ORGANI C COVPOUNDS Background of the Invention Field of the Invention The
present invention is directed to dual -acting conpounds and conbi nati ons of
angi ot enswo 20@8pi4er bl ockers and neutral endopepti dasepicmhisbads@isioi n
particular a dual acting nolecule wherein the angi otensin receptor bl ocker
and neutral endopeptidase inhibitor are |inked via non-coval ent bondi ng, or
supranol ecul ar conpl exes of angi otensin receptor blockers and neutral
endopepti dase inhibitors, also descrihed as |inked pro-drugs, such as m xed
salts or co-crystals, as well as to pharmaceutical conbi nations cont ai ning
such a dual -acting conmpound or. gogﬁinati§1 hods of preparing such
dual - acti ng compounds and net 0 subject with such a

dual -acting conpound or conbination. Specifically, the invention is
directed to a dual acting c und or ranol ecul ar conplex of two active
agents having the sane or d%gﬁgﬂ5¥¥ﬂhﬂiggﬂgﬁm@@§ion in one mol ecul e.

Rel at ed Background Art Angiotensin Il is a hornone that causes bl ood
vessel Fieldofdldgiventidn This, in turn, can result in high blood pressure and
strain on the heart. It is known that angiotensin Il interacts with
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of treating a subject with such a dual-acting compound or combination. Specifically, the
invention is directed to a dual acting compound or supramolecular complex of two active

agents having the same or different modes of action in one molecule.

Related Background Art

Angiotensin Il is a hormone that causes blood vessels to constrict. This, in turn, can result in
high blood pressure and strain on the heart. It is known that angiotensin |l interacts with
specific receptors on the surface of target cells. Two receptor subtypes for angiotensin I,
namely AT1 and AT2, have been identified thus far. In recent times, great efforts have been
made to identify substances that bind to the AT1 receptor. Angiotensin receptor blockers
(ARBs, angfotensin Il antagonists) are now known to prevent angiotensin Il from binding to
its receptors in the walls of blood vessels, thereby resulting in lower blood pressure.
Because of the inhibition of the AT1 receptor, such antagonists can be used, therefore, as
anti-hypertensives or for the treatment of cohgestive heart failure, among other indications.

Neutral endopeptidase (EC 3.4.24.11; enkephalinase; atriopeptidase; NEP) is a zinc-
containing metalloprotease that cleaves a variety of peptide substrates on the amino side of
hydrophobic residues [see Pharmacol Rev, Vol. 45, p. 87 (1993)]. Substrates for this
enzyme include, but are not limited to, atrial natriuretic peptide (ANP, also known as ANF),
brain natriuretic peptide (BNP), met- and leu-enkephalin, bradykinin, neurokinin A,
endothelin-1 and substance P. ANP is a potent vasorelaxant and natriuretic agent {see
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Sustained hypertension can lead as well to an increased occurrence of stroke. Therefore,

there is a strong need to evaluate the efficacy of anti-hypertensive therapy, an examination
of additional cardiovascular endpoints, beyond those of blood pressure lowering, to get
further insight into the benefits of combined treatment.

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 inhibitor (NEPi); and optionally

(c) a pharmaceutically acceptable cation.



drugs with different nechanisns of action have been conbi ned. However, | ust
consi dering any conbi nati on of drugs having different nodes of action does
not neceswanrndystmad to conbi nati ons with advant ageous eCTast&s/043710
Accordingly, there is a need for efficacious conbination therapy which does
not have del eterious side effects. Summary of the Invention In a first
aspect, the present invention is directed to a dual -acting conpound, such
as a supranol ecul ar conplex conpri si-ris (a) an angi otensin receptor

ant agoni st ; a neutr endopepti dase i.nhibitor (NEPi); and o nal l'y
(0 *2° Bha phrscalinreonys e SRR B & s et eorpp e ot da SHoATPECd e
d|rect@dmb@xaxﬂgagua@ying conmpound, such as a supranol ecul ar conpl ex,
obt ai nabl e by: (i) dissolving an angiotensin receptor antagoni st and a

neut r al end@b@lmspbvzmean andigiensin re(dHElDr pntagonistaridi abewral ehdensptidgse; )

di ssol vi ng n a suitable solvent, wherein Cat is a
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dual - actlngauampmumﬂ The present invention |s also directed to |inked

pro-drugs conprising: (a) an angiotensin receptor antagoni st or a
phar naceut i ®8H4 Iwngatt@eb{ahmt@gs:@mpovn@bé@xchaaa'ag the solvent(s) employed in steps
(i) and (i) by

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

(via) precipitation of the solid and drying same to obtain the dual-acting compound.

The present invention is also directed to linked pro-drugs comprising:
(a) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof; and

(b) a NEPi or a pharmaceutically acceptable salt thereof, wherein the angiotensin receptor
antagonist or a pharmaceutically acceptable salt thereof and the NEPi or a pharmaceutically
acceptable salt thereof are linked by a linking moiety.

The present invention is also directed to a combination comprising:
(a) a pharmaceutically acceptable salt of an angiotensin receptor antagonist; and
(b) a pharmaceutically acceptable salt of a neutral endopeptidase inhibitor (NEPI);

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

In preferred embodiments, the angiotensin receptor antagonist and NEPi have acidic groups
which facilitate formation of the dual acting compound, such as the supramolecular complex
of the present invention. 4

Preferably, the angiotensin receptor antagonist is selected from the group consisting of
valsartan, losartan, irbesartan, telmisartan, eprosartan, candesartan, olmesartan,
saprisartan, tasosartan, elisartan and combinations thereof.



(b) a NEPi or a pharmaceutically acceptable salt thereof, wherein the

angi otensi n receptor antagoni st or a pharmaceutically acceptable salt
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| i nked by a linking noiety. The present invention is also directed to a
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of a neutral endopept i dase i nhibitor -(4NEPi ); wherein the pharnmaceutically
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B-alanine; 3-[1,1"-biphenyl]-4-yl-N-[diphenoxyphosphinyl)methyl]-L-alanyl; N-(2-carboxy-4-
thienyl)-3-mercapto-2-benzylpropanamide; 2-(2-mercaptomethyl-3-
phenylpropionamido)thiazol-4-ylcarboxylic acid; (L)-(1-((2,2-dimethyl-1 ,3-dioxolan-4-yl)‘-
methoxy)carbonyl)-2-phenylethyl)-L-phenylalanyl)-B-alanine; N-[N-[(L)-[1-[(2,2-dimethyl-1,3-
dioxoIan-4-y|)-methoxy]carbonyl]-2-phenerthyl]-L-phenyIaIanyl]-(R)—aIanine;' N-IN-[(L)-1-
carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-alanine; N-[2-acetylthiomethyl-3-(2-methyl-
phenyl)propionyll-methionine ethyl ester; N—[2-mercabtomethyl-3-(2-methylphenyl)propionyl]-
methionine; N-[2(S)-mercaptomethyl-3-(2-methylphenyl)propanoyl]-(S)-isoserine;
N-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-(S)-2-methoxy-(R)-alanine;
N-[1-[[1(S)-benzyloxycarbonyl-3-phenylpropyl]lamino]cyclopentylcarbonyl]-(S)-isoserine;
N-[1-[[1(S)-carbonyl-3-phenylpropyl]lamino]-cyclopentylcarbonyl]-(S)-isoserine; 1,1'-[dithiobis-
[2(S)-(2-methylbenzyl)-1-0x0-3,1-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—[2-acetylthiomethyl-3-phenyl-pfopionyl]—3-
aminobenzoic acid; N-[2-mercaptomethyl-3-phenyl-propionyl}-3-aminobenzoic acid;
N-[1-(2-carboxy-4-phenyibutyl)-cyclopentane-carbonyl]-(S)-isoserine;
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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

(c) a pharmaceutically acceptable cation selected from the group consisting of Na, K
and NHy;

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);



(2- met hyl phenyl ) propi onyl ) - net hi oni ne ethyl ester; and conbi nati ons
thereof. Preferably, the dual-acting conmpound or conbination , in

parti cul avotzbher/segasanol ecul ar conplex, is a m xed salt ecrascacosyrsdal . |t
is also preferred that the linked pro-drug is a mxed salt or a co-crystal.
In a second aspect, the present invention is directed to pharnaceuti cal
conposition conprising (a) the aforenentioned dual -acting conpound or

conbi nati on, such as the aforenentiongd conpl ex; and (b) at |east one

har maceuti ¢cal | y .accept ahl e ditive. The present invention is als
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conpri si ng: akerhaelyangi ot ensi n receptor antagoni st or a pharnmaceutically
acceptable salt thereof; (b) a NEPi or a pharmaceutically acceptable salt
t her eof , wheblaining the dyabraing ssnpounstipexshanging funsaveny(s) emplhyechincéens cal |y
accept abl e ﬁfg,r‘ @pg%eof and the NEPi or a pharmaceutically acceptable salt
t hereof are n({< d by a linking noiety; and (c) at |east one

phar maceut i (ied)l yvapoeatipigahd eesatidg toMton fordrgndsej rd aspect, the present
invention is directed to a nethod of preparing a dual -acting conpound, in
particul ar Q’aédﬁﬂ&ﬁﬁﬁlvmfhéﬁ%ddmﬂ?é%?b@@ﬁgﬁﬂ%i ng (a) an angiotensin receptor
antagoni st; (k) _a neutral. . endqneptidase inhibitor (NEPi): and optionally
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of Na, K and NH4; said nethod conprising the steps of: (i) dissolving an
angi ot éhes preseettisprion énalag dinec¢d mradmathod wf mekingrediopkep praldisig comprising:

(a) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof;

(b) a NEPi or a pharmaceutically acceptable salt thereof, wherein the angiotensin
receptor antagonist or a pharmaceutically acceptable salt thereof and the NEPi or a
pharmaceutically acceptable salt thereof are linked by a linking moiety; and

comprising adding a linking moiety and a solvent to a mixture of an angiotensin
receptor antagonist and a NEPiI; and 4

(d) isolating the linked pro-drug.

In a fourth aspect, this invention is directed to a method of treating or preventing a disease or
condition, such as hypertension, heart failure (acute and chronic), congestive heart failure,
left ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac myopathy,
supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flutter, detrimental
vascular remodeling, myocardial infarction and its sequelae, atherosclerosis, angina
(unstable-or stable), renal insufficiency (diabetic and non-diabetic), heart failure, angina
pectoris, diabetes, secondary aldosteronism, primary and secondary pulmonary
hypértension, renal failure conditions, such as diabetic nephropathy, glomerulonephritis,
scleroderma, glomerular sclerosis, proteinuria of primary renal disease, and also renal
vascular hypertension, diabetic retinopathy, other vascular .disordérs, such as migraine,
peripheral vascular disease, Raynaud's disease, luminal hyperplasia, cognitive dysfunction
(such as Alzheimer's), glaucoma and stroke comprising administering the afore-mentioned
dual-acting compound or combination , in particular the supramolecular complex, or the |
afore-mentioned linked pro-drug, preferably, the complex, to a subject in need of such
treatment.



inhibitor (NEPi) in a suitable solvent; (ii) dissolving a basic conmpound of
Cat in a suitable solvent, wherein Cat is a cation; (iii) conbining the

sol ut i onswohwenmsedsi n steps (i) and (ii); (iv) precipitatrcomusedostoicol id,
and drying sane to obtain the dual-acting conmpound; or alternatively

obtai ning the dual -acti ng conpound by exchangi ng the sol vent(s) enployed in
steps (i) and (ii) by (iva) evaporating the resulting solution to dryness;
(va) re-dissolving the solid in a sui-t7abl e solvent; (via) precipitation of
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a NEPi; and (d) isolating the linked pro-drug. In a fourth aspect, this
invention is directed to a nethod of treating or preventing a di sease or

condi tion, such as hypertension, heart failure (acute and chronic),
congestive heart failure, left ventricular dysfunction and hypertrophic

cardi onmyopat hy, diabetic cardi RetaijesbBesoriptiomr aventri cul ar and ventricul ar
arrhythm as, atrial fibrillation, atrial flutter, detrinmental vascul ar

remode'vhe%regaspﬁg%rﬁgoﬂ're@@%% G P cbirBose bekfoindloher GRAICEPSi S angi na

(unstabl e or , renal insu enc betic an etlc)
heart fsgpramoieculangemplepeartiioked prodired et iBsartinvias Rdupyaradlgedaraomplexmf tye i mar y

and  secRRA e nRULTPARENt mechanisms of action, 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 (NEPi);

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

Specifically, 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:
(a) an angiotensin receptor antagonist;
(b) a neutral endopeptidase inhibitor (NEPi); and

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



hypertension, renal failure conditions, such as diabetic nephropathy,

gl onerul onephritis, scleroderma, glonerular sclerosis, proteinuria of
primary rwoabonisemase, and al so renal vascul ar hypert enecons2aicalpeto c
retinopathy, other vascul ar disorders, such as m graine, peripheral

vascul ar di sease, Raynaud's disease, |um nal hyperplasia, cognitive
dysfunction (such as Al zheiner's), glaucoma and stroke conpri sing

adm ni stering the afore-nmenti oned dualg-acti ng conpound or conbination , in

partic r ; : | [ | ex,, o the afore-nentioned |inked
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t r eat mevprafiotpguler dorsplexyobiaipakdd byi al representation of the unit cell of the
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- bi phenyM y(ih@is§9iving anangiofensinssoRricr aniegenistand royautet epslopentidase

(S) - 3" - met hyrhibRor (NEF iR 33UithBle sohvhf: azol - 5- yl at e) bi phenyl - 4" - y| met hyl }am no
)butyrate] hem pentahydrate conprising two asymetric units. The follow ng
col or code (ig dissoliingg kgsic-caapiion cftCatsutt ae(GatyOH, (CgHITEY, (CaHEU, i axygen
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supr anol ecubftiNa,doand 8K, or |inked pro-drug or in particular a

supr anol ecul.ar conpl ex of two active agents with different nmechani sns of
action, nant yc%bqgﬂgl%%‘étloﬁ‘srog?éﬁﬁddﬁ Stapedigyend §0; and a neutral
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One enbodi nélamaFely he i nvention is directed to a physical combination

conpri si ng: élta%'. a thr%ac uticall cceptabl e salt of an angi otensin
recept or anPEgGInodbe dy; 'd’cﬁ'fﬁ CoMBA cRGOPRANY (hesolvept(argrarloygdingiers

neut ral end@pagtGidsase i nhibitor (NEPi); wherein the pharmaceutically
acceptabl e salt of the angiotensin receptor antagonist and the NEPi is the
same and i s(¥d| a@pe@ting e rasyting soetioeto dyress;NH4. Specifically, it is

preferred g L BRebNRg % 1R AYLSHEL5, TP Ned W th each other so as to

(via) precipitation of the solid and drying same to obtain the dual-acting compound.

The present invention is further directed to linked pro-drugs comprising:

(a) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof:
and

(b) a NEPi or a pharmaceutically acceptable salt thereof,

wherein the angiotensin receptor antagonist or a pharmaceutically aéceptable salt
thereof and the NEPI or a pharmaceutically acceptable salt thereof are linked by a
linking moiety.
The two components are each linked to a linking moiety thereby creating a linked pro-drug.
Preferably, the linked pro-drug is substantially pure; as used herein, "substantially pure"
refers to at least 90%, 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



forma single dual -acting conpound, in particular a supranol ecul ar conpl ex.
By doing so, a new nol ecul ar or supranol ecular entity is fornmed having

di stinct woepevass=s di fferent to the above physical compcmaise@as/o43Fhus, the
present invention is directed to a dual -acting conpound, in particular a
supr anol ecul ar conpl ex, conprising: (a) an angi otensin receptor antagonist;
(b) a neutral endopeptidase inhibitor (NEPi); and (c) a pharmaceutically
acceptabl e cation preferably selecteddg+romthe group consisting of Na, K
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angi ot angthe sthecipiiny naukibbgidpepticize ithibittor reslilting frometné Nﬁfmﬁwouerdmd@l tor

( NEPI ) |n a %ﬁtable %?Ivent (ii) dissolving a basic compound of Cat such
as (cafY ? (Cat)HCAB in a suitable solvent, wherein Cat is a
cation preferabl y sel ect ed fromthe group consisting of Na, K and NH4;
(ii1) conmbining the solutions obtained in steps (i) and (ii); (iv)
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pr o- dr agpicalyhydrsgérgbonding can be observed between the two pharmaceutically active

agents, the ARB and the NEPi molecular moieties. lonic bonds can be present between the

cation and one or both of the two pharmaceutically active agents, the ARB and the NEPi

molecular moieties. Other types of bonds may also be present within the compound such as

van der Waals forces. For illustrative purposes, the duél-acting compound of the present

invention could be represented as follows:

(ARB)-(L)m~(NEPi)
wherein L is a linking moiety, such as a cation or is a noncovalent bond and m is an integer
from 1 or more. In other words the ARB and NEPi moiety can be connected via. non-covalent

bonds such as hydrogen bonding. Alternatively or additionally they may be connected via a
linking moiety such as a cation.

In one embodiment, the dual-acting compound may be considered to be a linked pro-drug,
whereby the linking moiety, such as the cation, linking the two pharmaceutically active
agents, the ARB and the NEPI, forms the pro-drug of these agents which are released once
the linked pro-drug is ingested and absorbed.

In a preferred embodiment, the dual-acting compound is a complex, in particular a

supramolecular complex.

For the purpose of the present invention, the term “supramolecular complex” is intended to
describe an interaction between the two 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 sbecies



(a) an angiotensin receptor antagoni st or a pharmaceutically acceptable
salt thereof; and (b) a NEPi or a pharnaceutically acceptable salt thereof,
wher ei n twe 2esmgisei4ensi n receptor antagoni st or a phar maeeuiuse@ol0y3710
acceptabl e salt thereof and the NEPi or a pharmaceutically acceptable salt
thereof are linked by a linking noiety. The two conponents are each |inked
to a linking noiety thereby creating a |linked pro-drug. Preferably, the )
|l i nked pro-drug is substantially purejOas used herein, "substantially pure
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| i nkedthsrapegieag has a structure such that by linking the two conponents

with the |inking nmoiety, a supranolecular conplex is formed. For the
pur pose of the present invention, the term "dual -acting conpound” is
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ARB an oni ¢ bonds can be present between the
cation and one or both of the two pharnmaceutically active agents, the ARB
and the NEPi nol ecul ar noieties. Oher types of bonds may al so be present
Wi t hi nTym@alladhp@IuﬁHa@iug leompound, in particular 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 any 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, preferably water.

