphonyl, of



substituted by a substituent selected fromthe group

consi sting of halogen, C - Cral kyl, C, -Cral koxy,
waypadrsoiydo2z hydr oxyl - C, - C7al kyl , hal o- C, - C7al kyPCSE®2002807980

CF3, fornyl, di-C, -Cral koxy-nethyl, and

C2- Cral kyl ene-nethyl, for exgwple 4'-C, -

C4al kyl - bi phenyl - 2-yl
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- uor Suc S

Crelf | paRES DE By by ot g SRR OF Farts Ot et SaC ol
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The reactions described above and below in the variants are carried out, for
example, in the absence or, customarily, in the presence of a suitable solvent or
diluent or a mixture thereof, the reaction, as required, being carried out with
cooling, at room temperature or with warming, for example, in a temperature
range from about -80°C up to the boiling point of the reaction medium, preferably
from about -10° to about +200°C, and, if necessary, in a closed vessel, under

pressure, in an inert gas atmosphere and/or under anhydrous conditions.



al kyl such as phenyl sul phonyl - net hyl ; of
phenyl ner capt o- C, - C4- al kyl such as
woheosyoiame capt omet hyl ; of C3- C6- cycl oal kyl sucRCa%&P2004/007980
cycl opropyl or cyclobutyl; of C3-C6-cycloal kenyl such
as 1l-cycl ohexenyl; and of _4g.
N- phenyl -N -C, - C4-al kyl -am no- C, -C4-al kyl such as
2- (N-phenyl -N - et hyl -am no) -net hyl. The reactions
descri bed above and below in the variants are carrie
PrefgigPly, pspmpaunghpi fermyla (F aiisdisednrhersip substiueiie Pf Y%F'ab\erR do not
interfdt8 dDFiSS HRGBadfonwithtd EGRPSRINIT Y& HuIPAI b)di | uent or a
m xture thereof, the reaction, as required, being
carried out with cooling, at roomtenperature or with
A co‘ﬁ%o”h& Of fofnﬁ[xlae(ﬂ%m ;ﬁ'efe'rébly@‘a E@H@ﬁfo"f\ﬁﬁp%m{p@ﬂﬂ@ WHePHh R is as
to ' the [T ng point the reaction
demeﬁWW@ preferably fron1about -10 to about +200C
and, if necessary, in a closed vessel, under

pressure, in an inert s@s at nospher e and/ or under
A preiered eaide of fnfanuta (RaXR;) QM/lmmugsnwﬂrnem@mpo@mm Mis
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rern su St It ue
ethyll propyy diigrbubyddertibuty! ek nHackyl; Carhalleny! etict ag ntM ar grotyl, 16,-C;-

cyclbqa @@W&@cﬁoﬁ&%%eﬁwf—bkﬁg—%l&%%ﬁ %g %%ﬁgll é ?—iprf]lglaethyl; phenyl-C;-

correspondin IS as
Csallsgry suchvasueimiaenyl et GizCeleyclonlkloC 104-alkyIRUF RS Fixtlid§Bopyimethyl or

cyclmemﬁnﬁhl}&]oukgﬁlgrgg%' ﬁg%&gﬁjdelnwggégﬁ%%%th& i fphengl C.-
Csalkerol.her, is C, -C8-al kyl such as nethyl, ethyl,
propyl, diisobutyl, tert-butyl or n-octyl;
C3- Cral kenyl such as allyl or crotyl, C3-C cycloal kyl
Especially meferygd baides sile thpseay mefliored-iatheyExamplds. as benzyl
or 2-phenethyl; phenyl-C3- Cbal kenyl such as cinnanyl,
or C3-C8-cycl oal kyl -C, - C8-al kyl such as
The eytdrapti®plyarma4idey bf formula YIC b pdveka hitdié bﬁlformuial(ﬂ\ai) BN al?ange from 5
and i.nde ent | f e_anot e
to 1 ESSfepatl (TOMES i Hp s ripiebly o b Fubor BpB khlish as
msntl oned in the Exanples. The nolar rati o of an azide
my anitrile of fornul | a) is
An iyt solvelibsBuprinieSis grodg g S poloCef s A thagigannot
readPwith meaétbsnn? inieial oBintedmbdiatest 12080ithble dofveht isAr EXEhple, selected
sol vent uent. or mj xture thereof should be selected

from,fie gFPupecaRsistinghef qliphalion Aioaliphalicrang aramefichydresarbapy such as an
Cs-OTRAIRENSS. gOReptiNe: BBy dloakase suthsad dydlohx1L ¥R hikyited @)L
C,cyclo%IrLFa)Jnée suc?herlzls(,e r%tethyl -cyclohexane or 1,3-dimethyl-cyclohexane, an alkylated
benzene such as ethylbenzene, toluene, xylene, cumene, or mesitylene; a halogenated
aromatic solvent such as chlorobenzene, o-, m- or p-chlorotoluene, dichlorobenzene, and
trifluoromethylbenzene which may be further substituted e.g. by C,-C;alkyl or C,-Calkoxy;
and a halogenated hydrocarbon, for example, a halogenated aromatic compound, such as
chlorobenzene. A further solvent may be an ether, such as tetrahydrofurane. Furthermore,
a suitable solvent, diluent or mixture thereof should have a boiling point that is high enough

to be used under the reaction conditions.



fromthe group consisting of aliphatic, cycloaliphatic
and aromati ¢ hydrocarbon, such as an C5 C10-al kane
we.2005/hepeane, a cycl oal kane such as cycl ohexaReT/Eaz4/007980

al kyl ated C3- Crcycl oal kane such as net hyl - cycl ohexane

or 1, 3-di net hyl -cycl ohexane,_ jqn al kyl ated benzene
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the 5 eSpecr ally by extraction -

Preferred are compounds of formula (Il a), wherein R represents a carbocyclic or

heterocyclic residues.

The present invention likewise relates to a compound of formula (Il b). Preferred
compounds of formula (Il b) are those, wherein R, and R,, independently of one another, are
C4-Cypalkyl, C5-Cgalkenyl, C,-Cg-cycloalkyl, alkylated C,-Cg-cycloalky! or ar-C,-Csalkyl,



chromat ography of the reaction m xture. Reference in
this context is also nmade to the working exanples.
wa@anpouss of fornmula (Il a) are either known BCTERZOOB07980
prepared using nmethods known in the art. Preferred
are conpounds of fornmula (Il44), wherein R represents
a carbocyclic or heterocyclic residues. The present
invention likew se relates to a conpound of fornula
I Prefer onmpounds 0 rmgla (11 Db) ar
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ar-C, - Csal kyl , WD 2005/ 014602 PCT/ EP2004/ 007980 -12
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tenperature range of 0OC to 120C. The reaction is nost
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It might be that, dependent on the kind of substituents, reactive substituents could also react
with the azide. For example, an aromatic hydroxy group or a benzylic hydroxyl group may
react with an azide of formula (Il b), however, the resulting hydroxy function masked by a
metal or by an organo metal group can be split with e.g. an acid resulting in a compound of
formula (1); accordingly, in this situation, a higher amount of a compound of formula (Il a)
needs to be used. An ester group might form an acyl-azide with a compound of formula (Il
b), while an epoxy ring structure might be opened with an compound of formula (11 b).
However, the person skilled in the art would be able to either directly anticipate that starting
compounds with specific reactive substituents could not be used, as these substituents

might react with the azide instead of the cyano function, or the person skilled in the art



di i sobutyl boron azide, dibutyl boron azide or
di cycl ohexyl boron azide, furthernore diaryl boron
wazid@isweh as di phenyl boron azide. It m ght BeTmERa04/007980
dependent on the kind of substituents, reactive
substituents could also reacyz_with the azide. For
exanpl e, an aromati c hydroxy group or a benzylic
hydroxyl group may react with an azide of fornula (I
é? however, the resultin droxy function masked by
wo w?@P&Pr%%p%s?maﬁ'dﬁ@éﬁ@ﬂ%ﬁ%reaaiﬁ%@r@aﬁ OBHe§Fﬂﬂﬂdi"9vﬁe?ﬁ‘V3
grousthndadte Rl Split- @ﬁtﬂéddﬂr@sbéh%@%@éﬁﬁ@g@ﬁps be UQ‘H% Bofifehtional
accordingly, in this situation, a higher anount of a
methedsIE\OMA RSF SPornul a (11 a) needs to be used. An ester
group mght forman acyl-azide with a conpound of
formula (Il Db), while an epoxy ring structure m ght
Themgoqﬂgg /b e\,gr@wnémvgaﬁlﬁw[yﬁwlsgfcomlﬁ@ﬁ gro(qcpng,;eactlve substituents of

compBURYEST: for‘iﬁlﬁaéjﬁfé%ds(h'ﬂ) bR4 dfﬂér %d?ﬁ,aﬁcsrt ofRY 'téira%uﬁgm e(s]phttlng-off

fo either directl’y anticCipate that startin
the gprraspepding prateqtive grqupés)sepsciativibnusing eenvgnienal pethesisknown per

se g b{yhﬁé segapékmé&mﬁé Peﬂhsmtarmﬁ&fs ﬁdgﬁ i \kwﬁﬂiﬁﬁg and de-

the cyano tunction, or t per so
protegfingHenciionalhgmpudo5/ 014602 PCT/ EP2004/ 007980 -13 woul d,
when correspondi ng side reactions are realized,
protect correspondi ng reactive groups and | at eron
In appéfetred ebodimenbefthe prasenhigvention cheforeghe reastien bia oeipaund of

fornﬁﬂ’epgﬁ tv{nmko ?ﬁfnt?iodﬁow @eé cgr‘ﬁgol]mneo Bmggll 8{ wltncg'gm R

I nven 1T kew se F ot ect
compeases & r,aachwbgmup therican be prcoiectp«b agaiestdhe femgenl afdorfidla @) b) can be

protg&gd ( ll'f'n%lp % O?ﬁﬂlnlgﬁ;r&ggtep é%haﬁ@nsc%?%?ig gésrc?éggﬁslzeg \%rth a

corrmspmt ofafbtnyulbyn b)samgfrm) raviesd iy edmparink dioks protenting g&rups $eesplit off
t he

* resdfufyin Ao iopRE BT Bule g 4 e Beieet g e G iuise be

appligdtofiise manufaclure bl cerdpeuriiasfiferanlaeniivy, D), PrIE sespectively.
i nvention, before the reaction of a conpound of
formula (Il a) with a conpound of fornula (Il b), a

In a@posfprad dmbbdifrentol this(Vatiag) OM@oepd) skeh g@an@rﬂasue% & phenolic or

ben;)z éi&-ll]grobl g,?q%’:r)\ tha ‘9 %ralﬁl?e%ccg{{)?%tggtteg ga &%lty ﬁfguﬁreapondmg OH
grodrﬁé‘dml Be mgskatoe@k@dpléowﬂwtdwehswmea@bmgow dﬁsﬁﬁulbgdd) M'(Rs),
herein with a m?ound of formul a and fr

wherela Jf fenigsetisha stilaP HlEmSHbY e Rt 2y (f’aiﬁ?s and 4Pl the pefiodic Table

of Ele®taitd, ieBBedidllyanCalmmontiéledied RintHeagrolip c&’fsm’im? LD Nﬁr K, Mg, Ca,
thereof. This pri nmPI e can |ikew se

B, Alrad Rt Hdeppdes PV BoRD %'@a{'nwowch as
haldg¥h k.g. CRIORSE bi M@ln‘ine, NH2, alkyl such as C,-Cg-alkyl, cycloalkyl such as C,-C,-

cycloalkyl e.g. cyclopropyl or cyclohexyl, carbocyclic aryl such as pheny! or substituted
phenyl, carbocyclic aryl-alkyl such as phenyl-C,-C,-alkyl e.g. benzyl or 1- or 2-phenethyl, C,-
Cs-alkoxy such as methoxy, ethoxy, isopropyloxy, tert-butyloxy, n-octyloxy, and the index “n”
corresponds to the valence of the element M. R, can only represent one leaving group such
as halogen.

A preferred compound of formula (1l d) comprises corresponding alkaline metal hydride or
amide such as NaH, KH, NaNH,, KNH,; CaH, and MgH,, a corresponding alkaline metal



In a preferred enbodi nent of this variant, OH groups,

such as aromatic e.g. phenolic or benzylic OH groups,
woamshme4@et her masked or protected, respectivePgI/ER2004/007980

corresponding OH group can be nmasked, for exanple, by

treatment with a conpound of q4fornmula (Il d) M(R3)r,

wherein M represents a suitable elenent of groups 1

a, 2a, 3a, and 4 a of the Periodic Table of El enent s,

especially an el enment selected fromthe gro
orgwﬁgqr@pwgleef\/l G- Cgﬁgw ﬂjchl\,'bs lsqutyl LBbumI L| gqau’g} -Li, fest- butyl-Li, n-

hexylidepengent |y of one another, is hydrogen a | eavi ng
group such as hal ogen e.g. chlorine or broni ne,

A prafekryﬂ @G@ﬁu%ofcfor@da &l Ry £OMPREEs GAKPEPAIGHN %l%a"esf@ﬂal alcoholate
sucf?é(é:js&ﬁurh)blr pStaQS|uﬁIY(§L@5°£IRQ¥dlat8r cycl ohexyl, carbocyclic
aryl such phenyl or substituted pheca/
A pr@fﬂr@dwmppunchefyfprramlwlﬂ d}eRImprisss gHerpsP@dinauCafiegikyleCgCr-
Y, -
cyclgﬁﬂﬂoé(hyesg/l o sg)B(%/t!tgteQ Eﬁ?@)}ly éoa)?))l/ﬁoEng%w@ttﬁﬁf%\)l(§L‘1’<9hasa§|methyl Al
trletwldétquao;oyresmlrtgw@ ndlkexy ergany @rmdmﬂvo% of /csl queh as trimethoxy-

resent one
B, tr}é@a@?? tmg%drgﬁoﬁjcﬁ it %)Ty_ﬁn& o %U g¥OXP§Bgd compound
A preferfed mmwunod of fdymuiembdb s@spr@@s raecsvpr@amwyhahde ioh€4-Cg-alkyl,

I [ 0
phe@ﬁé—%&yﬂ%(g%félc@%wp ?hé'% Br Q?osmf%d nxel\?Wlé@ with Si
suclﬂé@ﬂﬁmhﬁ&cﬁlmfﬂﬁmtiws}@h@ﬁde -tilderaygQirshigrideptert-buty-diphenyl-B-
| kyl such as isobutyl-Li, butyl-Li,

Chlol?é%%tdsl |pi{_@nyF§| (ﬁﬁor@ut yl - n- hexyl-Li, n-hexyl-Li. A
Mosp peffaradsd Li-gipbalsad tmﬁethyiFAmalnel tridthylel. conpri ses a

correspondi ng al kali ne netal al coholate such as

sodi um or potassium C, - C5-al kanol ate. A preferred

A O T o bl T r e o couapomin g OF groue.
e : titut
e 8ﬁ8%' pargt'eétgﬂyff:?’%qWS %%%U'Qégo%p(?&égwog%su stitute

trirrethyl Al, trlethyl , or a corresponding

Mos&z ppgfgiieﬁggjlxr% rrq ol nEa V\ﬂwit |e§gﬁ'?t{%/ lhjr%,r]elgr%ents, the so-
calldd icoks élathenty aRd m@dphanmeraopmwlewnyerﬁ A preferred
conpound of forrmula (Il d) conprises a correspondi ng
hal i de of C,-C3-al kyl, phenyl-C, -C4-al kyl,
Exa%te@?oﬁd&ﬂe@ééﬁﬁmg ar[@[;tﬂ@b(éln lreSdpasitantddo ARtORAmY taRérgRMIfollowing
formed with Si as trinethyl - Sl-Ch|OI‘Ide
tablg:r j et hyl - Si - chl ori de, tribenzyl-Si-chloride,
tert-buty-di phenyl-B- chloride, and
tri phenyl-Si-chloride. Most preferred is LiH but also
trimethyl-Al and triethyl-Al.



A reactive group of a conpound of fornula (11

can al so be

a)

for

by a suitabl e OH prot eCTiERZN04/007980

exanpl e, a correspondi ng OH group,

wonraoeisaei®e, for exanpl e,
group. Most angiotensin 11 receptor antagoni sts have
two essential structural elefents,

"core el enent"

t he so-

cal | ed
and t he "pharnmacophore el enent”.

Exanpl es for correspondi ng angi otensin Il receptor
antagoni sts can be taken fromfoll ow ng able: WO
4005/ 014602 - 15 RCI/ EP2004/007980 Cl / ,J|OH N HN{
N OJH ! ! | NIOIN &~ O N N- /{N IN HO N / »L\!,) "
/ pik10[ 0 @-Q LOsginan M5 ar fan od I
HO & . 77
5 t’i Y 1 bgsar bEm Cfhddsar t an il (TFakeda) O
Sapeil VG
) aYaRA’
(stﬁi?i?réﬁs) Candesartan-Cilexetil (Takeda)

Elisartan
{Hafslund, Nycomed)

Tasosartan
(Wyeth-Ayerst)

Milfasartan
(Lusofarmaco, Menarini)

FK-739 (Fujisawa)

Y, ~ZT

OH

Olmesartan
(Sankyo, Recordati)

UR-7247 (Uriach)

YM-358 (Yamanouchi)

KRH-94 (Kissei)

§C-52458 (Searle)

The core part of angiotensin |l receptor antagonists comprises e.g. core elements derived

from above table, for example, following structural elements:

Cl
N CH N CH
HO\I\ 3 \ 3
T)_/\/ ] /N)_/\/

N
@\
N
\

CH,

Cly




NyN 1 OO YOBJ N N=0H NNO" N//N"NN-N-~H

[ " I\ S/ NV N/NO\ N/N\ NNNO//- I/ ~coNN/
wOl2b05l0i4002 El i sartan Ri pi sartan ( BVS) Tasosar t aRCT/EP2004/007980

M| fasartan FK-739 (Fujisawa) (Hafslund,

Nycomed) (Wet h- Ayer st) (Lusof ggoaco, Menarini) OH

; ; and

3N 0

HO\H/g\N/U\/\/ CH,
o | |

A further preferred core part of an angiotensin Il receptor antagonist has following structure:

H,C
H,C

o |

A
O;\ CH,

o}

The pharmacophore element of corresponding angiotensin 1l receptor antagonists is
represented by formula

N=N
[\
HN._ N

(Il a)

or is a tautomeric form thereof.

A tautomeric form of the side chain of formula (lil a) is represented by formula (111 b)



N//""~~SNNNONN ; / OH-N\NUNiIi/\NNHN NN
11 Ol -HN \~HNN\ NNO411 NNNN\ N/NO\ /

WO 20055014602 I NO | | ,, 4 1/ OO A nesartan UR-728ZT/EP2004/007980
(Uriach) YM 358 (Yamanouchl ) KRH 94 (Kissel ) SC- 52458
(Searl e) -17 -
H
N—N
/I \
N /N

(Il b).

The present invention likewise relates to a process for the manufacture of said angiotensin Il
recepior antagonists having as structural feature side the chain of formula (lll a) is
represented by formula

N=N
/ \N
HN\¢

N N\

H, \r/ \ 7
(lla)

or a tautomeric form thereof, especially of . angiotensin Il receptor antagonists as shown in

above table.

