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The nature of hypertensive vascul ar diseases is nmultifactorial. Under
certain circunstances, drugs with different nmechani sns of action have

been conbi wetheoiesgeyer, just considering any conbi nati opr©@s0864d$710
havi ng di fferent nodes of action does not necessarily lead to

conbi nati ons wi th advant ageous effects. Accordingly, there is a need
for efficacious conbination therapy which does not have del eterious
side effects. Summary of the Inventiomin a first aspect t he present
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(r); (1w g C tlon of the solid, and drying sane to obtain the
dual - act Pget Q?Pp "agf”r%{‘fc’taé‘f:’r‘ij&{r‘?t{?éﬁ§°t8bt ai ning the dual -acting

conpound by exchangi ng the solvent(s) enployed in steps (i) and (ii)
by While substances, such as angiotensin receptor blockers and neufrai endopeptidase

inhibitors may be useful in the control of hypertension, essential hypertension is a polygenic
disease and is not always controlled adequately by mon_ofherapy. Approximately 333 million
adults in economically developed countries and about 65 million Americans (1 in 3 adults)
had high blood pressure in 2000 [see Lancet, Vol. 365, p. 217 {2005); and Hypértension, Vol.
44, p. 398 (2004)]. Prolonged and uncontrolied hypertensive vascular disease ultimately
leads to a variety of pathological changes in target organs, stich as the heart and kidney.
Sustained hypertension can lead as well to an increased occurrence of siroke. Therefore,
there is a strong need to evaluaie the efficacy oannti-hypertensive therapy, an examination.
of additional cardiovascular endpoints, beyond those of blood pressure lowering, to get
further insight into the benefits of cbmbined freatment.

The nature of hypertensive vascular diseases is multifactorial. Under certain circumstances,
drugs with different mechanisms of action have been combined. However, just considering
any combination of drugs having different modes of action does not necessarily lead to
combinations with advantageous effects. Accordingly, there is a need for efficacious

combination therapy which does not have deleterious side effects.

Summary of the Invention
!

In a first aspect, the present invention is directed to a dual-acting compound, such as a
- supramolecular complex, comprising:

{(a) an angiotensin receptor antagonist;
(b) a neutral endopeptidase inhibiter (NEPi); and optionally

(c) a pharmaceutically acceptable cation.



(iva) evaporating the resulting solution to dryness; (va)
re-dissolving the solid in a suitable solvent; (via)

preci pi t at ix@noefoskfe solid and dry| ng sanme to obtain thgtuabssaaihng
compound. The present invention is also directed to |inked pro-drugs
conprising: (a) an angiotensin receptor antagonist or a
pharmaceutically acceptable salt thereof; and (b) a NEPi or a

phar maceutical |y acceptable salt theuag)qc wherei n the angi otensin
recept or_ant agoni st .or .a phar utlc acceptahl e salt there
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the pharnaceuti cal I y acceptable salt of the angiotensin receptor

ant agoni st ar{@ dipeolviErs basic eqepasinehsf Galdn psuitablastalvent. pyheria CatHp @ calion;
Na, K or otensin receptor
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t he dual - act i(RPprecipiaidn &f theweit, aRd tRgWapleatBbiamitha HuslEPhEZonouhdier
pr esent |nven Lon referably, the angiotensin receptor antagonist is
sel ected frof'th Fﬁgfﬁr oup consi sting of val sartan, |osartan,
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salt t heheRPyvalpPeyeng il é%‘@vaf%%qr?ﬁm@&@ﬁhﬂﬁﬁmlw@mngﬁare?nv&- L-
phar mac emehgahmiye; qspﬁpiuﬁﬂéh?! SA-1-(1 hestRebl- Syl bifyReni Nﬁ'?hetﬁbﬂprﬂ)sphomc acid;
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ol ex e AE e Rt Ao PR Mrihcs B2 rbisa B Ik agon <t - (b a
neut r al pbecidgprepibnaiaide)thiadol-BiytcarbokNiERC], (Lz}Iﬁﬁ (j2tdiroethylH ty3-dioxolan-4-yl)-
methoxy)carbonyl)-2-phenylethyl)-L-phenylalanyl)-B-alanine; N-[N-[(L)-[1-[(2,2-dimethyl-1,3-
dioxolan-4-yl)-methoxy]carbonyl]-2-phenylethyl-L-phenylalanyl]-(R)-alanine; NIN-[(L)-1-
carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-alanine; N-[2-acetylthiomethyl-3-(2-methyl-
phenyl)propionyl]-methionine ethyl ester; N—[2—merca§tomethyl-S-(Z—methylphenyi)propionyl]-
methionine; N-{2(S)-mercaptomethyl-3-(2-methylphenyl)propanoyl}-(S)-isoserine;
N-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-( S)-2-methoxy-(R)-alaning;
N-[1-[1(S5)-benzyloxycarbonyl-3-phenylpropyllaminojcyclopentylcarbonyl}-(S)-isoserine;
N-[1-[[1(S)-carbonyl-3-phenylpropyl]lamino]-cyclopentylcarbonyl]-(S)-isoserine; 1,1'-[dithiobis- -
[2(S)-(2-methylbenzyl)-1-ox0-3,1-propanediyl]]-bis-(S)-isoserine; 1,1'-[dithiobis-[2(S)-(2- . _
methylbenzyl)-1-oxo-3,1-propanediyl]]-bis-(S)-methionine; N-(3-phenyl-2-(mercaptomethyl)-
propionyl)-(S)-4-(methylmercapto)methionine; N—[Z-_acetylthiomethy]-3~phenyl—p'ropionyl]-3-
aminobenzoic acid; N-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid;
N-[1-(2-carboxy-4-phenylbutyl)-cyclopentane-carbonyl)-(S)-isoserine;



(c) a pharmaceutically acceptable cation selected fromthe group
consisting of Na, K and NH4; said nethod conprising the steps of:

(1) dissol wiomwoasssaapgi ot ensi n recept or antagoni st and apdweud6@lo43710
endopeptidase inhibitor (NEPi) in a suitable solvent; (ii) dissolving

a basic conpound of Cat in a suitable solvent, wherein Cat is a
cation; (iii) conbining the solutions obtai ned In steps (i) and (H);
WO 2007/ 056546PCT/ US2006/ 043710 - 6 =5{iv) precipitation of the -
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(a) an angiotensin receptor antagoni st or a pharnaceutical

accept dblasesand agpsel Bigforeseptjjvantioteidirgpted tppharmaesstieal campesitedcept abl e
salt ther eofoonyyﬂ,gﬁgl n the angi otensin receptor antagonist or a
pharmaceutically acceptable salt thereof and the NEPi or a

phar maceut i dal e aferempntidried dealtactindhesrersiund e cdmbikaignisuch ab theki ng

moi ety; and gorementioned complex; and

(b) at least one pharmaceutically acceptable additive.

The pfesent invention is also directed to pharmaceutical cotﬁpositions comprising a iinked

pro-drug comprising:
(a) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof;
(b} a NEPI or a pharmaceutically acceptable salt thereof,

wherein the angiciensin receptor antagonist or a pharmaceutically acceptable salt
thereof and the NEPi or a pharmaceutically acceptable salt thereof are linked by a
linking moiety; and

(c) at least one pharmaceuticaily acceptable additive.

In a third aspect, the present invention is directed to a method of preparing a dual-acting

compound, in particular a supramolecular complex, comprising
{a) an angiotensin receptor antagonist; .
{b)} a neutral endopeptidase inhibitor (NEPi); and optionally

(¢} a pharmaceutically acceptable cation selected from the group consisting of Na, K
and NiH,;

said method comprising the steps of:

(i) dissolving an angiotensin receptor antagonist and a neutral endopeptidase
inhibitor (NEPI) in a suitable solvent; '

(i) dissolving a basic compound of Cat in a suitable solvent, wherein Cat is a cation,

(iii) combining the solutions obtained in steps (i) and (ii);



conprising adding a linking noiety and a solvent to a mxture of an
angi otensi n receptor antagoni st and a NEPi; and (d) isolating the

| i nked pr owdy4egosksuea fourth aspect, this invention is gifeghehiim a
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afore-mentioned linked pro-drug, preferably, the complex, to a subject in need of such
treatment.



(a) an angiotensin receptor antagonist; (b) a neutral endopeptidase
inhibitor (NEPi); and (c) a pharnaceutically acceptabl e cation

pref er abl y waplo@giRshsf rom t he group consisting of Na, K gagydiheoss My
2007/ 056546PCT/ US2006/ 043710 - 8 - The present invention is also
directed to a dual -acting conpound, in particular a supranol ecul ar
conpl ex, obtainable by: (i) dissolving an angi otensin receptor

ant agoni st and a neutral endopeptidaserinhibitor (NEPi) in a suitable
sol vent di ssol ving, a basic,_co und, of. such a
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solid in a suitable solvent; (via) precipitation of the solid
and drying saneto obtain the dual-acting conpound. The present
invention is further directed to |inked pro-drugs conpri sing:

Detailed Descripfion ,

The present invention relates to a dual-acting compound or combination, in particular a
supramolecular complex, or linked pro-drug or in particular a supramolecular complex of two
active agents with different mechanisms of actidn, namely an angiotensin receptor antagonist
and a.neutral endopeptidase inhibitor, which can form a unique molecular entity for the
treatment of patients with various cardiovascular and/or renal diseases.

One embodiment of the invention is directed to a physical combination comprising:
{a) a pharmaceutically acceptable salt of an angiotensin receptor antagonist; and
{b) a pharmaceutically acceptable salt of a neutral endopeptidase inhibitor (NEP);

wherein the pharmaceutically acceptable salt of the angiotensin receptor antagoenist and the
NEPi is the same and is selected from a salt of Na, K or NH,.

Speciﬁcat[y, it is preferred that the two active agents are combined with each other so as to
form a single dual-acting compound, in particular a supramolecular complex. By doing so, a
new molecular or supramolecular entity is formed having distinct properties different to the
above physical combination.

Thus, the present invention is directed to a dual-acting compound, in particular a-
supramolecular complex, comprising:

(@) an angiotensin receptor antagonist;
(b} a neutral endopeptidase inhibitor (NEPi); and

(c) a pharmaceutically acceptable cation preferably selected from the group
consisting of Na, K and NH,.



(a) an angiotensin receptor antagonist or a pharmaceutically
acceptable salt thereof; and (b) a NEPi or a pharmaceutically
accept abl ewgoh7dspaeeof ,  wherein the angiotensin recepi@qiyansRIEMS St
or a pharmaceutically acceptable salt thereof and the NEPI or a
pharmaceutically acceptable salt thereof are |linked by a |inking

noi ety. The two conponents are each linked to a |inking noiety
thereby creating a linked pro-drug. Rrgeferably, the |Iinked pro-drug
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i nvention, the term "conpound” Is Inten 0 ri be a chem cal
subst ance ‘coffigrfiredinigticosfdhesdlidbambidying tame td dteaih W Qlakbamg euinpbs@ld; ¥r
active agent gyorbdi6eARB and the NEPi nol ecul ar noieties, and _
non-coval ent i nteractions between these two pharnaceutically active
agents, the ARBnmgdhe dual-hEiPlg coripeand By exthhfingEBe sany@itﬁ?bwmmiq lSRGRN
bondi ng can ﬁ%%t@g{yved bet ween the two pharnaceutically active :
agents, the and-“the NEPi nol ecul ar noieties. lonic bonds can be

present bet wiet) dvaporatiig the reaflingReluden BRfhesd: the two
pharmaceutical |y active agents, the ARB and the NEPi nol ecul ar

noi eti es. O A& T yisealvigg thesalbissinrstitabls solsentpr esent wit hin t he

uay - acti ng LenTreasen oihesoid Sieting Etle e BLIE 8y BegRtid’ s
fol |l ows; éARB)-(L)m_(NEPi wherein L is a linking noiety, such as a
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I n ot her wor [ ety mnected vi _
non- coval ent ga?ioatr?g@ g@@?ﬁﬂggo%?g raggméhﬁ%tooﬁ %ﬁ%& Rg%%ﬁﬁﬁﬁﬁ%l??‘i?m?%oﬁﬂ“ thereof,
addi ti onal | y2®hey may be connected via a |inking noiety such as a

cation. In o q@@g% he.. d -act | ound may be consi dered
to be a Iinke Z apr 0- Irrgg’ﬁgrmvégfgr&é ay?f?ﬁ?pliabﬁ%?ﬁ&%ﬁ{et y, such as the
cation, |inkiwnhgreirhtee biglotehsin raptsr bbabdnist 3F b bHEMRBEMcaHy 2d28p1ARB <3 d
t he NEPi , fO{hg}% 4: edtﬁr&_ Er urga[ol{]a t hesuz ngents whi ch are rel eased once
the |inked pfg qr & % F b% REErAceUlR raﬁt&p_table.sal’c thereof are linked by a
linking moiety. :
The two components are each linked to a linking moety thereby creating a- linked pro-drug.
Preferably, the linked pro-drug is substantially pure; as used herein, "substantially pure"
refers to at least 80%, more preferably at least 95% and most preferably at least 98% purity.

