WD 2005/ 075462 PCT/ EP2005/ 000978 -1 COUPLI NG REACTI ONS USEFUL I N THE
PREPARATI ON OF (1H TETRAZCL-5-YL)-BI PHENYL DERI VATI VES t he present

i nvention relates to a process for the manufacture of internedi ates that nmay
be used fYWPPBI7HEhuf acture of ARBs (al so call ed angi REEM50P17 ecept or
ant agoni sts or ATE receptor ant agoni_ﬁt_s) conprising a tetrazole ring as a
common structural feature. ARBs can, for exanple, be used for the treatnent
of hypertension and rel ated di seases and conditions. For exanple, nention
may be naderigfic ARBSIDHAIUSAFE: $8|BICt BREPARAIIDE F (WEBURTrRAGOSH5S ViRGIRHENYL

val sar t anERBRIITVERP 443983), | osartan (cf. EP 253310), candesartan (cf. EP
459136), eprosartan (cf. EP 403159), irbesartan (cf. EP 454511), ol nesartan
(cf. EP 503785), and tasosartan (cf. EP 539086), or, in each case, a

phar maceid hresért hveRisireRitsao adrdcebd fir €0 maniifidtered Rdrhicortds\thatahdy B ese ARBs
conprise the foll owi ng conmon (sasphg:% ural el egen formula (A);_ HZC/ N\

f
TR\ gt bR mANgIaFRES o A #5198 hieCapIoRATHRIRES BFATor mul & (1

A), cor fReRenstt nts%)%@hﬂriﬁhfﬁﬁifaz@l& rih§ 588l dmmiastrubira feditirb] ARBsStep in the
manuf acture of the above-nentioned angiotensin 11 receptor antagonists.

Var i ousSah {Ar exgmplechrpisdfer thedfertmensoiypergnsioniedpeiated shaeasgs &%y i n an

al dehydgondfibnd.ormul a (I A) have been recommended in the art.' EP 550313
descri bes the preparation of protected

2'-(1Htetrazol -5-yl)-bi phenyl,- 4- bal de- hyde .i.nvolving transitiqn metal
cat sy 6 BBl Rghisn PrEbeain o5AR5e tnaky e B e R p B ol st an

or ganozidisarian d¢febP 493953, lesayiah ¢efoRP G536:10) . cantesaftan (ot ERASEIBERt oi chi ometric
guantities f zi ste,|l ' ase,.a ral, chem cal
dteps redErrBh FLEP ARt aREREiareh BF 4Eth, RBS b BRI A cecond
case, atdoddnan {«fr BREBO086Y forSh eaciheasard pharmagewtichliytdcesptatble isaltitrdmecfiast e 1 n
both cases are regarded as di sadvantages. WO 2005/ 075462 PCT/ EP2005/ 000978
-2 More specifically, all these ARBs comprise the following common structural element of

formula (A):

A) (1 A).

The manufacture of an aldehyde of formula (I A), corresponding to said element of formula
(A), is a critical step in the manufacture of the above-mentioned angiotensin Ii receptor
antagonists. Various aryl-aryl coupling reactions to form the biphenyl moiety in an aldehyde
of formula {1 A) have been recommended in the art.’

EP 550313 describes the preparation of protected 2'-{1H-tetrazol-5-yl)-biphenyl-4-carbalde-
hyde involving transition metal catalyzed coupiing of protected 5-(2-iodophenyl)-2H—tetrazofé
with an organozine reagent or an arylboronic acid. The formation of stoichiometric quantities
of zinc salt waste In the first case, and the several chemical steps required for the
preparation of the arylboronic acid in the second case, and the formation of stoichiometric
quantities of icdide waste in both cases are regarded as disadvantages.



US 5468867 di scl oses the preparation of protected

- (1H-tetrazol - 5-yl) - bi phenyl - 4- car bal de- hyde involving nmetallation of an
aryi hal i de %h an organonetal | i c base such as an al kyllithiumreagent
fol l owed by CEWIPTAY "e.g., with protected 5-(2- met hoxyBE&ARROPS/ONHTS
tetrazole. A dlsadvantage of this progpdure I's the formation of
stoichionetric quantities of reactive, hal ogen containing waste. The
obj ective of the present invention is to provi de a novel synthesis for
conpounds of formulae (1) and (I © Y N1 -RIL YNN ONJINO R2 NON O11 R3
(1) or (US Pp886T issleses the preparatien pizyeipelef 2okt Hdetrazg-§1ybinheryl-4aeatbgide-
'ndepen%ﬁ% nYolh Rﬁ?alléﬁf&htc??%h arylhdiE /3R Bh o%anané@h.bxsbse Quch%s d R2 conbi ned

t oget her r m ene, &jesent S a I’OX pr ot ect [ ng

group; tEfudithium reaa@st f@ibweﬁQVéO*ﬂmlég:oﬁ @aﬂ%ﬂﬁo @g%@sraeﬂw@whe@)ﬂ% (2) allows
for 1 he wiksoR! AuevARbISSANS oR pFHc%H%tlé 8 tettrBP oo gaahdis bEMoVed i n
t he presence o Bronsted acid, (3) does not require [arge excesses of

r eagent $eacive, hgtog@%con’ﬁalglngyrﬂé%s (5) gives a minimumof waste, especially
no stoichionetric amounts of reactive or _environnentally problematic waste,
and (6) Thg oBfRENRIEE &7 riscit InvafRiohVEto HRONIROA 6! égfntﬁé@.rsrfa.l &Mndduhged (I © may
be easily conv %rte? t o conpounds of fornula (I and, therefore, are
mportarﬁ?"“’luf?ﬁ& I&des for the manufacture of ARBs havi ng the structural
feature correspond| ng to formula (A, as d ribed, e.g., in International
PCT Applicati¥e : 026847. 1t ha¥~smipri si ngl y been found that the

process. accor di kg pres@at i nvent i oft cas®3t he above

obj ectives. In one agp the present inveftio (ate¥ to a process for
t he manuf acture oA goppound of fornula ‘ 05/ 075462

PCT/ EP2005/ 0009 -3y ORL 14 NO R2

() or {1 C),
wherein Y is a tetrazole protecting group, Ry and R,, independently of one another,
represent C~Cyg-alkyl, or Ry and R, combined together form C,-Cyg-alkylene, and Ry:..
represents a hydroxyl protecting group, that (1) does not have the disadvantages described
above, (2) allows far the use of such tetrazole protecting groups which are easily removed in
the presence of a Bronsted acid, (3) does not require large excesses of reagents, (4) gives
high yields, (5) gives a minimum of waste, especially no stoichiometric amounts of reactive
or environmentally problematic waste, and (8) is economically attractive.

Compounds of formulae (I} and (I C) may be easily converted to compounds of formula (1 A)
and, therefore, are important intermediates for the manufacture of ARBs having the
structural feature corresponding to formula (A), as described, e.g., in International PCT
Application No. WO 04/026847.

it has surprisingly been found that the process according to the present invention meets at
least the above objectives.

In one aspect, the present invention relates to a process for the manufacture of a compound '
of formula (1)



wherein Y represents a tetrazole protecting group, and R, and R2,

I ndependently of one another, represent Cl-Cl0-alkyl, or R, and R2 conbi ned
toget her form C2-C, o-al kyl ene; conprising (a) reacting a conpound of
formula (1 WAPOSLEH62\ OR2 Hal (11 a), wherein Hal is EREEPRIE000BIoNi ne or
lodine, with an active formof nmagnesiuymin an appropriate solvent; (b)
reacting a resulting aryl magnesi um hafide conpound of formula (Il b) ORl
OR2 Hat-MA)", (11 b) in the presence of a transition netal catalyst and a
catalytically effective anobunt of a netal salt additive, with a conpound of
formula (11- ¢) YNN lip N X (N'_I_NC), wherdlin X is a substituent which, when
bound to a phenyl ring, is n I\Isi derabjy replaceable at roomtenperature
by an aryl magnesi um hal i de reages zéz(ll b) in the absence of a
catal yst; and, if necessary, isol ati h resulting conmpound of fornmula (I).

I n anot her aspect, the present tmemt relates to a process for the

manuf acture of a conpound of C) WD 2005/ 075462 PCT/ EP2005/ 000978
4- YN-N NLIN R3 0

wherein Y represents a tetrazole protecting group, and R, and R,, independently of one

la (I

another, represent C-Cio-alkyl, of Ry and Rz combined together form C,-Cyp-alkylene;
comprising
(a) reacting a compound of formula (Il a)

Hal (ha),
wherein Hal is chlorine, bromine or lodine, with an active form of magnesium in an
appfopriéie s‘”t:q‘l.vent; . o
(b) reacting a _résulting aryl magnesium halide combbund of formuta (Il b)

Hal—Mg (1 b)
in the presence of a transition metal catalyst and a catalytically effective amount of a metal
salt additive, with a compound of formula (lI-c)

oM

(),

wherein X is a substituent which, when bound to a phenyl ring, is not considerably
replaceable at room temperature by an arylmagnesium halide reagent of formula (It b) in the
absence of a catalyst; and, if necessary, isolating a resulting compound of formula (I).

In another aspecit, the present invention relates to a process for the manufacture of a
compound of formula (I C)



(I ©, wherein Y represents a tetrazole protecting group, and R3 represents
a hydroxyl protecting group; conprising (a') reacting a conpound of formnula
(Il a) R3.0 11 Hal (111 a), wherein Hal is chlorine, bronm ne or iodine,
with an acVP%G38 of magnesiumin an appropriate solREGHP2PEM7] eacting a
resulting aryl magnesium halide conmpoynd of formula (111 b) R3 ..:.: Hai-My
(I''l b) in the presence of a transition netal catalyst and a catalytically
effective anmount of a nmetal salt additive, with a conpound of formula (1]

c) YNNe~tJ MJI' N / x - (( Il ¢c), wherein X is a substituent which, when
bound to a phenyl ring, is We{~Considerably replaceable at roomtenperature
by an aryl magnesi um hal i de HNeag®¥nt g sl MuRa (11l b) in the absence of a
catalyst; and, if necessary, i§ a r@sulting conpound of fornula (f

C. A further aspect of the p¢# vention is conbining steps (a) and/or
(b), or steps (a') and/or (I a subsequent deprotection step (c)
resulting in the formation of conmpound of fornmula (I A or (I B) WO

2005/ 075462 PCT/ EP2005/ 000978 ~-5- / HO N/ -VIQWN N N~N

wherein Y represents a tetrazole protecting group, and R; represents a hydroxyl protecting

group; comprising
(a") reacting a compound of formula (lIf a)

@/.\0/
Hal (I a),

wherein Hal is chlorine, bromine or iodine, with an active form of magnesium in an

R3

appropriate solvent;

{(b") reacting a resulting aryl magnesium halide compound of formula (Il b)

Hal—Mg ' (I b)
in the presence of a transition metal catalyst and a catalytically effective amount of a metal
salt additive, with a compound of formula (Il ¢)

SN

(c),
wherein X Is a substituent which, when bound to a phenyl ring, is not considerably
replaceable at room temperature by an aryl magnesium halide reagent of formuia (Il b) in
the absence of a catalyst; and, if necessary, isolating a resulting compound of formula (I C).

A further aspect of the present invention is combining steps (a) and/or (b), or steps (a")
and/or (b%), with a subsequent deprotection step (¢) resulting in the formation of a compound
of formula (1 A) or (I B)



H((l A or H(l B), respectively. The resulting conmpound of formula (I A or
(I B), respectively, is subsequently isolated and may be enployed as an

i nt er nedi at t he preparation of ARBs as referred herein above. It is
obvi ous to ﬁ?&bﬂgﬂ‘yﬁ‘}ﬁ% ed in the art that a conpound of fRETEPMOYIOES nay be
readily converted to a conmpound of fo&e mula (I A) by treatnment with an
oxi di zi ng agent according to nethods known in the art. The reactions
descri bed above and below in the variants are carried out, for exanple, in
the absence or, customarily, in the presence of a suitable solvent or
diluent or a m$ture thereof, the reactlon as required,, being carried out
with cooling, a % : warm ng, for exanple in a

t enperature range m about -80C u %o b0|I|ng poi nt of the reaction
medi um pref er abl out -10C to abow 4 and, if necessary, in a

cl osed vessel, under sure, in an inert g3 'nDsphere and/ or under
anhydrous condi ti » ré” pur pose of |nthF‘ g protecting groups, e.qg., Y
and R3, is to pro the functional groyRf, e:g., tetrazole and a hydroxyl
group, respectlvel*rifronlunde5|red reactl’'ops with reaction conponents
under the conditions used fdtAkaf¥ying out the prod&sraspeetivelypr esent
invention. The choice of protecting groups is known to those skilled in the
art and depeasdlgng mmnqs@d@gfqnméla& Alq*rgl Bl FrePe@ivaly. ig polkReatientlydsqiztied ard ed and

the reachi0Be %ﬁﬂﬁ}yéd 9§‘§n lnt%ehramﬂ%b ;ﬂ’éﬂérﬁﬁéd &Q@s%ﬂ%féﬂ%@ gfgﬁ?éb&vgeﬁe

condi ti ons” an héir introduction and renoval are describ ,
McOni e, ispbyiprtiotheseckdigddn the a&t@%tm @mpREpd gfifpgmula (i|BémﬁmBrr§§@!y London, NY

(1973); ameﬁi@fa%cﬁubuwwor ﬁéfemoayltaéam%r@wnﬁ ah ex@zg@rag@m%&adaﬁ@té John
Wl ey and Sons, |nc. A'tétrazole protecting group (Y) is, for
exanpl e, “’@ﬁloé‘éWE'Hk'?th“ﬁaarﬁr oup consisting of tert- Ci-Cr-alkyl such as
tert-butyl; nmethyl that is substituted by one, two or three substituents

sel ect edTﬁé fAcidns @Zs@ibha Eab@mdarfalbefdm mltﬂ@mantfs@rre e8P bet, for ek, eh e .

1- met hox - et hyl et -tetrah tetrahydrofuran

G "o o1 Boseneteh CHSy n Fipresoncy bl < BGOP gl LAy m”QW@HMeﬁOfbenzyl
or benz hmrryécneﬁ dsreduifed, M@gearﬂed aﬂmrh%aulngratncomsemraﬂ%bmww

PCT/ EP2005/ 000978 -6, ynsubstituted or substit éﬂ 1y one qr

or t hr eeWaRIRG fORSrample "éaéemf"ﬁég‘ée ragge Bemagorh-6PG W OJP%QB'"%IP@NQ F"I?g of
tert-Cl- Féécﬁddﬁﬁémurﬁﬂpr@re?éﬂapwm a%t%@tbaaawmmc an@'xpﬁédégé’éry, In a dlosed

1- met hyl - 1- phen lethyl : fluorenyl; nethylt hi orret hyl ; 'yl such
tri - Cl- CHesgPlymder pressure, in an inert gas atmosphiere andlor under anhydrous condltlons

The purpose of introducing protecting groups, e.9., Y and R, is to protect the functional
groups, e.g., tetrazole and a hydroxyl group, respectively, from undesired reactions with
reaction components under the conditions used for carrying out the process of the present
invention. The choice of protecting groups is known to those skilled in the art and depends
on the nature of the functional group to be protecfed and the reaction conditions.

Well-known protecting groups that meet these conditions and their introduction and removal
are described, e.g., in McOmie, “Profective Groups in Organic Chemistry”, Plenum Press,
London, NY (1973); and Greene and Wuts, “Protective Groups in Organic Synthesis”, John
Wiley and Sons, Inc., NY (1998).

