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Case 4-32219A

METHODS OF TREATMENT AND PHARMACEUTICAL COMPOSITION 

Background of the Invention

The renin angiotensin system is a complex hormonal system camprised of a large

molecular weight precursor, angiotensinogen, two processing enzymes, renin and

angiotensin converting enzyme (ACE}, and the vasoactive mediator angiotensin II {Ang II.

See J. Cardiovasc. Pharmacol, Vol. 15, Suppl. B, pp. $1-S5 (1890). The enzymerenin

catalyzes the cleavage of angiotensinogeninto the decapeptide angiotensin |, which has

minimalbiological activity on its own and is converted into the active octapeptide Ang Il by
ACE. Ang || has multiple biological actions on the cardiovascular system, including

vasoconstriction, activation of the sympathetic nervous system, stimulation of aldosterone

production, anti-natriuresis, stimulation of vascular growth and stimulation of cardiac

growth. Ang II functions as a pressor hormoneand is involved the pathophysiology of
several farms of hypertension.

The vasoconstrictive effects of angiotensin I! are produced by its action on the non-

striated smooth muscle cells, the stimulation of the formation of the adrenergenic hormones

epinephrine and norepinephrine, as weil as the increase of the activity of the sympathetic
nervous system as a result of the formation of norepinephrine. Ang ll also has an influence
on electrolyte balance, produces, e.g., anti-natriuretic and anti-ciuretic effects in the kidney
and thereby promotesthe release of, an the one hand, the vasopressin peptide fram the
pituitary gland and, on the other hand, of aldosterone from tne adrenal glomerulesa. Ali
these influences play an important part in the regulation of blood pressure, in increasing
both circulating volume and peripheral resistance. Ang II is also involved in cell growth and

migration and in extracellular matrix formation.

Ang II interacts with specific receptors on the surface of the target cell. It has been
possible to identify receptor subtypes that are termed, e.g., AT 1- and AT 2-receptors. In
recent times great efforts have been madeto identify substances that bind ta the AT 1-
receptor. Such active ingredients are often termed AngIl antagonists. Because of the
inhibition of the AT 1-receptor such antagonists can be used, €.g., as anti-hypertensives or
for the treatment of congestive heart failure, among other indications. Ang 1! antagonists
are therefore understood to be those active ingredients which bind to the AT 1-receptor

subtype.
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Inhibitors of the renin angiotensin system are well-known drugs that lower blood

pressure and exert beneficial actions in hypertension and in congestive heart failure as

described. See, e.g, N. Eng. J Med, Vol. 316, No. 23, pp. 1429-1435 (1987). A large

number of peptide and non-peptide inhibitors of the renin angiotensin system are known, the

most widely studied being the ACE inhibitors, which includes the drugs captopril, enalapril,

lisinopril, benazepril and spirapril. Although a major modeof action of ACE inhibitors

involves prevention of formation of the vasoconstrictor peptide AngIl, it has been reported

in Hypertension, Vol. 16, No. 4, pp. 363-370 (1990), that ACE cleaves a variety of peptide

substrates, including the vasoactive peptides bradykinin and substance P. Prevention of the

degradation of bradykinin by ACE inhibitars has been demonstrated, and the activity of the

ACE inhibitors in some conditions has been reported in Circ. Res., Vol. 66, No. 1, pp. 242-

248 (1990), to be mediated by elevation of bradykinin levels rather than inhibition of Ang Il

formation. Consequently, it cannot be presumed that the effect of an ACE inhibitor is due

solely to prevention of angiotensin formation and subsequentinhibition of the renin

angiotensin system.

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
terminal side of aromatic amino acids. See Biochem. J., Vol. 241, pp. 237-247 (1987).

Substrates for this enzyme include, but are notlimited to, atrial natriuretic factors (ANFs)},
also known as ANPs,brain natriuretic peptide (BNP), met and leu enkephalin, bradykinin,

neurokinin A and substance P.

ANPsare a family of vasodilator, diuretic and anti-hypertensive peptides which have

been the subject of many recent reports in the literature. See, e.g., Annu. Rev. Pharm.
Tox., Vol. 29, pp. 23-54 (1989). One form, ANF 99-126, is a circulating peptide hormone

which is released from the heart during conditions of cardiac distension. The function of

ANF is to maintain salt and water homeostasis, as well as to regulate blood pressure. ANF

is rapidly inactivated in the circulation by at least two processes: a receptor-mediated

clearance reported in Am. J. Physiol, Vol. 256, pp. R469-R475 (1989), and an enzymatic

inactivation via NEP reported in Biochem. J., Vol. 243, pp. 183-187 (1987). It has been

previously demonstrated that inhibitors of NEP potentiate the hypotensive, diuretic,
natriuretic and plasma ANF responsesto pharmacologicalinjection of ANF in experimental

animals. The potentiation of ANF by two specific NEP inhibitors is reported by Sybertz et

al., J. Pharmacol, Exp. Ther., Vol. 250, No. 2, pp. 624-631 (1989), and in Hypertension, Vol.

15, No. 2, pp. 152-161 (1990), while the potentiation of ANF by NEP in general was

-2.-
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| disclosed in U.S. Patent No. 4,749,688. In U.S. Patent No. 4,740, 499, Olins disclosed the
use of thiorphan and kelatorphan to potentiate atrial peptides. Moreover, NEP inhibitors

lower blood pressure and exert ANF-like effects, such as diuresis and increased cyclic

guanosine 3',5'-menaphosphate (cGMP) excretion in some formsof experimental

hypertension. The anti-hypertensive action of NEP inhibitors is mediated through ANF

because antibodies to ANF will neutralize the reduction in blood pressure.

Darrow et al. in European Patent Application No. 498361 disclose treating

hypertension or congestive heart failure with a combination of certain Ang II antagonists or

certain renin inhibitors with certain NEPinhibitors.

Powell et al. in European Patent Application No. 726072 disclose treating

hypertension or congestive heart failure with a combination of the Ang II antagonist 2-butyl-

6,7,8,9-tetrahydro-3-[[2'-(14-tetrazol-5-yl)[1 , 1'-biphenyl]-4-yl]methyl]-1 ,3-

diazaspiro[4.4]nonan-4-one with a NEP inhibitor or a dual acting vasopeptidase inhibitor

{single molecular entity with both ACE and NEP inhibitory activities). Prolonged and

uncontrolled hypertensive vascular disease ultimately leads to a variety of pathological
changesin target organs, such as the heart and kidney. 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, beyand 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 mechanismsof action have been combined. However,

just considering any combination of drugs having different mode of action does not
necessarily lead to combinations with advantageouseffects. Accordingly, there is a need
for more efficacious combination therapy which has less deleterious side effects.

Other objects, features, advantages and aspects of the present invention will become

apparentto thoseofskill from the following description. It should be understood, however,
that the following description and the specific examples, while indicating preferred

embodiments of the invention, are given by wayofillustration only. Various changes and

modifications within the spirit and scope of the disclosed invention will become readily

apparentto those skilled in the art from reading the following description and from reading the
other parts of the present disclosure.
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Detailed Description of the Preferred Embodiments

in one aspect, the present invention relates to pharmaceutical combinations
comprising valsartan or pharmaceutically acceptable salts thereof and a NEP inhibitor or a
pharmaceutically effective salts thereof, optionally in the presence of a pharmaceutically
acceptable carrier and pharmaceutical compositions comprising them.

In another embodiment, the present invention relates to methodsoftreating cardiac

and renal related conditions by administration of the pharmaceutical composition comprising

valsartan plus a NEP inhibitor.

Valsartan is the AT 1-receptor antagonist (S)-N-(1-carboxy-2-methyl-prop- 1-yl)-N-

pentanoyl-AN_[2;(7H-tetrazol-5-yi)biphenyl-4-yl-methyl]amine of formula (1}

aN OU 3

iY
CH, CH “ Cc o

3 CH; * cH, “NOH
OH

(t)

 
HN* ~N

\ /
N=_N

and is disclosed in EP 0443983 A and U.S. Patent No. 5,399,578, the disclosures of which

are incorporated herein in their entirety as if set forth herein.

A NEP inhibitor useful in said combination is a compound of the formuia (I)

7 UP 1
HS—CH;-CH—C— NH—CH—(CH,)--C—R, (tl)

and pharmaceutically acceptable salts thereof,

wherein

R: is alkyl of 1 to 7 carbons, trifluoromethyl, phenyl, substituted phenyl, -(CHy); ta 4-

phenyl, or -(CH2), 1 4-substituted phenyl;

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

-(CHz), tg -SUbstituted phenyl:

R, is hydroxy, alkoxy of 1 ta 7 carbons, or NH2;

-4-
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nis an integer from 1 to 15: and

the term substituted pneny! refers to a substituent selected from lower alkyl of 1 to 4

carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4 carbons, hydroxy, Cl, Br or
F.

Preferred selective NEP inhibitors of formula (II) include compounds,
wherein

Ra is benzyt:

Rg is hydrogen:

nis an integer from 1 to &: and

R, is nydroxy.

Even more preferred selective NEP inhibitors of formula (Il) are reported in the

literature as SQ 28,603 which is the compound of formula (II),
wherein

Re is benzyl:

Ra is hydrogen:

nis one; and

R, is hydroxy.

The preparation of the selective NEP inhibitors of formula (Il), wherein R3 is other

than trifluoromethyl are disclosed by Delaney et al. in US. Patent No. 4,722,810. The

preparation of the selective NEP inhibitors of formula (Il), wherein Rzis trifluoromethyl are

disclosed by Delaney et al. in U.S. Patent No. 5,223,516.

NEP inhibitors within the scope of the present invention include compounds

disclosed in U.S. Patent No. 4,610,846, herein incorporated by reference, including in

particular N-[A-[1(S}-carboxyl-3-phenylproplyl]-(S)-phenylalanyl]-(S}-isoserine and ALLA

[((7S)-carboxy-2-phenyljethyl]-(S)-phenylalanyl]-B-alanine; compounds disclosed in U.S.

Patent No. 4,929,641, in particular, N-[2(S)-mercaptomethy!-3-(2-methylphenyl)-

propionyl]methionine; SQ 28603 (NV-[2-(mercaptomethyl)-1-oxo-3-phenylpropyl)-[j-alanine),

disclosed in South African Patent Application No. 84/0670; UK 69578 (c/s-4-[[[1-[2-carboxy-

3-(2-methoxyethoxy)propyl]-cyclopentyl]carbonyijamine]-cyclohexanecarboxylic acid) and its

active enantiomer(s); thiorphan and its enantiomers; retro-thiorphan; phosphoramidon; and

-5-
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SQ 29072 (7-[[2-(mercaptomethyl)- 1-oxo-3-phenylpropyllamino]-heptancic acid). Also
Suitable for use are any pro-drug forms of the above-listed NEP inhibitors, e.g., compounds
in which one or more carboxylic acid groups are esterified.

NEP inhibitors within the scope of the present invention also include the compounds

disclosed in U.S. Patent No. 5,217,996, particularly, N-(3-carboxy-1-oxopropyi)-(4S8)-p-

phenylphenylmethy!)-4-amino-2R-methylbutanoic acid ethyl ester; the compounds disclosed

in EP 00342850,particularly, (S)-cis-4-[1-[2-(5-indanytoxycarbony!)-3-(2-

methoxyethoxy) propy!]-1-cyclopentanecarboxamido]-1-cyclohexanecarboxylic acid: the

compounds disclosed in GB 02218983,particularly, 3-(4-[6-endo-

hydroxymethylbicyclo[2,2, 1 ]heptane-2-exo-carbamoyljcyclopentyl)-2-(2-

methoxyethyl)propanoic acid; the compounds disclosed in WO 92/14706, particularly,

A-(1-(3-(A-Ebutoxycarbonyl-(S)-prolylamino)-2(S)--butoxy--

carbonylpropyljcyclopentanecarbonyl)-O-benzy!-{(S)-serine methyl ester; the compounds

disclosed in EP 00343911; the compounds disclosed in JP 06234754; the compounds

disclosed in EP 00361365, particularly, 4-[[2-(mercaptomethyl)-1-oxo-3-

phenylpropyljaminojbenzoic acid; the compoundsdisclosed in WO 90/09374, particularly,

3-[1-(cis-4-carboxycarbony|-cis-3-butyleyclohexyl--1 -carboamoyl)cyclopentyl]-2S-(2-
methoxyethoxymethyl)prapancic acid; the compounds disclosed in JP 07157459,

particularly, A-((2S)-2-(4-biphenylmethyl)-4-carboxy-5-phenoxyvaleryliglycine; the

compoundsdisclosed in WO 94/15908, particularly, N-(1-(NV-hydroxycarbamaylmethyl)-1-

cyclopentanecarbonyl--phenylalanine; the compounds disclosed in U.S. Patent No.

5,273,990, particularly, (S)-(2-biphenyl-4-yl)-1-(1 H4-tetrazol-5-yhethylamino}

methylphosphonic acid; the compounds disclosed in U.S. Patent No. 5,294 632, particularly,

(S)-5-(A-(2-(phosphonomethylamino)-3-(4-biphenyl)propionyl)-2-aminoethyltetrazale, the

compounds disclosed in U.S. Patent No. 5,250,522, particularly, B-Alanine, 3-[1, 1'-biphenylj-

4-yl-A-[diphenoxyphosphinyl)methyll-i-alanyl; the compounds disclosed in EP 00636621,

particularly, A-(2-carboxy-4-thienyl}-3-mercapto-2-benzylpropanamide; the compounds

disclosed in WO 93/09101, particularly, 2-(2-mercaptomethyl-3-phenylpropionamido}thiazol-

4-ylcarboxylic acid; the compounds disclosed in EP 00590442, particularly, ((L)--(2,2-
dimethyH1 ,3-dioxolan-4-yl)-methoxy}carbony!)-2-phenylethyl)-L-phenylalany!}-B-alanine, W-

[A-[(L}-[1-[(2,2-dimethyl-1,3-diaxolan-4-yl})-methoxy]carbonyl]-2-phenylethy!]-L-phenylalanyl]-

(R)-alanine, A-EA-[(L}-1-carboxy-2-phenylethy!]-l-phenylalanyl)-(R)-alanine, Av-[2-

acetylthiomethyl-3-(2-methyi-phenyl)propionyl]-methionine ethyl ester, A-[2-mercaptomethyl-

3-(2-methylphenylpropioyl]-methionine, N-[2(S)-mercaptomethyl-3-(2-

methylphenyl) propanoyl)-(S)-isoserine, A-(S)-[3-mercapto-2-(2-methylphenyl}propionyl)-(S)-

-6-
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2-methoxy-(A)-alanine, N-[1-[[1(S)-benzyloxycarbonyt-3-

phenylpropyjjaminojcyclopentylcarbonyl}-(S)-isoserine, A/-[1-[[4(S)-carbonyl-3-

phenylpropyjamino)-cyclopentylcarbonyl]-(S)-isoserine, 1,1'-[dithiobis-[2(S)-(2-

methyibenzyl-1-oxo-3, 1-propanediy|]]j-bis-(S)-isoserine, 1,1'-[dithicobis-[2(S)-(2-

methylbenzyl)-1-oxo-3, 1-propanediyl]]-bis-(S)-methionine, N-(3-phenyl-2-(mercaptomethyl)-

propionyl)-(S)-4-(methylmercaptojmethionine, N-[2-acetylthiomethyl-3-phenyl-propionyl]-3-

aminobenzoic acid, N-[2-mercaptomethyl-3-phenyi-propionyi]-3-amincbenzoic acid,

N-[1-(2-carboxy-4-phenylbuty!)-cyclopentanecarbonyl]-(S)-isoserine,

A-[1-(acetylthiomethylhcyclopentane-carbonyl]-(S)-methionine ethyl ester,

3(S)-[2-(acetylthiomethyl}-3-phenyl-propionyllamimo-c-caprolactam, and the compounds

disclosed in WO 93/10773, particularly, N-(2-acetylthiamethyl-3-(2-methylpheny|)prepionyl)-

methionine ethyl ester.

The compoundsto be combined can be present as pharmaceutically acceptable

salts. If these compounds have, for example, at least one basic center, they can form acid

addition salts. Corresponding acid addition salts can also be formed having, if desired, an

additionally present basic center. The compounds havingat least one acid group, for

example, COGH, can also form salts with bases. Corresponding internal saits may

furthermore be formed, if a compound comprises, ¢.g., both a carboxy and an amino group.

With respect to N-(3-carboxy-1-oxoprapyl)-(4S)-p-phenylpheny!lmethy!)-4-aming-2f-

methylbutanoic acid ethyl ester, preferred salts include the sodium salt disclosed in LS.
Patent No. 5,217,996, the triethanolamine salt and the tris(hydroxymethyl)aminomethane
salt. Preparation of the triethanolaminesalt and the fris(hydroxymethyl)aminomethanesalt

may be carried out as follows:

Triethanclamine

To N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methyibutanaic acid

ethyl ester (349 mg, 0.848 mmol) is added 5 mL of ethyl ether and 0.113 mL (0.848 mmol)
of triethanclamine in 1 mL of ethyl acetate. The solid was callected and dried melting at

69-71°C.
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Tris(hydroxymethy|) aminomethane

To N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid

ethyl ester (3.2 g, 7.78 mmol) is added 32 mL of ethyl acetate and 940 mg (7.78 mmol}

tris(hydroxymethyhaminomethane. The suspension is diluted with 45 mL of ethyl acetatc

and refluxed overnight (~20 hours). The reaction is cooled ta 0°C, filtered, solid washed

with ethyl acetate and dried melting at 114-115°C.

It has surprisingly been found that, a combination of valsartan and a NEP inhibitor

achieves greater therapeutic effect than the administration of valsartan, ACE inhibitors or

NEP inhibitors alone and promotes less angioedemathanis seen with the administration of

a vasopeptidaseinhibitor alone. Greater efficacy can also be documented as a prolonged
duration of action. The duration of action can be monitored as either the time to return to

baseline prior to the next dose or as the area under the curve (AUC) and is expressed as

the product of the changein blood pressure in millimeters of mercury (change in mmHg)

and the duration of the effect (minutes, hours or days).

Further benefits are that lower dases of the individual drugs to be combined

according to the present invention can be used to reduce tne dosage, for example, that the

dosages need not only often be smaller but are also applied less frequently, or can be used
to diminish the incidence of side effects. Tne combined administration of valsartan or a

pharmaceutically acceptable salt thereof and a NEP inhibitor or a pharmaceutically

acceptable salt thereof results in a significant response in a greater percentage of treated

patients, that is, a greater responderrate results, regardless of the underlying etiology of the
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condition. This is in accordance with the desires and requirements of the patients to be

treated.

It can be shown that combination therapy with valsartan and a NEP inhibiter results

ina more effective anti-hypertensive therapy (whether for malignant, essential, reno-

vascular, diabetic, isolated systolic or other secondary type of hypertension) through

improved efficacy, as weil as a greater responder rate. The combination ts also useful in the

treatment or prevention of heart failure, such as (acute and chronic) congestive heart failure,

left ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac myopathy,

supraventricular and ventricular arrnythmias, atrial fibrillation, atrial flutter or detrimental

vascular remodeling. It can further be shownthat a valsartan and NEP inhibitor therapy

proves to be beneficial in the treatment and prevention of myocardial infarction and its

sequelae. A valsartan plus NEP inhibitor combinationis also useful in treating

atherosclerosis, angina (whether stable or unstable), and renal insufficiency (diabetic and

non-diabetic). Furthermore, combination therapy using valsartan and a NEP inhibiter can

improve endcthelia! dysfunction, thereby. providing benefit in diseases in which normal

endothelial function is disrupted, such as heart failure, angina pectoris and ciabetes.

Furthermere, the combination of the present invention may be used for the treatment or

prevention of secondary aldosteronism, primary and secondary pulmonary hypertension,

renal failure conditions, such as diabetic nephropathy, glomerulonephritis, scleroderma,

glomerular sclerosis, proteinuria of primary renal disease and also renal vascular

hypertension, diabetic retinopathy, the management of other vascular disorders, such as

migraine, peripheral vascular disease, Raynaud's disease, luminal hyperplasia, cognitive

dysfunction, such as Alzheimer's; glaucoma and stroke.

The personskilled in the pertinent art is fully enabled to select a relevant test mode!

to prove the efficacy of a combination of the present invention in the hereinbefore and

hereinafter indicated therapeutic indications.

Representative studies are carried out with a combination of valsartan and

N-(3-carboxy- 1-oxopropyl)-(4S)-p-phenylpheny!methy|)-4-amino-2R-methylbutanoic acid

ethyl ester, e.g., applying the follawing methodology:

Drug efficacy is assessed in various animal models including the

deoxycorticosterone acetate-salt (DOCA-salt) rat and the spontaneously hypertensive rat

(SHR), either maintained on a normalsalt diet or with salt loading (4-8% salt in rat chow or

1% NaCl as drinking water).
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The DOCA-salt test modelutilizes either an acute or chronic study protocol. An

acute study procedure involves assessmentof the effects of various test substances over a

six-hour experimental period using rats with indwelling femoral arterial and venous

catheters. The acute study procedure evaluates test substancesfor their ability to reduce

blood pressure during the established phase of DOCA-salt hypertension. In contrast, the

chronic study procedure assesses the ability of test substances to prevent or delay the rise

in blood pressure during the development,phase of DOCA-salt hypertension. Therefore,

blood pressure will be monitored in the chronic study procedure by means of a

radiotransmitter. The radiotransmitter is surgically implanted into the abdominal aorta of

rats, prior to the initiation of DOCA-salt treatment and thus, prior to the induction of

hypertension. Blocd pressure !s chronically monitored for periods of up to six weeks

{approximately one week prior to DOCA-salt administration and for five weeks thereafter).

Rats are anesthetized with 2-3%isoflurane in oxygen inhalant followed by Amytal

sodium (amobarbital) 100 mg/kg, i.p. The level of anesthesia is assessed by a steady

rhythmic breathing pattern.

Acute study procedure:

Rats undergo a unilatera! nephrectomyat the time of DOCA implantation. Hair is clipped on

the left flank and the back of the neck and scrubbed with sterile alcohol swabs and

povidone/icdine. During surgery rats are placed on a heating pad to maintain body

temperature at 37°C.

A 20 mm incision is made through the skin and underlying muscle to expose theleft kidney.

The kidney is freed of surrounding tissue, exteriorized and two ligatures (3-0 silk) are tied

securely around the renal artery and vein proximal to their juncture with the aorta. The renal

artery and vein are then severed and the kidney removed. The muscle and skin wounds are

closed with 4-0 silk suture and stainless steel wound clips, respectively. At the same time, a

15 mm incision is made on the back of the neck and a three-week-release pellet (Innovative

Research of America, Sarasota, FL) containing DOCA (100 mg/kg) is implanted

subcutaneously (s.c.). The wound is then ciosed with stainless-steel clips and both wounds

are treated with povidone/odine; the rats are given a post-surgical intramuscular (i.m.}

injection of procaine penicillin G (100,000 U) and buprenorphine (0.05-0.1 mg/kg) s.c. The

rats are immediately placed on 1% NaCl + 0.2% KCI drinking water; this treatment continues

for at least 3 weeks at which time the animals have become hypertensive and available for

experimentation.

-10-
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Forty-eight hours prior ta experimentation, animals are anesthetized with isoflurane and

catheters are implanted in the femora! artery and vein for measuring arterial pressure,

collection of blood and administration of test compounds. Rats are allowed to recoverfor

48 hours while tethered in a Plexiglas home cage, which also serves as the experimental

chamber.

Chronic study procedure:

This procedure is the same as above except that rats are implanted with a radictransmitter,

7-10 days prior to the unilateral nephrectomy andinitiation of DOCA and salt. In addition,

rats do not undergo surgery for placement of femoral arterial and venous catheters.

Radiotransmitters are implanted as described in Bazil et al., ''Telemetric Monitoring of

Cardiovascular Parameters in Conscious Spontaneously Hypertensive Rats", J. Cardiovasc.

Pharmacoil., Vol. 22, pp. 897-905 (1993).

Protocols are then set-up on the computer for measurement of blood pressure, heart

rate, etc., at pre-determined time points. Baseline data is collected at various time points

and over various time intervals. For example, baseline or pre-dase values usually consist of

data collection and averaging over three consecutive, 24-hour time periods prior to drug

administration.

Blood pressure, heart rate and activity are determined at various pre-selected time

points before, during and after drug administration. All measurements are performed in

unrestrained and undisturbed animals. The maximum study time, determined by batterylife.

could be as long as nine months. For studies of this duration, rats are dosed orally

(1-3 mL/kg vehicle), no more than twice daily or drug is administered via the drinking water
or mixed with food. For studies of a shorter duration, that is, up to eight weeks, drugs are

given via s.c. implanted osmotic minipumps. Osmotic minipumps are selected based on
drug delivery rate and time. Valsartan dosages range from 1-10 mg/kg/day and N-(3-

carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethy|)-4-amino-2R-methylbutanoic acid ethyl

aster range from 10-50 mg/kg/day.-

-11i-
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Additionally, SHRsare utilized to study the effects of valsartan in combination with
A-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid

ethyl ester. The hypertensive background of the SHR is modified either by chronic salt
loading in an effort to suppress the renin angiotensin system (RAS) or chronic salt depletion

to activate the RAS in the SHR. These manipulationswill be carried out to more extensively

evaluate the efficacy of the various test substances. Experiments performed in SHRs are

supplied by Taconic Farms, Germantown, NY (Tac:N(SHR}BR). A radiotelemetric device

(Data Sciences International, Inc., St. Paul, MN) is implanted into the lower abdominal aorta

of all test animals between the ages of 14-16 weeks of age. All SHRs are allowed to

recover from the surgical implantation procedure for at least two weeksprior to the initiation

of the experiments. Cardiovascular parameters are continuously monitored via the

radiotransmitter and transmitted to a receiver where the digitized signal is then collected and

stored using a computerized data acquisition system. Blood pressure (meanarterial,

systolic and diastolic pressure) and heart rate are monitored in conscious, freely moving and

undisturbed SHR in their home cages. The arterial blood pressure and heart rate are

measured every 10 minutes for 10 seconds and recorded. Data reported for each rat

represent the mean values averaged over a 24-hour period and are made up of the 144-10

minute samples collected each day. The baseline values for blood pressure and heart rate

consist of the average of three consecutive 24-hour readings taken prior to initiating the

drug treatments. All rats are individually housed in a temperature and humidity controiled

roam and are maintained on a 12-hour light dark cycle.

In addition to the cardiovascular parameters, weekly determinations of bady weight

also are recordedin all rats. Treatments are administered in the drinking water, via daily

oral gavage or in osmotic minipumps as stated above. lf given in drinking water, water

consumption is measured five times per week. Valsartan and N-(3-carboxy-1-oxopropy!)-

(4S)}-p-pheny|phenylmethyl)-4-amino-2R-methyibutanoic acid ethyl ester doses for individual

rats are then calculated based on water consumption for each rat, the concentration of drug

substance in the drinking water and individual body weights. All drug solutions in the

drinking water are made up fresh every three to four days. Typical dosages for valsartan in

drinking water range from 3-30 mg/kg/day whereas the dosage of AN-(3-carboxy-1-

oxopropyl)-(4.S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is highly

dependent upon the specific agent used. In mostsituations, a daily dose will not exceed 50

mg/kg/day when administered as the monotherapy. In combination, lower dosages of each

agent are used and correspondingly, valsartan is given in the range of 1-30 ma/fkg/day and

N-(3-carboxy-1-oxopropyl)-(4S)-p-phenyiphenylmethyl)-4-amino-2R-methylbutancic acid
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éthyl ester in dosages below 50 mg/kg/day. However, in cases wherein the responderrate

is increased with combination treatment, the dosages are identical to those used as

monotherapy.

Whendrugs are administered by oral gavage, the dose of valsartan ranges fram

4-50 mg/kg/day and N-(3-carboxy-1-cxopropyl)}-(4S)-p-phenylohenylmethyl)-4-amino-2R-

methylbutancic acid ethyl ester does not exceed 100 mg/kg/day.

Upon completion of the chronic studies, SHR or DOCA-salt rats are anesthetized

and the heart rapidly removed. After separation and removal of the atrial appendages, left

ventricle and Jeft plus right ventricle (total) are weighed and recorded. Left ventricular and

total ventricular mass are then normalized to body weight and reported. All values reported

for blood pressure and cardiac mass represent the group mean + sem.

Vascular function and structure are evaluated after treatment to assess the

beneficial effects of the combination. SHR are studied according to the methods described

py Intenganetal., Circulation, Vol. 100, No. 22, pp. 2267-2275 (1999). Similarly, the

methodology for assessing vascular function in DOCA-salt rats is described in intengan et

al., Hypertension, Vol. 34, No. 4, Part 2, pp. 907-913 (1999).

The available results indicate an unexpected therapeutic effect of a combination

according to the invention.

in one aspectis the abject of this invention to provide a pharmaceutical combination

composition, e.g., for the treatment or prevention of a condition or disease selected from the
group consisting of hypertension, heart failure, such as (acute and chronic) congestive heart
faiture, 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 (whether unstable or stable), renal insufficiency (diabetic and non-diabetic), heart
failure, angina pectoris, diabetes, secondary aldostercnism, primary and secondary
pulmonary hypertension, renal failure conditions, such as diabetic nephropathy,
glomerulanephritis, scleroderma, glomerular sclerosis, proteinuria of primary renal disease,
and also renal vascular hypertension, diabetic retinopathy, the management of other

vascular disorders, such as migraine, peripheral vascular disease, Raynaud's disease,

luminal hyperplasia, cognitive dysfunction, such as Alzheimer's, glaucoma and stroke which
compasition comprises:

-13-
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(i) the AT 1-antagonists valsartan or a pharmaceutically acceptable salt thereof, and

(ii) a NEP inhibitor or a pharmaceutically acceptable salt thereof and a

pharmaceutically acceptable carrier.

In this composition, components (i) and (ii) can be obtained and administered

together, one after the other or separately in one combined unit dose form or in two

separate unit dose forms. The unit dose farm may also be a fixed combination.

A further aspect of the present invention is a method for the treatment or prevention

of a condition or disease selected from the group consisting of hypertension, heart failure,

such as (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 (whether unstable or stable), renal

insufficiency (diabetic and non-diabetic), heart failure, angina pectoris, diabetes, secondary
aldosteronism, primary and secondary pulmonary hypertension, renalfailure conditions,

such as diabetic nephropathy, glomerulonephritis, scleroderma, glomerular sclerosis,

proteinuria of primary renal disease, and also renal vascular hypertension, diabetic
retinopathy, the managementof other vascular disorders, such as migraine, peripheral
vascular disease, Raynaud's disease, luminal hyperplasia, cognitive dysfunction, such as

Alzheimer's, glaucoma and stroke, comprising administering a therapeutically effective
amount of combination of:

(i) the AT 1-antagonists valsartan or a pharmaceutically acceptable salt thereof, and

(ii) a NEP inhibitor or a pharmaceutically acceptable salt thereof anda
pharmaceutically acceptable carrier to a mammalin need of such treatment.

A therapeutically effective amount of each of the componentof the combination of
the present invention may be administered simultaneously or sequentially and in any order.

The corresponding active ingredient or a pharmaceutically acceptable salt thereof
may also be usedin form of a hydrate or include other solvents used for crystallization.

The pharmaceutical compositions according to the invention can be prepared ina
manner known per sé and are those suitable for enteral, such as oral or rectal, and
parenteral administration to mammals (warm-blooded animals), including man, comprising a
therapeutically effective amount of the pharmacologically active compound, alone or in
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combination with one or more pharmaceutically acceptable carriers, especially suitable for

enteral or parentera! application. Typical crai formulations include tablets, capsules, syrups,

elixirs and suspensions. Typical injectable formulations include solutions and suspensions.

The typical pharmaceutically acceptable carriers for use in the formulations

described above are exemplified by sugars, such as lactose, sucrose, mannitol and sorbitol:

starches, such as cornstarch, tapioca starch and potato starch; cellulose and derivatives,

such as sodium carboxymethyl cellulose, ethy! cellulose and methyl cellulose; calcium

phosphates, such as dicalcium phosphate and tricalcium phosphate; sodium sulfate;
calcium sulfate; palyvinylpyrrolidone; polyviny! alcohol; stearic acid; alkaline earth metal

stearates, such as magnesium stearate and calcium stearate, stearic acid; vegetable oils.

such as peanutoil, cottonseed oil, sesameoil, olive oil and corn oil; non-ionic, cationic and

anionic surfactants; ethylene glycel polymers; betacyclodextrin; fatty alcohols; and

hydrolyzed cereal solids, as well as other non-toxic compatible fillers, binders, disintegrants,

buffers, preservatives, antioxidants, lubricants, flavoring agents and the like commonly used

in pharmaceutical formulations.

The invention also relates to combining separate pharmaceutical compositions in Kil

form. That is a kit combining two separate units: a valsartan pharmaceutical composition

and a NEP inhibitor pharmaceutical composition. The kit farm is particularly advantageous

when the separate components must be administered in different dosage farms, &.g.,

parenteral valsartan formulation and oral NEP formulation; or are administered at different

dosage intervals.

These pharmaceutical preparations are for enteral, such as oral, and also rectal or
parenteral, administration to homectherms, with the preparations comprising the
pharmacological active compoundeither alone or together with customary pharmaceutical
auxiliary substances. For example, the pharmaceutical preparations consist of from about
0.1-90%, preferably of from about 1%to about 80%, of the active compounds.
Pharmaceutical preparatians for enteral or parenteral administration are, ¢.g., in unit dose
forms, such as coated tablets, tablets, capsules or suppositories and also ampoules. These

are prepared in a manner whichis known per se, @.g., using conventional mixing,
granulation, coating, solubulizing or lyophilizing processes. Thus, pharmaceutical
preparations for oral use can be obtained by combining the active compoundswith 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 aiter
having addedsuitable auxiliary substances.
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The dosage of the active compound can depend onavariety of factors, such as

mode of administration, homeothermic species, age and/or individual condition.

Preferred dosagesforthe active ingredients of the pharmaceutical combination

according to the present invention are therapeutically effective dosages, especially those

which are commercially available.

Normally, in the case of oral administration, an approximate daily dose of from about

1 mg to about 360 mgis to be estimated, e.g., for a patient of approximately 75 kg in weight.

Valsartan is supplied in the form of suitable dosage unit form, e.g., a capsule or

tablet, and comprising a therapeutically effective amount, e.g., from about 20 mg to about

320 mg, of valsartan which may be applied to patients. The application of the active

ingredient may occur up to three times a day, starting, e.g., with a daily dose of 20 mg or

40 mg of valsartan, increasing via 80 mg daily and further to 160 mg daily up to 320 mg
daily. Preferably, valsartan is applied once a day (q.d.) or twice a day (b.i.d.) in heart failure

patients with a dose of 80 mg or 160 mg, respectively, each. Corresponding doses may be

taken, for example, in the morning, at mid-day or in the evening. Preferred is q.d. or b.i.d.
administration in heart failure.

In case of NEP inhibitors, preferred dosage unit forms are, e.g., tablets or capsules

comprising, e.g., from about 20 mg to about 800 mg,preferably from about 50 mg to about

700 mg, even more preferably from about 100 mg to about 600 mg and even more

preferably from about 100 mg to about 300 mg, administered qd.

The above doses encompass a therapeutically effective amount of the active

ingredients of the present invention.

The following examplesillustrate the above-described invention, however, it is not

intended to restrict the scope of this invention in any manner.
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Formulation Example 1: Film-Coated Tablets
  

Composition

 

  

 

  

Per Unit

Components {mq} Standards

Granulation —— .

Valsartan (= active ingredient) 80.00

Microcrystalline cellulose/Avice/ PH 102 54.00 NF, Ph. Eur

Crospovidone 20.00 NF, Ph. Eur

Colloidal anhydrous silica/colloidal silicon dioxide/Aerosil 200 0.75 Ph Fur, NF

Magnesium stearate 2.5 NF, Ph. Eur

Blending nen ce
Colloidal anhydrous silica/colloidal silicon dioxide/Aerosil 200 0.75 Ph. Eur, NF

Magnesium stearate 2.00 NF, Ph. Eur

Coating ee.
Purified water -

DIOLACK Pate Red 00F34899 7.00

Total Tablet Mass 167.00  

“Removed during processing.

The film-coated tablet is manufactured, e.g., as follows:

A mixture of valsartan, microcrystalline cellulose, crospovidone, part of the colloidal

anhydroussilica/collaidal silicon dioxide/Aerasile 200, silicon dioxide and magnesium

stearate is premixed in a diffusion mixer and then sieve through a screening mill. The

resulting mixture is again pre-mixed in a diffusion mixer, compacted in a roller compactor

and then sieve through a screening mill. To the resulting mixture, the rest of the colloidal

anhydrous silica/colloida! silicon dioxide/Aerosile 200 are added and thefinal blend is made

in a diffusion mixer. The whole mixture is compressed in a rotary tabletting machine and the

tablets are coated with a film by using Diclack pale red in a perforated pan.
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Formulation Example 2:

Ftim-coated tablets 

Composition

 

 

 

 

Per Unit

7 _ Components {mg) Standards
Granulation a - BS

Valsartan (= active ingredient) 160.00
Microcrystalline cellulaose/Avicel PH 102 108 00 NF, Ph. Eur

Crospavidone 40.00 NF, Ph. Eur

Colloidal anhydrous silica/coltcidal silicon dioxide/Aerosil 200 1.50 Ph Fur, NF

_ Magnesium stearate 5.00 NF, Ph. Eur
Biending -

Calloidal anhydrous silica/calloidal silicon dioxide/Aerosil 200 1.50 Ph. Eur, NF

Magnesium stearate 4.00 NF, Ph. Eur

Coating vie oeee
Opadry” Light Brown 00F 33172 10.00

Total Tablet Mass 330.00 

The film-coated tablet is manufactured, e.g., as described in Formulation Example 1.

Formulation Example 3.

Film-coated tablets  

 

 
 
 

 
 
 

 
 

 
Composition

Per Unit

Components (mg) Standards 

 

 

Core Internal Phase 

40.00

1.00
 
 

- Valsartan [- active ingredient] 

silica, colloidal anhydrous (colloidal silicon dioxide) [= Ph. Eur, USP/NF
glidant]

 
 
 

 

Magnesium stearate [= lubricant] 2.00 USP/NF 
 

  

  

  
 

 

Crospovidone {= disintegrant] 20.00 Ph. Eur
Microcrystalline cellulose {= binding agent] 7 124.00 USP/NF

External Phase OO

Silica, colloidal anhydrous (colloidal silicon dioxide) (= 1.00 Ph. Eur, USP/NF
glidant}

“Magnesium stearate [= lubricant] : USP/NF  
 

 

Film Coating

Opadry Brown OOF 16711*
Purified water**

Total Tablet Mass
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“The composition of the Opadry brown OOF16711 coloring agent is tabulated below.
Removed during processing

 

 

Opadry® Composition:

Ingredient Approximate % Composition

Iron oxide, black (C.1. No. 77499, E 172) 0.50
Iron oxide, brawn (C.t. No. 77499, E 172 0.50

lron oxide, red (C.L No. 77491, E 172) 0.50

Iron oxide, yellow (Cl. No. 77492, E 172) 0.50

Macrogolum (Ph. Eur) 4.00

Titanium dioxide (C.1. No. 77891, E 171) 14.00

Hypromellose (Ph. Eur) 80.00

The film-coated tablet is manufactured, e.g., as described in Formulation Example 1.

Formulation Example 4:

 

 

 

 

  

  

 

Capsules

Components Composition Per Unit (mg)
Valsartan [= active ingredient] 80.00 _
Microcrystalline cellulose 25.10

Crospovidone 13.00
Povidone 12.50

Magnesium stearate 1.30

Sodium lauryl sulphate 0.60
Shell

lron oxide, red (C.1. No. 77491, EC No. E 172} 0.123

lron oxide, yellow (C.1 No, 77492, EC No. E 172) 0.123

lron oxide, black (C.1. No. 77499, EC No. E 172) 0.245
Titanium dioxide 1.540

Gelatin _ 74.969
Total Tablet Mass 209.50

The tablet is manufactured, e.g., as follows:

Granulation/Drying

Valsartan and microcrystallin cellulose are spray-granulated in a fluidized bed granulator

with a granulating solution consisting of povidone and sodium lauryl! sulphate dissolved in

purified water. The granulate obtained is dried in a fluidized bed dryer.
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Milling/Blending

The dried granulate is milled together with crospovidone and magnesium stearate. The

mass is then blendedin a conical screw type mixer for approximately 70 minutes.

Encapsulation

The empty hard gelatin capsules are filled with the blended bulk granules under controlled

temperature and humidity conditions. The filed capsules are de-dusted, visually inspected,

weight-checked and quarantined until by Quality Assurance department.

Fermulation Example 5:

 

 

 

  

Capsules

Components Composition Per Unit (mg}

Valsartan [= active ingredient] _ — 160.00
Microcrystalline cellulose 50.20

Crospovidone 26.00
Povidone 25.00

Magnesium stearate 2.60

Sodium lauryl sulphate 1.20
Shell

Iron oxide, red (C_Il. No. 77491, EC No. £ 172) 0.123

Iron oxide, yellow (C.1. No. 77492, EC No. E 172) 0.123

lron oxide, black (CI. No. 77499, EC No. E 172} 0.245
Titanium dioxide 1.540

Gelatin ; 74.969
- Total Tablet Mass 342.00 

The formulation is manufactured, e.g., as described in Formulation Example 4.

Formulation Example 6:

Hard Gelatine Capsule  

 

 

  

Components Composition Per Unit (mg)
Valsartan (= active ingredient} 80.00

Sodium !auryl sulphate 0.60
Magnesium stearate 1.30
Povidone 12.50

Crospovidone 13.00

Microcystalline cellulose 21.10 - _
: Total Tablet Mass 130.06
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Formulation Example 7:

A hard gelatin capsule, comprising as active ingredient, e.g., (S}-N-(1-carboxy-2-

methylprop-1-yl--pentanoyl-N-[2'(7H-tetrazol-5-y!)biphenyl-4-yl-methyl]amine, can be

formulated, e.g., as follows:

 

  

 
Components Composition Per Unit (mg)

(1) Valsartan 7 80.00
(2) Microcystalline cellulose 110.0

(3) Palyvidone K30 45.2

(4) Sodium lauryl sulfate 1.?

(5) Crospovidone 26.0

(6) Magnesiumstearate 2.6  

Components (1) and (2) are granulated with a solution of components (3) and (4) in water.
The components (5) and (6) are added to the dry granulate and the mixture is filled into
size 1 hard gelatin capsules.

All publications and patents mentioned herein are incorporate by referencein their
entirety as if set forth in full herein.
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What is claimed is:

1. A pharmaceutical composition comprising:

(i) the AT 1-antagonist valsartan or a pharmaceutically acceptable salt thereof; and

(ii) a NEP inhibitor or a pharmaceutically acceptable salt thereof and a

pharmaceutically acceptable carrier.

2. The pharmaceutical composition of Claim 1, wherein the NEP inhibitor is selected

from the group consisting of SQ 28,603, N-[N-[1{S)-carboxyl-3-phenylproplyl]-(S}-

phenylalanyl]-(S)-isoserine, A-[AL[({7S)-carboxy-2-phenybethyl]-(S)-phenylalany||-B-alanine,

A-[2(S)-mercaptomethyl-3-(2-metnylphenyl)-propionyl]methionine, (cis-4-[[[1-[2-carboxy-3-

(2-methoxyethoxy}propyl]-cyclopentyljcarbonyl]amino]-cyclohexanecarboxylic acid).

thiorphan, retro-thiorphan, phosphoramidon, SQ 29072, N-(3-carboxy-1-oxopropyl)-(4S)-p-

phenylphenylmethyl)-4-amino-2R-methyloutanoic acid ethyl ester, (S)-cfs-4-[1-[2-(S-

indanyloxycarbonyl)-3-(2-methoxyethoxy)propy|]-1-cyclopentanecarboxamido}-1-

cyclonexanecarboxylic acid, 3-(1-[6-endo-hydroxymethylbicyclo[2,2, 1]heptane-2-exo |

carbamoyl]cyclopentyl)-2-(2-methoxyethylpropanoic acid, N-(1-(3-(N-i-butoxycarbony! (S)-

prolylamino)-2(S)-i-butoxy-carbonylpropyljcyclopentanecarbonyl)-O-benzyl-(S)-serine

methy! ester, 4-[[2-(mercaptomethyl)-1-oxo-3-phenylpropyljaminojbenzoic acid, 3-[1-(c/s-4-

carboxycarbonyl-cis-3-butylcyclohexyl-r-1-carboamoyl)cyclopentyl]-25-(2-

methoxyethoxymethyl)propanoic acid, N-((2S)-2-(4-biphenylmethyl)-4-carboxy-6-

phenoxyvaleryl)glycine, N-(1-(A-hydroxycarbamoylmethyl)-1-cyclopentanecarbonyl)-L-

phenylalanine, (S)-(2-biphenyl-4-yl)-1-(7H-tetrazol-5-yjethylamino) methy!phosphonic acid,

(S)-5-(N-(2-(phosphonomethylamino)-3-(4-biphenyl)prapionyl)-2-aminoethyl)tetrazole,

B-alanine, 3-[1,1'-biphenyl]-4-yl-A-[diphenoxyphosphiny!)methyl]-L-alanyl, N-(2-carboxy-4-

thieny!)-3-mercapto-2-benzylpropanamide, 2-(2-mercaptomethyl-3-

phenylpropionamido)thiazot-4-ylcarboxylic acid, (L)-(1-((2,2-dimethyl-1 ,3-dioxolan-4-yl)-

methoxy)carbonyl)-2-phenylethyl)-L-phenylalany!)-B-alanine, N-[N-[{L)-[1-[(2,2-dimethyt1 ,3-

diaxolan-4-yl)-methoxy]carbonyl]-2-phenylethyi]-£-phenylalany|]-(R)-alanine,

N-[N-[(£}-1-carboxy-2-phenylethyl]-L-phenylalany!]-(R)-alanine, N-[2-acetylthiomethy|-3-(2-

methyl-phenyl)propionyt!]-methionine ethy! ester, N-[2-mercaptomethyl-3-(2-

methylphenyl)propioyl]-methionine, A-[2(S)-mercaptomethyl-3-(2-methylpheny|)propanoyl)-

(S)-isoserine, N-(S)-[3-mercapto-2-(2-methylpheny|)propionyl)-(S)-2-methoxy-(R)-alanine,

A-[1-[[1(S)-benzyloxycarbonyl-3-phenylpropy!Jamino]cyclopentytcarbonyl]-(S)-isoserine,
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A-(1-{[1(S)-carbonyl-3-pheny|propyJamino]-cyclopentylcarbonyl]-(S)-isoserine, 1,1'-{dithiobis-

[2(S)-(2-methylbenzyl)-1-oxo-3,1-propaneciyl}]-bis-(S)-isoserine, 1,1'-[dithiobis-[2(S)-(2-

methylbenzyl)-1-oxo-3,1-propanediyl]]-bis-(S)-methionine, N-(3-phenyl-2-(mercaptomethyl)-

propiony!)-(S)-4-(methylmercapto)methionine, N-[2-acety!thiomethyl-3-phenyl-propionyl]-3

aminobenzoic acid, N-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid,

A-[1-(2-carboxy-4-phenylbutyl)-cyclapentanecarbonyl]-(S)-isoserine,

N-[1-(acetylthiomethyl)cyclopentane-carbonyl]-(S)-methionine ethyl ester,

3(S)-[2-(acetylthiomethy!)-3-phenyl-propionyllamimo-e-caprolactam and

N-(2-acetylthiomethyl-3-(2-methylphenyi)propionyl)-methionine ethyl ester, or in each case,

a pharmaceutically acceptable salt thereof.

3. The pharmaceutical composition of Claim 2, wherein N-(3-carboxy-1-oxopropyl)-

(4S)}-p-pheny!phenylmethyl)-4-amino-2R-methylbutansic acid ethyl ester is a triethanolamine

or fris(hydroxymethyl}aminomethanesalt thereof.

4. A kit comprising in separate containers in a single package pharmaceutical

compasitions comprising in one container a pharmaceutical composition comprising a NEP

inhibitor and in a second container a pharmaceutical composition comprising vaisartan.

3. A method for the treatment or prevention of a condition or disease selected fram the

group consisting of hypertension, heart failure, such as (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 (whether unstable or stable), renai insufficiency (diabetic and non-diabetic), heart

failure, angina pectoris, diabetes, secondary aldosteronism, primary and secondary

pulmonary hypertension, renal failure conditions, such as diabetic nephropathy,

glomerulonephritis, scleroderma, glomerular sclerosis, proteinuria of primary renal disease,

and aiso renal vascular hypertension, diabetic retinopathy, the management of other

vascular disorders, such as migraine, peripheral vascuiar disease, Raynaud's disease,

luminal hyperplasia, cognitive dysfunction, such as Alzheimer's, glaucoma and siroke,

comprising administering a therapeutically effective amount of combination of:

(i) the AT 1-antagonists valsartan or a pharmaceutically acceptable salt thereof, and

(i) a NEP inhibitor or a pharmaceutically acceptable salt thereof and a

pharmaceutically acceptable carrier to a mammal in need of such treatment.
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6. A method as claimed in Claim 5, wherein the NEP inhibitor is selected from the

group consisting of SQ 28,603, N-[N-[1(S)-carboxyl-3-phenylproplyl]-(S)-phenylalanyi]-(S)-

isoserine, N-[N-[((7 S)-carboxy-2-phenyljethyl]-(S)-phenylaianyl]-B-alanine,

At-[2(S)-mercaptomethyl-3-(2-methylpheny!)-propionyl]methionine, (cis-4-[[[1-[2-carboxy-3-

(2-methoxyethoxy)propyi]-cyclopentyl]carbonyl]amino}]-cyclohexanecarboxylic acid),

thierphan, retro-thiorphan, phospheramidon, SQ 29072, A-(3-carboxy-1-oxopropyl)-(4S)-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester, (S)-cis-4-[1-[2-(5-

indanyloxycarbanyl)-3-(2-methoxyethoxy) propyl]-1-cyclopentanecarboxamido]-1 -

cyclohexanecarboxylic acid, 3-(1-[6-endo-hydroxymethylbicyclo[2,2, 1Jheptane-2-exo-

carbamoyllcyclopentyl)-2-(2-methoxyethyl)propanoic acid, Al-(1-(3-(N-t-butoxycarbony|-(S)-

prolylamino)-2(S)-t-butoxy-carbonylpropylicyclapentanecarbonyl)-O-benzy-(S)-serine

methyl ester, 4-[[2-(mercaptemethyl)-1-oxo-3-phenylpropyl]jaminojbenzcic acid, 3-[1-(cis-4-

carboxycarbonyl-c/s-3-butylcyclohexyl-r-1-carboamoyl)cyciopentyl]-2S-(2-

methoxyethoxymethylpropangic acid, N-((2S)-2-(4-biphenylmethyl)-4-carboxy-5-

phenoxyvalerylglycine, N-(1-(N-hydroxycarbamoylmethyl)-1-cyclopentanecarbonyl)-L-

phenylalanine, (S)-(2-biphenyi-4-yl)-1-(74-tetrazol-5-yl)ethylamino) methylphosphoanic acid,

(5)}-5-(A-(2-(phosphonomethylamino}-3-(4-biphenylpropionyl)-2-aminoethyl)tetrazole,

B-alanine, 3-[1,1'-biphenyl]-4-y-A-[diphenoxyphosphinyl)methyl]-i-alanyl, A-(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)carbony!)-2-phenylethy!)-L-phenylalanyl)-B-alanine, A-[A-[(L)-[1-[(2,2-dimethyl-1 ,3-

dioxolan-4-yl}-methoxy]carbonyl]-2-phenylethyl]-L-phenylalanyl]-(A)-alanine,

A-[A-[(L)- 1-carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-alanine, N-[2-acetyithiomethyl-3-{2-

methy-phenyl)propionyl]-methionine ethyl ester, A-[2-mercaptomethy!-3-(2-

methyiphenyl) propioyl]-methionine, N-[2(3)-mercaptomethyl-3-(2-methylphenyl)propanoyl]-

(S)-isoserine, N-(S)-[3-mercapto-2-(2-methyliphenyl)propiany|]-(S)-2-methoxy-(R)-alanine,

N-[1-[[1€S)-benzyloxycarbony!-3-phenylpropyllaminojcyclopentylcarbanyl]-(S)-isoserine,

A-[1-[[1(5)}-carbony!-3-phenylpropy]amine]-cyclopentylcarbonyl]-{S)-isoserine, 1,1'-[dithiobis-

[2{S)-(2-methylbenzyl)-1-oxo-3, 1-propanediyl]j-bis-(S)-isaserine, 1,1'-[dithiobis-[2($)-(2-

methylbenzyl)-1-oxo-3, 1-propanediyl}]-bis-(S)-methionine, At-(3-pheny!-2-(mercaptomethyl)-

propionyl)-(S)-4-(methylmercaptojmethionine, A-[2-acetylthiomethyl-3-phenyl-propionyl)-3-

aminobenzoic acid, V-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid,

AL[1-(2-carboxy-4-phenylbutyl-cyclopentanecarbonyl]-($)-isoserine,

Af[1-(acetylthiomethy)jcyclopentane-carbonyl]-(S)-methionine ethyl ester,

3(S)-[2-(acetylthiomethyl-3-phenyl-propionyllJamimo-c-caprolactam and
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WN-(2-acetylthiomethy!-3-(2-methy!phenyl)propionyl)-methionine ethyl ester, and in gach
case, a pharmaceutically acceptable salt thereof.

7. The method of Claim 6, wherein N-(3-carboxy-1-oxopropyl)-(4S)}-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is a triethanolamine or

tris(nydroxymethy)jaminomethane salt thereof.

8. A triethanolamine salt of N-(3-carboxy-1 -oxopropyl)-(45}-p-phenylphenylmethyl)-4-
amino-2-methylbutanoic acid ethyl ester.

9. A tris(hydroxymethyljaminomethanesalt of A-(3-carboxy-1-cxopropyl}-(4S)-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester.

10. A pharmaceutical composition comprising the salt of Claim 8.

11. A pharmaceutical composition comprising the salt of Claim 9.
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Abstract of the Disclosure

The invention relates a pharmaceutical composition comprising a combination of:

(i) the AT 1- antagonist valsartan or a pharmaceutically acceptable salt thereof, and

{ii} a NEP inhibitor or a pharmaceutically acceptable salt thereof and optionally a

pharmaceutically acceptable carrier and to a methcedfor the treatment or prevention

of a condition or disease

selected from the group consisting of hypertension, heart failure, such as (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 (whether unstable or

stable), renal insufficiency (diabetic and non-diabetic), heart failure, angina pectoris,

diabetes, secondary aldosteronism, primary and secondary pulmonary hypertension,

renal failure conditions, such as diabetic nephropathy, glomerulonephritis,

scleroderma, glomerular sclerosis, proteinuria of primary renal disease, and also

renal vascular hypertension, diabetic retinopathy, the management of other vascular

disorders, such as migraine, peripheral vascular disease, Raynaud's disease, |uminal

hyperplasia, cognitive dysfunction, such as Alzheimer's, glaucoma and stroke,

comprising administering a therapeutically effective amount of the pharmaceutical

composition to a mammal in need thereof.
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Case 4-32219A

DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATIONS 

As a below named inventor, | hereby declare that:

My residence, post office address and citizenship are as stated below next to my name.

and

| believe | am an original, first and joint inventor of the subject matter which is claimed

and for which a patent is sought on the invention entitled

METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

the specification of which wasfiled on as U.S. Application No.

| hereby state that | have reviewed and understand the contents of the aboveidentified |

specification, including the claims.

| acknowledge my duty to disclose all information which is known by me to be material to

the patentability of this application as defined in 37 C.F.R. §1.56.

| hereby claim the benefit under 35 U.S.C. §119(a)-(d) or §365(b) of any foreign

application(s) for patent or inventor's certificate listed below and under 35 U.S.C. §365(a) of any
PCTinternational! application(s) designating at least one country other than the United States

listed below and have alsolisted below any foreign application(s) for patent or inventor's
certificate or any PCTinternational application(s) designating at least one country other than the

United States for the same subject matter and having a filing date before that of the application -
the priority of which is claimed for that subject matter:

Nene

| hereby claim the benefit under 35 USC §119(e) of any United States provisional

application(s) listed below:

Application No. Filing Date

60/386, 792 June 7, 2002

60/349,660 , January 17, 2002
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| hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) listed

below and under 35 U.S.C. §365(c) of any PCTinternational application(s) designating the

United States listed below and, insofar as the subject matter of each of the claims of this

application is not disclosed in said prior application(s) in the manner required bythefirst

paragraph of 35 U.S.C. §112, | acknowledge the duty to disclose all information known by me to

be material to patentability as defined in 37 C.F.R. §1.56 which became available between the

filing date(s) of the prior application(s) and the national or PCT international filing date of this
application:

None

i hereby appoint the attorneys and agents associated with Customer No. 001095,

respectively and individually, as my attorneys and agents, with full power of substitution and

revocation, to prosecute this application and to transact all business in the Patent and

Trademark Office connected therewith.

Please address all communications to the address associated with Customer No.

001095, which is currently Thomas Hoxie, Novartis Pharmaceuticals Corporation, Patent and

Trademark Dept., One Health Plaza, East Hanover, NJ 07936-1080.

| hereby declare that all statements made herein of my own knowledgeare true and that

all statements made on information and belief are believed to be true: and further that these
statements were made with the knowledge thatwillful false statements and the like so made are

punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that suchwillful false

statements may jeopardize the validity of the application or any patent issued thereon.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 034



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 035

 

FIRST JOINT INVENTOR:

 

Full name : Gary Michael Ksander

Signature

Date

(MM/DD/YY)

Citizenship : United States of America

Residence : Milford, New Jersey

P.O. Address: 342 Woolf Road

Milford, New Jersey 08848

SECOND JOINT INVENTOR:

 

Full name : Randy Lee Webb

Signature

Date

(MM/DD/YY)

Citizenship : United States of America

Residence : Flemington, New Jersey

-P.O. Address: 17 Honeyman Drive
Flemington, New Jersey 08822

IMPORTANT. Before this declaration is signed, the patent application (the specification, the

claims and this declaration) must be read and understoed by each personsigning it, and no

changes may be madein the application after this declaration has been signed.
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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE

PATENT AND TRADEMARK OFFICE

FEE RECORD SHEET

01/16/2003 DEMMANUL 00000041 190134 10341858

Of FC1001 750.00 CH
02 FC:1201 168.00 CH

PTO-1556

(5/87)

"U.S. Goverment Printing Office: 2001 — 481-697/59173
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Application or Docket Number

PATENT APPLICATION FEE DETERMINATION RECORD

Effective January 1, 2003

CLAIMS ASFILED - PART| SMALLENTITY OTHER THAN
TYPE C1 OR SMALL ENTITY
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UNITED.STATES|
ch VPATENT, ANID:Be ; DEMARKOFFICE 

Canmnlasionsr farPatents .Warehiraton, Oxo 2trrat
WHA. Laertogc

APPLICATION NUMBER FILING/RECEIT DATE FIRST NAMED APPLICANT : ATTORNEY DOCKET NUMBER

10/341 ,868 01/14/2003 Gary Michael K sander 4-32219A
  

CONFIRMATION NO. 8865

001095 FORMALITIES LETTER

NOVARTIS. PAT UEUPA
ONENEACTHPLAZAanuRK DEPARTMENT *0c900000009585353"
EAST HANOVER, NJ 07936-1080

  

Date Mailed: 03/03/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER37 CFR 1.53(b)

Filing Date Granted

ItemsRequiredTo Avoid Abandonment:

An application numberandfiling date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Notice within which tofile all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

« The oath or declaration is unsigned.

