1 Process for the Manufacture of Organic Conpounds Field of the invention

The invention relates to novel processes, novel process steps and novel

i nt er rediwoesiusesial in the synthesis of val sartan. Baclgrmeaaoobteouhe

invention The present invention relates to processes for the preparation

of valsartan. Valsartan, i.e. 1

(S)-N-(1- carboxy 2- rrethyl prop-1-yl-N-pentanoyl -N-[2'-(1Htetrazol -5-yl)-
h

blphenyl an apngiotensin Il receptor antagonists used
e.qg. forP i hat has the foll ow ng
structure: (1) (1) VaI sartan and |ts synthe5|s are described in

EP- A- 044 9% nd. US 5399578, in particular Exanples 16, 37 and 54 thereof.
One of tmral el enents of valsartan is its tetrazole noiety.
Var i ous Tied inoekstionfrelatespanovd piaiet s hedel prageskesteps bedinovel infmlediagysat ur e.
For ex anpl e e art that tetrazole derivatives can be

pr epar edustﬁ/UIH%&@tﬁyﬂéeﬁ'sé’yéﬂaargar”oup with an azide reagent, that is a process

whi ch involves a [3+2] cycloaddition reaction |eading to the formation of
5-substituted tetrazol es. For exanple, EP 0536400 describes the preparation

of a tetéaéolroe @OEEOUIHOI l?'ﬁ reacting a cyano group with hydrazoic acid or a
salt the ; salts, for exanple, alkali or earth alkali
netal salts, (eg.
The present invention relates to processes for the preparation of valsartan. Valsartan,
i.e. (S)-N-(1-carboxy-2-methylprop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yI)- biphenyl-4-
ylmethyllamine, is an angiotensin Il receptor antagonists used e.g. for the treatment of
hypertension and that has the following structure:

Valsartan and its synthesis are described in EP-A-0443983 and US 5399578, in
particular Examples 16, 37 and 54 thereof.

One of the key structural elements of valsartan is its tetrazole moiety. Various methods
of preparing tetrazoles are described in the literature. For example, it is known in the art
that tetrazole derivatives can be prepared by reacting a cyano group with an azide
reagent, that is a process which involves a [3+2] cycloaddition reaction leading to the
formation of 5-substituted tetrazoles. For example, EP 0536400 describes the
preparation of a tetrazole compound by reacting a cyano group with hydrazoic acid or a
salt thereof, such as metal salts, for example, alkali or earth alkali metal salts, (eg.



2 sodi um azi de, potassium azide, calcium azide, magnesi um azi de, al um nium
azide or tin azide) and salts with organic bases (eg.

t et r amet Dgoamistiei um azide). It is al so known that tePcasrkes/oc@nl be
prepared, for exanple as described in US 4,874,867, by reacting a cyano
group with an organotin azide. Tetrazd e form ng net hods whi ch use
organotin azi des need special care in production processes because of

ecol ogi cal .problens, and require.a significant armant Iof. addi t.i ona,tl. process
steps t o>UIY AFEe BRI AP PR ALY BaKE ePAdifE e ABYR WRINUYT 7S RelYesi r ed
t et r azol azige)eadchlts whie brjayicashdes (agn sdtlaynatmigueagimgntahieglepriagakbikaoweost s.  An
envi ronngn ly friendly alternative to the use.of .0 notin azides is the
oo {11 ol BRI (A S FraBared B bt s caSsrsRRn s GRL8 A By Bk G e

usi ng susbyareagent with ah atddnetis abibie. Mtragolodyrnfirgy methods vbichese orgemotieact or s,
whi ch have the risk .0 exE]I osaon. and are thereforfe n@)t.e Srﬁ to handle in

| arge scH CPIBIFOEFHA" eI L8 PIRGEHE treads: ¢ &8 QICSED gigms an

t et r azol eqlioe aisiymifipacicanscunt af additiodal proedssatepsdo tréuycielibsrafrventheoned

di sadvant ages.., Or ganobor azi des and o noal um ni.um azi des..have been
Shown ¢ orPRptenAdsatediorn iom the AprerLeffeeels gibbes el qpgindpd

[ 2+3] cycinomdding itttnsroddidtion mbsts Aaenviborirentaltyeticmdy bies natbaitd tHeouserofand

al um ni um conpounds,. 1n particul ar said alum niumc ounds, _are avail abl e
- Cons: SaASRIRARER e G BB Ao RO i IO RS RS,

descr i belkbwaveV\whae05ih $d&D2age e selatizisdblimates mayddu inithe eeqatieacess f or
produci ng _val sart conpri.Si reacting _a caonpound. of fornula.(| or an
bster t nabBrs. W e ¥ il P BEGh andl aft GOTETEOL Fosy G Rt ¢ ot

(1'V) is,sdatw predactiphe a benzyl ester thereof, having the formula (I11-a)
(I'11-a). Thus, one enbodi nent of the tetrazol e-form ng nmet hodol ogy
described in WO 2005/014602 rel ates to a one- rocess erein by the use

ot p

of a si nyI¥eHER EONLRRFEP IpvRIoR B%E?tEﬂ%o?ffeBE'”g RIE°pt YRrants, fnat agid dssi on of
an est er atigvieahdntiont® dRAdRMItEh cEPORSaYI0B8618N tabidle € Y Bigah8&lu®fnién eYide® gr oup
into a tetrazole, A one-%ot a'ﬁpr ocess invol ves the .hag_genl ng of two or nore
r eact i onNMERFENRNPHB IR Off ANALir3FHVe AlterRAtVEHP SF9RNIIR RGOS Mci es. Ther ef or e,
the{ ar e[zha]@yabadﬁmldng vﬁtﬂ\tﬁﬂte@gﬁfdﬂm t&lyaons t.ts]gidrmlmoaﬁd SHe/aise theydr eﬁuce_
wor k- up steps, thus reducin e quantit sol vents required a the tine
And 1 b ofoTTRRIEE 0t PAEENBER ShOBR I eParb G 404 BYalaue ot ES der eyt Broe

scales and are inexpensive. In particular, as described in WO 2005/014602, these

azides are useful in a process for producing valsartan comprising reacting a compound

of formula (1V), or an ester thereof,

s
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In the above-nentioned one-pot process, it is observed that the conversion
of the ester noiety into the acid noiety | eads to acyl -azi de by-products,
whi ch i n wornw&y2180r m i socyanat e and/ or car bamat e by- pPOUEPREL0/0Gd0e1
conversion of an alkyl ester noiety into an acyl-azide in the presence of
an organoal um ni umazi de reagent is al sb known to the skilled person from
literature references such as Tetrahedron Letters, 1994 35 4947. The
formation of . ac - product s | S k@ bec are for med
ot e RhERE et B oSbb e telBIRDY] Bole” srati e pomuesRine. obj ect
of the pme&mmﬂmwmQQM§kmmubant@ provi de an alternative process for preparing
val sartan that has many of 4 the advantages of the process described in WO
2005/ 014602 but that avoids the formation of said by-products. It is found
that the present invention neets the objective and thus provi des a net hod
to convert an ester of a compound of formula (1V), preferably an ester as
descri bed below, into val gz \gn. Accordingly, the process according to the
present invention shows q nore of the foll ow ng advantages: (1) it
does not requir ep wherein an organotin azide is used and
therefore it ironmefatally friendly; (2) it does not require a process
step wherein Ve transition netal catalyst, such as Pd/C, is used
for the depfoteNfi on\of an ester, such as a benzyl ester; (3) it is
econoni cal lly at{ractide; (3 it my be carried out on a large scale; (5) it
ed alit in a one-pot fashion thus reducing the tine
procgdures such as isolation of internediate

products' and solv 2l acvgent; (6) it affords enantionerically pure
target products; and (7) ‘\Woids the formati on of the above-nentioned
side products. Thus, the Iprepdration nethods of the present invention are
advant ageous for the indust¥ial preparation of valsartan. Summary of the

I nvention During an investigation into one-pot processes to prepare

val sartan, a novel nmethod for conver@ﬁg? the ester group of a conpound of
formula (111), as defined herein, into the free acid of formula (1V), as
descri bed above, was found. Nanely, in one aspect, the present invention
rel at es Tlwg, hee embodinenbof tbé teijrazelstfenmim owthodslogh dascrbebdm\tm ester, into a

e o
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yield the free acid. Therefore, the finding that an organoal um ni um hal i de
can effect the conversion of an ester group into a free acid is new and,
noreover, fully surprising. In addition, the use of an organoal um ni um

hal i de reaﬁent provi des neans to prepare in-sjitu an organoal um ni um azi de

r eagent , "R abPNRMENIAIRE ONREOL RIS et ORISANASHBRIGRE 6PMRTIYRAINGFRIED i nto a

tetrazol mowt;pmmth%b.hoh&etbaé@d@go ta@yuambaiyq)rbdnﬂ:ts‘ WeRchat ihehn iniyerbedi at e.
Therefore, in a further enmbodi nent resent invention also allows the

pr epar at SO 3HRIA AL CREIMALD \épEﬂ‘E‘édﬁoT ep YUeSON qiFarvhesiReMaEl 1B an

or ganoal mi}niaﬂ'ubcm 1h@ebré@%@6t areéﬁgaﬁ@@umrn@rﬁ&ra/eeﬁeag@m .@éls@ﬂnmﬁ fth@r oup
into an acid group the use of an azide rea such

or ganoal $fed H?ﬁ%%sz%"ﬁeéaé@@ﬁ?fer%}cé? éﬁ‘%’b@%ﬁ‘ﬁfa@ﬁg?"é‘d—qﬂﬁr% il ?%f‘ f3:50?‘19‘{7he
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|ntoatetrazolearou SCri thﬂ of the Invention Process for

De
pr epar i ngREGADBLA %C%gsqﬂﬁ‘?'ﬁﬁlf ﬁ’e(qelsmd IOF(OIO‘*:}*?t Aiep, Ry obietd OfBeimeeher ei n
bel ow, havéntlaeNtdaseaé BRAitematiReprbédRIet BreSaringQralsaaiMa has RRnpoepar at i on
of a conpound of fornula (IV) has been described in the Chinese Journal of
Phar maceuti cal s 2001, 32(9), 385 and in EP1533305A1. By using standard
met hods, known to the person skilled in the art, for exanple as described
in Richard C. Larock, "Conprehensive Organic Transformations: A GQuide to
Functi onal G oup Preparations”, Second Edition, WIeyVCH Verl ag GrbH, 2000,
t he conpound of fornula (111) can be converted into a conpound of formula
(I'V) via an esterification reaction. In particular, the preparation of a
conpound of fornula (I\O mhereln R |s benzyl, has been described in

o —~ ~ o~ NN PN a A NN N



A. Use of an organoal um nium halide reagent to convert an ester group into
a free acid 6 wherein R5 and R6 are, independently from one anot her,
Cl_7alkywo@su@Batikenyl, C3_ 8cycl oal kyl or C6_10aryl, pcefEPe@iologeo41

Cl_7alkyl, and X is halogen to convert an ester group into a free acid.

In

particular, the present invention rel dtes to the use of an or ganoal um ni um

hal i de of formula RSR6AI X or R5AI X2 wherein R5 and R6 are, independently
th Cl . 7alkyl - K I |.oal kyl. C6_10 1,
ores e85k 20 s S RRLE T rooSh R S bt o

free aci ymationpershiddayr@odudtst a process for the manufacture of val sartan,

fr
pr

salt thereof; or of a conmpound of formula (1V), or salt thereof,

It is found that the present invention meets the objective and thus provides a method to
convert an ester of a compound of formula (1V), preferably an ester as described below,
into valsartan. Accordingly, the process according to the present invention shows one or
more of the following advantages: (1) it does not require a process step wherein an
organotin azide is used and therefore it is environmentally friendly; (2) it does not require
a process step wherein an expensive transition metal catalyst, such as Pd/C, is used for
the deprotection of an ester, such as a benzyl ester; (3) it is economically attractive; (4) it
may be carried out on a large scale; (5) it may be optionally carried out in a one-pot
fashion thus reducing the time and labor required for procedures such as isolation of
intermediate products and solvent replacement; (6) it affords enantiomerically pure
target products; and (7) it avoids the formation of the above-mentioned side products.
Thus, the preparation methods of the present invention are advantageous for the
industrial preparation of valsartan.

Summary of the Invention

During an investigation into one-pot processes to prepare valsartan, a novel method for
converting the ester group of a compound of formula (IIl), as defined herein, into the free
acid of formula (IV), as described above, was found. Namely, in one aspect, the present
invention relates to the conversion of an ester group, such as a benzyl ester, into a free
acid by the use of an organoaluminium halide reagent. The use of an organoaluminium
halide reagent to effect such a chemical reaction provides many advantages, as
explained hereinafter. Typically a benzyl ester is converted into a free acid under
hydrogenation conditions (i.e. with hydrogen in the presence of a transition metal
catalyst, such a palladium catalyst). By using an organoaluminium halide reagent, the
use of flammable hydrogen is avoided, no pressurized reactors are necessary and
expensive transition metal catalysts are not needed. Moreover, the use of an
organoaluminium halide reagent is advantageous both in terms of toxicity and costs.

or



B. Conversion of an ester group into a free acid with an organoal um ni um
hal i de reagent B. 1: Conversion of an ester group into a free acid in a
cyano- corwaiznimiginénpound | n anot her aspect, the inventiPOm/RPIIANER4T O a
process for the manufacture of a conpound of formula (l1V) or salt thereof,
such as an am ne salt thereof, corrpri5si ng reacting a conpound of formula
(1), or salt thereof, V\/nereln Ris Cl 7alkyl, wherein Rl is hydrogen,
Cl_7alkyl, Cl1_7al koxy, C3_8cycloal kyl or C8 10aryl, each unsubstituted or
substituted by one or nore, e.g. up to three, substituents selected from,
hal o, nitro, Cl_7alkyl, halo- Cl_7alkyl, Cl_7al koxy-Cl_7alkyl, Cl_7al koxy,

hal o- C1 manfe}ﬁfahydroﬁuaéHeomgcizs?ahtk@r@portb@trmt %ﬂa@&m&m@bﬂmﬁ Kotycan

Cl_ral kycla fect the rlerﬁ(c)))\gl ‘of a%lenzy? %ast?a%r‘%lo to yleld tﬁe free auda?heref%re the finding
that an organoaluminium halide can effect the conversion of an ester group into a free
acid is new and, moreover, fully surprising. In addition, the use of an organoaluminium
halide reagent provides means to prepare in-situ an organoaluminium azide reagent,
and thus allows the subsequent conversion of a cyano group into a tetrazole group,
without having to isolate the free acid intermediate. Therefore, in a further embodiment,
the present invention also allows the preparation of valsartan via a one-pot process,
wherein the use of an organoaluminium halide reagent effects the conversion of an ester
group into an acid group and the use of an azide reagent, such as an organoaluminium
azide reagent, preferably prepared in-situ from the organoaluminium halide reagent,

effects the conversion of a cyano group into a tetrazole group.

Detailed Description of the Invention

Process for preparing compounds of formula (I11), (IV) and (V), as defined herein below,
have been described in the literature. For example, the preparation of a compound of
formula (V) has been described in the Chinese Journal of Pharmaceuticals 2001, 32(9),
385 and in EP1533305A1. By using standard methods, known to the person skilled in
the art, for example as described in Richard C. Larock, “Comprehensive Organic
Transformations: A Guide to Functional Group Preparations”, Second Edition, Wiley-
VCH Verlag GmbH, 2000, the compound of formula (lll) can be converted into a
compound of formula (1V) via an esterification reaction. In particular, the preparation of a
compound of formula (1V), wherein R is benzyl, has been described in Organic Process
Research & Development 2007, 11, 892.

A. Use of an organoaluminium halide reagent to convert an ester group into a free
acid

In one aspect, the present invention relates to the use of an organoaluminium halide of
formula R5R6AIX or R5AIX,



R2, R3 and R4 are the sane or different formeach other and are hydrogen,
hal o, nitro, Cl_7alkyl, Cl1 7al koxy, C3_8cycloal kyl or C8 1l0aryl, each
unsubst i twoediignsi™abst i t uted by one or nore, e.g. up toPCHmPe1096dest it uents
selected from, halo, nitro, Cl_7alkyl, hal o- 7al kyl, G _7al koxy-Cl_7al kyl,
G _7al koxy, hal o-Cl_7al koxy, Cl_7al ko¥y-Cl_7al koxy, hal o- Cl-

7al koxy- C1_7al koxy, Cl_7al kyl - Cl_7al koxy, hal o-Cl_7al kyl - C1_7al koxY; with

e TaaBBEL: K0P PR SnBbeh BT A c Bsape S "
?(r:]ycl oal gcytlga)lkyIGBC&Q)aryybrefprwiye@malkyl @?d Xaégalﬂa%%mgd X ![s Pa![ ﬁgenb to obtain
e conmpgound o0 referred enbodi ment o e above
process, 10 G08ve" ?%eﬁef%rrou{aﬁﬁggérﬁ&ﬁ? of formula (Il1l) is wherein RL is
hydrogen, Cl_7alkyl, Cl_7al koxy, C3_8cycl oal kyl or C8 10ary1 each

US| ilEfho Rl B Bkt GShiBY r 9330 4 rERR o SpSionBaly il GG ypst 1 tuent s

Cl_7al kofoymh F F?ﬁﬁBIAy')lor B3AKal koxy, hal o-Cl_7al koxy, Cl- 7al koxy-Cl_7al koxy,

hal o- C1_7al ko Ikox Cl. 7 Cl1 7al kox yl - Cl-

D vy VRS S RS penflod T R Tt RS ) BB G an
are hydrmelnalkylalrozmolarw rmefe@b_y7@1l7la1k:izl, afd Xiahkloggn C3_8cycl oal kyl or

C8_ Oary E nstu ¢ OPstltuted by one or nore, e.g. upto
t hr ee, iy 8?1F§eé%r°88f’3%afrre8rﬁ°' 'hal o, nitro, Cl_7alkyl, halo- Cl-
7al kyl , ﬁb_a?t&:lulan,xy—a@toﬂasbkgrlthe @hndtakkexy, hal o- C1_7al koxy,

Cl_7al koxy-Cl_7al kox | koxy- C1_7al koxy, C1_7al kyl - C1_7al koxy,

_ _ hal o - _
hal o- C1_7al kyl - @ﬂ%g%rmgr Seflﬁ%ﬁ?f)ﬁl%ul ar, a process for the manufacture of
a conpound of - f @f abmpbung ofcfornsdd {IVy, twlselofherauﬂ,ch as an am ne salt thereof,

s

B. Conversion of an ester group into a free acid with an organoaluminium halide

(V).

reagent

B. 1: Conversion of an ester group into a free acid in a cyano-containing
compound

In another aspect, the invention relates to a process for the manufacture of a
compound of formula (IV) or salt thereof, such as an amine salt thereof,



conprising reacting a conpound of forrmula (Il1l), or salt thereof, wherein
Ris Cl 7alkyl, wherein Rl is hydrogen, Cl 7alkyl, Cl_7al koxy,

C3_8cycl oableyi1/s12186_10aryl, preferably hydrogen; and RRPCTRP2@os6di41 are the
same or different formeach other and _are hydrogen, halo, nitro, G _7al kyl,
C _7al koxy, C3_8cycl oal kyl or C6_10ar;7l , preferably hydrogen, with an
organoal um ni um hal i de of fornula R5R6AI X or R5AI X2 10 wherein R5 and R6
are, independent]ly from one another, Cl _7alkyl, C3-C8al kenyl, C3_

8cycl oal kyl @ Oaryl, prefer ably Cl_7alkyl, and X is hal ogen, to obtain
t he conpound |pf fdrmuleH (1V).
N
o) N

comprising

reacting a compound of formula (lll), or salt thereof,

wherein R is Cy_salkyl,

R1

*

wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4_zalkoxy, halo-C.zalkoxy-C.7alkoxy, Ci.7alkyl-C4.zalkoxy, halo-C4_zalkyl-C.
-alkoxy; and



In a preferred enbodi nrent of the above process, the termR for the conpound
of formula (11l) is wherein RL is hydrogen, Cl _7alkyl, Cl1_7al koxy,

C3_8cycl oableyi1/s12186_10aryl, preferably hydrogen; and RRPCTRP2@os6di41 are the
same or different formeach other and are hydrogen, halo, nitro, G _7al kyl,
C _7al koxy, C3_8cycloal kyl or C6_1 oar8yl, preferably hydrogen, Preferably,
a process for the manufacture of a corrpound of forrrul a (lVv) or salt

thereof, R3 Lﬁ:?ar?c? R4 are mens%mseacl)rtdlf er}glg m eac(h c}{%er and arg\’ﬂydr%giggn,Rhaios, nitro,
Ci.zalkyl, C47alkoxy, Csecycloalkyl or Ce joaryl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_7alkyl, halo- C,.
zalkyl, Cq.7alkoxy-C,.7alkyl, C4.7alkoxy, halo-C4.7alkoxy, Cq.;alkoxy-C;.zalkoxy, halo-C;.
salkoxy-C47alkoxy, Cy.zalkyl-C,.7alkoxy, halo-C4_zalkyl-C4.7alkoxy;
with an organoaluminium halide of formula R5R6AIX or R5AIX;
wherein R5 and R6 are, independently from one another, C,.;alkyl, Cs;-Cgalkenyl, Cs.
scycloalkyl or Cg jparyl, preferably C, salkyl, and X is halogen,
to obtain the compound of formula (1V).