The dual acting compound comprises a molecular moiety of an angiotensin receptor
antagonist. This means that a molecular moiety derived from an angiotensin receptor
antagonist is participating in the build-up of the dual-acting compound. The angiotensin
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
compound. Angiotensin receptor antagonists (ARBs) suitable for use in the present invention



van der Waals forces. For illustrative purposes, the dual-acting conpound
of the present invention could be represented as follows: (ARB)-(L) 1n

- (NEPi ) wwenesmsks4ss a | inking noiety, such as a cati onpgmr/ussoog/omyneoval ent
bond and mis an integer from1 or nore. In other words the ARB and NEPI

noi ety can be connected via non-coval ent bonds such as hydrogen bondi ng.
Alternatively or additionally they nay be connected via a |linking noiety
such as a cation. In one enbodi nent,-the dual -acting conpound may be

consi dpekde,vitHgt Fni e d noi.ety, such as the
cation, |inking heltétt\i%lg gariéa%r%gcfgg%t%ﬁ"’?}ﬁé t\%ﬁmgé % b SPPAEIARE and t he
NEPi |, ?%Pﬁﬁaff%OWW?UQamsaﬂae@eS@@aan,semmm tize eompdLealswith thace the | i nked
pro- drd@lgr&tlbrﬁlgeﬁ??%fmoﬁ&ﬁlﬂ ?&Qulé n a preferred enbodiment, the

dual -acting conpound is a conp ex, In particular a suprannlecular conpl ex.
For the purpose of the present inveption, the term "supranol ecul ar conpl ex"
is intended to describe an interac 9 betmeen the two pharmaceutically
active agents, the cations and any ot hgr entity present such as a sol vent,
in particular water, by nmeans oﬂ noricoval ent, i nternol ecul ar bondi ng

bet ween them "This intexg%yhgp/#e s—+e0an associ ation of the

speci espresent in the supfano eculMar copp i stinguishing this conplex
over a physical mxture of the spedy R ent i nternol ecul ar
bondi ng can be any interactions known form such
supr anol ecul ar conpl exes, such as hydroygef g/ van der Waals forces
and p- p stacking. lonic bonds can also be pres$nt Preferably, there

exi sts ionic bonding and additionally hydrogenanding to forma network of
interactions within the conplex. The suprannl%culﬁﬁ conpl ex exists
preferably in the solid state but may al so be ypepsent in liquid nmedia. As a
preferred enmbodi nent of the invention, the conplex is,crystalline and in
this

the compound with the designation SC-52458 of the following formula

and

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



case is preferably a m xed crystal or co-crystal. Typically, the

dual -acting conpound, in particular the supranol ecul ar conpl ex shows
properti esouetsesicnel ting point, IR spectrum etc. that parasdidciogs7ent from
a physical m xture of the species. Preferably, the dual-acting conpound, in
particul ar the supranol ecul ar conpl ex, has a network of non-coval ent bonds,
in particular hydrogen bonds, between the two pharmaceutically active
agents and any solvent, if present, pt2ferably water. Mreover, it is
preferred that the dual acting conpound, in particular the suprannlecular
conpl ex, has a network of Pkbnt bonds in particular ionic and

hydr ogen bonds, between {# 0 pharnaceutlcally active agents, the cation
and any solvent, if prese bref erably water. The cation is preferably

coordi nated to several oOX)Ryp [ s, thus, providing a |inkage between
t hese oxygen |igands. The oxygem |igands cone fromthe carbonyl and

car boxyl ate groups present in the twy/phg A ally active agents and
preferably al so fromany sol vent, H w erably water. The dua

acting conmpound conprises a nol ecul ar \nxc §f=ah angi ot ensi n recept or

antagoni st. This nmeans that a nol ecul ar noi ety derived from an angi otensin
receptor antagonist is participating in the bgild-up of the dual-acting
conpound. The angi ot ensi n receptor antagoni % Hart of the conpound and
connected to the NEP inhibitor directly or iRdiyectly via non-coval ent
bonds For sake of convenience, throughout the application, the term

"angi ot ensin receptor antagonist” will be used when descri b| ng this part of
t he conpibiriangigiensin Breseptorantagonist also dphilestisit (sARBdiInited td, asbtatasior use in

the prgssest, ddﬁﬁ@ﬁrﬁaﬂw%tw%w@sﬁ‘?@%ﬂﬂ)'sgbéﬁt ”6710p3_he5§/3§3?a\;ﬁ| ggsa”a”

irbesartan, telmsartan 13‘%é)rosartan can esa Al sart an,
t asos ai81R82. HIPRA6BLRIBS-R22, B d aAcOancamdeshdan] -G h4a4, EXFE3 1417 RV B43d) e

fol | ovi.ng {7 Mulsa1641¢ ReAMTBP UYL 29585, Pe1 488k A9R6bA8) 267078 U 25580

V\CNA%’( 126227 WK-1492.2K, YM-31472, losartan potassium, E-4177, EMD-73495,
eprosartan, HN-65021, irbesartan, L.-159282, ME-3221, SL-91.0102, Tasosartan,
Telmisartan, 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, DuP-167, EXP-063, EXP-6155, EXP-6803, EXP-7711, EXP-9270, FK-739,
HR-720, ICI-D6888, ICI-D7155, ICI-D8731, isoteoline, KRI-1177, L-158809, L-158978,
L-159874, LR B087, LY-285434, LY-302289, LY-315995, RG-13647, RWJ-38970,
RWJ-46458, S-8307, S-8308, saprisartan, saralasin, Sarmesin, WK-1 360, X-6803, ZD-6888
ZD-7155, ZD-8731, BIBS39, Cl-996, DMP-811, DuP-532, EXP-929, L-163017, LY-301875,
XH-148, XR-510, zolasartan and PD-123319.

7

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



and the conpound with the designation the conmpound ZD- 8731 of the foll ow ng
formul aSui tabl e angi otensin Il receptor antagoni st also includes, but is
not |i m two 20ar/0s6m6al asi n acetate, candesartan cil exeti PCTOSEH08B137D)

EMD- 66397, KT3-671, LR-B/ 081, valsartan, A-81282, BIBR-363, BIBS-222,

BMS- 184698, candesartan, CV-1 1194, EXP-3174, KW 3433, L-161177, L-162154,
LR- B/ 057, LY-235656, PD-1 50304, U 96849, U 97018, UP-275-22, \WWAY-126227,
VK- 1492. 2K, YM 31472, losartan potassidm E-4177, ENMD 73495, eprosartan,
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sar al adt o VErRACer FRIRITE! So- 0 R0 ey e CO0pe ARG 5 53,

cl - 996mtem|w Rits mwayM%mgre ledorped., Salts|whiglo are7ynsuifalde mmarmmaal XR- 510,

zol asa I ' ct of
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for prisimhagnadestieditisicerntakie saits, eomplseincludedc Evenimoce praiferied $eits ;areesent

i nvent j@n c

accord%% s%@&}(e%ﬁcﬁﬂﬁ%hﬁéﬁ%&%%@sﬁﬂ'H'gr@&‘pﬁétésaﬁﬁﬁ &ssoﬂrurr?geﬂtm ﬁ?ﬂaﬁf
in theamornl"@éwbemtauiaeMmL ea@qaﬂyanlyyomerfqm éhere@ft or ester form
Preferred salts forms include acid addition salts. The conpounds havi ng at

| east Mﬁﬁo%téﬂssﬂlh@é&’t &@aﬁaﬁamﬂ'\&bh@éf@ﬁﬁ %ﬁgbﬁs&u I@df%gls%%mnsal ts with

bases. Suitable salts with basesare, e. such as al kal i
met al  8MOEAheHs Phervetaling forex aspesially i h)@lr@te forep, dharagf. pot assi um cal ci um or
magnesium salts, or salts with ammonia or an organi ¢ am ne, such as

Calcium salt of valsartan in crystalline form, especially in hydrate form, primarily the

nventi on

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
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 amorphous
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 invention, 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



nmor phol i ne, thionorpholine, piperidine, pyrrolidine, a nono-, di- or
tri-lower alkylamne, e.qg., ethyl-, tert-butyl-, diethyl-, diisopropyl-

tri et hyl -woteimsssas- or di met hyl propyl am ne, or a nono- pCEiUs2@%/0437idydr oxy
| ower al kyl ami ne, e.g., nono-, di- ortri-ethanol am ne. Correspondi ng
internal salts may furthernore be forned. Salts which are unsuitable for
phar maceuti cal uses but which can be enployed, e.g., for the isolation or
purification of free conpounds | or théir pharmaceutically acceptable
salts, are also included. Even nore prefigpred galts are, e.g., | ected
fron1the nono-sodiumsalt in anDrphousofor i -&odi um salt of v | sartan in
anor phous or crystalline form especiafly in|hydrate form thereof.

Mono- pot assi um sal t  of val & h forey di-potassiumsalt of

val sartan in anorphous or crystalline for\n esp@cially in hydrate form
thereof. Calciumsalt of valsartan in crystallillne form especially in
hydrate form primarily the tetra S there@f magnesi um sal t of

val sartan in crystalline form es ly in hydrate form primarily the
hexahydr at e thereof; calci i i
crystalline form especia
val sartan in crystalline espegially in hydrate form

o/ s-di propyl ammoni um sal t Hsarlan in crystalline form especially in
hydrate form /s-dibutylannnniun1saI}Nof val sartan in crystalline form
especially in hydrate form primgyil) the hem hydrate thereof; rnono-/.-
arginine salt of valsartan in anorphous form 6/s-L-arginine salt of

val sartan in anorphous form nono-L-lysine salt of valsartan in anorphous
form Valsrtdyminecswiri rabertiafernf éras drie AR ARANSMEQIowRTRIGY 20! ¥ vhen
preparing the dual -acting conpound, in particular the conplex according to
the present invention, the free formof the ARB is used. In a preferred
enbodi ment of this %hygntien, the angi ot ensin recéptq Jfbcker used in the
conbi nati on gr compl exCof the present |nvenh|on Ds Va Csartan t he nol ecul ar

ate form b/s-diethylamoniumsalt of

{
structHri(ﬁ Mhlc C HC\ C
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H,C CH,

HN™ SN
' \
preferably N=N

Valsartan ((S)-N-valeryl-N—{[Z'-(1H-tetrazole-5-yl)-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 6f each of



I's shown bel owal sartan nay be in the racemc formor as one of the two

| soners shown bel ow preferably Valsartan ((S)-L/-valeryl-L/-{[2"-(1

H t et r azole-2bemisgsabi phenyl - 4-yl ] -net hyl }-val i ne) used aecwrudeevg/otzria he
present invention can be purchased from commerci al sources or can be
prepared according to known nethods. For exanple, the preparation of

val sartan is described in U S. Patent No. 5,399,578 and EP 0 443 983, the
entire disclosure of each ofwhich is-1ficorporated by reference herein.

Val sartan, may be used, for. pur poses this invention in its free acid form
v el AR R hoQRorRES bl el BrER, lalsatan iay on 1rd Takpupises o Jiar

der i vatnveetiondh its free caidony | asovgr s3Upianyg soiabidsalefophi ddditionallyhestensirhesi s of
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S well as. salts and derivatives of the tetrazole
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accept dhige, ssalvélbad bsitsearid ddrivatives abthg, tetrdleARBuping & Réfgrendd 16 ARBInclddets, t he
angi otensin rg)ceHotor bl,ocker haé Ia cga{t%e ?f O, 1 or 2 depending on the pH
of t he CYPIET BrP amacedicalyaicRBRPSFals R pr esent i nvention, the ARB is in
the formof a pharmaceutically acceptable salt selected from Na, K or NH4,
pr ef er Eefgrably, thEMARB isna Hipeteis abidt Thubehaangioteasith rdcemad Bloekker hies ehargéi ons,

prefer Y, l-salt. ln r.ticular in the case of valsartan this neans
that b ¢1 1t e %%%@Wﬁncthsg%f&@ sé%@'oghd the tetrazole noiety formthe
salt. In the dual-acting conpound, in particular the supranol ecul ar conpl ex
of t helmpthesembinatior nf therpreseppingerition, thecARB an the fiorrofof & IpbariRiBelticadippl oyed i n
the pr | tar OB egl ent, .| ex |

 nt rodap et PR O rGANER S ECBLLRTABLRE this Rehiies B ghf and

conpr i diesaltzof thesematians, poéfetaplydhe di-sedtu b erticdatdp 8t ¢Gase ©E valsdridn thismearsi s

means i | ef. i : opepti dase
I nhi bi E%?B?tg t%%ﬁ?%@ﬁt@g'ﬁ{’%tyﬁlg t%ﬁ%t%?ﬁgng?'&ﬁ E%&;ﬁ{&g%@ g’ct I ng conpound. The
neutral endopeptidase inhibitor is part of the conpound and connected to

t he AR thEdeakacfingcompabnd dn pgrticilar the suprasiolsulan onaslex R thespireentf
convenigagifn, IR ed 3 BPRL AR s UhpidyXa ih Md PreP&atibthnd 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 to 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 formula (1)
A

HS ——CHp—CH—C—NH—CH——(CHp)y—C—R

=0

wherein

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

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

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



endopepti dase inhibitor”™ will be used when describing this part of the
conpound. Neutral endopeptidase inhibitors suitable for use in the present
i nvent i orwonednumdessshose of fornmula (1) wherein R2 is al egir/uskookwds7e@r bons,
trifluoronethyl, phenyl, substituted phenyl, -(CH2)I to 4-phenyl, or -(CH
2) | to 4-substituted phenyl; R3 is hydrogen, alkyl of 1-7 carbons, phenyl,
substituted phenyl, -(CH 2)I to 4-phenyl or -(CH 2) | to 4-substituted
phenyl; R is hydroxy, al koxy of 1-7-thrbons or NH2;n is an integer from

1-15; anch it @ ,,gtgéépfﬁ)%)qqgt uted phenyl refers to a substituent ‘sel ected from
| ower al kyl of 1Z4 . carbons, |ower al koxy of 1-4 carbons, |ower alkylthio

of 1- 4andhtheders) sllfhsdfwed/phﬁyl re?é’rstb’ a Eubsﬁf&h?éél@vﬁe@?rlﬂhrla\tvereélﬁgBPPW dase is

i nhi bi ) cl ude conpounds erein enzyl ;
hydr ogé%ggrhs |°s"J egr?"%éﬁ)( 8'( Ld’ CF'Fbﬂ?FfL'O‘ger alkdthig ofi 154 Rg@PBshy M Gle Br prrléf er r ed
neutral endopepti dase |nh| bitor is (3S,2'R-3-{1-[2' - (et hoxycarbonyl)-4"-

pheny| Pefrriddinecyral epieptpiivase treiiiony bfasinild (IShclude compounds,
-t etrahydr o”- oxo-| Hi - benzazepi ne-i acetic acid or a pharmaceutically
accept'¥ R&Nsalt thereof. Preferred neutral endopepti dase inhibitors

sui t abl e,;)t2 é]'h% -in the present invention include, wthout limtation, SQ
28,603; L @%E ?1( S) - car boxyl - 3- phenyl propyl ] -(S) - phenyl al anyl ]-(S)-

i soser i N®, idhydrddent ((1 S) - car boxy- 2- phenyl ) et hyl ] - (S) - phenyl al anyl ] -

b-al anine; L/-[2(S)-

mer capt ofvé3 ay intepef fromet-Byaneheny! ) - pr opi onyl | et hi oni ne;

(cl/s-4- [h"&ﬁz car boxy-3-(2-.

nmet hoxye PYpy! ] - cycl opent yl ] car bonyl ] am noj - cycl ohexanecar boxyli-c
acid); thior phan
Another preferred neutral endopeptidase inhibitor is (3S,2'R)-3-{1-[2"- (ethox'ycarbonyl) 4'-

phenyl-butyl}-cyclopentan-1- -carbonylamino}-2,3,4,5-tetrahydro-2-oxo-1H-1- benzazepme-1-
acetic acid or a pharmaceutically acceptable salt thereof.