« To avoid abandonment,a late filing fee or cath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$130 for a non-smail entity, must be submitted with the missing items identified in this letter.

SUMMARY OF FEESDUE:

Total additional fee(s)} required for this application is $130 fora Large Entity

« $130 Late cath or declaration Surcharge.

ragingitemeeneces,

A copy of this noticeMUSThe returned with the reply.

 

—

[sthjf
Customer Service Center

Initial Patent Examination Division (703) 308-1202
PART3 - OFFICE COPY
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' Case 4-32219A

DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATIONS
 

_ As a below namedinventor, | hereby declare that:

My residence, post office address and citizenship are as stated below next to my name,

and

| believe | am an original, first and joint inventor of the subject matter which is claimed

and for which a patent is sought on the invention entitled

METHODS OF TREATMENT AND PHARMACEUTICAL

COMPOSITION

the specification of which wasfiled on January 14, 2003 as U.S. Application No. 10/341,868.

| hereby state that | have reviewed and understand the contents of the above identified

specification, including the claims.

! acknowledgemy duty to discloseall information which is known by meto be material to
the patentability of this application as defined in 37 C.F.R. §1.56.

| hereby claim the benefit under 35 U.S.C. §119(a)-(d) or §365(b) of any foreign
application(s) for patent or inventor's certificate listed below and under 35 U.S.C. §365(a) of any

PCTinternational application(s) designating at least one country other than the United States

listed below and have also listed below anyforeign application(s} for patent or inventor's

certificate or any PCTinternational application(s) designating at least one country other than the

United States for the same subject matter and havingafiling date before that of the application

the priority of which is claimed for that subject matter:

None

| hereby claim the benefit under 35 USC §119(e} of any United States provisional

application(s) listed below:

Application No. Filing Date

60/386, 792 June 7, 2002

60/349,660 January 17, 2002
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| hereby claim the benefit under 35 U.S.C. §120 of any United States application(s} listed
below and under 35 U.S.C. §365(c) of any PCTinternational application(s) designating the

United States listed below and, insofar as the subject matter of each of the claims of this

application is not disclosed in said prior application(s) in the manner required by thefirst

paragraph of 35 U.S.C. §112, | acknowledge the duty to disclose ail information known by me to

be material to patentability as defined in 37 C.F.R. §1.56 which became available between the

filing date(s) of the prior application(s) and the national or PCT international filing date of this
application:

None

| hereby appoint the attorneys and agents associated with Customer No. 001095,

respectively and individually, as my attorneys and agents, with full power of substitution and

revocation, to prosecute this application and to transactall businessin the Patent and
Trademark Office connected therewith.

Please addressall communications to the address associated with Customer No.

001085, which is currently Thomas Hoxie, Novartis Pharmaceuticals Corporation, Patent and

Trademark Dept., One Health Plaza, East Hanover, NJ 07936-1080.

| hereby declare that all statements made herein of my own knowledgeare true and that

all statements made on information and belief are believed to be true; and further that these

statements were madewith the knowledge thatwillful false statements and the like so made are

punishable byfine or imprisonment, or both, under 18 U.S.C. §1001 and that suchwillful false
statements may jeopardize the validity of the application or any patentissued thereon.

2
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FIRST JOINT INVENTOR:

Full name

Signature

Date

Citizenship

Residence

P.O. Address

SECOND JOINT INVENTOR:

Full name

Signature

Date

Citizenship

Residence

P.O. Address

Gary Michael Ksander

OU

ot {0/03
(MM/DD/YY)

United States of America

Amherst, New Hampshire

37 The Flume

Amherst, New Hampshire 03031

Randy Lee Webb

RacdyAuiA
—oafoofosO02 {2b/O3

(MM/DD/YY)

United States of America

Flemington, New Jersey

17 Honeyman Drive
Flemington, New Jersey 08822

IMPORTANT: Before this declaration is signed, the patent application (the specification, the

claims and this declaration) must be read and understood by each person signing it, and no

changes may be madein the application after this declaration has been signed.
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} Page | of | 
Coamuiniasioner for PatentsWashingten. OC 20231weanLIne

APPLICATION NUMBER FILING/RECEIPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

10/341 ,868 01/14/2003 Gary Michael Ksander 4-32219A

CONFIRMATION NO. 8865

0071095 FORMALITIES LETTER

NOVARTIS, PATENT A TION)AYANTEANOVARTIS, PATENT AND TRADEMARK DEPARTMENT ARANETA Aa
ONE HEALTH PLAZA 430/2 | oc00000008585353
EAST HANOVER,NJ 07936-1080 |

  

Date Mailed: 03/03/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53{b)

Filing Date Granted

ltems Required To Avoid Abandonment:

An application numberand filing date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Notice within whichtofile all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.1 36(a).

« The oath or declaration is unsigned.
© To avoid abandonment,a latefiling fee or oath or declaration surcharge as set forth in37 CFR 1.16(e) of |

$130 for a non-small entity, must be submitted with the missing itemsidentified in this letter.

SUMMARY OF FEESDUE:

Tota! additional fee(s) required for this application is $130 for a Large Entity

® $130 Late oath or declaration Surcharge. ;
03/14/2003 BNGUYEMI 00000070 190134 10341868
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e a CASE 4-32219A

FILING BY "EXPRESS MAIL" UNDER 37 CFR 1.10

 BV 2699730367 US sre 03
Express Mail Labe! Number te of Deposit 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF

KSANDER ETAL. Group Art Unit:1614

APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2002

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL

COMPOSITION

Attention: Box Missing Parts
Assistant Cammissioner for Patents

Washington, DC 20231

RESPONSE TO NOTICE TO FILE MISSING PARTS

Sir:

The Notice to File Missing Parts of Application - Filing Date Granted dated March 3, 2003 (a

copy of which is enclosed) has a shortened statutory time set to expire on May 3, 2003.

In response, applicants now submit an original or copy of a fully executed Declaration and

Power of Attorney. Please charge the $130 surcharge fee under 37 CFR §1.16(e) to Deposit

Account No. 19-0134 in the nameof Novartis Corporation.

The Commissioner is hereby authorized to charge any additional fees under 37 CFR §1.17

which may be required, or credit any overpayment, to Account No. 19-0134 in the name of Novartis

Corporation.

A duplicate copy ofthis letter is provided for charging purposes.

. Respectfully submitted,

Novartis

Corporate Intellectual Property Gregory D. Ferraro
One Health Plaza, Building 430 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134

' (862) 778-7831
GDF:da

Encl.: executed Declaration and Powerof Attorney

Date: 31 (0| 03
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CASE 4-32219A

FIUNG BY "EXPRESS MAIL” UNDER 37 CFR 1.10

EL 987587051 November5, 2003
Express Mail Label Number : Date of Deposit

  
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF ; Art Unit: 1614

KSANDER ETAL.

APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2002

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir: i

Applicants believe this paper is being filed before the mailing date of a first Office Action

on the merits, and so under 37 C.F.R. §1.97(b){3) no fees are required. If a fee is deemed to be

required, the Commissioneris hereby authorized to charge such fee to Deposit Account No. 19-
0134,

In accordance with 37 C.F.R. §1.56, applicants wishto call the Examiner'sattention ta

the references cited on the attached form(s) PTO-1449.

These references werecited in a search report in a corresponding International

application. Copies of these references and the:search report are enclosed herewith.
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The Examiner is requested to consider the foregoing information in relation to this

application and indicate that each reference was considered by returning a copy of the initialed

PTO 1449form(s).

Respectfully submitted,

Novartis

Corporate Intellectual Property Gregdry D. ferrafo
One Health Plaza, Building 430 _ Attorney for Applicants

. East Hanover, NJ 07936-1080 Reg. No. 36,134
{862} 778-7831

Date: November 5, 2003
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KSANDERET AL.
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INITLAL
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, SUBCLASS|FILING DATE
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(19} World intellectual Property Organization
International Bureau

(43) International Publication Date
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PCT

EDELAAUA
(10) International Publication Number

WO 01/74348 A2
 

(Sf) International Patent Classificatian: Not classified

{21) International Application Number: PCT/US01/08240

{22} International Filing Date: 15 March 2001 {15.03.2001}

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
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IMPORTANT DECLARATION  
 

Applicant

BRISTOL-MYERS SQUIBB CO.

This Intarnational Searching Authority hereby daclares, according to Article 17(2){a}, thet no international search report will
be established on the Intarnational application for the reasons indicaled below

1. | The subjec:! matter of the internatidnal application relates to:

. [| scientific theariés.
. Et mathematical theories

. [_]ptant varieties.

.[“janimal varieties.
C] essentially biological processes for the production of plants and animals, other than microbiological processes

and the products of such processes.

. [_]schemes, rules or methodsof doing business.

: L] schemes, rules ar mothods of performing purely mental acts.

.{]schemes,rules or mathads of playing games.
. {__|methods for treatmentof the human body by surgery or therapy.
: | methods for treatment of tha anima! body by surgery or therapy.

. {_ ]diagnostic methodspractised on tha human or animal body.

. {"] mere presentations of information,
. [J camputer programs far which this international Searching Authomty is net equipped te search prior art.

2. The failure of the following parts of the intarnational application to comply with prescribed requiremants prevents a
meaningful search fram being carried out:

[X] the descrptian [x] the claims Tt ‘he drawings

4, C] The failure-of the nuclactide and/or amino acid sequence listing to comply with tha standard provided for in Annex G of tha
Administrative Instructians prevents a meaningful search from being carried out: oe ete tee

LJ the written form has not been furnishad or does not comply with the standard.
[| the computer raadabla farm has not been furnished or dees not comply with the standard,

4. Further comments:

Name and mailing address of the international Searching Authority|Authorized officer
European Patant Office, P.B. 5818 Patentiaan 2 . ' .

) NL-2280 HV Rijswijk Véronique Baillou2 Tal. (+41-70} 340-2040, Tx. 31 651 epo nil,
Fax: (431-70) 340-3016
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International Application No. PCT/US 01 /08240

FURTHER INFORMATION CONTINUED FROM PCTASAS 203

A meaningful search is not possible on the basis of all claims because
ali claims are directed to - Method for treatment of the human or animal
body by therapy - Rule 39.1(iv) PCT

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination {Rule 66.1(e) PCT). The applicant 15 advised that the EPO
policy when acting as an Jnternational Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regionai phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome. 
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(54) Composition for the treatment of hypertension and congestive heart failure, containing an

angiotensin Il antagonist and an endopeptidase inhibitor

(57}Hypertension and/or congestive heart failure are -
treated with the combination of the angiotensin II antag-

onist 2-butyl-6,7,8,9-tetrahydro-3-[[2'- (1 H-tetrazol-5-
y}[1,1'-biphenyl]-4-y]]methyl]-1,3-diazaspiro[4.4]nonan-
4-one and a selechve neutral endopeptidaseinhibitor or
a dual acting neutral endopeptidaseinhibitor.

Puintad by Rank Morox (UK) Busingss Sarvices
21924
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Description

Darrew et al. in European Patent Application 498,361 disclose treating hypertension or congestive heartfailure with
a combination of an angiotensin II antagonist or a renin inhibitor with a neutral endopeptidaseinhibitor.

Matsumcto et al, JASN, September 1993, disclose that the combined therapy of an angiotensin Il blocker,
DUP7§3, and a neutral endopeptidas§inhibitor, candoxatri!, may be useful in the treatment of congestive heart failure
and renal failure.

Bernhart et al. in United States Patent 5,270,317 disclose a series of N-substituted heterocyclic derivatives which
possess angiotensinII antagonist activity. Bernhart et al. disclose that such compounds can be used in the treatment
of various cardiovascular complaints, especially hypertension, heart failure, and venous insufficiency, as well as in the
treatment of glaucoma, diabetic retinopathy and various complaints of the central nervous system.It is also disclosed
that such compound can be used in combination with other active agents such as tranquilizers, beta-blocking com-
pounds, a calcium antagonist, or a diuretic.

Selective neural endopeptidase inhibitors are taught by Delaney et al. in United States Patents 4,722,810 and
§,223,516 and the use of selective neutral endopeptidaseinhibitors alone or in combination with angiotensin converting
enzymeinhibitors to treat hypertension are disclosed by Delaney et al. U.K. Patent Application 2,207,351 and by
Haslangeret al. in United States Patent 4,749,688. The treatment of congestive heart failure by administration of a com-

bination of a selective neutral endopeptidase inhibitor and an angiotensin converting enzymeinhibiter is disclosed by
Seymourin United States Patent 5,225,401,

Compounds possessing both neutral endopeptidase and angiotensin converting enzymeinhibition activity are dis-
closed by Flynn et al. in United States Patent 5,366,973, European Patent Application 481,522 and PCT Patent Appli-
cations WC 93/16103, and WO 9$4/10193, Warshawsky et al. European Patent Applications 534,363, 534,396 and
534,492, Fournie-Zaluski European Patent Application 524,553, Karanewsky et al. European Patent Applicatian
599,444, Karanewsky European Patent Application 595,610, Rob! et al, European Patent Application 629,627, Robl
United States Patent 5,362,727 and European Patent Application 657,453.

This invention is directed to the discavery that the angiotensin [| antagonist 2-butyl-6,7,8,9-tetrahydro-3-[[2'-(1H-
tetrazol-5-yl[1,1'-biphenyl]-4 -yl]methyl]-1,3-diazaspiro[4.4]nonan-4-one acts synergistically with a selective neutral. .-
andopeptidase inhibitor or a dual acting neutral endopeptidase inhibitor as defined below to reduce cardiac preload and: -
afterload and enhance natriureses. The combination of this angictensin II antagonist and the selective or dual acting -
neutral endopeptidase inhibitor produced significant reductionsin left ventricular end diastolic pressure (LVEDP) and: ..
lett ventricular systolic pressure (LVSP} that wera greater than those produced by either treatment alone. Thus, the: -
cambination of this particular angiotensin |i antagonist anc the selective or dual acting neutral endopeptidaseinhibiter
is useful in treating hypertension and/or congestive heart failure.

The angiotansin || antagonist employed within this invention is the compound 2-butyl-6, 78,9-tetrahydro-3-([2"-(1H-
tetrazol-5-y}[1,1'-biphenyl]-4 -yi]methyl)-1,3-diazaspiro[4.4jnonan-4-one having the structural formula

(I) N

nF y\

CH
|

Y (CH2}3-~> CHy
oO N

N

2
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knownin ihe literature as SR47436, BMS 186295,or irhesartan and pharmaceutically acceptable salts thereof such as
the potassium and sodium salts. These angiotensin II antagonists and their method of preparation are disclosed by
Bernhart et al. in United States Patent 5,270,317.

- The selective neutral endopeptiadase inhibitor for use within this invention are those of the formula

(II) 0
Rz o Rj
| |

HS— CH) CH-—— C—— NH- CH— (CHa}ly——CR

and pharmaceutically acceptable salts thereof wherein:
Ro is alkyl of 1 ta 7 carbons,triflucromethy|, phenyl, substituted phenyl, -(CHa), .. phenyl, ar -(CH»}4 1, g-sub-

stituted phenyl:

Rg is hydrogen, alkyl of 1 to 7 carbons, phenyl, substituted phenyl, -(CHa), i, a-phenyl, or -(CH3), , q-substituted
phenyl;

R, is hydroxy, alkoxy of 1 to 7 carbons, or NH»;
nis an integer fram 1 to 15; and
the term substituted phenyi refers to a substituent selected from lower alkyl of 1 to 4 carbons, lower alkoxy of 1

to 4 carbons, lower alkylthio of 1 to 4 carhors, hydroxy, Cl, Br, or F
Preferred are the selective neutral endopeptidase inhibitors cf formuia II wherein:

Re is benzyt:
Rg is hydrogen;
nis an integer from 1 to 9; and
R, is hydroxy.

Most preferred for usa in this inventionis the selective nautral endopeptidase inhibitor of formula || reported in the
literature as SQ 28,603 which is the compoundof formula II wherein:

Re is banzyl;
Rg is hydragen:
nis one; and

R, is hydroxy.

The preparation of the selective neutral endopeptidaseinhibitors of formula || wherein Rg is other than trifluorome-
thyl are disclosed by Delaney et al. in United States Patent 4,722,810. The preparation of ihe selective neutral
endopeptidase inhibitors of farmula II wherein Reis trifluorcmathy! ave disclosed by Delaney et al in United States Pat-
ent 5,223,516.

Dual acting neutral endopeptidaseinhibitors suitable for use within this invention are compounds which possess
both neutral endopeptidase inhibiting activity and angiotensin converting enzymeinhibiting activity. Particularly useful
area the dual acting inhibitors of the formula

{1tT}
vx

(CHa) 5 Y
°

N (CH),

HS—CH—C—N a
Ra I 0 COORs

and pharmaceutically acceptable salts thereof wherein:
pis one or two;
xis Oar &;
mis Zero or one;

¥ is CHz, 5 or C provided that ¥ is S or O only when m is one;

Ry is hydrogen, alkyl of 1 to 7 carbons, phenyl, substituted phenyl, -(CHe2); 4. 4-phenyl, -(CHy), 1, 4-substituted
pheny!, cycloalkyl of 3 to 7 carbons, -(GH2), ;, g-cycloalkyl of 3 to ? carbons, heteroaryl, and -(CHs), ,, g-hateroaryl;

R,is hydrogen, alkyl of 1 to 7 carbons, -(CHo), .. gphenyl and -(GH}, ;, 4-substituted phenyl;
the term substituted phenyl refers to a substituent selected from loweralkyl of 1 to 4 carbons, lower alkoxy of 1

to 4 carbons, lower alkylthio of 1 ta 4 carbons, nydroxy, Cl, Br, or F: and

3
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tha tern heteroaryl refers to monocyclic rings of 5 or 6 atoms containing one or two O and & atoms and/or one
to four N atoms provided that the total number of heteroatomsin the ring is 4 or less and bicyclic rings wherein the 5 or
6 membered heteroary! ring as defined above is fused ta a benzeneorpyridyl ring.

Preferred ara the dual acting neutral endopeptidase inhibitors of formula ||| wherein:

Rg is benzyl, cyclopropyimethyl, or straight or branched chain alkyl of 3 to 5 carbons;
p is one or two: ,
Xis Oor S;
mis zero or one:

¥ is CHp, S, or © provided that ¥ is S$ or O when m is ane; and
Rs is hydrogen.

Most preferred for use in this invention is the cual acting neutral endopeptidaseinhibitor of formula [il wherein:
Ri, is benzyl;
pis two,
Yis &:
mis one;

Y¥ is CHa; and
Re is hydrogen.

The dual acting neutral endopeptidase inhibitors of formula Ill are disclosed in European Patent Application
629,627 of Robl etal.

Also useful as neutral endopeptidaseinhibitors for use within this invention are the dual acting inhibitors of the for-
mula

(Iv)
o

HS—-CH-C——A

Ry

3g

a

40

5a

55

and pharmaceutically acceptable salts thareof wherein:

4
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Ry

 

 

0

Re ||
_-N-- CH-C-— ORs

a

Rgmae Oo

-N— CH-C— ORs
Rgaus

 

(reWiNY
| l COOR

H ° °

Ry, Rs, and p are as defined above;
Rz and Rg are both hydrogen, or both alkyl of 1 to 7 carbans, or R; is hydrogen and Rgis alkyl of 1 to 7

carbons, phenyl, -(CH9}; j, gphenyl and -(GH>), i, 4-SUbstituted phenyl, or R7 and Rg taken togetherwith the car-

ben to which they are attached complete a cycloalkyl of 3 to 5 carbons.
Rg is hydrogen or alkyl of 1 to 7 carbons.
Z is oxo or two hydrogens.

Preferred are the dual acting neutral endopeptidase inhibitors of formula IV wherein:
R, is benzyl;
R7 and Rg are both mathyl:
Rg is hydrogen or methyl, especially hydrogen;

5
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p is one or two: and
Zi OxG.

The campounds of formula IV and their method of preparation are disclosed in European Patent Application
599,444 and U.S. Patent Application Serial No. 160,540filed December t, 1993.

5 The angiotensin Il antagonist 2-butyl-6,7,8,9-tetrahydro-3-[[2'-(1 H-tetrazol-5-yl}[1, 1'-biphenyl] -4-yl]Jmethyl-1 3-cia-
zaspiro[4.4]nonan-4-one and the selective neutral endopeptidaseinhibitor or dual acting neutral endopeptidaseinhibi-
tor may be administered from a single dosage form containing both types of compounds, may be administered in
separate dosage farms taken at the sametime, or may be administered separately on a carefully coordinated schedule.
If administered separately, the two compounds can be administered from within several minutes of each other up to

to about 4 hours apart.

The selective or dual acting neutral endopeptidaseinhibitor can be administered at a dosage range of from about
0.03 to about 1000 mg. per kg. of body weight per day with a dosage range of fram about 0.3 to about 300 mg.per kg.
of body weight per day being preferred. Tha angiotansin Il antagonist can be administered at a dosaga range of from
about 0.001 to about 50 mg. per kg. of body weight with a dosage range of from about 0.1 to about 10 mg. per kg. of

fs body weight being preferred.
Both compounds can be administered orally, parenterally, or one orally and the other parenterally. Each compound

may be administered from one to about four times perday depending upon the duration of activity of the compounds
anc the severity of the congestive heart failure and/or hypertension being treated.

The compounds can be formulated, in the amounts described above, according to accepted pharmaceutical prac-
20 tice with a physiclogically acceptable vehicle, carrier, excipient, binder, preservative, stabilizer, flavor, atc., in the partic-

ular type of unit dosage form.

llustrative of the adjuvents which may be incorporated in tablets are tha following: a binder such as gum traga-
canth, acacia, corn starch or gelatin; an excipient such as dicalciurn phosphate orcellulose;a disintegrating agent such
as corn starch, potato starch, alginic acid of the lise: a lubricant such as stearic acid or magnesium stearate; a sweet-

25 ening agent Such as sucrose, aspartame,lactose or saccharin; a flavoring agent such as orange, peppermint, oil of win-
tergreen or cherry. When the dosage unit form is a capsule,it may contain in addition ta materials of the above type a
liquid carrier such asafatty cil. Various other materials may be present as coatings or to otherwise modify the physical
form of the dosage unit. For instance, tablets or capsules may be coated with shellac, sugar or both. A syrup ofelixir
may contain the active compound,water, alcohol or the like as the carrier, glycerol as stabilizer, sucrose as sweetening

30 agent, methyl and propyl parabens as preservatives, a dye and a flavoring such as cherry or orange.
Inthe following examples, BMS 186295 refers to SR47436, i.e. tha compound 2-butyl-6,7,8,9-tatrahydro-3-[]/2'-(1H-

tetrazol-5-y}[1,1'-bipheny!]-4-yl]-methyl]-1,3-diazaspiro[4.4]nonan-4-one, and SQ 28603refers to the compound (+)-N-
[2-(mercaptomethyl)-1-oxo-3-phenylpropy!]-B-alanine.

35 Example 1

The studies described in this experiment were conducted in male hamsters of the BIC TO-2 strain when they were
approximately 260 days of age and weighed on average 115 g. Thesa animals develop a genetic form of cardicmyap-
athy that progresses uniformly among animals through different stages of heart failure. By 240 - 300 days cf age the

40 cardiomyopathic hamsters are characterized (as compared with contro! hamsters) by low mean arterial pressure, a
40% reduction in cardiac output and a decrease in renal blood flow. They display elevated cardiacfilling pressure,
depressed ventricular function, increased peripheral vascular resistance and have an 8-10-fold increase in plasma
atrial natriuretic peptide concentration. Since most animals at this age do not have gross peripheral edema orelevated
plasma renin activity, tha cardiomyopathic hamsters were considered to ba in compensated haart failure.

45 The experiments were conducted in conscious, unrestrained, cardiomyphathic hamsters three hours after place-
ment of cardivascular catheters using brief anesthesia, The catheters allawed measurement of meanarterial pressure,
lef ventricular end diastolic pressure, left ventricular systolic pressure and heart rate, and provided a meansfor tha
administration of agents intavenously.

50 a) Inhibition of The Pressor Response To Angictensin Il

Preliminary experiments were conducted in conscious cardiomyopathic hamsters to determine a dose regimen of
BMS 186295 that would nearly completely block the pressor response to angiotensin {| for at least two hours. The pres-
scr responses to two challenges of angictensin It (100 ng/kg, i.v. dissolved in 0.9% sodium chloride, 1 ml/kg) were

6§ determined. This dose of angictensin Il produced over a 30% increase in meanarterial pressure. Based on the prelim-
inary experiments, BMS 186295 was administered to 5 cardiamyopathic hamsters at 30 wmol/kg, i.v..followed by con-
tinuous iy. infuston at 1 mol/kg per min. Challenges of angiotensin || were then repeated at 10- to 30-minute intervals
up te 150 minutes following the bolus injection of BMS 186295. The results are shown below.
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Change in meanarterial pressure, mm Hg

-20’ 29+

-10’ 3143

BMS-186255,|30 umol/kg,iv. followed by 1 pmol/kg/min,iv.

10’ 3t2

20’

30’

40’

50’

60° 
b) Cardiovascular Effects Of BMS 186295, SOQ 28603, And the Combination Of Thase Agents

In this series ot experiments baseline measurements ofleft ventricular end diastolic pressure,left ventricular systo-
li¢ pressure and heart rate were determined in groups of conscious cardiomycpathic hamsters. Compoundsor vehicle
were administered intravenously, and measurements were repeated at 30-minute intervals up te S90 minutes after
administration of the last agent. BMS 186295 was administered at 30 .mol/kg, i.v. (0.3 ml) followed by a continuousiv,
infusion at 1 umol/kg per min (0.01 ml/min). BMS 186295 was prepared in 0.028 M potassium hydroxide and diluted to
a final concentration of 0.17 M potassium hycroxide. Potassium hydroxide solution (0.17 M) was administered intrave-
nously to the vehicle group at 0.3 m! followed by a continuous infusion at 0.01 ml/min. SQ 28603 was dissolved in 0.84%
sodium bicarbonate and administered at 30 pmol/kg, i.v. This dose of SO 28603 was previously shown to result ina
doubling of plasma atrial natriuretic peptide concentration within 90 minutes in this model. One group of cardiomyc-
pathic hamsters received the combination of BMS 186295 and SQ 28603. In this group BMS 186295 was administered
according to the same dosage regimen described above; 30 minutes after the bolus injection, of BMS 186295, SQ
28603 was administered at 30 wmolkg,iv.

Differences in age, body weight and baseline values among groups were evaluated by analysis of variance. Diffar-
ences in changes from baseline among groups were evaluated by analysis of covariance with repeated measures and
contrasts. The baseline value for each variable was used as the covariate. Tha level of significance was taken at P <
0.05. All data are expressed as mean + standard error of the mean.

Left Ventricular End Diastolic Pressure (mm Hg)

[Minutes|Vehicle|SQ 28603|BMS 186295|BMS 186295 & SQ 28603
Baseline

BMS 186295 SQ 28603

30°

éy’

30’
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Change Fram Baseline (mm Hg)
Minutesatter Jast treatment SQ 28603|BMS 186295|BMS 186296 & SQ 28603

1042"

BO At + + 10+3‘F

30 “1443¢+ 

*P <0.05 vs Vehicle

TP <0.05 vs SO 28603

Left Ventricular Systolic Pressure (mm Hg)

[Minutes=|Vehicle SQ 28603|BMS 186295|BMS 186295 & SQ 28603
Baseline

BMS 186295 SOQ 28603

 

  Change From Baseline (mm Hg)
SQ 28603|8MS 186295|BMS 186296 & SQ 28603

-16+ 37+

-20+4°+

-184 4°

 

*P <0.05 vs Vehicle

fP <0.05 vs SQ 28603

 

Heart Rate (beats/min)

[Minutes=|Vehicle|SQ 28603|BMS 186295|BMS 186795 & SG 28603
Baseline 378 + 12 3384 16 3646

BMS 186295 SQ 28603|365+8 380 + 7 364 +14 366+ 12

347415|38149 363 + 20 366+ 11

345215|36649 367418 353 + 10

a34213|378+ 369 t 28 35149
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Change From Baseline {mm Hg)

Minutes atter last treatment|Vehicle|SQ 28603|BMS 186295|BMS 186296 & SQ 28603

30

 

3415 |348 2529

S15|-13+4 12" 29+ 7"

7413 -14r9 44411"
 

"P <0.05 vs Vehicle

Di ionofResul

Following the administration of BMS 186295, the pressor responses to angiotensin Il were less than 17% of the
response before the administration of the inhibitor. These results indicate that nearly complete inhibition of the pressor
response to angiotensin Il was achieved following the administered dosage regimen of BMS 186295, and suggests
effective blockade of the angiotensin Il receptors.

The combination of BMS 186295 and SQ 28603 produced cardiovascular effects that were greater than those with
either treatment alone. Specifically, the combination caused significamt decreases in left ventricular end diastolic pres-
sure and left ventricular systolic pressure with no significant change in heart rate. SQ 28603 produced smaller
decreases, whereas BMS 186295 had no significant effects on the measured cardiovascular pressures. Thus, the com-
bination of BMS 186295 and SQ 28603 produced beneficial hemodynamic effects in cardiomycpathic hamsters with
compensated heartfailure.

Example 2

The studies described in this experiment were conducted in dogs that had been rendered hypertensive by prior uni-
lateral nephrectamy and constriction of the remaining renal artery. This model is characterized by normal basal levels
of plasma renin activity and is relatively resistant to the anti-hypertensive activity of angiotensin converting enzyme
inhibitors and AT, receptor antagonists. Furthermare, the 1-kidney-1-clip (IKiC) hypertensive dogs have norma! plasma
cancentrations of atrial natriutetic peptide andfail to develop depressor responses to neutral endopeptidaseinhibitors.

The following experiments were conducted in fasted 1K7C hypertensive dogslightly restrained in standard canine
slings. An indwelling arterial catheter was accessed via a subcutaneousport for measurementcf blood pressure via a
Gouki-Statham pressure transducer. Mean arterial pressure (MAP) was continuously recorded on a Gould chart writer
and stored electronically using a Po-Ne-Mah data acquisition system. During each study, urine was collected at 20
minute intervals via a Foley bladder catheter for determination of urine volume. The concentrations of urinary sodium
and potassium were measured using ion-selective electrodes and their rates of urinary excretion (uEq/min) were cal-
culated. Glomerularfiltration rate (GFR) and effective renal plasma flow (ERPF) were determined by the renal clear-
ances of exogenous creatinine and para-aminohippuric acid (PAH), respectively. The concentrations of creatinine and
PAH in sequerntal samples of urine and plasma were determined by spectrophotometric assays and the clearances
were calculated by the standard formula.

Arterial blood samples were drawn at the end of the control period and at 60 minute intervals thereatter for deter-
mination of the plasma concentrations of atrial natriuretic peptida (ANP), cyclic GMP and plasma renin activity (PRA)
by separate radicimmunoassays. The plasma and urine samples were preserved and the assays were conducted
according to standard radioimmunoassay procedures. Lrinary excretion rates of cyclic GMP and ANP were calculated
and expressed as pmol/min and fmol/min, respectively.

Four 1K1C hypertensive dogs were treated with the combination of 30 umol/kg iv of BMS 186295 and 30 pmol/kg
iv of SQ 28603. Vehicle (0.84% sodium bicarbonate), 30 pmol/kg iv of SQ 28603 and 30 pmol/kg iv of BMS 186295
were tested in 3 additional groups of 1K1C hypertensive dogs (n=4 to Sfreatment). in each study, baseline measure-

ments were obtained during two 20 minute control periods. One of the treatments was then administered and samplingcontinued at 20 minute intervals for three hours.

To minimize inter-animal variability, each data point was expressed as the change fram tha average controlvalue
tor that parameter. Significant differences among treatments were identified by analysis of variance for repeated meas-
ures. Contrasts were calculated to identify significant diffarences from the effects of v hicle and to compare the combi-
nation of SQ 28603 and BMS 186295ta the individual treatments. Results are given as mean + SEM.
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Results

Table 1

Mean Arterial Pressure (mm Hg}

Time (min) after Treatment|Vehicle (n25)|SQ 28603 (n=4)|BMS 186295 (n=4)|SQ 28603 + BMS
186295 (n=4)

Change from control 
* p<0.05 compared to vehicle
+ p<0.05 compared to BMS 186295
§ p<0.05 compared to SQ 28603

BMS 186295 signigicantly reduced mean arterial pressure (MAP) (Tabla 1} in the conscious 1K1C hypertensive
dogs whereas SQ 28603initially increased MAP. Tha effects of the combination BMS 186295 and SQ 28603 were not
consistently cifferent from those of vehicle.

10
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TABLE 2

Sodium Excretion (wEq/min)

Vehicle (n=5)|SQ 28603 (n=4)|BMS 186295 (n=4)

 

Changefrom control

1344 2349

21416 * 44413 °

1445 ° SEt8 *

25413 * 27-46 *

24412 * 2p43 *

35419 * 304 *

39418 * 2B+7 *

44419 ° 30+7 *

44418 ¢ 3022 *

* p<f.05 compared to vehicle
"+ p<0.05 compared to “vehicle or (BMS186295
"+8 p<0.05 compared to ‘vehicla, BMS 186295 or SQ2R603

TABLE 3

SQ 28603 + BMS

186295 (n=4)

1846

6231 "T§

BALS4 "+5

7418 “4§

7OL16 "t§

54+12 "4§

GOL21 ‘t§

69422 "45

68t16 “t

74419 “48

 
 

Urine Volume (ml/min)

Time (min) after Treatment|Vehicle (n=5)|SQ 28603 (n=4)|BMS 186295 {n=4)

Control 0.6440.14 0.38+0.13

Change from control

-0.2040. 12 0.29+0.31 * 0.0140.07

-0.2740.14 0. 1540.13 * 0.09+0.14 *

-0.2640.14 0. 1840.14 * 0.1240.07 *

-0.2640.15 0.214£0.15 * 0.05¢0.06 *

-0.2340.14 0.0740.08 * ~0.02+0,05 *

-0.3040.13 0.1240.13 * ~0.0240.10 *

-0.2540.14 0.204+0.10 * ~0.0740.12 *

-0.2300.15 0.2440.11 * -0.0740.16

-0.22+0.14 0.17+0.06 * -0.02+0.07 *

* p<Q.05 compared to vehicle
“t p<(.05 compared to “vehicle or +BMS186295
“t§ p<0.05 compared to ‘vehicle, f3MS186295 of SQega0a

11
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SQ 28603 + BMS

186295 (n=4)

0.36h0.13

0.3240.17

0.5140.22 *4§

0.5140.11 “t§

0.3440.08 *+

0.1440.08 *

0,200.07 *

0.26:+40.09 “+

0.1640.03 “+

0.1740.03 *
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BMS 186295 and SQ 28603 each individually increased sodium excretion (TABLE 2) and urine volume (TABLE 3}
in the conscious 1K1C hypertensive dogs. The natriuretic response to the combination of BMS 186295 and SQ 786032

was greater than the activity of either of the compounds administered singly. The increase in the amount of sodium
axerated during tha 3 hours after simultaneous injections of BMS 186295 and SQ 28603 (12.643 .4 mEq/3 hr) approxi-
mated the sum of the natriuretic responses to BMS 186295 (5.4+1.0 mEq/3 hr) and to SQ 28603 (5.242.3 mEa/a hr)
given individuatly.

TABLE 4

Glomerular Filtration Rate (ml/min)

Time {min} after Treatment|Vehicle (n=5)|SQ 28603 (n=4)|BMS 186295 (n=4)|SQ 28603 + BMS

186295 {n=4)

Cantrol 
 

“p<f.05 compared to vehicla
§ p<0.05 compared to SQ 28603
+ p<0.05 compared to BMS 186295
*§ p<0.05 compared to “vehicla or §SQ78603
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TABLE 5

Effective Renal Plasma Flow (mlénin)

Time (min) after Treatment|Vehicle (n=5}|SQ 28603 (n=4)|BMS 186295 (n=3)

Contro!

20

40

60

80

100

120

140

160

180

123415 127441

Changefrom control

-GEE30 *

“54435

-3ate4

a3

-1£10

-B417 *

Bt3 *

-14412

“1211

 
 

* p<f.05 compared to vehicle
*§ p<0.05 compared ta ‘vehicle or §S028603
+ p<0.05 compared to BMS 186295
§ p<0.05 compared to SQ 28603

 
SQ 28603 + BMS

186295 (n=4)

142430

-B4t19 *§

-G4427 °§

51421 §

-45421 +

-41423 ¢

1548

12412

“28414

-23+16

The combination of BMS 186295 and SQ 28603significantly increased GFR {TABLE4} at several times during the
3 hour test when compared with the effects of vehicle even though effective renal plasma flow (TABLE 5) did not
increase. The increase in GFR alone did not account for the full natriuretic response, as indicated by a significantly rise
in fractional sodium excretion from 0.2640.07% to 1.28+0.29%,

13
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TABLE 6

ANP Excretion (fmot/min)

Time (min) after Treatment)Vehicla (n=5)|SQ 28603 (n=4)|BMS 186295 (n=4}|SQ 28603 + BMS
186295 (n=4)

Control

 

Changefrom control

20.a+4.9° 3.7415

24.0446° 13.8422

45.2+24.2° 40. 7421.1 "+

55.5419.7° 30.348.1 *t§

41.0412.3 ¢ 27.0410.9 *t

48.3421.5° 39.4413.7 “t

41.8414.2 * 37.2414.9 “t

36.0412.4 * 30.1412.4 “+t

29.047.9° 33.2+10.0 *t§

 
* p<D.05 compared to vehicle
*+ peD.05 compared to *vehicla or +BMS1 86295
"+§ p<0.05 compared to ‘vehicle, BMS 186295 or SQeasoa

TABLE 7

Cyclic GMP Excretion (pmol/min)

Time (min) after Treatment|Vehicle (n=5)|SQ 28603 (n=4)|BMS 186295 (n=4)|SQ 28603 + BMS
186295 (n=4)

Control 10174180 11224389 10304170

Change from cont!

-1774172 1064295 3724240 -202+144

“185444 1014280 “2774255 164494

-78t207 3381206 -1s0t203 , 4324174

-2051231 2264154 -308t199 3136144

-1804129 1284176 -2664193 106497

“2294121 117226 -2831236 139¢66

-521195 1214182 ~4492206 1944156

-244223 1004246 -3914139 229t62

764246 3434170 6114346 316459

  
Urinary axcration of ANP {TABLE 6) increased significantly after administration of SQ 28603 alone and in combi-

nation with BMS 1862985, indicating that the NEP inhibitor had prevented the degradation of ANP. Cyclic GMP (TABLE
7), the second messengerof the biolagical ANP receptor, t nded to increase in the dogs receiving SQ 28603 alons
{+32428 nmol/3 hr) or the combination of BMS 186295 and SQ 28603 (434412 nmol/3 hr), but becauseof the variability

14
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of the response, these changesdid not achieve statistical significance compared te vehicle (-21+15 nmol/3 hr). These
data suggested that the protection of renal ANP contributed to the natriuretic response. BMS 186295 given alone did
not affect ANP excretion nor did it alter the ANP response to SQ 28603. Therefore, the enhanced responseto the com-

bination of BMS 186295 and SQ 28603 cauld not beattriputed te an additional effect of the angiotensin || antagonist on
the renal metabolism of ANP or the resultant accumulation of cyclic GMP.

TABLE 8

Plasma Renin Activity (pmol Alfmi/nr}

Time (min) after Treatment|Vehicle (n=5)|SQ 28603 (n=4)|BMS 186295 (n=4}|SQ 28603 + BMS
186295 (n=4)}

Contral 0.4540.10 0.1640.02 0.5540.07 9040.09

Changefrom control

60 ~0.0940.07 -0.0740.05 1.28:40.51" 0.39+0.42 +

120 -0.0440.14 -0.02+0.05 1.4940.57 * * Q.58t0.44 “+

180 -0.0340.11 -0.0140.7 1.2440.62 * 0.3640.16 +

 

 

* p<0.05 comparedto vehicle
{ p<0.05 compared to BMS 186295
"t p<0.05 compared to “vehicle or tBMS186295

Finally, BMS 186295 significantly increased PRA (TABLE 8) indicating that the angiotensin receptor antagonist
interrupted the negative feedback of angiotensin || on renin release. The smaller PRA response to BMS 186295in the
presence of SQ 28603 may be attriputed to the inhibition of renin release by the increased ANPlevels. Alternatively,
BMS 186295 may have also activated the intrarenal baroreceptor by virtua of its depressor activity and thereby
increased renin secretion.

Claims

1. Use of angiotensin I! antagonist 2-butyl-6, 7,8,9-tetrahydro-3 -[2’-( 1 H-tetrazol-5-y}}-[1, 1'-bipheny]]-4-yl[methyl]-1,3-
diazaspiro[4.4]-nonan-4-one or a pharmaceutically acceptable salt thereof and a selective neutral endopeptidase

inhibitor or a dual acting neutral endopeptdaseinhibitor for manufacturing a medicament for treating hypertension
and/or congestive heart failure in a mammalian specie in need of such treatrnent.

2. The use of Claim 1 wherein said endopepticiase inhibitor is a selective neutral endopeptidase inhibitor of the for-mula

Ry, O Ry
| il |

HS— CH, — CH= C7 NH- CH (CH2) ,-—-"C™ Ry

or a pharmaceutically acceptable salt thereot wherein:

Ro is alkyl of 1 to ? carbons, trifluoromethyl, phenyl, substituted phenyl, -(CHo)1 19 g-phenyl or -(CH3); t6 4-
substituted phenyl;

Rg is hydrogen, alky! of 1 ta 7 carbons, phenyl, substituted phenyl, -(CHo), i. 4-phenyl, or -(GH3}, j. 4-Ssubsti-
tuted phenyl; ,

Ri, is hydroxy, alkaxy of 1 to 7 carbons, or NH»; and
nis an integer fram 1 to 15.

3. The method of Claim 2 wherein:

Ag is benzyl;
_ Rg is hydrogen;

15
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nis an integer from 1 to 9; and

AR, is hydroxy.

4. The use of Claim 2 wherein:

Re is benzyl:
Rg is hydrogen;
nis one; and

Ry is hydroxy.

5. The use of Claim 1 wherein said endopeptidase inhibitors is a dual acting inhibitor ot the formula

Xx

i oe }2? m

HS—eo one
Re t COORs

or a pharmaceutically acceptable salt thereof wherein:
pis one or two;
Xis Oor $;
mis zero or one;

Yis GHs, 5 or O provided thatY is S ar O only when mis ona;
Rg is hydrogen,alkyl of 1 to 7 carbons, phenyl, substituted phenyl, -(CH=)y 1 q-phenyl, -{CHs), .. 4-substi-

tuted phenyl, cycloalkyl of 3 to 7 carbons, -(CHe); 1, q-cyclaalkyl of 3 to 7 carbons, heteroaryl, and -(CHs)}, 1 4-het-
eroaryl; and

Ri,is hydrogen, alkyl of 1 to 7 carbons, -(CHs)4 to g-phenyl and -(CH»), ;, 4-Substituted phenyl.

6. The use of Claim 5 wherein:

Ry is benzyl, cyclopropylmethy!, or straight or branched chain alkyl of 3 te 5 carbons;
pis one or two;

Xis Oor S:;
Mis zero or one;

Yis GHo, §, or O provided that ¥ is S$ or O when m is one; and
Ry, is hydrogen.

7. The use of Claim 5 wherein:

Ry is benzyl;
pis two;
Yis 3;
mis one;

Y is CH, ; and
R, is hydrogen.

8. The use of Claim 1 wherein said endopeptidase inhibitor is a dual acting inhibitor of the formula

Co

HS—CH-C—A

Rg

or a pharmaceutically acceptable salt thereof wherein:

16
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Ais

 
tC—4 o=— at— wo

 
was o

 
as o 0oowo wn

 
pis one or two;

Rg is hydregen, alkyl of 1 to 7? carbons, phenyl, substituted phenyl, -(GH3), io a-phenyl, -(CHs)1 ip g-SuDSti-
tuted phenyl, cycloalkyl of 3 to 7 carbons,-(CHe), ;, 4-cycloalkyl of 3 to 7 carbons, heteroaryl, and -(CH2), ;, 4-het-
eroaryl;

Rs is hydrogen, alky! of 1 ta ? carbons, -(CHo), ,, g-phanyl and -(CHs}, ;, q-substituted phenyl;
R; and Rg are both hydrogen, cr both alkyl of 1 to 7 carbons, or Ry is hydrogen and Ag is alkyl of 1 to 7 car-

bons, phenyl, -(CH2)1 +9 g-phenyl and -(CH;}, 1, 4-Ssubstituted phenyl, or Ry and Rag taken together with the carbon
to which they are attached complete a cycioalkyl of 3 to 5 carbans:

Rg is hydrogen or alkyl of 1 to 7 carbons; and
Z is oxo or two hydrogens.

17
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The use of Claim 8 wherein:

Ry is benzyl:
Ry and Ag are both methyl;
Rg is hydrogen or methyl, especially hydrogen;
pis one or two; and
Z IS Oxa.

The use of Claim 1 wherein said angiotensinII antagonist and said selective neutral endopeptidase inhibitor or said
dual acting neutral endopeptidase inhibitor are administered fram a single dosage form containing both types of
compaunds.

The use of Claim 1 wherein said angiotensin Il antagonist and said selective neutral endopeptidase inhibitor or said
dual acting neutral endopeptidaseinhibitor are administered from separate dosage forms at about tha sametime.

The use of Claim 1 wherain said angiotensin Il antagonist and said selective neutral endopeptidaseinhibitoror said
dual acting neutral endopeptdase inhibitor are administered from separate dosage forms at from within several
minutes of each other up to about 4 hours apart.

A composition useful for traating congestive heart failure and/or hypertension comprising a pharmaceutically
acceptable carrier and an effective amount of the angiotensin || antagonist 2-buty!-6, 7,8,9-tetrahydro-3-[[e'-{1H-
tetrazol-5-yl-[1, 1'"-biphenyi]-4-yl]methyl]-1,3-diazaspiro[4.4]nonan-4-one or a pharmaceutically acceptable salt
thereof and an affective amountof the selective neutral endopeptidase inhibitor of the formula

R2 0 Ry 0
| ll | |

HS CH, — CH-C— NH- CH=" (CH2)) ,>—— C7" R}

or a pharmaceutically acceptable salt thereof wherein Ry. As, Rg and n are as defined in Claim 2.

A composition useful for treating congestive heart failure and/or hypertension comprising a pharmaceutically
acceptable carrier and an effectve amount of the angiotensin || antagonist 2-outyl-6,7,8,9-tetrahydro-3-[[2'-(1H-
tetrazol-5-yN-[1, 1'-biphenyl)-4-y1]methy]-1,3-diazaspiro[4.4Jnonan-4-one or a pharmaceutically acceptable salt
therect and an effective amount of the dual acting neutral endopeptidase inhibitor of the formula

wk
(CH2}p XY

0 |
| N {CHa )in

HS— CH—C—N ye
Ry I 0 COORs

or a pharmaceutically acceptable salt thereof wherein X,¥, m, p, Ry, and Rs are as defined in Claim 5.

A composition useful for treating congestive heart failure and/or hypertension comprising a pharmaceutically
acceptable carrier and an effective amount of the angiotensin If antagonist 2-butyi-6,7,8,9-tetrahydro-3-[(2'-(1H-
tetrazol-5-y1)-[1, 1 bipheny!}-4-y]]methyi]-1,G-diazaspiro[4.4]nonan-4-one or a pharmaceutically acceptable salt
thereof and an effective amount of the dual acting neutral endopeptidaseinhibitor of the formula

i
H$S——- ceCA

Ra
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ora pharmaceutically acceptable salt thereof wherein A and Ry are as defined in Claim 8.
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VALSARTAN SALTS

Theinvention relates to new salts of the AT; receptor antagonist (S)-N-(1 ~CarDoxy-2-methyl-
prop-1-yl)-N-pentanoyl-N-[2"-(1 H-tetrazol-5-y1)-biphe nyl-4-yl-methyl]-amine (valsartan) of
formula ,

He
, Hy Ne

H

He |e. A be
‘5 _ A COOHOo ¢ |

A, @ ().
HN” “ny

\ i
N=N

The active ingredient valsartanis the free acid which is described Specifically in EP
0443983, especially in example 16; it has two acidic hydrogen atoms:(I) the hydrogen atom
(H atom} of the carboxyl group, and(if) that of the tetrazole dng. Accordingly, one acidic H
atom (primarily the carboxyl H atorn) or both acidic H atoms may be replaced by a
monovalentor highervalent, 8.9. divalent, cation, Mixed salts may also be formed.

EP 443983 doesnotdisclose any specific salts of valsartan. Also,it does not mention any
Specialproperties of salts. Meanwhile, the active ingredlent valsartan has been introduced
a8 an anti-hypertensive agentin a series Of countries underthe trade namé DIOVAN.

Thefree acidvalsartan has a melting point In a closed crucible of 80 to 95°C and in an
Open crucible of 105 to 110°C anda melting enthalpy of 12 kJ/mol. The opticalrotationis
[a]""o =(-70 + 2)° for a concentration of ¢ = 1%In methanol.

The density of the valsartan crystals and.of the salt hydrates was determined by a helium
Pycnometer (Accupyc 1330 of Micromerities, Norcross, GA, USA). The density for the
crystals of the free acid vaisartan Is 1.20 + 0.02.
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Ths X-ray diffraction diagram consists essentially of a very broad,diffuse Xray reflection;

the free acid is therefore characterised as almost amorphous under X-ray. The melting

point linked with the measured melting enthalpy of 12 kJ/mol unequivocally confirm the

existence of a considerable residual arangementin the particles or structural domainsfor

the free acid valsartan.

There is a need for more stable, e.g. crystalline forms of valsartan, which are even easier to

manage in the drying or grinding processesfollowing thefinal stage of the chemical

preparation process and also in the steps for preparing the pharmaceutical formulations.
Manyfutile attempts have been madetofind improved forms through salt formation, the

forms ideally being as crystalline as possible, as well as physically and chemically stabie,
Only the salts according to the Invention, thelr solvates and polymorphous formsthereof
exhibit the desired Improved properties.

The formationof salts of valsartan with the desired advantageous properties has proved to
be difficult. In the majority of cases, for example, amorphoussalts withlittle stability are
obtained (such as hard foams, waxesor oils). Extensive research has shown thatthe salts

of valsartan according to theinvention have proved to be particularly advantageous
comparedwith the free acid valsartan. |

The objects of the present invention are salts of valsartan which are selected fram the

group consisting of the monosodium salt, tha monopotassiumsalt, the dipotassium salt, the

magnesium salt, the calcium salt, the bis-diethylammonium sal, the bis-dipropylammonium

salt, the bis-dibutylammonium sait, the mono-L-arginine salt, the bis-L-arginine salt, the
mono-L-lysine salt and the bis-L-lysine salt, as well as salt mixtures, or respectively, an
amorphousform, a solvate, especially hydrate, as well as a polymorphous form thereof, the

respective production and usage, and pharmaceutical preparations containing such salts. _

The objects of the present invention are salts of valsartan which are selected from the

group consisting of the monosodium salt, the monopotassiumsalt, the dipotassium salt, the
magnesium salt, the calcium salt, the bis-diethy!ammontium salt, the bls-dipropylammonium

salt, the bis-dibutylammonlumsalt, the mono-L-argininesalt, the bls-L-arginine sait, the
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mono-L-lysine salt andthe bis-L-lysine salt, or respectively, an amorphousform,a solvate,
especially hydrate, as well as a polymorphousform thereof.

Sait mixtures are(1) single salt forms from different catlons selected from the above group
or (ji) mixtures of those single salt forms which exist for example in the form of
conglomerates,

Preferred salts are for example selected from the

mono-sodium salt in amorphous form;

di-sodium salt of valsartan in amorphous orcrystalline form, especially in hydrate form,
thereof. |

Mono-potassium salt of valsartan in amorphous form;

di-potassium salt of valsartan in amorphous orcrystalline form, especially in hydrate form,
thereof.

calcium salt of valsartan in crystalline form, especially in hydrate form, primarily the
tetrahydrate thereof;

magnasium salt of valsartan in crystalline form, especially in hydrate form, primarily the
hexahydrate thereof;

calcium/magnesium mixedsalt of valsartanin crystalllne form, especially in hydrate form:
bis-diethylammonium salt of valsartanin crystalline form, especially in hydrate form:
bis-dipropylammoniumsalt of valsartanin crystalline form, especially in hydrate form;
bis-dibutylammonium salt of valsartan in crystalline form, especially in hydrate form,
primarily the hemihydrate thereof;

mono-L-arginine salt of valsartan in amorphous form:
bis-L-arginine salt of valsartan in amorphous form;
mono-L-tysine salt of valsartan in amorphous form;

bls-L-lysine salt of valsartan in amorphous form.

The salts according to the invention preferably existin Isolated and essentially pure form,
for example in a degree of purity of >95%, preferably >98%, primarily >99%. The
enantiomerpurity of the salts according to the invention is >98%, preferably >99%.

Compared with the free acid, the salts according to the invention,or the amorphous forms,
solvates suchas salt hydrates, and also the corresponding polymorphousformsthereof,
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have unexpectedly advantageous properti s. Under given conditions, the crystalline salts

and crystalline salt hydrates have a clear melting point whichis linked with a marked,

andothermic melting enthalpy. The crystalline salts according to the invention are stable

and are of better quality than valsartan also during storage and distribution. The

amorphousor partially amorphoussalts have Ilmited stability, .e. as the solld, they have a

restricted stability range. To be stabilised, they require certain measures which can be
achieved for example by galentc formulations.

In addition, both the crystalline and the amorphoussalts according to the Invention have a

high degreeof dissociation in water and thus substantially improved watersolubility. These

properties are of advantage, since on the one hand the dissolving processis quicker and on —
the other hand a smaller amountof wataris required for such solutions. Furthermore,the

._ higher water solubility can, under certain conditions, also lead to increased biological

. availability of the salts or salt hydrates in the case of solid dosage forms. Improved
properties are beneficial especially to the patients. Furthermore, someofthe salts

according to the invention have proved to be exceptionally physically stable, particularly the
alkallne earth salts. For different relative humidities at room temperature and also at a

slightly higher temperatures, the salt hydrates according to the invention show practically no
water absorption or water loss over a wide range of humidities and for periods of a few

hours, 6.9. four hours, Also, for example, the metting point of the salts according to the

invention will not be changed by storing underdifferentrelative humidities.

Improved physicochemical properties of certain salts or certain salt hydrates are of great

importance both when they are produced as a pharmaceutically active substance and when

producing, storing and applyingthe galenic preparation. In thls way, starting with improved

constancy of the physical parameters, an even higher quality of the formulations can be

guaranteed. The high stabllity of the salts or salt hydrates also give the possibility of

attaining economic advantages by enabling simpler processsteps to be carried out during
working up. The high crystallinity of certain salt hydrates allows the use of a choice of
analytical methods, especially the various X-ray methods, the usage of which permits a

clear and simple analysisoftheir release to be made. This factorIs also of great

importance to the quality of the active substance andits galenic fonns during production,
storage and administration to the patients. In addition, complex provisions for stabilising the

active ingredient in the galenic formulations can be avoided.
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The invention accordingly relates to crystalline, also partly crystalline and amorphous salts
of valsartan.

As weil as the solvates, such as hydrates,the invention also relates to polymorphous forms
of the salts according to the Invention.

Sofvates and also hydratesof the salts according to the invention may be present, for

example, as hemi-, mono-, di-, tri-, tetra-, penta-, hexa-solvates or hydrates, respectively.
Solvents used for crystallisation, such as alcohols, aspecially methanol, ethanol, aldehydes,
ketones, especially acetone, esters, 9.9. athyl acetate, may be embeddedin the crystal
grating. The extent to which a selected solventor water leads to a solvate or hydrate in
crystallisation and in the subsequent processstepsorleads directly to the free acid is

generally unpredictable and depends on the combinations of process conditions andthe
various interactions between valsartan and the selected solvent, especially water, The
respective stability of the resulting crystalline or amorphoussolids in the form of salts,

solvates and hydrates, as well as the correspondingsalt solvatesor salt hydrates, must be

determined by experimentation. !t is thus not possible to focus solely on the chemical

composition and the stoichiometric ratio of the moleculesin the resulting solid, since under

these circumstances both differing crystalline solids and differing amorphous substances
may be produced,

The description sait hydrates for corresponding hydrates may be preferred, as water

molecules in the crystal structure are bound by strong intermolecular forces and thereby
represent an essential element of structure formation of these crystals which,in part, are
extraordinarily stable. However, water molecules are also existing in certain crystallattices

- which are bound by rather weakintermolecular forces. Such molecules are more or less

integratedin the crystal structure forming,but to a lower energetic effect. The water content

in amorphoussollds can, In general, be clearly determined,as in crystalline hydrates, but fs
heavily dependent on the drying and ambient conditions. In contrast, In the case of stable

hydrates, there are clear stoichiometric ratios batween the pharmaceutical active substance

and the water. In many casesthese ratios do notfulfil completely the stoichiometric value,

normally it ls approached by lower values compared to theory because of certain crystal
defects. The ratio of organic molecules to water molecules for the weaker bound water may
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vary to a considerable extend, for example, extending overdi-, tri- or tetra-hydrates. On the

other hand, in amorphoussolids, the molecularstructure classification of water is not

stoichiometric; the classification may howeveralso be stoichiometric only by chance.

In some casas,it ls not possible to classify the exact stoichiometry of the water molecules,

since layer structures form,e.g. in the alkall metal salts, especially in the potassium salt, so

that the embedded water molecules cannot be determined in defined form,

For the crystalline solids having Identical chemical composition, the different resulting

crystal gratings are summarised by the tearm polymorphism.

Any reference hereinbefore and hereinafter, to the salts according to the invention is to be

understood asreferring also to the corresponding solvates, such as hydrates, and

polymorphous modifications, and also amorphous forms, as appropriate and expedient.

Especiaily preferred are the tetrahydrate of the calcium salt of valsartan and the

hexahydrate of the magnesium salt of valsartan.

The X-ray diffraction diagram of powders of these two salt hydrates has a numberof

discrete X-ray reflections, and practically no signs of non-crystalline or amorphous portions.
The degreeof crystallisation of these defined salt hydrates is therefore surprisingly high.
Equally, relatively large crystals may be cultured from certain salt hydrates, and in the

crystallographic sense these are single crystals. Such single crystals allow the structure of

the solid to be determined. It is effected by computer-alded evaluationofthe reflection

intensities measured by an X-ray diffractometer.

This process for determining the structure of a crystal enables, under normal conditions
such as high physical, chemical and enantiomeric purity of the gaugedcrystals, a clear

determination of the structure to -be carried out on a molecularor atomic level, namely
symmetry and slze of the elementary cells, atom positions and temperature factors, and

from the ascertained cell volume, the X-ray-photographic density Is shown onthe basls of a

molecular weight. At the sametime, the X-ray-photographle structure determination

supplies details ofits quality.
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The outstanding properties of these two salt hydrates are based on tha crystals, which form
these salts by incorporating four or six water molecules per valsartan molecule. Thus,
practically perfect three-dimensionalcrystal gratings are produced. These twosalts have
watersolubility that is several times better than the free acid of valsartan, andthis is

especially surprisingly at high melting points and melting enthalpies, which are sight orfive
times greater than the free acid. The extraordinary crystal gratings of these two salt
hydrates are the basis for the chemical and physical stability of these two compounds.