In a preferred embodiment of the above process, the term R for the compound of
formula (I11) is

R1
R1
/ R1 *
R3
_|=/ R3 ‘§=< \\
R? , R R* or R?

wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each

*

unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4zalkoxy, halo-C4.;alkoxy-C4.;alkoxy, C4.7alkyl-C4.7alkoxy, halo-C4.;alkyl-Cs.
-alkoxy; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C47alkoxy, Csecycloalkyl or Ce joaryl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_7alkyl, halo- C,.
zalkyl, Cq.7alkoxy-C,.7alkyl, C4.7alkoxy, halo-C4.7alkoxy, Cq.;alkoxy-C;.zalkoxy, halo-C;.
salkoxy-C, yalkoxy, G4 salkyl-C4 salkoxy, halo-C,_salkyl-C,_;alkoxy.

In particular, a process for the manufacture of a compound of formula (IV) or salt
thereof,

such as an amine salt thereof,



wherein R1 is hydrogen, Cl_7alkyl, Cl_7al koxy, C3_8cycloal kyl or C6_10aryl,
preferably hydrogen; and R2, R3 and R4 are the sane or different form each
ot her andwenreiinsdriogen, hal o, nitro, Cl_7alkyl, Cl_7al kexy/EPGR0B®ecapel oal kyl
or C6_10aryl, preferably hydrogen or Cl_7al koxy, nost preferably hydrogen,
wi th an organoal um ni um hal i de of forful a RSR6AI X or R5AI X2 wherein R5 and
R6 are, independently fromone another, Cl_7alkyl, C3-C8al kenyl, C3_
8cycl oal kyl or 1Qaryl, preferably Cl1 7alkyl, and X is hal ogen, to obtain
t he conpound f mula (1V). Preferably, the group R, for any of the
processes abdye dqtailed (i.e. section B. 1), is benzyl, p-nethoxybenzyl,
allyl, cin or propargyl, nore preferably benzyl, allyl,

ci nnanyl , |, nmost preferably, benzyl. 12 above, and is
for exanp chloride or dinethylalum niumchloride, nost
preferably diethyl chloride. The nolar ratio of an organoal um ni um
hal i de, &s describ to a conmpound of fornmula (Il11), as described

herein, is for exanpfe & nch as 5:1, preferably 4:1 or 3:1. In any of

t he processes above det ai the reaction tenperature is preferably in the
tenperature range of from B hgnperature to the boiling point of the

sol vent, for exanple, a reaction tenperature range is of from20C to 170C,

preferably, of from60C to 130C
comprising

reacting a compound of formula (lll), or salt thereof,

wherein R is Cy_salkyl,

R1

R! *

J X i R3
S NN

R? R2 R* or R?

wherein R1 is hydrogen, C,.7alkyl, Cy.7alkoxy, Cs.scycloalkyl or Csq0aryl, preferably
hydrogen; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C4.7alkoxy, Csscycloalkyl or Ce.joaryl, preferably hydrogen,

with an organoaluminium halide of formula R5R6AIX or R5AIX;



B. 2: Conversion of an ester group into a free acid in a

tetrazol e-contai ni ng conpound: synthesis of valsartan In a further aspect,
t he i nverwODanmwmsiates to a process for the nmanufacture eCTa&Peaopowwnd of
formula (1), or salt thereof, (1) conprising reacting a conmpound of
formula (V), or salt thereof, whereifOR is Cl_7alkyl, wherein Rl is
hydr ogen, Cl_7alkyl, Cl1_7al koxy C3_8cycl oal kyl or C6 10ary1 each

S| 5 i B MRl TS 8 A 136 iy, 0Pt vt
Cl_7al kogcyelﬁ‘él_;?l&l@lo,arw.‘,fpréfafdbﬂw% -ahgl, an€X iFBhllsgary,, Ci 7al koxy- Cl_7al koxy,

hal o- C1 7a| koxy- Cl 7al kgx Cl _7al kyl -Cl_7al koxy, hal o-Cl1_7al kyl - Cl1-
7al koxy a(?%a@% © GIRaHGC R fogHfay( ﬁ)é sanme or different formeach other and

are hydrogen, halo, nitro, Cl_7alkyl, Cl_7al koxy, C3_8cycl oal kyl or
C6_10ary

b
P a0a Y i SRRl b b e e Bl i e PR Blealiting§r & 8 °°
7al kyl , ©tmulal(kipiey- C1_7al kyl , Cl1_7al koxy, hal o-C1_7al koxy,

Cl_7al koxy- C1_7al koxy, hal o-Cl- 7al koxy-Cl_7al koxy, Cl_7al kyl -C1_7al koxy,
hal o- C1_7al kyl - C1_7al koxY;

R1
* R1

wherein R1 is hydrogen, C, salkyl, Cy_salkoxy, Cs.scycloalkyl or Cgq0aryl, preferably
hydrogen; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C4.7alkoxy, Csscycloalkyl or Ce.joaryl, preferably hydrogen,

Preferably, a process for the manufacture of a compound of formula (IV) or salt
thereof,

such as an amine salt thereof,

comprising

reacting a compound of formula (lll), or salt thereof,



wi th an organoal um ni um hal i de of fornula R5R6AlI X or R5AI X2 wherein R5 and
R6 are, independently fromone another, Cl_7alkyl, C3-C8al kenyl, C3_
8cycl oal kb 20r1/0862130aryl, preferably ClL_7alkyl, and X i Chaipegenccotd obt ai n
t he conpound of fornula (1). In a preferred enbodi nent of the above
process, the termR for the conpound &t formula (V) is 14 wherein Rl is
hydr ogen, Cl_7alkyl, Cl1 7al koxy, C3_8cycloal kyl or C6_10aryl, each
unsubstituted or, substituted by one or nore, e.g. up to three, substituents
selected fpo hal o, nitro, Cl_7alkyl, halo- Cl_7alkyl,
Cl_7al koxyfCl_Ralkyb—g1l_7al koxy, hal o-Cl_7al koxy, Ci 7al koxy-Cl_7al koxy,
7al koxy, Cl1_7al kyl-C1_7al koxy, hal o-Cl1_7al kyl - Cl1-
and R4 are the sane or different formeach other and
are hydr pgen, Q, hitrgw Cl _7alkyl, C1_7al koxy, C3_8cycl oal kyl or
C6_10aryl ' Mbsti flut ed or substitut ed by one or nore, e.g. upto

i tug sel e¢ted from, halo, nitro, Cl_7alkyl, halo- Cil-

7al kyl , - HACIN
Cl_7al koxy- Cl1_7al koxy,
hal o- C1_7al kyl - C1_7al k8
a conpound of fornula (I

al~Nyl, Cl1_7al koxy, hal o-Cl_7al koxy,

d- C1- 7al koxy-Cl_7al koxy, Cl1_7al kyl - Cl_7al koxy,
InI particular, a process for the manufacture of

olalt ther eof , (1)

wherein R is

R1

R2
/>
_|=/\R3
R4

wherein R1 is hydrogen, C,.7alkyl, Cy.7alkoxy, Cs.scycloalkyl or Csq0aryl, preferably
hydrogen; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
C,.7alkyl, C,,alkoxy, Cs scycloalkyl or Ce joaryl, preferably hydrogen or C,_;alkoxy, most
preferably hydrogen,

with an organoaluminium halide of formula RSR6AIX or R5AIX,

wherein R5 and R6 are, independently from one another, C,.;alkyl, Cs-Csalkenyl, Cs.
scycloalkyl or Ce_soaryl, preferably C,.zalkyl, and X is halogen,

to obtain the compound of formula (1V).

Preferably, the group R, for any of the processes above detailed (i.e. section B. 1), is
benzyl, p-methoxybenzyl, allyl, cinnamyl, prenyl or propargyl, more preferably benzyl,
allyl, cinnamyl, prenyl or propargyl, most preferably, benzyl.

In any of the processes above detailed (i.e. section B. 1), preferably, the
organoaluminium halide is of formula R5R6AIX, wherein R5, R6 and X are as defined



conprising reacting a conpound of formula (V), or salt thereof, wherein R
Is C1_7alkyl, wherein Rl is hydrogen, Cl1 7alkyl, Cl 7al koxy,

C3_8cycl oableyi1/s12186_10aryl, preferably hydrogen; and RRPCTRP2@os6di41 are the
same or different formeach other and are hydrogen, halo, nitro, G _7al kyl,
Ci _7al koxy, C3_8cycloal kyl or C6_1 oafgl, preferably hydrogen, with an

or ganoal um ni um hal i de of fornula R5R6AI X or R5AI X2 wherein R5 and R6 ar e,

|ndepend tly f one a 8cycl oal kyl or
b 6ar y0vE! At Ry e Ry el e oR o S o Rt
of for nubrefefafly diethylpmiefuer cregricenbodi ment of the above process, the termR
for the conmpound of fornmula (V) is

The molar ratio of an organoaluminium halide, as described herein, to a compound of

formula (1), as described herein, is for example 6:1, such as 5:1, preferably 4:1 or 3:1.

In any of the processes above detailed, the reaction temperature is preferably in the
temperature range of from room temperature to the boiling point of the solvent, for
example, a reaction temperature range is of from 20°C to 170°C, preferably, of from
60°C to 130°C.

B. 2: Conversion of an ester group into a free acid in a tetrazole-containing
compound: synthesis of valsartan

In a further aspect, the invention relates to a process for the manufacture of a
compound of formula (l), or salt thereof,

comprising

reacting a compound of formula (V), or salt thereof,



R1 16 wherein Rl is hydrogen, Cl_7alkyl, Cl1_7al koxy, C3_8cycl oal kyl or
C6_10aryl, preferably hydrogen; and R2, R3 and R4 are the sane or different
f or m eachwotzhewossaid are hydrogen, halo, nitro, C _7al kylPCTEP20Malokaxy
C3_8cycl oal kyl or C6_10aryl, pref erablg hydr ogen, Preferably, a process for
t he manufacture of a conpound of formiPa (I') or salt thereof, (I)
conprising reacting a conpound of formula (V), or salt thereof,

wherein R is Cy_salkyl,

1

R »
R2 R! *
J X - R3
b N\
R4 R?

R4 or R2

wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4zalkoxy, halo-C4.;alkoxy-C4.;alkoxy, C4.7alkyl-C4.7alkoxy, halo-C4.;alkyl-Cs.
-alkoxy; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C47alkoxy, Csecycloalkyl or Ce joaryl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_7alkyl, halo- C,.
zalkyl, Cq.7alkoxy-C,.7alkyl, C4.7alkoxy, halo-C4.7alkoxy, Cq.;alkoxy-C;.zalkoxy, halo-C;.
salkoxy-C47alkoxy, Cy.zalkyl-C,.7alkoxy, halo-C4_zalkyl-C4.7alkoxy;

with an organoaluminium halide of formula R5R6AIX or R5AIX;

wherein R5 and R6 are, independently from one another, C,.;alkyl, Cs;-Cgalkenyl, Cs.
scycloalkyl or Cg jparyl, preferably C, salkyl, and X is halogen,

to obtain the compound of formula (l).

In a preferred embodiment of the above process, the term R for the compound of
formula (V) is



(V) wherein Ris 17 wherein Rl is hydrogen, Cl_7alkyl, Ci1_7al koxy,
C3_8cycl oal kyl or C6_10aryl, preferably hydrogen; and R2, R3 and R4 are the
same or dwbfersi2iBor m each ot her and are hydrogen, hal @eCTAiPR010/066021 7alkyl,
Cl_7al koxy, C3_8cycl oal kyl or CG_lOar)il, preferably hydrogen or Cl_7al koxy,
nost preferably hydrogen, with an org foal uni ni um hal i de of formul a RERBAI X
or R5AI X2 wherein R5 and R6 are, independently fromone another, Cl_7alkyl,
C3- C8al kenyl _, C3_ 8cycloal kyl or C6_10aryl, preferably Cl_7alkyl, and X is
hal ogen, to gbtain the conpound of forgula (1V).

*

R2 R1 *
/ K \ R3 \
_|=/\ R3 = \
R4 R2 R4 or R2

wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4zalkoxy, halo-C4.;alkoxy-C4.;alkoxy, C4.7alkyl-C4.7alkoxy, halo-C4.;alkyl-Cs.
-alkoxy; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
C,.7alkyl, C,alkoxy, Gz scycloalkyl or Ce jparyl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_alkyl, halo- C,.
zalkyl, Cq.7alkoxy-C,.7alkyl, C4.7alkoxy, halo-C4.7alkoxy, Cq.;alkoxy-C;.zalkoxy, halo-C;.
salkoxy-C47alkoxy, Cy.7alkyl-C,.7alkoxy, halo-C,.zalkyl-C,_7alkoxy.

In particular, a process for the manufacture of a compound of formula (I) or salt

thereof,

comprising

reacting a compound of formula (V), or salt thereof,



Preferably, the group R, for any of the processes above detailed (i.e.
section B. 2), is benzyl, p-nethoxybenzyl, allyl, cinnanyl, prenyl or

pr opar gylwormonie@sprief erabl y benzyl, allyl, cinnanyl, premrgii/Epeolpnegar gyl ,
nost preferably, benzyl. In any of the_ processes above detailed (i.e.
section B. 2), preferably, the organodPumi niumhalide is of fornula

R5R6AI X, wherein R5, R6 and X are as defined above, and is for exanple

di et hyl al um ni ug chlLori de or dinmethyl al um ni um chl oride, nost preferably

di et hyl al umi @ umyfil ori de. The nolar ratio of an organoal um nium hal i de, as
descri bed her|gi ronmpound of formula (V), as described herein, is for
exanpl e 6: asg5: 1, \pepferably 4:1 or 3:1. In any of the processes
above det ai|l ed, Y enperature is preferably in the tenperature
range of S ¥ to the boiling point of the solvent, for
exanpl e, perafure range is of from20C to 170C, preferably,

Y organoal um ni um hal i de reagent foll owed by
conversion of a cyano grg to a tetrazole. 18 Another aspect of the
present invention rel ates a pfocess for the manufacture of val sartan,
wherein the conversion of an ester group into a free acid and the
conversion of a cyano group into a tetrazole take place step-wise, i.e. in
two sepagai@insk @S, Wiih i sol ation of the intermediate species. In another
aspect, the invention'relates to a step-w se process for the manufacture of
a conpound of fornmula (I), or salt thereof, (I)

R1
* R1
R2 R! *
/ X \ R3
_|=/\>R3 = \
R4 R2 R4 or R2

wherein R1 is hydrogen, C,.7alkyl, Cy.7alkoxy, Cs.scycloalkyl or Csq0aryl, preferably
hydrogen; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C4.7alkoxy, Csscycloalkyl or Ce.joaryl, preferably hydrogen,

with an organoaluminium halide of formula R5R6AIX or R5AIX;

wherein R5 and R6 are, independently from one another, C,.;alkyl, Cs;-Cgalkenyl, Cs.
scycloalkyl or Ce_soaryl, preferably C,.zalkyl, and X is halogen,

to obtain the compound of formula (l).

In a preferred embodiment of the above process, the term R for the compound of
formula (V) is

R1
* R1
R2 R1 *
/ X \ R3
-|=/\>R3 — \
R4 . R R* or R?



conprising the steps of i) reacting a conpound of formula (l111), or salt
thereof, wherein Ris Cl _7alkyl, 19 wherein Rl is hydrogen, Cl_7alkyl,
Cl_7al koxwo 208/Bex61 oal kyl or C6_10aryl, each unsubstit rCEEPeI10®6degt i t ut ed
by one or nore, e.g. up to three, substituents selected from, halo, nitro,
Cl_7alkyl, halo- Cl_7alkyl, Ci_7al kox§/ Cl_7alkyl, Cl1_7al koxy,

hal o- C1_7al koxy, Ci 7al koxy-Cl_7al koxy hal o- C1_7al koxy- C1_7al koxy,

Cl_7al k hI k Cl- 7al k d R4 th
e b b Bl ot G ol B b R o il BB c1_‘?;iky e
Cl1_7al kokydrodeh:; 8oycl oal kyl or C6_10aryl, each unsubstituted or substi tuted

by one o e 0. to thr bstituents sel ec from nitro,
& Taikyhe R R e Y efre NferaiR) bedt b G SFEbiappisio. Ao

hal o- C1_Cajakagx o1 &MoxgyaCk axyylo&ikyl &al0k oayyl, grafecabflhydredenoxy- C1_7al koxy,

Cl_7al kyl - C1_7al koxy, hal o-Cl_7al kyl - C1_7al koxY; with an organoal um ni um
hal i de of formula RSR6AI X or R5AI X2 wherein R5 and R6 are, independently

f r om onePafatibigra pilCtessafbk ihe, mLRH4Bak loé aybmpodnd Biclgmhwal kgt sadirth&gofl Oar y1,
preferably Cl1_7alkyl, and X is hal ogen, to obtain the conpound of formula
(I'V), or salt thereof,

comprising

reacting a compound of formula (V), or salt thereof,




such as an amne salt thereof, (1V); 20 with an azide reagent to provide
conpound of forrmula (1). In a preferred enbodi nent of the above process,

t he t er mRORorv/asha3conpound of formula (111) is wherei RCREP2GIONy@rDgEN,
Cl_7alkyl, Cl1_7al koxy, C3_8cycloal kyl or C6_10aryl, each unsubstituted or
substituted by one or nore, e.g. up td’three, substituents selected from,
hal o, nitro, Cl_7alkyl, halo- Cl_7alkyl, Cl 7al koxy-Cl_7alkyl, Cl1_7al koxy,
hal o- C1_7al koxy, G 7al koxy-Cl_7al koxy, hal o-C1_7al koxy- C1_7al koxy,

Cl_7al kyl - C1_7al koxy, hal o-Cl_7al kyl -Cl- 7al koxy; and R2, R3 and R4 are the
same or whérkerRnis HydrogeaaChatkyh €, alkakyaCe.chyidalvg@n Cs hahyd, prefetably, Cl_7alkyl,
Cl 7al kO?P( C3 SCC\{CI oal kyl or C6_10aryl, each unsubstituted or substituted
by one o e,, 7g. up to three, substituents selected from, halo, nitro,
Cl 7a1ky82 R&abod REhre Fal daye orGlffefantkomy edth dtadrkyrid, ar€hydrabémmtialo, nitro,

& Tarky Pl gt Rarslea & bt ol v el e d B BB ¢ e
i nventi opsrefwehtay ewm@em process for the manufacture of a conpound of fornula
(1), or gl tRereQl iinium halide of formula RSREAIX or R5AIX

wherein R5 and R6 are, independently from one another, C,;alkyl, Cs-Cgalkenyl, Cs.

scycloalkyl or Cg jparyl, preferably C, salkyl, and X is halogen,

to obtain the compound of formula (1V).

Preferably, the group R, for any of the processes above detailed (i.e. section B. 2), is
benzyl, p-methoxybenzyl, allyl, cinnamyl, prenyl or propargyl, more preferably benzyl,
allyl, cinnamyl, prenyl or propargyl, most preferably, benzyl.

In any of the processes above detailed (i.e. section B. 2), preferably, the
organoaluminium halide is of formula R5R6AIX, wherein R5, R6 and X are as defined
above, and is for example diethylaluminium chloride or dimethylaluminium chloride, most

preferably diethylaluminium chloride.

The molar ratio of an organoaluminium halide, as described herein, to a compound of
formula (V), as described herein, is for example 6:1, such as 5:1, preferably 4:1 or 3:1.

In any of the processes above detailed, the reaction temperature is preferably in the
temperature range of from room temperature to the boiling point of the solvent, for
example, a reaction temperature range is of from 20°C to 170°C, preferably, of from
60°C to 130°C.

C. Synthesis of valsatan via conversion of an ester group into a free acid with
an organoaluminium halide reagent followed by conversion of a cyano group

into a tetrazole.

C.1: Step-wise synthesis of valsartan



(I') 21 conprising i) reacting a conpound of forrmula (Ill), or salt
thereof, wherein Ris Cl _7alkyl, wherein Rl is hydrogen, Cl 7alkyl,
Cl_7al koxwo 208/Bexal oal kyl or C6_10aryl, preferably hydpogaroiandoR?, R3
and R4 are the same or different formeach other and are hydrogen, hal o,
nitro, G _7alkyl, G _7al koxy, C3 80yc|%al kyl or C6_1 oaryl, preferably
hydr ogen, with an organoal um ni um hal i de of formul a R5R6AI X or RS5AI X2
wher ei n fr.om one_ anot

e By e aspecBh e T Mk 1RSI0 B BRI IR IneCTafdB il oLng x i s

hal ogen, valsartan, wherein the conversion of an ester group into a free acid and the
conversion of a cyano group into a tetrazole take place step-wise, i.e. in two separate
steps with isolation of the intermediate species.

