WO 2005/ 014602 PCT/ EP2004/ 007980 1 PROCESS FOR THE PREPARATI ON OF TETRAZOLE
DERI VATI VES FROM ORGANO BORON AND ORGANO ALUM NI UM AZI DES The invention
_relates to a nmethod for preparing substituted tetrazol es, conpounds obtai ned
according to this nmethod, new reactants and new tetrazol e derivatives.
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t herefore not easy to handle in rge, scal.e praduction. ere is a strong
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organo al um ni um azi des can be used as alternatives to correspondi ng
organo-tin conpounds. Said boron and al um ni um

It is known in the art that tetrazole derivatives can be prepared by reacting various nifriles

with organic azides in relatively good yields. Representatives of corresponding azides are,
for example, organo-tin azides which have some toxic profile. They have to be handied with
special care in production processes, cause ecological problems and require a significant
amount of additional process work to recycle them from the wastewater thereby additionally
increasing the production costs. Tetrazole forming methods which use trialkylammonium
azides or tetraalkylammonium azides may form volatile sublimates in the reaction reactors at
higher temperatures which have the risk of explosion and are therefore not easy to handle in
large scale production.

There is a sirong need to develop process variants, new reagents and intermediates that
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 tefrazoles 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 fo be used according to the present invention.

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



conpounds are available in considerably | arge scales and are rel atively

i nexpensi ve, especially corresponding al um ni um conpounds that are produced
. for the polymer industry (e.g. Ziegler-Natta catalysis). It has
surprisingly turned out that high yields of tetrazoles can be achi eved when
usi ng t h&%@2WpEHAE azi des to be used according to t h@QEEPIOMN0N ent i on.
Furthernore, as the correspondi ng boron and al um ni um azi des are not known
to be toxic, WD 20051014602 PCT/ EP20@4/ 007980 -2 their use does not require
speci al care when recycling the waste water and noreover the dial kyl net al
azi des can be produced in a large scale at |ow costs and mld conditions.
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The present invention relates to a process for the manufacture of a tetrazole of formula

N
/ \
R
N—N
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or a tautomer or a salt thereof, wherein R represenis an organic residue;

comprising

(i) reacting a compound of formula R-CN (Il a) with an azide of formula (R}(R,)M-N,-(lI
b), wherein R has the meaning as defined above; R, and R,, independently of another,

C represent an organic residue such as an aliphatic residue, an alicyclic residue, a
heteroalicyclic residue; an alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a
carbogyclic or a heferocyclic aromatic residue; an araliphatic residue or an heteroaraliphatic
residue, each residue, independently of ancther, being unsubstituted or substituted; and M is
boron or aluminium; and
(i} isolating the resulting compound of formula (1).

A tautomer of 2 compound of formula (1) is a compound of formula

N
R /\/NH

N=N (!!).



carbocyclic or a heterocyclic aromatic residue; an araliphatic residue or an
het eroaral i phatic residue, each residue, independently of another, being
.unsubstituted or substituted; and Mis boron or alumnium and (ii)

i solating the resulting corrpound of formula (I). A tautoner of a conpound of

formul a (W9 2080460 npound of fornmula R\ NH N=N (I 5CKER204(087984 4602

PCT/ EP2004/ 007980 -3 A salt of a conpound of formulae (1) or (I'), if the
conpounds of formulae (1) or (I') hav®; for exanple, at feast one basic
centre, can be an acid addition salt. This is formed, for exanple, wth a
strong inorganic acid, with a strong organic carboxylic acid, or with an
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organic residue i§, for example; 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 one another, being unsubstituted or substituted.

An aliphatic residue is, for example, alkyl, alkenyl or secondarily alkynyl, each of
which can be interrupted by NH, substituted NH, O, or S; and each of which can
be unsubstituted or substituted, for example, mono-, di- or tri-substituted.

C Alkyl is, for example, C;~Cyy-alkyl, in particular C,-C,g-alkyl. C;-Cg-alkyl is preferred, for
= example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or tert-butyl.

Alkenyl is, for example, C5-C,p-alkenyl, in particular C,-C,y-alkenyl. Preferred is C;-Cs-
alkenyl; for example, 2-propenyl or 2- or 3-butenyl. Alkenyl is likewise C,-Cy-altkenyl, in
particular C,-C,-alkenyl. Preferred is C,-Cs-alkenyl.

Alkinyl is, for example, Cy-Cyealkynyl, in particular Cy-Croalkynyl. Preferred is C3-Cjalkynyl-
such as propargyl. Alkinyl is likewise C,-Cypalkynyl, in particular C,-Cypalkynyl. Preferred is
C,-Csalkynyl.

Alkyl, alkenyl or alkyny! that can be interrupted by NH, substituted NH, O or S is in particular
C-Cyalkoxy- C-Cyy-alkyl, ~Cs-Cap-alkenyl or - C;-C,p-alkynyl, or C;-Cyg-alkenyloxy- C,-Cp-



Al'kenyl is, for exanple, C3-C20 alkenyl, in particular C3 C, o0 al kenyl.
Preferred is C3-C5- al kenyl; for exanple, 2-propenyl or 2- or 3-butenyl.

. Alkenyl is likewise CZ C2c alkenyl, in particular C2-C o0 alkenyl. Preferred
is C2-Cs al ken Al kinyl is, for exanple C3- C20al kynyl , in particul ar

C3- C,oalwyﬂﬁwﬁxﬁ*%ﬁerred is C3 Csal kynyl such as prdﬂﬁ?ﬁ§$@”ﬁW§?nyl i s

| i kewi se C2-C20al kynyl, in particular CZ C, oal kynyl. Preferred is
C2- Cr, al kynyl . Al kyl, aIkenyI or al kydyl that can be interrupted by NH,
substituted NH, O or Sis in particular C, -C20 al koxy- C,-C20-al kyl,
-C3-C20 al kenyl or - C3-C20 al kynyl, or C3-C20-al kenyl oxy- C, -C20 mo
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C -C8-al kyl such as nethl, ethyl or propyl, phenyl-C -C8-al kyl such as
benzyl or 2-phenethyl, or by acyl, such as CZ- -aIkYI- al kanoyl ,

pheny| - Sebsgiituted Nb!rmwr exmrzlgow whighisogubstitkted by (1 famlky! such i meteaty f onyl. An
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and is preferably cyclopent-2- and - 3-enyl, or cyclohex-2- and -3-en-yl. A
r oalAnajicydicresidue Buler exampleymanarbplos polygyclid. i Ryptemmed israysipalled anthher ei n- at
[ om e.g. NH, substituted NH,
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cycl oal i ' CB- al kenyl- or
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Cycloatkenyl is in particular C;-C,cycloalkenyl! and is preferably cyclopent-2- and -

3-enyl, or cyclohex-2- and -3-en-yl.
A heteroalicyclic residue is, for example, an alicyclic residue, wherein at least one carbon
atom is replaced by a heteroatom, e.g. NH, substituted NH, O, or 5, each of which can also

be substituted.

An alicyclic aliphatic residue is, for example, alkyl, alkenyl or alkyny! that is substituted by

cycloalkyl or by cycloalkenyl. Preferred is C,-Cg-alkyl, C,-Cg-alkenyl or C,-Cg-alkynyl each of
which is substituted by Cs-Cg-cycloalkyl or by C,-Cy-cycloalkenyl, especiaily
cyclopropylmethyl, cyclopentylmethyl, cylohexylmethyl, or cyclohexenyl-methyl.

A heterocyclic aliphatic residue is, for example, C,-Cg-alkyl, C,-Cg-alkenyt or C,-Cg-alkynyi
each of which substituted by C,-Cgeycloalkyt or by C.-Cg-cycloalkenyl wherein one carbon
atom of C;-Cgeycloalkyl or by Cy-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.



cycl opropyl met hyl , cycl opentyl net hyl, cyl ohexyl net hyl, or
cyclohexenyl-nethyl. A heterocyclic aliphatic residue is, for exanple,

. C -CB-al kyl, Cz-C3-al kenyl or CZ-Cral kynyl each of which substituted by

C3- Cgcy cIoaI or by C3-C8-cycl oal kenyl wherein one carbon of

C3- C8cchH%FR§V“ﬂP by C3- Cg-cycl oal kenyl , respectlveﬂV““??mV@ﬁmﬂbed by NH,
substituted -NH, 0, or S, especially plperldlno methyl or -ethyl. A
carbocyclic aromatic residue is, for-fexanple, a nono- or polycyclic (such as
bicyclic) or benzoanell ated carbocyclic residue, such as phenyl, naphthyl,
but al so bi phenyl, each of which can also be substituted. WO 20051014602
PCT/ EP2004/ 007980 -5 A heterocyclic aromatic residue is, for exanple, 5- or
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exanple, C -Ce al kyl, CzZ-CB-al kenyl or CZ-C8-al kynyl each of which is
substituted by pyrazolyl, imdazolyl, triazolyl, tetrazolyl, furyl, thienyl
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consisting e yc cyctic resi

car bocyeﬂl'lemyiand a heterocyclic aromatic resi due, each residue,

i ndependent |y of another, being unsubstituted or substituted by one or

nore, e.g. two or three, substituents, for exanple, selected fromthe
A heteroaraliphatic residue, is for example, C,-Cgalkyl, C,-Cg-alkenyl or C,-Cg-alkynyl each

of which is substituted by pyrazolyl, imidazolyl, friazolyl, tetrazolyl, furyl, thienyl or pyridyl,
especially pyridylmethyl.

Alkyl, alkenyl, or alkinyl can also be substituted, for example, by a substituent selected from
the group consisting e.g. of an alicyclic residue, a hetercalicyclic 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,
C—' hydroxyl, etherified hydroxyl, carboxy, and amidated carboxy.

Alicyclic or heteroalicyclic residues can also be substituted, for example, by one or more,
e.g. two or three, substituents 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 hydroxyi,
carboxy, and amidated carboxy.

An alicyclic-aliphatic residus, a heteroalicyclic-aliphatic residue, an araliphatic residue or a
heteroaraliphatic residue, each residue {e.g. in both the alicyclic and the aliphatic moiety),



gfoup consisting of hal ogen, am no, substituted am no, nercapto, substituted
mercapt o, hydroxyl, etherified hydroxyl, carboxy, and am dated carboxy.

, Alicyclic or heteroalicyclic residues can al so be substituted, for exanple,
by one or nore, e.g. two or three, substituents selected fromthe group
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Substituents of an aliphatic residue, an alicyclic residue, a hetercalicyclic residue; an
alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a carbocyclic or a heterocyclic
aromatic residue; an araliphatic residue or an heteroaraliphatic residue, can likewise be
acetalized formyl.

Halogen is in particular halogen of atomic number not more than 53, such as fluorine,

chlorine, bromine and iodine.

Substituted mercapto is, for example, substituted by 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 by one
or more, e.g. two or three, substituents, for example, selected from the group consisting of
halogen; amino, substituted amino, mer'(':apto, substituted mercapto, hydroxyl, etherified
hydroxyl, carboxy, and amidated carboxy.



al'icyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a
carbocyclic or a heterocyclic aromatic residue; an araliphatic residue or
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residue; an araliphatic residue or an heteroaraliphatic residue, each
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an ar al iggRafkdfear g&ﬁ%?&r%ﬁé% lé,gt%air%?gvhﬁh i@es‘@éﬁ%&’gﬁﬁé offth @ik 1 ¢ or

heteroar_orra_tlc a each ) can al's e substituted. Esterified
car boxy i§ derivedirora an mfiphatic ovarplipbaticinidedeatbonsadienl,isbitieas @ylan al cohol which is

derived ' | £ ' 4Gy ooy Lk¢ad, such as al kyl,
phenyl gﬁé&ﬂb&gi %!éénr@ gn%c‘g@ggﬁ%k&ﬁp’%ﬂgm%ﬁ, an@@\g\}ﬁﬁgﬂbﬁ% be interrupted
by -0- , suaicts alloxphliphcalkehidyand - altyrivb nitamples whichi rrgynge mertionel es whi ch nmay be
mention ) - aX Y, o I_céi&- KXVe . - Cral kenyl oxy- and

Cl- Cral %&?ﬁa@'k%’ﬁ?g%-%%k%’% meﬂ% cacrh'1 %)%E?& (21 for exanpl e,
carbanoyalkexywhibohylt he amino group is unsubstituted or nonosubstituted or,

| ndependent|ly of one another, disubstituted by an aliphatic or araliphatic

hydr ocar bon radi cal or disubstituted by a divalent aliphatic hydrocarbon
radi cal Awidatéd capoxtybis, fot example, catb&ipoyd irowhichethe bmirogrogmised at two adj acent

carbon af QK itHebfdr hoRGAMSHfiteh 'oP SraepShdRAliy dronb AhotAbr ¥isQiMGrufy | over
by an aliphatic or araliphatic hydrocarbon radical or disubstituted by a divalent
aliphatic hydrocarbon radical which may be interrupted by O or may be condensed
at two adjacent carbon atoms with a benzene ring, in particular alkylene or lower
alkyleneoxy-alkylene. Examples of appropriately substituted amino groups which
may be mentioned are C,-C;alkyl-, C,-C;alkenyl-, C,-Calkynyl-, phenyl-C.-C;alkyl-
, Phenyl-C,-C,alkenyl-, phenyl-C,-C;alkynyl-, di-C,-Calkyl-, N- C,-C;alkyl-N-
phenyl-C,-C;alkyl- and diphenyl-C,-C.alkylamino and also gquinol-1-yl, isoguinol-2-
yl, C,-Cralkylene- and C,-C alkyleneoxy-C,-C,alkylene-amino.

»

Alkylene is, for example, C,-C,qalkylene, 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,-C4- alkanoyl-, phenyl-C,-C-
alkanoyl-, benzoyl-, C,-Cg-alkanesulfonyl- or benzenesulfonylamino.

Acetalised formyl is, for example, di-alkoxymethy! 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.



al kyl eneoxy- al kyl ene. Exanpl es of appropriately substituted am no groups
which may be nentioned are Cl-Cral kyl -, CZ Cral kenyl -, CZ-Cral kynyl -

) phenyl Cl- Cral kyl - , phenyl -CZ Cral kenyl -, phenyl - CZ- Cr7al kynyl -
- Cl- Cral k%/90 N- Ci1-Cral kyl -N- phenyl -d - C7al kyl - and d hen
C7a| kyl am{hBOUMAY2| so quinol - 1-yI, isoquinol -2- yI, & %7 e- "and

Cl- C7al kyl eneoxy-d - Cral kyl ene-am no. Al kyl ene is, for exarrpl e,

Cl- Cl0al kyl ene, in particular, Cl-CF8kylene, for exanple nethylene,

et hyl ene, or 1,5-pentyl ene. Correspondi ng al kyl ene may al so be branched.
Substituted am no has the nmeanings indicated in connection with substituted
car bam)yl and is furthernore acyl am' no such as CZ-CO al kanoyl -

phenyl - CZ- C$ _al kanoyl -, benzoyl - 1- Cg- al kanesul fonyl - or

benze neé‘l’fﬁ'ﬂ%ﬁ @ﬁ?’?ﬁmp‘%@g&ﬁl“é@?}“ ?Qijr i Pariiculay Gy Cé&‘iﬁﬁwes“cﬂ @ al koxymet hyl or
oxy- al kybRnenspMosi, fmwersobuw br ;waeayereeéi?m%n@i RediTe

oxXy- alkylene oxy- met hyl ene wherein the alkyl ene group ‘i's branched such as
oxy 2, 3-but yl ene- oxy- nethylene or oxy-2,3-di-nethyl -

3- but )‘Ibl%gﬂiylgiﬁ‘ém@tlé% (?gﬂ%ulamm’)-@(’-@ Qli’eé‘r%alfdonggrf HRAMALPRRBO0 -8 Al kanoyl

anoyl and’is in particular CZ Cral kanoyl, such as

|s for exa
acetyl Cppogﬁwulfanmyt;qrwamplgdﬁmtqumthaﬂe iflhgropethanez 1d1 kanoyl i s
Pr et 1 I fifuorobiAii bk HpiatiubRR kndsbitirioyp 2Hbb BBk tamoyiGs 0al kanesul f ammoy|

and is 1n particular | kanesult anmoyl for exanpl &, trifluoronethane-,
di f | uor Biéaredne-, 1,1,2- trifluoroethane- or heptafl uoropropanesul fanoyl .
Hal o- C, C4al kanesul fam)yl Is preferred. O Pyrrolyl is, for exanple, 2- or
3 pyrrolyl. Pyrazolyl is 3- or 4- 5 yrazolyl. Imdazolyl is 2- or

@ daE’wwyl is, hr.ea@nply,l 2-jo8 3-pyiapiyle Xuragold is 3—®4a:y1azplyt riméigagelyl2- y|  or
1 4-1 gl Qlfrlxlaﬁ‘”fp ¥ 21 344 razol - 5-yl,
fur i L?%%’Ph"m'@a’?&&" f lglzl |eenyFe % é& 2??'10 1'?’ v Z%f e suitable
pyr i dyI 23yk Tetrazgyl ra;rfomx@ymle.dw 3dftetrét?@|=5-ﬂfsrﬁldmd$a-g>rlﬁf@lmw pyri dyl .

thienyl is 2- or 3-thienyl, while suitable pyridyl is 2-, 3- or 4-pyridyl or

corresponding N-oxido-pyridyl.

Alkoxy is, for example, C,-Cxalkoxy, in particular C,-C,salkoxy. Preferred is C,-
Calkoxy, most preferred C;-C,alkoxy such as methoxy, ethoxy, n-propyloxy or
tert-butyloxy.

Substituents of residues as mentioned above and below should preferably not
comprise those substituents that interfere with the reactants.

N 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,-C.alkyl, C,-C,alkoxy, hydroxyi, hydroxyi-C,-C,alkyl, halo-
C,-Cralkyl such as CF,, formyl, di-C,-C;alkoxy-methyl, and C,-C;alkylene-methyi;
of C5~C,cycloalkyl; of C5-C,cycloalicenyl; of biphenylyl that is unsubstituted or
substituted by a substituent selected from the group consisting of halogen, C;-
Cralkyl, C,-Cyalkoxy, hydroxyl, hydroxyl-C,-Calkyl, halo-C,-Cralkyl such as CFs,
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-yi, 4'-formyl-biphenyl-2yi, 4-di- di-C,-C,alkoxy-methyl, or C,-Calkylene-
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



Al koxy is, for exanple, C, -Cmal koxy, in particular C, -C, pal koxy. Preferred
Is C - Cral koxy, nost preferred Cl-C4al koxy such as net hoxy, ethoxy,

. n-propyloxy or tert-butyloxy. Substituents of residues as nentioned above
and bel ow shoul d preferably not conprise those substituents that interfere
with the WeHB#eMé3. Preferred Ris selected from the F§TERR0048HE%0st i ng of
phenyl or of pyridyl each of which is unsubstituted or substituted by a
substituent selected fromthe group -gonsisting of hal ogen, Ci1-Cralkyl,

Cl- Cral koxy, hydr oxyl, hydroxyl - -Cral kyl, hal o- Cl-Cral kyl such as CF3,
fornyl, - C1- Cral koxy met hyl , and C2-Cral kyl ene-nethyl; of C
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C 7 - 0, r OX and hal o-C, - a
such :s & j%%‘g?wé%mgg’gﬁ?&{'?ﬁ% aﬁ%EﬁB’&Eﬂ@ﬁ” F¥Ssubst i t ut ed by ay
substitaept selected fromthe group consisting of hal ogen, of phenyl; of
carboxy, and of N phenyl-N-C -Cr7al kyl -am no phenyl being in each case

unsubstituted or
Specifically preferred R is selected from the group consisting of halophenyl such

as 2-, 4-chlorophenyl, 2-fluorophenyl; of hydroxyphenyl such as 2-hydroxyphenyl;
of CFy-phenyt such as 2-CFy-phenyl; of halo-pyridyl such as 2-chloro-5-pyridyl; of
hydroxy-pyridy! such as 2-hydroxy-5-pyridyl; of biphenyl that is substituted by C,-
C-alkyl, halo-C,-C,-alkyl, hydroxyl-C,-C,-alkyl, or formyl; of phenyl-C-C4-alkenyl;
of 1-carboxy-2-phenyl-C,-C,-alkenyl, such as 4'-methyl-biphenyl-2-yi, 4-
bromomethyl-biphenyl-2-y1, 4£-formyl-biphenyl-2-yl, or 4-hydroxymethyl-biphenyl-2-
yl; of carboxy-C,-C-alkyl, for example, carboxy-methyl; of phenylsulphonyl-C,-C-

o alkyl such as phenylsulphonyl-methyl; of phenylmercapto-C,-C,-alkyl such as
phenylmercaptomethyl; of Cs-Cg-cycloalkyl such as cyclopropyl or cyclobutyl; of
C4-C;-cycloalkenyl such as 1-cyclohexenyl; and of N-phenyl-N’-C,;-C ~alkyl-amino-
C,;-C,-alkyl such as 2-(N-phenyl-N'-methyl-amino)-methyl.

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 bailing 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.



substituted by a substituent selected fromthe group consisting of hal ogen,
Cl- Cral kyl, Ci-Cral koxy, hydroxyl, hydroxyl-C, -C7al kyl, and hal o-C;, Cral kyl
. such as CF3. Specifically preferred Ris selected fromthe group consisting
of hal ophenyl such as 2-, 4-chlorophenyl, 2-fluorophenyl; of hydroxyphenyl
such as MgyMdomMgBhenyl ; of CF3-phenyl such as 2- CFRCGIA@ARPH/007950

hal o- pyridyl such as 2-chloro-5-pyridyl; of hydroxy-pyridyl such as

2- hydr oxy-5-pyridyl; of biphenyl thatgis substituted by Cl- C4-al kyl,

hal o- C1- C4- al kyl , hydroxyl -C, -C4-al kyl, or fornyl; of phenyl-C2-C4-al kenyl ;
of 1-carboxy-2-phenyl - C2- C4- al kenyl, such as 4'-nethyl-bi phenyl-2-yl, 4

br ononme phen 0 hen
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phenyl sul phonyl - net hyl ; of phenyl mer capt o- C1- C4- al kyl such as

phenyl ner capt onet hyl ; of C3-C6-cycl oal kyl such as cycl opropyl or cyclobutyl;
of C, EEospolrakdif@myla (Halls prferhbly nadombsponoing cormpalindf wherein R is as

N- phenyl dC C4- al kyl -am no- C, -C4-al kyl such as

2- (N- ph8 ??li?ﬁ RP%¥%et hyl - ami no) - et hyl . The reactions described above and bel ow
In the variants are carried out, for exanple, in the absence or,
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pref er a% a correspondl ng conpound, wherein Ris as defined above.

Especially preferred azides are those as mentioned in the Examples.