The particularly notable salt hydrate Is the tetrahydrate of the calcium salt of valsartan. Ina

closed specimen container, for a heating rate of T,=10 K»emin~ ithas a melting point of
205 + 1.5 °C and a melting enthalpy of 98 + 4 kd» Mol’. The tetrahydrate of the calcium salt
of valsartan is not stable at elevated temperatures both In respect of the hydrate water and
in respect of the structure of the molecule. The indicated melting point Is a hydrate melting .
point which can only be measuredin a clased specimen container. Gold containers with a

wall thickness of 0.2 mm were used:after weighing in samples of between 2 and 4 mgsalt
hydrate, they were sealed by cold welding. These gold containers have an internalfree

volume of ca. 22 microlitres. The amounts of the sample and the volume of the pressurised
containers must be suitably adapted, so that strong dehydration of the salt hydrates cannot
take place during measurementof the melting polnt. The partial pressure of the water at
205° Celsius is ca. 18 bar, so that with an open container in DSC (Differential Scanning
Calorimeter} during measurementof the melting point, conversion to the anhydrate takes
Place. if tha data from several heating rates (T,;= 10, 20, 40 K «min ') are extrapolated toa
continuously rapid heating rate, a melting point of 213 + 2 °C and a melting enthalpy of 124
+5 kJ*Mol"™result. Both the high hydrate melting point and the amountof the melting
enthalpy are an expression of the exceptional stability of the crystal grating of the
tetrahydrate of the calcium salt of valsartan. These two th ermodynamic characteristics
illustrate the advantageous physical properties, compared to the free.acid,with the two

corresponding data, namely a melting pointin the closed system of 90°C and a melting
enthalpy of 12 kJ«Mol. These thermodynamic data, together with the X-ray data, prove
the high stability of this crystal grating. They are the foundationfor the special physical and
chemicalresistance ofthe tetrahydrate of the calclum salt of valsartan.

A measurementof the Infrared absorption spectrum ofthe tetrahydrate of the calcium salt
of valsartan in a potassium bromide compressed tablet shows the following significant
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bands expressedin reciprocal wave numbers (em” ): 3750 — 3000(st); 3400 — 2500(st);
1800 — 1520 (st); 1500 ~ 1380 (st); 1380 — 1310 (m); 1290 ~ 1220 (w); 1220 — 1190 (w);
1190 — 1160 (w); 1160 ~ 1120 (w); 1120 - 1050 (w); 1030 — 980 (m); 959 — 960 (w), 950 —

820 (w); 780 — 715 (m); 710—470 (m). The intensities of the absorption bands are

indicated as follows: {w) = weak; (m) = medium; and (st) = strong intensity. Measurementof

the infrared spectrum likewise took placa by means of ATR-IF (Attenuated Total

Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from Perkin-Elmer

Corp., Beaconsfield, Bucks, England. |
The tetrahydrate of the caicium salt of valsartan has the following absorption bands

expressedin reciprocal wave numbers (cm"):

3694 (w); 3306 (w); 3054 (w); 2953 (w); 2870 (w); 1621 (st); 1578 (m); 1458 (m); 1441 (m):

1417 (m); 1364 (m); 1336 (w); 1319 (w); 1274 (w); 1241 (w); 1211 (w); 1180 (w); 1149 (w);

1137 {w); 1106 (w}; 1099 (w); 1012 (m); 1002 (w); 974 (w}; 966 (w); 955 (w); 944 (w);
863 (w); B55 (w), 844 (w); 824 (wi; 791 (w); 784 (w); 758 (m); 738 {m); 696 (m); 66 (m).

The intensities of the absorption bands are indicated as follows: (w) = weak; (m) = medium

and (st) = strong intensity, |

The mostintensive absorption bands of the ATR-IR spectroscopy are shownbythe
following values expressedin reciprocal wave numbers (cm): 3306 (w); 1621 (st);

1578 (m); 1458 {m); 1441 (m); 1417 (m); 1364 (m); 1319 (w); 1274 (w); 1211 (w); 1180 (w):
1137 (w}, 1012 (m); 1002 (w); 758 (m); 738 {m); 696 (m); 666 ({m). |
The error margin for all absorption bands of ATR-IR ts + 2 cm",

The water contentis in theory 13.2% for the tetrahydrate of the calcium salt ofvalsartan.
Using the thermo-scale TGS-2 ( Perkin-Elmer Corp. , Norwalk, CT USA } the water content

was determinedas 12.9 %. A total formula was calculated from this (CasHz7NsOQ3)* Ca”*=
(3.9 + 0.1} HO.

Using thermogravimetry, in a water-free Nz atmosphere, the welght foss, i.e. the water loss

for the tetrahydrate as a function of temperature, was measured at a heating rate of 10
. The results arefllustrated In table 1.Kemin ~
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Thesolubility of the tetrahydrate of the calcium salt of valsartan in water-ethanol mixtures Is
illustrated in Table 2 fora temperature of 22°C.

Table 2

 
A comparison of the solubilities of the two most important salts accordingto the invention
and the free acid in distilled waterIsillustrated In Table 3.

Table 3

| tetrahydrate of the calcium salt of valsartan

hexahydrate of the magnesium salt of
valsartan

Further characterisation of the tetrahydrate of the calcium salt of valsartanis effected using
the interlattice plane intervals determined by a X-ray powder pattem. Measurementof the
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X-ray powder pattems was madewith a Guinier camera (FR 552 from Enraf Nonius, Delft,

NL) on an X-ray film in transmission gsometry, using Cu-Ka, radiation at room temperature.

Evaluation of the fitms for calculation of the interlattice plane intervals is made both visually
and by a Line-Scanner (Johansson Taby, S), and the reflection intensities are determined

simultaneously,

The preferred characterisation of the tetrahydrate of the calcium salt of valsartan is

obtained from the intertattice plane Intervals d of the ascertained X-ray diffraction diagrams,

whereby,in the following, average values are Indicated with the appropriate errorlimits.

din [A] : 16.140,3, 9.940.2, 9.4+0.2, 8.0320.1, 7.7140.1, 7.0340.1, 6,.50+0.1, 6.330.1,
§.20+0.05, 5.8720.05, 5.7440.05, 5.6720.05, 5.20+0.05, 5.0530.05, 4.9510.05, 4.7310.05,

4,5540.05, 4.330.05, 4.1520.05, 4.1220.05, 3.95+0.05, 3.9140.05, 3.8740.05, 3.35+0.05.

The most intensive reflections in the X-ray diffraction diagram show the following interlattice
plane intervals:

din [A} : 16.130.3, 9.940.2, 9.420.2, 7.0320.1, 6.5020.1, 5.8740.05, 5.7440.05, 4.9540.05,
4.73+0.05, 4.3320.05, 4.153:0.05, 4.12+0.05, 3.9510,05.

A preferred method of chacking the above-Indicated average valuesof the interlattice plane
intervals and intensitias measured by experimentation from X-ray diffraction diagramswith a

_ Guinier camera, for a given substance,consists in calculating these intervals and thelr

intensities from the comprehensive single crystal structure determination. This structure

determination yields cell constants and atom positions, which enable the X-ray diffraction
diagram correspondingto the solid to be calculated bymeans of computer-aided calculation
methods (programme CaRine Crystallography, Université de Compiégne, France). A
comparisonof these data, namely theinterlattice plane Intervals and intensities of the most

importantlines of the tetrahydrate of the calcium salt of valsartan, obtained from

measurements with the Guinier camera and from calculating the single crystal data,Is
itustrated in Table 4.

Table 4

iks rT bial aliaial
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The invention relates to the crystalline tetrahydrate of the calcium salt of (5)-N-(4-carboxy-2-
methylprop-1-yl)-N-pentanoyl-N-[2”-(1 H-tetrazol-5-yl)biphenyl-4-ylmethyl]-amine, a
crystalline solid which Is clearly characterised by the data and parameters obtained from
single crystal X-ray analysis and X-ray powder pattems. An In-depth discussion of the
theory of the methodsof single crystal X-ray diffraction and the definition of the evaluated
crystal data and the parameters may be foundIn Stout & Jensen, X-Ray Structure _
Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1968) chapter 3.

9.89

9.38

6.20

  

The data and parameters of the single crystal X-ray Structure determination for the
tetrahydrate of the calcium salt of valsartan are contalned in Table 5.

Table 5 ;
Crystal data andparameters of the tetrahydrate of the calcium salt of valsartan 

Crystal data

sum formula ({ Coq Her Ng Qs) * Ca * 6 4HZ0
molecular mass 545.65

crystal colour . colourless
crystal shape flat prisms
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crystal system monaclinic

space group P2,

size of tha single crystal

dimensions and angle of elementary cell

volume of elementary cell

number of molecules in theelementary cell
F (O00)

measurement range of cell parameters (©)

calculated density |
linear absorption coefficient

X-ray measurement data

_ diffractometer

X-radiation ( graphite monochromator)

wavelength

temperature

scan range (8)

scan mode

reflections collected/unique

numberof significant reflections (| > 2o{1 )

variation Ln intensity

absorption correction

Structure refinement

method .

numberof parameters

agreement index (FR)

weighted agreement index (Rw)

0.42 ° 0.39 * 0.17 mm*

a= 10.127(2) A

b= 8.596(2) A

C= 32.214(6) A
a=90°

B= 95.34(3)°

y = 90°

V, = 2792.1(10) A*
4

1160

7.47-16.50°

1.298 (gecm’*)
0.274 mm?

Enraf Nonius CAD4

Moka

0.71073

295 K

1.27 - 31.99°

wf2d

19384 / 18562

10268

1.7%

numeric

full matrix, least squares, F*
893

6.2 %

144%
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S factor (Goodnessof fit) 7.085
numberof reflactions used 18562

treatment of ail hydrogen atomsin the molecule, ali found by difference-Fourier
including in the water molecules calculation, almost alt isotropicaily

| refined, a few theoretically fixed
(riding)

extinction correction none
maximum/minimum residual electron density in 0.662 /- 0.495 (e+A* )
conclusive diffarence-Fourier calculation

absolute structure parameters 0.00 (4)

Computer programmes used

SHELXS 86 ( Sheidrick, Gdttingen, 1990 )

SHELXL 86 ( Sheldrick, Géitingen, 1996 )

SCHAKAL86 ( Keller, Freiburg 1986 )

PLATON { Spek, Acta Cryst., 1990 )

The elementary cell is defined by six parameters, namely by the grating constants a, b and
¢, and bythe axial angle, namely bya, B, und y. In this way, the volume of the elementary
cell V, is determined. A differentiated description of these crystal parametersisIllustrated in
chapter 3 of Stout & Jensen (see above). The detalls for the tetrahydrate of the calcium
salt of valsartan from the single crystal measurements, especially the atom coordinates, the
isotropic thermal parameters,the coordinates of the hydrogen atomsas well as the

corresponding isotrapic thermal parameters, show that a monoclinic elementary cell exists,
its cell contentof four formula units Ca* valsartan” = 4 H,0 occurring as a result of two
crystallographic independentunits on two-fold positions.

Given the acentric space group P2; determined trom the single crystal X-ray structure
determination, a racemateis ruled out. Thus the enantiomeric purity of the S-configuration
for the crystalline tetrahydrate of the calclum salt of (S)-N-(1-carboxy-2-methyiprop-1-yl)-N-

pentanoyl-N-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-amineis verified. pone .

An essential feature for the quallty of a pure active substanceboth for the physical-chemical
procedures such as drying, sieving, grinding, and in the galenic processes which are cared
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out with pharmaceutical excipients, namely in mixing processes,in granulation, in spray-

drying,in tablatting, is the water absorption or waterloss of this active substance depending

on temperature andthe relative humidity of the environmentin question. With certain

formulations, free and bound wateris without doubt introduced with excipients and/or water

is added to tha process massfor reasons associated with the respective formulation

process. in this way, the pharmaceutical active substance [s exposedto free water over

rather tong periods of time, depending on the temperature of the different activity (partial

Vapourpressure),

‘A clear characterisation of this property is achieved by means of isothermal measurements
over predetermined timeintervals and predetermined relative humidity using dynamic

vapour sorption (DVS-1 from the company Surface Measurement Systems LTD, Marlow, _

Buckinghamshire, UK). Table 6 illustrates the mass change,!.e. the water absorption or loss

as a function of relative humidity at 25°C for a sample of 9.5 mg of the tetrahydrate of the

calcium salt of valsartan and for a period of 4 hours. Thefollowing cycles of changesin

relative humidity are shown: 40-90; 90-0; 0-90; 90-0 % relative humidity:
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The measurementerrorof this sorption method based on thermogravimetry Is about 0.1%.
Therefore, the tetrahydrate of the calcium salt of valsartan underthe conditions employed,
which are realistic from a pharmaceuticat-galenic point of view, shows no measurable water
absorption or loss. This is surprising to a large extent, since the tetrahydrata, which has
incorporated about 13% of bound waterin the crystal structure,Is totally indifferent to water
even at extreme values of relative humidity. This property is crucialin the final stages of
chemical manufacture andalsoin practicein all galenic process stagesof the different
dosage forms. This exceptionalstability similarly benefits the patients through the constant
availability of the active ingredient.

The intrinsicdissolving rates of the calcium salt of valsartan at pH 1, pH 4.5 and pH 6.8
show improved values over thoseof valsartan.

The exceptional Stability of the calcium salt of valsartan, especially the tetrahydrate thereof,
towards water may also be shownin stability tests. In these, the water contentof the
tetrahydrate of the calcium salt of valsartan remains constant both in an open container and
in a sealed ampoule after four weeks at 40°C and 75%relative humidity.

Owlng to the advantageous crystallinity of thie calclum salt, especially the tetrahydrate
thereof, this salt is suitable for pressing directly to torm corresponding tablet formulations.

In addition, an improved dissolving profile in a tablet can be assured. in studies of the

dissolving profile, it was established that the calcium salt, especially the tetrahydrate
thereof, is released by 100%from a tilm-coated tablet within 15 minutes.

Of the group of new-type crystalline solids, a magnesium salt hydrate of valsartanIs
preferred,in particular the hexahydrate. The thermat behaviourof this salt hydrate In the
region of the melting paint shows a certain chemical and physical instability. The thermal
data are thus dependent on the measurement conditions. In the sealed gold specimen
container with an intemal free volume of ca, 22 microlitres, with a sample of 2 to 4 mg and
with a heating rate of T, = 10 K' min", the melting pcint of the hexahydrate of the
magnesium salt of valsarten is 132 + 1.5° Celsius and the melting enthalpy is 56 +3 kJ'Mol
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‘, The melting enthalpy which is about 5 times higher than the free acid of valsartan,

together with the significantly higher meiting point of the hexahydrate of the magnesium salt

of valsartan is a measureofthe stability of the new-type crystal grating at around room

temperature.

The optical rotation of the hexahydrate of the magnesium salt of valsartan in methanol as a

1% solution at 20°C is [a] > = - 14°,

A measurementofthe infrared absorption spectrum of the hexahydrate of the magnesium

salt of valsartan in a potassium bromide compressed tablet shows the following significant

bands expressed in reciprocal wave numbers (cm): 3800 — 3000(st); 3000 — 2500(st);
1800 — 1500 (st); 1500 — 1440 (m); 1440 — 1300 (m); 1280 — 1240 (w); 4240 — 1190 (w);

1190 — 1150 (w}; 1120 - 1070 (w); 1050 — 990 (w); 990 — 960 (w); 960 — 920 (w); 920 - 700

(m)}; 700 — 580 (w); 590 ~ 550 (w).

The intensities of the absorption bandsare indicated as follows: (w) = weak; (m) = medium;

and (st) = strong intensity.

Measurementof the infrared spectrum likewise took place by means of ATR-IR (Attenuated

Total Reflectlon-Infrared Spectroscopy) using the instrument Spektrum BX from
Perkin-Elmer Corp., Beaconsfield, Bucks, England.

The hexahydrate of the magnesium salt of valsartan has the following absorption bands

expressed in reciprocal wave numbers (cm’'):

3378 (m); 3274 (m); 2956 (m); 2871 (w); 2357 (w); 1684 (w); 1619 (st); 1557 (m); 1464 (m);

1419 (m); 1394 (st); 1374 (m); 1339 (w); 1319 (w); 1300 (w); 1288 (w); 1271 (w) 1255 (w);

1223 {w)}; 1210 (w); 1175 (m); 1140 (w); 1106 (w); 1047 (w); 1024 (w); 1015 (w); 1005 (w);

‘9889 (w); 975 (w); 955 (w); 941 (w); 888 (w); 856 (w); 836 (m); 820 (w); 766 (st); 751 (m);
741 (st); 732 (st).

Theintensities of the absorption bandsare indicated as follows: (w) = weak; (m) = medium
and (st) = strongintensity.

The most intensive absorption bands of the ATR-IR spectroscopy are shown by the

following values expressedin reciprocal wave numbers (cm™'): 3378 (m); 3274 (m);
}
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2956 {m); 1619 (st); 1557 (m); 1464 (m); 1419 (m); 1394 (st); 1271 (w); 1175 (m); 1045 (wy;
975 (w); 836 {m); 766 (st); 751 (m); 741 (st); 732 (st).

The error margin for all absorption bands of ATR-IR is + 20m”.

The theoretical water content of the hexahydrate of the magnesium salt of valsartan Is
18.1%. Using a coupled Instrument based on thermogravimetry-Fourier transtormation-

infrared-spectroscopy (TG-FTIR,IFS 28 from the companies Natzsch Geratebau GmbH,
Selb, Bayern and Bruker Optik GmbH, Karlsruhe }, whilst simultaneously measuring the
weight loss and identifying the material componentgiven up, using Infrared spectroscopy
(release of water), the water content was determined at 18.5 %, conforming well with the
theoretical value. For the hexahydrate,this correspondsto a molarratio of 5.8 + 0.2 mols
Hz0 per mol magnesium salt.

Table7illustrates the waterloss of the hexahydrate of the magnesium salt of valsartan
depending on temperature, using the weight lass measured In an Nz atmosphere on a
thermogravimetric thermalanalysis instrumentfor a heating rate of 10 K°min™. From the
TG-FTIR measurement, the correlation of the weightlossIs assured solely by the release of
water,

Table 7
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The hexahydrate of the magnesium salt of valsartan has a solubility in distilled water at

22°C of 59 g perlitre of solution for a pH value of 9.3.

The crystalline form of the hexahydrate of tha magnesium salt of valsartan is clearly

characterised by the interlattice plane intervals calculated from thelines in an X-ray powder
pattern. The measurement and analysis methods used are the same as thosa usedfor the
tetrahydrate of the calcium salt of valsartan.

This preferred characterisation of the hexahydrate of the magnesium salt of valsartan is

obtained from the interlattlce plane Intervals d, whereby,in the following, average values

are indicated with the appropriate errorIImits: ,

d in [A]: 19.720.3, 10.120.2, 9.820.2, 7.2820.1, 6.4820.1, 6.0020.1, 5.8120.1, 5.6840.1,

5.40+0.05, 5.22 +0.05, 5.1220.05, 5.0340.05, 4.88+0.05, 4.3320.05, 4.2240.05,

4.1820.05, 4.0840.05, 3.95+0.05, 3.46+0.05, 3.4240,05,

The mastintensivereflections in the X-ray diffraction diagram show the following interlattice

plane intervals:

. din [A]: 19.740.3, 10.1140.2, 9.840.2, 7.2840.1, 5.8130.05, 5.6830.05, 5.0340.05,
4.88+0.05, 4.1920.05, 4.08+0.05, 3.46 40.05.

A preferred method of checking the above-indicated average values ofthe interlattice plane

intervals and Intensities measured byexperimentation from X-raydiffraction diagrams with a _.

Guinler camera, for a glven substance, consists In calculating these intervals and their

intensitles from the comprehensive single crystal structure determination, This structure

determination yields cell constants and atom positions, which enable the X-ray diffraction

diagram correspondingto the solid to be calculated by means of computer-alded calculation
methods (programme CaRine Crystallography, Université de Complagne, France). A

comparison of these data, namely the interlattice plane intervals and intensities of the most

importantlines of the hexahydrate of the magnesium salt of valsartan, obtained from

measurements with the Guinler camera and from calculating the single crystal data,is
illustrated in Table 8.

Table 8
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Theinvention relatesIn particular to the crystalline hexahydrate of the magnesium salt of
(S)-N-(1-carboxy-2-methylprop-1-yl)-N-pe ntanoyl-N-{2'-(1H-tetrazol-5-yl}biphenyl-4-
ylmethyl]-amine, a crystalline solid whichts clearly characterised by the date and
parameters obtained from single crystal X-ray analysis. 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, MacMillian Co., New York, N.Y. (1968) chapter3,

  
  

The data and parametersof the single crystal X-ray analysis for the magnesium-valsartan-
hexahydrate are given in Table 9.

Tabie 9

Crystal data and parameters of the hexahydrate of the magnesium salt of valsartan

Crystal data

sum formula ( Coq Hor N5O3) * Mg ** = 6 HO

molecular mass . 565.91
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crystal colour

crystal shape

crystal system

space group

size of the single crystal

dimensions and angle of slementary cell

volume of elementary cell

number of molecules in the elementary cell

F (000)

‘measurement range of cell parameters (@)
calculated density —

linear absorption coefficient

X-ray measuremant data

diffractometer

X-radiation ( graphite monochromator)

_ wavelength

temperature

scan range (8)

scan mode

reflections collacted/unique

numberof significant reflections (1 > 2a(l))

variation in intensity

absorption correction

Structure refinement

method

PCT/EP01/08253

-90-

colourless

flat prisms

~ monoclinic

ce

0.013 © 0.50 * 0.108 mm®

a= 40.075(8) A
b= 7.400(1)A

c= 10.275(2)A
a= 90°

B= 100.85(3)°

y = 90°

V, =.2992.6(9) A*
4

1208

2.82 ~11.15°

1.256 (gecm*)
0.114 mm7

Enraf Nonius GAD4

Moka

0.71073

295 K

1.03 — 26.00°

w/i268

5954 / 5868

1341

<1%

numeric

full matrix, least squares, F
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number of parameters

agreementindex (R}

weighted agreement index (Rw)

S factor (Goodnessoffit)

numberof reflections used

- determination of hydrogen atoms

extinction correction

maximum/minimum residual electron density in
final difference-Fourer calculation

absolute structure parameters

Computer programmes used
SHELXS 86 (Sheldrick, Gottingen, 1990)

SHELXL 96 (Sheldrick, G&ttingen, 1996)

SCHAKAL86 (Keller, Freiburg 1986)

PLATON (Spek, Acta Cryst., 1990)

PCT/EPO1/08253

243

10.7 %

13.8 %

1.001

5868

majority according to the "riding"

mode!, nine H-atoms from water

molecutes lsotropically refined from
difference-Fourier calculation

0.00098 (10)

0.473 /-0.614 (e#A*)

0.0(10)

The elementary cell is defined by six parameters, namely by the grating constants a, b and
¢, and by the axial angle, namely by a, B, und y. In this way, the volume of the elementary
call V. is determined. A differentiated description of these crystal parametersis illustrated in

chapter 3 of Stout & Jensen (see above).

The details for the hexahydrate of the magnesium salt of valsartan from the single crystal
measurements, especially the atom coordinates, the isotropic thermal parameters, the

coordinates of the hydrogen atoms as well as the correspondingIsotraple thermal

parameters, show that a monoclinic elementary cell exists,its cell content occurring from
four formula units Mg ** Valsartan * 6 HO.

Given the acentric space group C2 determinedfrom thesingle crystal X-ray structure

determination, a racemate is ruled out. Thus the enantiomeric purity of the S-conflguration

for the crystallin hexahydrate of the magnesium sait of valsartan is proved.
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Table 10 illustrates the mass change, |.e. the water absorption or loss as a function of

ralative humidity at 25°C for a sample of 9.5 mg of magnesium-valsartan-hexahydrate and

for a period of 4 hours (h}. The following cycles of changesin relative humidity are shown:

40-90; 90-0; 0-90; 90-0 % relative humidity:

 
The measurementerror of this sorption method based on thermogravimetry is about 0.1%.

Therefore, the hexahydrate of the magnesium salt cf valsartan under the conditions

employed, which are realistic from a pharmaceutical-galenic point of view, shows weak,

reproducible water absorption or water loss in a range of 20 to 80% relative humidity. This

is surprising to a large extent, since the hexahydrate, which has incorporated about 19%

bound water in the crystal structure, reversibly absorbs or releases water even at extreme
values of relative humidity andis relatively Insensitive at an average range ofrelative

humidity. This characteristic enables an uncomplicated physical-chemical process to be

developed and allows a choice of the b st dosage formsfor the patients.
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The exceptional stability of the magnesium salt of valsartan, especially the hexahydrata

thereof, towards water may also be shown in Stabillty tests In these, the water content of
the hexahydrate of the magnesium salt of valsartan remains constant both in an open -

container and in a sealed ampoule after four weeks at 40°C and 75% relative humidity.

Owing to the advantageouscrystallinity of the magnesium sait, especially the hexahydrate

thereof, this salt is sultable for pressing directly to form corresponding tablet formulations..

In addition, an improved dissolving profile in a tablet can be assured. In studiesof the

dissolving profile, it was established that the magnesium salt, especially the hexahydrate

thereof, is released by 100% fromafilm-coated tablet within 15 minutes.

In addition, the magnesium salt of valsartan, especially the hexahydrate thereof, shows an

advantageous compression hardness profile. -

_ Calcium/magnesium mixedsalts of valsartan also have advantageous properties, for

example uniform crystal conglomerates may be producad. These may be advantageously
used in the galenic formulation.

The intrinsic dissolving rates of the di-potassium salt of valsartan at pH 1, pH 4.5 and pH
6.8 show improved values over those of valsartan.

A further object of the invention is the preparation of the salts according to the Invention.

The salts accordingto the invention, including amorphousorcrystalline forms thereof, may
be prepared as follows:

To form the salt, the processis carried out In a solvent system,in which the two reactants,

namely the acid valsartan andthe respective base, are suffictently soluble. itis expedient

to use a soivent or solvent mixture, In which the resulting salt is only slightly soluble or not
soluble atall, in order to achieve crystallisation or precipitation. One variantfor the salt

according to the invention would be to use a solventin which this salt is very soluble, and to
subsequently add an ant-solventto this solution, that is a solventIn whichthe resulting salt

has only poor solubility. A further variantfor salt crystallisation consists in concentrating the
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salt solution, for example by heating,if necessary under reduced pressure,or by slowly

evaporating the solvent, e.g. at room temperature, or by seeding with the addition of

seeding crystals, or by setting up wateractivity required for hycrate formation.

The solvents that may be usedare for example C,-C,-alkanals, preferably ethanol and
isopropanol, as well as C,-C,-diatkytketones, preferably acetone and mixtures thereof with
water.

The antisolvents for salt crystallisation may be for example C5-C;-alkylnitriles, espacially

acetonitrile, esters, especially C,-C,-alkanecarboxylic acid-C,-C,-alkylester, such as ethyl or

isopropyl acetate, di-(C;-C,-alkyl}-ethers, such as tert.-butylmethylether, furthermore

tetrahydrofuran, and C;-Cs-alkanes, especially pentane, hexane or heptane.

To produce hydrates, a dissolving and crystallising processis used in particular, or a water-

equilibrating crystallisation process.

The dissolving and crystallising process is characterised in that

(i) valsartan and the appropriate base are broughtto a reaction in a preferably water-
containing, organic solvent,

(ii) the solvent system is concentrated, for example by heating,If nacessary undér
reduced pressure and by seeding with seeding crystals or by slowly evaporating,e.g. at
room temperature, then crystallisation or precipitationis initlated and

(ii) the salt obtainedis isolated.

In the dissolving andcrystallising process,the water-containing, organic solvent system

employedis advantageously a mixtures of alcohols, such as ethanol, and water, ororalkyl-
nitrile, especially acetonitrile, and water.

The equilibrating crystallisation processfor producing hydrates is characterised in that
(i) valsartan andthe appropriate base are addedto a water-containing organic solvent,
(i) the solvent is concentrated, for example by heating, if necessary under reduced

pressure or by slowly evaporating, @.g. at room temperature,

(ii) the residue of evaporattonis equilibrated with the required amount of waterby
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(a) suspending the residue of evaporation, which Is advantageously still warm, and which
still contains some water, In an appropriate solvent or
(b} by equilibrating the water excess in the solvent;
wherebyin a) and b) the existing or added wateris presentin 4 quantity in which the water
dissolvesin the organic solvent and does not form an additlonal phase; and
(iv) the salt obtainedIs Isolated,

The solvent system used as the water-containing organic solvent advantageously
comprises mixtures of-suitable alcohols, such as C,-C;alkanols, especially ethanol, and
water.

An appropriate solventfor equilibrationis, for example, an ester such as C,-C;-alkane-
carboxylic acid-C,-C,-alkylester, especially ethyl acetate, or a ketone such as di-C,-Ce
alkylketone, especially acetone.

The equilibration process is notable for example forits high yields and outstanding
reproducibliity. |

When producing the mono-alkali metal saits according to the present invention,
predominantly amorphousforms are obtained. Onthe other hand, the di-alkali metal salts
and alkaline earth metal salts of the present Invention may also be obtainedin crystalline
form andarein the form of hydrates throughout, from appropriate solventsthat are
conventionally used in production processes, such as asters, e.g. C,-C,-alkanecarboxylic
acid-G,-C,-alkylesters, especially ethyl acetate, ketones, 8.9. di-C,-C;-alkylketones,
especially acetone, Cz-C--alkytnitriles, especially acetonitrile, or ethers, e.g. di-(C1-C5-alkyl)-
ethers, such astert.-butylmethylether, also tetrahydrofuran, or mixtures of solvents. By
usingthe dissolving and crystallising process, or the water-equilibrating crystallisation
process,the defined hydrates, which are presentin crystalline and In polymorphous forms,
may be obtained reproducibly.

The preparation of the hydrate-free bis-dialkylammonium salts of the presentinvention is
advantageously effected in one step by using an appropriate solvent whichis optionally
mixed with an antisolvent. In this way, crystalline salts are obtained.
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As a rule, the amino acid salts of the present invention are cbtained in amorphous form.

The processes for forming salts are likewise objects of the present invention.

Thesesalts or salt hydrates according to the invention are obtained for example by

neutralising the acid valsartan with a base correspondingto the respective cation. This

neutralisation is suitably effected in an aqueous medium, 2.g. in water or a mixture of water
and a solventin which valsartan is more soluble than in water. Salts with weaker bases

may be converted into other salts either by treating with strongerbasesor by treating with

acids and then neutralising with other bases,

Crystallisation, especially of the alkaline earth salt hydrates,is effected in water or an

aqueous medium, which consists of water and at least one solventthatis miscible or

partially miscible with water, I.e. not too non-polar, a.g. an alkanol such as methanal,

ethanol, propanol, isopropano!}, butanol, acetone, methyl ethyl ketone, acetonitrile, DMF,

DMSO. The alkanol portion amounts to about 10 to 90, or 20 to 70, advantageously 30 to

50% by volume. For higher alkanals, the less polar solvent may also be present in lower

concentrations. Owing to the restricted water-solubility of valsartan, the process frequently
takes place in suspensions,orif valsartan is soluble In the other solvent component, ina

solution, ,

In one embodiment, for example to produce the calcium salt of valsartan, an aqueous
solution of valsartan is neutralised with a calclum hydroxide solution at room temperature

and the solution Is left to crystallise. In a preferred procedure,crystallisation is effected

from a solvent mixture of water/ethanol, the ethanol proportion amounting to ca. 30 to 50%

by volume. In an especially preferred form,crystallisation is effected in a closed system by

transporting through a low temperature gradient (especially 1-2°C at 40°C) in 30% by

volume of ethanol.

In a preferred variant, crystallisation may be optimised, e.g. accelerated, by adding at least

one seed crystal.

The salts according to the inventlon may be used 6.g.in the form of pharmaceutical

preparations, which contain the activesubstance 6.g. in a therapeutically effective amount
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of ihe active substance, optionally together with a pharmaceutically acceptable carrier, for

example with an inorganic or organic, solid or optionally also liquid pharmaceutically
acceptable carrier, which is suitable for enteral, e.g. oral, or parenteral administration.

The invention relatesin particular to a pharmaceutical composition, especially In a solid

dosage unit, preferably for oral administration, optlonally together with a pharmaceutically
acceptable carrier,

Pharmaceutical preparationsof this kind may be used for example for the prophylaxis and

treatment of diseases or conditions which maybeinhibited by blocking the AT, receptorfor
example

a disease or condition selected from the group consisting of

{a} hypertension, congestive heart failure, renalfailure, especially chronic renal fallure,

restenosis after percutaneoustransluminal angioplasty, and restenosis after coronary artery
bypass surgery;

(b) atherosclerosis, Insulin resistance and syndromeX, diabetes mellitus type 2, obasity,
nephropathy, renalfailure, e.g. chronic renal failure, hypothyroidism, survival post

myocardial infarction (Mij, coronary heart diseases, hypertension in the elderly, familial
dyslipidemic hypertension, increase of formation of collagen,fibrosis, and remodeling
following hypertension (antiproliferative effect of the combination), all these diseases or
conditions associated with or without hypertension;
(c) endothelial dysfunction with or without hypertension,
(d) hyperlipidemia, hyperlipoproteinemia, atherosclerosis and hypercholesterolemia, and
{e}) glaucoma.

Primary usagesare for the treatment of high blood pressure and congestive heart failure, as
well as post-myocardialInfarction.

The person skilled in the pertinentart Is fully enabled to select a relevant and standard
animal test mode! to prove the hereinbefore and herelnafter indicated therapeutic
Indications and beneficial effects.

The pharmaceuticalactivities as effected by administration of representatives of the salts of

the present invention or of the combination of active agents used according to the present
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invention can be demonstrated e.g. by using corresponding pharmacclogical models known

in the pertinent art. The person skilled in the pertinentart is fully enabled to select a

relevant animal test model to prove the herelnbefore and hereinafter indicated therapeutic —

indications and beneficial effects.

These beneficial effects can, for example, bedemonstrated in the test model as disclosed

by G. Jeramic et al. in J. Gardovase. Pharmacol. 27:347-354, 1996,

For example, the valuable potential of the salts or combinations of the present invention for

the prevention and treatment of myocardial!Infarction can be found using the following test

model.

Study design

In the study to be performed, permanent coronary artery occlusion (CAO}In rats is used as
a model of acute myocardial infarction. The experiments are carrled out with 5 treatment

_ groups characterized byfollowing features:
* sham-operated animals

* CAO + vehicle

* CAO + a salt according to the present Invention,

optionally

* CAO + a salt according to the present invention +a combination partner.

During the study following variables ara measured:

* infarct size

* LV chamber volume

* interstitial and perivascular collagen density in spared LV myocardium

* COL-I and COL-Il! protein content in spared LV myocardium by Westem blot

* cardiomyocytes cross-sectional area and length in sections of LV myocardium

* plasma concentrations of renin and aldosterone

* urine concentration of sodium, potassium and aldosterone

* blood pressure in conscious animals

* LV and carotid blood pressure in anesthetized animals.

Methodology
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Infarct size: Six ym-thick transverse histological sections of the left ventricle are stained

with nitroblue tetrazolium and acquired by a B/W XC-77CE CCDvideo camera (Sony). The
resulting image ts processed ona KS300 image analysis system (Car! Zeiss Vision) using a
soitware specifically developed (Porzio et al., 1995). A single operatorblinded to treatment

interactively defines the boundaries of the interventricular septum, and the infarcted area on
each section is semlautomatically identified as the area of unstained ventriculartissue. The

software automatically calculates for each componentof the ventricular section defined as

the chamber, septum,infarcted area, infarcted LV wall and viable LV wall, a set of
geometric parameters (Porzio et al, 1995).

Histology: Heartsarefixed in situ, by retrograde perfusion with buffered 4% formaldehyde
after arrestin diastole byi.v.Injection of 0.5 M KCI. After fixation, the left ventricle (LV) and
the tree wall of the right ventricle are separately weighed: LV longer diameterIs measured
with a caliper. LV histological sections arestained with hematoxylin & eosin for qualitative
examination and to quantify cardiomyocytes cross-sectional area with a semi-automated

image analysis routine. Interstitial collagen deposition In LV is evaluated on Sirus red

stained sections with a semi-automated image analysis routine (Massonef al., 1998).

Collagen content in LV spared myocardium: LVtissue in the spared myocardiumis
homogenized, subjected to PAGE-SDSelectrophoresis and electroblotted onto
nitrocellulose membrane. The blots are exposedto. primary antibodies,j.e. rabbit anti-rat

collagen type | or type Hl antiserum (Chemicon). The primary antibodies are recognized by
secondary antibodies conjugatedto alkaline phosphatase(for colagen type }) or peroxidase
(collagen type Ill),

Left ventricular chamber volume: LV chamber volume is determined in hearts arrestedin
diastole (KCl) andfixed in formalin undera hydrostatic pressure equivalent to the measured
LV end-diastolic pressure. A metric rod Is inserted into the LV to measure LV inner length.
The transverse diameters of the LV chamberare measured in two 1-mmthick transverse

sections near to the base and the apex of the ventricle (Jeremic ef ai, 1996). The chamber
valume Is computed from an equation integrating transverse diameters and inner length.
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Syst mic and Left v ntricular hemodynamics: A microtip pressure transducer (Millar
SPC-320) connected to a recorder (Windograf, Gou!d Electronics) is inserted into the right
carotid artery to record systolic and diastolic blood pressures. The pressure transduceris

advanced into the LV to measure LVsystolic (LVSP) and end-diastolic (LVEDP) pressures,

the tirst derivative of LV pressure over time (4dP/dt) and heart rate.

Non-invasive blood pressure: Systolic blood pressure and heart rate are measured by the

tail-cuff method(Letica LE 5002) in consciousrats.

Urine electrolytes, hormones: Rats are individually housed in metabolic cages and 24-h
urine collected on 1 ml HCI] 6N. Water intake is measured, Urine catecholamines are

extracted on Bondelut C1g columns(Varian), separated by HPLC (Apex-ll C18, 3 ym,
50x4.5 mm analytical column, Jones Chromatography) and quantified with an

— electrochemical detector (Coulochem Il, ESA) (Goldstein ef al, 1981). Plasma and urine

aldosterone, and plasma angiotensin {I Is determIned with specific radioimmunoassays
{Aldoctk-2, DiaSorin and Angiotensin il, Nichols Diagnostics). Urine sodium and potassium

are measured by flamme photometry.

Sample size

10 animals analyzable in each treatment groups are sufficient to detect blologically

significant differences. Only rats with aninfarct size of at Jeast 10% of the LV section area
are included in the final analysis.

~ Endothelial dysfunction is being acknowledgedasa critical factor in vascular diseases. The |
endothelium plays a bimodat role as the source of various hormonesor by-products with

opposing effects: vasodilation and vasoconstriction,Inhibition or promotion of growth,

fibrinolysis or thrombogenesis, production of anti-oxidants or oxidising agants. Genetically

predisposed hypertensive animals with endothelial dysfunction constitute a valid modelfor

assessing the efficacy of a cardiovascular therapy.

Endothelialdisfunction is characterized by, for example, increased oxidative stress, causing
decreased nitric oxide, increased factors Involved In coagulationorfibrinolysis such as

plasminogen activating Inhibitor-1 (PAI-1), tissue factor (TF), tissue plasminogen activator

(tPA), increased adhesion molecules such as ICAM and VCAM,Increased growth factors
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such as BFGF, TGFb, PDGF, VEGF,ail factors causing cell growth inflammation and
fibrosis.

The treatment e.g. of endothelian dysfunction can be demonstratedin the following

pharmacological test:

Maternal and methods

Male 20-24 week-old SHR,purchased from RCC Lat (Filllingsdorf, Switzerland),are

maintained in a temperature- and light-controlled room with free access to rat chow (Nafag

9331, Gossau, Switzerland) and tap water. The experiment Is performed in accordance

with the NIH guidelines and approved by the Canton Veterinary office (Bew 161,

Kantonales Veterinaramt, Liestal, Switzerland). All rats are treated with the NO synthesis
inhibitor L-NAME (Slgma Chemicals) administered in drinking water (50 mg/l) for 12 weeks.

The average daily dose of L-NAME calculated from the water consumed was 2.5 mg/kg/d

(range 2,1-2.7 ).

The rats can be dividedinto 2 or 3 groups: group 1, control (n = e.g. 40); Group 2, a salt

according to the presentinvention; n = e.g. 40); for testing combinations Group3,

combination partner;(n = ¢.g. 30), The drugs are administered In drinking fluld. The
pressure effect of Ang Il at 1 mg/kg obtained In controls normotensiverats can be reduced

alter treatment with a salt according to the presentinvention (Gervals etal. 1999).

Body weight is measured every week. Systolic blood pressure and heart rate are recorded
by tail cuff plethysmography 3 and 2 weeksbefore starting the study and at 2 weeks after

drug administration. Urine is collected over a 24 hour period from rats keptin individual
{metabolic} cages the week before starting treatment and at weeks 4 and 12 for volume

measurement and protein, creatinine, sodium and potassium determination using standard

laboratory methods. At the sametlme points, blood samples are withdrawn from the retra-

orbital plexus (maximum 1 ml) for creatinine, Na’ and K* assays.

Tenrats from sach group are sacrificed at 4 weeksforcollection of kidney and heart for
morphological analysis. The remaining rats are sacrificed at 12 weeks. Cardiac and kidney
weight Is recorded. Terminal blood sampling is performed in 5 % EDTA at 4 (morphometry
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study) and 12 (end of the study) weeksfor aldosterone, determination by

radioimmunoassay using a DPC coat-a-countaldosterone-RIA kit (Buhimann, Switzerland).

Statistical analysis:

All data are expressed as mean + SEM. Statistical analysis is performed using a one-way

ANOVA,followed by a Duncan’s multiple range test and a Newman-Keulstest, 7for

comparison between the different groups. Results with a probability value of less than0.05
are deemedstatistically slgnificant.

An improvementof regression of artherosclerosis without effecting the serum lipid levels
can, for example, be demonstrated by using the animal modelas disclosed by H. Kano et
al. In Blochemical and Biophysical Research Communications 259, 414-449 (1999).

That the salts or combinations according to the present invention can be used for tha

regression of a cholesterol diet-induced atherosclerosis, can be demonstrated using the test

mode! dascribed, e.g., by G. Jiang et al. in Br. J. Pharmacol. (1991), 104, 1033-7037,

That the salts or combinations according to the present Invention can be used for the

treatmentof renalfailure, especially chronic renalfailure, can be demonstrated using the

test model described, e.g., by D. Cohen etal. In Journal of Cardiovascular Pharmacology,
82: 87-95 (1998).

The present pharmaceutical! preparations which,if so desired, may contain further

pharmacologically active substances, are prepared in a manner known perse, for example

by meansof conventional mixing, granulating, coating, dissolving or lyophilising processes,

and contain from about 0.1% to 100%, especially from about 1% to about 50%,of

lyophilisates up to 100%of the active substance.

The invention similarly relates to compositions contalning the salts according to the
invention. .

Theinvention similarly relates to the use of the salts according to the invention preferably

for the production of pharmaceutical preparations, especially for the prophylaxis and also

for the treatment of diseases or conditions which may be Inhibited by blocking the AT,
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receptor. Primary usagesare for the treatment of high blood pressure and congestive heart

failure, as well as post-myocardialinfarction. .

The invention similarly relates to the use for the prophylaxis and treatment of diseases or

conditions which may beinhibited by blocking the AT, receptor, characterised in thata

patient, Including a humanpatient, requiring such treatment is administered with a

therapeutically effective amountof a salt according to the invention, optionally in

combination with at least one composition for the treatment of cardiovascular diseases and

related conditions and diseaseslisted hereinbefore or hereinafter.

The invention similarly relates to combinations, @.g. pharmaceutical combinations,

containing a salt of the present invention or in each case a pharmaceutically acceptable salt

thereof in combination with at least one composition for the treatment of cardiovascular

diseases and related conditions and diseasesaslisted hereinbefore or hereinatter, or in

each case a pharmaceutically acceptable salt thereof. Combinations with other
compositions for the treatment of cardiovascular diseases and related conditions and

diseases aslisted hereinbefore or hereinafter, or in each case a pharmaceutically
acceptable salt thereof, are likewise objects of the present invention.

The combination may be madefor example with the following compositions, selectad from
the group consisting of a: .

(i) HMG-Co-A reductase inhibitor or a pharmaceutically acceptable salt thereof,

(ii) angiotensin converting enzyme (ACE)Inhibitor or a pharmaceutically acceptable salt
_ thereof, . .

(iif) calcium channel! blocker or a pharmaceutically acceptable sait thereof,

(iv) aldosterone synthaseInhibitor or a pharmaceutically acceptable salt thereof,
(v) aldosterone antagonist or a pharmaceutically acceptable salt thereof,

(vi) dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP)Inhibitor or a
pharmaceutically acceptable salt thereof,

(vii) endothelin antagonist or a pharmaceutically acceptable salt thereof,

(vill) renin inhibitor or a pharmaceutically acceptable sait thereof, and

(ix) diuretic or a pharmaceutically acceptable salt thereof.
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HMG-Co-A reductaseinhibitors {also called B-hydroxy-B-methylglutaryl-co-enzyme-A
reductase inhibitors) are understood to be those aciive agents that may be used to lower

the lipid levels including cholesterol!in blood.

The class of HMG-Co-A reductase inhibitors comprises compoundshavingdiffering

structural features. For example, mention may be made of the compoundsthat are

selected from the group consisting of atorvastatin, cerivastatin, compactin, dalvastatin,

dihydrocompactin, fluindostatin, fluvastatin, lovastatin, pitavastatin, mevastatin, pravastatin,
rivastatin, simvastatin, and velostatin, or, In each case, a pharmaceutically acceptable salt
thereof.

Preferred HMG-Co-A reductaseinhibitors are those agents which have been marketed,

mostpreferredIs fluvastatin and pitavastatlnor, in each case, a pharmaceutically
acceptable salt thereof,

The interruption of the enzymatic degradation of angiotensin | to angiotensin || with so-

called ACE-inhibitors (also called angiotensin converting enzymeinhibitors) is a successtul

variant for the regulation of blood pressure and thus also makesavailable a therapeutic

method for the treatment of congestive heart failure. .

The class of ACE inhibitors comprises compoundshavingdiffering structural features. For

example, mention may be made of the compounds which are selected from the group

consisting alacepril, benazepril, benazeprilat, captopril, ceronapril, cilazapril, delapril,

enalapril, enaprilat, fosinopril, imidapril, lisinopril, moveltopril, perindopril, quinapril, ramipril,

spirapril, temocapril, and trandolapril, or, in each case, a pharmaceutically acceptable salt
thereof.

Preferred ACE inhibitors are those agents that have been marketed, most preferred are

-benazepril and enalapril.

The class of CCBs essentially comprises dihydropyridines (DHPs) and non-DHPs such as

diltiazem-type and verapamil-type CCBs.
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A CCBuseful in sald combination is preferably a DHP representative selected from the

group consisting of amlodipine, felodipine, ryosidine, isradipine, lacidipine, nicardipine,

nifedipine, niguldipine, niludipine, nimodipine, nisoldipine, nitrendipine, and nivaldipine, and

is preferably a non-DHP representative selected from the group consisting of flunarizine,

prenylamine, diltiazem, fendiline, gallopamil, mibefradil, anipamil, tapamil and verapamil,
and in each case, a pharmaceutically acceptable salt thereof. All these CCBs are

therapeutically used, e.g. as anti-hypertensive, anti-angina pectoris or anti-arrhythmic drugs.
Preferred CCBs comprise amlodipine, diltiazem,isradipine, nicardipine, nifedipine,

nimodipins, nisofdiping, nitrendipine, and verapamil, or, e.g. dependent on ihe specific
_ CCB, a pharmaceutically acceptable salt thereof, Especially preferred as DHPIs

amlodipine or a pharmaceutically acceptable salt, especially the besylate, thereof. An

especially preferred representative of non-DHPsis verapamil or a pharmaceutically
acceptable salt, especially the hydrochloride, thereof,

Aldosterone synthaseinhibitor is an enzymethat converts corticosterone to aldosterone to

_ by hydroxylating cortocosterone to form 18-OH-corticosterone and 18-OH-corticosterone to

aldosterone. The classof aldosterone synthaseinhibitors is known to be applied for the
treatment of hypertension and primary aldosteronism comprises both steroidal and non-

steroidai aldosterone synthase inhibitors, the later being most preferred.

Preferenceis given to commercially available aldosterone synthase Inhibitors or those
aldosterone synthase inhibitors that have been approved by tha health authorities.

The class of aldosterone synthaseinhibitors comprises compoundshavingdiffering
structural features. For example, mention may be made of the compoundswhich are

selected from the group. consisting of the non-steroidal aromatase inhibitors anastrozole,
fadrozole (Including the (+)-enantiomerthersof), as well as the steroidal aromataseinhibitor

exemestane, or, in each case wheres applicable, a pharmaceutically acceptable salt thereof,

The most preferred non-steroidal aldosterone synthaseinhibitor is the (+)-enantlomerof the

hydrochloride of fadrozole (US patents 4617307 and 4889861) of formula
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Hcl

 
spironolactone.

A preferred dua! angiotensin converting enzyme/neutral endopetidase (ACE/NEP)inhibitor

is, for example, omapatrilate (cf. EP 628627), fastdotril or fasidotrilate,or,if appropriabia, a
pharmaceutically acceptable salt thereof.

A preferred endothelin antagonist!s, for example, bosentan (cf. EP 526708 A), furthermore,

tezosentan (cf. WO 96/19459), or in each case, a pharmaceutically acceptable salt thereof,

Atenin inhibitor is, for example, a non-peptidic renin inhibitor such as the compound of

formula
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CH

Le HC CH,
H,C CH,

NH,

a o

H,C.~ oO H,c CH, 

chemically defined as 2(S),4(8),5(S),7(S)-N-(3-amino-2,2-dimethyl-3-oxopropyl)-2,7-di(1-
methylethyt}-4-hydroxy-5S-amino-8-[4-methoxy-3-(3-methoxy-propoxy)phenyl|-octanamide.
This representative is specifically disclosed in EP 678503 A. Especially preferred is the
hami-fumarate salt thereof,

A diuretic fs, for example, a thiazide derivative selected from the group consisting of
chlorothiazide, hydrochlorothiazide, methyiclothiazide, and chlorothalidon. The most
preferred is hydrochlorothiazide,

Preferably, the jointly therapeutically effective amounts of the active agents according to the
combination of the preseninvention can be administered simultaneously or sequentially in
any order, separately orin a fixed combination.

The structure of the active agents Identified by generic or tradenames maybe taken from
the actuai edition of the standard compendium “The Merck Index’ or from databases, 6.9.
Patents Intemational (e.g. IMS World Publications). The corresponding contentthereofis

~ herebyincorporatedby reference. Any person skilled in the art is fully enabledto identity
the active agents and, based on these references,likewise enabled to manufacture andtest
the pharmaceutical indications and properties in standard test models, both In vitro and in
vivo,

The correspondingactive ingredients or a pharmaceutically acceptable salts thereof may
also be usedin form of a solvate, such as a hydrate or including other solvents, used for.
crystallization.
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The compounds to be combined can be present as pharmaceutically acceptable salts. If

these compounds have, for example, at least one basic center, they can form acid addition

salts. Corresponding acid addition salts can also be formed having, if desired, an

additionally present basic center. The compounds having an acid group (for example

COOH) can also form salts with bases.

In a variation thereof, the presentinventionlikewiserelates to a “kit-of-parts”, for example,

in the sense that the components to be combined according to the present invention can be

dosed independently orby use ofdifferent fixed combinations with distinguished amounts

of the components,i.e. simultaneouslyorat different time points. The parts of the kit of

parts can then e.g. be administered simultaneously o7 chronologically staggered,thatis at
different time points and with equalor different time intervals for any part ofthe kit of parts.
Preferably, the time intervals are chosen such that the effect on the treated disease or

condition in the combined use of the partsis larger than the effect that would be obtained

by use of only any one of the components.

The invention furthermore relates to a commercial package comprising the combination

according to the present invention togetherwith instructions for simultaneous, separate or

sequential use.

Dosaging may depend on various factors, such as mode of application, species, age and/or
individual condition. For oral application, the doses to be administered daily are between
ca. 0.25 and 10 mg/kg, and for warm-blooded animals with a body weight of ca. 70 kg,

preferably between ca. 20 mg and 500 mg,especially 40mg, 80mg, 160mg and 320mg

based on the free acid.

The inventionIsillustrated in particular by the examples andalso relates to the new

compounds namedin the examples andto their usage and to methodsfor the preparation
thereof.

The following examples serveto illustrate the Invention without IImiting the Invention in any

way.
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For example, the di-potassium salt of valsartan is formed, especially a hydrate thereof. The

di-potassium salt is noted in particular for Its marked water solubility. The crystalline
tetrahydrate of the di-potassium salt of valsartan, with a melting point of 135.0°C, may be

mentioned in particular. According to elementary analysis, a certain sample of this hydrate

has a water content of 3.72 mols of water per molof di-potassium salt. For highrelative .
humidity.at room temperature, the tetrahydrate is formed and for low values ofrelative
humidity, the anhydrate of the di-potassiumsalt is formed.

A magnesium salt of valsartanis similarly produced,in this instance as an amorphoussolid
with 3.4% H,O. The temperature of glass transition, as a mean value of the stage of the
specitic heat of 0.85 J*[g«° CJ" Is 167 °C. No melting point Is observed. Both facts,
namely the glass transition and the absence of a melting point, togetherwith the measured
value of the changein specific heat, contirm that thls magnesium salt of valsartanIs

Practically 100% amorphous. According to a stereo-specific chromatography method, the

enantiomer purity of this amorphous magnesium salt has been determined as 83%.

Example 1:
Production of the calcium salt as the tetrahydrate in situ of (S)-N-(1-carboxy-2-methyl-prop-

1-ylj-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethy{]-amine

21.775 g of (S)-N-(1-carboxy-2-methyl-prop-1 -yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)}-

biphenyl-4-ylmethyl]-amine are dissolvedat room temperature In 300 m! of ethanol. By
careful addition of 300 mlof water; the ethanol concentration Is reduced to 50% by volume.

Using a magnetic stirrer, 3.89 g of Ca(OH), are added slowly In small portions to this clear,
slightly acidic (pH 4) solution, so that the pH value temporarily does not exceed a value of
ca. 8. Becauseit absorbs CQ,from the alr, the Ca(OH), used contains traces of CaCQ,:
therefore the added amountIncludes an excess of 5%. After adding the stolchiometric

amount of Ca(OH), the pH Is ca. 6, and after adding the excessIt rises to 7. The solution
‘becomesturbid through the small amountoffinely divided CaCO, , which is removed

through a foldedfilter. The product containedIn the solution crystallises continuously upon

removal of the alcohol content by allowlng to stand at room temperature, The procedure

can be accelerated by using a flat dish in a recirculating alr drier at 40°C. After

concentrating to ca. one half, the alcohol content of the solution drops to ca. 10% by
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volume and most of the product crystallises. it is filtered, rinsed for a short tim with 10%
by voiume ethanol and dried at 40°C until reaching a constant weight. (S)-N-(1-carboxy-2-

methyl-prep-1 -yl)-N-pentanoyl-N-[2"-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium

salt tetrahydrate is obtained.

The melting point for the tetrahydrate of the calcium salt of valsartan, produced according to

example 1, for a heating rate of 10 Kemin” andin a closed specimen containerwith a small

internal volume is determined as 205°C and the melting enthalpy as 92 kJ»Mol™,

The density of the crystals of the calcium-valsartan-tetrahydrate produced according to

example 1, determined by a helium pycnometer, is 1.297 geem™®, This value conformsto

the theoretically calculated value of 1.298 g*cm® calculated from the single crystalstructure.
The optical rotation of the tetrahydrate of the calcium salt of valsartan according to

example 1 is measured in methanol as a 1%solution [a] > = +1°.

The enantiomerpurity of the salt hydrate produced according to example 1 is determined by

a stereo-specific HPLC methed. The stereo-specific separation is achieved by a chiral

column (Chiral AGP}. The enantiomerpurity is determined as eg = 100%.

Calculation of the interlattice plane intervals from the X-ray powderpattern taken with a

Guinier camerais as follows for the mostimportantlines for thls batch of the tetrahydrate of
the calcium salt of valsartan:

din[ A]: 16.27, 9.90, 9.39, 8.04, 7.71, 7.05, 6.49, 6.34, 6.2, 5.87, 5.75, 5.66, 5.20, 5,05,

4.95, 4.73, 4.55, 4.33, 4.15, 4.12, 3.95, 3.91, 3.87, 3.35.

Elementary analysis gives the following measured values of the elements presentIn

calcium-valsartan-tetrahydrate and of water. The water evaluation was carried out at 130°C

after expulsion. The findings of the elementary analysis, within the errorlimits, correspond

to the sum formula (Co, Hay Ns O3) *Ca® © 4HL0,

o27zago
% found % calculated

52.82 . 52.83

6.42 6.47

12.91 12.83

20.20 . 20.53

water 13.25 | 13.21
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Ca 7.03 7.35

Example 2:

Production of the magnesium salt as the hexahydrate in situ of (S)-N-(1-carboxy-2-methy-
prop-1-yl}-N-pentanoyl-N-[2"-(1 H-tetrazol-5-yi)-biphenyl-4-ylmethyl]-amine

43.55 g of valsartan [(S)-N-(1-carboxy-2-methy!-prop-1 -yl}-N-pentanoy!-N-[2'-(1 H-tatrazol-5-
y!)-biphenyl-4-yimethyl]-amine] are dissolved at room temperature in 600 ml of 50% by
volume ethanol (from absolute ethanol - see Merck and quarz-bidistilled water). The slightly
turbid solutlon becomesclear after adding a further 50 ml of 50% ethancl. Using a
magnetic stirrer, 4.03 g or 0.1 M MgO (Merckp.a.) are slowly added in small portionsto this
slightly acidic solution with a pH value of 4. The PH value herebyrises to ca. 6. The
process is effected with an excess of 10%,i.e. a further 0.40 g of MgO are added. This
excessis notfully dissolved, and the pH value rises to ca. 7.5. The small residueis filterad
from the solution througha foldedfilter and washed with 50 ml of 50% ethanol.

The combined clear solution is carefully concentrated at 40°C whilst stirring with a magnetic
stirrer in a large crystallisation dish. Towards the end of this procedure, the solution has a
tendency to harden Into a glassy gel. Scratching with a glass rod inducesthe jn situ

crystallisation in this phase, which may be recognised by the white colourof the crystalline
solid thus formed. The product is dried at 50°C in a recirculating air drier until reaching a
constant weight. Theyield of magnesium-valsartan-hexahydrate Is 53.7 g or 95% based on
the valsartan employedasthe free acid,

The melting point for the salt hydrate produced according to example2, namely the
magnesium-valsartan-hexahydrate, for a heating rate of 10 Kemin”in a sealed sample
container with a smail internal-volume, in an amount of 2.24 mg, was measured at 132°C
and the melting enthalpy at 64 kJ»MoI",

The density of the crystals of the hexahydrate of the magnesium sait of valsartan produced
according to example 2, determined by a helium pycnometer, is 1.273 geem®, This value
conformsto the theoretically calculated value of 1.256 g*cm® calculated from the single
crystal structure.
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The optical rotation of the-magnesium-vaisartan-hexahydrate produced according to

example 2 is measured in methanol as a 1%solution [a] m= - 14°
The enantiomer purity of the salt hydrate produced according to example 2 is determined by
a siereo-speciflc HPLC method. The stereo-specific separation is achieved by a chiral

column {Chiral AGP}. The enantiomerpurity is determined as ee = 99.6 %,

Calculation of the interlattice plane intervals from the X-ray powderpattern taken with a

Guinier camera is as follows for tha most Importantlines for thls batch of the magnesium

valsartan hexahydrate:
dintA ]: 19.78, 10.13, 9.84, 7.28, 6.00, 5.81, 5.67, 5.21, 5.04, 4.88, 4.21, 4.18, 4.08,

3.95, 3.46, 3.42.