In another aspect, the invention relates to a step-wise process for the manufacture of
a compound of formula (1), or salt thereof,

comprising the steps of
i) reacting a compound of formula (lll), or salt thereof,

wherein R is Cy.7alkyl,



to obtain the compound of formula (1V), or salt thereof, such as an am ne
salt thereof, i) treating the conpound of fornmula (IV), or salt thereof,
such as awoamimsimalt thereof, with an azi de reagent toPpr@r2@e/oc@apound of
formula (1). In a preferred enbodi nent of the above process, the termR for
the conpound of fornula (I111) is whel8in RL is hydrogen, Cl_7alkyl,

Cl _7al koxy, C3 _8cycloal kyl or C6_10aryl, preferably hydrogen; and R2, R3
and R4 are the sanme or different formeach other and are hydrogen, halo,
nitro, G _7atfkyl, G _7al koxy, C3 8cyc| al kyl or C6_10aryl, preferably

hydr ogen; another aspect, the |nve |on relates to a process for the
/ \ oundef formi (I ), salt thereof, conprising
_|=/ R3 ‘g—<
R4

manuf act ur e
wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each

unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4zalkoxy, halo-C4.;alkoxy-C4.;alkoxy, C4.7alkyl-C4.7alkoxy, halo-C4.;alkyl-Cs.
-alkoxy; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
C,.7alkyl, C,alkoxy, Gz scycloalkyl or Ce jparyl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_alkyl, halo- C,.
zalkyl, Cq.7alkoxy-C,.7alkyl, C4.7alkoxy, halo-C4.7alkoxy, Cq.;alkoxy-C;.zalkoxy, halo-C;.
salkoxy-C47alkoxy, Cy.zalkyl-C,.7alkoxy, halo-C4_zalkyl-C4.7alkoxy;

with an organoaluminium halide of formula R5R6AIX or R5AIX;

wherein R5 and R6 are, independently from one another, Ci.zalkyl, Cs-Csalkenyl, Cs.
scycloalkyl or Ce_soaryl, preferably C,.zalkyl, and X is halogen,

to obtain the compound of formula (IV), or salt thereof,

such as an amine salt thereof,

(IV);

ii) treating the compound of formula (1V), or salt thereof,

such as an amine salt thereof,



1) reacting a conpound of fornmula (I11l), or salt thereof, wherein R

wherein Rl is hydrogen, Cl1_7alkyl, Cl 7al koxy, C3 8cycloal kyl or C6_10aryl,
pr ef er ablwolydrisgana; and R2, R3 and R4 are the sane or @cTfEPe@ntedoar m each
ot her and are hydrogen, halo, nitro, Cl 7alkyl, Cl_7al koxy, C3_8cycl oal kyl
or C6_10aryl, preferably hydrogen or e4” 7al koxy, nore preferably hydrogen,
with an organoal um ni um hal i de of fornula RSR6AIX or RSAI X2 24 wherein R5

and R6 ar I ndepen y fr mone a%‘%‘if 7alkyl, C3-C8al kenyl, C3_
8cycl oal W& appel reﬁ?&P{,@ pr?)\f' GPaRUNIS] FFIMAIDT and” X i s hal ogen, to obtain

the conpound of fornula (1V), or salt thereof, such as an amine salt
thereof, In a preferred embodiment of the above process, the term R for the compound of

formula (I11) is

wherein R1 is hydrogen, C, salkyl, G4 ;alkoxy, Cs.scycloalkyl or Cgq0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C,;alkyl, halo- C,.;alkyl, C,,alkoxy-C,,alkyl, G, salkoxy, halo-C,,alkoxy, C;.
salkoxy-C4zalkoxy, halo-C4.;alkoxy-C4.;alkoxy, C4.7alkyl-C4.7alkoxy, halo-C4.;alkyl-Cs.
-alkoxy; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C47alkoxy, Csecycloalkyl or Ce joaryl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_7alkyl, halo- C,.
zalkyl, Cq.7alkoxy-C,.7alkyl, C4.7alkoxy, halo-C4.7alkoxy, Cq.;alkoxy-C;.zalkoxy, halo-C;.
salkoxy-C47alkoxy, Cy.7alkyl-C,.7alkoxy, halo-C,.zalkyl-C,_7alkoxy.

In another aspect, the invention relates to a process for the manufacture of a
compound of formula (l), or salt thereof,




(IV); ii) treating the compound of fornmula (1V), or salt thereof, such as
an amne salt thereof, with an azide reagent to provide conpound of fornula
(1). Prefwoned/mziide reagents are, for exanple, netal sa&CTrEPedioloy@nnzoi C
azid, such as alkali or earth alkali netal salts, (eg. lithium azide,
sodi um azi de, potassium azi de, cal ci ufl azi de, nagnesi um azide, al unini um
azide), salts of hydrazoic acid with organi c bases (eg.

t et ramet h(éwﬁuam di nium azi de), or an azide of formula R7TRBMN3 wherein Mis
boron or " um preferably aluninium R7 and R8 are, independently from
one anot hedactifigh kgpmpo@t Faingaylll), ofSalBibgeohal kyl , C3_8cycl oal kyl - C1_7al kyl
or C6-1 Oaryl-Cl_7alkyl, preferably ClL _7alkyl. In particular, the azide
reagent is of formula RTRBMN3 wherein Mis al um nium or boron, preferably

al um ni um R8 are, independently fromone another, G _7al kyl,
C3- C8al kengl , _8cycl oal kyl, C3_8cycl oal kyl - C1_7al kyl or C6-1 Oaryl -Cl-
7al kyl , |y 1_'7a1ky1. Preferably, the azide reagent is

dlethyla i de or dinethylal um nium azide, nore preferably

di et hyl al um nji pde. Rreferably, the group R, for any of the processes
above dekai | es\ (J secffion C. 1), is benzyl, p-nethoxybenzyl, allyl,

ci nnanyl , propargyl, nore preferably benzyl, allyl, cinnanyl,

prenyl or
above detailed (i:

preferably, benzyl. 25 In any of the processes

: dn C. 1), preferably, the organoal um ni um halide
is of fornmula RSR6AI X, ein R5, R6 and X are as defined above, and is
for exanple diethylal untN#umighl ori de or di methylal um nium chloride, nost
preferably diethylalumniumchloride. The nolar ratio of an organoal um ni um
hal i de, as described herein, to a conpound of formula (I11), as described
herein, wheleRe&@malkgl,6: 1, such as 5:1, preferably 4:1 or 3:1.. In any of
the processes above detailed, the reaction tenperature of step i) is
preferably in the tenperature range of fromroomtenperature to the boiling
poi nt of thegrsolvent, for exanple, a reaction tenperature range is of from
20C to 170C preferably, of from 60C Rd 130C.

e N,

wherein R1 is hydrogen, C,.7alkyl, Cy.7alkoxy, Cs.scycloalkyl or Csq0aryl, preferably
hydrogen; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C4.7alkoxy, Csscycloalkyl or Ce.joaryl, preferably hydrogen,

with an organoaluminium halide of formula R5R6AIX or R5AIX;

wherein R5 and R6 are, independently from one another, C,;alkyl, Cs-Cgalkenyl, Cs.
scycloalkyl or Cg jparyl, preferably C, salkyl, and X is halogen,

to obtain the compound of formula (IV), or salt thereof,

such as an amine salt thereof,



In any of the processes above detailed, the reaction tenperature of step
ii) is preferably in the tenperature range of fromroomtenperature to the
boi | i ng peonb1ais121iBe sol vent, for exanple, a reaction tecpaPatRNesHBNgEe | S
of from20C to 170C, preferably, of from60C to 130C. C. 2: One-pot

synt hesis of valsartan A further aspe@? of the present invention is rel ated
to a process for the manufacture of val sartan, wherein the conversion of an
ester group intq a free acid and the conversion of a cyano group into a
tetrazole tal®e ply€e in a one-pot process. In another aspect, the invention
wcess for the manufacture of a compound of formula
conprising i) reacting a conpound of formula (I111),
ein lNis Cl 7alkyl, wherein Rl is hydrogen,
gtycl oal kyl or C8_10aryl, each unsubstituted or
e.g. up to three, substituents selected from,
Cl 7alkyl, Cl1_7al koxy-Cl _7alkyl, Cl1 7al koxy,
7al koxy, hal o-Cl_7al koxy- Cl_7al koxy,
7al kyl - C1- 7al koxy; and

(IV);

ii) treating the compound of formula (1V), or salt thereof,
such as an amine salt thereof,
with an azide reagent to provide compound of formula (l).

In a preferred embodiment of the above process, the term R for the compound of

formula (I11) is

R1
* R1
R2 R1 *
/ * 3
/ _|=/\\>R3 o R \\
R? R? R* or R2

wherein R1 is hydrogen, C,.7alkyl, Cy.7alkoxy, Cs.scycloalkyl or Csq0aryl, preferably
hydrogen; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
C.7alkyl, C,,alkoxy, Gz gcycloalkyl or Ce joaryl, preferably hydrogen,

In another aspect, the invention relates to a process for the manufacture of a

compound of formula (l), or salt thereof,



27 R2, R3 and R4 are the sane or different formeach other and are

hydr ogen, halo, nitro, Cl _7alkyl, Cl_7al koxy, C3_8cycl oal kyl or C8 10aryl,
each unsuwetntwmseri3or substituted by one or nore, e.g. RPTIER241I006@41
substituents selected from, halo, nitro, Cl1_7alkyl, halo- 7alkyl,

Ci _7al koxy-Cl_7al kyl, G _7al koxy, hal 83C1_7al koxy, Cl_7al koxy- Cl_7al koxy,
hal o- C1- 7al koxy-Cl_7al koxy, Cl_ 7al kyl - C1_7al koxy,

hal o- C1_7al kyl - Q1_73l koxY; wi th an organoal um ni um hal i de of fornula
R5R6AI X or R%AI X erein R5 and R6 are, independently from one anot her,
Cl_7alky1l, C8alfkenydH CH 8cycl oal kyl or C8_1l0aryl, preferably

Cl 7alky1l, N7 SYal oggpj-Nt 0 obtain the conmpound of formula (1V), or
salt theregf, sfich agyan a e salt thereof, (IV); i) adding to the
resultin eact fQn iyt ure ofiNstep i) an azide reagent to obtain the
conpound[ of for rrul. In[a preferred enbodi mrent of the above process,

moundlof formula (111) is

comprising

i) reacting a compound of formula (lll), or salt thereof,

wherein R

R1

R2
/X
_|=/\R3
R4

wherein R1 is hydrogen, C,.7alkyl, Cy.7alkoxy, Cs.scycloalkyl or Csq0aryl, preferably
hydrogen; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C47alkoxy, Csscycloalkyl or Ce joaryl, preferably hydrogen or C.zalkoxy, more
preferably hydrogen,

with an organoaluminium halide of formula R5R6AIX or R5AIX;



28 halo, nitro, Cl_7alkyl, halo- Cl_7alkyl, Cl_7al koxy-Cl_7alkyl,

Cl_7al koxy, hal o- C1_7al koxy, G 7al koxy- Cl1_7al koxy,

hal o- C1_7sbkoxyosCli37al koxy, C1_7al kyl - C1_7al koxy, hal o- CLTERRKpI066021

7al koxy; and R2, R3 and R4 are the sane or different form each other and
are hydrogen, halo, nitro, Cl_7alkyl, 2€1_7al koxy, C3_8cycl oal kyI or

C8 10ary1 each unsubstituted or substitut ed by one or nore, to

t hr ee, stlt nt elected fro hal o 1, h I Cl-

Dl eyt BTl RS A0 BB B idapenbty trogfity b %w%f%l%a'ke”ﬁ &

Cl_7al kogcyelﬁ‘él_;?laalrb@%mryl kméferablyczﬁlldgpwd Kls Ralbgerxy, Cl_7al kyl - C1_7al koxy,
a ect the invention relates to a

hal o- C1_7al kyl - Cl 7al k
oneopot _tﬁ’?(? %@yef@rma%ﬁjgéﬁﬁWumH%tQB} S?Tfpound of formula (1), or salt
t her eof , suchlgs ancamipeisalt thgréof, reacti ng a conmpound of formula (I11), or salt

t her eof ,
(0]
OH
N
(0]

ii) treating the compound of formula (1V), or salt thereof,

(IV);

such as an amine salt thereof,

with an azide reagent to provide compound of formula (l).

Preferred azide reagents are, for example, metal salts of hydrazoic azid, such as alkali
or earth alkali metal salts, (eg. lithium azide, sodium azide, potassium azide, calcium
azide, magnesium azide, aluminium azide), salts of hydrazoic acid with organic bases
(eg. tetramethylguanidinium azide), or an azide of formula R7R8MN; wherein M is boron
or aluminium, preferably aluminium, R7 and R8 are, independently from one another, C,.
salkyl, Cs-Cgalkenyl, Csscycloalkyl, Csgcycloalkyl-Cy salkyl or Gg qoaryl-C4 salkyl,
preferably C;.,alkyl. In particular, the azide reagent is of formula R7R8MN; wherein M is
aluminium or boron, preferably aluminium, R7 and R8 are, independently from one
another, G, salkyl, Cs-Cgalkenyl, Csscycloalkyl, Csscycloalkyl-C4 ;alkyl or Cgqoaryl-Cy.
salkyl, preferably C.;alkyl. Preferably, the azide reagent is diethylaluminium azide or

dimethylaluminium azide, more preferably diethylaluminium azide.

Preferably, the group R, for any of the processes above detailed (i.e. section C. 1), is
benzyl, p-methoxybenzyl, allyl, cinnamyl, prenyl or propargyl, more preferably benzyl,
allyl, cinnamyl, prenyl or propargyl, most preferably, benzyl.



29 wherein Rl is hydrogen, Cl_7alkyl, Cl_7al koxy, C3_8cycl oal kyl or
C6_10aryl, preferably hydrogen; and R2, R3 and R4 are the sane or different
f or m eachwotzhewossaid are hydrogen, halo, nitro, C _7al kylPCTEP20Malokaxy
C3_8cycl oal kyl or C6_1 oaryl, preferably hydrogen, with an organoal um ni um
hali de of fornula RSR6AI X or R5AI X2 wherein R5 and R6 are, independently
fromone another, Cl_7alkyl, C3-C8al kenyl, C3_ 8cycloal kyl or C6 _10aryl,
preferab

y Cl.7alkyl, and X is . halogen, to obtain,t ompound of formul a
01V " or ot s biesBE fodbe rdlRodfi Beckdh € DBl ST
organoaluminium halide is of formula R5R6AIX, wherein R5, R6 and X are as defined
above, and is for example diethylaluminium chloride or dimethylaluminium chloride, most

preferably diethylaluminium chloride.

The molar ratio of an organoaluminium halide, as described herein, to a compound of
formula (1), as described herein, is for example 6:1, such as 5:1, preferably 4:1 or 3:1..

In any of the processes above detailed, the reaction temperature of step i) is preferably
in the temperature range of from room temperature to the boiling point of the solvent, for
example, a reaction temperature range is of from 20°C to 170°C, preferably, of from
60°C to 130°C.

In any of the processes above detailed, the reaction temperature of step ii) is preferably
in the temperature range of from room temperature to the boiling point of the solvent, for
example, a reaction temperature range is of from 20°C to 170°C, preferably, of from
60°C to 130°C.

C.2: One-pot synthesis of valsartan
A further aspect of the present invention is related to a process for the manufacture of
valsartan, wherein the conversion of an ester group into a free acid and the

conversion of a cyano group into a tetrazole take place in a one-pot process.

In another aspect, the invention relates to a one-pot process for the manufacture of a
compound of formula (l), or salt thereof,



ii) adding to the resulting reaction m xture of step i) an azide reagent to
obtain the conpound of fornmula (I). In a preferred enbodi nent of the above
process, wbeotiersmiR for the conpound of forrmula (I11) i ®CTAP20Mi06ed08i N RL i S
hydrogen, Cl_7alkyl, Cl 7al koxy, C3_8cycloal kyl or C6_10aryl, preferably
hydrogen; and R2, R3 and R4 are the safe or different form each other and
are hydrogen, halo, nitro, G _7alkyl, C _7al koxy, C3_8cycloal kyl or
C6_10aryl, preferably hydrogen Preferred azide reagents are, for exanple,
nmetal salts & hyyazoic azid, such as alkali or earth alkali netal salts,
(eg. lithiumlpzid i uml-azi de, potassium azide, cal cium azide, nmagnesium

azide, alu 1 al ys of hydrazoic acid with organic bases (eg.

t et ramet hyllguany di ni fdey\ or an azide of formula RTRBMN3 wherein Mis

boron or 1 XY aluminium R7 and R8 are, independently from
one anot per, C8al kenyl , C3_8cycl oal kyl, C3_8cycl oal kyl - C1_7al kyl
or C6- 10t ryI pre erably Cl_valkyl. In particular, the azide

r eagent : e wherein Mis alum niumor boron, preferably

alum nium R7 and R8 are, gpendently from one another, G _7al kyl,

C3- C8al kenyl , C3_8cycl oal Ry 8cycl oal kyl - C1_7al kyl or C6-10aryl - Cl-

7al kyl, preferably C1 7a1ky1 referably, the azide reagent is

di et hyI al um ni um azi de or di net hyl al um ni um azi de, nore preferably

di et hyl a} azide. In a preferred enbodi nent, the azide reagent is of
gl

formul a wherein Mis alumnium R7 and R8 are as defined above,
and is pbégsiiagiaicamppung ejyiorada AL, &r st tereohl t of hydrazoi c azid, for
exanple alkali or earth alkali metal salts, (eg. |ithium azide, sodi um

azi de, potassium azide, calcium azide, magnesi um azi de or alum nium azi de)
to an organo ni um hal i de reagent of fornmula RSR6MX, as defined herein.
Pref erabl yQ sa i NngsLgu preparation takes place by adding the netal salt
of hydrazojllc a 0 the reaction mxture of step i). In this preferred

enbodi ne Nle colversion of the organoal um nium halide reagent to the

or ganoal ym nijumazi d& reafJent takes place at roomtenperature and the
subseque te 3 Mation reaction takes place with heating above room
t enper at ur of from60C to 130C, such as of from 90C to 130C.
In this e E!ess anount, for exanple an anmount between 31 1.2

to 2 equivalents or an nt of 2 or nore equival ents, of the azide
reagent, preferably an pynt of 2 or nore equival ents may be used.

wherein R is Cy.7alkyl,

R1

—|J/R3 %=< \

R? R2 R* or R?

wherein R1 is hydrogen, C, salkyl, G4 ;alkoxy, Cs.scycloalkyl or Cgq0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4_zalkoxy, halo-C.zalkoxy-C.7alkoxy, Ci.7alkyl-C4.zalkoxy, halo-C4_zalkyl-C.
-alkoxy; and



Preferably, the group R, for any of the processes above detailed (i.e.
section C. 2), is benzyl, p-nethoxybenzyl, allyl, cinnanyl, prenyl or

pr opar gylwormonie@sprief erabl y benzyl, allyl, cinnanyl, premrgii/Epeolpnegar gyl ,
nost preferably, benzyl. In any of the_processes above detailed (i.e.
section C. 2), preferably, the organodlum niumhalide is of fornula

R5R6AI X, wherein R5, R6 and X are as defined above, and is for exanple

di et hyl a Lniu hl ori de or dinethyl al um ni.um chl oride, nost, preferably
i ot hyl ARERRIR e e o PR YRR AR PE b e alchhfioe) | de. as
descri be@, Jathyeid ;alkaxyaCe gyploalRgl b Cf aryindagh Uhblistituted clestibsiitbied dyenei n, i s
for exanple 6:1, such as 5:1 . preferably 4:1 or 3:1..In a of .t he

pr ocessrergr ARG &Ik & tPEe(?,’ SVWé'tLl%Qgscsﬁl‘?fﬁec%é%ePﬁlf’u?'gobcﬁ*@{kéégxﬁlf' Ps preferably
i n the taRysGLakexyr@nagtkyloT, falkoxy  eedorCt eatimsy AC Uratkokp-C hatkdxgi halo@ poi nt  of
the sol vent, for_exanple reactiaon temperature range is of from20C to
170C, pr@i’r‘l@k}ﬁﬁﬁélﬁ%ymiﬁjﬁyggﬁa[ XX%@(?'EF'haq@’E&*@qkqxﬁe processes above

det ai | edwitlt he orgaaochluminidre mpkdeadfiorenutd RSREAIX or)R3AXpreferably in the
tenperature r fromroamt erature to t t.of the

e e hojli Qi
oot W8 e Re'ard ABBRC TR Srfer ol CRoaREAEEE o 570
pr ef er abicycloalkylfor @ A0C drefedbO  jatkgk, ena Xl iy hatbgém,om 80C to 130C. D. Novel
and i nventive ¢o oundsdlﬂ theI r\Bcess hshofvvn above several novel and
nvent | vie OGBSI GIRRIEY ohPEPYRAM ORI ER y “fur ther subj ects of the
present suvherstdancamiae galt theradppounds shown bel ow. An amine salt of the

conpound of forrmula (1V) as defined herein. wherein R is benzyl, allyl,
ci nnanyl, prenyl or propargyl, nore preferably, benzyl.

s

i) adding to the resulting reaction mixture of step i) an azide reagent

N

(IV);

to obtain the compound of formula (l).