The molar ratio of an azide of formula (Il b) and a nifrile of formula (11 a) is in a range from 5
fo 1, preferably, from 3 io 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 infermediates. A suitable solvent is, for example, selected

(\3 from the group consisting of aliphatic, cycloaliphatic and aromatic hydrocarbon, such as an

~ C;-Cy-atkane e.g. heptane, a cycloalkane such as cyclohexane; and alkylated C;-

C,cycloalkane such as methyl-cyclohexane or 1,3-dimethyl-cyclohexane, an alkylated
benzene such as ethylbenzene, toluene, xylene, cumene, or mesitylene; a halogenated
aromatic solvent such as chlorocbenzene, o-, m- or p-chlorotoluene, dichlorobenzene, and
trifluoromethylbenzene which may be further substituted e.g. by C,-C;alkyl or C,-C,alkoxy;
and a halogenated hydrocarbon, for example, a halogenated aromatic compound, such as
chiorobenzene. A further sclvent may be an ether, such as tetrahydrofurane. Furthermore,
a suitable solvent, dituent or mixture thereof should have a boiling point that is high enough
to be used under the reaction conditions.



A preferred azide of formula (R )(R2)MN3 (11 b) is a correspondi ng
conpound, wherein Mis alumniumor boron, R and R2, independently of one
_another, is Cl-CB-al kyl such as nethyl, ethyl, propyl, diisobutyl,
tert-butyl or n-octyl; C3-Cral kenyl such as ally) or crot%/ , C-Cr

cycl oal kMO $0%H4@2 cycl ohexyl ; phenyl - Cl- C4- al kyl su@GTAB28EHP or

2- phenet hyl ; phenyl - C3- C$al kenyl such as cinnamyl, or

C3- C8-cycl oal kyl - C1- CB- al kyl such as1¢ycl opropyl nethyl or cycl ohexyl net hyl .
Li kew se, R, and R2, independently of one another, is phenyl-CzZ- CBal kenyl .
Especially preferred azides are those as rrentioned in the Exanples. The
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ors.mi xture thereof should have a boiling point that is high enough to be
used under the reaction conditions. WO 2005/014602 PCT/ EP2004/ 007980 -11
Pr ef er r te sealclioeiié mostprefelablyvasiediont eldephdiydoudyehdiiioas.oons, for exanpl e,
Ce- CCal kanes such as heptane or n-octane; aromatic hydrocarbons, for
exanpl e, phenyl substituted by C, -C4al kyl such as toluene or xylene, or

m xt ur et 4 prefered ememmamtﬁmeémnembu,rtae inverfibR isodattedi dubintahe t enperature

range O{en];pre?a u;%%)n@et B en ¢ k12 , preferably between 90°C and 110°C.

The isolation step is carried out according to conventional isolation methods, such as by
crystatlizing the resulting compound of formuta (1), (IV}, (IV ¢), (V), (1), (VI}), or (VII’),
respectively, or a tautomer or salt thereof, from the reaction mixture or by chromatography of
the reaction mixture, such as by crystallizing the resuiting compound from the reaction
mixture — if desired or necessary after work-up, especially by extraction - or by
C\ chromatography of the reaction mixture. Reference in this context is also made to the
- working examples.

Compounds of formula (Il a) are either known or can be prepared using methods known in
the art.

Preferred are compounds of formula (Il a), wherein R represents a carbocyelic or
heterocyclic residues.

The present invention likewise relates fo a compound of formula (Il b). Preferred
compounds of formula (ll b) are those, wherein R; and R,, independently of one ancther, are
Ci-Cipalkyl, Cy-Cralkenyl, C;-Cg-cycloalkyl, alkylated C;-Cy-cycloalkyl or ar-C,-Csalkyl,



the boiling point of the solvent, diluent or m xture thereof, for exanple, a
reaction tenperature range is fromabout 20C to about 170C, preferably,

. from about 60C to about 130C or to about 140C, depending on the reactivity
and conbi nati on of the reactants. A person skilled in the art is fully
enabl ed P ¥8¥¥AO2cor r espondi ng sui tabl e sol vent and PEFEEE9$/00780st ens and
reaction conditions adapted to the choice of the solvent system and
reactants. The reaction is nost prefi2rably carried out under anhydrous
conditions. In a preferred enbodi mrent of the present invention, the
invention is carried out in a tenperature range of from80C to 120C ,

pr ef er aBloechiy WER, BAG, stodkt By, Haulye BLia! LB cpdRoy: cfiddenfy] out according
to conventional 15olation nethods, such as by <trystallizing'the resulting
conpouneydsherymethd-cyglohexyl anbenzyly ¢), (Vv), (M), (M1), or (MI"),
respectively, or a tautonmer or salt thereof, fromthe reaction m xture or by
chromat ography of the reaction m xture, such as by crystallizing the
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t he meani ngs

Preferred azides comprise compounds of formula (il b), wherein R; and R, independently of
one another, represent C,-Cy-alkyl such as ethyl, iso-propyl, n-propyl, n-butyl, sec-butyl, tert-
butyt or n-octyl, C;-Cy-cycloalkyl, C;-Cy-cycloalkyl-C,-Cg-alkyl or aryl-C,-Cy-alkyl such as
benzyl or 2 phenethyl; and M is boron or aluminium. Corresponding representatives are
dimethyl aluminium azide, diethyl aluminium azide, diisopropyl aluminium‘azid_e, dipropyl
aluminium azide, diisobutyl aluminium azide, dibutyl aluminium azide, dicyclohexyl
aluminium azide, diethyl boron azide, diisopropyl boron azide, dipropyl boron azide,

‘ diisobutyl boron azide, dibutyl boron azide or dicyclohexyl boron azide, furthermore diaryl

C‘ boron azide such as diphenyl boron azide.

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 {l] a)
needs io 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 (I b).
However, the person skilled in the art would be able to either directly anticipate that starting
compounds with specific reactive substituents couid not be used, as these substituents

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



defined above and X is a | eaving group e.g. hal ogen, such as fluoride,
chloride, brom de or iodide; or a sul phonate, such as an al kane sul fonate

. e.g. nethanesul phonate; a hal ogenated al kane sulfonate e.g.
trifluoromethansul fonate, an aronatic sul phonate e.g. tosylate; wth an

azi de, pW&X80¥BI2an al kal i ne metal azide, such as aPCT’F ORHYOTEBdi um or

pot assi-um azi de. The formation of an azide of fornmula (Il b) is carried out,
in particular, in the presence of an13inert solvent or diluent or a m xture
thereof, in a tenperature range of 0C to 120C. The reaction is nost
preferably carried out under anhydrous conditions. Preferred azides conpri se
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CB- Ce-c -al kyl or aryl-C, -CB-al kyl such as benzyl or 2
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di et hyl al uni n| um azi de, diethyl alum nium azide, diisopropyl alum nium
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of subsse é.geint the perem:*skmed nstlnbspteﬂhamrm-!surmomfaﬂum sdth pedertting and de-t he azi de. For

exanpl e N,.ar 1] droxy group or a benzylic hydroxyl group may react
with anP® CH@@%PB%%QI S(I | b), however, the resulting hydroxy function

‘“ked by a netal or by an organo metal group can be split with e.g. an

ul t '
e o B ek PodR Ok Pt RS 500 R FARAEk B ol e
_ g)sedmAil’ermaiaﬂ a})mma)cdlil[ghhd bﬁbmmm(ll_ah)%é eadpatiad of ighnma Hbaywhensin Bf f or mJI a (Il
ile an e re ene n,c Qun
£ br mul noamiRgs B Peakta.dfe ek e e clel oqainst e teqaett ettt B B e ¢ o
ei t her pioteztddl whamh resuiting protéwéd mbuﬂcng reacteaRs Wesibed hbrelrmmaf ic reactive
substituents *1 l@ b!/@ H? hese sub &ll tuent.s g ﬁ with the
Szide i e gf fofmydl byolad Fiiia feswbe EmpRtnd e obtiocBe orule s Bl art Wo
2005/ 01A=0@nd oY doRipoOrd &Faaiaiftfa (1)-ok 3 tautomere thereof. This principle can likewise be
applied to the manufacture of a compound of formulae (IV), (V), (V1), respectively.

In a preferred embodiment of this variant, OH groups, such as aromatic e.g. phenolic or
benzylic OH groups, can be either masked or protecied, respectively. A corresponding OH
group can be masked, for example, by freatment with a compound of formula (Il d) M'(R,),
C} wherein M’ represents a suitable element of groups 1a, 2a, 3a, and 4 a of the Periodic Table
of Elements, especially an element selected from the group consisting of Li, Na, K, Mg, Ca,
B, Al, and Si; R;, independently of one another, is hydrogen, a leaving group such as
halogen e.g. chiorine or bromine, NH,, alkyl such as C,-Cg-alkyl, cycloalkyl such as C;-C.-
cycloalkyl e.g. cyclopropyl or cyclohexyl, carbocyclic aryl such as phenyl or substituted
phenyl, carbocyclic aryl-alkyl such as phenyl-C,-C,-alkyl e.g. benzyl or 1- or 2-phenethyl, C,-
Cg-alkoxy such as methoxy, ethoxy, isopropyloxy, terf-butyloxy, n-octyloxy, and the index “n”
comresponds fo 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



woul d, when correspondi ng side reactions are realized, protect corresponding
reactive groups and |ateron split-off the correspondi ng protecting groups

. by using conventional nethods known per se. The process of the present
invention |likew se conprises protecting reactive substituents of conpounds
of for nuMAE20PY4146% and (11 b) and, after formation of CEEE2ZOPYIole ring,
splitting-off the corresponding protective group(s), especially by using
conventional nethods known per se el4:- by the person skilled in the
pertinent art who is famliar with protecting and de- protecting functional
groups. CIn a preferred enbodi mrent of the present invention, before the

react | Obioshy SotRBRAIM 610, SR BulPed kdoul Hbi3 SRTBRUN R hurfi e R 2 (11 D).

a conpound of fo ] ( erein R ‘conprises a reactive group that can
be prot kbl mbewvhldt the reagent of fornula (Il b) can be protected. Then a

resul ti W ' i (A=Y ' conmpound
of for nﬁ?gé?(% I {"ﬁg"r'] rom %‘I’?&E tl rf'gg33%%%%@‘5'{‘%&%"3‘%@5@iawé":"g?%ups |m;
split osuch assediimionpotassiuin Colppoikarpiale. fornula (1) or a tautonere thereof.
This prjne i 1 ! - f aC e~0f _a conmpound of
f or mul a)érﬁﬁf%e? %WOLW;M@EBBQ?%MS&Q af“ﬁ”%gbg?g@% gglggﬂb%d?’rrent of this
var i ant gycoaligr phepy! or substituded phepyhwrganyldognedwiterfbon A sueh apldmethyl-Al, OH gr oups,

can be giL&be d eC] i i OH group
can bo febEl), SaRgymhaRl . B uRty bEBRPRIhAFh Bfr ARGIEASRRGAGY ) °0)

M ( R3) "B, trigiboxytB, ifisoprayimgEe iitbutyloxxd sadbirien-eitdoerB. of groups | a, 2a, 3a, and
4 a of otk I f I.al: n el ected from
the gr oﬁgﬁeg%ﬁidl %ﬁpﬁléﬁggc? f‘f’ﬂ”&@!‘:’l’ %Fﬁ%sas Egﬁﬁ@%'oﬁ%ﬂh%ﬁg%gé{@hélkﬁi ndependent |y
of@ne phresyiHGr G -allyl, 18 @ -oydoalkyh pheayl prgybgiitalep phenyhorgenyl Famedwith & g. chl ori ne
or=Br oni,ne, | ch ] I Kyt - Cr _
cycl oarid&ﬁ ag . g. t%’@ﬁ%’g?@gyﬁ‘e@“%qy@@ﬂ%% hz%%}'—gﬂgé’@dg f ?élg lglrﬂ@ pﬁ\g as phenyl

or ‘substhlerigecand tiprenyltSi-chlaridsmcycl i ¢ aryl - al kyl such as phenyl - C, - C4- al kyl
e.g. be I : ﬁo,cp&n‘ - ~ahkoxy such as net hoxy, ethoxy,
isop'rop@?%tfré}értréedr’??%ﬁlfl éxyﬁ}nﬁ%gt@%ng)t(@ ahllé the index "n" corresponds to
the valence of the elenment M. R3 can only represent one | eaving group such
as hal O fdlictive group of a compound of formula (Il a), for example, a corresponding OH group,

can also be protected, for example, by a suitable OH protecting group.

Most angiotensin Il receptor antagonists have two essential structural elements, the so-
called “core element” and the “pharmacophore element”.

Examples for corresponding angiotensin Hl receptor antagonists can be taken from following

('\ table:

vy



A preferred conmpound of fornmula (11 d) conprises correspondi ng al kal i ne
nmetal hydride or am de such as NaH, KH, NaNH2, KNH2; Cal -12 and MgH2, a

. correspondi ng al kal i ne metal WD 2005/ 014602 PCT/ EP2004/ 007980 -14 organyl,
for exanple - Cl- CB-al kyl such as isobutyl-Li, butyl-Li, isobutyl-U,
tert-but 049?5’01‘?902 hexyl -Li, n-hexyl-Li. A preferred E6REBWAHOGIYf or nul a (11
d) conprises a corresponding al kaline netal alcoholate such as sodium or
pot assi um C, - Cral kanol ate. A prefer+#d conpound of formula (Il d) conprises
a correspondi ng Cl1-C3-al kyl, C3-C,- cycloal kyl, phenyl or substituted phenyl
or ganyl forrred vvith B or Al such as trirrethyI-AI, trlethyl A, or a

corres treh-1e \,,- atkeoxy—organyh—forred—wth—Bjor—A—such—as—tr+et hoxy-

B, trigt tr|| tri tyl exy-Bland tr, ﬂtyloxy-B. A
preferr ﬂ!f d) %\yges alcorres tonig,, fpal | de of
Cl1- C8- all Ky 3 C3- €yeycl pd kyl _9{: yIl_ar &ubstituted
phenyl organ @ sugh as t VI - | ori o@
triethyf -Si- e i il-chl ori rt o_@Eheny B-1 chl ori de,
and tri phenyl I teferred |s H, but a trinmethyl-A and
triethy '—RP“E"MD)r eactlvxelsagmwps)of 3 q'semmund of f qr ntaksganfeilexettijakedaf Or | exanpl e,

a corrgspongding ] can [al'so be profgecied, for e anmpl e, by sui tabl e
OH pr ot ectl : 0| ou ¥ t [l rec P! o/rL ant ag(rﬂuﬁéﬁave t wo
essentifay” eherent, ofe fel er ng-it he

"phar es f r cJan spo ﬂg Pl ot e ? receptor
ant agga ‘Q:t_s c _ ol I ow t abl e: VA§ 1540146

PCT/ EP2004/ 00798 ~ N,, W\ N/NHAY |\ N
IC? T \etar o Ryeomect (Lum"::‘;gggj‘;:,';mi, FK-739 {Fufisawa)

- :ﬁw o\ &) i
A{;E% ;b% s

{Saniyo, Recordatl) UR-7247 {Uriach) YM-358 (Yamanouchi) KRH-84 {Kissel) $G-52458 (Searle) .

The core part of angiotensin Il receptor antagonists comprises e.g. core slements derived
from above table, for example, following structural elements:

CH,
Ci
N N N
| | } |

» . .
? ¥ ¥



Losartan (MSD) Ir hesaden Val sartan (Novartis) (Sawb BVS) CandesartanC | exedl

(Takeda) C o O x~N. P-Mg\ NNd. O -NElisa rtan TesMif asartan

. (Haf sl und, Nywned) RI p| sartan (BMS) (Wet h- Ayerst) (Lusof annaco Menari ni)
FK—739(FUI|savva p-N Ni" Q/ I\ N (/ NHO”/E'{r rtan
( Sankyo, WRAHYHY UR-7747 (Urtach) YM 358 (Yamanuu&RiPErige (K| ssel )
SC52458 (Searl e) The core part of angiotensin Il receptor ant agoni sts
conprises e.g. core elenents derivedl6from above table, for exanple,
follow ng structural elenents: CH3 C HO-CH3 Nn .CH3 \ N!~ ,tea NON

\r\ J/ v N\1~/ V. a© WD 2005/014602 PCT/ EP2004/ 007980 -16 \ / 7 OCH3 N O 0
T 00 CH3 ~ \\\\ <O\ CH3

'i'>L a

HO o ; and

HC._CHy

\n/\r”\/\/

--<

A further preferred core part of an angiotensin 1l receptor antagonist has following structure:

HC, _on
Ha&N H:,C
Q
3
o |

B

o) 1+

The pharmacophore element of corresponding angiotensin H receptor antagonists is

represented by formula
N—N

[\
HN. N

\ Q O
C
Hz‘
(I a)

or is a tautomeric form thereof.

A tautomeric form of the side chain of formula (i1} a) is represented by formula (11l b)



N HOOand CH3C ,,~CH3 O HO CH3 O A further preferred core part of an
angiotensin |l receptor antagonist has follow ng structure: HsC OH HoO -r
H3C / N o CH3 O O The pharnmacophore el enent of correspondi ng angi otensin

Il receptor anta680nists is represented by formula NeN HN /N z (Ill a) or

is a taulVOrt%46PHr mthereof. A tautoneric form of t REVEPWENESPn of fornul a
(Il a) is represented by fornmula (111 b) WO 2005/014602 PCT/ EP2004/ 007950
217- HN NN Hz (111 b). -17-

—R
I
N_ N

O
C
H,

The present invention likewise relates to a process for the manufacture of said angiotensin |

(M b).

receptor antagonists having as structural feature side the chain of formula (lll a) is

N represented by formula
N

>
HN. - N

.'.I:O/

~ 0
(Il a)

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 ||
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

()

Rx

the relevant “core elements” derived from the above table, especially a siructural element

selected from the group consisting of



The present invention |likewi se relates to a process for the manufacture of
said angiotensin Il receptor antagonists having as structural feature side
the chain of formula (11l a) is represented by formula NN HN N (lil a) or
a tautonmeric formthereof, especially of . angiotensin 11 receptor

ant agoni™éQ 30¢814€Bown in above table. The present i REAFPYHNPWew se rel ates

to a process for the manufacture of said angiotensin Il receptor
ant agoni sts having as structural fedBure a tetrazol ring, e.g. of fornula
(I'V),, NN ~i HN/ N Rx / \ _ (IV) or a tautoneric formthereof, wherein

Rx represents a structural element corresponding to the relevant "core

el enents" dgfived fromthe above table, especially a structural el enent

sel ected fromth group(a_fonsi sting of WD 2005/014602 PCT/ EP2004/ 007980 - 18-
Cl HOB N derA\vetd’sf rom | osartan - cf. EP 253310); N CH3 9N, Jt\/
(derive ir rt‘an - cf. EP 454511); N (Sic (derived from UR-7247);
N

I {derived from losartan - of. EP 253310);

{derived from candesartan-cilexetril- EP
459136);



NOCHI OO CH3 ~i 0 0 6 (derived fromcandesartan-cilexetril- EP
459136); WD 20051014602. PCT/ EP2004/ 007980 HO O (derived from candesartan);
and H3C C¥BRMSBI462 cH3 O (derived fromvaisartan - of. EBFTAFAYEEYINSI e H D
HCN j CH, 00 (derived fromol nesartan - of.. EP 503785) or, in each case,
a salt thereof. This process is charaet@rized by reacting a conpound; of
formula (IV a,) ispp (IV a), wherein |tx has the neanings as given above,
with a conpound of formula (R )JR JIJM-N3 (ii b'),. wherein Ry and FRz2,

i ndependently_of one another, represent an organic residue and Mis

al um nium g ., and isolating the resulting conpound of formula (IV). A

preferred & " AN Heceptor ant agoni st is the conmpound of formula WO
201151014602 RPEt/ E /0 gﬁ380 - 20-
M

{derived from candesartan); and

(derived from valsartan - ¢f, EP 443883}

(derived from olmesartan — of. EF 503785}
or, in each case, a salt thereof,

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

wherein Rx has the meanings as given above,

with a compound of formula {R,){R,)M-N, {ll b'), whereir R, and R,, independently of cne
another, represent an organic residue and M is aluminium or boron; and isolating the
resulting compound of formulia (IV).

A preferred angiotensin If receptor antagenist is the compound of formula



HO ~CH3 O HXC Nf NM N=N (IV b) or a tautomer thereof. A preferred variant of
the process according to the present invention for the manufacture of a
conpound of b eak@146bd/ b) is characterized by reacting a cpopueEds/O§7980)
formula (IVc) O H4.~ ,,~/CNs 11YI'" NO 1 N(IVc) or an ester thereof
with an azide of formula (R)(R2)MN3 (11b),_ wherein R and R2,

i ndependently of each other and M have the neanings as defined above, and

i solating the conpound of fornmula (1V b). An ester of a conpound of fornula
(IVvec) is, for exanple, an ester derived froman aliphatic, araliphatic,
cycl oal | phati c, ~qyetoal.i phatic-aliphatic or aromatic alcohol. Preferred is a
C -Cr7- alkyl estet or aryl -C, -C2-al kyl ester, nost preferred a benzyl ester
t hereof . A poeferked Lagnt.aH, the present Invention is a process for

t he manuf actur gfof & of fornmula WO 2005/ 014602 PCT/ EP2004/ 007980
-21- N=N NN :%ﬂ;ffi(\ﬁ a tautoneric formthereof wherein Ry represents

C, - Cral kyl such” asHsfe yl  substituted by X and X bei ng

hal ogen, sul phonyl oxy,*% pt ect ed hydroxyl, such as brononethyl,

or an acetal of fornyl;\y—= i$ng reacting a conmpound of formula (V a).
N7 “NH
\
N—N

{IV b) or a tautorner thereof.

A preferred variant of the process according to the present invention for the manufacture of
a compound of formula (IV b} is characterized by reacting a compound of formula {IV ¢)

IV c)
or an estar thereof with an azide of formula (R, ){(Ry}M-N, (Iib}, wherein R, and R,,
independently of each other and M, have the meanings as defined above, and

isolating the compound of formula (IV b).