Preferred neutral endopeptidase inhibitors suitable for use in the present invention include,
without limitation, SQ 28,603; N—[N—[1(S)-carboxyl-3-phenylpropyl]—(S)-phenylalanyl]é(S)- 4
isoserineg; N-[N—[((1S)—carboxy—z-phenyI)ethyI]-(S)-phenylalanyl]—B-alanine; N-[2(S)-
mercaptomethyl-3-(2-methylphenyl)-propionyljmethionine; (cis-4-[[[1-[2-carboxy-3-(2-
methoxyethoxy)propyl]-cyclopentyl]carbonyl]amino]—cyclohexanecarboxylic acid); thiorphan;
retro-thiorphan; phosphoramidon; SQ 29072; (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester: N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid; (S)-cis-4-[1-[2-(5-
indanyloxycarbonyl)—3-(2-methoxyethoxy)propyl]—1—cyclopentanecarboxamido]-1-
cyclohexanecarboxylic acid; 3-(1 ~[6-endo-hydroxymethylbicyclo[2,2,1 ]heptane;z-exo-
carbamoyl]cyclopentyl)-2-(2—methoxyethyl)propanoic acid; N-(1;(3-(N-t-butoxycarbonyl-(S)-
prolylamino)-2(S)—t—butoxy-carbonylpropyl)cyclopentanecarbonyl)-O—benzyl-(S)-serine methyl
ester; 4-[[2-(mercaptomethyl)—1-oxo-3—phenylpropyl]amino]benzoic acid; 3-[1~(cis-4-
carboxycarbonyl-cis-3-butylcyclohexyl-r-1 -carbamoyl)cyclopentyl]-2S-(2-
methoxyethoxymethyl)propanoic acid; N-((2S)-2-(4-biphenylmethyl)-4-carboxy-5-
phenoxyvaleryl)glycine; N-(1 -(N-hydroxycarbamoyimethy!)-1 -cyclopentanecarbonyl)-L -
phenylalanine; (S)-(2-biphenyl-4-yi)-1 ~(1H-tetrazol-5-yl)ethylamino) methylphosphonic acid: .
(S)-5-(N-(2-(phosphonomethylamino)—3-(4—biphenyl)propionyl)-2-aminoethyl)tetrazole;
B-alanine; 3-[1,1 '-biphenyI]-4-yI-N-[diphenoxyphosphinyl)methyl]-L-alanyl; N-(2-carboxy-4-



retro-thiorphan; phosphorani don; SQ 29072; _ _
(2/:7?,4S)-5-Dbi phenyl 4-yl -5-(3-car boxypropi onyl am no) - 2-net hyl - pent anoi c
aci d et hywoesamisps4s/ - ( 3- car boxy- 1- oxopr opyl ) - (4S) - pphenyphuseyols g7y O -

am no™R- net hyl but anoi ¢ acid; (S)-c/s-4-[1-[2-(5- _

I ndanyl oxycar bonyl ) - 3- ( 2- met hoxyet hoxy) propyl ] - 1- cycl opent anecar boxam do] - 1
- cycl ohexanecar boxyl i ¢ aci d;

3- (1-[ 6- endo- hydr oxymet hyl bi cycl o[ 2, 214} hept ane- 2- exocar banoyl ]

| i d /
C)(/C| OPE{MHA) M—%e(x%g@ﬁ EQWrwAQﬂﬂ@aﬁ& r%el%%ptomehwyl &l

(LW but'oxyca
pr olyl amw&rom@)mrﬂo}ﬂmamt%mwwt pCidpl)-| LyR2egimettgnecatib@mi-3-yQ- benzyl - (S

4 Co- PR BK R Staenyiethy-s-shenyioleny b gning: A AL Ur 2 2cipethyt-
3- [ 1- ( ¢/3sdigxolan-4-yl)- methoxy]carbonyl] 2-phenylethyl]- L-phenylalanyl] (R)-alanine; 25 (2
ﬁg[ Egiy g@nﬂé rﬁ[»ﬁ/) pP é’r\éeré@Lﬁ? -BFeX)Xalanyl] (R? anlne X}-[E— c(é{y(ljt |%nmte¥hy1 3- (2-( )

L/ - (( 2@)eifWJ-PhSM)pfwmﬁMWdﬂybr)mdemr ey AN52- m@em&mmyﬁsxﬁ) ggci gleamL/n e( 1
(5" (2 SBIPAERIRASIIT O ahing; ESRSE RSP R By e R bhieBa ol <
aci d; (S)-isoserine; N-(S)-[3-mercapto-2-(2- -methylphenyl)propionyl}-(S)-2-methoxy- R)-Zalanln Chvl )t
((atS z ag 0&2[4 '[lg@f%ﬁﬂgﬁgmgl%bﬁéﬂyﬁwﬁﬁwﬁf I})peXty?carbonyl? g) usosen%eran noet hyl)
L/ -[di Nﬂéﬂdk@mmm (o‘r}bh?mmmwmanﬁne]aiyelnyéntylcarbonyl] -(S)-isoserine; 1,1'-[dithiobis-

> (o rf % e Rl TS AL S wPagrbel 3T Btiowisszis@-aci o

(/.) - (methylbenzy)- h@xm’il1-nrop846§iuylij(-bise(l$)-meyﬂu)mne N-(3-phenyl- 2 (mercaptomethyl)-
RQ‘/E PE;(IM%’FWI?? 3’) Af et@ﬂﬁl@%a?ho@%l hlcénlneD Wﬁ aceky‘?tﬁ%n)ethyl?B phenyl proplonyl] -3-

1, 3- du@n@pbﬁawq@qd rﬁé[ZHDngp]apiantaﬂnw-B}ph%nyikmambwl]h&bhdobepﬂﬁ@?jb@ ;’;myl] (/?)-a
lani- ”eN-M Yo-bhdok -)phé'n il el %@Y'a Ik sf-solhpay! al anyl ] - (

: ?) - al ani ne; ?

met hyIN}Bhé#ﬁeltwtbDﬁlﬂﬂmﬁyyqlomanemarbmyﬁ{(ﬁytneﬁmmme ethiy+dsRerfrer capt onet hyl - 3- ( 2-
7 5 BTSRRI B o mylamimioyssaspaipgiam M-@sgeenitiometibs-

L/ - (S)(2fr3ethnlpbapd)pm®+o(n2|9mmﬂhlyhlpbemyl $§tenph@BYMbinafInstharlohoxy- (f ?) - al ani ne;
L/ - [1-[[1(S) - benzyl oxycar bonyl - 3- phenyl propyl ] am no] cycl opent yl carbonyl ]-(S

% SI) S?Z%%%ﬁle?% hﬂdasu]rﬂhc')%t A3 S0 BRPUEhRISLII SPmISERiAh O Ie8)r FabkR i ne:
- [RIERA P@@P@Ofdlpg (Srnquwn. methhyls kseiola b Yhabe-sekfortB,in any of U.S. Patent

1 pr OFN’(F!QQTZQ,MO', os- F{a%nt'l\f%(?g%b,%qa l:.lJS1 Pa[e% Nhl 2%188[Ig(l§)8 g’atent 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 00361365,
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 93/09101, EP 00590442, WO
93/10773, U.S. Patent‘ No. 5,217,996, the disclosure of each of which is incorporated by
reference. Neutral 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-



met hyl benzyl )-1 -oxo-3, 1-propanediyl]]- /s-(S)-nethionine;

L/ - (3- phenyl - 2- (ner capt onet hyl ) -

pr opi onylwe(&)#usesaaet hyl mer capt o) met hi oni ne; PCT/US2006/043710

L/ -[ 2-acetyl t hi onet hyl - 3- phenyl - propi onyl ] - 3- am nobenzoi ¢ aci d;

/ V- P- mer capt onet hyl - S- phenyl - pr opi onyl | - S-am nobenzoi ¢ aci d;
L/-[1-(2-carboxy-4-phenyl butyl)-cycl opent ane-carbonyl]-(S)-isoserine; L/-[1
- (acet yl t hi onet hyl ) cycl opent ane- car bot§+t] - (S) - net hi oni ne et hyl ester;

2 et om0 LSO S ARARIAE

L/ -(2- met hy enyl) propion

ester: ﬁ%ﬁﬂ‘y%%mérb@i‘ﬂﬂyl“ d@fcarb@u’cmwlomiainpe}aﬂmmbibﬁ-penhnbictaaros can be
pur chased from comercial sources or can be prepared according to known
nmet hods, such as those set forth in any of U S. fatent No. 4,722,810, U.S.
Patent No. 5,223,516, U.S. Pat®nt No. 4,610,816,/ U.S. Patent No. 4,929, 641,
South African Patent Applicat{on 84/0670, UK 8, U S. Patent No.
5,217,996, EP 00342850, GB 02218983, Wp_92/1A706,0EP 0034391 1, JP
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gZor other derivatives of any carboxylic
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The compound of formula (ll) 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 () may be used for purposes of this invention
in its free form, as well as in any suitable salt or ester form.



ethyl ester as shown bel ow. The conpound of formula (I1) is a specific

i nhibitor of NEP and is described in U S. Patent No. 5,217,996. It can be
pur chasedwbnroemosesmer ci al sources or can be prepared aceordise@etod@s7hmnown
met hods. The conpound of formula (l11) may be used for purposes of this
invention in its free form as well as in any suitable salt or ester
formPreferably the NEPi is a nonoprotic acid. Thus, the NEPi has a charge
of 0 or 1 depending on the pH of thel8elution. In the conbination of the

prese | ' e bk S ok r f | cept abl e
ol t e eERing Nepite & nachrolf abl TR, IHSindk {UtRiRGRHy fdiratals
conpowndhe pH gbther sadutioar t he supranol ecul ar conpl ex of the present

i nvention, typically the free formof the NEPi is enployed in the

r epanaty 7 b QO |- 4 L Si~hf\f r oduced
prep .|ﬁ¥He%n?dﬁ%tioH98£?1)%tC§q:8§BTrﬁén%§ﬁﬁdn, theUESHY N 1h8 76 o@,?rgérrgréfélﬁuchl

by using-a base, ( ual acting conpound pre y cornprises
non- c @¢egrianle 5ak aelepted WoarNa, Heoris:. preferehly N&Pi . Al ternatively or in

addition, it optionally conprises a |linking noiety such as a

phar mag gial dueRbéthg@dnfRiuAd) iR padicliaNthe BaBrdnhdlKeUMet JBRIpRIYOFRCHeEES. but s not
limted to, generally reg’g{qg?d as_safe (GRAS) conpounds or ot her

phar ndi®EnHe). dwnicajly e Eor BhenWertirieismptayed iin theinepanefiostandrias cafionity i on or

a neutshatiedTPle36M iff thd EorfEx BARFJIBES BY Osih§@ HasBKicagomPi ety is an ion ‘the
| i nked pro drug is a salt and when the linking noiety is a neutral nolecule

the |i_nked Pro,—dru s a c?cra/stal . .Wthout being bound by anyﬁgticul ar
t heor y hetdya! agtingicempgarad Bigiesebly remptigssod-gqeplenybendsdelvesndbe ARBAMthe basi ¢

I'i nki nige REPEt Mteibigtivelyltittin adiditidr) it @BtiGHHNp eB@pfiSed 4 ikilP®6IdE diithta8d to form
one nol ecul e. _Vggen the |inked pro-drug is ingested by the subject intended
to be PIRERRCEYEAY asepRIabIE C8HQD nat ure of the ingestion environment causes

the linked pro-drug to separate into individual conponents concomtant with
I ngestTheninking nfdist indludes, L ididmited is geReraiynyatded dsdafe (GRASE agents to

provi %%mtpggﬁés greori'ﬁérl pﬂa%ac?ollgglic% i/%gclep?acl}lel 8gm}38unds. The linking moiety may be

an ion or a neutral molecule. In the case wherein the linking moiety is an ion the linked pro-
drug is a salt and when the linking moiety is a neutral molecule the linked pro-drug is a co-
crystal. Without being bound by any particular theory, the acidic portion of the ARB and
NEPi donate a proton to the basic linking moiety such that all three components then
become united to form one molecule. When the linked pro-drug is ingested by the subject
intended to be treated the more acidic nature of the ingestion environment causes the linked
pro-drug to separate into individual components concomitant with ingestion and absorption
and therefore be converted into active agents to provide their beneficial biological action to

treat the intended diseases.

In the case of a linked pro-drug salt or the dual-acting compound, the linking moiety or the
cation, respectively, is preferably a positively charged mono-, di- or tri-valent cation, an
organic base or an amino acid. Preferred cations (Cat) both for the linked pro-drug in
general and the dual-acting compound, in particular the complex are basic cations, even
more preferably metallic cations. Preferred metallic cations include, but are not limited to Na,
K, Ca, Mg, Zn, Fe or NH,. Amine bases and salt forming agents may also be employed,
such as benzathine, hydrabamine, ethylenediamine, n-n-dibenzyi-ethylenediamine, L-
arginine, choline hydroxide, N-methyl-glucamine, (Meglumine), L-Lysine,
dimethylaminoethanol (Deanol), t-butylamine, diethylamine, 2-(diethylamino)-ethanol, 4-(2-



treat the intended diseases. In the case of a |linked pro-drug salt or the
dual -acting conpound, the linking noiety or the cation, respectively, is

pr ef er ablwoaopmssissvel y charged nono-, di- or tri-val entPcraisc@a/o4zmo or gani c
base or an am no acid. Preferred cations (Cat) both for the |inked pro-drug
in general and the dual -acting conpound, in particular the conplex are

basi c cations, even nore preferably netallic cations. Preferred netallic
cations include, but are not limted-20-Nal K, Ca, My, Zn, Fe or NH4. Anm ne

base f ) e e such as henzat hj ne,
v ar s ot S Bl TRt R85 5B s o RPN b
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di met hglrapbBRRfIh ARG zcﬁé?%bj_%ir%q %ﬁ&)fﬂfemaﬁ?}ﬁlﬁ-ﬁqu' et hyl am ne,

2- (di et hyl am no) - et hanol’, ydr oxye nor phol i ne, Thr onet hani ne
(TRIS), 4-acetam dophenol, 2-am no-2-nmethyl-1 ,3- propanediol,

2- ami n¥lost prefershly. Shagationlis Neereyr Niti, sech as/ih.ohexgleaiodimendioatis prawrasd. ne,
et hanol am ne, i m dazol e, piperazine and triethanol am ne. Mst preferably,

the catri 8 chSe da lifke@prdVhkig &%té?th%gkihglr@?%}g%?g E{;ﬁ%te r?ocri?eéiitrf?' preferred.

In the case of a |inked pro-drug co-cryst is my al so
be a nBWtECHIe WhithiergyidesRydrrogn-bendirgsfungtibnalizn- bondi ng functionality. 1n one

enbodi ment, the linked pro-drugs of this invention are represented as set

forth bedrevémbduher : 3
14 ek e e 0 AR A ST L
(2) NePreremschama (Handh) (epresaphasalt andsehenea(3) mepresamtoa coerystéli s Na, K or

NH4; Z is a neutral nolecule; and
NEPi o« Xae ARB scheme (1)

NEPi e XaYbe ARB scheme (2)

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, 1 or 2
and the NEPi has a charge of 0 or 1 depending on the pH of the solution, while the overall
molecuie 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-component salts, particularly with zinc and calcium have been reported in the literature
e.g., Chem Pharm Bull, Vol. 53, p. 654 (2005). These ions require a coordination geometry
that facilitates the crystallization of multi-component systems. The metal ions have
coordinating geometries governed by the atomic orbitals for each species



a, b and c reflect the stoichionetry of the |inked pro-drug, preferably, a,
b and c are a valence of 1+ 2+ or 3+. For the linked pro-drugs of schemes
(1) and (WP, 20ebevms preferably the NEPi is a nonoproticrativs2ee@d4BRB i s a
diprotic acid. The angiotensin receptor blocker has a charge of 0, 1 or 2
and the NEPi has a charge of 0 or 1 depending on the pH of the sol ution,
while the overall nolecule will be neutral. Ratios of ARB to NEPi wll be
1 1 1 2, 1:3, 3:1, 2:1, 1:1, preferab1y 1:1, 1:2 or 1:3, nost preferably
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appl i edleymare 9rqfq;aplhé 1 $nTMaml@sgqu@Iy to the linked pro-drug.
The combination or the dual-acting compound, in particular the complex of the present
invention may contain a solvent. This is particularly preferred in the case of the dual-acting
compound, in particular the complex, where the solvent may contribute to the intermolecular
structure, e.g. the supramolecular interactions. Preferred solvents include water, methanol,
ethanol, 2-propanol, acetone, ethyl acetate, methyl-t-butylether, acetonitrile, toluene, and
methylene chloride, preferably water. If a solvent is present, one or more molecules per
molecule of the active agent can be present. In this case, namely if a stoichiometric amount
of the solvent is present, preferably 1, 2, 3, 4 or 5, more preferably 3, molecules of solvent,
such as water, can be present per molecule of active agent. Alternatively, the solvent may
be present in non-stoichiometric amounts. This means preferably any stoichiometric fraction
of the solvent, such as 0.25, 0.5, 0.75, 1.25,1.5,1.75,2.25, 2.5, 2.75, 3.25, 3.5, 3.75, 4.25,
4.5 and 4.75, preferably 2.5, molecules of solvent, such as water, can be present per
molecule of active agent. If the dual-acting compound, in particular the complex is in the
crystalline 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:



The conbi nation or the dual -acting conpound, in particular the conpl ex of
the present invention may contain a solvent. This is particularly preferred
in the case0d7/isbmedual -acti ng compound, in particul ar troe/useepsloescio wher e
the solvent may contribute to the internolecular structure, e.g. the
supranol ecul ar interactions. Preferred solvents include water, nethanol,

et hanol , 2-propanol, acetone, ethyl acetate, nethyl-f-butylether,
acetonitrile, toluene, and nethylene-2htoride, preferably water. If a

sol ventaR . r e S r | ecul e of the active agent
can bemprlggggr@?%% txﬁllgg \ggesrg?,ﬁ )ﬁgghyﬁﬂg’f‘%ﬁéﬁ hip<5?“F§'EaI%fyc anount of theg

solvent is present, preferably 1, 2, 3, 4 or 5, nore preferably 3,
mol ec uPEBYEPYBYas et Oswbérems< iadk dr 2 oc arsueh apra R pResralip! ecul e of active
agent. Alternatively, the solvent nay be present in non-stoichionetric

anmount [Galsd i (TR ARS. 51 k) y_ar ichiometric fraction of the solvent,
such e 25,«0.5,@?895]/@'{3%3@3}& q%f%}&f’é‘?p'%%'" )- ,f“e%?ﬁﬁ,e”tgr‘%,aceﬁ. 5, 3.75,
4. 25, ehy egiedlNgs 75 Ho0) whereibk is @.152 om3| eadh &s3.0f sol vent, such as wat er,
can be present per nolecule of active agent. If the dual -acting conmpound,

i n partiyeyh arord S e crystalline form the solvent may be
part of the %Ifgﬁﬁfgﬁgﬁﬁfﬁ%ﬁ%h% ”{%é"dﬁ@a’ thf dugkactipg sempowng, in ce. ~ Thus
in a prasicelardae syrsampleeyiar eimplércisplesseirdd bytie sUnGermdise dual - act i ng
conpound, in particular the supranol ecular conplex is described by the sum

for nul ARBAREENREL ) 1 Jaio - rein x4s 0L 1, 2 or 3, such as 3,
prefer[abl y [AQBE%NI}EP?%%%&Q%‘%?%vﬁe?%ﬁr?sgéspr&erﬁl?'y2 ‘or 3, such as 3,
nmore preferably [val sartan : :
((2: iAB@fN@PIHKIQhENIyHQL-VgHerén (3s 04 BpsyChrEsENs aRdteibfiBRbY2- Met hyl - pent anoi ¢
acid ethyl ester]Na 3 x H20 wherein x is 0, 1, 2 or 3, such as 3. Thus in

a prefgyi8d li g the, p t, invention. the dual -acting conpound,
in pa];[?\i' cul rgf t_[Ee(sq{pgrtgrQrQFec } glpﬁ%g\/_%pgﬂmfe@yf&é(glmeb KJ%B'PB?”W‘?T&'@&% formul a:
[ ARB( EFSOXY-REGPIOYanypIE-mettei-pemtanoit gcﬁ dtioy| 3steSJFF]I§§1- ﬁgizé; ﬁpal?ﬂi&ﬁa@g@éi-ybl
ARB i X H in x i to 3,.S as 2.5, nore prefera
[ARBCINEIR Ay MR- (o118 Rz 8BS i) BioReriaOt Rethyn-Soing) (ORS)5-biphenyid-yis. Y
(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester]Na; e x H,O, wherein x is 0
to 3, such as 2.5. In this most preferred example, the complex is termed trisodium [3-
((1S,3R)-1 —biphenyl-4-ylmethyl-3-ethoxycarbonyl-1 -butylcarbamoyl)propionate—(S)-3’-méthyl-
2’-(pentanoyl{2"-(tetrazol-5—ylate)biphenyl-4’-ylmethyl}amino)butyrate] hemipentahydrate.