A tetrazole protecting group (Y} is, for example, selected from the group consisting of tert-
C4-Cr-alkyl such as tert-butyl; methyl that is substituted by one, two or three substituents
selected from C4-Cy-alkyl and C;-Cr-alkoxy, for example 1-ethoxyethyl, 1-methoxy-1-
methylethyl; 2-tetrahydropyranyl; 2-tetrahydrofuranyl; C;-Co-alkyl that is mono-, di or
trisubstituted by phenyl, such as benzyl or benzhydryl or trityl, wherein the phenyl! ring is



silyl, for exanple, trimethylsilyl, triethylsilyl or

tert-butyl dinethylsilyl, or di-Cl-C4-al kyl -phenyl - silyl, for exanple,

di et hyl - e | Si ! Cl- Cral kyl - sul phonyl ; aryl sul phonyl such as
‘Wﬁé ei

phenyl sul p n the phenyl ring is un-substitut®I/ER20&YN878 t ut ed by
one or nore, two or three, substjtuents e.g. those selected fromthe
group consi stl ng of Cl-Cr-al kyl, Cl1-Cr=" al koxy, Cz-Ca-al kanoyl - oxy;

CZ- CB- al kanoyl such as acetyl or valeroyl; and esterified carboxy. such as
Cl- C7- al koxy-carbonyl, for exanple, nethoxy-, ethoxy- or
t er t - butupbubsjituteal drauistituted bk ene semom, &gt mazoteepraabsituenigegr thoge (Y) al so may

b t f tal  f I
e el Tt 8 i Priia ek e P ReRl Ca e ARRh S eampi o5 of
preferr egnbemrtyl, denhéthyg-lgprenplethyl; aucm'ensé,rmetbylmyimetlwkrsﬂyl Ispcipasrﬂt—@p@ybi@ylzyl
o et nOLRLAGS. RO TR L A ARER o, RGO oo
et hoxy mesilylyfor em"rmlﬂ dklp@b}'hphenﬂsnlylef)h@x—yﬂxylkajalphomﬁl‘t&ryisdhb@ybmchasyI
|2 ;SL;?%%W% H%(I Whterl rreenﬁ‘?xw}mg%[ I@I’I e{eﬁyisﬂfsthpﬂé%ﬁa%c? %r eferred
pr ot ect itwg ogthmm subétttueetsla Q)dlnmmmteh;eld from be lgmupaohsistingnf Qﬂlﬁ&dﬂyy d)rﬁﬁpy ranyl
2 o AT AL Aoy o IR 18 EE BB SBHB), o Lotefined focky 210 ©

ect caMRBA RSB ony ¥ SR 5 Bbirir GhBI, o biren Bfuoff 1T U
?rgt ﬁ)cll etshah a$ §1-Sula&;;yt-mrleéwybyormxempmmetimroxst-mth@ws leteﬂftthMS:a?biaYIect eduf )r/om
ot byt entioeos e Pifckito ohdl (PYARDIrRy be S afBy bt an nBRIR S |
mono-, diarth glkal I’neajtf@texlatm@i-iﬂ)yNﬁﬂbﬂﬁﬂl),,Rl&u&ﬁ(ﬁé\ﬂ@(@hﬁﬂ(")@mﬂlﬁﬂbhydr yl or
trityI wherein the phenyl ring is wunsubstituted or substituted by one or

t h th
Const st oS oEprel e aBroBUpg db Y ged ? %'é%f‘ﬁéﬁ%ﬁfzﬁﬁ bi per ohyl |
1- et hyI34digietheyyanayl 1- meﬁhybﬁ@hymy!ethﬁttﬁmwmﬂm Kgrmetkoxyphenslich as

tri-cl t%f};i hifiemy béﬁ%yloxyrﬁéthﬁxﬁl_@gl}la?ymétﬁ){l @ﬁ&aaﬁ.lnafhwl;abu&fxy@hﬂ{i S| Lilmg{ .

di met hy|e1wéetwsz %le;mhygz{owwh&tﬁwwﬂm&aﬁw1 mﬁthexy—hm%tmd@thyl wgthexy-eri fi ed

car boxy cg 11eﬁ{o&ch/Hleé)®¥¥ruﬁ&h§]9gV ndqﬁghpg;,@pyl oxy-car bonyl . Exanpl es of
preferred proteécting groups are tetrahydropyranyl, 2-tetrahydrofuranyl,

1- but oxyet hyl and 1-et hoxyet hyl. WD 2005/ 075462 PCT/ EP2005/ 000978 -7 The
gener al Haétch{@f¥|E@@Wrﬁ?ﬁm@@”p&nﬁaﬁér@tmﬂ‘& 1128P2v8thY. 01 | owi ng neani ngs,

unl ess tetrahydropyranyl and 2-tetrahydrofuranyl.

A hydroxyl protecting group (R3) is, for example, selected from the group consisting of tert-
C4-Cralkyl such as tert-butyl; methyl that is substituted by one, two or three substituents
selected from C4-Cy-alkyl and C,;-Cr-alkoxy, for example 1-ethoxyethyl, 1-methoxy-1-
methylethyl; 2-tetrahydropyranyl; 2-tetrahydrofuranyl; C,-Cx-alkyl that is mono-, di or
trisubstituted by phenyl, such as benzyl or benZhydryl or trityl, wherein the phenyl ring is
unsubstituted or substituted by one or more, e.g. two or three, substituents e.g. those
selected from the group consisting of tert-C,-Cy-alkyl, C,-Cy-alkoxy, C.-Cs-alkanoyloxy,;
piperonyl; 1-methyl-1-phenylethyl; fluorenyl; methylthiomethyl; silyl such as tri-C4-C4-alkyl-
silyl, for example, trimethylsilyl, triethylsiiyl or tert-butyl-dimethylsilyl, or di-C-C,-alkyl-phenyl-
silyl, for example, dimethyl-phenyisilyl; 2,2-dimethylpropanoyl (i.e. pivaloyl) and esterified
carboxy such as tert-butyloxy-carbonyl and benzyloxy-carbonyl.

Examples of preferred protecting groups Rs are 2-tetrahydropyranyl, 2-tetrahydrofuranyl,
1-butoxyethyl and 1-ethoxyethyl.



defined otherw se: Cl-Clo-Alkyl is, for exanple, Cl1-C7-alkyl, such as

net hyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl or a corresponding pentyl, hexyl or heptyl residue. Cl-C4-alkyl,
especially ethyl, is preferred C2- Clo- Al kylene is, for exanple,
CZ-Ce-aIkyﬁgﬁégxéﬁ%# as ethylene, propylene, butylene, PCHEP2005/000978

di net hyl et hyl ene, 2,2-dinethy|propy[eqe or 1,4-dinethyl-1,4-butyl ene.
C2-C4- Al kyl ene, especially, ethylene or propylene, is preferred. Hal
represents in particular chlorine and brom ne. Cl1-CrAl koxy is, for exanple,
met hoxy, ethoxy, n-propyloxy, isopropyl ox n- but yl oxy, iso- butyl oxy,

sec- buﬁﬁ general terms-Used ger@wet@re an bﬁrele@frﬁsﬁ%avm@eﬁd jndoneanivgsx ymlessy, or

hept yl gegfed bfiehilse. Cl-CA-al koxy is preferred. Especially preferred is .
met hoxy, ethoxy and but oxy. CZ-CS- Al kanoyl is, for exanple, C2-C5-al kanoyl
such as acet% Fro pi onyl butKryI valerox pi val oyl . Especially

pr ef er PeborAKA e fo) EXanplRds-Cagikyrych 45 nethy eﬁlﬂ |"VAH°P36:r'$ﬁR§¢Pyhﬁ'gﬁW&d,l umis, for
exanpl @oburﬁgéb%sauwﬂté%myn&sg &rrekpéhdingRRniN heRN by hatifAdesidud. SUShikyl,

t ransf or | oNns nesium ch |ps nmagnesi-um powder or nagnesrunrrods

Furt hersra@r:eﬂvraﬂtha‘&ne#aﬂ foprgfesdnagnesi um i s magnesiumthat is activated by a
catalytic anount of iodine, bromne, 1,2-dibronoethane, a hydride reagent

or t hteCth‘.}’uLAIWfé% uon e%@mpreiezm@wmhelsnhreasiemyrbﬁe,trﬁowr&iéab ene°\1i2-“0 t ?bl i ,
anoun 0] r e 0
mol ar dgb?ﬁh”@%y esg%\ﬁrrpq%}hﬁgrgsgg@e ?rrqo% ﬁ@‘em: c‘%‘r@é@kﬂ formula (Il

a) or gdpetialy, ethyRele of pepylens; s pefanedcarri ed out for exanple, in a suitable
i nert solvent or a m xture of solvents. Inert solvents conventional l y do

not re c!t with.the 'é @O”d'%?! rtartrng material of formula (11 a) or
(111 a? RYETSR e rcg FURYE AFP U8y eal sol vents, such as ethyl et her,

tert-butyl nmethyl ether, tetrahydrofuran, butyl ether, 1,2-di rrethoxyethane
or 1, ZCdCeAlkoxwlexfbam@,mpdn naethcmyxetboﬂ, oHrapyloxg isopropglosy, rt~H>1&ydexysrsbvent s, or

oyt encouog? B Rt B AR brs B ﬁf&reﬁrgﬁﬁﬁ%%%ﬁ”éeﬁe@oﬁs (ol e o
PCT/ EP@3B6. Ooegz-alkoxﬁsArefmechtﬁwecremrefened srmathatyuethoyyr arfddndddyy i s bet ween
0 and 75C, npore preferably between 10 and 35C.

C,-Cs-Alkanoyl s, for example, C2-Cs-alkanoyl such as acetyl, propionyl, butyryl, valeroyl, or
pivaloyl. Especially preferred is acetyl.

Steps (a) and (a'):
An active form of magnesium is, for example, magnesium tumings of the type normaily used

for such transformations, magnesium chips, magnesium powder or magnesium rods.

Furthermore, an active form of magnesium is magnesium that is activated by a catalytic
amount of iodine, bromine, 1,2-dibromoethane, a hydride reagent or the arylmagnesium
halide reagent intended to be prepared.

A suitable amount of magnesium is 1.0 to 1.8 molar equivalents, preferably 1.0 to 1.2 molar
equivalents, with respect to the amount of a compound of formula (I} a) or (11l a} used.

The reaction is carried out, for example, in a suitable inert solvent or a mixture of solvents.
Inert solvents conventionally do not react with the corresponding starting material of formula
(i1 a) or (il a). Appropriate solvents are ethereal solvents, such as ethyl ether, tert-buiyl
methyl ether, tetrahydrofuran, butyl ether, 1,2-dimethoxyethane or 1,2-diethoxyethane, or a
mixture of two or more of these solvents, or a mixiure of one of these solvenis and an
aromatic solvent such as toluene or xylene. A preferred solvent is tetrahydrofuran.




Steps (b) and (b'): The coupling step (b) or (b') is carried out in the
presence of a transition netal catalyst. A suitable transition netal is,
for exanpl e, nickel, paI | adium platinum cobalt, nmanganese or copper. A
useful trandYQ?W0%#2l salt is, for exanple, a nickel (| PETERpsbdogmsi ur( | 1),
a piatinun(ll), a cobalt(l 1), a mang%nese(l 1), a copper(l) or a copper(ll)
salt such as the «chloride, brom de, ""odi de, hydroxi de, oxide, acetate,
hydr oxyacet ate, propionate, succinate, trifluoroacetate, acetylacetonate,
nitrate, cyanide, sulfate, trifluoromethanesul fonate, nmnethanesulfonate,
benzeneduuftainateaciion erpetaiire peajbrbbly i retvémy Eaind 74°C unomriprefetablyrtritweeon et al
cat al ystI a,gﬁ;é.)e&erabl y a conplex of a transition netal or a transition

nmet al Pt Ohe, two or up to four coordinating ligands. The transition
nmet al catalyst may be prefornmed or it nay be generated in situ in the
react i oftapsXihand. (bR suitable transition netal catalyst may al so be the

?p;ﬁgﬂ ﬁﬁ% go ll@!?glleg l(@'hrfﬁtﬂlcahﬂd of.@)rge g@rﬁ:le 0]} 8 Eﬁh&{lorfﬂetav&ﬁs 19 X e(rjray be

an5| tion ne
suppor t editable tcemsitiommeta! is, fmexa‘hnim mekeb palifidiuna iatisoms calwits ihangaumeseabl e | i gands

| f ; h
T
N- fret hy platimimp(@} iadiohalt (TN aNpanganese{ bk a gopnehi) e elopbperdDisaliisueh asibe er ocycl i ¢
110 phEGs, BEAS ot Ry Bl At riBreRAck B Bfdtiftendt st B! 1y
one or fifinercaestafe, aqwlanetqﬁhheeﬂra‘@lcmld&l suffate; é‘éluma’@thmsmf@naieex anple in
col i di %h&né%ﬁat@%n%ﬁéshﬁor%ﬁ%&r c!:?-to é&llfﬂhﬁgtﬁe‘@o more, e.g. three or

four, oxygen atons, such as oxyet ane 2- di et hoxyet hane,
di (et hyl en écol dnet h¥ et her and 1, 2-di net hoxybenzene Particularly
sui tabl é\ﬂulf@jgfh ansifion reetalsatatishisareleigly sreomplexale tansitian mefal pho iamsitians at ons,

for — exaimQal %rf cméeﬁ\)ﬂ SPIB Fhulp %orﬁfnbﬁﬁl{g&;gﬁd%] Ofnd gPRABR Mg c%@st may

trl(paratoly osphi nes such a

t
trimet hpe pmmeﬂ et maylt@tgwgéaﬁﬁsﬂypmtmt & feaph wwmpﬁﬁn@blqvar(smou-
di met hy h%ﬁé?ﬁét%@ﬁﬂﬁ%lé@be tel nEdmpiés Fdn@ﬁ%ﬂﬁﬂeia@ﬁﬂ&ﬂﬁérﬁéﬁalsf&ﬁho%

sphine and tricyc hex phos

tricycl opent , .
tri(Cl- @acomp{ﬁwesl Brbsitin mels! salte 7 hasmmmm@ﬁdywapﬁg@pmtaéor its saltevaniephosphi t e

and t1 1 GlogBREMYh E4h )RS or iblohieedet-dalthl 0al ky!) phosphi tes such as
tricycl opentyi phosphite and tricycl ohexylphosphlte

1, 2- bi S%gl phenyl phosphi no) et hane (i ppe) .
1,3-bis ;tqgl@pgfp%qgﬁﬁﬁﬁg,)s'ypgggﬂé Qypiogctaq;m)tra(Cf-C4—aIkyI)amfnes such as

1, 4-bi s tduipihyd SROSRHINIRH RGN, IN-6,-CYENAMbetifiied Gdcisd NERaRfS/ 000978
piperidiné; NN, N’,N'-tetramethylethylenediamine; heterbcyclic amines and diamines, such
as pyridine, N-methylimidazole, 2,2'-dipyridyl, 1,10-phenanthroline, wherein the ring is un-
substituted or substituted by one or mare, e.g. two or three, C4-C,-alkyl-residues, as for
example in collidine; linear and byclic ethers containing two or more, e.g. three or four,
oxygen atoms, such as 1,2-dimethoxyethane, 1,2-diethoxyethane, di(ethylene glycol)
dmethyl ether and 1,2-dimethoxybenzene.

Particularly suitable ligands are those containing one or two trivalent phosphorus atoms, for
example, triphenylphosphine, tri(ortho-tolyl)phosphine and tri(para-tolyl)phosphine, tri{C;-Cs-
alkyl)phosphines such as trimethylphosphine, triethylphosphine, tributylphosphine, tri(1,1-
dimethylethyl)phosphine, tri(C,-Cr-cycloalkyl)phosphines such as tricyclopentylphosphine
and fricyclohexyliphosphine, tri(C4-Ce-alkyl}phosphites such as trimethylphosphite,
triethyiphosphite and tri(1-methylethyl)phosphite, tri{C.-Cr-cycloalkyl)phosphites such as
tricyclopentylphosphite and tricyclohexylphosphite, 1,2-bis(diphenylphosphinojethane (j.e.
dppe), 1,3-bis{diphenylphosphino)propane (i.e. dppp), 1,4-bis(diphenylphosphino)butane (i.e.



-9 dppb), 1,1'-bis(di phenyl phosphi no)ferrocene (i.e. dppf),
1,1 -bis(di-[2-propyl]-phosphino)- ferrocene,

1,1 -bis(di-tort-butyl-phosphino)ferrocene,

1, 2- bi s(di pHeMREEphi no) - benzene, PCT/EP24105/000978

2,2" - bi s(di phenyl phosphi no)-1,1'-bi pRenyl (i.e. BIPHEP),

2,2 -bis(diphenylphosphino)-l,l'- bi naphtyl (i.e. BINAP),

bi s( 2- di phenyl phosphi nophenyl )ether (i.e. DPEphos), 9, 9-dinethyl-

4, 5-bi s(di phenyl phosphi no) xant hene (i.e. XANTPHOS). Transition nmetal salts
are defpRRM ¥ TuslipbrsyiphapRwiclier opansr{ke-dpat, hibthis(dri2mreaylmiiesphinainsi ti on

met al  fdfobned 9 -abws%rﬁsdtgl-pﬁhéwo%noéun@keb(bkg(a[pmr@m@rm@t ghadkl (1)

acetyl acetonate ticularl referred transition net

ni ckel ?21 QiS@Whewlmspm@rbi rWeF‘Y'dbﬁw@éP'éE@ £2-pREinepyiBsrhine)-1,1-
1, 2- bi gif nrﬁfv BROSP B ﬁ&é?@gbﬁoédmr@ph&m;@t}\er (e PPEphos), 9,9-dimethyl-

bIS(dehe phos hi no) pr opane
1,1’ bf’f@(tﬂﬁ@ﬁwpbﬁﬁﬁm)mﬁeép cﬂaéﬁ%’%ﬂp ). dppf). A particularly preferred

ligand is 1, 2-bi s(di phenyl phosphi no)ethane (i.e. dppe). Preferred catal ysts

are di FahsierPinstal sdiskeaybiRa Mo Wk eb&hf(clt}ahsmm fletepg.o 1, 2-
bi s(di phenyl phosphl no) et hane] ni ckel (

or of or PSR S Feibel h“%[cké]@hp@e Alskg b Repie b BKARR | i Chel (1)

The anmatswladetorate: kﬂebaman@iméfeuseﬁamﬁnanrﬁéterrsahhsyma@!mmno@e% and 2 rol ar%
relative to N protectedtetrazole starting material of formula (Il c),
prefer 2.an err d tra ij i on et al

sal ts E éé/[ﬁ'ﬁﬁ FfP}‘eEﬂP'WPHBe’ g%ﬁﬁsg’mlf\ﬁﬂﬁm*p *!?86 by APB Pddli un( 1 1)
aﬁ leg ?It Bl(sa(dlbhpaﬂphaspihlam)bsopanﬁ(isel: ).t 1, Hnm(dhplmmylsma?]air?:ma’etrod:@emaé ldpg.un(! 1)
oo bi AcarisHa FElEeg bR 5 ! E*P"?Vﬁ%gﬁ@e@a“e (ie. dope).