An sster of a compound of formula {IV c) is, for example, an ester derived from an aliphatic,
araliphatic, cycioaliphatic, cycloaliphatic-aliphatic or aromatic alcohol. Preferred is a C,-Cy-
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



NIl Ry o \z/ with.a conpound of fornmula (R )(R )-MN3 01 b), wherein R and
R2, independently of one another, represent an organic residue and Mis

al um ni uWCoIPIKENE, and i sol ating the resulting conpoultfd/Br2PHHGAIENG (V). An
acetal of a fornyl group is, for exanple, the correspondi ng

dl - C1- Cal koxymet hyl such as di met hayyr- or di ethoxy-nmethyl, . or

nmet hyl ene- oxy- C2- C8- al kyl ene-oxy such as net hyl eneoxy- et hyl eneoxy. The
present invention |ikew se relates to the above reaction. Furthernore, the
present - invention relates to the conpounds of formula (V) or a tautorner or
a salt thereof in gTotm being conpletely free of tin. The present

I nvention al so reiqtgsi\to conmpounds of formula (V) whenever obtained
according to above rgaction. A variant of the process for the manufacture of
t he conpound of formjla (V) is a process for the manufacture of a. conpound
of fornmula \ NN O tH4A NO WO 20051014602 PCt/ EP2004/ 007980 -22- or
a taut oRe -t epf, conprising (a) treating a conmpound of formula
(VI a) N A/ Q) , eih&_x represents a | eaving group, first with a

nucl eo! phil i c agent A with a "solvol ytic" base resulting in a

conpounghaaforieticTomfiHerdofWhedih Ry represents C,-Cy-alkyl such as methyl; C-Cealkyl
substituted by X' and X’ being halogen, sulphonyloxy, hydraxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formyl;, comprising reacting a compound of formula (V a).

with.a compound of formula (R,{R,}-M-N; (I b}, wherein R, and R,, independently of one
another, represent an organic residue and M is aluminium or boron; and isolating the
resulting compound of formula (V).

An acetal of a formyl group is, for example, the cormesponding dl-C,-Cgalkoxymethyl such as
dimethoxy- or diethoxy-methyl, or methylens-oxy-C,-Cy-atkylene-oxy such as methylenaoxy-
sthyleneoxy.

The present invention likewise relates to the above reaction, Furthsrmore, 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 presant invention also relates to compounds of formula (V)
whenever obiained 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




(M b); (b) reacting a conpound of formula (VI b) wth an azide of fornula
(R)(RAMN3 (Il b), wherein the variables R and R2, independently of one
anot her aWe& 2WSH483 t he neani ngs as defined above; resRAIRERINHIIGEoNpound
of formula (M ¢) NN HNN HO (VI c¢c) or a tautoner or salt thereof (c)

oxi di zing a conmpound of fornula (VI clser. a tautomer or salt thereof
resulting in a conpound of forrmula (VI) HNN O 1F (VI) or a tautoner or
salt thereof, and (d) isolating the conpound of formula (VI) or a tautoner
or salt thereof. WO 2005/014602 PCT/ EP2004/007980 -23 The present invention
relates to each of reaction steps (a) to (c) and to the product obtained

accordi %attautbﬂ@réﬂéa}hﬁémf @dfiprigMgsequence, but al so according to each of
reaction steps (a) t The reactions descri bed above and below in the

c
vari ant iﬁhff‘%auﬁﬁﬁrm%‘ﬂ }f?"a‘ﬂ@dﬁmé} known per se, for exanple in the
absence or, custonarily, in the presence of a suitable solvent or diluent
or a mxture thereof, |[fhe reaction, as required, being carried out with
cooling, at room tenperature or with warnmng, for exanple in a tenperature
range frgom about -80C jup to the boiling point of the reaction nmedium
pr ef er abli m 3 to about +200C, and, if necessary, in a closed
vessel , urrden an inert gas atnosphere and/or under anhydrous
condi ti ons. (Vi a),

wherein X represents a leaving group, first with a nucleophilic agent end then with a

“solvolytic” bage resuiting in 2 compound of formula (Vi b)

(b) reacting a compound of formula (VI b) with an azide of formula (R4)(R2}M-N3 (Il b),
wherein the variables R1 and Ry, independently of one another and M, have the meanings

as defined above; resulting in a compound of formula (VI ¢)

{Vl ¢) or a tautomer or sali theraof
{c) oxidizing a compound of formula (Vi ¢} or a tautomer or sali thereof resulfing in a
compound of formula (V)

(Vi)
or a tautomer or salt thereof; and
(d) isclating the compound of formuta (Vi) or a tautomer or salf thereof,



Step a is carried out, for exanple, in the presence of a base, e.g. first a
nucl eophilic agent followed by treatnent with a saponifying base. A
. suitabl e nucleophilic agent is, for exanple, an alkaline netal salt of a

C2-CC al kanecarboxylic acid, especially of a C2-C5-a|kanecarbo§ylic acid,
an aral i pHA%¥8Phoxyl cic acid or an aromatic car b&GHFRARITE0 of
al i phati c ammoni um acet ates, especially tetra-Cl-C7- al kyl -amoni um
acetates. Exanples conprise e.g. |iti@Bum acetate, sodium acetate, potassium
acetate, and tetraethyl arnnmoni um acetate. Suitable saponifying bases are,
for exanple, alkali netal hydroxides, hydrides, am des, alkanol ates,
carbonates, or |lower alkylsilylam des, naphthal eneam nes, | ower
al kyl am nes, basic heterocycles, anwoMlﬂné?droxides, and carbocyclic

a

ani nes. TBR RigseRidnvrRRtionTelRiey toeadhe reastienistepsd(akiodFlandiy deqrpdyet oblajerdim
Dy | € aodfdlhg! 1AETbHplets FEHoHbn SfubiRe] Ha;ans%%%wahsw%dfrea%ﬁ@sum tert-

but oxi de, potassium carbonate, benzyltrinet anfroni um hydr oxi de, 1, 5-

di azabi 63)d® (4. 3. 0] non-5-ene (DBN) and 1, 8-di aza- bi cycl o[ 5. 4. 0] undec- 7- ene
(DBU), the last two bases preferably in the presence of water. Suitable
saponi fying bases are preferably used in the presence of water. At |east
st ochi orfie reastienssieaeribed pbavetasd belowis g, vadenjeaiediarigd puhipladraniet®ynof wat er

is pre Y - | | L a

speci al P)%F%e?ibgg%@@@ﬁ%%éﬁ%@% glgty'esggi aES’i'@é?%%?%ﬁgkh@&tﬁgwnfﬁesence of a
phase t diuest era wixduie hereof, ke reastionpasrequiredskeingeanied out wilk cegling, at oM abl e
phase t f C . ' tri - Cl- - af - e = ni um

Rl des ‘ARl it WElTnG AR pieh tarisifieihedfont podorBore Lp

al Ky - aloikig point ofi el réertion pebiums pederslss o dbag - 10t o abalt $200°C baralpyif des,

di =€1- CB- al kyl -di_ar-C, Csal kyl - ammoni.um hal.i des, such as _correspondi ng
Chi or ; B85, gtiaga vesgRC les DREPES, D RBTHGPF SRR APUPLICGE  or
t ri et hylabieytirgtisasnditiongm chl ori de.  More than one nol equival ent of a base is
normal |y used, preferably from1.1 to 1.5
Step (a) is carried out, for example, in the presence of a base, e.g. first a nucleophilic agent

followed by treatment with a saponifying base.

A suitable nucteophilic agent is, for example, an alkaline metal salt of a C,-Cy-
atkanecarboxylic acid, especially of a8 C,-Cs-alkanecarboxylic acid, an araliphatic carboxylcic
acid or an aromatic carboxylic acid, or aliphatic ammonium acetates, especially tetra-C,-C,-
alkyl-ammonium acetates. Examples comprise e.g. lithium acetate, sodium acetate,
potassium acetate, and tetraethylammonium acetate.

Suitable saponifying bases are, for example, alkali metal hydroxides, hydrides,
amides, alkanolates, carbonates, or lower alkyisilylamides, naphthaleneamines,
lower alkylamines, basic heterocycles, ammonium hydroxides, and ca-fbocycﬁc
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[5.4.0]undec-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 wateris
prefeired.



equivalents. . An inert solvent or a mxture of solvents is used. Suitable
sol vents conprise e.g. hydrocarbons such as heptane, octane, toluene or

. Xyl ene, a hal ogenat ed hydrocarbons such as nethyl enechi ori de,

1, 2-di chl or oet hane, chl orobenzene, fluorobenzene or trifluorobenzene. The
reacti on W@M8&PH6Wre is, for exanple, fromOC to the PE6AEPRNE0I8HNt of the
solvent, preferably fromOC to 130C, nore preferably from40C to 80C. The
present invention relates to the reaggion Step (a). This reaction step
conprises two separate steps and it is suprising that the yield is nearly
guantitative (> 99% by weight theory). The present invention also rel ates
to conpounds of formula (VI b) whenever obtained according to process Step
(a). Step b : The nolar ratio of an azide of formula (11 b) and a nitrile of
f or mul aLi(<misda)ina'aspéciaiiaprafalmg@rﬁbodimeﬁt $tep {a) ipcasfiat @linythef rom 3 to 1, nost

prefera m n | t oI vent, diluent or
m xt ureB'% %{} eo gﬁ%%t&%g}lgrgatlegéttofé}déx\ﬁﬁqpientr?%%h@ 'H% cannot react with
t he st aBtitabie mseh'melfer@ataiyatse:onpdseamésecshi!qlaart-@@?gl!qleﬂmmﬂums for exanpl e,
selected_ .. fromthe group.c Lspin f. atic and
aromat i gairﬁge, ? c@aﬂsﬁﬁes@ﬁ%ﬂ&g@o (%3 Og:%‘% @E%#é%'ag&&ﬁ'ﬁ{’%ﬁn a cycl oal kane
such ashaiidet sivbagwerrespondihig yhledded oCbroﬁi;degpdn@JfOﬁan@rl—mm as
met hyl hexane | - cyel o | kyl ated benzene such
as et hyﬁ?@ﬁ?@'ﬁ@""'{'@%@‘#@ su%?%ﬁoé* B‘Eﬁ@g\%chﬁ’gg qur‘%ﬁgshe a hal ogenat ed WO
2005/ 01 Ecdhapie¥ Ak Bt2008 AIMS80m bradtidawsriethylvereglamahiuatichiorie. chl or obenzene,
chl orot ol uene, dichl orobenzene, and trifluoronethyl benzene; a hal ogenat ed
hydr ocarbon, for exanple, a hal ogenated aromatic conmpound, such as

or obMerethen ofehblieguivalest of a taise Isablreally abst; preferebly remt 1. Dto NS xt ure  t her eof
shewul d have a,boiling point that is high enough to be used under the
react i-ofi ‘@(5%“ ons. Preferred solvents or diluents are aliphatic

hydr ocar bons, for exarrpl e, C6- C29a| kanes such as heptane; aronmatic
hydr ocar, bons, Ior ex ofg& sub Cl- CAal I%yé such as

An inert'solvent or a m ure s is use unta le soPZnts comprise e.g.
- hydrocarbons such as heptane, octane, toluene or xylene, a halogenated hydrocarbons
such as methylenechioride, 1,2-dichloroethane, chlorobenzene, fluorobenzene or

" f{rifluorobenzene.

The reaction temperature is, for example, from 0°C to the boiling point of the solvent,
preferably from 0°C to 130°C, more preferably from 40°C fo 80°C.

The present invention relates to the reaction Step (a). This reaction step comprises two
separate steps and it is suprising that the yield is nearly quantitative (> 99% by weight

O

theory). The present invention also relates to compounds of formula (VI b) whenever
obtained according o 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 mixiure 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
C;-Cialkane e.g. heptane, a cycloalkane such as cyclohexane; an alkylated C;-
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 ol uene or xylene, or m xtures thereof. The reaction tenperature is
preferred in the tenperature range of fromroomtenperature to the boiling
_point of the solvent, diluent or mxture thereof, for exanple, a reaction
tenperature ran is fromabout 20C to about 170C pref er abl f r om about
60C t 0 aﬂ@ﬁplﬂfgﬂ@ dependi ng on the reactivity and JHHWF&%{YBW‘bf t he
reactants. A person skilled in the art Is fully enabled to sel ect
correspondi ng suitable solvent and diZbuent systens and reaction conditions
adapted to the choice of the solvent system and reactants. The reaction is
nost preferably carried out under anhydrous conditions. In a preferred
enbodi Mpdmtc sbib&t@ﬁ&ﬁ%htdrébé@nﬂédeo Bhiorbfbﬁlelr@Vtﬂ&ﬂerébdzéné apdied out in a
temperature range of from80 to 120C , preferabl bet ween 90 and  110C. The
pr esent tifljo@methyfoenzaoeiw g@og@p@péydrpgarp%é@r %ﬁmgéeﬁ helpgenafadraremagticor e, t he
pr esent conhPé{:ﬁﬂt b a%%hﬁ%éniéﬁet Pﬁrtkﬁé?r%n%uﬂ §§|ta%fe JoReAt hiﬁue(ﬁ*/ér hiktuRd @ tautoner

a salt thereof form Dbel ng fete)é ree of tin. The present
| nvent i &wr%p@bo%h@ae@sbcﬁmg@@ﬁbﬂaaﬁablgbﬁn@m g uperl undey thgrfeardioer  obt ai ned
accor di pgy 4,@, nerocess Step (b). Ste ¢ : The oxidation is carried out in the
presence of a suitable oxidizing agent. A suitable oxidizing agent is for
exanpl e, an alkali metal hypochlorite such as |lithiumor sodium or

pot assi iy Qﬁéq)é‘cm}eﬂfs'&r%nueg%' 4 HFBhQHcPWd’Péd&FHoBE .o &a%f@@s CHikaRBs 8l dague (cf.

Fl uka) ther or an oxl dizing agent” selected from group consisting of

HNC2, Hieptane; araaaticdygropribens. nmnl@l@beméw@@wtedehy@pmﬁpwwp%m fates. WO
2005/Olqg%e%g@ggp%@ﬂggﬁgmof 26 When using e.g. an alkali netal

hypochl orite as” oxidizing agent, the oxidation is carried out, for exanple,
an |nert solvent, e.g. a solvent that is inert against oxi dation such as

a ' I clic
ar omat | c é‘&ﬁ@%ﬁ‘g}%ﬁﬁ%p@?’ﬁﬂe" &]%ﬁﬁr@ enaft gﬁﬁhygfrr%@a%m %nﬂfef Lg%g(ynl trite,
for ex arﬂ?ﬁ koiling peinbefithe satvent, silueni oemixawe tersof forrexampleed essttion f necessar y with

cool i ng G, el rQqu it %m ?Gﬂfﬂoecftcf SBPPRKE ;ﬂ' bﬁPﬁHﬂ'n aﬁg&eoﬁéﬁoa@ﬁ?”p' e, at
room tenperature erred vari ant, e redaétron Is carried out in an
aqueous 1389, dependingion tluewl@apiwemmﬂ:@mnaaom%tbe reactants: doparsaneskiied in theinong
others, aft'ls fully enabled fo select corresponding suitable solvent and diluent systems and reaction

conditions adapted to the choice of the solvent system and reactants.
The reaction is most preferably carried out under anhydrous conditions.

In a preferred embodiment of the present invention, the invention is carried outin a
temperature range of from 80 to 120°C , preferably between 90 and 110°C,

O

The present invention likewise relates to reaction Step (b). Furthermore, the present
invention relates fo the compounds of formula (Vi ¢) or a tautomer or a salt thereof in a form
being compiletely free of tin. The present invention also relates to compounds of formula (VI
¢) whenever obfained according to process Step {(b).

Step (¢} 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,, HNQ, or
corresponding anhydrides thereof, and peroxodisulfates.



al kal i ne carbonate, such as potassium carbonate. Wen using oxidizing agents
such as HNO2, HNGB3 or correspondi ng anhydri des thereof, or

per oxodi sul fates, especially nitric acid, in a preferred variant an

al kyl ated aromati ¢ hydrocarbon such as tol uene or xylene na be used as

sol vent . WORW5/4682 er red vari ant of the oxidization # , HNOGB or
correspondi ng anhydri des thereof, or peroxodisulfates, the reaction is
preferably carried out in a tenperat®8e range from about 0C to room
tenperature or to 60C. Surprisingly, no oxidation of the solvent is
observed; i.e. the nmethyl groups in toluene or xylene are resistant to

oxi dat Wﬂgl ngﬁgéﬂ ﬂ%l%alr rﬁ%lﬁlelﬁg&%hﬂ; tepég &.&i;ﬁl%a%é?ﬁ@%ﬁ& SxiAIGH lsac:%l'(rlélh@at HNGB or

correspon er oxo 'fates Is ew se a subject
mat t er fof exarm@Iepnrwenert selvenitd.om swemst alda iert @gaigstapsidetion, sugheasialpivgr when

{ner cor RAHRELAG AT Ga'hcal o 2 hel el A PbE R B0 AR o

soI vent a halsmtedl hysirocarbow | alkane nifritel foney(alene agetoriritet wérrat@'rceraemxiew vari ant,

S in_wat er form.or. i n_a S 4 40 out 40%to
AR e e R S o T e
HNQ2, I—Bi%l I pls, at:mbmetempérdtw@ lararnrefenrete\sadahietrméacton is ¢m1i€ml>(m¢iin$lm| f at eﬁ
especi a nitri.c aci des .surprisi ul t.s. For t he
cor r 65 pBIHEPH MBS R T} R PlRFeAf ofpbeRt B SHEEHle Fbe i amnnd RERE- P t her
oxi di zi 8igalinb eabbrtabl\stch a potassimmcdrboridtee car boxy group. Accordingly, the use
of said oxidizing agents is |ikewise a subject matter of the present

i nvention. The present invention also relates to conpounds of formula (V)
V\/r@ev ewheh usihg exidizing agerts aghtae HNGCENG, &it eprebsondinGtadhytrides therdof o at i on st ep

wd oun f forrrul carr ed ,out acco conventi onal
ot at | BuoHEEBe’, Sty bl i i rElefien Yotarh &% hERH aldratE moound. of
fo ][ mdrl ahwgc%%ﬁkﬂarﬂ@@ﬁaﬁﬁ‘& bﬁawﬁfiﬁég(b'é&&ed as 8dlvént! In 4 preferfel @aiamdotthen m )l; ture
-1 eslr or ce [y, ter wor extr.ac on - or Yy
St omer BAHIRD wE 55 R 480} reoliBsaniiy sSRBRdE S herbob by Bl o
pr ocesstheosadtitieisPrsterably icairied olit ih Beerfsuraoteengd frdm abbut@°C tovobin
temperature or to 80°C. Surprisingly, no oxidation of the solvent is observed; i.e. the methyl

groups in toluene or xylene are resistant to oxidation. Accordingly, the use of oxidizing
agents such as HNO,, HNO; or corresponding anhydrides thereof, or peroxodisulfates is
likewise a subject matter of the present invention as is reaction Step c), especially when
using as oxidizing agents such as HNO,, HNO, or corresponding anhydrides thereof, or
peroxodisulfates in the an alkylated aromatic hydrocarbon solvent, especially in toluene and
xylene. In another preferred variant, HNQ, is used in water free form or in an aqueous

C solution from about 40% to about 95%, preferably from 40 to 65 %.

The use of oxidizing agents such as HNO,, HNO, or corresponding anhydrides thereof, or
peroxodisulfates, especiaily nitric acid, 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 (V1) whenever obtained
according to process Step (¢).

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



tires Ogyp '-'"~CHS HsC\ 4lr NNH 11 N=N(iV b) or a tautoner thereof
or a salt thereof, conprising (a') reacting a conpound of formula (VI) =N
HVM M O MNDsH14a02 aut oner or salt thereof or a. salt tkergwkgosmbmsiei n t he
tetrazole ring is unprotected or protected by a tetrazole protecting group,
wi th a conpound of formula. (VIII b) Q. HZN O (Vill b) WO 2005/014602
PCT/ EP2004/ 007980 -28 or a salt thereof, wherein R2, represents hydrogen or
a carboxy protecting group, under the conditions of a reductive am nation;
and (b') acylating a resulting,compound of formula (VIIl c¢),  RzfONH 0 F12C
NA N DRt fkcforbtiup -nF SeHER A ASRRRABCTEY Wark b« SSPRUALORY

extraction - or by chromatography of the reaction mixture.

Steps (a’) to (d') relate to a process for the manufacture of the compound of formula (IV b)

(Vh)
or a tautomer thereof or a salt thereof, comprising

(@) reacting a compound of formula (V1)

(Vi)
or a tautomer or salt thereof or a sali thereof, wherein the tetrazole ring is unprotected or
protected by a tetrazole protecting group, with a compound of formula (VI1i by

OR
H N “

0 (Vill b)



Wi th a conpound of formula (VIIl d), wherein R, represents hydrogen or a
carboxy protecting group and wherein the tetrazole ring is unprotected or
protected by a tetrazole protecting group, with a conpound of fornmula (Vill
d O H3CRz2 (VA d) wherein R 2 is an activating group; and,and, (c') if
R, is dMO28014602 or m hydr ogen, and/or the tetrazol e PETHG2004003988t ect ed by a
protecting - group, renoving the protecting group(s) in a resulting conpound
of formula (M1l e) O H2C N NH N=N-28411 e) or a tautonmer or a salt thereof;
and (d') isolating a resulting conpound of formula (1V b) or a salt
thereof; and, if desired, converting a resulting free acid of fornmula (I1V

For it & 0 e e Sy BRI Ao o SRt ol ordio, SR 2

r esul t¢anditiend of aobductivmapivation; efid f ornmula (1V b) into a different salt. WO

2005/ 6 - P2004 7 - ound of formula 91V b) or a
t aut ogéﬁ %yigﬁ'gz%%s't%ﬁ& &0 °ﬁ§€°ﬁé’%b”r'€9§ﬁ§g by a process conprising the

reaction sequeq:‘e/conpri sing the full sequence conprising steps (a) to (c)
for the manufacture of a compound of fornula (VI) and then subsequent steps
(a) and (gh g for the manufacture of a conpound of formula (IV b). Steps (a')
to (d') refa t O’NH process for the manufacture of the conpound of formula

(1Vb) Ho NOH2 O HHC N NH N=N (I1V b) or a tautorner thereof or a salt

t hereof , conpli sHg¥ rea a conpound of formula (VI)

N7 TNH
\ ]
N=N

(Vili ), or a tautomer thereofor a salt thereof,
with a compound of formula (V1lI d), wherein R,; represents hydrogen or a carboxy
protecting group and wherein the tetrazole ring is unprotected or protected by a tetrazole
protecting group, with a compound of formula (Vili d)
0
H,C
Rz, (viNl d)
wherein R, is an activating group; and,and,
{c") if Ry, 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 (Vili e}

P

k/‘i
Rz,O A CH3

0

<

QO-—2Z

O+

N7 “NH
Vo
N=N

{VIH e) or a tautomer or a salt thereof; and
(¢} 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 2
resulting salt of a compound of formula (iV b) into a different salt.



] N HN/N O HNOor a tautomer or salt thereof or a salt thereof, wherein
the tetrazole ring is unprotected or protected by a tetrazD e ,protecting
group, wiith a compound of formula (VI If b) OR H2ZN O (Vill b%_-29a- or a
salt t heP&bIPS0HEY%i n Rz represents hydrogen or a car boé&”bﬂ?f‘ W%y group,
under the <conditions of a reductive amnation; and (b') acylating a

resul ting conmpound of formula (Vill e)22-RztO*- NHOHzc | / MNH (Vill ¢),
or a tautoner thereofor a salt thereof, wth a conpound of fornmula (Vifl

d), wherein R~, represents hydrogen ora carbox protecting group and

wher ei A ch@poend HF dorenula @bV ibg ol gpabtosasreer msalb¥rmre@& waybe @fepéfﬁtgbbﬁe

wher ot P REE SitRauthbdns rERgRA ik Bnge SoMrBing therfuflkefuee eBnbiibing sidps
hydr oge@) ta ) fer thehRah fatbareiof afdotpdind6PbARLRA\IY aRd BidH Sebddifiendsieps,
removi ng the protecting group(s) in a resulting conpound of fornmula (VIIIl e)
Rzi 0' " 1(pl)}and @_’)fﬁor the mangfagture of a compound of formula (IV b).