In a preferred embodiment of the above process, the term R for the compound of
formula (I11) is

R1
R1
R2 R! *
/ K . R3
=}/ R — \
R? . R R* or R?
wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,



33 Listed below are definitions of various terns used to describe the novel
i nternedi ates and synthesis steps of the present invention. These

definiti one,20e/a5haB by repl aci ng one, nore than one or &CI/EReeIensdo41
expressions or synbols used in the present disclosure and thus vyielding
enbodi nents of the invention, in part?%ular apply to the terns as they are
used throughout the specification unless they are otherwise limted in

speci fic_instances_either indjviduall part_ of | ap.ger group. The
Form » 0190VR0 qerARdsnaorBr Al G ka6 TRHEET URUAS Fesdear - 20,
especi al Jajkonp-C; galkeng, halolQydalkhexyr@uxiatkaky, \C. Falkgdl balkoat baw:C.salkd-Gpi ety bei ng
branched (,one or, nore tinmes) or straight-chained and bound via a term nal
or a non@XWHD carbon. The term al kyl, as a radical or part of a

radi cal , RAegR3 nes R4 an@thetsanwd dridiftgpetitdorandadhnatherdinagareaydmgéd yhalb, nid, 7alkyl,

cai 0 moi Btk R BrBnEnehCol B et tchudsurshd@id) e llld R Boana

bound vi er raoiieee i n@Lto hreea sulmtitcatsdatsttecCiasrhohalo) mitrpaC {Aatkyl, aalo- 8L kyl is, for

exanpl e, | . ethyl, n-propyl. isopropyl -bytyl . i sobut yl r

Cor £ but 0 e AR wnil O by RS S o e Cri PR YRR o

br anched,atkocty107.,gilkeryl Cujadityl-Copgikaxg eisald-Ct ealkyl-C, adlkory, for exanple 1 or 2 C
atons. Exanples are fluoronethyl, difluoromethyl, trifluoronethyl,

chl oronet hyl, dichloronethyl, trichloronethyl, 2-chloroethyl and

2, 2, 2-t r infdnathren @bpydt, thelddvention reddteg éna ioaefpbtioooesscibt theanadufactoreasf a odo,

pr ef erabl(%/ flu rg chl| oro or It%om)f preferably chloro. Alkenyl, being a
radi cal %m%o ¥ ]ronglw a@i’ a1 ] st rai ght or branched (one or, if desired
and possible, nore tines) carbon chain containing at |east one double bond,
and is, for exanple, 03-020-al kenyl (such as 03-CBal kenyl). In particular,
al kenyl is, nmple, allyl, which is unsubstituted or substituted as
descri bed her|gi n. JAl kiow!, Hbeing a radical or part of a radical, is a
strai ght or (onepoy i f desired and possible, nore tinmes) carbon
chai n cont ai ni ng X Ntri pl e bond, and is, for 34

comprising
i) reacting a compound of formula (lll), or salt thereof,

wherein R is Cy.7alkyl,



exanpl e, C3-C20-al ki nyl (such as C3-Cr7-alkinyl). In particular, alkinyl is,
for exanple, propargyl, which is unsubstituted or substituted as descri bed.
The ter mw@ceholskyB, being a radical or part of a radi caCI/HP2010/066041
"C3_8cycl oal kyl" and defines a cycloalkyl moiety with up to and i ncl udi ng
maxinmal ly 8, in particular up to and ffcluding maxi nally 6, carbon atoms.
Said cycloal kyl noiety is for exanple nono- or bicyclic, in particular
nmonocyclic, which may include one or nore double and/or triple bonds.
Enbodi ments fincl ude a cycl opropyl, cyghobutyl, cyclopentyl, cyclohexyl,
or cyclooctyl. Heterocycl is a nmono- or polycyclic,

0-R?bi - oR'tricycl nost preferably nono-, unsaturated,
partially s %zggd, rategsor arofgtic ring systemw th preferably 3 to
20 (nore pr&f $y 5to ring ato and with one or nore, preferably
one to four, He¥erf oat oms A nd endently selected from nitrogen, oxygen,
sul fur, S(=0)R*or S-(=0R2. WBhothe heteRdcyclyl is an aromatic ring
system it is also referred to as heteroaryl. Al koxy, being a radical or
part of a radical, is, for exanple, Cl-C20-al koxy (-0-Cl- C2oal kyl),
pr ef er abiyereih- ¥ isaymgen ( € 0aEt Cf adikoxy) Cs dcqclpalkilioe Tk aaryl, gdréfepaply 1S, for
exanpl e, t hox et hoxy, n-propyl oxy, isopropyloxy, n-butyl oxy,
i sobut yl @g%%%h%utyloxy, tertbutyl oxy, pentyloxy, hexyl oxy and heptyl oxy
r adi cal sR2 ARk any Ruilayd theesanizeord diffezarit forim bachnsthedhnd e hgdinsgery, harooujrof or

exanpl e gonpri ses to.7 and | ticular. 1 or 4 C atons, and the al kyl
group fo&‘%‘r&‘éal %PF'@C&IO&W@? %rﬁ-aoﬁa}'{i Rﬁefﬁfﬂt& A or 4 C at ons.
Exanpl es are net hoxynet hyl, 2-methoxyethyl, 3- mnethoxypropyl,

4- met hoxyhut yl . 5- et hoxypeptyl,. 6-ne XV, t hoxynet hyl , 2-

ot hoxy ot N o1 sraaPRg Ry PR ol BN Ay ponty1 6. et hoxyhexy!

er Epyl orwha’e!my% aMle!aDeglymdﬁpbydjer;tla-ﬁ?ho@w g?qtlesfrhmqamy? Cz-ctgalkyh;lax(yﬁt hyl .
anoyl, hei aradical or a radi is, for exanple,

20y CrioeS SRR et BArC e Aeb R B8o0eh. " tpt 6. et v

[ - C(=0) Me]abtaini ¢ comydounb ot formlbila (V9 odrigaytriydresly pi val oyl . 35 Aryl being a

radi cal or_ part of. a r&&#gal is, for exanple, C6_10aryl, being a radical or

part of AT AAMINE Sﬁ L% y a nono- or polycyclic, especially

nonocyclic, bicyclic or tricyclic aryl noiety with 6 to 10 carbon atons,

preferably phenyl, indenyl, indanyl or naphthyl, nost preferably phenyl.

The term aryl@l kyy'refers to aryl-Cl-C7-al kyl, wherein aryl is as defined

herein and i q| for fexargd e benzyl, which is unsubstituted or substituted as

descri bed. " arboxyl refers to - CO2H.

N
|

=

(IV);

i) adding to the resulting reaction mixture of step i) an azide reagent
to obtain the compound of formula (l).

In a preferred embodiment of the above process, the term R for the compound of
formula (I11) is



The term "free acid" as used herein refers to the group CO2H. Typically, a
group CO2H is attached to an organic residue, which is, for exanple, as
defi ned owopagesgioef V\02005/014602, whi ch is ful ly i ncopporERe@d/obe@rei n by
reference. The term"ester"” or "ester _group” as used herein refers to a
group COR2R, wherein Ris as defined aB%ve for a conpound of formula (I111)
or (V); Ris preferably benzyl, allyl, cinnanyl, prenyl or propargyl, npst
preferably, benzyl. Typically, a group C2Ris attached to an organic

resi due, whifth is, for exanple, as deij1ned on page 3 of W)2005/014602,
which is* ly |ncorporated herein by/reference. Aryloxy refers to a

Aryl - 0- wher aLylt is defl ned Preferred substituents are
selected fr , hitro, Cl-C7-alkyl, halo-Cl
-C7-al kyl, §l1- G&{a koxy, - Cl- C7- al Rpxy, Cl1-C7-al koxy-C1-C7-al kyl,

Cl- C7- al ky10'¥=ker- 'gl koxy ahd &L- C7-al kox) Cl- C7-al koxy. The term"salt of a
conpound of f & nul a (IVR® refBtor for exBhple, to an anine salt thereof, an
al kali salt thereof or an earth alkali netal salt thereof (eg. sodium salt,
potassium salt, calciumsalt, magnesiumsalt, etc). In particular, the term
"am ne" wnerbhmmsp’ryeﬁ@eﬁnc ﬂl‘hyn& salkdxyl G%C?db ilkylfod Cs @uayprefersddn referring
to an a salt gf the conmpound of formula (1V), neans tertiary am ne of
formul a ?@Le(ﬁ?ﬂ secondary am ne of formula NHRORLOR or primary am ne of
formul a RlElamand\Raraeé theRIMRIQiftoneintRirin azich, othesrdﬁﬂeandemrbgeri hars, aie, anot her,

oo o R e T i R A o et o e Y

diisopropylanlne di et hyl am ne, triethylanine dllsopropylethylanlne
dicycloh

j t - but t 1l oh
T ls col XA e ! A SralipRu bl Do ior g e 2R U kel 27 ol
n]c bgjtyljame?thﬁl?]@ynétalm; (agllmleum&zmésswlmrhfatzime mawdrﬁlaz@té)ca]itﬂmte poi nt
I Ndl n (0] e re ec nmul. ae ve e e
O opr osads, TdatEalRlaidd, ahutiniR ey b B AL i C BT B B B s el |
as a (2Z) (est eltremeﬂwmanﬂfniamezudeﬁpearﬁ hxide dblolrhela RMRBMNhehdreinml istseerpot "  or
"one- pOtgrpl'IOCESS mean ccessi on

t t. 1 f
- onet Do Ay AR R el i e Gl B el yepa R e AR ARG 1 on
product +a$kypmxagdmdn;ﬂp@s_gtmommtcsrgemalmmalmut Ci.salyaCi_akygnd

f t - pot d t I
IRl e G T N
vessel , bjumlrﬁhrﬁoraorsemre&reﬁbly eluminiscR2 a8d B8)arefinderatientySronoookict ed in a

P ol e o e, el R A Feagbipn Xt ure
Pr ef er abjaykyl, ohefeiaby-@otikplr Betaably sthe anidecéagdnt i3 owetlsylallghmlnreaztibmn vessel .

dimethylaluminium azide, more preferably diethylaluminium azide.

In a preferred embodiment, the azide reagent is of formula R7R8MNj3;, wherein M is
aluminium, R7 and R8 are as defined above, and is prepared in-situ by adding a metal
salt of hydrazoic azid, for example alkali or earth alkali metal salts, (eg. lithium azide,
sodium azide, potassium azide, calcium azide, magnesium azide or aluminium azide) to
an organoaluminium halide reagent of formula R5R6MX, as defined herein. Preferably,
said in-situ preparation takes place by adding the metal salt of hydrazoic acid to the
reaction mixture of step i). In this preferred embodiment, the conversion of the
organoaluminium halide reagent to the organoaluminiumazide reagent takes place at
room temperature and the subsequent tetrazole formation reaction takes place with
heating above room temperature, preferably, of from 60°C to 130°C, such as of from
90°C to 130°C. In this embodiment, an excess amount, for example an amount between



The term "step-w se process” neans that in a series (i.e a succession) of
reactions, each reaction product is provided for the next reaction with

i sol ati orwanduigptiienal |y purification. The term "wor k- upCTrPans/oséee1 wor k of
isolation and/or purification which is carried out once the reaction is
finished. 37 As used herein, the terﬁ?"roomterrperature" or "anbi ent
tenperature” nmeans a tenperature of from1l5 to 30 C, such as of from20 to
30 C, su ag of . from 20 to 25 As used herein, the term"in-situ" refers
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In any of the processes above detailed, the reaction temperature of step i) is preferably
in the temperature range of from room temperature to the boiling point of the solvent, for
example, a reaction temperature range is of from 20°C to 170°C, preferably, of from
60°C to 130°C.

In any of the processes above detailed, the reaction temperature of step ii) is preferably
in the temperature range of from room temperature to the boiling point of the solvent, for
example, a reaction temperature range is of from 20°C to 170°C, preferably, of from
60°C to 130°C, preferably of from 80°C to 130°C.

D. Novel and inventive compounds

In the processes shown above several novel and inventive compounds are involved.
Consequently, further subjects of the present invention are the compounds shown
below.

An amine salt of the compound of formula (IV) as defined herein.

A compound of formula (1), or salt thereof,



38 basic nitrogen atom (e.g. imno or am no), especially the

phar maceutical ly acceptable salts. Suitable inorganic acids are, for
exanpl e, Weal2oges1aasi ds, such as hydrochloric acid, sulfRCI(EPaACONG600T
phosphoric acid. Suitable organic acids are, for exanple, carboxylic,
phosphoni c, sulfonic or sulfamc aci d$2 for exanpl e acetic acid, propionic
acid, lactic acid, fumaric acid, succinic acid, citric acid, am no acids,
such as glutamc acid or aspartic acid, maleic acid, hydroxymal eic acid,
nmet hyl mal ei ¢ acid, benzoic acid, nethane- or ethane-sulfonic acid,

et hane- 1, 2-disulfoni c acid, benzenesul fonic acid, 2- naphthal enesul fonic
acid, 1,5-0aph haIeBe di sul fonic acid, N-cyclohexylsulfamc acid,

N- net hyl - N—propyl sul fam c acid, or other organic protonic
acids, s rbrc acid. In the presence of negatively charged

radi cal s M or sulfo, salts may al so be formed wth bases,
e.g. net ey um sl ts, such as alkali metal or alkaline earth nmeta
salts, for }exanp pot assi um magnesiumor calciumsalts, or

nmoij a or suitable organic am nes for exanple
triethylamne or

r oxyet hyl ) ami ne, N-ethyl - pi peri di ne,
N, N' - di net hyl pi perazi ng butyl am ne, nbutyl am ne, phenyl ethyl am ne,
di cycl ohexyl am ne or cytd®hexyl am ne. When a basic group and an acid group
are present in the sane nol ecule, any of the internedi ates nentioned herein
may also forminternal salts. For isolation or purification purposes of any
of the inheemERistbeyITBIM, icaathyl@f&iynor gropsrgl MOrdgemrddig deazyse
pharmaceutically unacceptable salts, for exanple picrates or perchlorates.
In view of the close relationship between the conpounds and internedi ates
in free formand in the formof their salts, including those salts that can
be used as internediates, for exanple in the purification or identification
of the compounds or salts thereof, any reference to "conpounds”, "starting
materi al s" and "internedi ates” hereinbefore and hereinafter is to be
understood as referring also to one or nore salts thereof or a mxture of a
correspondi ng free conpound, internediate or starting material and one or
nore salts thereof, each of which is intended to include also any sol vate
or salt of any one or nore of these, as appropriate and expedient and if
not explicitly nmentioned otherwise. Different crystal fornms may be
obt ai nabl e and then are also included. 39 Wiere the plural formis used
for conpounds, starting materials, internmediates, salts, pharnmaceuti cal
preparations, diseases, disorders and the like, this is intended to nmean
one (preferred) or nore single conmpound(s), salt(s), pharnaceutical
preparation(s), disease(s), disorder(s) or the like, where the singular or
the indefinite article ("a", "an") is used, this is not intended to exclude
the plural, but only preferably neans "one". The term "Val sartan”, if not
defined specifically, is to be understood both as the free acid and as a
salt thereof, especially a pharmaceutically acceptable salt thereof.
Val sartan, or a pharmaceutically acceptable salt thereof, can, e.g., be
prepared in a manner known per se, for exanple as described in
W2004/ 026847, in W2005/014602 and in US5, 399,578. The termval sartan al so
refers to N-(1-Oxopentyl)-N-R2'-(1Htetrazol -5-
y1)[ 1, 1" - bi phenyl ]-4-ylynethyl]-1 -valine;
N-[ p-(0-1Htetrazol - 5-yl phenyl ) benzyl] - N-val eryl L-val i ne; or
(S)-N(1-carboxy-2-nethyl prop-1-y1l)-N pentanoyl -N-[2'-(1Htetrazol -5-y1)-
bi phenyl - 4-yl net hyl ] am ne, as found in Merck I ndex: an Encycl opedi a of
Chem cal s, Drugs and Biologicals, 13th Ed., Witehouse Station, NJ, USA:
Merck Research Laboratories, 2001. |SBN 978-0-911910-00-1. Preferred salts
forms include acid addition salts. The conpounds having at |east one acid
group (e.g., COCOH or 5-tetrazolyl) can also formsalts with bases. Suitable
salts with bases are, e.g., netal salts, such as alkali netal or alkaline
earth nmetal salts, e.g., sodium potassium calciumor magnesiumsalts, or
salts with ammonia or an organic am ne, such as norpholine, thionorpholine,
pi peridi ne, pyrrolidine, a nono-, di- or trilower alkylamne, e.g., ethyl-
tert-butyl-, diethyl-, diisopropyl-, triethyl-, tributyl- or
di met hyl propyl am ne, or a nono-, di- or trihydroxy |ower alkylamne, e.g.,
nono-, di- or tri-ethanolam ne. Corresponding internal salts may
furthernore be fornmed. Salts which are unsuitable for pharmaceutical uses
but which can be enployed, e.g., for the isolation or purification of free
conpounds | or their pharnmaceutically acceptable salts, are al so included.
Even nore preferred salts are, e.g., selected fronrthe nono- sodrunrsalt in
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40 Calciumsalt of Valsartan in crystalline form especially in hydrate
form primarily the tetrahydrate thereof; magnesiumsalt of Valsartan in
crystal | iwe 2baves2iespecially in hydrate form prinmarilyPChEPR@eabdr at e

t hereof; cal ci umi magnesi um m xed salt of Valsartan in crystalline form
especially in hydrate form bis-diethyBamoni umsalt of Valsartan in
crystalline form especially in hydrate forn bis-di propyl amoni um salt of
Val sartan in crystalline form especially in hydrate form

bi s-di butyl ammoni um salt of Valsartan in crystalline form especially in
hydrate form primarily the hem hydrate thereof; nono-L-arginine salt of
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free aci hore thin RO 6L GéricPATxpRABEBNS Yis§yRiBofugemithegsBtdiabissvsterand
ar.aromatic .all’om aromati c ar%m_l-laromat_l c-H ar-Haromatic-H ar-CHaromati c- CH
thus yielding embodiments of the invention, in particular apply to the terms as they are
used throughout the specification unless they are otherwise limited in specific instances

either individually or as part of a larger group.

The term “C4-Cyo-* defines a moiety with up to and including maximally 20, especially up
to and including maximally 7, carbon atoms, said moiety being branched (one or more

times) or straight-chained and bound via a terminal or a non-terminal carbon.

The term alkyl, as a radical or part of a radical, defines a moiety with up to and including
maximally 7, C,alkyl, in particular up to and including maximally 4, C, ,alkyl, carbon
atoms, said moiety being branched (one or more times) or straight-chained and bound
via a terminal or a non-terminal carbon. In particular, alkyl is, for example, methyl, ethyl,

n-propyl, isopropyl, n-butyl, isobutyl, or tert-butyl; more preferably methyl.

halo-C4-C+-alkyl may be linear or branched and in particular comprises 1 to 4 C atoms,
for example 1 or 2 C atoms. Examples are fluoromethyl, difluoromethyl, trifluoromethyl,
chloromethyl, dichloromethyl, trichloromethyl, 2-chloroethyl and 2,2 2-trifluoroethyl.

Halo or halogen is fluoro, chloro, bromo or iodo, preferably fluoro, chloro or bromo,
preferably chloro.

Alkenyl, being a radical or part of a radical, is a straight or branched (one or, if desired
and possible, more times) carbon chain containing at least one double bond, and is, for
example, C;-Cyo-alkenyl (such as Cs;-Csalkenyl). In particular, alkenyl is, for example,
allyl, which is unsubstituted or substituted as described herein.

Alkinyl, being a radical or part of a radical, is a straight or branched (one or, if desired
and possible, more times) carbon chain containing at least one triple bond, and is, for
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example, Cs-Cxo-alkinyl (such as Cz-C-alkinyl). In particular, alkinyl is, for example,
propargyl, which is unsubstituted or substituted as described.

The term cycloalkyl, being a radical or part of a radical, is “Cs.scycloalkyl” and defines a
cycloalkyl moiety with up to and including maximally 8, in particular up to and including
maximally 6, carbon atoms. Said cycloalkyl moiety is for example mono- or bicyclic, in
particular monocyclic, which may include one or more double and/or triple bonds.
Embodiments include a cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl.

Heterocyclyl is a mono- or polycyclic, preferably a mono-, bi- or tricyclic-, most preferably
mono-, unsaturated, partially saturated, saturated or aromatic ring system with
preferably 3 to 20 (more preferably 5 to 10) ring atoms and with one or more, preferably
one to four, heteroatoms independently selected from nitrogen, oxygen, sulfur, S(=0)- or
S-(=0).. When the heterocyclyl is an aromatic ring system, it is also referred to as
heteroaryl.

Alkoxy, being a radical or part of a radical, is, for example, C;-Cxp-alkoxy (—O-C;-
Caoalkyl), preferably C,-Cs-alkoxy (—O-C,-C-alkyl). In particular, alkoxy, is, for example,
methoxy, ethoxy, n-propyloxy, isopropyloxy, n-butyloxy, isobutyloxy, sec-butyloxy, tert-
butyloxy, pentyloxy, hexyloxy and heptyloxy radicals.

Alkoxyalkyl may be linear or branched. The alkoxy group for example comprises 1 to
7 and in particular 1 or 4 C atoms, and the alkyl group for example comprises 1 to 7
and in particular 1 or 4 C atoms. Examples are methoxymethyl, 2-methoxyethyl, 3-
methoxypropyl, 4-methoxybutyl, 5-methoxypentyl, 6-methoxyhexyl, ethoxymethyl, 2-
ethoxyethyl,  3-ethoxypropyl, 4-ethoxybutyl,  5-ethoxypentyl, 6-ethoxyhexyl,
propyloxymethyl, butyloxymethyl, 2-propyloxyethyl and 2-butyloxyethyl.

Alkanoyl, being a radical or part of a radical, is, for example, —-C(=0)C,-C-alkyl. In
particular, alkanoyl is, for example, acetyl [-C(=0)Me], propionyl, butyryl, isobutyryl or
pivaloyl.
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Aryl being a radical or part of a radical is, for example, Cs.10aryl, being a radical or part of
a radical is preferably a mono- or polycyclic, especially monocyclic, bicyclic or tricyclic
aryl moiety with 6 to 10 carbon atoms, preferably phenyl, indenyl, indanyl or naphthyl,
most preferably phenyl.