As one preferred embodiment of the present invention, the linked pro-drug has a structure

such that by linking the two components with the linking moiety, a supramolecular complex is
formed. '

For the purpose of the present invention, the term “dual-acting compound” is intended to
describe that these compounds have two different modes of action in one compound, one is



In a preferred enbodi nent, the dual -acting conmpound is a conplex, in
particul ar a supranol ecul ar conpl ex. For the purpose of the present
i nventi on, wid®od@ks " supr anol ecul ar conpl ex” is int end%ﬂ&ﬂ&m&@e
an interaction between the two pharmaceutically active agents,
cations and any other entity present such as a solvent, in partl cuI ar
wat er, by neans of noncoval ent, internolecul ar bondi ng between them
This interaction | eads to an associ atign of the species WO
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such as rﬂ?)%l S $Sokay van der Waals forces and 7C-7C st acki ng.

| oni ¢ bonds can al so be present. Preferably, there exists ionic
bondi ng and additionally hydrogen bonding to forma network of
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active agents, the cation and an Fﬁé) y)e_ hf present, preferably
water. The cation is preferably co a( i ed to several oxygen
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conpri S%ﬁklﬁ? m&éf}eéﬂcﬂrasrgqag&y of an angi otensin receptor antagonist.
Thi's neans that a nolecular noiety derived froman angiotensin -
receptor antagonist is participating in the build-up of the

dual -acting conpound. The angi otensin recept or antagonist is part of

the comQuRdARLHiRRANER RS- écgné E&n%d'rﬁ'ﬁav ?Qidgjefi &L bd ¥ i¥ed pro-drug,

indirectly via non-coval ent bonds conveni ence
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wi t hout Ilnltatlon, val sartan, |osartan, irbesartan, telm sartan,
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elisart with the designation E-1477 of the foll ow ng
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formul a : :
For the purpose of the present invention, the term “supramolecular complex” is intended to

describe an interaction between the fwo pharmaceutically active agents, the cations and any
other entity present such as a solvent, in particular water, by means of noncovalent,
intermolecular bonding between them. This interaction leads to an association of the species



N NNH \/ N=N and the conpound with the designation the conpound
ZD- 8731 of the following formula WD 2007/056546PCT1US2006/ 043710 -

12 - COOH woHohaRkasangi otensin |1 receptor antagoni st @mzbd&@hyfq@s,
but is not limted to, saralasin acetate, candesartan cilexetil,

CGP- 63170, EMD-66397, KT3-671, LR-B/ 081, val sartan, A-81282,
Bl BR- 363, BI BS-222, BMs-184698, candesartan, CV-11194, EXP-3174,
KW 3433, L-161177, L-162154, LR-B/05710LY-235656, PD- 150304, U 96849,

pot asst B 17 eI ES 8 ol Bimale sXhex o/ st 5RG Hure o

L- 159284 sc®821, SL-91. 0102, Tasosartan, Tel misartan, UP-269-6,
YM 358, CGP-49870, GA-0056, L-159689, L-162234, L-162441, L-163007,
PD- 123177, A-81988, BMs-180560, CGP-38560A, CGP-48369, DA-2079,

DE- 3489, ThRuBndddlenEXRri&8suldrdndide ean @@ﬁﬁ%ﬁac&%@ﬁrﬁ thESR-to A0
FK-739, HR-720, 1Cl-D6888, |Cl-Drl155, |1CI"-D8731, 1soteollne, .

KR! - 117FUch supsgBelecularcpmglsxes, suchasmrimgen Rogdiag, vap yerd8Bads forces and n-n
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invention can be purchased from comercial sources or can be prepared
according to known net hods. ARBs may be used for purposes of this

i nvent i @Ppibaly! A€ dlaildcBey éd?ﬁ;fﬂun@,% BEribular the supramolecular complex shows

properties such as melting point, IR spectrum etc. that are different from a physical mixture of
the species.

Preferably, the dual-acting compound, in particular the supramolecular complex, has a
network of non-covalent bonds, in particular hydrogen bonds, between the two
pharmaceutically active agents ‘and aﬁy solvent, if. present, preferably water. Moreover, it is
preferred that the dual-acting compound, in particular the supramolecular complex, has a
network of non-covalent bonds, in particular ionic and hydrogen bonds, between the two
pharmaceutically active agents, the cation and any' solvent, if present, preferably water. The
cation is preferably coordinated to several oxygen ligands, thus, providing a linkage between
these oxygen ligands. The oxygen ligands come from the carbonyl and carboxylate groups
present in the two pharmaceutically active agents and preferably also from any solvent, if
present, prefer‘ably.water.

The dual acting compound comprises a molecular moiety of an angiotensin receptor
anta_gonist. This means that a molecular moiety derived from an angiotensin receptor
antagonist is participating in the build-up of the dual-acting compound. The angiotehsin
receptor antagonist is part of the compound and connected to the NEP inhibitor directly or
indirectly via non-covalent bonds. For sake of convenience, throughout the application, the
term "angiotensin receptor antagonist’ will be used when describing this part of the
compouind. Angiotensin receptor antagonists (ARBs) suitable for use in the present invention



as in any suitable salt or ester form Preferred salts fornms include
acid addition salts. The conpounds having at | east one acid group
(e.g., COORPhomskfkrazolyl) can also formsalts with b@(ﬁ%zeﬁ}dhﬁﬂp' e
salts with basesb WO 2007/ 056546PCT/ US2006/ 043710 - 13 - are, e.qg.
metal salts, such as alkali netal or alkaline earth netal salts,

e.g., sodiun1 pot assium cal ciumor magnesium Salts, or salts mﬁth
anmoni a or an organi c am ne, such as- nb¥pholine thionDrphoIine
plperldmﬂﬁﬁeRMﬂﬁﬂ kriitiEn, VI k- al kyl ami ne, e.g.
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e.g., masggnatich £- m‘rﬂoﬂhqunm}%lfgm Corresponding internal salts
may furthernore be formed. Sal'ts v'\'}r?ch are unsuitable for

pharmaceuti cal uses but which can beg_enployed, e.g., for the

isolation or purification of frends | or their

phar maceutical | y acceptabl e sal are/al so i ncluded. Even nore

preferred salts are, e.g., selegledifromthe nono-sodiumsalt in

anor phous form di-sodign}séRQ/g$my€¢sa?tan i n anor phous or

crystalline form especially in hyratm t hereof . Mono- pot assi um
di/- pot\a

salt of valsartan in anorphous for salt of val sartan

i n anor phous or crystalline form espedj.alfy i K drate form

thereof. Calciumsalt of valsartan in crystallipe form especially in
hydrate form primarily the tetrahydrate thereof; mnmagnesiumsalt of
val sartan in crystalline form especially innN#drgye form primrily
t he hexahydrate thereof; caIC|un1nagneS|un1n1ked!salt of valsartan in
crystalline form especially in hydrate form 3T 8- dlethylannnnlum
salt of valsartan in crystalline form especially in‘hydrate form

bi s- di phepghpeumdivitiiths aédigrefion BCERUEREF the fhbYiRk Rbrhdule T or m
especially in hydrate form bis-di butylamoniumsalt of valsartan in
crystalline form especially in hydrate for rimarily the

hem hydrate thereof; nono-Larginine f val sartan in anorphous
form bis-L-arginine salt of an i n anorphous form

nono- L-1ysi ne salt OthégLQEL;db'l anor phous form bis-L-lysine salt
of valsartan in anorp n1r$ﬁeferab|y when preparing the

dual -acting conpound, in parti cul s gcording to the
present invention, the free formod B . In a preferred
enbodi ment of this invention, the angiots ecgpt or bl ocker used
in the conbination or conplex of the present vention is.Val sartan

2007/ 056546PCT/ US2006/ 043710 - 14 - o H3CCH§{

and

the compound with the designation the compound ZD-8731 of the following formula



Val sartan may be in the racemic formor as one of the two isoners
shown below H CCH \ H/ 0C 112 | HCC\ C\ / / H\ c CNCOOH H, H,

H, CCH, WO 2007/056546 PCT/US2006/043710

ok
®

N “NH
\
N=N

Suitable angiotensin [1 receptor antagonist also includes, but is not limited to, saralasin
acetate, candesartan cilexetil, CGP-63170, EMD-66397, KT3-671, LR-B/081, valsartan,
A-81282, BIBR-363, BIBS-222, BMS-184698, candesartan, CV-11194, EXP-3174, KW-3433,:
L-161177, L-162154, LR-B/057, LY-235656, PD-150304, U-96849, U-97018, UP-275-22,
WAY-126227, WK-1492.2K, YM-31472, losartan potassium, E-41 77, EMD-73495,
eprosartan,. HN-65021, irbesartan, L-159282, ME-3221, SL-91.01 02, Tasosartan,
Telmisartan, UP-269-6, YM-358, CGP-49870, GA-0056, L-159688, L-162234, 1-162441,
L-163007, PD-123177, A-81988, BMS-180560, CGP-38560A, CGP-48369, DA-2079,
DE-3489, DuP-167, EXP-063, EXP-8155, EXP-6803, EXP-7711, EXP-9270, FK-739,
HR-720, ICI-D6888, ICI-D7155, IC1-D8731, isoteoline, KRI-1177, L-158809, L-158978,
L-150874, LR B087, LY-285434, LY-3022889, LY-315995, RG-13647, RW.J-38970,
RWJ-46458, S-8307, $-8308, saprisartan, saralasin, Sarmesin, WK—1360, X-6803, ZD-6888,
ZD-7155, ZD-8731, BIBS39, CI-996, DMP-811, DuP-532, EXP-929, 1.-16301 7, LY-301875,
XH-148, XR-510, zolasartan and PD-123319.

Also included within the scope of this aspect of the invention are combinations of the above-
identified ARBs.

ARBs to be used for preparing the combination or complex in accordance with the present
invention can be purchased from commercial sources or can be prepared according to
known methods. ARBs may be used for purposes of this invention in their free form, as well
as in any suitable salt or ester form.

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
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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
moerpholihe, thiomorpholine, piperidine, pyrrolidine, a mona-, di- or tri-lower élkylamine, eg.,
ethyl-, tert-butyl-, diethyl-, diisopropyl-, triethyl-, tributyl- or dimethylpropylamine, or a mono-,
di- or trihydroxy lower alkylamine, e.g., mono-, di- ortri-ethanolém_ine. 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.

Calcium salt of valsartan in crystalline form, especially in hydrate form, primarily the
tetrahydrate thereof; fnagnesium salt of valsartan in crystailine form, especially in hydrate
form, primarily the hexahydrate thereof; calcium/magnesium mixed sait of valsartan in
crystalline form, especially in hydrate form; bis-diethylammonium salt of valsartan in
crystalline form, especially in hydrate form; bis-dipropylammeonium sait of valsartan in
crystalline form, especially in hydrate form; bis-dibutylammonium salt of valsartan in
cryétalline 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 amorphoqs
form; mono-L-lysine salt of valsartan in amorphous form; bis-L-lysine salt of valsartan in
amorphous form.