Steps (a’) to (d) relate to a process for the manufacture of the compound of formula (IV b)

{IVb)
ar a tautomer thereof or a salt thereof, comprising

(@) reacting a compound of formula (VI)

(V)
or a tautomer or salt thereof or a salt thersof, wherein the tetrazole ring is unprotected or
protected by a tetrazols protecting group, with a compound of formula {VIIi b}

ORz,

o (Vill b)



ON=nht (VMIIl e) or a tautoner or a salt thereof; and (d') isolating a
resul ti ng conpound of formula (IV b) or a salt thereof; and, if desired,
converting a resulting free acid of forgula (1V b) Into a salt thereof or
converting a resulting salt of a conpound. of forrmula (IV b) into the free
acid of formula (IV b) or converting a resulting salt of a conmpound of
formula (IV b) Into a different salt. -29b- The reacti ons descri bed above
and bel o & AL e or,
CUStOITaI‘Iw é@a&ﬂi’er%e pr esghn g%édéﬁﬁﬁg@&m& ven éﬁaecpﬁh%ggr&gﬁ?nﬂ%ture

t her eof , wnm&&nseﬁ@triedmlvaﬂl‘mmr@cﬁ being carried out with cooling, at room

terrperat i ‘ t enperature range from about
-817C upwg gh@%ﬁ fér%‘ﬂ% np‘lp%ﬁﬁq ﬁ@”ﬁ%ﬁ@h oﬁ medi um preferably from
about - 10C to abo +2000C, and, if necessary, in a closed vessel, under
pressure, in an inért gas at rmsphere and/ or under anhydrous conditions.
Conpounds oklh rrrul iae (Milla), (MIIl b), (Mll c¢) and (VI1l e)" wherein

ei ther or bot ad Rx are hydrogen can formsalts with bases, as both
t he unprotected etralzol e ring and the unprotected carboxy group have
acidic propertieg WOt | € pounds—of{ fornulae (Vil'l b) and (VIII c) can
also formsalts wth act : --ondl ng tetrazole protection group is
sel ected fromthose knowgpet t he /. Especially, the tetrazole protecting
group Is selected fromthe group {consisting of tart-04-C,- al kyl such as
tert-butyl; C -C2-alkyl that I's ppno-, di or trisubstituted by phenyl, such
as benzyl or benzhydryl or trne1npherein the phenyl ring is
un-substituted or substitutedbylioné or nore, e.g. two or three, residues

e.g. those selected fromthe grﬂuﬁ"cor‘(slI$bji,lﬁga%utﬁﬁétﬂﬁr@f@aﬁlﬂ%ér&ohydr oXy,

C, - Cralkox no ., hitro, and trifl uoromet hyl
() o ia cemousn st rumves (AN ) metaln - obien i SYRROPD QR SHPRRY o Ly ouch
as tri- Cordlecting!diihp érhd Mlmtre ﬁmm&m&r&l rﬁu aé ﬁhﬂﬁté%@éﬂdrwemeu ry@tl&aﬂaﬁ;éayl or
tart- butyI di pet hyl -si | C4-aj k phenyl - silyl, for exanple,

di met hy| PpHesiing.as wwwth@é@n%nﬁ C§T§‘F~‘ F‘) aryl sul phonyl such as
phenyl sul phonyl wherein the phenyl ring 'é un-substituted or substituted by

one or nore, e.d.
H,C

RZ2 (vl g)
wherain R, is an activaiing group; and,and,
{c'y IfR, is different form hydrogen, andlor the teirazole ring is protected by a protecting
group, removing the protecting group(s} in a resulting compound of formuta (VI e)

(Vill e) or a tautorner or a salt thereof; and
{d") isolating a resuliing compound of fermula {IV b) or a salt thereof, and, if deslred,
converting a resulfing free acid of formula (IV b) into a salt thereof or converting a resulting
salt of a compound of formula {IV b) inte the free acid of formula {IV b) or convertinga
resulting salt of a compound of formula (IV b) info a different sait.



two or three, residues e.g. those selected fromthe group consisting of

C -Cr-al kyl, hydroxy, C, -C-alkoxy, G 8-aikanoyt-oxy, hal ogen, nitro,

cyano, and CF3; C2-C$-al kanoyl such aslzggg:etyl or valeroyl; and esterifled
or

carboxy such as C,-Cr-al koxy- carbony, | exanpl e, nethoxy-, ethoxy- or

tart-butyl oxy-carbonyl; and allyl oxycarbonyl. Exanples of preferred WO
2005/ 014602 PC T/ EP2004/ 007980 -30 protective groups which may be nentioned
are tent-butyl, benzyl, p-nmethoxybenzyi, 2- phenyl -2-propyl,

dph 1 et i (D= : hyl: i -
ot hoy Bk EeRhs deecrBadBbu AR L Witiants g4 damied Bt fr oxample,inthe
met hox abetrivelor, custdmacilyyen the presetckyf asuialie bylventDrddted oy d mapiyreathgieof.al | yl |
trimethyl sil triethyl silvl _ ti

(R 8 it BR Foduilef; WRRG banfieg o0 ViR Fionlp. S IGhPRRANR 600 | 09, LPu
from t her@ingURr eRarfipistin Bdempersturéaielttm Shak -8 0@ ythe boliRy holet ofahe

tert-C,-Cr-al kyl, especially tert-bugl ;, C-C-alkyl that |Is nono-, di or
t ri subseadtion aedimn, prelerably ram @hodk-19%n toabayt +BROTE aad.y i necREER i iR 8t he phenyl

ring | $4d03 Sedeat i 'elﬂ'Fgé RStk L1 | of wo or three,
resi duzs!gggq g. t 'g;sn'gése ecL%'é*gH%r 5’?##@%%}%88@%%%@?@?%%9%@@%% al kyl ,
hydr oxgpnditiong al koxy, C2- Ca-al kanoyl - oxy, hal ogen, nitro, cyano, and CF3;
picolinyi; piperonyl; atiyl; cinnamyl; tetrahydrofuranyl;

t et rahydr opyranyi; net hoxyet hoxy-nethyl, and benzyl oxynethyl. A preferred
exanpl €ocnipopnds eichvimngag (ilizg, (Ml b)) (itiyc) bad (it onketeinseithbeazydih offReand

activatln roup. R1s, for.ex Le, an,agtjvatin roup that, i s I ng used
"ot he Hhite B pberteant o S= R Bates, 37 3G RnrolheeheBrrald ing Badfiene o

br om nenpfateciEdpddtpbiydrous Halve addic MRdgeyites! White cerbfunds bf for@Ulabe VDWWl - t ht o;
pyri dyl -ﬁhi o such as 2-pyridyl-thio; imdazolyl such as 1-im dazolyl;

benzt hit¥BldD ¢RD gisp fam saltsMBLEE¥%i azol yI - 2- oxy-; benzotriazol - oxy such as
benzotrl azol yl - 1-oxy-; C, -Cg-al kanoyl oxy, such as butyroyl oxy or

pi val oyl oxy; or 2,5-dioxo- pyrrolidinyl-I -0ﬁy. St nln reaction Step (a'),

t he reduedrieseongdingiptregelepeotelion geunigselegtadion frose kpewain Begduci ng  agent .

f\oflrjni t alb8cibIR el 1BIaANE Plotdting gRAUPIASXBIBLEE frol ¥he yrd cdtlsR8nd 8f teR-@G-§0P! exed
alkyl such as tert-butyl; C-Cs-alkyl that is mono-, di or trisubstituted by phenyl, such as
henzyl or benzhydryi or trityl, wherein the phenyl ring is un-substituted or substituted by one
ar more, e.g. two or three, residues e.g. those selected from the group consisting of tert-C,-
Cr-alkyl, hydroxy, C,-Cyalkoxy, C.-Cy-alkanoyl-oxy, halogen, nitro, cyano, and trifluoromethy!
{CF,); picolinyl piperonyl; cumyl; aliyl; cinnamoyt; fluorenyl; silyl such as -C,-C-alkyl-siiy,
for example, triimethyl-silyl, friethylsilyl or tert-butyl-dimethyl-sityl, or di-C,-G4-alkyl-phenyl-
silyl, for example, dimethyl-phenyl-silyl; C,-Cy-alkyl-suiphonyl; arylsulphonyt such as
phenyisulphonyl wherein the phenyl ring is un-substituted or substituted by one or more, e.q.
two or three, residues e.g. those selected from the group consisting of C,-Cy-alkyl, hydroxy,
Ci-Cralkoxy, CCyalkanoyl-oxy, halogen, nitro, cyano, and CFz; C,-Cg-alkanoyl such as
acetyl or valeroyl; and esterified carboxy such as C,-Ci-alkoxy-carbony, for example,
methaxy-, ethaxy- or tert-butyloxy-carbonyl; and allloxycerbonyl. Examples of preferred



or hydrogen or a hydrogen donor both in the presence of a hydrogenation
catalyst. Furthernore, a reducing agent is a suitable selenide or a sliane.
A sui t abwa Dos/otsvelr i de or a conpl exed borohydride |s, fBETERAMPHEISEN al kal
nmetal borohydride such as sodi um borohydride or |ithium borohydride; an
earth al kali netal borohydride such ag.cal ci um borohydride; an alkali netal
cyanobor ohydride, such as sodium cyanoborohydride or |ithium

cyanobor ohydri de, an al kali metal tri-(C, - Cralkoxy) bor ohydri de such as

sodiumtr mathox ,ox-b rohydrid r -al kyl a nl um WO
2005/01%{?? e R ek e? I‘Pdf B‘eﬁ\ohﬁ'& Mg HoNVBRIZY, 2

tetrab MnQpZEP pYITdRPE ity Qi PiméthbkypREhY InfstiP iy {pcyanobor ohydri de. A
Sui tabl%e cat al yst f% ?’ﬂ W C(ﬂl ve am natwon V\nthwm( en or a hydrogen

Sonor | Betharhoayihesy At HPhany A PRI henEulo R T BRIV oy
their d&ﬁé%éﬂ’{ﬁsmeﬁ'n ftl"u@n%@%’igi Q»te%ﬂ%pyr > By ﬁstmﬁféiﬂﬁé?l%ﬁﬁd iﬁbﬁa‘ylsﬂ'\}lum or

pl ati num oXi de appl ésired, Support materials, for
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hydrqu|none hypophosphinic acid or a suitable salt thereof such as the
sodi um By t her eof , sodi um tetrahydroborate, sugars, ascorbic acid,
| i ronene, or S|Ianes The hydrogen donor may al so be used as solvent,

especially 2-propanol or formc acid.
The activating group Ry, Is, for exarple, an activating group that is being used in the field of

peptides, such as halogen such as chlorine, fluorine or bromine; C-C,-alkylthio such as
methyl-thio, ethyl-thio or tert-butyl-thio; pyridyl-thio such as 2-pyridyl-thio; imidazolyl such as
1-imidazolyl; benzthiazolyl-oxy such as benzthiazolyl-2-oxy-; benzotriazol-oxy such as
benzotriazolyl-1-oxy-; Cp-Cy-alkanoyloxy, such as butyroyloxy or pivaloyloxy; or 2,5-dioxo-

pyrrolidinyl-1-oxy.

In reaction Step (a"), the reductive amination is carried out in the presence of a reducing
agent. A suitable reducing agent is a barchydride, which may also be in a complexed form,
or hydrogen or a hydrogen donor bath In the presence of a hydrogenation catalyst.
Furthermore, & reducing agent is a suitable selenide or a silane.

A suitable borohydride or 2 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~Cr-alkoxy)-borohydride
such as sodium trimethoxy-ethoxy-borohydride; a fetra-C,-Cr-alkylammonium-



A suitable selenide is, for exanple, selenophenol which is unsubstituted or
substituted. Suitable substituents conprise, for exanple, one, tw or three
substituents selected from e.g. halo, trifluoronmethyl, trifl uoronethoxy,

C -C -alkyl, C-C, -alkoxy, nitro, cyano, hydroxyl, CzZ Cl2-al kanoyl,

Cl- C12- aWRaMSPISRY, and carboxy. Those silanes are pPEHERPMPOIRYL are
conpletely soluble in the reaction nedium and that may noreover produce
organi ¢ soluble by-products. Especigddy preferred are

tri-Cl-C al kyl -silanes, especially triethylsilane and tri- isopropyl-silane.
Preferred are comercially available selenides. A suitable silane is, for
exarrpl :) ted from t he
group c itﬁn?cﬁmaﬁﬂ#e ch%&eﬁéﬁ@?%héﬂ%@%&?%ﬁn a'ééud y ,'ﬁ&h"ﬁﬁCZ C3D- acyl ,
especi mmyo&brolryandeacyl Preferred are comrercially avail able silanes. WO 200
] 014602 PCT/ EP2004/ 007980 -32 The reductive amnatlon is preferably carried
out under acidic, neutral or preferably under basic conditions. A suitable
base c owpmitemles;ata‘lyst foetl'larrq:ﬂuetiveeamimuoa lwith igtimbemgrdy lnpdragen donorég fidronat e, such
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Lvents including water. inert solvents conventionally do not react with

the corresponding starting nmaterials of formulae (VI a) and (Ml b). If an

al kal i Apicirdaciyaryer teHor Euﬁhe@?npi@dlszﬁbm%mhmﬁg ziéﬁapahollahahma%k&pr ohydri de;
an earth al kali ngetal borgeﬁdrlde suc

as calciu oro an al kal i
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CyaHObOéIWILﬁﬁliﬂoﬁﬁjm 4ot thisrest, B afiphts tHeGoaBR B thd pitaRiAlEdlqherdoPP! ar sol vent,
for exanple, .an al cohol such as.net hanol , ethanol IsoRro panol or

2- et ho%}ggcil, dmibe presenep §f gdertipry apyings gYGheas. triethylamine. Further hydrogen donors

:comprise other alcohols such as ethanol, 2-methoxyethanol, benzyl alcohol, benzhydrol,

::P—

pentan-2-ol, 1,2-ethandiol, 2,3-butandiol or cyclohexandiol, hydrazine, cyclohexene,
cyclohexadiene, indane, tetralin, indoline, tetrahydroquinoline, hydroquinone,
hypophosphinic acid or a suitable salt thereof such as the sodium salt thereof, sodium
tetrahydroborate, sugars, ascorbic acid, limonene, or silanes. The hydrogen donor may also
ba used as solvent, especially 2-propanol or formic acid.

A suitable selenide is, for example, selenophenol which is unsubstituted or substituted.
Suitable substituents comprise, for example, one, ftwo or three substituents selected from
e.g. halo, triffuoromethyl, trifluoromethoxy, C,-C,-alkyl, C,-C,-alkoxy, nitro, cyano, hydroxyl,
C,-C-alkanoyl, C-Cy,-alkanoyloxy, and carboxy. Those silanes are preferred that are
completely soluble in the reaction medium and that may moreover produce organic soluble
by-products. Especially preferred are tri-C,-C,-alkyl-silanes, especially tricthylsilane and tri-
isopropyl-silane. Preferred are commercially available selenides.

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



If an alkali netal trl-(C,-Cr-al koxy)-borohydride such as sodi um

trinetho§%éethox¥- bor ohydride; a o o
t et ra- C, ¥ 25 nonf um (oyano) bor ohydri de such as t ethCIHHAFANAHI um
bor ohydri de or tetrabutyl ammonl um cyanoborohydride, is used as reducing
agent,. for exanple, hydrocarbons, suB8B-as toluene, esters such as
et hyl acetate or isopropylacetate, ethers such as tetrahydrofuran or
tert-butyl nethylether are preferred. If hydrogen or a hydrogen donor is

used as—f Pé!ﬁiicﬁﬂa £ 1557 ge ' _ ; 1A § al Lo al yst,
a pol arTFs'% vent |§M§)’%g eursre .rélq!ye&%@ﬁ@% Ive g#@gﬁ%@,‘%gﬁ%ﬁ%ﬁg&“ﬁ“ ed
out e. ghasio condifiinet v sullablechasercgmpirises ddnaampla, an alikeliengtabaydnoddens- and

bi phasi ¢. .ln..a hj Si C.system.a. | [ al Vs,

ret r aup Y e oA S BiiaBe gRtaRTrh pRBiGE of Bb Rt RSO i a1 e
e. g. chForthamorsyay dreinatdse can be Bsed, fepnasmi, td-Opytaiotamigegsushmsand t he
tetrazoé,%,{iqrbgi S .prote_cit‘ed ang i{;tqe_ co_rEE Wd of fo;wé&%\ﬁml bq is a
free balBMYaine, eLHoBYB Mg, §1buyjamie or v isarroylrig, adinsding, Stct

hydr ogeas drtietiipidesitingzol @ monpidline, suchiae -eeitinrriticliheC Préfarred bages not nore
ey BRGSO o barat
racem sarton, @actro atf 0 U "Ffran an
equi nol ?maaﬁwmydﬂfgsﬁcﬂ_ﬁéﬁat,eI:ahd!ﬁbfaésmnmaiﬁma Eapstizliypréfired iOdiiur N i s
not protected, no racem sation is observed even if the reaction is WO
2005101 hedrexipesodivpe oarbonate sy ti-ngwopdaimined out with equal or nore than one
equi val ent of base under mld conditions, preferably at tenperatures

bet ween -10C and 20C. The reaction of a conpound of fornmula (VI a) with a

conpoundhafedushivaamingtien is asyriedaut|in & sullgble inertpobenten amrdityrergspvantsni ne

(Schi ff . hasy 1 ul Al by NI/ MR ol a1 ¢ . or a
Satt t nERRES hter. OhEHisBiveisiconfentbndiyNId ndrbad: Wi e bobéernlifl by ©F  °
t et r azolreaterialy offoumplaet(¥t apand (Vi by dcarealksly metakvorahytede suck asisndiugn oup
that can,  under certain reaction conditions, be isolated or that can be

subj ect Berohydridecor itviie brehydiis: m Rarthafialmedal borohydride such as calcium
borohydride; an alkali metal cyanocborohydride, such as sodium cyanoborohydride or lithium
cyanoborohydride, is used as reducing agent, for example, a polar solvent, for example, an
alcohol such as methanol, ethanel, isoprepanol or 2-methoxyethano!, or glyme, is preferred.
If an alkall metal tri-{C-Cy-alkoxy)-borohydrids such as sodium trimethoxy-ethoxy-
borchydride; a tetra-C,-Cr-alkylammonium-(cyano)borohydride such as telrabutylammonium-
borohydride or tetrabutylarmmonium-cyanoborohydride, is used as reducing agent, for
example, hydrocarbons, such as toluene, esters such as ethylacetate or isopropylacetats,
ethers such as tetrahydrofuran or tert-buiylmethylether are preferred. If hydrogen or a
hydrogen donor is used as reducing systemn, each in the presence of a hydrogenation
catalyst, a polar solvent is prefarred. The reductive amination can also be carried out e.g. in
a mixture of an organic solvent with water, both mono- and biphasic. In a biphasic system a
phase transfer catalyst such as tetrabulylammoniumhalide, e.g. bromide, or
benzyitrimethylammonium halide, e.g. chiorlde, may be added.

If R,, represent a protecting group and the tetrazole ring is protected and if the compound of
formula {VIIl b) is a free base, the presence of a base is not required. If, however, Ry, 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 avold racemisation, the reaction is
preferably carried out by using less than an equimolar amount of a base. If R, is hydrogen
and the tetrazale ring is not protected, no racemisation is observed aven if the reaction is



The reductive amnation is a two-step reaction, the formati on of an im ne by
renmoving water,. followed by the reduction step. The renoval is an

equi | i bri wim mesietisran, which can be directed to the formtieerroeioassoi m ne by
continously elimnating the water, for exanple, by azeotropic renoval.
Furthernore, a water scavenger may be used to renpve or inactivate free

wat er which may be effected by a physical process such as absorption or
adsorption or by a chenical reaction. A suitable water scavenger includes

wi thout limtation anhydrides of organic acid, alumnosilicates such as
mol ecul dHrgeRMtyith sagakorragseithasong eqdyajeny iof bergurgler milg cogditions, prRSeILYi vi ded

al um ni agt téh rél&egT Eeh DRPBHNIGEA@! ds such as phosphoric anhydri de
(P20B), aa|norgani|'r“l|c sul fates such as cal cium sul fate, sodium sulfate, and

magnesi umesrebf:ﬁcbueof a @othpaiundrofiformaanive apaiths cerapoand offarimuta (Wllds)irdsultd f
Step (a') is carried out via first manufacturing and isolating a conpound of
f or nul a iff gninterrpediately éymss inine (SebifiRase) ctforaua §Millkack ed with a conpound
of formula (VIIl b), maybe in the presence of a base, if Rzi is hydrogen
and the tetrazole ring is not_protected. Conpounds of WO 2005/014602

PCT/ EP20041007980 .34_ fornmul 1l ¢c") can then be converted into
correspondi ng corrpounds of form;ll a (Vill c') by reducing the conpounds of
formula (VH c¢") with a B&af ng reduci ng agent as nmentioned above.
The Intermediate imne of forjjulajfViIl c") can, for exanple, be isolated by
renoval of the solvent, e.g.oby, - -egspeci al ly by azeotropic
renoval of water. In a preferred vasd tive amnation is carried
out without isolating a conpound of c'). The reductive
amnation is nost preferably carried o0 renoval of free water,
especially, It R-, is hydrogen and the tetraz¢le ring is not protected and
with a base such as sodi um hydroxi de, a salx such as nethanol and a
reduci ng reagent such as sodi um borohydridg. | Hyi ew of the inmine
structural elenent, conmpounds of fornula. (WHN C")Vﬁ@n})rl se both the

or a tautomer or a salt thereof, wherein R4 has the meaning as given above and wherein
the tetrazole ring is unprotected or protected by a tetrazole protecting group that can,
under certain reaction conditions, be isolated or that can be subjected to the reduction
without isolation.