A simplified structure of trisodium [3-((1 S,3R)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3’-methyl-2’-(pentanoyl{2"-(tetrazol-5-y|ate)biphenyl-4’-
ylmethyl}amino)butyrate] hemipentahydrate used to formally calculate the relative molecular
mass, is shown below.



[(L/-valeryl-L/-{[2"-(1Htetrazol e-5-yl)-bi phenyl -4-yl]-nethyl}-valine)

(5- bi phenyl 4-yl -5-(3- carboxy- propi onyl am no) - 2- met hyl - pent anoi ¢ aci d et hyl
est er ] Na3woxodia@ss46n particular [((S)- PCT/US2006/043710
L/-valeryl-L/-{[2"-(1Htetrazol e-5-yl)-bi phenyl -4-yl]-nethyl}-valine)
((2tf,4S)-5-Dbi phenyl 4-yl -5- (3-carboxy-propi onyl am no) - 2- met hyl - pent anoi ¢
acid ethyl ester]Na3 x H2O wherein ﬁ%is 0O to 3, such as 2.5. In this nost
preferred exanple, the conplex is terfied trisodi um|[3-

((1S, 3f?)-1-bi phenyl - 4-yl net hyl - 3- et hoxycar bonyl - 1- but yl car banoyl ) pr opi onat
e-(9)-3'- y ~

2' - (pent afoyl {2" - ( ol - 5-yl at e) b phenyl -4'.-yl net hyl } am no) but yr at e]

hem pent ‘ ) iaplifiedbstioucture of trisodi um

[3-((1S, i -yl Rret Ryl - 3-\et hoxycar bonyl - 1-

but yl car

bi phenyl :
cal cul atje the relative nol#cul ar mass,| i s shown bel ow. Val sartan conpri ses
two acigic groupings: the garboxylic gcid and the tetrazole. In one

enbodi mgnt of this aspect %E?Fhe present _i nventi o t he nol ecul ar structure

’é) -3)-nmethyl -2' - (pentanoyl {2"-(tetrazol -5-yl ate)

of the dual -acting conpouh gt i cjul gle?'t ﬁé"%cg,rrpl ex, of valsartan and a
NEPi conprises an interacti

tetrazole grouping and thg ion, su¢ch as Na, or the solvent, such as
water. I N yet another enb hent, the/ dual -acting conpound, in particular,

t he conpl\ex, conprises an i fteracti o between the val sartan carboxylic acid
gr oupi ng, \t he t/g%\aib*n{ oupbng or gfhe NEPi ‘grouping and the cation, such
as Na, or Yhe solvent,j sugh as watef. The conbination or dual-acting
conpound, I'n particul ar,”t conpl ex, of the present invention is
preferably in the solid form In the solid state it can be in the
crystalline, partially crystalline, armrghou_s, or pol ynorphous form
pr ef er ¥olsartam comprigasytwogcldicgrofpings: theheardotlic acidiang theietrezele, In ene
par { | ¢ dhdbdintdif of BERIsHEot Aind {18 GRRRfiol MEMoIRNlal SirilitbidRfHe duaPabih
conbi na’h%onI of an ARs@gnd&a |S obt alﬂrll%d by s? rrpll y physically rﬁpglbn t he
two actPmpownsk it Bartiqiars thei qomplex, RbvalsatianfandenER eapenrispe an inieractietke it
parti CyLRfdeN tiks BabxyfiiRfacid and the cation, such as Na, or the solvent, such as water, or a

linkage 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 particularly 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 H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine and
(2R,4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester



manuf acturi ng and therapeutic applications. The difference of the

dual -acting conpound, in particular, the conplex, and the conbi nati on can
be exenplwbizear/dsyssbhe dual - acti ng conmpound of PCT/US2006/043710
(S)-L/-valeryl-L/-{[2"-(1Htetrazol e-5-yl)-bi phenyl -4-yl]-nethyl}-valine
and (2R, 4S) - 5- bi phenyl 4-yl - 5- ( 3- car boxy- pr opi onyl am no) - 2- net hyl - pent anoi ¢
acid ethyl esterwhich is characterized by very distinct spectral peaks and
shifts that are not observed in the-@Hysi cal m xture. Specificall y, such a

dual - |
d:Jf fr gﬁ'?r{;ﬁ c{ﬁ)gﬁﬂ%ﬁ%&% gig%&\%ﬁ s?h@t@p\écﬁé] %ﬁﬁ@s rr?(% ?%/r act orret er
usi ng ROysigRl migdreat i on (1 anda=1. 54056 A) wth a PeI tier-cooled Silicon

detector at roomtenperature (25degree C). Scan range was from 1. 5degree to

40degree in 2 theta with a scan rate of 3degree/m nute. The nobst |nportant
refl ecciﬂeéﬂga“ynﬂf%‘ea uahagting FePRRUTO PIRfamPlRharmAiRTZed by 188 BV RAYIdey

l[ gt ?E Iloaﬁrtad:tm pattaietakét @itN al ScintddRDBREGE®pdveskr ifRa&tbineter Lehy @u-RA tri sodi um
o1 oy BTPREA ErAnoe A ity ersilss fileop dptostor AL ragy 1eMBSFBUR anoy! { 2"~ (
t et r azZ@bdegree/Cht 8gani rphgawas 4rony 1. feedrge }oa4ﬂdeg)dwh¢rthéta]wﬁh1mqwrrawqfdr ate is
gbt al 'B%Qpiereﬂﬁh&#éemé' \"ﬁ]ﬁ%&o‘rtﬁﬁt r@h&ﬂ%né Pﬁﬁ%%ﬁ‘aﬁ oftr2sich h %fhex ray

i ffract | 'agr ams ere oW aver ag alue In []
are |rf§‘iQ!\m93'ﬂfe(f|éﬁ'|C§rplaﬁerfm?“@i/S +0. 2) 4 5 5.5, 5 6, 9.9, 12.8, 15.7, 17.0,
17.1 ,_17.2, 18.3, 18.5, 19.8 21. 7, 23.2, 23.3, 24.9, 25.3, 27.4,
27. 9, B wefened shargetefizationaas trisopiym ﬁsr«as 3R 1-HiphenylA-ymethyl-8> 5. 57, 9. 94,

12. 82,etﬂé@y@é}bor%/hOc;utylégrbé%og%%o@ondt@—é?))z?{ rﬂ@thﬂlﬁa éﬁ&tgrﬁa_i[l{ﬁl(té@azole 12,

23.17, 23.27 he nobst i ntensive

refl edﬂﬁ@ﬁ@h?ﬁy'ﬁhém)@ﬂﬂldk?”d“?)PHté(@t?]&?%%ﬂfwwﬁf%ﬁ&/Pbttﬁ@e# BPmdog ingpriattice

| nt er | Addd igRrRIsAN 8f thBtaBEMMiSed ﬂ%y dilfﬂ[al:tlen dlé%r%ms5wﬁere%§ iR thelfoll8wing,”- 2, 19. 8,
2 1.5, 27.4, in particular 4.45,
average 'values 20 in [°] are indicated (error I|m|t of +0.2)

4.5,5.5,5.6, 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, 9.94, 12.82, 15.66, 17.01, 17.12, 17.2, 18.32, 18.46, 19.76, 21.53, 21.72,
23.17, 23.27, 24.88, 25.3, 27.4, 27.88, 28.04, 30.2.

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

_plane intervals:

20in[°: 4.5,5.6,12.8,17.0, 17.2, 19.8, 21.5, 27.4, in particular 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 intervals 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 corresponding to
the solid to be calculated by means of computer-aided calculation methods. The program
u‘sed is Powder Pattern within the application software Materials Studio (Accelrys). A



19.76, 21, 27.4. A preferred nethod of checking the above-indi cated average
values of the interlattice plane intervals and intensities neasured by
exper i nenwetzo@mséssem X-ray diffraction, for a given subgCanuse)ocoOeTse Sts in
calculating these intervals and their intensities fromthe conprehensive
single crystal structure determ nation. This structure determ nation yields
cell constants and atom positions, which enable the X-ray diffraction

di agram corresponding to the soli d t85be cal cul at ed by neans of

CO”pUtc@h']pahéiﬁﬂcfol?és@Ha?é 'r@ﬁéﬁ?&@%ér]atﬂé@pl@ﬁé’ﬂf&@lé‘ﬁﬁ&j|Httr5nsa%‘§‘j)ﬂheprﬁ5§ter n

within the application software Materials Studio (Acce Aconpari son of

t hese Magriant fyrigogiiim ﬁ’t‘@ﬂ$é”ﬁ)‘|1c@ﬂﬂnah%ymt@f‘@aqtbomafhoﬁylehs| ties of the
nost | kMo e-{I)L ” - -

(5 ((1bﬁ8%3R) yll bfb?ﬁbniéf GS‘)lffre-ﬂgﬂthWZ gpgtrﬂﬁngoylgar(teéragol -5-ylate)biphenyl-4’

but yI amamm W@B%f%ﬂahe@me%)ta@drﬁemmm fr@rpsémaéﬁm?rﬂsao@ &pmazol - 5-yl at e)
bi pheylcutdting thle ér},@cﬁl mhhgmm&@é@h ifpE RBRizbgr at e, obtained from
measurements and fromcal culating the single crystal data, is illustrated
in the table bel ow weak 18.46 weak 18.3 weak 30.2 weak Relative intensity
bet ween 100% to 50%is referred to as very strong, 50%to 10% as strong,
10% to 5% as weak, and bel ow 5% as very weak. The invention relates to
trisodiabd [ 3- ((1S, 3fi)-1-bi phenyl 4-yl met hyI - 3- et hoxycar bonyl -

but yléhar barmuJ )pl;%p oh \/| L " (1’ PfIRJ(ﬂ yl at 6)
bi phanyl| -yl thyl} %{b tyratel hem ahydr ot e ystalli:ng solid
whichii's erifzed BF LF éldat a and ’ﬁﬁ?%ﬁ% ers opt ai néﬂCP “singlle
crystlal "X:; ay -anal.ylsi s and X-Tay powder |patterns.. AW .- d’e_pt'n dl scusgion of
t he tllPeoiny] Dﬂntédi@tyn'eﬂbdniﬁ’] intehgig 29¢ﬁ mstalln%nguew dj 36 irapett|i- omntansityt he
def i niti-on the ehaldatad nrycf r_arne_t_e_r_ . VAR fgund in
Stout| & Jen>en -Ray Strugture Determ nation; A Priactical} Guide, I\/a#
M1l ilary £o. I\Y&/\Y Yor kg 4 Y (F968) phaptler 3yong VSt akggatia yery weak
A strong strong
5.52 Strong {- 5 strong | 21.53 weak 10.8 very weak
5.57 strong 6.5 strong | 21.72 very weak 21.4 . very weak
very
9.94 9.75 weak 23.17 weak 23.1 very weak
weak
very
12.82 12.6 weak | 23.27 weak 23.15 very weak
strong
very
15.66 15.05 strong | 24.88 very weak very weak
weak
very
C17.01 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




sum fornmul a C48H65N8CBNa3 SH20O nol ecul ar mass 957.99 crystal col our

col ourl ess crystal shape tabul ar: hexagonal crystal system nonoclinic space
group P2iwGCabé7/3essanet ers a=20. 344 A b=42.018 A c=20. 372CAVB2006003710= _
119. 29Y = 90 volune of unit cell 15 190.03 A3 Z (the nunber of asymetric
units in the unit cell) 2 calculated density 1.26845 g/cnB Single crystal
X-ray neasurenent data diffractoneter Noni us KappaCCD X-ray generator

Noni us FR571 X-ray generator with a C%%per rotating anode tenperature 270 K
and 1%0 K 'NofesT TwWO data S¢lgehk [WO SUlftabt e Singie crysyatlrs were
colle¢ted at|{ two diffferent fenperajures tlo assure ng phaselchange during
cool img. None of thel hydrogeén atong on thHe water or [am ne mitrogen atons
were (btd4§e iweakhq FA8:38i ef wepls 5030.Bey| werweakot i|ncl uded in the
ref i ngrent: '

Relative intensity between 100% to 50% is referred to as very strong, 50% to 10% as strong, 10% to
5% as weak, and below 5% as very weak.

The invention relates to trisodium [3-((1S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1- 4
butylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-
ylimethyl}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 crystal data and the parameters may be found in Stout & Jensen,
X-Ray Structure Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1968)
chapter 3.

Crystal data

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

Cell parameters

CasHssNgOgNajze2.5H,0
957.99

colourless

tabular: hexagonal
monoclinic

P2,

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

B=119.29°



Comput er programused to solve the structure SHELXD ( Shel drick, Gottingen)

In three dinensions, the unit cell is defined by three edge |lengths a, b,
and c, amaotbemses4nt er axi al angles a, b, und . In this wayustéve/owsshaunme of
the unit cell VO is determned. A differentiated description of these
crystal paraneters is illustrated in chapter 3 of Stout & Jensen (see

above). The details for trisodium][3-((1S, 3ft)-1-biphenyl-4-yl nethyl - 3-

et hoxycar bonyl - 1- but yl car banoyl ) pr opi dhat e- (S) - 3' - net hyl - 2' - (pent anoyl {2" - (
tetrazol -5- yl ate)bi phenyl -4' -yl net hyl } am no) butyrate] hem pent ahydrate
fromthe single crystal neasurenments, especjallgydhe atom coordi nates, the
i sotropic thermal paraneters, the coordinates of the hydrogen atons as well
as the Gorr espo ding isotropic thernal paraneters, show that a nonoclinic
uni t c\éqlt'm%?fg'ﬂ' el t's cell content of twel vad5i1¥0RAA units of C48H55N6CBNa3
2.5 H20 occurring as a result of two asymmetric units on two-fold

posi t i Dithe hombac eidsyhnRaGHtsIR mﬂﬁ?cénpt ergined fromthe single crystal
X-ray structure is a conmon space group for enantionorphically pure

nol ecué ?cﬁ{l LN t’hlit(syrspace group there are two{zgener al positions which neans

that fSICHRRY I8, nula units in the unit céi2P84mekmdnust be 18 sodi um i ons

and 15 waters in the asymmetric unit. A pictorial representation of the
unit cell of the supranol ecul ar conplex of trisodium][3-
((1S. S™-1i-bi phenyl -yl met hyl - S- et hoxycar bonyl - i - but yl car banmoyQpr opi onat e- CS

J-S - | - »

2" - ( pg%bglﬁngSfaé){-r(atygﬁaas%qn]%v_ttht e) bi phenyl -4' -yl net hyl } am no) but yr at e]
heni pent ahydrate conprising two asymetric units is shown in Figure 1.
Based difffagiemeterngl e crystal structure sdlefiisoKapgdG@msynmetric unit of the
trisodium[3- ((1 S, 3f?)-1 -biphenyl- -ylnethyl-S-ethoxycarbonyl -i

- but yhepdydpgmaydipPr opi onat e- (S) - 3" - net hyly .
2' - (pentanoyl {2"-(tetrazol -5-yl ate) bi phel\#l%ﬂ'qsflg?/?l1%?%9?%?"%3"5@@r at e]
hem pent ahydr at e supranol ecul e conpri sesopper retatihg ahoddB and NEPi nvi et i es,

18 'sodempratges, and 15 water nol ecul es. -k j
[3-((15,3 ) - 1- bi phenyl - 4-yl met hyl - 3- et r?&%%’?‘glém 1-

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

None of the hydrogen 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 c, and three
interaxial angles a, B, 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-((1 S,3R)-1-biphenyl-4-ylmethyl-3-
ethoxycarbonyl-1 -butylcarbamoyl)propionate-(S)-S’-methyI-Z’-(pentanoyl{2”-(tetrazol-5-
ylate)biphenyl-4’-yImethyi}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
CagHssNsOgNas @ 2.5 H,0 occurring as a result of two asymmetric units on two-fold positions.



| car banmoyl ) propi onate- (S)-3" -nmet hyl -2' - (pent anoyl {2"-(tetrazol -5-ylate)b
:Jtpﬁenyl -4 -yyl) ﬁet Iﬁyl }am nf)) butyrate] hem pentahydrate may be considered a
sodi um suwoanieubar conpl ex, coordinated by oxygen |i gamds2006hexer oxygens
come fromtwel ve carboxylate groups and ei ghteen carbonyl groups of the
above noieties, and from13 of the 15 water nolecules. The crystal is an
infinite 3-dinensional network of these sodium conpl exes. Such a conpound
may al so be characterized by an infra2&d absorpti on spectrum obt ai ned using

i f ' | : red (ATR FTIR
Cpect T ot o R e Gt P ool rel A B0 X8 it Cheg preprapan
bands, SRBG5EARIPr eRAMtiRIPPIeally pres/moleauiber I thisrapace groupahére@ twol71 1 (st),

=, . , . - 1357 (w) 95.(m,
1266 (B 110 cug richatee i e e T S h o ek bdipe Ha3
(st) %“Tr'ﬁr‘,s %@QBTQW?tFF%'Bgzqeﬁmmmeumtten stic to the conplex are in

particul ar the follow ng peaks 171 1(st), 1637(st), 1597(st) and 1401 (st).

i - s @ik IR cml .. Th
s e cPHaliah of SRRl AP a0B i dar foRtol arfishllum i - wea
(m = %%?’%hq'%“(/%y'm_efglt'ﬁo?tboxyﬁ@réﬁ@ylﬂybtsmarbarrwmppmdataqg)r;amr;:tg?fOrmt N
it TBa o Aol oxer rat o Aer IR AR R GRE L g