Preferably when preparing the dual-acting compound, in particular the complex according to
the present irvention, the free form of the ARB is used.

In a preferred embodiment of this invention, the angiotensin receptor blocker used in the )
combination or complex of the present invention is.Valsartan the molecular structure of which
is shown below '



. H3c, N/H\COOH H2 H A H HNN\/ preferablyN = N Val sartan
((S)-Nvaleryl-N-{[2'-(1H tetrazol e-511) - bi phenyl -4-y1] -nmet hyl}-valin
e) used acgRrRhM@sLp the present invention can be purc%z{!‘(ﬁs@g@n
comer ci al sources or can be prepared accordi ng to known mnetho s.‘kor
exanpl e, the preparation of valsartan is described in U S. Patent No.
5,399,578 and EP 0 443 983, the entire disclosure of each of WO
2007/ 056546PCT/ US2006/ 043710 - 15 - which is incorporated by

ref erence herein. Val sartan may be.used!jgr pugggses of this
invention inits free acid form as wepl “asJ y suitable salt

form Additionally, esters or other defivatijves of the carboxylic
groupi ng may be applied fofs%he t is lin pro-drugs, as’
wel | as salts and derivatives of thé tetrazol €)fgroupi ng. Reference to
ARBs includes reference to pharnmaceuticaljly acgeptable salts thereof.
Preferably, the ARB is a diproticeacrd hus, The angi otensin _
receptor bl ocker has a charge of r 2 depending on the pH of the.
sol ution.
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Valsartan ((S)-N-valeryl-N-{[2'-(1 H—tetrazole-5-y|)~biphenyl-4—yl]-methyl}—\ialine) used
according to the present invention can be purchased from commercial sources or can be
prepared according to known methods. For example, the preparation of valsartan is |
described in U.S. Patent No. 5,399,578 and EP 0 443 983, the entire disclosure of each of



In the conbination of the present invention, the ARBis in the form
of a pharmaceutically acceptable salt selected fromNa, K or NH4,

pr ef er abl yw%azooﬂ_d%{ssﬁﬁi ncl udes both the nono- and di-sal tPccP}UserEb%t%%no
cations, preferably the di-salt. In particular in the case o

val sartan this neans that both the carboxylic acid noiety and the
tetrazole noiety formthe salt. In the dual-acting conpound, in
particul ar the supranol ecul ar conpl ex4®f the present invention,

typically. the free formof the ARB is enployed in the preparation and
the cat i%’ﬂﬁthds @ﬁ%’@P'@ée‘{ﬁ’ye@Eﬁﬁ?mPﬁ‘ef% \EhRpeR Ay Used I peeeseRofliys ng a
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moi ety of a neutral .endopeptidase.inhi or.. This neans f a

ol coul AP BN R Y FRar ol SO Ay b ARIgR f S BUEAIoB THGE PI

parti ci platgsngs well ashealiband detiyatiods df e tdinolearbuping. CRefpRuEso ARBS includes

neutr al %@%9&2’2’% das S PiaEch aibﬁesggéhu ﬁefo the conpound and connected
°F et i f S

to the A y or | rectly vi oval ent - bonds. For sake of
conveni ence, thro:i%iho_ut the application, the term"neutral
endopepttirefarsaly; hriARE isedipipli adie Theisdhamegiotgesia redspiegblpties hpma thasge

t he conpeuntar Nedpehdihg BRERPSPL iH@SSutlophi bitors suitable for use in
the present inventi ongi ncl ude those of formula (1) R2 a R30

HS- CH2- cal Ny --."  -(CHR)Yn-¢c(I) , erejn R2 is al kyl of 1-7
oar bons W VEPTEBRHIRHYR brebra e o e ARAIE S TR ey e ShechesrStcaly
4- pheny lagcaptable EHielectenl frons Nb K bit Nitle drefsrarly Na. RBisiiscliued bothans mahddnd
of 1-7 ca ' 2d. P - 1 ta 4-phenyl or
2oy 1 T s Rt o2t b LB cuier b e o O VBB i
or NH2; thaphopthdlyyrabesic s Moshoas) tha Bragole mbiety fonmitlse sait. i nt eger from
1-15; _ ' '
In the dual-acting compound, in particular the supramolecular complex of the present
invention, typically the free form of the ARB is employed in the preparation and the cationic
species present in the complex is introduced by using a base, e.g. (Cat)OH.

The dual acting compound comprises a molecular moiety of a neutral endopeptidase
inhibitor. This means that a molecular moiety derived from a neutral endopeptidase inhibitor
is participéting in the build-up of the dual-acting compound. The neutral endopeptidase
inhibitor is part of the compound and connected io the ARB directly or indirectly via non-
covalent bonds. For sake of convenience, throughout the application, the term “neutral
endopeptidase inhibitor” will be used when describing this part of the compound. Neutral
endopeptidase inhibitors suitable for use in the present invention include those of formulé (n

Rz o - R

H8 ——CH;—CH——C—NH—CH——(CHz)y—C—Ri ¢

wherein

Ry is alkyl of 1-7 carbons, trifluoromethyl, phenyi, substituted phenyl, -(CH,)1 to 4-pheny],
or ~(CH,)1 to 4-substituted phenyl;

Rs is hydrogen, alkyl of 1-7 carbons, phenyl, substituted phenyl, -(CH,)1 to 4-phenyl or
-(CH2)1 to 4-substituted phenyl;

Ry is hydroxy, alkoxy of 1-7 carbons or NH,;



and the term substituted phenyl refers to a substituent selected from
| ower al kyl of 1-4 carbons, |ower al koxy of 1-4 carbons, |ower

al kyl t hi o @lg JhpAusgagbons, hydroxy, d, Br or F. Pr eferd(ﬁdusﬂﬁdéh.lﬁho
endopept i dase inhibitors of formula (I) i ncl ude conpounds, wherein R2

is benzyl; R3 is hydrogen; nis an integer from1-9; and Rl is

hydr oxy. Anot her preferred neutral endopeptidase inhibitor is

(3S,2' R -3-(1[2"' - (et hoxycar bonyl) - 41-16-
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H- 1- benzazepi ne-1- acetic ‘acid or a pharmaceutically acceptable salt
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WO 2007/ 056546PCT/ US2006/ 043710 -18
propi onyl am no) - 2- net hyl - pentanoic acid ethyl ester of formula (I1)

or the respechi drolysed form PCT/US2006/043710
5- bi pheny14-y1‘-n\é{f-%?%¥car boxy- propi onyl am no) - 2- et hyl - pent anoi ¢ aci d.
The conpound of fornmula (11) can exist as the (2R 4S), (2R 49),

(2R, 4S) or (2R, 4S) isomer. Preferred is _
(2R, 49) - 5- bi pheny14-y1- 5- ( 3- car boxy- ptopi onyl ami no) - 2- et hyl - pent anoi

d £ S, The conpoun formula (11) is a
poct 11 oo Bl R e e 2 PR AT O pat ent o,
5,217, 9@Be“M'Wroﬁiafﬁﬁfﬁiéo)ﬁlﬁzeh&sbdbbxsémadmp(md(aE—dif@eth%ﬂe{fsB mbxcﬁsamilyl?t) ay
t oun
AL s T ) A T e A,
in any dui %“aml%'l &)-methoxdsarbenyilel- nhlenylethizﬂ)-l_-pﬁénﬁélemapw atdnmewiR i's fra]l
L . . ApS
AR o ot
i nventi 8 W“ﬁ n\EpiopiegylRethipaine githyl @ﬁteFaNﬂmmnetwaI-Q accept abl e
sal t semmeﬁylmmyu%eﬂﬂorhw,N~[@(9frﬁér@$&a!mé{ﬂ X d-(}-%%‘tﬂwﬂh@w&%éér[wu-
conpoun arti rarml ecul ar n
i nvent i g‘?‘?"'s? B?%zﬁ f%’f-[fﬁigrqap QOWﬁﬁhéSlPh?WQP'NEPPYU Srenpeibged(R)alanine;
pr epar atHo[145)ebenndoxyedrboni-6-phpeeirepylafR Yt ob&htl I BAbGRINERKodetine:
intr odug;\ﬁ[qi [HYS)L&%FMW% B%%?lproﬂaq‘?a ino}-cyclopentylcarbonyl]-(S)-isoserine; 1,1'-[dithiobis-
[2(S)- (2~methylbenzyi) 1-0x0-3,1- propanedzy!]]—b:s—(S) -isoserine; 1,1’ [dzthtobls-{2(8) ~(2-
methylbenzyl)-1-oxo-3,1-propanediyi]]- p;s-(S)—meth:onlne, N-(3-phenyl-2-(mercaptomethyl)-
propionyl}-(S)-4-(methylmercapto)methionine; N-[2-acetylthiomethyl-3-phenyl-propionyl]-3-
aminobenzoic acid; N-[2-mercaptomethyl-3-phenyl-propionylj-3-aminobenzoic acid;
N-[1 —(2-carboxy-4~phénylbuty[)-cyclopemane—carbonyl]-(S)-isoserEne;
N—[1-(acetylthiomethyl)cyclopentane-carbonyl]-(S)-methionine ethyl ester;
3(S)-[2—(acetylthiomethyf)-3-phenyl-propionyl}amEmo-a—caprolactam; N-(2-acetyithiomethyl-3-
(2-methylphenyl)propionyl)-methicnine ethyl ester; and combinations thereof.

Neutral endopeptidase inhibitors can be purchased from commercial sources or can be
prepared according to known methods, such as those set forth in any of U.8. Patent

No. 4,722 810, U.S, Patent No. 5,223,518, U.S. Patent No. 4,610,816, U.S. Patent No.
4,929,641, South African Patent Application 84/0670, UK 69578, U.S. Patent No. 5,217,996,
EP 00342850, GB 02218983, WO 92/14706, EP 00343911, JP 06234754, EP 00361385,
WO 90/09374, JP 07157459, WO 94/15908, U.S. Patent No. 5,273,990, U.S. Patent No.
5,294,632, U.S. Patent No. 5,250,522, EP 00636621, WO 93/091 01, EP 00590442, WO
93/10773, U.S, Patent. No. 5',217,996, the disclosure of each of which is incorporated by
reference. Neufral endopeptidase inhibitors may be used for purposes of this invention in
their free form, as well as in any suitable salt form. Reference to neutral endopeptidase
inhibitors includes reference to pharmaceutically acceptable salts thereof.

Additionally esters or other derivatives of any carboxylic grouping may be applied for the
synthesis of linked pro-drugs, as well as salts and derivatives of any other acidic grouping.
In a preferred embodiment of this invention, the NEPI is 5-biphenyl4-yl-5-(3-carboxy-



The dual acting conpound preferably conprises non-coval ent bonds
between the ARB and the NEPi. Alternatively or in addition, it
optional | yweoapldseRs a |inking noiety such as a pharnaqgg%mﬁﬁkhmww
acceptabl e cation. The linking noiety includes, but is not limted
to, generally regarded as safe (GRAS) conpounds or ot her

phar macol ogi cal | y acceptabl e conpounds. The |inking noiety may be an
ion or a neutral nolecule. In the casg8wherein the linking noiety is

an i on phwidnyrkfch) Qﬁﬁe‘cﬁﬁl%@nt‘aﬁox@agjﬁleihy%ge%?&@peg a?rr%#f%;&gn%.@' ety is a

neut r al qﬁlecu £ 1S a co- Y€ bei ng
bound b{¥ HWS%AanméLH'Piﬁenxlﬁéﬁgﬁ catrbme:mdorwfqmncu)rzamemm femeandieBicand
NEPi donate a proton to the basic linking noiety such that all three
conponents then beconme united to formone nol ecwe. When the |inked
pro-drug is ingested by the sii:ect intended to/be treated the nore

acidic nature of the ingestiof environnment catr the |inked pro-drug
to separate into individual cohlponentsOgoncgnitat with ingestion and
absorption and therefore be converted in active agents to provide
their beneficial biological .gef\on to trgat the intended di seases. In
the case of a linked pro-drug saj} &Mdual - acting conpound, the
i nking noiety or the cation, gegspectively, is preferably a
positively charged nono-, di- @ i -xal ent cation, an organi c base
or an amno acid. Preferred ca (Cat) both for the linked
pro-drug in general and the dua /,ting conpound, in particular the
conpl ex are basic catig wore preferably netallic cations.
Preferred netallic cati nclude, but are not limted to Na, K, Ca,
My, Zn, Fe or NH4. -Ami ne b&ses and salt formng aﬁﬁnts may al so be
enpl oyed, such as benzat hi ne, hydrabam ne, ethyl eNedi am ne,

n- n- di d%{/)I-eth Ienedlanlne Largi ni ne, chol i ne hydroxide,

N- et hy1NSFOTPRHIS &7 Tormayfliy Aamest a8 they @RAS), @RS HZRAE) n0@RNXS) tomer.