The present invention likewise relates to a process for the manufacture of said angiotensin il
receptor antagonists having as structural feature a tetrazol ring, e.g. of formula (IV),
N—=N

\
HN /N

O~

(Iv)
or a tautomeric form thereof, wherein Rx represents a structural element corresponding to
the relevant “core elements” derived from the above table, especially a structural element
selected from the group consisting of



(Sankyo, Recorded) The core part of angiotensin Il
receptor antagoni sts conprises e.g. core elenents
wdeoiswadh02f r om above table, for exanple, foll oRCIEP2004/007980
structural elenments: HO WD 2005/ 014602

PCT/ EP2004/ 007980 -16 H3CCH31gO Il HO ~ CH3 N O1
OCH3 HO ; and A further preferred core part of an
angiotensin Il receptor antagonist has foll ow ng
strycture: The pharmacophore el ement of corresponding
an tensin Il receptor antagonists is represented by
N N= /CN; HN (111 a) or is a tautoneric form
HO ¢ her AflgﬁLPgufoneric form of the side chain of
11 a) is represented by formula (111 b) WO

2005/ 014602 PCT/ EP2004/ 007980 -17 (111 b). The present
i nvention |ikew sddenledties lbsardarpr FCEB258810)f he

manuf acture of said angiotensin Il receptor

¥ agoni sts having as structural feature side the

ain of fornmula (111 a) is

MCHa

N
| (derived from irbesartan - cf. EP 454511);
CH,
N N
g8ate s
N
\ |
ok (derived from UR-7247);
N
Yo
CH,
N
o] o |

(derived from candesartan-cilexetril- EP
459136);



represented by formula N=N HN (I1l a) or a tautoneric
formthereof, especially of . angiotensin Il receptor
wanv@gomost s as shown in  above table. The preBemEP2004/007980
invention |ikewi se relates to a process for the
manuf acture of said angiotenggn Il receptor
ant agoni sts having as structural feature a tetrazo
ring, e.g. of formula (I1V), N=N HN or a tautoneric
formthereof, wherein Rx represents a structura
ARt corresponding to the relevant "core el enents”
Nrong;hg above table, especially a structural
Q§Eb ct fromthe group consisting of WO
2005/ 01¢©602 PCT/ 004/ 007980 -18 HO (derived from
Ia\artap - cf. EP 253310); (derived fromirbesartan -
HOCf “QEP 454511); ( defdeM@sh o BahdisdR4m) and \ CH3
derived from candesartan-cilexetril-" EP 459136); WO
3 02 -19 HO O CH3 (derived from candesartan);
and :PCT/ gP2004/ 007980 H3C 1~ CH3

0 (derived from valsartan - cf. EP 443983);
HC _on '
HC N H,C
o M ¥
3
o |
j\%‘CHs
0¥ 0 (derived from olmesartan — cf. EP 503785)

or, in each case, a salt thereof.

This process is characterized by reacting a compound of formula (IV a)
N

OO
(IV a),
wherein Rx has the meanings as given above,

with a compound of formula (R;){(R;)M-N; (Il b’), wherein R, and R,, independently of one
another, represent an organic residue; and isolating the resulting compound of formula (IV).

A preferred angiotensin Il receptor antagonist is the compound of formula



O HOCH3 O1 (derived fromvalsartan - cf. EP
443983); (derived fromolnmesartan - cf. EP 503785) or,
wonowsaeksozase, a salt thereof. This process i SPCT/EP2004/007980
characterized by reacting a conpound of formula (IV a)
N (1V a), wherein Rx has theygeani ngs as given above,
with a conpound of formula (R )(RRYMN3 (Il b'),
wherein R and R2, independently of one another,
represent an organic residue; and isolating the
résubfing conpound of formula (I1V). A preferred
angroten in 1l receptor antagonist is the conpound of
for 2 / CH02 PCT/ EP2004/ 007980 -20 HOB ~ N
(I'V b) or a tautomer thereof. A
ef ed [ the process according to the
t he manufacture of a conpound
¢haracterized by reacting a
conpound & {IVc) O HOB CH3 (IV c) or an
ester thereof with an azide of formula (R )(R2) M N3
(I'l'b), wherein //:nd R2, independently of each
ot her, have the neaﬁ“hgs as defined above, and

isolating the .V b)., An ester of
a conpound of for nul a %f‘@géyr?&‘tqrﬁértg‘?ﬁh‘pl an ester

derived froman aliphatic, araliphatic,

A prg?é&rga (ypngraro&]tr@rgrg qus%%lgicl)@Tat I earlarlegen tnl‘nv(c:an jon %r e manufacture of

a compound of formula (IV b) is characterized by reacting a compound of formula (IV c)
\/ lo)

5 |
C

N (IV c)
or an ester thereof with an azide of formula (R;)(R,)M-N; (llb), wherein R, and R,,
independently of each other, have the meanings as defined above, and isolating the

compound of formula (IV b).

An ester of a compound of formula (1V c¢) is, for example, an ester derived from an aliphatic,
araliphatic, cycloaliphatic, cycloaliphatic-aliphatic or aromatic alcohol. Preferred is a C,-C,-

alkyl ester or a aryl-C,-C,-alkyl ester, most preferred a benzylester thereof.

A preferred embodiment of the present invention is a process for the manufacture of a

compound of formula



al kyl ester or a aryl-C, -C2-al kyl ester, nost
preferred a benzylester thereof. A preferred
wenhsdiaent of the present invention is a procees/EPZI4/007980
t he manufacture of a conpound of fornula WO
2005/ 014602 PCT/ EP2004/ 0079881 -21 Ry (V) a tautoneric
formthereof wherein Ry represents C, -CB-al kyl such as
met hyl ; C,-C8-al kyl substituted by X and X being
hal ogen, sul phonyl oxy, hydroxyl, protected hydroxyl,
such as rononet hyl , or an acetal of fornyl; and X
bei ng | N penzyl ic position, conprising reacting a
compound ot or mul a (Iva) NIlIl Ry (Va) with a
compound of {formula (R )(R2)-MN3 (Il b), wherein R,
| i ngependent|ly of one another, represent an
Ry el du and isolating the resulting conpound
Y/ A‘rél)acetal of a fornyl group is, for
exanpl e, the cor‘ spondi ng di - C, - C8al koxynet hyl such
a tawtsmefrlt fopinitbangof wherdineRyh@pyesertsh Y -C,-alkyl such as methyl; C,-Cg-alky!

et hyl ege- oxy- C2- C6-al kyl ene- o such a t hyl eneoxy-
subH BPo XA SR NrRURiPEaerEy B igsuch as
bronidiRetBONCar! atdliodformik bhd x| BEIRG in 4 BenAi€ p6¢ition, comprising reacting
mven(%l@&n rel ?Iéle% to the conpounds of formula (V) or a
a compopgatfogpulg (WAk thereof in a form being conpletely
free of tiny The present invention also relates to
compounds formula (V) whenever obtained according
to above repction. A variant of the process for the

acturel of the conpound of fornmula (V) is a
> e manufacture of a conpound of fornula

(Va)
with a compound of formula (R;)(Rz)-M-N; (1l b), wherein R, and R,, independently of one

another, represent an organic residue; and isolating the resulting compound of formula (V).

An acetal of a formyl group is, for example, the corresponding di-C,-Cgalkoxymethyl such as
dimethoxy- or diethoxy-methyl, or methylene-oxy-C,-Cg-alkylene-oxy such as methyleneoxy-
ethyleneoxy.

The present invention likewise relates to the above reaction. Furthermore, the present
invention relates to the compounds of formula (V) or a tautomer or a salt thereof in a form
being completely free of tin. The present invention also relates to compounds of formula (V)

whenever obtained according to above reaction.

A variant of the process for the manufacture of the compound of formula (V) is a process for
the manufacture of a compound of formula (V1)
N—N

\
HN/ /N

0

2O

(V1)



-22 or a tautoner or salt thereof, conprising (a)
treating a conmpound of formula (VI a) NIII (VI a),
wohers@i#oX represents a | eaving group, first WPCHIVER2004/007980
nucl eophilic agent and then with a "solvolytic" base
resulting in a conpound of fggmula (VI b) N (VI b);
(b) reacting a conmpound of formula (V b) with an azide
of formula (R )(R2)MN3 (Il b), wherein the variables
R, and R2, independently of one another, have the
meani ngs as defined above; resulting in a conpound of
oraftéUtGMblaor(s\éﬁttﬁérer coerH}hé"O (Ml c) or a tautomer or
sal t ereo oxi di zing a conpound of fornula (VI
(a) teepting a@omev@veirfowulgma)t hereof resulting in a
conpound of pfornula (VI) N=N HN or a tautomer or salt
t her eof ; anL(d) i solating the conpound of formula
(VI) or a tqutomer or salt thereof. WD 2005/014602
PCT/_EP2004/ Q07980 -23 The present invention relates to
steps (a) to (c) and to the product
ing to the conplete reaction sequence,

n@lég each of reaction steps (a) to
n scri bed above and below in the

(c). The reat| 0
wheveain Xaapresante adeavingegroomtfirstrwith araunteaphilin @gent and then with a

“solvolytic” base resulting in a compound of formula (VI b)
N

OO
(VI b);

(b) reacting a compound of formula (V b) with an azide of formula (R;)(R2)M=N; (Il b),
wherein the variables R, and R,, independently of one another, have the meanings as
defined above; resulting in a compound of formula (VI ¢)
N—N
/ \
HN._ N

) O O

(c) oxidizing a compound of formula (V1 c) or a tautomer or salt thereof resulting in a

(VI c) or a tautomer or salt thereof

compound of formula (VI)
N=N

\

HN_ . N

(o)

H ! i (V1)

or a tautomer or salt thereof; and
(d) isolating the compound of formula (VI) or a tautomer or salt thereof.



per se, for exanple in the absence or, customarily, in
the presence of a suitable solvent or diluent or a
woindsineoe her eof , the reaction, as required, beCTEP2004/007980
carried out wth cooling, at room tenperature or with
warmng, for exanple in a tepperature range from about
-80C up to the boiling point of the reaction nedi um
preferably fromabout -100 to about +200C, and, if
necessary, in a closed vessel, under pressure, in an
i nert gas atnosphere and/or under anhydrous

he P&t iIn0&RionPEIBR s (18 battP ofr@bEichthteps (a) fd)(fc? smmhe,prddmct obtained
the presence of a base, e.g. first a nucleophili

accod@'@ﬁtto thegtonyetg r%%Pt'PF E89YRBRE: wttaWOa?cgarﬂm th)?ﬁ'@; °B'E§§6“°n steps
(a)t6(§ui tabl e nucl eophilic agent is, for exanple, an

al kaline netal salt of a C2-Cl0- al kanecarboxylic

acid, especially of a C2-Cbs-al kanecarboxylic acid, an

The %é’étlbﬁ?@éé&b&@é@&)@’érﬁ' Kelofr e Yaridtls afLPERtiéFout in a manner known

car boxyltc acid, or aliphatic amoni um acet at es,
per g8 fercpx@mple inde absencepr, aystemaribinivoihe presesee at @suitable solvent or

dllueﬁ'?f @Fanﬁ)?tuFé)tﬁQFe'o? Ghrebction, BRI é'iﬂnﬁﬁféflﬁig?rﬁgﬁ bHfWith coollng, at room

tate, potassium acetate, anmmoni um
temla&rettm er wiuvaahihe, fsa@mﬁlqwr@tdnmuwmngé omeatmuhHi8;C up to the
Lal kal | t al dro | des, I des L des, o ,
ool o3 ofie eectdl BRALIE EreBEBhIRER ap @74 B nbant tp0gec ana. i
necéwdph, e elosedvawssl, underéssatd it amineatyasz@absphere and/or under
het er ocycl| es, ammoni um hydr oxi des, and car bocyclic
anhgﬁp%go df08%m1 es whi ch nay be nentioned are sodium
hydr oxi de, sodium hydride, sodium am de, sodi um
i um et hoxi de, potassiumtert-_butox

oxi de, so i de
a%%ar{ﬁﬁ R b REABPIe 8 h8 PrEsP RS H\A BASROFOufiFst @ nucleaphilic agent

folloméawweaﬁnerikmﬁth éjéag%) §y/Bagel 4. 3. 0] non-5-ene (DBN) and
, 8-di aza- bi cycl o[ 5. 4. O] undec-7-ene (DBU), the |ast

tvvo bases preferably in the presence of water.

A suﬁébb@ﬁxb%oﬁﬁﬁ’@ﬁ?éﬂ i) ﬂ)r *&&%Ieaéﬁ aRbfeemaRl Yalusiedc)-6, .t he

presence of | east stochi onmetri ¢ anounts of
alkapggasboxygc a@éoespéglsu-sc@faq Cy Caalfgnegarkpylicacigrangaliphatic carboxylcic

acnder%fneJrérﬁQtlc é@o&@ﬂéé@&‘@% P%EE/ RO AMQULERRL, egﬁemally tet)ra C,-C;-

kew se, 1n a speci al preferred enbodi ment ep
alkw %mﬂ‘@ﬂM"é@ICQi%tﬁsl XQrﬁ@'eS sﬁf@sm%gomhlanm@éaé ,tﬁoéh@? agetate,

pota%%ﬁxl% hate,| 4Hd 18U AETRY é@i&wn in the art.

e phase trans er cata ysts conprise
tri-C, -C8-al kyl -ar-C, -C5al kyl -anmoni um

Suitable saponifying bases are, for example, alkali metal hydroxides, hydrides,
amides, alkanolates, carbonates, or lower alkylsilylamides, naphthaleneamines,
lower alkylamines, basic heterocycles, ammonium hydroxides, and carbocyclic
amines. Examples which may be mentioned are sodium hydroxide, sodium
hydride, sodium amide, sodium methoxide, sodium ethoxide, potassium tert-
butoxide, potassium carbonate, benzyltrimethylammonium hydroxide, 1,5-
diazabicyclo[4.3.0]non-5-ene (DBN) and 1,8-diaza-bicyclo[5.4.0Jundec-7-ene
(DBU), the last two bases preferably in the presence of water.

Suitable saponifying bases are preferably used in the presence of water. At least
stochiometric amounts of water is used, especially a molar access of water is

preferred.



hal i des such as correspondi ng chl ori des or brom des,
tetra-C, - C8-al kyl -ammoni um hal i des such as

woanrsggpondi ng chl ori des or brom des, PCT/EP2004/007980
di - C, -C8-al kyl -di ar-C, - Cbal kyl -amoni um hal i des such
as corresponding chlorides opgbromdes. Exanples are
tetrabutyl ammoni um brom de or triethyl benzyl ammoni um
chl oride. Mre than one nol equival ent of a base is
normal |y used, preferably from1.1 to 1.5
equi valents. An inert solvent or a mxture of solvents

leew:%eumdspe%}éluy ﬁFHf@rr&PéM%HlﬁxeﬁP@iﬁb' Sfs @aﬁﬂled oliyMrtpe ar bons
such a eptane, octane, toluene or xylene, a

preSRa%@feawm@@ trapgies catabish for exapwien thasetRowa g1k | de,
Smtébl@ﬁéﬁ‘t?éﬁsﬁ#%%@a@%ts Ed?hﬁ}{s%l%ﬁ@ﬁf‘f‘alk;fl ber @%F@ﬂ-%ﬂﬁn&{lum
“trifluorobenzene.” The reaction tenperature i|s,
halideg tph as cefiresponding ghloridepern hrrifesoletia- meCsrqﬂléyl@mm@wm
halio%%‘%gglé:ég"cﬁrré Fﬁﬁbﬂg hprideO6 erPﬁo%spéleé eéag’lk)n -didragn. 40C
rese Invention relates to the reaction
Csallgt-@pnpenium halidesy sugbais sarrespandingrahidrides ot hﬁ@ml@@par ate
Exaifh B8 Britabliv] AngURhire b F it faok SldyhénfoHce.
invention also relates to conpounds of for rrul a (VI b)
r ) t
Morg HERBHE mol bR RFf o 5etels Rl B8l ThSrepl APyl 1 168
equisialentsri | e of fornmula (M b) isina range from5 to
1, preferably, from3 to 1, nost preferably, from1,8
to 1l or from1,2to 1. An inert solvent, diluent or
An imerksalvent bhe mxtbresd)fcawl\xdznbds ssdd cBuithblshsotteniseeomspriskatg.i t
ca act. wi.th the startin terial _or
v ERHBR R e e, PeEnf e RLlsrgr bl 4 Slspateg) nyarocarbons
suchsaé methyitnethionde, He2-dichioetiane] ctiorogerdena) fiuphedeneene or
trif %I oaI [ phati c and aromati c hydrocarbon, such as an
riflug Fkane e.g. heptane, a cycloal kane such as
cycl ohexane an al kyl ated C3- Crcycl oal kane such as
nmet hyl - cycl ohexan ycl.ohexane
The SFae)PRIEUP B B SRRt Ry o PGS Gh e Solvent,
preféiabgFom 0WRNE30°Cl meRSprefdrasie from 41aCageoat.ed WO
2005/ 014602 PCT/ EP2004/ 007980 -25 aromati c sol vent
such as chl orobenzene, chl orotol uene, dichl orobenzene,

The prsbent uhvér{tréﬁ rr@lﬁféfshd kﬁlﬁr@é@tﬁtﬁl S@F Rl oBRY_EESHN step compnses two
hydr ocar bon, for exanp a hal ogenat ed_arommat j

Sep%‘a??p%‘%ﬁﬁﬁ"ds'b@ﬁ’uﬁgs"&% Ff@it 3@@?@@ f?e“ealﬂM AR e gg% by weight
theobpl tTRBIpReszAl Mot tiondiiddielitesPo dBimpoURd@s of formula (VI b) whenever

obtained according to process Step (a).

Step (b): The molar ratio of an azide of formula (Il b) and a nitrile of formula (VI b) is in a
range from 5 to 1, preferably, from 3 to 1, most preferably, from 1,8 to 1 or from 1,2 to 1.