Elementary analysis gives the following measured values of the elements presentin the

hexahydrate of the magnesium salt of valsartan and of water, The water evaluation is
carried out at 130°C after expulsion. The findings of the elementary analysis, within the
error jimits, correspond to the sum formula ( Cz. Haz Ns Oa) * Mig ** » 6 H2O.

% found % calculated

Cc 51.03 60.94

H 7.00 6.95

N 12.45 12.38

0 25,02 25.44

water 19.08 19.10
Mg 4.35 4.29

Example 3:

Production of the hydrate of di-potassium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-

pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine (3.5 + 1.0 mola H2O}

5 g of (8)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2"-(1 H-tetrazo!-5-yl)-biphenyl-4-

ylmethyl]-amine are dissolved whilst heating gently in 11.5 m! of 2 normal potassium

hydroxide solution and mixed with 320 m! of acetonitrile. The mixture is heated for 5

minutesto reflux (turbid solution), left without stirring for 3 days at room temperature

(seeding) and thenleft for 24 hours at O°C: The mother liquor is decanted. The
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crystallisate is washed twice with acetonitrile and then dried in the air for 36 hours until

reaching a constant weight. (S)-N-(1-carboxy-2-methyl-prop-1 -yl)-N-pentanoyl-N-{2'-(4 H-
tetrazo!-5-yl)-biphenyl-4-yimethyf]-amine dipotassium salt hydrate is obtained (3.7 mols

water per mo! cipotassium salt}. The melting point in a closed specimen container is 135°C.

Elementary analysis: Go, Haz Ns Og Kz, 3.72 H20, molar mass 578.72

% found

49.90

5.92

12.14

18.55

water 14,58

K 13.50

O2zmzmso
% calculated
49.81

6.00

12.10

18.58

11.58

13.51

X-ray diffractlon diagram measured with the diffractometer Scintag Inc., Cupertino, CA

95014, US, using Cukeradiation.

Reflection lines andintensities of the most importantlines of the hydrate of the di-potassium
salt of valsartan, values given in 26 in °:

 
26 in? Intensity

46 strong

8.8 medium

9.2 strong

41.1 weak

12.5 | weak |

14.8 — strong

15.3 weak |
16.4 medium

17.8 strong

18.2 medium

18.4 medium

18.9 m dium
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20.4

21.1

21.3

22.3

22.5

23.1

23.9

25.6

26.6

26.9

28,1

PCT/EPO1/08233

medium

weak

medium

weak

strong

medium

strong

weak

strong

medium

medium

Preferred are hydrates comprising the medium andstrongintensity peaks.

Table +1:

Crystal data and parameters of the hydrate of the di-potassium salt of valsartan

Crystal data

sum formula

molecular mass —

crystal system

space group

a (A)

b (A)

c (A)

Vv (A)

Z

F(000)

Dest, (g.cm™)

numberofreflections for cell parameters

6 rangs for cell parameters (°}

p (mm)

Temperature (°C)

crystal shape

(CosHoyNeOa)*2K" . x HzO (x=3.541.0}
574.78

orthorhombie

P2122

38,555(2)

7.577(1)

10.064(1)}

2940.0(5)

4

1212

1.286

25

30-38

3.24

23

prisms
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crystal size (mm)

crystal colour

Data collection

diffractometer

radiation { graphite monochromator }

wave length (A)
scan mode

scan range(8)

absorption correction

number of measuredreflections

number of observedreflections (I>2a(I))

h range

k range

frange

numberof standard reflections

variation in Intensity

Structure refinement

refinement method

number of parameters

R

Rw

$s

number of reflections used

treatment of H-atoms

NOmax

extinction correction

maximum/minimum residual electron density in
final difference-Fourier calculation

absolute structure parameters

PCT/EPO1/08253

0.63x0.20x0.14

colourless

Enraf Nonius CAD4

Cuka

1.54178

o/26

3-74
nene

3450

2867

-48-30

“90

-120

3 every 120 mins

+5%

refinement on F*, complete matrix
341

0.069

. 0.182

1.57

2367

“riding”, apart from those of the water

molecules ,which were ignored

0.24

0.0010(5)

0.815/-0.676(eA*)

-0.02(4)
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Programmes used

SHELXS86(Sheldrick, Géttingan),

XHELXL983 (Sheldrick, Géttingen),

SCHAKAL92 (Keller, Freiburg)

Example 4: os

Production of the di-potassium salt of (S}-N-(1-carboxy-2-methyl-prop-1-y!}-N-pentanoyl-N-

[2'-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine

25 g of (S)-N-(t-carboxy-2-methyl-prop-1-yl)-N-pentanoy!-N-[2’-(1H-tetrazol-5-yl}-bipheny}-4-

ylmethyl]-amine are dissolved in 200 ml of ethanol. 50 ml of water are added,the solution

cooled to 0°C and then mixed with 57.4 ml of 2 normal potassium hydroxide solution. The

mixture is concentrated by evaporation on a rotary evaporator, evaporated again with each

of toluene and acetonitrile, and dried in a high vacuum for 15 minutes at 50°C. The product

is dissolved in 290 mlof a hot mixture of acetonitrile/water (95:5), mixed with an additional

110 ml of acetonitrite, allowed to cool and seeded at ca, 30°C, The mixtureisleft to stand

for 4 days at room temperature andfiltered by suction. The residue is washed with

acetonitrile/water (95:5) and dried in a high vacuum at 80°C. (S)-N-(1-carboxy-2-methy!-
prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yi)-biphenyl-4-yimethy!}-amine dipotassium salt

is obtained as a white powder. Melting point >300°C. |

Elementary analysis: The material obtalned is hygroscopic and can be equilibrated in the air

(Ca, Ha; Nes Og Ko, 3.96 mols H20).
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Example 5:

Production of the di-sodium sait of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2"-
(1H-tetrazol-5-yl}-biphenyl-4-ylmethyl]-amine

1 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-blphenyl-4-
yimethyl]-amineis dissolved in 50 mi of ethanol, mixed with 2.3 ml of 2 normal sodium

hydroxide solution and concentrated by evaporation, and the residue is evaporated with
each of ethanol and ethyl acetate. The white residue is stirred in hot acetonitrite andfiltered

by suction at room temperature. Drying in a high vacuum at 80°Covernightyields (S)-N-(1-
carboxy-2-mathy!-prop-1 -yi)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine

disodium salt as a white powder. Melting point from 260°C, brownish discolouration at
295°C.

Elementary analysis: The material obtained (hygroscopic) can be equilibrated in the air {Coz
Hz7 Ns Og Naz, §.36 mols HzO, molar mass 576.05) .

nee's Ji avo: Gale
7 ay. gi EI : . :

: beefodnida a ere

23.44 — 
Example 6:

Production of the magnesium salt of (5)-N-(1-carboxy-2-methy!-prop-1 -yl)-N-pentanoy!-N-
[2'-(1H-tetrazol-5-yl)-biphenyi-4-ylmethyl}-amine

5 g of (S}-N-(1-carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2'-{1 H-tetrazol-5-yl)-blphenyl-4-
ylmethyl]-amine are added to a suspension of 0.666 g of magnesium hydroxide In 20 mlof
water, 40 ml of methanol are added, then tha mixture is stirred for 2 hours at room

temperature and concentrated. The residue Is dissolved In methanol,filtered through a

hard filter, concentrated and evaporated with acetonitrile. The productis stirred with hot
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acetonitrile, filtered by suction at room temperature and dried in a high vacuum at 90°C over

night. (S)-N-(1-carboxy-2-methyl-prop-1 -yl)-N-pentanioyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl4-

ylmethyl]-amine magnesium salt is obtained as a white powder. Melting point: The sample

becomes brownish upon heating andvitrifies towards 300°C.

Elementary analysis: Cog H27 Ns O3 Mg, 0.89 mols H20, molar mass: 473.85

ah. fr EadsSO meas os

“T6126 60.83

a
14.88 14.78

43

 
Example 7:

Production of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoy-N-[2’-

(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine .

5 g of (S)-N-(1-carboxy-2-methyl-prop-1 -yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-y1)-biphenyl-4-

ylmethyl]-amine are added to a suspension of 0.851 g of calcium hydroxide In 20 ml of

water and then mixed with, 200 m! of ethanol, The mixtureis stirred for one hour at room

’ temperature, concentrated by evaporation to dryness (re-evaporation with acetonitrile),
stirred In hot acetonitrile (with a trace each of ethanol and water) andfiltered by suction at
room temperature,

0.95 g of the salt are heated to reflux in 20 ml of acetonitrileAwater (1:1), whereby the
mixture almost dissolves. The mixture is allowed to cool to room temperature, mixed with

20 mi of acetonitrile, fitered by suction and washed twice with acetonitrileAwater (1:1) and

dried over night in a high vacuum at 80°C, Melting point: from 300°C (decomposition).

Elementary analysis: C24 Hay Ns Os Ca, 1.71 mols H20, molar mass 504.39 (water

evaluation carrled out after expulsion at 150°C).
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Example 8:

Production of the mono-potassium salt of (S}-N-{1-carboxy-2-methyl-prop-1 -yi)-N-pentanoyl-
N-[2'-(1H-tetrazol-5-yl)-biphenyi-4-ylmethyl]-amine

2 9 of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4:
yimethyl]-amine are suspendedin 20 ml of water and mixed with 2.296 ml of a 2 normal

potassium hydroxide solution. The mixture Is stirred for 30 minutes and mixed with 50 ml of

ethanol, whereupon a colourless solution is obtalned. The mixture is concentrated by
evaporation, evaporated once more with acetonitrile and lyophilised from tert.-butanol (with
a trace of water). ,

Elementary analysis (after equilibration in the air), C24 Haz Ns O3 Ca, 1.69 mols H20, molar
mass 504.06 (water evaluation carried outafter expulsion at 150°C).

 
Example 9:
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Production of the magnesium salt as the hexahydrate of valsarian by a water-equilibrating

process,

1600 g of valsartan and 6820 g of isopropanol are stirred to form a suspensionin a mixing

container at room temperature, and added to an 80litre glass receptacle with a stirrer. The

mixing containeris rinsed with 3919 g of isopropanol in portions andthe rinsing solution

added to the main mixture. After adding 3800 g of deionised water, the mixture is

transformed inte a homogeneoussolution by stirring. Then, 156.3 g of magnesium oxide,

suspended in 1520 g of deionised water, are added and the suspension supplemented with
1000 g of deionised water. By slowlystirring at room temperature, the magnesium oxide

goesinto solution. The pH valueof the resulting solution is ca. 7.2. By adding a further

2.5 g of magnesium oxide In small portions, the pH value Is raised to ca. 8.3. The resulting

mixture is turbid owing to undissolved particles of unknown typein the magnesium oxide.

This mixture is transferred through a candle filter to a 35 litre enamel boiler and the glass

receptacie and the transfer tube are rinsed with 885 g of isopropanol and 1122 9 of

deionised water. For mild concentration, a vacuum is created in the boiler to aninitial |

‘theoretical value of 89-100 mbar. With a temperature of the heating medium of 45-50°C

and a boiling temperature of the mixture of 37-40°C,a total of 13.56 kg of aqueous

isopropanolis distilled. By lowering the distillation pressure to a fina! value of 10 mbar and

simultaneously ralsing the heating medium temperature to 65°C, the amountof distillate is

increased to a total of 17.12 kg. 9300 g of ethyl acetate, followed by 14.9 g of valsartan Mg

salt hexahydrate as seeding crystals, are added to the boiler content whilststirring. Finally,

a further 6680 g of ethyl acetate are dispensed in and coolingIs effected to room
temperature whilst stirring. The stlrring procedure is maintained for at teast 24 hours. The

suspensionis then filtered through Bachnerfilters. A moistfilter cake is thus obtained. The

boiler is rinsed with 1171 g of ethyl acetate and the rinsing mixture is used to washthefilter

cake. Drying of a partial amount on metal sheets in a vacuum drying chamber at 50 mbar
pressure and 40°C oven temperature for 6.5 hours until reaching a constant weightyields a

dry substance, |

The physical data, especially the X-ray powder pattern, correspond to the magnesium

hexahydrate salt of example 2. .
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Example 10; . .
Production of the calcium salt of valsartan as the tetrahydrate.

1600 g of valsartan and 7000 g of ethanol are stirred to forma suspension in a mixing
_ contalnerat room temperature, and added to a 35litre enamelboiler with a stirrer. The

mixing containerIs rinsed with 2000 g of ethanolin portions andthe rinsing solution added
to the main mixture. After adding 9000 g of deionised water, the mixture is transformed into

a homogeneoussolution bystirring. Then, 272 g of calcium hydroxide, suspendedin 1500
gof deionised water, are added and the suspension supplemented with 1300 g of
delonised water, By slowly stirring at room temperature, the calcium hydroxide goesinto
solution. The pH value of the resulting solution Is ca. 6.9. By adding a further 9.6 g of
calcium hydroxide, the PH valueis raised to ca. 10,6. The resulting mixtureis turbid owing
to undissolvedparticles (calcium carbonate) in the calcium hydroxide. This mixture is .
transferred through a candlefilter to a 35 litre enamel boller and the glass receptacle and
the transfer tube are rinsed with a solution of 1048 g of ethanol and 1000 g of deionised
water, For mild concentration, avacuum js created in the boiler to a theoretical value of
100-120 mbar. With a temperature of the heating medium ofca. 50°C and a boiling
temperature of the mixture of max. 44°C, a total of 11.32 kg of aqueous ethanolis distilled.
The dissolved sait crystallises spontaneously during the course ofdistillation. The
Suspension presentat the endofdistillation is cooled to ca. 5°C whilst Stirring, andis stirred
forca. 16 hours at 5°C. The suspensionis thenfiltered through Buchnerfilters. The boiler
is rinsed with a mixture of 3600 mlof delontsed water and 400 ml of ethanol, the mixture
being cooled to 5°C, and the rinsing mixture is used to washthefilter cake. A molstfilter
cakeIs thus obtained. Drying of a partial amount on metal sheets in a vacuum drying
chamberat 50 mbar pressure and 40°C oven temperature for 24 hours until reaching a
constant weight yields a dry substance.

The physical data, especially the X-ray powderpattem, correspond to the calcium
tetrahydcrate salt of example 1.

Example 11:

Hydrate of valsartan disodium satt (2.4 + 1.0 mole He):
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50 ml of 2N sodium hydroxide solution are added dropwis at ca. 25°C to a solution of -

21.5 g of valsartan in 200 ml of isopropanol. The clear solution (pH ca. 7.2) is concentrated

under vacuum at ca. 40°C. The amorphousresidues of the disodium salt is suspended in

100 mi! of isopropanol, and water Is removed by concentrating under vacuum once moreat

ca. 40°C and degassing. The amorphousresidue is suspendedin 75 ml of acetone and

2 mi of water at'ca. 40°C. At ca. 25-30°C, 200 miof tert,-butylmethylether are added,

whereby constituenis thatareinitially smeary are gradually transformed into a crystalline

suspension. After stirring over night at ca. 25°C, the suspensionis coolad to 10°C and after

ca. 1 houris filtered by suctlon whilst excluding atmospheric moisture. Washing then takes

place with 20 ml!of tert.-butylmethylether. The moistfilter cake is dried over night at

ca. 30 mbar and at 30°C. A colourless, slightly hygroscopic crystal powderIs obtained.

Elementary ana C2 Mer Ns Cs Nee|2.44 mols20
pula6

epee

X-ray diffraction diagram (reflection lines and intensities of the most importantlines) of the

 
crystalline hydrate of the disodium salt of valsartan measured with the diffractometer

Scintag Inc. Cupertino, CA 95074, US, using CuKeradiation:

Intensity

strong

strong

weak

weak

medium

medium
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17.2 medium

medium:

medium

medium

medium

medium

strong

weak

weak

weak

medium

weak

weak

weak

weak

weak

medium

 
Example 12:

Hydrate of the valsartan dipotassium salt (3.4 + 1.0 mole HzO):

6.9 g of potassium carbonate are added at ca. 25°C to the solution of 21.7 g of valsartan in
150 mi of acetone and 20 ml of water. Afterstirring for 2 hours at ca. 25°C, an almostclear

solution is obtained, which Is concentrated in a vacuum at ca. 50°C bath tamperature.
55 ml of acetone are addedto the residue (29.3 g) which contains residual water, and at

ca. 35°C, over the course of ca. two hours, a total of 250 ml of tert.-butylmethyletherIs

dispensed in. After stirring at ca. 25°C, the easlly stirrable crystal suspension jis cooled to

10°C,stirred for at least one hour,filtered by suction and washed with 20 mi of
tert.butylmethylether. The molst filter cake is dried over night at ca. 30 mbar and at 30°C.
A colourless, slightly hygroscoptc crystal powderis obtained.

Elementary analysis: Cz, Hey Ng Og Ke, 3.42 mols HO
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X-ray diffraction diagram measured with the diffractometer Scintag Inc., Cupertino, CA

95014, US using a CuKa. radiation.

Reflection lines and Intensities of the mest impcriantlines of the hydrate of the di-potassium

salt of valsartan, values given In 28 in °:

26 in° Intenslty

4.9 strong

9.4 strong

11.4 weak

12.8 . weak

14.0 | weak

15.0 weak

15.6 weak

16.6 medium

18,0 weak

18.5 . weak
18.9 weak

' 20.7 | weak

21.5 weak

22.0 weak

22.7 medium

23.3 . weak

24.1 medium

25.6 _ weak

25.8 . weak
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27.1 medium

29.4 weak

Preferred are hydrates comprising medium and strong Intensity peaks.

Example 13: .

Valsartan calcium/magnesium mixed salt:

21.5 g of valsartan in 200 miof isopropanol and 100 mi of water are stirred for ca. 3 hours
at ca. 25°C with 1.5 g of magnesium hydroxide and 1.9 g of calcium hydroxide. The
practically clear solution Is concentrated in a vacuum at ca. 50°C. A total of 240 mi of ethyl
acetate is added withstirring to thestill warm, semi-solid residue which contains residual
water. Uponstirring overnight at ca. 25°C, initially sticky constituents are transformedinto a
homogeneous suspension. The suspensionisfiltered by suction and washed with 20 mlof
ethyl acetate. The moistfilter cake is dried in a vacuum at 30-40°C. A colourless crystal
powder is obtained.

_The X-ray diffraction diagram correspondsto a conglomerate of calcium tetrahydrate and
magnesium hexahydrate from example 1 and 2,

Example 14:

Valsartan bis-dlethylammonium salt:

1.5 g of diethylamine are added dropwise at ca. 25°C te the solution of 4.35 g of valsartan
in 60 ml of acetone. After a short time, crystallisation slowly sats in. After stirring over
night, the crystallisateisfiltered by suction at ca. 20°C, washed with cold acetone and dried
in a vacuum at ca. 50°C. A colourless crystal powderis obtained.

Flementary analysis: Caz Hs; Ne Os 0.1 mols HO
|6584~

16.80
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X-ray diffraction diagram (reflection lines and intensities of the most Importantlines) of the

- crystalline bls-diethylammonium salt

Intensity:

weak

strong

strong

strong

weak .

strong

medium

weak

medium

medium

medium

medium

weak

medium

weak

medium

weak

medium

weak

medium

weak

weak

 
Example 15:

Valsartan bis-dipropylammonium salt:

2.19 of dipropylamine are added dropwise at 25°C to the solution of 4.35 g of valsartan in
60 mi of acetone. Whencrystallisation has setIn, the temperature Is raised for a brief
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period to 40°C andis allowed to drop to room temperature over ca. 2 hours. After stirring
over night, the crystallisateis filtered by suction, washed twice with 15 ml of acetone and

dried in a vacuum at ca. 40°C. Granularcrystals are obtained.

Elementary analysis: Cae Heo Ny Os GG.05 mais M20

 
pear[orsfae

X-ray diffraction diagram (reflection tines and intensities of the most important lines} of the

 
crystalline bls-dipropylammonium salt

Intensity

strong

weak

strong

medium

weak

weak

weak

strong

strong

weak

weak

weak

weak

weak

medium

medium

strong

weak

 
BIOCON PHARMALTD(IPR2020-01263) Ex. 1015, p. 130



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 131

WO 02/06253 PCT/EP01/08253

-58-

20.4 weak

weak

strong

weak

medium

strong

weak

medium

weak

weak

weak

 
Example16;

Bis-dibutylammonium salt of valsartan:

A solution of 2.15 g of valsartan in 30 mI of acetone is mixed with 1.4 g of dibutylamineat
ca. 25°C. Crystallisation sets in after a short time, and the thick suspension is gradually
diiuted with 20 ml of isopropyl acetate over ca. 1 hour, After stirring for 4 hours at ca. 25°C,

the crystals are removed by suction, washed twice with 10 ml of Isopropyl acetate and dried

in a vacuum at 50°C, A colourless,slightly hygroscopic crystal powderis obtained.

Elementary analysis: Cag Ha? Nz Og, 0.5 mols H2O

 
X-ray diffraction diagram (reflection lines and intensities of the most important ines) of the
crystalline bis-dibutylammonium salt
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intensity

very strong

medium

strong

strong
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strong

medium

strong
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weak
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medium

medium

medium

medium

medium

strong |

weak

weak

medium

medium

weak

weak

 
weak

Formulation example 1:

Directly compressedtablet:

Ingredient proportion per batch|proportion per

[g] tablet core [mg]

valsartan calcium salt tetrahydrate }1342400080
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Avicel PH 102 (microcrystalline 60.408

cellulose)

lactose (crystalline) 96.1494

aerosil 200 (silica, colloidal 0.839

anhydrous)

magnesium stearate (vegetable) 6.2086

ingredientno. 1 is sieved through a 0.5 mm sieve and mixed for 15 minutes in a Turbula

  
  
 

 

with ingredients 1-6. Tablets are compress using a single punchtablet press with punches

of a diameter of 8mm.

Formulation example 2:

' Tablet produced byroller compaction:

No,|Ingredient proportion per proportion per

valsartan magnesiumsalt hexahydrateaLe
2 Avicel PH 102 (microcrystalline 270oe
S|seapeiaors
f4 aerosil 200 (silica, colloidal anhydrous}750fT
Ea
|

 

   
   

    
Ingredients no. 1-5 are mixed for 50 minutes and compacted on a Freundroller compactor.
The band is milled and after admixing ingredient no 6, compressedinto tablets using a

single punch tablet press with punches of a diameter of 8mm.
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4. A-salt of valsartan, selected from the group consisting of the monosodium salt, the
monopotassium salt, the disodium salt, the dipotassium salt, the magnesium salt, the
caicium salt, the bis-dlethylammonium salt, the bis-dipropylammonlum salt, the bis-
dibutylammonium salt, the mono-L-arginine salt, the bis-L-arginine salt, the mono-L-_lysine

salt and the bis-L-lysine salt, as well as salt mixtures thereof.

2. Asalt according to claim 1 In crystailine, partially crystalline or amorphous form.

3. The calcium salt or the magnesium salt of valsartan according to claim 1.

4. The tetrahydrate of the calcium salt of valsartan according to claim 3,

5. ‘The tetrahydrate according to claim 4, characterised by

(ij=oan X-ray powderpattern taken with a Guinier camera comprising the following
interlattice planeintervals: ;
din [Al: 16.120.3, 9.940.2, 9.420.2, 7.0320.1, 6.50+0.1, 5.87+0.05, 5.7420.05, 4.9540.05,

4.7340.05, 4.33240.05, 4.152:0.05, 4.1240.05, 3.952-0.05; or So
ji) an ATR-IR spectrum having the following absorption bands expressed in reciprocal
wave numbers (cm”): ;
1621 (st); 1578 (m); 1458 (m); 1444 (m); 1417 (m); 1364 (m); 1012 (m); 758 (m); 738 (m);

696 (m); 666 (m).

6. The hexahydrate of the magnesium salt of valsartan according to, claim 1.

7. The hexahydrate according to clalm 6, characterised by

@ an X-ray powderpattem taken with a Guinier camera comprising the following
interlattica plane intervals:

d in [A] : 19.7#0.3, 10.1140.2, 9.80.2, 7.2810,1, 5.8140.05, 5.6820.05, 5,03+0.05,

4.882-0.05, 4.1820.05, 4.08+0.05, 3.46 40.05; or
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{ii} an ATR-IR spectrum having the following absorption bands expressedin reciprocal

wave numbers (em”): |
3378 {m); 3274 (m); 2956 (m); 1619 (st); 1557 (m); 1464 (m); 1419 (m); 1394 (st}; 1374 (m);

1175 (m); 836 (m); 820 (s); 766 (st); 751 (m); 741 (st); 732 (st).

8.  Asalt according to one of claims 1-7 in the form of a solvate.

9. Asalt according to one of claims 1-8 in the form of a hydrate.

10. A-salt according to one of claims 1-9 In a form selected from the group consisting of

{} acrystaliine form;

(ii) a partly crystalline form;

(iii)|an amorphous form; and

(iv) a polymorphousform.

41. Pharmaceutical preparation containing a compound according to one of claims 1 to 10

and a pharmaceutically acceptable excipient or additive.

12. Pharmaceutical preparation according to claim 11, containinga salt according to one

of claims 1-9 in combination with at least one composition selected from the group
consisting of a:

()} =.HMG-Co-A reductaseinhibitor or a pharmaceutically acceptable salt thereof,

{ii) angiotensin converting enzyme (ACE)Inhibitor or a pharmaceutically acceptable salt

thereof,

(iil) calcium channel blocker or a pharmaceutically acceptable salt thereof,

{iv} aldosterone synthaseinhibitor or a pharmaceutically acceptable salt thereof,

(v) aldosterone antagonist or a pharmaceutically acceptable salt thereof,
(vi) dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP}inhibitor ora

pharmaceutically acceptable salt the reof,
(vil) endothelin antagonist or a pharmaceutically acceptable salt thereof, .
(vill) renin inhibitor or a pharmaceutically acceptable salt thereot, and

{ix} diuretic or a pharmaceutically acceptable salt thereof.
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13. Use of a compound according to one of claims 1 to 10 in the preparation of a

‘medicamentfor the prophylaxis or treatment of diseases and conditions which can be

inhibited by blocking the AT; receptor.

14. Process for the manufacture of a salt according to claim 1, characterised in that

(i) valsartan and the appropriate base are addedto a water-containing organic solvent,

{ii} the solvent is concentrated, for example by heating,If necessary under reduced

pressure or by slowly evaporating, 6.g. at room temperature,

(iii} the residue of evaporationis equilibrated with the required amountof water by

(a) suspending the residue of evaporation, which is advantageously still warm, and which

stil contains some water, in an appropriate solvent or

(b) by equilibrating the water excessin the solvent;

wherebyin a) and b) the existing or added wateris presentin @ quantity in which the water
dissolves in the organic solvent and does not form an additional phase; and

{iv) the salt obtainedis isolated. |
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(57) Abstract: Compounds of the formula (formula) wherein,R,:R;, COOR,,R2,end x have meaning as defined, such being useful as
dual inhibitors of angiotensin converting enzyme and neutral endopeptidase, as well as inhibitors of endothelin converting enzyme.
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DIPEPTIDE DERIVATIVES
SEEERATIVES

Summary of the invention

The presentinvention directed to novel vasapeptidase inhibitors described below
which are useful as dual inhibitors of both angiotensin converting enzyme (ACE) and neutral
endopeptidase (NEP, EC 4.4.24.11). The compoundsof the invention are Particularly useful
for the treatment and/or the prevention of conditions which are responsive to ACE and NEP
inhibition, Particularly cardiovascular disorders, such as hypertension,isolated systolic
hypertension, renalfailure (including edema and salt retention), pulmonary edema,left
ventricular hypertrophy, heart failure {including congestive heart failure) and atherosclerosis.
The compounds ofthe Invention are also useful for reducing elevated cholesterol plasma
levels in mammals. Furthermore, they also inhibit endothelin converting enzyme (ECE) and
are Usefulfor the treatment and/or Prevention of conditions which are responsive to ECE
inhibition.

By virtue of thelr inhibition of neutral endopeptidase, the compoundsof the invention
may also be usefulfor the treatment of pain, depression, certain psychotic conditions, and
cognitive disorders. Other potential indications include the treatmentof angina,
premenstrual syndrome, Meniere's disease, hyperaldosteronism, hypercalciuria, ascites,
glaucoma, asthma and gastrointestinal disorders such as diarrhea,irritable bowel syndrome
and gastric hyperacidity.

By virtueoftheir inhibition of ECE, the compoundsof the invention may also be
useful for the treatment and/or prevention of endothelin dependentconditions and diseases,
including cerebral ischemia (stroke), subarachnoid hemorrhage,traumatic brain injury,
cerebral vasospasm,arterial hypertrophy, restenosis, Raynaud's disease, myocardial
infarction, obesity: also prostate hyperplasia, migraine, dlabetes mellitus (diabetic
nephropathy), Preeclampsia, glaucoma, and transplantation rejection such as in aorta or
solid organ transplantation: as well as erectile dysfunction.
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Detailed Description of the Invention

The present Invention relates to compoundsof formula |

i i ; i 9 alkXR,. 1 | (1)
R,S-——— C-—~ C —-N——.C_—_rh

R
Ry 7

wherein

R represents hydrogen, jloweralkyl, carbocyclic or heterocyclic aryt- lower alkyl or
cycloalkyl-loweralkyl;

R, represents lower alkyl, cycloalkyl, carbocyclic or heterocyclic aryl, or biaryt; or Ry
represents (cycloalkyl, carbocyclic aryi, heterocyclic aryl or biaryl)-fower alkyl;

alk represents lower alkylene;

Rg represents hydrogen oracyl;

R, represents hydrogen, optionally substituted loweralkyl, carbocyclic or heterocyclic
aryl, (carbocyclic or heterocyclic aryl)-loweralkyl, cycloalkyl, cycloalkyl-loweralkyl, biaryl,
biaryl-loweralkyl, oxacycloaikyl, thiacycloalkyl, azacycloalkyl, or (oxacycloalkyl,
thiacycloalkyl or azacycloalkyl)-lower alkyl;

Rs represents hydrogenor loweralkyl: or

R, and Rs, together with the carbon atom to which they are attached, represent
cycloalkylidene, benzo-fused cycloalkylidene; or 5- or 6-membered {oxacycloalkytidene,
thiacycloalkylidene or azacyctoalkylidene}, each optionally substituted by lower alkyl or aryl-
loweralkyl;

Re represents lower alkyl, carbocyclic or heterocyclic aryl, (carbocyclic or heterocyclic
aryi}lower alkyl, cycloalkyl, cycloalkyl-loweralkyl, blaryl or biaryl-loweralkyl;

R; represents loweralkyl, (carbocyclic or heterocyclic aryl)-loweralkyl, sycioalkyt-loweralkyl er biaryl-lower alkyl; or _

Rg and Ry, together with the carbon atom to which they are attached, represent 3- to
10-membered cycloalkylidene which may be substituted by lower alky! or aryl-loweralkyl or
may be fused to a saturated or unsaturated carbocyclic 5- to 7-memberedring; or 5- or
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6-membered (oxacycloalkylidene, thiacycloalkylidene or azacycloalkylidene), ach optionally
substituted by loweralky! or aryl-loweralkyl: or 2,2-norbonylidene:

X represents -O-, -S(O),-, -NHSO;z,or -NHCO-;
Nis zero, one or two; and

COOR,represents carboxyl or carboxyl derivatized In form of a pharmaceutically
acceptable ester:

disulfide derivatives derived from said compounds wherein Rg is hydrogen: and
pharmaceutically acceptable salts thereof.

The presentinvention is also directed to pharmaceutical compositions comprising
sald compounds; methods for Preparation of said compounds; intermediates; and methods
of treating disorders in mammals which are responsive to ACE and NEPinhibition by
administration of said compounds to mammals in need of such treatment.

Encompassedbytheinstant invention are also any prodrug derivatives of
compounds of the invention having a free carboxyl, sulfhydryl or hydroxy group, said prodrug
derivatives being convertible by solvolysis or under physiological conditions to be the free
carboxyl, sulfhydryl and/or hydroxy compounds. Prodrug derivatives are, 6.g., the esters of
free carboxylic acids and S-acyf and O-acy] derivatives ofthiols, alcohols or phenols,
wherein acyl has meaning as defined herein.

Pharmaceutically acceptableesters are preferably prodrug esterderivatives, such
being convertible by solvolysis or under physiological conditions to the frea carboxylic acids
of formula }.

Pharmaceutically acceptable prodrug esters are preferably, ¢.9., lower alkyl! esters,
aryl-loweralkyl esters, «(lower alkanoyloxy}-lower alkyl esters such as the
pivaloyloxymethyl ester, and a-(lower alkoxycarbonyl, morpholinocarbony),
piperidinocarbonyl, pyrrotidinocarbonyl or di-lower alkylaminocarbonyl)-lower alkyl esters.

Pharmaceutically acceptable salts ara salts derlved from pharmaceutically
acceptable bases for any acidic compounds of the invention, é.g., those wherein GOOR,
represents carboxyl. Such are, é.g., aikali metal salts (e.g., sodium, potassium Saits),
alkaline earth metalsalts (€.9., magnesium, calcium Salts), amine salts (e.9., fromethaminesalts).
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Compoundsof formula I, depending onthe nature of substituents, possess two or
mors asymmetric carbon atoms. The resulting diastereomers and optical antlpodes are
encompassedbytheinstant invention. The preferr_d configuration is indicated In formula la.

Ry i | i. oO alkXCR,| | |
R,s— C-— ¢__n—_¢— C—N—CH—coor, (™)

R
5 R;Aas

wherein asymmetric carbons carrying the substituents - alk-X-R, and R, typicaily have the
5-configuration.

Preferred are the compoundsof formula | and ta wherein R and R, represent
hydrogen; R, represents loweralkyl, C;- or Ce-cycloalkyi, carbocyclic or heterocyclic aryl, or
(carbocyclic or heterocyclic aryl}-loweralkyl; alk represents lower alkylene; X represents -O-
or -S(O), wherein n represents zero or two; Rs represents hydrogen or acyl; R, represents

‘ optionally substituted loweralkyf, oxacycloalkyl, oxacycloalkyl-loweralkyl, or (carbocyclic or
heterocyclic aryl)-loweralkyl; Rs represents hydrogen; or R, and Rs combined with the
carbon atom to which they are attached represent Cs or C,-cycloalkylidena; Rs and R,
represent loweralkyl; or Re and R;, together with the carbon atom to which they are
attached, represent 5- or 6-membered cycloalkylidene; COOR, represents carboxyl or
carboxyl derivatized in form of a pharmaceutically acceptable ester; disulfide derivatives
derived from said compounds wherein Rs is hydrogen; and pharmaceutically acceptable
Salts thereof.

Further preferred are sald compoundsofformula | and la wherein R and Rs represent
hydrogen; R; represents carbocyclic or heterocyclic aryl or (carbocyclic or heterocyclic aryl}-
loweralkyl; Rs represents hydrogenor optionally substituted lower alkanoyl; Ry represents

‘lower alkyl, cycloalkyl, tetrahydropyranyl or C,-C,-lower alkoxyloweralkyl; Re and Ry both
represent C,-Cyralkyl and are identical; X represents -O- or -S-; alk represents methylene;
COOR;represents carboxyl, lower alkoxycarbonyl, (di-lower alkylaminocarbonyl)}-lower
alkoxycarbonyl or (morpholinocarbonyl, piperidinocarbony! or pyrrolidinocarbonyi)-lower
alkoxycarbonyl; and pharmaceutically acceptable salts thereof.

Particularly preferred are sald compounds offormula [ or la wherein R and Rg
represent hydrogen; R; represents carbocyclic aryl or carbocyclic aryHowsralkyl! in which
carbocyclic aryl represents phenyl or phenyl substituted by one or two of hydroxy, lower _
alkanoyloxy, lower alkyl, lower alkoxy, trifluoromethyl, trifluoromethoxy or halo; Rs represents
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hydrogen, lower alkanoy! or lower alkanoyl substituted by lower alkoxy; Rar presents lower
alkyl, 4-tetrahydropyranyl or ©,-C,-low 1 alkoxy-C,-C,-lower alkyl; Re and Ry; represent
methyl; X represents -O-; alk represents methylene or ethyl ne; and COOR, represents
carboxy or lower alkoxycarbonyl; and pharmaceutically acceptable salts therecf, An
embodimentthereofrelates to compounds wherein Ag represents hydrogenor lower
alkanoyl,

Further preferred are the above compoundsof formula | or la wherein R and Rs 7
represent hydrogen; R, represents phenyl, fluorophenyl, benzyt or flucrebenzy; ,
Rg represents hydrogen, lower alkanoy! or lower alkanoyl substituted by lower alkoxy: Ry
represents isopropyl, tert-butyl, 1-methoxyethyl or 4-tetrahydropyranyl; Rg and Ry represent
methyl; X represents -O-: alk represents methylene; and COOR,represents carboxyl or
loweralkoxycarbonyl; and pharmaceutically acceptable salts thereof. An embediment.
thereof relates to compounds wherein Rg represents hydrogen or lower alkanoyl,

Preferred particular embodiments relate to compoundsof formula | or la wherein R
and RF; represent hydrogen; Ri,represents benzyl; Rg represents hydrogen, acetyl or:
methoxyacetyl; Ry represents isopropyl ortert-butyl; Rg and Ry represent methyl; X
represents -O-; alk represents methylene; and COOR, represents carboxyl or
ethoxycarbonyl; or a pharmaceutically acceptable salt thereof.

The definitions as such orin combination as used hereln, unless denoted otherwise,
have the following meanings within the scopeof the presentinvention.

Aryl represents carbocyclic or heterocyclic aryl, either monocyclic or bicycle,

Monacyclic carbocyclic aryt represents optionally substituted phenyl, being preferably
phenylor pheny! substituted by one to three substituents, such being advantageously lower
alkyl, hydroxy, loweralkoxy, acyloxy, halogen, cyano, trifluoromethy|, triflucromethoxy,
amino,lower alkanoylamino, lower alkyl-(thio, sufinyt or sulfonyl), lower alkoxycarbonyl,
mono- or di-lower alkylcarbamoyl, or mono- ordi-lower alkylamino; or phenyl substituted hy
lower alkylenedioxy. .

Bicyclic carbocyclic aryl represents 1- or 2-naphthyl or 1- or 2-naphthyi preferably
substituted by lower alkyl, lower alkoxy orhalogen,

Monocyclic heterocyclic aryl represents preferably optionally substituted thiazolyl,
pyrlmidyl, triazolyl, thienyl, furanyl or pyridyt,
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Optionally substituted furanyl represents 2- or 3-furanyl or 2- or 3-furany! preferably
substituted by loweralkyl.

Optionally substituted pyridyl represents 2-, 3- or 4-pyridyl or 2-, 3- or 4-pyridyt
preferably substituted by lower alkyi, halogen or cyano.

Optionally substituted thienyl represents 2- or 3--thleny! or 2- or 3-thieny! preferably
substituted by loweralkyl.

Optionally substituted pyrimidyl represents, e.g., 2-pyrimidyl or 2-pyrimidy!
substituted by lower alkyl,

Optionally substituted thiazolyl represents, e.g., -2-thiazolyl or 2-thiazoly! substituted
by loweralkyl.

Optionally substituted triazoly! represents, @.g., 1,2,4-triazolyl or 1,2,4-triazolyl
preferably substituted by lower alkyl.

_ Bicyclic heterocyclic aryl represents preferably indolyl, benzothiazolyi, quinoliny! or
isoquinolinyl optionally substituted by hydroxy, loweralkyl, lower alkoxy or halogen,
advantageously 3-indalyl, 2--benzothiazolyl or 2- or 4-quinolinyl.

Aryl as in aryllower alkytis preferably phenyl or phenyl substituted by one ortwo of
lower alkyl, lower alkoxy, hydroxy, lower alkanoyloxy, halogen,trifluoromethyl, cyano,lower
alkanoylamino or lower alkoxycarbonyl; also, optionally substituted naphthyl.

Aryl-loweralkyl is advantageously benzyl or 1- or 2-phenethy! optionally substituted
on phenyl by one or two of lower alkyl, lower alkoxy, hydroxy, lower alkanoyloxy, halogen or
trifluoromethyl.

The term “lower” referred to herein in connection with organic radicals or compounds
respectively defines such with up to and including 7, preferably up and including 4 and
advantageously one or two carbon atoms. Such may be straight chain or branched.

Optionally substituted lower alkyl refers to lower alkyl or lower aikyi substituted by,
e.g., halo, hydroxy, lower alkoxy, amino, (mono- ordi-lower alkyl) amino, acylamino, 1-lower
alkyl-piperazino, morpholino, piperidino, pyrrolidine andthelike.
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Lower alkylenerefers to a Straight or branched carbon chain having preferably 1 to 4
carbon atoms, which may be substituted, e.g., by iower alkoxy, for example, -CHz, -CH
(CH3)-, -CH2CH;z- andthelik .

A loweralkyl group preferably contains 1-4 carbon atoms which may be straight
chain or branched and represents, for example, ethyi, propyl, buty! or advantageously
methyl.

A lower alkoxy group preferably contains 1-4 carbon atoms which may bestraight
chain or branched and represents, for example, methoxy, propoxy, isopropoxy or
advantageously ethoxy.

Cycloalkyl represents a saturated cyclic hydrocarbonradical which prefarably
contains 5- to 7-ring carbons, preferably cyclopentyl or cyclohexyl.

Oxacycloalkyl represents preferably 5- to 7-membered oxacycloalkyl, e.g.,
tetrahydropyranyl,- such as 4-tetrahydropyranyl.

Thiacycloalky! represents preferably 5- to 7-membered thiacycloalkyl, .g., |
tetrahydrothlopyranyl, such as 4-tetrahydrothiopyranyl.

Azacycloalkyl represents preferably 5- to 7-membered azacycloalkyl, e.g., pyrrolidinyl
or piperidinyl in which the nitrogen may be substituted by lower alkyl or aryHoweralkyl,

The term cycloatkyHower alkyt represents preferably (cyclopenty! or cyclohexyl)-
methyl, 1- or 2-(cyclopenty! or cyclohexyt)ethyl, 1-, 2- or 3-(cyclopentyl or cyclohexy)propyi,
or t-, 2-, 3+ or 4-(cyclopenty! or cyclohexyl}-butyl. Similarly (oxacyctyl, thiacycloalkyi or
azacyCcloalky!)-lower alkyi.

A lower alkoxycarbonyl! group preferably contains 1 to 4 carbon atomsin the alkoxy
portion and represents,for example, methoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl -
or advantageously ethoxycarbonyl,

Cycloalkylidene is 3- to 10-membered, preferably 5- or 6-membered, and represents
a cycloalkane linking group in which the two attached groupsare attachedto the same
carbon of the cycloalkane ring.
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5- or 6-membered oxacycloalkylidene represents a tetrahydrofuran or

tetrahydropyranlinking group, ie., fetrahydrofuranylidene or tetrahydropyranylidene, in
which the twoattached groupsare attached to the same carbon atom of th respective rings,

.g., at the 3- or 4-position thereof.

S- or 6-membered thiacycloalkylidene represents a tetrahydrothiophene or
tetrahydrothiopyranlinking group in which the two attached groupsare attached ta the same
carbon atom ofthe respective rings, €.g., at the 3- or 4-position thereof.

5- or 6-membered azacycloalkylidene represents a pyrrolidine or piperidine linking
group in which the two attached groups are attached to the same carbon atom of tha
respective rings, e.g., at the 3- or 4-position thereof, and the nitrogen may be substituted by
loweralky!, e.g., methyl, or by aryl-loweralkyl, e.g,, benzyl.

Benzo-fused cycloalkylidene represents, &.9., 1,1- or 2,2-tetralinylidene or 1,4- or
2,2-indanylidene.

Halogen (halo) preferably represents fluoro or chloro, but may also be bromoorfodo.

Acylis derived from a carboxyli¢ acid and represents preferably optionally substituted
loweralkanoyl, carbocyclic aryl-lower alkanoyi, aroyl, lower alkoxycarbonyt or aryl-lower
alkoxycarbonyl, advantageously optionally substituted lower alkanoyl, or aroyl.

Loweralkanoy!is preferably acetyl, propionyl, butyryl, or pivaloyl.

Optionally substituted lower alkanoyt, for example, represents lower alkanoyl or lower
alkanoyl substituted by, ¢.g., lower alkoxycarbonyl, lower alkanoyloxy, lower alkanoylthia,
lower alkoxy, lower alkylthio, hydroxy, di-lower alkylamino, lower alkanoylamino, morpholino,
piperidino, pyrrolidine, 1-lower alkylpiperazino, aryl or heteroaryl.

Aroylis carbocyclic or heterocyclic aroyl, preferably monocyclic carbocyclic or
monocyclic heterocyclic aroyt.

Monocyclic carbocyclic aray!is preferably benzoyl or benzoyl substituted by lower
alkyl, loweralkoxy, halogen or trifluoromethyl.

Monocyclic heterocyclic aroy!is preferably pyridylcarbany! or thienylcarbonyl.

Acyloxy is preferably optionally substituted lower alkanoyloxy, lower
alkoxycarbonyloxy, monocyclic carbocyclic aroyioxy or monocyclic heterocyclic aroyloxy,
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Ary-lower alkoxycarbonylIs preferably monocyclic carbocyclic-lower alkoxycarbonyl,
advantageously benzyloxycarbonyl,

Biary! represents monocarbocyclic aryl substituted by monocyclic carbocyclic or
monocyclic heterocyclic aryl, and preferably represents biphenylyl, advantageous
4-biphenylyl optionally substituted on one or both benzene rings by lower alkyl, lower alkoxy,
halogenortrifluoramethyl.

Blaryl-loweralkyl is preferably 4-biphenylyl-loweralkyl, advantageously 4-biphenylyl-
methyl,

The novel compoundsof the invention are ACE inhibitors inhibiting the converston of
angiotensin # to the pressor substance angiotensin Il and thus decrease blood pressurein
mammals, Furthermore, compounds ofthe Invention demonstrate inhibition of NEP and
thus potentiate the cardiovascular (e.g., diuretic and natriuretic) effects of atrial natiuretic
factors (ANF). The combined effect is beneficial for the treatment of cardiovascular
disorders in mammals,in particular, hypertension, cardiac conditions such as congestive
heart failure, and renalfailure. A further beneficial effect of the campounds ofthe invention
in the treatment of said cardiovascular disorders is the inhibition of ECE.

The above-cited properties are demonstrable in vitro andin vivo tests, using
advantageously mammals, €.g., mice, rats, dogs, monkeys,or isolated organs, tissues and
preparations thereof. Sald compounds can be appliedin vitro in the form of solutions, @.9,,
preferably aqueous solutions, andin vivo either enterally, parenterally, advantageously,
orally (9.0.) or intravenously (1.v.), €.g.. 4S 4 Suspensionor in aqueous solution. The dosage
in vitro may range between about 10° molar and 10° molar concentrations. The dosage
in vivo may range, depending on the route of administratian, between about 0.01 and
50 mg/kg, advantageously between about0.1 and 25 mg/kg.

in vitro testing Is most appropriate for the free carboxylic acids of the invention. The
test compoundis dissolvedin dimethyl sulfoxide, ethanol or 0.25 M sodium bicarbonate
solution, and the solution is diluted with buffer to the desired concentration.

Thein vitro inhibition of the ACE by the compounds ofthis invention can be
demonstrated by a method analogousfo that given in Biochem. Pharmacol., Vol. 20, p.1637
(1971). The buffer for the ACE assay Is 300 mM NaCl, 100 mM KH.PO, (pH 8.3). The
reactionisinitiated by the addition of 100 UL of hippuryi-histidy!-leucine (2 mg/mL) to tubes
containing enzyme anddrugin a volume of 150 HL andtubes are incubat d-for 30 minutes
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at 37°C, The reaction is terminated by the addition of 0.75 mL 0.6 N NaOH. 1C0 pL of

freshly prepared O-pthaldehyde solution (2 mg/mL in methanol) is added to the tubes, the
contents are mixed andallowed to stand at room temperature. After 10 minutes, 100 pL of

6 N HCl is added. The tubes are centrifuged and the supernatant optical density Is read at
360 nM. Theresults are plotted against drug concentration to determine the IC,o,i.e., the

drug concentration which gives half the activity of the control sample containing no drug.

Typically, the compoundsof Invention demonstrate an I@eo in the range of about
_ 0.1-50 nM for ACEinhibition.

Illustrative of the invention, the compound of Example 6(a) demonstrates an !Csq of

about 20 nM in the ACEin vitro assay.

Inhibition of ACE can be demonstratedin vivo on p.o.or i.v. administration by
measuring inhibition of the angictensin | induced pressor response in normotensiverats,

; The in vivo testfor i.v. administered compounds is performed with male,

normotensive rats, which are conscious anesthetizedwkh-sodium-metefan. A femoral artery
and femoralvein are cannulated respectively for direct blood pressure measurement on Lv,

administration of angiotensin | and i.v. or p.o. administration of a compoundofthis invention.
After the basal blood pressure is stabilized, pressor responses to 3 or 4 challenges of
300 ng/kg angiotensin I j.v., at 15 minute intervals, are obtained. Such pressure responses
are usually again obtained at 15, 30, 60 and 90 minutes, and then every hourup to 6 hours
after Lv. or p.o. administration of the compoundto be tested, and compared with theinitial
responses. Any observed decreaseof said pressor responseis an indication of ACE
inhibition.

Hlustrative of the invention, the compound of Example 6(a)inhibits the angiotensin |
induced pressor response for 3 hours at a dose of 10 mg/kg Lv. Similarly, the compound of
Example 1(a) inhibits the angiotensin| induced pressor responsefor 6 hoursat a dose of
11.8 mg/kg p.o. .

The in vitro inhibition of NEP (EC 3.4.24.11) can be determinedas follows:

NEP 3.4.24.11 activity is determined by the hydrolysis of the substrate giutaryl-Ala-
Ala-Phe-2-naphthylamide (GAAP) using a modified procedure of Orlowski and Wilk {1981}.
The incubation mixture (total volume 125 pL) contains 4.2 pL of protein (rat kidney cortex
membranes prepared by method of Maedaet al., 1983), 50 mM tris buffer, pH 7.4 at 25°C,
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500 »M substrate (final concentration), and leucine aminopeptidase M (2.5 ug). The mixture
is incubated for 10 minutes at 25°C, and 100 yl of fast gamet (250 yg fast garnetv/mL of 10%
Tween 20 in 1 M sodium acetate PH 4.2) is added. Enzyme activity is measure
spectrophotometrically at 540 nm 3M. One unit of NEP 24.11 activity is defined as 7 nmol
of 2-naphthylamine released per minute at 25°C at DH 7.4. ICs values are determined,1.e.,
the concentration oftest compoundrequired for 50% inhibition of the release of
2-naphthylamine. ,

NEPactivity can also be determined using ANF as a substrate. ANF degrading
activity is determined by measuring the disappearanceof rat-ANF (t-ANF)using a 3-minute
reverse phase-HPLCseparation. An aliquot of the enzyme in 50 mMtris HC} buffer, pH 7.4,
is pre-incubated at 37°C for 2 min utes and the reaction is initiated by the addition of 4 nmol
of -ANFin a total volume of 50 HL. The reactionis terminated after 4 minutes with the
addition of 30 yL of 0.27% trifluoroacetic acid (TFA). One unit of activity is defined as the
hydrolysis of 1 nmol of r-ANF per minute at 37°C at pH 7.4. ICeo values are determined,Le.,
the concentrationoftest campound required for 50% inhibition of the hydrolysis of ANF.

Typically, the compoundsof the invention demonstrate an ICs in the range of about
: 0.1-50 nM for NEPinhibition.

Nlustrative of the invention, the compound of Example 6(@) demonstrates an ICsy of
about 5 nM in the GAAP jn vitro assay, .

Theeffect of the compoundsof the invention on rat plasma ANFconcentration can
be determined asfollows:

Male Sprague-Dawley rats (275-390 g) are anesthetized with ketamine
(150 mg/kgVacepromazine (10%) and instrumented with catheters in the femoral artery and
vein to obtain blood samples and infuse ANF, respectively. The rats are tethered with a

. Swivel system and are allowed to recoverfor 24 hours before being studied in the conscious,
unrestrained state,

in the assay, plasma ANF levels are determined in the presence and absence of
NEPinhibition. On the day of study,all rats are Infused continuously with ANF at
450 ng/kg/min.iv. for the entire 5 hours of the experiment. Sixty minutesafter beginning the
infusion, blood Samples for baseline ANF measurements are obtained (time 0) and the rats
are then randomly divided into groupstreated with the test compound or vehicle. Additional
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blocd sarnples are taken 30, 60, 120, 180 and 240 minutes after administration of the test

compound.

Plasma ANF concentrations are determined by a specific radioimmunoassay. The
plasmais dituted (x12.5, x25 and x50) in buffer containing: 50 mMtris (pH 6.8), 154 mM
NaCl, 0.3% bovine serum albumin, 0.01% EDTA. One hundred microliters of standards

[TANF ($9-126)] or samples are added to 100 yL ofrabbit anti-r-ANF serum and Incubated at

4°C for 16 haurs. Ten thousand cpm of[‘*|]rANF are then added to the reaction mixture

whichis incubated at 4°C for 16 hours. Ten thousand cpm of ['“]rANF are then added to
the reaction mixture whichis incubated at 4°C for an additional 24 hours. Goatanti-rabbit

IgG serum coupled to paramagnetic particles is added to the reaction mixture and bound

[I]ANFIs pelleted by exposing the mixture to an attracting magnetic rack. The
Supernatant is decanted and the pellets counted in a gamma counter. All determinations are

performed in duplicate. Plasma ANFlevels are expressed as a percentof those measured

in vehicle-treated animals which received ANF alone (450 ng/kg/min.iv.)

Hlusirative of the invention, the compound of Example 1(a) Increases plasma ANF
levels by about 70% at a dose of 11.8 mg/kg p.o.

The anti-hypertensive activity can be determined, e.g., in the spontaneously hypertensive rat
(SHR) and the DOCA-salt hypertensiverat, e.g., according to Bazil et al., J. Cardiovasc.

Pharmacol., Vol. 22, pp. 897-905 (1993) and Trapaniet al., J. Cardiovasc. Pharmacol., Val.
14, pp. 419-424 (1989), respectively.

Itlustrative of the invention, the compound of example 1(a) reduces meanarterial

pressure in conscious SHRat once daily administration of 11.8 mg/kg p.o.

The anti-hypertensive effect can be determined in desoxy-cortlcosterone acetate (DOCA}-
salt hypertensive rats as follows: .

DOCA-salt hypertensive rats (280-380 gq)are prepared by the standard method.
Rats undergowent a unilateral nephrectomy and one weeklater are implanted with silastic
pellets containing 100 mg/kg of DOCA. Therats are maintained on 1% of NaCl/0.2% KCI

drinking waterfor three to five weeks until sustained hypertensionIs established. The anti-
hypertensive activity Is evaluatedat this time.
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Two days before an experiment, the rats are anesthetized with methoxyflurane and
instrumented with cathet rs in the femoral artery to measur arterial blood pressure. Forty-

- eight hours later, baselinearterial pr ssure and heart rate are recorded during a one hour
period. The test compound or vehicle is then administered and the same cardiovascular
parameters are monitored for an additional 5 hours.

The diuretic (saluretic) activity can bedetermined in standard diuretic screens,e.g.,
as described in “New Anti-hypertensive Drugs”, Spectrum Publications, pp. 307-324 (1976),
or by measuring the potentiation of ANF-induced natriuresis and diuresis in the rat.

The potentiation of the natriuretic effect of ANF can determined as follows:

Male Sprague-Dawley rats (280-360 g) are anesthetized with Inactin (100 mg/kg i.p.)
and instrumented with catheters in the femoral artery, femoral vein and urinary bladderto
measure arterial pressure, administer ANF and collect urine, respectively. A continuous |
infusion of normal saline (33 L/min.) is maintained throughoutthe experimentto promote
diuresis and sodium excretion. The experimental protocol consists of aninitia! 15-minute
collection period (designated as pre-control) followed by three additional collection periods.
Immediately after completion of the pre-coniro! period, test cormpoundor vehicle Is
administered; nothing is donefor the next 45 minutes. Then, blood pressure and renal
measurements are obtained during a secondcollection period (designated control,
15 minutes). At the conclusion ofthis period, ANFis administered (1 pg/kg i.v. botus}to all
animals andarterial pressure and renal parameters are determined during two consecutive
15-minute collection periods. Meanarterial pressure, urine flow and urinary sodium
excretion are determined for all collection periods. Blood pressure is measured with a Gould
p50 pressure transducer,urine flow is determined gravimetrically, sodium concentration Is
measured by flame photometry, and Urinary sodium excretion is calculated as the‘Product of
urine flow and urine sodium concentration.

The én vitro inhibition of ECE can be determined as follows:

ECEIs partially purified from porcine primary aortic endothelial cells by DES2 anion
exchange column chromatographyandits activity Is quantified by radicimmuncassay (RIA)
as described in Anal. Biochem., Vol., 212, Pp. 434-436 (1993). Altematively, the native
enzyme can be substituted by a recombinant form of ECE, aS described, for example, in
Cell, Vol. 78, pp. 473-485 (1994). Human ECE-1 has been described by several groups
(Schmidtet al., FEBS Letters, Vol, 356, PP. 238-243 (1994); Kaw etal., 4th int. Conf. on
Endothelin; April 23-25, London (UK) (1995) C6; Valdenaire tal. J. Biol, Ch m., Vol. 270,
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pp. 29794-29798 (1995); Shimada_tat., Biochem. Biophys. Res. Commun., Vol. 207,
pp. 807-812 (1995)). The ECEinhibition can be determined as described in Biochem. Mol.

Biol. Int., Vol. 31, No. 5, pp. 861-867 (1993), by RIA to measure ET-1 formed from big ET-1.

Alternatively, recombinant human ECE-1 (FhECE-1) can be used,asfollows:

Chinese hamsterovary cells expressing rhECE-1 (Kawet al., 4th Int. Conf. an
Endothelin; April 23-25, London (UK), (1995) C6) are cultured in DMEM/F 12 medium

containing 10% fetal bovine serum and 1x antibiotic-antimycotic. Cells are harvested by
scraping, pelleted by centrifugation, and homogenized at 4°C in a buffer containing 5 mM
MgCl, 1 UM pepstatin A, 100 uM leupeptin, 1 mM PMSF, and 20 mM Tris, pH 7.0, witha
ratlo of 2 mL of buffer/mL of cells. The cell debris is removed by brief centrifugation, and the
supematantis centrifuged again at 100,000 x g for 30 minutes. The resulting pellet is re-
Suspendedin a buffer containing 200 mM NaCI and 50 mM Tes, PH 7.0, at a protein
concentration about 15 mg/mL and stored in aliquots at -80°C.

To assess the effect of an inhibitor on ECE-1 activity, 19 yg of protein is pre-
incubated with the compound at a desired concentration for 20 minutes at room temperature
in SO mM TES,pH 7.0, and 0.005% Triton X-100 in a volume of 10 pL. Humanbig ET-1
(5 pL) is then addedto a final concentration of 0.2 yM, and the reaction mixture is further
incubated for 2 hours at 37°C. The reaction fs stopped by adding 500 pL of RIA buffer
cantaining 0.1% Triton X-100, 0.2% bovine serum albumin, and 0,02% NaNIn phosphate-
buffered saline.