S e e
n

Thr onet I'ne acetanldophenol 2-am no-2-net hyl -1, 3-
propanedi ol , 2-ani no-2- net hyl - propanol , benzyl am ne, cycl ohexyl ani ne,
diethanolanine, et hanol am pe inidazole, pi perazi ne and
triethanol am ne. Mst pref y, the cation is Na, K or NH4, such as
Na. In one enbodi nent Ca is_preferred. In the case of a |linked
pro-drug co-crystal, the I|nk|ng gty is may also be a neutral

nol ecul e whi ch provi des hydrogen pi ng functionality. In one

enbodi ment, the |inked pro-drugs of” thrs inyention are represented as
set forth belom/ wherei n schene (1) and (2) Jrepresent a salt and

schene (3) represents a co-crystal: HN schene (1) NePi *
XaYbe ARBschene (2) NEPi Zc ARBsche (3) ereln Xis Ca, My, Zn

or Fe; ol (/
HO

0

-

The compound of formuia (I1) is a specific inhibitor of NEP and is described in U.S. Patent’
No. 5,217,996. It ¢can be purchased from commercial sources or can be prepared according

to known methods. The compound of formula (11} may be used for purposes of this mventlon
in its free form, as well as in any suitable salt or ester form.



Yis Na, Kor NH4; Zis a neutral nolecule; and a, b and c reflect
the stoichionmetry of the linked pro-drug, preferably, a, b and c are
a val ence @fp hgrosésagor 3+. For the |inked pro-drugs of sehemssmudho
and (2), above, preferably the NEPi is a nonoprotic acid and ARB is a
di protic acid. The angi otensin receptor blocker has a charge of 0, 1
or 2 and the NER has a charge of 0 or 1 depending on the pH of the
solution, while the overall nolecul etd-l| be neutral. Ratios of ARB
to NEPI r.e or
1: 3, mi;ﬁ(%épr%bel glreé%Er;Pr |s1-a %onf%ﬁ‘t a%rlehlgsnéhret&%%rlr{ag cfhgfgt@t&lfﬁorl‘l Eiepe'ndﬁﬁ
zinc an@l@alpﬁﬁmm@obeen reported in the Irterature e.g., Chem
PharmBul |, Vol. 53, p. 654 (2005). These ions require a coordr nation
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- Val sartan conprises two acidic groupings: the carboxylic acid and
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- 22 - [ARB(NEPQ Nal-30 xH20, wherein x is 0, 1, 2 or 3, such as 3,
preferably [ ARB(NEPOThl as xH20, wherein x is 0, 1, 2 or 3, such as

3, nore pr§ val sartan S2 061043710
((2R 49) IO5 E’?‘Bﬂ%ﬁ[zﬁ y1l-5-( 3-car boxy- propi onyl am no) - 2- ma{% ? pent ano

ic acid ethyl esterNa3 x H20, wherein x is 0, 1, 2 or 3, such as 3.
Thus in a preferred enbodi ment of the present invention, the
dual -acting conpound, in particul ar tpeg. supram)l -ecul ar conplex is

wh 0t
3. cuch T2 AP B Bk AR B R e BT PR Ao s 5,

such as pgopgnedmtr am@f—%m&tﬁyypropano[ benzy!amme cyclohexyiamlne diethanolamine,

N- val e henyl-4-yll-nethyl}-vali ne) ‘
Eg bi ph%&lﬁﬁfzyﬂdez n(:!i:ﬂ‘ofe Pg%égapgrag%%ée%lhfg lﬁw{be}/ 2- met hyl - pent anoi ¢ aci d
et hyl in particular R(S)-

N val er yOSF\}J N[%?bh( iﬂﬁrqaé?m I8z 0R.eK 5t NH), suthpariy: In dng aibetimgitiGada prefered.
((2R, 4S) - 5- bi phenyl14-y1-5-

(3- car bbxihepaspofaripkedproakud cdverdy ki, tfﬁ%ﬂklﬁ@moﬁéﬁﬁn%ngq[y%%eefré%] Na3  x
wh

exanpl o sl P@%"’Goes%lysPﬁsab??ff'%@mmnﬁ@y

((1S 3R -1- bi pheny1-4-yl met hyl- 3- et hoxycar bonyl - 1- but yl car banoyDpr opi

onat e- ( $) 1P evRadimant the finked arogrug bk this étveatnl aréfgdrﬁeﬂﬁehla@fs@ﬂfﬁﬁh Belo\wl m

t t of
r i“Z'oé?%@’?ﬁ“ﬁ*?*{*‘éééﬁéa”??%ﬂf%ﬁ%%@?%@% %@ e TBLERs S b

but yl car banoyl ) pr opi onat e-Nep;»Xze noyl{2"-(tetrazol - 5-
yl a%/e) bi phenyl-41- yl met hyl | am no) yrat S] ﬁ‘ﬁmhgent ahydrate used to

formal |y cal cul ate the relndr; VRa7B R8H! ar JTBSSe (2 s shown below. WO"
20071056546PCT/ T. 152006/ 043710 - 23 - ‘

NEPi e Zce ARB scheme (3},

wherein
Xis Ca, Mg, Zn or Fe;
Y is Na, K or NH4;

Z is a neutral molecule: and

a, b and c reflect the stoichiometry of the linked pro-drug, preferably, a, b and ¢ are a
valence of 1%, 2* or 3*.

For the linked pro-drugs of schemes (1 ) and (2), above, preferably the NEPi is a monoprotic
acid and ARB is a diprotic acid. The angiotensin receptor blocker has a charge of 0, 1or2
and the NEPi has a charge of 0 or 1 depending on the pH of the solution, while the overall
molecule will be neutral. Ratios of ARB to NEPi will be 1:1, 1:2, 1:3, 3:1, 2:1, 1: 1, preferably
1:1, 1:2 or 1:3, most preferably 1:1.

Multi-componént salts, particularly with zinc and calcium have been reported in the literature
e.g., Chem Pharm Bull, Vol. 53, p. 854 (2005). These ions require a coordlnation geometry
that facilitates the crystallization of multi-component systems. The metal ions have
coordinating geometries governed by the atomic orbitals for each species
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I nter Vahj%fecu!e of active agent. If the dual-acting compound, in particular the complex is in the
crystaliine form, the solvent may be part of the molecular packing and be trapped in the
crystal lattice. ‘

Thus in a preferred embodiment of the present invention, the dual-acting compound, in
particular the supramolecular complex is described by the sum formula:
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o Measured ". -calculated 20 'nil ' Intensity :
[ARB(NEF’I)]Nm 5 © XH,0, wherein x is 0 to 3, such as 2.5, preferably

[ARB(NEP)]Nag o xH:0, wherein x is 0 to 3, such as 2.5, more preferably

[(N-valeryl—N—{[2'—(1H—tetrazoie-s-yi)—biphenyl—4-yl]—methyl}wafine) (6-biphenyl4-yi-5-(3-
carboxy—propionylamino)-2~methyi—pentanoic acid ethyl esteriNa; o x H,0, in particular {{S)-
N—valery[-N—{[Z'-(‘lH—tetrazo1e-5—yl)-biphenyi'-4-y|}~methyl}~vaIine) {((2R,45)-5-biphenyl4-yl-5-
(3-carboxy—propionylamino)—2-methy| -pentanoic acid ethyl esteriNa; o x H.0, wherein x is 0
to 3, such as 2.5. In this most preferred example, the complex is termed trisodium [3-

{15, BR) ‘I-brphenyl-4-ylmethyl-3-ethoxycarbonyl 1-butylcarbamoyl)propionate-(S)- 3’-methyl-
2'-(pentanoyl{2"-(tetrazol- -5-ylate)biphenyi- -4'-ylmethyl}amino)butyrate] hemipentahydrate.

A simpilified structure of trisodium [3-((15,3R)~1 -biphenyl-4-ylmethyl—3-ethoxycarbonyl-1-
butylcarbamoyl)propionate—(S)-3’-methyl-2’-(pentanoyl{2”-(tetrazoI~5-ylate)biphenyl-4'-
yimethyllamino)butyrate] hemipentahydrate used to formally calculate the relative molecuiar
mass, is shown below.
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Valsartan comprises two acidic groupings: the carboxylic acid and the tetrazole. In one
embodiment of this aspect of the present invention, the molecular structure of the dual-acting
compound, in particular, the complex, of valsartan and a NEPi comprises an interaction
between the carboXyIEc acid and the cation, such as Na, or the solvent, such as water, or a
finkage between the tetrazole grouping and the cation, such as Na, or the solvent, such as
water. In yet another embodiment, the dual-acting compound, in particular, the complex,
comprises an interaction between the valsartan carboxylic acid grouping, the tetrazole
grouping or the NEPi grouping and the cation, such as Na, or the solvent, such as water.

The combination or dual-acting compound, in particular, the complex, of the present
invention is preferably in the solid form. In the solid state it can be in the crystalline, partially
crystalline, amorphous, or polymorphous form, preferably in the crystalline form.

The dual-acting compound, in particular, the complex, of the present invention is distinct from
-a combination of an ARB and a NEPi obtained by simply physically mixing the two active '
agents. Thus, it can have different properties that make it particutarly useful for
manufacturing and therapeutic applications. The difference of the dual-acting compound, in
particular, the complex, and the combination can be exemplified by the dual-acting
compound of (S)-N-valeryl-N-{[2'-(1/-tetrazole-5-yl}-biphenyi-4-yl}-methyi}-valine and

(2R 48)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester
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which is characterized by very distinct spectral peaks and shifts that.are not observed in the
physical mixtura.

Specifically, such a dual-acting compound is preferably characterized by an X-ray powder
diffraction pattern taken with a Scintag XDS2000 powder diffractometer using Cu-Ka
radiation (lamda=1.54056 A) with a Peliier-cooled Silicon detector at room temperature

- (25degree C). Scan range was from 1.5degree to 40degree in 2 theta with a scan rate of
3degree/minute. The most impartant reflections in the X-ray diffraction diagram comprise the
following interlafiice plane intervals;

The preferred characterization of trisodium [3-((1S,3R)-1-biphenyi-4-yimethyl-3-
ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3’-methyl-2'-{pentanoyl{2”-(tetrazol-5-
ylate)biphenyl-4’-yimethyl}amino)butyrate] hemipentahydrate is obtained from the interlattice
plane intervals d of the ascertained X-ray diffraction diagrams, whereby, in the following,
average values 20 in [°] are indicated {(error limit of £0.2) '

4.5,6.5, 8.6, 9.9, 12.8, 16.7, 17.0, 17.1,17.2, 18.3, 18.5, 19.8, 21.5, 21.7,23.2,23.3, 24.9,
25.3, 27.4, 27.9, 28.0, 30.2.

or with an error limit of +0.1:

4.45, 5.52, 5.57, 8.94, 12.82, 15.66, 17.01, 17.12, 17.2, 18.32, 18.48, 19.76, 21.53, 21.72,

23.17, 23.27, 24.88, 25.3, 27 .4, 27.88, 28.04, 30.2.

o {
The most intensive reflections in the X-ray diffraction pattern show the following interlattice

_plane intervals:

20in[%: .45, 5.6, 12.8,17.0, 17.2, 19.8, 21.5, 27.4, in pariicular 4.45, 5.57, 17.01, 17.2,
19.76, 21, 27 4.