1,1' - bi s(di phenyl phosphi no)ferrocene (i.e. dppf). A particularly preferred
| i gandPiefertediaialystssqre ﬁmm’gulqmphwmoplilm)nmml(m dichlaeo[1@®ppf). Preferred

pal | ad ' I+ el i . L ym(11),

di chl o#’g@?‘gﬁ%ﬁ(’éf’@?%@ﬁ%}%ﬁ%@gﬁEﬁ@%é%%ﬁgﬁ%gwg%ﬁwﬁ%ﬁ'

di chl onioked{l’L.' A badicdlahheraierpt eaialystie Jlichibm] t, 2ig(dipheeyipradphing)ethpnglr it s

di chl OE' ﬁliane adduct. A particularly preferred palladium catalyst is

di chl o *&ﬁ bi s(di phenyl phosphi no)ferrocene] pal | adiun(li), or a

di chl oromet hane adduct thereof. The anount of palladiumcatalyst used is
pr ef er 3 gmpwnt wbricked catalystrused inpreterady hebwean 0% and Rimptasteoetative od-r azol e

20051 0B ARk ais A maBlE! iRt ), HrEraly Teneeh &2 nd Pl o

Likewise preferred transition metal salts are palladium(ll) chioride, palladium(ll) bromide and
palladium(ll} acetate. A particularly preferred transition metal salt is palladium(ii) chioride.

Preferred ligands are triphenylphosphine, 1,3-bis{diphenylphosphino)propane (i.e. dppp),
1,1-bis(diphenyiphosphino)ferrocene (l.e. dppf). A particularly preferred ligand is 1,1-
bis(diphenylphosphino)ferrocene (i.e. dppf).

Preferred palladium catalysts are dichiorobis(triphenylphophine)paliadium(it), dichiorof1,3-
bis{diphenylphosphino)propane]palladium(lf) and dichloro{1,1-bis(diphenyiphosphino)-
ferrocene]palladium(ll) or its dichloromethane adduct. A particularly preferred palladium
catalyst is dichloro[1,1’-bis(diphenylphosphino)ferrocene]palladium(li), or a dichloromethane
addyct thereof.

The amount of palladium catalyst used is preferably between 0.01 and 1 molar% relative to
N-protected tetrazole starting material (Il c), preferably between 0.05 and 0.3 molar%.




-10 The coupling reaction in step (b) or (b') may involve a netal salt

additive. The tole of the netal salt additive, which is used in catalytic

anounts, is to facilitate the coupling reaction. Conpared to couplings with

aryl -zi nc WOLI¥EI62t he use of catalytic amounts of suchTAERBISHNITE ) t i

additive results in the formation of |ess waste. In addition, in the |

presence of netal salt additive, a hi%her conver si ons of starti ng materi al

(I'l ¢) can be achieved. A useful netal salt additive is a copper(l),

copper(1l), zinc(ll), silver(l), cadmunm(Ill), nmercury(H), alumnun(lll), !

%)a(.l i :Jm(rhé kepupling eiactigr ihlstep (o) g((b\y)naytlmmhraiwnétbhealtamdltlzé rtﬁélidw(;ﬁﬁflt]\é 3a:jt |
anpl es are the rres m de, . i odi de,

car bonat®® Iﬁ?‘g?@qvﬁe‘”ﬁ'ﬁ&fsd@fadﬂgégyt'caq"%&ﬁ'gg g'ée? %Q?QPB and

pr O]EJ: on&ompafat- tﬁlﬁetﬁ'}hhge(wiﬂeary!;ﬁndﬂr@geﬁtﬂﬁhmdﬁfmt#w(;lamouﬂsfmsudﬁa metal

trifluoro ate, acet nat nitrate, .cyani. sulfate

e 11 uorararaihseuft B e 357808 et o soBBR 1 RegtFresiat mytal so

par a- toladmtb@ alh@anammverslanefoesﬂaamgmmtalal 6bd)u:aaddiatlhuum aA@isEuétal saltsal t s

such as

i de and zinc(lLl r art arI ef erred
et al ﬁ?‘ d‘ﬁf’ g b CQ‘PFF%@‘S Z)‘“cgf?r %‘P’%’&'g Cg%éi”&% (l“frék ) addi ti ve
;,IS?d ISFBMIE’EIQM)?MBMH‘*QH? Medw), (ﬁtahum(d/)&ndmkmn%rr(hﬁ)aait}/Exarg;lnléh ofuch e@]tsgdS e

etrazol e starting mater r.ef era en an

mol ar % 2 B&’"? qlng(chlgndae g &? t(ﬂié‘%r {;% hgﬂ&? ﬁﬂ@?“d&%‘ﬁjgﬁ g%ey repl aceabl e

?T I lrog;natkenqmeh sduchaslie acetataapd pmg{mgsbeum Bahlkobédemgl b;ais ﬂi&f méthbfmé aTdI I ?() _or
sen ransiki . ys n particular, is,

for exa oé'deetﬂﬂ‘gjtr?%g%6 aﬁg’(g%cﬁtgﬁatﬁ @Faég‘e%&%%e’%%%ﬁ tuent X is chlorine.

When X it#luotuir@thanesuliohatepmefhanesifonate ienzenesulfoatiel orphra-tokicoaduitbyste. i s

nickel. Wen X is bromne, the preferred transition netal of the catal yst

i's pall ?‘gé Pl%c% mlef&fj&(ﬁeéblgﬁ'%s ije z'irﬂ:ﬂl)%gﬁ’% $ileh 3& zﬁ?{l@k%ﬁﬁd% értbezlﬁc.?@?r}r@ﬂfae' S

carried ou or a ure of
sol vent s\ParhwlaﬂyQtﬁf&rmdtmetebsaﬁeﬂddltlmalzm(lﬂGhlnwie react with the corresponding
starting materials of fornmulae (Il b), (IIl b) and(II c). An appropriate

sol vent Wt b :

tert- bu@?%n{onﬁthc{fﬁ%%tlEglpadiq[ﬁté\%;hasﬁﬁg?ﬁ r?l%}abfﬁebut 0§H %ié‘réhrﬁbtﬁé ﬁg\?(yet hane
or 1, 2- @f@@miﬁ@@mwmag mitgrial ef formta i @, Ef@ﬂefﬁéﬂr'ﬁ betwa@ho &gnd 6 molar%.

1- rrethyl 2-pyrrolidinone (i.e. NW) and 1, 3-dinethyl-3,4,5,6- tetrahydro-2(1

H) pyri @ugétm%?@xﬁé a SubsitBH thafis naf %Hé@bl? %ﬁ{eﬁﬁbblé%‘» Fbo"ﬁ?tehﬁ'eké?u% by ran><y| ene;

a mxture of two or nore solvents selected fromthe above groups. A
pr ef er r 85/MaINEsiHM haljde taagentaf ferow(a (k) or (111 b) in the absence of a transition metal

catalyst. In particular, X is, for example, chlorine or bromine. A preferred substituent X is
chlorine.

When X is chlorine, the preferred transition metal of the catalyst is nickel.
When X is bromine, the preferred transition metal of the catalyst is palladium.

Independent of the choice of catalyst, the reactipn is carried out, for example, in a suitable
inert solvent or a mixture of solvents. Inert solvenis conventionally do not react with the
corresponding starting materials of formulae (Il b}, (1l b} and (Il c).

An appropriate solvent for the reaction is an ethereal solvent, such as ethyl ether, tert-butyl
methyl ether, tetrahydrofuran, butyl ether, 1,2-dimethoxyethane or 1,2-diethoxyethane; a
dipolar aprotic solvent, such as 1-methyl-2-pyrrolidinone (i.e. NMP) and 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (i.e. DMPU); an aromatic solvent such as toluene or xylene; or
a mixture of two or more solvents selected from the above groups. A preferred solvent is
tetrahydrofuran.



WO 2005/ 075462 PCT/ EP2005/ 000978 -11 The reaction ispreferably carried out
at a tenperature between -10 and 60C, "preferably between 10 and 35C. As
descri bed herein above, the present inventions prOV|des a process for the
prepar at i oWOGPIS033462 ot ected 2' - (1 H-tetrazol - 5-yl) - bi pHENAR2S04PR| dehyde
of formula (1) as exenplified by the follow ng reaction scheme yNNN ,Rl y

NNORLNIJ NO transition netal R211’Iu;;, e Hal My conpri sing coupling
of a N-protected phenyltetrazole (X = Cl or Br; Y = a tetrazole.protecting
group) with an aryl magnesiumhalide (Hal = d, Br, I; RL, R2 = G -Clo-al kyl

or conbiThe teactih iSirefeniiiy taried outrat bliemperatenipswedn €0t aah60d, preferablgl

catal ys ) | exed, unconpl exed or supported nickel, palladium
pl ati nu&ﬁetwcegﬂjpt drﬁggnese or copper netal or a corresponding salt
thereof, and optionally a catalytic amount of a netal salt additive, such

as a coppekstibed bepipeatolg, the presellifventiaisiprevides)a proaessifomth pysparativeof y ([ [ ) ,

S bt AL B i ORI o, o

i nert stillowingseacomsehemey, the present invention provides a process for the
manuf acture of a protected alcohol of formula (I C as exenplified by the
mebellowyNyNRL) N NtransitioN | NNRE X +O\ iR3
ofa U / | \ HaP? My netrakitigadetal addi t i onmpLi silng goupl i ng of
aN—protectd phenyl t et r az X Rz Cratalyst py Y:at r az profecting
group) Wi tp\apxaryl magne ha®i de THa—=Cr | hydr oxyl
protecti nf oup) in the\ presence oga.:’ag;;‘fg;'%gd tgfgl on catal yst, which is
Aconpl e Moy supported CK tI al | ad pl ati num cobalt,
manganese or copper netal or a correspondl ng salt

comprising coupling of a N-protected phenyltetrazole (X = Ci or Br; Y = a tetrazole protecting
group) with an arylmagnesium halide (Hal = Cl, Br, |; Ry, Ry = C4-Cyg-alkyl or combined
Cg-Cm-alkylené) in the presence of a transition metal catalyst, which is complexed,
uncomplexed- or supported nickel, palladium, platinum, cobalt, manganese or copper metal
or a corresponding salt thereof, and optionally a catalytic amount of a metal salt additive,
such as a copper(l), copper(ll}, zinc(ll}, sitver(l), cadmium(ll), mercury(ll), aluminum(ili),
gallium(lil), indium(lIl}, tin{IV), titanium{lV) or zirconium(iV) salt, in the presence of an inert
solvent or a mixture of inert solvents.

Similarly, the present invention provides a process for the manufacture of a protected
alcohol of formula (I C) as exemplified by the reaction scheme bellow

N—N

N—N
N N transition metal - N N R3

-~
_R3  catalyst, o
Hal—M catalytic amount of a O

g metal salt additive

comprising coupling of a N-protected phenyltetrazole (X = Cl or Br; Y = a tetrazole protecting
group) with an aryimagnesium halide (Hal = G, Br, I; Rz = a hydroxyl protecting group) in the
presence of a transition metal catalyst, which is complexed, uncomplexed or supported
nickel, paltadium, platinum, cobait, manganese or copper metal or a corresponding salt
thereof, and 6ptionally a catalytic amount of a metal salt additive, such as a copper{l),
copper(l!), zinc(ll), sitver(l), cadmium(ll), mercury(ll), aluminum i), gallium(il), indium(ii,



thereof, and optionally a catalytic amobunt of a netal salt additive, such as
a copper([), copper([[), zinc([[), silver([), cadmun(ll), nercury(ll),
alumnun([[[), galliun(l1l), indiun(ill), WO 2005/075462 PCT/EP2005/000978
-12 tin(l 29 9621 V) or zirconiun(lV) salt, in thePQHEREFOR9E an inert
sol vent or a mixture of inert solvents. Preferred Hal i s, for exanple, Br.
Preferred R, and R2 are, for exanpl e,‘"?rét hyl. Preferred R3 is, for exanple,
2-tetrahydropyranyl. Preferred X is, for exanple, . Wen X is chlorine, a
preferred transition netal catalyst is a nickel (O or nickel(l1l) conplex,

for exatipih®, titaniamipl) exziebniamhy &at, (N thy peskhcenfiantinérssahent di naibxéglely at | east
one organ(r)t ho‘isphorus conpound containing trival ent phosphorus. N ckel (11)
conpl ex8¥ CSSR%P 5ing two organophosphorus |ligands are preferred. N ckel (I1)
conpl exes wi th organophosphorus |igands which contain two trival ent

phos phoPuofersgdltal;is, Joradxampled Bchl or of 1, 2-

bi s(di'phenyl phosphi no) et hane] ni ckel (11) (i.e. N C 2(dppe)), are particulary

preferr e itiveis, for exanple, a zinc(ll) salt
such asﬁ%fﬁ?oéh%ﬁgﬁﬁgﬁ%ll%t n?ﬂér?neégﬁ&gol vents are ethereal solvents,
particularly tetrahydrofuran. Wien X is chlorine, conpounds of forml a (1)
may be Prefpaec: ki fohexampls -tetsekydrapyranyl. addi tive (e.g. ZnCl2) in above
process, i.e. catalyzing the coupling reaction solely by the nickel

cat al ysprefg}lg@dwx)g for Rampne. a preferred transition netal catalyst is a
pal | adi um corrp ex, for exanple, a corrpl ex of pal | adi un(0) or a conplex of a

pal | adl I wth at | east  one hos S co oqund cont ai ni ng
trival e H%)b“ﬁﬁl?ﬂﬁ% a prgterredirangiian) metahﬁa a B'E‘FF‘EMEF 'Hﬂ‘ (fromplex,

or ganophpsR&apesa bcbrﬂ@@:déf BhiekdIPEaT wisich isRabldmetadty!dt lea8 Do @Yo W t h

or ganophﬁ%’?%gor us |i an S #Q'HCh contain two trival rﬁgos phorus .atonms, such
s 21 CRGIRBpTS PorBP Lol phaemarssoass ekl cartalgieRompysics b

PdC12( dﬂgfahbpmfsphdr&s hganugbwmaﬁtrb@nauoadm)@bmpm@s Wit brgandphobphoplisef erred. A
preferr exanp i ncﬂg sal t such as zZnd 2

| t f
and ZnBfgands; 'CQSC\??BPI“QW tha@“tP'P@Pb%ééfﬂ“% ﬁ'%Fé‘rﬂsi‘ﬁ Hether enbodi nent of

the presa(mphenylpmspﬁmo)emaae]nw@l@lgS(Ee NICL(Hifise)yars patduibre pafferfedc onpound  of

formul a
prgsferred metal salt additive is, for exampie, a zinc(ll) salt such as ZnCl; and ZnBr,.

Preferred solvents are ethereal solvents, paﬁicuiarly tetrahydrofuran.

When X is chiorine, compounds of formula (1) may be prepared without the metal salt
additive (e.g. ZnCl) in above process, i.e. catalyzing the coupling reaction sclely by the
nickel catalyst.

When X is bromine, a preferred transition metal catalyst is a palladium complex, for
example, a complex of palladium(C) or a complex of a palladium(ll} salt with at least one
organophosphorus compound containing frivalent phosphorus. Palladium(li) complexes
comprising two organophosphorus ligands are preferred. Palladium({ll) complexes with
organophosphorus ligands which contain two trivalent phosphorus atoms, such as
dichloro[1,1"-bis(diphenylphosphino)ferrocene]palladium(li) (i.e. PdClx(dppf)) or its
dichloromethane adduct, are particularly preferred.

A preferred metal salt additive is, for example, a zinc(ll) salt such as ZnCl; and ZnBr,.

In a variation of the present invention, another embodiment of the present invention is a
process for the manufacture of a compound of formula (1)



WO 2005/ 075462 PCT/ EP2005/000978 -13 Y N. ORL NYNOR2 (1), whereinyY
represents a tetrazole protecting group, and R, and R2, independently of one
anot her, represent C -C,o0-alkyl, or R and R2 conbined together form

cz-c, O al k?’l()é’ﬁ@?!‘m‘@érrpri sing (a) reacting a conpound ofPUTSRRRNSHOENE a) , O
RL ~ O-R2 Hal / (Il a) wherein Hal ,i,s chlorine, bronmne or iodine, with an
active formof nmagnesiumin an appropriate solvent (b) reacting a resulting
aryl magnesi um hal i de conpound of forrmula (Il b) O,RL OR2 Hal-My (11 b) in
the presence of a transition netal catalyst with a conmpound of formula (I

c) Y NNNONX((II C, whereiyy X is chI ne in the absence of a netal

salt additive; and, if necessafyy isolatj ng a resulting conmpound of formula
(1). Yet another variation of W PESL ention is a process for the
manuf acture of a conpound of flor C) WO 2005/ 075462 PCT/ EP20051000978
-14-

(1),

wherein Y represents a tetrazole protecting group, and Ry and R;, independently of one
another, represent C4-Cyg-alkyl, or Ry and R, combined together form C,-C,e-alkylense;
comprising

(2) reacting a compound of formula (!l a)

_R1
0

O,RZ
Hal (it a)
wherein Hal is chlorine, bromine or iodine, with an active form of magnesium in an
’ ‘appropriate solvent |
(b) reacting a resulting aryl magnesium halide compoimd of formula (Il b)

o

o "2

Hal—Mg (Il b)

in the presence of a transition metal catalyst with a compound of formula (li )

S

(itc),
wherein X is chlorine, in the absence of a metal salt additive; and, if necessary, isolating a
resulting compound of formula (1).