An inert solvent, diluent or mixture thereof should be selected which means that it cannot
react with the starting material or intermediates. A suitable solvent is, for example, selected
from the group consisting of aliphatic, cycloaliphatic and aromatic hydrocarbon, such as an
Cs-C,s-alkane e.g. heptane, a cycloalkane such as cyclohexane; an alkylated Cs-
C,cycloalkane such as methyl-cyclohexane or 1,3-dimethyl-cyclohexane, an alkylated

benzene such as ethylbenzene, toluene, xylene, cumene, or mesitylene; a halogenated



t hereof should have a boiling point that is high
enough to be used under the reaction conditions.
weoénefsms®e sol vents or diluents are aliphatic PCT/EP2004/007980

hydr ocar bons, for exanple, C6-C9al kanes such as
hept ane; aromatic hydrocarbopg,. for exanple, phenyl
substituted by C, -C4al kyl such as toluene or xylene,

m xtures thereof. The reaction tenperature is

red in th e range of fromroom

efe ratur )
aro"g Wp‘@{vét‘h?l@ht&lf'c Cﬁen%l?ie fyIPeieRENSdigiroBenzpaRt and

tnflu@tdn%tﬂ?lbé‘ﬁzeﬁé@ H&18gd s L drodaPhort XsHBxbMpled alti: bh@t@d aromatic
nperature range Is fromabout 20C to about 1

COmBP%'?CbrSH?ﬂ S chlpoRPAERNG %@@Wfﬁb%ﬁtﬂ'tabwenééwé?ml%Q“'Xture

ther&6t shBed rh%@é'é'b‘bihh?gj PR tHa® Emlméh&@;h% bEh@ed AGdraRd fFeachion
erson skilled inthe art 1s fully enabled to sel ect

condifignsespondi ng suitabl e sol vent and di l uent systens and
reaction conditions adapted to the choice of the

sol vent system and reactants. The reaction is nost
Prefgired selugnts ot difuentsiare @livhatigdwdrpsaspensfer exsnnle.iari®alkppes such as

hept%n@ré?f)ﬁ'éﬁc,eﬁydermgbﬁ? fir e%mhl%e pﬁé@? SstitURVERY CRB, all%;h Such as
vention i's carried out erature rahge
tolU¢neo¢ﬁ>®t9neoor1mrzt9res {heesfobr abl y between 90 and 110C. The
present invention |ikew se relates to reaction Step
(b). Furthernore, the present invention relates to
The réaetion tgyoperaisirais preferrad in thelteroperetura rangeta frem ropmetemperature to
f I e i n.
the t?tﬂllirtg pdchﬂ of tHe éno\r/been a‘ﬂﬁgﬂt op?ﬂl{tgiectﬁg}séoﬁgﬁjcéé(ﬁ%fgﬁeh ggg%z%tfoﬂ
tempeyature aangle’hs fra abbe’rﬂﬁ?@rto abouti W@&Canret&rably; dromoalpoud 663 to about
. | 0 in_t .
1303 SBpiing b R Eoctylf End ShEBLRAh S50k P4ckils, K bploln SRffea i the
art mfullyl enalbried Bgsatect icerréspondingspitahle aoivattlmbldnmattaystems and reaction

ite.,such.as J.ithi,um.or . sodium qQr _,potassium
cong R EeBla S 1 Gy ot e e Shding or "
anal ogue (cf Fl uka) thereof or an oxidizing agent
HNGC3 or

sel ect ed 0 h rou nsi sti
The 3&3qih Brmar e rbpasa L S bRL # g fhys donGiiond
peroxodlsulfat es. WD 2005/ 014602 PCT/ EP2004/ 007980 - 26
in . Q. al kal i | .net al h ochiorite as
Ina giaterred matadhnt SHinE peskehufTRonhE TNt b Gertedayt n
temgaraiipd Eangb f fBmi §Tetot126eC V prferally %eh@eﬁ@o\/@fdﬁ 1fok@t is
i nert agai nst oxidation, such as a | ower

al kanecar boxyl i c acid, for exanpl e acetic acid, a

The PRdRMORYEHtoR hﬂé\ﬂﬁafrélétesﬁ&fea%mieQ (BY rmﬂth@ﬁnoreathe present
hal ogenat ed hydrocarbon, al kane nitrile, for exa

invegtiQ r@ﬁt@ﬁ to tge cCoMPQIds of gfrnquﬁv)[pm;rea tautomer or a saltr{IEl)eLreof in a form

being completely free of tin. The present invention also relates to compounds of formula (VI
c¢) whenever obtained according to process Step (b).

Step (c): The oxidation is carried out in the presence of a suitable oxidizing agent.

A suitable oxidizing agent is for example, an alkali metal hypochlorite such as lithium or
sodium or potassium hypochlorite, calcium hypochlorite, “a Tempo” or an analogue (cf.
Fluka) thereof or an oxidizing agent selected from the group consisting of HNO,, HNO; or

corresponding anhydrides thereof, and peroxodisulfates.



thereof, if necessary with cooling or warm ng, for

exanple fromabout 0 to about 50C, for exanple, at
woaasoieoper ature. In a preferred variant, thePCeEA®208/M007980

is carried out in an aqueous mediumand in the

presence of a base. A suitabbg_base is, anmong others,

an al kaline carbonate, such as potassium carbonate.

When usi ng oxi di zi ng agents such as HNO2, HNOG3 or

' h f
WG R B A b e F 1S PTF 0 aget, harpslaion s cared out,

for dXaMbRY, iresh eFtiseVenB. @b%ﬂv@ﬁﬁﬂaﬁé%éé‘ams‘%ﬁﬂ% Q@c{]h as a lower

such as tol uene or Xy | ene may be used as sol vent.
alka e Gar e iciavils PR AXETEAIS ARRIC 25Kl @ineiaTPeYSlioAEamats, faiegample pyridine,

a hatdyeRatet h?@lrobﬁﬁ)%ﬁné#ké}ib R, 4 8plid? %Egt?ﬁrtnl Tor water or a C[mx’cure

per oxodi Sul fates, the reacti on |s prefera carri e
theregft if Necessarymtr eaoling oF wargend. forexabpla froG about @dmabout 50°C, for

exarhﬁle SOr?BMrtS ﬁératt eOffa g%férpéd \?&irﬁg ¥h? lﬁe%f:{?&“ daLiRa. gﬁ in an

vent observe oups
aqueasisuegtiurpangdyn thecprasence of adaast Atsoitade base isnamong others, an

akaffREBIOURgh oyoh B pUBES AITeR 09, 507 b °5,
peroxodi sulfates is |ikew se a subject rratter of the
ond BRGNS B0 0 b NN o oSS BAR oot o

peroxodisa b ésp@n&ﬂlymycdc addsmtalmefeaéd vafi antmrﬂwe@ tiohadtie s

hydr'gg%rgé'r? gﬁn{:}yaﬁ @/u( gtfaﬁg ﬁgerg?r]rﬁ\tay;)e; uéﬁé%g ?sh gﬂtoﬁﬂlg\r/p?gftefred variant of the
oxidizatdrewitieds HNOzaJHNO3 biNEGTespending anmideites tf%@ecff%ﬂ]ﬁe%xoh&ulfates,
an agueous EI L on ftr om about, 40% t o abo %] a
the AeRES BleferaP iyt BoF WTPARILIRIENGF B8 Hopt R to room
tem memtéoﬁu ©0° @S SofRingW\eB oRibia i dTesd S61veritGs Gs¥aydidt e She methyl
er oxodi sul Iates especially nitric acid,

arous 1 oo 3BT s ep Rl P-ordegon cagrriell, e uss o oxidizing

agem@ eu@swnﬂogmmg oF &dttdspondiy aﬁhy@ha@Mﬂ?edeor%F&%@Glfates is
further oxidizing the aldehyde function t

ikewha é'é*?JBQHS}a {5 ot i et vagHap, a5 in esasdien Steme) gepecially when
using b Gkidizitg REBAR Sich asHNGYVHRD, r céH@épﬁﬁlﬁln@'Batnh%ndég tﬁé?@of or

resent invention. The resent i nvention~al so rel at
perog

plisiaiRsun die an a'#%'?’?%’lador(‘%‘l'() hygregaehay SQB\Kﬁ"él gsegcially in toluene and
xyle @& Clﬂréilioﬂﬁer b%f&?é@@é@n@% (i§ Lseoefn%tgr freelf3fm!| éﬁ H fﬂ LRous

stefo acon}aoun ornua( ') is carrie
solutigicisraaRgut 9% Wﬁ%?ﬁ%naﬁefﬁ@dvﬁpﬁb‘}p ipedSh%es, such as

by crystallizing the resulting conpound of forrrul a WO
2005/ 014602 PCT/ EP2004/ 007980 -27 (VI) fromthe
The payet xiizing REelte such as HNOLrOeer erstaspending amhygrides thereof, or

pero®Bdikultaies, BSREENF hitdc B¥d, provides surprising results. For example, the
corresponding oxidization to an aldehyde is effected without further oxidizing the aldehyde
function to the carboxy group. Accordingly, the use of said oxidizing agents is likewise a
subject matter of the present invention.

The present invention also relates to compounds of formula (VI) whenever obtained
according to process Step (c).

Step (d): The isolation step of a compound of formula (V1) is carried out according to

conventional isolation methods, such as by crystallizing the resulting compound of formula



extraction - or by chromatography of the reaction
m xture. The present invention furthernore relates to
wea psoee®s for the manufacture of the conpoundPCoOMEP2004/007980
formula (IVb) O Il HOCH3 B jN NH N=N (IV b) or a
tautomer thereof or a salt thereof, conprising (a')
reacting a conpound of forrmula (VI) (VI) or a tautoner
or salt thereof or a salt thereof, wherein the
etrazole ring .is uppraotected or rotected by a .
(V) {3y 65 GRaotpR BTELEI i SBT BPT RISl QT UTHP o BRI,
extréctibh L ob by BhioMlatdgraphy 6 tR9 B #B@rBCT/ EP2004/ 007980
-28 or a salt thereof, wherein Rl represents hydrogen
or a carboxy protecting group, under the conditions
The @les@nt Rdkiftioh\ErtFndAs fdfiles R¥iploBeds BF Heahari@adlure of the compound
resulting conpound of fornmula (VIIl ¢) Rz, O"If"~NH O
of formyladMP) N=N (V111 ¢), or a tautoner thereofor a salt
thereof, wth a conpound of formula (VIII1 d), wherein
Rl €pre@ents hydrogen or a carboxy protecting group
and :whergi n t he tqéﬁazole ring i s unprotected or

HO a razole protecting group, with a
c npoupd of formula (VIIl d) O

N “NH
\
N=N " (vb)

or a tautomer thereof or a salt thereof, comprising

(a") reacting a compound of formula (V1)

\

N=N
/
HN 7 N

o)

7O,

or a tautomer or salt thereof or a salt thereof, wherein the tetrazole ring is unprotected or

protected by a tetrazole protecting group, with a compound of formula (VIlI b)

ORz,
H,N

0 (VIIl b)



H3C Rz2 (VII1 d) wherein Rb2 is an activating group;
and,and, (c') if RlL is different form hydrogen, and/or
woheostoetaazol e ring is protected by a protecti RGT/EP2004/007980

group, renoving the protecting group(s) in a resulting
compound of formula (VII e)ofzi O - ~N CH3 NH N=N

(VMII'l e) or a tautoner or a salt thereof; and (d')
isolating a resulting conpound of formula (IV b) or a
salt thereof; and, if desired, converting a resultin

or a St hekRdT WBRreindRariARiEaN BYIredRNGoTE SHPeXVReIeEtio GpUP, Uder the

condifidhsedtlal rBBucdtive @fthdtioR%ansal t of a compound of formul a
IV b) into the free acid of fornula (I1V b) or

(

(b') c @pvialing sepstiting sampeynstefdammulafVIH & ormpound of fornul a
(IV b)_into a different salt. WO 2005/014602
PCT/ EP2804/ 007980 -29 The present invention |ikew se
h{;l@t esto a process for the manufacture of a conpound

@ (1V b) or a tautoner or a salt thereof

conpr||si ng the react| on sequence conprising the full
sequeﬁcem@ (a) to (c) for the
manuf act uf eNg da¥as, of formula (VI) and then
subsequent st ( \ d') for the manufacture of a
compound of formul a (V. b). The reactions described
above and below in the variants are carried out, for
exanple, in the abgéncgur, customarily, in t he
presence of a suitable :éol vent or diluent or a mxture
thereof, the reacti¥mN as (vane), oed taliehagherofdr adantiereof,

w th COO|I ture or th warm n for
with A atmsean o BrogadV LM, hEOREBs Feasnt BUATOOTLE A EAPEY
protédﬂﬁ]g@i’buﬁ A8 WRérein thé tdth@olerrmgqé uSProfRHdWNprate b€ b Bl tétrazole

from about -10C to about C.and, if necessary, in

Protﬁctm&%%%%@s@mp%ﬁaéff%mg'@éwbd) in an inert gas

at nrosphere and/ or under anhydrgpus conditions.

Conpounds of fornul ae (VIII aly (M1l b), (M1l c) and
(V11 e), wherein ékf Rof R and
2 (VIIL d)

wherein R, is an activating group; and,and,
(c') if R, is different form hydrogen, and/or the tetrazole ring is protected by a protecting

group, removing the protecting group(s) in a resulting compound of formula (Viil e)

N“ “NH
\
N=N (VIl e) or a tautomer or a salt thereof; and

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

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

salt of a compound of formula (IV b) into the free acid of formula (IV b) or converting a

resulting salt of a compound of formula (IV b) into a different salt.



R2 are hydrogen can formsalts with bases, as both the

unprotected tetrazole ring and the unprotected
woanisoiysogr oup have aci dic properties, while ceapmezms/007980

of formulae (M1 b) and (VIIlI c¢) can also formsalts

with acids. A corresponding_jgtrazole protection group

is selected fromthose known 1n the art. Especially,

the tetrazole protecting group is selected fromthe

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

tert-butyl; C -CZ alkyl that is nono-, di or

The EFés%Hhﬁ%éﬁtlBh fikevi¥e RAISBY ko a §H5‘c€s§ﬁ)r tl#laeméﬁufa@tbre of a compound of
enz or trityl, wherein the phenyl ring

formgia QYbbe1 2 tauiemesior @ AdiinarapErpMIRyISHRANe Eackie gedugnge comprising
the fl8eqUentd E:Sﬁt{m&ﬁé é@H@ ?a)% %) f&rhtﬁé ‘?na?ﬁ\‘a%ﬁfr@ @f £ eBMpbIY of formula

group consi s wy dr oxy,
(V1) @nd tbﬁalﬂ@biﬁjaquemstem éﬁ )ktarﬁ@ﬁ/fw &@mah la@tgﬁmof aneqrarpund of formula (1IV

cyano, and trifluoronethyl (CF3); picolinyl;

" piperonyl; cunyl; allyl; cinnanoyl; fluorenyl; silyl
such as tri-C -C4-al kyl-silyl, for exanple,
t
The %édcﬁ&})é&% ﬁcﬁgé le!ngl t{éﬁvﬂn tme ger aélts are Cﬁrneq out for example in the
absariceyr,, custnma'pbampthe prgsqme pf/a splm’rglsolgantpr dlluent or a mlxture thereof,
ol : LSt ARy

the rgﬁct%%l, g% Féﬂn g%&',l %&r@ép%@%% éﬁghe ﬁﬁy ralt E&é}‘ﬁ? tse?ﬁperature or with
warmingsﬁobskarhplb ehda tempsarbtite tamgedkobyabmm -8:6)°Cmprte theebgjling point of the
reac&p@n%%&%é?egqql?gl {éjnl{ eé oxéﬁ%‘i(i{}?a% HE'E!# {7‘ r|fonrgce§s%ry, ina
closéd véebeRluk@nbresetndbn ah kRQyds-mBspHerd 868EBr uiidr BAhydrous

cyano, and 3; C2-C8- al kanoyl such as acetyl or
conqidngr oyl ; and esterified carboxy such as

C, - C7al koxy-carbony, for exarrpl e, nethoxy-, ethoxy-

or tert-butyl oxy-carbon and al | yl oxycar bony|
Corpeuns omips BHLENTLR. DABS) enchisih obisteesinGasoy pothoof R, and

R, arégﬁyo%g%rﬁt,%td ﬂ‘Sﬁn Qél@é‘\ﬂﬁh MhHeshadTBh ki’ﬁ‘e Uf?ﬂ?&!e@fé@%t%z%le ring and the

tert- but p- met hoxybenz

unpretastad cegg@w(gqurx]pz K@NWS] pw@pﬁyp, wl>1/|le compounds of formulae (VIIl b) and
(vnlgfg(cﬁn a&b@&wﬁfg Lh) 3% dyl, trityl, (p-

oxypheny nEthy ,
di phenyl (4- pyrldyl)nethyl benzyl oxynet hyl ,
A c@@%@ﬁ%@%pgg? {5&99&4 @FAL[M sengsn%pﬁﬂo@fheggkmdu in the art
Especialyt theltsirazple pl:l.\taﬁbh@ ewpnf;dsei@ctedifrbmﬂye prqwemnslﬁfgwg of tert-C,-C;-
alky%u%H%s(t&r)oufygf?% ea‘?l{ﬁﬁ'nai rsgﬂ%ﬁdq ocﬁt%ﬁ I(fér%%\%‘hthf%d R?h@{n}l such as

Speci I ecte rom group co
benznyfl oUpertZﬁydﬂyqul trityLioiinesesn thetdinghyl risghsy Lin-subsdituted or substltuted by one

or n{oﬁ ﬁwg%r ﬁ‘!rgé( lresﬁl.‘?e%eec h%és/ %eﬁ%{{t%éd)ﬂé@‘nltg% é:\;?y??coﬁéslgtﬁ? of tert-C,-
C;-allgl, kbngdmyy @,FC#&@X%)@LF%—Q\IKWF@&Whalbgerphﬁrw leyanapgnd gifluoromethyl
(CRRSHTL hpieRS; Bt Y Sy SRRy B R g i atotsiy,
for exampie, romsth@itsilylgtriethylsiyl ©F tertbltyildimbthgl-giki; or di-C,-C -alkyl-phenyl-
sﬂyl,C a%rﬁpé%?@@?%}e@gﬁn&@ %036 -aﬂw\f/ sulghgn())/ %Pylsurllglar%orn?/l’ such as
phenylsulphonyl wherein the phenyl ring is un-substituted or substituted by one or more, e.g.
two or three, residues e.g. those selected from the group consisting of C,-C,-alkyl, hydroxy,
C,-C;-alkoxy, C,-Cs-alkanoyl-oxy, halogen, nitro, cyano, and CF3; C,-Cg-alkanoyl such as
acetyl or valeroyl; and esterified carboxy such as C,-C,-alkoxy-carbony, for example,
methoxy-, ethoxy- or tert-butyloxy-carbonyl; and allyloxycarbonyl. Examples of preferred



pi peronyl; allyl; cinnanyl; tetrahydrofuranyl;

t etrahydr opyranyl ; nethoxyet hoxy-net hyl, and
woensyieoynet hyl . A preferred exanpl e of prot eBCTAER2004/007980

groups which may be nentioned is benzyl. The

activating group RR2 is, forggxanple, an activating

group that is being used in the field of peptides,

such as hal ogen such as chlorine quorine or brom ne;

| kyl t hi h -t hj -t hj
protediive SEaips WGl 182 P e PGS (et bH A b D ey oy gy, 2
phenymzqﬂépvl ydlpl'%{rhziﬂ'léiﬁyl di(pl-rﬂbfﬂ@i@rﬁéhyl)rﬁ@tﬂ?lt gzl y! - oxy

nz

such | -2-0 Y-, enzotrlazol-ox such

methI&r}y;)g@BgrwlmqthMlxglphew4@mgylp(gﬂt5ylp Bg@zylog(maﬁthag methoxymethyl

etho%&t‘h?l}’ W tRib kAl 20Mtraps roﬁyrar?yl SiIgl, RiResthylsilyl and triethylsilyl.
pyrrolidinyl-1-oxy. Exanples of an activating group

which may be nentioned are ??? Step (a'): In reaction

A coﬁ%@ﬂor{dﬂ') cér@&yrﬁ%% c?‘lj@ro@mﬁ‘ afik QQIebt%d ¢RF th8sk RiBwrl M the art.

presence of a reducin agent. A sultable reducing
Esp%@@lm Rirds selpaied figrrthel eroumoaaﬁsim/of&%s@ eyl prchpas methyl, ethyl or a

tert—légﬁ? Eﬂ’&le dsd 4 te But ly @r Q%%Tkx%aﬁs YOO Qﬁ Br HR0641itR84 By pheny,

ﬁvgsence 0] ation cata
suchras perey rt@nzlaydfﬁdwmrﬁ@ the ehenyl gnalssm-&w@n@tes@r@mba@uted by one

or mdke, % & Pthré%?‘ i g AR LWLt tRe §PB'cEX&Sing of C,-C,-
mFe & (v3 B e, SHUARY £o. BN o GRTP

exa
alkylbbvdrhysd @db—dlwe(h GaCaalianoyi-owy, daipgen dutrarcyane, FindrGFs; picolinyl;

pipeébgry r éuqr?abmﬁr}ﬁﬁ%ﬂdgpfallalﬁﬂl ﬁtr%gf/%%?l%{l or“¥f%k)¢e?ho§&9ﬂethyl and
benzyjmwmbﬂrybhy@refdeed sxantplasf grottictive groypswbich oydee thentioned is
beniy)bt hi um cyanobor ohydri de, an alkali netal tri-(dC

7- al koxy) - borohydri de such as sodi um
tri met hoxy- et hoxy-bor ohydri de; a

The BB TP St ST S PR RGN BURLAIY LR 1 SLtping e in the feld o
pepfidetsy amhta;sl retogenisuoh be clmlb;hmk;) :ﬂdemmtr ort t&b:{nmfeuwbammmhiu 8uch as
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agent. A suitable reducing agent is a borohydride, which may also be in a complexed form,
or hydrogen or a hydrogen donor both in the presence of a hydrogenation catalyst.
Furthermore, a reducing agent is a suitable selenide or a silane.