A preferred method of checking the above-indicated average values of the interlattice plane
intervals and intensities measured by experimentation from X-ray diffraction, for a given
substance, consists in calculating these intervais and their intensities from the
comprehensive single crystal structure determination. This structure determination yields cell
constants and atom positions, which enable the X-ray diffraction diagram cofresponding to |
ti_';e solid to be calculated by means of computer-aided calculation methods. The program
used is Powder Pattern within the application software Materials Studio {Accelrys). A
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comparison of these data, namely the interlattice plane intervals and intensities of the most
impertant lines of trisodium [3-((18,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyi-1-
butylcarbamoyi)propionate-(S)-3’-methyl-2’—(pentanoyl{2"-(tetrézo[-5—yiate)bfpheny!—f-
yimethyllamino)butyrate] hemipentahydrate, obtained from measurements and from
calculating the single crystal data, is iustrated in the table below.

Tabie
:-meatsulfeéi. calcu!ated measured“‘ calculated
20 in  Inteiisity |26 | intensity 20| + Intehsity % 5| 20.ing | ¢ “Intehsity®
very very
4.45 4.15 19.76 strong 19.6 very weak
. strong strong
5.52 Strong {. 5 strong | 21.53 weak 19.8 very weak
5.57 strong 8.5 strong | 21.72 very weak 21.4 . very weak
very
9.94 8.75 weak | 23.17 weaak 23.1 very weak.
weak
very '
12.82 12.8 weak | 23.27 weak 23.15 very weak
strong '
very
15.68 15.05 strong | 24.88 very weak very weak
weak )
' very '
701 weak 16.9 25.3 weak 25.3 very weak
strong ’
17.12 strong 17.1 strong | 27.4 weak 27.3 very weak
17.2 weak 17.15 weak | 27.88 very weak 27.9 very weak
18.32 weak 18.25 very | 28.04 weak
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weak

18.46 weak

18.3

weak

30.2

weak

5% as weak, and below 5% as very weak.

Relative intensity between 100% to 50% is referred to as very strong, 50% to 10% as strong, 10% to

The invention relates to trisodium [3-((13,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1- ,

butylcarbamoyl)propionate-(S)fS’~methyl-2’-(pentanoyl{ "-(tetrazol-5-ylate)biphenyl-4'-

ylmethyl}amino)butyrate] hemipentahydrate, a crystalline solid which is characterized by the

data and parameters obtained from single crystal X-ray analysis and X-ray powder patterns.

An in-depth discussion of the theory of the methods of single crystal X-ray diffraction and the

definition of the evaluated crystai data and the parameters may be found in Stout & Jensen,
X-Ray Structure Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1868)

chapter 3.

Crystal data
sum formula
molecular mass
crystal colour
crystal shape
crystal system
space group

Cell parameters

CuaMssNsOsNaz*2.5H,0
957.99

colourless

tabular: hexagonal
monaoclinic

P2,

8=20.344 A
b=42.018 A
c=20.374 A
a=90°

B=119.29°
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27.3 very weak 17.2
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y = 90°
volume of unit cell - 151.99.03 A?
z (th;a number of asymmetric units in the unit cell) 2

calculated density . 1.26845 g/cm3

Single crystal X-ray measurement Hafa

diffractometer . Nonius KappaCCD

X-ray generator Nonius FR571 X-ray generator with a
' copper rotating anode

temperature 270 Kand 150 K

Notes;

Two data sets on two suitable single crystals were collected at two different temperatures to
assure no phase change during cooling.

None of the hydrdgen atoms on the water or amine nitrogen atoms were observed in the Fourier
maps so they were not included in the refinement.

Computer program used to solve the structure
SHELXD ( Sheldrick, Géttingen)

In three dimensions, the unit cell is defined by three edge lengths a, b, and ¢, and three
interaxial angles a, 8, und y. In this way, the volume of the unit cell V, is determined. A
differentiated description of these crystal parameters is illustrated in chapter 3 of Stout &
Jensen (see above). The details for trisodium [3-((1S,3R)-1-biphenyl-4-yimethyl-3-
ethoxycarbonyl-'!-butylcarbamoyi)propionate—(S)-S’-methyl—z’—(pentanoyl{ "-{tefrazol-5-
ylate)biphenyl-4’-yimethyl}amino)butyrate] hemipentahydrate from the single crystal
measurements, especially the atom coordinates, the isotropic thermal parameters, the
coordinates of the hydrogen atoms as well as the corresponding isotropic thermal
parameters, show that a monoclinic unit cell exists, its cell content of twelve formula units of
045H55N503Na3 e 2.5 H0 occurring as a result of two asymmetric units on two-fold positions.
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The acentric space group P2, determined from the singie crystal X-réy structure is a common
space group for enantiomorphically pure molecules. In this space group there are two
generél positions which means that for twelve formula units in the unit cell there must be 18
sodium ions and 15 waters in the asymmetric unit.

A pictorial representation of the unit cell of the supramolecular complex of trisodium [3-
((18.3R)-1-biphenyl-4-yimethyl-3- -ethoxycarbonyl- 1-butylcarbamoyl)pmplonate -(S)-3'-methyl-
2-(pentanoyl{2"-({tetrazol-5- ylate)blphenyl~4‘-yfmethyl}ammo)butyrate] hemipentahydrate
comprising two asymmetric units is shown in Figure 1.

Based on the single crystal structure solution, the asymmetric unit of the 'trisodéum (3- ,
({(18,3R)-1-biphenyl-4-ylm ethyl-S-ethoxycarbonyl-1-butyfcarbamoy!)propionate-(S)‘S’-m_ethyf—
2’-(pentanoyl{ "«(tetrazol—S-ylate)biphenyl-4’—y!methyf}ai*nino)butyrate] hemipentahydrate
supramolecule comprises six each of ARB and NEPj moieties, 18 sodium atoms, and 15
water molecules. Trisodium [3—((1S,3R)—1-bipheny[~4-ylmethyf~3-ethoxycarbonyl—1-
uty[carbamoyl)propionate-(S)-3'-methyl-z‘-'(pentanoyE{Z”-(tetrazoI-5—y]ate)biphenyf-4’-
yimethyl}amino)butyrate] hemipentahydrate may be considered a sodium supramoiecular
complex, coordinated by oxygen ligands. These oxygens come from twelve carboxylate -
groups and eighteen carbonyl groups of the above moieties, and from 13 of the 15 water
molecules. The crystal is an infinite 3-dimensional network of these sodium complexes.

Such a compound may also be characterized by an infrared absorption spectrum obtained

using Attenuated Total Reflection Fourier Transform infrared (ATR-FTIR) spectrometer

(Nicolet Magna-IR 560) showing the follawing significant bands, expressed in reciprocal
-wave numbers (cm™ ): ‘

2956 (w), 1711 (st), 1637 (st), 1597 (st), 1488 (w), 1459 (m), 1401 (st), 1357 (w), 1295 (m},
1266 (m), 1176 (w), 1085 (m), 1010 (w), 1942(w), 907 (w), 862 (w), 763 (st), 742 (m), 698
(m}, 533 (st). Characteristic to the complex are in particular the following peaks 1711 (st),
1637(st) 1597(st) and 1401(st). The error margin for all absorption bands of ATR-IR is

+ 2 cm™. The intensities of the absorption bands are indicated as follows {(w) = weak: (m) =
medium; and (st) = strong intensity,
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The error margin for all Raman bands is = 2 cm™. The inténsities of the absorption bands
are indicated as follows: (W) = weak; (m) = medium; and (st} = strong intensity.

Such a compound may'also be charactetized by distinct 'meItEng properties measured by
differential scanning calorimetry (DSC). Using Q1000 (TA Instruments) instrument, the
meltiﬁg onset temperature and the peak maximum temperature for such a complex are
observed at 139°C and 145°C, respectively. The heating rate is 10 K/min.

The second embodihent-of the present invention is directed to pharmaceutical compositions
comprising a combination, a linked pro-drug or a dual-acting compound, in particular the
complex as described herein and at least one pharmaceutically acceptable additive. The'
details regarding the combination and the complex, inciuding the ARB and the NEPi, are as
described above with regard to the first embodiment of the invention.

The ‘pharmaceutical compositions according to the invention can be prepared in a manner
known per se and are those suitable for énterat, such as oral or rectal, and parenteral
administration to mammals (warm-blooded animals), including man, comprising a
therapeutically effective amount of the combination or dual-acting compound, in particular the
complex, alone or in combination with at least one pharmaceutically acceptable carrier,
especially suitable for enteral or parenteral épplication. Typical oral formulations include
tablets, capsules, syrups, elixirs and suspensions. Typical injectable formulations include
solutions and suspensions.

Pharmaceutically acceptable additives suitable for use in the present invention include,
without limitation and provided they are chemically inert so that they do not adversely affect
the combination or the QUal-acting compound, in particular the complex of the present
invention, diluents or fillers, disintegrants, glidants, lubricants, binders, colorants and
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combinations thereof. The amount of each additive in a solid dosage formulation may vary

within ranges conventional in the art. Typical pharmaceutically acceptable carriers for use in
the formulations described above are exemplified by: sugars, such as lactose, sucrose,
mannitol and sorbitol; starches, such as cornstarch, tapioca starch and potato starch;
cellulose and derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and -
methyl celiulose; calcium phosphates, such as dicalcium phosphate and fricalcium
phosphate; sodium sulfate; calcium sulfate; polyvinylpyrrolidone:; polyvinyl alcohol; stearic
acid; alkaline earth metal stearates, such as magnesium stearate and calcium stearate;
stearic acid; vegetable oils, such as peanut ofl, cottonseed oil, sesame oil, olive oil and corn
oil; non-ionic, cationic and anionic surfactants; ethylene glycol polymers;: B-cyclodextrin; fatty
alcohols; and hydrolyzed cereal solids, as well as other non-toxic compatible fillers, binders,
disintegrants, buffers, preservatives, antioxidants, lubricants, flavoring agents and the like
commonly used in pharmaceutical formulations.

Pharmaceutical preparations for enteral or parenteral administration are, e.g., in unit dose
forms, such as coated tablets, tablets, capsules or suppositories and also ampoules. These
are prepared in a manner which is known per se, e.g., using conventional mixing,
granulation, coating, solubilizing or lyophilizing procésses. Thus, pharmaceutical
compositions for oral use can be obtained by combirﬁng the linked pro—erig, combination or
dual-acting compound, in particular the compiex with solid excipients, if desired, granulating
a mixture which has been obtained, and, if required or necessary, processing the mixture or
granulate into tablets or coated tablet cores after having added éuitab!e auxiliary substances.