The reductive amination is a two-step reaction, the formation of an imine by removing water,
followed by the reduction step. The removal is an equilibrium reaction, which can be

directad to the formation of an imine by continously eliminating the water, for example, by
azeatmpid removal. Furthermore, & water scavenget may be used to remove or inactivate

free water which may be effected by a physical process such as absorption or adsomption or

by a chemical reaction. A suitable water scavenger includes without fimitation 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

(P20s), inorganic sulfates such as calelum sulfate, sodium sulfate, and magnesium sulfate,

and other Inorganic salts such as calcium chloride,

If Step (1) is carried out via first manufacturing and isolating a compound of formula (VIlI
c¢”), a compound of formula (VI a) is reacted with a compound of formula (VI b), maybe
in the presence of a base, if R, is hydrogen and the tetrazole ring is not protected.
Compounds of



corresponding t: and the corresponding Z isomer thereof. Preferred Is the E
| soner. The present invention |ikew se relates to conpounds of formula (Il
0') V\here'i"’ﬁwwiéﬁﬂﬁydrogen or a tetrazole protecting griSUPERMAM AP ei n R2

i s hydrogen or a carboxy protecting group. Correspondi ng conpounds can be
used as internediates for the manufact@ie of the conpound of fornmula (1).
Preferred are conpounds of fornmula (Il ¢'), wherein at least. one of R, and
R2 represents hydrogen or both of R, and R represent hydrogen. The

g?ggglrjggg acc{}ﬂggrﬂ%?1 tﬁyﬁ p% g '{knovi\'/lriltb':hBre Q%d%@r&m?dm}gdgg pr%@gg\é@?@@grri ed
out u nde‘edunmgjthe@udlpbundmf ferpda (\ﬂlllc:;)} with a coreyEndingrreducimpagert as about - 10G
to about l_ﬁo{,gﬁp%(iggerature preferable in a range of about -5C and +5C. Step

In g the acylatlon is carried out, for exanple, in
absence or in presence of a suitable base. WD 2005/014602 PCT/ EP2004/ 007980

-35 Sui t.abl.e bases are, r exappl e, al kali netal es_or onat es,
nor phol i EWF’"B?@ |"H1’¥‘?é]fmmh YL 1%( §ragprigr b éﬁ@&c‘{ ‘g"f '@H‘%ﬁf‘%&ﬁ%es
anili nes.:olveﬂﬁ@fgt B liRAmtRA esfacially by Gadtbpl reoval dfewterbasi ¢ heterocycl es or
tetra-Cl-C, -al kyl - amoni um hydroxi des. Exanples, which nay be nmentioned,

I ncl ude sodi um hydroxi de, potassium carbonate, triethylam ne,

tri-propyl, p%@?e&éd vén*‘aimﬁﬂé)‘éd@mé‘ﬁmﬁfaﬂoﬁfs%h‘i’éd SRARFPABY r@ﬂbﬁﬁg a compound of
N- et hyl - nor phol i ne or N-methyl - pi peridine, dinethyl- aniline or

di met hylfeimuiaMdght hal ene, a lutidine, a collidine, or

benzyl tri met hyl anmoni um hydr oxi de. A preferred base is a tri-C,

C4-al kyl am ne such as ethyl-diisopropyl-anmne or is pyridine. The acyl ation
i s car r i redectiva aminalion #bimesi preferaliy tardad ﬂutwi&hvuaWME’éfreﬂwsbr,vent s. The
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in view of the imine structural element, compounds of formula (VIll ¢”) comprise both the
corresponding E and the corresponding Z fsomer thereof. Preferred is the E isomer.

The prasent invention likewise relates to compounds of formula {Il ¢') wherein R, is hydrogen
or a tetrazole protecting group and wherein R, is hydrogen or a carboxy protecting group.
Corresponding compounds can be used as intermediates for the manufacture of the
compound of formula (I). Preferred are compounds of formula {(H ¢’), wherein at least one of
R, and R, represenis hydrogen or both of R, and R, represent hydrogen.

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

Step (&) is preferably carried out under mild conditions, especially in 2 tempearature 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.



such as nethylene chloride, a nitrite such as acetonitrile of
proprionitrile, an ether such as tetrahydrofurane or di oxane,

1, 2- di met hoxy- et hane, am de such as di net hyl fornmam de, or a hydrocarbon,
such as toluene, is used as solvent. During the acylation of a conpound of
formul a VORYSOME02 i 1 RO is hydrogen, the carboxyl - grodF 2MdhPh so be
acylated formng a m xed anhydride. This internediate is strongly prone to
racem sation, mainly under basic corii-ti ons. Racem sation however can be
avoi ded by first adding the conmpound of formula (VIII d), especially the
halide, to the conmpound of formula (Ville) in a suitable inert solvent
(e.g. dinethoxyethane, tetrahydrofuran or acetonitril), then slowy adding a
sub-stoi chiometric anmount of the base, especially pyridine, inrelation to
the cdiHjarlpBases are fongxample; alkaligpetaldydioxidemer patengleSwat er in the reaction

m xt ur ‘%norfall%ﬁﬁés Sk Wi Livbeftitsa of@n}sstﬁﬁ't@gb&rﬁtm!sl AnifiidBpr ess

racem satlon. The reaction can also be carried out by simltaneous or
al t er nd@phibalagriamines th-&-akyapingndasie helerasuties enelra-CaLrald- a base such as

DY Ot R Bidytoifest 2AGHRAR wilnchil 6o AGhihEq HonelsolhifPS. VO 2005/ 014602

PCT/ EP _ ] represents a Protecting group and the tetrazole
ring i ydigpide:petassiimmarbosatst tiethwlaming, bi-prepyt-eminentj-lyitdaminefdsr exanpl e, two
equi val &%@n C L I MLk i . the correspondi ng
hal i de e?ﬁic?ig@:{m an egbﬁtggie)' e&Bh‘gﬁéﬁ E%m cﬁ'ﬁ".' E”E%‘:‘%%y?df“éﬁ"%e or

t ri - n- @ndipg bedinatbylaminoauhgbtaleoe,a Iutidines 8 golliding: g conpound of fornula (VI11 ¢)
di ssol ' | FUGIL « Nor. L.sgtion is observed.
| f the\{)%?e*%x}rl@rzn%}hgférl ngiuﬁswhprof &é‘rg%rrg(?]gé%ﬁglﬁgl §98 g@?tnlﬁ%g group, the

t gt az glueh a$ eihy-disaprepybamipeloeisqytidiae.ed. When, however, the reaction mixture
| $~quenched, for exanple with water or an al cohol such as nethanol, the

correspondi ng conpound can be obtained wherein the tetrazole ring is
unpr ot eldecgylaiiomrip carmetsoutfn 4 syitablednany golveal orin @ mbdwew! solvandss be nanuf act ur ed

accordi THe ptefkon skilled in the art is fully enabled fo select a suitable solvent or solvent
system. For example, an aromatic hydrocarbon such as foluene, an ester such as
ethylacetate or a mixture of ethylacetate and water, a halogenated hydrocarbon
~ such as methylene chloride, a nitrile such as acetonitrile of proprionitrile, an ether
- such as tetrahydrofurane or dioxane, 1,2-dimethoxy-ethane, amide such as

dimethylformamide, or a hydrocarbon, such as toluene, is used as solvent.

During the acylation of a compound of formula (VIli ¢), if R, is hydrogen, the
carboxyl-group might also be acylated forming a mixed anhydride. This

-~ intermediate is strongly prone to racemisation, mainly under basic conditions.
Racemisation however can be avoided by first adding the compound of formula
(VIll d), especially the halide, to the compound of formula (Vlilc) 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 (VI d). Small amounts of water in the reaction mixture,
preferably two equivalents, may additionally suppress racemisation.

The reaction can aiso 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 fimes.



met hods known per se. Ste c': The renoval .of the protecting groups, both
the tetrazol e and carboxy protecting group, can be carried out according to
nmet hods known per se in the art. For exanple, a benzylester can be converted
into the corresponding acid especially by hydrogenation in presence of
a sui t abve2Mpdidétienat i on catal yst. A suitable cat aIWE@g%ﬁ’?’%g% f or
exanpl e, nickel, such as Raney nickel, and noble netals or their
derivatives, for exanple oxides, Suc¥ -as pal | adi um or pl ati num oxi de, which
may be applied, if desired, to support materials, for exanple to carbon or
cal cium carbonate. The hydrogenation may preferably be carried out at

DI eSSUNE, RHABAR obraafing efdilp shAthaetfazol Vhorl uhgeRLlaRPer at ur e bet ween

about t o about 200C, parti cul ar between roomtenperature and about
100C. Fhdeiagpy,a projgeting ger@ JtPr eyampley uomguiyplegis ofipoth acopwewidiel y, can be

achi ev t w th an acid,
especi ?Iilfd;aﬁﬂ%csg? dr)n@% tﬁt%%drg?]% | onngalhdRirt‘ﬁtm%&t sgdggzoog%%tﬁ%

PCT/ EPZisRprenyragive or gim-mepylangise gig wegﬁ@@cwesmn@mqwun@%f formula (1V b)
is car f?n‘?rﬁnlé’(%ll ﬁq:ﬁé%%cf‘ﬂ atélntatﬂé’gcyl@éiﬁ'eo%ﬁﬁé}uérﬁomﬁrh%@% from such as by

crystallizin e resulting conmpound ormula (IV the reaction

m xt ur @bsenvgd.desi red or necessary after work up, especially by extraction -
or by chromat ography of the reaction m xture. The conversion of an acid of
formula (I1V b) Into a salt is carried out in a manner known per se. Thus,
for exalﬁbe telragole dng iswnpitestadend Rafis e prjesting gravp, hadetragelmtng (1V b) is -

obt ai n‘?‘ﬁi Raiso ereﬂ.ﬁ:glh{ég W%n?&iﬁv%f(f)ﬁ@tr}éé&gnﬂlﬂ?r? G quembihed, Wt h @ base can, on

t he ot he han convert conpound) in a customary
er examglesdihatatior an alcelel suchzas mhar@brﬂmqr@aportdmg compawide, by treating

wih a c2H bk 3Btafned WnrefPHRE etrazole ring Is unprotected.

Compounds of formula (Vill d} are known or can be manufactured according to
methods known per se.

The removal of the protecting groups, both the teirazole and carboxy protecting
group, can be carried out according to methods known per se in the art.

For example, a benzylester can be converted into the comresponding acid
especially by hydrogenation in the presence of a suitable hydrogenation catalyst.
-, Asuitable catalyst comprises, for example, nickel, such as Raney nickel, and

C/ noble metals or their derivatives, for example oxides, such as palladium or
platinum oxide, which may be applied, if desired, fo 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-butyt group, respectively, can be achieved by treating

corresponding protected compounds with an acid, especially under mild

conditions.

Step (d'):



Accordingly, variable R conprises the neanings of variables Rx, Ry and al so
represents fornyl as well as the core elenents corresponding to angi otensin
11 recepWdy204mbBIgENi sts, especially those that are |i sPEHEPHIHHEbove
tabl e, Aconpound of formulae (VI a), (VI b), or (VI c) can be used for the
manuf acture of a conpound of fornula.¢tV a), especially (IV b) or tautoner
or a salt thereof, by carrying out corresponding reaction steps as

descri bed hereinbefore and hereinafter. A further preferred enbodi nment of

th f act d of
for il aTERIsolsURT Rse O B opRRRGRa ot oreue [FoPHE CRERESHT Gl 15 Ryt epr ecent s
C, - C6- ab&mnmisaﬁaﬁﬂ@thdstdﬁﬁaﬂWtamhgmet ﬂersamn@mmparrm of FeiURY

hal ogen sulphonylox dr oxy ect ed hydr ox suc bronDnethyI

or an a@gtb&fmﬁ\‘mﬂ m@éﬁHFﬁreF 'F@g tW%S%QGWH%WWW?BY( VIl a') WO
2005/ 014G6R2486Th @9{}? Wyd%r&@cﬁdnm&’urb! (VIl a') with a conpound of
formula (R ) (R2) M'N3 b), wherein R, and R2, independently of one

anot her, represent an organic residue; and isolating the resulting conpound

of for | , iayention
of 101 ¥ cdVekidy of h 448 GImDRIPE B £IEIOR BFl  1SaPbi B o
(V11) se. Thus, for example, a sali with a base of compaunds of the formula (IV b} is obtained by

treating the acid form with a base. Salts with a base can, on the other hand, be converted

into the acid (free compound) in a customary manner, and salts with a base can be

converted, for example, by treating with a suitable acid agent.

Accordingly, variable R comprises the meanings of variables Rx, Ry and also respresénts
formyl as well as the core elements corresponding fo anglotensin Il receptor antagonists,
especially those that are listed in the above table,

Acompound of formulae (VI a), (VI b), or (VI ¢) can be used for the manufacture of a
compound of formula (IV a), especially (IV b} or tautomer or a salt thereof, by carrying out

corresponding reaction steps as described hereinbefore and hereinafter.

A further preferred embodiment of the present Invention is a process for the manufacture of
a compound of formula

I\

HN,_ N

=

(Vi
a tautomeric form thereof, wherein Ry represenis C,-Cy-alkyl such as methyl; C-Cy-aikyl
subsfituted by X’ and X’ being hzlogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formyl; comprising reacting a compound of formuia (VIl 87



a‘tautomeric formthereof, wherein Ry represents C, -C3-al kyl such as nethyl;
C, -C3-al kyl substituted by X and X' bei ng hal ogen, sul phonyl oxy, hydroxyl,

. protected hydroxyl, such as brononethyl, fornyl or an acetal thereof,
conprising reacting a conmpound of formula (VI a) NO RY (VII a) wth a
conpoundwid 20b®emeza (R, ) (RR2)M N3 (11 b), wherein R &d/ER20040¢78¥pendent | y of
one another, represent an organic residue; and isolating the resulting
conpound of formula (VIl1). The presegt. invention |ikew se relates to the
above reaction. Furthernore, the present invention relates to the conpounds
of formula (VII) or a tautonmer or a salt thereof in a form being conpletely
free of tin. The present invention also relates to conpounds of formula
(VIl) whenevey obt ai ned according to above reaction. The isolation step of a
conmpound of f Lnulae (Vl) or (M1) or (MI1'"), respectively, is carried out
according to ventional isolation nethods, such as by crystallizing the
resul ti ndound WO 2005/ 014602 PCT/ EP2004/ 007980 -39 of fornula (V) )
or (M1), re§pegtively, fromthe reaction m xture or by chronat ography of
the reaction m xt{M#a’) The conversion of an acid into a salt is carried out

in a mapper k [ WPl |4 .\ i s obtained
by treag{'}ﬁa i ﬁg%qoogﬁf@r&r% (%Bhﬁ)%'bﬁgégﬁﬁ@% kns W dﬁa'hd#aeége@gﬁfé%n t he ot her
hand, bensthery esptezent amtavgdricresidiel ah iselatiog thesesultihgicompowndsyf forenlz (Vibnner , and
salts with a base can be converted, for exanple, by treating with a suitable
acid agent. The present invention |likew se relates to a conpound of

f or mul a@ f(iither ptefdfed dnibddiment Gihe plesentinvenlitnl i3 a pfodess for the neanufastuoerelr or sal t
thereof in a fo rpbei g conpletely free of tin. The present invention

i kewi S@CPE‘PS‘I"@O lf?fmt“[‘]i’e use of a conpound of fornula (11 b) in a process
foy the mannfarture of a conmpound of formulae (1), (IV), (IV b)), (V), (M),

(V1) (Vl\-lf) a tautoner or salt thereof, especially in a form being
conpl et el of tin.
Ry
(VH)

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

= Ry
O (Vi a)

with a compound of formula (R,}{R,)M-N; {li 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 (VII) or a tautormer or a salt thereof in a form
being completely free of tin. The present invention also relates to compounds of formula

{VIl) whenever obtained according to above reaction.

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



The invention relates to the conpounds obtai ned accordi ng any process of the
present invention. The exanples outline specific enbodi nents of the present
_invention, but are not to limt the scope of the invention. Exanple 1:
5-(2-Chl orophenyl)-1 Htetrazole cl r \ / NN H 20 mol (1.3 g) of sodium
azi de arwochewogedzto a 25 m fl ask under argon at nospaeER2004/@7¥30Wed by sl ow
addition (via syringe) of 11 m of a solution of diethyl alum niumchloride
(1.8 nolar in toluene), 20 nmmol, at_ggC under stirring. The suspension is
stirred over night at roomtenperature. Then 2.06 g (15 mml) solid
2-chl oro-benzonitril e are added and t he nixture I s heated at external
tenperature of 90 C faor 9 hqurs. Il me the conversioon_ was 91.5 %
(HPLC) . ©f l&l@?“ % & &VIDotesRealyely, fiom tb@ regc{j];an MBS of pyeehrqugiographyaf e r e i s
kept f@gdﬁgdmmbﬂgal 6 hours at 90 C. For work up the reaction m xture was
guenched at 0 C WO 2005/ 014602 PCT/ EP2004/ 007980 -40 under stirring on 20
m HCl (6N) which contains 2.6 g of NaNO2 to destroy excess hydrazoic acid.
The thi ﬁlfe d’Hﬁkrér@noH P&k Qéla ﬁﬂft@a m i BartiSd b@iB thenREQRh )pe# ge. Sthug/igd at 0 C for

addi ti onal hour and then Itered and dried over night at 50 Cto give
t he whi @@nmley gsalt pith @ b@ﬁ%w@tamed Ry dreatingghe acid farmwith-a lraseaﬁa'é‘; Wi 18t ol uene

Et mc%ase’%%%n(tﬁ? T%Phan@ be é?rﬂgﬂéd:’ihféttﬁé acid ﬁi‘éérﬂ%ﬁro@nd) in a customary

5- (2- Hydroxyphenyl }1H-tetrazo
manner, and salts with a base can be converted, for examp!e by treatmg w:th a suitable acid

agent.

7™ The present invention likewise relates o a compound of formulae (1), (IV}, (IV b), {V), (V1),
= (Vii), (VII') or a tautomer or salt thereof in a form being completely free of tin.

The present invention likewise relates to the use of a compound of formula (Il b} in a process
for the manufacture of a compound of formutae (1), {IV), (IV b), (V), (VI1), (VIl), (VI"} or a
tautomer or sait thereof, especially in a form being completely free of tin.

The invention relates to the compounds obtained according any process of the present

invention.

The examples outline specific embodiments of the present invention, but are not fo limit the

scope of the invention.

Example 1: 5-{2-Chlorophenyl)-1H-tetrazole
cl

N
-

N
H

20 mmol (1.3 g) of sodium azide are charged to a 25 m| 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



286 ng of granul ar sodium azide (4.4 mmol) are added to a cold sol ution of
diethyl alumniumchloride (4.4 mol, 1 Min toluene) and the mxture is
stirred at roomtenperature for 4 hours. (h). A solution of

2- hydr oxybenzonitrile (4 mml, 476 ng) in 3 mM of toluene, cooled at 0C, 1Is
treat ed wotzoosdadord of triethyl aluminium (4 nmol, 1PGIRPIMA0HBAene). The
m xture reaction is warned to roomtenperature and stirred for 1 hour. The
m xture is cooled to OC, treated w jd_the solution of diethyl alum nium
azide, gradually warmed to 85C and stirred over two days The reaction

m xture is cooled to -10C and treated drop wise with 7 of HO 6 N 10 m

of ethyl acetate are added and the m xture _ |s extracted on th 10 m of
wat er , WIEestnjjoap LombiCI{PNNKRich contaipsy.@ g of Nﬁ@oe@r%‘ﬁ%yoexéﬁﬁ?gygl @2igyers are

ext r act agh, tielRiok wmpr\éblblﬁate WQicIﬁWs féﬁne@%ﬁﬂéhucﬁﬁ@%ﬁﬁéﬂ atT}he ferditiorsl 101 gani c

phases are dried over he solvent is renpved gi ve the crude
pr oducthoupald,ibgn ﬁterg@md@legfovgrrrgmphﬁo Soloi give the white %Q(Stﬁlﬂ'iﬂ profutadded to a
col d sohtiign. qf5dbet hyl alum nium chloride (4 nmmol, 1.8 Min toluene)
diluted wth 10 of toluene, and the m xture is stirred at room
terrperaIﬂrBr‘ﬂI’f’&e @%G‘PlﬁeneT@Oé\FrM@'d(%lzﬂ|1d»r5'psP&ﬂ?ﬁﬁ ed at OC and 238 ny of
2- hydroxybenzonitrile (2 mml) are added. The reaction mxture is warned to
80C and stirred over ni After 20 hours the conversions was 83 % Then
t he t enfpxamplgie s |n61{%-ghré@xymenﬂbﬁtteémaol%ti rred 12 hours. At a conversion
of around 90% the reaction is wor keob,q:p The WO 2005/ 014602
PCT/ EP2004/ 007980 -41 reaction m.x ureNl s cooled to OC and treated drop
wise with 7mM of HCI 6 M 5 m g ,. TN 10 ml of ethyl acetate, 8 ml of
t-urated NaCl (sat.) and extracie Hrganic phase is reextracted tw ce
with 20 m of water. The conbi ned aqueous layers are extracted twice wth
20 mM of ethyl acetate. The conbini ng organi c phases are dried over Na2SO4.
The solvent is renoved to give the crude product. The crude product is
cryst al MethedlAf rom et hyl acetate to give the pure product. ma.: 220 - 222
G

' 286 mg of granular sodium azide { 4.4 mmol) are added to a cold solution of diethyl
aluminium chioride (4.4 mmol, 1M in toluene) and the mixture is stirred at room temperaiure
“for 4 hours_(h).

A solution of 2-hydroxybenzonitrile (4 mmol, 476 mg) in 3 ml of toluene, cooled at 0°C, is
treated with 2.2 ml of triethyl aluminium (4 mmol, 1.8 M in toluene). The mixture reaction is
warmed to room temperature and stirred for 1 hour. The mixture is cooled to G°C, treated
with the solution of diethyl aluminium azide, gradually warmed to 85°C and stirred over two
days. The reaction mixture is cooled to -10°C and treated drop wise with 7 mi of HCI 6 N.