Yet another variation of the present invention is a process for the manufacture of a
compound of formula (I C)



y NNW NR3 (I C wherein Y represents a tetrazole protecting group, and
R3 represents a hydroxyl protecting group; conprising (a) reacting a
conmpound of forrmula (Il a) R3 Hal / (IIl a) wherein Hal is chlorine,
broni ne or WOFAIHES6Hi t h an active form of magnesi um i n BT/ERZPIS08997% at e
solvent; (b') reacting a resulting ari magnesi um hal i de conmpound of formula
(It b)) R3 Hai-My (Il b) in the presence of a transition netal catalyst
with a conpound of formula (11 ¢) yN--~N MN.JN X (11 C), wherein X is
chlorine, in the absence of a netal salt additive; and, if necessary,
isolating a resulting conpwe Nof formula (I C. A further enmbodi nent of
the present invention is the ntion step (R3 or (b'), respectively, i.e.,
the specific reaction of a conjound ordula (Il b) or (Il b),
respectively, with a conpoundlof f la (Il ¢), wherein Xis chlorine. In
y, Mo addition of a catalytically

the instant reaction, surprig
additive is necessary to result in a

effective anount of a netal $g
conpound of formula (1) or (I respectivel y{ldyn the case in which both

e b B G b B AU b B

formed fgroup) eongdrizingi ng material of fornmula (Il c), wherein X is chlorine.
WO 2005/(975482 PCI/ EPZR&)Q{%%UZ‘%"&-) 15-

) réaciing a tcompoti
R3
/@/\0/
Hal

(i a)
wherein Hal is chlorine, bromine or iodine, with an active form of magnesium in an

appropriate solvent;
(b’) reacting a resulting aryl magnesium halide compound of formula (11l b)

/@/\0/"3
Hal—Mg (I b)

in the presence of a fransition metal catalyst with a compound of formula (I'I ¢}

SOk

(),

wherein X is chlorine, in the absence of a metal salt additive; and, if necessary, isolating a
resulting compound of formuia (1 C).

A further embaodiment of the present invention is the reaction step (b) or (b’), respectively,
i.e., the specific reaction of a compound of formula (!l b) or (ll! b), respectively, with a
compound of formula (Il c), wherein X is chlorine. In the instant reaction, surprisingly, no
addition of a catalytically effective amount of a metal salt additive is necessary toresuliin a
compound of formula (1) or (I C), respectively.

In the case in which both the transition metal sait and the metal salt additive are omitied, no
significant amount of compound of formula (1) or (I C), respectively, is formed from a starting
material of formula (Il ¢), wherein X is chlorine.



| sol ati on Step: The isolation of a conmpound of fornmula (1) or (I © is
carried out according to conventional isolation nmethods, such as by
crystalli zi % t he resulting compound of forrmula (I) orpécé@) from the
reacti on mVRP875463 desired or necessary after work- uf CTEEBEEA1ME, by
extraction, or by chromatography of_{lge reaction m xture, or any conbined
nmet hods. Step ¢ : For this purpose, t protecting groups of a resulting
conmpound of forrmula (I) or (I C of step (b) or (b'), respectively, are
removed sequentially or in a single step under conditions of hydrolysis,

pr ef er aligoletion Stape presence of a Bronsted acid. Step (c) is carried out, for
exanpl e’ThPY o?jaluﬁr?gilé’ cﬁmﬁ%'mf?hﬁﬂg ;I@%a‘?ﬂéq ut%Eccfrilgglo %&v\éﬁtoﬁ@l or

m xture wat er E pr opr | vent an sequen

t r eat i ndgoldtion rr@thoda,cauah ap m:ers@nirmg thet reauitm eoypoead piepavlath pe(l GNﬁprnopr i ate

Or 9ani ¢ yRAleXBIh R, fUBSHCR orHUELLaay, et AR BLIERIY b efrllig apyy DUt Y

ether, nitri such as acetonitril anol , et hanol ,
1- propa@bﬁomammzﬁlme,Fea‘-‘tlﬂbmlﬁh[ﬁ, prarycpprr@wﬁ medkadst e, t ol uene, xyI ene,
acetic acid or formc acid. Preferred solvents are nethanol and ethanol.
Sui t abl &i@fifls are Bronsted acids, such as sulfuric acid, hydrochloric acid,
phosphorlc acid, nethanesul fonic acid, ethanesul fonic aC|d

par s- t olFQEIHESUIRCSA; the REQteEting GFoupE oF a£esylting sRmPRUNd gf famuladirar 6| Glaf steis wel |
as pol yg@ror E’P%&’p&&ﬁe@r&@%rﬂgveﬁcée‘aﬁerﬁﬁuﬂarlﬁﬁ'sﬁ'ﬂglé dtEPURIEF BaRBRns bESI NS) .

Preferr acids are sulfuric acid %/ drochl oric acid. The anmount of acid
used |shfzi‘i’r@b’élﬁdﬁ?f?rﬂ?bftlv\/ﬂ'@rp@s%eé’ﬁﬂB@r@ ed@Gidval ents with respect to a
conmpound of formula (1) or (I C, nore preferably between 0.1 and 1.2

equi val emdps(c) Eh:ﬁrrib@@gt fc%xampﬁawd;@sﬂﬂmgta @dm;ﬁ)uh@wmﬁlu ﬁob OyiPRatee and the
boi | i ngé)gm nt of .the sol vent bet The isol ation

of a reSLBIMMYedWpEARd B8R apg’pgxfﬂtgo(glamﬁ)s%lg?nt(ap gybqegueg VrtfeéH”Q)thh 8% cordi ng

to conye@t prefadbly, apéraélbmedrﬁﬂpmmesuch as by crystallizing a conmpound of
formula (I A or (I B) fromthe reactlon m xture and, if desired or

¢ k- hy of
I he s aabpinnsie of G gRenfiRE Blnrs, M st ok, gp Lhingih, B ERero 0" 201 ©
cryst a:c In;:tﬁles isatch a}a‘adelrtmitf)lepal?m‘tolé, suelmsaﬁat harﬁﬁ%e}mpl,du?bpdrio! ﬂgarqia‘noﬁlhl or a
rt anl, c ol Vv a er. CO0O0l .l Naq. Xt ur.e r a
Db atiBiol Pottany Sodiae: Bllisne Xi8na st s a5 0Rtic Al AeFpb s ard

methanol and ethanol.

Suitable acids are Bronsted acids, such as sulfuric acid, hydrochloric acid, phosphoric acid,
methanesulfonic acld, ethanesulfonic acid, para-toluenesulfonic acid, benzoic acid, acetic
acid, formic acid as well as polymer supported Bronsted acids {(e.g. acidic ion exchange
resins). Preferred acids are sulfuric acid and hydrochloric acid.

The amount of acid used is preferably between 0.05 and 2.0 equivalents with respect to a
compound of formula (1) or (I C), more preferably between 0.1 and 1.2 equivalents.

The reaction is carried out at a temperature between 0°C and the boiling point of the solvent,
preferably between 25° and 70°C.

The isolation of a resulting compound of formula (I A) or (I B) is carried out according to
conventional isolation methods, such as by crystallizing a compound of formula (I A) or (I B)

" from the reaction mixture and, if desired or necessary after work-up, especially by extraction,
or by chromatography of the reaction mixture or any combined methods thereof. For
example, crystallization of the product is accomplished by distilling off all or a part of the
organic solvent, adding water, cooling the mixture or a combination of these measures.



-16 Several starting materials of formulae (Il a) and (Il a) are known in
the art and *can be prepared according to nethods well known in the art.
For exanple, a conpound of formula (11 a) may be obtained bX conventi onal
aci d cat al YPHYSHZ¥62| i zation of a 4-hal obenzal dehyde IHFHHE'GMI®Mce of an
al cohol or diol. For exanple, the prep%xratlon of conmpound of fornmula (Il a)
with Hal being bromne, and R, and R2'being nethyl, is described in Journal
of Organic Chemistry 1991, 56, 4280. The corresponding conpound with R and
R2 bein tgly can be pregﬁlred in ethanol in the presence of triethyl

£

ort hof o siartingmateeiplg of Ermplae (1l apancdHbalaie keew 'Brﬂf‘ﬂlﬁ'éa(“l’ Fan by may be

pr epar edrephRid a%é@tﬂi?ub 8o n@hoﬁ@ Wek Rﬁéﬂﬂﬁ'th@éﬂt dr&adbahpred coﬁ‘nﬁéﬁ{d ot cﬁ
4- hal obenz | al cohol a suitable al kylatin zEg‘fe:’nt such as 3,4 él dr o- 2H

pyran. Hbg @ﬁh’ﬂ‘?)?@a'@% BY peveationel anid eatalzadrcs nphHa ﬁ‘[ha@bemﬂld@yd@\her ein
Hal is tﬁg?%enceaﬁ%n%ﬁ;ohél drédl. ahdtchﬁﬁlbfeaﬂle?p‘ré(ﬂaratloﬁ &e&ﬁFéLPﬁ%f&& Lef r ahedron

1983, 39 Several starting materials of formula | fferent

pr ot ect (tha) Wihotal Seing bramipacnd Rrendrize bemgtmetfrﬂels EP%H?QM @H”@i ois@igeniexanpl es
i s descighbgtd, oD 5688707 Thsf&errteéﬁdnawg @gmgam.ﬁm,l éddtﬁztﬂea{geetﬁﬁ ah Byention

descri bed above; however, they not i ntended limt its extent in any

manner , PrapRreshin Afhpaol ip Wewm@ ef tF'@&E’tqr'Bﬁff’”B@iﬁd’P%’ ?B REid caleishl A 1:

Pr epar abbnﬁﬂodﬁd of formula (III a) rnay be prepared for example, by conventlonal aCId catal ed
5-(4'-i1, 31di oxan-

1- et 1- nyl -ethyl)-2Htetrazo
P aachon s Bolerey Hepha it A0 ks et S o E s oot

To MBgN@Fial NFbHEATHES tH bn GHcBmPOERILIYGIfRIa @PAWHREA HaPR Y 6rhiﬁ@5 12 m.
of a SOFZ'[IOI’] of 4%%%3 henkl’eyi@trﬁ}'?{é ox;n(g (3’8 02 g; 33 rrrm) 1)
h

anhydr 0§89 Béisrtﬁtl‘ﬁfm;’ YT X'!S%dﬁiq' ron 498% 3349%d to about 50C and

five drops. of 1,2-di bronoethane are added. After the reaction starts, the
m Xt ur e Seserbledriiy naterials lofiformolg (n h)amtremﬁ?emdmmteturtgmomﬁ YihieGthooh i:2th(e4-

br ono- phen 3d|o ane is a ove The resulting m xture
is furtﬁg )ﬂ'éi’{ o P %“@@?’@rmp é %WB% "gfafn%t"'s?r allowed to cool down to
roomtenperature. The WD 2005/ 075462 PCT/ EP2005/ 000978

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

not intended to limit its extent in any manner, for example, to specific reaction

conditions.

Example 1:
Preparation of 5-(4'-[1,3]dioxan

Cl NiCl,{dppp) {cat),
ZnCl, {cat.) O

To magnesium turnings (0.882 g) are added under anhydrous conditions 12 mL of a solution
of 2-(4-bromo-phenyl)-[1,3]dioxane {8.02 g; 33 mimoi) in anhydrous tetrahydrofuran (33 mL).
The mixture is warmed to about 50°C, and five drops of 1,2-dibromoethane are added. After
the reaction starts, the mixiure is heated to reflux and the remainder of the solution of 2-(4-
bromo-phenyl)-[1,3]dioxane is added over 40 minutes. The resulting mixture is further
stirred at 60°C for one hour and finally allowed to cool down to rcom temperature. The |



-17 concentration of 4-([1, 3]dioxan-2-yl)phenyl magnesi um brom de in the
sol ution above the excess of magnesiumturnings is 0.50 Maccording to
titration._In another flask,
di chl or of 1W8-2¥7¥6pheny! phosphi no) pr opane] ni ckel (11) (RETEE05008794 mol )
S suspended in tert-butyl nethyl et_hﬁ‘(S m.) and cool ed to about OC before
a 0.5 M solution of zinc chloride intetrahydrofuran (0.40 niL; 0.20 mol)
and a solution of 5-(2-
chl or o- phenyl ) -2-(1-net hyl -| - phenyl -ethyl )-2Htetrazole (1.20 g, 4.0 mmol)
in tertc@meytrathmf Hs{l1,3dinean-2-yi)phenylmpgagsiura Sehstide Mdhe sedutiongbopeidiey stirred
resul ti of the above 0.5 M
RecRUSPROARN Brfrad ot m BBoHInO( frafoll

4- ([ 1, 3 oxan- phen gnesi um on (4 8 Mol ) over one

hour. Th’?aﬁo%?ér”ﬂ&él@ﬂlcﬂﬁféﬁ @rb%f(ﬂ]piﬁﬁgfﬁhb%ldo%rﬁﬂyérﬁw ?ggﬁegmno urt her

stirred at roomte erature bout O0C,
quenchei$ sispended Imi_ertdmts& ity eherdBul)@Rd @pola@imahqm"éhb@ere@eo PMwat er and

di | utedg eguﬁ&a ﬁ%h%%h‘oﬁ@@ﬁﬁéﬁaﬁy?@fm (04 ﬁ‘ﬁLaél sditionepadt ed and

extracte acet ne organi c phases are

washed ﬁmpw—@eﬁwhwmﬁtm il hea-etyb rﬁﬁtﬁ%}lﬁnwlzﬂw-u% mgel)dn teui@tyh ) and with
a 10 % kA bher @f2 .ﬁgfialsraréheéﬁ Ofd fle vigerdm@&%iin§&%snha.g sJé?:%nQ gq 4T 9ani c

phases are evap orate n vacuo. sol ution o resulti ng pa %reen solid

in a sABpyt Oa%@nri f theahgye @& M %rﬂé Sldioantd-¥ipbendnaanesiipobramide s
resul Ui ngs Rithdh) GeP6fe ﬁcSUr' Ghé PosultH uéﬂk%msmlowamea TS 8p Bygon silica

gel eluting wth a 1:10 m xture tert-b ther and tol uene to
afford erkhzr stimed gt Eﬁ%k@ﬁlpffﬁwfe torARdoprs. 2ng¢| ryﬂxlere( @sﬁ@ﬁ%m abpubAEhy| -

it 237” )1 ébbrkﬁéa aRrhe n@%f@oé 954 E5hitioR oY SinAHoBium éﬁndwe u( &Q@r Mr@dmf#édWSO)

02-2. 07 96-
4 19,4 svianetae (45 m; Jhe wglequsihisaisaapaatd AnAexeqid wit SovACERIE @B 2 1

7.32- 7 {18 odiibthed droflic Bhifbs o8 wdshh it <505 K1 @lutofiof fodiur hycréx @5 69 ’<m

1H) 7.78-7.80 (m Mel ting range: 102-106 2. Preparation
water (10 mL} and w1th a10% solutlon of sodium chioride in water (10 mn}) The combined

50( 4N ﬂ} b h H?és"ﬁfb ebamﬁeerlrn%cw )A Eolﬁﬁdﬁdf@m/#ééﬁltu%’ﬁaﬂé‘g?ee\'ﬂsbnd?‘tﬁ'at et { aé O|C|e2
E cat.) \gmall amount of ethyl ac‘éM’e is'fi Itered and evaporaied. The resultlng pale gree(n %glld i)S "

purified by column chromatography on silica gel eluting with a 1:10 mixture of tert-butyl
methyl ether and toluene to afford 5-(4-[1,3]dioxan-2-yl-biphenyl-2-yl)-2-{ 1-methyl-1-phenyl-
ethyl}-2H-tetrazole as colorless crystals.

'H-NMR (400 MHz, dg-DMSQ): 1.47-1.52 (m, 1 H), 2.01 (s, 6 H), 2.02-2.07 (m, 1 H), 3.96-
4.02 (m, 2 H), 4.17-4.21 {m, 2 H), 5.55 (s, 1 H), 6.95-6.98 (m, 2 H), 7.10-7.13 (m, 2 H), 7.32-
7.39 (m, 5 H), 7.51-7.53 (m, 1 H), 7.56-7.61 (m, 1 H), 7.65-7.69 (m, 1 H), 7.78-7.80 (m, 1 H).
Melting range: 102-106°C.