The term arylalkyl refers to aryl-C4-Cs-alkyl, wherein aryl is as defined herein and is for
example benzyl, which is unsubstituted or substituted as described.

The term carboxyl refers to —CO,H.

The term “free acid” as used herein refers to the group CO,H. Typically, a group CO,H is
attached to an organic residue, which is, for example, as defined on page 3 of
WQ02005/014602, which is fully incorporated herein by reference.

The term “ester” or “ester group” as used herein refers to a group CO,R, wherein R is as
defined above for a compound of formula (Il) or (V); R is preferably benzyl, allyl,
cinnamyl, prenyl or propargyl, most preferably, benzyl. Typically, a group CO-R is
attached to an organic residue, which is, for example, as defined on page 3 of
WQ02005/014602, which is fully incorporated herein by reference.

Aryloxy refers to a Aryl-O- wherein aryl is as defined above.

Preferred substituents are selected from the group consisting of halo, nitro, C-C;-alkyl,
halo-C;-C7-alkyl, C4-C7-alkoxy, halo-C+-Cr-alkoxy, C4-C7-alkoxy-C4-C7-alkyl, C4-C7-alky-
IC+-C+-alkoxy and C,-Cs-alkoxy-C,-C7-alkoxy.

The term “salt of a compound of formula (1V)” refers, for example, to an amine salt
thereof, an alkali salt thereof or an earth alkali metal salt thereof (eg. sodium salt,
potassium salt, calcium salt, magnesium salt, etc). In particular, the term “amine” in the
expression “amine salt thereof”, for example when referring to an amine salt of the
compound of formula (1V), means tertiary amine of formula NR9R10R11, secondary
amine of formula NHR9R10R or primary amine of formula NH-R9, wherein R9, R10 and
R11 are, independently from one another, alkyl, aryl, cycloalkyl or heterocyclyl, as
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defined herein, preferably alkyl or cycloalkyl. The term “amine” is, for example,
diphenylamine, diisopropylamine, dimethylamine, triethylamine, diisopropylethylamine,
dicyclohexylamine, t-butylamine, n-butylamine or cyclohexylamine, in particular, t-
butylamine, n-butylamine or cyclohexylamine, more preferably n-butylamine or

cyclohexylamine.
Bonds with the asterisk (*) denote point of binding to the rest of the molecule.

In formulae above the term " " represents a covalent bond, which comprises an

(E) stereoisomer as well as a (2) sterecisomer of the respective double bond.

The term “one-pot” “or “one-pot process” means that in a series (i.e. in a succession) of
reactions, for example two or more successive reactions, each reaction product is
provided for the next reaction without isolation and purification. The one-pot processes
defined herein encompass not only a series (i.e a succession) of reactions conducted in
a single reaction vessel, but also a series (i.e. a succession) of reactions conducted in a
plurality of reaction vessels (e.g., by transferring the reaction mixture from one vessel to
other) without isolation and and purification. Preferably, the one-pot process is

conducted in a single reaction vessel.

The term “step-wise process” means that in a series (i.e a succession) of reactions, each

reaction product is provided for the next reaction with isolation and optionally purification.

The term “work-up” means the work of isolation and/or purification which is carried out

once the reaction is finished.
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As used herein, the term “room temperature” or “ambient temperature” means a
temperature of from 15 to 30 °C, such as of from 20 to 30 °C, such as of from 20 to 25
°C.

As used herein, the term “in-situ” refers to the capability of forming an azide of formula
R7R8MNj3;, wherein M is aluminium and R7 and R8 are as described herein, with the
addition of metal salt of hydrazoic acid to a reagent of formula R5R6AIX, as defined

herein.

The term “organoaluminium azide” refers to a reagent is of formula R7R8MNs3,
wherein M is aluminium and R7 and R8 are as defined herein. Preferably a reagent of
formula R7R8MNj3; is Et,AINs.

The term “organoalumium halide” refers to a reagent is of formula R5AIX2 or
R5R6AIX, as defined herein. Preferably an “organoalumium halide” of formula R5AIX2
is MeAICl, and/or an “organoalumium halide” of formula of formula R5R6AIX is
ELAICI or MeAICI.

The term “metal salt of hydrazoic acid” refers to alkali or earth alkali metal salts, (eg.
sodium azide, potassium azide, calcium azide, magnesium azide) and other metals

salts such as aluminium azide or tin azide.

The compounds of the present invention can possess one or more asymmetric

centers.

Salts are especially pharmaceutically acceptable salts or generally salts of any of the
intermediates mentioned herein, where salts are not excluded for chemical reasons the
skilled person will readily understand. They can be formed where salt forming groups,
such as basic or acidic groups, are present that can exist in dissociated form at least
partially, e.g. in a pH range from 4 to 10 in aqueous solutions, or can be isolated

especially in solid, especially crystalline, form.

Such salts are formed, for example, as acid addition salts, preferably with organic or in-

organic acids, from compounds or any of the intermediates mentioned herein with a
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basic nitrogen atom (e.g. imino or amino), especially the pharmaceutically acceptable
salts. Suitable inorganic acids are, for example, halogen acids, such as hydrochloric
acid, sulfuric acid, or phosphoric acid. Suitable organic acids are, for example,
carboxylic, phosphonic, sulfonic or sulfamic acids, for example acetic acid, propionic
acid, lactic acid, fumaric acid, succinic acid, citric acid, amino acids, such as glutamic
acid or aspartic acid, maleic acid, hydroxymaleic acid, methylmaleic acid, benzoic acid,
methane- or ethane-sulfonic acid, ethane-1,2-disulfonic acid, benzenesulfonic acid, 2-
naphthalenesulfonic acid, 1,5-naphthalene-disulfonic acid, N-cyclohexylsulfamic acid, N-
methyl-, N-ethyl- or N-propyl-sulfamic acid, or other organic protonic acids, such as
ascorbic acid.

In the presence of negatively charged radicals, such as carboxy or sulfo, salts may also
be formed with bases, e.g. metal or ammonium salts, such as alkali metal or alkaline
earth metal salts, for example sodium, potassium, magnesium or calcium salts, or am-
monium salts with ammonia or suitable organic amines for example triethylamine or tri(2-
hydroxyethyl)amine, N-ethyl-piperidine, N,N'-dimethylpiperazine, t-butylamine, n-
butylamine, phenylethylamine, dicyclohexylamine or cyclohexylamine.

When a basic group and an acid group are present in the same molecule, any of the

intermediates mentioned herein may also form internal salts.

For isolation or purification purposes of any of the intermediates mentioned herein it is
also possible to use pharmaceutically unacceptable salts, for example picrates or
perchlorates.

In view of the close relationship between the compounds and intermediates in free form
and in the form of their salts, including those salts that can be used as intermediates, for
example in the purification or identification of the compounds or salts thereof, any
reference to “compounds”, “starting materials” and “intermediates” hereinbefore and
hereinafter is to be understood as referring also to one or more salts thereof or a mixture
of a corresponding free compound, intermediate or starting material and one or more
salts thereof, each of which is intended to include also any solvate or salt of any one or
more of these, as appropriate and expedient and if not explicitly mentioned otherwise.

Different crystal forms may be obtainable and then are also included.

poi nt
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Where the plural form is used for compounds, starting materials, intermediates, salts,
pharmaceutical preparations, diseases, disorders and the like, this is intended to mean
one (preferred) or more single compound(s), salt(s), pharmaceutical preparation(s),
disease(s), disorder(s) or the like, where the singular or the indefinite article (“a”, “an”) is
used, this is not intended to exclude the plural, but only preferably means “one”.

The term “Valsartan”, if not defined specifically, is to be understood both as the free acid
and as a salt thereof, especially a pharmaceutically acceptable salt thereof. Valsartan, or
a pharmaceutically acceptable salt thereof, can, e.g., be prepared in a manner known
per se, for example as described in W02004/026847, in W0O2005/014602 and in
US5,399,578. The term valsartan also refers to N-(1-Oxopentyl)-N-[[2'-(1 H-tetrazol-5-
yl)[1,1'-biphenyl]-4-ylimethyl]-L-valine; N-[p-(o-1H-tetrazol-5-ylphenyl)benzyl]-N-valeryl-
L-valine; or (S)-N-(1-carboxy-2-methylprop-1-yl)-N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl)-
biphenyl-4-ylmethyl]lamine, as found in Merck Index: an Encyclopedia of Chemicals,
Drugs and Biologicals, 13th Ed., Whitehouse Station, NJ, USA: Merck Research
Laboratories, 2001. ISBN 978-0-911910-00-1.

Preferred salts forms include acid addition salts. The compounds having at least one
acid group (e.g., COOH or 5-tetrazolyl) can also form salts with bases. Suitable salts
with bases are, e.g., metal salts, such as alkali metal or alkaline earth metal salts, e.g.,
sodium, potassium, calcium or magnesium salts, or salts with ammonia or an organic
amine, such as morpholine, thiomorpholine, piperidine, pyrrolidine, a mono-, di- or tri-
lower alkylamine, e.g., ethyl-, tert-butyl-, diethyl-, diisopropyl-, triethyl-, tributyl- or
dimethylpropylamine, or a mono-, di- or trinydroxy lower alkylamine, e.g., mono-, di- or
tri-ethanolamine. Corresponding internal salts may furthermore be formed. Salts which
are unsuitable for pharmaceutical uses but which can be employed, e.g., for the isolation
or purification of free compounds | or their pharmaceutically acceptable salts, are also
included. Even more preferred salts are, e.g., selected from the mono-sodium salt in
amorphous form; di-sodium salt of Valsartan in amorphous or crystalline form, especially
in hydrate form, thereof. Mono-potassium salt of Valsartan in amorphous form; di-
potassium salt of Valsartan in amorphous or crystalline form, especially in hydrate form,
thereof.
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Calcium salt of Valsartan in crystalline form, especially in hydrate form, primarily the
tetrahydrate thereof; magnesium salt of Valsartan in crystalline form, especially in
hydrate form, primarily the hexahydrate thereof; calcium/magnesium mixed salt of
Valsartan in crystalline form, especially in hydrate form; bis-diethylammonium salt of
Valsartan in crystalline form, especially in hydrate form; bis-dipropylammonium salt of
Valsartan in crystalline form, especially in hydrate form; bis-dibutylammonium salt of
Valsartan in crystalline form, especially in hydrate form, primarily the hemihydrate
thereof; mono-L-arginine salt of Valsartan in amorphous form; bis-L-arginine salt of
Valsartan in amorphous form; mono-L-lysine salt of Valsartan in amorphous form; bis-L-
lysine salt of Valsartan in amorphous form. Most preferably, Valsartan is used as the
free acid.
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benzyl ester (described in Organic Pr 6£ess Research & Devel opnent 2007,
11,892) "Acid-nitrile" =

(S)-2-[(§' - cyano- bi phenyl - 4-yl met hyl ) - pent anoyl - am no] - 3- net hyl - butyric
acid (de %W%'@qusn Chi nese Journal of Pharnaceuticals 2001, 32(9), 385 and
in EP1533305A1) 44 "Val sartan" =

N-(1-Oxopentyl)-NR2'-(1Hte azotl -5-y1)[ 1,1 - bi phenyl]-4-ylynethyl FL-val in
e; or N-Fg-(o- 1Htetrazol - 5- M%ﬁ(/”l ) benzyl] - N-val eryl -L-val i ne; or

(S) - N (1ABagehoxy- 2- met hyl pr opB ewylnal Byqpemt anoyl - N-[ 2' - (1H-tetrazol - 5-y1) - bi
phenyl -4- yl met hyl ] am ne. Reference Exanple I: Preparation of

"acid-nifrile" via hydrogena?rlom?t'ﬁf "benzyl esternitrile” with Pd/C H2,

Pd/ C arom. aromatic

arom-H aromatic-H

ar-H aromatic-H

ar-CH aromatic-CH

al-CH aliphatic-CH

ali. aliphatic

ali.-CH liphatic-CH

) chemical shift

Bn benzyl

Boc tert-butoxycarbonyl
BOC,0 di-tert-butyl carbonate
brm broad multiplet

br. sign. broad signal

br.s. broad signal

br. m. broad multiplet

br. mult. broad multiplet

cat. catalytic amount
compl. m complex multiplet
compl. mult. ; copl. m. complex multiplet

cpl. m. complex multiplet
Cbz benzyl carbamate
Cbz-Cl enzyl chloroformate

d doublet

dd doublet of doublet
DCM dichloromethane

de diastereomeric excess
DMF N,N-dimethylformamide
DMSO dimethylsulfoxide

Et ethyl



"Benzyl ester-Nitrile" "Acid-Ntrile" 40 g (84 nmol) of
"benzylester-nitrile" are dissolved in 400 mM of dry ethanol and are

hydr ogenawecdotayosaddi ti on of Pd/C 10 wt. A, (Engel hard 4B0%)EPat10@66b4bar and
20-25 Cin a shaking apparatus. After 1 hour the theoretical hydrogen up
take is conplete. For work up the caté?yst is filtered and washed with
additional 100 m ethanol. The filtrate is evaporated in vacuum and dried
in high I\:z@gbyumto give a colg rII ess.oil. 1HNVR (400 MHz, CDCI3); 6H
(PPm): 0567°0.70 (6H, 2 dd, 2RY- © 0.78 (3H, d, -CH3), 1.06-1.18 (2H, m
-CH2-), BiGHW-1.48 (2H, m - CRapol 2.18-2.33 (2H, m -CH2-C=0), 2.50-2.58
(1H, m - ), 3.37-3.50 (1H,_ d, N COOH), 4.21 (1H, d, N-CH2-Ph-), 4.63
(1H. d, KECEE‘_?-Ph), 7.09 (2H, 'E‘?”%\'P.th%%rm (1H, t, ar.-H), 7.28 (1H, d,
ar.-H, FTIB®4 (2H, d, ar.-H), fodridrdnbtdrmtinfraaed spctrodcdpy (1H, d, ar.-H) 45
VB: [MH—F1 = 393

hour(s)
HCI hydrochloric acid
"HNMR proton nuclear magnetic resonance
HPLC high performance liquid chromatography
i-Pr isopropyl
IR infrared
L litre
LCMS liquid chromatography-mass spectrometry
LRMS low resolution mass spectroscopy
M molarity
m/e mass-to-charge ratio
Me methyl
mg milligram
MgSQO, magnesium sulfate
m multiplet
min minute(s)
mL millilitre
mmol(s) millimole(s)
mol(s) mole(s)
monosub. monosubstituted
m.p. melting point
MS mass spectrometry
mult. d multiplet of doublets
NaOH sodium hydroxide
NaOCI sodium hypochlorite
nm nanometre
NMR nuclear magnetic resonance
oct. octet
Pd/C palladium on carbon

Ph phenyl



IR FTIR mcroscope in transmssion [cm 1] broad -COOH, 3600-2400, 3064,
3030 (CH, ar-H), 2962,2932,2873 (ali.-CH, 2224(CN), 1735(0=0), 1650 (0=0
am de), NMOQpUASR18ar.), 1478, 1469, 1446(ar), 1410, 1390T/EP3MB/066D3H4,
1271, 1203, 1169, 1131, 1106, 1047, 12%6, 1005,

ppm parts per million

psi pounds per square inch

RT room temperature

RuCl; ruthenium (lIl) chloride

S singlet

SiOs silica gel

sev. brm several broad multiplets
sev. dd several doublets of doublets
t triplet

temp. temperature

TBME tertbutylmethylether
TEMPO 2,2,6,6-tetramethyl-1-piperidinyloxy
TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography
Tos- tosyl

tr retention time

vol. volume

wi. weight

Experimental:

The following terms are used herein below.

“Methylester-nitrile” = (S)-2-[(2'-cyano-biphenyl-4-yImethyl)-pentanoyl-amino]-3-methyl-
butyric acid methyl ester

“Benzylester-nitrile” = (S)-2-[(2'-Cyano-biphenyl-4-ylmethyl)-pentanoyl-amino]-3-methyl-
butyric acid benzyl ester (described in Organic Process Research & Development 2007,
11, 892)

“Acid-nitrile” = (S)-2-[(2'-cyano-biphenyl-4-ylmethyl)-pentanoyl-amino]-3-methyl-butyric
acid (described in Chinese Journal of Pharmaceuticals 2001, 32(9), 385 and in
EP1533305A1)



967, 941, 850, 823 (CH para), 765 (CHortho), 692 Exanple Il: Preparation
of "acid-nitrile" via cleavage of the benzylester of "benzyl-nitrile" with
di et hyl alwoi2nivosizaBl ori de To solution of 2.41 g (5 nmol PCOEP2010/066041
"Benzylester-Nitrile” in 10 mM of dry toluene is added via a syringe a 1.8
nol ar sol ution of diethylal un niumchféride (12.5 m, 22.5 mml) in tol uene
at room tenperature under nitrogen and stirring. The addition is exotherm
After coppl ete addition of the Et2AICl solution the reaction mxture is

war med up ¥%"8B T After 2 hours, the reaction mixture is cooled to 0 C and
is then yue@Xopantply-Ns[[DwW HdetidzobSHyhift , 120iphiengf4-2Imeihgl-Livatiiegohl ori ¢ aci d.

The quen re ion | i te exot a s evolution is observed. The
phases a&ﬂ%‘& yﬁ?@@'éﬁ@%ﬂ@%égﬂ&V%Q'j‘é\g‘%geV\%shed with 3 x 20 M of
wat er . T{®-N(igearboxyphramthyiso@v ayhoN-peridnoyl- V-EGC-ULtatiaz gl 3+ @) -Biphomyl-4-
Spectros}%%[%%h&udata are the sane as in Exanple |I. Reference Exanple II1:

Pr epar at aV%sartan via a one- pot process with Diethylal um nium Azi de
46 Preparation of the Diethylal um nium azi de reagent:

Reference Example I: Preparation of “acid-nitrile” via hydrogenation of “benzylester-
nitrile” with Pd/C

"Benzylester-Nitrile” "Acid-Nitrile”

40 g (84 mmol) of “benzylester—nitrile” are dissolved in 400 ml of dry ethanol and are
hydrogenated by addition of Pd/C 10 wt. % (Engelhard 4505) at 0.1 bar and 20-25 °C in
a shaking apparatus. After 1 hour the theoretical hydrogen up take is complete. For work
up the catalyst is filtered and washed with additional 100 ml ethanol. The filtrate is

evaporated in vacuum and dried in high vacuum to give a colourless oil.

"H-NMR: (400 MHz, CDCl3); & (ppm):

0.67-0.70 (6H, 2 dd, 2x -CHs), 0.78 (3H, d, -CH3), 1.06-1.18 (2H, m, -CHy-),
1.40-1.48 (2H, m, -CH,-), 2.18-2.33 (2H, m, -CH5»-C=0), 2.50-2.58 (1H, m, -CH-),
3.37-3.50 (1H, d, -N-CH-COOH), 4.21 (1H, d, N-CH»-Ph-), 4.63 (1H, d, N-Ho-Ph),

7.09 (2H, d, ar.-H), 7.24 (1H, t, ar.-H), 7.28 (1H, d, ar.-H), 7.34 (2H, d, ar.-H), 7.42
(1H, t, ar.-H), 7.53 (1H, d, ar.-H)



A dry 250nmL flask under Argon is charged with 6.82 g (105 mmol) dry sodi um
azide. To the solid is added via a syringe under stirring a 2.7 nolar

sol uti on we&oa/esi)n3 105 mmol of diethyl al um ni um azi dePCi/BPgé1e/6s0¢i soneri c
m xture) during 1 hour. The white suspension is stirred at roomtenperature
overnight. After this time, the suspefidion, containing solid NaCl and

di et hyl al um nium azide, is then ready for use. C eavage of
benzylester-nitrile to "Acid-Nitrile" and cycloaddition with

Di et hyl aM@nilMirtin 239%e The above- prepared diethyl al uni ni um azi de
suspension is warnmed up in the sanme flask to 80 C under stirring and under
nitrogen. At this tenperature, it is added slowy (45 mn) via a dropping
funnel alFide'URlrmnroetopbdun%ngn(ssmnmmuf]) of " benzyl ester-nitrile” in 50 m of
xyl ene ( I i hows
Ful T contRpdr ST Rt 2Ebo, {eh oSO 3 F0 FRiZoI5e e i EPP 22

i nt er nal 173t 1650 ( CsOtetrmde) N6s@a8+t3i(ar.p 1]408 1269A0 446(agt 1410i @PK or 3.5
hour s at t | te So U reased to
10 ¢ “ri daetiTRnt bt e drabbEa oy T Phot e o b e R 07 e
t hen heaparap 765 (GHayihel 68Ad stirring i s conti nued overnight at room
tenperature. Next, the suspension is cooled to O C. To the suspension is
then slowy added (1 hour) a m xture of an aqueous sol ution of sodium

hydr oxi dExdrBplg.Il: 22Bpanation pf lanid5dtrile’ viafclagrtee otthd bebzyiste of 2xHzyirlrie” of

sodi um nj uenching the 47 internal tenperature is kept
at 0 C \KM:I "EeﬁTg ﬂfﬁbﬁﬂ #H;(r?m%queous sodi um hydr oxi de solution (40 m) and

i sopropyl acetate (50 m) is added, to give a 3-phasic clear solution. The
phases are separated, and the organi c phase is extracted with water. The
conbi ned aqueous phases jare neutralized with concentrated HCl and finally
the pHis adjusted to The product is extracted wth ethyl acetate. The
combi ned orgagi cChgtfases o the extractions are ¢pnbign€d and evaporated in
vacuumto givg a §lightdy yellowi sh oil. The oilly rdsi is crystallized
from cycl ohgxane to give after fi I—?\Aqté on, and ng |n a vacuum oven,

val sartan. 9Jpectyros plcl ata are_the sane as | Exanpl e |V
Prepar at i of Va via " efg’s al um ni um
Chl oride (Ifor est eage) and Di et hyl al um r the

ch is generated |n S|tu by reay
Di et hyl al um ni um Chl ori¥e_4dnd Sodi um azi de. (9 of a sol U

(S)-2-[ (2" 2 EYERT- Y Dheny - 4- yI net hyl ) - pent ano9‘F' NiH'0] - 3- me hyI butyric acid
benzyl ester ("Benzylester-Nitrile") in xylenes (67.1 mml) is mxed at 0C
with 33 g diethylalumniunchloride (265.5 mml) and stirred for 1 h,
allowing the mxture to warmup to nax. 50C by intermttent cooling. 882 g
of sodium azide (134.3 nmol) are added and the mi xture is heated to 110C.

f AV, ] f k
cont ai ni 1> IBErESE S 818 RAbUbP RS b S F TRl Bt e o
t he m xtvaea sysngd amﬁadotaoscvlutﬂm af @lie3igyCalumimgu no ppleride(1@etnmt 2a}$asmol

i scar defly, AR, L5, RANEOHS ANRBFl SodmaRed g HrBofush OoRARR, A O 1V

phase con ain ed and usé It

i's di ssotoslelerhdbition @f e MBAIET sAMbNChE feddtiot mhAGHe U WAInidd § cJ@to(s’lcﬁocﬁ rmDI) are
added. Then, 41.5 g of 32% hydrochloric acid are added under cooling to 5C
The res uAtterr-a;,hours the reaction mixture is cooled to 0 °C and is then quenched by slow

cycl oaddi tion react on)

addition of 20 ml of 2 molar hydrochloric acid. The quench reaction is quite exotherm
and gas evolution is observed. The phases are separated and the organic phase is
washed with 3 x 20 ml of water. The organic phase is evaporated in vacuum to give an
oil. Spectroscopic data are the same as in Example |I.