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



about -80 to about 200C, in particular between room

tenperature and about 100C. A preferred hydrogen donor
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if desired, a base, or, nost preferably, formc acid
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am ne base can be used, for exanp
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by-products. Especially preferred are tri-C,-C,-alkyl-silanes, especially triethylsilane and tri-
isopropyl-silane. Preferred are commercially available selenides.

A suitable silane is, for example, silane which is trisubstituted by a substituent selected from
the group consisting of C;-C,,-alkyl, especially C,-C,-alkyl, and C,-Cs,-acyl, especially C,-Cq-
acyl. Preferred are commercially available silanes.



i nclude lithium hydroxide, sodium hydroxide, sodium
hydr ogencar bonat e, sodi um car bonate, potassium
wayadsggenear bonat e and pot assi um car bonat e. EspeTiERRd0y/007980

preferred is sodium hydroxide, sodium carbonate or

tri-n-propylamne. The reducgjve amnation is carried
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solvents including water. Inert solvents
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If R,, represent a protecting group and the tetrazole ring is protected and if the compound of
formula (VIII b) is a free base, the presence of a base is not required. If, however, R,; is
hydrogen and the tetrazole ring is protected by a protecting group, not more than a molar
equivalent of a base may be added. In order to avoid racemisation, the reaction is
preferably carried out by using less than an equimolar amount of a base. If R,; is hydrogen

and the tetrazole ring is not protected, no racemisation is observed even if the reaction is
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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 eliminating the water, for example, by
azeotropic removal. Furthermore, a water scavenger may be used to remove or inactivate
free water which may be effected by a physical process such as absorption or adsorption or
by a chemical reaction. A suitable water scavenger includes without limitation anhydrides of
organic acid, aluminosilicates such as molecular sieves, other zeolites, finely divided silica
gel, finely divided aluminia, anhydrides of inorganic acids such as phosphoric anhydride
(P,0s), inorganic sulfates such as calcium sulfate, sodium sulfate, and magnesium sulfate,

and other inorganic salts such as calcium chloride.

If Step (2’) is carried out via first manufacturing and isolating a compound of formula (VIIl ¢”),
a compound of formula (VI a) is reacted with a compound of formula (V11 b), maybe in the

presence of a base, if R, is hydrogen and the tetrazole ring is not protected.. Compounds of



reduci ng the conmpounds of formula (VIIl c¢") with a
correspondi ng reduci ng agent as nentioned above. The
wonv@roreezate i mne of formula (VII1I c¢") can, POT/EP2004/007980

exanpl e, be isolated by renoval of the solvent, e.qg.
by distillation, especially_gy_azeotropic renoval of
water. In a preferred variant, the reductive am nation
is carried out without isolating a conpound of

a (VI %BOThe reductive amination is

f
formyRe Al I e B4 oS GRTSPEOUE POBPORT S it (VI ) by
reduRaRE 8bipourids d¥ermufa (WIH EOWEH R8s ESndlﬁé Féiﬁj@ing adgbRiths

is not protected and with a base suc sodi um
mentioRRh3RQYE; a sol vent such as methanol and a reduci ng

reagent such as sodium borohydride. In view of the

imne structural elenment, conpounds of faormula (VIII

The dtermashiase ingige hfoRmulad VIibe) carJemeianiple bersolatee by removal of the
solv&ﬂré%SWHg‘nl%ﬁo@ dspe&Elly 5}"5‘2’9%955)1&?&%%! B?\erie?. the E
| SOMer .~ The present |nvention kew se relates to
corrpounds of formula (Il c¢') wherein R, is hydrogen
Ina %Feé@rréc?%r%? e RIAERR dBafinOY Raiind O‘M‘Wtﬁdgg ls%?atl'ng a gom ound of
en or ‘a carboxy protecting group rrespon |ng§)
mﬂa@@lundts can be used as internediates for the
manuf acture of the conpound of fornmula (1). Preferred
are conmpounds of formula (Il c'), wherein at |east one
The oéduckye ami:haﬁm iserpvsweefe@blymrr@bcwta\ﬁthb@tt ramoialrRf fren avaiRd,
espéc‘?ag&( ERE bs Eg/d%{fegwe%%dr t;Fn ?tfe% 8 n8 p.foPercEQgJ & \Xn}ﬂ 4 bg?é such as
sodimmdyddixitg, acolvettsudh alsmmtharm ande redzlcmg r(eaggnnssnch as sodium
boro@&@f{r ably carried out under mld conditions,
&Cral | y in a tenperature range of about -10C to
about roomtenperature, preferable in a range of about

+5C. e b'):, Ln reacti St - the.
i viggt B g Bt e, SOtpRRES EBrEbBRhbd ahiriss both the
correspoptingdEhaed ihe carrespondingl 2isbmeethelof.2 PRFédddlisGRe E isomer.
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compound of formula (I). Preferred are compounds of formula (Il ¢’), wherein at least one of

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

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

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

Step (b’):

In reaction Step (b’), the acylation is carried out, for example, in absence or in presence of a

suitable base.
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ring is unprotected or
intermediate is strongly prone to racemisation, mainly under basic conditions.
Racemisation however can be avoided by first adding the compound of formula
(VIII d), especially the halide, to the compound of formula (Vllic) in a suitable inert
solvent (e.g. dimethoxyethane, tetrahydrofuran or acetonitril), then slowly adding a
sub-stoichiometric amount of the base, especially pyridine, in relation to the
compound of formula (VIll d). Small amounts of water in the reaction mixture,

preferably two equivalents, may additionally suppress racemisation.

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

mixture acidic at all times.
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For example, a benzylester can be converted into the corresponding acid
especially by hydrogenation in the presence of a suitable hydrogenation catalyst.
A suitable catalyst comprises, for example, nickel, such as Raney nickel, and
noble metals or their derivatives, for example oxides, such as palladium or
platinum oxide, which may be applied, if desired, to support materials, for example
to carbon or calcium carbonate. The hydrogenation may preferably be carried out
at pressures between 1 and about 100 atm. and at room temperature between
about -80° to about 200°C, in particular between room temperature and about
100°C.

The removal of a trityl or tert-butyl group, respectively, can be achieved by treating

corresponding protected compounds with an acid, especially under mild
conditions.

Step (d'):



The isolation Step (d') of a conmpound of forrmula (IV
b) is carried out according to conventional isolation
worbismdss2such as by crystallizing the resulti RGT/EP2004/007980

compound of forrmula (1V b) fromthe reaction m xture

- if desired or necessary athger work-up, especially by

extraction - or by chromatography of the reaction

m xture. The conversion of an acid of formula (1V b)
into.a salt is, carried % n a nmanner known per _ se.

Theﬁ&@'o oA %Om%OLE'9| Amip @V Bb@éamedc%ﬁewe@g &

conVélﬁloﬁﬂré'ﬂlétﬂ)n(thbds isGictPhs BY B%tamtlngttﬁ@?és)uﬂiggtca&paﬁr‘udjof formula
th a_ base. Salts with a base can, on

(v meﬂn caeliandpiite —jiffesiredar a%qeasw'a@erwemﬁageqlauygy

extrasthQBRIby cRRIMMbgraphfoitAé tsaclibh hidukase can be
converted, for exanple, by treating with a suitable

acid agent. Accordingly, variable R conprises the

The%ﬁ%r@Gﬁ oPbin ‘éélﬂ'o?mrﬁﬁllaafv bﬂ}‘\tcﬁé‘ Qal?is%érﬁe@%ﬁﬁﬁé‘h%nner known per
as well as the core’ el enents correspondi n

se. B'P@%r@ﬁémﬁ'eﬂ spluépedasael aefoRewds, of ﬂ“@sfpéﬁiﬂal(l Imb,tamed by
treaﬂr'ibaihead'cﬁj folrd WAl d Phseh SAL MR ol 3RE&an ’gtﬂpfhlé%'thé?'mﬂg' BEMnverted

present invention is the use a conpoun
mtoﬁl@ﬁ@mqi Heeq apmpound) iM\A cusjomasy nfagneg jant salts w&h a base can be

conVEHd! ﬁ)?%féérﬁ?llg{/b%réé}%%fﬁda letag%gérerﬁag%é (Vv a).

espeC|aI t aut omrer t thereof, by
carrying out corresponding reaction steps as described

Acc@ﬁ[)ngbﬁ pglj Ere] @Iﬁﬁ&ﬂlgﬁgéﬁh@ﬂ{néﬁ r{;;spéf (,g.f,éd?eeg RQ rlf); shd &9? rerpresents

ment prese process
formyhas waha$ deteore elements mrqsponchhg)fo ’c'fl”@ﬁd’lﬂ%lhsa‘l Nrddepidr Rptagonists,

[ f in Ry represents
es"%?*'@f@@%@?@%%%? ﬁrﬁ%ﬁ?&%@? C8-al kyl  substitut ed
by X and X being halogen sulphonyloxy hydr oxyl ,

pnoffel pieheithent B 8% PhaseltFilerien i 8 RE s tmeind B AAFUSe (v ),
(VI E)Vor (VL c) for\he20asuUfadtdE0E aRGMIcHR0 04 1DBERD/ a3 SS;EQCIE(IIYKW b) or

taut%ér%r ensaFfthgrﬁgP%z carrxlgglfgg cgolélfﬁ%p n%%é Eﬁ%{vchn ste&s as Bgscnbed

hereinbefore and hereinafter.

A further preferred embodiment of the present invention is a process for the manufacture of
a compound of formula
N=N

\
NN

Ry
(VIr)
a tautomeric form thereof, wherein Ry represents C,-Cg-alkyl such as methyl; C,-C;-alkyl

substituted by X" and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formyl; comprising reacting a compound of formula (VII a’)



anot her, represent an organic residue; and isolating
the resulting conmpound of formula (VI1'"). A further

wonrefs@s®@e enbodi nent of the present inventi onPCS/ER2004/007980
process for the manufacture of a conpound of fornula
NN / \ HN_-,,NRy (VIlI)_agtautoneric formthereof,
wherein Ry represents C, -C$-al kyl such as nethyl;
Cl-C8-al kyl substituted by X and X being hal ogen,
sul phonyl oxy, hydroxyl, protected hydroxyl, such as

brontnet hyl, fornyl or an acetal thereof; conprising

readtling a conpound of fornmula (Ml a) NIIl Ry (MI

a compound of formula (R )(R2)MN3 (11 b),

R, and R2, independently of one another,

gnt an organi c residue; and isolating the

resul ti ngVitahpound of formula (VII). The present

[ ' \.S I S action
witr SRR RN RS B R S s BBatonty ofone
anothenpepnadsnt@ih drganitiresidue| and isolating mntresmungxronmwad fof formula (VII).
thereof in a form being conpletely free of tin. The
present invention also relates to conpounds of formula
A fu(th(daﬂ prefmhved evdrodixrdionthe presamt thvagtidnos alppoeess éardhé aranufacture of
aco 0 gok]at Pﬂstep of a conpound of formulae (VI) or
mol 5‘ respectively, is carried out
adlceNdi ng to conventi onal isolation nmethods, such as
crystal lizing the resulting conpound WD 2005/ 014602
FP2004/ 007980 -39 of formula (VI)) or (VIl),
respectively, fromthe reaction m xture or by
chressat ogr aphy of the reaction mxture. The
on of an acid into a salt is carried out in a
known per se. Thus, for exanple, a salt with a
base s (Wt)ai ned by treating the acid formwith a

a ta%ﬁw%hc ?oaflnt tﬁeygo“ WHerein Ry represents C,-Cg-alkyl such as methyl; C,-Cg-alky!
substituted by X’ and X' being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as

Ry

bromomethyl, formyl or an acetal thereof; comprising reacting a compound of formula (VII a)
N

Ry
(VI a)
with a compound of formula (R,}(R;)M-N; (Il b), wherein R, and R,, independently of one

another, represent an organic residue; and isolating the resulting compound of formula (VII).

The present invention likewise relates to the above reaction. Furthermore, the present
invention relates to the compounds of formula (VI1) or a tautomer or a salt thereof in a form
being completely free of tin. The present invention also relates to compounds of formula

(V) whenever obtained according to above reaction.

The isolation step of a compound of formulae (VI) or (VII) or (VII'), respectively, is carried out
according to conventional isolation methods, such as by crystallizing the resulting compound



base can, on the other hand, be converted into the

acid (free conpound) in a customary nanner, and salts
wi20ds/a4doase can be converted, for exanple, byPCTERRIOMGO7980

with a suitable acid agent. The present invention

li kewi se relates to a conpoung_of fornulae (1), (1V),

(rvb, (v, (M), (M1l), (VIl') or a tautoner or

salt thereof in a form bei ng conpletely free of tin.

The present jnvention |ikew se relates to the use of
of %ﬂ@gﬁyﬁb) SV %brﬁ?ﬁwaﬂvem gy the reachpp sabgure qrdy hrmatography of the
readtibAWiirgtdir e of a conpound of fornulae (1), (1V), (IV

b), (V, (M), (VII), (VII") or a tautoner or salt

thereof, especially in a formbeing conpletely free of
TheldoRver&i3R o BN 8BHiIRB ars%llt% 8471t @ olil 1R 2GRAMRY RASW? Béraéen eﬂws for

accor di ng any process of the present I nventi on.

exagRignpIsal Wih @ baﬁé ispliained by &ppiRg themcig form with ameége ﬁalts with a
basé BYE Y RO otﬂé‘r'haﬁé %e%hvérféd i &?tﬁe LBR (fré% e&‘ﬁp@;no{ghﬁa CUﬁtomary

I nvent i on. | or ophenyl) trazo
mangier, 20dsetis W(ﬂl 8333993 C@'ﬁ b@ @Gm\(ﬁlﬁedzfod examelechiaireptimgwithza suitable acid
agel'?ij. flask under argon atnosphere followed by slow

addition (via syringe) of 11 ml of a solution of

di ethyl alumniumchloride (1.8 nolar in toluene), 20

I i & ASH

The'Bf8lent fmﬁm.oﬁ; IRBHRE rabics tdé 8%ombBEnd HEBAATHE ), (?Vf's(tl\rlrmiﬁ?)’ (vI),
(Vis evir ):lorza tehitaner-dysalt thﬂreqf in @ famebeiniylesmpiatiyt free ofinxt ur e

is heated at external tenperature of 90 C for 9 hours.

After this tinme the conversion was 91.5 % (HPLC). For
The poegeintireentomiitewise melgtes 39 tHe e dilalddmpdaed veaniulargll b) in a process

for (fe et feckie SF R EepBinditioth i, QTaRE R By i or

taut@ﬁ@&(ﬁbﬂﬁﬂ@e@&émam ai3ikingl€orpidiety fsdd ofitinng on 20

m HClI (6N) which contains 2.6 g of NaNO2 to destroy

excess hydrazoic acid. The thick white precipitate
Theivention eeldtes teettie cpmpdurads)obtaingd atcdoedin@bnPpfocésy of the present
. afjditi onal 1 hour and then filtered and dried over
'nveﬂ'?ﬂ‘lt at 50 Cto give the white crystalline product.

mp. 173 - 175 C Tlc: R -value: 0.48, toluene : EtCAc

20:..1

The @X?%%Sﬂ“%g%g?ﬁﬁsﬂiﬁ %m@ocﬁ@pg’r{s,%é% eseEr)n(t?lmln’ﬁonz, :but are not to limit the

scope of the invention.

Example 1: 5-(2-Chlorophenyl)-1H-tetrazole
Cl

C N~
/
N—

H

zZ2=Z

20 mmol (1.3 g) of sodium azide are charged to a 25 mi flask under argon atmosphere
followed by slow addition (via syringe) of 11 ml of a solution of diethyl aluminium chloride
(1.8 molar in toluene), 20 mmol, at 0 °C under stirring. The suspension is stirred over night
at room temperature. Then 2.06 g (15 mmol) solid 2-chloro-benzonitrile are added and the
mixture is heated at external temperature of 90 °C for 9 hours. After this time the conversion
was 91.5 % (HPLC). For complete conversion (> 99.5 %, HPLC) the reaction mixture is kept
for additional 6 hours at 90 °C. For work up the reaction mixture was quenched at 0 °C



OH Method A: 286 ng of granular sodium azide (4.4
mmol ) are added to a cold solution of diethyl
wablosionsaom chl oride (4.4 nmol, 1 Min tol uene) panaPdee/007980
m xture is stirred at roomtenperature for 4 hours.
(h). A solution of 2-hydroxyhgnzonitrile (4 mol, 476
mg) in 3 m of toluene, cooled at 0C, is treated with
2.2 m of triethyl alumnium (4 mol, 1.8 Min
uen reaction_is warned to room

Th
ot R 2B BNt i 365t of KNPy Pigess hydrazoic
aCIdC Cﬂhbﬁtﬁick Q/h@@prefcfpﬂafeﬁ%lcw\lstf&rﬁébe(p%au%!f) |s°§hrféfd éi'Oe’t’h%} addltlonal 1

um ni um azi de, gradually warned and stirred
houw@rth?%"efaﬁygd dﬂfﬂ% Oy A¥gHt ghS% Qttcmalée ﬂ@ whits eystaline poduct.
m.pang3tnegtegd drop wise with 7 ml of HO 6 N. 10 m of
ethyl acetate are added and the m xture is extracted
Tie: dproalugi 04451 folvene E{RAer AcQ €20 : 2 t B); SiParplagts. Nadl
saturated. The conbi ned aqueous | ayers are extracted
three tinmes with 10 m of ethyl acetate. The conbi ned
Exapplgahii ¢ phas &s(Zdiwslrempbenytividi-tatmzages. The sol vent is
renoved to give the crude pr(?,;iluct Met hod B: 260 ng of
granul ar sodi um azi de (4 mmp |Ns added to a cold
solution of diethyl alurg fNori de (4 nmmol, 1.8 M
in toluene) diluted with m of I'tol uene, and t he
m xture is stirred at roomtenperature for 4 hours.
The stirred solution is cooled at 0OC and 238 ng of 2-
hydr oxybenzonitrile (2 mml) are added. The reaction
Methmdgdxa:ure is warnmed to 80C and stirred over ni ght
. After 20 hours the conversi ns was 83 % Then
286 i ar A SOPLT] AT SLAEqTE) 3repBiSesia asold sldionst diethy
a|unmqum$moﬁﬁea4 agAver SMan t&uer@(})@H@ theSbadrB s stpratdr %bnh femperature
up. The WO 2005/ 014602 PCT/ EP2004/ 007980 -
f°r4v%é' i'dn mixture is cooled to OC and treated drop W|se
vvith7n1 ofHCI6M 5 mM of water, 10 m of ethyl
cet at m of saturated NaCl (sat ) and extracted.

ign 6f &@Mﬂ@xw%en'trge (4 mel 446 1) in Rirdeof ialyane goaled af0°C, is
treat\é@‘i/\ﬁth 2 The oﬁﬁﬁb?/ﬂﬁgmﬁm}h@w&n{ﬁyﬁé # F?lrtgluéﬁédr a\‘lﬁ%%x&m feQction is

acetate. The combining organic
war 'B%@e@owrtemaﬁaélﬁe @@é sting eyl hauie Theanivieira isiogoled i 04 treated

with 'ﬂ% SR Qi diRinai Ua‘iFde éﬂ%@u& YRS 'é‘é‘c bﬁd stirred over two
stallized from et tate’to give t

dayspr g@ction mixture is cooled to 10°C and treated drop wise W|th 7 ml of HCI 6 N.