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

N A
with 10 ml of NaCl saturated. The combined aqueous layers are extracted three times with
10 m! of ethyl acetate. The combined organic phases are dried over Na,S0O,. 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 diethyt 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



Tic: Rf - value: 0.46, toluene : EtOAc : AcOH (20:20:1). HPLC (\ Hew ett
Packard, solvents. H3PO4, acetonitrile/water; flow 2 m/mn; injection: 5.0
pl; wavelength 220 nm 40 C. Colum: Merck, Chronolith Perfornmance, RP-18e
100-4.6 mm Ret. Tinme: 4.12 m n. Exanple 3a: 5-(4 -nethyl bi phenyl -2-yl)-1
HtetrazWo2009M96062NH ~ | \ A 20 ml flask is dried uREEEPHPHMRIEND t hen
charged with 7 m of diisobutylalumniumfluoride (1 nolar in hexane)
followed by 5 m of toluene and 455.gg-of NaN3 (7 mol). After stirring the
suspensi on for 4 hours at roomtenperature 966 ng of solid

ortho-tol yl benzonitrile (OIBN) is added at O C in one portion. The

suspension.is warned -L30 ext. tenp.) W I.ater enperature
o Too0 rEecignmitg e odbs b é“f'g?%‘.eéP&%’Y‘Q‘P’%‘wamﬁd'@reﬁbimfl%‘@t@s % The

r ggpt i ono m‘fx 5{198113?” a@ﬁ?temlfm@ﬁ@djréhtéd ltwadr(estt)laaa egtraRfidd Thg ofgﬂﬁmrp}lase i8f t elr _
addition o | of .t ene the | ayers are separated, the organic |layer is
washed femcEaetedfinae wih 22’1#](9? walef-ofhe é”?bé?f%&\?@?mg P[?rﬁréﬁwaﬂeé{tg’f?& evapor at ed
to gi vewh 06 y& badtihyil 646 S ThB/Conitinind Brgatile pRiset arcRiike boataREBDE athedat a see
exanpl e 3b. Exanple 3b; 5-(4 -nethylbj henXI-Z- lis_l Htetrazol e Sane

react i ofPlynt lsﬁe'é’?‘éﬁ?dPé“@ép%dec%(P‘?g%dT Tu %Q[Pd%‘ EnEalizRg ram &8 i um azi de
at _hi ghgéetaté @Ngieheduietoditel hi gher tenperatur. WO 2005/014602

PCT/ EP2004/ Q07480 -42 'Under simlar conditions with diethylal um nium azi de

(pr epar BeR-f 28 dét Ryl al umi ni um chloride and NaN3) in tol uene and OTBN a

conver sipn Rf- 98ue Cas/asiuéiy :FHORE: AédR{20tOohgyrs  at internal tenperature of
ca. 110_“Céreflux), external tenperatur 135 C. A dry 50 ml flask is charged

with 5 L 'Iue_ne and 1.3 g (20 nmol) of dry solid sodium azide. The
stifr edHeWRRTASKAD dofeMOh P! SockboritriieMtekow: 2 A/, InjébtibR!526 psol uti on of
N

wavelength 220 nm, 40 °C. Column: Merck, Chromolith Performance,
RP-18e 100-4.6 mm; Ret. Time: 4.12 min.

Example 3a: 5-{4"-methylbiphenyl-2-yl}-1H-tetrazole

z,.

Ny NH -
A 20 ml flask is dried under argon and then charged with 7 mi of diisobutylaiuminium 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.
femp.) with an infernal temperature of 100 °C. After 44 h at 130 °C (ext. temp.) the
conversion is > 93 %. The reaction mixture was gquenched in hydrochioric acid (6 molar).
After addition of 10 mi 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-yi)-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 nium chloride (20 mmol) is added via syringe during 10 m nutes.
The suspension is stirred for 4 to 6 hours or over night at room
~tenperature. Then the suspension is cooled to O C and a sol ution of

o-tolyl benzonitrile (2.1 g, 11 mol) in 5 mM toluene is added dropw se
during 5w peesestco2The stirred suspensiun i s heated uPGIERZERRNd after 7
hours a conversion of 54.5 % (HPLC) is obtained. After refluxing over night
(17 h) a conversion of 92 %is obserged. After 40 h the conversion is >
98.5 % Thereafter the reaction is quenched by droping the reaction m xture
to cold 2 N hydrochloric acid (50 m) under stirring to give a white

precipl te which i addi tion of 2 tonltrlleto gi ve
a cl ear r@?bﬂ@ﬁ?@"@@"%\sl’”é e%wba?%'?‘%ﬂaz'degp%&?’Pgéf?";é'd’?%‘ﬁ BOH  of i sopr opyl
ac Iet at e.chibhide adEanly i lnl tplbmnds()'tmeabme\émddbflaaﬁ% uas pbiaingd ften ttﬂﬁ‘{obm ate )
sol ution H unt.i Q | §sol ved i Qe aqueous | ayer as the
pot assi @H‘lgegpz%l? a@b 82’8&‘@8’(@“%% Hnhela ”'ég}shg:r ed to pH 1-2 by
addition of ca. 90 m of 2N HCI. The product is extracted tvvi ce with 50 m
I sopr acetate and t he orgapi c ph i i ted educed
pressur@‘ﬁ% “ﬁg B}H?ng#‘vﬁém%%%mgﬁﬁ%wﬂ '?al li ne
%r odug Thanslﬁrred éﬁﬂensi&nzs ccﬁ]ed(tR@f°C a3 tnliRE & 1 d?hdﬂ&ae"dmioﬁaﬂpl e m p 149151 Q)
c -va

Tol uene S102 | at e
(hrck isialrinbim hlorie 20 Taplyis A6 B3 SHIOR SHBREL LIS, 19 SUgaisRB 1 7ol ¢
P~ N~ id\rrelf @i 40 6(holrs 8 brara it &rﬁbﬂﬁeﬁﬂ:&ﬁlﬁfh\/ IThékr %k buspRhéion Rl codiEd
2005/ 014602 PCT/ EP2004/ 007980 granul ar sqQdi um azi de (19

ol ) art@0agded aﬁ@'“ﬂ"’b‘éﬂ%"%"@?‘ﬂﬁoﬂ@ﬂe @*1 84 115'6'6‘89 y'l‘ > m) telgngisaddeAl ori de (19
et 1.g@dwise dupihg 8Menuted. rhé @ﬁirédrsuéperﬁsmﬁfs ﬁé%'tédﬁﬂﬂo@éfﬁxxbh@ aflert huRs d S

st“u/red at roomte ure over gi ve diisobutyl  al um ni um

azi de. Zonveysien ofp4. ?ﬁdﬁgk@dﬁﬁ’m!ﬂ%l%ﬁé FK“ZQ ‘é‘@" Bight €17 h) 8 c?%rsr'ﬁ‘hﬂ P2 are
t r eat ed,o; jgbhBeE@MASH FEh the conversion is > 98.5 %. Thereafter the reaction is quenched

by droping the reaction mixture to cold 2 N hydrochloric acid (50 mtl) under stining to give a
white precipitate which is dissolved by addition of 20 ml of acetonitrile to give a clear
biphasic solution. The product is extracted with 50 mi of isopropyl acetate. The organic
phase is freated with aqueous pottasium carbonate solution (pH 10) untit all product is
dissolved in the aqueous layer as the potassium salt. Then the basic aqueous. phase is
adjusted o pH 1-2 by addition of ca. 90 ml of 2N HCIL. The product is extracted twice with 50
m! of isopropy! acetate and the organic phase is evaporated under reduced pressure to give
after drying In vacuum the very pure, white crystalline pfoduct.

N m.p.. 150-152°C; (Ref. substance: DiPharma sample: m.p. 148-151 °C)
Tle:  Rg -value: 0.56, (Toluene : EtOAc : AcOH = 20 : 20 : 1), SiO,-plate (Merck KgaA)

Example 4 a; 5-(4'-Hydroxymethylbiphenyl-2-yl}-1H-tetrazole

HO

e
k=

Ny, NH

®

[2"-(2H-Tetrazol-5-yl)-
biphenyl-4-yl}-methancl



manner at O Cwith 5.52 m of triethyl alumnium (10 nmmol, 1.8Min toluene).
The reaction mxture is stirred for 5 mnutes. After that, the clear
colourless reaction mxture is added to the solution of diisobutyl

al um ni um azide (19 mol), gradually warned to an internal tenperature of
about 100C2e03814602 rred over the night (conversi on 95PCAER20WHPTBe wor k up
the reaction mxture is cooled to OC and added dropwi se to a solution of 30
m of HCl (2 N) containing 1.38g of43NaNO2 (20 mmol) (cooled to 0C). 40 m
of iso-propyl acetate are added and the mxture is extracted once with 15
m of HCI 2N, once with 20 ml of water. The conbi ni ng agueous Iayers are
extract . i a t |

ot 1 act 5224 Fracriiuel S e (AOMRRY el oA & o HHB QIGHER F iRIAGF |

( 10% altFhisiusgehiaride (b6 epel,i 58Mars tolugnehdilutediin 15 micof mlueﬂe argldhe oplirede et at e.
HCI Se. ' Hto 2, and the

sol uti oér}]ﬂrfaggte@? &Z%Té%at{uhé:@g? e@%‘#ﬁﬁe @8$Iﬁ‘{tﬁgiﬁ)’m“f'{8%%o | sopropyl acetate.
The conbining organic phase is washed once with 20 nl of water and the

I h d i

cryet a7 28 TRl Bal bt J0 Shyp o et B BCHBR e,
pr oduct marmep at 0 1G Zmlnthtﬁﬂ mﬁgfrtffetbyl aRfminivial (;lug lm(;ﬁbl,Zﬂ.BM (v tdluema)l Thg Era0bon : 2 Af 844-
20:20: 1), S O2- S.
b The Tl ieotimad PhS Rudie Afefifidt e et 2ubiiostleasto Mdlle B kO A bt vt um
afzi ge( ?the haio%l,tlem of aliisehntyt aizugrimeiu:?patndﬁ g;sggwrncemgaar s chmuy warrEemnplagrlgtenﬁggiggm s
(r)ound b ﬁéj&g Pﬁ %&9‘ ?ti{%&rﬂndéprr 3 g‘éﬁf&ﬁ gﬁﬁﬁper{yﬂsgogzqﬁ Vf’)nh?r thF p fluoride

ﬁ\edmmt Oe rébctibn mixhezroedled ¢ 0@ ?3‘3‘45"33‘16’8?““"*3" a@ﬁlgﬂmeosmf 3ame oaam;qz NNaNB i's
ﬁm)l ), Rt T%Pﬁé&%fﬁfag\ﬁ?%% qﬁ aotpg) 8& #gr?'ﬂé’ ﬁ?ﬁfoé)y %Zﬁ,'é ?ﬁg@st irred

sol lu'; i gamldl e Qmﬁﬂj&dlsaéxhﬁéfewmbe afith |166mb65 HCI 2N,6&ncad withf 2@ it rofieatert Thé e (5
nmo |

mtblmng aqueous layers are extracted iwice with 10 mi of isopropyl acetate. The organic
phase is extracted three times with 15 ml portions of an aqueous solution of K,CO; (10%).
The aqueous phase is washed once with 15 ml of isopropyl acetate. HC! (2 N) is added to
the aqueous phase to adjust the pH to 2, and the solution is extracted three times with 20 mt
portion of isopropyl acetate. The combining organic phase is washed once with 20 ml of '
water and the solvent is removed fo give the crude product. The crude product is crystalliied
from ethyl acetate and isopropyi ether o give the pure product.
m.p.: 137-139°C;
Tle: Ri-value: 0.21, (foluene : EtOAc : AcOH = 20 : 20 : 1), SiO,- plates (Merck KgaA)

7N 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

g
'*i W
©A\/LN’N
H

To a 50 ml, three necked round bottomed flask, 10 mi of a solution of dilsobutyl aluminium

Procedure:

fluoride (10 mmol, 1 M in hexane), difuted in 10 ml of toluene, are added. NaN, is added fo



3 m of toluene are added, the mxture is warned to 90C (i.t.) and stirred
over the night. The tenperature is increased to 105C (i.t.) and stirred
over the night. After a total tine of 70 hours (no conplete conversion) the
reacti on was quenched. The m xture is cooled to -10C and treated drop w se
with 8 mvogoswidsey 6N) (pHLl). The aqueous phase is exXRCHERZBHWMIBHh 10 nl of
ethyl acetate. The organic phase is washed twice with 10 m portion of NaC
sat. and then extracted twice with-49-m portion of KHCO3. The water phase
is washed twice with 10 ml portion of ethyl acetate and then treated with
HCl to pH 1-2 and extracted three tines with ethyl acetate. The organic

h i.s dried S t he. t ' t i ft

Gy no [ Eoi ESEanmnan, e i Bl bhied ATRHR S bt Trpelere &'

EE) OAC: ls@iﬂ@lﬂsoﬁiﬁﬁth?c&))ed_ &namitgaﬁ ice&aa(!?h{}mumobﬁhmmdn)tmé (W)rcﬂledm F 6-a H
nmo . Oor S .UM azl.ae .are cC r a . U [ argon
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B G (s (35 omplbe ngrsion 554 rpeRe Wb shire: Tl kb RS B dotl i Aot T
I's heatsd tmhtee&@f\oi'aé rmsﬁgfacmcr(%p pHAQ m_?fﬁqueoﬁs b?weSs e).&feic@"d wilhi1® ti rreht ge

conversi on was CO ete - r up: . e rea I QN re |1 s quencne on
o s oo effal arIe T GRS 13 Gerhal Twigk s 16 godop ot ReSsab podhorc aonr ¢

39i d }/\hh%m%*tﬁc{gg_wsﬁt B8l with ]?mn;(l) BOfBGS6F IHEOLL The REtePpiRGE B Weathed wheeoWith |0 formed i s
| SSOl ve a IT1oNn O

m acetonitrile to jve a ¢l.ear bi phasic
sol ut | OF PorihB ok glisetaf Anddherurealid wih WG o i o #Xagied tee Fnedely |
acet at egthyf BeetaiRMHS R Garfd BRBE & dHea D06 NH,SOLd tAS EGCbrtrdnibvéd inaceim & aqueous
solution (10 ? of {i)HOt assi um car bonate and adjusted to pH 10. The organic
phase i%vesiter dotgdhe {eqeoducth 10 Ml of water. The conbi ned aqueous basic
phases @pe AsgiLngdrged with 2 N HCl and the pHis adjusted to pH'1-2. The

product_is extracted with et hé/l acetate. The ethyl acetate is
Tic: - Rf-value: 0.48 (Toluene : EtOAc : AcOH (20: 20 :1)

Example 6: 5-(2-Fluorophenyl)-1H-tetrazole,
F

C : /:N --..H

20 mmol (1.3 g) of sodium azide are charged to a 25 ml flask under argon atmosphere
followed by slow addition (via syringe) of 11 ml of a solution of diethy! aluminium chloride
(1.8 molar in toluene), 20 mmol, at 0 °C under stirring. The suspension is stirred over night

_,  atroom temperature. Then 1.8 g (1.2 mi), (15 mmol), 2-fluoro-benzonifrile 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 HCl
{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 mi of an agqueous solution (10
%) of pot-assium carbonate and adjusted to pH 10. The organic phase is exiracted fwice with
10 m! of water. The combined aqueous basic phases are neutralized with 2 N HCl and the
pH is adjusted to pH 1-2. The product is exiracted with ethyl acetate. The ethyl acetate Is
evaporated under reduced pressure to give a crystalline residue which is further dried in
vacuo af 50 °C to give a white crystalline solid.



evapor at ed under reduced pressure to give a crystalline residue which is
further dried in vacuo at 50 Cto give a white crystalline solid. WO
2005/ 014602 PCT/ EP2004/ 007980 -45- mp.: 158 -160 C. Tic: R -value: 0.48
(toluene : EtOQAc : AcOH = 20:20 20: 1SiQ2 - plates Exanple 7:

- Hy dr owpeesi#yd460bi phenyl - 2-carbonitrile Br O Ac OH PET/EPPQ/00TI8% | |i i |
QAc-derivative 4'-Hydroxynet hyl - bi phenyl - 2-carbonitrile One pot PTC
preparation of 4'-hydroxynethyl-bi pldgwl -2-carbonitrile from 4'-brononet hyl -
bi phenyl - 2-carbonitrile w thout isolation of the internmediate OAc (0-acetyl)
derivative A 750 M flask is charged with 54.4 g (0.2 nol) of

-bro L‘ggl .@gpgenyl 2-carbonitrile and 250 m of toluene. To this
suspens n 'S a a solution of 30 g (0.3 nol) of potassium acetate in 15
m of \Vit:eRf vale: hét dologenddAc nAsdl ~e20i: 20h 4 RS0, -iplete an i nt er nal
tenperature of 90 C to becone a clear biphasic solution. After 12 hours at
an internal tenperature of 90 C the conversion to the OAc derivative is
conpl etExamples7: b dihaisoxymethyi-bipreenyl-Zcarbariili down to internal tenperature of
about 50 C followed by addition of 150 mM NaOH (2N). The m xture is heated
up to an internal terrperat‘tlreApf ca. C (extern. tenmp. 80 C). After 5
hours abr this tepperature|t®ie PTC saponf ficatigh is conplete (100 %

conver skQ ) . Addi t ijokal 50 tpl uene i ded find t he warmreaction
sol ution C is washep ijres with ¥ of hot water until the
pHis aro e TolUee phas ed duced pressure and

tallinelresidue @’ hours in vacuum
crystallji ne prod th 98 % purity~NHPLC) and a water

OAc - derivative “-Hydroxymethyl-biphenyi-
: 2-carbonitrile

to give the whi
ccQﬁent of 0.23 %

One pot PTC preparation of 4-hydroxymethyl-biphenyl-2-carbonitrile from 4'-bromomethyl-

biphenyl-2-carbonitrile without isolation of the intermediate OAc (O-acetyl) derivative.

A 750 mi flask is charged with 54.4 g (0.2 mo!) of 4-bromomethyl-biphenyl-2-carboniirile and
250 ml of toluene. To this suspension is added a solution of 30 g (0.3 mol) of potassium
acetate in 15 ml of water. The heterogeneous mixture is heated up to an internal
temperature of 90 ° C {o become a clear biphasic solution. Afier 12 hours at an internal
temperaiure 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 ml NaOH
- (2N). The mixture is heated up to an infernal temperature of ¢a. 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 limes with 50 mi of hot water until the pH is around 7. The toluene phase is
evaporated under reduced pressure and the resulting crystalline résidue 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
Tic: : Rf—value: 0.45, (toluene : EtOAc : AcOH = 20: 20 : 1), SiO, - plate

Example 8 a: 5-{4"-Formyl-biphenyl-2-yl}-1H-fetrazole or
2'-(2H-Tetrazol-5-yl}-biphenyl-4-carbaldehyd



mp.: 118-120 C Tlc:: Rf -value: 0.45, (toluene : EtOAc : AcOH = 20 : 20:
1), Si02 - plate Exanple 8 a: 5-(4-Fornyl-biphenyl-2-yl}1 Htetrazole or
-(2H Tetrazol - 5-yl) - bi phenyl - 4- car bal dehyd WD 20051014602
PCT/ EP2004/ 007950 -46- 0 NH H () 1.01 g (4 mml) of
5- (4 - hyWOo®95#3468% | bi phenyl -2-yl)-1 H-tetrazole is dPSHEPYRPUI7 ni of a 10
%aqueous sol ution of potassium carbonate. To the stirred solution is added
an aqueous solution (ca. 8 % of soggum hypochlorite (eau de Labarraque) at
roomtenperature. After 40 mn. a conversion of 50 %to the al dehyde is
observed. After 3.5 hours additional 1.5 m sodium hypochlorite is added at
roomtenperature. After a &pggl reaction tinme of 7 hours a conversion of >
93 %is observed. Sfjirringfov night at 0 Cinproves the conversion to 97
% The reaction m ]
sulfite solution (5 | er stirring for 1 hour to destroy excess
hypochi orite. Then 2- butene (1.5 m) is added and the product is
precipitated by carefully 8rggping 10 Ml of 6 NHCI at O Cto the m xture
under stirring. The product 1s extracted with ethyl acetate and the sol vent

i's evawon gt(¢d1nidqo¢5§(4fﬂﬁr&rokﬁn@hwﬁlpﬁé?@l—§ﬂb-ﬂﬂtétfeﬁd!é@é dissbhvdin 18#ofl86OC Tic: Rf

-val ue: (tol uene : pl ate. Exanple 8
b: Conpélﬁ%l‘e?% sofufion ef ROEPSSHVW&'/‘HEOEQI“N ﬁWéﬁ?P'“éO’W ?%G%W%%’P%‘?ol e, rr204 gy
<(:| 2hI mT&‘lI()tltoR%ceﬁ B&de@tﬁum Rysocfiotfel{bf) & Labafthque) at l@bMQ&ﬁp@ﬁi@rel Avbr 41f

i chl or oret hane

suspension is cooled to 42 of nitric acid
(ca. 6 Wi P convegsipmgt 5 Ye-torthg pldplydg dgehserved; After ko B‘E)‘F? P%hh%?'% Bl under .
stirringodih RbocRGHtE tsSaddBd at iebMaemperbmiRt | Aftey 8 kdtaesctiby iime Bf 7 Edsms ace bath is

ﬁg/aved and stlrrlng i s contjnued at roomtenBerature for ca, . After 1 h
t f

pr ERAYETSionf ¥ 9P &6 ieropesngd- i Hriing Qyer wight|ad 01 - SRRPYRS tF'%&‘EI"PE‘f?“ﬁ? ?? ure. The
slurry &3 THe%Rdod ﬁl;)&rgsfdﬁénchbdhv\i}ﬂ'id o BgURolid Sddiing HydrBged suflitedddion @8 Vi ng i n

vacuum 400 nmg of pure ald c}/
ml) under stirring for 1 hour to destroy excess hypochiorite. Then 2-methyl-2-butene (1.5 ml)

is added and the product is precipitated by carefully dropping 10 ml of 6 N HCI at 0 °C to
the mixture under siirring. The product is extracted with ethyl acetate and the solvent is
evaporated to dryness o give the solid product.

m.p.: 184-186°C

Tle:  Rf-value: 0.31, (toluene : EtOAc : AcOH =20 : 20 : 1), SiO, — plate.

Example 8 b: Compound (VI ¢), 5-(4"-hydroxymethylbiphenyl-2-yi}-1H-tetrazole, 504 mg ( 2
mmol} is suspended in a mixture of 2 mi of toluene and 1 ml of dichloromethane. The
suspension is cooled to 0 °C and 0.42 ml of nitric acid {ca. 6 mmol), (65 %, d = 1.4) is added

C in ohe portion at 0 °C under sfirring which results 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 (Vl) 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)
cl

::z; \Ez
Lot

A dry 25 mi 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.



Exanpl e 9: 5-(2-Chl orophenyl)-1Htetrazole (wth dibutyl boron azide) ci NON
HAdry 25 m flask is charged with 10 m (10 mmol) of a heptane sol ution of
di butyl boryl triflate (1 nolar) under Argon. To this solution is added 650
nmg (10 nmol ) of sodium azide. WO 2005/ 014602 PCT/ EP2004/ 007950 -47 The
suspensi WO 2p&/034602 r ed over ni ght at room t enper at ur ePEHEBOE0Z88i but yI bor on
azide. To the suspension is added 1.0 g (7.7 nmmol) 2-chlorobenzo nitrile as
a solid in one portion. The reactioa7+wi xture is heated up to 130 C
external tenperature. After 5 hours the conversion to the desired product is
only 5 % Additional 5 m of toluene is added and refluxing is continued

er uxi (B sysbylgiin igitdidvar AR o AGHABRRAIIS o Thed dp@ibfibn BPEL. TR, =4 1
react i osuspensianoppededsl0 g GF-&mmdi)2-chierolsnizo gitilées g epliddwosepprersiién on 6 N HC .
T opr e it hERLPE, kO1oh% WALAR dHBSE Whe? X 10 11 Of potass! um

car bon sol u |"ayer o pH1 with 6N HCl and the
pr oduct 5 heure ¥tercaoversiomiotthe dedirgti pmdectas enly SVheAtkﬁtiomelrﬁ mi of iueneds at ed t o

dryness ' ff-whi |k 48, tol uene :
Et CAc a%%&%h%‘%ﬂgﬁg 'Sff) };m'@%%ﬁé?— 'gﬁai't AGF@ %:g%? @ngM@ggﬁ’gr ophenyl)-1
H-t et r asfbdredii@dhal 24 h refluxihg &l 13018 C (%xb&ar@)me c@®&rsian ioB5 6 HRUCGYr sodi um azi de
45 S | dleth ) loride (4.5

ol , LT A B Gnet By BB a0l 3% o Sidsatiuon & BRUACTER Xt ure (T
st [ r . edpratiuat mcenraﬁad)brtm waier please 4lith 24718) mb:fmpbtaésr@hlcarbobatazsolutldrrr iThe are added
to the yobl Bl Rlald st A0h b Rot SAhE SRalleld Hioled i AGabllnd 0 195

<~  The solvent is evaporated to dryness to give an off-white solid residue.

et Tle: Revalue: 0.48, foluene : EOAc : AcOH (20 : 20 : 1); SiO, -plate.