Reference Example lll: Preparation of valsartan via a one-pot process with

Diethylaluminium Azide



48 suspension is filtered on a Buchner funnel and washed with 100 m of a
0. 5% hydrochloric acid. The filter cake is dried in vacuumat 40-50C to
provi de (\8p-28tisti1gl- PCT/EP2010/066041
2-{pentanoyl-[2'-(1Htetrazol -5-yl)-bi phenyl -4-yl net hyl ] -am no}-butyric
acid. 1H NMR (CDCl 3, 400 MHz, ppn): nf‘gture of rotaners 6 = 0.90-1.01 (9 H,
m, 1.40 (2 H m, 1.67 (2 H mM, 2.52 (2 H mM, 2.61 (1 H mM, 3.65 (1 H,
dbroad), 4.05 and 4.29 (1 H 2 d, 3J = 15.6 Hz), 4.89 and 5.16 (1 H, 2 d,
3J = 15.5 Hz), 7.12-7.14(4 H, m, 7.41-7.60(3 H m, 7.87-7.94 (1 H m
ppm ExaRigparation bstherDié¢thglatlunimiudfazidetreagedi ate "acid-nitrile" with
3-nethyl-1-(p-tolyl)-triazene H NN N

A dry 250ml flask under Argon is charged with 6.82 g (105 mmol) dry sodium azide. To
the solid is added via a syringe under stirring a 2.7 molar solution (38.9 ml), 105 mmol of
diethyl aluminium azide in xylene (isomeric mixture) during 1 hour. The white suspension
is stirred at room temperature overnight. After this time, the suspension, containing solid
NaCl and diethylaluminium azide, is then ready for use.

Cleavage of benzylester-nitrile to “Acid-Nitrile” and cycloaddition with Diethylaluminium

azide

XS [ o A

o OH OH H

N \ N :/\AI—N=NEN N \ N :/\AI—N=NEN N \ lNéN\
rm = - i Ol

"Benzylester-Nitrile” Intermediate "Acid-Nitrile™ Valsartan

The above-prepared diethylaluminium azide suspension is warmed up in the same flask
to 80 °C under stirring and under nitrogen. At this temperature, it is added slowly (45
min) via a dropping funnel a solution of 14.48 g (30 mmol) of “benzylester-nitrile” in 50 ml
of xylene (isomeric mixture). After complete addition, HPLC analysis shows full
conversion of the starting material to the “acid-nitrile”. The internal temperature is then
increased to 100 °C. After stirring for 3.5 hours at this temperature, the internal
temperature is further increased to 110 °C. The reaction mixture is stirred for additional 4
hours at 110 °C and then heating is stopped and stirring is continued overnight at room
temperature. Next, the suspension is cooled to 0 °C. To the suspension is then slowly
added (1 hour) a mixture of an aqueous solution of sodium hydroxide (9 g, 225 mmol ) in
50 ml of water and 15.52 g (225 mmol) of sodium nitrite. During the quenching the



"Acid-Nitrile" "Methylester-Nitrile" 9.8 g (65.56 nmol) of

3-nethyl-1-(p-tolyl)-triazene are dissolved in 100 m of dichloronethane.
To this swbubinsiis added via a dropping funnel a sol utipom/EPROIBAGEN4Y (59. 6
mmol ) of "acid-nitrile"” dissolved in 200 m of dichloronmethane at room

tenperature during 45 minutes under sf{rring. After 2 hours,
mxture is treated with 100 m of 1 nol ar hydrochl oric acid.

t he reaction
The organic

h t | f at d ted i
Dacuum BTy sl by el i adfongh? Boatiieo @ Sy BRIEREE oL and
H- NVR angdlyt®ing40 hH-}MM:{sopiréﬁﬂ abktate (GDGHIBE;ad0kl,(tppivEe,a 3- ph@emecleam solutioa. (6

room erature.

CHS 40‘3'}3e s§§ ae gepa{algp arﬁdgfaé_prgaﬂﬁ%hasi|sfd<trfctgg/qf\%ltllﬁlwa%?ﬁ :I'h

s ™

1. 60- 1. 78quebbls phasesGire ne@HMped Wit QerdceBaletiiClmndfinalyxhe pH is adjusted to
1.8. The product is exiracted with ethyl acetate. The combined organic phases of the

extractions are combined and evaporated in vacuum to give a slightly yellowish oil. The

oily residue is crystallized from cyclohexane to give after filtration, and drying in a

vacuum oven, valsartan. Spectroscopic data are the same as in Example IV.

Example IV: Preparation of Valsartan: via “one-pot process” with Diethylaluminium

Chloride (for ester cleavage) and Diethylaluminium Azide (for the cycloaddition reaction)

which is generated in-situ by reacting with Diethylaluminium Chloride and Sodium azide.

o I( AI—N NS I(
OH =NEN
_\AI—CI N
k‘\‘ H)J\ o) lNl prepared in-situ H)J\
’ O

"Benzylester-Nitrile™ Intermediate "Acid-Nitrile” Valsartan

60 g of a solution of (S)-2-[(2'-Cyano-biphenyl-4-ylmethyl)-pentanoyl-amino]-3-

o)

methyl-

butyric acid benzyl ester (“Benzylester-Nitrile”) in xylenes (67.1 mmol) is mixed at 0°C

with 33 g diethylaluminiumchloride (265.5 mmol) and stirred for 1 h, allowing the mixture

to warm up to max. 50°C by intermittent cooling. 8.82 g of sodium azide (134.3 mmol)

are added and the mixture is heated to 110°C. After 4 h, the reaction mixture is carefully

transferred to a flask containing 201.6 g of 12 (w/w) % aqueous NaOH, while the

temperature of the mixture is allowed to rise to 50°C. The upper organic phase is

discarded, and the aqueous phase is washed with 60 g of xylenes.

An oily phase containing the product is separated and used for further work-up. It is

dissolved in 120 g of water and 0.94 g of sodium nitrite (13.6 mmol) are added. Then,

41.5 g of 32% hydrochloric acid are added under cooling to 5°C. The resulting

4)



CH, 40%, 2.22-2.65 (3H, br, copl. m -CH and -CH2-), 3.37 (s, -00H3,
409, 3.45 (s, - OOH3, 60%, 4.07 (0.5 H 40% d, N-CHOO2M:), 4.27 (0.5 H,
40% d, WOHBHRII1RR), 4.69 (2H, 60% ab, dd, -N OH2- Ph- PoYX/EP401986401H, 60%
d, N-CH O0O2Me), 5.08 (0.5H, 40% - N OH2-Ph- Ph) 7.25-7.34 (3H, m ar.-H,
7.40-7.58 (4H m ar.-H), 7.60-7.69 (44, m ar.-H, 7.72-7.80 (1H, m
ar.-H. Ms: [MtH = 407, [M+NH4r = 424 IR FTIR mcroscope in transm ssion
[cm 1] 3064 302

9 0 2933 28 1739
(o) SaBper %'Séﬁ#@g)on 3 BB RpneE Gathaa Wb D Tp 27555 o) Laos,
1372, 12@@0&%@ Aot aheauarc)akéw;edmasscuum@mo 80T piciAde @48, MERG: 824

*one. pot 2 restae e AP afend 4l eaRal SR pBbrie b8 cloavage) and
D et hy!] aliRMH DA 48 116 o) “mbft 8 ﬁ)@'&? 3.1 ¢354 AN i dogagener at ed

in-situ by reacting the ex umnlum l'ori’de’w th di um
azi de. |m)an67agdmy,i2ti2«@ H.im)ee. Gﬁét‘tlk'bm fIB 88kl H2dw.g), 4-65 80d m2BI() Hok da

sol uti ons of

(S)-2-1 (2 - Y 8hEhi R 54841 Ry = pRRHEholI 2 T PR b6 Vi ¢ aci
met hyl embe7r8i’ﬁ9ﬂ;(lé1nm§ppm 00 mml) is diluted with 5 nl of dry xylene (40
nmmol ). The m xture is heated to 110C and 1.94 m of diethyl al um nium
chloride (15 mml) are added. The mixture is stirred at 110C. After 60

m nut es, ERarAplegV:oFstediiiation akintesmadigteg@didditale” witk gimethyirl -gnielypdriazena. The

m xture is stirred at 110C. After 44h, the reaction mxture is allowed to
cool to roomtenperature and transferred into a three necked fl ask
containing 20 eq of 10% (ww aqueous sodi um hydroxide (24.0 g, 60 nmol )

while the tenperate is malntal ned kel w50 30C. _The resulting biphasic
mxture is tr nstrrgg into a atl'bn\funnel ndy’he upper xylenic phase
8

i s discarded ueous phase washed with xyl enes (55 mol).
Sodiumnitrifte (0.4 g, §.6 nmol) is di ssol ved[i n %t he Yasi g, aqueous

sol uti on. I XAy jeQ_of .99 g of 37%
aqueous hydrochl o (102 mmol )
whi | e the tenperat ¥ S The phases are
separated and t he aquedushase is extracted with 10 m e acetate (102
mol ). The conbi ned organi ¢ phases are washed with 10 m H2@ (555 mmmol).

The sol vent PeH-NE¥Hved under vacuum and 20 ml  Ofet™sAeeliEs” (160 mmol ) are
added and the m xture is again concentrated to dryness. The crude oily
product is dissolved in 15 m Et0Ac (153 mml), concentrated to approx. 5
m and 2 m cycl ohexanes (21 mol) are added dropwi se until a white
precipitate does just redissolve at 60 C. The m xture is placed in a fridge
at 8 C. After 16 h, an off-white precipitate is collected by filtration.
The product is washed with cold ethyl acetate /cyclohexane 1:1 and dried
under vacuumto give

S)-3-Me 5 N - hi.pk | met hyl
but yr i o84 S poRFRATBEK et Bliethe FalhieBITIO ol LTy 6 =
0 94- 1. OGCFQIQroH)etmane To 40s g0ldi®n(ig addedhyia aldrgping fL@n¢IZ $glutipn,of 24871 2. 65 (2 H,
, 2.69 e -yt B : = , L JHH =

14, 8 Ho) 008 Bop £ pgckinie, Hsohelin Spo Hothicuddmtdhy o foct epelbul: o1 7
H m, 7d8hgASSeinGtesknde) stimng dter Boyrs, tHe regctiod nixtu®. i9 Geqtes withy100Ref er ence
Exanpl e bf 1 go%?ﬁ?tﬂ%of%rif g&&é\lh'e%ré‘éﬂiéjplpds%% bv%gﬁeﬁ\ﬁirt'h Whttep dMedotec

sodium sulfate and evaporated in vacuum to give a slightly yellow oil, which is pure

according to HPLC and H-NMR analysis.

"H-NMR: (400 MHz, CDCl3); 84 (ppm), rotamer mixture (6 : 4) at room temperature.
0.82-0.95 (5H, m, -CHg3, 60 %), 0.95-1.03 (4H, m, -CHg, 40%), 1.25-1.37 (1H, m,-CH-,
40%), 1.40-1.49 (1H, m, -CH-,60%), 1.60-1.70 (1H, m, -CH-, 60%), 1.70-1.82 (1H, m, -



246 ng (I nmo!) of diallyl phthalate are dissolved in 10 ml of dry toluene
under nitrogen. The solution is heated to reflux (110 C and 2.1 mM of a 1l
nol ar solwbi2on/isi21di net hyl al um ni um chl oride (2.1 equi PCY/ERe@oAddet via a
syringe under nitrogen. The reaction m xture is stirred over night at 110
C. The reaction mxture is cooled to f‘%omterrperature, guenched with 15 ml
of 2 nolar HCl and extracted with 7 x 15 m of ethyl 51 acetate. The

conbi ned organi c phases are extracted with 2 x 12 m of saturated sodium

bi car bongtle 4964)u?-2&12-65T([RE, b6 #BPINd-Wasand -Chpuedd< (HpheSisi 40%HBrEd to pH 1

ith 10 i f dil d (2 Ml | i id. Th idi h i
oo oSt el (0 S B e M Mo o Bettrd NG R Tt or anc

phase argouno L8 gk A8 PAET, Sadbum RULLRE L Lbered and
oLt gt 1ORLABY 25 SUSER KL o7 SRR E L S9TDIS TAOIE LK)

212 my (éh, aNB))7.98-7@NARI1 M, aeil). benzyl ester are dissolved in 10 mM of dry
t ol uene under nitrogen atnosphere. The reaction mxture is heated up to
reflux and 1.05 m (1.05 equv.) of nmethyl alum niumdichloride in hexane
sol utionyel ) 4 tn ortion. Heating is continued over night.
The reac'%/ll(s()rwr%lhﬁ uﬁ%fi +coo‘\]ed Slproomtenperature and quenched onto 15 nl
of 2 Mhydrochloric acid. The reaction mxture is extracted with 4 x 15 m

of dichl _olgcﬁéhane. The ?onbi ned irf&gni c phases are extracted with 2 x 12
nm of satur'at' edMSEaFWwh Bi'@APBER e Col uti on. The conbi ned aqueous basic

phases aB®s4 Be?o (CH,ustHHd2980,2893 288 t(di.-LZHY 2284(CRpa73s £y, 1e5a30 The

aci di ¢ aqueous IS _extr i 4 m i.ch] or hane and t he
corbi ned Iegh IR onat hane ey ae e Lhaiah. fduhea s BheplAHACTARRRD over
sodi um suldoat 33,1106 er08d, e 9es 2888, 824 (CH-parc1asCHoooje benzoi ¢ aci d.
1H-NVMR and LC-Ms confirmthe structure of benzoic acid (conparison with
reference material).

Example VI: Preparation of Valsartan: via “one-pot process” with Diethylaluminium

Chloride (for ester cleavage) and Diethylaluminium Azide (for the cycloaddition reaction)
which is generated in-situ by reacting the excess of Diethylaluminium Chloride with
Sodium azide.

[o] [~ o ] —\ ~
o— - OH D
N Al—Cl N .
o] 'NI _/ ° lN| prepared in-situ
® ® "

"Methylester-Nitrile™ Intermediate “Acid-Nitrile” Valsartan

In an argon filled three necked flask, 2.4 g (3.00 mmol) of a solution of (S)-2-[(2'-cyano-
biphenyl-4-ylmethyl)-pentanoyl-amino]-3-methyl-butyric acid methyl ester in xylenes
(3.00 mmol) is diluted with 5 ml of dry xylene (40 mmol). The mixture is heated to 110°C
and 1.94 ml of diethylaluminium chloride (15 mmol) are added. The mixture is stirred at
110°C. After 60 minutes, 0.59 g of sodium azide are added as a solid in one portion. The
mixture is stirred at 110°C. After 44h, the reaction mixture is allowed to cool to room
temperature and transferred into a three necked flask containing 20 eq of 10% (w/w)
aqueous sodium hydroxide (24.0 g, 60 mmol) while the temperature is maintained below



Exanple | X2 Preparation of Valsartan: via "one-pot process" with

Di et hyl -al um nium Chl ori de (for ester cleavage) and Di et hyl al um ni um Azi de
(for the wochoaddiBi on reacti on) WO 2011/ 051213PCT/ EP2@CO/MPe@E0446052
Preparation of the diethyl-A -azide reagent: A 250 ml flask is charged
under argon with 3.9 g (65 mml) of N&RB and 10 ml of dry xylene is added.
To this suspension is added, at roomtenperature under stirring, 33 m of a

2 ol ar Sokbton COf ol sl S kU 2 e g A8 . The

is then ummrlyyrbmb phase isTdiscaitet. Tyk aguoonnpharedg waehedswitm 6 8omubfi xarenket t he
solid NaCl

“hci d- s £piTae oy ARERIGRE o ARIER Slsry AR i e uieat® O at e
100 M fTes muxtsreubaadged cardfllyGo6h gm(iBidnnofd.99 gfof (Ireh aylesiserydrachiorite)
i oh LSO ArEnCa et B eGSR TR e BT e T
sti rri ngo&dw Bl°C arf anic-bath. dthe pbbsds ap sebard'teeitahwl tat aouguusiphatd Braxtractedf t er
G et hy o1 O AR PR TPE mRi P RPtueg, oo g dse Sndeefeshi 10nour
at room tenRer @59 mmd)h&heosaandris irsmbheh uadeledacuuen andragppil g Xylemeel to
he 20 {]‘ngnhrﬁakarceog‘éoae'dngn%% N6 BROY SN A8 B HhER hi Rl 0O
product is dissolved in 15 ml EtOAc (153 mmol), concentrated to approx. 5 ml and 2 ml
cyclohexanes (21 mmol) are added dropwise until a white precipitate does just re-
dissolve at 60 °C. The mixture is placed in a fridge at 8 °C. After 16 h, an off-white
precipitate is collected by filtration. The product is washed with cold ethyl acetate
/cyclohexane 1:1 and dried under vacuum to give (S)-3-Methyl-2-{pentanoyl-[2'-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amino}-butyric acid (Valsartan). 1TH-NMR (CDCI3, 400
MHz, ppm): main rotamer 6 = 0.94-1.05 (9 H, m), 1.40-1.48 (2 H, m), 1.72-1.79 (2 H, m),
2.61-2.65 (2 H, m), 2.69-2.78 (1 H, m), 3.36 (1 H, d, JH,H = 11.1 Hz), 4.21 (1 H, d,
JH,H = 14.8 Hz), 5.00 (1 H, d, JH,H = 14.8 Hz), 7.19-7.25 (4 H, m), 7.47-7.50 (1 H, m),
7.52-7.56 (1 H, m), 7.59-7.63 (1 H, m), 8.07-8.09 (1H, m).