IRRUSHY WPegsymmelig unigisishewpn&igisel 1i n reci procal wave nunbers (cm 1
;h:e ggﬁ;;&?un)w 29?(? (m broad), 1612 (st), 1523 (m), 1461 (w), 1427 (w),

(W () 997 (M,
1287 (Based chltBS single, crist@tstiuiure @R, HWas %ﬁ‘%’él't%& I(M\A} oﬂ@%&ﬂsg% 1353 (W, 631

8 , 735 : ,
?SV? ( V‘%%é ?&;}9 5%5%%%-( %@y?-%@téé%gb?W)l-,(1%cqr@mowmqu@{e@ﬁs’(m\;thlehe
error 2fdpgitandyt{R”-gtbtraRABaNatE RIS nYISy- %éimlﬂaminaibﬁtyfé?ﬂ i énia%r)@ﬁ ¢k he
absorpst' 8 ncils are.indicat as fo?’l ows:” (w) = weak, = m aalum and
(st) = Jgfér?%n%w %P%'ngi'?%?s'@&q% A AREHBLUINGPhagieties d Bisedimatatseand by
di st i neatemmablecugs.pTogmitirn w((nrs,@ml-ﬁEbibHé‘hyl-4-ylmethyl-3-ethoxycarbonyl-1—
utylcarbamoyl)propionate-(S)-B’-methyl-2’4(pentanoyl{2"-(tetrazoI-5—ylate)biphenyl—4’-
ylmethyl}amino)butyrate] hemipentahydrate may be considered a sodium supramolecular
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 following 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

~ +2cm™. The intensities of the absorption bands are indicated as follows: (w) = weak; (m) =
medium; and (st) = strong intensity. ‘



differential scanning calorinetry (DSC). Using QLO00 (TA Instrunents)

I nstrunent, the nelting onset tenperature and the peak maxi num tenperature
for such wocomusesdsar e observed at 1390C and 145C, r especirivsedog/o43hine
heating rate is 10 K/'min. The second enbodi nent of the present invention is
directed to pharmaceutical conpositions conprising a conbination, a |inked
pro-drug or a dual -acting conpound, ? particular the conplex as described
herein and at | east one pharnaceutica ?y acceptabl e additive. The details
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The second embodiment 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, including 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 énteral, 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 application. 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 dual-acting compound, in particular the complex of the present
invention, diluents or fillers, disintegrants, glidants, lubricants, binders, colorants and
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are prepared ih a manner which is known per se, e. g., using conventional mixing,

granulation, coating, solubilizing or lyophilizing processes. Thus, pharmaceutical

compositions for oral use can be obtained by combining the linked pro-drug, combination or

dual-acting compound, in particular the complex 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 suitable auxiliary substances.



specifically, the dosages of ARB/ NEPi, respectively, include 40 ng/40 ng,
80 ng/ 80 ngy, 160 ng/ 160 ng, 320 ny/ 320 ny, 40 ny/80 ng, 80 ng/ 160 ng, 160
ng/ 320 nowo3R€r 05994640 ny, 80 ny/ 40 ny, 160 ngy/ 80 ng andPéZAse@wLE 101,
respectively. These dosages are "therapeutically effective anounts"”.
Preferred dosages for the linked pro-drug, combination or dual-acting
compound, in particular the conplex of the pharmaceutical conposition
according to the present invention ardlt herapeutically effecti vet ﬁosagest
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j The pharmaceutical compositions may contain in addition another therapeutic agent, e.g.,
each at an effective therapeutic dose as reported in the art. Such therapeutic agents include:

a) antidiabetic agents such as insulin, insulin derivatives and mimetics: insulin secretagogues

~such as the sulfonylureas, e.g., Glipizide, glyburide and Amaryl; insulinotropic sulfonylurea
receptor Iigands such as meglitinides, e.g., nateglinide and repaglinide; peroxisome
proliferator-activated receptor (PPAR) ligands; protein tyrosine phosphatase-1B (PTP-1B)
inhibitors such as PTP-112; GSK3 (glycogen synthase kinase-3) inhibitors such as SB-
517955, SB-4195052, SB-216763, NN-57-05441 and NN-57-05445; RXR ligands such as
GW-0791 and AGN-194204; sodium-dependent glucose cotransporter inhibitors such as T-
1095; glycogen phosphorylase A inhibitors such as BAY R3401: biguanides such as met-
formin; alpha-glucosidase inhibitors such as acarbose; GLP-1 (glucagon like peptide-1),
GLP-1 analogs such as Exendin-4 and GLP-1 mimetics; and DPPIV (dipeptidyl peptidase V)
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, cerivastatin, meva-

statin, velostatin, fluvastatin, dalvastatin, atorvastatin, rosuvastatin and rivastatin; squalene



i -hypertensive agents, e.g., loop diuretics such as ethacrynic acid,
?Lrggglm' dgpand torsem ge; angi ot ensin converting enzyne (ACE) inhibitors
such as bsoaseprssi4s captopril, enalapril, fosinopril, | |Ps:|m;.\sp(_r(]6}_0437_1?3_
noexi pril, perinodopril, quinapril, rampril and trandolapril; inhi |tor?]
of the Na-K-ATPase nenbrane punp such as di goxin; ACE/ NEP inhibitors SEC
as omapatrilat, sanpatrilat and fasidotril; b- adrenergl c receptor bl o;: Frs
such as acebutol ol , atenolol, betaxof®&?; bi soprol ol, netoprolol, nadolol,
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Other specific anti-diabetic compounds are described by Patel Mona in Expert Op/h 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 simuitaneously,
before or after the other active ingredient, either separately by the same or different route of
administration or together in the same pharmaceutical 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 International (e.9. IMS World Publications). The corresponding
content thereof is hereby incorporated by reference.

Accordingly, the present invention provides pharmaceutical compositions in addition a
therapeutically effective amount of another therapeutic agent, preferably selected from anti-
diabetics, hypolipidemic agents, anti- -obesity agents or anti-hypertensive agents, most pre-

ferably from antidiabetics, anti-hypertensive agents or hypolipidemic agents as described
above.



above. The person skilled in the pertinent art is fully enabled to select a
rel evant test nodel to prove the efficacy of a conbination of the present

I nvent i orwonodetsedaer ei nbef ore and herei nafter indi cat edprCharsa@entizco

i ndi cati ons. Representative studies are carried out with trisodi um

[3-((1S, 3ft)-1-bi phenyl -4-yl net hyl -

et hoxycar bonyl - 1- butylcarbannyl)proplg ate-(S)-3' -nethyl-2'-(pentanoyl {2"-(
tetrazol -5- yl ate)bi phenyl -4' -yl met hy ?anino)butyrate] hem pent ahydr at e,
e.g. ar]'mleyjersg;ntslklﬂetﬂ m the\piertinenearh sdollyognabletiie saleti & ydieranerest medéinel prsst r al

d N hi bi t t .t od
Ao ot e ol artpmelrrig of i reseh BB Eants s BerSbhe Pl abiE e opi onat e-
CSJ- S -lndlcated therapeutic indications. _
met hyl - 2' - (pent anoyl {2"- (tetrazol - 5-yl at e) bi phenyl -4' -yl et hyl } am no) butyra

L?Lé‘ﬁ?%e‘ﬁ%&eﬁ%ﬁ%&é&s R R R R B ORI S St
t hat owethaxymareayl- bduutyldaulnamoyl)spmmnrmnaﬂ($)t$-nwbﬁw-mwxa;dwmﬁn(tambp5fns| nogen
typer ¢ R BRReryBp v e IR s BT A 6 P DB ES i MEPS  exchi bi ¢

an angingteedolagyl | - dependent hypertension. The NEP-inhibitory effect of

trisodi 3- .

( E IlZ?B:‘T’%g]a[ntiwq@rtewve and/ hexstah ghd @eptidase\2dat bNBR)-idhibitdry betaitiza b irisppiuapi onat
-(S . ,

o bt S ey 4 et A SRR DU A ProR RS S at e)

her pemeiihy-d-toestanoyit éetrazakdtyiate) bipheryi-6 igmshy gménollautyrate] r at sf i n}‘ used N

th I d N O asma
level o TEaRERtyalEts 8 astBiddls Ehas R RRET TS Bliok mr R b BbhT Rt ) o
t ri sodieyatpigd (r( qfslbiﬂ?yraﬂsgﬁnMetsy(ﬂTGRy) it tndrexpresshiontly bambo ngriin 4Rd its

b1 phengl e AR AR Rricol s ToolHdat s 1 BT RMARR loa bl SO R oo
orally tragswymm@eHypeﬂg@im i29(hPh2): 4%@4,”1897) ‘Emwseemntwsthasaeammmsarl zed
bel ow. exdibk 3R 9hgiBlhSh((dependbitybe RN Hre b rﬁ‘ﬁ*ﬁl@%ry Sndd BP%.},(&ﬂu,kﬁcfQ_y -1-
- ((18,3R)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-methyl-
2'- (pentanoyI{2"-(tetrazol-5-ylate)b|phenyl-4’-ylmethyl}am|no)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. In both models, trisodium [3-((1S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4 -
ylmethyl}amino)butyrate] hemipentahydrate is administered orally as a powder in gelatin mini
capsules. The results are summarized belpw.

e Trisodium [3-((1S,3R)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-

4 butylcarbamoyl)propionate—‘(S)-3’-methyl-2’-(pentanoyl{2"-(tetrazol-5-ylate)biphényl-4’-
yimethyl}amino)butyrate] hemipentahydrate exhibits a dose-dependent and long-lasting
antihypertensive effect after oral administration in conscious dTGRs, a rat model of

- fulminant hypertension. \

e Oral administration of trisodium [3-((1S,3R)—1—biphenyl-4-ylmethyl-3-ethoxycarbonyl—1-
butylcarbamoyl)propionate-(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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The extent and duration of trisodium [3-((1 S,3R)—1—biphenyl-4-ylmethyl—3-ethoxycarbonyl-1- -

butylcarbamoyl)propionate-(S)-3’-methyl-2’-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4’-
ylmethyl}amino)butyrate] hemipentahydrate for NEP inhibition in vivo is assessed with
methodologies as described previously (Trapani, et al, CGS 35601 and its orally active
prodrug CGS 37808 as triple inhibitors of endothelin-converting enzyme-1, neutral
endopeptidase 24.11, and angiotensin-converting enzyme. J Cardiovasc Pharmacol;
44(Suppl 1):S211-5, 2004). Rat ANP(1-28) is infused intravenously at a rate of 450
ng/kg/min in conscious, chronically cannulated, male Sprague-Dawley rats. After one hour of
infusion, rats are randomly assigned to one of six groups: untreated control, vehicle (empty
capsule) control, or one of four doses of drug (2, 6, 20, or 80 mg/kg, p.o.). ANP infusion is
continued for an additional eight hours. Blood samples are collected for measuring plasma
ANPir by a commercial enzyme immunoassay kit at -60 min (i.e., before initiating ANP
infusion), -30 min (after 30 min of ANP infusion), 0 min (“baseline”; after 60 min of ANP
infusion but before dosing with drug or its vehicle), and at 0. 25 0.5,1,2, 3,4,5,6, 7,and 8
hr post-dosing.

Before ANP infusion, ANPir is low (0.9-1.4 ng/ml) and similar in all six groups. ANP infusion
rapidly (by 30 min) elevates ANPir to ~10 ng/ml. This ANPir level is sustained for the
duration of the experiment in the untreated and vehicle control groups. In contrast, trisodium
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prodrug CGS 37808 as triple inhibitors of endothelin-converting enzyme-1,
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accept abl e sal I thereof "conprising
salt forni ngmaReseIUtiNa sol vent to form a |linked pro-drug salt

(b) adding the salt forming solution to a mixture of an ARB and a NEPj such that the
ARB and NEPi form a linked pro-drug; and

(c) isolating the linked pro-drug.
Preferably, the components are added in an equivalent amount.

The inorganic salt forming agent includes, but is not limited to, calcium hydroxide, zinc
hydroxide, calcium methoxide, calcium acetate, calcium hydrogen carbonate, calcium
formate, magnesium hydroxide, magnesium acetate, magnesium formate and magnesium
hydrogen carbonate, sodium hydroxide, sodium methoxide, sodium acetate, sodium formate.
The inorganic salt forming agent releases the linking moiety into the solvent such that when
an ARB and a NEPi are present a linked pro-drug is formed. |

Solvents included in the scope of the present invention include, but are not limited to,
solvents in which the ARB, NEPi and inorganic salt forming agent preferably exhibit a lower
solubility that allows the linked pro-drug to crystallize. Such solvents may comprise, but are
not limited to, water, methanol, ethanol, 2-propanol, ethylacetate, methyl-t-butylether,
.acetonitrile, toluene, and methylene chloride and mixtures of such soivents.
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salt of both components, such as the sodium salt of both components.

In another embodiment of this aspect of the invention, a co-crystal of the linked pro-drug is
obtained. In a method of making a linked pro-drug co-crystal the inorganic salt forming agent
is replaced with a neutral molecule which provides hydrogen binding properties. The solvent
may be part of the molecular packing and be trapped in the crystal lattice.

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

(a) an angiotensin receptor antagonist:
(b) a neutral endopeptidase inhibitor (NEPI); and optionally
(c) apharmaceutically acceptable cation:

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:

1

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



with the sodiumsalt of the NEPi conponent. Isolation of the desired m xed
salt is carried out by selective crystallization or chromatography using

| i gand spwoi2bemse=si ns, reverse phase resins or ion-excramgs26089143730
Simlarly this process can be conducted with a nonoval ent salt of both
conmponents, such as the sodiumsalt of both conponents. |In another

enbodi nent of this aspect of the invention, a co-crystal of the |inked
pro-drug is obtained. In a nethod of Sfraki ng a |linked pro-drug co-crystal

t he i nor gamivrpreaibltaticr dfithdlscHdeaid digingSRhRAE Gbwit theaduarsétingl comploRdti @ whi ch
provi des hydrogen binding properties. The solvent nmay be part of the
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neutral en et &isanind %is%ii%?f%gllthggie)s&h}%nﬁ suitabl e solvent; (ii)

di ssol vi ng ‘a“basi c conpoun I'n a sul'table solvent, wherein Cat is a
cation, (iivij) pesdpitatiowof the sekd afid driing @Binito edtaimthetdepbadting camgond.) ; (i V)
precipitation of the solid, and drying same to obtain the dual-acting
conmpound;, or. al ter.nat,i vel y obtai nj.ng,t al'-acting,. conpound_ by exchangin
Che S et fodaing Yis mip 80 dRUns ARef 185 NBE! oo ST e ng the o
r esul tdesgribedlabbvewith ceghry teths firdt eajbodinent df thedhweintion.t he solid in a suitable
solvent; (via) precipitation of the solid and drying same to obtain the

dual - %é#ePa%nyC%”QSb' r(Wthe ARB and the NEPi are added in an equivalent molar amount. Both
the ARB and the NEPI are preferably used in the free form. The solvent used in step (i) may
be any solvent that allows dissolution of both the ARB and the NEPi. Preferred solvents
include those mentioned above, namely water, methanol, ethanol, 2-propanol, acetone, ethyl
acetate, isopropyl acetate, methyl-t-butylether, acetonitrile, toluene, DMF, NMF and
methylene chloride and mixtures of such solvents, such as ethanol-water, methanol-water, 2-
propanol-water, acetonitrile-water, acetone-water, 2-propanol-toluene, ethyl acetate-heptane,
isopropyl acetate-acetone, methyl-t-butyl ether-heptane, methyl-t-butyl ether-ethanol,
ethanol-heptane, acetone-ethyl acetate, actetone-cyclohexane, toluene-heptane, more
preferably acetone. ’

Preferably, in step (ii) the basic compound of Cat is a compound capable of forming a salt
with the acidic functionalities of the ARB and the NEPi. Examples include those mentioned
above, such as calcium hydroxide, zinc hydroxide, calcium methoxide, calcium ethoxide,
calcium acetate, calcium hydrogen carbonate, calcium formate, magnesium hydroxide,
magnesium acetate, magnesium formate, magnesium hydrogen carbonate, sodium
hydroxide, sodium carbonate, sodium hydrogen carbonate, sodium methoxide, sodium
ethoxide, sodium acetate, sodium formate, potassium hydroxide, potassium carbonate,
potassium hydrogen carbonate, potassium methoxide, potassium ethoxide, potassium
acetate, potassium formate, ammonium hydroxide, ammonium methoxide, ammonium
ethoxide, and ammonium carbonate. Perchlorates may also be used. Amine bases or salt
forming agents such a those mentioned above may also be used, in particular benzathine, L-
arginine, cholin, ethylene diamine, L-lysine or piperazine. Typically an inorganic base is
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(Cat) % pound.,’in particular the complex precipitates in step (|v) This mixing and precipitation is
typically effected by stirring the solutions for an appropriate amount of time such as 20 min to
6 h, preferably 30 min to 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, isopropyl 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 temperature
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 ambient pressure or reduced
pressure of e.g. 10 to 30 bar, such as 20 bar.
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- Preferred
co- solvent results in a mxture predom nantly of the co-solvent.
sol vents include ethanol, 2-propanol, acetone, ethylacetate, isopropyl 4
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mentioned above for step (i), such as water, ethanol, 2-propanol, acetone ethylacetate,
isopropyl acetate, methyl-t-butylether, acetonitrile, toluene, and methylene chloride and

mixtures of such solvents, more preferably isopropyl acetate. Preferably, a minimum amount
of solvent or solvent mixture is employed to facilitate precipitation.

In step (via) precipitation can take place at room temperature. It can be effected by leaving
the mixture standing or by agitating the mixture, preferably by agitating it. This is preferably
effected by stirring and/or sonication. After precipitation, the solid is collected, e.g. by
filtration, and is dried to obtain the compound in accordance with the present invention. The
drying step can be performed at room temperature or elevated temperature such as 30 to 60
°C, preferably room temperature. Reduced pressure can be employed to facilitate removal of
the solvent, preferably, drying is effected at ambient pressure.