10 ml of ethyl acetate are added and the mixture is extracted once with 10 ml of water, once

with 10 ml of NaCl saturated. The combined aqueous layers are extracted three times with

10 ml of ethyl acetate. The combined organic phases are dried over Na,SO,. The solvent is

removed to give the crude product.

Method B:

260 mg of granular sodium azide (4 mmol) is added to a cold solution of diethyl aluminium
chloride (4 mmol, 1.8 M in toluene) diluted with 10 ml of toluene, and the mixture is stirred at
room temperature for 4 hours. The stirred solution is cooled at 0°C and 238 mg of 2-
hydroxybenzonitrile (2 mmol) are added. The reaction mixture is warmed to 80°C and stirred
over night. After 20 hours the conversions was 83 %. Then the temperature is increased to
100°C and stirred 12 hours. At a conversion of around 90% the reaction is worked up. The



mp.: 220 - 222 C, Tlc: Rf - value: 0.46, toluene :

EtQAc : AcOH (20 : 20: 1). HPLC Hew ett Packard,
woeabosani@2 H3PO4, acetonitrile/water; flow 2 BRCEMPZO04/007980

injection: 5.0 pl; wavelength 220 nm 40 C. Col umm:

Merck, Chronolith Perfornmancgy RP-18e 100-4.6 nm Ret.

Time: 4.12 mn. Exanple 3a:

5- (4" -met hyl bi phenyl -2-yl)-1 Htetrazole NEN N ,,NH A

20 M flask is dried under argon and then charged with

reackiopimiypiredp iceelpt e/ P4t and Hieatad Araporise with 7 aminas HEG 6 M, 5 mi of water,
10 rHIQif%ﬂﬁl) Salééiétleog\ﬁﬁ oP¥attrafed IQ&CIt(Qélt?ed?ﬁ &%ctﬁ?STﬁg oﬁgfanma&%se is

ter stirrin ension for 4

ctegdmcp(wﬁheaodpmf@/@@(s e®Mmbingd gfjueous layers are extracted twice
w1’[h‘32r0t rhpofteﬁ{y}’%]&?&é ORhE IcbinBinfirfd" v\g%mb ?hé‘&geﬂe ?@%@ %v% Ne{é‘S@n €The

tion e suspension IS
solvz%@tnlfa rgmeyedto giveithe efudalpreduepefhea cnuée ofoduciUs Crystaflized from ethyl
g],)?éot np.) the conversion is > 93 % The
acellré’éé;{gtl onh% Q{Fe)(uérgdl\%\gs guenched in hydrochloric acid (6
m.paod2er-) 222 N?ter addition of 10 ml of toluene the |ayers
ar agaql?g omc shed twice wth
e m wa értomgﬁ?e over é@ﬁ%m sul Pate and
ﬁzaporat ed to give a crystalline residue of the

He ‘%Plg%&% 4d PHM?@% bﬁlwén%}etogﬁlil?m}%ier'fc?\n? {g)rggr&n |n§Eﬁgm & ViR

waveleagthi 220 reis, 40rfOe>Ca>lqm\re mclwzﬁhmraohth Earfomtancbut Wt h
| um ni M-Azi de .gt _.hi gher concentration and

RP-fisd gﬁm‘g@r/4f%e e 3R 0 The02 Pet ERp004l 007680
-42 Under SI mlar conditions with diethylalum nium

az| r red, f um chloride and

E—W&L&S&;'(p Sgﬁld@ﬁﬂe" '&WF Qﬂ%ﬁ}ﬂgﬂgéﬁ%‘% on of 98.5 % was
obt ai ned after 40 hours i ntie=Ral tenperature of
ca. 110 C (reflux), externl td(pématur 135 C. A dry
50 m flask is charged toluene and 1.3 g (20
mol ) of dry solid sodiurt
suspension is cooled to O
sol ution of

A 20 ml flask is dried under argon and then charged with 7 mi of diisobutylaluminium fluoride
(1 molar in hexane) followed by 5 ml of toluene and 455 mg of NaN; (7 mmol). After stirring
the suspension for 4 hours at room temperature 966 mg of solid ortho-tolylbenzonitrile
(OTBN) is added at 0 ° C in one portion. The suspension is warmed up to 130 °C (ext.
temp.) with an internal temperature of 100 °C. After 44 h at 130 °C (ext. temp.) the
conversion is > 93 %. The reaction mixture was quenched in hydrochloric acid (6 molar).
After addition of 10 ml of toluene the layers are separated, the organic layer is washed twice
with 20 ml of water, dried over sodium sulfate and evaporated to give a crystalline residue of
the product.

Physicochemical data see example 3b.

Example 3b: 5-(4‘-methylbiphenyl-2-yl)-1H-tetrazole
Same reaction as in example 3a was carried out, but with diethylaluminium azide at higher
concentration and higher temperatur:



di et hyl al um ni um chloride (20 mml) is added via

syringe during 10 m nutes. The suspension 1is stirred
wobanshi1#@26 hours or over night at room t enper BRCDER2004/007980

Then the suspension is cooled to O C and a solution

of o-tolylbenzonitrile (2.1.¢gp.11 nmol) in 5 m

toluene is added dropwi se during 5 mnutes. The

stlrred suspensiun is heated up to reflux and after 7

convers 54,5 % IS gbta

Undﬁf F'éfP‘aF EMdIHonRY b@éﬁihﬁ‘ﬁrﬂt”"(rﬂ?&'ﬂ %I>e%rﬁ9é'i°§? ﬁ'ﬁ"?wia'@ﬂmum
chlo¥dé an@ PRI, Vi doludid &1d dPBR éé@ﬁuv@@iﬁh&ff@s@%v@a%tﬁﬁnéd Yfter 40 hours

Thereafter the _reaction i s quenched by droglgg

$ C( 50 )

atinteraaktPpReratyre of €319 O0c & (et exipmal dampsraier 4
under stirring to give a vvhlte preC|p|tate which is
di ssol ved by addjtion of acetonitrile to gi

A oty SOTBLIESK I8 GHAACLVISES ) Fenenel P aqae mma ety selicedium azide.

TheWhitrBd 80spglinsieh id &EIMPBY *&&d # fl of B8, s%elanwuumse i S
treated with aqueous |ootta3| um car bonat e sol uti on

diethyigluminiym CB'IOr'd?JP@dU@P issaddgdadasyyingeidaring 40 aunides s o suspensron
is st|r@éﬁ‘6r A% & RBuRYr %5&‘ ﬁﬁﬂt%@?dom LE?ﬁférétt]Pe Rsh fheas(ﬂéﬁgrgs??ﬂ is cooled

phase is adj usted addition o
to 05F apN a-Eylutiontad Oﬁpwwaezonltgled2t1rmdt1 gampliin & i tolvesdis added

drof¥fiséd él?fﬂ{g@%lmlﬁé‘setrﬁé tlr?éHjsﬁsllB@nQﬁlg @He%te@n%?ﬁ rbﬁux and after 7 hours a

evapor ated under uced essure to
conyprgiph gf 54}5\?/aéldlalrﬁ3)t Iﬁ eblaineg. 6ﬁi¢rereﬂwrmg @val:m;gbt 617 h)reeconversion of 92

% |SEHH%Q|'UEH Aﬁérp4 @%Qg&%lo?% g)g\%f%vzﬁ%?étaﬁgrcﬁg %ﬁ@%ﬁr lenched
by dropmugj&z@ reammmlxtugoto coRD2 N1hydrcgh@pic gicit (60 (rMemnder Elirain to give a
whitEiﬁ?é%@%eoYvﬁlch% iﬁoﬂ\gﬁ%’e{%%b %;Q :rrﬁ g?Q%{%tél%friYel 'QIVe a clear
biphbgipiselwion.4Fhel drodret Iseaxdriactd® vaibsY ralleféipropyl acetate. The organlc
oG AR PG4 s e SLARHLAY AFL B0
dissalvedimtharaqobdus laybe aé 1i%e porassiurh s8NV Thentthé beﬂe)aqlabdustpaése is
adju%f;eﬁ_gtgr%h ﬁ% gg/%lggf 8 can Iggr@ qrtrgﬁd-lljél Th? PEP%EJIB{ lé ggtraa tteJ twnce with 50
ml oalsuptdpywnem?te ded tha. citg@wl@bhazseclg eveg;]olr?ted underlrgdLrJTcT:traéil %ressure to give
afterryng, BAPEH™ F ey BB MigeSaiRgproduch i in s 52
'rph of triet hyI al tjumr ni u;n gtllo m’rgl ; Or1 gM [ ﬂu: ol uen;e%
ISR 8, TR rkhed | BBl oA S

Tla: 0 Ry -value: 0.56, (Toluene : EtOAc : AcOH =20:20: 1), S|02-plate (Merck KgaA)

Example 4 a: 5-(4‘-Hydroxymethylbiphenyl-2-yl)-1H-tetrazole

N NH
”°
[2'-(2H-Tetrazol-5-yl)-
biphenyl-4-yl]-methanol



the solution of diisobutyl alumniumazide (19 mol),
gradually warned to an internal tenperature of about
waQoG/amd2sti rred over the night (conversi on 9BCTAP2004/007980
For the work up the reaction mxture is cooled to 0C
and added dropwi se to a soluygon of 30 nl of HC (2 N)
containing 1.38g of NaNO2 (20 mmol) (cooled to 0C). 40
m of iso-propyl acetate are added and the rrixture i's
racted once of HCl 2N,. once with
b g wahuighsSaitn g r@l’ A8meb e adder stoar Solc peliaregt disobuty

alurﬁIWuﬁﬁchrﬁdé O o 1.8 G tHte) @ﬂ@cbétiﬁs n:ﬁhﬁ‘ tOILBRE bRd the mixture is
e is extracted three tinmes wth portions of

a
stinE) S0 IRT P e URT B MetiisOya igobubTREMM B ARASphase

I's washed once with 15 m of isopropyl acetate. HC (2

Q is added to the ueous phase to ad% ust the pHto
21 °faﬁdh¥%@<y§‘aﬂtfm'1b&ﬁ‘eﬂ§ ~Zesarpeiitritey (1thimeoly,j arestregtedy ipoa drop wise

marifer aPOrti ith Q%Z'rﬁlwrtﬁ&]rﬂll AGRIRIE &1 oot W?W]h 'i‘&uene '&he reaction

organi c phase is washed once wt
m'XtPFﬁa‘szé'Fr@@ nfor Pamingiesy Afiet hay |t%cleﬁreccé¢u;l¢§s ms@ga tmlxtlmels added to

the Gbklgn FUfo@liéSButﬂ/lsal%Wl%rﬂl !ailéeeqwfrﬁﬁ’i gm@uaﬁ}f%%ggaedan internal

ISOP ¥ ether to lve pure pr
tempeggtureol Fheut 1RP: Qang étlrr@d Qzer tbe oidhd (@nversmc% 7%NdOF the work up

the ?é%ctlorgﬂixtdrla 3 §5c9gd tooé @&gj éd%ﬁ%om%ﬁo a Qé‘ihﬁ‘ér?%‘xsﬂw of HCI (2 N)

e reaction as In
con@mmgm §§Q BEN@HQE K%Ijmmsnl) (epaled i @iGiy40 ail afisaipnenyl aqetaite are added

t t

ondthe ARSI QRRRRAI SHADAEYS B SRFIOATISEBLUNE 20 oy, Tho
comhirﬁmg:amg@ug layers qe exiGotad twitchwithe 10aulkefdsapoepyti acetate. The organic
ohab Tl i i Uy 35 7, N P halhl BN g 00, o
Thejagugousrphask is slasbed onee withd&eadl ofNediBopyd aaeidesd HE (W) is added to
the %@%%/ 81)?15@ % 4135?%2@4 ﬁtﬁo 79%Oth? golgli $r? PZe% rg{:tea 8*8{%13 ?mes with 20 ml |
portioengfdsapropyd a‘cetat&hTheTbmnbrahgrcrrgahls @hate washezbohsadwilh 20 ml of
watl bSO e 9 o % o ST T shidelinhouot s erystlized
frommethylurcetaits andisoprdpyiet®d @ givetthg paagreduct.r ed over the
mg[‘ ! 1%l}t—' 11’:@1 ‘eC;
Tle:  Rf-value: 0.21, (toluene : EtOAc : AcOH = 20: 20 : 1), SiO, - plates (Merck KgaA)

Catalog -Nr. 1.05628.0001)

Example 4 b: The reaction as in Example can also be carried out with diethyl aluminium
azide at higher concentration and higher temperature.

Example 5: Synthesis of 5-((E)-Styryl-2H-tetrazole

Procedure:
To a 50 ml, three necked round bottomed flask, 10 ml of a solution of diisobutyl aluminium
fluoride (10 mmol, 1 M in hexane), diluted in 10 ml of toluene, are added. NaN; is added to



tenperature is increased to 105C (i.t.) and stirred

over the night. After a total tinme of 70 hours (no
woanplet@2 conver sion) the reacti on was quenche#@CT/ER2004/007980

m xture is cooled to -10C and treated drop wise with

8 M of HC (6N) (pHl). The_ggueous phase is extracted

with 10 m of ethyl acetate. The organi ¢ phase is

washed twice with 10 m portion of NaCl sat. and then

extracted twice with portion of KHCO3. The wa
the Beyian (620 mgs AR POl &80dns mikge igrPUrpRst re?\m&mewﬁwe for 4n. The

stirrag eélatiéh BRdolkhanotc &ah afd |c‘/é Baﬁh HQSZ P oP&hAamorfiif (5 mmol) diluted in
extracted three tines with ¥ acetate. The organic
t

3 mipieldenaaigraddgd.Jhe mlma@swaamad 90°Col-ad StEFRGARYGT fhe night, The
temMéY‘éH}r'mstlﬁcregééﬁetoqfofssd;(lgre))éhﬁ %tntr&?o%érﬁllﬁre\@ﬁlo AHEf tdﬁlﬁrm&_l of 70
hOU(sz(go complety C@ygfﬁdﬂré the regciion \pzqa%gmthgql}yme mlxture is cooled to -10°C
and 'ff‘eta%drcﬁéﬁ’{m?se Wi th'\é mi-&f HY @ﬁ%ﬁﬂﬂ) ﬁ%l.?ougtghéw*slé%racted with 10

azide are arge to a
ml of ethykpraiate. Thewg@m@@h@sye islwashed tWIt:¢ with (1Qim] pgyttohrc@ daChsat. and

therﬂéxtfﬁcte‘afm%e%ﬂ!hufd rﬂr‘pd}glorﬂg@kﬁéb ﬁ*h‘é%%é@ﬂa%g PR A8Rd twice with 10

nol ar in tol uen
ml p@(t;anqf eyl Feaiate @egddren ioeated with iHG! éapid Vet and @Htacteat three times with
e
ethyég%&lte W%E%%g%ﬁhﬁg%]g%g%g%v I(Iés%ggnh tli)]ée &(gnvx u%réoved in vacuum to
glvemi@rddflrmthe%tl@pmuct enperature of 90 C for 7 hours.
Hﬁé t1%bs time the conversion was conplete (HPLC).
up: The reaction m xture i s quenched on 20 m HC
Tlc: (2 Rfolalue) 0.46n{ Eolueney R2OATTHCORR(R02 28t:10 C to destroy
hydrazoic acid which is formed from excess azide. The
precipitate which is formed is dissolved by addition
Exaoiple2f) B 2eidadrophenyl)H1él-tetrazgeye a cl ear bi phasic
sollytl on. The aqueous phase is extracted twice with
10 M ethyl acetate. The conbi ned organi c phases
R ted wwth 15 m of an aqueous solution (10
@o ot@ssi um carbonate and adjusted to pH 10. The
srQani di phase is extracted twice with 10 ml of water.
The conbi ned aqueous basi c phases are neutralized with
20 rambl (A g)aridodihem azjpid are chdiged tted 26anigldsi uder Engorpaitorsphere

follo\/v%d% ts‘q@\?%&qtho\(ﬁ{‘ GMQ S( dr&%ég d)‘?g? é@t P gopgonb%){)cﬁletg% lSnaTIInlUITi'I chloride
(1. 8<mqlsrt|altdlum) r2ssmohog abdi°Chundsr stirritd) eThedguspension is stirred over night
at room temperature. Then 1.8 g (1.2 ml), (15 mmol), 2-fluoro-benzonitrile are added and

the mixture is heated at external temperature of 90 °C for 7 hours. After this time the
conversion was complete (HPLC). Work up: The reaction mixture is quenched on 20 mi HCI
(2 molar) containing 20 mmol NaNO, at 0 °C to destroy hydrazoic acid which is formed from
excess azide. The precipitate which is formed is dissolved by addition of 20 ml acetonitrile to
give a clear biphasic solution. The aqueous phase is extracted twice with each 10 ml ethyl
acetate. The combined organic phases are extracted with 15 ml of an aqueous solution (10
%) of pot.assium carbonate and adjusted to pH 10. The organic phase is extracted twice with
10 ml of water. The combined aqueous basic phases are neutralized with 2 N HCI and the
pH is adjusted to pH 1-2. The product is extracted with ethyl acetate. The ethyl acetate is
evaporated under reduced pressure to give a crystalline residue which is further dried in
vacuo at 50 °C to give a white crystalline solid.



vacuo at 50 Cto give a white crystalline solid. WD

2005/ 014602 -45 PCT/ EP2004/ 007980 m p.: 158 -160 C.
woi2e05/0Ric02 val ue: 0.48 (toluene : EtQAc : AcOH BCRAP2004/007980

20: 1), Si02 - plates Exanple 7:

- Hydr oxynet hyl - bi phenyl - 2-gacbonitrile O o' Ac OAc -
derivative OH4'-Hyd roxy met hyl - bi phenyl-
2-carbonitrile One pot PTC preparation off
4' - r met hyl - bi phenyl - 2-carbonitrile from

mp4'15gxglr§§)g hyl - d bi pﬁenyl 2-carbonitrile wthout

Tic: i Rfohvaluep0.48f(toleBe i: FtOASEAEOHE: SC2E O1) s@ lalates
derivative. A 750 m flask is charge 4 g (0.2
nol ) of 4'-brononethyl - bi phenyl - 2-car bonltrl I e and

Exaﬂ@@e'm 40Hydr@kyiﬁétﬁyl bT&énK}l@-cﬁr%’éﬁiﬁﬂé' on is added a

uti on of g (0 mol ) of potassium acetate in 15
m of water. The et el(ogeneous—iin xture is heated up to

Br an internal tenparoa‘fure of 90 |C to beewne a clear

iilg sol ution

ure of 90

jon to the
naste—#A Xt
ure of abou
NaOH (2N). The
IS heated up to alrinternal tenperature of ca.
(extern. tenp. 80 C)QAc-ppnvatives hours af™™¥ E%VT;:“‘I" Ib"’he"y"
tenperature the PTC saponification is conple f ’(‘_[b"o %
conversion, HPLC). Additional 150 m toluene is added

T LI B TR W M-

biphanyH2rehrizonitfilkenitoutiebRatigh athe irfernfadmie OMlcq &-46Ha) derivative.
reduced pressure and the resulting crystalllne resi due
is dried at 50 C over 24 hours in vacuumto give the

A 750MhitfRisk Tsy&Haddd with $4.29Y012 mblh bf &%r%BMétngvbubh&%ﬁZ)z -c@RSbnitrile and

er content of 0,23 % m

250 ) gl plien 48 1¢ SistRsRN o pdsAla soliinner3020(C:3 mo oiyotassmm
acet@ielr 15 nillokWater. The heterogeneous mixture is heated up to an internal

temperature of 90 ° C to become a clear biphasic solution. After 12 hours at an internal
temperature of 90 °C the conversion to the OAc derivative is complete. The biphasic mixture
is cooled down to internal temperature of about 50 °C followed by addition of 150 mi NaOH
(2N). The mixture is heated up to an internal temperature of ca. 70 °C (extern. temp. 80 °C).
After 5 hours at this temperature the PTC saponification is complete (100 % conversion,
HPLC). Additional 150 ml toluene is added and the warm reaction solution (ca. 50 °C) is
washed three times with 50 mi of hot water until the pH is around 7. The toluene phase is
evaporated under reduced pressure and the resulting crystalline residue is dried at 50 °C
over 24 hours in vacuum to give the white crystalline product with 98 % purity (HPLC) and a
water content of 0.23 %.

m.p.: 118-120 °C

Tlc: : Rf—value: 0.45, (toluene : EtOAc : AcOH =20 : 20 : 1), SiO, - plate

Example 8 a: 5-(4'-Formyl-biphenyl-2-yl)-1H-tetrazole or
2'-(2H-Tetrazol-5-yl)-biphenyl-4-carbaldehyd



Exanpl e 8 a: 5-(4 -Fornyl-biphenyl-2-yl)-1 Htetrazole

or 2'-(2H Tetrazol -5-yl)-bi phenyl -4-car bal dehyd WO
waQ05/004:602 PCT/ EP2004/ 007980 -46 1.01 g (4 nrOL)EP204/007980

5-(4' - hydr oxynet hyl bi phenyl -2-yl)-1 Htetrazole is

dissolved in 7 m of a 10 %ggueous sol ution of

pot assi um car bonate. To the stirred solution is added

an aqueous solution (ca. 8 %9 of sodium hypochlorite

(eau de Labarraque at roomtenperature. After 40

mn. a confersion AT B0 %to the al dehyde is observed.

After 3 arMbnal 1.5 M sodi um hypochlorite

Y ]
i s added at @ tenperature. After a total reaction
tinme of 7 houns pver sion of > 93 %is observed.
Stirring over nig

O Cinproves the conversion to
% The reaction™m xture i s quenched with 20 %

1013@ HEQHR ) @'(H“?,)E% lyﬂ%iﬁkgﬁig r{giﬁ gﬁolll-weltrggolg%?lgggl\{elﬂﬂﬁgrml ofa 10

% aquirays Bolviiom pf patassinre gerbonate. r‘ﬂo)the lstsrrertistdutlcnmsl atitherl an aqueous

solug&&% %Qfof%ﬁ%ﬁb‘rgrjly{pﬁ[:ﬁ?hrlt%(%%&%fﬁgﬂéryaqﬂ f%q"ogrgl t%rﬁgerature After 40

min.par eehyetsidnsoféidt % de thredaldehylde ds blydenacle tAdtee anburdn edditional 1.5 ml

sodlﬁf?lI %B%hlbﬁe |seé{§t%§ fqtrc%g'gtt%n%%{b Aﬁvaqg@ga? cgtir‘? 8r|nie%f 7 hours a

con‘(dmbltu eh= 93 "/EtscothserveAc Qtrringiver gight 4t)0 °CSintpRovespthatenversion to 97

oo B Rl BB R RS e g 2932 ppyects soglum faispeen s soluton (5

ml) argplef sBrringmiar! 1) haus te degiriydxdessthypoohixtits” heh 22nethyld-butene (1.5 ml)

ST R N D T

the mmjré undérsstivfingd 'Fhelprédludtﬁs adaerkd with QNR apetatd & Mk sBivent is
r ults in a clear slightly

der, .stirrin
eva%?tﬁg\;\p dnEss fgﬂ'veﬁﬁ‘g SPEiPFOSH?h is removed and stirring
m.plk S 18antjgswrer at roomtenperature for ca. 1 h. After 1

r od crystallizing directly fromthe
T o SO S oA bETAR TACGR = 20010 )cS0: Eriale. 1
and then filtered to give after dryl ng i n vacuum 400

of pure al dehyde (VI).
E@E@@@ Wy) (- 'iyé*fwmfylt(mqnw 2ybdtytetsasale 504 mg (
mm@}'—is%ﬁ%pef%d@HYn 8 miktlrd 6B bitolaBRE 9581 Nlbhdlﬁﬁlomméﬂﬁr&?e The

hetane sol ution of dibut at e

SUSF{GPSHQ%I'S&?‘)O'%@& Qb f-4279) of Ritdc acid (ﬁal emmel).468% 8« d650.4) is added
in oBpdritéh SIP*Q ufderSAHINgMIAEH [48ults in a clear slightly yellow solution. The ice

bath is removed and stirring is continued at room temperature for ca. 1 h. After 1 h the

product (V1) is crystallizing directly from the reaction mixture. The slurry is cooled to 0 °C for
1 h and then filtered to give after drying in vacuum 400 mg of pure aldehyde (VI).

Example 9: 5-(2-Chlorophenyl)-1H-tetrazole (with dibutylboron azide)

A dry 25 ml flask is charged with 10 ml (10 mmol) of a heptane solution of dibutyl boryl
triflate (1 molar) under Argon. To this solution is added 650 mg (10 mmol) of sodium azide.



WO 2005/ 014602 PCT/ EP2004/ 007980 -47 The suspension is

stirred over night at roomtenperature to give a
wdizbstogkdoor on azi de. To the suspension i s addedT/EP200g/007980

(7.7 mol ) 2-chl orobenzo nitrite as a solid in one

portion. The reaction mxtuye.is heated up to 130 C

external tenperature. After 5 hours the conversion to

the desired product is only 5 % Additional 5 m of

uene is ed an refl ux IS conti nueéj ver .

Therﬁuamnsm&lﬁ éP"EZﬂoYﬁSlﬂ lé)OE‘b gqtqérﬁ tp give-a diputylpropazide. To the
susigshdion i© Badied? 4.0y (7&f Mol Wctadrobeikzo Mitrilcead a sbIRITR -ohe pBRIon. The

conversion is 35 % The reaction is stopped by
reagign BRI S deRIsEPY ORS RXPOR) STSBAIRoATeN 6 N HCl

5 homtheﬂfoﬁdé%ﬁfonlﬁ tHXddsied pebduet it BRlyvwag.e rAdEih%ﬁ@l Bk Bf tludne is
pot assi um car bonat e sol uti on. wat er

addﬁ%@aﬁ’ rﬁ'f@X'aa jiuedrdiguedhoysy mMahki After @& haays taﬁ @om\rﬁé&m BARICY-

Aftel 8d@HdTR0L BGeihdidy £11R0l° @&t abfp.) tﬁéﬂé‘orﬁze}sYcﬁﬂE 35 5% (HPLC).
evaporated to dryness to give an off-

Thergagtign ds stypred Iny Caraiulhequenching th%ve.ﬂmesuspenmon 6 AbidQl. The

procﬁ%@rs ex?chte&)(o th%'v@a%er Ma@% ‘@wth@()@'ir@hﬁ oi&otgssmm carbSEate SO|L¥[I0n The

| or ophenyl ) - tetrazol e Procedure:
Watqr'@mmwaadlgsi@l@ tmphaa mﬂ_ﬂ QNL HE! angbine ma@cé@o@@rap@dwlmtw acetate.

The%%‘v%i i9 %v&ﬁor?ﬂegitt?}ﬂyngéél f#ﬂirkggﬁ n?# IC\)A{‘Ntt lid fsfiugrol

M1n toluene ut'e uene and the
TlenRevalves 048, feluenescEi@ACr: deH @0p&0atir S0k emlateh. 473 gy
of 4-Chl orobenzonitrile are added to the stirred
solution, and the reaction mxture is heated up to
ExanpiCiQe. t.) and Ssd-Chleppbemyl)-tHréetrazbight . Conpl et e
conversion is observed by HPLC. 5 m of toluene are
added to the m xture, then the solution is added drop
wise to a cold sol utigmsmof WSy 6N. 10 m of ethyl
acetate are addesl i ollbti on extracted. The
aqueous phase i s washed wWith 10 m portion of
ethyl acetate. The conbi ned organi c phases are washed
Promﬂdul'elom portion of HC 2Nand finaIIy vvith 10 ni
ter. The,. soIv ved and t he uct
202 fiq S8rBhieTabiY 208 s mun T BermaR gne coly 3pfLiaN bf Btny
aluninad whloride(H5 mm&i51.8 l\ﬂiﬁto(ﬁehépdllu@d- il 81 oﬂol%@ne and the mixture

is sttg%ltgg)q? éq%@%yj@éé&ll 8ggg”g002f 44§%Iorobenzomtn% are adde\e/éqo the

stirred solution, and the reaction mixture is heated up to 135°C (e.t.) and stirred over the

night. Complete conversion is observed by HPLC. 5 ml of toluene are added to the mixture,
then the solution is added drop wise to a cold solution of HCI 6N. 10 ml of ethyl acetate are
added and the solution extracted. The aqueous phase is washed twice with 10 ml portion of
ethyl acetate. The combined organic phases are washed with 10 mi portion of HCI 2N and
finally with 10 ml of water. The solvent is removed and the product is dried in vacuum at
60°C over the night to give the product.

m.p.: 255-257 °C

Tlc: Revalue: 0.40, toluene : EtOAc : AcOH (20 : 20 : 1); SiO, -plate.



HPLC. Hewl ett Packard, solvents. H3PO4,

acetonitrile/water; flow 2 m/mn; injection: 5 0 pl;
woavslesmgeth 220 nm 40 C, flow 2 nml/mn; injeeCTmmr2004/007980

5.0 pl; Columm: Merck, Chronolith Performance RP-18e

100-4.6 mm Rt. Time: 6.184_pgn Exanples 11 a) to 11

IZ The followng table (Exanples 11 a) to 11 1) should

further illustrate the present invention. Wen

|l ving_the od o resent inventian,
HPLA el Ba ?I}@ﬁ%&? &gtso[f' é@p abtgn irllsiwates floys 2y ipjection: 5.0 i;
wav@teagml 290 rirh, 040 9C; bt 2 nfRMRAHRERRE.of '\F?lf oHbmnt Mer Chidmolith
-174 Cnp; 106 -108 Ca OO /N's ONF SN N HHEN H

Pe ﬂffmance RP118& 100-4% mmeva v/ RETimey 6.384*MiR0 HO OH OH H N
11 OOH pH

Examples 11 a)to 11 I):

The following table (Examples 11 a) to 11 I) should further illustrate the present invention.
When applying the method of the present invention, tetrazole compounds of formula (1) are

obtainable starting from nitrile compounds of formula (Il a):

©\ ©\ mp: 172 -174°C mp: 106 - 108 °C
/\ - / ‘ @ rr—( @ N
s’\ s/\f X

N\N N

N'N\\

New
i ~
N’N =N — 1]
N\N

M D—=n — D—(/ i

X = halogen etc.

H
» N
N N | N‘N //N | :N
Y — — :
R N
R =i
0 N

Using the technology as described above, especially as described in the examples, following

compounds can be obtained:



-NNAN) I NINN-OHL1 RNNRI RFFFF( F3) N'
H( }-

tV NNNNIT NN NI~ I \\ HN /] [/ -Q 1 N- N
wOI2005M14602 ~N~N -~ 11N PCT/EP2004/007980
-49 -
H
N——N
" )
i e
N 2N N//N‘NH
m.p. 220-222°C - m.p. 158-160°C- ©  m.p. 255-257°C
i N—N
9 o I
)K‘\"z‘l H O Z
O m.p. 253-255°C - O Rf: 0.31
H H
—N N—N
I | |
O m.p. 140-141°C - O m.p. 150-152°C
n—r~ N—N
Il | I h
N 2N N_ 2N
F Cl
m.p. 158-160°C - 173-175°C
Example 12:

Nji(m 1. AR, Nji( o j—ﬂu

o n 2. R,AI-N, o

Valsartan (DIOVAN)



N HNO X = halogen etc. *NINH NNff-4 NN.. ONNN\y HN

H X' Using the technol ogy as descri bed above,
wepsmiadoky as described in the exanples, foll 8Girmg2004/007980

conmpounds can be obtained: WD 2005/ 014602 -49

PCT/ EP2004/ 007980 H N-N 11_33HO m p. 158-160C m p.

253-255C - Rf: 0.31 H NN 1) 1 mp. 140-141C - mp.

150-152C

A suspension of 5 mmol of formula

S

1.96 g 5 mmol), in 5 ml of toluene and 2.7 ml of a 1.8 molar solution of triethyl aluminium in

dry toluene are slowly combined at 0° C. The separately prepared diisobutyl-Al-azid (7
mmol) in toluene is added to the suspension and finally the mixture is heated to an internal
temperature of ca. 110 °C over night. HPLC control shows after 14 h ca. 50 % conversion.
Another portion of diisobutyl aluminium azid (4 mmol) is added and heating at refiux
temperature at 130 °C is continued for further 12 hours. HPLC shows a conversion of ca.
77 % to the desired product (Valsartah DS) and ca. 23% of starting material. After cooling
down to room temperature the reaction mixture was quenched onto a mixture of an aqueous
solution of 50 mmol of NaNO, in 40 ml of 2N hydrochloric acid. Additional 20 m! of 2N HCl is
added under stirring to dissolve precipitated aluminium hydroxide. Finally the product is
isolated from the aqueous phase by extraction with i-propyl acetate. The combined organic
phases (toluene/i-PrOAc) are washed with 30 ml of water and evaporated to dryness in
vacuum to give crude oily valsartan which contained still ca. 23 % of starting material. The
product can be purified by careful extraction with KHCO, from the organic phase to the
aqueous phase as the bis potassium salt and subsequent adjustment with hydrochloric acid
and back extraction to i-propyl acetate.

Example 13:



Cl OH mp. 220-222C mp. 158-160C - - 173-175C

Exanple 12: 1. AIRS 2. R2AI-N3 cl mp. 255-257C
woabsaia@an (Dl OVAN) WO 2005/ 014602 PCT/ EP2004/ 80TA82004/007980

-50 A suspension of 5 mmol of fornmula 1.96 g 5 Mol ),

in 5 nl of toluene and 2.7 pngqo0f a 1.8 nolar solution

of triethyl alumniumin dry toluene are slowy

conbined at 0 C. The separately prepared

di i sobut yl s’rAI {’:l_él d (EFFQP ’%,%q;@nhéollue(gﬁ is added to

t he suspensk¥Wriaayi4 Y yalegadiien heated to an

|nterna}O t enperspigPeydthasss ex B5-QIBN er night. HPLC

control shows after 14 h ca. 50 % conversion. Another

portion of diisobutyl alumniumazid (4 nmmol) is added
a.and preating atirefl ux tenperatufe at 130 Cis ci
,/Z/Eﬁﬂt)hnued for f/uit\gg 12 hours. %hows a KZ‘U
J gonver skon offca. 7 0 t\get he de d produ.g; N /N—R

(Val sartan all 2386:0f "t a t ereah,. "Aft b N b
X cooljng down to ctTon A xt ur d

was lquenched onto a ure of an aque sol uti on of
O~dspl of NaNO2 in 40 ml of 2N hydrochloric acid.

Add onal 20 m¥:3gfe 2N HCl is added under stirring tomw:saz2e
x-cll $89] ve precipitated al um ni um hydroxi de. Finally theosartan

pr o U6t is isolated fromthe agueous phase by

extraction with i-propyl acetate. The conbi ned organic

t ol rQAc) are washed with 30 m of

Real?ﬁlfﬁ@t@gQ e@'gagééé{lgd to dryness in vacuumto give

crlDJtieSmWe}s e}taﬂl s8yntaesisip0oh, @nrdosi ned still ca. 23 % of

erial e roduc purified by
?F{H]QSP%%?‘ e&af‘an O&g‘tcﬁh%'—t%’ 4%933??%@ or gani ¢ phase
t6) t TieKataGUe @ride) IERSE7 8125 AN 189401002 assi um sal t and
subsequent adjustnent with hydrochloric acid and back
extraction to i-propyl acetate.

Reaction Step 2. Reduction of the aldehyde with NaBH, to form the corresponding alcohol:]

3.78 g (10 mmol) of “5-formyl-imidazol-1-ylmethyl-biphenyl-2-carbonitrile* are suspended in
50 ml of ethanol. To this suspension is added in 2 portions 152 mg (4 mmol) of NaBH,
under stirring at 10 °C. After stirring for 2-3 hours the reaction is quenched by addition of 10
mi 2N HCI. The reaction mixture is concentrated in vacuum and finally diluted with 25 ml of
water. The aqueous phase is extracted 3 times with 30 ml of ethyl acetate. The organic
phases are combined and evaporated to dryness to give an almost white solid residue which
is dried in vacuum. The crude “alcohol” is used in the next step without further purification.

Reaction Step 3. Example for “in-situ-protection” with AlEt, and subsequent cycloaddition
with diethyl-Al-azide and working up to LOSARTAN.