' Dituted samples (200 pL) obtained from the above enzyme assay are incubated at
4°C overnight with 25 pL each of [*]ET-1 (10,000 cpmitube) and 1:20,000-fold diluted
rabbit antibodies that recognize specifically the carboxyt terminal tryptophan of ET-1. Goat
anti-rabbit antibodies coupled to magnetic beads (70 lig) are then added to each tube, and
the reaction mixtureIs further incubated for 30 minutes at room temperature. The beads ara
pelleted using a magnetic rack. The supematantls decanted, and the radioactivity in the
pellet is counted in a gamma counter. Total and nonspecific bindingare measuredin the
absence of non-radioactive ET-1 and anti-ET antibodies, respectively. Under these
conditions, ET-1 and big ET-1 displace [‘*JET-1 blnding to the antibodies with ICsq values of
21 + 2 and 260,000 + 66,000 fmol (mean + SEM,n = 3-5), respectively.
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in order to determine the ICsy value of an inhibitor, a concentration-response curve of
_€ach inhibitor is determined. An [BM-compatible version of ALLFIT program is used to fit
data to a one-site model.

ECEinhibition can also be determinedin vivo by measuring the inhibition of big ET-1-
induced pressor responsein the anesthesized or consciousrat, as described below. The
effect of the inhibitors on the pressor responseresulting from big ET-1 challengeIs
measured in Sprague-Dawleyrats as described in Biochem. Moi. Biol. Int., Vol. 31, No. 5,
Pp. 861-857 (1993). Results are expressed as percentinhibition of the big ET-1-induced
pressor response as comparedto vehicle.

Male Sprague-Dawleyrats are anesthetized with Inactin (100 mg/kg Lp.) and
instrumented with catheters in the femoral artery and vein to record meanarterial pressure
(MAP) and administer compounds, respectively. A tracheostomyis performed and a
cannula insertedinto the trachea to ensure alrway patency. The body temperaiure of the
animals is maintained at 37 + 1°C by meansof 2 heating blanket. Following surgery, MAP is
allowed to stabilize before interrupting autonomic neurotransmission with chiorisondamine
(3 mg/kg iv.). Rats are then treated with the test compound at 10 mg/kgLv. or vehicle and
challenged with big ET-1 (1 nmal/kg iv.) 15 and 90 minuteslater. Generally, the data are
reported as the maximum increase in MAP produced by big ET-1 in animals treated with the -
test compound or vehicle.

Male Sprague-Dawleyrats are anesthetized with methohexital sodium (75 mg/kg i.p.)
and instrumented with catheters in the femoral artery and vein to measure MAP and
administer drugs, respectively. The catheters are threaded through a swivel system that
enablesthe rats to move freely after regaining consciousness. The rats are allowed to
recoverfrom this procedure for 24 hours before initiating the study. On the follawing day,
MAPis recorded via the femoral artery catheter and a test compoundor vehicle is
administered via the femoral vein. Animals are challenged with big ET-1 at 1 nmolkg Lv.at
various timesafter dosing. After an adequate washoutperiod, depending upon the dose and
regimen, animals can be re-tested at another dose of test compoundorvehicle. Generally,
the data are reported as the change in MAP produced by big ET-1 at 2-minuteintervals in
animals treated with the test compound as comparedto vehicle.

ECEinhibition can also be determined in vivo by measuring the inhibition of the big
ET-1 induced pressor responseIn conscious SHR,e.g. as described in Blochem, Biophys.
Res. Commun., Vol. 204, pp. 407-412 (1994),
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Male SHR (16-18 weeks of age) are administered either test compound or vehicle
(1 MNaHCo,) via an osmotic minipump implanted subcutaneously. On day 5, femoral

arterial and venous catheters ar placed in anesthetized rats for the measur ment of MAP

‘and for test compound administration, respectively. After a 48-hour recovery period, MAPis

recorded (day 7) through the arterial catheter connected to a pressure transducer. Blood

pressure and heart rate are allowed to stabillze for 30 minutes before ganglion blockadeIs

performedusing chlorisondamine (10 mg/kg i.v.). Approximately 15 minuteslater, a bolus

dose of blg ET-1 (0.25 nmol/kg I.v.) is administered to both vehicle- and test compound-

treated rats. The changein blood pressure in response to big ET-1 is then compared

between the two groupsof rats. ,

Theinhibition of cerebral vasospasm is demonstrated by measuring the inhibition of

experimentally induced constriction of basilar cerebral arteries In the rabbit (Caneret al., J.

Neurosurg., Vol. 85, pp. 917-922 (1996). .

The degree orlack of undesirable immunostimulatory potential of the compounds of

the invention can be determined with the murine popliteal lymph node assay described In

Toxicology Letters, Vols, 112/113, pp. 453-459 (2000).

The compounds of the invention, e.g., can be prepared

a) by condensing a compound of fonmula11

o

Re | alk-XR,| | (1)
NH—¢ ——- C——N~CH-COOR,
RR

wherein the symbols alk, X, R, Ry, Rs and R;7 have the meaning as defined above and

COOR,;represents esterifled carboxyl, with a carboxylic acid of the formulaIll

R,'S-—_C——-COOH (tr)

R, Re

or a reactive functional derivative thereof, wherein R, and Rg have meaning as defined

above; R;' represents hydrogenora labile S-protecting group, e.g., acyl, t-butyl or optionally

substituted benzyl; or
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b) by condensing a compoundof the formula IV

IRyS-—C-—-c—-nH—c-—coon 'V)

é \. R,
cr @ reactive functional derivative thereof wherein the symbols Ra’, Ry-R; and Re-R; have
meaning as defined above, with an aminoacid ester of the formula V

por
RNH—CH-COOR, {V)

wherein alk, X, R and R, have meaning as defined above and COOR,represents esterified
carboxyl; or

¢) by condensing underbasic conditions a compoundof the formula V)

PitthorY-——C——C—-nh-—$9ohcoon (VI)
R, L R

wherein the symbols R, R;, COOR;, Ru-Ry, alk and X have meaning as defined above and Y
represents a reactive esterified hydroxyl group (e.g., chloro or bromo) as a leaving group,
with a compoundof the formula

R,'SH (Vil)

or a salt thereof, wherein Ryrepresents a labile S-protecting group, e.g., acyl, t-butyl or
optionally substituted benzyl; and converting a resulting product to a compound of formula |
wherein Rg is hydrogen;

and in above said process, if temporarily protecting.anyinterfering reactive group(s),
removing said protecting group(s), and then isolating the resulting compound of the
invention; and,if desired, converting any resulting compound of the invention into another

| compound of the invention; and/ar, if desired, converting a free carboxylic acid function into
a pharmaceutically acceptable ester derivative, or converting a resulting esterinto the free
acid or into another ester derivative; and/or,if desired, converting a resulting free compound
into a sait or a resulting salt into the free compoundorinto anothersalt, and/or, if desired,
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separating a mixtur of isomers or racemates, and/or,if desired, resolving a racemate
obtained into the optical antipodes.

In starting compounds and intermediates which are convened to the compoundsof
the invention in manner described herein, functional group present, such as thiol, carboxyl,
amino and hydroxy groups,are optionally protected by conventional protecting groups that

__ are commonin preparative organic chemistry. Protected thfol, carboxyl, amino and hydroxy

groups are those that can be converted undermild conditions Into free thiol, carboxyl, amino
and hydroxy groups without other undesired side reactions taking place,

The purpose of introducing protecting groupsis to protect the functional groups from
undesired reactions with reaction components and under the conditionsused for carrying out
a desired chemical transformation. The need and choice of protecting groupsfor a particular
reaction Is known to those skilled in the art and depends on the nature ofthe functional

group to be protected (thiol, carboxyl, amino group,etc.), the structure and stability of the
molecule ofwhich the substituent is a part, and the reaction conditions,

Well-known:protecting groupsthat meet these conditions and their Introduction and
removalare described,for example, in J.F.W. McOmle, “Protective Groups in Organic
Chemistry’, Plenum Press, London, N.Y. (1973), T.W. Greene and P.G.M. Wuts, “Protective

Groupsin Organic Synthesis’, Wiley, N.Y. 37 Ed,(1999), and also in "The Peptides”, Vol. |,
Schroeder and Luebke, Academic Press, London, N.Y. (1965).

The preparation of compoundsof the invention according to process (a) involving the
condensation of an amine of formula II with the acid of formula III or a functional reactive
derivative thereof, is carried out by methadology well-known for peptide synthesis.

The condensation according to process (a) of an amino ester of formula II with a frea

carboxylic acid of formula |)! is carrled out advantageously In the presence of a condensing
agent such as dicyclohexylcarbodlimide or N-+(3-dimethylaminopropyl}-N’-ethylcarbodiimide

and hydroxybenzotriazole, 1-hydroxy-7-azabenzotriazole, chlorodimethoxytriazina,
benzotiazol-1-yloxytris(dimethylamino)phosphonium hexaflucrophosphate (BOP Reagent),
or O-(7-azabenzotriazol-1~yl}-N,N,N',N’-tetramethyluronium hexafluorophosphate (HAT),
and triethylamine or N-methylmorpholine,in an Inert polar solvent, such as

dimethyifermamide or methylene chloride, preferably at room temperature.
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The condensation of an aminoester of formula 1I with a reactive functional derivative

of an acid of formulaill in the form of an acid halide, advantageously an acid chloride, or
mixed anhydride,is carried out in an inert soly nt such as toluene or methylene chloride,.
advantageously in the presence of a base, €.g., an inorganic base such as potassium
carbonate or an organic base such as triethylamine, N-methylmorpholine or pyridine, |
preferably at room temperature.

Reactive functional derivatives of carboxylic acids of formula Il are preferably acid
halides (e.g., the acid chloride) and mixed anhydrides, such as the pivaloyl or
isobutyloxycarbonyl anhydride, or activated esters such as benzotriazole,
7-azabenzotriazole or hexafluoropheny!ester.

Thestarting material of formula II can be prepared according to methods described
herein andillustrated In the examples.

The preparation of a starting material of formula Il involvesthe acylation of an ester
of formula Vill

alkXR,

RNH-—-CH-COOR, (VIH)

wherein alk, X, R and R, have meaning as defined hereInabove and COOR, represents
esterified carboxyl (6.g., wherein Re is lower alkyt or benzyl) with an appropriately
N-protected amino acid (or a reactive functional derivative) of formula IX

AN moon (m)
C

Kp,

wherein Rs and R; have meaning as defined hereinabove and Rg is a labile amino protecting
group, e.g., tbutoxycarbonyl, to obtain the corresponding N-protected compound of
formula #.

The condensation of a compoundofformula VIII with a compound of formula IX js
carried out by methodology well-known in peptide synthesis, e.g., as described abovefor the
condensation of a compoundofformulaII with a compound of formula Ill. The N-protecting
group Is removed according to methods well-known in the art, e.g., the t-butoxycarbony!is
removed with anhydrous acid such as trifluoroacetic acid or HCI.
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The starting amino esters and acids of compounds of formula Viil and IX, ©
respectively, are either knownin the art, or if new, can be prepared according to metheds
well-known In the art, e.g., or illustrated herein. The amino acid esters of formula VII} are

preferably the S-enantiomers. .

The starting materials of formula II] are known,or if new, may be prepared according
to conventional methods. The Starting materials are prepared, e.g., from the coresponding
racemic or optically active a-amino acids, by conversion thereofto the a-bromoderivative

followed by displacementthereof with inversion of configuration using the appropriatethiol
derivative of formula Vil, under basic conditions, for example,asilustrated in European
Patent Application No. 524,553 published January 27, 1993. S-debenzylation of the

resulting final products is carried out by reductive cleavage, e.g., with Raneynickelin
ethanol. S-deacylation is carried out by, e.g., base catalyzed hydrolysis with dilute aqueous
sodium hydroxide. Cyclic starting materials of formula !Il can be prepared by treatmentof

the cyclic carboxylic acid (2.g., cyclopentanecarboxylic acid) with sulfur in the presence ofa
strong base such aslithium diethylamide.

The preparation of the compoundsof the invention according to process {b) Involving
_ the condensationof an acid of formula IV with an amino acid ester of formula V Is carried out

in a similar fashion to process {a). Similarly, the starting materials of formula IV are
prepared by condensation of an acid offormula itl with an ester corresponding to gem-
disubstituted amino acidsof formula IX (wherein Rs is now hydrogen) under conditions

similar to those described above, followed by removal of the carboxyl protecting group.

The preparation of the compoundsof the invention according to process (c) involving
the displacementof a leaving group Y in a compoundof formula VI with a thiol derivative
RSH as a salt thereofis carried out according to methods well-known in the art.

A reactive esterified hydroxyl group, represented by Y,is a hydroxyl group esterified

by a strong Inorganic or organic acid. Corresponding Y groups are in particular halo, for
example, chloro, bromeoriodo, also sulfonyloxy groups, such as lower alkyl- or
arylsulfonyloxy groups, for example, (methane-, ethane-, benzene- or toluene-) sulfonyloxy
groups, also the trifluoromethylsulfonyloxy group.

The displacement is carried out in an inert solvent, such as dimethylformamide or
methylene chloride in the presence of a base such as potassium carbonate, triethylamine,
dilsopropylethylamine, N-methylmorpholine, and the like at room orelevated temperature.
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Using a salt of R3’SH (e.g., potassium thioacetate), the reaction is carried outin the absence
of a4 base, jn an inert solvent such as tetrahydrofuran or dimethylformamide.

Similarly, the starting materials of formula VJ can be prepared by reacting the
dipeptide derivative of formula II with an acid of the formula

Y—_c.-— COOH (X)
Km ~

4 R

wherein R, and R, and Y have meaning as defined above, underconditions described for
process(a).

' ‘Fhe compounds of formula X whereln Y is halo, such as the a-bromocarboxylic acids
are known and are prepared, 6.g., aS describedin International Application WO 99/55726
published November4, 1999.

The compoundsofthe invention and intermediates, e.g.,.those of formulas Il, V and
VI, having the side chain alk-X-R, are prepared from the corresponding compounds having
the alk-X” sida chain wherein X' represents amino, hydroxy,thio! or a suitable leaving group
according to methodology known in the art and illustrated herein. For example, the acids
and esters of formula V can be obtained siarting with serine, homoserine, threonine, _
cysteine and thelike, preferably in optically active form.

Certain compoundsof the invention andintermediates can be converted to each
other according to general reactions well-known in the art

The free mercaptans may be converted to the S-acyl derivatives by reactlon with a
reactive derivative of a carboxylic acid (correspanding to Rs being acyl in formula }, such as
an acid anhydride or sald chloride, preferably in the presence of a base such as
triethylaminein an Inert solvent such as acetonitrife or methylene chloride.

Free alcohols and phenols can be convertedto the corresponding acyl derivatives,
€.g., by reaction with a corresponding acid chloride in the presence of a base, such as
triethyiamine.

The free mercaptans, wherein Rg represents hydrogen, may be oxidized to the
corresponding disulfides, e.g., by air oxidation or with the use of mild oxidizing agents such
as iodinein alcoholic solution. Conversely, disulfides may be reduced to the corresponding
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mercaptans, é.g., with reducing agents such as sodium borohydride, zinc and acetic acid or

tributylphosphine,

Carboxylic acid esters may be prepared from a carboxylic acid by condensation with,
8.g., the halide corresponding to R2-OH, in the presence of a basa, or with an excess of the

alcohol in the presence of an acid catalyst, according to methods well-knowninthe art.

Carboxylic acid esters and S-acyl derivatives may be hydrolyzed, e.g., with aqueous
alkali such as alkali metal carbonates or hydroxides. .S-acyl and ester groups can be
selectively removedasillustrated herein.

Preferably, and whereverpossible, the preferred isomers of the invention of

formula la are prepared from pure enantiomers.

In case mixtures of stereoisomers (e.g., diastereomers) are obtained, these can be

separated by known procedures such asfractionalcrystallization and chromatography (e.g.,

thin layer, column, flash chromatography). Racemic free acids can be resolvedinto the

optical antipodes by fractianal crystallization of d- or t-(a-methylbenzylamine, cinchonidine,

cinchonine, quinine, quinidine, dehydroabiethylamine, brucine or strychnine) salts and the
like. Racemic products, if not diastereoisomers, canfirst be converted to diastereolsomers
with optically active reagents (such as optically active alcohols to form esters) which can

then be separated as described above, and, e.g., hydrolyzed to the individual enantiomer.

Racemic products can also be resolved by chiral chromatography, @.g., high pressure liquid
chromatographyusing a chiral absorbent; also by enzymatic resolution, e.g., of esters with
alkalase.

The above-mentioned reactions are carried out according to standard methods,in

the presence or absence ofdiluents, preferably such asare inert to the reagents and are

solvents thereof, of catalysts, alkaline or acidic condensing or said other agents respectively

and/orinert to the reagents and are solvents thereof, of catalysts, alkaline or acidic

condensing or said other agents respectively and/orinert atmospheres, at low temperatures,

room temperature or elevated temperatures, preferably near the boiling point of the solvents

used, at atmospheric or superatmospheric pressure.

The invention further includes any variant of sald processes,in which an intermediate
product obtainable at any stage of the process is used as a starting materia) and any

| remaining steps are carried out, or the process Is discontinued at any stage thereof, orin
which the starting materials are formed underthe reaction conditions, or in which the
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reaction components are used in the form oftheir salts or optically pure antipodes. Mainly
those starting materials should be usedin said reactions, that lead to the formation of those
compoundsindicated above as beingpreferred,

The presentinvention additionally relates to the use in mammals of the compounds
of the invention and their pharmaceutically acceptable, non-toxic acid addition salts, or
pharmaceutical compositions thereof, as medicaments,for inhibiting both ACE and NEP,
and, €.g;, for the prevention or treatment of cardiovascular disorders such as hypertension,
edema,salt retention and congestive heart failure, either alone or in combination with one or
more other agents which are usefulfor the treatment of such disorders. Such may be anti-
hypertensive agents, anti-atherosclerctic agents, cardiac agents, diuretic agents, antidiabetic
agents, cholesterol-fowering agents and the like. When used in combination with other
therapeutic agents such can be administered separately or in a fixed combination.

Examples of therapeutic agents which can be usedin combination are angiotensin I
receptor antagonists, such as valsartan,losartan, candesartan, eprosartan, irbesartan and
telmisartan, B-blockers, such as blsoprotol, Propanolol, atenolol, sotalo! and metoprolol; renin
inhibitors; calcium channel blockers, such as amlodipine, verapamil,diltiazem, bepridil,
felodipine,isradlpine, nicardipine, nifedipine, nimodipine and nisoldipine; aldosterone
synthaseinhibitors/aldosterone antagonists, such as eplerenone, (+)-fadrozole
(WO 01/76574), spironolactone and canrenone;diuretics, such as furosemide,
hydrochlorothiazide, indapamide, metazolone, amiloride and triamterene; vasopressin
receptor antagonists, such as OPC 21268, SR 49059, SR121463A, SR49059, VPAQ85,
OPC31260 and YM087; cardiotonic drugs, such as enoximone and levosimendan;
endothelin antagonists and ECE inhibitors, such as bosentan, BMS193884, TBC3711 and
compounds disclosed In WO 99/55726: anti-atherosclerotic agents, particularly cholesterol
lowering agents, such asbile aeld sequestrants (e.g., cholestyramine and colestipol):
cholesterol absorption inhibitors, such as ezetimibe; fibrates, such as fenofibrate and
gemfibrozil; statin HMG CoA reductase inhibitors, such as atorvastatin,fluvastatin,
lovastatin, pravastatin, simvastatin and pitavastatin; and nicotinic acid derivatives;

. thyromimetic agents, such as those disclosed in U.S. Patent No, 5,569,674 and WO
00/58279; also antidiabetic agents, such as repagiinide, nateglinide, metformin,
rosiglitazone, pioglitazone,glyburide,glipizide, glimepiride, DPP728, LAF237, NH622 and
DRF4158.
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The presentinvention also relates to the use of the compoundsof the invention for

the preparation of pharmaceutical compositions, especially pharmaceutical compositions

having ACE and NEPinhibiting activity, and, e.g., anti-hypertensive activity.

The pharmaceutical compositians according the invention are those suitable for

enteral, such as oral or rectal, transdermal and parenteral administration to mammals,

including man,for the treatment of cardiovascular disorders, such as hypertension,

comprising an effective amount of a pharmacologicaily active compound ofthe invention or a

pharmaceutically acceptable salt thereof, alone or in combination with one or more
pharmaceutically acceptable carriers, as well as in combination with other therapeutic agents

also usefulfor the treatment of cardiovascular disorders, as indicated above.

The pharmacologically active compoundsof the invention are usefulin the

manufacture of pharmaceutical compositions comprising an effective amountthereofin

. conjunction or admixture with excipients or carriers suitable for either enteral or parenteral
application. Preferred are tablets and gelatin capsules comprising the active ingredient,

together with a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or

glycine; b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or calcium salts and/or

polyethyleneglycol; for tabiets also c)} binders, e.g., magnesium aluminum silicate, starch

paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose and/or

polyvinylpyrratidone;if desired, d) disIntegrants, e.g., starches, agar, alginic acid orits

sodium salt, or effervescent mixtures; and, if desired, absorbents, colorants,flavors and

sweeteners. Injectable compositions are preferably aqueous isotonic solutions or

suspensions, and suppositories are advantageously prepared from fatty emulsions or

suspensions. Said compositions may besterilized and/or contain adjuvants, such as

preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for regulating

the osmotic pressure and/or buffers. In addition, the compositions may also contain other

therapeutically valuable substances. Said compositions areprepared according to

conventional mixing, granulating or coating methods, respectively, and contain about 0.1-

75%, preferably about 1-50%, of the active ingredient.

Suitable formulations for transdermal application include an effective amountof a

compoundofthe invention with carrier. Advantageouscarriers include absorbable

pharmacologically acceptable solvents to assist passage through the skin ofthe host.
Characteristically, transdermal devices are in the form of a bandage comprising a backing

member, a reservoir containing the compound,optionally with carriers, ‘optionally a rate
controlling barrier to deliver the compoundfo the skin of the host at 4 controlled and
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predetermined rate overa prolonged period of time, and means fo secure the device to the
skin.

A unit dosage for a mammalof about 50-70 kg may contain between about 10 and
200 mg ofthe active ingredient. The dosage of active compoundis dependent on the
Species of warm-blooded anima! (mammal), the body weight, age and individual condition,
and on the form of administration,

Thefollowing examplesare intendedtoillustrate the invention and are notte be .
construed as being limitations thereon. Temperatures are given in degrees Centigrade. if
not mentioned otherwise, all evaporations are performed under reduced pressure, preferably
between about 15 and 100 mm Hg. Optical rotations (expressed In degrées) are measured
at room temperature at 589 nM (Dline of sodium)or other wave lengths as Specified in the
examples. The structure of the compounds are confirmed by standard analytical methods
such as mass spectrum, elemental analysis, NMR, IR spectroscopy andthelike.

The prefixes R and S are used to indicate the absolute configuration at each
asymmetric center.

Example 1

(a) N-[2-[(S)-2-Acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-benzyl-L-serine
ethy! ester

ADdL o™N
N-[2-1-[(R)-3-bromo-3-methylbutanoyiamino]-2-methylpropriony+-O-benzyl-L-serine

ethyl ester(4.96 g, 10.5 mmol)is dissolved in tetrahydrofuran (100 mL) and potassium
thioacetate (6.00 g, 52.5 mmol) is added. The mixtureis stirred at room temperature for
4 hours, then diluted with ethyl acetate (500 mL) and washed with water (100 mL}, sodium
bicarbonate solution (2 x 100 mL), water (2 x 100 mL)and then brine (50 mL). The solution
is dried over sodium sulfate and concentrated fn vacuo. Th crude material is purified by
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flash chromatography(silica gel, 3:2 hexane/ethyl acetate)to yield title compound;
m.p. 55-57°C;[Jp - 63.5° (c = 0.99, CHsQH); MS(M + H):467.

Thestarting material is prepared as follows:

A solution of O-benzyl-L-serine (9.75 g, 50 mmol} in ethanol (200 mL) is saturated

with HCl gas for 8 minutes. The mixture is stirred overnight at room temperature, and then
concentrated in vacuo, The solid is washed with diethyl ether and collected byfiltration to

yield O-benzyl-L-serine ethyl ester hydrochloride as a white solld.

To a solution of BOC-a-methylalanine (3.05 g, 15 mmol), O-benzyl-L-serine ethyl

ester hydrochloride (3.89 g, 15 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

(EDCI, 2.88 g, 15 mmol} and 1-hydroxy-7-azabenzotriazole (HOAT, 2.04, 15 mmol) in

methylene chloride (150 mL) is added triethylamine (1.52 g, 15 mmol). The mixture is stirred
overnight and then concentrated in vacuo. The residue is re-dissolved In ethyl acetate and
washed with water, 1 N HCI, water, and brine. The solution is dried over sodium sulfate and

concentrated to yield N-[2-(BOC-amino)-2-methylpropionyl}-O-benzyi-L-serine ethy! ester of
the formula

tetLon
The above carbarnate (6.12 g, 15 mmol} Is dissolved In methylene chloride (200 mL)

and chilled in an ice bath, The solution is saturated with HCI gas for 10 minutes and then

stirred at room temperature overnight. The residue is concentrated. Methylene chloride Is

added andthe residue is concentrated again to give N-(2-amino-2-methylproplonyl}-O-

benzyl-L-serine ethyl ester hydrochloride as a foam; MS(M+H):309.

To a solution of the above amine hydrochloride (4.90 g, 14 mmol) in methyiene
chioride (150 mL) is added (R}-2-bromo-3-methylbutanoic acid diisopropyl aminesalt

(4.03 g, 14 mmo)), 1-ethyl-3-(3-dimethylaminopropy!)carbodiimide hydrochloride (EDCI,

2.70 g, 14 mmol) and 1-hydroxy-7-azabenzotriazole (HOAT, 1.90 g, 14 mmol). The mixture

is stirred at room temperature overnight and then concentrated in vacuo. The residue is
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dissolvedin ethyl acetate and washed with water, dilute sodium bicarbonate, water, 1. N HCI,
and then brine. The solution is dried over sodium sulfate and concentrated to give a solid.
The solid is purified by flash chromatography(silica gel, 2:1 hexane/ethy] acetate) to give
N-[2-(R)-2-bromo-3-methy!butanoyla mino]-2-methylpropionyl}]-O-benzyl-L-serine ethyl ester
of the formula

No 5 °
o7™

N

. Similarly prepared are:

oO

(b) N-[2-[(S)-2-acetyithio-3,3-dimethytbutanoylamino]-2-methylpropionyl}-O-benzy-L-
serine ethyl ester

oO
o

A Nl oo
$ | N |

O oO
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{c} N-[2-[(S)-2-acetylthia-3-methyibutanoylamino]-2-methylpropionyl]-O-benzyl-L-

threonine ethyl ester, m.p. 121-122°C.

Andee
(d)} N-[2-[(S}-2-acetylthio-3-methoxybutanoylamino]-2-methylpropionyl]-O-benzyl-L-

"serine ethyl ester, [a}n”” + 14.9° (c = 1.04, DMSO)

 
(2) N-[2-[(S)]-2-acetyithio-3-methylpentanoylaminc}-2-methy|propionyl]-O-benzyl-L-
serine ethyl ester; [a]p” - 6.93° (c = 1.09; CHs;OH)
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(f) N-[2-[(S)-2-acetyithio-3-methylbutanoylamino]-2-methylpropionyl]-O-(3-
trifluoromethylbenzy!)-L-serine ethyl ester

Aad, aN
CF,

Oo

The starting O-(3-triflucromethylbenzyl)-L-serine ethyl ester hydrochforide is
prepared as follows:

To a suspension of sodium hydride (60% In oll, 3.04 g, 76 mmol) in
N,N-dimethyliormamide (60 mL) at 0°C is added BOC-L-serine (7.80 g, 38 mmol}. The
mixture is stimed for 1 hour and then rtrifluoromethyibenzyl chloride (7.39 g, 38 mmol) Is
added. The mixture Is allowed to warm to room temperature andis stirred overnight. The
mixture is quenched with water. Ethyl acetate is added and the mixture is washed with
brine, dried over MgSO, and concentrated to give a yellow oil which is purified by flash
chromatography (SiO.; hexane/ethy! acetate) to give a clear oil. The residue is dissolved in
ethanol (120 mL), the solution is ccoled to 0°C and saturated with HCI gas for 5 minutes.
The mixture is allowed to warm to room temperature andstirred ovemight. The mixture is
concentrated to give O-(4-trifluoromethylbenzyl}-L-serine ethy! ester hydrochloride,
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(9) N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyf-O-(4-fluorobenzyl}

L-serine ethyl ester as anoil.

0

Oo 0

Bk } tA oo§ N
O Oo

(h) N-12-[(S}-2-acetyithio-3-methylbutanoylamino}-2-methylpropionyl]-O-(4-fluorophenyl)-
L-homoserine ethyl ester as anoil.

F

ANd, oN
The starting O-(4-fluoropheny!)-L-homoserine ethyi ester hydrochtoride is prepared

as foliows:

To a solution of BOC-L-homoserine t-butyl ester (3.2 g, 11.6 mmol) in tetrahydrofuran

is added triphenylphosphine (7.59 g, 29 mmol), P-fluorophenol(2.08 g, 18.6 mmol) and
_ 1,1'-azobis(N,N-dimethylformamide) (3.2 g, 18.6 mmol). The mixture Is stirred overnight,

washedwith brine, dried over MgSQ,, and the selvent is removed to give an orangeoil, The
oil is purified by flash chromatography (SiO2, 85% hexane/15% ethyl acetate) to give a clear

oil which is dissolved in ethanol (100 mL) and the solution is saturated with HCl gas, then
stimed ovemight. The mixture is concentrated to give O-(4-flUorophenyl)}-L-homoserine ethy|

ester hydrochloride as a white solid.
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(i) N-(2(8)-2-acetylthio-3-methyl-butanoylamino]-2-methylpropionyi]-O-(3-
fluoropheny!)-L-homoserine ethyl ester .

0

AZad, —
o

{) N-{24(S)-2-acetyithio-3-methyibutanoylarino]-2-methylpropionyl]-O-benzyl-L-serine
morpholinocarbonylmethyl ester, purified by chromatography onsilica gel with hexane, ethyl
acetate, methanol (20:70:10) as a white solid.

AdteAN
The starting material is prepared as follows:

O-Benzyl-L-serine (10.0 9g, 51.3 mmol), di-tert-butyl-dicarbonate (11.2 9, 51.4 mmol)
and 1 N sodium hydroxide (103 mL, 103 mmol) are stirred together in 100 ml of dioxane at
room temperature for 16 hours. The mixture is concentrated in vacuo, taken upin water,
acidified to pH 1 with 6 N HCl and extracted with ethyl acetate. The organic layer is washed
with water, then brine, and dried over anhydrous magnesium sulfate. The mixture Isfiltered
and concentrated in vacuo to give BOC-O-benzyl-L-serine as an oil, 442-
Chloraoacetyl)morpholine (1.22 9, 7.48 mmol} is added to a solution of BOC-O-benzyl-L-
serine (2.20 g, 7.46 mmol), trethylamine (0.75 g, 7.43 mmol) and sodiurn iodide (0.11 g,
0.73 mmol) in 5 mL of N.N-dimethytformamide and the mixturestirred at room temperature
for 2 hours. The mixture is diluted with ethyl acetate, washed with wat r, then with brine,
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and dried over anhydrous magnesium sulfate. The mixture is filtered and concentrated

in vacuo to give a yellow oil. The oil is chromatographed onsilica gel with h xane: thyl

acetate:methanol (35:60:5) to give BOC-O-benzyl-L-serine morpholinocarbonylmethyt ester

as a colorless oil, HCl gas is bubbled through a solution of the carbamate ester (1.72 g,

4.08 mmol) in methylene chloride (50 mL) for § minutes and the mixture is stirred at room

temperature for 3 hours. The resulting mixture Is concentrated in vacuoto yield O-benzyl-L-
serine morpholinocarbonytmethyl ester as a foam. .

(k) N-[2-[(S}-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-benzyl-l-serine

dimethylaminocarbonyimethyl ester, prepared and purified as described for compound of

Example 1(j):

Oo ° 9

JkAad,LatI |
Oo

(0 N-[24(S}-2-acetylthio-3-methylbutanoylamine}-2-methylpropionyl]-O-benzyi-L-serine

diethylaminocarbonylmethyl ester, prepared as described for compound of Example 1(j} and
purified by chromatographyon silica gel with hexane, ethyl acetate, methanol (35:60:5).

Aap
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(m) N-[2-[(S)-2--[(methoxyacetyl)thio]-3--methylbutanoylamino]--2-methytpropionyO-
benzyl-L-serine ethyl ster [a@]p- 55.27°; (¢ = 1.084, CH3;OH)

Oo

0 Oo °

“ALLAAN
(n)} N-12-[(S)-2-{(morpholinoacety!)thio}-3-methylbutanoylamino]-2-methyipropiony!]-O-
benzyl-L-serine ethyl ester, [ajp- 48.61° (c = 1.098, CH3OH)

SUTdL, | ne
(o} N-[2-[(S)-2-a cetyithio-2-(4-tetrahyd ropyranyl)acetylamino]-2-methylpropionyl]-O-
benzylL-serine ethyl ester; [ajp”"- 55.4° (c = 0.83, DM80Q)

0 :

O oO

AA BAA
oO 0
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The starting (D)-a-bromo-c-(4-tetrahydropyranyl)-acetic acid can be prepared as
follows:

A solution of sodium nitrite (4.71 g, 68.3 mmol) in 35 mL of wateris added dropwise
to a chilled (0°C) solution of (D)-a-bromo-a-(4-tetrahydropyranyl)-glycine (J. Am. Chem.

Soc., Vol. 117, pp. 9375-9376 (1995) (7.05 g, 44.3 mmo!) and 48% HBr (aq) (70 mL) in
35 mL of water. Upon completion of the addition, the mixture is allowed to warm te room

temperature and stirred at room temperature for 3 hours. The mixture Is extracted with ethyl
acetate; the organic layer is washed sequentially with water, 5% aqueous sedium thiosulfate,
and brine, then dried over anhydrous magnesium sulfate. The mixture is filtered and

concentrated in vacua to yield (D)-a-brorno-a-(4-tetrahydropyranyl)-acetic acid as a solid.

(p) N-[2-{(S)-2-[(14{1,2,4)-triazolyl)acetylthio]-3-methylbutanoylamino]-2-
methylpropionyl]-O-benzyl-L-serine ethyl ester; m.p. 106-107°: [@]p - 61.46° (c = 1.09,
CH30H)

oO

. oO
0

(q) N-[2-{(S)-2-[(4-methylpiperazino)acetylthio]-3-methylbutanoylamino]-2-

methylproplonyl]-O-benzyl-L-serine ethy! ester; m.p. 85-96°: {a@]p - 48.5° (c = 0.935, CH3OH)

OCATLLaw
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(r) N-{2-[(S)-2-acetylihio-3-methylbuta noylamino}-2-ethylbutanoyl]-O-benzyl-L-serine
ethyt ester, [a]p - 83.6° (c = 1.07, CH;0H).

oO

o oO

J K o|<i to
O o

{s) N-2-((S)-2-(morpholinoacetytthio)-3,3-dimethylbutanoylamino]-2-methylpropionyl]-O-
benzyl-L-serine ethy! ester; [a]p- 55.5° (c= 1.008, DMSO)

O| A| eeedus OZ
o

(t} N-24(5)-2-[(methoxyacety|)thio]-3,3-dimethylbutanoylamino]-2-methylpropionyl]-0-
benzyl-L-serine ethyl!ester, [e]p- 61.67° (c = 1,024, DMSO)

| O

9 9IdLe |
| Oo °
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(u) N-[2-[(S}-2-(acetyithlo}pentanoylamino}-2-methylpropionyl]-O-benzyl-L-serine ethy!
est 1

9 9 mS| Saad, 1 on\
(v)-N-{2-[(S}-2-acetylthio-3-methylbutanoytamino}-2-methylpropionyl]-O-(4-
biphenylylmethyl}-L-serine ethyl aster

oO

oO Qo

DB K oN
s | N

oO
oO
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Examp]_2

N-[2-[(S)-2-Acetylthio-3-methylbutanoyla mino]-2-methylpropionyl]-S-benzyl-L-cysteine ethyl
ester

3S

aeKL, os
o

‘The title compoundis prepared similarly to Example 1 and re-crystallized from methyl t-butyl
ether/hexane, m.p. 69-71°C.

The starting materia! is preparedas follows:

HCl{g) is bubbledinto a solution of BOC-S-benzyl-L-cysteine (9.33 g, 30 mmol} in
ethanol (200 mL) for 15 minutes. The containeris stoppered andstirred at room
temperature overnight. The solventis evaporated fn vacuo and the residue stirredin ciethyi
ether (150 mL) for 1.5 hours to yield S-benzyl-L-cysteine ethyl ester hydrochloride as a solid.

A mixture of S-benzyl-L-cysteine ethyl ester hydrochloride (7.98 g, 29 mmol}, BOC-a-
methylalanine (5.89 g, 29 mmol), triethylamine (2.93 g, 29 mmol), 1-hydroxybenzotriazole
(HOBT,3.92 g, 29 mmol) and EDC!(5.57 g, 29 mmol) in methylene chloride (200 mL)is
stirred under an argon atmosphere at room temperature overnight. The reaction mixtureis
evaporated to dryness and the residue is dissalvedin ethyl acetate (200 mL). The solution
is washed with water (50 ml.), 1 N HCI (50 mL), water (50 mL), 5% sodium blearbonate
(50 mL), water (50 mL) and finally brine (25 mL). Thesolution is then dried over sodium
sulfate,filtered and evaporatedto drynessto give N-[2-(BOC-amino}-2-methylpropionyl]-S-
benzyl-L-cysteine ethyl ester. .
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Example 3

N-[2-[(S)}-2-Acetyithio-3-methylbutanoylamino]-2-methylpropionyl]-(S}-2-amino-3-

(benzylsulfonyi)-propionic acid ethyl ester

The above compoundis prepared similarly. to Example 1.

The starting material is prepared as follows:

To a solution of N-[2-(BOC-amino}-2-methylpropionyl]-S-benzyl-L-cysteine ethyl ester

(7.219, 17 mmol} in methylene chloride (250 mL) under an argon atmosphereis added

m-chloro-perbenzoic acid (8.77 g, 51 mmol) and the mixtureis stirred overnight at room

temperature. The mixture is evaporated to dryness and the residueis dissolved in ethyl

acetate (300 mL). The solution is washed with 5% sodium bicarbonate (3 x 50 mL), water

(50 mL) and brine (25 mL). The salution is dried over sodium sulfate,filtered and

evaporated in vacuo to give N-[2-(BOC-amino}2-methylpropionyl]-(S-)2-amino-3-

(benzyisulfonyl}-propionic acid ethyl ester.
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Example 4

(a) N?.[2-[(S)-2-Acetylthio-3-methytbuta noylamino}-2-methylprapionyl]-($)-2-amino-3-
(benzoylamino)-propionic acid methyi ester

NH

ANd, ~
Oo

A mixture of benzoyt chloride (0.085 mL, 0.73 mmol), N?.[2-[(S}-2-acetytthio-3-
methyibutanoylamino]-2-methylpropionyl]-($)-2,3-diaminopropionic acid methyl ester
hydrochloride (0.29 g, 0.73 mmol) and triethylamine (0.15 mL, 1.49 mmo) in methylene
chloride (10 mL)is stirred at room temperature for 16 hours. The reaction mixture is
evaporated to dryness /n vacuo,the residue is dissolved in ethyl acetate, and the solution is
washed with water, then with saturated sodium bicarbonate solution andbrine, dried over
anhydrous magnesium sulfate, and evaporated to dryness to give an oil. The oil Is
chromatographed onsilica get with hexane, ethyl acetate (50:50) to yield the title compound
as a white foam; m.p. 48-54°C,

(b} Similarly preparedis N*-(2[($}-2-acetyithio-3-methyibutanoylamino}-2-
methylpropionyl}-(S)-2-amino-3-(benzenes ulfonamida)propicnie acid methy! ester;
mp. 47-51°C;[alp”- 41.72 (c = 1.03, CH;OH).

The starting material is Preparedas follows:

A mixture of (S}-2-amino-3-(BOC-amino)-propionic acid methyl ester hydrochloride
(4.6 g, 2.1 mmol), N-CBZ-a-methylalanine(5.0 g. 2.1 mmol), HOAT (2.87 g, 2.4 mma),
EDCI (4.02 g, 2.1 mmol) and triethylamine (2.93 g, 2.1 mmol) in methylene chloride (50 mL)
is stirred at room temperature for 16 hours. The reaction mixture is washed with brine, dried
over anhydrous magnesium sulfate and concentrated in vacuo. The resulting oil is
chromatographedonsilica gel with hexane and ethylacetate (1:1) to yleld N2{2-(CBz-
amino}-2-methylpropionyl]-($)-2-amino-3-(BOC-amino)-propionic acid methyl ester as a
white foam; m.p. 100-101°C.
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A mixture of the above product (2.14 g, 4.90 mmol) and 10% palladium on charcoal

(0.27 g) in ethanol (50 mL) is hycrogenated under45 psi pressurein a Parr bottle for

4 hours. The mixture is filtered through a pad of Celite and concentrated in vacuo to giv
N?{2-amino-2-methylpropionyl]-($)-2-amino-3-(BOC-amino)-propionic acid methyl ester
hydrochloride as an oil.

A solution of the above product (2.28 g, 8.09 mmol), (R}-2-bromo-3-methylbutanoic

acid diisopropyl amine salt (2.16 g, 7.13 mmol), EDCI (1.43 g, 7.49 mmol) and HOAT

(1.15 g, 8.52 mmol) in methylene chloride (75 mL)is stirred at room temperature for

16 hours. The reaction mixture is evaporated to dryness jn vacuo and the residue taken up
in ethyl acetate. The ethyl acetate solution is washed with water, saturated sodlum

bicarbonate solution and brine, and then dried over anhydrous magnesium sulfate, and

concentrated in vacuo. The resulting oil is chromatographed onsilica ge! with hexane and

ethyl acetate (40:60)to give N*-{2-[(R)-2-bromo-3-methylbutanoylamino]-2-methylproplonyl]-
(S)-2-amino-3-(BOC-amino)-propionic acid methyl ester as a white foam.

A mixture of the above product (1.31 g, 2,82 mmol) and potassium thicacetate
(1.28 g, 11.2 mmol)in tetrahydrofuran (50 mL)is stirred at room temperature for 4 hours and
diluted with ethyl acetate. The mixture is washed with water, saturated sodium bicarbonate

solution, brine and then dried over magnesium sulfate. The reaction mixture is concentrated

to dryness in vacuo and the resulting oil is chromatographedonsilica gel with hexane and
ethyl acetate (40:60) to give N-[2-[(S)-2-acetylthio-3-methyibutanoyla mino}-2-
methylpropionyl]-(S}-2-amino-3-(BOC-amino)-propionic acid methyt ester.

Hydrogen chloride gas is bubbled through a solution of the above compound (1.01 g,
2.19 mmol) in 50 mL of methylene chloride for about 5 minutes, the mixture Is stirred at room

temperature for 3 hours, and then concentrated jn vacuoto yield N2{2-[(S)-2-acetylthia-3-

methylbutanoylamino}-2-methylpropionyl]-($)-2,3-diaminopropionic acid methyl ester
hydrochloride.

Exampla 5

To 4 solution of 1-[(R)-2-bromo-3-methylbutanoylamino]cyclopentanecarboxylic acid
(1g, 3.42 mmol), O-benzyl-L-serine ethyl ester hydrochloride (0.89 g, 3.42 mmol),
dicyclohexylcarbodiimide (0.7 g, 3.42 mmol) and 1-hydroxy-7~azabenzotriazole (0.47 g,
3.42 mmol) in methylene chloride is addedtriethylamine (0.48 mL, 3.42 mmol). The mixture

is stirred for 24 hours and then washedwith brine and concentrated in vacuoto givealight

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 181



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 182

WO 02/092622 . PCT/EP02/05293
41

yellow oil. The residueis purified by flash chromatography(silica gel hexane/ethyl acetate)
to give N-[7-(R}-2-bromo-3-methylbuta noylamino]-cyclopentanecarbonyf]-O-benzyl-L-serine
ethyl est r of the formula

oN
YN
AN

“Tl O
The bromo compound (0.7 g, 1.41 mmol) is dissolved in tetrahydrofuran (50 mL) and

potassium thioacetate (0.19 g, 1.69 mmol) is added. The mixture is stired at room
temperature for 18 hours and then diluted with ethyl acetate and washed with brine, dried
over Magnesium sulfate and concentrated in vacuo to give yellow oil. The crude material Is
purified by flash chromatography(silica gel, hexane/ethy! acetate) to give a semi-solid which
is triturated with hexaneto yield N-[1-{(S}-2-acetylthio-3-methylbutanoylamino]-
cyclopentanecarbonyl]-O-benzylL-serine ethyl ester of the formula

Aad,fos
The 1-{(R}-2-bromo-3-methylbutanoytamino|cyclopentanecarboxylic acid starting

material is prepared essentially by methodology described In WO 99/55726 by condensation
of (R}-2-bromo-3-methylbutanoic acid diisopropylamine salt (prepared from L-valing) with
cyclojeucine methyl esterhydrochloride.
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Example 6

(a) N-{2-[(S)-2-Mercapto-3-methylbutanoylamino]-2-methylpropionyl]-O-benzyl-L-serine

0

9

N OH
HS N

4 0

To a solution of the S-acety! ethyl ester of Example 1 (0.47 g, 4 mmol) in methanol
(10 mL) is added 1 N sodium hydroxide (5.0 mL, 5 mmol). The mixtureIs stirred at room:
temperature for 4 hours, acidified to pH 1 with 1 N HCI and then concentrated in vacuo. To

the residue is added ethyi acetate. The mixture Is washed with 1 N NaOH, The combined

aqueous phase js then acidified and extracted with ethyl acetate. The organic phaseis
washed with brine, dried over sodium sulfate and then concentrated in vacuo. Trituration

with hexane yields a white foam; m.p. 57-70°C;[a]p™ - 16.8° (c = 1.032, DMSO); MS(M +
H):397.

Similarly prepared are the following:

(b} N-[(1-{(S)-2-mercapto-3-methylbuta noylamino)-cyclopentanecarbonyl]-O-benzyl-L-
serine;m.p. 132-136°C (crystallized from hexane/t-butylmethyl ether)

, } N i LoayPy I .
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{c) N-[2-[($)-2-mercapto-3-methylbuta noylamino}-2-methylpropiony!j-S-benzyL-L-
cysteine; m.p. 81-87°C;[a]n° - 37.87 (c = 0.545, DMSO)

s

9

Hl OH
HS N

I O

{d) N-[2-[(S}-2-merca pto-3-methylbutanoylamino]-2-methylpropiony!]-O-benzyt-L-
threonine; m.p. 61-64°C

Oo

9

N OH

HS | N
il O

(e) N-£2-[(S)-2-mercapto-3,3-dimethylbutanoylamino]-2-methylprapionyl}-O-benzytL-
serine; mp. 128-130°C;[alp- 2.46 (c = 1.06, DMSO}

N LOH© aS
O oO
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(h N-[2-[(S}-2-mercapto-3-methylbutanoylamino}-2-methylpropiony!]-O-(4-fluorabenzyl)-
L-serine; m.p. 50-54°C. .

F

; o °
H OHHS | SY

5 O°

{g} N-[2-{(S)-2-mercapto-3-methylbutanoylamino]-2-methylpropionyl]-O-(4-fluorophenyl)-
L-homoserine; m.p. 127-128°C

Cy
QO

0

Hl OH

oO
oO

(h) N-[2-{(S)-2-mercapto-3-methylbutanoylamino]-2-methytpropionyl}-O+3-fluorophenyl)-
L-homoserine; m.p. 50-56°C

oO

= oHHS | N
0

0
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i) N-[2-[(S}-2-mercapto-3-methoxybutanoyla mino)-2-methylpropionyl]-O-benzy-L-
serine; [alp” + 18.85 (c = 0.997, DMSO)

at 0

Oo

or *
0

(j) N-[2{(S)-2-mercapto-2-(4-tetrahydropyranyl)acetylamino]-2-methylpropionyl]-O-
benzyl-L-serine; m.p. 184-189°C;[a]p - 24.94 (c= 1.013, DMSO)

 

0

oO

Hs | N
oO

Example 7

(a) N-[2-[(S}-2-mercapto-3-methyl butanoylamino]-2-methy|propionyl]-S-benzyl-L-
cysteine ethyl ester

s

| QO
llHS | LA, OL

oO
0
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Under an argon atmosphere, the thicacety] compound of Example 2 (0.48 g,

4.0 mmol) is dissolved in absolut EtOH (5 mL) and treated with 1N NaOHof (1.0 mL,

1.0 mmo!}. The mixtureis stirred for 4 hours at room temperature before treatment with 1 N

HCI until pH 3. The mixture is evaporated te remove most of the EtOH and the aqueous

residue is extracted with EtOAc (2 x 10 mL). The combined extracts are washed with H20
(5 mL} and then with brine solution (5 mL), The solution is dried over NazSO,,filtered and

concentrated jn vacuo. The product solidifies from tert-butyl methyl ether/hexaneto give

product; m.p. 87-91°C.

(b} Similarly prepared is N-{2-{(S}-2-mercapto-2-(4-tetrahydropyranyl)acetylamino]-2-
methylproplonyl]-O-benzyl-L-serine ethyl ester; m.p. 85-93°C; [a}p - 37.21° (c = 1.012,

DMSO}

Oo

ns A ion
° .

(c) Similarly prepared is N-2-[(S)-2-mercapto-3,3-dimethylbutanoylamino]-2-

methylproplonylj-O-benzyi-L-serine ethyl ester; oil; [afp - 20.9° (c = 1.025, DMSO)

oO

Oo

Hadtw
oO

0
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(d) Similarly prepared is N-[2-[(S)-2-mercapto-3-methylbutanoylamino}-2-ethylbutanoyl]-
O-benzyl-L-serine ethyl ster; [alp - 31.48° (c = 0.855, CH,;0H)}

N oAdfe
Oo Oo
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WHAT|S CLAIMED IS:

1. A compound of the formula

i: i ; . , fier
R,S—ii 0

R R, R

wherein

R represents hydrogen, loweralkyl, carbocyclic or heterocyclic aryl-loweralkyl or
cycloalkyl-loweralkyl;

R, represents loweralkyl, cycloalkyl, carbocyclic or heterocyclic aryl, or biaryl; or R,
represents (cycloalkyl, carbocyclic aryl, heterocyclic aryl or biaryl}lower alkyl;

alk represents loweralkylene:

Rg represents hydrogen or acyl;

R, represents hydrogen, optionally substituted lower alkyl, carbocyclic or heterocyclic
aryl, (carbocyclic or heterocyclic ary!}-lower alkyl, cycloalkyl, cycloalkyl-lower alkyl, biaryl,
biaryl-lower alkyl; oxacycloalkyl, thiacycloalkyl, azacycloalkyl, or (oxacycloalkyl,
thiacycloalkyl or azacycloalkyl)}tower alkyl;

Rs represents hydrogen orloweralkyl; or

'R, and Rs, togetherwith the carbon atom to which they are attached, represent
cycloalkylidene, benzo-fused cycloalkylidene; or 5- or 6-membered (oxacycioalkylidene,
thiacycloalkylidene or azacycioalkylidene), each optionally substituted by lower alkyl or aryi-
lower alkyl;

Rs represents loweralkyl, carbocyclic or heterocyclic aryl, (carbocyclic or heterocyclic
arylHoweralkyl, cycloalkyl, cycloalkyl-lower alkyl, biaryl or biary!-lower alkyl;

R; represents laweralkyl, (carbocyclic or heterocyclic aryl)-loweralkyl, cycloalkyl-
lower alkyl or biaryl-tloweralkyl; or

Rg and R;, together with the carban atom to which they are attached, represent 3- to
10-membered cycloalkylidene which may be substituted by lower alkyl or aryl-lower alkyl or
may be fused to a saturated or unsaturated carbocyclic 5- to 7-memberedring; or 5- or
6-membered (oxacycloalkytidene, thiacycloalkytidene or azacycloalkylidene), each optionally
substituted by lower alkyl or aryl-lower alkyl; or 2,2-norbanylidene;
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X represents -O-, ~S(O),-,NHSO--, or -NHCO-:

nis zero, one or two; and

COOR;represents carboxyl or carboxyl derivatized in form of a phannaceutically
acceptable ester,

or a disulfide derivative derived from a said compound wherein Rs is hydrogen; or a
pharmaceutically acceptable salt thereof.

2. A compoundaccordingto claim 1 of the formula

i } \ Q prR,

| | fla}
R,S—— C—— GC——_N-_c-—.CHCH—COOR,

= RRe R

ora disulfide derivative derived from a said compound wherein Rg is hydrogen: or a
pharmaceutically acceptable salt thereof.

3. A compoundaccording to claim 1 wherein R and Rs represent hydrogen;
R, represents lower alkyl, Cs- or Cp-cyclaalkyt, carbocyclic or heterocyclic aryl, or
(carbocyclic or heterocyclic aryl)-lower alkyl; alk represents lower alkylene; X represents -O-
or -S(O), wherein n represents zero or two; Rg represents hydrogen oracyt; R, represents
hydrogen, optionally substituted lower alkyl, oxacycloalkyl, oxacycloalkyl-lower alkyl or
(carbocyclic or heterocyclic arylHower alkyl; Rs represents hydrogen; or R, and Rs combined
with the carbon atom to which they are attached represent Cz or C.-cycloalkylidene; R, and
R; represent lower alkyl; or Ry and R;, together with the carbon atom to which they are
attached, represent 5- or 6-membered cycloalkylidene; COOR, represents carboxyl or
carboxyl derivatized in form of a pharmaceutically acceptable ester; or a disulfide derivatives
derived from a said compound wherein Rg Is hydrogen; or a pharmaceutically acceptable
Sait thereof. ;

4. A compound according to claim 2 wherein R and Rs represent hydrogen;
R, represents lower alkyl, Cs- or Ce-cycloalkyl, carbocyclic or heterocyclic aryl, or
(carbocyclic or heterocyclic aryl)-lower alkyl; alk represents lower alkylene; X represents -O-
or -5(O}, wherein n represents zero or two; Rs represents hydrogen or acyl; R, represents
hydrogen, optionally substituted lower alkyl, oxacycloalkyl, oxacycloalkyl-loweralkyl or
(carbocyclle or heterecyclic aryl)}-loweralkyl; Rs represents hydrogen; or R, and Rg combined
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with the carbon atom to which they are attached represent Cz,or Ce-cycloaikylidene; Re and
R; representloweralkyl; or Re and Rz, together with the carbon atom to which they are

attached, represent 5- or 6-membered cycloalkylidene; COOR, represents carboxyl or

carboxyl derivatized in form of a pharmaceutically acceptable ester; disulfide derivatives

derived from said compounds wherein Rg is hydrogen; or a pharmaceutically acceptable salt
thereof.

5. A compound according to claim 1 wherein R and Rs represent hydrogen;
Ry represents carbocyclic or heterocyclic aryl or (carbocyclic or heterocyclic aryl}-loweralkyl;

Rg represents hydrogen or optionally substituted lower alkanoyl; Rg represents !oweralkyl,
cycloalkyl, tetrahydropyranyl or C,-C,-lower alkoxy-lower alkyl; Rg and R7 both represent

C,.C,-aikyl and are identical; X represents -O- or -S-; alk represents methylene; COOR,

represents carboxyl, lower alkoxy-carbonyl, (di-lower alkylaminocarbonyl}!ower

alkoxycarbonyl or (morpholinocarbonyl, piperidinocarbonyl or pyrrolidinocarbonyl}-lower

alkoxycarbony!, or a pharmaceutically acceptable salt thereof.

6. A compound according to claim 2 wherein R and Rs represent hydrogen;

R; represents carbocyclic or heterocyclic aryl or (carbocyclic or heterocyclic aryl}-lower alkyl;

R; represenis hydrogen or optionally substituted lower alkanoyl; R, represents loweralkyl,

cycloalkyl, tetrahydrapyranyl or C,-C,-fower alkoxy-loweralkyl; Rg and R; both represent

€,.C,-alkyl and are identical; X represents -O-or -S-; alk represents methylene; COOR,

represents carboxyl, lower alkoxy-carbonyl, (di-lower alkylaminocarbonyl)-lower

alkoxycarbonyl or (morphoti nocarbonyl, piperidinccarbonyl or pyrrolidinocarbenyl)-lower
alkoxycarbonyl; or a phannaceutically acceptable salt thereof.

7. A compound according to claim 1 wherein R and Rs represent hydrogen;

Ri represents carbocyclic aryl or carbocyclic aryl-loweralkyl in which carbocyclic aryl

represents phenyl or phenyl substituted by one or two of hydroxy, lower alkanoyloxy, lower
alkyl, jower alkoxy, trifluoromethyl, trifluoromethoxy or halo; Ra represents hydrogen or lower

_alkanoyl; Ry represents loweralkyl, 4-tetrahydropyranyl or Cy-C,-lower alkoxy-C,-C,-lower

alkyl; Re and R; represent methyl; X represents -O-; alk represents methylene or ethylene;
and COOR;represents carboxyl or lower alkoxycarbonyl; or a pharmaceutically acceptable
salt thereof.

8. A compound according to claim 2 wherein R and Rs represent hydragen;

Ry represents carbocyclic aryl or carbocyclic aryl-loweralkyl In which carbocycllc aryl

represents phenyl or phenyl substituted by one or two of hydroxy, lower alkanoyloxy, lower
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alkyl, lower alkoxy, trifluoromethyl, trifluoromethoxy or halo; Rs represents hydrogen or lower
alkanoyl; Ry represents lower alky!, 4tetrahydropyranyl or C,-C,-lower alkoxy-C,-C,-lower
alkyl; Re and R, represent methyl; X represents -O-; alk rapresents methyleneor ethylene;
and CCOR;represents carboxy! or lower alkoxycarbonyl; or a pharmaceutically acceptable
salt thereof,

9. A compound accordingto claim 1 wherein R and Ris represent hydrogen; .
R, represents phenyl, fluorophanyl, benzyl or fluorobenzyl; Rs represents hydrogen, lower
alkanoyl or lower alkanoyt substituted by lower alkoxy; Ry represents isopropyl, tert-butyl,
1-methoxyethyi or 4-tetrahydropyranyl; Ag and Ry represent methyl; X represents -C-: alk
represents methylane; and COOR;represents carboxyl or lower alkoxycarbonyl; or a
pharmaceutically acceptable salt thereof.

10. Acompound according to claim 2 wherein R and Rg represent hydrogen;
Rj represents phenyl,fluorophenyt, benzyl or fluorobenzyl; Ry represents hydrogen, lower
alkanoylor lower alkanoyl substituted by lower alkoxy: Ri, represents isopropyl, tert-butyl,
i-methoxyethyl or 4-tetrahydropyranyl; Re and Ry represent mathyl; X represents -O-: alk
represents methylene; and COORzrepresents carboxyl or lower alkoxycarbonyi;or a
pharmaceutically acceptable salt thereof.

11. A compound according to claim 10 wherein A and Rg represent hydragen; Ry
represents benzyl; Rg rapresents hydrogen, acetyl or methoxyacetyl; Ry represents isopropyl
or tert-butyl; Re and R, represent methyl; X represents -O-; alk represents methylene; and
COOR;represents carboxyl or ethoxycarbony}; or a pharmaceutically acceptable salt
thereof,

12. A method of Inhibiting both angiotensin converting enzyme and neutral
endopeptidase in mammals which comprises administering to a mammalin need thereof an
effective amount of a compound according to claim 1,

13. A method of preventing or treating cardiovascular disorders in mammals comprising
administering to a mammalin need thereof an effective amount of a compound of clalm f.