Example 2:

NiCl,(dppp) (cat.},
ZnCl, {cat)

To magnesium turnings (2.92 g) is added under anhydrous conditions one fifth of a solution

of 1-bromo-4-{diethoxymethyl)benzene {25.9 g; 100 mmol) in anhydrous tetrahydrofuran




To magnesiumturnings (2.92 g) is added under anhydrous conditions one fifth
of a solution of 1-brono-4-(diethoxynethyl)benzene (25.9 g; 100 nmmol) in
anhydr ous %aé ﬁﬂ@/ﬁrofuran WO 2005/ 075462 PCT/ EP20051000978 -18 (80 nL). The
mxture is 1% about 40C and 1, 2- di br onoet hane ( OPEYEPHPS008978 mol )

I s added. After the reaction starts, {éﬁe remai nder of the solution of

1- br ono- 4- (di et hoxymet hyl ) benzene is ‘added over one hour. The resulting

m xture is further stirred at 40C for two hours and at roomtenperature for

30 minutes and is finally diluted addi ng anhydrous tetrahydrofuran (25
m.). Thé0dakic dhe mixtisys E’ﬁfrﬂect@@@%‘t&)y‘ﬁ@ﬂwl%'@ih@ﬁlﬁlethaﬁﬁ&@%mm‘l Bromdliie in the

sol ut | O AHGY AP e SXAB sBis TG RSB oF RIsBi¥foh & Abrifdd- according to

titrat I
d: c L?olr a]eih@&]mgggahqﬁﬁemﬁ/wﬁé@%mﬁ one hea &P fesilting mixtyre(is fgther glireg. @5 ol )
is sus p%’@%@r tWB Hoﬁféan‘&%t%oﬁ?én‘ibé‘rat@ﬁeﬁ@( 30( r%mﬁte@ahd %aﬂ?e’nﬁ@h P t 0C

before a 0. solution of zinc chloride In drofuran (% m.; 0.25
nmol ) a@@ygroggpqmahWO@farh(Zﬁ,n%{)u A Be cegncentration of 4 (dlethoxymethyl)phenyl-

5- (2- chlag r%nﬁmuﬂo}mc?e ;(\ttﬁ‘é SNRGATDBYL M8 e%céég)of %Jagf@swrﬁﬁﬁhrﬁg@efb 46 M

5-(2-chl or ohenyl ) -1- (tetrahydropyran-2-yl) tetrazole (1.32 g; 5.0 mmol)
in tert3a%ge giﬁé'irﬁ'ﬂﬁ?“ ether (1.3 nlL) are added To the Vi gorously sti rred
.resultin sus nsion i s added at about ve

4- (di et X ﬁ@ﬂ&?[%%&ﬁ@&ﬁ*@m”B?Q?Hh'ae)i’waﬂ%lmhe'@B (@0%54 0. O%Wiol)one

hour . Tﬁ%uéﬁeﬁuéd innertBLBTineihgl 4y (8.8!mil)izp0 cbae@ td d0oRflo® betbeW 0.8@ for 5
roomtenperature for 19

hours, allowe urt er stl
hours. SHEOR F'U? @f\ﬁaé‘mdﬂgé) @@ygfa br%‘ﬂé‘(fovv\“f’ oba midUre, 5ol ut i on
of amog BJGZ!-dhlr:ir@ﬁHred P lttetahRirordytdh- !)-2#%8@2@%@@(2—@#@5@1@@ é-‘wpar ated and
extract et e conb or are
washed &ﬁ’qﬁ\% PEgD %ﬁ@’@ ﬁge?raé"'é %§3£L SF U'tmqprf“ Lﬁﬁ 8 "I?BE i? 5‘?-5 Aat er (10
) a_ndacmedlqro%mgmbuwstﬁfed&edm@ subparisiofiés addedait ebodtm% M8 il Jflhﬁe conbi ned
organic apor I n_vacup. sol ution the resulting
b1 oun. yBRBN BN A eohar P et grestim T s- ol P .o ol GRS ng
ev applr ahe. Tﬂ'élﬂasuﬁﬁgl bracmgei@w soluliof & stjred at auwu't biceidr Byrogie| almgd ﬁdm@ﬁﬁﬁt ?gr apﬂy
on silica a m acet at e in the
ot esencth it ettt oomefmperinth it 1hnds. ThetndRd Ptedansrathe,
( N2- i soamt quehettedl with a 7.5 % solution of ammomum chloride in water (10 mL). The agueous
d|ethox methl-bl d I Htetr zoIe as a
col orl e separ "1&% ‘3‘% fyﬁf?b witg%‘y ?cg WE)C%%F(??%b% égrg{ap,lc 2% 2 Hz, 6
H, 1. 6&ellva§ﬁec{wlth Watkl (10ImiB6a 75 B3olution & ddifiuneationaidlin water (10 ML) a’d 80- 3. 73
(m 6 H)O %SS'OﬁJ%Org of so%liu'f'pl t:h!o5r"|a%7iﬁ %v‘a?e? { {d?nL)l 'H‘)e’ co?n‘b:anZad organic phases are

evaporated in vacuo. A solution of the resulting brown-yellow oil in a small anjount of ethyl

acetate is filtered and evaporated. The resulting oil (2.68 g) is purified by column

chromatography on silica gel eluting with a 1:4 mixture of ethyl acetate and hexane (in the

presence of 0.2 volume-% of triethylamine) to afford the main isomer (N2-isomer) 5-(4'-

diethoxymethyl-biphenyl-2-yi)-2-(tetrahydro-pyran-2-yl)-2H-teirazole as a coloriess oil.

'H-NMR of N2-isomer (400 MHz, CDCl:): 1.24 (t, J = 7.2 Hz, 6 H), 1.60-1.67 (m, 3 H), 1.86-

2.03 (m, 2 H), 2.11-2.17 {m, 1 H), 3.50-3.73 (m, 6 H), 5.48 (s, 1 H), 5.97-5.99 (m, 1 H), 7.17-

7.20 (m, 2 H), 7.37-7.38 {m, 2 H), 7.43-7.56 (m, 3 H), 7.90-7.92 {(m, 1 H).

Example 3:
Preparation of 5-(4'-[1,3]dioxan-2-vi-biphenyl-2-y1)-2-(tetrahydro-pyran-2-vi)-2H-tefrazole and

5-(4'-[1,3]dioxan-2-vi-biphenyl-2-y)-1-({tetrahydro-pyran-2-vi)-1H-tetrazole




7.20 (m 2 H), 7.37-7.39 (m 2 H), 7.43-7.56 (m 3 H), 7.90-7.92 (m 1 H).
Exanpl e 3: Preparation of 5-(4'-f1

3l di oxan- 2 vI bi henyl 2-vl)-2-(tetrahvdro-pyran-2- V|I-2H-tetrazole and
5-(4'-f 1% Qﬂé’g yi - bi phenyl - 2-yl ) - 1- (t et r ahvdr o- pyhGHEE2GH0pUI78
Htetrazol e V\D 2005/ 075462 PCT/ EP2005§§00975 -19- O NO 00--NNI/ O NN
Br-My / N Cl2(dppp) (cat.), ZnCl2 (¢ ) 011 A suspension of magnesi um
turnings (2.68 g) in anhydrous tetrahydrofuran (20 nL) is cooled to 10C and
five drops of 1,2-di bronoethane are added. 2 nL of a solution of 2-(4-
brono- phenyl ) -f 1, 3] di oxane (24. 3, 100 mmol) in anhydrous tetrahydrofuran
(80 nL) 45~ added at 10C under vipor ing. After the reaction starts
t he remgi nder (of, the solutiq g}

of 4- br pno- oxane i s added
over 90 M "The resul ti I Xture i s™¢ ask stirr -'- about 16C for
2 hours and aﬂ C for 9 The concent'\l f
4- ([ 1, 3] di oxan-j2-yl ) phenyl rragne5| um brom de in the 9 i o above the excess

ngs Is about 90 M I n anots

] v f" >
bi s(di phenyl .@. no) pro @%ﬂh Eﬁzl (11) (0.05 0.10 nmol) is suspended
in 1,2- di methaxyet hane ( ) and cool ed t®ywabout OC before a 0.5 M
solution of zinc chloride |n tetrahydrofuran (1.0 nm; 0.50 mml) and a

sol ut i o saEpansiondf magnesiurB 1§raingh (HEDYHEe aghydr@is tetrahydrofuran (20 mL) is

(tetrah r - - . +

5 (2 ont S ERKLACe B iy Gidpd B 4 2% rbimBBang are poed. 2.yt atasoluion a1 g
mol ) i hrm&phﬁnm&{hﬂﬁmm@é 3@ 1@0 mmc!)anenlamma teffahydtduran 80 wUsky stirred

[ ti f M
2ot spSataneasLitdoRrcSlnal, ARG he fackoh dafttn@relBudRNE dla |
hour .  Thé2-(4-eromiotihenylbticidioyare is addast aver dhminsitest Tomasuingwaixiurais and furt her
stirredgat.ef &Pr@d ?Hi?cgftg%% goorgu@ﬁrs?hn'a%%“c bPes mlﬁittﬁ!;(r) co?n?éﬂt ﬂor‘i& about 0C

and quenched wit I'on of  ammoni um C er (20 nmb).
The aquded[issigibxase2-Viiphenymaguesitra hpmide ndiee sautivhtahove the excess of

. magnesium turnings is about 0.90 M. In another flask, dichloro[1,3-

of magnesiu , dichloro[1, 3-

bis(diphenylphosphino)propane]nickel(1l) (0.054 g; 0.10 mmol)' is suspended in 1,2-
dimethoxyethane (7.7 mL) and cooled to about 0°C before a 0.5 M solution of zinc chloride in
tetrahydrofuran (1.0 mL; 0.50 mmol) and a solution of a mixture of 5-(2-chlorophenyi)-2-
(tetrahydropyran-2-yl}-2H-tetrazole and 5-(2-chlorophenyl)-1-(tetrahydropyran-2-yl)-1H-
tetrazole (2.65 g; 10.0 mmol) in 1,2-dimethoxyethane (2.'7 mi.) are added. To the vigorously
stirred resulting suspension is added at about 0°C 13.4 mL of the above 0.80 M
4-([1,3]dioxan-2-yl)phenyimagnesium bromide solution (12.0 rhmol) over one hour. The
resulting brown-yellow solution is allowed to warm up and further stirred at room temperature
for 3 hours. The mixture is cooled fo about 0°C and quenched with a 7.5 % solution of
ammonium chloride in water (20 mL). The aqueous phase is separated and extracted with
ethyl acetate (50 mL). The combined organic phases are washed with water (20 mL}), a 7.5
% solution of sodium carbonate in water (20 mL) and water (20 mL). The combined organic
phases are evaporated in vacuo. A solution of the resutlting oil in a small amount of ethyl |
acetate is filtered and evaporated. The resulting oil is purified by column chromatography on
silica gel eluting with a 1:2 mixture of ethyl acetate and hexane fo afford the main isomer
(N2-isomer) 5-(4'-[1,3]dioxan-2-yl-biphenyl-2-yl)-2-(tetrahydro-pyran-2-yl)-2H-tetrazole as a
colorless oil and the minor isomer (N1-isomer) 5-(4'-[1,3]dioxan-2-yl-biphenyl-2-yl)-1-
(tetrahydro-pyran-2-yl)-1H-tetrazole as colorless crystals.

"H-NMR of N2-isomer (400 MHz, CDClg): 1.42-1.47 (m, 1 H), 1.57-1.65 (m, 3 H), 1.79-1.87
(m, 1 H), 1.96-2.03 (m, 1 H), 2.10-2.27 (m, 2 H), 3.60-3.62 (m, 2 H), 3.95-4.01 (m, 2 H),



ethyl acetate (50 nL). The conbi ned organi c phases are washed with water (20
m), a 7.5 %solution of sodiumcarbonate in water (20 m-) and water (20
m.). The conbi ned organic phases are evaporated in vacuo. A sol utlon of the
resul ting BPR205A7¥6k el | anount of ethyl acetate is fiRGTEFSYPS4PRI7S
evaporated. The resulting oil is purlg%ed by col um chr omat ography on
silica gel eluting with a 1:2 m xture“of ethyl acetate and hexane to afford
the main isomer (N2-isoner) -
5-(4' -1, 3] di oxan- 2- é|-bl phenyl - 2 g Zﬂhélstetra dro-pyran-2-yl)-2Htetrazol e
as a c4i28rAdsEn, @), BAd (s, Hlef‘l}rﬁl%rﬁ & )(Kljl317 nfet ¥ H), 7.38-7.42 (m, 3 H),
5-(4' - [3:,4%11!5@%@?[’12) ?«Isg_tyg)lh yll )2 yl)-1- (tetrahydro-pyran-2-yl)-1
Htetrazol e as colorless cr stals 1H NVR of N2-isonmer (400 MHz, CDCI 3):
1 42- 1. 4+NMR ol Ni4somer 690 Mis CRGL)P.9§-1.02 (mol h),d81-1.86 (. HH), 11429542 03 (m 1
: 2 . - ,
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H, 7.8 geopE s H)400 Mz, CDCI 3): 0.98-1.02 (m
1 H, 193%7?1]53@24) 1?")491)7]&({P'@I/ZB'q))f7%7il mﬁ, 1.51-1.61 (m 1 H), 1.87:1.96
(m 2 H}Vlelﬂzgimor%”(@ﬁmer 185-127°%5- 3. 31 (m 1 H, 3.70-3.75 (m 1 H),
3.93-4.00 (m 2 H), 4.22-4.27 (m 2 H), 4.84-4.87 (m 1 H, 545 (s, | H,
7.12-7.E§a,ﬁ%4z H), 7.40-7.42 (m 2 H), 7.50-7.68 (m 4 H). Melting range of
N1-i soner ] Exanple 4: Preparatlon of 2'-(1

: Z licbiphenyd-rasearpaldshyde NoN [\ 0 (0) NNIN P NON/ N
Br-My O NICI2(dppe) (cat.), ZnCI 2/(cat ) H2804 H2O/ EtOH1 =NO HN NA

suspenS| of magnesium turnings §6.31 g) i anhydrous tetrahydrofuran (59
NN 0~

Br—Mg

NiCL{dppe) (cat.),
ZnCl, (cat}

A suspension of magnesium turnings (6.31 g) in anhydrous tetrahydrofuran (59 mL) is
cooled to 14°C, treated with a 1 M solution of diisobutylaluminum hydride in tetrahydrofuran
(2.35 mL, 2.4 mmol) and stirred for 20 min. At 14°C, 1-bromo-4-dimethoxymethyl-benzene
(2.72 g; 11.7 mmol} is added under vigorous sfirring. After the reaction starts, more
1-bromo-4-dimethoxymethyl-benzene (51.79 g; 223 mmol) is added over 45 minutes, while
the mixture is diluted with two portions of anhydrous tetrahydrofuran (59 mL each). The
resulting mixture is further stirred at about 25°C for 2.5 hours. The concentration of
4-~(dimethoxymethyl}phenylmagnesium bromide in the solution above the excess of
magnesium turnings is about 1.0 M. In another flask, a mixture of 5-(2-chlorophenyl)-2-
(tetrahydropyran-2-yl}-2H-tetrazole and 5-(2-chlorophenyf)-1-(tetrahydropyran-2-yl)-1H-
tetrazole (98.2 % content; 53.91 g; 200 mmol) is dissolved in anhydrous tetrahydrofuran (37



cooled to 14C, treated with a | Msolution of diisobutylalum num hydride in
tetrahydrofuran (2.35 ni, 2.4 mol) and stirred for 20 mn. At 14C

1- br ono- 4- di met hoxynet hyl - benzene (2.72 g; 11.7 mmol) is added under

vi gorous sYPrRPISHGSAfter the reaction starts, nore PCTAEP2003/000978

1- br ono- 4- di et hoxynet hyl - benzene (51 79 g; 223 mmol ) is added over 45

m nutes, while the mxture is dilut % With two portions of anhydrous
tetrahydrofuran (59 nL each). The resulting mxture is further.stirred at
about 25C for 2.5 hours. The concentration of
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m Xture of ethan wat er and water and are dried under reduced pressure

at abougregliedugdefredicgd praseureiat pbeyt 89 tosaffprd 2t tteifRzeL aryl)-biphenyl-4-
carbaldehyde as pale yellow, crystalline solid.
Melting range: 188.6-189.9°C.

Example 5:
Preparation of 5-

N
5\ O/L ° S ®
0" NN Br—M O NN

9

PdCl,{dppf) (cat.),
ZnCl, {cat.)

To a suspension of magnesium turnings (5.11 g) in anhydrous tetrahydrofuran (40 mL) is
added 1,2-dibromoethane (0.106 mL; 1.2 mmol). The suspension is cooled to 12°C and 6
mL of a solution of 1-bromo-4-(diethoxymethyljbenzene (53.6 g; 200 mmol) in anhydrous
tetrahydrofuran {120 mL) and a second portion of 1,2-dibromoethane (0.106 mL; 1.2 mmol)

2
)

Br



car bal dehyde as pale yellow, crystalline solid. Melting range: 188.6-189.9C
Exanpl e 5: Preparation of

5- (4' -di et hoxvnet hvl - bi phenyl - 2-vl)-2-(tetrahvdro-pyran- é 2Htetrazol e
~ N NN (VO20EU534620 NNBr-Mg NN/ | O\ Br PdOY 2(dd’pﬁT)(EP(2 0097 2 (CaO

To a suspension of nagnesi um turni ngszéS 11 g) in anhydrous tetrahydrofuran |
(40 nm.) is added 1, 2-di bronpet hane (09406 nlL; 1.2 mmol). The suspension is !
cooled to 12C and 6 nlL of a solution of 1-brono-4-(diethoxynethyl)benzene :
(53.6 g; 200 mmol ) in anhydrous tetrahydrofuran (120 m-) and a second
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4- (di et mgm@tuw%%ﬁérgﬂthm@wgDJ&%ﬂd@eth@wmwph@wlmweglumled@ver t wo
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for 18 hours. , N0 nore starting mat erla etected by

thin | égimer%thmﬁai%@%h@ﬂerﬂh@. 5] womséaﬁtl@g E@tﬁr@tpqu{si %@ﬁj@ct@tmaﬁhw a sol ution
of sodi yyper é}*&h@@g.%ﬁf bnfp.@aﬁ&tu(@'sgo&éd tohbeaE ' 4rd% oA’ s&dilfy! acetate (30

m.) are added ueous ase is separated and extracted wth ethyl

acet at e hydrogencproongie ( 8grﬂi|'ﬂ1‘é@ﬁef @b gelniand ghukacstate (30, mbhase adfedy Besol uti on of
sodi um by deRIPRES RBFIrStetiand estikadidl Wil &hyl Gé&tate (40 mL). The combined

organic phases are washed with a solution of sodium hydrogencarbonate (2.0 g) in water (25
mL) and twice with water (25 mL) before they are evaporated in vacuo. The resuiting orange
oil is purified by column chromatography on silica gel eluting with a 1:4 mixture of ethyl
acetate and hexane (in the presence of 0.3 volume-% of triethylamine) to afford the main
isomer (N2-isomer) 5~(4'-diethoxymethyl—biphenyl—2-yl)-2-(tetrahydro-pyran-z-yl)-2H—tetrazole
as a pale yellow oil.

'H-NMR of N2-isomer (400 MHz, CDCl): 1.24 (t, J = 7.2 Hz, 6 H), 1.59-1.67 (m, 3 H), 1.85-
2.03 (h, 2 H), 2.11-2,18 (m, 1 H), 3.50-3.74 (m, 6 H), 5.49 (s, 1 H), 5.97-5.99 (m, 1 H), 7.17-
7.20 (m, 2 H), 7.38-7.40 {(m, 2 H), 7.43-7.56 (m, 3 H), 7.90-7.92 (m, 1 H).