Reference Example VII: Cleavage of Phthalic acid bisallylester with Me,AI-ClI

Me,AICI
i OH

O\/\ OH

246 mg (1mmol) of diallyl phthalate are dissolved in 10 ml of dry toluene under nitrogen.
The solution is heated to reflux (110 °C) and 2.1 ml of a 1 molar solution of dimethyl
aluminium chloride (2.1 equiv.) are added via a syringe under nitrogen. The reaction
mixture is stirred over night at 110 °C. The reaction mixture is cooled to room
temperature, quenched with 15 ml of 2 molar HCI and extracted with 7 x 15 ml of ethyl



The reaction mxture is then heated to reflux (external tenp. 150 C). After
14 hours, the reaction mxture is cooled to roomtenperature and worked up
by quenchwogotimsizigeacti on m xture to a sol ution of sodi RET(EPROTONEOEH. 14 Q)
in 25 mM of water and 6.7 g of a sodi um hydroxi de aqueous solution (30 %
wt) under vigorous stirring under argéh and external cooling. The reaction
flask is rinsed wwth 10 mM of water and 20 m of xylene. The resulting

h ted t 3 Db dit f 5 M
3 hyr ottt SRS b R R aftadid Wl Lt Bl o ed oLt o
HCl , unt bitarpbhdleisslutieadihedonmbirgiditgiBicl squasub bageeiklagjusta ts HUL witn 10 @l
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extracted to the agueo Iy carbonate
o act <ot Bobl1h SR BUARE abodted bR Bl 230 HARCRLOTe,
The pr odlEﬂ\/l&oortfmmﬁhmgtrduﬁm‘ecof phtheliouscish ideaticaldo ad;oumhe&dlat sandte Geth by

addi tion o[( 25 m of 5 nolar hydrochloric acid and extracted to 50 m of
Et OAc. %)rganic phase is washed with water (2 x 25 m ), evaporated in
vacuumto give a yellow sh foam The foamis dissolved for crystallization
in 30 M _of ethyl acetate and treated with additional 5 m of heptane.
Cryst al | Beferenge Example WUl Glgavage of kengeiqadid bepzylegier withfe AlCixt a
suspension is further diluted at O C by addition of 100 mM of heptane.
Filtration, washing and drying at 40 C in vacuum gi ves val sartan (as
confirmed by 1HONWR anal ysis). Exanple X Preparatior of
"PropargylesterfiNitrile" from"Aci MeAlGxi| e" 7.85 g (20 mmol ) of

"Aci d- Ni e argdissalVWed in 100 ml of dry | BHs solution is
added 3. § 40 mol ) of d sodiumbtcadronal der stirring to give a
slightl y~Nel#fow suspensh@e? To this suspension added 8.9 m (100 mol)
of propargyl brom de, dissolved in 100 ml of dry DWF. The reaction m xture
is stirred at roomtenperature overnight. Additional Im (11.3 nmol) of

pr opar gy r e added.
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ating is continued over night. The reaction mixture is cooled to room
temperature and quenched onto 15 ml of 2 M hydrochloric acid. The reaction mixture is
extracted with 4 x 15 ml of dichloromethane. The combined organic phases are
extracted with 2 x 12 ml of saturated sodium bicarbonate solution. The combined
agueous basic phases are then adjusted to pH 1 with 2 ml of conc. sulfuric acid. The
acidic aqueous phase is extracted with 4 x 15 ml of dichloromethane and the combined

dichloromethane extracts are then washed with brine, dried over sodium sulfate, filtered
and evaporated in vacuum to give benzoic acid. TH-NMR and LC-MS confirm the

structure of benzoic acid (comparison with reference material).

Example IX: Preparation of Valsartan: via “one-pot process” with Diethyl-aluminium
Chloride (for ester cleavage) and Diethylaluminium Azide (for the cycloaddition reaction)



phase is dried over MgSO4, filtered and evaporated and dried under high
vacuumto give crude propargylic ester, which is pure enough for further
react i onswoRbk1INBR13( 400 MHz, d6- DVSO0); 6H (ppm, the pr®duEP2018/0660/1 Xt ur e
of rotamers at roomtenperature: 0.75-0.87 (5H, br.m -CH3), 0.90-1.00 (4H,
m -CH3), 1.15-1.27 (2H, br. m), 1.3154.54 (2H br.m, 2.15-2.25 (1H,
br.m, 2.28-2.40 (3H, br.m, 2.52-2.65 (1H, br.m, 3.03 (1H, s,

acetyl en H), 4.30-4. 60 (4H, conpl. m, 4.68-4.82 (2H, m, 7.24-7.98 (8H,

sev. , rotame M. [MHHr = 431.2, (MtNH4)+ = 448.2 IR FTIR
mcroscope Ion 9 5| on [cm Ij 3,2 - 30645 3030 (CH, & , 2962, 2933,
2873 (ali. %7 4(CN) ,—2128 (ICC °# b.) X45(0=0, ﬁe 652 (0=0,
ani de) , 15¢ 7, v1469.-A445, 14" " §54 7, , 1193,
1167, 112 10 97 973,942, Prep 'n of
"G nnarryl est er -'N e" from " Aqi

"Benzylester-Nitrile™ Intermediate "Acid-Nitrile” Valsartan

Preparation of the diethyl-Al-azide reagent:

A 250 ml flask is charged under argon with 3.9 g (65 mmol) of NaNz and 10 ml of dry
xylene is added. To this suspension is added, at room temperature under stirring, 33 ml
of a 2 molar solution (66 mmol) of diethylaluminium chloride during 15 min. The
suspension is then stirred for further 5 hours at room temperature and it is then ready for
use. The diethyl aluminium azide is in solution but the solid NaCl is in a suspension.

Cleavage of benzylester-Nitrile to “Acid-Nitrile” and cycloaddition with Diethylaluminium

azide

A separate 100 ml flask is charged with 9.64 g (20 mmol) of (benzylester-nitrile) which is
then dissolved at room temperature under argon and stirring with 20 ml of dry xylene. To
the solution is added at room temperature under stirring 33 ml of a 2 molar solution of
diethylaluminium chloride. After stirring at room temperature over night additional 17 ml
of 2 M diethylaluminium chloride is added. After stirring for additional 3 hours at room
temperature, the solution is then added via a dropping funnel to the 250 ml flask

containing the above diethylaluminium solution at room temperature.

The reaction mixture is then heated to reflux (external temp. 150 °C). After 14 hours, the
reaction mixture is cooled to room temperature and worked up by quenching the reaction
mixture to a solution of sodium nitrite (4.14 g) in 25 ml of water and 6.7 g of a sodium
hydroxide aqueous solution (30 % wt) under vigorous stirring under argon and external
cooling. The reaction flask is rinsed with 10 ml of water and 20 ml of xylene. The
resulting suspension is then adjusted to pH 2-3 by slow addition of 25 mlof a5 M



3.93 g (10 nmmol ) of "Acid-Nitrile" is dissolved in 50 m of dry DMF. To
this solution is added 1.68 (20 nmol) of solid sodi um bi carbonate under
stirring wo2ginvesi1a3slightly yell ow suspensi on. To the skepaErdioneiog1 added
5.85 g (50 mmol ) of 3-brono-1-phenyl 1propene, dissolved in 50 m of dry
DVF. The reaction mixture is stirred af roomtenperature overnight. After
16 hours, the reaction mxture is diluted with 100 m of ethylacetate,
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1408, 13B&herldlted dt29, bylafttionlct 960 nil b6Beptane. Filtration, washing and drying at

40 °C in vacuum gives valsartan (as confirmed by "H-NMR analysis).

Example X: Preparation of “Propargylester-Nitrile” from “Acid-Nitrile”

7.85 g (20 mmol) of “Acid-Nitrile” are dissolved in 100 ml of dry DMF. To this solution is
added 3.36 (40 mmol) of solid sodium bicarbonate under stirring to give a slightly yellow
suspension. To this suspension is added 8.9 ml (100 mmol) of propargyl bromide,
dissolved in 100 ml of dry DMF. The reaction mixture is stirred at room temperature
overnight. Additional 1ml (11.3 mmol) of propargyl bromide and 0.4 g (11.9 mmol) of
sodium bicarbonate are added. After further stirring at room temperature for 4 hours, the
reaction mixture is diluted with 200 ml of ethylacetate, followed by extraction of the
organic phase with 3 x 250 ml of water and finally with 200 ml of brine. The organic



1130, 1109, 1027, 1004, 970, 944, 823, 765, 746, 693. Exanple Xl I:
Preparation of "Allylester-Nitrile" 56 Spectroscopic data of

"Al |l yl estwo-2bittosidie”: 1H NVR (400 MHz, d6-DMS0); 6H ( ppojr/EPRdie/opsoeduct i s
aca 2. 1 -mxture of rotaners at roomterrperature 0.75-0.85 (5H, br. m,
-CHB),O.88098(4H br. m, CHB) $415-1.25 (2H, br. m,) 1.30- 1.38
(1H, br. m), 1.40-1.52 (2H, br. : 153166(1H br. m, 2.13-2.22 (1H,

?) li-l 2d)28p%%§gg?'ﬁ‘?ﬁl_{ov&fmgﬁ§§9k[irﬁg %aé evé%rategr%g dyi gj_'{uncé]er%gqh(\?algu%@rto 5”)2 5 ?130

d, ol ef.gik crude odar@dic eitdr, viich impureérefugh f¢1|)furtr7er26ac(t|bn$a mx, d, ar.-H),
7.38 (rota.mx, d, ar.-H), 7.48 (rota.mx, d, ar.-H), 7.52-7.62 (3H, br. m
ar.-H), 7.78 (1H, q, ar.-H), 7.93(1H t, ar.-H). M [MH =433.2.3,

( MENH4) +'H=N#0. @00 RIHAE BRSO, G5 ¢ae), ithe prodlnstTs ashigtord 6frothinesd&brood029 ( CH,
ar-H), 2961, 2033, 2873 (ali.-CH), 2224 (ON), 1738(0=0, ester), 1653 (0=0,
am de), PEWPrAlSE> 1518 1479, 1468, 1445, 1408, 1388, 1372, 1267, 1197,

0.75-0.87 (5H, br.m, -CHs), 0.90-1.00 (4H, m, -CHs), 1.15-1.27 (2H, br. m), 1.31-1.54

(2H, br.m), 2.15-2.25 (1H, br.m), 2.28-2.40 (3H, br.m), 2.52-2.65 (1H, br.m), 3.03 (1H, s,
acetylen-H), 4.30-4.60 (4H, compl. m), 4.68-4.82 (2H, m), 7.24-7.98 (8H, sev. mpl.,

rotamer mix).

MS: [M+H]" = 431.2, (M+NH4)" =448.2

IR: FTIR microscope in transmission [cm™]

3288, 3064, 3030 (CH, ar-H), 2962, 2933, 2873 (ali.-CH), 2224(CN), 2128 (CC-triple b.)
1745 (C=0, ester), 1652 (C=0, amide), 1597, 1478, 1469, 1445, 1408, 1389, 1374,

1354, 1267, 1234, 1193, 1167, 1129, 1024, 997, 973, 942, 824, 766.

Example XI: Preparation of “Cinnamylester-Nitrile” from “Acid-Nitrile”

5, o G

3.93 g (10 mmol) of “Acid-Nitrile” is dissolved in 50 ml of dry DMF. To this solution is
added 1.68 (20 mmol) of solid sodium bicarbonate under stirring to give a slightly yellow
suspension. To the suspension is added 5.85 g (50 mmol) of 3-bromo-1-phenyl-
1propene, dissolved in 50 ml of dry DMF. The reaction mixture is stirred at room
temperature overnight. After 16 hours, the reaction mixture is diluted with 100 ml of
ethylacetate, followed by extraction of the organic phase with 3 x 130 ml of water and
finally with 100 ml of brine. The organic phase is dried over MgSO4, filtered, evaporated



1170, 1131, 1107, 1005, 991, 937, 822, 765. Exanple Xl Il: Preparation of
"Prenylester-Nitrile" Compound "Allylester-Nitrile" is prepared

accor di ngvoeoarysizngous net hod to that described in the examp@oabove for
the "Ci nnanylester-Nitrile". 57 1HNVR (400 MHz, CDCI 3); 6H (ppm), the
product is a mixture of rotamers at 29€. 0.85-1.05 (9H, conpl. m 3x -CH3),
1.25-1.30 (2H m -CH), 1.55-1.70 (2H, m and 3H, s, -CH3), 1.70-1.83 (1H,

& 3H, -0 2.20-2.68.(3H .br. 4.05-4.22 (1H [ . 4.30-4.55
(o St et ained hipeR el Shileibad fifbmyfuster n@? T kB Jes 1 200,00
5. 32 ( 2Hpuritied by .c3RimAa. @Borq2idgraphy an siith gelq4d0 g)irSBwi(tbeycldbexane, arar theid) ,

ZwﬁﬁHZ) Z_v:\L/'_ %%oh%&ér?é/éth%&:ét'é?e’(szﬂZ4r'h?a'psrgdu(ciLchsntan'nB"fracﬁ‘éris'w'Qre aypn [ MrHr =461,

chromatographed by a second SiO» -column (360 g) with cylohexane/ethylacetate (5 : 1)

to give the product as a colourless oil.

"H-NMR: (400 MHz, CDCl3); 84 (ppm), the product is a ca. 2 : 1 -mixture of rotamers at
room temperature:

0.84-1.02 (6H, compl. m., 2x -CHs), 1.05 (3H, d, -CHs), 1.40-1.50 (1H, m), 1.40-1.48
(2H, m, -CH--), 2.18-2.33 (2H, m, -CH»-C=0), 2.50-2.58 (1H, m, -CH-), 3.37-3.50 (1H, d,
-N-CH-COOQH), 4.20 (1H, d, N-CH»-Ph-), 4.63 (1H, d, N-H>-Ph), 7.20-7.39 (5H, compl.
m., ar.-H), 7.40-7.51 (4H, br.m., ar.-H), 7.60-7.67 (1H, m, ar.-H), 7.78 (1H, t, ar.-H)

MS: [M+H]" =509.3, (M+NH4)" =526.3, 527.3

IR: FTIR microscope in transmission [cm™]

3061, 3028 (CH, ar-H), 2961, 2933, 2873 (ali.-CH), 2224(CN), 1737 (C=0, ester), 1653
(C=0, amide), 1495, 1478, 1466, 1447, 1408, 1388, 1356, 1299, 1264, 1195, 1168,

1130, 1109, 1027, 1004, 970, 944, 823, 765, 746, 693.

Example Xll: Preparation of “Allylester-Nitrile”

0 OH Br/\/ Q O/\/
N N N N
(@] @]

Compound “Allylester-Nitrile” is prepared according to analogous method to that
described in the example above for the “Cinnamylester-Nitrile”.



IR FTIR mcroscope in transmssion [cm 1] 3064, 3029 (CH, ar-H), 2962,
2933, 2873 (ali.-CH), 2224(CN), 1734(0=0, ester), 1654 (0=0, am de), 1597,
1561, 15M80 2047661213445, 1408, 1384, 1356, 1267, 1196, 1P63/EP211B06601108,
1047, 975, 942, 823, 765. Exanple XIV. Cl eavage of "Prenylester-Ntrile"

wi th et hyl al um ni um di chl oride A 25 P flask, dried with a heati ng gun
under a flow of nitrogen, is charged with 460 ng (1 nmol) of
"prenylester-nitrile” and 8 mM of dry toluene to get a yellow solution. To
this solution is added dropwi se a 1 nol ar n-hexane solution (3.5 m, 3.5
mol ) of Speitlvgt@licidataiotiflidiester-olitrilde at room tenperature to get a red
suspension. The reaction mxture is heated to reflux over night (16 hours).
The reaction mxture is cooled to roomtenperature and then guenched on 20
nm of 1 ToNMR:KEdo Mie, 4dreMSMhasippr) £ et produdtisd b4.e i s-nagdedof20 M of

et hyl acet ate. The organic Bhase I's separated and washed 3- tines with 20 ml
of wat er OBBERiA FPOFHEAPERAUIS: | ne. The organi c phase is dried with sodium
58 sul f f r n er \ r

ot d i by pi0el0 (GEF BF pRT YRR BT R T o0 8 U i

chr omat ogBaliyH wrem.)20.49-1062 SHOIr W)t h5a-1s&s (einbr. m)x2 08-2c3c(16h ey anes-
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data of 4B5%1tEddeAByl5.20 @H deolbf.%)] 5.8b (1H,theledlaH)a5 68-5.8& {14, bt i, blet -

obt ai ned, | | e. ahove ragyl.ester-Ntrile, C.nnanyl =niftrile
o Al Ty COHR P € ). 1 BRGNS . B g B PR B o a7 02

al kyl al u@Hbum, eal-HJE8 @8, dedri-ARd .gyom e, at-¢l)gi ve t he desired product
"acid-nitrile"” in different yields. Exanple XV: Formation of the

n- Butyl am ne salt of "acid-nitrile"
MS: [M+H]" =433.2.3, (M+NH4)" = 450.3

IR: FTIR microscope in transmission [cm™]

3065, 3029 (CH, ar-H), 2961, 2933, 2873 (ali.-CH), 2224 (CN), 1738 (C=0, ester), 1653
(C=0, amide), 1597, 1562, 1518, 1479, 1468, 1445, 1408, 1388, 1372, 1267, 1197,
1170, 1131, 1107, 1005, 991, 937, 822, 765.

Example Xlll: Preparation of “Prenylester-Nitrile”

T I<OH /\/k 9 O/\)\
\ o} N Br < N N
% ~

Compound “Allylester-Nitrile” is prepared according to analogous method to that

described in the example above for the “Cinnamylester-Nitrile”.

Spectroscopic data of “Prenylester-Nitrile”:




1.0 g (2.55 nmol ) of "acid nitrile" is dissolved in 10 m of ethyl acetate.
To the solution of the acid is added a solution of 330 ng (4.5 mmol) of

n- but yl arwoeoiwms2iai of ethyl acetate under stirring. PPETRPRe1@06@A1 of a
white solid is observed. The white suspension is kept overnight at 0 - 5 C
and is then filtered, washed with a n?gture of 10 m heptane/ethyl acetate
(1: 1) and dried at 40 Cin vacuumto give a white crystalline solid.

M. [MtHr = 393 IR FTIR microscope in transm ssion [cm 1] 3600-2400, broad,
-COCH & -NH, 3029 (CH, ar-H), 2961, 2934, 2871, 2758 (ali.-CH), 2507, 2423,
2226( CN) 1R (A5PMHRTEB.),): 51388 L e prodd@0a ke of Ftarhersldt @7 c1456(ar)
1407, 1385, 1313, 1301, 17 4, 1248, 1210, 1173, 1103, 1026, 1005, 974, 941,
901, 8580.883WY (@H; pampl) m, 36 CH TH.8511188) (2H7 817 -CHHI1 .85-4 M0l (BH )Xl and=8idrat i on of
the dicygl l-ani I "acidinjsyile” g . I "acid
nitril e"g’i @ﬁ |’)s{ggquv£%(1ﬁ_ﬁ ”iég‘o‘f?ﬁsg?d%%hryy#d %‘ggt(?é?’(]aprgﬁl')o“@%eégzo u ’Féwgéf t he

aci d i s aldedD-4.55¢8ldtdonmpl.ah), 468 (T, ¢ 2AB)S48n(dH) d,oAB)d# 8gel. eheky hgmdi®-in 2 m
of et hyl t jrring. ALt er bt of i - ane,
nder et PRE g T HeET bR AT oh By T B e s S T S

m nut es. arFh, Stkpgsagiiignbrim., at.dot)ed overnight at 0 - 5 C, is then filtered,
washed with 10 ml of a m xture of heptane/ethyl acetate (1: 1) and finally
dried in vacuumat 40 Cto give a white solid. Ms:[MH = 393

MS: [M+H]" =461, (M+NH4)" = 478

IR: FTIR microscope in transmission [cm™]

3064, 3029 (CH, ar-H), 2962, 2933, 2873 (ali.-CH), 2224(CN), 1734 (C=0, ester), 1654
(C=0, amide), 1597, 1561, 1518, 1478, 1445, 1408, 1384, 1356, 1267, 1196, 1168,
1130, 1108, 1047, 975, 942, 823, 765.

Example XIV: Cleavage of “Prenylester-Nitrile” with methylaluminium dichloride

(o] /\)\

I<o Me, ~C! i OH
N Al

N |

Il cl

A 25 ml flask, dried with a heating gun under a flow of nitrogen, is charged with 460 mg

(1 mmol) of “prenylester-nitrile” and 8 ml of dry toluene to get a yellow solution. To this
solution is added dropwise a 1 molar n-hexane solution (3.5 ml, 3.5 mmol) of
methylaluminium dichloride at room temperature to get a red suspension. The reaction
mixture is heated to reflux over night (16 hours). The reaction mixture is cooled to room
temperature and then quenched on 20 ml of 1 molar HCI. To the biphasic reaction
mixture is added 20 ml of ethylacetate. The organic phase is separated and washed 3-
times with 20 ml of water and with 20 ml of brine. The organic phase is dried with sodium



IR FTIR mcroscope in transm ssion [cm 1] 3600-2400, broad, -COOH & -NH,
3030 (CH, ar-H), 2933,2860 (ali.-CH), 2227(CN), 1633 (0=0-ami de), 1650(0=0
am de), NMgO20(1A51913 1558 (coo), 1452(ar), 1411, 1387 (O@QY/EP:B046601B04,
1249, 1230, 1212, 1178, 1107, 1063, 1033, 1005, 972, 939, 896, 832, 810, 765
(ar-CH), 759 (CHortho), 722. 60 O aPfs: 1. A process for the manufacture
of a conpound of fornmula (IV) or salt thereof, such as an am ne salt

E Eg: gg; suI{a{e\,/)filter(ég chri Ie%pnogatgg %%éér“\%cﬁur%?%% tde 8rde]; Qe{crigflhi?rilé”lalsle? bI‘O\(I)VFl sal t
oil. The crude product is purified by column chromatograhy over 20 g of SiO2 with a
solvent mix of cyclohexane : ethylacetate : acetic acid (60 : 40 : 2). The product
containing fractions are combined to give the “acid-nitrile” as a brown oil. The
spectroscopic data of this material are identical with the data of “acid-nitrile” obtained in

example above.
Propargylester-Nitrile, Cinnamylester-nitrile and Allylester-nitrile are cleaved by this
method using different alkylaluminium halides, as defined above, to give the desired

product “acid-nitrile” in different yields.

Example XV: Formation of the n-Butylamine salt of “acid-nitrile”

(o} (o}
OH
N NN N
5 NH;

1.0 g (2.55 mmol) of “acid nitrile” is dissolved in 10 ml of ethyl acetate. To the solution of

H\/—/>

N

the acid is added a solution of 330 mg (4.5 mmol) of n-butylamine in 2 ml of ethyl
acetate under stirring. Precipitation of a white solid is observed. The white suspension is
kept overnight at 0 — 5 °C and is then filtered, washed with a mixture of 10 ml
heptane/ethyl acetate (1 : 1) and dried at 40 °C in vacuum to give a white crystalline
solid.