Two data sets on two suitable single crystals were collected at two
different tenperatures to assure no phase change during cooling. None

of the hy on the water or amne nitrogen at
observed in"t emgourl er maps so they were not included ﬁﬁ%\?@ﬁ%‘“‘m

refinement. Conputer programused to solve the structure SHELXD (

Shel drick, GOtingen) In three dinmensions, the unit cell is defined
by three edge |l engths a, b, and ¢, angythree interaxial angles a, 8,
und vy. it . cell Vc is determned. A

t f th
differ eer PP %%e\g'ﬁi%erﬁcﬂ% ?\;9%”%%?%83%9 ‘g?%?%mﬁéﬂ'é%@@wscwwmwst rated
inc hapmeﬂlcﬂaoﬂne Svopkex 84n dereae bn @sadetabpigelors, Stieh sbahadd & adinistration,

di
te'[ Ihzg ylcar bo ny%ﬁ Bﬁ@elsl %%3%"#?"6%& %oﬁdg%ﬁsih%pmf?ﬁeﬁﬁﬁcﬁiy psoialnoy 1
12" - f f etlicgass mgdelyraarges) fodrp ey I0-UmgAth/dey toydboatr 000 )nimukg/dat gilen orally, and
hemi pentraidieabe dbgmﬁhﬁaﬂ&%&t%%%ﬁm@ Wbt SBRgoAy Y Lhe

at om coo nat es I sotropic ther paranet e at es

of the R@fRygERarettanges fwerfrpm@ouh@ wider iprheut w ng/dey ofthe linked pnal

par amet ang, prfaubly Biodut 80 FRRA0 LS By B0 InofBl) TR ARES mgBﬁencfﬁsl | content
of twelvgforrrula units o RlaS 8 ccurring as a

resul t BFMIVRErEd ‘Esraﬂ%omﬂ"i §b% 49\'/"!291‘#9&% ab‘é}ﬁﬁgp B’rﬁ’éﬂay ang\the NEPI
3097/ 0566466 R id%ﬁﬁﬁ?ﬁdt&éa Hl&desag8 of frdh %bam?rotrﬁgfﬁay&e%@ut@@@ WRyrd2er L More
eterm -ray stru a conmmon
group f g’?&g{rﬁzg |ht5’rr[?rs a0q %é'\%/ %%%'ereﬁ%?cgE%Y é%d“qc niét'm/%g gﬁaé%méfsé?db& 160
there am/hﬁﬂ@nsgéﬁ@mlsa@osg 40 orgE8anmg c80 migHIBe rid)a60 fna/320wey, 820 friereainay,
units igg Bﬁﬁ@mbtiﬁﬁ%&!mé F‘n? l3hd @hg%ojrﬁ %8 egﬁveg]?%ﬁ%e di s]éges\/\%llef}r s In

the asymetric Unit or| a res et of
t he suprta?fﬁP%'&F'B{ref@%Iaéi@uaﬁs" t?@‘é’iﬁ@ﬁtﬂ%@@s for the linked pro-drug, combination

((1S, 3Rbrdudﬂhm@%hm6u ﬁt;ﬁtéaﬁi(hv%fhwﬂarrﬁa%ghé’l Qeny ) prop

i onat e- %ﬁ%‘? g &ﬁ‘gnt ano t et razol - 5- 4-yl'm
ethyl }a Tﬁf{g’f} % '@f’e'ﬁ pRas Wf%ﬁeé ieHwpiedivhgosages. asym*ret ric
~units is shown in Figure 1. Based on the single crystal structure

sol ut i phhe phermesyutivet contpasitibhs ofay tdoatalr insadtitlom drdther therapeutic agent, e. g -

(15, SRkl oSO S ANTAHAORY S L B i

met hyl }asm noi) but yr at ed hem pent ahydrate supranol ecul e conprises six
each’ of 2/¥YaRsHogasntsfyPees 'ééui'nlfnsui@dmlmﬁva@ 8 Miragtigs;iBsufiasegretagogues

[rgl ?E:llj | @gh éErl ﬂhﬁ:ﬂdllfml.ir?%f_ e.q., Giﬁnzude gleytbﬁgde g%ci A(r)nr?ryl msulsnotroplc sulfonylurea
utyl car "l?ﬁ vl )“8?%% G & Qegk rﬁ%é 275%/ H‘fjﬁn"i‘ﬂﬂl{@pﬁﬂd"ﬁiﬁ‘ﬁ r BeoKisemg |
at e) bi pibfehf?iam-actwdthmbtbamPM)bhﬁamﬂe,t fotdne Wr@ﬁrﬁ‘é @h&s%aﬁase HBY(FT®-1B)
[T gandsniinds X06h M8 PPEECLBRS, BhedRtsiliast e Bl S: éﬁ%s” se-
e ght eedil 7988, boRyl1 9@052u§§~2ﬁ16?$3:d\m45m44maeu iNME57-00415 IRXR dgandE dubie a&S
vat er nginegrt1esnd A_@ﬁ @tf hdlln% o@#pﬁcﬁgnlt Blutcgse f&tla Srl!eﬁ érﬁggnrg%é a5y

t hese sodi um conpl exes.
an i nf r H88d gbtﬁfwmpmhcvénhcqu@tet fr\umﬁllajt@mrswéuawmqmonehuaarwesmcm as met—

Ref | ectiogfinf-alphhlucdsidasaf iﬂﬁlﬁ?tdr@fgu@ﬁ% QC%TIBO:J: Tldi)P § @ﬁéé@%k@ doeptide -1),

(Nicol e éHg/q na- | 560%{%8 ow ng th | om ng
expr ess n@@g§ SHelt E’W&@’@“rﬂﬂﬁ’tﬁ#s‘ (”@W\e)'CS and PPEV (dipeptidyl peptidase 1V)
inhibitors such as |LAF237:

b) hypolipidemic agents such as 3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) re-
ductase inhibitors, e.g., lovastatin, pitavastatin, simvastatin, pravastatin, cerivasiatin, meva-
statin, velostatin, fluvastatin, dalvastatin, atorvastatin, rosuvastatin and rivastatin: squalene



, 1637 (st), 1597 (st), 1488 (w), 1459 (nm), 1401
(2255,(\1%571(73\/% (it2295 (m, (12625 (M), 1176 (w), 1085 (m), 1010 (w),
1942(w) 0565§ﬁ2 (W), 763 (st), 742(m), 698 (m, ngs%o)wy
t

[ [ t he followng
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and (st)syrthadd iﬂﬁigttérQII%fF? ks r}ﬁes%ar & Jr)gagﬁwg eRigR digangsi cholestyr-

a co oun
ﬁggsure&‘”ﬂ §'F9f§"m'ﬁa$ﬂdsq5®ttmrorreter with 785 nm | aser
excitation source (Kai ser Optical Systems, Inc.) show ng the
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Eglmliw) rmgg%?m(s% @ézig%o (m broad), 1612 (st), 1523(n), 1461 (w), 1427

(W, 12%7 arﬁtﬁﬁ?pert%&s%?e ége)nts e.g., loop diuretics such as ethacrynic acid, furosemlde and tor-
semide; angiotensin converting enzyme (ACE) inhibitors such as benazepril, captopril, enala-
pril, fosinopril, lisinopril, moexipril, perinodopril, quinapril, ramlprll and trandolapril; inhibitors
of the Na-K-ATPase membrane Pump such as digoxin; ACE/NEP inhibitors such as
omapatrilat, sampatrilat and fasidotril; B-adrenergic receptor blockers such as acebutolol,
atenolol, betaxolol, bisoprolol, metoprolol, nadolol, propranolol, sotalol and timolol; inotropic
agents such as digoxin, dobutamine and milrinone; calcium channel blockers such as
amlodipine, bepridil, diltiazem, felodipine, nicardipine, nimodipine, nifedipine, nisoldipine and
verapamil; aldosterone receptor antagonists; and aldosterone synthase inhibitors. Most
preferred combination pariners are diuretics, such as hydrochlorothiazide, and/or calcium
channel blockers, such as amlodipine or a salt thereof.

Other specific anti-diabetic compounds are described by Patel Mona in Expert Opin Investig
Drugs, 2003, 12(4), 623-633, in the figures 1 to 7, which are herein incorporated by refe-
rence. A compound of the present invention may be administered either simultaneously,
before or after the other active ingredient, either separately by the same or different route of
administration or together in the same phamaceutical formulation, '

The structure of the therapeutic' agents identified by code numbers, generic or trade names
_may be taken from the actual edition of the standard compendium “The Merck Index” or from
databases, e.g., Patents lnternationai (e.g. IMS World Publications). The" corresponding
content thereof is hereby incorparated by reference.

Accordingly, the present invention provides pharmaceutical compositions in addition a
therapeutically effective amount of another therapeutic agent, preferably selected from anti-
diabetics, hypohpldemlc agents, anti-obesity agents or anti-hypertensive agents, most pre-
ferably from antidiabetics, anti-hypertensive agents or hypolipidemic agents_ as described
above.
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. the efficacy of a combination of the present invention in the hereinbefore and hereinafter

indicated therapeutic indications.

~ Representative studies are carried out with trisodium [3-((15,3R)~1-biphenyl-4-yimethyl-3-
ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3-methyl-2'-(pentanoyl{2”-(tetrazol-5-
ylate)biphen);f!-4’-ylmethyl}amEno)butyrate} hemipentahydrate, e.g. applying the foliowing
methodology:

The antihypertensive and neutral endopeptidase 24.1 1 (NEP)-inhibitory activities of trisodium
[3~((18,3R)-1-biphenyl-4-yImethyl-3-ethoxycarbonyl-1 -butylcarbamoyl)propionate-(S)-3'~
methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-yimethyl}amino)butyrate]
hemipentahydrate is_ assessed in conscious rats. The blood pressure-lowering effect is
evaluated in double-transgenic rats (dTGRs) that overexpress both human renin and its
substrate, human angiotensinogen (Bohlender, et al, High human renin hypertension in
transgenic rats. Hypertension; 29(1 Pt 2):428-34, 1997). Consequently, these animals
exhibit an angiotensin ll-dependent hypertension. The NEP-inhibitory effect of trisodium [3-

- ((18,3R)1 -bipheny!-4-y!rhethyi-a—ethoxycarbonyi-1 -butylcarbamoyl)propionate-(S)-3'-methyl-
2’~(pent_anoyl{2"7(tefrazoI-S—y]ate)biphenyi%’-ylmethyl}amino)butyrate] hemipentahydrate is
determined in conscious Sprague-Dawley rats infused with exogenous atrial natriuretic
peptide (ANP). Potentiation of plasma ANP levels is used as an index of NEP inhibition in
vivo. [n both models, trisodium [3-((18,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-
butylcarbamoyl}propionate~(8)-3’-methyE-2’-(pehtanoyi{2”-(tetrazoI~5-ylate)bipheny[-4’-
ylmethyllamino)butyrate] hemipentahydrate is administered orally as a powder in gelatin mini
capsules, The results are summarized beltow.

» Trisodium [3-((18,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-

' butylcarbamoyl)propionate-{S)-S’-methy[—Z’-(pentanoyl{2”-(tetrazct-S—ylate)biphényl—4'—
yimethyl}amino)butyrate] hemipentahydrate exhibits a dose—depe'ndent and long-lasting
antihypertensive effect after oral administration in conscious dTG‘Rs, a rat model of

. fulminant hypertension. 1

¢ Oral administration of trisodium [3-((1 S,3R)-1-biphenyl—4—ylmethyI-S-ethoxycarbonyffi—

butylcarbamoyljpropionate-(S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-

- ylmethyl}amino)butyrate] hemipentahydrate rapidly and dose-dependently inhibits NEP
with a long duration of action, as reflected by its potentiation of plasma ANP
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- 33 - The person skilled in the pertinent art is fully enabled to
select a relevant test nodel to prove the efficacy of a conbination
of the preg@otsygation in the hereinbefore and herei ngbte& 006043710

i ndi cated therapeutic indications. Representative studies are carried
out with trisodium]|[3-((1S, 3R)-1-bi phenyl -4-yl nmethyl- 3-

et hoxycar bony1- 1- but yl car banoyppr opi onate-(S)-3' -nethyl72' - (pent anoyl
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but'yr atff e&ﬁ%ypogﬁt%éf%}ﬁfﬁg(a o by Gt Betier ?nﬁ? dBetrgashy. adrsciiithpebbbod
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The extent and duration of trisodium
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WO 2007/ 056546PCT/ 1352006/ 043710 36 The inorganic salt form ng agent
and t he sol vent when conbi ned shoul d have a pH which pronotes |inked

pro-drug for 0r${w0(%@_46The pl-1 may be between about 2 andpmoeﬁﬁag%

pref erabl y betweén about 3 and about 5, nost preferably

and 4.7. The linked pro-drug is isolated by crystallization and
chromat ogr aphy. Specific types of chronatography include, e.g.,
| i gand specific resin chronatography 3geverse phase resin
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a neutral nolecule which provides hydrogen bindi ng pr opertles The

sol vent i iy ol LG OP) Shulkal REGK LS AN Be o .apped i, Lhe
crystal tt]ce. erre SO R DRI fs cp(' tHe
pr esent a‘?‘ﬁ“\ﬂetHF FB'Ht‘qnsOb@"F@c‘ﬂééPPt(d e thesolutieh Qi:ftalpedapeatem@) erwhmade;;@ct i ng
conpounprefpab, it MtibRbbRMeaRILRD E'Egd tHeES%G &ﬁarﬁéﬁ? (@) a( ) a

neutral endopeptidase inhibitor d tgpglona ‘1sing the steps
tabecatlon sa met hod conp
o S i Y Mwefambygnﬁegtthewmctmut o
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(ii); 6 h, preferab!y 30minto 3 h, more preferably 2 h, at room temperature. It is advantageous
to add seeds of the dual acting compound. This method facilitates precipitation.