Example 6:
Preparation of 2'-(1H-tetrazol-5-yi}-biphenyl-4-carbaldehyde

O/\ lN I\{ [0
0
HCl, HN, N
0"\ HK,0/EtoH
———————




m.) and twice with water (25 nlL) before they are evaporated in vacuo. The
resulting orange oil is purified by colum chronatography on silica gel
eluting with a 1:4 m xture of ethyl acetate and hexanﬁgéi n the esence of
0.3 vol umeW2895/47546¢t hyl amine) to afford the main iso T@NQQSV‘]Q@"H%

5- (4' - di et hoxynet hyl - bi phenyl - 2-yl) - 2- igﬁgetrahydro pyran-2-yl) - 2H-tetrazo| e
as a pale yellowoil. '"H NVR of N2- i 58 (400 MHz, CDCI3): 1.24 (t J=7.2
Hz, 6 H, 1.59-1.67 (m 3 H), 1.85 2.03 (m 2 H), 211218(m 1H,
3.50-3.74 (m 6 H, 549 1s, 1 H, 597-5.99 (m | H, 7.17- . 20(m2
H), 7. 380%-@40bdigimxyndthyl-biphéByl-2-\Be2-(tetral§didpyrai-200)-2H-82rafzale (0468 g; Exarrpl e
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are msHe@rbﬁd%Waa&whltd ceystalline pofvdevat er, dried in vacuo at 40C to afford
enyl - 4-carbal dehyde as white, crystalline

powder H%f“?l nglltp%?#'t)goq%ghS 190. 0C. Exanple 7: Preparation of

5- (4" -di met hoxvmet hyl - bi phenyl - 2-vl) - 2- (t et rahvdro- pyran-2-vl)-2Htetrazol e
in theBtampledte of a nickel cat aI yst and in the absence of a zinc salt o

N-N '\ Opedirdiiin of5RNihetbbiinid -2h-tetrazole in

the presence of a nickel catalyst and in the absence of a zinc salt

NiCL(dppe) (cat)

A suspension of magnesium furnings (2.35 g) in anhydrous tetrahydrofuran (66 mL) is
cooled to 14°C, treated with a 1 M solution of diisobutylaluminium hydride in tetrahydrofuran
(1.8 mL; 1.8 mmol) and stirred for 20 min. At 14°C, 1-bromo-4-dimethoxymethyl-benzens
{1.02 g; 4.4 mmol) is added under vigorous stirring. After the reaction starts, more 1-bromo-
4-dimethoxymethyl-benzene (19.32 g; 83.6 mmol) is added over 50 minutes. The resulting .
mixture is further stirred at about 25°C for 2.5 hours. The concentration of 4-(dimethoxy-
methyl)phenylmagnesium bromide in the solution above the excess of magnesium turnings
is about 0.96 M, In another flask, a mixture of 5-(2-chlorophenyl)-2-(tetrahydropyran-2-yl)-
2H-tetrazole and 5—(2-chlorophenyl)-1—(tetrahydropyran-Z-yl)-1 H-tetrazole (94 % content;
4.22 g; 15.0 mmol) is dissolved in anhydrous tetrahydrofuran (2.8 mL) under an inert
atmosphere and dichloro[1,2-bis(diphenylphosphino)ethane]nickel(ll) (80.8 mg; 0.15 mmol)
is added. The vigorously stirred resulting suspension is cooled to about 15°C and the above
0.96 M 4-(dimethoxymethyl)phenylmagnesium bromide solution (18 mL; 17.3 mmol) is
added over one hour while keeping the temperature below 25°C by external cooling. The
dark brown reaction mixture is agitated at room temperature for 22.5 hours. After that, about
94 % of the starting material are converted. Methanol (1.2 mL; 30 mmol)} is added to the




er Mg O \ N1d 2(dppe) (cat.) A suspension of magnesiumturnings (2.35 g) in
anhydrous tetrahydrofuran (66 m-) is cooled to 14C, treated with al M
solution of diisobutylalum niumhydride in tetrahydrofuran (1.8 ni; 1.8
mmol) and stirred for 20 mn. At 14C, 1-bronp-4-di nmet hoxynet hyl - benzene
(1.02 g; 4P W$42s added under vigorous stirring. Af'f%?/mfzﬁéf‘}"%"ﬂ%tion
starts, nore 1-brono- 4-dinethoxynet h)él -benzene (19.32 g; 83.6 mpl) is
added over 50 minutes. The resulting” A xture is further stirred at about
25C for 2.5 hours. The concentration of 4-(dinmethoxy- mnethyl)phenyl magnesi um
brom de in the solution above the excess of magnesiumturnings is about

0. 96 M nhixtuserfolldved biylisopkopybaceitate (35%mb}, a solution of ammonium chioridé (0.4 g) in
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water (12 m-) and twice with water (10 m-) before it is evaporated in
vacuo. Hgmbesddl ting brown oil is purified by colum chromatography on
silica qé‘l’mg'%ting with a 1:4 mxture of ethyl cetate and hex in the
presence fi asation of S(d'rdimpihpsrmetiay-biph P-(teisabyy '

(N2- i SOPR{Libtrazole in the absence of a catalyst
5-(4' - dirmetnoxynethyT - brphenyT-2-yl)-2- (tetrahydro-pyran-2-yl)-2H tetrazole

as a paleyellow oil. 'H NWR ofgA2-isoner (400 MHz, CDC)3): 1.59-1.68 (m 3
H, 1.86£1.P3 (m | H, 1. : (m1\H, 2.12-2.20,(m 1 H, 3.34 (s, 6
N 38 H), 98 (mo™1 H), 7.18-7.21 (m 2
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A mixture of 5-(2-chlorophenyl}-2-(tetrahydropyran-2-yl}-2H-tetrazole and 5-(2-chlorophenyl)-
1-(tetrahydropyran-2-yl)-1H-tetrazole (94 % content; 4.22 g; 15.0 mmol; same batch as used
in Example 7) is dissolved in anhydrous tetrahydrofuran (2.8 mL) under an inert atmosphere.
The vigorously stirred resulting suspension is cooled to about 15°C and a 0.86 M
4~(dimethoxymethyl)phenylmagnesium bromide solution (18 mL; 17.3 mmol; same batch as
used in Example 7) is added over one hour while keeping the temperature below 25°C by
external cooling. The brown reaction mixture is agitated at room temperature for 22 hours.
After that, HPLC analysis is done on a sample which is, as usual, hydrolyzed with dilute
aqueous hydrochloric acid. The analysis shows mainly unconverted starting material
(detected as 5-(2-chlorophenyl)-1H-{etrazole) and less than 0.25 area% of C-C-coupling
product (detected as 2'-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde). Finally, when methanol
(1.2 mL; 30 mmol) is added to the mixture, an unusually strong exotherm is observed which



Exanple 8: Attenpt for the preparation of

5-(4' - di net hoxynet hyl - bi phenyl -2-vl)-2-(tetrahydro-pyran-2-vl)- 2Htetrazol e
in the absence of a catalyst o » 0- NIN\ OQ "'p "J~~N~INONNI NV
N. O Br M ¥PH§2atal yst A mixture of PCT/EP2005/000978

5- (2-chl or ophenyl ) -2-(tetrahydropyran- E yl)-2Htetrazol e and

5-(2-chl orophenyl ) - 1- (tetrahydropyraa 2-yl)-1 Htetrazole (94 % content;
4.22 g; 15.0 mml; sane batch as used in Exanple 7) is dissolved in
anhydrous tetrahydrofuran (2.8 m-) under an inert atnosphere. The
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total reaction tlrgp B hours. Exanple 9: Prgparftidn of
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yl 1- 2Htetragolle |/~ %NPNH“ »0 0 NN N
ZnCl, (cat.)

A suspension of magnesium turnings (0.48 g) in anhydrous tetrahydrofuran (13.5 mL}) is
cooled to 14°C, treated with a 25 weight% solution of diisobutylaluminium hydride in foluene
(0.24 mL; 0.36 mmol) and stirred for 20 min. At 14°C, 2-(4-bromo-benzyloxy)-tetrahydro-
pyran (94.5 % content; 0.26 g; 0.90 mmol) is added under vigorous stirring. After the
reaction starts, more 2-(4-bromo-benzyloxy)-tetrahydro-pyran (94.5 % content; 4.91 g;

17.1 mmol} is added over 40 minutes. The resulting mixture is further stirred at about 25°C
for 2.5 hours. The theoretical concentration of 4-(tetréhydro—pyran-2—yloxymethy!)phenyl—
magnesium bromide in the solution above the excess ‘of magnesium turnings is about

0.95 M. In ancther flask, a mixture of 5-(2-chlorophenyl)-2-(tetrahydropyran-2-yi)-2H-
tetrazole and 5-(2-chlorophenyl)-1 —(tetrahydropyran—Zin)-1 H-tetrazole (94 % content; 4.22 g;
15.0 mmol) is dissolved in anhydrous tetrahydrofuran ;(2.8 mL) under an inert atmosphere
and dichloro[1,2-bis(diphenylphosphino)ethane]nickel(il} (80.8 mg; 0.15 mmol) and 2 0.5 M
zinc chloride solution in tetrahydrofuran (0.45 mL; 0.23 mmol) are added. The vigorously
stirred resulting suspension is cooled to about 15°C and the above 4-(tetrahydro-pyran-2-
yloxymethyl)phenylmagnesium bromide solution (19 mL; 18 mmol) is added over one hour
while keeping the temperature below 25°C by external cooling. The brown reaction mixture
is stirred at room temperature for 17.5 hours. After that, about 97 % of the starting material
are converted according to HPLC analysis. Methanol (1.2 mL; 30 mmol) is added to the
mixture followed by isopropyl acetate (40 mL), a solution of ammonium chloride (0.4 g) in
water (10 mL) and water (10 mL). The layers are separated. The organic layer is washed
with water (10 mL) and three times with a solution of sodium hydrogencarbonate (1.0 g) in
water (12 mL). The aqueous layer is extracted with isopropyl acetate (50 mL). The
combined organic layers are washed twice with water (10 mL) and are evaporated in vacuo.



O Br-Mg a 00 NCl2(dppe) (cat.), ZnCl2 (cat.) A suspension of magnesi um
turnings (0.48 g) in anhydrous tetrahydrofuran (13.5 ni) is cooled to 14C,
treated with a 25 weight% sol ution of diisobutylalumniumhydride in toluene
(0.24 ni; WOWOHEIF and stirred for 20 nmin. At 14C,  PCT/EP2005/000978

2- (4- br ono- benzyl oxy) -t et r ahydr o- pyrgE (94.5 %content; 0.26 g; 0.90 mmol) 5
i s added under vigorous stirring. Aftér"the reaction starts, nore |
2- (4- br ono- benzyl oxy) -t et rahydro-pyran (94.5 % content; 4.91 g; -17.1 mol) |
is added over 40 minutes. The resulting mxture is further stirred at about

25C f orThe resiitingrgseenigieiltis panifiet iby sblugorebronatagrapiy @f silica gel eluting with a

4 (ot AR BYF SRR BB HesdIRORES S LA o BckBichlifo 3¢ Ut O

above thé eXx umturnings s Ina a
m xt ur e afforadh¢ mauhisgmelpm@ﬁwmem«mhmdyrapﬁmaﬁ - ﬁet;alwm-mmn-azol e and

5?(2-ch R’%ﬁ@?@wt‘@é@@%%;%%%% 5@508]6 %gso]il-l-tetrazol e (94 %content; 4.22

I'n anhydr ous etrahydrofuran (2.8 m.) under an
| nert atMﬂﬁsﬁhaﬁEum é’&ﬁi*‘kWtéh#dﬁb[M"‘@] b (néd PAKMAMbBEphi no) et hane] ni ckel (1))
(80.8 ng; 0.15 mmol) and a 0.5 M zinc chloride solution in tetrahydrofuran

(0. 45 mgyaf) gmol) are added. The vigorously stirred resulting suspension
is cool m"ﬁ%ut 15C and the above 4 t et rahydr o- pyr an- 2-

Alanf . (ternanolo ni; 18 mol ) is added over
|Ie keepi ng the terrper ature bel ow 25C by external cooling. The
brown repctjon mxture 1is s |rred at roomt rﬂ)erature for 17.5 hours. After

that, ab Y ""é(o of the st g materi al are\converted according to HPLC
anaIyS|s I L 2T 30 mmol) is adl . xture followed by

i sopr opyl ; n)2” a0sol 2? n of a ge (0.4 g) in water
(10 M -) and D nL). The | H The organic layer is

washed wth (10 mL) and three tines I a sol ution of sodium
hydr ogencar bos (1.0 g) in water (12 nL). e aqueous layer is extracted
with isopropyl acetate (50 nL). The conbined organic |ayers are washed

tP VC\JAT ;: E P\éwmg-%etrzmydr(omrm-y%@ e(te;trahytﬂp@ymh@\ﬂdmymeﬂwmlpHéQ/Ifa}ﬂ]jﬂg?546|2
ohr onnt dATRRRISoR 5B 0D PG pRctbh RECF GaR Trrmly arela AMLAdyeS: TR ot i

and hexafisulfurio atid€1.pmes @ricramof). Tha rasoltingeni@turefis beated tud58aifored.5 hours.
Water (16 mL) is slowly added and the mixture is allowed to cool down to room temperature.

Pr

The pH of the reaction mixture is adjusted to pH 2 to 3 by adding a 2M aqueous sodium
hydroxide solution (0.6 mL). The mixture is concentrated under reduced pressure, diluted
with isopropyl acetate (15 mL) and washed three times with water (3 mL). The organic
extract is concentrated under reduced pressure to a volume of about 4 mL and tert-butyi
methyl ether (8 mL in total) is slowly added. The mixture is stirred overnight, diluted with a
small amount of isopropyl acetate and further stirred for 4.5 hours. The suspended, white
solid is filtered, washed with a small amount of isopropyl acetate and dried under reduced
pressure to afford [2'-(1H-tetrazol-5-yl)-biphenyl-4-yi]-methanol. The filtrate is concentrated
under reduced pressure, and tert-butyl methyl ether (3 mL) and heptane (0.5 mL) are slowly
added. The mixture is stirred at room temperature overnight and at 0 to 5°C for 1 hour. The
suspended, white solid is filtered, washed with a small amount of isopropyl acetate and dried -
under reduced pressure to afford a second crop of [2'-(1H-tetrazol-5-yl}-biphenyl-4-yl}-
methanal,

Melting range: 132.4-134.6°C.

Example 11:
Preparation of 2'-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde




afford the main isonmer (N2-isoner)

2- (tetrahydro-pyran-2-yl)-5-[4'-(tetrahydro-pyran-2-

yl oxymet hyl ) - bi phenyl -2-ylj-2Htetrazole as a colorless oil. Mass spectrum
(ESI +): ni Y020 Sﬂﬁi/ﬁl—l]' and mz = 438 [ MINH4]' . Exanpi(E@/ERIOSEIESr at i on of
f2'-(I Htetrazol -5-vl)-bi phenyl -4-yl|l-pethanol N-NN=N O NN %HN O O
H2$041 OH 30 To -27-

2- (tetrahydro-pyran-2-yl)-5-[4"-(tetrahydro-pyran-2-yl oxymnet hyl) - bi phenyl - 2-
"yl]-2H tetrazole (3.36 g; 8.00 mvl) are added 94 % ethanol (12 nL) and a 2
M aqueous}“§t§l ution of sulfuric aci¥#{1.0 nL;22.0 mmol). The resulting

m Xt ur e HN pat ed tQ 45C for 3.5 mayrs ¢r (16 nL) is slowy added and
the mxturg i 'owe¥ t o cool down terrperature. The pH of the
reaction s adj us®¥giopo pH gy addi ng a 2M aqueous sodi um
hydr oxi dd ution (0.6 ) " ThE ni re 1's concentrated under reduced

pressure, uted wth isopropyl tate (15 nml) and washed three tines
with water (3 nL). The organic extract is concentrated under reduced
pr essur &\ inixiuee whiRuftel-tefrazlbSuyt)-biphehylary]-hethtrdd (.93 g; 40 thimpdl), éidtiedantiBe L i n

total) i | Qv dded. . Ih ] Xt Uure tirr 0 ight, di.luted wth a
smai | aifB B0 20 OB A S TeceR 2 o0 48 N F Ik e ol il ' T
s us pendeddbxidstyivtidine sarhplex (527 g] &.€ mewb)) invd sretioy|sufoxide (54rail) isatdedidvenfioi sopr opyl
acetate an ried r.r . pr. fford [2' - (]
i et r asnates, M Riis obSTGREn ERAETH SollaRbhahia o aitest 40 et at ed
under r eidtiogethiph &sie unare tritd/ldnang (W26 wl; 2@ trimyd|) isbded. (Therrhixtueanid ditetpti ane (0. 5
m.) are T. ] Io [ er at ure overni ght
and ot o Sltacee e ik Sollo§ o oo8 g iy e d BB 2MBRHRHY . vashed
with a dwedobhlanmanid sadtionddp mbpyThaapkeatelaperds sepasated andlextractedwdibcktipt essur e
to affor S . ‘- (] t -5- vl ) bi =4-yl]- nmethanol .
el 1 ng & asTOME. Thqafiped oigalic BybR AP aRlet i ol REER o,
H-t et r amaish&d with) a Bilb bewepue hydractierichsityabbutid( TO0D), Ovset¢izh #CTM BEER0S/ 000978
-27. hydrochioric acid solution (10 mL) and with a 10% aqueous solution of sodium chloride (10

mL). The organic extract is concentrated at 45°C under reduced pressure to a volume of

about 4 to 5 mL. The resulting suspension is stirred at room temperature for 45 minutes and

at 0 to 5°C for one hour before it is filtered. The solids are washed with cold ethyl acetate (2

mL) and dried at 45°C under reduced pressure to give 2'-(1H-tetrazol-5-yl)-biphenyl-4-

carbaldehyde as white, crystalline solid. A second crop can be obtained by concentrating

the mother liquor o a volume of about 1 mL and filtering the solid formed.