14. Amethod accordingto claim 12 for the treatment of hypertension, edema,salt
retention or congestive heart failure.

15. Apharnaceutical composition comprising an effective amount of a compound of
claim + in combination with one or more pharmaceutically acceptable carriers.
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 | No pratest accompanied the paymentof additional eearch faas,
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International Applicaton No. PCTAP 02 05293

FURTHER INFORMATION CONTINUED FROM PCTASA/ 279

Continuation of Box 1.1

Although claims 12-14 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the
alleged effects of the compound/composition.

Continuation of Box I.1

Claims Nos.: 12-14

Rute 39.1(iv} PCT - Method for treatment of the human orantmal body by
therapy 
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@) Combination of an angiotensin Il antagonist or renin Inhibitor with a neutral endopeptidase

Inhibitor.

@) Treatment of hypertension or congestive heart failure with a combination of an angiotensin IJ antagonist or a
renin inhibitor with a neutral endopeptidase inhibitor, pharmaceutical compositions comprising said combinations
and kits for administering saparata pharmaceutical compositions in combination are disclosad, wherein the
angiotensin II antagonists include saralasin, sar 1, tle 8 angiotensin Il, Dup 753, EXP 6155, EXP 6803 and PD
123319, the renin inhibitars include enalkrain, RO 42-5892, A 65317, CP 80794, ES 1005, ES 8891, SQ 34017,

CGP 29287, CGP 38560, SR 43845, U-+-71038, A 62198, and A 64662, and the neutral endopeptidase inhibitors
include N-[N-[1(S}-carboxyl-3-phenylpropyi}(S}-phenylalanyl]-(S}-isoserina, N-[N-[({1S)-carboxy-2-phenyljethyl}+
(S)-phenylalanyl}f-alanine; N-[2(S)-mercaptomethyl-3-(2-methylpheny!}-propionyl}jmethionine, SQ 28603, UK
69578, SQ 29072, thiorphan, retro-thierphan and phosphoramidon.
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BACKGROUND OF THE INVENTION 

The present inventian relates to the treatment of hyp rtansion and congestive heart failure with a
combination of an angiot nsin Il antagonist or ar nin inhibitor with a neutral endopeptidas inhibitor.

in a sacond aspect, this invention relates to a pharmaceutical composition comprising an A II antagonist
or a renin inhiditar in combination with an NEP inhibitor and to kits comprising an A I} antagonist and an
NEP inhibitor or a renin inhibitor and an NEP inhibitor.

The renin angiotensin system is a complex hormonal system comprised of a large molecular weight
Precursor, angiotensinogen, two Processing enzymes, renin and angictansin converting enzyme (ACE), and
a vasoactive mediator, A Il. See J. Cardiovasc. Phnarmacal., 15(Supp 8) (1990} p. $1-S5. Tha enzyme renin
catalyzes the cleavage of angiotensinogen into the decapeptide angiotensin |, which has minimal biological
activity on its own and is converted into the active octapeptide A Il by ACE. A Il has multiple biological
actions on the cardiovascular system, including vasoconstriction, activation of the sympathetic nearaus
system, stimulation of aldosterone Production, antinatriuresis. stimulation of vascular growth and stimulatian
of cardiac growth. A il functions as a Pressor hormone andis involved tha pathophysiology of several forms
of hypertension.

Inhibiters of the renin angiotensin system are well known; such drugs lower blood pressure and exert
beneficial actions in hypertension and in congestive heart failure as described, for example, in N. Eng. J.
Med.. 316, 23 (1987) p. 1429-1435, A larga number of peptide and non-peptide inhibitors of the renin
angiotensin system are known, tha most widely studied being the ACE inhibitors, which class includas the
drugs captopril, enalapril, lisinopril and Spirapril. Although a major mode of action of ACE inhibitors involves
prevention of formation of the vasoconstrictor peptide A Il, it has been reported in Hypertension, 16, 4
(1990) p. 343-370 that ACE cleaves a varisty of peptide substrates, including the vasoactive peptides
bradykinin and substance P. Prevention of the degradation of bradykinin by ACE inhibitors has been
demonstrated, and the activity of the ACE inhibitors in some conditions has been reported in Circ. Res., 66,
1 (1990) p. 242-248 to ba mediated by elevation of bradykinin levels rather than inhibition of A Il formation.
Consequently, it cannot be presumed that the effect of an ACE inhibitor is dua sclely to pravantion of
angiotensin formatian and subsequentinhibition of the renin angiotensin system.

Neutral endopeptidase (EC 3.4.24.11: ankephalinase; atriopeptidase, NEP) is a zinc-containing metal-
loprotease which cleaves a variety of peptide substrates on the amino terminal side of aromatic amino
acids. See Biocham. J., 241, (1987) p. 287-247. Substrates for this enzymeinclude, but are nat limited to,
atrial natriuretic factors (ANF), brain natriuretic peptide, met and leu enkephalin, bradykinin, naurokinin A,and substance P.

ANF are a family of vasodilator, diuretic and antihypertensive peptides which have been the subjact of
many recent reports in the literature, for example Annu. Rev. Pharm. Tox., 29, (1989) p. 23-54. One form,
ANF 98-126, is a circulating peptide harmone which is released trom the heart during conditions of cardiac
distension. The function of ANF is to maintain salt and water homeostasis as well as to regulate blood
pressure. ANF is rapidly inactivated in the circulation by at isast two processes: a recaptor-madiated
clearance reported in Am. J. Physiol., 256 (1989) p. R4G9-R475 and an enzymatic inactivation via NEP
reported in Biochem. J., 243 (1987) p. 183-187, it has been previously demonstrated that inhibitors of NEP
potentiate the hypotensive,diuretic, natriuretic and plasma ANF responses to pharmacological injection of
ANFin experimental animals. Tha potentiation of ANF by two specific NEP inhibitors is reported by Sybertz
ot al in J. Pharmacol. Exp. Ther.. 250. 2 (1989) p. 624-631 and in Hypertension, 15, 2 (1890) p. 152-161,
while the potentiation of ANF by NEPin general was disclosed in US. patent 4,749,688. In U.S. 4,740,499,
Olins disclosed the use of thiorphan and kelatorphan to potentiate atria! peptides. Moreover, NEP inhibitors
lower biood pressure and exert ANF-like effects Such as diuresis and increased cyclic guanosine 3’\5'-
manophosphate (CGMP) excretion in some forms af experimental hypertension. Tha antihypertensive action
of NEP inhibitors is mediated through ANF because antibodies to ANF will neutralize the reduction in blood
pressure.

U.S. 4,749,688 also established the antihypertensive action of NEP inhibitars and that co-administration
of an ACEinhibitor and a NEPinhibitor results In a greater reduction of blood pressure than observed with
either agent alone. The antihypertensive effect is best manifested under conditions in which the renin
angictensin system is suppressed, as reported by Sybertz et al in the references cited above. Far example,
NEP inhibitors reduce bload prassure sttectively in the Desoxycorticosteron sodium acetate {DOCA NA}
hypertensive rat, a volume-dependent, renin-suppressed model of hypertension, but are less afactive under
conditions in which the renin angiotensin system is activated, such as in th Spontaneously hypartensiv rat
(SHR) and in the two kidnay Goldblatt hypertension model. Stucies in the SHR and in th=two-kidn y
Goldblatt hypertension model using & prodrug of the NEP inhibitor N-[2(5)-mercaptomethyl-3-(2-m_thyt-

 

2
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ph nylpropionyljmethionine in combination with tha ACE inhibitor spirapril demonstrat d the gr ater
efficacy of the combination compared to aither drug alone. However, this interaction’ was inhibited in SHA
which had been n phrectomized, ¢ manipulation which markedly suppresses renin lavals.

An explanation of this intaractive effect of ACE inhibitors and NEP inhibitors on blood pressure is that
suppression of tha renin angiotensin systam allows for full expression of tha ANF-lika antihypertensive
effect af the NEP inhibitor. A Il and ANF exert opposite effects an the cardiovascular system and it has

been proposed by Johnston et al in Am. J. Med., 87, (Supp 6) (1990) p. 6B-245-6B-28S that these twohormonal systems act te counterbalanceoneanother.
An enhanced effect trom a combination of an A Il recaptor antaganist or a renin inhibitor with an NEP

inhibitor is, however, unexpected for several reasons. First, as discussed above, ACE inhibitors exert
pharmacological effects other than inhibition of formation of A Il. ACE dagraces numerous substrates,
including bradykinin, neurotensin, and substance P. tn some instances, e.g. with bradykinin and substance

P, both ACE and NEP will degrade the peptide. Since substance P and bradykinin are vasodilators, an
alteration of the metabolism of either of these, cr more efficient protection from dagradation by inhibiting the
two enzymes could account for an enhanced effect. Mareover, although nephrectomy, a maneuver which
strikingly reduces plasma renin levels, stiminated tha enhanced interaction of the ACE inhibitor and NEP

inhibitor, the NEP inhibitor alone did not lower blacd pressure in this state. Thus, the interactions of ACE

inhibitors and NEP inhibitors ara cornplex and the effect of an A !I raceptor antagonist or a renin inhibitor in
combination with an NEPinhibitor cannot be predicted solely from data obtained from the combination of an
ACE inhibitor and NEPinhibitor.

SUMMARY OF THE INVENTION

The present invention relates to a method of treating hypertension or congestive heart failure compris-
ing administering an effective amount of a combination of an A |i antagonist and a NEP inhibitor to a
mammal in need of such treatment. The invention also relates to a method of treating hypertension or

congestive heart failure comprising administering an effective amount of a combination of a ranin inhibitor
and a NEP inhibitor to a mammal in naed of such treatment.

Another aspect af the invention relates ta pharmaceutical compositians comprising an effective amount

of a combination of an A il antagonist and a NEP inhibitor in a pharmaceuticaliy acceptable carrier and to
pharmaceutical compositions comprising an effective amount of a combination of a renin inhibitor and a
NEP inhibitor in a pharmaceutically acceptable carrier.

Since the present invention relates ta a method of treatment comprising a combination of actives
wherein the actives may be administered separately, the invention in a third aspect relates to combining
separate pharmaceutical compositions in kit form.

DETAILED DESCRIPTION

The NEPinhibitors suitable for use in this invention include, but are not timitad to compounds disclosed
in U.S. 4,610,816, herein incorporated by reference, including in particular N-[N-[1(5)-carboxy!-3-
phenylpropyl]-(S)-phenylalanylJ-(S}-isoserine and N-[N-[((1S)-carboxy-2-phanylethyl]-(5)-phenylalanyl]-2-al--
anine; compounds disclosed in U.S 4,801,608 and 4,929,641, each herein incorporated by reference,
including compoundsof the formula

R'

(CH2}n O
H

Oo Re

wherein R’ is phenyl substituted by atkyl, R? is alkyl-S(O}.2(CH2}q, R? is OR’ wherein A’ is hydrogen or
lower alkyl, Q is hydrogen or R'™CO- wherein R" is alkyl, n is O-2 and q is 1-4, and in particular N-{2{S)-
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mercaptomethyl-3-(2-m thylphenyl)-propionyl]methionine; SQ 28603 (N-[2-(mercaptomathyl)-1-oxo-3-
phenylpropyi]-f-alanina), disclos ¢ in South African Patent Application 84/0870; UK 69578 (cis-4-[[[i -[2-

~mathoxyethoxy}propyl}-cyclop ntyl]carbonylJamino}-cyclohexan carboxylic acid) and its activ
enantiomer(s); thiorphan and its enantiomers; retro-thiorphan, phosphoramidon; and SQ 29072 (?-[[2-
{mercaptomethyl}-1-oxo-3-phanylprapy!Jamino]-heptancic acid}. Also suitable for use are any pro-drug
forms of the above-listed NEP inhibitors, @.g., compounds in which one or more Carboxylic acid groups ara

The A Il antagonists suitable for use in this invention inctude, but ara notlirmited to Saralasin; sar 1 (t-
(N-mathylglycine-angiotensin iI); ile & angiotensin II (t-de-L-aspartic acid -8-L-isoleucine-angistensin IN); Dup

(2-butyi-4-chloro-1-[[2'-(1 H-tetrazol-5-yl}f1 ,1 *-biphenyl]-4-yllmethyl]-1 H-imidazole-5-methanal, mon-
opotassium salt} and activa metabolites thereof; EXP 6155 { 2-butyl-1-[(4-carboxyphenyl)methyi}-4-chloro-
1H-imidazole-5-acetic acid, disocium salt); EXP 6803 (2-butyl-1 -[[4-[(2-carboxybenzoyljaminoJphenyl}-
mathyl}-4-chloro-1H-imidazole-5-acetic acid a-mathyl aster, monosodium salt); and PD 123319 (1-(4-
dimethylamino-3-methylphenyl}methyl-S-diphenylacetyi-4,5,6,7-tetrahydro-1 H-imidazo[4,5-c¢]pyridine-6-
carboxylic acid], Dup 753,EXP 6155 and EXP 6803 are disclosed in European Patent Applications 253,310
and 324,377; PD 123419 is disclosedin European Patent Application 245,637.

The renin inhibitors suitable tor use in the present invention include, but are not limited to, analkrein,
RO 42-5892, A 65317 [(2R)-2-benzyl-3-[(2-mathoxyethoxymethoxyethylmathylaminocarbonyl}-propionyFL-
His(2'5,1'R,5$)-3-ethyl-5(1 ‘-hydroxy-2'-amino-a"-cyclohexyipropyl)exazolidin-2-one amide]; CP 80794; ES

(NTHIE-{IG-amino-6-hydroxyhaxyl)-aminojcarbonyl!-3-methy!-buty!Jamino}-2-hydraxy-1-(2-methyl-
propyl)-4-oxobuty!}-a-{[3-(1-naphthalenyl)-2-(1 “naphthaleny!mothyl}-1-oxopropy!}-amino}-1 H-imidazole-4-
propanemide dihydrochloride); ES 8891 (-cyclohexyl-2,4,5-trideoxy-N-hexyi-4-[[N-[3-(1-naphthalenyl)-N-(-4-
morpholiny|-acetyl)-L-alany(]-3-(4-thiazoly!)-L-alanyllamino]-L-threo-pentonamide)}; SQ 94017; CGP 29287
(carbobenzyloxy-Arg-Arg-Pro-Phe-His-Sta-lle-His-Lys(BOC)OMe); CGP 38560 (N-[4-[(butytamina)-carbonyl}-
'(cyclohoxyimethy!)-2-hydroxy-5-methylhexy)-a-[[2-[[(1,1-dimathylethyl)-sulfonylmethy!}-1-ox0-3+
Phenylpropyljamina]-1 H-imidazole-4-propanamide), disclosed in U.S. 4,758,584; SR 43845 (3-Pyr-(CH2)}-CO-
Phe-His-ACHPA-lla-NH-C(CHa-(GHzOH)z); U-71038 {BOC-Pro-Phe-N-MeHis-Leuy(CHOHCH2)Vaklle-Amp):

62198 (IN-@-methyl-1-oxapropyl)-L-phenylalanyi]-N-(1S,2R,3S}-4-azido- 1-{cyclohexylmethy!)-2,3-
dihydroxybutyi-L-histidinamide); A 64662 ([N-(3-amino-3-methyl-1-oxobutyl)-4-methoxy-i-phenylalanyl]-N-

‘-(cyclohexyi-methyl}-2,3-dihydroxy-5-mathylhexyL-histidinamide)and those disclosed by Wat-
kins et alin U.S. 4,906,673, including those disclosed in the following publications, cited therein:

Compoundsof the formula

y 4 R= 0
Boc-Phe-His—N xAnse

HRa

wherein R’* is selected from cyclohexylmethy|, benzyl or butyl; X® is $ or ©; R** is selected fram isobutyl,
cyclohexyimethyi or benzyl; and R* is phenethyi. A preferred compound within this: class is one wherain
R'* is cyclohexylmethyl, A?* is isobuty!, R°? is phenethyl and X* is S. Thase compounds ara described by
Luly et al., Pharmacologist, 27 (3), (1885) p. 260, , and can ba prepared by known techniques from known

Other renin inhibitors are disclosed, for example Szelke et al., U.S. Pat. No. 4,424,207 discloses as
having the formula

X°-¥®_Bro-Pha-His-A°-BP-20-yye Ww

Pro, Phe and His may be in Substituted form;
= H: or an acyl or other N-protecting group 6.g. acetyl, pivaloyl, t-butyloxycarbony! (Bac), benzoy!

or lower alkyl (primarily Cy -Cs)\ or an L- or D-amino-acyl r sidu , which may its li be N-prot ctad similarly;
or L-His or other D- or L-basic or aromatic amina-acetyl r sidue, or is absent:

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 202



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 203

th

ta

15

20.

25

30

a5

55

EP 0 498 361 A2

AD =

y R™
—N,. + -SN "reduced" (VI)

Re 0 isostere bond

 

Rio

or

4 O R2
Nu A “keto” (VII)

isostere bond

R O

or

. “hydroxy” VUisostere bond ( )

or

—N.. "hydrocarbon" (IX)
isostere bond

Rie O

where the configuration at asymmetric centers * is sither R or S, where in Vill the hydroxy group may be
present as such or protected in ather -OR* or ester

0

form where R*® is as given under W below and where R'® and R?*, tha sameor different = 'Protisopropyl},
‘Bufisobutyl), B2(banzyl) or other lipophilic or aromatic amino-acid side chain;

R®® = -H; lower alkyl (C1-Cs); or -SOQ2Ph, -SO2Cs Hs CHa(p), Boc, formyl or ather N-pratecting group:
B® = D- or L-Val orIls or other D- or L-lipephilic amincacyl residue;
2° = D- or L-Tyr, Phe, His or other D-or L-aromatic aminoacyl residue; and
ye =

(a) -OH

tb) -OR* where R*® = (1), lower alkyl C)-Cs(n'}, cycloalkyl Ca-C) or Bai
(c} -NHz ,
(c} -NHR® or -N(RE°) wher in AR’ is an N-protecting group or AR“

5
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{o) L- or D-Lys

{f) L- or D-Arg unprot cted or as the ester or amide
(g) L- or O-Ser and

(h} amino aleohel d rivad fram (@)-(g) as such or protected in ester of eather form
Z°+W® = alcohol derived from

ti} L-Tyr
{it} L-Phe

{iii} D-Tyr or D-Phe
{iv} His

_£
CH-

hydroxy, -CH(OH}-CH2-, or hydrocarbon, -CH2-CHe- isosteric links and further bsing in free form
protected or salt form at one or more remaining peptide, carboxyl, amino, hydroxy or other reactive groups
in particular as their physiologically acceptable acid addition salts at basic centers,

Veberet al., U.S. 4,479,941, discloses renin inhibitor compounds such as
IBU-His-Pro-Phe-His-Sta-Leu-benzylamide;
IBU-His-Pro-Phe-His-Sta-Leu-2-phenylethylamide:
IBU-His-Pro-Phe-His-Sta-Leu-3-phenylprapylamide:
IBU-His-Pro-Pha-His-Sta-Leu-1 2-diphanylethylamide;
BOC-Phe-His-Sta-Leu-{ +}!-1 -2-diphanylethylamide;
BOC-Phe-His-Sta-Leu-(-}-1 .2-diphenylathyiamide;
BOC-Phe-His-Sta-Leu-banzylamida:
BOC-Phe-His-Sta-Leu-( + }a-phenylethylamide;
BOG-Phe-His-Sta-Leu-(-)-2-phanylathylamide:
BOC-Phe-His-Sta-Leu-( + }-e-naphthylethylamide;
BOC-Phe-His-Sta-Leu-(-}-v-naphthylethylamide;
BOC-Phe-His-Sta-Leu-p-chlorobanzylamida:
BOC-Phe-His-Sta-Leu-p-methoxybenzylamide:
BOC-Phe-His-Sta-Leu- 10,1 1-dihydro-SH-dibenzola,d}cyclohepteneamide:
BOC-Phe-His-Sta-Leu-D,L-threo-1,2-diphanyl-2-hydroxyethylamide:
BOC-Phe-His-Sta-Leu-Sta:

’ BOG-Phe-His-AHPPA-Leu-benzylamide;
AcetylPhe-His-AHPPA-Leu-benzylamide: /
BOC-Phe-His-Sta-Leu-(2-amidomethylpyridine);
BOC-Phe-His-Sta-Leu-(4-amidomethylpyridine);
BOC-Phe-His-Sta-Leu-{4-amido-1-benzylpiperidine);
BOC-Pho-His-Sta-Leu-[N-(3-amidopropyl}diethanolamine];
BOC-Phe-His-AHPPA-Lau-(2-amidomethylpyridine);
BOC-Phe-His-ACHPA-lle-(2-amidamethylpyridine);
IVA-His-D-Pro-Phe-His-ACHPA-Ile-{2-amidomethyipyriding):
' (+) refers to the optical rotation of the amine. , :

A preterred compound within this class is BOC-Phe-His-Sta-Lau-(4-amido-t -banzyi-piperidins).
Veberet al., U.S. 4,474,826, discloses renin inhibitor compounds such as
tert-Butyloxycarbonyi-His-Pro-Pha-His-Sta-Leu-Leu-Leu-OCHs,
tert-Butyloxycarbonyl-His-Pro-Phe-His-Sta-Lau-Tyr-NHp,
iso-ButyrylHis-Pro-Phe-His-Sta-Leu-Phe-Lys-NHp,
tert-Butyloxycarbonyl-His-Pro-Pha-p-|-Pha-Sta-L u-Phe-NHs,
iso-Valery|-His-Pro-Phe-His-Sta-Leu-Val-Phe-NH2,
His-Pro-Ph -His-Sta-Lau-Phe-NH,
is0-Valteryl-His-Pra-Phe-His-Sta-Leu-Phe-NHo,
Acatyl-Pro-Phe-His-Sta-Leu-Phe-NHp,

BIOCON PHARMA LTD (IPR2020-01263) Ex
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Acetyl-Ph -His-Sta-Leu-Phe-NHz,

tert-Butyloxycarbonyl-Phe-His-Sta-Leu-Phe-Nkz,
tart-Butyloxycarbonyl-His-Pro-Phe-Phe-Sta-L u-Phe-NHz,

iso-Butyryl-His-Pro-Phe-His-Sta-Ala-Phe-NH2,

 

Cyclo-

iso-Butyry|-His-Pro-Phe-His-Sta { hexyl-Phe-NH2
| Ala
 

4 preferred compound within this class ts WA-His-Pro-Phe-His-Sta-Leu-Phe-NH2.
Veber et al., U.S. 4,384,994 discloses ranin inhibitor compounds such as

N-phenoxyacetyl-L-leucyl-(35,45)-statyl-L-valyl-L-phanylalanine;
N-phenoxyacetyl-L-laucy!-(48,4S)-statyl-L-leucyl-L-pheanylalanine
N-phenoxyacety!-L-leucyl-(4S)-amino-{38)-hydraxy-5-pheny|pentanoy!-L-leucyl-L-phenylalanine;
L-leucy|-(35,4S)-staty!-L-valyl-L-phenylalanine;

L-leucyl-(35,45)-statyi-L-leucy|-L-phenylalanine;
L-lsucyl-(48}-amino-(38)-hydroxy-5-phenylpantanoyl-L-leucyl-L-pnenylalaning;
and the amide and C,-, alkyl ester forms of the above peptides.
Bogeret al., U.S. 4,485,099, discloses renin inhibitor compounds such as

IBU-His-Pra-Phe—Lys-Sta-Leu- me]

IBU-His-Pro-Phe—Orn-Sta-Leu- me]

IBU-His-Pro-Phe—DAB-Sta-Leu-nee]

IBU-His-Pro-Phe—HLys’ Sta~Leu- me]

IBU-His-Pro-Phe—Om-Sta- teuPrerGy)

IBU-His-Pro-Phe—Lys- Sta-Leu-we

eee)
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Oo
- ti¢\.CHaC—Lys-AHPPA-Leu— Phe

(CHo)s

(mixture of isomers)

IVA-His-Pro-Phe—Lys-Sta-Leu-Phe

NVA-His-Pro-Phe—Lys:AHPPA—Leu- nT]
POA— Lys~AHPPA—Leu-a

POA Lys—ACHPA— IlHe
BOC-Phe— Lys~ ACHPA—7
VAcHie-D-Pro. PreueAPPALawPro
IVA-H is-D-Pro-Phe~Lys~ ACHPA—Leu- nT]
IVA-His-D-Pro-Phe—Lys—ACHPA— II~—

A preferred compound within this class is

BOC-Phe-Cys: Sta’ Leu: Phe

Bogeret al., U.S. 4,477,441, discloses renin inhibitor compounds such as
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!BU-His-Pro-Phe—Cys-Sta-Leu~ Phe— wT]
SsS

IBU-His-Pro-Phe— HcysSta-Leu- Phe NH

 
S S

Phenoxyacety— Cys— AHPPA— Leu~ Phe— NH

>_<]
PhenoxyacetyF- Cys ACHPA— Ile— His— NH

1 |
Phenoxyacety— Cys— ACHPA~—IleHis- Cys— NH,

s——-5
IVA-His-D-Pro-Phe— Cys~ ACHPA— IleHis NH

3s——_
BOC-Phe— Cys— ACHPA— Ile—His— NH

ss]
Bogeret al., U.S. 4,477,440, discloses renin inhibitor compounds such as

D-Lys~Hcys:Pro- Phe: Heys’ Sta-Leu~ NH

s—Ss

9

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 207



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 208

20

30

35

EP 0 498 361 A2

D-Lys—Hcys’Pro~ PheHeys: Sta- Ile—NH

\ 7
ss

HeysPro- Phe: Hcys— ACHPA- Ile—AH

\ ff

D-Lys~Hcys:Pro-Phe: Hcys—ACHPA- Tle—NH

s—s

\ /
SS

HeysPro- Phe-Hcys:'Sta— Leu— Phe-OCH,

S—S

BOC—Hcys:Pro-Phe-Heys:'Sta—Leu— Phe-OCH,

S—S

Cys-Pro~Phe-Cys-Sta—Leu— Phe-OCH,

S—Ss

Heys: Pro- Phe-Cys- Sta—Leu— Phe-OCH,

s—s

Cys-Pro-Phe-Hcys Sta— Leu— Phe-OCH,

S—s

10

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 208



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 209

25

30

35

5a

55

EP 0 498 361 A2

Boger t al., U.S. 4,470,971, discloses renin inhibitor compounds such as
iso-Butyryl-His- Pro-Ph_ -His-Sta-Val-His-Gly-NHz
iso-Butyryl-His-Pro-Ph -His-Sta-ll -His-NHz2
tart-Butyloxycarbonyl-Phe-His-Sta-lle-His-NHe

Benzyloxycarbonyl-Phe-His-Sta-lle-His- NH2
iso-Valaryt-His-Pro-Phe-His-Sta-lHa- His-NH2
iso-Valeryl-His-Pro-Phe-His-Sta-Lau-His-NH2

A preferred compound within this class is IWA-His-Pro-Phe-His-Sta-lla-His-NHz.
Cazaubonatal.,

OMe,
U.S. 4,481,192, disclosas renin inhibitor comounds such as BOC-Phe-His-Sta-Ala-Sta-

Hansen,Jr. et al., U.S. 4,510,085, discloses compounds of the formula

(Om
SCH, Getls

Oo oH
(CHa)o St CH, HRlAoT N| 2i

(CHo)n) R Oo

RS

as having renin inhibitary activity
wherein R" is

(a) hydrogen; or
(b) alky! of 1 to 6 carbon atoms, inclusive:

wherain R?! is:

(a) hydrogen; or
(b) alkyl of 1 to 6 carbon atoms, inclusive;

wherein R®! is

11

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 209



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 210

15

20

25

35

50

so

EP 0 498 361 A2 ©

(a)

Ré!

Re

(b)

(c)
H

N

wherein R“ and R§! each being the sameordiffarent, are:
{a} hydrogen;
(b) alkyl of 1 to 6 carbon atoms: or
(c} halogen; ‘

wherein ml is 0, t or 2,

wherein nlis 0 or an integer of from 1 to 4: and the pharmaceutically acceptable salts thereof.
U, 5. 4,514,332 discloses renin inhibitory activity for tetrapeptide adamanty! amides of the formula

(Orn

yR27 ColsR'NOm (C14m

Se
wherein R'! js

(a)

(CHa)om

or

12
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{6} straight or branch d chain alkyis of 1 to 6 carbon atoms, inclusive;
wherein A?" is:

fa) hydrog n; or
(b) alkyl of 1 to 3 carbon atoms;

wherein Ae" is:

(a) CHa, Hs; or

ib) alkyl of 1 to 3 carbon atoms;
wherein R*™ is;

(a) hydrogen; or
(6) alkyl of 1 to 6 carbon atoms;

wherein m™ is 0, 1 or 2;
wherein n™ is 1 or 2;

wherein p™ is 0, 1 of 2:
and the steraochemical configuration of each of the optically active amino acid residues may independently
be D, L or DL; and the pharmacologically acceptable salts thereof.

Castro at al., U.S. 4,185,096, discloses renin inhibitor compounds such as

G Cc as
CHg 5* A O Ch, GH oO .

CHy N y" way" (XB Ay)P972)64
0/2 Ho

CH(CHs)o CH(CHa}o

as having renin inhibitory activity.

In the general formula ()° each of the symbals X®5, Y*4 and2°4 which are identical or differant,
represent an amino-acid residue selected from arginine, glutamic acid, aspartic acid, lysine, histidina or
valine, forming with the free carboxyl group of the pepstatin or of the adjacent amino-acid a peptide bond
-CONH-; the carboxyl function of the terminal amino-acid may exist in free form or in the form of an ester of

an aliphatic alcahel containing 1 te 4 carbon atoms, and the indices aq, oq, and cq are aach equal to zero
or 1, tha sum ag +baq+cq being equal to 1, 2 or 3.

Hayashi et al., U.S. 3,985,875, discloses renin inhibitors of the formula

oO

R'-NH(CH2)mrO-— P— O(CH2)aNH2

CH

wherein R' is an octadeca-9,12-dienoyl, octadeca-9,12,15-trianoyl, 4-(4"-chlorophenoxy}phanoxyacetyl or a-
[4-(4'-chlorophenoxy)phencxy}-propionyl group, and m' is 2 or3, or their pharmaceutically acceptable acid
addition salts.

The following definitions apply throughout the specification: IBU = \so-butyryl; BOC = Tert-butylox-
ycarbony!; AHPPA = (35,48)-4-amino-3-hydroxy-5-phenylpentanoic acid; ACHPA = (35,4S}-4-amino-5-
cyclohexy!3-hydroxypentanoic acid; IVA= Iso-valeryl; CAB = 2S-amino-4-aminobutyric acid; HLys =
homolysine, 2S-amino-6-aminoheptancic acid; POA = phenoxyacetyl; Hcys = L-homocysteine. .

The above descriptions of classes of renin inhibitors for use in the present invention were taken from
the noted patents and publications cr abstracts thereof. Reference should 5e mada to such patents and
publications thams lves for their full disclosuras of such classes and specific compaunds within such
classes, and as to any typographical rrors or the like which may have occurred in transcription. Also, in
describing such renin inhibitors, the superscript | tters a,b,m,q and r wer included to distinguish among
the various classes of compounds and the variable substituent groups thereat.

The antihypertensive effects of NEP inhibitors, A Il antagonists and renin inhibitors, and of combinatians

43
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of NEP inhibitors with A Il antagonists or r nin inhibitors are determined according to the following
procedures.

For the DOCA salt hypertansion mod | male Sprague Dawley rats weighing 100-150 g ara anesthetized
with eth r and tha right kidney is removed. Thr pell ts containing Doc ac tate (¢ soxycorticostarone
acetate, DOCA, 25 ma/pellet) ara implanted subcutaneously. Animals recover fram surgery, ara maintained
on normal rat chow and are allowed free access to a fluid of 1% NaCl and 0.2% KCI instaad of tap water for
a period of 25-30 days. This procedure results in a sustained elevation in bleod pressure and is a slight
modification of published procedures (e.g. Brock et al, 1982) that hava been used to produce DOCA salt
hypertension in the rat.

On the day of the study, animals are again anesthetized with ether and the caudal artery is cannulated
for blood pressure measurement. Patency of the caudal artery cannula is maintained with a continuous
infusion of dextrose in water at a rate of 0.2 mi/nr. Animals are placed into restraining cages where they
recover consciousness. Blood pressure is measured fram caudal artery catheter using a Statham pressure
transducer attached to a Beckman oscillagraphic recorder. In addition, a cardiovascular monitoring device
{Buxco Eletronics, inc.) and 4 digital computer are used to calculate average blood pressures.

After an equilibration period of at least 1.5 hr., animals are dosed subcutaneously (1 ml/kg} with vehicle
(methylcellulose, hereinattar MC), NEP inhibitor, A Il antagonist, renin inhibitor, a combination of NEP
inhibitor and A Il antagonist , or a combination of NEP inhibitor and renin inhibitor and biood pressure is
monitored for ihe next 4 hours. The doses of drug are chosen based on amounts previously determined to
be effective for inhibition of the respective anzymas.

Two kidney, 1-clip (2K,1C) Goldblatt hypertension is produced in male Sprague Dawley rats as
described by DeForrest et al {1984}. Rats weighing 189-200 g ara anesthetizad with ether ar Bravital (50
mg/kg, ip) and tha lett kidney is exposed through a flank incision. A silver clip with an internal diameter of
0.15 mm is placed around the left renal artery. The contralateral kidney ramains untouched. Tha animal is
used 3-4 weeks aftar surgery when sustained hypertension greater than 150 mm Hgis established.

On the day of the experiment, fasted rats are anesthetized with ether and tha abdominal acrta is
cannulated via the caudai artery with polyethylene tubing. The rats are placed in plastic restrainers and
allowed to regain consciousness for at feast 90 rin. The rats are dosed by oral gavage with a single drug or
with a cambination of drugs as suspensions in 0.4% methylcellulcsa vehicle. Blood prassure is recorded
continuously from the caudal artary on an oscillographic recorder. oO

The antihypertensive effect in SHR is determined as follows. Animals are prepared for blood pressure
measurement as described above. After stabilization, animals ara dosed subcutaneously with test drugs,
combinations thereof or placebo and blood pressure is monitored for the next 4 hours.

ANF has been shown to exert beneficial hemodynamic and renal actions in congestive heart failure
(CHF) with the exception of tha most severe States, in which its actions may be blunted. ANF and the renin
angiotensin system also act as physiological antagonists of ona another in CHF. Therefore, it is con-
templated that the combination of an ANF-patentiating NEP inhibitor and an inhibitor of the renin angiotensin
system will Dé useful in the treatment of CHF. Measurements of the dogree of diurasis and natriuresis, as
well as hemodynamics, are used to determine the aificacy of tha present combination in the treatment ofCHF.

The combinations of this invention comprise an NEP inhibitor and an A il antagonist, and an NEP
inhibitor and a renin inhibitor. The components cf each combination can be administered in the sams
pharmaceutical composition or by co-administration of Separate pharmaceutical compositions. A variety of
pharmaceutical dosage forms are suitable, preferably for oral or parenteral administration, although me-
chanical detivery systams such as transdermal dosage forms are also conternpiated.

The daily dosages of the combinations of this invention for treatment of hypertension or congestive
heart failure are as follows: for NEP inhibitors, the typical dosage is about 0.3 mg/kg ta about 100 mgfkg of
mammalian weight per day administered in single or divided doses; for A || antagonists, the typical dosage
ig about 0.1 mg/kg to about 50 mg/kg of mammalian weight per day administered in single or divided
doses; and for renin inhibitors, the typical daily dosage is about 0.1 mg/kg ta about 100 mg/kg mammalian
weight, administered in single or divided doses. The exact dose of any component or combination to be
administered is determined by the attending clinician and is dependent on the potency of the compound
administered, the age, weight, condition and response of the patient.

Generally, in treating humans having hypertension or congestive heart failura, th combinations of this
invention can be administered in dosage ranges as follows: for the combination of NEP inhibitor and A It
antagonist, about 10 to about 500 mg NEPinhibitor par dose given 1 to 4 times a day, and about 5 to about
100 mg A fl antagonist given 1 to 3 times a day; and for the combination of NEP inhibitor and renin
inhibitor, about 10 to about 500 mg NEP inhibitor given 1 to 4 times a day, and about 5 to about 600 mg
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rnin inhibitor giv n 1 to 3 times a day. Where th components of a combination are administer d
separately, the number of dos s of each component given per day may not necessarily be the same, .g.,
wh réone component may hav a greater duration of activity, and will therefore nead to be administered
lass frequantly.

Typical oral formulations include tablets, capsules, syrups, elixirs and suspensions. Typical injactable
formulations include solutians and suspensions. ,

The typical pharmaceutically acceptable carriers for use in the formulations described above are
exemplified by: sugars such as lactose, sucrose, mannite! and sorbitol; starches such as cornstarch, tapioca
starch and potatoe starch; cellulose and derivatives such as sodium carboxymathy! cellulose, ethyl cellulosa
and methyl callulose: calcium phosphates such as dicalcium phosphate and tricalcium phosphate; sodium
sulfate; calcium sulfate; polyvinylpyrrolidone; polyvinyl alcohol; stearic acid; alkaline earth meta) stearates
such as magnesium stearate and calcium stearate; stearic acid; vegetable oils such as peanut oil,
cottonseed oil, sesameoil, olive oil and corn oil; non-ionic, cationic and anionic surfactants; ethylene glycol
polymers; betacyclodextrin; fatty alcohols; and hydrolyzed cereal solids, as well as other non-toxic
compatible fillers, binders, disintegrants, buffers, preservatives, antioxidants, lubricants, flavoring agents, and
the lika commonly used in pharmaceutical formutations.

Since the present invention relates to treatment of hypertansion and congestive heart failure with
combinations of active ingradiants wherein said active ingredients can be administerad separately, the
invention also relates to combining separate pharmaceutical compositions in kit form. That is, two kits are
contemplated, each combining two separate units: an NEP inhibitor pharmaceutical composition and and A
il antagonist pharmaceutical composition in one kit, and an NEPinhibitor pharmaceutical composition and a
renin inhibitor pharmaceutical camposition in a second kit. The kit form is particularly advantageous when
the saparate components must be administered in differant dosage forms (6.g. oral NEP formulation and
parenteral A {i antagonist formulation) or are administerad at different dosageintervals.

Claims

4.. A pharmaceutical composition for treating hypertension or congestive heart failure comprising an
sitactive amount of a combination of a neutral endopeptidase inhibitor and either a renin inhibitor or an

angictensin Il antagonist, in a pharmaceutically acceptable carrier.

2. A composition of claim 1 wherein:
the neutral endopeptidase inhibiter is selected from the group consisting of N-[N-[1{S)-carboxyl-3-

phenyloropyl}-(S)-phenylalanyt}(S)-isoserina;  N-[N-[{(1$}-carboxy-2-pheny!jethyl]-(S}phenylalanyl]-8-
alanine; N-[2(S}-mercaptomethy!-3-(2-methylpheny|}propionyljmethionine; SQ 28603; UK 69578; thior-
phan; retro-thiorphan; phosphoramidon; SQ 29072; and the pro-drugs thereof,

the angiotensin Il antagonist is selected trom the group consisting of saralasin; sar 1; ile &
angiotensin Ii; Dup 753; EXP 6155; EXP 6803; and PD 123319; and

the renin inhibitor is selected from the group consisting of enalkrain; RO 42-5892; A 65317; CP
80794; ES 1005; ES 8891; SQ 34017; CGP 29287; CGP 38560; SR 43845; U-71038; A 62198; and A
64662.

3. A kit comprising in separate containers in a single package pharmaceutical compesitions for use in
combination to treat hypertension or congestive heart failure in mammals which comprises in one
container 4 pharmaceutical composition comprising a neutral endopeptidase inhibitor, and in a second
container a pharmaceutical composition comprising a renin inhibitor or an angiotensin Il antagonist.

4. The use of a neutral endopeptidase (NMEP) inhibitor, in combination with either a renin inhibitor or an
angiotensin Il antagonist, for the preparation of a pharmaceutical composition usafu! in the treatment of
hypertension or congestive heart failure.

5. The use according to claim 4, wherein:
the neutral endopeptidase inhibitor is selected from the group consisting of N-[N-[4(S}carboxyl-3-

phenylpropyl]-(S)-phenylalanyl]-tS)-isoserine;=N-[N-[({1$)}-carboxy-2-phenyljethyl]-(S)-phenylalanyl]-4-
alanine; N-[2(S}-mercaptomethyl-3-(2-methylphenyljpropiony!]methionine, SQ 28603; UK 69578; thior-
phan; retro-thiorphan; phosphoramidon; SQ 29072; and the pro-drugs thereof; .

’ the angiotensin il antagonist is selectad from th group consisting of saralasin; sar 1; ile 8
angiotensin ll; Dup 753; EXP 6155; EXP 6803; and PD 123319; and
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the renin inhibitor is s | ct d from the group consisting of enalkrein; RO 42-5892: A 65317: CP
80794; ES 1005: ES agai: SQ 34017; GGP 29287; CGP 38560: SR 43845; U-71038; A 62198: and A64662,

A compositian according to any of claims 1 or 2, wherein:
the NMEPinhibitor is administered at a dosage love! of 0.3 mg/kg mammalian waight per day;
the angictensin Il antagonist is administered at a dosage level of 0.1 mg/kg to 50 mg/kg

mammalian weight per day; and .

the renin inhibitor is administered at a dosage lavel of 0.1 mg/kg to 100 mg/kg mammalian weight
per day.

A process for the preparation of a pharmaceutical composition according ta any of claims 1, 2 or 6,
which comprises mixing a NMEP inhibitor, in cambination with either a renin inhibitor or an angiotensin
'l antagonist, with a pharmaceutically acceptable carrier.

A method of treating hypertension or congestive heart failure comprising administering an aftactive
amount of a combination of a nautral endopeptidase inhibitor and eithar a ranin inhibiter or an
angiotensin Il antagonist to a mammal in need of such treatment.

A method of claim & wherein:

the neutral endopeptidase inhibitor is selected trom the group consisting of N-{N-[1(S)-carboxyl-3-
phenylpropylj-($)-phenylalanyl}-(S)-isoserine; N-[N-[((18)-carboxy-2-phenyljethyl](S}-phenylalanyl}£-
alanine; N-[2(8)-mercaptomethyl-3-(2-methylpheny|)propionyl]methionine: SQ 28603; UK 69578; thior-
phan; retro-thiorphan; phosphoramidon: SQ 29072; and pro-drugs thereof:

the angiotensin !| antagonist is selectad from the group consisting of saralasin; sar 1; ile 6
angiotensin Il; Oup 753; EXP 6155; EXP 6803; anc PD 12931 9: and

the renin inhibitor is selected from the group consisting of enalkrein; RO 42-5892: A 65317: CP
80794; ES 1095; ES 8891: SQ 34017: CGP 29287; CGP 38560; SR 43845; U-71098: A 62198; and A64662.
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SALTS OF VALSARTAN

The invention relates to additional new salts and salt hydrates of the AT, receptor antagonist

(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yl-

methyl]-amine (valsartan) of formula

HC CH

3 \H7 3
o c

H,C )
\.7 _— A COOH

Hy H, |
CcxX )<) n

HN~ “N
\ i
N=N

The active ingredient valsartan is the free acid which is described specifically in EP 0443983,

especially in example 16; it has two acidic hydrogen atoms:(i) the hydrogen atom (H atom)
of the carboxyl group, and {ii) that of the tetrazole ring. Accordingly, one acidic H atom

(primarily the carboxy! H atom) or both acidic H atoms may be replaced by a monovalentor

highervalent, e.g. divalent, cation. Mixed salts may also be formed.

EP 443983 does not disclose any specific salts or salt solvates, e.g. hydrates, of valsartan.

Also,it does not mention any special properties of salts or salt solvates, e.g. hydrates.

Meanwhile, the active ingredient valsartan has been introduced as an anti-hypertensive

agent in a series of countries under the trade name DIOVAN.

The free acid valsarian has a melting point.in a closed crucible of 80 to 95°C and in an open

crucible of 105 to 110°C and a melting enthalpy of 12 kJ/mol. The specific optical rotation is

[o]7°5 =(-70 + 2) ° measured for a concentration of c = 1% in methanol.

The density of the valsartan crystals and of the salt hydrates was determined by a helium

pycnometer (Accupyc 1330of Micromeritics, Norcross, GA, USA). The density for the
crystals of the free acid valsartan is 1.20 + 0.02.
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The X-ray diffraction diagram consists essentially of a very broad, diffuse Xray reflection; the
free acid is therefore characterised as almost amorphous under X-ray. Fhe melting point

linked with the measured melting enthalpy of 12 kJ/mol unequivocally confirms the existence

of a considerable residual arrangementin the particles or structural domains for the free acid

valsartan.

There is a need for more stable, e.g. crystalline forms of valsartan, which, for example, are

even easier to managein the drying or grinding processes following the final stage of the

chemical preparation process, and alse in the steps for preparing the pharmaceutical

formulations and lead to an improvementof the process for the manufacture of the drug

substance. Manyfutile attempts have been madeto find improved forms through salt

formation, the forms ideally being as crystalline as possible, as well as physically and
chemically stable. Only the salts according to the present invention including both of the

substances assigned here as starting materials, there solvates, e.g. hydrates and

potymorphous forms thereof exhibit the desired improved properties.

The formation of salts and salt hydrates of valsartan with the desired advantageous

properties has provedto be difficult. In the majority of cases, for example, amorphoussalts

withlittle stability are obtained (such as hard foams, waxesor oils). Extensive research has

shown that the additional saits and salt hydrates of valsartan according to the invention have

proved to be particularly advantageous compared with the free acid valsartan.

The objects of the present invention are salts and salt hydrates of valsartan which are

selected from the groupof earth alkalimetals consisting of the magnesium salt and the

calcium salt, as well as salt mixtures, or respectively, an amorphousform,a solvate,

especially hydrate, as well as a polymorphousform thereof, the respective production and

use, and pharmaceutica! preparations containing suchsalts.

Salt mixtures are (i) single salt forms from different cations selected from the above group or

(ii} mixtures of those single salt forms which exist for example in the form of conglomerates

or(Ill) mixtures of a single salt or a salt hydrate consisting of different physical phases such
as several polymorphic forms,of different hydrates oralso the anhydrate, of different

amorphousformsor (IV) mixtures of any form listed under(I), (II), and (III) with each other.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 222



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 223

WO 03/066606 PCT/EP03/01047

Preferred salts are for example selected from the.

calcium salt of valsartanin crystalline and amorphous forms, especially iin hydrate form,
primarily the tetrahydrates, the trihydrates, the monohydrate, the di-(calcium salt of
valsartan) pentahydrate, the anhydrate, the amorphous forms thereof;
magnesium salt of valsartanin crystalline form, especially in hydrate form, primarily the
hexahydrates, the trinydrates, the monohydrate, the anhydrate, the amorphous forms
thereof.

The salts according to the invention preferably exist in isolated and essentially pure form, for
example in a degree of chemical purity of >95%, preferably >98%, primarily >99%, The
enantiomerpurity of the salts according to the invention is >98%, preferably >99%.

Comparedwith the free acid, the salts according to the invention, or the amorphousforms,
solvates such as salt hydrates, and also the corresponding polymorphous forms thereof,
have unexpectedly advantageous properties. Under given conditions, the crystalline salts
and crystalline salt hydrates have a clear melting point whichis linked with a marked,
endothermic melting enthalpy. The crystalline salts, salt hydrates, amorphous forms and
mixtures thereof according to the invention have limited stability, i.e. as the solid, they have a
restricted stability range. To be stabilised, they require certain measures which can be
achieved for example by galenic formulations.

In addition, both the crystalline and the amorphoussalts and salt hydrates according to the
invention have a high degree of dissociation in water and thus substantially improved water
solubility. These propertiesare of advantage, since on the one handthe dissolving process
is quicker and on the other hand a smaller amount of water is required for such solutions.
Furthermore, the higher water solubility can, under certain conditions, also lead to increased
biological availability of the salts or salt hydrates in the case of solid dosage forms.
Improved properties are beneficial especially to the patients.

The high crystallinity of certain salt hydrates allows the use of a choice of analytical methods,
especially the various X-ray methods and/orthe infrared spectrum preferably by meansof

_ ATR-IR (AttenuatedTotal Reflection-Intrared Spectroscopy), the usage of both methods
permit a clear and simple analysis of their release to be made. This factoris also of great
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importance to the quality of the active substance andits galenic forms during production,

storage and administration to the patients,

The invention accordingly relates to crystalline, also partly crystalline and amorphoussaltsor

salt hydrates of valsartan.

As well as the solvates, such as hydrates, the invention also relates to polymorphous forms

of the salts accordingto the invention.

Soalvates and also hydrates of the salts according to the invention may be present, for
example, as mono-, di-, tri-, tetra-, penta-, hexa-solvates or hydrates, respectively. Solvates

and hydrates may also be consisting in stoichiometric ratios for example, with two, three,

four salt molecules per solvate or per hydrate molecule. Another possibility for example, that

two salt molecules are stoichiometric related to three, five, seven solvent or hydrate

molecules. Solvents used for crystallisation, such as alcohols, especially methanol, ethanol,

aldehydes, ketones, especially acetone, esters, e.g. ethyl acetate, may be embeddedin the
crystal grating. Preferred are pharmaceutically acceptable solvents. The extent to which a

selected solvent or water leads to a solvate or hydrate in crystallisation and in the .

subsequent processstepsorleads directly to the free acid is generally unpredictable and
depends on the combinations of process conditions and the various interactions between

valsartan and the selected solvent, especially water. The respective stability of the resulting
crystalline or amorphous solids in the form of salts, salt solvates or salt hydrates, must be
determined by experimentation. It is thus not possible to focus solely onthe chemical

composition and the stoichiometric ratio of the molecules in the resulting solid, since under

these circumstancesboth differing crystailine solids and differing amorphous substances

may be produced.

The description salt hydrates for corresponding hydrates may be preferred, as water

moleculesin the crystal structure are bound by strong intermolecular forces and thereby

represent an essential element of structure formation of these crystals which, in part, are

extraordinarily stable. However, water molecules are also existing in certain crystallattices

which are bound by rather weak intermolecular forces. Such water molecules are more or |

less integrated in the crystal structure.forming, but to a lower energetic-effect. The water
content in amorphoussolids can, in general, be clearly determined, asin crystalline
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hydrates, but is heavily dependenton the drying and ambient conditions. In contrast, in the
case of stable hydrates, there are clear stoichiometric ratios between the pharmaceutical
active substance and the water. In many cases these ratios do notfulfil completely the

stoichiometric value, normally it is approached by lower values compared to theory because

of imperfection or of certain crystal defects. The ratio of organic molecules to water
molecules for the weaker bound water may vary to a considerable extend, for example, even

extending from the anhydrous form over mono-, di-, tri- or tetra-hydrates. On the other
hand, in amorphous solids, the molecular structure classification of water is not
stoichiometric; the classification may howeveralso be stoichiometric only by chance.

In some cases,it is not possible to classify the exact stoichiometry of the water molecules,
since layer structures form,e.g. in the alkali metal salts, especially in the potassium salt, so
that the embedded water molecules cannot be determined in defined form.

For the crystalline solids having identicat chemical composition, the different resulting crystal
' gratings are summarised by the term polymorphism.

Any reference hereinbefore and hereinafter, to the salts according to the invention is to be
understoad as referring also to the corresponding solvates, such as hydrates, and
polymorphous modifications, and also amorphousforms, as appropriate and expedient.

The particularly preferred salt hydrate is the tetrahydrate of the calcium salt of valsartan in
the polymorphic form Aj,ca. In a closed specimen container, for a heating rate of
T,=10 K-min™ it has a melting point of 190 + 1.5 °C and a melting enthalpy of
7944 kJ-Mo!. The tetrahydrate of the calcium salt of valsartan Ajc, is not stable at the

melting point both in respectof the hydrate water and therefore in respect of the chemical
and physical structure of the molecule. The indicated melting point is a hydrate melting point
which can only be measured in a closed specimencontainer. Gold containers with a wail
thickness of 0.2 mm were used;after weighing in samples of between 2 and4 img salt

hydrate, they were sealed by cold welding. These gold containers have an internalfree
volume of ca. 22 microlitres. The amounts of the sample and the volumeof the pressurised

containers must be suitably adapted, so that strong dehydration of the salt hydrates cannct

take place-during measurementof the melting point. The partial pressure of the water at
191° Celsius is ca. 13 bar, so that with an open container in DSC (Differential Scanning
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Calorimeter) during measurement of the melting point, conversion to the anhydrate takes

place. Both the high hydrate melting point and the amountof the melting enthalpy are an
expression of the exceptionalstability of the crystal lattice of the form Ai,ca of the
tetrahydrate of the calcium salt of valsartan. These two thermodynamic characteristics
illustrate the advantageous physical properties, comparedto the free acid, with the two

corresponding data, namely a melting point in the closed system of 90°C and a melting
enthalpy of 12 kJ-Mol". These thermodynamic data, together with the X-ray data, prove the
high stability of this crystal lattice. They are the base for the special physical and chemical
resistance of the tetrahydrate of the calcium salt of valsartan of the polymorphic form A;ca.

Measurementofthe infrared spectrum likewise took place by means of ATR-IR (Attenuated

Total Reflection-Infrared Spectroscopy)usingthe instrument Spektrum BX from

Perkin-Elmer Corp., Beaconsfield, Bucks, England.

The tetrahydrate of the calcium salt of valsartan Aj, has the following absorption bands
expressedin reciprocal wave numbers(cm’”):
3594 (w); 3307 (w); 3056 (w); 2960 (m); 2871 (w); 1 621 {st}; 1578 (st); 1459 {m); 1442 (m);

‘1417 (m)}; 1407 (m); 1364 (m); 1357 (m); 1319 (m); 1274 (m); 1242 (w); 1211 (m); 1180 (m);
+149 (w); 1137 (m); 1105 (m); 1099 {(m); 1012 (m); 1003 (m), 974 (m); 965 (w); $55 (w);
941 (w); 863 (w); 856 (w); 844 (m); 823 (m); 791 (m); 784 (m), 758 (m); 738 (st); 698 (m).

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

The characteristic absorption bands of the ATR-IR spectroscopy for the polymorphic form

Aj.ca Of the tetrahydrate of the calcium salt of valsartan are shown bythe following vaiues
expressedin reciprocal wave numbers (cm): 3307 (w); 2960 (m); 1621 (st); 1578(st),
4459 (m); 1442 (m); 1417 (m); 1407 (m); 1364 (m); 1357 (m); 1319 {(m); 1274 (m); 1211 (m);
4180 (m); 1137 (mn); 1012 (m); 1003 (m); 974 (m); 758 (m); 738 (st); 688 (m).

The error margin forall absorption bands of ATR-IRis +3 em’,

The water contentis in theory 13.2%for the tetrahydrate of the calcium salt of valsartan.

Using the thermobalance TGS-2 (Perkin-Elmer Corp., Norwaik, CT USA ) the water content
was determined for the polymorphic form Aj,c, between 25°C and 225°C as 12.3 %.Atotal

formula was calculated from this (C2,4H2;Ns03)* Ca’*s (3.7 + 0.2) H20.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 226



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 227

WO 03/066606 PCT/EP03/01047

Using thermogravimetry, in a water-free No atmosphere, the weightloss,i.e. the waterloss
for the tetrahydrate of the calcium salt of valsartan A;,ca as a function of temperature, was

-t
measured at a heating rate of 10 K-min". The results areillustrated in table 1.

Table 1

   
  

  

 
 ee

aos
ee
ee
Se
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An essential feature for the quality of a pure active substance both for the physical-chemical

procedures such as drying, sieving, grinding, andin the galenic processes which are carried
out with pharmaceutical excipients, namely in mixing processes, in granulation, in spray-
drying, in tabletting, is the water absorption or waterloss of this active substance depending
on temperature and the relative humidity of the environmentin question. With certain
formulations, free and bound water is without doubt introduced with excipients and/or water

is added to the process mass for reasons associated with the respective formulation

process. In this way, the pharmaceutical active substance is exposed during the production
and galenic processes over time periods of up to several hours or even days to free water of
different activity (partial vapour pressure) whichis mainly depending on temperature.

However,it is easily possible to reach a well-defined hydrate form in the production of the
active substance as well as in the formulation of a salt of valsartan after a certain

equilibration time under rather constant conditions in respect to temperature and to the
relative humidity.
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Further characterisation ofthe tetrahydrate of the calcium salt of valsartan is effected using

the interlattice plane intervals determined by a X-ray powderpattern. Measurementof the X-
ray powder patterns was made with a Guinier camera (FR 552 from Enraf Nonius, Delft, NL)
on a X-rayfilm in transmission geometry, using Cu-Ka, radiation at room temperature.
Evaluation of the films for calculation oftheinterlattice plane intervals is made both visually

and by a Line-Scanner (Johansson Taby, S), and the reflection intensities are determined
simultaneously. .
The preferred characterisation of the tetrahydrate of the calcium salt of valsartan Ai.ca is
obtained from the interlattice planeintervals d of the ascertained X-ray diffraction diagrams,

whereby,in the following, average values are indicated with the appropriate errorlimits.

The intensities are given in brackets with the following abbreviations: very strong = vst}

strong = st; medium = m; weak = w,and very weak = ww.
d in [A]: 18.2+0.3 (vst), 11.420.2 (vw), 9.940.2(w), 9.440.2(vw), 8.06+0.1(vw), 7.7340.1(vw),
7.05+0.4 (vw), 6.5020.05(vw), 6.3640.05(vw), 5.8240.05(w), 4,9440.05(vw}, 4.7320.05(vw),
4.33+0.05(vw), 4.1740.05(vw), 4.13£0.05(vw), 3.9320.05(vw).
The characteristic reflections in the X-ray diffraction diagram show thefollowing interlattice

planeintervals:

d in [A}: 16.2#0.3, 11.440.2, 9.9+0.2, 9.40.2, 8.06+40.1, 7.0540.1, 6.50+0.05, 5.82+0.05,
4,94+0.05, 4.73+40.05, 4.33+0.05, 4.17+0.05, 4.1340.05, 3.93+0.05.

Another polymorphic form of the tetrahydrate of the calcium salt of valsartan is the solid
state form Aaca. The metting point of form Azcais 195 + 4.5 °C and the melting enthalpy is 98
+8kJ-Mof’. The indicated melting point is a hydrate melting point which can only be

mesured in a closed specimen container. Gold containers are used and sample weights of

between 2 and 4 mgsalt hydrate. The heating rate applied is T,= 10 K-min'. For details see
the explanations given for the form Ajca. The tetrahydrate of the calcium valsartan salt Agca
reveals the following loss of water as a function of temperature using the thermogravimetric
instrument TGS-2 (Perkin-Elmer Corp., Norwalk, CT USA) with a heating rate of 10 Kin",
in a water-free Nz atmosphere, the weightlossis illustrated in Table 2.

Table 2 : ”
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The theoretical water content is for a tetrahydrate of the calcium salt of valsartan 13.2%. The

tetrahydrate of the form Aoca has a bound water content at 225°C determined as a weight
_ toss of 12.8% andthe total formula is calculated from this (CosHz7NeQs)* Ca™ - (3.9 + 0.2)

H20.