Example 10: 5-(4-Chlorophenyl)-1H-tetrazole
N
N
Nf‘
R
Procedure;

292 myg of granular sodium azide (4.5 mmol) are added fo a cold solution of disthyi
aluminum chiloride (4.5 mmol, 1.8 M in toluene) diluted in 2.5 ml of toluene, and the mixture
is stirred at room temperature for 4h. 473 mg of 4-Chlorobenzonitrile are added to the
_ stirred solution, and the reaction mixture is heated up to 135°C (e.t.) and stirred over the

C 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 exiracted. The aqueous phase is washed twice with 10 ml portion of
ethyl acetate. The combined organic phases are washed with 10 m! 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 fo give the product.
m.p.: 255-257 °C
Tt  Revalue: 0.40, toluene : EtOAc : AcOH (20 : 20 : 1); SiO, -plate.



ni ght. Conpl ete conversion is observed by HPLC. 5 ml of toluene are added to
the m xture, then the solution is added drop wise to a cold solution of HCl
6N. 10 nml of ethyl acetate are added and the sol ution extracted. The
aqueous phase is washed twice with 10 m portion of 1}/ acetate. The
conbi nedVQRYaM14602phases are washed with 10 m porti o?ﬁ”ﬂ: PR and  finally
wth 10 mM of water. The solvent is renoved and the product is dried in
vacuum at 60C over the night to giv48the product. nn.: 255 - 257 C Tic:
R1-val ue: 0.40, toluene : EtOAc : AcCH (20 : 20: 1); SIQ2 -plate. WO

2005/ 014602 PCT/ EP2004/ 007980 48 HPLC. Hew ett Packard, solvents. H3POX4,

SCCLom AL SRS R oo AGRAE e B EBEL 2RO 220 1
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The folfg%g %E{/@gﬁpgﬁyl ngzﬁt 'ﬁﬁ’\el% 1% Y ould further | | | ust rate t he

present’ i nven | on. he net’ho the present invention,
tetrazol e conpounds of fornmula (1) are obtai nabl e starting fromnitrile

corrpounds of forpnula (Il a): ED a | np:172-174C np: 106.103-Gj -: NI I Ot p
"IN 04 leg 1m Tl NN ~ HNIN N NNI NO-y/~p~ Oyry'~ N. H I NTH
~ 1, NhetShoWirgRatR: @tafiied 1N a) to 11 1) should further illustrate the present invention.

When applying the method of the present invention, tefrazole compounds of formula (1) are

obtainable starting from nitrile compounds of formuia (Il a):
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Using the technology as described above, especially as described in the examples, following

compounds can be obiained:



NN HNa NNR | N- RH~y ~HN F (CF]) FFR RI FFNat, NN NAN
H-NNN-- NON X ------ r X NHN( - NIl V X=halogen etc. It H NON

< j~1~~7~~ ~ NN % V HNN HON Using the technol ogy as descri bed above,
especially as described in the exanples, follow ng conpounds can be
obt ai ned WORNIHAN2014602 PCT/ EP2004/ 007480 49 N-N 'BSF/EP2Q0H/0§980 N N N NI
NHOH\ NMP. 220-222C - / MP. 158-160C - C MP. 255-257C
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Example 12:
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Valsartan (DIOVAN}




1t 1l HOg,,NH\ NiNMP. 253-255C - | / Rf: 0.31. OHN NII NNt \

NiNI \ NiNmp.140-141C - MP. 150-152C N --(~ {{JJ HN ,N11 /N F C

M P. 158-160* C - 173-1750C Exanple 12: 0 OHOH 1. MR 0 2. 1-N, Valsartan

(DI OVAN) WD 20051014602 PCT/ EP2004/ 007950 -50- A susgensi on of 5 mmol of
HEPROHOB 8| ar

f or mul a WO3®5§1®0mol ), in 5 M of toluene and 2.7 nP
solution of triethyl alumniumin dry toluene are slowy conbined at 0 C
The separately prepared diisobutyl-A¢-azid (7 mvol) in toluene is added to
the suspension and finally the mxture is heated to an internal tenperature
of ca. 110 C over night. HPLC control shows after 14 h ca. 50 % conversion.
Anot her portion of diisobutyl alumniumazid (4 mol) is added and heati ng
at reflux tenperature at 130 Cis continued for further 12 hours. HPLC
shows A suspersian b romolcd form@a % t o t he desired product (Val sartan DS) and
ca. 23%of gstarting material. After cooling down to roomtenperature the
reacti on gn xXtyff e was quenched onto a m xture of an aqueous

(: 1.96 g 5 mmol), in 5 mi of toluene and 2.7 mi of a 1.8 molar solution of friethyl aluminium in
dry toluene are slowly combined at 0° C. The separately prepared diisobutyl-Al-azid (7
mmol) in foluene is added fo 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 diiscbutyl aluminium azid (4 mmol) is added and heating at reflux
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 ml 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 {ioluenefi-PrOAc) are washed with 30 ml of water and evaporated to dryness in

™ vacuum o 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:



solution of 50 mmol of NaNO2 in 40 ml of 2N hydrochloric acid. Additional 20
m of 2N HCl is added under stirring to dissolve precipitated al um nium
hydroxi de. Finally the product is isolated fromthe agueous phase by
extraction with i-propyl acetate. The conbi ned organic hases

(tol ueneWp-2p5@MEP2 ar e washed with 30 m of water andPeVERIPMER to dryness
in vacuumto give crude oily val sartan which contained still ca. 23 % of
starting material. The product can.ge.purified by careful extraction with
KHCO3 fromthe organic phase to the aqueous phase as the bis potassiumsalt
and subsequent adj ust rrent with hydrochl oric acid and back extraction to

| - propyl acetate. h o1 § Q% EP2004/ 007980 -51 Losartan
via Diethyl-Al Azid™ 5@8@,{4 3%9 eses ex Br-OI BN C C 7 W' O
HCHCNOIHNaBH4HOHO % i zegfuH 1% MV:

37788 MN: 422.92 Losartan x=C, .0S0 a Reaction Step 1: Discl osed in 1)
K. Srinivas at al., Synt heS| S, 2004 (4) 506 2) R D. Larsen at al. .
Og. Ch , 6391 (% ) 3) T. Katos® hida, EP 5 (19940112)
Reactio%“ 2. Reduct f the al dehylge\ th NaBH4 to%

correspgndi ng al®8hol ) 3. 78 g (nNuh, 1) 1. Aty

"5-fornyl -i*m daz8i™) - yl ne I'{;)ﬂ.n.:\ll-z-c onfl t S ar e e ed in 50
m of eth nolr To this su n is added ortions 152 nmol ) of
NaBH4 u tirring at 10 fter stirring 2-3 hours the Y%egaction is

guenched ition of 10 m 2N HCl . The reaction mixture i s concentrated
in vacuum and#final |y df¥8t®d with 25 ml of

X=Cl,Br,J, 080, R

Losartan

Reaction Step 1:  Disclosed in
1)K Srinivas et al., Synthesis, 2004, {(4), 506
2) R.D. Larsen et al,, J. Org. Chem., 59, 6391 (1994)
3) T. Kato &Y. Shida, EP 578125 A1 (192940112)

Reaction Step 2. Reduction of the aldehyde with NaBH, o form the corresponding alcohol:l

3.78 g (10 mmol) of “5-formyl-imidazol-1-ylmethyl-biphenyi-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
ml 2N HCI. The reaction mixture is concentrated in vacuum and finally diluted with 25 mi of
water. The aqueous phase is exiracted 3 times with 30 ml of ethyl acetate. The organic

®

phases are combined and evaporated fo dryness to give an almost white sofid 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 (5 mmot) of the ,hydroxymethyl-imidazol-1-yimethyl 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
diethyt aluminium azide in toluene, which is prepared in a separate flask, is added via
syringe. (This 10 mmol of Ef,Al-N; was prepared by stirring 10 mmol of ELAICI and 10 mmol



wat er. The aqueous phase is extracted 3 tinmes with 30 ml of ethyl acetate.
The organic phases are conbi ned and evaporated to dryness to give an al nost
white solid residue which is dried in vacuum The crude "al cohol" is used
in the next step without further purification. Reaction Steﬁ 3. Exanple for
"in-sit WORWSEEEIZON" with Al Et3 and subsequent cycl JEdEFRPURYH ¢ h

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 met hyl 462henyl carbonitrile”™ fromthe previous
step is suspended in 10 m of dry toluene under argon. To this suspension is
added at roomtenperature under stirring 2.8 m of a 1.8 nolar solution of
Al Et3 i I ,ﬁ,‘@@ dditional 3
hours. d?ﬂi?reaﬁ mqaﬁ?‘?ﬁ %gél&%&%epjmry&% | et wﬁigﬁﬁ?ﬁﬁfﬂaﬁ%ﬂa?{b lélﬁuene whi ch

i s prephe digthylrlemisispeazideds dissolved in tolusgale dhefegtiongyixiurRyie heated farelgx ol of
Et 2AI - .
D005, 0 1a b RN ! 1! BofiRiionths odrefidtly FACC %'gaéﬁ%gfrtr%gr ature

over nirghingdorgAtwues tive raaetnmmwmcaﬂedmamom feoperatuie and Ballyl  al umi ni um
azi de i eﬂér%%%‘éﬂdaqpé‘mfs%rdﬁ&%f 40 T fgfdéhénmwl‘é'? SN dxﬁaﬂ&&dacfzfef ef I ux

(-111 , extern enperature ca. tonversi on s contr d by HPLC
anal ysikhenafididonal 2@ mf QﬁaN‘i@Cfﬂ@ad@d underrsdirringdo diesodvei theprgciptaled was cool ed to

o (BB, Rl bl pro BB e BEDUR B T, °0 ‘N Ha | <

added axtrastioptwith rethygaqetatah Beaiombined erganimhpsasd tobugne/EiOMN araiwashed 2oxi de.

FlnaIIy r f taction with
ety oSS R w5 o leBhted 8 Bfketin IRAE 0 RPBARgLSear! TG, 07,
s wirgde IZEaianma‘nmEuuesﬁeddrycbn@taﬂpehmfwn CH:CN gneld N watenoniximes,o gi ve crude

t urified by crystallization from CH3CN
or g\}lc?r-gmtsto m){!_‘?u:x‘?éaé %gggg 1%4)?0 literature; (J.O.C., 59, 6391 '
(1994)). Exanple 14: H21.!'t: " =N HN=NN- N. \ conc. 16.74 g (80 nmol)

of the Ex‘é ed_mxyrret hyl - bi phenyl -2-carbonitrile” is suspended in 100 m of

o 1) LiH — - 3)
ﬁ Z) ELALN, 'NaOH, NaNO,
@ solvent: Xylene dann HNO, conc.
s s ettt e

C

~ 16.74 g (80 mmol) of the “4-hydroxymethyl-biphenyl-2-carbonitrile” is suspended in 100 ml of

o 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 sytinge. The reaction mixture is heated to reflux (~120
°C), external temperature ca. 140 °C. Conversion is confrolled 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 sfirring. 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



dry xylene (isonmer mxture) under argon. To this suspension is added at room
tenperature wunder stirring 0.636g (80 mml) of lithiumhydride. The
suspension is stirred for an additional 4 hours at 120C external
tenperature and a solution of 160 nmol diethylalum niumazide in toluene
(whi ch | WOP0934682 separately by stirring 160 nmml of CVEPEPHPTBIuni ni um
chloride and 160 mmol of sodium azide in xylene [isoner m xture] at room
tenperature overnight) is added via-8yfinge. The reaction m xture is heated
to reflux (-120 C), external tenperature ca. 140 C. Conversion is
controlled by HPLC anal ysis. After refluxing for 24 hours the reaction
m xt ur e—i o N-N rs I % ed A sol ution
of " s00mePERBESe e A RTREAR i SugDl oy it Tl g 20 azcf,
Fi nal | y5-95-biphery-4carbaldehide i$ ebtaidetbd under stirring. To the resulting
suspension is added at roomtenperature under stirring 31g (320 nmol ) of
65% nitric acid. The suspension is stirred for an additional 6 hours at 60C
externaﬁ@&igature (internal WD 2005/ 014602 PCT/ EP2004/ 007980 -53
Tenper a =55C). Finally the product is isolated by filtration. The.
crude 2'-(1Htetrazol - 5-yl)-Dbiphenyl-4-carbal dehyde i s obtained.. Exanple
15: a) Preparation of
3- et hya) 2Preparg Binethyli2 -4 . fenyl-4; ‘
am no} - but rF:i. .r a'm\al "co N, Aqueous sodi um hydroxi de sol ution 30%
(4.2 m; X added to a stirred suspension of L-Valine (2.43 g;
20.8 mmol) and 2'-(1 HtetrazoI-S-yI)-br\K::I 4- car bal dehyde (5 g; 19.6
e

mmol ), in water (20 mM) at roomtenperatdre, until pH 11 is reached. The
resulting solution is stirred at room#g ature for 15 mnutes. The clear
sokytion is evaporated at 60C in vaguol and renmining water is
azeotropically renoved with 10 m tanol. "H NVR (CD30D, 300MHz):

Aqueous sodium hydroxide solution 30% (4.2 ml; 31.5 mmol) is added to a stirred
suspension of L-Valine (2.43 g; 20.8 mmol) and 2'-(1H-tetrazol-5-yl}-biphenyl-4-carbaldehyde
(5 g; 19.6 mmol), in water (20 ml) at room temperature, until pH 11 is reached. The resulfing
solution is stirred at room temperature for 15 minutes. The clear solution is evaporated at
60°C in vacuo, and remaining water is azeotropically removed with 10 ml 1-butanol.
H NMR {CD,0D, 300MHz):

C‘/\ 0= 8.21 (CH=N, s), 7.67 (CgHs-CH, d), 7.40-7.60 (4 CgHs-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-y)-biphenyl-4-yimethyl}-amino)-butyric
acid




5= 8.21 (CH=N, s), 7.67 (CGH CH, d), 7.40-7.60 (4 CoH5-CH, m), 7.18
(CBHS-CH, d), 3.42 (CH, d), 2.31 (CH, m, 0.98 (CH3, d), 0.82 (CH3, d). bl
Preparation of

(S)-3-Methyl-2-((2'41Htetrazol -5-yl)-bi phenyl - 4-yl net hyl ) -am no) - butyric

aci d ) (OD0H#005M14662 ' N- NH WO 2005/ 014602 PCT/ EP2004/ 00MOBBP20044W 798 ueous sodi um
hydr oxi de solution 2.0 M (approxinmately 100 m; 200 mml) is added to a
stirred suspension of L-Valin (11.8.g4-100 nol) and 2'-(1

Htetrazol - 5-yl } bi phenyl -4-carbal - dehyde (25.1 g; 100 nmol) in water (100
m) at roomtenperature, until pH 11 is reached. The resulting clear
solution is evaporated at 60C in vacuo, and renai ning water is azeotro-
pically removed with 1-butanol. The residue (imne as a solid foam is

di ssolved in absolute ethanol (300 m), and sodi um borohydride (3.78 g; 100

1) is added | ti, . | uti 0- The. . £ i xt i
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vacuo. dthsnof(300 enlpaidisteiunt Borahyiipias (T &;00wins)ie bdédd ih@6itionsd thdie slurry is

(S 5 nistign S60°B(G Prevmestioh misure Jsstfes S5 O O8°Gervilt oreectioh o) - butyr i c
15 . e gt yebuiany comasesh ot et oo i )
aci d ca'ﬁ}; Béo BMolar ¢ orgagic sglvent ‘Fth"i‘ﬂﬁﬁ:i; ﬁﬁ&@ﬂég f?&a%ﬁ ﬁl%&?‘l&f@f‘z&]' gb‘%tut i o% 10 M-
(appr oxsoratelacud. 1 THE ienthifing@ftledud Sonastthaek ik adjasted to pH 2 by slow addition of

hydrochloric acid 2.0 M (approximately 70 mi; 140 mmol) 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 the slurry is cooled to

room temperature. (S)-3-methyl-2—((2’-(1H—tetrazoi—5-yl)—biphenyl—t't-yhmethyl)-amino)-

butyric acid is collecied by filtration and then dried in vacuo.

b2) Altematively, (S)-3-methyl-2-({2°-(1H-tetrazol-5-yl}-biphenyl-4-yl-methyl)-amino)-butyric

acid can be prepared e.g. as follows:

Aqueous sodium hydroxide sofution 10 M (approximately 41 ml; 410 mmol) is added to a
C 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 compiete (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 remalining 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



stirred suspension of L-Valine (24.8 g; 210 mmol ) and

-(l Htetrazol -5-yi)-bi phenyl -4-carbal - dehyde (50 g; 200 mml) in water
(200 mM) at roomtenperature, until pH 11 is reached. The resulting clear
solution is evaporated at 60C in vacuo, and renmaining water is
azeot r opV@aMSPL46PEDVed Wi th 1-butanol . The resi due FEHEREMANTE 5o d foam
I's dissolved in nmethanol (600 m), and sodi um borohydride (3.13 g; 80 mmol)
is added in portions to the solutionddt 0-5C. The reaction mxture is
stirred for 30 min at 0-5C, and, if the reaction is conplete (HPLC),
quenched by addition of water (300 m ) and hydrochloric acid 2.0 M (160 nl;
320 MEND-(NBLRABRS-Y) bphaty-LRmdmgh bridopBuite ¢! ear
sol utlon tﬁtﬂg ra%é;%fn%%acg (( %e renz?—nl@ng %gﬁeousggorr?ce trtgte S
adj ust e@mdecgmomdﬁyf@tabw atinen dmdjﬂvﬁﬁjl@r ochloric acid 2.0 M (approxi mately
90 nl) g4 t he desired product precipitates. It s
col | ect edar@%;?nﬁi{a Igﬁ}hﬁ!_é‘g%lgg% water and dried in vacuo. The crude
product is suspended in nethanol at 50C, and stirred for a few m nutes.
Then t oa S| Afhbulely, 8R4 Ak P2 Y0 ARARHEA 0R R ERSRAGHHNERRR) busife T 0Om
t enpera
(S) 3- neadlytarﬁbe(mreparedteigtmeMI 5-yl)-bi phenyl - 4-yl - et hyl ) - ani no) - but y(c
acid is collected by filtration and then dried in vacuo. Enantiomeric excess
(by HPLSI)diureehydroﬁiﬁe 91.74¢d) 391.8% menol}ds iadeéddyin portions to a stirred suspension of L-
(S)-3- I g r I I but yr| C
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exarnpl eEnan%o%enc excess (by HPLC). ee > 99.9 %

b4) Aliernatively, (S)-3-methyl-2-((2’-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl}-amino)-butyric
acid can be prepared e.g. as follows: _

In a 50 mi steel autoclave, 3-methyl-2{[1-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yl}-meth-(E/Z)-
ylidene]-amino}-butyric acid (1.5 g; 3.2 mmol) and 5% PY/C (7.5 mg, 5% wt/wi) is charged
under argon. Then 15 ml methanol are added and the autoclave is sealed and flushed with

argon and hydrogen. The pressure is set to 5 bars and the reaction stirred at room
temperature. The reaction completion is monitored by HPLC. Then the autoclave is flushed
with argon and the catalyst is filtered off. Further work-up and erystallisaﬁon are done similar
to example 1 b2).

b8} Aliernatively, (S)-3-methyl-2-((2'-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl)}-amino)-butyric
acid can be prepared e.g. as follows:

*-(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 mixiure is stirred at room temperature until a clear solution is
obtained. 5% PYC (15.8 mg; 2 wi/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



Enantioneric excess (by HPLC): ee > 99.9 % b4) Alternatively,
(S)-3-methyl-2-((2'-(1Htetrazol -5-yl)-bi phenyl -4-yl -net hyl )-am no) - butyric
acid can be prepared e.g. as follows: In a 50 m steel autoclave

3-methyl -2{[1-[2'-(1 Htetrazol -5-yl)-biphenyl-4-yl]-neth- S

yl i dene] WAAWS4@Ut yric acid (1.5 g; 3.2 mmi) and 5% PEPEMNHTHO g 505
wliwt) is charged under argon. Then 15 m nethanol are added and the
autoclave is sealed and flushed w th56argon and hydrogen. The pressure is
set to 5 bars and the reaction stirred at room tenperature. The reaction
conpletion is nonitored by HPLC. Then the aut ocI ave is flushed wth argon

and t he,gady 'ébﬁ{gle‘tuén Is! r{u&rf%Fe‘a é@fﬁpgﬁ{u@% J?'% iRSRb kil Sdrgod drtfths On ar e

done sim exa t erna

(9)-3- neataiysueﬂﬁlfe(egl off( Emntheemdczun arlﬂnws)allbamq k:!onla similarde Bxamplexhb?o) - but yri ¢
d
agl (1(IE|?F %}ﬁg@%ﬁ&%&ﬁ%@yﬂiﬁ i1 -4 cgz;iyr\%él dehyde (0.79 g; 3.2 nmol) and L-Val i ne

(0 4 g; 3.4 nmmol) are suspended in 15 m nethanol. Then sodi um hydroxide is
added ( 7 Y \: ) at room
Ferper afur efarefin'd (FEMehyER e Mo i haBheo L Gt B LT )
Wt/ wt - 99 | aminoldwadiyric Boid aut oclave is sealed and flushed with argon and
hydrogen. The pressure is set to 5 bars and the reaction is stirred at 60C
The WD 201151014602 PCT/ EP2004/ 007980 -56 reaction conpletion is nonitored
by HPLC. Then the autoclave is é:)hed with argon and the catalyst is

filtered off. Further work-up@and crystallisation are done simlar to
exanple 1 b2). Enanti hC by HPLC): ee > 99.9 c) Preparation of
($=3-Methyl -2 {pentanoyl-[2" - razol - 5-yl ) - bi phenyl - 4-yl net hyt| -
am-qo) -butyric acid 0 v v 'N "\ -NH

A suspension of {S)-3-methyl-2-((2-(1H-fetrazol-5-yl)-biphenyl-4-ylmethyl)-amino)-butyric
acid (17.6 g; 50.0 mmol) in 1,2-dimethoxyethan (116 g) is cooled to —5°C, and valeroyl-
chioride (9.9 ml; 80 mmal) is added, followed by slow addition of pyridine (6.0 ml; 75 mmol)
diluted with 1,2-dimethoxyethane (60 ml). [1] After completion of the reaction, the reaction
mixture is quenched with methanol (18 ml). Finally water (50 ml) is added at room
temperature, and after stirring for 1 h, the mixiure is adjusted to pH 7.5 by addition of
aqueous sodium carbonate solution 10% (~ 116 ml, 120 mmoel) at 0°C. The organic solvents

O

are stripped off at 50°C in vacuo. Ethylacetate (125 ml) is added to the remaining aqueous
concentrate, and the two-phase system is adjusted to pH 2 at 0-5°C by addition of 2.0 M HCI
(~ 98 mi). The organic phase is separated and concentrated at 45°C in vacuo (water is
azeotropically removed). The crystallization of the product is initiated at 45°C and — afier
addition of cyclohexan (102 mi) - completed by cooling to -5°C. The solid is collecied by
filtration, and after drying at 50°C, (8)-3-methyl-2-{pentanoyl-[2'-(1H-tetrazol-5-yl)-biphenyl-
4-ylmethyl}—afnino} -butyric acid is received as a white powder.