In step (iv) according to this first alternative, a co-solvent is typically added. The co-solvent
employed is a solvent in which the ARB and the NEPi in the complexed form exhibit a lower
solubility that allows the compound to precipitate. Distillation, either continuous or stepwise
with replacement by this co-solvent results in a mixture predominantly of the co-solvent.

- Preferred solvents include ethanol, 2-propanol, acetone, ethylacetate, |sopropyl acetate,
methyl-t-butylether, acetonitrile, toluene, and methylene chloride and mixtures of such
solvents, more preferably isopropyl acetate. Preferably, a minimum amount of solvent is
employed to facilitate precipitation. The solid is collected, e.g. by filtration, and is dried to
obtain the dual-acting compound, in particular the complex in accordance with the present
invention. The drying step can be performed at room temperature or elevated temperaturé
such as 30 to 60°C, preferably 30 to 40 °C. Reduced pressure can be employed to facilitate

removal of the solvent, preferably, drying is effected at ambiert pressure or reduced
pressure of e.g. 10 to 30 bar, such as 20 bar.



- 37 - (iv) precipitation of the solid, and drying sane to obtain the
dual -acting conpound; or alternatively obtaining the dual-acting
conpound by e angi ng the solvent(s) enployed in step (%i/'iisf i)
by (iva) e‘é’gpzé&;({’%%& the resulting solution to dryness;SP / ‘?&%447“‘
re-dissolving the solid in a suitable solvent; (via) precipitation of

the solid and drying same to obtain the dual -acting conpound. The
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According to the first alternative, once conbined and preferably
m xed, the dual -acting conpound, in particular the conplex
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such as 20 min to 6 h, preferably 30 mn to 3 h, nore preferably 2 h,
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per f'or e cambiration,tliekgrratitwer e debleaditg dormponyndy intrartisulguith campdR of o
60C, pr to
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alternatlve once, combi ned and prefera m xe ual -acting
conpourkio-aryg %éﬁetquélﬁ%‘F‘g F%pc%‘ﬁp'r‘é’ﬁmf’w@r%P)?P@P'@szrmwé"ﬁfeﬁ forns a
clear solution. This mxing is typically effected by stirring the
sol ut i dfre doatbirationpipkapro @t ameuubl-ading corepaundhingsrt20lanihe compx i
pref er gl ¥q 39 U%rna %&nb?fnﬁm{n %PAIQBQ Eielfle%rgpé%oéeﬁda?é mfugﬁ’éps LRADSF @ﬁ'ﬁ{érr e.
| f necessary, t ensure a c
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exchangg ripuekigin the dual -acting conpound, in particular the
conplex. In step (iva) accor di ng to this second alternative, the

solutiao pr rab tedto ess evat ed tenperat ures
such. acpselig BbearpRIse draia bW rou e e by ket Bt foouihg
Pr ef er adxlagnpleisn listhepld beahdérbieod tlay thete exarmmwmawlsniosemcéelyzhphfeyeﬂ is a
sol vent, ' . ; a
over dujetatt i R aG G diafer B ahi e RTRMEAG Sl teR

t he conpYession.o precipitate. Preferred solvents i ncI ude the ones

nmenti oned above for step (i), such as water, ethanol, 2-propanol,
aceton%&-@qucet ate, isopropyl acetate, nethyl-t-butylether,
.acetonitri tol uene, and nethyl ene chloride and m xtures of such
sol vent®repartionot @\faesatsnmzmmna;pmheaﬂetyasgs cE’fb@f:@Jr;mbd)'ymyiammdumu m
anount méthybp¥etahoiraciDétipidsteING,Wre5 Hso enpl oyed to facilitate
precipitation. In step (via) precipitation can take place at room
tenperature. It can be effected by |eaving the m xture standing or by
agitatl referably
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effected at anbient pressure. In a fourth aspect, this |nvent|(§)
temperature for 1 hour and a clear solution was obtained. The solution is evaporated at 35



- 40 - pectoris, diabetes, secondary al dosteronism prinmary and
secondary pul nonary hypertension, renal failure conditions, such as
di abeti ¢ ngphbyopaishy, 9l onerul onephritis, sclerodernma, pghraedoharo
sclerosis, proteinuria of primary renal disease, and al so renal
vascul ar hypertension, diabetic retinopathy, other vascul ar

di sorders, such as m grai ne, peripheral vascul ar di sease, Raynaud's
di sease, |um nal hyperpl asi a, cognltlﬁb dysfunction (such as
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Characterization revealed the same product as in Example 1.



The dual acting conmpound of val sartan and

(2R, 4S) - 5- bi pheny14-y1-5-(3-car boxypropi onyl am n6) - 2- net hyl - pent anoi ¢
aci d et hyl wasioerosssispr epared by di ssol ving 22. 96 nmmol  opctrus2006/043710
(2R, 4S) - 5- bi pheny14-y1-5-( 3- car boxy- propi onyl am no) - 2- net hyl - pent anoi
c acid ethyl ester free acid (-95% purity) and val sartan (10.00 g;
22.96 mol ) in acetone (300 nmL). The suspension is stirred at room
tenperature for 15 nin to obtain a ctéar solution. A solution of NaOH
(2.76 g;Exe8d®3mmol) in water (8 ni) water is then added to this
solution over a period of 10 min. Solids start to precipitate in 10
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Cal culation of the interlattice plane intervals fromthe X-ray powder
pattern taken with a Scintag XDS2000 powder diffractonmeter for the
nost i nporyanhosées for the sanple give the foll ow ng lf(ﬁﬁ;gh@(}g/{mﬁld n
[ AT @ 21.2(s), 17.0(wW), 7.1(s), 5.2(w), 4.7(wW, 4.6(w, 4.2(w,
3.5(w), 3.3(w) The error margin for all interlattice plane intervals
iIs 0.1 A. The intensities of the peaks are indicated as follows: (w)
= weak; (m = medium and (st) = strohy Average values 20 in r] are

i ndi cat eslx(:eris 8doldd 8128 10 °Dov} ~éo ‘énn éqaﬁanrn‘éd @t th% t@mpér%u@e foégn %gm%%.aps
17.1, 1

27. 4, 2;‘ é"“efg"dds Cégcf?d bﬁ%léfﬁﬁ?ﬁ 'a\fl'deéﬂ%mw %Ver EIFQWEWE’&!P“%H%FI grsBichgPes
the fol rrmwehgrrmamémsw@l wigts2 ®f5 |_ Hﬁscﬁir:ﬁwﬁéﬁe?at@ BA® Sidd étrzstf’b%na@frml e.

The fin of the ana |nth error limts,
corres pgécg]gé%p reﬁsur% rgl?a,rﬂ[:rﬁ frEpraP 1a°?t€§§819§?ﬂ7 TORRIBRITIIiprPorBund C:
" 60. 05% Hrodecm%\Nﬂte Bli80% Cal cul ated* C. 60.18% H: 6.31%N:. 8.77%

Characterization revealed the same product as in Example 1.

X-ray powder diffraction

Calculation of the interlattice plane intervals from the X-ray powder pattern taken with a
Scintag XDS2000 powder diffractometer for the most important lines for the sample give the
following results:

din[A7:21.2(s), 17.0(w), 7.1(s), 5.2(w), 4.7(w), 4.6(w), 4.2(w), 3.5(w), 3.3(w)

The error margin for all interlattice plane intervals is + 0.1 A. The intensities of the peaks are
indicated as follows: (w) = weak; (m) = medium; and (st) = strong.

Average values 20 in [’] are indicated (error limit of £0.2)

'45 5.5,56.6,9.9,12.8,15.7,17.0, 171, 17.2, 18.3, 18.5, 19.8, 21.5, 21.7, 23.2, 23.3, 24.9,
25.3, 27.4, 27.9, 28.0, 30.2.

Elemental analysis

Elemental analysis gives the foilowing measured values of the elements present in the
sample. The findihgs of the elemental analysis, within the error limits, correspond to the
overall formula of (C4sMssNsOsNag)*2.5H,0

Found C: 60.05% H: 8.24% N: 8.80%
Caleulated* C:60.18% H: 68.31% N: 8.77%

Infrared spectroscopy




Infrared spectroscopy WO 2007/056546PCT/ US2006/ 043710 -44 - The

I nfrared absorption spectrumfor the anple obtained using Attenuated
Tot al Ref | wotnemséqsiri er Transform | nf rar ed (ATR— FTI R) mhashéeaeirey
(Ni col et Magna-1R 560) shows the follow ng significant bands,
expressed in reciprocal wave nunmbers (cm1l ): 2956 (w), 1711 (st),
1637 (st), 1597 (st), 1488 (w), 1459(m), 1401 (st), 1357 (w), 1295
(m, 1266(m, 1176(w), 1085 (m), 10104 w), 1942(w), 907 (w), 862 (w),
763 (stYhe iﬁ#@(dﬂ!)absﬁr%ﬁor( %ctr@ﬁ%r&@ Qamﬂ@ SbtganéP bsnﬁ@hﬁér{ha e(a][Tot Ilé?eﬂection

2328; BE f% iF?d‘EfoéfPéfﬁf%ﬁ%f, @%T'%)ssnﬂe&twm@r (Ni%yetﬂﬂa&@akR 560N showst um -

and (st follawipg significambendsi txpresRatrtivesPREENOSEMRNLBAITBR- ?pec”um of the
sanpl e measured by di spersive Ranan spectroneter with 785 nm | aser

ows the foll-ow n
o oni £1 28 GRS < AbSL g nﬁ% B LTS8 oS sbE s T3e8 s
(m), 29%PS((RY, W@a{w) 10&%@2 1G10)(W), ISA3(W) N9Q7 (B4 BB2 (W), 76:1932)7742/%) ag87 -
3y S 308 (0 30070 0 i, Uob i
W
866(w), 850 (w) 822 (w), 808 (W ) (W 55209 (W 093

2 557
g\év)s ( W)allhe er%dr margm ﬁ‘or)a if aggorptgo\ll*lv bands of P(\TI% IR is + 2 cm’

The intensities of the absorption bands are indicated as follows: (w) = weak: (m) = medium;
and (st) = strong intensity.

Raman spectroscopy

Raman spectrum of the sample measured by dispersive Raman spéctrometer with 785 nm
laser excitation source (Kaiser Optical Systems, Inc.) shows the following significant bands
expressed in reciprocal wave numbers (cm™ ):

3061 (m), 2930 (m, broad), 1612 (st), 1523 (m), 1461 (w), 1427 (w), 1287 (st), 1195 (w),
1108 (w), 11053 (w), 1041 (w}, 1011 (w), 997 (m), 866(w), 850 (w), 822 (w), 808 (w), 735 (w),
715 (w), 869 (w), 643 (w), 631 (w), 618 (w), 602 (w), 557 (w), 522 (w), 453 (w), 410 (w), 328
{w).

The error margin for all Raman bands is + 2 cm-'.

The intenéities of the absorption bands are indicated as follows: (w) = weak; (m) = medium:
and (st) = strong intensity. '

High Resolution CP-MAS "*C NMR Spectroscopy

The samples are investigated by high resolution CP-MAS (Cross Polarization Magic Angle
Spinning) *C NMR spectroscopy using a Bruker-BioSpin AVANGCE 500 NMR spectrometer
equipped with a 300 Watt high power 'H, two 500 Watt high power X-amplifiers, necessary
high power pre-amplifiers, a "MAS" controller and a 4 mm BioSolids high resolution Bruker
probe.