A solid state characterization of the calcium salt of valsartan in form of the tetrahydrate Acs

is achieved by a X-ray powderpattern and by the evaluation ofthe reflections into the
interlattice plane intervals. The measurements are throughout made without specific

explanations with a Guinier camera (FR 552 from Euraf Nonius, Delft, NL} on an X-ray film in
iransmission geometry, using Cu-Ka, radiation at room temperature. Evaluation ofthe films

for calculation of the interlattice plane intervals is made both visually and by a line scanner

(Johansson, Taby, S}, and the reflection intensities are determined simultanously. The
preferred characterization of the tetrahydrate of the calcium salt of valsartan Azca is obtained
from theinterlattice plane intervals d of the ascertained X-ray diffraction diagrams, whereby,

in the follawing, values are indicated with the appropriate errorlimits. The intensities are

given in brackets with the following abbreviations: very strong = vst; strong = st; medium =

m; weak = w; and very weak = vw.

d in [A]: 16.240.3(vst), 9.940.2(w), 9.4#0.2(vw), 8.050. 1(vw), 7.7220.1(vw), 7.0440. 1(vw)

6.49+0.05(w), 6.3540.05(wwy), 5.82£0.05{w), 4.94+0.05(vw), 4.7340.05(vw), 4.3440.05(vw},
4.4340.05(m), 3.9320.05(w), 3.30+0.05(vw).
The characteristic reflections in the X-ray diffraction diagram show the following interlattice
plane intervals:
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d in (Aj; 16.240.3, 9.940.2, 9.440.2, 8.0540.1, 7.0440.1, 6.49+0.05, 5.8240.05, 4.94+0.05,
4.1340.05, 3.93+0.05.

A new substance has been found as polymorphic formof a trihydrate of the calcium salt of

valsartan assigned with B4,c.. The melting point of the substance B,c; is measured in a
-closed sample cell with a heating rate of 10 K-min”' as Tus = 175+3°C and the melting
enthalpy of the partially crystalline sample is 12 + 4 kJ-Mol'.
The water contentis in theory 10.24% for the trinydrate of the calcium salt of valsartan.

Using the thermogravimetric instrument TGS-2 (Perkin-Elmer Corp., Norwalk, CT USA) the
water content was determined for the polymorphic form Byca a5 9.9+0.4%. A total formula
was calculated from this polymorphic form ofthe trihydrate of the calcium salt of valsartan

(Coatta7NzO2)* Ca” - (2.9 + 0.3) HO.

Using thermogravimetry,in a water-free Nz atmosphere, the weightloss, i.e. the waterloss

for the trihydrate of the calcium salt of valsartan inthe polymorphic form 8y,ca as a function
of temperature, was measured at a heating rate of 10 K-min'. The results areillustrated in
table 3.

Table 3

  

 
 
 

  

25 .

00

25

 
 

 
 

 

 
Wyo oaage

19

A-solid state characterization of the trihydrate of the_calcium sait of valsartan Bc, is

= ier ah aw

preferably performed by X-ray powderpatterns with the evaluation ofthe interlattice plane
intervals. The measurements have been performed with two samplesofthe trihydrate Bic,
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of the calcium salt of valsartan and with two different instruments. The first instrument used

was a temperature-humidity powderdiffraction chamber X'Pertfrom Philips Analytical X-ray,
7602 Almelo, NL, equipped with a low and medium temperature attachement fram Anton

Paar GmbH, A-8054 Graz, Austria. The second instrument is a powder diffractorneter PW

1710 also from Philips Analytical X-ray, 7602 Almelo, NL. Two parallel measurements with a

reference sample, namely a tetrahydrate of ihe calcium salt of valsartan have been used to
calibrate the powderdiffractometer PW 1710 with a Guinier camera (FR 552 from Enraf
Nontus, Delft, NL) on a X-rayfilm in transmission geometry, using Cu-Ka, radiation. The
corrections for the interlattice plane intervals to reach the values of the Guinier camera from
the powderdiffractometer PW1710 were ranging from +0.55 A for a d-value of 16A to
+0.02A for a d-value of 5.7 A. No correction was necessary for lower d-values.

The characterization of the trinydrate of the calcium salt of valsartan B:.ca with the interlattice
plane intervals d is as such, whereby,in the following values are indicated with the
appropriate errorlimits. The intensities of the d-values are given in brackets with the
following abbreviations: very strong = vst; strong = st; medium =m; weak = w; and

very weak = vw,

d in [A]: 16.040.3(vst), 11.4+0.2(m), 10.040.2(vw), 9.420.2(vw), 9.140.2(vw), 8.0640.1(vw),
7.75+0.1(vw), 7.0340.1 (vw), 6.48+0.05(vw), 6.10+0.05(vw), 5.7640.05(vw), 5.16+0.05(vw),
4.95+0.05(vw), 4.75£0.05(vw), 4.6840.05(vw), 4.33£0.05{(vw).
The characteristic reflections in the X-ray diffraction diagram reveal the following interlattice

planeintervalsforthe form Bi ca!
d in fA]: 16.040.3, 11.440.2, 10,040.2, 9.4+0.2, 8.0620.1, 7.75+0.1, 7.03+0.1, 6.4840. 05,
6.104+0.05, 5.1640.05, 4.75+0.05.

The new polymorphic form Bo, of a trihydrate of the calcium salt of valsartan has a melting

point of 197+1.5°C measuredin a closed sample cell with a Pyris 1 OSC (Differential
Scanning Calorimeter) from Perkin-Elmer Corp., Norwalk, CT USA. The enthalpy of fusion
has been determinedalso from a DSC curve measuredalso with a heating rate of 10 K-min'
as 62 + 6 kJ-Mol’, During the DSC measurements of the melting of the trihydrate Bac. of the
calcium salt ofvalsartan also a glasstransition was observed, as an unequivocal proofof
amorphous substancepresentin this substance. The glass transition temperature was

~ calculated with T, = 68 + 20°C as the mid point of a change ofthe specific heat of the
substance, namely the trihydrate Baca of the-calcium salt of valsartan. The value for the
change of the specific heat was calculated as Ac, = 0.2 + 0.1 J-(g‘K)"*. The amorphicity
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presentin the substance Baca approximated by this value for the change of the specific heat
is 18 + 12%. The crystalline trihydrate Bz, of the calcium salt of valsartan is according to
the heatof fusion measured with the DSC Pyris 1, the main component is this crystalline
product, the amorphous part of the calcium salt of valsartan ts a minorpart.

The water content of the trihydrate Bz, of the calcium salt of valsartanis 10.5£0.5%. The

value was measured with a thermogravimteric instrument TGS-2 (Perkin-Elmer Corp.,
Norwalk, CT USA). Thetotal formula was calculated from this bound water contentfor the
polymorph ofthe trihydrate Bac, as (CosHo7NsO,)"Ca” - (3.140.3)H20.

Water may alsa be presentin the amorphouspart of the substance Boca, Which is depending
on the concentration of the non-crystalline part. This wateris within the amorphouspart

differently bound compared to the water molecules in the hydrate form ofthe crystalline part.
As a first approximation one canstate,that the crystalline and the amorphous part are
similar in the water concentration in case the last process of reaching the state of the
material is not passing the anhydrous form of the calcium salt of valsartan. The explanation
for this fact is given with the molecular structure of the caicium salt of valsartan, the same
holds for the magnesium salt of valsartan, namely that the salt structure is to a considerable
part based on the short range order of the molecular interacting. substancesvalsartan,

_ calcium or magnesium and water whichis not free water, howeverstructural bound water.
This narrow range molecularstructure is rather similar for the crystalline part as for the
amorphous part. Of course,in the amorphous material, there is a complete lack of long
range orderin contrary tothe crystalline material were any molecule, in the present case,
any molecie in trihydrate Baca calcium salt of valsartan is over neighboring molecules
structural interrelated with all the molecules within any single crystal.

Using thermogravimetry,ina water-free No atmosphere, the weightloss, i.e. the waterloss
for the trihydrate Bzc, a8 a function of temperature, was measured at a heating rate of 10
K-min’. The results for the polymorph Bac, ofthe trihydrate of the calcium salt of valsartan
are illustrated in table 4.
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The solid state characterization of the trinydrate of the calcium salt of valsartan Baca Was

 

 
  

performed by X-ray powder spectroscopy using twodifferent instruments and two different
charges produced with the evaluation ofthe interiattice plane intervals. Thefirst instrument
was a powderdiffractometer PW 1710 from Philips Analytical X-ray, 7602 Almelo, NL. The
second instrument was a Guinier camera FR 552 from Enraf Nonius, Delft, NL on a X-ray

film in transmission geometry, using Cu-Ka; radiation. The first instrument has been -
calibrated with the Guinier camera, the corrections ranging from +0.55Afor a d-value of 16 A
to +0.02 A for a d-value of 5.7 A. No corrections were necessary for lower d-values. The

characterization of the trihydrate of the calcium salt of valsartan Bz, with the interlattice

plane intervals is as such, whereby,in the following vaiues are indicated with the appropriate
error limits. The intensities of the d values are given in brackets with the following

abbreviations: very strong = vst; strong = st; medium = m, weak = w; and very weak = VW.

d in [A]: 16.2£0.3(vst), 11.540.2(w), 9.940.2(w), 9.440.2(w), 9.040. 1(vw), 8.13+0.1(vw),
7.78+0.1(vw), 7.0440.1 (vw), 6.50+0.1 (vw), 6.0940.05(vw), 5.79+0.05(vw), 5.18+0.05(vw),

4.95+0.05(vw), 4.7440.05(vw), 4.16+0.05(w).

The characteristic reflections in the X-ray diffraction diagram show the following interlattice
_ planeintervals:

d in fA]; 16.240.3, 11.540.2, 9,940.2, 9.440.2, 7.0440.1, 6.5040.1, 5.79+0.05, 4.7420.05,
4.16+0.05.

Another polymorph ofthe trinydrate of the calcium salt of valsartan namely the Bs.ca has a
melting paint measured with a heating rate of 10K-min" in a hermetically sealed samplecell
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of 192+1.5°C. The enthalpy of fusion has been determined also bya DSC measurementwith

1724 kJ-Mol”.

The glass transition phenomena observed with the DSC at 65°C is revealing a change of the
specific heat capacity of sc, = 0.3 3g": K"'. Compared with the changeof the specific heat
capacity of a 100% amorphouscalcium salt of valsartan as a trinydrate the amorphous
content of the Bs,ca can be estimated with 50%. Therefore the enthalpy of fusion for the
crystalline Bs,ca is 34210 kJ-Mol".

The water content of the polymorphic form Bsca for the trihydrate of the calcium salt of
valsartan was determined with a thermobalance from Perkin-Elmer Corp., Norwalk, CT USA,
named TGS-2 with a value of 9.8£0.5%. The total formula was calculated from this bound

water contentfor the polymorphic from Bs,ca With (CasHz7NsQ2)"Ca™- (2.940.3)Hz0.

Using thermogravimetry, in a water-free Nz atmosphere, the weightloss,Le. the water loss
for the trihycrate Bsc, as a function of temperature, was measured at a heating rate of 10 ~
K-min*, The results for the polymorphic form Bg,ca of the trinydrate of the calcium salt of

valsartan are illustrated in table 5.
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The Guinier camera FR552 with a X-rayfilm in transmission geometry, using a Cu-Ka,
radiation from Enraf Nonius, Delft, NL has been installed to characterize at room

temperature the crystal lattice by the interlattice plane intervals of the calcium salt of
valsartan in form of the trihydrate Bsca-

The refiections in the X-ray diffraction diagram for the trihydrate of the calcium salt of
valsartan Bac, reveal the following interlattice plane intervals d, whereby, values are
indicated with the appropriate errorlimits. The intensities of the d-values are given in
brackets with the following abbreviations: very strong = vst; strong = st; medium = m; weak =

w; and very weak = vw.

d in {A}: 16.140.3(vst), 11.440.2(m), 9-9+0.2(w), 9.440.2(w), 9,0+0.1(vw), 8.04+0.1(vw),
7.7320.1(vw), 7.0320.1 (vw), 6.4740.05(vw), 6.330. 1{vw), 6.09+0.05(vw), 5.79+0.05(w),
5.17+0.05(vw), 4.9540.05(vw), 4.73+0.05(vw), 4.4820.05(vw), 4.33£0.05(vw), 4.15+0.05(vw),
4.1140.05(vw), 3.9420.05(vw), 3.6140.05(vw).
The characteristic reflections in the X-ray diffraction diagram showthe following interlattice

plane intervals:

d in fA]: 16.140.3, 11.440.2, 9.920.2, 9.440.2, 9.00.1, 7.03+0.1, 6.4740.05, 5.79+0.05,
4.15+0.05, 3.94+0.05.

Measurements of the infrared spectrum were performed by meansof ATR-IR (Attenuated
Total Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from Perkin-

Elmer Corp., Beaconsfield, Bucks, England.

The trihydrate of the calcjum salt of valsartan B3, has the following ATR-IR adsorption
bands expressedin reciprocal wave numbers(cn):
3594(w), 3309(w); 3053(w); 2959(w); 2930(w); 2870(w); 1621(m); 1577(m); 1505(w);
1458(m); 1416(m); 1405{(m); 1354(w); 1301 (w); 1273(w); 1210(w); 11790); 1138(w);
1104(w); 1089(w); 1012(w); 1003(w); 974(w); 941 (w); 906(w); 856(w); 841(w); 756(m);
737(m); 667(m).
The intensities of the absorption bands are indicated as follows: (w)=weak, (m)=medium,

and (st)=strong intensity.

The characteristic absorption bands of the ATR-IR spectroscopy for the polymorphic form

-Ba.ce of the trihydrate of the calcium salt of valsartan are shownby the following values
expressedin reciprocal wave numbers (cm):
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3594(w); 2959(w); 1621(st); 1577(m); 1458(m); 1405(m); 1354(w); 1273(w); 1012(w);

756(m); 737(m); 667(m). The error margin for all absorption bands of ATR-IR is + 3cm",

. Additionally, a new substance has been found as the monohydrate of the calcium salt of

valsartan Cy ca.

The bound water content is 3.1£0.3% measured with a thermobalance TGS-2 (Perkin-Emer

Corp., Norwalk, CT, USA). The total formula was calculated from the bound water content

for the monohydarte C1c. aS (CasHo7NsQ3)*Ca™ - (0.840.2)H2O.

The solid state characterization of the monchydrate of the calcium salt of valsartan C;c, was

executed by X-ray powder patterns with the evaluation of the interiattice plane intervals. The

instrument used was a temperature-humidity powderdiffraction chamberX’Pert from Philips

Analytical X-ray, 7602 Almelo, NL, equipped with a low and medium temperature
attachement from Anton Paar GmbH, A-8054 Graz, Austria.

The characterization of the monohydrate of the calcium salt of valsartan C,c, with the

interlattice plane intervals d is as such, whereby,in the following values are indicated with.

the appropriated errorlimits. The intensities of the d-values are given in brackets with the

following abbreviations: very strong = vst; strong = st; medium = m; weak = w; and

very weak = vw.

d in [A]: 16.040.3(m), 15.0+0.3(vst), 11.640.2(w), 9.9+0.2(vw), 9.4+0.2(vw), 8.02+0.1 (vw),
7.53+0.1 (vw), 7.0240. 1 (vw), 6.47240.05(vw), 6.1140.0.5(vw), 4.5040.05(vw), 4.3440.05(vw).

The characteristic reflections in the X-ray diffraction diagram show the following interlattice
plane intervals:

d in [A]: 16.0#0.3, 15.040.3, 11.620.2, $.440,2, 7.5340.1, 6.1140.05.

Surprisingly, another new substance has been found, assigned with D,,ca beeing the di-

(calcium sait of valsartan) pentahydrate. The melting point of this new substance D,,, is

Tus = 21042°Cmeasured in a closed sample cell with a heating rate of 10K-min” and with a

DSC calted Pyris 1 from Perkin-Eimer Corp., Norwalk, CT, USA. With the same instrument

and the same procedures as above explained, the heat of fusion was determined. The heat
of fusionis for the di-(calcium sait of valsartan) pentahydrate for a 100% crystalline
di-(calcium salt of valsartan) pentahydrate is approximated with 94kJ-Mol".
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The water contentof the di-(calcium salt of valsartan) as pentahydrate was measured with a

thermobalance TGS-2 (Perkin-Elmer Corp., Norwalk, CT USA) and gave the value at the

plateau of 225°C of 8.140.5%. The total formula was elucidated from this bound water
contentfor the substance Dj.ca aS [(CasHorNsOa)"Ca*"},- (4.7£0.3)H20.

Using thermogravimetry, in a water-free Nz atmosphere, the weight loss,i.e. the water loss
for the di-(calcium salt of valsartan) pentahydrate D,c, as a function of temperature, was
measured at a heating rate of 10 K-min”’. The results for the di-(calcium salt of valsartan)

pentahydrate are iflustrated in table 6.

. Table 6
W ~eia tee Se

  
ef

 

8.6+0.5

The solid state characterization of the di-(calcium salt of valsartan) pentahydrate Dy.ca was

achieved with a Guinier camera (FR 522 from Enraf Nonius, Delft, NL) on an X-rayfilm in

transmission geometry, using Cu-Ka, radiation at room temperature. Evaluations of the films
for calculation ofthe interlattice plane intervals are madebya line-scanner (Johansson,

Taby, $), and the reflection intensities are determined simultaneously. The reflections in the
X-ray diffraction diagram could be evaluated to the following interlattice plane intervals d,
whereby values are indicated with appropriate error limits. The intensities of the d-values are
given in brackets with the following abbreviations: very strong.= vst; strong = st; medium =
m; weak = w; and very weak = vw.
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din [Al 15.540.3(vst), 11.540.2(st), 9.420.2(vw), 9.04+0.1(w), 7.7540.1(vw), 6.4640.05(vw),
6.09+0,05(w), 5.8240.05(vw), 5.6640.05(vw), 5.16+0.05(vw), 4.76+0.05(vw), 4.4820.05(vw),
3.8340.05(vw), 3.6040.05(vw), 3.36£0.05(vw).
The characteristic reflections in the X-ray diffraction diagram showthefollowing interlattice

plane intervals: |
din [A]: 15.520.3, 11.540.2, 9.440.2, 9.0440.1, 6.4640.05, 6.0940.05, 5.82+0.05, 5.1640.05,
4.48+0.05, 3.6040.05.

Another new-typeof crystalline, partially amorphous solids are falling into the groups of the
magnesium salt hydrate and anhydrate of vaisartan. In particular, the hexahydrate of the
magnesium salt of valsartan in form of the polymorphic substance Aj mg is a preferred
substance.

The specific optical rotation of hexahydrates ofthe magnesium salt of valsartan in water
measured with a 1% solution at 20°C is independent of the polymorphic form present as long

asitisa hexahydrate {or}20 = ~38°.
The thermal behaviourof this salt hydrate in the region of the melting point only reveals a
certain chemical and physical instability. The thermal data are thus dependenton the
measurement conditions. The instrument used for the calorimetric data is throughout a DSc

Pyris 1 (Differential Scanning Calorimeter) obtained fram Perkin-Elmer Corp., Norwaik, CT
USA . The measurements are performed with samples enclosed ina sealed gold specimen
container with an internal free volumeof ca. 22 microliters, with a sample weight of 2 to 4 mg

and with a heating rate of T, = 10K-min”’. The melting point of hexahydrate of the

magnesium salt of valsartan in the polymorphic form Aug is 13043°C and the enthalpy of
fusion is 45+5 kJ-Mol'. The hexahydrate of the magnesium salt of valsartan as the

polymorphic form Ay.mg reveals the following loss of water as a function of temperature in
using the method of thermogravimetry. The instrument used was a TGS-2 (Perkin-Elmer
Corp., Nerwaik, CT USA) and the measurement was performed in a water free atmosphere.
The heating rate selected was 10 K-min’’. The weightlossis illustrated in fable 7.

Table 7

 

 
 
 
 

 
 oe+04
 

  100

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 238



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 239

WO 03/066606 PCT/EP03/01047

-19-

ee
175 16.9+40.5

200 17.120.5

225 17.320.5

The theoretical water contentis for the hexahydrate of the magnesium salt of valsartan

 
 

 
 

 
 

 

 
 

  
    

19.1%. The hexahydrate of the magnesium salt of valsartan in form of the polymorph Ayu,
has a bound water content at 225°C determined as a weightloss of 17.340.5%.

Thetotal formula is calculated from this as (CosHyNceOs)”Mg”- (5.440.2)H20.

The solid-state characterization of the magnesium salt of valsartan for the polymorphic form

of the hexahydrate A, mq is achieved by a X-ray powder pattern and by the evaluation of the
reflections into the interlattice plane intervals. The measurements have been made with

three different X-ray instruments. Thefirst instrument used is a Guinier camera (FR S22
from Enraf Nonius, Delft, NL) on an X-ray film in transmission geometry, with a Cu-Kay,

radiation at room temperature. Evaluationsofthe films for calculation of the interlattice plane
intervals are performed with a scanner from Johansson, Taby, S and the reflections
intensities are determined simultaneously: The second instrument used for X-ray.

measurements of the new substance Aq,is 2 temperatur-humidity powderdiffraction
chamberX'Pert from Philips Analytical X-ray, 7602 Almelo, NL equipped with a low and

medium temperature attachementfrom Anton Paar GmbH, A-8054 Graz. The third
instrument applied in the solid state characterization is the powder diffractometer PW1710
from Philips Analytical X-ray. 7602 Almelo, NL. The characterization of the polymorph Ayn, Of
the hexahydrate of the magnesium salt of valsartan is achieved from the interlattice plane
intervals d of the ascertained X-ray measurements. !n the following d values arelisted with
the appropriate error limits. The intensities are given in brackets with the following
abbreviations: very strong = vst; strong = st; medium = m, weak = w; and very weak = ww.
din [A}: 19.6£0.3(vst), 16.620.3(vw), 10.340.2(vw), 9.80.2(m), 7.340. 1(w), 6.940. 4(vw),
6.0140.05(w), 5.92+0.05(w), 5.5540.05(vw), 5.3840.05(vw), 5.23+0.05(vw), 5.15+0.05(vw),
5.05+0.05(vw), 4.9040.05(m), 4.5440,05(vw), 4.2220.05(vw), 4.1320.05(vw), 4.07+0.05(w),
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3,9640.05(vw), 3.73+0.05(vw), 3.6440.05(vw), 3.43+0.05(w), 3.29+0.05(vw}, 3,22+0,05(vw),
3.1140.05(vw).

The characteristic reflections in the X-ray diffraction diagram reveal the following plane

intervals:

din [A]: 19.6+0.3, 16.640.3, 10.340.2, 9.840.2, 7.340.1, 6.01+0.05, 5.92+0.05, 5.5540.05,
5.38+0.05, 4.90+0.05, 4.1340.05, 4.0740.05, 3.43+0.05.

The substance in forn of the tetrahydrate Ba.mg is a partially amorphous solid of the

magnesium salt of valsartan. The tetrahydrate By 1g shows the following loss.of water as a
function of temperature measured with a thermobalance TGS-2 (Perkin-Elmer Corp., .
Norwalk, CT USA). The heating rate selected was 10K-min’. The weightloss is tabulated in
table 8.

Table &
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The magnesium salt of valsartan in the palymorphic form of the tetrahydrate Byyg is showing

 
 
 

  

a bound water content at 225°C of 13.040.5%, and as shownfor 25°C in Table 8 practically

no additional free wateris present in the substance B,9.The measurements were

performed with a thermobalance TGS-2 of the Perkin-Elmer Corp., CT USA. Thetotal
formula is therefore calculated as (C24Hz7NsO2)"Mg”” - (3.840.2)H20.

The solid-state characterization of the tetrahydrate of the magnesium salt of valsartan By mg

has been performed with an X-ray instrument by a so-called temperature-humidity powder
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diffraction chamber X’Pert from Philips Analytical X-ray, 7602 Almelo, NL, equipped with a
low and medium temperature attachement from Anton Paar GmbH, A-8054 Graz. Additional
X-ray measurements were performed with a powder diffractometer PW 1710 from Philips
Analytical X-ray, 7602 Almelo, NL. The crystalline parts of the substance B,y, are
characterizedin the solid state with the interlattice plane intervals d, which are given with

appropriate errorlimits. The intensities are Teported in brackets with the following
abbreviations: very strong = vst; strong = st; medium = m; weak = w; and very weak = vw.

d in [A]; 15.840.3(vst), 11.0+0.2(w), 8.0+0.2(vw).

The new substance C,., is a the trihydrate of the magnesium salt of valsartan. The water
content was measured with a thermobalance TGS-2 (Perkin-Elmer Corp., Norwalk, CT

USA). The water contentfor this substance, namely the trinydrate of the magnesium salt of
valsartan C1.ug is 10.7+0.5%. The total formula is calculated from this (CogHa7NcO3)°Mg”
(3.040.3)H.O, |

The solid-state characterization of the trihydrate of the magnesium salt of valsartan Cy yg has

been performed with X-ray measurements by use of the temperature-humidity powder
diffraction chamberX'Pert from Philips Analytical X-ray, 7602 Almelo, NL equipped with a

low and medium temperature attachementfrom Anton Paar GmbH, A-8054 Graz.
The characterization of the substance C1, of the magnesium sait of the valsartan trihydrate
is given with the interlattice planeintervals d obtained with X-ray measurements. In the
following, d valuesarelisted with the appropriateerrorlimits. The intensities are given in
brackets with the following abbreviations: very strong= vst; strong = st; medium =m, weak =

Wi and very weak = vw.

d in [A]: 17.940.3(m), 10.2+0.2(w), 8.96#0.2(m), 7.180.1(w), 6.9720. 4(vw), 6.8140.1(vw),
6.24+0.05(vw), 5.93+0.05(w), 5.8440.05(w), 5.72£0.05(vw), 5.59+0.05(vwvw), 5.42+0.05{m),
5.25+0.05(vw), 5.1140.05(m), 5.01+0.05(st), 4.82+0.05(w), 4.6740.05(w), 4.57+0.05(vw},
4.49+0.05(vw), 4.3040.05(m), 4.1920.05(vst), 4.13£0.05(vst), 4.0240.05(vst), 3.8840.05(vw).
The characteristic reflections in the X-ray diffraction diagram reveal the following plane

intervals:

d in [Ai: 17.920.3, 10.240.2, 8.96+0.2,7. 1840.1, 5.9340.05, 5.8440.05, 5.4240.05,
5.11+0.05, 5.0140.05, 4.82+0.05, 4.6720.05, 4.3040.05, 4.19+0.05, 4.1340.05, 4.0220.05.
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The magnesium salt of valsartan is also forming a substance as a monohydrate which is
indicated with D,,. The water content was measured with a thermobalance TGS-2 (Perkin-
Elmer Corp., Norwalk, CT USA). The water content for the monohydrate Dy ng is 2.840.3%.
Thetotal formula was calculated from this value with (CosHo7NsO2)*Mg” » (0.7440.2}H20.

The solid-state characterization of the monchydrate of the magnesium salt of valsartan Dy ig

was achieved with X-ray measurements by use of the temperature-humidity powder
diffraction chamber X’Pert from Philips Analytical X-ray, 7602 Almelo, NL. This X-ray

instrument is equipped with a low and medium temperature attachementfrom Anton Paar
GmbH, A-8054 Graz. ‘ .
The characterization of the new substance, namely the monohydrate of the magnesium salt

of valsartan D;gis demonstrated with the interlattice planeintervals d of the X-ray
investigations. In the following d values are listed with the appropriate errorlimits. The
intensities are given in brackets with the following abbreviations: very strong = vst, strong =

st; medium = m; weak = w; and very weak = vw.

din A}: 15.1+0.2(st), 10.940.2(w), 40.3+0.2(vw), 7.66£0.1(vw), 7.2120.1(vw), 5.1220.05(vw),
4.7540.05(vw).
The characteristic reflections in the X-ray diffraction diagram for the monohydrate of the
magnesium salt of valsartan revealthe following plane intervals:
d in [At: 15.140.2, 10.9+0.2, 10.340.2, 7.66+0.1, 5.12+0.05,

Surprisingly, the crystalline salts of valsartan can be transformed into amorphousorpartially
amorphous substances. Crystalline and amorphous froms of corresponding chemical!entities
reveal different physico-chemical properties, related to the different structures of the

crystalline and the amorphous form on a molecularlevel. The main difference is in the
threedimensional organization of the solid particals. The crystalline particals or crystals
reveal a short distance arrangementof a given numberof moleculesin well defined crystal
lattice positions around each single molecule.All thesefirst neighboring molecules of the set
af molecules within an elementry cell of a crystal are within the whole crystallattice in the

same geometrical arrangement. The short distance arrangementof any single moleculeis in
crystal combined with the tow range arrangement. In contrary, an amorphous substances
reveals only a short range order for each molecule, however, the long range orderis not
existing within the amorphoussolid particles. A consequence of this structural facts is the
completely different behaviourof crystals or of an amorphous substance in heating up,
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starting at a low temperature within the the solid phases. Any crystalline substance is
characterized with a melting point, which might bedifferentfor different palymorphsof the

same chemical entity, however, together with the enthalpy of fusion the interrelation to the

crystalline phase present is proofed. In contrary, an amorphous substance is never revealing

a melting point and a enthalpy of fusion. But, in heating up, starting at a low temperature, an

amorphous substance correspondswith a glass transition temperature, a temperature for

which the molar heat capacity changes over a certain temperature interval. The broadness

of this effect is depending on quite different qualities. The enthalpy change in heating up is

for a glass transition always a uptake of energy by thesample. The crystalline and

amorphous substancesare discriminated at room temperature by several spectroscopical
methods such as X-ray, Raman, IR. Additionally, a characterization at elevated temperature

overthe stability region of crystalline substancesin the solid phaseis also possible with a
temperature-humidity powderdiffraction chamber. A preferred characterization are the X-ray

methods, because the amorphous substances reveal only a broad reflection, however, the

crystalline substances are characterized with a discrete set of interlattice plane intervals.

The solid state characterization of the amorphous entity of the calcium salt hydrate of

valsartan E;c, is performed with a DSC (Differential Scanning calorimeter) Pyris 1 from

Perkin-Elmer Corp., Norwalk, CT USA. The same procedure must be executed as for the
crystalline salts of calcium valsartan, namely becauseof existing salt hydrates, with a bound

water content up to 13.2%, the measurements must be madein gold containers with a small
internal free volume. In the present case, the gold containers had an internal free volume of

ca. 22 microliters. Additional water, so-called free water could be present in the amorphous

substance, detectable by a thermobalanceas well as by the enthalpy of fusion for bulk water

at O°C. In an open sample pan or with a sample pan with a large internal free volume

compared with the sample mass and depending on the waterofthe substance under

investigation, the water evaporates partially or completely in transferring the chemicalentity
presentpartially or completely into the corresponding anhydrate or into a hydrate with a

lower water content. Gold containers with a wall thickness 0.2mm were used; after weighing

_ the samples between 1.5 and Gmgsalt hydrate, they were sealed by cold welding.

The amorphous substance of the calcium salt of valsartan E;¢, related to the tetrahydrates

andthe trihydrates has a water content of 11 + 2%. The water content is given through the

laboratory production process. The glass transition was measured with sample weights of 3 -

5 mq in sealed gold containers with a internal free volume of ca. 22 microliters and applying
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a heating rate of 10 K-min’. The glass transition temperature is determined for the
amorphouscalcium salt of valsartan E;,ca a8 Ty = 94420°C and the changeof the specific
heat capacity is at the glass transition temperature as Ac,=0.64+0.3 J-g7-K™. No melting point
and no enthalpy offusion could be observed.

The amorphous substanceof the calcium salt of valsartan Fc, related to the anhydrate has
a water content of 942%. The water content is measured using thermogravimetry, in a water-

free Nz atmosphere with a TGS-2 (Perkin-Elmer Corp., Norwalk, CT USA). The glass
transition was measured with sample weights of 2 - 4 mg in sealed gold containers with a

internal free volume of ca. 22 microliters and applying a heating rate of 10 K-min”. The glass
transition temperature is determined for the amorphoussalt of valsartan F,¢; as

T, = 143+20°C and the changeof the specific heat capacity is at the glass transition
temperature Ac,=0.440.15 J-g*-K". No melting point and no enthalpy of fusion could be
observed. These combined thermodynamic data, melting point and enthalpy of fusion are an

absolute prerequisite of a crystalline material or substance.

The amorphous substance of the magnesium salt of valsartan Eg has a water content of
16+3%. The water contentis less defined in an amorphousform, as the water molecules in
an amorphous substance are weaker bound within the solid structure compared to a
crystalline substance forming a hydrate. The water content is measured using
thermogravimetry, in a water-free Nz atmosphere with a TGS-2 (Perkin-Elmer Corp.,
Norwalk, CT USA). The glass transition was measured with sample weights of 2 - 4 mg in
sealed gold containers with an internal free volume of ca. 22 microliters and applying a
heating rate of 10 K-min’. The glass transition temperature is Ty = 78£20°C andthe change
of the specific heat capacity is at the glass transition temperature Ac,=0,.5£0.25 Jq'kK", No
melting point and no enthalpy of fusion could be observed.

Preferred are polymorphic forms that are essentially free of amorphousforms.

A further object of the invention is the preparation of the salts according to the invention.

The saits or salt hydrates according to the invention, including amorphous or crystalline
forms thereof, may be preparedasfollows:

BIOCON PHARMALTD(IPR2020-01263) Ex. 1015, p. 244



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 245

WO 03/066606 PCT/EP03/01047

~ 25 -

To form the salt, the processis carried outin a solvent system, in which the two reactanis,

namely the acid vatsartan and the respective base, are sufficiently soluble. It is expedient to
use a solvent or solvent mixture, in which the resulting salt is only slightly solubie or not

soluble at ali, in order io achieve crystallisation or precipitation. One variantfor the salt

according to the Invention would be to use a solvent in whichthis salt is very soluble, and to
. subsequently add an anti-solventto this solution that is a solvent in which the resulting salt

has only poorsolubility. A further variant for salt crystallisation consists in concentrating the
salt solution, for example by heating, if necessary under reduced pressure, in slowly

evaporating the solvent, e.g. at room temperature or at a temperature below room
temperature, or by seeding with the addition of seeding crystals, or by setting up water
activity required for hydrate formation and/or by seeding with the addition of the

corresponding seedingcrystals. Combinations of these production steps may be

appropriately selected.

The solvents that may be used are for example C,-C;-alkanols, preferably ethanoland

isopropanol, as well as C,-C-dialkylketones, preferably acetone and mixtures thereof with
water.

The antisolvents for salt crystallisation may be for example C,-C;-alkyinitriles, especially

acetonitrile, esters, especially C2-C;-alkanecarboxylic acid-C,-C,-alkylester, such as ethyt or

isopropyl acetate, di-(C,-C;-alkyl)-ethers, such as tert.-butyimethylether, furthermore

tetrahydrofuran, and C.-C,-alkanes, especially pentane, hexane or heptane.

The dissolving and crystallising process js characterised in that
(i) valsartan and the appropriate base are brought to a reaction in a preferably water-

containing, organic solvent,
(ii) the solvent system is concentrated, for example by heating, if necessary under
reduced pressure and by seeding with seeding crystals or by slowly evaporating,e.g. at
room temperature or at elevated temperatures, then crystallisation or precipitationis initiated
and

(iii) the salt or salt hydrate obtainedis isolated.
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In the dissolving and crystallising process, the water-containing, organic solvent system

employed is advantageously a mixtures of alcohols, such as ethanol, and water, or alkyl-
nitrile, especially acetonitrile, and water.

The equilibrating crystallisation process for producing hydrates is characterised in that
(i) valsartan and the appropriate base are added to a water-containing organic solvent,
(ii) the solvent is concentrated, for example by heating, if necessary under reduced
pressure or by slowly evaporating, ¢.g. at room temperature

(ii) the residue of evaporation is equilibrated with the required amount of water by
(a) suspending the residue of evaporation, whichis advantageouslystill warm, and which
still contains some water, in an appropriate solvent or ,

(b) by equilibrating the water excessin the solvent at a given temperature,or with cooling
from a given elevated temperature to a lowerone;

wherebyin a) and b) the existing or added water is present in a quantity in which the water
dissolvesin the organic solvent and doesnotform an additional phase; and

(iv) the salt obtainedis isolated.

The solvent system used as the water-containing organic solvent advantageously comprises
mixtures of suitable alcchols, such as C,-C;-alkanols, especially ethanol, and water.

An appropriate solventfor equilibration is, for example, an ester such as C,-C;-alkane-
carboxylic acid-C,-C;-alkylester, especially ethyl acetate, or a ketone such as di-C,-C;-

alkylketone, especially acetone.

The equilibration process is notable for example forits high yields and outstanding

reproducibility.

Especially, the alkaline earth metal salts of the present invention may be obtained in
crystalline form as explained above andarein the form of hydrates, or mixtures of hydrates,
or mixtures of hydrates with amorphous forms, from appropriate solvents that are

conventionally used in production processes, suchas esters, ¢.g. C,-C;-ailkanecarboxylic
acid-C,-C;-alkylesters, especially ethyl acetate, ketones, e.g. di-C,-C,-alkylketones,

especially acetone, C3-C;-alkylnitriles, especially acetonitrile, or ethers, e.g. di-(C,-C.-alkyt}-
ethers, such as tert.-butylmethylether, also tetrahydrofuran, or mixtures of solvents. By
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using the dissolving andcrystallising process,or the water-equilibrating crystallisation
process, the defined hydrates, which are present in crystalline and in polymorphous forms,
may be obtained reproducibly.

The processes for forming salts are likewise objects of the presentinvention.

These salts or salt hydrates according to the invention are obtainedfor example by
neutralising the acid valsartan with a base corresponding to the respective cation. This
neutralisation is suitably effected in an aqueous medium, e.g. in water or a mixture of water

and a solventIn which valsartan is more soluble than in water. Salts with weaker bases may
be converted into other salts either by treating with stronger basesorby treating with acids

and then neutralising with other bases.

Crystallisation, especially of the alkaline earth salt hydrates, is effected in water or an

aqueous medium, which consists of water and at least one solventthatis miscible or partially
miscible with water, i.e. not too non-polar, e.g. an alkanol such as methanol, ethanol,
propanol, isopropanol, butano!, acetone, methyl ethyl ketone, acetonitrile, DMF, DMSO. The
alkanol portion amounts to about 10% to 99%, or 20%to 90%, advantageously 30% to 70%

by volume. Forhigher alkanols, the less polar solvent may also be presentin lower
concentrations. Owing to the restricted water-solubility of valsartan, the process frequently

takes place in suspensions,orif valsartan is soluble in the other solvent component, in a
solution.

In one embodiment, for example to produce the calcium salt of valsartan, an aqueous

solution of valsartan is neutralised with a calcium hydroxide solution at room temperature
and the solutionis left to crystallise. In a preferred procedure,crystallisation is effected from
a solvent mixture of water/ethanol, the ethanol proportion amounting ta ca. 30%to 50% by

volume. !n an especially preferred form, crystallisation is effected in a closed system by
transporting through a !ow temperature gradient (especially 1-2°C at 40°C) in 30%by
Volume of ethanol.

In a preferred variant, crystallisation may be optimised,e.g. accelerated, by adding at least
one seed crystal.
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To produce a salt of valsartan in a desired form as a hydrate, or an anhydrate and ina
specific polymorph, or in a specific amorphous form thereof, a dissolving, chemical reaction,
and crystallising process is used in particular, ora water-equilibrating crystallization, or an
additional drying-equilibrating process. In the following, the processes consecutive to the
dissolving and the chemicalreaction shall be outlined: |
(i) Transferring the obtained salthydrate, with a given molecular ratio water to salt of
valsartan or with a mixture of hydrates, having different molecular ratios of waterto salt of
valsartan, or as a mixture of hydrates and the anhydrate of the given sait of valsartan, and ail
these entities and mixtures of entities in a specific polymorphic form,or in a specific

amorphous form, or as mixtures of different polymorphs and different amorphous forms with
or without a separation from the motherliquid into anotherliquid phase in which a
considerable amount of the solid phasewill not be dissolved, however, is present as a-

suspension. The liquid phase ofthis suspension is changed stepwise cor continously in
appropriate conditions such as temperature, pressure, volume, composition in respect to
water, solvents, antisolvents in such a waythat the salthydrate of choice is generated by a

recrystallization process. The recrystallization can be forced by adding at least one seeding

crystal.

(ii) Separate the obtained salthydrate in the crystalline state from the motherliquid, or from
the liquid phase in which the salthydrate is suspended and transfer the wet cake with or

without washing into a drier. The drier preferably used is a moving product drier, such as an
example a paddle drier. The conditions in the drier and for the drying process have to be
appropriate selected to obtain the salthydrate in the form to be produced.

In a preferred embodiment of the present invention, the different hydrates and polymerphic
and amorphic forms thereof can be prepared by using the thermobalance procedure as
follows:

Starting from e.g. the Ag.ca or the Ao, wg form, respectively,

said forms are (i) dehydrated,e.g. totally or partially, for example, in a thermobalance

apparatus e.g. TGS-2, or in a temperature-humidity powderdiffraction chamber, €.g. X'Pert,
or in Differential Scanning Calorimeter, e.g. DSC Pyris 1;

then (ii) equilibrated by exposureto different relative air humidities overdifferent periods of
time, .
optionally (iii) relaxed over different periods of time, and

then, if necessarey,(iv) isolated.
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The dehydration step is carried out essentially by dehydrating the corresponding starting
material in a water free atmosphere, under inert gas, ina defined temperature range and
over a defined time intervals. A suitable temperature is from room temperature to 100°C.
Suitable time intervals are from 30 minutes to 70 hours.

The equilibration step is carried out by exposing the dehydrated form to different air
humidities. Preferred air humidities range from 20% to 70%relative air humidity.

The relaxation period is between 30 minutesto 50 hours. The preferred temperature range
for the equilibration step is between 20°C and 25°C.

The form according to the present inventionis preferably isolated by crystallisation,

Important conditions amongothers are the relative humidity of the atmospherein the drier,
the temperature of the atmosphere and the temperature ofthe dry product, all these
parameters as a function of the drying degree and also the drying timeinterval which also
defines thefinal state of the equilibrated product. .
The main driving force for a hydrate formationof a salthydrate of valsartan during the
crystallization or precipitation process, or during a recrystallization process as a suspension
or as a productin a drying processis the activity of the waterin the liquid phase or the partial
pressure of the waterin the atmosphere of a drier. The composition of the liquid phase in
which the salthydrate of valsartan is suspended andits temperature are decisive for the
activity of the water. In the drier, the partial pressure of the water is adjusted under
equilibrium or non-equilibrium: conditions with conditions such as retative humidity of the inlet
gas stream, the temperatureof the drier andthe temperature of the substance dried, the
uptake of water or the dehydration of the substance dried, the flow rate of the atmosphere
and the mass of the substance dried. Of course,also the ratio of the water molecules to the

salt molecules at the beginning and the end of the drying process and the kinetic of the

dehydration or hydration are factors influencing the partia! pressure of the waterin the drier.

_ An additional thermodynamic parameter, which is decisive for the salt hydrate of valsartan
and the polymorphic form ofthe final state of the product, is the temperature. The ~
thermodynamicstability regions of the salthydrates of valsartan aredepending also on
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temperature, or in other words certain salthydrates of valsartan and polymorphs thereof are
only stable for given temperature regions. As an example, a selected salthydrate of valsartan
can only be crystallized or can only be recrystallized also from a solution if the temperatureis
selected properly.

The salts accordingto the invention may be used e.g. in the form of pharmaceutical
preparations, which contain the active substancee.g. in a therapeutically effective amount of
the active substance, optionally together with a pharmaceutically acceptable carrier, for

example with an inorganic or organic, solid or optionally also liquid pharmaceutically
acceptable carrier, which is suitable for enteral, e.g. oral, or parenteral administration.

The invention relates in particular to a pharmaceutical composition, especially in a solid

dosageunit, preferably for oral administration, optionally together with a pharmaceutically
acceptable carrier.

Pharmaceutical preparationsof this kind may be used for example for the prophylaxis and
treatment of diseases or conditions which maybe inhibited by blocking the AT, receptorfor
example , |
a disease or condition selected from the group consisting of

(a) hypertension, congestive heart failure, renal failure, especially chronic. renalfailure,
restenosis after percutaneous transluminal angioptasty, and restenosis after coronary artery

bypass surgery;

(b) atherosclerosis, insulin resistance and syndrome X, diabetes meltitus type 2, obesity,
nephropathy, renal failure, e.g. chronic renalfailure, hypothyroidism, survival post myocardial
infarction (MI), coronary heart diseases, hypertensionin the elderly, familial dyslipidemic
hypertension, increase of formation of collagen, fibrosis, and remodeling following
hypertension (antiproliferative effect of the combination), all these diseases or conditions
associated with or without hypertension;

(c) endothelial dysfunction with or without hypertension,
(d} hyperlipidemia, hyperlipoproteinemia, atherosclerosis and hypercholesterolemia, and
(e) glaucoma.

Primary usagesare for the treatmentof high blood pressure and congestive heart failure, as
well as post-myocardiat infarction.
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The personskilled in the pertinent art is fully enabled to select a relevant and standard
animal test model to prove the hereinbefore and hereinafter indicated therapeutic indications

and beneficial effects.

The pharmaceutical activities as effected by administration of representatives of the salts of
the present invention or of the combination of active agents used according to the present
invention can be demonstrated e.g. by using corresponding pharmacological models known

in the pertinent art. The person skilled in the pertinent art is fully enabled to select a relevant
animal test modelto prove the hereinbefore and hereinafter indicated therapeutic indications

and beneficial effects.

These beneficial effects can, for example, be demonstrated in the test model as disclosed by

G. Jeremic et al. in J. Cardovasc. Pharmacol. 27:347-354, 1996.

For example, the valuable potential of the salts or combinations of the present invention for
the prevention and treatment of myocardial infarction can be found using the following test
model.

Study design

In the study to be performed, permanent coronary artery occlusion (CAO) in rats is used as a
model of acute myocardial infarction. The experiments are carried out with 5 treatment
groups characterized by following features:
« sham-operated animals

* CAO + vehicle

* CAO + a salt according to the present invention,

optionaily

- CAO +asalt according to the present invention + a combination partner.

During the study following variables are measured:
* infarct size

« LV chamber volume

- interstitial and perivascular collagen density in spared LV myocardium
* COL-] and COL-III protein content in spared LV myocardium by Western blot
« cardiomyocytes cross-sectional area and length in sections of LV myocardium
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+ plasma concentrations of renin and aldosterone
» urine concentration of sodium, potassium and aldosterone

» blood pressure in conscious animais ,
+ LV and carotid blood pressure in anesthetized animals.

Methodology

Infarct size: Six pm-thick transverse histological sections ofthe left ventricle are stained
with nitroblue tetrazolium and acquired by a BAW XC-77CE CCDvideo camera (Sony). The

resulting imageis processed ona KS 300 image analysis system (Carl Zeiss Vision) using a
software specifically developed (Porzio et af., 1995). A single operatorblinded to treatment

interactively defines the boundariesof the interventricular septum, and the infarcted area on
each section is semiautomatically identified as the area of unstained ventricular tissue. The

software automatically calculates for each componentofthe ventricular section defined as

the chamber, septum, infarcted area,infarcted LV wall and viable LV wall, a set of geometric

parameters (Porzio et a/., 1995).

Histology: Hearts are fixed in situ, by retrograde perfusion with buffered 4% formaldehyde
after arrestin diastole byiv. injection of 0.56 M KCI. Afterfixation, the left ventricle (LV) and

the free wall of the right ventricle are separately weighed; LV longer diameteris measured

with a caliper. LV histological sections are stained with hematoxylin & eosin for qualitative
examination and to quantify cardiomyocytes cross-sectional area with a semi-automated

image analysis routine. Interstitial collagen deposition in LV is evaluated on Sirius red
stained sections with a semi-automated image analysis routine (Massonet a/., 1998).

Collagen content in LV spared myocardium: LVtissue in the spared myocardium is
homogenized, subjected to PAGE-SDSelectrophoresis and electroblotted onto nitrocellulose
membrane. The blots are exposed to primary antibodies, i.e. rabbit antt-rat collagen type | or
type III antiserum (Chemicon). The primary antibodies are recognized by secondary
antibodies conjugatedto alkaline phosphatase (for colagen type I) or peroxidase (collagen

typeHl).

Left ventricular chamber volume: LV chamber volume is determined in hearts arrested in

diastole (KCl) and fixed in formalin under a hydrostatic pressure equivalent to the measured

LV end-diastolic pressure. A metric rodis inserted into the LV to measure LVinnerlength.
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The transverse diameters of the LV chamber are measured in two 1-mm thick transverse -
- sections near to the base and the apexof the ventricle (Jeremic et a/., 1996). The chamber

volume is computed from an equation integrating transverse diameters and inner length.

Systemic and Left ventricular hemodynamics: A microtip pressure transducer (Millar

SPC-320) connected to a recorder (Windograf, Gould Electronics) is inserted into the right

carotid artery to record systolic and diastolic blood pressures. The pressure transduceris

advancedinto the LV to measure LV systolic (LVSP) and end-diastolic (.VEDP} pressures,

the first derivative of LV pressure over time (+dP/dt) and heart rate.

Non-invasive blood pressure: Systolic blood pressure and heart rate are measured by the

tail-cuff method (Letica LE 5002) in consciousrats.

Urine electrolytes, hormones: Rats are individually housed in metabolic cages and 24-h

urine collected on 1 m! HCI6N. Water intake is measured. Urine catecholamines are

extracted on Bondelut C7g columns (Varian), separated by HPLC (Apex-II C18, 3 um,

50x4.5 mm analytical cohumn, Jones Chromatography) and quantified with an

electrochemical detector (Coulochem II, ESA) (Goldstein ef af, 1981}. Plasma and urine

aldosterone, and plasmaangiotensin [1 is determined with specific radioimmunoassays

(Aldoctk-2, DiaSorin and Angiotensin H, Nichols Diagnostics). Urine sodium and potassium

are measured byflamme photometry.

Sample size ,

10 animals analyzable in each treatmentgroups are sufficient to detect biologically

significant differences. Only rats with an infarct size of at least 10% of the LV section area

are includedin the fina! analysis.

Endothelial dysfunction is being acknowledged asa critical factor in vascular diseases. The

endothelium plays @ bimodal role as the source of various hormones or by-products with
opposing effects: vasodilation and vasoconstriction, inhibition or promotion of growth,

fibrinolysis or thrombogenesis, production of anti-oxidants or oxidising agents. Genetically

predisposed hypertensive animals with endothelial dysfunction constitute a valid mode! for

assessing the efficacy of a cardiovascular therapy.

Endothelial disfunction is characterized by, for example, increased oxidative stress, causing

decreasednitric oxide, increased factors involved in coagulation orfibrinolysis such as
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plasminogenactivating inhibitor-1 (PAI-1), tissue factor (TF), tissue plasminogen activator
(tPA), increased adhesion molecules such as ICAM and VCAM,increasedgrowth factors
such as bFGF, TGFb, PDGF, VEGF,all factors causing celt growth inflammation and

fibrosis.

The treatment-e.g. of endothelian dysfunction can be demonstraiedin the following
pharmacological test:

Material and methods

Male 20-24 week-old SHR, purchased from RCC Lat (Fillingsdorf, Switzerland}, are
maintained in a temperature- andlight-controlled room with free accessto rat chow (Nafag
9331, Gossau, Switzerland) and tap water. The experimentis performed in accordance with
the NIH guidelines and approved by the Canton Veterinary office (Bew 161, Kantonales
Veterinaramt, Liestal, Switzerland). All rats are treated with the NO synthesis inhibitor L-

NAME (Sigma Chemicals) administered in drinking water {50 mg/l} for 12 weeks. The
average daily dose of L-NAMEcalculated from the water consumed was 2.5 mo/kg/d (range
2.1-2.7 ).

Therats can be divided into 2 or 3 groups: group 1, contro! (n = e.g. 40}; Group 2,a salt

according to the presentinvention; n = e.g. 40); for testing combinations Group 3,
combination partner;{n = é.g. 30). The drugs are administered in drinking fluid. The
pressure effect of Ang II at 1 mg/kg obtainedin controls normotensive rats can be reduced
after treatment with a salt according to the present invention (Gervais et al. 1999).

Body weight is measured every week. Systolic blood pressure and heart rate are recorded
by tail cuff plethysmography 3 and 2 weeks before starting the study and at 2 weeks after
drug administration. Urine is collected over a 24 hour period from rats keptin individual
(metabolic) cages the week before starting treatment and at weeks 4 and 12 for volume
measurement and protein, creatinine, sodium and potassium determination using standard
laboratory methods. At the sametime points, blood samples are withdrawn from the retro-
orbital plexus (maximum 1 ml} for creatinine, Na® and K’ assays.

Ten rats from each group are sacrificed at 4 weeks for collection of kidney and heart for

morphological analysis. The remaining rats are sacrificed at 12 weeks. Cardiac and kidney
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weight is recorded, Terminal blood sampling is performed in 5 % EDTA at 4 (morphometry
study) and 12 (end of the study) weeksfor aldosterone, determination by radioimmunoassay
using a DPC coat-a-count aldosterone-RIA kit (BUhImann, Switzerland).

Statistical analysis:

All data are expressed as mean + SEM. Statistical analysis is performed using a one-way
ANOVA, followed by a Duncan’s multiple range test and a Newman-Keuls test, 7for
comparison between the different groups. Results with a probability value of less than 0.05
are deemedstatistically significant.

An improvement of regression of artherosclerosis withouteffecting the serum lipid levels
can, for example, be demonstrated by using the animal model as disclosed by H. Kanoetal.
in Biochemical and Biophysical Research Communications 259, 41 4-419 (1999).

Thatthe salts or combinations according to the present invention can be used for the

regression of a cholesterol diet-inducedatherosclerosis, can be demonstrated using thetest
model described,e.g., by C. Jiang et al. in Br. J. Pharmacol. (1991), 104, 1033-1037.

That the salts or combinations according to the present invention can be used for the

treatment of renalfailure, especially chronic renalfailure, can be demonstrated using the test
mode! described, e.g., by D. Cohenetal. in Journal of Cardiovascular Pharmacology, 32: _
87-95 (1998).

The present pharmaceutical preparations which, if so desired, may contain further
pharmacologically active substances, are prepared in a manner knownperse, for example
by meansof conventional mixing, granulating, coating, dissolving or lyophilising processes,
and contain from about 0.1%to 100%, especially from about 1%to about 50%,of

lyophilisates up to 100%of the active substance.

The invention similarly relates to compositions containing the salts according to the
invention.

The invention similarly relates to the use of the saltsaccording to the invention preferablyfor
the production of pharmaceutical preparations, especially for the prophylaxis andalso for the
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treatment of diseases or conditions which maybe inhibited by blocking the AT, receptor.

Primary usagesare for the treatmentof high blood pressure and congestive heart failure, as
well as post-myocardial infarction,

The invention similarly relates to the use for the prophylaxis and treatment of diseases or
conditions which maybeinhibited by blocking the AT, receptor, characterisedin that a

patient, including a humanpatient, requiring such treatment is administered with a
therapeutically effective amountof a salt according to the invention, optionally in combination
with at least one composition for the treatment of cardiovascular diseases and related
conditions and diseaseslisted hereinbefore or hereinafter.

The invention similarly relates to combinations, e.g. pharmaceutical combinations, containing
a salt of the present invention or in each case a pharmaceutically acceptable salt thereof in
combination with at least one composition for the treatment of cardiovascular diseases and

related conditions and diseasesaslisted hereinbefore or hereinafter, or in each case a

pharmaceutically acceptable salt thereof. Combinations with other compositions forthe
treatment of cardiovascular diseases and related conditions and diseasesaslisted

hereinbefore or hereinafter, or in each case a pharmaceutically acceptable salt thereof, are

likewise objects of the present invention.

The combination may be made for example with the following compositions, selected from

the group consisting ofa:

(i) HMG-Co-A reductaseinhibitor or a pharmaceutically acceptable salt thereof,
(ii) angiotensin converting enzyme (ACE) Inhibitor or a pharmaceutically acceptable salt
thereof,

(ii) calcium channel blocker or a pharmaceutically acceptable salt thereof,
(iv) aldosterone synthaseinhibitor or a pharmaceutically acceptable salt thereof,
(v) aldosterone antagonist or a pharmaceutically acceptable salt thereof,
(vi} dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP)inhibitor or a
pharmaceutically acceptable salt thereof,

(vil) endothelin antagonist or a pharmaceutically acceptable salt thereof,
(viii) renin inhibitor or a pharmaceutically acceptable salt thereof, and
(ix) diuretic or a pharmaceutically acceptable salt thereof.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 256



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 257

WO 03/066606 PCT/EP03/01047

-37-

HMG-Co-A reductaseinhibitors (also called B-hydroxy-B-methylglutaryl-co-enzyme-A
reductaseinhibitors) are understood to be those active agents that may be used to lower the
lipid levels including cholesterolin blood.

The class of HMG-Co-A reductaseinhibitors comprises compounds havingdiffering
structural features. For example, mention may be madeof the compounds that are selected

from the group consisting of atorvastatin, cerivastatin, compactin, dalvastatin,
dihydrocompactin, fluindostatin, fluvastatin, lovastatin, pitavastatin, mevastatin, pravastatin,
rivastatin, simvastatin, and velostatin, or, in each case, a pharmaceutically acceptable salt

thereof.

Preferred HMG-Co-A reductaseinhibitors are those agents which have been marketed, most

preferred is fluvastatin and pitavastatin or, in each case,a pharmaceutically acceptable salt
thereof.

The interruption of the enzymatic degradation of angiotensin | to angiotensin 1] with so-called
ACE-inhibitors (also called angiotensin converting enzymeinhibitors) is a successful variant
for the regulation of blood pressure and thus also makesavailable a therapeutic method for
the treatment of congestiveheart failure.

The class of ACE inhibitors comprises compounds havingdiffering structural features. For

example, mention may be madeof the compounds whichare selected from the group
consisting alacepril, benazepril, benazeprilat, captopril, ceronapril, cilazapril, delapril,
enalapril, enaprilat, fosinopril, imidapril, lisinopril, moveltopril, perindopril, quinapril, ramipril,
spirapril, temocapril, and trandolapril, or, in each case, a pharmaceutically acceptable salt
thereof.

Preferred ACEinhibitors are those agents that have been marketed, most preferred are

benazepril and enalapril.

The class of CCBs essentially comprises dihydropyridines (DHPs) and non-DHPs such as

diltiazem-type and verapamil-type CCBs.
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A CCBusefulin said combination is preferably a DHP representative selected from the

group consisting of amlodipine, felodipine, ryosidine, isradipine, lacidipine, nicardipine,
nifedipine, niguldipine, niludipine, nimodipine, nisoldipine, nitrendipine, and nivaidipine, and
is preferably a non-DHP representative selected from the group consisting of flunarizine,
prenylamine, diltiazem, fendiline, gallopamil, mibefradii, anipamil, tiapamil and verapamil,
and in each case, a pharmaceutically acceptable salt thereof. All these CCBs are

therapeutically used, ¢.g. as anti-hypertensive, anti-angina pectoris or anti-arrhythmic drugs.
Preferred CCBs comprise amlodipine,diltiazem, isradipine, nicardipine, nifedipine,
nimodipine, nisoldipine, nitrendipine, and verapamil, or, e.g. dependenton the specific CCB,
a pharmaceutically acceptable salt thereof. Especially preferred as DHPis amlodipine or a
pharmaceutically acceptable salt, especiaily the besylate, thereof. An especially preferred
representative of non-DHPsis verapamil or a pharmaceutically acceptable salt, especially
the hydrochloride, thereof.

Aldosterone synthase inhibitor is an enzyme that converts corticosterone to aldosteroneto
by hydroxylating cortocosteroneto form 18-OH-corticosterone and 18-OH-corticasterone io
aldosterone. The class of aldosterone synthase inhibitors is known to be applied forthe

treatment of hypertension and primary aldosteronism comprises beth steroidal and non-
steroidal aldosterone synthaseinhibitors, the later being most preferred.