Melling range: 188.2-189.3°C.




MEN NN O H M/NHN OH oxidation A mxture of [2'-(1

Htetrazol - 5-yl)-bi phenyl -4-yl]-nmethanol (1.03 g; 4.0 nmol ), triethylam ne
(2.80 nmL; 20 mmol ) and dinethylsulfoxide (2 nL) is cooled to 12C, and a
solution of sulfur trioxide pyridine conplex (1.27 g; 8.0 muol) in

di met hyl sul foxide (6.4 m-) is added over 10 mnutes. The resulting clear
solution is stirred at roomtenperature for alnost 48 hours during which
time nore triethylamne (0.28 nmL; 2pd) mmol) is added. The mixture is diluted
with ethyl acetate (10 nmL), cooled to 0 to 5C and slowy treated with a 2 M
aqueous hydrochloric acid solution (15 nL). The aqueous | ayer is separated

Sinf]gt? ééffﬁ#Fﬁﬂfﬁgn@#h@@%ﬂaﬂﬁeﬂﬁﬁ%ﬁ?ﬁf‘f‘“ﬁa@%&w&? t ﬁ"gb %”&dﬁﬁLgiﬂLch'y?ﬁEﬁ or i ¢
| ey e (10 M) ous_hy !
(10" m < and aep o il St hERIR 0,1 10T G (167 ) The

n
organi c extract is concent rfat od, at 45G-Bhder reduced pressure to a vol une of
about 4 to 5 nL. The resulti uspen5|on is stirred at roomtenperature for
45 minutes and at 0 to 5C f ONZONgFhoA ob'gfore it is filtered. The solids
are washed with cold ethyl acqt at m-) and dried at 45C under reduced
pressure to give 2'-(1 Htetpl2gt" -3yl ) - bi phenyl -4- carbal dehyde as white,
crystalline solid. A second @!. can be obtained by concentrating the

not her liquor to a volume of Jout 1 nL andyfiltering the solid formed.

Mel ting range; 188.2-189.3C. THE CLAlI VS I NLNG . THE . | NV | ON ARE AS
FO_LQ/\B."V"E@E&’BP e %WEBF‘H%%&QR?H%@Y} %W formula (1) V,
iRé 0' damrtzmpmf' t 81-CaalkpisenR, andiR{ comblasd tegethep MCE-C%WR, ang sé amrjrb R2, ;
ndependen e i , or R an conbi ne
t oget hemw%&‘@fﬁ%%ﬁéﬁ@#‘“ﬁ“@%ﬁ?@%ﬁ%&%@ﬁ%%n aryl magnesi um hal i de ~
conpound of fornula (11 b) o' R2 HN-MR/ wherein Hal 'I's chlorine, -bronine or

lodine, In the presence of a transit onmmat al catalyst and
( '

Hal—Wg . (" b),

wherein Hal is chiorine, bramine or lodine, In the presence of a transition metal catalyst and
a catalytically effactive amount of a metal salt additive, with a compound of formula (I} ¢}

o

| (e),
wherain X Is a substituent which, when bound to a phenyl ring, is not considerably _
replacaable at room temperature by an aryl magnesium hafide reagent of formula (i b) In the
absence of a catalyst; and, if necessary, isolating a resulting compound of formula (1),

2.  Aprocess according to claim 1, wherein an aryl magnesium halide iaagent of formula
{11 b) is prepared by reacting a compound of formula (Il a) '
R1
’

O'Rz
H {Ia),
whereln R;, Rz and Hal have meanings as defined in claim 1, with an active form of
magnesium in an appropriate solvent.



a catalytically effective anount of a netal sell additive, with a conpound
of formula (Il ¢c) Y (1i c), wherein X |Is a substituent which, when bound to
a phenyl ring, Is not considerably replaceable at roomtenperature by an
aryl magnesi um halide reagent of fornmula (Il b) In the absence of a
catal yst; and, If necessary, Isolating a resulting conpound of formula (1).
2. A process according to claim1, wherein an aryl magnesi um hal i de reagent
of formula (11 b) Is prepared by reacting a conpound of fornmula (11 a) ,Rl
0'R2 H (Il a), wherein Rt, R2 and Hat2%have neani ngs as defined In Balm 1,
with an active formof magnesiumlIn an appropriate solvent -29- 3. A
process according to claiml1 or 2, which process further conprises
deprotecti g a Apmopssaccbrdihg bokimul ar 2, Which proedst duriieracompniges dergotedtingar nul a (|
A) N N N SR ' to any one of claims | to 3,
wher ein var%gﬁgweiﬁog@%ﬁlé%ta@é@%?om The g&gﬁaggﬁgonsi sting of 1-butoxyethyl,
1- et hoxyet hyl , 2-tetrahydropyraryl and 2- tetrahydrofuranyi. 5. A process
according to any one of clains 1~&~, wherein a transition netal catalyst
is a conplex of a transition net r a transition netal salt and one, two
or up to four coordinating |igands¥se ed fromthe group consisting of
tri phenyl phosphine, tri(ortho- tolyk)pHQosphine, tri(para-tolyl)phosphine,
tri met hyi phosphi ne, tdethyl phosphi&% tri butyl phosphi ne,
tri(1, 1-di met hyl et hyl ) phosphi ne, t ™i{Cycl opentyl phosphi ne,
tri cycl ohexyi phosphi ne, trimethyi phdSphite,(ayiethyl phosphite,
tri(1-nmethyl ethyl)phosphite,

4, A process according to any one of clalms 1 to 3, wherein variable Y is selected from

the group consisting of 1-butoxyethyl, 1-ethoxyethyl, 2-tetrahydropyranyl and 2-

tetrahydrofuranyl.

5 A process according to any one of claims 1 to 4, wherein a transition metal catalyst is
a complex of a transition metal or a transition metal salt and one, two or up fo four
coofdinating ligands selected from the group consisting of triphenyiphosphine, tri(ortho-
tolyl)phosphine, tri(para-toly)phosphine, trimethylphosphine, tﬁethylphosphiné,
tributylphosphine, tri(1,1-dimethylethyl}phosphine, tricyclopentylphosphine, '
tricyclohexylphosphine, frimethylphosphite, triethylphosphite, tri(1-methylethyi)phosphite,
tricyclopentylphosphite, tri(::yclohexylphosphite, 1.2-bis(diphenylphosphino)ethane, 1,3~
bis(diphenylphosphino)probane. 1.4-bis{diphenylphosphino)butane, 1,1"-bis(diphenyl-
phosphinojferrocene, 1,1’-bis(di-{2-propyi}-phosphino)ferrocene, 1,1-bis(di-tert-butyl-
phosphino)ferrocene, 1,2-bis(diphenylphosphino)benzene, 2,2'—bis(diphenyipgho.sphino)-1 1=
biphenyl, 2,2’—bis(dipheny|§hOSphino)-1 ,1-binaphtyl, bis(2-diphe’ny!phosphindphenyl)ether
and 9,9-dimethy|-4,5-bis(dfphenylphosphino)xanthena.

6. A process according to claim 5, wherein a transition metal salt is selected from the
group consisting of nickel(ll) chioride, nickel(il) bromide and nickel(l) acetylacetonate.

7. A process according fo claim 5, wherein a transition metal catalyst is selected from
the group consisting of dichlorobis{triphenylphophine)nickel{)I), dichlorof1,2-
bis(diphenylphosphino)ethane]nickel(il) and dichioro[1,3-bis(diphenylphosphino)propane]-
nickel(ll).

8. A process according to claim 5, wherein a transition metal salt is selected from the
group consisting of palladium(It) chloride, paliadium(il) bromide and palladium(ll) acetate.



ricycl opentyl phosphite, tricycl ohexyl phosphite,
2- bi s(di phenyl phosphi no) et hane, - 1, 3- bi s(di phenyl phosphi no) pr opane,

, 4- bi s(di phenyl phosphi no) but ane, 1, 1'-bis(di phenyl- phosphi no)ferrocene,
1'-bi s(di-[2-propyl]-phosphino)ferrocene, 1,1 -bis(di-tert-butyl-
hosphi no) f errocene, 1, 2-bi s(di phenyl phosphi no) benzene,

2' -bis(diphenylphosphino)-l,l'- bi phenyl ,

, 2' - bi s(di phenyl phosphi no)-1, ' -binaphtyl,

i s(2-di phenyl phosphi nophenyl ) et her apg-

9, 9-di net hyl - 4, 5- bi s(di phenyl phosphi no) xant hene. 6. A process according to
claimb5, mherein a transition netal salt is selected fromthe group

consi sting @f nmkﬁbég dckorBiig & diile 5, me%?é fdnkitiorPheEl deiyenslsdicidiglokd | )

acetyl acet gpat e. n a transition
mecal cat aljevopcssRB Lo ot B EBRUPEh. AR BT o
di chl or obi sg(diphehdphospirapdropaaiinaliekiem(l) dnd didiloodit, tbig(diph2nyiphosphino)-

bi s(di phen

d|cgloPo[1yéﬂﬁgéﬁgw%ﬁ}ﬁ§r%ﬂ%§p ?ﬁﬁ%%%%%g%% hmﬁ?%kel(ll) 8. A process
accordin t ere atra .sal t ected fromthe
group Logm 8 Bﬁﬂeéﬁaﬁcl:%[ﬁ’lqél Y ?"ecchlc'lawsgg 'dﬂ'le ey ﬁ'ﬁj(a‘ saf ag‘:}‘tHFn'Sde and

pal | adi um( Isle)ectaci&orattl'te group@ongstinghofimr copres®), copper(iiliang(ll), ciher(Bi cadibiumiiber ei n a

t it ¢
raneL 1o g eala @gw. AP STmIEO) §8r GV BORSIAh 05

bi s(di pheny),phosphi no I .

i ohl o of 111 - bRBRSTRERy TR G AEFhePh AR o merhsat e et

di chl or onetHeésen Addnd 8 mdae%emtwemcompm@é@mla@ﬂbﬂ.di ng to any one of clains
1to 9, wherein a netal salt additive is selected fromthe group consisting
of a copper@l),Ag@p@@ra&bdramg Biang brd of claifis|1\(@5,(WhereirCaBEhidiFel dnda nmercury(ll),

al umi num(I'11),..galliu | L] tin(l titani . and

21+ cont ung 18gpiEies St s s Bioclehi ok SBpEE o e BB TG AR e arroun
of netal saine Omdmphpapéoruse@ﬂﬁognd @etamlerﬁrwalent Phosphgusior atragsiteh meiale to a
compound ofcaf-REiai ﬁacu(eh(h) &ainplek Fith A RERBEREpIRARAGEHIWhich@oRAds RBFivaknic! al s 1
to 5, wherein Xis chlorine; and a transition. nmetal catalyst is a conplex of
ni ckel (0), POPSPAOHRABIEX of ni ckel (I1) salt with at least one

or ganophosphorus conpound contai ning trival ent phosphorus; or a transition
met al  cat dByst Apocessgicekdng folcing B yhersin gitrapsition "ﬁ%aﬂ@im@siwhbm{ﬂﬁ | i gand

whi ch cont aigifipHeMibHosiHirdlctithelnBRAAP BN HisetalsaNBddifls is ACRLPERFS according to
claim 12, wherein a transition nmetal catalyst is dichloro[1l,2-

bi s(di phenyl phosphi no) et hane] nickel (11); and a nmetal salt additive is Znd 2
or ZnBr2. 14. A process according to any one of claims 1 to 5, wherein X is bromine; and a

t

1,
1
1,
p
2,
2
b

transition metal catalyst Is a complex of palladium(0), or a complex of a palladium(li} salt with-
at least one organophosphorus compound containing trivatent phosphorus; or a transition
metal catalyst is a palladium(ll) complex with an organophosphorus ligand which contains
two trivalent phosphorus atoms.

15. A process according to claim 14, wherein a transition metal catalyst is dichlorof1,1'-
bis(diphenylphosphino)ierrocene]pailadium{ll), or a dichloromethane adduct thereof;, and a
metal salt additive is ZnCl; or ZnBr..

16. A process according to any one of claims 1 to 4, wherein a transition metal catalyst is
an uncomplexed fransition metal which is selected from the group consisting of nickel,
paliadium, platinum, cobalt, manganese or copper; or wherein a transition metal catalyst s
anh uncomplexed transition metal salt which is selected from the group consisting of nickel(l1),
pafladiuml), platinum(l i),‘ cobalt(ll), manganese(il), copper(i) or copper (1) chloride,
bromide, iodide, hydroxide, oxide, acetate, hydroxyacetate, propionate, succinate,



14. A process according to any one of clains 1 to 5, wherein Xis bron ne;
and a transition nmetal catalyst is a conplex of palladiun(0), or a conplex
of a palladium(ll) salt with at |east one organophosphorus conpound
containing trival ent phosphorus; or a transition netal catalyst is a

pal I adi un(il) conplex with an organophosphorus |igand which contains two
trival ent phosphorus atons. 15. A process according to claim 14, wherein a
transition nmetal catalyst is dichloro[1l,1'-

bi s( di phenyl phosphi no) f errocene] pal | adidéir(11), or a dichl oronet hane adduct
thereof; and a netal salt additive is ZnClZ or ZnBr2. 16. A process
according to any one of clains 1 to 4, wherein a transition netal catalyst
i S an uncotfiloeeestater artylateioratarsirate, oyhnidd) silstes tiflwedmahaneatfondte gr oup

consi sting QfneGliRhate, b%?l%énca a e&'p%lbé?m'égﬂlfoﬁé?é’%{eof manganese or copper, or

wherein a transition net an unconpl exed transition netal salt

whi ch is select fro e consi stin f _nickel (l1l1), palladiun(ll),
pl ati nun(| I{7e g‘t?é?‘iefﬁ P5tp'eﬁg ‘ﬂﬁcﬁﬂggﬂ% ‘}°mp88'15£%|f?"|“)"a§'5 copper (11) chloride,
brom de, iodide, hydroxide, oxjdg.,acetatgRhydroxyacetate, propionate,
sucdnate, -31- trifluoroacetat e etyI acet onat e, nitrate, cyanide, sulfate,
trifluoronethanesul fdnate, nethan
p-tol uenesul fonate thereof. 17. Al prg s for the manufacture of the
conpound of fornula (1) Y N1 @GN W0 R2 (1). wherein Y represents a
tetrazol e protecting group, and and R2, independently of one another,
represent C, -C o-alkyl, or R and”R2 conbi ned t(dget her form CZ- C, o- al kyl ene;
conpri si ng \(lr?e}?lﬁ??éﬁésgﬂsQtéir@%?@bl‘ﬂl@ctfﬁ& gfoRp, ra:mb R, ﬂdiﬂamdébeﬁﬂenu&fra’% Hal . (11

a), where Is chlarine, bromne”0r i1 .0dine, an_active ?ormof
nmagnesi um |zﬁlog|ﬁr, re(gfgﬁplg&l %kyé &Y 3@519 Rz combined togetherform Cz-Cqp-alkylene;

comprising

(a) reacting a compound of formula (Il a)

Hal (fta),
wherein Hal is chlorine, bromine or iodine, with an active form of magnesium in an
appropriate solvent
(b} reacting a resulting aryl magnesium halide compound of formula (Il b)

Hal—Mg (il b)

in the presence of a transition metal catalyst with a compound of formula ()l c)

e,
wherein X is chlorine, in the absence of a metal salt additive; and, if necessary, isolating a
resulting compound of formula {1).



(b) reacting a resulting aryl magnesi um halide conpound of fornula (Il b)

O RL\ OR2 Hal-My (Il b) in the presence of a transition netal catalyst
with a conpound of formula (Il ¢) y N--~\ NLJN / X (11 c¢), wherein X is
chlorine, in the absence of a netal salt additive; and, if necessary,

I solating a resulting conmpound of formula (1). -32- 18. A process according
to claim17, wherein a transition netal catalyst is a conplex of nickel (O,
or a conplex of nickel (Il) salt with at | east one organophosphorus conpound
containing trival ent phosphorus; or a transition nmetal catalyst is a

ni ckel (11) conplex with an organophoéé%‘orus | i gand whi ch contains two
trival ent phosphorus atom; 19. A process for the manuf acture of the
conmpound of formula ( N-~N NOON ~R3 U (I C), wherein Y represents a
tetrazol e pot eétpfoﬁ@'ssg"kc%‘iing f&ﬁlﬁ’"R§7 l’”EﬁrP@s:"éﬁf‘%t‘O& "P%F?}Q'W‘Spﬁm hg group;
conpri si Ng nickél(®h,ioh g canplar of Inickal nedtiwitnahiadst o wqmpphoeshonls chapsmba (111 b) R3

Hal -Mg (111 Rgihlnﬁg@élgﬁtgh@borhf opghﬂs|ﬁ9t$m?£(c%§§£ﬁ?$ F\lca(e?(ﬁje&fnplek Q{ltﬁ%e presence

of a transition a ca Ve "ardunt of a
met al salt omdonhowortwlmandavh@bM@W@fﬂwf@mme@hqms atgps. yNN-N NLJ'N X (11
c),

19, A process for the manufacture of the compound of formula (I C)

y.N—N
\Nf®‘i’i R3

[ -
(1C)

wherein Y represents a tetrazole protecting group, and R; represents a hydroxyl protecting

group; comprising reacting an aryl magnesium halide compound of formula (lil b)
R3

/@/\o/
Hal—M '

9 (I b),
wherein Hal is chlorine, bromine or lodine, in the presence of a transition metal catalyst and
a catalytically effective amount of a metal salt additive, with 2 compound of formula (H ¢)

O\

(e),
wherein X is a substituent which, when bound to a phenyl ring, is not considerably
replaceable at room temperature by an aryl magnesium halide reagent of formula (1l b) in
the absence of a catalyst; and, if hecessary, isolating a resulting compound of formuta (I C).