Melting point: 108-110°C

Enantiomeric excess (by HPLC): ee > 99.5 %



A suspension of (S)-3-nethyl-2-((2'-(1

H tetrazol - 5-yl) - bi phenyl - 4-yl net hyl ) -am no)-butyric acid (17.6 g; 50.0
nmol ) in 1, 2-di met hoxyethan (116 g) is cooled to -5C, and val eroyl - chloride
(9.9 mM; 80 mml) is added, followed by slow addition_ of ridine (6.0 m;

75 ol YWORMSHIASEZ wi th 1, 2- di met hoxyet hane (60 ). 'i_'Cﬁ’EP&B‘IV“@PWE%nm etion of
the reaction, the reaction mxture is quenched with nethanol (18 m).
Finally water (50 m) is added at ro®m tenperature, and after stirring for
| h, the mixture is adjusted to pH 7.5 by addition of ED agueous sodi um
carbonate solution 10% (- 116 m, 120 mmol) at OC. The organic solvents are

st ri ppgdy AtdmaVely Béridide éﬁ%%@roy%ﬂﬁ&@@eﬁi@é&déé 3@erﬁé’&ely‘ A seskkpdioh of {d)e

remal ni hg aqueous " concentrat e, he t wo-p hase systemis zgust ed to pH 2

at O- S@W?méi'cﬂﬂ(? r(éH‘t@fazQ"%Y'}vP'Pm"Y"’é’éf |"W¥Ht3}"'"°l)’rpé't3’6? @‘aﬁ (25 DBdFL | s separ at ed
and congani fef £6; ho%?&'lér@ é‘ff@@'ﬂs C¥s D H §°C %ﬁ@ %Iér@?[bﬁl@ﬂ' deB(S 76 @DYI‘?é) The

crystalllzatlono uctis initiated addi tion of

cycl ohenag!) srodedpyer 15 mﬂp@w@l byyslavorsiditie of @nm@e (Trh%g)s‘zﬂpveﬂm%ﬁw | ected by
filtratg %H wa ﬁé% veijé Aer Sfifing for 30 in. valgtoylchioride (5.3 g; 43.5

(S)-3- I- - anoy (1Ht %razo 5

4-yl netmp ﬁgpversmmlmf vmsittysryva@itw\p@@r . chﬂme?/ (Ace@).of Vel ti ng

poi nt ST, R 0051014602
PCT/ EPéé@ %?ﬁgﬁé@%&?@]@%tﬁer natE? é@fﬁgﬁrytrﬁghiﬂﬁ%v%nge@ﬂoé@ hl ori de can
be addé@ﬂ]ﬂllmggﬁhmwgﬂ willy watee hkg ph\oblhe g3pples should always be below 2.5. The
3- nethy % butyric acid
(25, rlaa |oﬁgs%tlrr(a&r§rt2§rrrﬁ Z‘@Er&?{ﬁﬁ&y o %Jgd?ﬁﬂiﬁ{’uﬁ h)ergig? géé%t o -10C and
g@wr owt:a’mi &rad@th@@mngmemzvaenemcnseré@d@d amd@itrrqctgforrampmerf?ol | owed by

er (1.5 9g)
over GMHn%&%Eeg?e ng%fﬁrlf?ﬁnév%om%@%)\lc%lv g?'(%m lﬁﬁﬁ] @Jrrtlhg%w%%g‘%gﬁ 43.5 mol)
is addewﬁéaﬂgﬂh@llﬁﬂmeaﬁdﬂsmﬂhﬁé@ﬁy%ﬂl@médﬂﬂw\@n over 30 min. of a mixture
(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 reaction is stirred for 25
mn., then water (25.6 g) is added over 30 min. The mxture is stirred for
another 30 mn., then warnmed to 23C over 30 min. and stirred for another 2



hours. Adjustenent of pH, renove of organic solvents by distillation,

further work-up and crystallization is done as described in the exanple 1
c) above. What is claimed is 1. A process for the nmanufacture of a tetrazole
of forrula N R NN H(lI) or a tautoner or a salt thereof, wherein R
represents an organic residue; conprising (i) reacting a conpound of
formula RCN (Il a) with an azide of formula (R )(R2)M N3 (11 b), wherein R
has the m n{n as .defined above; R and R2, independently of another,

r epr esent : *& resi due such as an allphatlc residue, an alicyclic
residue, a heteroalicyclic residue; an alicyclic-aliphatic residue; a
heteroal i cyclic-aliphatic residue; a carbocyclic or a heterocyclic aromatic

‘e due, ndoprbibmep Siabe HbiReie &th whStde BB6PVR o' o “Substi tuted; and

Mis boron or alumnium and (ii) isol J\ng the resulting conmpound of

formula (1). 2. A process accordinB iml for the manufacture of an
angiotensin 11 receptor antagonists g as structural feature a
tetrazole of formula (1CJ) NN HN/NHI r a tautonmeric formthereof,

wherein Rx represents a structural el enent eI ected from the group
consisting of 58 ct CH3

or a tautomer or a salt thereof, wherein R represents an organic residue;
comprising
()] reacting a compound of formula R-CN (1l a) with an azide of formula {R,){R:)M-
(: “ N, (Il b), wherein R has the meaning as defined above; Ry 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 carbocyc'lic or a heterocyclic aromatic residue; an araliphatic residue or an
heteroaraliphatic residue, each residue, independently of anather, being unsubstituted or
substituted; and M is boron or aluminium; and
(ii} isolating the resulting compound of formula (1}.

2. A process according to claim 1 for the manufacture of an'angin'tensin I
receptor antagonists having as structural feature a tetrazole of formula (IV)

="
- | HN, N

~O0
: (v}

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

-58.



HONH3 aN N ads PAINOCH CH9 60. N Na HO .0 -59 H3C~,/CH3O HO CH3

~ I1( 0Oand HC OHHyC N CH4 Gor, in each case, a salt thereof;
characterized by reacting a conpound of fornmula (IVa CIN Rx (IV a),
wherein Rx has the neani ngs as given above, with a conpound of formula

(R1) (R2) M N3 (I me), wherein R1 and R2, independently of one

s “°\I Mms

N CH,
A SV

C @y@ WAV
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anot her, represent an organic residue and Mis alum niumor boron; and
isolating the resulting conmpound of fornula (I1V). 3. A process according to
claim1l1 for the manufacture of a conmpound of forrmula (IV b) HO j~ CH3 TI
I~OHC/ \ - N:~ NH 1/ N=N(IV b). -60 conprising reacting a conpound
of formula (I1Vc) OHOCH3 NCH/ Z HON(IVc) or an ester thereof
with an azi d&Cf_#8Hmila (R1)(R2)MN3 (11 b), wherein R and R2,

i ndependent | y ofi eaclfj ot her represent an organic residue and Mis al um ni um
or boron; HE&_angx] solat i t hecgpnpound of formula (IV b). 4. A process
according to ¢fai N1 for thée manufacture of a conpound of formula N=N HN N

RV g ]

and

H,C
H,C MG

N 3
o, A
o L3
o |
g
A e,
o) (]
or, in each case, a salt thereof;
characterized by reacting a compound of formula (IV a)

N
|

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

Rx

with a compound of formula (R,){Rz)M-Ns (Il b), wherein R, and R,, indepandently of one
another, represent an organic residue and M is aluminium or boron; and isolating the
resulting compound of formula (IV).

a. A process according to claim 1 for the manufacture of a compouncll of formula {1V
~ b)
-
~ o
HO : /U\/\/c”a
-
N “ “NH
N=N vn).

- 60 -



or a tautoneric formthereof wherein Ry represents C -CB-al kyl such as

met hyl; C, -CB- al kyl substituted by X and X bei ng hal ogen, sul phonyl oxy,
hydr oxyl, protected hydroxyl, such as brononethyl, or an acetal of fornyl:
conprising reacting a conpound of formula (Va) INN Ry O(Va) wth a
conmpound of forrmula (R1)(RZYMN3 (Il b)., wherein R, and R2, independently
of one another, represent an organic residue and Mis al um nium or boron;
and i sol abbﬁ\ﬁnéu'@rea&ﬁ?’ﬁ»‘ébbrﬁﬁotﬁﬂrﬂ?%mﬂlaqw& rmula (V). -61 5. A process
according to claim1 for the manufacture of the conpound of fornula (VI)

" NN HN N O PO of a tautonmer or salt thereof, conprising (a) treating a
conmpound of foraula {{VI a) N X (VI a), wherein X represents a | eaving
group, fimH with a hi IGH; agent and teen with a solvolytic" base
resulting in co oun ormula (VI b) HO (VI b, , (b) reacting a
compound of f azide of formula (R)(R2)MN3 (Il b),

(IV c)
or an ester thereof with an azide of formula (R;)(R2)M-Ns (Il b), wherein R; and Ra,
independently of each other represent an organic residue and M is aluminium or boron;

C ) and isolating the compound of formula (1V b).
4, A procass according to claim 1 for the manufacture of a compound of formula
N=—N
[\
HN, N

V}
or a tautomeric form thereof wherein Ry represents C,-Cg-alkyl such as methyl; C4-Ce-

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
(Va) |

N
i

a®=W
: _ (Va)

with a compound of formula (Re)(Rz)M-Ns (Il b), wherein Ry and R,, independently of one
another, represent an organic residue and M is aluminiurn or boron; and isolating the
resulting compound of formula (V).
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wherein the variables R and R2, independently of one another, and M have
the neanings as defined above; resulting in a conmpound of fornula (VI c)
NN HN/N HOj \ (VI c) or a tautonmer or salt thereof (c) oxidizing a
conpound of forrmula (VI c¢) or a tautonmer or salt thereof resulting in a
conpound of forrmula (VI) -62 NN HN /N OH NO or a tautonmer or salt
thereof; and (d) isolating the conmpound of formula (VI) or a tautoner or
salt thergof. @.précedt Q@@é‘rﬂinﬁ%@léﬂ‘i Neoritees Ghpifaribre sMES eorpdid offorthala on of
step c is carried out in the presence of an oxidation agent selected from
t he group“@bnsisting of 1-NO2' HNO3 or a correspondi ng anhydri de thereof,
and a peroxodi sul fate, Naad wherein as solvent an alkylated aromatic

hydr ocar bon sol vent suth as toluene is used. 7. A process for the

manuf acture of a tet MqleNof formula I, or a tautoner or salt thereof,
according to claim1l1, cofrprising: i) reacting a conpound of the fornula R-CN
(rr a, Wrein R-eonpripbes, a protected reactive group, wth an azi de of

formul a RLRX ) renoving fromthe resulting tetrazol e of

formula (1) ses a protected reactive group, the protecting
_group 8. AHproce g t@mclaim?7 wherein said reactive group is a
hydr oxyl group. 9. A process according to claim®6 wherein said hydroxyl
group is protected by treatnment wth a conpound of formula M (R3), (lid)

wherein  or g tautomer or salt thereof, comprising
(a) treating @ compound of formula (V! a)

C : i

OO
(Via},

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

(VI b);
( (b) reacting a compound of formula (VI b) with an azide of formula (R1}{(Rz)M-N; (1l b),
. wherein the variables R and Ry, independently of one another, and M, have the
meanings as definad above; resulting in a compound of formula (VI ¢)
N—N
;o\
HN__ N

(VI ¢) 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 (V1)
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M represents an el enent of groups | a, 2a, 3a, and 4 a of the Periodic Ta
Die of Elenents; R3, independently of one another, is hydrogen, a |eaving
group such as hal ogen, NH2, Cl1-C8-al kyl, Ca-Cr7-cycloal kyl, carbocyclic
aryl, carbocyclic aryl-al kyl, Cl-Cy-alkoxy; the index "n" corresponds to the
val ence of the el enent My and R3 can only represent one | eaving group such
as hal ogen. -63 10. /-)'k“pr\)cess according to claim9 wherein M is selected
fromthe group consigf{ngNof Li, Na, K M, Ca, B, Al, and Si. 11. A
process according to anyy one of clains | or 7 to 10 for the manufacture of a
conmpound ©Of  fornu | or_tautoner or salt thereof, wherein the reacting
conpound \ e | a) is of formula (M b) N HO/ \ _ (VI b) or
salt thereqgf. gs according to claim 11 wherein the conpound of
formula ( bpliireati ng a conpound of fornmula. (VI a) N 1l
X (VI a), wherein X represent | eaving group, first with a nucleophilic -
agent andrtatewiomet or salt thereblyahgti ¢ base. 13- A process according to claim1

for the r}%ﬂ%&lgﬁr%guﬁwg cg}cnpgurgz gﬁgrun%]uawl) gr'oar aulo%erlt\)l?sNalﬁheﬂgf./N Ry (V_” )

6. A process according ta ¢laim 5, wherein the oxidation of step c is carried outin
the presence of an oxidation agent selected from the group consisting of HNO;, HNO; or
a corresponding anhydride thereof, and a peroxodisuifate, and wherein as solvent an
alkylated aromati¢ hydrocarbon solvent such as toluene is used.

7. A process for the manufacture of a tetrazole of formula 1, or a tautomer or salt thereof,
according to claim 1, comprising:

i) reacting a compound of the formula R-CN (Il a), wherein R cornprises a
protected reactive group, with an azide of formula R{R;MNj (1), and

i) removing from the resulting tetrézole of formula (1), wherein R zomprises a
protected reactive group, the protecting group

8. A process according ta claim 7 wherein said reactive group is a hydroxvl group.

, 8. A process according ta claim 8 wherein said hydroxyl group is protected by treatmént

(‘. with a compound of formula M'(Rg), (I'd) wherein
M’ represents an element of groups 13, 2a, 3a, and 4 a of the Periodic Taale of
Elements; A . _
Rs, independently of one another, is hydrogen, a leaving group such as halogen, NH,,
C4-Cg-alkyl, Cs-C-cyeloalkyl, carbocyclic aryl,i carbocyclic aryl-alkyl, C4~-Cg-alkoxy;
the index “n" corresponds to the valence of the element M’;
and R, can only represent one leaving group such as halogen.
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a tautomeric formthereof, wherein Ry represents Cl-C5-al kyl or Cl1-C8-al kyl
substituted by Xand X' is hal ogen, sul phonyloxy, hydroxyl, protected

hydr oxyl , such as brononethyl, or an acetal of fornyl; conprising reacting
a conpound of forrmula (VII a') -64 N | Ry (VIl a') with a conpound of

anot her , 1 REatsRE o2 rswgi%iclem@ﬁw%a”d & m”"ﬁﬁ%eq?ﬁt?n?%%@?%%gpind

i sol ati NaLitNee K, MRS Wat Bnal, eedepund of fornmula (VI1'). 14. A process according
to claim1 for the manufacture of a conpound of forrrula NENT HNN Ry
(VIl) a tautoneric formthereof, wherein Ry represents C, -CB-al kyl such as

nethyl; G- @%r@édsylacc&uiﬁgtm bhﬁﬁ@fﬂa@B(:Ia?ﬁnéﬁd:r)ﬁt@%'?&tﬁ@hﬁﬁﬁﬁértuﬁ“bﬂﬁmonw oxy,

hydroxyl protected rox%‘%(ﬁ’i such br ononet h or an acetal

t her eof ; Q?BWBPP%PHQW@Q&PT opet Srpritiharest. W"@F%ﬁl? regefing céf)"‘FN“”‘I’ PP Ry (W1

a) C Wi t o iPRPONWaPE of Riviulaav(B ) (R2) MNB (11 b), wherein RL and Rz,
i ndependent|y of one anot her, represent an organic residue and Mis

al um ni um or boron; and‘ Isol at | ng the

(VI b} or salt thereof.

(“ 12. A process according to claim 11 wherein the compotnd of formula (V! b) is prepared
- by treating a compound of formula (V! a)

Il
Q (V1 a),

wherein X represents a leaving group, first with a nucleophilic agent and t1en with a

“solvolytic” base.

13. A pracess according to claim 1 for the manufacture of a compound of formula
. N
(/ _ HN, N
Ry
(VI
a tautomeric farm thereof, wherein Ry represents C1jCB-alky! or C;-Ce-alkid substituted
by X' and X" is halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formy;
cornprising reacting a compound of formula (VI a')
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resul ting conpound of formula (VI1). 15. A process according to any one of
clains 1 to 14, wherein a conpound of formula (R)(RR)MN3 (11 b) is used,
wherein Mis alumniumor boron; and R and R2, independently of one
another, is C-Cral kyl such as nmethyl, ethyl, propyl, diisobutyl,

tent-butyl or n- octyl C3- C7al kenyl such as allyl or crotyl,
C3-C7-cyc1oa|ky such as cycl ohexyl; phenyl-C, -C4-al kyl such as benzyl or
2- phenet hyl ; pth - C3- C5al kenyl such -65 as cinnamyl, or

C3- C8-cycl oal k 1 C8-al kyl such as cycl opropyl net hyl or cycl ohexyl net hyL
16. A prog ding to any one of clainms 1 to 14, wherein a conpound of
formula (R1) N3 (11 b) is used, wherein Mis alum niumor boron; and
R1 and R2, independ¥tiafly of one another, is Cl-C5-al kyl, Ca-Ce-cycl oal kyl,

C3C3cyc| al k Cl- al kyl . . A process accordi ng
G- G oy e e o Bl AP 68T SR an B PRI i
ssl ected 5rro¢rmrglapregemmn oraanit $sidie ardM sﬂ”@rghwn(\j at umrnn;:ami:mmﬂgthm el gyl

al um ni um ide, diiso m ni um azi de, dipropyl aluninium azide

di i sobut Y @g'ﬂﬂﬁ‘?WEﬁH d &maﬂﬂﬁtyl al uni ni um azi de, ~di cycl ohexyl al um ni um
azi de, diethyl boron a2|de dllsopropyl boron azi de, dipropyl boron azi de,

di i sobuty] K boron azide, Jbut n, azid di cycl ohex on azi de and
di phenyl ~ Yor orf* RACHES aqogr ing {1 Hﬁmwﬁ%ﬁ P)C,WW%W OP{P%‘F V),

(VI), (Vic), NXNI) and (VI1') or tautoners or salts t her eof obt ai ned .
according tofany\one of clains 1 to 17 in a formbeing conpletely free of
tin. 19. A e-lgm of formula (R1)(RR)MN3 (11 b), wherein Mis al um nium.
or boron; and |Rl and R2, independently of one another, is C3-Cral kenyl such
€§ allyt or-c |, C3-C7- cycloal kyl such as cycl ohexyl;

phenyl - C1_CA- 2 such as benzyl or 2-pheiethyl; phenyl- C3-CSal kenyl such
as cinna C8-cycl oal kyl - G - Ce-ai kyl such as cycl opropyl net hyl or
cycl ohexyl net h

@iy

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 compcund of formula

(VI a)
I
Ry
(V! a)
( with a compound of formula (Ry){Rz)M-N; (Il b), wherein Rs and R,, independently of one

another, represent an organic residue and M is aluminium or baron; and isolating the
resuiting compound of formula (Vi1).

15. A process according to any one of claims 1 ta 14, wherein a compound of
formula (Ry){R;)M=Nj; (Il b} is used, wherein M is aluminium or boron; and R, and Ry,
independently of one another, is C4-Cy-alkyl such as methyl, ethyl, propyl, diisobutyl,
tert-butyl or n-octyl; Cs-Cralkenyl such as aliyi or crotyl, Cs-Cy-cycloalkyl stich as
cyclohexyl; phenyl-C4-Cs-alkyl such as benzyl or 2-phensthyl; phenyI-Ca—Csalkenyl such
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as cinnamyl, or Cs-Cg-cycloalkyl-C4-Cy-alky! such as cyclopropylmethyl or
cyclohéxylmethyl.

16. A process according to any one of claims 1 to 14, wherein a compourd of formula
(R1)(R2)M-N; (Il b) is used, wherein M is aluminiumn or boron; and R and R,,
independently of one another, is C,-Cs-alkyl, Ca-Ce-cycloalkyl, C;-Co-cycloalkyl-Ci-Cg-
alkyl or aryl-C,-Cy-alkyl.

17. A process according to any one of claims 1 to 14, wherein a compound of formula'(ll
h‘) is selected from the group consiéting of: dimethyl aluminium azide, diethyl aluminium
azide, diisopropyl aluminium azide, dipropyl aluminium azide, diisobutyl a uminium
azide, dibutyl aluminium azide, dicyclohexy! aluminium azide, diethyl boran azide,
diisopropyl boron azide, dipropyl boron azide, diisobutyl boron azide, dibutyl boron
azide, dicyclohexyl boron azide and diphenyl boron azide.

18. A compound of formulae (1), (IV), (IVb), (V), (VI), (Vi¢), (Vii} and (VII') or tautomers or
salts thereof abtained according to any one of claims 1 to 17 in a form being completaly
free of tin.

19. A compound of formula (R(}(Rz)M-N; (Il b), wherein M is aluminiurn or boron; and
R4 and R,, independentily of one another, is Cs-Czalkenyl such as allyt or crotyl, C;-Cs-
cycloalkyl such as cyclohexyl; phenyl-C:-Cs-alkyl such as benzyl or 2-phenethyl; phenyl-
Cs-Csalkenyl such as cinnamyl, or C,-Cg-cycloalkyl-Cq-Ceg-alkyl such as
cyclopropylmethyl or cyclohexylmethyl.
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