In a fourth aspect, this invention is directed to a method of treating or preventing a disease or
condition, such as hypertension, heart failure (acute and chronic) congestive heart failure, left
ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac myopathy,
Supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flutter, detrimental
vascular remodeling, myocardial infarction and its sequelae, atherosclerosis, angina
(unstable or stable), renal insufficiency (diabetic and non-diabetic), heart failure, angina



obtain the dual -acting conpound, in particular the conplex in accordance
with the present invention. The drying step can be perforned at room
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effected by stirring and/ or sonication. After precipitation, the solid is

col | ec‘.t'% com%lrgahon}/ linked pro-drug or he dual-acting compound, in particular the complex is
beneficial over a combination of ARBs or neutral endopeptidase inhibitors alone or other
ARB/NEPi combinations with regard to use as first line therapy, ease of formulation and ease

of manufacture.

Specific embodiments of the invention will now be demonstrated by reference to the following
examples. It should be understood that these examples are disclosed solely by way of
illustrating the invention and should not be taken in any way to limit the scope of the present

invention.

Example 1

Preparation of [valsartan ((2R,4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamind)-z-
methyl-pentanoic acid ethyl ester]Na; ¢ 2.5 H,O

The dual-acting compound of valsartan and (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethy! ester is prepared by dissolving 0.42g of
(2R,4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free
acid (~95% purity) and 0.41g of valsartan free acid in 40ml acetone. Separately, 0.111g of
NaOH are dissolved in 7ml H,O. The two solutions are combined and stirred at room
temperaturelfor 1 hour and a clear solution was obtained. The solution is evaporated at 35°C



[ lon, and is dried to obtain the conpound in accordance with the
];)Irlats;ﬁtlion{/ention. The drying step can be perforned at roomtenperature or
el evat ed werpevmasuse such as 30 to 60 0C, preferably roeoriusomenad7us e.
Reduced pressure can be enployed to facilitate removal of the solvent,
preferably, drying is effected at anbient pressure. In a fourth aspect,
this invention is directed to a nethod of treating or preventing a di sease
or condition, such as hypertension, thrt failure (acute and chronic)
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and secondary pulnnnary hypertenS|on renal failure conditions, such as
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dual -acting conpound, in particular the conplex of the first enbodiment may
be adninistered alone or in the formof a pharmaceutical conposition ]
accorqg |92t he second enbodi nent. | nfo_rmat i on regarding dosing, i.e., the
t he effective anount, etc., is the sane regardl ess of how the

i cular the
o g TR o, 4 e
gggloﬁﬁrfgbﬁmg part?'cﬁf' vl '%88 isﬁ‘&ﬂ.”@pm D a conbination of

ARBs or neutral endopept | dase | nh| bitors al one or other

- The dual acting compound of valsartan and (2R,48)-5-biphenyl4-yl-5-(3-carboxy-
propionylamind)-2-methyl-pentanoic acid ethyl ester is prepared by dissolving 22.96 mmol of
(2R,4S)-5-biphenyl4-yl-5-(3—carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free
acid (~95% purity) and valsartan (10.00 g; 22.96 mmol) in acetone (300 mL). The
suspension is stirred at room temperature for 15 min to obtain a clear solution. A solution of
NaOH (2.76 g; 68.90 mmol) in water (8 mL) water is then added to this solution over a period
of 10 min. Solids start to precipitate in 10 min. Alternatively, precipitation can be induced by
seeding. The suspension is stirred at 20-25 °C for 2 h. This suspension is concentrated at
15-30 °C under reduced pressure (180-250 mbar) to a batch volume of ~150 mL. Isopropy!l
acetate (150 mL) is then added to the batch and the suspension is concentrated again at 15-
30 °C under reduced pressure (180-250 mbar) to a batch volume of ~150 mL. This operation
(addition of 150 mL of isopropyl acetate to the batch and concentration) is repeated once
again. The suspension is stirred at 20-25 °C for 1 h. The solids are collected by filtration
under nitrogen over a Biichner funnel, washed with isopropyl acetate (20 mL), and dried at
35 °C under reduced pressure (20 mbar) to afford the compound.

Characterization revealed the same product as in Example 1.



ARB/ NEPi combi nations with regard to use as first line therapy, ease of
formul ati on and ease of manufacture. Specific enbodinents of the invention
wi |l nowwe 2demsesibr at ed by reference to the foll ow ng exangsk@s/o43i7o shoul d
be understood that these exanples are disclosed solely by way of
illustrating the invention and should not be taken in any way to limt the
scope of the present invention. Exanple 1 Preparation of [valsartan .
((2f?, 4S) - 5- bi phenyl 4-yl - 5- ( 3- car boxy4t opi onyl ani no) - 2- net hyl - pent anoi ¢
aci d eghympgsier]Na3 2.5 H2O The dual -acting conpound of valsartan and

2f ? .,45’)_':TEE‘T)henyI 4-yl - 5-(3- carboxypr opi onyI am no) 2- met hyl - pent anoi ¢

acid eﬁﬂ&*na@ﬁ&@rebaﬁ*aﬂbﬁ%i@ﬂsﬂa SRAls '5[}9 (3 arboxy- S

ent anoi ¢
((31(2::‘; g?ﬁ?lﬁoﬂgt er free acﬁj{eﬁ@@ gur| I4534'1 '13 \'/sdi'gé ‘ﬁﬁgfree aci d
In 40m acetone. Separately, 0.1 llg of NaO-l are dissolved in 7m H2O The

two solutions are combined and stirred at roomtenperature for 1 hour and a
cl ear iol uti gn was obt ai ned. The solution is evaporated at 350Cto yield a

gl assy dERGRS. s Fharogd Witk 2.0y @ 323snmok of 6HUBeﬁcelhlarrg®it anict20 LUehitomomyi one
and t hgcdtasUiThé @gsﬂEnéfoHﬁ@sﬂlr?eoeét'2r3r45§j°@%d EE; E%i SN H %s ?(?]c%%l Pisation

occurred 5 mnutes). precipitat'e was € s0l'°d is dried
at r oom"i“éfﬁ'b%?t&'fetqraé 28 %;{éfpréﬁmmtﬁ obtainzyeeantwotphase @nlsatnamThmgamt: t he

cryst alayéne segdrhddiahd WHsAL Wﬂh BWB@E%?%?'[ AL oRYanYARYAYS G GoY! d

confir the %resence of _both val sartan
(2f 2, 48190 BiPARAM P4 Ly (%tp(‘@ Th(bok o)mf GibiUETY I feaei anid isopropyiiagbtaent anoi ¢

acid egd]mlonea%tﬁémmsggnﬂb,ex formation in contrast to a sinple physi cal
m xture. Significant spectral peaks for the conplex are observed e.g. in

the XRPD, IR, and Raman spectroscopy which are not present for the physical

m xture. See bel ow for details on the characterization. Exanple 2 :
To the above reactor containing ~3.5 L (3.47 kg) of AHU377 free acid isopropyl acetate
solution is added 1.984 kg (4,556 mmol) of Valsartan and 40 L of acetone. The reaction
mixture is stirred at 23 + 3 °C to obtain a clear solution which is filtered into a reactor. To the
reaction mixture is added a solution of 547.6 g (13,690 mmol) of NaOH in 1.0 L of water at
23 + 3 °C (which was pre-cooled to 20 + 5 °C and in-line filtered) over a period of 15-30 min
while maintaining the internal temperature at 20-28 °C (slightly exothermic). The flask is
rinsed with 190 mL of water and added into the reaction mixture. The reaction mixture is
stirred at 23 % 3 °C for 15 min and a slurry of 4.0 g of [valsartan ((2R,45)-5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester]Na; « 2.5 H,0 seeds in 50 mL
of isopropyl acetate is added. The mixture is stirred at 23 + 3 °C for 2 h to obtain a
suspension. The suspension is heated to an internal temperature at 40 + 3 °C over a period
of 20 min and 20 L of isopropyl acetate is added over a period of 20 min while maintaining
the internal temperature at 40 + 3 °C . The suspension is stirred at this temperature for an
additional 30 min. The mixture is concentrated at an internal temperature at 35 + 5 °C (T; 45
+ 5 °C) under reduced pressure (200-350 mbar) to ~35 L of a white slurry (solvent collected:
~25L). Then 30 L of isopropyl acetate is added the mixture is concentrated at an internal
temperature at 35 £ 5 °C (T; 45 £ 5 °C) under reduced pressure (100-250 mbar) to ~30 L of a
white slurry (solvent collected: ~40 L). Again 40 L of isopropyl acetate is added and the
mixture is concentrated at an internal temperature at 35 + 5 °C (T; 45+ 5 °C) under reduced
pressure (100-200 mbar) to ~30 L of a white slurry (solvent collected: ~30 L). The reaction



Al ternative Preparation of [valsartan

((2/7?,4S)-5-Dbi phenyl 4-yl -5-(3-car boxypropi onyl am no) - 2-net hyl - pent anoi c

aci d et hywoesdimrspMa3 2.5 H20 The dual acting conpound eCTasbeantzmo and
(2f?,4S) - 5- bi phenyl 4-yl - 5- ( 3- car boxypr opi onyl am no) - 2-net hyl - pent anoi ¢
acid ethyl ester is prepared by dissolving 22.96 nmol of

(2R, 4S) - 5- bi phenyl 4-yl - 5- ( 3- car boxy- pr opi onyl am no) - 2- net hyl - pent anoi ¢ aci d
ethyl ester free acid (~95%purity) afl-val sartan (10.00 g; 22.96 mml) in
acet onmixt3@Qs Bbaldd toldEes 3‘9@%815*201m'ir§ar§$ étfnfe%dat #fis {eﬂgj’@rétﬁf@@F %H&cﬂt@rﬁ%ﬁ’l 315 mn

to obt q_a clear solution. A solution of
wat er ES he solihis spllgcteq ichitralinndéndep nitippen §Yﬁrl§t9 rm@n%pqybcpn Béchoer 10 i n.

Sol i dsfumphar tTHeGsold ROWdHea inithiox 50 &f iso 8Eatel ARl of d giog on_can be
|nduced£I eedi n The susgen& on |Is pé?é);rlred aa\'ﬁél 5 th fgru“géﬂh Thi s

suspenS9H greég 420 mbaByn 'tlsqrsoe\dae@atﬂmerﬁéa@&e@ iff%@ﬂlﬁ@oélQBO 250
nbar). p@dactrti£Rhidédige of ~150 ml. |sopropyl acetate (150 ni) is then
added to the batch and the suspension is concentrated again at 15- 30 0C
under reduced pressure (180-250 mbar) to a bat ch vol unme of ~150 nmi. This

operatbﬁ ﬁg ddltloné%le&{’t'go nmL of isopropyl acetate to the batch and

concentf'd yatjoq re g sgReeraguat as intlkxanaple densi on is stirred at 20-25
OC for 1 h. The solids are collected by filtration under nitrogen over a
Bchner funnel, washed with isopropyl acetate (20 m.), and dried at 35 0OC

under égeduced Ergsfﬁure iZO mbar) to afford the conpound. Characterization
reveal g2 ' t as in Exanple 1. Exanple 3 Alternative Preparation
of [val sartan ((2/7?,4S)-5-biphenyl 4-yl -5-(3-carboxypropi onyl am no) -

2- met h@hlcplativraoicthe interiattioet iarle intered fkad the X TayiBEtesr me&eﬁdémnﬁ\ar eactor is

ot ops i AEsa R0 Bhuier dfeliiesh BLueles dmbdien e Brihe Sipleminte of 2

HCl wabllewidgdesuftee ni xture is stirred at 23 ,3 OC for 15 mn to obtain a
cl ear two-phase solution. The organic |ayer is separated and washed with 3

X 4.004k lOA 1 wat 5%), ﬁrd?wf’ r79ﬂ£5' & zl(ﬁy %r7(wf ézw? ezpé(w?tseg(we)lt 3.3(w)

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

Average values 26 in [] are indicated (error limit of +0.2)

4.5,5.5,5.6,9.9,12.8,15.7,17.0, 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.

Elemental analysis

Elemental analysis gives the foilowing measured values of the elements present in the
sample. The findings of the elemental analysis, within the error limits, correspond to the
overall formula of (C4sHssNsOsNaz)*2.5H,0

Found C: 60.05% H: 6.24% N: 8.80%
Calculated* C:60.18% H: 6.31% N: 8.77%

Infrared spectroscopy




30-100 nmbar and 22 5 0Cto -3.5 L (3.47 kg) of AHU377 free acid isopropyl
acetate solution as a colorless solution. To the above reactor containing
~3.5 L (3wénokyppseab AHU377 free acid isopropyl acetate ecoiruisces/ouxi@added
1.984 kg (4,556 mml) of Valsartan and 40 L of acetone. The reaction

m xture is stirred at 23 3 0Cto obtain a clear solution which is filtered
into a reactor. To the reaction mxture is added.a solution of 547.6 ¢
(13,690 nmol) of NaOH in 1.0 L of wat®-at 23 3 0C (which was pre-cool ed

to 20 The PEFardthbsbrdtit ' ~ i,0d: Of 1. 15- j il e
i a0 R R RPN SpédtiiPloP the aYle BaBisy UGBl AtRiRe Folbtbefionc) . he
flask TLNel JEoRmIRfrared (ATR-Fa{R\epestromater fdidelgt Magma-thB60)ashows tie mi xt-ur e:

The T eRlidwing siEnifictitthangs, i tredi jniand a slurry of 4.0
g of [val Sartan ((2ft, 4SS)S%X ferﬁ?%dh@n?ﬁ@[% '@%%mmgef?s @

car boxy.r,opi | am no) - 2- met hyl - pentanoic acid ethyl ester]Na 3 2.5 H20
seedsx?/%'?%é@g’nﬁ_wd?&} @é%r(%}b;ﬂﬁ%&!}, 488 (w), 448 (), THe1 tat)x 1 852 (W)s 1295 fmed at 23
3 0C f1m662m), 117eniM) 2i0858msUDA6TF), e egsl Q. 1 a 0

i nter 2<al %ﬂéégr SXE? e at ng ng@ g?g%&g %(Zfr‘l?@d&?f&go-}% @Sa%%d@ EQ%f

i sopr Hi)i ate is added over a period of 20 mn while maintaining the

internal tenperature at 40 3 OC . The suspension is stirred at this

t enperkteusreorfnadrginrforsitiiisofptioh baRdbMATRIR idd ¥ Hie i s concentrated at an
internal tenperature at 35 5 0C (Tj 45 + 5 0C) under reduced pressure
(200- : ). ~35, L of ite slurry (solvent collected: ~25 L). Then
30 L i'f’% @%ﬁ%%%%/ & the 8?3%“9@%@3@56 {nqicatdas fellowss (wom wealkr(rY &dmediuan

i nt er reddld (58 Ftroay intensdty. 35 5 OC (Tj) 45 + 5 0C) under reduced pressure
(100-250 nbar) to ~30 L of a white slurry (solvent collected: ~40 L). Again
40 L g5y tate is added and the mixture is concentrated at. an

i nter it Bpoctioscd at 35 5 0C (Tj] 45 5 0C) under reduced pressure
(100-200 nbar) to ~30 L of a white slurry (solvent collected: ~30 L). The
r eact iRAMANKERACHUMSO dlaro$arcble me28ured bY@ispetsive RAmah Bpeditbnsstemwigt788 nihhi

t enpeligeVEgeifapb - The solid is collected by filtration
under nit ro‘g:gle_n %3@‘#@5%%%'9%@5'8%%’3 erg%dn%i]s@wﬁg? ?‘?HBWWQIS.'Q nEbandg | s

was he @XRiiegpedinyesiplocafwaveopintieys (cacklat e and dried at 35 OC under

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), 669 (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 intensities 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 AVANCE 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.



reduced pressure (20 nmbar) until isopropyl acetate content <0.5%to afford
t he above product as a white solid. Characterization reveal ed the sane
product asoizno7@sesypl e 1. X-ray powder diffraction Cal culpatriuspooef4ine
interlattice plane intervals fromthe X-ray powder pattern taken with a
Sci ntag XDS2000 powder diffractoneter for the nost inportant lines for the
sampl e give the following results: din[ A] : 21.2(s), 17.0(w), 7.1(s),
5.2(w, 4.7(W14.6(wW, 4.2(w), 3.5(wWy453.3(w) The error nargin for all

i nter | aigb %%@561{&%&5@ rya'aﬁnmkroo % f\cmagl e h{"’? B3 a%eté{%r g"ﬁ#}v  age

I ndi cat gd as
val ues 'EQcomagt] times 1%&He&pmnge$ne@d atlthetmaguc mg@) 4 ’BamﬁecB cdﬁte@t tithe9,

12. 8, Jziélné a @PIQAL%Z” %' d%%)aal% %c%fﬁh egmlé'%le%xacﬁ sec a:hd T sc hs %i% 3,

24.9, 25 Ienen nal’ysi s
gi ves 2H3deglK. ommghmﬁélm afalrefesermedwntb resjeank ta 8n pxteerthlycmetd’aebwhpl e.
The figdihos the el enental analysis, within the error Ilimts, correspond
to the overa ?P lPorrml a of (C48H55N6CBNa3) H20 Found C. 60.05% H: 6.24% N
8.80% Cal cul ated* C:. 60. 8% H 6.31% N 8.77% I nfrared spectroscopyThe

i nf r ar Etghuisselkien 6R- MABIG NMR showsitee &dlaying signifidantieaksi(Prm)At t enuat ed Tot al

Reflection Fourier TransformlInfrared (ATR-FTIR) spectroneter (N colet

Magna- I1R966@7)7 §h¢W@ 177 w2l pwisng, $379ﬁ"1‘29¢@ﬁt29b|a'?§'§7 11604
reci procal wave nu m 1 1633’e 1597

(st), P48s4ed40. §4%336(3r%é 3@&022’@5%7 aéé,\?/gqa,)w %215 (lﬁﬁf) 13. 112%6 1h¥, 1176
(w, 1085 (m, 1010 (w), 1942(w), 907 (w), 862 (w), 763 (st) 742 (m, 698
A physical mixture of individual Na salts of Valsartan and (2R,4S)-5-biphenyl4-yl-5-(3-

carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester revealed a simple inert mixture
of the two salts. However, the sample of the complex prepared in Example 1 exhibited
_ distinctly different spectral features in comparison to a 1:1 mixture of the sodium salts.