20. A process according to claim 19, wherein an aryl magnesium halide reagent of
formula (1l b) is prepared by reacting a compound of formula {1l a)

o
Hal (Nl a),

wherein Rs and Hal have meanings as defined in claim 19, with an active form of magnesium
in an appropriate solvent.



wherein X is a substituent which, when bound to a phenyl ring, is not
considerably replaceable at roomtenperature by an aryl magnesi um hali de
reagent of forrmula (111 b) in the absence of a catalyst; and, if necessary,
isolating a resulting compound of formula (I C. 20. A process according to
claim19, wherein an aryl magnesi um halide reagent of fornmula (111 b) is
prepared by reacting a conpound of forrmula (11l a) R3 \ OHal / (Ill a),
wherein R3 and Hal have neanings as defined in claim19, with an active form
of magnesium in an appropriate solven#3--33- 21. A process according to
claim19 or 20, which process further conprised deprotecting a conmpound of
formula (I C to afford a conpound of fornmula (I B) HENNN NLJN CH (I B).

22. A proceds adeoceisrgeargngloslaim PAor awhith precosssiudnef contiiiees deproecliges
Lreating a o EABRMMF cRhuA ATCTH dolcla dlnpbirifur RAndi( €] 21 ng agent in the
presence of a swtab e solvent to P a conpound of formula (I A) N NN
H (Il A. 23. A process accordiin \o any one of clainms 19 to 22, wherein
variable Y is selected froth o]V} p ting of 1-butoxyethy|,

1- et hoxyet hyl , 2-tetrahydropyran I a P- tgﬁrahydrofuranyl. 24. A process
according to any one of clains X9 23 wherein a transition netal catalyst
is a conplex of a transition @ or atransition netal salt and one, two
or up to four coordinating |igands selected fy mthe group consisting of
tri phenyl phosphine, tri(ort ho- | ol yI )phOSphI né tri(para-tolyi)phosphine,

trimethyl phosphl ne, triet hr¥ ?TP
A process according to claim 21, Whlch process further comprises treating a

compound of formula (I B) with an oxidizing agent in the presence of a suitable solvent to
afford a compound of formula (] A)

(1 A).

23. A process according to any one of claims 19 to 22, wherein variable Y is selected
frorn the group consisting of 1-butoxyethyl, 1-ethoxyethyl, 2-tetrahydropyranyl and 2-
tetrahydrofuranyl,

24, A process according to any one of claims 18 io 23, wherein a transition metal catalyst
is a complex of a transition metal or a transition metal salt and one, two or up to four
coordinating ligands selected from the group consisting of triphenylphosphine, tri(ortho-
tolyl)phosphine, tri{para-tolyl)phosphine, trimethylphosphine, triethylphosphine,
tributyiphosphine, tri(1, 1-dimethylethyl)phosphine, tricyclopentylphosphine,
tricyclohexylphosphine, frimethylphosphite, triethylphosphite, fri(1-methylethyl)phosphite,
fricyclopentylphosphite, tricyclohexylphosphite, 1,2-bis(diphenylphosphino)ethane, 1,3-
bis(diphenylphosphinc)propane, 1,4-bis(diphenylphosphino)butane, 1,1’-bis(diphenyl-
phosphinojferrocene, 1,1-bis{di-[2-propyl}-phosphino)ferrocene, 1, 1"-bis(di-tert-butyl-
phosphino)ferrocene, 1,2-bis(diphenylphosphine)benzene, 2,2'-bis(diphenylphosphinc)-1,1'-
biphenyl, 2,2'-bis{diphenylphosphina)}-1,1"-binaphtyl, bis(2-diphenyiphosphinophenyllether
and 9,9-dimethyl-4,5-bis(diphenyiphosphino)xanthene.



tri butyl phosphine, tri (1, 1-di nethyl et hyl)phosphi ne, tricycl opentyl phosphi ne,
tricycl ohexyl phosphi ne, trinmethyl phosphite, triethyl phosphite,
tri(1-nmethylethyi)phosphite, tricyclopentyl phosphite,
tricycl ohexyl phosphite, 1, 2-bis(di phenyl phosphi no) et hane, 1, 3-

bi s(d( phenyl phosphf no) propane, 1, 4-bi s(di phenyl phosphi no) but ane,
1,1 -bi s(di phenyl - phosphi no)ferrocene, -

1,1 -bis(di-[2-propyl]-phosphino)ferrocene, 1,1 -bis(di-tert-butyl-
phosphi no) f errocene, 1, 2- bls(dlphenylﬁﬂosphlno)benzene

2,2 bis(diphenylphosphlno) 1,1' - biphenyl,

2, 2" - bi s(di phenyl phosphi no) -1, 1' - bi naphtyl,

b| s( 2- di ph&hy| phpopiss poIRrENgip ):lg:m«@f wheiein 2 transition metal saltis selected from the
9, 9-di net hylqg cé‘rst%hr?(é?hi@k@(’ﬂ)’ém% Pitkal@) Kromidb eRenickedf acatPacefonRicOCESS

accor.di ng to claim wherein a transition netal salt 1s selected fromthe

group, cons bt | g ol DEEKERLIL Lol Ot o DhBh bl a0k i okl (11)

acetyl acet Onat e rqn? ansi tion

metal cat aN}Psﬂmllpsm@éﬂtlw@féﬁﬁhbmﬁﬁ"Wﬁw‘@pﬁu@%ﬁ'ﬂi) siaqhhg){b?-

di chl or obi %Ketd’ ﬂh%ﬁﬂﬁépﬂf&@}éﬂbﬁ@ﬂl&deﬁllﬂ%hﬂ HbﬂlmroﬁISQJ'H(&;Sr@Bﬁpl'%sphrno)propane]—
bi s(di phen B%qﬂgphl no) et hane] ni ckel (11) and

di chl oro[ 1, (di phenyl phosphi no) propane] - nickel (il). 27. A process
according to claim?24, wherein a transition netal salt is selected fromthe
group consiét | nyPigsesp asICEtNotR Eiaim 24 whasin aiansiian Mal saiis seleclsd Gamdhe and

pal i adi un( lgtokip aGRIsBigaF paldSum) BiIEHE, SRIlRNAHAMDrdhiids shd PRRIARIMAA actirer ei n a
transition netal cat aI yst is selected from the group consisting of

di chl or obi § tr I;{)E}EI nO q@ Ql%l%zla\gﬁ ’Tii s)hon ﬁilbt%ma%rﬁ{ése?fected from
P

bls(dlphen phos
di chl or of 1 w%i%("@ﬁ'%‘f*ﬂ#fﬂcb'ﬁ 'ﬁWiH“l@)leh Bﬂﬁ'lé‘]"}ﬁ‘ﬁl Jihtrdhet i), or a

di chi or onebig@maer@cwdb@hmb)b&:bmipan%mm api eickios]1 ACKIStighddgiphddpiainy)- one of cl ai ns
1010 25 POELELRaBalil or SHchioRfdhbhy S mepdf et ed T rom the aroup

consi sting 5|Iver(l) cadm un(l1),

mercury(fi), alum nun(til gal liun(li |nd|um(III) tin(lV), titanium1V)
and zi r conPem( IAKIOesP Pccord)g@ to WVFPP?J[ET{)%@’“%& 18128 W5 einR Betal salt 8itvRffer ei n t he

amount of e&éddd el the gddd tonvietingDea capper(ih ebppesi), Hnclil)psieer), cakauni@), el ative to

o rooh s Wit Shyutty @Mﬂ?ﬁi‘“@a‘ﬁ%ﬂh@% it

conpl ex of nickel (O, or a conplex of ni keI salt with at | east one
or ganophos ffor LsPTRSIHBIFAUING dh T2 it ere ‘33?'@ Hodql st ardlitvgypsed i ¢ ansi ti on
met al  cat bétyedn 0. Bardl 8Thai&red reldive (o o nrhandwftibtrmata (loe)ganophosphor us | i gand
whi ch contains two trivalent phosphorus atons.

31.  Aprocess according io any one of claims 19 to 24, wherein X is chloring; and a
ransition metal catalyst is a complex of nickel(0). or a complex of nickel{l) salt with at feast
one organophosphorus compound containing frivalent phosphorus; or a fransition metal .
catalyst is a nickel{ll) complex with an organophosphorus ligand which contzains two frivalent
phosphorus atoms.

32.  Aprocess according to claim 31, wherein a fransition metal catalyst is dichlorof1,2-
bis(diphenylphosphino)ethane]nickel(ll); and a metal salt additive Is ZnCl, or ZnBr..

33.  Aprocess according to any one of claims 19 to 24, wherein X is bromine; and a
fransition metal catalyst is a complex of palladium(0), or a complex of a palladium(ll) salt with
at least one organophosphorus compound containing trivalent phosphorus; or a transition
metal catalyst is a palladium(il) complex with an organophosphorus ligand which containg
two trivalent phosphorus atoms.



32. A process according to claim31, wherein a transition netal catalyst is

di chl oro[ 1, 2- bi s(di phenyl phosphi no) et hane] nickel (11); and a netal salt
additive is ZnCl2 or ZnBr2. 33. A process according to any one of clainms 19
to 24, wherein Xis bromne; and a transition nmetal catalyst is a conplex of
pal | adium( O, or a conplex of a palladium(ll) salt wwth at |east one

or ganophosphor us conpound containing trival ent phosphorus; or a transition
nmetal catalyst is a palladium(1l) conplex with an organophosphorus |igand
whi ch contains two trival ent phosphorus atons. -35- 34. - A process
according to claim 33, wherein a-®Pansition nmetal catalyst Is dlchioro[1,1'-
bi s(dl phenyl phosphi no) ferrocene] pal l adiun(11), or a dichl oronethane adduct
thereof; and a netal salt additive Is ZnCl2 or ZnBr2. 35. A process

accor ddfg 't A pmogssanmrdirfg tolclairm33, wherehna idsiliohmetali catalystils dickdarofitda net al cat al yst

conet s BERPBYBEEbRRS b PalgH . of St SERRARALE 07 °COnper . or

wher ei metal saltaddiiveiisZnClger ZBrgat al yst is, an unconpi exed transition netal salt
which I's selected fromthe group consisting of nickel(l11), palladlurn(ll),

| at [ | | hl d
b o 4% o%?’%&gpﬁé"ﬁ"’"?. i aryeRE SRR 1010 20, WA | Whnlon SRR Gt . O 0C'
sucdnafisen uneqmp!qx raetal which ia splegtadfrosm e aroummnﬁ%/ﬁns of oigkehi de, suI fate,
tri £ UQBRERM RG] ﬁ'ﬁ anBgblon BspRert by whBrein® traRsitiba Fittsl

fs€ O
t ol uenesul fonat reo ce t he manuf ac e of the conpound
gf f or 19} MBFompleted %%"i‘i@#’ﬁ‘ﬁ%‘“%ﬂE’FBmsWMPMMS a tetrggol e
pr ot eCTpalhﬂlumtlmwmﬂﬂ), edbak(l1), eanganasell), Wﬁﬂwmmtll)@hlbm group; conprising

o erein Hai i
((:ﬁl Z)rl %%I%glgﬁ?ecw %‘igﬁe, @an act?@\Pé@?O %u@@%negﬁlmnl n iaml >
appr op trifluereacetatey acetylacgionats, n&abtwwgdeasuﬁa@mlﬂmm@a@mmsummesi um hal i de
conpoupguhestifingls! tankdnbiutbrate or p-toluenesulionate thersof.

38. A process for the manufacture of the compound of formuta (1 C),

Ok .

<ol

wherein Y represents a tetrazole protecting group, and R, represents a hydroxyt protecting
group; comprising
(a") reacting a compound of formula (i) a)

Hal : (N a),

wherein Hal Is chiorine, bromine or iodine, with an active form of magnesium in an
appropriate solvent;
(b’) reacting a resuliting aryl magnesium halide compound of formula (lil b)

/@r\ozm
Hal—Ng (il b)

in the presence of a transition metal catalyst with a compound of formula (ll ¢)



/[ Hal-MB (1ub) 1In the presence of a transition netal catalyst with a
conpound of formula (Il ¢) .38 Y\ (Il ¢), wherein Xla chlorine, in the
absence of a netal salt additive; and, If necessary, isoiadng a resulting
conpound of forrmula (I C). 37. A process according to dab 36, wherein a
tranei don netal catalyst Is a conplex of " nickel (O, ore conplex of
nlckei (11) salt wdh at | east one organophosphonrs conmpound oontalidrtli
trival ent phosphorus; or a transi3.on netal catalyst |Is a niokel (I11) conplex
wi t h-an- organophosphorus dgand whi ch coMalns two trival eM phosphorus at ons.
38. A conpound of formula (I © ONS ~~JJ\ (I O, wherein'Y is selected
fromthe group consisting of t oxyet hyl, 1-ethoxyethyl, 2- '
t et rahydropyranyl or 2-tetrahy uranyl, and R3 represents a hydroxyl
protecting group, 39. A compou according to claim38, wherein Y Is
2-tetrahydropyranyl. 40. A procgss according to any one of clains | to 18,
wherein variable Y is 2- tetr opyranyl. 41. A process according to any
one of clainms 19 to 35, wherei riable Y is 2- tetrahydropyranyl. 42. A
process accor ding to clains 17 18{H eph er e| n variable Y Is
2-tetr to cl ai 6 or 37, wherein
vari a i s‘l@%‘?%%%ﬁ“@ m@b@wﬁ ng to any one
of cl msuttingicompotind o8formula (1.C)14 to 16 and 40 wherein the catalyst is a
pal | .adi um catal yst used in an amount of between 0.01 and 1 nol % relative to
(11 8. RorobaPhRiiG 15 AR 58, Wherb a tibAEH ot a8 W8 cdmiikof 10 10 11, 10
nickal(0), or a complax of nickel(l}) salt with at lsast ons organophosphorus compound

ocontalning trivalent phosphorus; or a transition metal catalyst is a nickel(ll) complax with an
organophosphorus ligand which contalns two trivalent phosphorus atoms.

38. A compound of formula (I C)

wherein Y is selected from the group consisting of 1-butoxyethyl, 1-ethoxyethyl, 2-
 tetrahydropyranyl or 2-tetrahydrofurany!, and R; represents a hydroxyl protecting group.

38. A compound according to claim 38, wherein Y is 2-tetrahydropyranyl.

40. A process according to any one of claims 1 to 18, wherein variable Y is 2-
tetrahydropyranyl.

41. A process according to any one of claims 19 to 35, wherein variable Y is 2-
fetrahydropyranyl.

| 42, A process according to claims 17 or 18, wherein variable Y is 2-tetrahydropyranyl.

43. A process according to claims 36 or 37, wherein variable Y is 2-tetrahydropyranyl.




- catalyst is a nickel catalyst used in an anount of between 0.05 and 2 nol %
relative to (Il ¢c). 46. A process according to any one of clains 19 to 24,
27 to 30, 33 to 35 and 41, wherein the catalyst is a palladium catal yst
used in an amount of between 0.01 and 1 nol % relative to (Il c). 47. A
process according to any one of clains 19 to 26, 29 to 32, 35 and 41 wherein
the catalyst is a nickel catalyst used in an anount of between 0.05 and 2
nol % relative to (Il c). 48. A process according to any one of clains 17, 18
and 42, wherein the catalyst is a g}pkels catal yst used in an anount of
between 0.05 and 2 nol % rel ative f (I'l c). 49. A process according to any
of clainms 36, 37 and 42, wherein the catalyst is a nickel catalyst used in
- an amount of between 0.05 and ? mol % rel ative to Héll %Q 50. ‘A conpound when
“prepar eff- ByPregess Aecardiog &0 gy WA P! gams Ao §184p k1419 ¢ and nuhereinths 49 51 A
conpounchtayst @ raciabgiiunocatdhyat wsed 8 anramfolnt otbietiweend. Ot aRist moltiaeldivet glo any one of
cl ai ns )1 17, 19 and 36; substantially as herei nbefore described and/ or
exenpll?led

45, A process according to any one of claims 1to 7, 10 to 11, 16 and 40, wherein the
catalyst is a nickel catalyst used in an amount of between 0.05 and 2 mol% relative to (Il c).

46, A process according to any one of claims 19 to 24, 27 to 30, 33 to 35 and 41, wherein
the catalyst is a palladium catalyst used in an amount of between 0.01 and 1 mol% relative

fo (Il ¢).

47. A process according to any one of claims 19 to 26, 28 to 32, 35 and 41 wherein the ‘
catalyst is a nickel catalyst used in an amount of between 0.05 and 2 mo!% relative to (Il ¢).

48. A process according to any one of claims 17, 18 and 42, wherein the catalyst is a nicke!
catalyst used in an amount of between 0.05 and 2 mol% relative to (!l c).

49. A process according to any of claims 36, 37 and 42, wherein the catalyst is a nickel
catalyst used in an amount of between 0.05 and 2 mol% relative to (Il c).

50. A compound when prepared by the process of any one of claims 1 to 37 and 40 to 49,

51. A compound according to claim 38 or 50; or a process according to any one of claims
1, 17, 19 and 36; substantially as hereinbefore described and/or exemplified.