1.9 g (6 mmol) of the ,hydroxymethyl-imidazol-1-ylmethyl biphenylcarbonitrile” from the
previous step is suspended in 10 ml of dry toluene under argon. To this suspension is
added at room temperature under stirring 2.8 ml of a 1.8 molar solution of AlEt, in toluene.
Stirring of the suspension was continued for additional 3 hours. Then a solution of 10 mmol
diethyl aluminium azide in toluene, which is prepared in a separate flask, is added via
syringe. (This 10 mmol of EL,Al-N; was prepared by stirring 10 mmol of Et,AICI and 10 mmol



Exanpl e 13: WO 2005/014602 -51 Losartan via D ethyl

Al Azid - Cycloaddition 3 Step Syntheses ex Br-OIBN X
we 2ai5/018102 J, -O SOZ R CH3CN K2CC3 MW : 377. 88CKaBRéH4/007980

Et OH Reaction Step 1: Disclosed in 1) K Srinivas et

al ., Synthesis, 2004, (4), 566.2) R D. Larsen et al.,

J. Org. Chem, 59, 6391 (1994) 3) T. Kato & Y. Shida,

EP 578125 Al (19940112) PCT/ EP2004/ 007980 MW/ 422. 92

nRe ct on Ste Reduction of the alde e
of NeRE KRB o ot EAETAM G EESHBHTG AbinareRenan 8 ach but
the (ilbmyﬂaluin)numﬁ a(zjlde |sI dlissol\lled in toluene) 'lr']he relctlon mlxtuk;e is rtleated to reflux
m dazql - | - enyl - 2-carbonj tri
(~114% é%@géléﬁ t@&lﬁerﬁ‘w@c?amﬁtg aﬁ'gwn irgontrgiied By, EiFkRanglysis. After
reflixingXee24 hbitrs %é)lfébbﬂld?ﬂ’ﬁlx&ﬁg W3 coBlefm® F&on@fen%%re é%mﬁ‘fally
stirring at 10 C. After Stlr“gﬁal\@,@ 2-3 hours

quepehgdi QAN aQUeqHe AelHERD BfyACmatol of incfO rfjof 2N m@roch*nﬁ'e acid.

Thef @@afkibed) 20inta DR H@I & Q8GN RY §ﬁh.h@ 1o/ GESBAB ﬁ@%réd:ﬁlt%'téd’
diluted with 25 of water. The aqueous phase is

Alurgipiym pydexide.¢ F'ﬁélé‘/ the Prodsigt wes @pla&ﬂdﬁmmatb@@av@usmse by
extrQét%%fh etiy] %%@t%tear'ﬁ’\ecéymﬂ r'il%do@&%% mﬁ)ﬁ@éﬁeﬁf—l g?’lé‘r‘;eéﬁashed 2

ive an al nbst white SO|IdI‘eSI
t'mensnm mhef water and puepcratediairynass Imgwunhwtq»@ giusle Losartan. The

crude! I_Qféa%r‘i W be ptHi ﬁe'a%’y d?%rtélfliéﬁ@ﬁ R Cﬁ%ﬁ%}%@g SN Z'}/Patér mixtures,

I n-sit pr ot ection’'

aCC@Q@gngQU@thI@/M @&‘doﬁ’& |6§ﬂ1 (18%. di et hyl - Al - azi de and
working up to LOSARTAN. 1.9 g (5 mmol) of the

"hydr oxynet hyl -i m dazol - 1- yl net hyl
mmgéﬂfbyl carbonitrile" fromthe

1.) LiH — -

" 3.)
2) ELA-N, 'NaOH, NaNO,

dann HNO, conc.
————ati e

solvent: Xylene

16.74 g (80 mmol) of the “4-hydroxymethyl-biphenyl-2-carbonitrile® is suspended in 100 ml of
dry xylene (isomer mixture) under argon. To this suspension is added at room temperature
under stirring 0.636g (80 mmol) of lithium hydride. The suspension is stirred for an
additional 4 hours at 120°C external temperature and a solution of 160 mmol
diethylaluminium azide in toluene (which is prepared separately by stirring 160 mmol of
diethylaluminium chloride and 160 mmol of sodium azide in xylene [isomer mixture] at room
temperature overnight) is added via syringe. The reaction mixture is heated to reflux (~120
°C), external temperature ca. 140 °C. Conversion is controlied by HPLC analysis. After
refluxing for 24 hours the reaction mixture is cooled to room temperature and finally
quenched with a solution of 300mmol of sodium nitrite and of 15% sodium hydroxide (240
mmol). Finally 95 ml of conc. HCl is added under stirring. To the resulting suspension is
added at room temperature under stirring 31g (320 mmol) of 65% nitric acid. The

suspension is stirred for an additional 6 hours at 60°C external temperature (internal



previous step is suspended in 10 mM of dry toluene

under argon. To this suspension is added at room
woenp@iaar e under stirring 2.8 nl of a 1.8 noPaI/EP2004/007980

solution of AIEt3 in toluene. Stirring of the

suspensi on was continued forggdditional 3 hours. Then

a solution of 10 mmol diethyl alum nium azide in

tol uene, which is prepared in a separate fIask is

added via_ _syri
Te"ﬁ’reé?}'a'reeﬂ SPHP)s i'r\aﬁY H’tj’ F’I@dqﬁ‘ﬂﬁ 'S@Pteétbz’/ﬂ‘tlt'oﬁﬂ-ﬂ’el Grq‘?ﬁrﬁ -(Ubtetrazol-

_y|)2ggﬁérq,1_4f&a3£ EERUMAIREY 980 -52 of NaN3 in tol uene
room tenperature over night to give a white

suspensr on of NaCl, but the diethyl alum nium azide
is dissolved in toI uene). The rection mxture is

Exappla B to reflux (-111 C), external tenperature ca.
140 C. conversion is controlled by HPLC anal ysi s.
After refluxing for 24 hours the reaction m xture was

a) waéaegudrpofraommmﬁfr (23 HH-Eot@PG1-5-UiB|oh¥nyl SR DABRA EP-Bene]-
aquequs sol ut| on of 40 mmol of NaNOZ In 40 m of ZN

ci d Then additional 20 m of 2N HCl is

added under stl rring to dissol ve:Ee precipitated

Al um ni um hydroxide. Finally the product was isol ated
fromthe aqueous phase by extrg B W th ethyl
acetate. The conbi ned organi ¢ plhases’ (tol uene/ Et OAc)
are washed 2 tinmes with 25 my"of water and evaporated
le_grude Losartan. The

ified by crystallization from
CH3CN or CH3CN /wat er %s according to
literature; (J.OC., 59, 6:9M/(1994)) Exanpl e 14: 3.)
NaOH, dann HNO3 conc. 16. 74" g (80 mmul) of the
"4-hydroxymet hyl - bi phenyl - 2-carbonitrile" is suspended

in 100 M of dry xylene (isoner m xture) under argon.
Aquerpus $diung hygrende salufien 3Qfddd24ul; Bbommeljseadded tea stimedr

susp':én's[g)h' d19-\AiiR3 6848 § @@?Aor)rolg%n% g@ H.Utg}rg%/dii-g-@g% p@?& -A-carbaldehyde

suspension IS sti r t1ona
(5 911D nupelyimwater 2fhmt)at troen tampesataes, untilgh 6f isTeachedolThe resulting

soluﬂbr’?k'@ﬁh@%ﬂ Y d&'nwe}@%rﬂﬁre fir i@h\’rﬁﬂ% él'Wg c%laﬁéﬁaﬁj Gl %(,& Jorated at

separate y stirring 1
60°C il wqearu#r@nmﬂmgm@ﬂer @fazeommmllazemevedwmyn@m1 butanol

1HN“}&%$§BQ,O[H1360M@ at room tenperature overnight) is

1a syringe. The reaction mxture is heated to
0= 8.2t (GH=N, -31,21)67 (CeHs-CH, d), 7.40-7.60 (4 C;Hs-CH, m), 7.18 (CgHs-CH, d), 3.42

(CH, d), 2.31 (CH, m), 0.98 (CH,, d), 0.82 (CH, d).

b1) Preparation of (S)-3-Methyl-2-((2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl)-amino)-butyric
acid




C), external tenperature ca. 140 C. Conversion is
controlled by HPLC anal ysis. After refluxing for 24
woawsa1adoe reaction mxture i s cool ed to room PCT/EP2004/007980
tenperature and finally quenched with a solution of
300mml of sodiumnitrite an?4gf 15% sodi um hydr oxi de
(240 mol). Finally 95 ml of conc. HCl is added under
stirring. To the resulting suspension is added at
roomtenperature under stirring 31 g (320 mmol) of 65%
nitric acid. The suspension is stirred for an
additional 6 hours at 60C external tenperature
(i nterpal WO 2005/014602 PCT/ EP2004/ 007980 -53
AquelRQdi hydrexids @plutien 44 Mapmeximated(£Q0 mé 209 el is gelged to a

stlrrédi El!lffp%hél@ﬁ of IN&in ¢1 11819 ?00 ﬁ‘lilndr"én%ti ?’FI-@Jtetrazol 5- yI) blphenyl-4-carbal-
- bi phenyl - 4- car bal dehyde i s obtai ned anpl e
dehlc@( )1 ®ridfanmed) 5hwg’qer (100 ml) at room temperature, untll pH 11 is reached.

The?réélﬁﬁé/fbyélea%{sﬁﬂmf)@ is dvhbofRdd @763 ch Vé&uobém%?ﬁ/émlﬂ%ngerr@azeotro-

denel - am no}-butyric acid Aqueous
picaly cﬁrmMedew@d btReel. i@%remdl;p @inezs salieiogm) is dissakved incabsolute

ethaf'hof:‘(%gb rn?g an t@g@fﬁ@;& ah |d%'(%/§‘é 6fo q@%@ 9pddl i j@ﬁiﬂr% fo the

solugen ab0-6°Gmbhg reachomml@ure(lggtlrmo) foaBO mavat Q-érﬁi),ea'r‘@jt i the, reaction is
1

con By o8 g BRI i an Bl g o m o

ml; &) mmiohn Tihe caganioselvend (ethan@DiE siripped ofi dromeie cimblutiang(pH 7) at

S04 o} S8R PRt Bl 1 250 acion o
hydi©oehlody acid 240M{apirokitha@8yH50 GiYf, 140) mmol) B8 40Wh Houild the Jaddition the
deSIg%GA&'BT;:c Igrecggéfiageé qgls%a_%cés@ %y ﬁg?tf%/ \%Hé??cg&/’trz \i/a{%r a‘ug}B driéd in
vaclt. t Bie andé pfoduti)is buspendgd +n4mgihand>lfay50)°{?5mzdghe glgtrg s edoled to
oo 4005 E LA 88 86, AU

butyZio @ciari® bollecedaydidtehtion and tisdn airte@dnwamensi on of L-Valin
(11.8 g; 100 mmol) and 2'-(1
Htetrazol - 5-yl) - bi phenyl - 4-car bal - dehyde (25.1 g;

b2) mmemwe)ly,l(s) mﬁahyl(zl@@ (MHite@dzol-6 QAN BisHERGE- A Linethy - iiho)-butyric
1l is reache The resulting clear solution is

ac'déi?ﬁ rRAERAYe F %@ﬁf‘?l'ﬁ"v\?acuo and remai ning water is
AquBd§LLddlim hydroxide solution 10 M (approximately 41 ml; 410 mmol) is added to a

stirred suspension of L-Valine (24.8 g; 210 mmol) and 2‘-(1H-tetrazol-5-yl)-biphenyl-4-carbal-
dehyde (50 g; 200 mmol) in water (200 ml) at room temperature, until pH 11 is reached. The
resulting clear solution is evaporated at 60°C in vacuo, and remaining water is azeotropically
removed with 1-butanol. The residue (imine as a solid foam) is dissolved in methanol (600
ml), and sodium borohydride (3.13 g; 80 mmol) is added in portions to the solution at 0-5°C.
The reaction mixture is stirred for 30 min at 0-5°C, and, if the reaction is complete (HPLC),
quenched by addition of water (300 ml) and hydrochloric acid 2.0 M (160 ml; 320 mmol). The
organic solvent (methanol) is stripped off from the clear solution (pH 7) at 50°C in vacuo. -
The remaining aqueous concentrate is adjusted to pH 2 by slow addition of hydrochloric acid
2.0 M (approximately 90'ml) at 40°C. During the addition the desired product precipitates. It
is collected by filtration, washed with water and dried in vacuo. The crude product is
suspended in methanol at 50°C, and stirred for a few minutes. Then the slurry is cooled to



pically removed with 1-butanol. The residue (imne as
a solid foam is dissolved in absolute ethanol (300
wai2des/0asd2 sodi um bor ohydride (3.78 g; 100 mmol PCTAEP2004/007980
added in portions to the solution at 0-5C The
reaction mxture is stirred_kgr 30 mn at 0-5C, and,
it the reaction is conplete (HPLC), quenched by
addi tion of water (100 m) and hydrochloric acid 2.0 M
O nm;: 16Q mmol). . The, ni c solvent (ethano
roort PR BITG () B B CR RO Ip Y - Rmetrbprarmipo)-butyric
acxo\ﬁa@unbctemm@étwnrurmh@muﬁéwm \@@mentrate i s adjusted
by sl ow a hydrochloric acid 2.0 M

qggrtl on of
EnapipRriPREse () Lo o SRS Gl ) Bt 40G  During the

addition the desired product preC|p|tates It is
collected b ration, d with water and dri ed

.
03) | AtCRRENRIY: (B e D2 S0 uiaarst ety -butyric

acudaéan%re dlehe aslfdlioh: 1 S cooled to roomtenperature
S) - 3- m&*?ﬁg tzye((z -(1H-tetrazol -5-yl)-bi phenyl - 4-yl -

Sodﬁlnm‘l amﬂﬂbQQ)ﬁgPu‘i Bg'rﬁnﬁﬁ'lg a'dae@% bSﬁlBﬁQ &% tirtddr éﬂs‘p@ﬁ‘slon of L-
hen dried 1 n vacuo. ternatively,
Vall(@jz 48 ge2hypmol) (b myf 3[nethano The mixture is stlrred at room temperature for

30 rhhqht%%f?ﬁéhl2§1Mltétr££oph%¥dupif‘eraﬂ 4-E§rwbébhy ueo ) So@}ﬁf) iCadded. The

acid can rep ar ed . g.
mixiygRy P@@Qr@l%s %@ aaf ﬁ@hﬂthr@ afwr(a@'v ONRYiES. eIijemIXWre is4then cooled to -5°C

and"mu)m é&réﬁ}@ﬁget(@ A5 %t gr$l§1%l)5§59@d%§' ANp&tiohs Y& th®%olution. The

tempenaétrqe a&cmalstawe)i tmtwh@h@rfml daringathe dddifiere (B@ tpsuliog mixture is
stlrrﬁ%r)z hdbr S‘YC %_ﬁ]%C}egz:t onat%czlrﬁr{)g&%}]t@ fH%S\R/g‘& #? %IIJ]DLI%QL ltAen'od_Jxenched by

IS reac resul Clear solu
add@oapbwatseén(hml)@@d: hydroghlotio acid i3d % @rhgnintiypklag ketwiesn 2-2.5. Further

' l,.,..,Lhe residue
wor 662 2Rstlsaton EBNE Robbinala SR BRR! " b2het hanol (600
Enantigmerinekcsssl(byriRid?)oby 8rd99d%%( 3. 13 g; 80 nmmol ) i s added
in portions to the solution at 0-5C. The reaction
m xture is stirred for 30 mn at 0-5C, and, if the

b4) r ddtetriatively,qSy-0nmpteyle- (((gHRﬂEil)tetrazqméM)zt&mdwl @?dméﬂwr)-aﬂfmo) butyric
300 rochloric acid 2.0 M (160 X

ac'dﬁ@qﬁ‘é{??a"eg‘ﬁeg 38? I%’ Pt sol vent (met hanol) is stripped

In a(SDfmlfste:ehatmeelaoé eiiimeﬂwl-ﬁ{[‘i -WT-((iﬁthtFa)zoEs yl:}%ﬁeﬁylvéayllimeth -(E/Z)-

ylld Ly Elagﬁﬁ% ygé)nce ﬁ@g?/ga(q :ﬁ% wt/w%_ls charged

undéraqn@omxwm €3 pnl BRtHENnp| &b 2486 aﬁlﬂlther@téd?/leaéi ée%le@ Bnd R&shed with
CcO ecte

desi r od recipita
arodn 1] rien e epaurs 0% bath aniegaFIPn 8 2t e
températige. pTﬁ?éitéébtlérScorﬁméﬂﬂﬁﬁé @sbnitbredelyndmat. fherb®e.autdtthve is flushed
stirred for a Then the slurry i s cool ed

WithZ5OGR F S BENE0E THETh BURRTOVasoP 256 crisiaifeaton are done simiar
to ek@npierayre. (S)- 3 net hyl -2-((2"-(1

Htetrazol -5-yl)-bi phenyl - 4-yl -net hyl ) -am no) -butyric

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-yl)-biphenyl-4-carbaldehyde (0.79 g; 3.2 mmol) and L-Valine (0.4 g; 3.4
mmol) are suspended in 15 ml methanol. Then sodium hydroxide is added (0.27 g; 6.72
mmol) and the reaction mixture is stirred at room temperature until a clear solution is
obtained. 5% Pt/C (15.8 mg; 2 wt/wt-%) is added. The autoclave is sealed and flushed with
argon and hydrogen. The pressure is set to 5 bars and the reaction is stirred at 60°C. The



acid is collected by filtration and then dried in

vacuo. Enantioneric excess (by HPLC): ee > 99.9 % b3)
waéhowsronaoevel y, (S)-3-methyl-2-((2'-(1 PCT/EP2004/007980

H-tetrazol -5-yl)-bi phenyl - 4-yl -net hyl ) -am no) -butyric

acid can be prepared e.g. asggol | ows: Sodi um hydroxi de

(1.71g; 41.89 mmol) is added In portions to a stirred

suspensi on of L- Valine (2. 48 g; 21 mol) in 15 n

met hano| .. The m xture is stirred at roomtenperature
reaqtlsp cogngleﬁplmﬁ ragnitorgd Ry @PL& Then the autoclave is flushed with argon and the

catalyst Rtfiltazal ofﬁFMﬁherbﬂl&h-%B)Hnd‘bnfs?é’lll%%ltlgﬁQb@j@or@%nﬁrlargg example 1 b2).

m’m% is added. The m xture beconmes a clear solution
Enagfiqrasricexcess (yiiRlds): eaRE9 %t ure is then cooled to -5C
and sodi um borohydride (0.315 g; 8 mmol) is added in
portions to the sol ution. The terrperature IS
c) [Preparationof (Bhg-Maihyl@-fpentan 2 tethapgl-biybrbipheml-4-yimethyl]-
%ﬁﬁw}tauﬂg,crgcg ure is sti rred for 2 hours at 0C - the
reaction conpletion is followed by HPLC - then
guenched by addition of water (10 m) and
hydrochloric acid 37% (5.3 g) until pHis between
2-2.5. Further work-gip d crystallisation are done

according to ew . Enantioneric excess (by
HPLC): ee > 99 % 4) teoagnat i vel vy,

(S)-3-nmethyl-2-((2'-
Htetrazol -5-yl) - bi phen =z
acid can be prepared e.g.
autocl ave, 3-nethyl-2{[1-[Z -
H-tetrazol - 5-yl ) - bi phenyl - 4z yMhepet h- (E/ Z) -

yl i dene] -am no}-butyric aqlﬁ (1.5 g; 3.2 mol) and 5%
Pt/C (7.5 ng, 5% w/w) |9‘l‘c’f'1'arged under argon. Then
15 m nethanol are added and the autocl ave i s seal ed
and flushed with argon and hydrogen. The pressure is

A suspensien of (BiBynethr-2-H&-( b’at@’t"@%ﬂh'5s)/d)rblphﬁﬁ}’hﬂ-y hyl)-amino)-butyric
acnd}_(l‘?’f"@%r 3b rrﬁmogr}ﬁ Qeofi‘r%fhgiaye‘?ﬁ{ﬁ)ﬁﬁ 82% do%l glicaE %dg%leroyl-

hen thé autoclave 1s ar gon an
chlofide (% 0| 8smmiod) i$ addas Efowed by slcpmac@!vtlonmf Rytigine(f0 ml; 75 mmol)

d"“tﬁﬁy’%qlfie?'ﬁ%ﬂ‘&g?@?ﬁ? gﬁ”@l)ﬁﬁhbﬁérzcoﬁbé&?&??h% rbaBifoh; the reaction

mixtupe.t isgrenaiied Svith| Metbapd €8/ mi)4 -Fnallymater (50 et isayiddxliatyrpom
BB GPEFIR 15, o ARLOI RBie A b7 pngoiop o

aquenusl spdalndcarbcmte nelu( i 140"@ (~ 318 ml,nad hmal)eat Qt&pﬁmjen@ann solvents

are i A MPE)n vaclRl AR I e B3 il squeous

conaeutratet en(ﬂ)meatWOFmaa@Byétem icadjasted td pitl i2aat 0-3°C mmcailtimadzf 2.0 M HCI

9? ﬁ? );"fﬂ% %&%Hg pﬁ%)eslﬁ g%é&\é\'{eﬁ(@nd concen%a?ed at ht% 8% \%:c!u% (water is

azeotroplcally removed). The crystallization of the product is initiated at 45°C and — after

| - met hyl ) -am no) - butyric
follows: In a 50 nl steel

addition of cyclohexan (102 ml) — completed by cooling to —5°C. The solid is collected by
filtration, and after drying at 50°C, (S)-3-methyl-2-{pentanoyl-[2’-(1H-tetrazol-5-yl)-biphenyl-
4-yimethyl]-amino} -butyric acid is received as a white powder.