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,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester is prepared at room temperature by
dissolving 114 mg of the calcium salt of valsartan and 86 mg of (2R,4S)-5-biphenyl4-yl-5-(3- t
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. -



(m, 533 (st). The error margin for all absorption bands of ATRIRis 2 cm
. The intensities of the absorption bands are indicated as follows: (w =

weak; (mwe wedisesyy and (st) = strong intensity. Raman spgasSc@soeiryo Raman

spectrum of the sanpl e neasured by dispersive Raman spectronmeter with 785

nm | aser excitation source (Kaiser Optical Systenms, Inc.) shows the

follow ng significant bands expressed in reciprocal wave nunbers (cm1 ) :

3061 (m), 2930 (m broad), 1612 (st);48523 (m), 1461 (w), 1427 (w), 1287

9 10 4 101 )
550" (wPPEstey T2 tynitmds o copgelid of Whrauapnbitlsmeoryelpdrhon HRE 51
(W) G%d elementdl analygis ireRcaté W1, raddBet(vain (21,0 S)- W)b,.pr@am(yws (3'Ebfboey-r or margin

are | nd RO S by befid e gyl BrSrSnd it 1R PORF € <rong

i nt ensiamorphdug by Resy| powdendiffaciys 13C NVMR Spectroscopy The sanples are
~investigated by high resolution CP-MAS (Cross Pol arization Magi c Angl e

Spi nni r?_.g; élrg&”l‘\llgﬁl_ gﬁti;rg ﬁ?ﬁ%ﬁl a(ﬁFr uker - Bi oSpl n AVANCE 500 NWR

spectrorre er eqw ppe gh power two 500 Watt high
power [ a '%FE ieLS, @ MAS" controller
and a E"ﬁ(’?ng PI dsgﬁgﬁﬁé%%%rﬁﬁtgﬁgﬁgﬁkei gpl)or 0 byléggéigacgﬁ % s packed in
a 4mm Z)f@ionylammo) Zanethyd:-abntenqneacndmﬂiwhbstpaammisaissarewafe@amem 13C cont act
tinmes, [eTall g‘ng! 3 act tine,
usi ng a&ﬁ%%m{@ha@ﬁﬂ%é E"g? 6 theh;% erre 8[5 r e(I:SearJ‘ia?1 ‘(}Jéeﬁ'gtlg? R’%gpéees and
1024 sdiphenyld-yR&E3-daipoky- pﬂdmnylammajaz msﬂnyf—pentamcac st ettghester free #cid,esWect to
an ext qﬁ%g g‘ %E{H@@ro&%@%%min‘omethane (Tris) 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. Approximately

83 mg of white solids are collected by filtration. LC and elemental analysis indicate 1:1 ratio

between (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic 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 herein are
“incorporated by reference in their entirety.



at 176.04 ppm High resolution CP-MAS 13C NVR shows the follow ng
significant peaks (ppm: 179.0, 177.9 177.0, 176.7, 162.0, 141.0, 137.2,
129. 6, 12902p0710B6s546, 125.3, 64.0, 61.5, 60.4, 50.2, 46. 2cTAR2@6/08816, 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 xture of individual Na salts of Valsartan and

(2R, 4S) - 5- bi phenyl 4-yl -5-(3- carboxy- propi onyl am no) - 2- net hyl - pent anoi ¢
acid ethyl ester revealed a sinple inéft mxture of the two salts. However,
the sanple of the conplex prepared in Exanple 1 exhibited distinctly

di ffer eWHABISCLARIED gt ures in conparison to a 1:1 mxture of the sodi um
salts. DSC and T nmeasured by differential scanning calorinmetry (DSC)
usi ng Q1000 (TA Instrunents) instrunment, the nmelting onset tenperature and
t he pedk naAidmhaéthgT@@ﬁ@bUﬁ@cérﬂbriéirﬁ% sanpl e is observed at 139C and 1450C,
respectively. As shown by DSC and thernogravinetric analysis (TG, upon
heating, thé)viit aMgigensiyrcepiarantagonist eased in two steps: the first step

occurs bel ow,1000 nd. the second step _above 1200C.. Both DSC and TGA
i nst runent sYga)tr%n%‘gﬁ?ﬁ?‘é@egf'g%?%ﬁﬁwﬂdﬁﬁgf)'eaf@ﬁ opton&lyri n. Exanpl e 4

Prepar at i on(cgfa Mﬂﬁggeﬁgc_g@%#%ﬁ%&?gﬁs(%&gﬁ?; 1) Linked pro-drug of valsartan

calciumsalt "and (2R, 4S - (3- car boxypr opi onyl am no) -

2- met h@l - pefibacanpoudiof ckirhylin @54 RFmicsaRbRBRKED at room tenperature by
di ssolying 114 ng of the calciumsalt of valsartan and 86 ng of
(2R, 4S¥- 5- bif pedripeLng) of slajrg 2 ia thefory opa sppramplezniancdmpieet hyl - pent anoi ¢

acid ejhyl e cid jn.2 t hanol , foll owed by nethanol
evapor g’t i on.?ﬁél'%;em%‘{ugg50;?/l agy Pf %a'%%@[g "‘fq?r?“hg}? Feiaiersn (HeeptoBantagerist
acet onand thedNERi dreelinkiet iviar rednecbvalent Boridiy. soni cation, fol l owed by 20 hours

of maggeti c_stirring. Appr oxi ma_tel%/ 120 ng of white solids are collected by
filtration. '8 W@L@Hp@ﬁﬁy g@cplglgﬁsy fol4cwvherein the angiotensin receptor antagonist

and the NEPi are linked via a pharmaceutically acceptable cation.

6. The compound of any of claims 1 to 5, wherein the angiotensin receptor antagonist is

selected from the group consisting of valsartan, losartan, irbesartan, teimisartan, eprosartan,
candesartan, olmesartan and combinations thereof.

7. ‘The compound of claim 6, wherein the angiotensin receptor antagonist is valsartan.



and el emental analysis indicate 1:1 ratio between

(2ft, 45)-5-bi phenyl 4-yl - 5- (3- car boxypr opi onyl am no) - 2- net hyl - pent anoi ¢

aci d et hywoesimiseand val sartan. The sanpl e i s anor phous poy/Us2e08p437onder
diffraction. Preparation of Linked Pro-Drug of Scheme (2) Linked pro-drug
of valsartan calciumsalt and

(2R, 4S) - 5- bi phenyl 4-yl -5-(3-car boxyprg%i onyl am no) - 2-nethyl -pentanoic acid
ethyl ester and Tris is prepared at 19dmtenperature by dissolving 57 ng of

the cagci umrﬁ@b&mﬁéun‘dadf%ﬁ bPBlaints31 f@? %h%{égtlﬁ%ﬁa 15 R43)-8-biphenyl4- yéPhyI

bi phenq)ér g 83 car boxg pro i onyl ani no en’ta

est er $FEEPQYIRIOPigRHaNIMOE2etayl- neﬂéﬁ(ﬂﬁ’ﬁﬁ@@thﬂteﬁtﬂrpafnrmuhet hane (Tris) in 2
nmL et hanol , fol | owed by net hanol evaporation. The glassy solid residue is
t hen charged with 3 nL of _acetonitrile and equilibrated by 10 mn.

soni cation, followed by mMours of magnetic stirring. Approximately 83 ng
of white solids are colllg by filtration. LC and el enental analysis

indicate 1:1 ratio bet ‘
Xy- ptopi onyl am no) - 2- net hyl - pentanoi c acid
npl e{i s anor phous by X-ray powder

(2R, 45S) - 5- bi phenyl 4-yl - -carb
ethyl ester and val sartan. The s

¥as been descri bed abovée with reference to
hat nmany changes,

diffraction., Wiile the invention
speci fic enbodi ments thereof, it is appaient
2 W thout dgparting fromthe
MIgl y>1t is intended to enbrace

nodi fications, and variations can be ma
i nventive concept disclosed herein. WgcCor

all such changes, nodifications and variations that fall within the spirit
and broad scope of the appended cl ai Al patgnt applications, patents,
and ot her publications cited herei R are) ncorforated by reference in their
entirety. WHAT IS CLAIMED I'S: 1. gual- cting|conpound conprising: (a) an
angi ot ensi n receptor antagonist;A? eutral endopepti dase inhibitor
(NEPi ); and optionally (c) a pharmaceuytically acceptabl e cation.

9. The compound of any of claims 1 to 8, wherein the NEPi is (35,2'R)-3-{1-[2'-
(ethoxycarbonyl)-4'-phenyl-butyl]-cyclopentan-1 -carbonylamino}-2,3,4,5-tetrahydro-2-oxo-
1H-1-benzazepine-1-acetic acid or a pharmaceutically acceptable salt thereof.

10. The compound of any of claims 1 to 9, wherein the cation is selected from the group
consisting of Na, K and NH,.

11. The compound of claim 10 wherein the pharmaceutically acceptable cation is Na.

12. The compouhd of any of claims 1 to 11 in the crystalline, partially crystalline,
amorphous, or polymorphous form, preferably in the crystalline form.

13. The cqmpound of any of claims 1 to 12 in the form of a solvate.

14. The compound of claim 13 in the form of a hydrate.

15. The compound of any of claims 1 to 14 wherein the angiotensin receptor antagonist
and the neutral endopeptidase inhibitor are present in a molar ratio of 1:1.



2. The conpound of claiml in the formof a conplex. 3. The conpound of
claim2 in the formof a supranol ecul ar conplex. 4. The conpound of any of
clainms 1 wo28¢7/08b@mei n t he angi ot ensin recept or ant agonipstr/usealctolEm1NEPI  ar e
| i nked via non-coval ent bonding. 5. The conpound of any of clainms 1 to 4,
wherein the angiotensin receptor antagonist and the NEPi are |inked via a
phar maceutical ly acceptable cation. 6. The conpound of any of clains 1 to 5
, Wherein the angiotensin receptor an#@gonist is selected fromthe group

consi st kng val sar |l o tan, . irbesartan, telmsartan, e r.t.an,
candesd?s antneREBEPOERY avT BB 14 1O Ee S o BRI i
6, wheths meutiaberdupeptidassiinhibitoc apd tre catibagonpresentsn g atcdarationo8l:1Bhe conpound
of any of clains 1 to 7, wherein the NEPi is (2R 4S)-5-biphenyl 4-yl ~5-

3-car - t.opionyl am no) - 2- met hyl - tanojpc acid eth ~Rf formul a
0 The  ComnaRacBPouR oGVl s { g BE BBl (Bl BRLE IR, ¢
(3S, 2' WH,B-fHergiad'xis 0 to 3, such as 2.5. t
(et hoxycar bonyl) - 4' - phenyl - butyl ] - cycl opent an- 1- car.bonyl am no}-2, 3,4, 5-tetr

ahydro-2- oxq; 1H 1- zazepi.ne-1 zacetic .aci.d or har.raceut i |

accept 3\%1 e 33Ft°°m?8$'§‘53?€a"§d’.f C%Wés lgong%hﬁﬂﬁsg#heasg’;r/n %{l%gf%é&?\ga?e{ylflg- ,'%\Mier ein
t he catetmaoless-glpbipheryd-4Fyllemrethipip-vgliney K5-biphsnd4-yRSH(Htarkaxy-propivdylkiino)2t. The
conmpound_.of claim 10. wherein .t he phapmaceuti cal cceptable cation is Na.
o P ThE s RnSE AR P BriRns R RDL RS RS E VSTl P ne, “parcial 1y
crystal line, anorphous, or polynorphous form preferably in the crystalline
form 1913. Thheospopadioitlaif HBhavofg tbe aumsfodndia [((D-Nwalehd-N-g2'v1 6§ a sol vate.

14. The_.co of claimil13 in the. far f dr at 5., The conmpound of
any of PRSP e Al B e e PR RePBEY & ERragih ot and 't he
neut r abrepichyRefino)daaetiyhpéltahct asid etipl esterlNaj eix 8,0pivhsreinat is® tof3. 1: 1 . 16.
The conpound of any of clains 1 to 15 wherein the angi otensin receptor

ant agonjst, -t he neutral. endopeptidase inhihitor and the cation are present
in a ,Tgbar Fb?iCBm&oua&‘iﬁc‘ga_lm%é)rfg, wﬁeremx;sbé.g.

21. The compound of any of claims 18 to 20, characterized by

an Attenuated Total Refléction Fourier Transform Infrared (ATR-FTIR) spectrum having the
following absorption bands expressed in reciprocal wave numbers (cm"1)( +2cm™): 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).

22. The compound of any of claims 18 to 21, characterized by

an X-ray powder diffraction pattern taken with a Scintag XDS2000 powder diffractometer
comprising the following interlattice plane intervals:

din[A] (@ 0.1 A) 21.2(s), 17.0(w), 7.1(s), 5.2(), 4.7(W), 4.6(w), 4.2(w), 3.5(w), 3.3(w).

23. A dual-acting compound obtainable by:

(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);



17. The conmpound of any of clainms 1 to 16 having the sumfornmul a

[ARB(NEPi )J]Na 1-3 xH2O, wherein x is 0 to 3, such as 2.5. 18. The conpound
of any ofwolemsesuét 0 17 having the sum fornmula (L/-val ecylts2006/043710

L/-{[2' -(1H etrazol e- 5-yl)-biphenyl-4-yl]-nmethyl}-valine)

(5- bi phenyl 4-yl - 5- (3- car boxy- propi onyl am no) - 2- net hyl - pentanoi ¢ aci d et hyl
ester]Na 3 x H20O wherein x is 0 to 3. 19. The conpound of claim 18 having
the sumformula [((S)-L/-valeryl-/V-{$®*-(1/-/-

tet | 56w s
( (e 2][ azZ S)e 50“& %r :gblfmﬁﬂilﬂf ﬂfée il C%Hrabdgi h%) rs)érglla ct)ﬁg taln the dualzacrtmg ROMPRWE: Shoi ¢

acid ethyl algr X HZO wherein x is 0 to 3 20 The conpound of
cl ai m 18 or obtdini 5. 2.1. The co of any of clains 18 to

20, characteri zen\g}ﬁ{a/%gn '%ttlf'%ﬁﬁ@f’g‘ﬂf’dﬂ QichRgINg s ?ﬂvelﬁgﬁ)r‘?'@P'OWda'ﬁﬁ%?sm

I nfrared (A(I‘Farlé”l'(lnmy spectrum having the foll ow ng absorption bands
expressed | reC| procal wave nunmbers (cm1l)( 2 cml) : 2956 (W, 171 1
(St) 1637 )evafs@?meéfﬂ%resmlhegasqluyontmmtsxme(sa) 1401 (st), 1357 (w), 1295

(51, "7as () 8RSl e R Pousthtl ol b 2y e o 5 072

1, char act efvias estebigitatdnof HRYsdha WHE '
Sci nta XDS(rZOa(;)gﬂpog\der nd| ff r%ct onet Qﬁhd;%én@?lds%aﬂﬁéea al%ﬁﬁﬁ%%én erI attice

pl ane £t er Vg eempound df clairh 28 nﬁ)thbfé«)n oﬂé.cé}(-nsl)sx 17.0(w), 7.1(s), 5.2(w,
4.7 . 23. A dual t d
obt gy‘?\%ﬁ)l e%f ¢<(m8°%}\g)sf§ &F’%m %d "&Weafﬁ@‘wéﬁ BRRAr ﬁmP@(l;g'ﬁf ggmllélgga;gmg? nand a
t daRe ta
i 5501 30 ng. TepEirbGLE o Bk St SRms i b T RPBLR et Rteds Wt 1

-cat i ofi¥) '9(?@@‘9neconb| ning the solutions obtained in steps (i) and (ii); (iv)
precipitation of the solid, and drying same to obtain the dual-acting

conpousd; Ofhe compound of any of claims 23 to 26 wherein the basic compound of (Cat) is
(Cat)OH, (Cat),COs3, (Cat)HCO;, CatOMe, CatOAc or CatOCHO.

28. The compound of any of claims 23 to 27, wherein the angiotensin receptor antagonist
‘is selected from the group consisting of valsartan, losartan, irbesartan, telmisartan,
eprosartan, candesartan, olmesartan and combinations thereof.

29. The compound of claim 28, wherein the angiotensin receptor antagonist is valsartan.



alternatively obtaining the dual -acting conmpound by exchangi ng the

sol vent (s) enployed in steps (i) and (ii) by (iva) evaporating the

resul t i ngweabatisesact o dryness; (va) re-dissolving the secraszmweadszuet abl e
solvent; (via) precipitation of the solid and drying same to obtain the
dual -acting conpound. 24. The conpound of claim23 in the formof a

conpl ex. 25. The conpound of claim?24 in the form of a supranol ecul ar
conpl ex. 26. The conpound of any of cbhins 23 to 25 wherein the suitable

sol venoi N $heRSmbbInPérhnt ' ek f ., clains
23 to 26_wherei nmE) %‘)en bas_ing O\égﬁ;)@%%%l&;c)ﬁ?vggﬁn fhl;h?g@%%&gﬁ@%@g Y

( Cat ) HEB-catbxREoPianytamipo)o?-methybeeftangig acitiethyt estpooifarmadlaany of cl ai ns 23
to 27, wherein the angiotengsin receptor antagonist is selected fromthe
group consi sting of val | osartan, irbesartan, tel msartan,
eprosartan, candesartan, sartan and conbi nations thereof. 29. The
conpound of claim 28, aQgi ot ensin receptor antagonist is

clains 23 to 29, wherein the NEPi is
pr opi onyl am no) - 2- net hyl - pent anoi ¢

(2f?, 4S) - 5- bi phenyl 4-yl - 5-(3-ca
acid ethyl ester of fornula 31. Tk
wherein the NEPi is (35 2'R-3-{1-[2'-
(et hoxycar bonyO"' - phenyl - butyl.l -cycl ope car bgnyl am no”. SM.
d-tetrahydro”-oxo- 1H 1-benzazepi ne-ANacet e or a pharmaceutically
acceptable salt thereof. 32. The conmpound of any|of clainmns 23 to 3 1
wherein Cat is selected fromthe gr consi st of Na, K and NH4. 33. The
conpound of claim 32, wherein Cat Ps Na.] 34. The conpound of any of clains
23 to 33 in the crystalline, partthIyAc ystalll i ne,

o)

31. The compound of any of claims 23 to 29, wherein the NEPi is (3S8,2’R)-3-{1-[2"-
(ethoxycarbonyl)-4-phenyl-butyl]-cyclopentan-1-carbonylamino}-2,3,4,5-tetrahydro-2-oxo-
1H-1-benzazepine-1-acetic acid or a pharmaceutically acceptable salt thereof.