The error margin for all Raman bands is 2 cm 1. The intensities of
the absorption bands are indicated as follows: (w) = weak; (m =

medi um  anghd Bh)osgssgtrong i ntensity. High Reso! ution C%d‘ﬁﬁ%g@@@;m
Spectroscopy The sanples are investigated by high resolution CP-MAS
(Cross Pol ari zation Magic Angle Spinning) 13C NMR spectroscopy using
a Bruker-Si oSpin AVANCE 500 NMR spectroneter equipped with a 300 Watt
hi gh power 1H, two 500 Watt high pows|45x- anplifiers, necessary high

o W r : | Lds. hi
esol ut f?;‘ﬁ?t“iér e i g B Bl Bl s By e Lfieert e
sanpl e- i s° FERREGIMSS. o 247 spioning éP%ﬁd atdhp tMagi¢ aesiper & Mempad” contact time,
par anmet arsthgod ESBENAESL 1&1%@06%@%&?}%@%@0% mnjéy %PH@@bé@arﬁpﬂ% &land 3

magi c a ntact time, using a

Gocoupt 145 deai The SRty ShHS 36 wlrroteed Sibdeseship aromdsel Sising capby
deg K= TEid7éhéeppmal shifts are referenced with respect to an external
d ycine carbonyl” at 176.04 ppm Hi gh resol ution CP-NMAS 13C NMR shows

the fol Im ng f;, {3 hﬁu@% [%‘Z{% s :If77 t9 1lz7 Om 176. 7,
162. 0, 14?’ °'§'§§p§ MR, 8”%3 follgwing significant peaks (pph):
179.0, 177.9177.0, 176.7, 162.0, 141.0, 137.2, 129.6, 129.1, 126.7, 125.3, 64.0, 61.5, 60.4,
50.2, 46.4, 40.6, 38.6_, 33.5, 32.4, 29.8, 28.7, 22.3, 20.2, 19.1, 17.8, 16.8, 13.1, 121, 11.1.

A physical mixture of individual Na salts of Valsartan and (2R,48)-5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyi ester revealed a simple inert mixture
of the two salts. However, the sample of the complex prepared in Example 1 exhibited

_ distinétly different spectral features in comparison to a 1:1 mixture of the sodium saits.

DSC and TGA

As measured by differential scanning calorimetry (DSC) using Q1000 (TA Instruments)
| instrument, the melting onset temperature and the peak maximum temperature for the
sample is observed at 139°C and 145°C, respectively.

As shown by DSC and thermogravimetric analysis (TGA), upon heating, the water of
hydration is released in two steps: the first step occurs below 100°C and the second step
above 120°C.

Both DSC and TGA instruments are operated at a heating rate of 10 K/min.

Example 4 ‘
Preparation of Linked Pro-Drug of Scheme (1)

Linked pro-drug of valsartan calcium salt and (2R,45)-5-biphenyl4-yi-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid sthyl ester is prepared at room temperature by
dissolving 114 mg of the calcium salt of valsartan and 86 mg of (2R,48)-5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free acid in 2 mL methanol,
followed by methanol evaporation. The glassy solid residue is then charged with 3 mL of
acetonitrile and equilibrated by 10 min. sonication, followed by 20 hours of magnetic stirring. -



125.3, 64.0, 61.5, 60.4, 50.2, 46.4, 40.6, 38.6, 33.5, 32.4, 29.8,
28.7, 22.3, 20.2, 19.1, 17.8, 16.8, 13.1, 12.1, 11.1. A physical

m xt ure of wiondioviseiagl Na salts of Val sartan and PCT/US2006/043710
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DSC and Freparatioh bfihkéd Pas-Brepef Séirched2) 2 heating rate of 10 K/ min.
Exanpl e 4 Preparation of Linked Pro-Drug of Schene (1) Linked

pr o- dr ud.inked ped-grag bhvelsedacicakiusedat aad 2R,4.S)-5-biphenyl4-yl-5-(3 -carboxy—

2R, 45) 4 A t ent anoi c
R e i S Lo
of the dam@f?raw%iw @iswvm&aﬁsmupéﬁﬂﬁafmﬂsnsasﬂgofdﬁlsartan 43 mg of (2R4S)~5—

(2R 49) -psHahphgny it HboR- zrfrgplonylammo)-Z-methy! pentanou: achd ethyl esterfrae acid, and
car boxy- pro I onyl am no) - entanoi ¢ acid ester free acid

in 2 n "&RAA fs(hv?fprmavllﬁwm%%ﬁw(T'aﬁ)zﬂ)%fr&{m%thamm@'%ea@w%laﬂma
resi due dvapdrin. aiharggedy vblidhiesdudis Qfen%ﬁ@:fg@mnﬁth BlreL anueRAiIt b at ed by

10 min. son tio f.oll owe neti.c stirring. .

2007/ 056&\3&%@'&% g@d‘%‘f‘oﬂ’é‘*ﬁf on, ¥ollowec? gy 53 hours g?r%agnetlc stirring. J\pp(%ox;m\égly
83 mg of white solids are collected by filtration. LC and elemental analysis indicate 1:1 ratio
between (2R,4S)-5-biphenyl4-yi-5-(3-carboxy-propionylamino)-2-methyl-pentanocic acid ethyl
ester and valsartan. The sample is amorphous by X-ray powder diffraction.

While the invention has been described above with reference to specific embodiments

thereof, it is apparent that many changes, modifications, and variations can be made without

departing from the inventive concept disclosed herein. Accordingly, it is intended to embrace

all such changes, modifications and variations that fall within the spirit and broad scope of

the appended claims. All patent applications, patents, and other publications cited hersin are
“incorporated by reference in their entirety.



- 46 - Approximately 120 ng of white solids are collected by
filtration. Liquid chromatography (149)- and el enental anal ysis
indicate 1:1 rati o between

(2R, 43),- 5- tFi n - Y1~ 5- (3- car boxypropi onyl am no) - 2- met hyl - pent anoi c
acid et ‘ | sartan. The sanple is anorphous by X-ray
powder diffraction. Preparation of Linked Pro-Drug of Schene (2)

Li nked 1pr o- d¥ cgmpdundalf #ar foamulaal ci um salt and

(2R, 4S) - 5- bi pheny14- y1: 55 (3= ypropjonyl am no) - 2- met hyl - pent anoi c
acid ethyl ester and ﬁ@ﬁ?g&ﬁgﬁiﬁgﬁeéﬁ)ﬁ{) roomtenperature by

di ssol wwhegeib7 ng of the calciumsalt of valsartan, 43 ng of

(2R, 4S) 55 . , . L . )
bi pheny T3P §15 B RN 08X Hh el R Ry ARt RS YL MR il ibihe 2giondorm
et hyl d&ERiis $-biphengidd|-S-dhrdarbdx b propionllafmiricsLhmethpipyamnedrivjpaatd inahe thiane
(Tris) in mL net hanol, followed by nethanol evaporation. The gl assy
solid residue is then charged with 3 nL of acetonitrile and

equi | i HEak) éda batiobDamd n. soni cation, followed by 20 hours of nagnetic
stirri ng ,%\ggroxi mately 83 ng of white solids are collected by

fil tratl%R. C and elenental analysis indicate 1:1 ratio between

(2R, 48) - 5- bi pheny14-y1-5-(3-car boxy- propi onyl am no) - 2- et hyl - pent anoi

poncier i 11 rhEeeairolRet L MR i RoE AR SRR bea Lnove with

reference to specific enbodinents thereof, it is apparent that many

changes, nodifi i Lati . e..w I hout arting
from t%é i n&gﬁtﬁgvteoogﬁ(%gfe%%%dfghk%ye e'ggi%l&% %%@trcc#'nﬂals?/l,e °ﬁea (?l g t%e

i nt endeoupccoesistisgef Md,IK sutNHghanges, nodi ficati ons and vari ati ons
that fall within the spirit and broad scope of the appended cl ai ns.
Al'l patent applications, patents, and other publications cited herein
ar e i ndor porTagednppunadbiedi@mcewhereirh@at) ieMai rety. -47 - WHAT IS
CLAIMED IS: 1. A conpound of the fornula: [ARB(NEPQ(Cat)1.3 x1-120
wherein ARB is

S- N- valber y| -TRe{chaipogndof daimak wherer x/i%)1-tbi3pheny1- 4- y11- et hyl } - val i ne
in the anion fornm NEPi is

5- bi phenyl - 4y1- 5- ( 3- car boxy- pr opi onyl am no) - 2- net hyl - pent anoi ¢ aci d

i n t heBani oThecompopichofclais hwbereironis 2ehd x is 0 to 3. 2. The
conpound of claim1 wherein (Cat) is a nonoval ent cation.

7. The compound of claim 1 wherein x is 1 fo 3 and (Cat) is Na.

8. The compound of claim 1 wherein [ARB(NEPI)] is 3-((1S,3R)-1-biphenyl-4-yImethyl-
3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3-methyl-2’-(pentanoyl{2"-(tetrazol-5-
ylate)biphenyl-4'yimethyl}amino)butyrate.

9. The compound of claim 1 wherein (Cat)s is Na,.

10. The compound of claim 1 wherein the compound has the sum formula
C43H55N503N83 2.5 H20

11. A pharmaceutical composition comprising an effective amount of the compound of

any of claims 1 to 10 and at least one pharmaceutically acceptable additive.



3. The compound of claim1l wherein (Cat) is a nonoval ent cation
sel ected fromthe group consisting o#8Na, K and NH4. 4. The conpound
of claim1 wherein (Cat) is Na. 5. The conpound of claim1l wherein x
is 1to 3. 6. The conmpound of claim1l wherein x is 2.5 7. The
compound of claim1l wherein x is Ito 3 and (Cat) is Na. 8. The

conpountb, of THeAHBrha¥dIRical ddnlpdRBONEFEMind 1 wherein the pharmaceutically
3-((1S, 3R)-1- bi phenyl-4-yl net hyl- o i ] o
3-et ho%ﬁi’tﬁB’ﬁﬁdE‘@’%iﬁ%ﬁ' FhEPDYNS Prup FonmiRtiag esfilupntsRrifigrs. disintegetitan
oy 1{ 2" - Jiuehts diablicabts, ¥indbe) BbiBReRYAcorbiRiiohé ir@pddpo) butyrate. 9. The
conpound of claim1l wherein (Cat)1.3 is Naa. 10. The conpound of
claim1l wherein the conpound has the sum fornmula C48H55N608Na3 2.5
H20. 11, Amaaimqsqns;ak)_mmaeﬁylmwmeﬁgméth%kf&r@dhyﬁiJ‘ ective anount
of the conpound Cff any of é)l ainms Ito 10 and at |east one ,
phar e FREA TV ipEeRiale - S by 2 (BentangyZ - tetrazohrilatiP Rkt  cal
conposi irnethyPdmie b Riutpradtd)] N&ﬁﬁ@htah}dﬂﬁephaf maceuti cal |y acceptabl e
additive is selected fromthe group consisting of diluents or
fillers, disintegrants, glidants, lubricants, binders, colorants and
fgm()l( 2?43%)”5&\1 bi@hﬁ@éut;cﬁﬁmlﬁ;ﬁdsﬁﬁdlfdﬁ?pri?iﬂg an effeclzgive a:anoi,mt of the compound of

- \ - 1- bi phenyl - 4-yl net hy1- 3- et hoxycar bony1- 1-
but yI cﬂ%@rﬁﬁﬁ%ﬁﬁﬂ% & Bgz(rg)apgutg ?ﬁﬂept?ﬁe(?f@ﬁ't"énoyl{ 2"- (tetrazol - 5-
yl at e) bi pheny1l-4'- yl nethyl}am no)butyratel hem pentahyd rate. 14. A
phar maceuti cal conposition conpr.i Si .an effective amount of the
compoun@®: of C@]edﬁﬁfn@gc Halsz’mpgg‘é‘?" Bfn aim L wherelhithe aharpasedticgitanl e
addi t i vaceptable adbitive Raselatalirdr He FOOPOGISIdAG oPlilueh® dPfitérsWSihRlFartd)e

harmaceyti,cally acceptable addjtive is.selected fromthe gro
(F:)onsi stq%ﬁﬁﬁtﬁfalquaﬂénggdﬁﬁs' 'F?'?rlaQ{S I,n\écﬁolg]%msaga'?sa €0f.g i dant s,g P

| ubricants, binders, colorants and conbi nati ons t her eof.