Melting point: 108-110°C

Enantiomeric excess (by HPLC): ee > 99.5 %



argon and hydrogen. The pressure is set to 5 bars and

the reaction is stirred at 60C. The WD 2005/ 014602
WOCHsERa004/ 007980 -56 reaction conpletion i s ROMIEP2I0&/M07980

by HPLC. Then the autoclave is flushed with argon and

the catalyst is filtered offy Further work-up and

crystallisation are done sim rar to exanple 1 b2).

Enanti onmeri c excess (by HPLC) ee > 99.9 % c)

&1 aration of {pent anoyl -[ 2" -
[1] Ay tws%wn@m? a§d H?BFFM&W ”@efﬁl’r@ﬁ%}*ﬂ?d a&@mﬁ*@}y b%ﬁtgﬁppes'on of (S)-
3- méﬁmWZ-{’(ZSHWféﬂ%k&fs ﬂf blbﬁéﬂﬁ-ﬂ%@ﬂ‘\%/ %nﬁr(o% butykic acid (25 59;72.6

H-tetrazol - -am no) - but

mmgly iy ?ﬁm@h@xyeﬁ@r@( g B.Cﬁoeédio ﬁeqwﬁmwhtom% (?975 g; 72.6
mmbl§ isCRfk8 @v&ro15 ﬁ% féﬂtﬁvéb%;ﬁél&bi |add|%‘rl| Qf & ARt (7. 1@1g) oggyndlne (5.6

is ad sl ow addi t1 on of

g) apg W@‘%&HU 518 OMﬁrrﬁb mmd.Aftﬁréarrmgtfcw 30, rzmdvalertom@wétm éﬁa’é g T435
mméI§f d¥dbd obvdd 8 f%flﬁ %ll&ﬁé?ﬁ)%lb\ﬁ%deftloﬁ Ber ﬁh‘ 8f gﬁ)lnfﬁfe (4.3 g) of

reaction mxture Is quenche

pyriging £3.4 @) aad water 509 @).) Aftgr eaghaddition pbpyndutaathp @Has goretrolled by

| 6]
sem 424 i e O phcr Rk k000 B2, e
reactign igt $t'tﬁlied1fo|°/25( minl,l’tBeerateI 225.6ngbIs)added 0Ger hminoThaniidure is

stwr%@ho‘(%ﬁét@teg J ri2{oh'eﬂ Q\%ﬁjﬁngé g d%& EB(?;% 't'jg g)f 62‘#@ stlrred for another 2
houesg mmememm ehlt remave d@mmwmtqjﬁwduetlllaym élunthes work-up and

H b 2.0 MHCO (-
b s ér?gﬂt'? o5 déﬁ?’?:begﬁ’gg‘g aﬁ%eparg& ®and
concentrated at 45C in vacuo (water is azeotropically
renoved). The crystallization of the product is
initiated at 45C and - after addition of cycl ohexan
(102 m) - conpleted by cooling to -5C. The solid is
collected by filtration, and after drying at 50C,
(S)-3-nethyl-2-{pentanoyl -[2'-(1
Htetrazol -5-yl)-bi phenyl - 4-yl methyl]-am no} -butyric
acid is received as a white powder. Melting point:
108- 110C Enantioneric excess (by HPLC): ee > 99.5 % WO
2005/ 014602 PCT/ EP2004/ 007980 -57 [1] Alternatively
pyri di ne and val eroyl chl ori de can be added
alternately: A suspension of (S)- 3-nmethyl-2-((2'-(1
Htetrazol - 5-yl) - bi phenyl - 4-yl net hyl ) -am no) - butyric
acid (25.5 g; 72.6 nmml) in 1,2-di met hoxyet hane (126
g) is cooled to -10C, and val eroyl chloride (8.75 g;
72.6




mol ) is added over 15 min., followed by slow addition
of a mxture (7.16 g) of pyridine (5.6 g) and water
wO206G/0g)600ver 61 mn. After stirring for 30 m RCT/EP2004/007980
val eroyl chloride (5.3 g; 43.5 nmol) is added over 8
mn., followed by slow additizgn over 30 min. of a
m xture (4.3 g) of pyridine (3.4 g) and water (0.9
g). After each addition of pyridine the pHis
controlled by sanpling (hydrolyzed with water). The
pH of the sanples should always be below 2.5. The
Whatgaekiféy iss stirred for 25 mn., then water (25.6 Q)
I's added over 30 min. The mxture is stirred for
another 30 min., then warned to 23C over 30 mn. and
1. StA profsd RF tRNAEMASctare JIBUESazofdbLiSkRIENt Of PH
renove of organic solvents by distillation, further
work-up and crystallizationNs done as described in
the exanple 1 c) above. 005 14602
PCT/ EP2004/ 007980 -58 What i a| med is 1. A process
for the manufacture of a tethtazol @of formila R ~N-
IN NNH(lI) or atautoner or a salt thereof, wherein
R represents an organi c residue; conprising (|)
or ar taaehicn @r a sal FePstTdvifdrein QX PaPraseRts<h brighnidediided? an
azj de of forrrula(R)(RZ)Ml\B(lIb) wherein R has
compRigingeani ng as defined above: R and R2, independent!y

0] Ofreéétihb%ompduﬂalbemhlawcw ﬁﬁlad)'mﬁthreﬁﬁéz@d@oﬁ&%léﬁiﬁ(ﬁz)m N, (llb),
al i phatic residu an alicyclic resid

Wheﬁ%méﬁ’r as 'ihemqnm%ssqkﬂ ned aaweaﬁ @9d Recndgneprantlycof another,
repﬁe@éht%rg%@?ésﬁu@@ubﬁ!&l bh %Tlé’rlneltlﬁr?'@élatﬁé raﬁsdllgﬂzﬁc rédidue, a

car bocyclic or a heterocyclic aromatic residue; an
het%m@!lcwﬁmgs'éw ey %llmechéﬁh@lwtlﬁéeww.mrameit?mahqy@hc—ahebawémdue a
cartfiRyBic S KHisrocydld SREMAR PESYud an 2R ic regﬁi'ug 9r an heteroaraliphatic

unSubstituted or substitute and I'S oron or
resigye; igiagh egidusn mdgpe;r)deng)opfaanqﬂ@rx bring @wbﬁitﬂ@dm isplsiituied; and M is
bor&i}orféiﬁmtﬁn(drb 2. A process according to claim1l for

the manutacture of said angi otensin ||l receptor
(il) anscizfingitbe sesuliing ggmasunt efifetnudall).f eat ure a tetrazol

ring, e.g. of formula (I1V),

2. Aprocess according to claim 1 for the manufacture of said angiotensin Il receptor
antagonists having as structural feature a tetrazol ring, e.g. of formula (IV),

N=N
[\
HN._ N

O~

(Iv)
or a tautomeric form thereof, wherein Rx represents a structural element selected from the
group consisting of



N=N HN or a tautoneric formthereof, wherein Rx

represents a structural elenent selected fromthe
waroespieonsi sting of WO 2005/ 014602 PCT/ EP2004PO0/ES3D4/007980

HO -59- CH3 (derived fromlosartan - cf. EP 253310);

(derived fromirbesartan - ckg_EP 454511); (derived

fromUR-7247); OCH3 (derived from

candesartan-cilexetril- EP 459136); WD 2005/014602

PCT/ EP2004/ 007980 -60 O \CH3 HO H3C~ .CH3 O HO O

(de \ved from candesart an); and (derived from
N - &f.CHP 443983); (derived from ol nesartan)
HOqr, i e, a salt thereof; characterized by

a compound of forrmula (IVa) N(IV a),

l (derived from losartan - cf. EP 253310);

N CH,
WA
0™ ™y

CH,
N N
asatviy
N
\ |
&, (derived from UR-7247);
N
»‘0/\CH
N 3
(o] (o] |

(derived from candesartan-cilexetril- EP

459136);



wherein Rx has the neanings as given above, with a

conpound of formula (R )(R2MN3 (Il b), wherein R
wanawsRi4602 ndependent |y of one anot her, represeqr/ERen04/007980

organi c residue; and isolating the resulting conpound

of formula (IV). N CH3 3. A_ppocess according to claim

1 for the manufacture of a conmpound of formula (1V b)

conprising reacting a conmpound of formula (IV c) WO

2005/ 014602 -61 HO CH3 PCT/ EP2004/ 007980 N (1V C) or

rein.R, and R2, independently of each
ohexpeani ngs as defined above, and

' N cgﬁpound of formula (1V b). 4. A
prgecess jaccording to claim1 for the manufacture of a

HOconp@und of for nul agermesframtcan8estan), @agPOUNd of
formula N=N HN Ry (V) a tautoneric form t her eof

RyGer e BHRY represents C, - C8-al kyl such as nethyl ;
C -CB-al Kyl substituted by X and X being hal ogen,
HOsul phon Xy drebyl , protected hydroxyl, such as
biforon¥dt hyl~” or ~an acetal of fornyl; and X, being in a
bgnzyl | c position, conprising reacting a conpound of
formula (1V a) N Ry ((dedyedfram valsaianoeingP 4f39&mul a
HKR ) (RZ)MN3 (Il b), wherein R and R2, independently
HE

3
0 \
N
o |

g
. )\ CH,

° (derived from olmesartan)

or, in each case, a salt thereof;
characterized by reacting a compound of formula (IV a)

N
It

(IV a),
wherein Rx has the meanings as given above,

with a compound of formula (R;)(Rz)M-N; (Il b}, wherein R, and R,, independently of one
another, represent an organic residue; and isolating the resulting compound of formula (1V).

3. A process according to claim 1 for the manufacture of a compound of formula (IV b)

comprising reacting a compound of formula (1V ¢)



anot her, represent an organic residue; and isolating

the resulting conmpound of formula (V). 5. A process
woéanostoheozanuf act ure of the conpound of fornul aCTAP20WD7980

2005/ 014602 -62 or a tautomer or salt thereof,

conprising (a) treating a cgqpound of formula (VI a)

N PCT/ EP2004/ 007980 (VI a), wherein X represents a

| eavi ng group, first with a nucl eophilic agent and

then with a "solvolytic" base resulting in a conpound

of prmula (VI b) N 11 HO (VI b); (b) reacting a

conpound [jof formula (V b) with an azide of formula

HO(R ) ))u\l\lw\l/b()l;g wherein the variables R and R2,
i fidep Edent y of one another, have the neanings as
dgfin

e

efd abg resyE\1g in a conmpound of fornula (VI
c) N -¢ " v @ a tautoner or salt thereof (c)
oxi di zZing e=ednpouRd ¢t fornmula (VI c) or a tautoner

or salt thereof redulting in a conpound of fornula
(VI) WD 2005/ 014604, PCT/ EP2004/ 007980 -63 (VI) or a
taut omer or salt tf reof; and (d) isolating the
conmpound of forrmul & (VI )(|\p5) a tautoner or salt

t her eof .
or an ester thereof with an azide of formula (R,)(R,)M-N; (lIb), wherein R, and R,,

independently of each other, have the meanings as defined above, and isolating the
compound of formula (IV b).

4. Aprocess according to claim 1 for the manufacture of a compound of formula
manufacture of a compound of formula
N=N

[\
HN. N

)

(V)
a tautomeric form thereof wherein Ry represents C,-Cq-alkyl such as methyl; C,-Cg-alkyl
substituted by X’ and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formyl; and X, being in a benzylic position, comprising reacting
a compound of formula (IV a)
N

"~

(Va)
with a compound of formula (R,)(R,)M-N; (Il b), wherein R, and R,, independently of one
another, represent an organic residue; and isolating the resulting compound of formula (V).

5. Aprocess for the manufacture of the compound of formula (V1)



6. A process for the manufacture of a conpound of
formula (V d) N=N HN conprising oxidizing a conpound
wohodsonsoka (VI c¢) N -N HN HO (VI c) or a taut BOEEPZ004/007980
salt thereof resulting in a conmpound of fornmula (V)
or a tautomer or salt theregh; and isolating a
resulting conpound of fornmula (VI). 7. A process
according to claim5 or 6, wherein the oxidation is
carried out _in the presence of an oxidation agent
sel ect ed fr"an"the group consisting of HNO2, HNOG3 or a
corresponﬁhng/emhydri de thereof, and a
per oxodi sul f'afe, and wherein as solvent an al kyl at ed
o_aromati c hydrlocarbon sol vent such as toluene is used.
ording to claim1 for the manufacture
3 , formul a WD 2005/ 014602
H PCT/ & 0] -\ﬁ4Ry(VII) a tautoneric form
t hereof, wherein R§/ ?epresents Cl- C8-al kyl such as
met hyl ; C,-C8-al kyl substituted by X and X bei ng

al ogen, sul.phonyl oxy, .hydroxyl, protected hydroxyl,
Oragﬂlétﬂ ﬁgbr?ﬁajtc}ﬁ%rﬁﬁ{ﬁ?m,%”?%gnyl or an acetal thereof;
(a) teing lasdoRpous@ ef foRgula (vpgpound of formula (M1 a) N
Ry (M1 a) wth a compound of fornula (R )(R2)MN3 (I

b), whereinR and R2, independently of one another,
represent amiorgani c residue; and isolating the

ula (R)(RRYMN3 (Il b) is used,
S m ni um or boron; and R, and R2,
i ndependent |y (VI a),

wherein X represents a leaving group, first with a nucleophilic agent and then with a
“solvolytic” base resulting in a compound of formula (VI b)

N
|

OO

(VI b);
(b) reacting a compound of formula (V b) with an azide of formula (R,)(R,)M-N; (Il b),
wherein the variables R, and R,, independently of one another, have the meanings as
defined above; resulting in a compound of formula (VI ¢)
N—N

[\
HN_ N

(VI c) or a tautomer or salt thereof

HO

(c) oxidizing a compound of formula (VI ¢) or a tautomer or salt thereof resulting in a
compound of formula (VI)



of one another, is C, -C3-alkyl such as nethyl, ethyl,
propyl, diisobutyl, tert-butyl or n-octyl;

wQ2e@Bhakdoenyl such as allyl or crotyl, C3-C7-cycimakdoyiooroso
such as cycl ohexyl; phenyl-C, -C4-al kyl such as benzyl
or 2-phenethyl; phenyl-C3- Coglskenyl such as cinnanyl,
or C3-C8-cycloal kyl -C, - C8-al kyl such as
cycl opropyl met hyl or cycl ohexyl methyl. 10. A conpound
of formula (R)(RZ)MN3 (Il b), wherein Mis alum nium
or boron; géd' , and R2, independently of one
anot her, HN. C3NC7al kenyl such as allyl or crotyl,
C3- C7-cycl oaNKyl  such as cycl ohexyl ;

| such as benzyl or 2-phenethyl;

yl  such as cinnanyl, or

C, - C8-al kyl such as cycl opropyl net hyl

or a tautomer or salt thereof; and

(d) isolating the compound of formula (VI) or a tautomer or salt thereof.

6.  Aprocess for the manufacture of a compound of formula (V d)

N=N
/
HN_ N

(o)

O

comprising oxidizing a compound of formula (VI c)

(Vi)

N=N
[\
HN_ N

OO

(Vl c)
or a tautomer or salt thereof resulting in a compound of formula (VI) or a tautomer or salt

thereof; and isolating a resulting compound of formula (V1).

7. Aprocess according to claim 5 or 6, wherein the oxidation is carried out in the
presence of an oxidation agent selected from the group consisting of HNO,, HNO; or a
corresponding anhydride thereof, and a peroxodisulfate, and wherein as solvent an alkylated

aromatic hydrocarbon solvent such as toluene is used.

8.  Aprocess according to claim 1 for the manufacture of a compound of formula
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N=—/N
/[ \
HN_ N

Ry
(Vi)
a tautomeric form thereof, wherein Ry represents C,-Cg-alkyl such as methyl; C,-Cg-alky!
substituted by X’ and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, formyl or an acetal thereof; comprising reacting a compound of formula (Vi a)
N

|

Ry

(VIl a)
with a compound of formula (R;)(R;)M-N; (Il b), wherein R, and R,, independently of one
another, represent an organic residue; and isolating the resulting compound of formula (V1).

9. A process according to any one of claims 1 to 5 and 8, wherein a compound of formula
(R1)(R2)M-N; (Il b) is used, wherein M is aluminium or boron; and R, and R,, independently
of one another, is C,-Cg-alkyl such as methyl, ethyl, propyl, diisobutyl, tert-butyl or n-octyl;
C,-Cralkenyl such as allyl or crotyl, C,-C,-cycloalkyl such as cyclohexyl; phenyl-C,-C,-alkyl
such as benzyl or 2-phenethyl; phenyl-C;-Cgalkenyl such as cinnamyl, or C;-Cq-cycloalkyl-C,-
Cs-alkyl such as cyclopropylmethyl or cyclohexylmethyl.

10. A compound of formula (R;)(R,)M-N; (Il b), wherein M is aluminium or boron; and R,
and R,, independently of one another, is C;-C,alkenyl such as allyl or crotyl, C;-C,-cycloalkyl
such as cyclohexyl; phenyl-C,-C -alkyl such as benzyl or 2-phenethyl; phenyl-C,-Csalkenyl
such as cinnamyl, or C;-Cs-cycloalkyl-C,-Cg-alkyl such as cyclopropylmethyl or
cyclohexylmethyl.