32. The compound of any of claims 23 to 31 wherein Cat is selected from the group
consisting of Na, K and NH,.

33. - The compound of claim 32, wherein Cat is Na.

34.  The compound of any of claims 23 to 33 in the crystalline, partially crystalline,
amorphous, or polymorphous form, preferably in the crystalline form.

35..  The compound of any of claims 23 to 34 in the form of a solvate.
36.  The compound of claim 35 in the form of a hydrate.

37.  The compound of any of claims 23 to 36 wherein the angiotensin receptor antagonist
and the neutral endopeptidase inhibitor are present in a molar ratio of 1:1.

38.  The compound of any of claims 23 to 37 wherein the angiotensin receptor antagonist,
the neutral endopeptidase inhibitor and the cation are present in a molar ratio of 1:1:3.



anor phous, or pol ynorphous form preferably in the crystalline form 35.
The conmpound of any of clainms 23 to 34 in the formof a solvate. 36. The
conpound w0 206720568485 in the formof a hydrate. 37. The ecmusowdoed7i@any of
clainms 23 to 36 wherein the angi otensin receptor antagoni st and the neutral
endopepti dase inhibitor are present in a nolar ratio of 1:1. 38. The
conpound of any of clains 23 to 37 wherein the angi otensin receptor

ant agoni st, the neutral endopeptidased2nhi bitor and the cation are present

[ [ i de : ny. of ¢l aj o 36
havi ng the cnop P outtd ot ieBs PR R Vg e 0 e BB TP UM + s cn
as 2. 5XHAQ whareinadadeidsush asrid/5.0f clainms 2 1 to 37 having the sum formul a
(L/-valeryl-L/-{[2'- (1Htetrazol e-5-yl)-biphenyl-4-yl]-nmethyl}-valine)

5- bi I s ' ] - 2-nethyl - t i.c, acid ethyl
Cotor | g 3 b CORPOUEATERY Y B 27K & halg ol i S ARl 36
havi ng(trietegaierSoy biphenyl-¢s)l-methyvaling) (3-biphéryi4-yid5-t3-edrbagol e-
5-yl) - B = = - i L :
((g/ 2> ggﬁb@s} %i ﬁﬁoglndylllﬁmgf-ﬁ%{t% oz{%éérnggh%?%%ri"\ol%ﬂ % HeGroyhersingeds AP Snent anoi ¢
acid ethyl ester]Na 3 x H20O wherein x is 0 to 3. 42. The conpound of
cl ai m 4% or The coppewndpficlding 38. Igving3he Fire foromeii(RI-NobalaryNef2'¢i/di ms 38 to

40, ch ' A ] f j iger T f | nf d
TR E B e A D P R B B B et et 1 - ¢
reci prPeRIoNYarinaZnbethsl-gentarbid 4cid 2thyhestdriNa,3958,@ Wherdifik id 0(tsB) , 1637

(st), 1597 (st), 1488 (w), 1459 (m), 1401 (st), 1357 (w), 1295 (m), 1266

(m, 1476 (Wecérﬂg%sr{d@f’ﬁﬂ%$o(r%’whje?é@8‘f@%5907 (w), 862 (w), 763 (st), 742

(m, 698 (m, 533 . The conpound of“any of clains 38 to 4 1,
characterized by an X-ray powder diffraction pattern taken with a Scintag
XDS20003 powdiad compeyndcaf 8ive obelaigisnds toxtOn gharhetefized lmwi ng i nterl attice plane
i nterval s: : '

Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) ‘spectrum having the
following absorption bands expressed in reciprocal wave numbers (cm'1)( +2cm™): 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).: '

44, The compound of any of claims 38 to 41, characterized by

an X-ray powder diffraction pattern taken with a Scintag XDS2000 powder diffractometer
comprising the following interlattice plane intervals:

din[A](x0.1A):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).

45, A linked pro-drug comprising:
(@) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof:

and

(b) aneutral endopeptidase inhibitor (NEP) or a pharmaceutically acceptable salt
thereof,

wherein the angiotensin receptor antagonist or a pharmaceutically acceptable salt

thereof and the NEPi or a pharmaceutically acceptable salt thereof are linked by a
linking moiety.



din[ A] ( 0.1 A: 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). 45. A linked pro-drug conprising: (a) an

angi ot enswo 20@€uspi4er ant agoni st or a pharnmaceuti cal |y aecepisaimocoszad t
thereof; and (b) a neutral endopeptidase inhibitor (NEPi) or a
pharmaceutically acceptable salt thereof, wherein the angi otensin receptor
ant agoni st or a pharmaceutically acceptable salt thereof and the NEPi or a
pharmaceutically acceptable salt ther8®f are |linked by a |inking noiety. 46.

The |inpked ol f j erein the.linki jety j

non- co&é‘l enﬁ Eg&ﬁ?%%&“%? (FP?'n 23 m‘@}e &Hrﬂa%m%ng'cﬁ%eﬁﬂag%oﬁhééy %I?H@%ng: l'i nki ng
ol ety4ys arrhéq}ﬁked#ﬁ-o-dﬁhg?oﬂ Clakeds Riraih Wek Mkird mbietyA andierein the ion is a
nmetallic ion. 49. The |inked pro-drug of Cl aim48, wherein the netallic ion
is a diyalent nmetallic,ion, 50. The |inked pro-drug. of C aim49, wherein
the ci 08t ent AR Pie-dishof GEEAF BT e oRfoa ERIIoPr o dr ug of | Ol & m
445, wherein the angiotensin receptor antagonist is selected fromthe group
consi sydng The Viakshsroatug bioSiain a8, whersindiag matallictieh ¥ Saivilan me@niosa. t an,
candesartan, ol nmesartan and conbi nations thereof. 52. The |inked pro-drug

o, 258 e HEAE AR ARSI e SRSy PR GIERY G b oo o

(2/7?,4S)-5-Dbi phenyl 4-yl -5-(3- carboxy- propi onyl am no) - 2- net hyl - pent anoi ¢
aci d ebhyl &sedinkaf proairagibfeClaitn 44%) evHereik gtk angiotensig rexeptdr antagdbist ikavi ng t he

2 1 o 1 Y68k om0 60 sor B TL Bl B BhfEe  BoodhcRinitrarh pRB8te T Ll i e

candesartan, olmesartan and combinations thereof.

52. The linked pro-drug of Claim 51, wherein the angiotensin receptor antagonist is

valsartan .

53. The linked pro-drug of Claim 45, wherein the NEPI is (2R,4S)-5-biphenyl4-yl-5-(3-

carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester of formula

54. The linked pro-drug of Claim 45, having the structure

NEPi e X, ARB , wherein
X is selected from Ca, Mg, Zn and Fe; and

ais1*,2" or 3".



NEPi  XaYb ARB, wherein X is CalMy, Zn or Fe; Y is NalK or NH4; and a and b
are 1+, 2+ or 3+. 56. The linked pro-drug of C aim45, having the structure
NEPI  Z0 wBBog7/08b6ein Z is a conpound provi di ng hydr ogeaThisaeicogs710
functionality; and c is 0. 57. A conbination conprising: (a) a
pharmaceutically acceptable salt of an angiotensin receptor antagonist; and
(b) a pharnmaceutically acceptable salt of a neutral endopeptidase inhibitor
(NEPi ); wherein the pharmaceutical |l y.sgceptable . salt of the angiotensin
receptor antagonist and the NEPi is the same and is selected froma salt of
Na, K 8% NHEhe akedya-opehiGiaim 4h having the siru$ii™wher ei n t he angi ot ensi n
receptor anjy g;pn'b(sqzb,ipgng,j,r%géiﬁd fromthe group consisting of valsartan,
| osartan,,ir ea&r N, [_I_el m sartan, eprosartan, candesartan, ol nmesartan and
conbi nat i< AL “'59. The conbination of claim58, wherein-the.
angi ot ensy g N£GeH g, aRLagoni st i s val sartan. 60. The conbi nation of any of
claims 57 to 59, wherein the NEPi is (2R 4S)-5-biphenyl 4-
yl - 5- ( 3- caarabl preptopl ord/l anmi no) - 2- met hyl - pent anoi ¢ acid ethyl ester of
formula 6 1. The conbination of any of clainms 57 to 59, wherein the NEPi is
(3S, 2' R)- 3- 2 i 1 :
(et hoxg%'ar b{cgﬁ?/gglged rgndwg %fu?(ﬁn?]‘}%yhcalvg é?\et gtﬁgcftgrgar bonyl am noJ”. S*.
-t et rahydr oNEPX@-Z 4 ARB- véereizepi ne- 1 -acetic acid or a pharnaceutically
accept ab';?is%dm&&tﬁﬁﬁq%vidiﬁghy&h@erc@dsﬁuiﬁgamh@ﬁbr@fityﬁmw of claims 57 to 6 1
wherein the pharmaceutically acceptable salt is a Na salt.

cis 0. ‘

57. A combination comprising:
(a) a pharmaceutically acceptable salt of an angiotensin receptor antagonist; and
(b) a pharmaceutically acceptable salt of a neutral endopeptidase inhibitor (NEPi);

wherein the pharmaceutically acceptable salt of the angiotensin receptor antagonist and the

NEPi is the same and is selected from a salt of Na, K or NH,.

58. The combination of claim 57, wherein the angiotensin receptor antagonist is selected
from the group consisting of valsartan, losartan, irbesartan, telmisartan, eprosartan,

candesartan, olmesartan and combinations thereof.

59. The combination of claim 58, wherein the angiotensin receptor antagonist is

valsartan.



63. The conbi nati on according of any of clains 57 to 62 wherein the

angi otensi n receptor antagonist and the neutral endopeptidase inhibitor are
present iwoaocemises4erati o of 1:1. 64. A pharnaceutical ceOpaSRE06OR710
conprising (a) the conpound according to clains 1 to 44 or the |inked
pro-drug according to clains 45 to 56 or the conbination according to
clains 57 to 63; and (b) at | east one pharmaceutically acceptable additive.
65. The pharnmaceutical conposition of52tai m 64, wherein the

phar maggut i I i sting
o i ot s 7 PIPESEA Bhuf SEKIL P10 Bonmerehife NERTE (2885 SIS

col or aNt&(GRRrbevmBioRianyIemiNQ)Remethy!- pqmanqq: asid tiy! @Steipwféq!ra’rulmg a dual -acting
conmpound conprising (a) an_angi otensin receptor antagonist;{b) a neutral
endopepti dase i nhibitor ; and (c) a pharmaceutically acceptabl e
cation; said nethod conp § the steps of: (i) dissolving an angiotensin
recept or antagoni st and tyal _endopeptidase inhibitor (NEPi) in a
suitabl e solvent; (ii) dISSO|VInl basi ¢ conpound of Cat in a suitable
solvent, wherein Cat is a cation ) combining the solutions obtained in
steps (i) and (ii); (iv) precipitatgon~f the solid, and drying sanme to
obtai n the dual -acting conpound; or altegnatl ely obtaining the dual-acting
conmpound by exchangi ng the solvent(s) e in sgeps (i) and (ii) by
(iva) evaporating the resulting sol ugNOn t S; (va) re-dissolving the
solid in a suitable solvent; (via) précipitation|fof the solid and drying
sane to obtain the dual -acting Con% . (/O

HO
0

61. The combination of any of claims 57 to 59, wherein the NEPi is (3S,2'R)-3-{1-[2"-
(ethoxycarbonyl)-4’-phenyl-butyl]-cyélopentan-1 -carbonylamino}-2,3,4,5-tetrahydro-2-oxo-
1H-1-benzazepine-1-acetic acid or a pharmaceutically acceptable salt thereof. ,

62. The combination of any of claims 57 to 61 wherein the pharmaceutically acceptable
salt is a Na salt.

63. The combination according of any of claims 57 to 62 wherein the angiotensin receptor
antagonist and the neutral endopeptidase inhibitor are present in a molar ratio of 1:1.

64. A pharmaceutical composition comprising

(a) the compound according to claims 1 to 44 or the linked pro-drug according to
claims 45 to 56 or the combination according to claims 57 to 63; and

(b) at least one pharmaceutically acceptable additive.

65. The pharmaceutical composition of claim 64, wherein thé pharmaceutically
acceptable additive is selected from the group consisting of diluents or fillers, disintegrants

1

glidants, lubricants, binders, colorants and combinations thereof.

66. A method of preparing a dual-acting compound comprising

(a) an angiotensin receptor antagonist;



67. The nethod of claim66 wherein the suitable solvent in steps (i) and/or
(iva) is acetone. 68. The nethod of claim®66 or 67, wherein the basic
conmpound wO 20@aisps46s (Cat) OH, (Cat)2CO3, (Cat)HCO3, Cat @uUSSaicOds710r

Cat OCHO. 69. The nmethod of any of clains 66 to 68, wherein the angiotensin
receptor antagonist in step (i) is selected fromthe group consisting of
val sartan, |osartan, irbesartan, tel msartan, eprosartan, candesartan,

ol mesartan and conbi nati ons thereof. -56- The rret hod of claim69, wherein
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accept abl e &ﬂhﬁn&hﬁﬁpi‘nag@tab%wm{ hod of any of clains 66 to 72, wherein
the cation (c) and Cat in step {ii) is selected fromthe group consi sting

of Na, K andiiN#asoliag a Phsic wemipoundéf Catanm enstiBablevbalventywigsreini Catsd @patfan;) i s
Na. 75. A nethod ) ' ked d t
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sal t form ng)and (i) bpn to a m xture of an angi otensin receptor bl ocker or
(iva) evaporating the resulting solution to dryness;

(va) re-dissolving the solid in a suitable solvent;

(via) precipitation of the solid and drying same to obtain the dual-acting compound.

67. The method of claim 66 wherein the suitable solvent in steps (i) and/or (iva) is
acetone.

68. The method of claim 66 or 67, wherein the basic compound of (Cat) is (Cat)OH,
(Cat),CO;, (Cat)HCO3, CatOMe, CatOAc or CatOCHO.

69. The method of any of claims 66 to 68, wherein the angiotensin receptor antagonist in
step (i) is selected from the group consisting of valsartan, losartan, irbesartan, telmisartan,

eprosartan, candesartan, olmesartan and combinations thereof.

70. The method of claim 69, wherein the angiotensin receptor antagonist in step (i) is
valsartan.



a pharmaceutically acceptable salt thereof and a NEPi or a pharmaceutically
acceptabl e salt thereof such that the ARB and the NEPi formed a |inked

pr o- dr ug;wendomsgs4ssol ati ng the |inked pro-drug. 76. Thecmarisbed/oed71€Cl ai m
75, wherein the inorganic salt form ng agent is selected from cal ci um
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72. The methd of any of claims 66 to 70, wherein the NEPI is (3S,2’'R)-3-{1-[2'-
~ (ethoxycarbonyl)-4’-phenyl-butyl]-cyclopentan-1-carbonylamino}-2,3,4,5-tetrahydro-2-oxo-
1H-1-benzazepine-1-acetic acid or a pharmaceutically acceptable salt thereof.

73. The method of any of claims 66 to 72, wherein the cation (¢c) and Cat in step {ii) is
selected from the group consisting of Na, K and NH,.

74. The method of claim 73, wherein Cat in step (ii) is Na.

75. A method of making a linked pro-drug comprising:

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

comprising the steps of

(a) adding an inorganic salt forming agent to a solvent to form a linked pro-drug salt

forming solution;



pectoris, diabetes, secondary al dosteronism primary and secondary

pul nonary hypertension, diabetic nephropathy, glomerulonephritis,
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renal vascul ar hypertension, di abetic reti nopat hy, m graine, peripheral
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77. The method of Claim 75, wherein the solvent is selected from water, methanol,
ethanol, 2-propanol, ethylacetate, methyl-t-butylether, acetonitrile, toluene, and methylene
chloride and mixtures of such solvents.

78. The method of Claim 75, wherein the isolating step is by chromatography.

79. A method for synthesizing a linked pro-drug of valsartan and (2R,4S)-5-biphenyl4-yl-
5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester comprising contacting a
calcium salt of valsartan with a sodium salt of (2R,4S)-5-biphenyl4-yI-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester and isolating the mixed salt by selective

crystallization.

80. The method of Claim 79, wherein the isolating steps comprises chromatography

using ligand specific resins, reverse phase resins or ion-exchange resins.

81. A method for the treatment or prevention of a condition-or disease selected from the
group consisting of hypertension, heart failure (acute and chronic), congestive heart failure,
left ventricular dysfunction, hypertrophic cardiomyopathy, diabetic cardiac myopathy,
supraventriculér and ventricular arrhythmias, atrial fibrillation, atrial fiutter, detrimental
vascular remodeling, myocardial infarction and its sequelae, atherosclerosis, angina
(unstable or stable), renal insufficiency (diabetic and non-diabetic), heart failure, angina
pectoris, diabetes, secondary aldosteronism, primary and secondary pulmonary
hypertension, diabetic nephropathy, glomerulonephritis, scleroderma, glomerular sclerosis,
proteinuria of primary renal disease, renal vascular hypertension, diabetic retinopathy,
migraine, peripheral vascular disease, Raynaud's disease, luminal hyperplasia, cognitive
dysfunction, glaucoma and stroke, comprising administering a therapeutically effective
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amount of the compound according to claims 1 to 44 or the linked pro-drug according to
claims 45 to 56 or the combination according to claims 57 to 63, to a mammal in need of
such treatment.

82. The method of claim 81 for the treatment of hypertension.
83. A pharmaceutical composition comprising

(a) the compound according to claims 1 to 44 or the linked pro-drug acbording to
claims 45 to 56 or the combination according to claims 57 to 63;

(b) atherapeutic agent selected from an anti-diabetic, a hypolipidemic agent, an
anti-obesity agent and an anti-hypertensive agent; and

(c) at least one phérmaceutically acceptable additive.

84. The pharmaceuti'cal composition according to claim 83 wherein the therapeutic agent
is amlodipine besylate.

85. The pharmaceutical composition according to claim 83, wherein the therapeutic agent -
is hydrochlorothiazide.