MS: [M+H]" = 393

IR: FTIR microscope in transmission [cm']

3600-2400, broad, -COOH & -NH", 3029 (CH, ar-H), 2961,2934,2871,2758 (ali.-CH),
2507, 2423, 2226(CN), 1637 (C=0 -amide), 1595 (ar.), 1560 (COO"), 1477, 1467,
1456(ar), 1407, 1385, 1313, 1301, 1264, 1248, 1210, 1173, 1103, 1026, 1005, 974, 941,
901, 858, 830 (CH-para), 765 (CH-ortho), 737.



wherein Ris Cl_7alkyl, 61 wherein Rl is hydrogen, Cl_7alkyl, Cl1_7al koxy,
C3_8cycl oal kyl or C6_10aryl, each unsubstituted or substituted by one or
nore, e.gwoupie31118r ee, substituents sel ected from, halPOT/ERP2E10066041
Cl_7alkyl, halo- Cl_7alkyl, Cl1_7al koxg Cl_7alkyl, Cl1_7al koxy,

hal o- C1_7al koxy, GCi 7al koxy- Cl_7al koxy; 9hal o- Cl_7al koxy- Cl1_7al koxy,

Cl_7al kyl - C1_7al koxy, hal o-Cl_7al kyl - C1- 7al koxy; and R2, R3 and R4 are the
same or di .nitro, Cl_7alkyl,
Cl_7al koxfaMBse gy g A & or substituted
by one or nore, e.g. up to three substltuents sel ect ed from, halo, nitro,
Cl _7alkyl, halo- Cl- 7al kyl, Cl_7al koxy-Cl 7al kyl, Cl1_7al koxy,

hal o- C1_7al koxy, Cl1_7al koxy- Cl_7al koxy, hal o-Cl- 7al koxy- Cl_ QXY,

Cl_7al kyl - C1_7al koxy, hal o-Cl_gfalkyl - Cx”7al koxY; with an orga um ni um
hal i de of f o miNg RER6AI X or Rp D whe R5 andoR6™yre, Wndependently
fromone anof her] CbH7alkyl, C3~c8atkeny; C3_ 8cygl oa kle'ﬁ

pref er abl y CINETRE1, and X i s hal ogén, to obtai R"the co
(rv). 2. pr ogess por tHe manuf acture of a conpgound|of f

salt thep€of, @ - O l

1.0 g (2.55 mmol) of “acid nitrile” is dissolved in 10 ml of ethyl acetate. To the solution of

the acid is added a solution of 462 mg (2.55 mmol) of dicyclohexylamine in 2 ml of ethyl
acetate under stirring. After addition of 7.5 ml of n-heptane, under stirring, the formation
of a white solid is observed after 10 minutes. The suspension is stored overnight at 0 — 5
°C, is then filtered, washed with 10 ml of a mixture of heptane/ethyl acetate (1 : 1) and
finally dried in vacuum at 40 °C to give a white solid.

MS: [M+H]" = 393

IR: FTIR microscope in transmission [cm™']

3600-2400, broad, -COOH & -NH", 3030 (CH, ar-H), 2933,2860 (ali.-CH), 2227(CN),
1633 (C=0-amide), 1650 (C=0 amide), 1597 (ar.), 1558 (COQ), 1452(ar), 1411, 1387
(COQ0), 1314, 1304, 1249, 1230, 1212, 1178, 1107, 1063, 1033, 1005, 972, 939, 896,
832, 810,765 (ar-CH), 759 (CH-ortho), 722.



conprising reacting a conpound of formula (V), or salt thereof, wherein R
is Cl 7alkyl, wherein Rl is hydrogen, Cl 7alkyl, Cl_7al koxy,

C3_8cycl oabkyi/msi21€6_10aryl, each unsubstituted or subswPCcTPeaolysoane or
nore, e.g. up to three, substituents selected from, halo, nitro,
Cl_7alkyl, halo- Cl_7alkyl, Cl1_7al kox§9C1_7alkyl, C1_7al koxy,

hal o- C1_7al koxy, G 7al koxy-Cl1_7al koxy, hal o-Cl_7al koxy- Cl_7al koxy,

Cl_7al kyl - C1_7al koxy, hal o-Cl_7al kyl - C1- 7al koxy; and R2, R3 and R4 are the
same or djfferent formeach other and are hydrogen, halo, nitro, Cl_7alkyl,
Cl_7al kog—ka,'ﬂﬁs_&ycl oal kyl or C6_10aryl, each unsubstituted or substituted
by one or nore, e.g. up to three, substituents selected from, halo, nitro,
Cl_7alkyi,a E%QSS fol the iRdiUfAoture’os AR KRvYUN &St éahlid 1v) Slsafthkexy .

hal o- C1_7al koxy, Cl_7al koxy-CI_7al koxy, hal o-Cl- 7al koxy- CL_7al koxy,

Cl_7al ky$uchrszR ¥oiRg sabhfleseall 7al kyl - C1_7al koxY; with an organoal umi ni um
hal i de of formula RS5R6AI X or R5AI X2 wherein R5 and R6 are, independently
fromone another, Cl 7alkyl, C3-C8al kenyl, C3_ 8cycloal kyl or C6 10aryl,

preferably Clp7a , and X is halogen, to obtain the conmpound of formula
(). OH
N
L

comprising

reacting a compound of formula (lll), or salt thereof,

wherein R is Cy_salkyl,

R1
* R1
R2 R! *
J X - R3
%} N
R? R2

, R4 or R2



63 3. A step-w se process for the manufacture of a conpound of formula (1),
or salt thereof, (1) conprising the steps of i) reacting a conpound of
formul a (WDI2p11/081218alt t hereof, wherein R is Cl_7alkylpPCTiEPeo10i0o60RL | S
hydrogen, Cl_7alkyl, Cl_7al koxy, C3 8c¥cloalkyl or C8_10aryl, each
unsubstituted or substituted by one oP1nore, e.g. up to three, substituents
selected from, halo, nitro, Cl_7alkyl, halo- Cl 7a1ky1

Cl_val ko\%‘vP{ér%H{" E'Lsm%fogg —51 7a f(& 7Q|?oxy, 83 scyC ogl%)/ﬁ ’rCG1oaryI each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4zalkoxy, halo-C4.;alkoxy-C4.;alkoxy, C4.7alkyl-C4.7alkoxy, halo-C4.;alkyl-Cs.
-alkoxy; and
R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C47alkoxy, Csecycloalkyl or Ce joaryl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_alkyl, halo- C,.
salkyl, G4 7alkoxy-C, salkyl, C,,alkoxy, halo-C, ;alkoxy, C,,alkoxy-C, ;alkoxy, halo-C;.
salkoxy-C4 yalkoxy, C,_salkyl-C, salkoxy, halo-C,_salkyl-C,_salkoxy;
with an organoaluminium halide of formula RSR6AIX or R5AIX,
wherein R5 and R6 are, independently from one another, C,;alkyl, Cs-Cgalkenyl, Cs.
scycloalkyl or Ce_soaryl, preferably C,.zalkyl, and X is halogen,
to obtain the compound of formula (1V).

2. A process for the manufacture of a compound of formula (), or salt thereof,

comprising

reacting a compound of formula (V), or salt thereof,



64 7al koxy-Cl_7al koxy, hal o-Cl_7al koxy-Cl_7al koxy, Cl_7al kyl -C1_7al koxy,
hal o- C1_7al kyl - C1- 7al koxy; and R2, R3 and R4 are the sane or different

f or m eachwotzhewossaid are hydrogen, hal o, nitro, Cl_7alkyPCTEP20Malokxy,
C3_8cycl oal kyl or C6_10aryl, each unsubstituted or substituted by one or
nore, e.g. up to three, substituents 82l ected from, halo, nitro,

Cl _7alkyl, halo- Cl- 7al kyl, Cl_7al koxy-Cl _7al kyl, Cl1_7al koxy,

hal o- C1_7al koxy. Cl_7al koxy- Cl1_7al koxy, hal o-Cl- 7al koxy-Cl1_7al koxy,
Cl_7al kyl - C1 ¢¥al Ky, hal o- C1_7al kyl - C1_7al koxY; w th an organoal um ni um
hal i de of for X i RSAI X2 wherein R5 and R6 are, independently
fromone a ~NC3- C8al kenyl , C3_ 8cycl oal kyl or C6_10aryl,
(s hal ogen, to obtain the conpound of formula
N an anine salt thereof, (1V); ii) treating

t he conppund of f 3 or salt thereof, such as an am ne salt
thereof,Iwith an 4 elr eagknt to provide conpound of fornmula (1). 4. A
one- pot process for y acture of a conpound of fornula (1), or salt
t her eof
(V)
wherein R is Cy_salkyl,
R1
* R1
R2 R! *
/ K . R3 \
_F;>R3 — \\
R? R2 R* or R?

wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4zalkoxy, halo-C4.;alkoxy-C4.;alkoxy, C4.7alkyl-C4.7alkoxy, halo-C4.;alkyl-Cs.
-alkoxy; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
Ci.zalkyl, C47alkoxy, Csecycloalkyl or Ce joaryl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_7alkyl, halo- C,.
zalkyl, Cq.7alkoxy-C,.7alkyl, C4.7alkoxy, halo-C4.7alkoxy, Cq.;alkoxy-C;.zalkoxy, halo-C;.
salkoxy-C47alkoxy, Cy.zalkyl-C,.7alkoxy, halo-C4_zalkyl-C4.7alkoxy;

with an organoaluminium halide of formula R5R6AIX or R5AIX;

wherein R5 and R6 are, independently from one another, C,.;alkyl, Cs;-Cgalkenyl, Cs.
scycloalkyl or Cg jparyl, preferably C, salkyl, and X is halogen,

to obtain the compound of formula (l).



(I') 65 conprising i) reacting a conpound of formula (Il1), or salt
thereof, wherein Ris Cl _7alkyl, wherein Rl is hydrogen, Cl 7alkyl,
Cl_7al koxwo 208/Bex61 oal kyl or C6_10aryl, each unsubstit rCEEPeI10®6degt i t ut ed
by one or nore, e.g. up to three, substituents selected from, halo, nitro,
Cl_7alkyl, halo- Cl_7alkyl, Cl_7al kox§3Cl_7alkyl, C1_7al koxy,

hal o- C1_7al koxy, G 7al koxy-Cl1_7al koxy, hal o-Cl_7al koxy- Cl_7al koxy,

Cl_7al kyl-Cl 7al kox hal o- C1_7al kyl - C1- 7al koxy;. .and R3 d R4 are the
sae-or |4 FiEPaHES PRPRIIRC R ST S &S RPTR BT D). ohPePBerddt Thiiy 1
Cl_7al koxy, C3_8cycloal kyl or C6_10aryl, each unsubstituted or substituted
by one or nore, &.9g_. up to three, substituents selected from, halo, nitro,
Cl_7alkyl, ha o- Y 7al kyl, Cl_7al koxy-Cl1_7al kyl, C1_7al koxy,

_7akoxyH C1_7al koxy, hal o-Cl- 7al koxy-Cl_7al koxy,

Cl_7al kyl - C¥~ OXYY 4y 7al kyl - C1_7al koxY; with an organoal um ni um
hal i de of flornula R5R \R5AI X2 wherein R5 and R6 are, independently
from one ot he R3- Cc8al kenyl, C3_ 8cycloal kyl or C6_10aryl,

i s hal ogen,

comprising the steps of
i) reacting a compound of formula (lll), or salt thereof,

wherein R is Cy_salkyl,

R1
* R1
R2 R! *
/ X \ R3
_|=/\>R3 — \
R4 R2 R4 or R2

wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.



66 to obtain the conpound of formula (1V), or salt thereof, such as an
amne salt thereof, (1V); ii) adding to the resulting reaction m xture of
step i) awmoapidsizieagent to obtain the conpound of for mrCa/BPR)10/066041 The
process according to any one of the preceding clains, wherein Ris benzyl,
pet hoxybenzyl , allyl or propargyl, nBfe preferably, benzyl, allyl or
propargyl, nost preferably benzyl. 6. The process according to any one of

t he prece inth haI e 1s_dinethyl
R el A A R LR
di et hyl ajalkoxpjanat chl oride. 7. The pr ocess according to any one of the
pr ecedi ng,cl ai wherein Ris yl and .t ano m 0l hal ide is
G ot hyl B APTR AR HRBme & iRt B dieChBRE RSty MRl e
pr ecedi ng ik, 105 7alkdrer €k ga:ytlbelkazurmg@aq&mh unsumtwad @fdaubemmea bymnal salts
of hydr a20| c azid t base and an
oz ae of SrBprs- v RS s HERISTRETasE R  BhioLn B i ARV BB i atl 'y
al um ni umlkyRDaalkloR&]Caqa&yl Cn ehetoosy dreio- IQ(7éIIKcD<m @n@ll@mpﬁ’n%lko@lhél&ﬂ(yl,
C3- C8al ke 8cyeal o I oal k Cl 7al kyl or C6-1
Oaryl - C17a%xkﬁ1 7atlPy é?ﬁ?k&ﬁ'amf’ﬁgﬁf bgalk%ﬁ;éﬁé ¥¥%ess according to any one
of the pwitteadorgnoalamirsum Wakdeofriotinga RERAAIXN @K, i s of fornula R7TR8MN3
el v%erem anc? hgrgré),rin e%%(r?crj]éntlerfrec'\)frnecr)rﬁabéﬁ/otr%rua Ikymcslaaf%enyl Cs.

scycloalkyl or Cg jparyl, preferably C, salkyl, and X is halogen,

to obtain the compound of formula (IV), or salt thereof,

such as an amine salt thereof,

ii) treating the compound of formula (1V), or salt thereof,
such as an amine salt thereof,
with an azide reagent to provide compound of formula (l).

4. A one-pot process for the manufacture of a compound of formula (1), or salt thereof,




67 R8 are, independently fromone another, Cl_7alkyl, C3-C8al kenyl,
C3_8cycl oal kyl, C3_ 8cycl oal kyl -C1_7al kyl or C8 10aryl-Cl_7al kyl,

pr ef er ablwoCGo1ifmhkagl , preferably, the azide reagent is @CE&EPO1QI0660HNI UM
azi de or dinethyl al um ni um azi de, nore_preferably diethylal um nium azi de.
10. The process according to claim4, 6dherei n the azi de reagent is of
formula R7TRBWN3, wherein Mis alumnium R7 and R8 are, independently from
one anot her, Cl 7alkyl, C3- CBal kenyl, C3_8cycl oal kyl,

C3_8cycl oal kyl -C1_7alkyl or C8_10Oaryl-Cl_7alkyl, preferably G _ 7al kyl, and
i s fornmecbmpristiggt u by adding a netal salt of hydrazoic acid to the reaction
m xture of step i whi conpri ses. a xcess anmount, preferably 2 or nore
equi val elﬁ{esal,chggfatch@pwrbcgafégrlmﬂﬁ? hﬁbﬁ{ﬁa@:h Hﬁarém ‘eagent of fornmula R5R6AI X, as
defined herein. 11. The process according to claim10, wherein the
organoal um ni um hal i de reagent of formula RS5R6AI X i s diethylalum nium

chl ori de apd rein the radical R for the conmpound of formula (Il1) is
benzyl, p-ireth&ybeozyR, allyl or propargyl, nore preferably, benzyl, allyl

or propar , preferably benzyl. 12. A conpound of forrmula (I11), or
salt thefeof N wherein R is benzyl, allyl, cinnanyl, prenyl or

pr opar gyl ﬁ\/ benzyl. 13. An amine salt of the conpound of
formula (

(1)

wherein R is Cy.7alkyl,

R1
* R1
R2 R1 *
/ * 3
/ _|=/\\>R3 o R \\
R? R? R* or R2

wherein R1 is hydrogen, C,.;alkyl, Cs.7alkoxy, Cs.scycloalkyl or Cs.q0aryl, each
unsubstituted or substituted by one or more, e.g. up to three, substituents selected from ,
halo, nitro, C4.;alkyl, halo- C4.7alkyl, C,;alkoxy-C4.7alkyl, Cs7alkoxy, halo-C,.,alkoxy, C.
salkoxy-C4 yalkoxy, halo-C, ;alkoxy-C,,alkoxy, C,,alkyl-C, ;alkoxy, halo-C, ;alkyl-C;.
-alkoxy; and

R2, R3 and R4 are the same or different form each other and are hydrogen, halo, nitro,
C,.7alkyl, C,alkoxy, Gz scycloalkyl or Ce jparyl, each unsubstituted or substituted by one
or more, e.g. up to three, substituents selected from , halo, nitro, C,_7alkyl, halo- C;.
zalkyl, Cq.7alkoxy-C.zalkyl, C.7alkoxy, halo-C.7alkoxy, Ci.zalkoxy-C..zalkoxy, halo-C.
salkoxy-C47alkoxy, Cy.zalkyl-C,.7alkoxy, halo-C4_zalkyl-C4.7alkoxy;

with an organoaluminium halide of formula R5R6AIX or R5AIX;

wherein R5 and R6 are, independently from one another, C,.;alkyl, Cs;-Cgalkenyl, Cs.
scycloalkyl or Ce_soaryl, preferably C,.zalkyl, and X is halogen,



14. Use of an organoal um nium halide of formula RS5R6AI X or RS5AI X2 wherein
R5 and R6 are, independently fromone another, Cl 7alkyl, C3-C8al kenyl, C3_
8cycl oal kyb 20r1/0862130aryl, preferably Cl _7alkyl, and X i Chaipegencdoal convert
an ester group into a free acid. 15. Use of an organoal um ni um hal i de of
formul a RGR6AI X or R5AI X2 wherein R5 8&d R6 are, independently from one
anot her, Cl_7alkyl, C3-C8al kenyl, C3_ 8cycloal kyl or C6_10aryl, preferably
Cl _7alkyl, .and X is hal i n roce for, the manufacture -of val sartan,
or "sai t BifERIG e cnnolgd SOl SRR R & (1V), or salt € hereof,

such as an amine salt thereof,

s

i) adding to the resulting reaction mixture of step i) an azide reagent

N

(IV);

to obtain the compound of formula (l).

5. The process according to any one of the preceding claims, wherein R is benzyl, p-
methoxybenzyl, allyl or propargyl, more preferably, benzyl, allyl or propargyl, most
preferably benzyl.

6. The process according to any one of the preceding claims, wherein the
organoaluminium halide is dimethyl aluminium chloride or diethylaluminium chloride,

preferably diethylaluminium chloride.

7. The process according to any one of the preceding claims, wherein R is benzyl and

the organoaluminium halide is diethylaluminium chloride.

8. The process according to any one of the preceding claims, wherein the azide reagent
is selected from a metal salts of hydrazoic azid, a salt of hydrazoic acid with an organic
base and an azide of formula R7R8MN; wherein M is boron or aluminium, preferably
aluminium, R7 and R8 are, independently from one another, C;.;alkyl, C;-Cgalkenyl, Cs.
scycloalkyl, Cs.scycloalkyl-C4_7alkyl or Ce.1oaryl-C4_zalkyl, preferably Ci.zalkyl.

9. The process according to any one of the preceding claims, wherein the azide reagent
is of formula R7R8MN; wherein M is aluminium or boron, preferably aluminium, R7 and
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R8 are, independently from one another, C,_7alkyl, Cs-Csalkenyl, Cs.scycloalkyl, Cs.
scycloalkyl-C.zalkyl or Ce q0aryl-C4.7alkyl, preferably C,.7alkyl, preferably, the azide
reagent is diethylaluminium azide or dimethylaluminium azide, more preferably

diethylaluminium azide.

10. The process according to claim 4, wherein the azide reagent is of formula R7R8MNj3,
wherein M is aluminium, R7 and R8 are, independently from one another, C.7alkyl, Cs-
Csalkenyl, Csscycloalkyl, Csgcycloalkyl-Cqalkyl or Ceqoaryl-C.7alkyl, preferably C,.
-alkyl, and is formed in-situ by adding a metal salt of hydrazoic acid to the reaction
mixture of step i), which comprises an excess amount, preferably 2 or more equivalents,

of the organoaluminium halide reagent of formula R5R6AIX, as defined herein.

11. The process according to claim 10, wherein the organoaluminium halide reagent of
formula RSR6AIX is diethylaluminium chloride and wherein the radical R for the
compound of formula (l1) is benzyl, p-methoxybenzyl, allyl or propargyl, more preferably,
benzyl, allyl or propargyl, most preferably benzyl.

12. A compound of formula (ll), or salt thereof,

wherein R is benzyl, allyl, cinnamyl, prenyl or propargyl, more preferably, benzyl.

13. An amine salt of the compound of formula (1V)
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(V).

14. Use of an organoaluminium halide of formula R5R6AIX or R5AIX,
wherein R5 and R6 are, independently from one another, Ci.zalkyl, Cs-Csalkenyl, Cs.
scycloalkyl or Ce_soaryl, preferably C,.salkyl, and X is halogen to convert an ester group

into a free acid.

15. Use of an organoaluminium halide of formula R5R6AIX or R5AIX;
wherein R5 and R6 are, independently from one another, Ci.zalkyl, Cs-Csalkenyl, Cs.
scycloalkyl or Ce soaryl, preferably C,.zalkyl, and X is halogen
in a process for the manufacture
- of valsartan, or salt thereof; or
- of a compound of formula (1V), or salt thereof,