Preference is given to commercially available aldosterone synthaseinhibitors or those
_ aldosterone synthase inhibitors that have been approved by the health authorities.

The class of aldosterone synthase inhibitors comprises compounds having differing
structural features. For example, mention may be made of the compounds which are

selected from the group consisting of the non-steroidal aromatase inhibitors anastrozole,
fadrozole (including the (+)-enantiomer thereof), as well as the steroidal! aromataseinhibitor
exemestane, or, in each case where applicable, a pharmaceutically acceptable salt thereof.

The most preferred non-steroidal aldosterone synthaseinhibitoris the (+}enantiomerof the
hydrochloride of fadrozole (US patents 4617307 and 4889861) of formula
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HCI

 
spironolactone.

A preferred dual angiotensin converting enzyme/neutral endopetidase (ACE/NEP)inhibitor

is, for example, omapatrilate (cf. EP 629627), fasidotril or fasidotrilate,or, if appropriable, a

pharmaceutically acceptable salt thereof.

A preferred endothelin antagonist is, for example, bosentan (cf. EP 526708 A), furthermore,
tezosentan (cf. WO 96/19459), or in each case, a pharmaceutically acceptable sait thereof.

A renin inhibitor is, for example, a non-peptidic renin inhibitor such as the compound of
formula
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CH

ve H.C CH,
H,c CH,

H
N NH,

o oO

H,C~, H.C cH,

chemically defined as 2(S),4(S),5(S),7(S)-N-(3-amino-2,2-dimethy!-3-oxopropyl)-2,7-di(1-
methylethyl)-4-hydroxy-5-amino-8-[4-methoxy-3-(3-methoxy-propoxy)phenyl]-octanamide.

_ This representative is specifically disclosed in EP 678503 A. Especially preferred is the
hemi-fumarate salt thereof.

A diuretic is, for example, a thiazide derivative selected from the group consisting of

chlorothiazide, hydrochlorothiazide, methylclothiazide, and chlorothalidon. The most

preferred is hydrochlcrothiazide.

Preferably, the jointly therapeutically effective amountsof the active agents according to the
combination of the present invention can be administered simultaneously or sequentially in

any order, separately orin a fixed combination.

Thestructure of the active agents identified by generic or tradenames may betaken from the

actual edition of the standard compendium “The Merck Index” or from databases, e.g.

Patents Intemational (e.g. IMS World Publications). The corresponding content thereof is

hereby incorporated by reference. Any personskilled in the art is fully enabled to tdentify the
active agents and, based on these references, likewise enabied to manufacture and test the
pharmaceutical indications and properties in standard test models, both in vitro and in vivo.

The corresponding active ingredients or a pharmaceutically acceptable salts thereof may
also be used in form of a solvate, such as a hydrate or including other solvents, used for

crystallization.
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The compounds to be combined can be present as pharmaceutically acceptable salts. If
these compoundshave, for example,at feast one basic center, they can form acid addition
salts. Corresponding acid addition salts can alsa be formed having, if desired, an
additionally present basic center. The compounds having an acid group (for example
COOH)canalso form salts with bases.

In a variation thereof, the present invention likewise relates to a “kit-of-parts”, for example, in
the sense that the components to be combined according to the present invention can be
dosed independently or by use ofdifferentfixed combinations with distinguished amounts of
the components,i.e. simultaneously orat different time points. The parts ofthe kit of parts
can then e.g. be administered simultaneously or chronologically staggered, thatis at
different time points and with equalor different time intervals for any part of the kit of parts.
Preferably, the time intervals are chosen such that the effect on the treated disease or
condition in the combined use ofthe parts is larger than the effect that would be obtained by

use of only any one of the components.

The invention furthermorerelates to a commercial package comprising the combination
according to the present invention together with instructions for simultaneous, separate or
sequential use.

Dosaging may depend on various factors, such as modeof application, species, age and/or
individua! condition. For oral application, the doses to be administered daily are betweenca.

0.25 and 10 mg/kg, and for warm-blooded animals with a body weight of ca. 70 kg,
preferably between ca. 20 mg and 500 mg, especially 40mg, 80mg, 160mg and 320mg
based on the free acid.

The inventionisillustrated in particular by the examples and alsorelates to the new

compounds namedin the examples andto their usage and to methods for the preparation
thereof.

The following examplesserveto illustrate the invention withoutlimiting the invention in any
way.
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Production of starting material

Starting materials for all new salthydrates of calcium valsartan and magnesium valsartan
have been producedin the following manner. Additionally, the start materials have been
characterised by several analytical methods.

Example SM1 (for Starting Material):

Production example as start material for the calcium salt as the tetrahydrate Agca in situ of

(S)-N-(1-carboxy-2-methyl-prop-1 -yl}-N-pentanoyi-N-[2’-(1 H-tetrazal-5-yl}-biphenyl-4-
ylmethyl]-amine

21.775 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-S-yl)-
biphenyl-4-ylmethyl]-amine are dissolved at room temperature in 300 ml of ethanol. By
careful addition of 300 ml of water, the ethanol concentration is reduced to 50%by volume.

Using a magnetic stirrer, 3.89 g of Ca(OH)are added slowly in small portionsio this clear,
slightly acidic (pH 4) solution, so that the pH value temporarily does not exceed a value of
ca. 8. Becauseit absorbs CO, from the air, the Ca(OH), used contains traces of CaCO;

therefore the added amountincludes an excess of 5%. After adding the stoichiometric

amount of Ca(OH)»,the pH is ca. 6, and after adding the excessit rises to 7. The solution
becomesturbid through the smal! amountoffinely divided CaCO, , which is removed
throughafoldedfilter. The product contained in the solution crystallises continuously upon
removal of the alcohol content by allowing to stand at room temperature. The procedure can

be accelerated by using a flat dish in a recirculating air drier at 40°C, After concentrating to
ca. one half, the alcohol content of the solution drops to ca. 10% by volume and mostof the

product crystallises. It is filtered, rinsed for a short time with 10% by volume ethanol and
dried at 40°C until reaching a constant weight. (S)-N-(1 -carboxy-2-methyl-prop-1-yl)}-N-
pentanoyl-N-[2’-(1 H-tetrazol-5-yl}-biphenyl-4-ylmethyl]-amine calcium salt tetrahydrate Ag.cs
is obtained. .

The melting point for the tetrahydrate of the calcium salt of valsartan Aoca, produced
~ according to the above given exampleforthe start material, for a heating rate of 10 K-min”,
_and in a closed specimencontainerwith a small interna! volumeof ca. 22 microliters is
determined as Ty. = 205°C and the melting enthalpy as As = 92 kJ-mo!’. The density of
the crystals of the tetrahydrate Ao.ca of the calcium salt of (S)-N-(1-carboxy-2-methy-prop-1-
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yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl}-biphenyl-4-yl-methyl]-amine, produced according to
the examplefor start materials, determined by a helium pycnometer is 1.297 gem’. The
specific optical rotation of the tetrahydrate of the calcium salt of valsartan Agc, accarding to
this production example is measured at 20°C in methanol as a 1% solution [oD = +1° and
in water also at 20°C as a 0.4% solution [a]*°p = -39°.

The enantiomer purity of the salt hydrate produced according to the process for the start

materials, namely the tetrahydrate of the calcium salt of valsartan Aga is determined by a
stereo-specific HPLC method. The stereo-specific separation is achieved by a chiral column
(Chiral AGP). The enantiomerpurity for Agcs is determined as ee = 100%.

The measurementofthe infrared spectrum took place by means of ATR-IR (Attenuated

Total Reflection-Infrared Spectroscopy) using the instrument BX from Perkin-Elmer Corp.,

Beaconsfield, Bucks, England.

The characteristic absorption bands of the ATR-IR spectroscopy arelisted below for the

tetrahydrate of the calcium salt of valsartan Apca produced according to the example SM1
with the following values expressed in reciprocal wave numbers (cm"): 3594; 3306; 2954;
1621; 1578; 1458; 1441; 1417; 1364; 1319; 1274; 1211; 1180; 1137; 1042; 1002; 758; 738;

696; 666.

The water contentis in theory 13.2% for the tetrahydrate of the calcium salt of valsartan.

Using the thermobalance TGS-2 (Perkin-Elmer Corp. , Norwalk, CT USA ) the water cantent
_was determined as 13.0 %. A total formula wascalculated for the tetrahydrate of the

calcium salt of valsartan Apc from this as (Cz4Ha7NsO3)Ca**s 3.9 H20.

Using thermogravimetry, in a water-free Nz atmosphere, the weight loss, i.e. the waterloss
for the tetrahydrate as a function of temperature, was measuredat a heating rate of 10
K-min-?. The results for the calcium salt of valsartan tetrahydrate Ao,ca are listed in the

following:

  
BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 263



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 264

WO 03/066606 PCT/EP03/01047

 
Calculation of the interlattice plane intervals from the X-ray powder pattern taken with a
Guinier camerais as follows for the characteristic lines for the batch of the substance Apca

as tetrahydrate of the calcium salt of valsartan:

d in [Aj: 16.27, 9.90, 9.39, 8.04, 7.71, 7.05, 6.49, 6.34, 6.20, 5.87, 5.75, 5.66, 5.20, 5.05,
4.95, 4.73, 4.55, 4.33, 4.15, 4.12, 3.95, 3.91, 3.87, 3.35.

Elementary analysis gives the following measured valuesof the elements presentin calcium-
valsartan-tetrahydrate and of water. The water evatuation was carried out at 130°C after
expulsion. The findings of the elementary analysis, within the errorlimits, correspond to the
sum formula (Cos Hor Ns Oa) > Ca **- 4 H,0. |

% found % calculated

Cc 52.82 52.83

H 6.42 6.47

N 12.91 12.83

Oo 20.20 20.53

water 13.25 13.21

Ca 7.03 7.35

Example SM2(for Starting Material):

Production exampie of the magnesium salt as the hexahydrate Ao.mg /7 situ of (S)-N-(1-
carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-y!)-biphenyl-4-ylmethyl]-amine

43.55 g of valsartan (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2°-(1 H-tetrazol-5-
yl)-biphenyl-4-ylmethyl]-amine are dissolved at room temperature in 600 ml of 50%by
volume ethanol (from absolute ethanol- see Merck and quarz-bidistilled water). Theslightly
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turbid solution becomesclear after adding a further 50 ml of 50%ethanol. Using a magnetic

stirrer, 4.03 g or 0.1 M MgO (Merckp.a.) are slowly added in small portions to this slightly
acidic solution with a pH value of 4. The pH value herebyrisesto ca. 6. The processis

effected with an excess of 10%, i.e. a further 0.40 g of MgO are added. This excessis not

fully dissolved, and the pH value rises to ca. 7.5. The small residueis filtered from the
solution througha foldedfilter and washed with 50 ml of 50% ethanol.

The combined clear solution is carefully concentrated at 40°C whilst stirring with a magnetic

stirrer in a large crystallisation dish. Towards the end ofthis procedure, the solution has a

tendencyto hardeninto a glassy gel. Scratching with a glass rod inducesthe in situ
crystallisation in this phase, which may be recognised by the white colourof the crystalline
solid thus formed. The productis dried at 50°C in a recirculating air drier until reaching a ©
constant weight. The yield of magnesiumsalt as the hexahydrate Aomg of (S)-N-(1-carboxy-
2-methyl-prop-1-yl)-N-pentanoyl-N-[2"-(1 H-tetrazol-5-y!)-biphenyl-4-ylmethyl]-amine is 53.7 g
or 95% based on the valsartan employed asthe free acid.

The melting point of the salt hydrate Agvg produced according to the above given procedure,

namely the magnesium-valsartan-hexahydrate, for a heating rate of 10 K-min", in a sealed
sample container with a small internal volume, in an amount of 2.24mg, was- measured at

Twos = 132°C and a melting enthalpy at ApH = 64 kJ-mol”.
The density of the crystals of the hexahydrate of the magnesium salt of valsartan produced

according to example SM2, determined by a helium pycnometer,is 1.273 gem.
The specific optical rotation of the magnesium-valsartan-hexahydrate Agmg produced

according to the above examplefor start materials is measured as a 1% solution in methanol

[a]"°p = -14° and with the same concentration in water as [a]“p = -38°.

The enantiomerpurity of the magnesium salt of valsartan hexahydrate Apyg produced

according to the process for the start materials is determined by a stereo-specific HPLC

method. The stereo-specific separation is achieved bya chiral column (Chiral AGP). The

enantiomerpurity is determined as ee = 99.6%.

The measurementof the infrared spectrum tock place by means of ATR-IR (Attenuated

Total Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from Perkin
Elmer Corp., Beaconsfield, Bucks, England.
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The starting material, the hexahydrate of the magnesium salt of valsartan Aomg has the
following characteristic absorption bandsof the ATR-IR spectroscopy listed below with
values expressed in reciprocal wave numbers (cm'): 3374; 3272: 2956; 1619; 1556; 1465;
1420; 1394; 1271; 1175; 1015; 975; 836; 766; 751; 741; 730.

The theoretical water content of the hexahydrate of the magnesium salt of valsartan is
19.1%. Using a coupled instrument based on thermogravimetry-Fourier transformation-
infrared-spectroscopy (TG-FTIR,IFS 28 from the companies Netzsch Geratebau GmbH,
Selb, Bayern and Bruker Optik GmbH, Karlsruhe), whilst simultaneously measuring the
weight loss and identifying the material component given up,using infrared spectroscopy
(release of water), the water content was determined for the hexahydrate of the magnesium
salt of valsartan Aomg with the weight loss up to the plateau for 225°C a 18.7%. Thetotal
formula was calculated for the hexahydrate of the magnesium salt of valsartan Agqg from this

as (C4Hz7NsOz)"Mg” - 5.9 H20.

Using thermogravimetry,in a water-free Nz atmosphere, the weight oss, i.e, the water loss
for the hexahydrate as a function of temperature, was measured at a heating rate of 10
K-min~*. The results for the magnesium salt of valsartan hexahydrate Agwg are listed in the

following:
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Calculation ofthe interlattice plane intervals from the X-ray powderpattern taken with a
Guinier camerais as follows for the characteristic lines forthis batch of the magnesium salt

of valsartan hexahydrate Ao.ug:

din {A}: 19.78, 10.13, 9.84, 7.28, 6.00, 5.81, 5.67, 5.21, 5.04, 4.88, 4.21, 4.18, 4.08, 3.95,
3.46, 3.42.

Elementary analysis gives the following measured values of the elements presentin the
hexahydrate of the magnesium salt of valsartan and of water. The water evaluation is |
carried out at 130°C after expulsion. The findings of the elementary analysis, within the error
limits, correspond to the sum formula (C24 Hay Ns Qs)” Mg *.6H,0. |

% found % calculated

Cc 51.03 50.94

H 7.00 6.95

N 12.45 12.38

0 25.02 25.44

Water 19.08 19.10

Mg 4.35 4.29

Working Examples:

Example 1

Production of the calcium salt as the tetrahydrate Aya in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-yl}-N-pentanoyl-N-[2"-(1 H-tetrazol-5-yl)-biphenyl4-ylmethy!]-amine

30.48mg of the caicium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2’-(4H-
tetrazol-5-y!)-biphenyl-4-ylmethyl]-amine as tetrahydrate Aoca is weighed into a
thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) andis partially dehydrated at
34°C in a water-free Nz atmospherewith a flow rate of 50 mi-min” for a time interval of 50
hours. The observed weightloss, i.e. water loss after the time interval of 50 hours is 7.9%.
The water bound atthis endpointfor the calcium salt of valsartan was under consideration of
the water contentfor the starting materia! Ao.ca which is 12.9%, only 5.0%. The consecutive
equilibration of the partially dehydrated calcium salt of valsartan is executed in an air
atmosphere with a relative humidity of 60% and at a temperature of 23°C. The equilibrated
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substance obtainedis the (S)-N-(1 -carboxy-2-methyl-prop- 1-yl}-N-pentanoyl-N-[2'-(1H-

tetrazol-5-yl}-biphenyl-4-ylmethyl]-amine calcium salt tetrahydrate A; ca.

The melting point for the tetrahydrate of the calcium salt of valsartan Ajc, produced |
according to example 4 for a heating rate of 10 K-min' and in a closed specimen container
with a small interna! volume of ca. 22 microliters and a sample weight of 2.67mg is Tis =

190°C. The enthalpy of fusion for Aics is calculated from the same measurement as
explained above with AgsH = 79kd-mol”.

Theinfrared spectrum of the (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’{1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-aminecalcium salt tetrahydrate A;,ca is measured with a
ATR-IR instrument BX from Perkin Elmer Corp., Beaconsfield, Bucks, England.

The characteristic absorption bands of the ATR-IR spectroscopylisted in the following for the

tetrahydrate of the calcium salt of valsartan A,c, with values expressedin reciprocal wave
numbers (cm”): 3594, 3307; 2960; 1621; 1578; 1459; 1442; 1417; 1407; 1364; 1357; 1319;
1274; 1211; 1180; 1137; 1105; 4099; 1042; 1003; 758; 738; 698.

The water contentis in theory 13.2%for a tetrahydrate of the calcium salt of valsartan. Using
4 thermobalance TGS-2 the water content was determined for the substance produced

according to example 1 with 13.4%. An amountof 1.1% H20 is free and not bound waterin
the calcium salt of valsartan Ai,cs, So the total amount of bound water is 12.3%. A total
formula was calculated frorn this value for Aica as (CosHo7NsOs)” Ca** - 3.7 H20.

Using thermogravimetry, in a water-free Nz atmosphere, the weightloss,i.e. the waterloss
for the tetrahydrate of the calcium salt of valsartan as a function of temperature, was
measured ata heating rate of 10 K-min — The results for the calcium salt of valsartan

tetrahydrate A;.cq are listed as follows:
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Example 2

Production of the calcium salt as the tetrahydrate Azca in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyi-4-ylmethyf-amine

32.17mg of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-
tetrazol-5-yl)-biphenyl-4-yimethyl]-amine as tetrahydrate Aoca is weighedinto a
thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA)andis partially dehydrated at
50°C in a water-free N2 atmosphere with a flow rate of 50 mi-min”®for a time interval of 21

hours. The weightloss, t.e. water loss is observed directly and reached a value of 9.9%. The
water bound at this endpointfor the calcium salt of valsartan is under consideration of the

water contentfor the starting material Ao,ca which is 12.9%, only 3%, a value which

corresponds with a calcium salt of valsartan monohydrate.
The equilibration of this monohydrate of the calcium salt of valsartan in an air atmosphere
with a relative humidity in air of 29%and at a temperature of 23°C is directly observed over a
time interva! of 46 hours in the thermobalance by a practically equlibrium situation with an

uptake of 6.0% H2O. The final content of bound wateris 9.0%, corresponding to 2.6 mole
water per molecule of calcium salt of valsartan. The substance, namely fhe (Ca4Ha7Ns03)*
Ca?’ - 2.6 H.O is additionally water equilibrated in an exsiccator with a Telative humidity of
90.5%, at a temperature of 23°C and overa timeinterval of 72 hours. (S)-N-(1-carboxy-2-
methyl-prop-1-yl}-N-pentanoyl-N-[2'-(1 H-tetrazo!-5-yl)-biphenyl-4-ylmethy!}-amine calcium
salt tetrahydrate Azca is obtained.

The melting point for the tetrahydrate of the catcium salt of valsartan Azca produced
according to example 2,for a heating rate of 10 K-min™ and in a closed specimen container
with a small internal volume, and with a sample weight of 1.56mg measuredin a DSC

Pyris 1 (Differential Scanning calorimeter) is determined as Ts = 195°C and the melting as
AtusH = 89 kJ-mol’.
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The water contentis in theory 13.2% for a tetrahydrate of the calcium salt of valsartan. Using

a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) with a measurementin a

water-free N2 atmosphere,the water contentfor the substance produced according to

example 2 for the temperature interval of 25 to 225°Cis determined as 12.6%. A total
formula is calculated from this value for Azca aS (CosH27NO3)~ Ca” - 3.8 H,0.

Using thermogravimetry, in a water-free N, atmosphere, the weightloss, f.e. the water loss
for the tetrahydrate Azc, as a function of temperature, is measuredat a heating rate of 10
K-min-, The results are listed as follows:

 
Calculation of the interlattice plane intervais from the X-ray powderpattern measured with a

Guinier camerais as follows for the characteristic lines for this batch of tetrahydrate of the

calcium salt of valsartan Aaca‘ ,
din [A]: 16.16, 9.90, 9.40, 8.05, 7.72, 7.04, 6.49, 6.35, 5.82, 4.94, 4.73, 4.13, 3.93.

Example 3

Production of the calcium salt as the trihydrate 8, c, in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-yl}-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl}-biphenyl-4-yimethyl]-amine
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28.24mg calcium salt of(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-{2’-(1H-tetrazol-
5-y!)-biphenyl-4-ylmethyl]-amine as tetrahydrate Aoca is placed into an open pan of a
thermobalance TGS-2 (Perkin-Elmer.Corp. Norwalk, CT USA) and has been partially

dehydrated at 50°C in a water-free Nz atmosphere havingaflow rate of 50 ml-min”™for a
time interval of 28 hours. The weightloss,i.e. water loss is observed directly with the

thermobalance andthefinal stage of dehydration is selected at a water loss of 10.0%. ihe -

water boundat this endpointfor the product calcium salt of valsartan was 2.9%, a value

which corresponds with 0.8 mole water whichis in relation with one moleof calcium salt of

valsartan.

The equilibration of this monohydrate is spontanous at a temperature of 22°C and a relative
humidity in air of 34% with a relaxation time of about 1 hour. Thefinal equilibration is

practically reached after 9 hours with a contentof waterof 9.7%. The dehydration-hydration
process provided the substance (S)-N-(1-carboxy-2-methyi-prop-1 -yl)-N-pentanoyl-N-[2’-(1H-
tetrazol-5-yl)-biphenyl4-yimethyl]-amine calcium salt trinydrate B; ca .

The melting point for the trihydrate of the calcium salt of valsartan B,c, produced according

to example 2, for a heating rate of 10 K-min™’ and in a closed specimen container with a
small internal volume, and with a sample weight of 3.98mgis determined as Ty, = 176°C

and the melting enthalpy is AysH = 7 kJ-mol”. The crystallinity of the calcium salt of valsartan

Buca is Ca. 10%.

The water content is determined with a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk,

CT USA) with a measurementin a water-free Nz atmosphere and a heating rate of 10 K: min

' The water content for the substance Bc, , produced according to example 3, is for the

plateau at the temperature of 225°C determined with 9.7%. The total amount of water bound

in Byca is 9.2% calculated from the weight loss at 225°C and the amount of water which is

evaporated at 25°C. A total formula is calculated from this value for By: as (CogHo7NsOs)”
Ca” - 2.7 H,0.

Using thermogravimetry, in a water-free Nz atmosphere,the weightloss,i.e. the water loss
for the trihydrate B,,cq as a function of temperature, was measuredat a heating rate of 10

K-min“*. The measurementsare elucidated asfollows:
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Calculated values of the interlattice plane intervals from the X-ray powder pattern measured
with powderdiffractometer PW 1710 from Philips Analytical X-ray, 7602 Amelo, NL are
corrected with reference measurements made with the Guinier camera (FR 552 from Enraf

Nonius, Delft, NL). The correctionsfor the interlattice plane intervals to reach the values

measured and calculated for the Guinier camera from the powderdiffractometer PW 1710
were ranging from +0.55Afor a d value of 16A to +0.02A for a d value of 5.7A. No
corrections are necessary for lower d values.

Theinterlattice plane intervals are given in the following for the trihydrate of the calcium salt
of valsartan B,.cs, produced according to example 3: |
d in fA] : 16.1, 11.5, 10.0, 9.42, 9.12, 8.10, 7.78, 7.03, 6.48, 6.08, 5.76, 5.12, 4.91, 4.72,
4.48, 4.31.

Example 4

Production of the calcium salt as the trinydrate Bac, in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-yl}-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-bipheny!-4-ylmethyl]-amine

33.84mg caicium salt of (S}-N-(1-carboxy-2-methyt-prop-1 -yl)-N-pentanoyl-N-[2’-(1H-tetrazol-
5-y!)-biphenyl-4-yimethyl]-amine as tetrahydrate Apc, is placed into an open pan ofa

thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) and the tetrahydrate Agc, is

been partially dehydrated at 61°C in a water-free Nz atmosphere with a gas flow of 50 |
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mi-min”’ over a time interval of 205 minutes. The weightloss,i.e. water loss is observed

directly with the thermobalance and thefinal stage of dehydration is selected to a water loss
of 6.4%. The water still bound at this endpoint for the substance of calcium salt of valsartan

was 6.5%, a value which corresponds with 1.9 mole waterin relation with one mole of
calcium salt of valsartan. The equilibration of the dihydrate at 23°C and 22% relative

humidity in air with a relaxation time of about 30 minutes revealed a production of a
trihydrate. The dehydration-rehydration process provided the substance (S)-N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine calcium
salt trihydrate Baca .

The melting point for the trihydrate of the calcium salt of valsartan Boca produced according
to example 4, fora heating rate of 10 K-min®, in a closed specimen containerwith a small
internal volume, and with a sampleweight of 2.49mg is determined as Tyus = 198°C and for

the second componentThus = 204°C. The two melting points are elucidated easily, namely,
that the produced material is a mixture of the trihydrate Bzc, and the tetrahydrate Aoca. The
enthalpy of fusion for the two melting peaks reveal! the values for the trihydrate Bac, of
AnsH = 83 kJ-mol” andfor the tetrahydrate Aoca Of AnsH = 4 kd-mof”.

The DSC(Differential Scanning Calorimetry) curve with a sample weight of 2.49mg of the
trihydrate Bec, caicium salt of (S)-N-(1 -carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2’-(1 H-.
tetrazol-5-yl}-bipheny!-4-ylmethyl]-amine with a heating rate of 10 K-min" in-an closed
specimencontainer with a small internal volumereveals in addition to the melting peaks at
198 and 204°C a glass transition as a solid state phenomenarelated to amorphous

substances. The g!ass transition temperature is determined with a value of T, = 66°C and

the changeof the specific heat is for this temperature Ac, = 0.10 J-(q-Ky'. The glass
transition temperature observedis an absolute evidence of amorphous material presentin
the substance produced according to example 4 and the value for the change of the specific

heat is a parameter for the quantization of the amorphicity.

An additional amountof estimated 18% is amorphous material, the trihydrate Boca iis
approximated with the enthalpy of fusion of 53 kJ-mo! as 78% and the tetrahydrate Aoca
which has in pure form as starting material the enthalpy of fusion 4p,sH = 92 kJ-mol”is
approximated in the produced material of example 4 kJ-mot™’ with 4%.
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The water content is determined with a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk,

CT USA) with a measurementin a water-free N, atmosphere and a heating rate of 10 K-min”
‘ The water content for the substance Baca , produced according to example 4, is for the

plateau of the weight loss at the temperature of 225°C determined with 9.7%. A total formula
was calculated from this value for Be.ca aS (C2aHz7NsOa)” Ca” - 2.8 H20.

Using thermogravimetry, in a water-free Np atmosphere, the weightloss,i.e. the water loss
for the trihydrate Bz, as a function of temperature, is measured ata heating rate of 10
K-min~'. The measurements are elucidated as follows:

 
Calculated values of the interlattice plane intervals from the X-ray powder pattern measured

with a Guinier camera FR 552 from Euraf Nonius, Delft, NL on a X-raxfilm in transmission

geometry, using Cu-Ka, radiation, are obtained for Baca. The interlattice plane intervals are
given in the followingfor the trihydrate of the calcium salt of valsartan Boca, produced

according to example 4:

din [A] : 16.2, 11.47, 9.94, 9.44, 9.01,8.13, 7.80, 7.05, 6.50, 6.09, 5.79, 4.95, 4.16, 4,74.
The enantiomer purity of the salt hydrate produced according to example 4 is determined by

a stereo-specific HPLC method. The stereo-specific separation is achieved by achiral
column (Chiral AGP). The enantiomerpurity far the trihydrate of the calcium salt of valsartan

Baca is determined as ee = 99.65.
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Example5

Production of the calcium salt as the trihydrate Bsc, in sifu of (S)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-(2{1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine

32.15mg calcium salt of (S}-N-(1 -carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2’-(1H-tetrazol-
§-yl)-biphenyl-4-ylmethyl]-amine as tetrahydrate Aoca is placed into an open pan of a
thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) andthe tetrahydrate Aaca IS

partially dehydrated at 60°C in a water-free Nz atmosphere with a gas flow of 50 ml-min™
over a time interval of 255 minutes. The weightloss, i.e. water lossis observed with the

thermobalance and the selectedfina! stage of dehydration is 7.0%. The waterstill bound at

this endpaint for the substance of calcium salt of valsartan was 5.9%, a value which
correspondswith 1.4 mole waterin relation with one mole of calcium sait of valsartan. The
rehydration at 23°C and 30%relative humidity in air is observed with a process of a
relaxation time of 30 minutes. The dehydration-rehydration process provided the substance

(S)}-N-(1 -carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine calcium salt trihydrate Baca -

The meiting point for the trihydrate of the calcium salt of valsartan Baca produced accarding
to example 5, for a heating rate of 10 K-min”, in a closed specimen container with a small
internal volume, and with a sample weight of 2.85mgis determined as Thus = 194°C.

Additional melting peaks are observedfor the material produced according to example 5,
namely for 196, 205, and 213°C. The enthalpy of fusion for the different meiting peaks are
used for an approximation of the quantitative analysis of the material produced according to
example 5, namely 87%of the material for the melting point 191°C as Bsc, 10% of the
material for ihe melting point 196°C as Bz.co, 0.5% of the material for the melting point 205°C

as Aoca, and 3%of the material for the melting point 213°C as Dj .ca. The results reveal
clearly a material, produced according to example 5, whichis dominated by a main

component namely Bs.ca.

The watercontentis determined with a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk,
CT USA) with a measurement in a water-free Nz atmosphere and a heating rate of 10 K-min
1 The water content for the material with Bsc, as the main componentis for the plateau at

the temperature of 225°C determined with 10.1%.A total formula is calculated from for the
bound water contentof 9.8%for Bac, a8 (CzsHa7NsO5)” Ca” - 2.9 HO.
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Using thermogravimetry, in a water-free Nz atmosphere, the weight loss, i.e. the water loss
for the material, produced according to example 5,with Bsc, as the dominating componentis
measured as a function of temperature at a heating rate of 10 K-min “1 The measurements

reveal the following results:

 
Calculated valuesofthe interlattice plane intervals from the X-ray powder pattern measured

with a Guinier camera FR 552 from Euraf Nonius, Delft, NL on a X-raxfilm in transmission

geometry, using Cu-Ka, radiation, are obtained for the substance produced according to
example 5, with the main component Baca.

The interlattice plane intervals are given in the following for the material, produced according

to example 5, with the trihydrate of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-

N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyt-4-ylmethyl]-amine Bz.ca as the dominating

component:

din {A] : 16.11, 11.44, 9.90, 9.40, 9.01, 8.04, 7.73, 7.03, 6.47, 6.33, 6.09, 5.80, 5.17, 4,95,
4,73, 4.48, 4.33, 4.15, 4.11, 3.94, 3.61.

The infrared spectrum of the (S)-N-(1-carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2"-(1 H-

tetrazol-5-yl-biphenyl-4-yimethyi]-amine calcium salt trihydrate Baca, as the main component

of the material produced according to example 5 is measured with a ATR-IR instrument BX

from Perkin Elmer Corp., Beaconsfield, Bucks, England.
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The characteristic absorption bands of the ATR-IR spectroscopy arelisted in the following
for the material produced according to example 5, containing the dominating substance, .
namely the calcium salt as trinydrate (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-
[2-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine Bac, with values expressedin reciprocal
wave numbers (em): 3594: 3309; 2959; 2930; 2870; 1621; 1577; 1505, 1458; 1416; 1405:
1354: 1273; 1210; 1179; 1138; 1104; 1099; 1012; 1003; 974; 941; 906; 856, 841; 737; 667.

Example 6

Production of the calcium salt as monohydrate C,,c, in situ of (S)}-N-(1 -carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl}-biphenyl-4-ylmethyl]-amine

65.5mg calcium salt of (S)-N-(1-carboxy-2-methy!-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-
5-yl)-biphenyl-4-ylmethy!]-amine as tetrahydrate Aoca is pressed into an open crucible of a
device which allows to set a temperature and a humidity program as function of time and

register for selectedtime intervals the X-ray diffraction pattern (powder diffraction chamber
X’Pert from Philips Analytical X-ray, 7602 Almelo, NL). The isothermal temperature is 40°C
and the water-free Nz atmosphereis set at a flow rate of 100 mt-min™. In a parallel —
production step 4.66 mg (S)-N-(1-carboxy-2-methyl-prop-1 -yl}N-pentanoyl-N-[2’-(1H-
tetrazol-5-y!)-biphenyi-4-yimethyl]-amine as tetrahydrate Ag.ca is placed in an open crucible of
a thermobalance TGS-2 (Perkin-Elmer Corp., Norwalk, CT USA) and the tetrahydrate Ages is

exposed to the following conditions: isothermal temperature 40°C,and to a water-free
atmospherewith a flow rate of50 ml-min”. The substance obtained in both of the devices
after 66 hours was the monohydrate of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-

yl}-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine Cyca.

The water content was determined with the thermobalance TGS-2. The weightloss, i.e. the
water loss after 66 hours in the water-free atmosphere was 9.8%, yielding to a water content

in the product C1,ca of 3.1%. A total formula was calculated from this value for Cyc, produced
according ta example 7 as (CasHz7NsOz)* Ca™ - 0.9 H20.

Calculation of the interiattice plane intervals of the monohydrate of the calcium salt of

valsartan Cycq had beentaken from the X-ray powder patterns measured with the powder
diffraction chamber X’Pert from Philips Analytical X-ray, 7602 Almelo, NL. The characteristic

lines for the product Cia are listed in the following:
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d in [A] : 15.96, 15.04, 11.56, 9.85, 9.40, 8.02, 7.53, 6.11, 4.49.

Example 7

Production of the di-{calcium salt of (S)-N-(1-carboxy-2-methyt-prop-1-yl}-N-pentanoyl--N-[2"-
(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine} pentahydrate D,,ca in situ

30.65mgof the calcium salt as tetrahydrate of (S}N-(1-carboxy-2-methyl-prop-1-yl}-N-
pentanoyl-N-[2'-(1H-tetrazol-5-yl)--bipheny!-4-yimethyl]-amine Aoca is placed into an open pan
of a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT USA) and the tetrahydrate

Aaca is exposed at a temperature of 90°C in a water-free atmosphere with a gasflow of 50
mi:min” over a timeinterval of 55 minutes. The dehydration of the tetrahydrate reached at
the selected final stage a weightloss,i.e. a water lossof 9.7%. The water boundatthis
endpointfor the product of calcium salt of valsartan was 3.2%, a value which correspondsto
0.9 mole waterin relation with one mole ofcalcium salt of valsartan. The hydration process

is performed at 23°C andwitha relative humidity in air of 28%. The final equilibration is
practically reached after 4 hours. The process provided the product di-{calcium salt of (S)-N-
(1-carboxy-2-methyl-prop-1 -yl)-N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-
amine} pentahydrate D4 ca.

The melting point for thedi-{calcium salt of (S)-N-(1 -carboxy-2-methyl-prop-1-yl)-N-
pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine} pentahydrateD, ca, produced
according to example 7, fora heating rate of 10 K-min’, in aclosed specimen containerwith
‘a small internal volume, and with a sample weight of 1.44mgis determined a8 Tus = 212°C

and the melting enthalpy is AnsH = 15kJ-Mol”.

The watercontent is determined with a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk,

CT USA) with a measurementin a water-free Nz atmosphere and a heating rate of 10 K-min”
1 The water content for the substance D,.ca, produced according to example 7, is for the

plateau at the temperature of 225°C determined with 8.1%. A total formulais calculated with
the amountof bound water which is 8.0% for Dj,ce a8 [(CesHorNeQ3)"Ca’"}, - 4.6 H20.

Using thermogravimetry, in a water-free Nz atmosphere, the weightloss, i.e. the water joss
for the di{calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl--N-[2’-(1H-
tetrazo!-5-yl-biphenyl-4-yimethyl]-amine} pentahycrate Dice, produced according to example
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7, is measured as a function of temperature ata heating rate of 10 K-min | The
measurements reveal the following results:

 
The infrared spectrum of the di-{calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl}-N-

pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine} pentahydrate is measured
with a ATR-IR instrument BX from Perkin Elmer Corp., Beaconsfield, Bucks, England.

The characteristic absorption bands of the ATR-IR spectroscopy for the di-{calcium salt of
(S)}-N-(1-carboxy-2-methyl-prop~1 ~yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyll-amine} pentahydrate D, ca arelisted in the following with values expressed in
reciprocal wave numbers (cm): 3329; 2959: 2930; 2870; 1578; 1506; 1459; 1405; 1354;
1302; 1260; 1208; 1176; 1143: 1104; 1012; 1004; 973; 941; 860; 839; 821; 757; 737; 667.

Calculated values of the interlattice plane intervals from X-ray powder patterns were

obtained from a Guinier camera FR 552 from Euraf Nonius, Delft, NL on a X-rax film in

transmission geometry, using Cu-Ka, radiation.

The characteristic interlattice plane intervals are givenin the following for the the di-{calctum

salt of (S)-N-(1-carboxy-2-methy!-prop-1 -yl)-N-pentanoyl-N-[2’-(1 H-tetrazal-5-yl)-bipheny|-4-
ylmethyl|-amine} pentahydrate Dica. produced according to example 7:
d in [A] : 15.46, 11.45, 9.36, 9.04, 7.75,6.46, 6.09, 5.82, 5.66, 5.16, 4.76, 4.48, 3.83, 3.60.
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Example8

Production of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-

(1H-tetrazol-5-yl}-bipheny!-4-ylmethyl]-amine as amorphous substance E,,c, in sifu.

3.53mgcalcium salt of (S)-N-(4-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-
§-y!)-biphenyl4-ylmethy]]-amine as tetrahydrate Agca is put into a hermetically closed
specimen container made from gold with an internal volume of ca. 22 microliters. The
starting substance Aocais heated up ina DSC Pyris 1 after caoling to-50°C to 216°C and
therefore transfered into the molten phase. The substance is taken out of the gold container

after cooling the container to room temperature. (S)-N-(1-carboxy-2-methyl-prop-1-yl}-N-
pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium salt £4, in amorphous
form is obtained.

The substance E;,ca, produced according to example 8, contains 12.9% of water. The
thermal characterization of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-

pentanoyl-N-[2’-(4 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine in amorphous form Ey,ca with a
DSC Pyris 1 (Perkin-Elmer, Norwalk, CT USA)for a heating rate of 10 K-min’ and ina
closed specimen containerfrom gold with a smallinternal volume,reveals a glass transition
temperature T, = 101°C with a changeof the specific heat capacity at the temperature
region of the meiting point of Ac, = 0.64 J:(g-K)". No melting point and no enthalpy of fusion
is observed up to a temperature of 216°C measured with the DSC Pyris 1 under the same
conditions as performed for the glass transition measurements.

| The infrared spectrum of the amorphous calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine E1.cais measured with an
ATR-IR instrument BX from Perkin Elmer Corp., Beaconsfield, Bucks, England.

The characteristic absorption bands of the ATR-IR spectroscopy are shown for the

amorphous substance E;,ca, produced according to example 8, by the following values
expressed in reciprocal wave numbers (om): 3587; 3307; 3182; 3053; 2961; 2870; 2358;
1621; 1578; 1506; 1459; 1441; 1417; 1364; 1319; 1301; 1274; 1211; 1180; 1137; 1105;

1099; 1013; 1003; 974; 941; 864; 856; 844; 823; 758; 738; 666.
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Example 9 .

Production of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-
(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine as amorphous substance F,,ca in situ.

4.14mg ofthe substance of the calcium salt trihydrate of {S)-N-(1-carboxy-2-methyl-prop-1-
yl}-N-pentanoy-N-[2*-(1 H-tetrazol-5-yl-biphenyl-4-yimethyl]-amine Bs.ca is placed in an open
crucible of a thermobalance TGS-2 (Perkin-Elmer, Norwalk, CT USA) and heated with a

heating rate of 10 K-min” from room temperature up to 225°C. The substance Bacs is
exposed in the thermobalance to a water-free atmosphere. The dehydrated substance
abtained with a weightloss, i.e. water loss of 9.4% at 225°C is consecutively exposed to

31%relative humidity, and 23°C in air and a rehydration over 18 hours lead to the product,
namely the amorphous calcium salt of (S)-N-(1 -carboxy-2-methyl-prop-1 -yl)-N-pentanoyl-N-
{2'-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine Fyca.

The substance F..ca, produced according to example 9,is characterized with a DSC Pyris 1
(Perkin-Elmer, Norwalk, CT USA) applying a heating rate of 10 min" and using a closed
specimen container from gold with a small internal volume. The calcium salt of (S)-N-(1-
carboxy-2-methy!-prop-1-yl)}-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine
as amorphous substance F;,ca allowed to elucidate the observed glasstransition with the
DSC (Differentia! Scanning Calorimeter). The glass transition temperature is T, = 139°C and
the changeof the specific heat capacity at the temperature region of the glasstransition is

Ac, = 0.42 J-(g:-Ky". No melting point and no enthalpyof fusion is observed in the DSC when
the substance F;c, is after cooling to -50°C heated up to 220°C with a heating rate of 10
Kmin’. Therefore, the substance F,,:, has a crystallinity which Is not detectable with the

method applied and the crystallinity is by an estimation of the sensitivity of the DSC Pyris 1
below 1%. The combined thermodynamic data existing, namely melting point and enthalpy of

fusion are an absolute prerequisite of a crystalline material or a crystalline substance.

The water content of the amorphouscalcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-

pentanoyl-N-[2'-(1H-tetrazol-5-yl}-biphenyl-4-yimethyl]-amine Fi ca is determined using
thermogravimetry, in a water-free atmosphere. The weight loss, i.e, the waterloss for the
substance F,¢, aS a function of temperature,is measuredat a heating rate of 10 K-min™ and
ihe results are listed in the following.
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The total formula of Fyca is calculated as (CosHa7NgO3)"Ca” containing 8.8% water.

Example 10

Production of the magnesium sait as hexahydrate Aims in situ of (S}-N-(1-carboxy-2-methyl-
prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine.

28.81mg of the magnesium salt of ($)-N-(1-carboxy-2-methy!-prop-1-yl)-N-pentanoyl-N-[2'-
(1H-tetrazol-5-yl)-bipheny!-4-ylmethyl]-amine as hexahydrate Agmg is placed into an open
crucible of a thermobalance TGS-2 (Perkin-Elmer, Norwalk, CT USA) and treated in a waier-

free No atmosphere at a temperature of 50°C, having a flow rate of 50 ml-min'for a time
interval of 200 minutes. The weightloss, i.e. water Joss at the endpoint was 9.4%. The water

still bound at this end point for the magnesium salt of valsartan was under consideration of
the water content for the start material Aow, which is 18.7%, correspondsto 2.6 mole of

waterin relation with one molecule magnesium salt of valsartan. The substance obtained

after this dehydration step is practically a trihydrate, whichis exposed in a consecutive step
in air to a relative humidity of 31% at 24°C. The uptake of water revealed a relaxation time of
about 70 minutes. The substance obtained in reaching an equilibrium condition is ihe

polymorph Adu, hexahydrate of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yt)}-
N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl-biphenyt-4-ylmethyl]-amine.

The melting point for hexahydrate of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-
1-yl)-N-pentanoyl-N-[2'-(4 H-tetrazol-5-yl)-biphenyl-4-ylmethyl-amine Aj vg, produced
according to example 10, for a heating rate of 10 K-min’, and measuredin a closed
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_ specimen container with a small volume of ca. 22 microliters, and with a sample weight of
1.92mqgis Tus = 134°C. The enthalpy offusion measured also with a DSC Pyris 1 is for Ai ng,
produced according to example 10, ArsH = 46kJ-Mol".

The water contentis in theory 19.1% for the hexahydrate of the magnesium salt of valsartan.
The water content of the hexahydrate of the magnesium salt of valsartan of the polymorph

Aung iS 17.4%, measured as weight loss for the plateau at 225°C. The total formula
calculated from this as the polymorph of the hexahydrate Aig is (CogHoyNsOz)” Mg** - 6.5
H20.

Using thermogravimetry, in a water-free Nz atmosphere, the weightloss, i.e. the waterloss
for the polymorphof the hexahydrate Aiw, of the magnesium salt of (S)-N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoy-N-{2’-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine produced
according to example 7, is as a function of temperature, measured at a heating rate of 10

-K-min asfollows:

 

 
 

The solid state characterization of the magnesium salt of (S)-N-(1 -carboxy-2-methyt-prop-1-

yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine for the polymorph of the
hexahydrate Aj mg is achieved by a X-ray powder pattern and by the evaluation of the
reflections into the interlattice plane intervals. The measurements are madewith a Guinier

camera and the calculated lines for A; jg, namely the polymorph of the hexahydrate of the
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magnesium salt of (S)-N-(4 -carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2’-(1H-tetrazo!-5-yl)-
biphenyl-4-ylmethyl]-amine are expressedin interlattice plane intervals as follows:
d in [A] : 19.58, 16.63, 10.30, 9.83, 7.40, 6.83, 6.01, 5.93, 5.52, 5.34, 5.20, 5.11, 5.02, 4.87,
4.51, 4.13, 4.06, 3.95, 3.73, 3.63, 3.42.

The enantiomerpurity of the salt hydrate produced according to example 10, namely Aimg 'S
determined by a stereo-specific HPLC method. The enantiomer purity is determined as ee =
99.63%.

Example 11

Production of a material as mixture of the magnesium salt of (S)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl}-amine as tetrahydrate
Bug and the amorphous substance Ey mo of the magnesium salt of (S}N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine and the
crystalline substance as monchydrate Dy mg of the magnesium salt of (S)-N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoy!-N-[2-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine.

71.4mg of magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1 -yl)-N-pentanoyl-N-[2’-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine as hexahydrate Agmg is brought into an open
crucible of a device which allows to set a ternperature and a humidity program asfunction of

time and register for selected time intervals the X-ray diffraction pattern (powderdiffraction
chamber X’Pert from Philips Analytical X-ray, 7602 Almelo, NL). The isothermal temperature

is set at 35°C and the water-free Nz atmosphere is achieved with a flow rate of 100 ml-min’,
In a parallel production step 5.36mg magnesium salt of valsartan as hexahydrate Aomg is
filled into an open crucible of a thermobalance TGS-2 (Perkin-Elmer Corp. Norwalk, CT
USA)and the start material was exposed to practically identical conditions as the start
material in the X-ray device, namely an isothermaltemperature of 35°C and a water-free
atmosphere with a flow rate 50 mi-min’. The substance obtained after 42 hoursin the
thermobalanceis the monohydrateD1 m, of the magnesium salt of (S)-N-(1-carboxy-2-

methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl)-biphenyl4-ylmethyl]-amine. The
substance obtained in the powderdiffraction chamber X’Pert is determined by the interlattice

plane intervals as monohydrate D1 ug of the magnesium salt of (S)-N-(1-carboxy-2-methyl-
prop-1-yl)}-N-pentanoy!-N-[2-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine.

BIOCON PHARMALTD (IPR2020-01263) Ex. 1015, p. 284



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 285

WO 03/066606 PCT/EP03/01047

- 65 -

The bound water content of the monohydrate D1,m, of the magnesium salt of (S)}-N-(1-

carboxy-2-methyl-prop-1 -yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine
produced according to example 11 is determined with the thermobalance TGS-2 andis
2.8%. Thetotal formula for Dy, is calculated from this as (C2gHo7NsOs)~ Mg” - 0.74 HO.
Calculation of the interlattice plane intervals from the X-ray powderpattern taken with

temperature-humidity powderdiffraction chamber X'Pert is for the most important lines of the
monohydrate D, mg of the magnesium valsartan:

~ din {A}: 15.10, 10.87, 10.27, 7.66,7.21, 5.12, 4.75.

The substance, namely the monohydrate Dn is kept for additional 35 hours at 35°C ina
water-free atmosphere in the thermobalance as well as in the powder diffraction chamber
X'Pert. Both of the substances obtained after 70 hours from the beginningofthe treatment in

the two different devices revealed according to the thermobalance and the X-raydiffraction

pattern the existence of the monohydrate D,.y, of the magnesium salt of valsartan. After 70
hours both of the substances were exposedto a higher relative humidity. In the X-ray device

X'Pert the conditions were 26°C and therelative humidity 45%.In the thermobalance the

conditions were 23°C and 30%relative humidity in air. Both of the materials obtained,

produced according to example 11 are mixtures of the tetrahydrate Biy, of the magnesium
salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-{2'-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine and the amorphous magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-[2’-(4 H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine E4ng- ,

The solid state characterization of the material producedfinally after equilibration according

to example 11 is performed with a DSC Pyris 1 from Perkin-Elmer Corp., Norwalk, CT USA.
The glass transition is measured with a sample weight of 2.57mgin a sealed gold container
with 4 small internal volume of ca. 22 microliters and applying a heating rate of 10 K-min”.
The glass transition temperature for the amorphous magnesium salt of valsartan E; mg as a
part of the material produced according to example 11 is Tg= 100°C and the change of the
specific heat Ac, = 0.3 J-(g:K)".

The water content of the material produced according to the example 11 within the powder

diffraction chamber X'Pert is for the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-

N-pentanoyl-N-[2'-(1H-tetrazol-5-yl}bipheny!-4-ylmethyl]-amine 13.0% measured with a
thermobalance TGS-2. The total formula is approximated from this contentof water for the
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crystalline part B,., of the material produced according to example 17 as (CogHaNzO3)*
Mg” - 3.8 HO.

The material, produced according to example 11 within the powderdiffraction chamber

X'Pert with the main component Es, and the second component Bi mg showsthe following

loss of water as a function of temperature measured with a thermobalance TGS-2 (Perkin-

Elmer Corp. Norwalk, CT USA). The heating rate selected was 10 K-min’. The weight lossis
tabulated as follows:

 
The crystalline part By, as the tetrahydrate of the magnesium salt of valsartan has been

characterized with calculated plane intervals from X-ray measurements performed with a

temperature-humidity powderdiffraction chamber. The characteristic lines for the crystalline

part of this material are listed as follows:

din [A] : 15.82, 11.02, 8.03.

Measurements of the infrared spectrum took place by means of ATR-IR (Attenuated Total

Reflection — Infrared Spéctroscopy) using the instrument BX. The following characteristic

absorption bands expressed in reciprocal wave numbers (cm) for the material produced

according to example 11 within the thermobalance TGS-2 of Perkin-Elmer Corp., namely the

amorphousfrom E144 as the main component andthe crystalline form By, of the

magnesium salt of (S)-N-(1-carboxy-2-methyi-prop-1-yl)-N-pentanoyl-N-{2'-(1H-tetrazol-5-yl)-

bipheny!-4-ylmethyl}]-amine:
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3182; 2960; 2870; 1596; 1508; 1460; 1406; 1359; 1302; 1264; 1206; 1174; 1104; 1073;

1005; 975; 941; 845; 819; 785; 738; 666.

Example 12

Production of the trihydrate Cy, of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-
yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine.

78.3mg of magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoy-N-[2’-(1H-

tetrazo!-5-yl)-biphenyl-4-ylmethyl]-amine as hexahydrate Agm, is pressed into an open

crucible of a device which allows to set a temperature and a humidity program as function of

time and register for selected time intervals the X-ray diffraction pattern (powderdiffraction

chamberX’Pert). The isothermal temperature is 28°C and the water-free Nz atmosphereis
set at a flow rate of 100 ml-min”. In a parallel production step 4.75mg of magnesium salt of

valsartan as hexahydrate Agnig is placed in an open crucible of a thermobalance TGS-2. The
atmospherein the thermobalance is water-free and the instrumentis flashed with a Nzflow
of 50 mi-min*. The substanceobtainedafter 13 hoursis the trihydrate C;mg of the

magnesium salt of (S)-N-(4-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-y1)-

biphenyl-4-ylmethyl]-amine.

The water content of the substance C, mis determined with a thermobalance TGS-2. The
weightlass,i.e. water loss after 13 hours in a water-free atmosphere at a ternperature of

28°C is 8.5%, yielding a bound water contentin the product C,.y, of 10.0%. A total formula is

calculated from this value for C1,mg aS (C2¢H27NgQs)” Mg” - 2.8 HO.

Calculation of the interlattice plane intervals is taken from X-ray powder patterns measured

with a powderdiffraction chamber X’Pert. The characteristic lines for the trihydrate C,1, of

the magnesium salt of valsartan are as follows:

d in fA] : 17.94, 10.23, 8.96, 7.18, 6.97, 6.81, 6.24, 5.93, 5.84, 5.72, 5.59, 5.42, 5.25, 5.11,

5.01, 4.82, 4.67, 4.57, 4.49, 4.30, 4.19, 4.13, 4.02, 3.88.

Example 13

Production of the magnesium salt of (S}-N-(1-carboxy-2-methyl-prop-1-yl} N-pentanoyl-N-{2’-

(1H-tetrazol-5-yl}-biphenyl-4-ylmethyl]-amine in amorphous form E,ng.
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4.02 mg magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoy-N-[2'-(1H-

tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine as hexahydrate Aowmzgis filled into a sample pan of a

DSC Pyris 1 and the substance was cooled to -50°C and heated up to 145°C. The cooling
rate was 100 K-min” and heating was 10 K-min"'. After cooling the molten substance to room

temperature the substance E,, was obtained as amorphousform of the magnesium salt of

(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-{2"-(1 H-tetrazol-5-yl}-bipheny!-4-

ylmethyl]-amine.-

The characterization of the substance E, mg: produced according to example 14 is performed
with the DSC Pyris 1. The cooling of the obtained substance E,y, to -50°C and the heating

up to 145°C in a DSC Pyris 1 with a heating rate of 10 K-min” in a sealed gold containerwith
a small internal volume revealed a glass transition phenomena. The glass transition

temperature measured for the amorphous form E,.m, of the magnesium salt of (S}N-(1-
carboxy-2-methy!-prop-1-yl)-N-pentanoyl-N-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine

is T,= 73°C and the changeofthe specific heat capacity is Ac, = 0.53 JigKy".

Thewater content is measured in a water-free N2 atmosphere and at a heating rate of

10 K-min’ using a thermobalance TGS-2. The sample weight is 2.5mg and the water content -

is determined for the amorphous form E,,y of the magnesium salt of (S)-N-(1-carboxy-2-

methyl-prop-1-yl}-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine, produced

according to example 13 at the plateau of the weight loss for a temperature of 225°C with

15.5%. The total formula of EF,was calculated as (CoaHo7NsOs)™ Mg” containing 15.5%
water.

Measurementsofthe infrared spectrum took place by means of ATR-IR (Attenuated Total

Reflexion-Infrared Spectroscopy) using an instrument BX. The following most important

absorption bands expressed in reciprocal wave numbers (cm’) characterize the magnesium
salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl}-N-pentanoyl-N-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine in amorphous form Ey mg produced according to example 13:
3189: 2959; 2871; 2356; 1589; 1507; 1459; 1405; 1358; 1299; 1263; 1206; 1174; 1104;

1013; 1005; 974; 942; 841; 736; 668.

Formulation example 1:

Directly compressed tablet:
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Ingredient proportionper batch|propartion per

Ig] tablet core [mg]  

 
  

 

   
1 valsartan caicium salt tetrahydrate|134.24 [eeamommnmsene||

Avicel PH 102 (microcrystailine 60.408 36Plat

aerosil 200 (silica, colloidal 0.839 .

anhydrous)

magnesium stearate (vegetable) .|6.2086

Ingredient no. 1 is sieved through a 0.5 mm sieve and mixed for 15 minutes in a Turbula with -

ingredients 1-6. Tablets are compress using a single punchtablet press with punches of a
diameter of 8mm.

Formulation example 2:

Tablet produced by ro!ler compaction:

Ingredient . proportion per proportion per

1 valsartan magnesium salt hexahydrate|400 80.See
2 Avice! PH 102 (microcrystalline 270 D4Po cellulose)

js[resresimsewae i

    

 
    
  

  
 

Ingredients no. 4-5are mixed for 50 minutes and compacted on a Freund roller compactor.
The band is milled and after admixing ingredient no 6, compressedinto tablets using a single

punch tablet press with punchesof a diameter of &mm.
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What is claimed is:

1. Asalt of vaisartan selected from (i) polymorphs of the tetrahydrate,
(ii) polymorphsofthe trihydrate,

_ Gil} the monohydrate, and

(iv) the di-(calcium salt of valsartan) pentahydrate,

in each case of the calcium salt of valsartan, and the anhydrate thereof;

and selected from

(i) a polymorphic form of the hexahydrate,

{ii} the trihydrate,

(iii) the monohydrate, and

(iv) the tetrahydrate;

in each case of the magnesium salt of valsartan, and the anhydrate thereof.

2... Asalt according to claim 1 in crystalline, partially crystalline or amorphous form.

3. The tetrahydrate of the calcium salt of valsartan according to claim 1, characterised by

(i) an X-ray powder pattern taken with a Guinier camera comprising the following intertattice

planeintervals: d in [A]: 16.20.3, 11.4+0.2, 9.940.2, 9.40.2, 8.0640.1, 7.0540.1, 6.50+0.05,

5.8240.05, 4.94+0.05, 4.7340.05, 4.3340.05, 4.1740.05, 4.1340.05, 3.9320.05 ar

(ii) an ATR-IR spectrum having the following absorption bands expressedin reciprocal wave

numbers (cm’'}: 2960 (m); 1621 (st); 1578 (st); 1459 (m); 1442 (m); 1417 (m)}, 1407 (m);

1364 (rm); 1357(m); 1042 (m); 758 (m); 738 (st); 698 (m).

4. The tetrahydrate of the calcium salt of valsartan according to claim 1, characterised by

an X-ray powderpattern taken with a Guinier camera comprising the following interlattice

plane intervals: d in [A]: 16.240.3, 9,940.2, 9.440.2, 8.0540.1, 7.0440.1, 6.4940.05,

' 5.82+0.05, 4.9440.05, 4.1340.05, 3.93+0.05.

5. The trihydrate of the calcium salt of valsartan accordingto claim 1, characterised by an

X-ray powderpattern taken with a Guinier camera comprising the following interiattice plane

intervals:
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d in [A]: 16.040.3, 11.4+0.2, 10.0+0.2, 9.440.2, 8.0640.1, 7.75+0.1, 7.0340.1, 6.48+0.05,

6.1040.05, 5.16+0.05, 4.7540.05.,

6. The trihydrate of the calcium salt of valsartan according to claim 1, characterised by an

X-ray powderpattern taken with a Guinier camera comprising the following intertattice plane |
intervals: d in [A]: 16.2+0.3, 11.540.2, 9.920.2, 9.4+0.2, 7.0440.1, 6.50+0.1, 5.7940.05,

4,74+0,05, 4.164+0.05, 3.9640.05.

7. The trihydrate of the calcium salt of valsartan according to claim 1, characterised by an

X-ray powderpattern taken with a Guinier camera comprising the following interlattice plane

intervals:

(i) d in [Ak 16.140.3, 14.440.2, 9.90.2, 9.44+0.2, 9.040.1, 7.0340.1, 6.4740.05, 5.7940.05,

4.15+0.05,3.9420.05; or
(ii} an ATR-IR spectrum having the following absorption bands expressed in reciprocal wave

numbers (cm’'): 1621 (st); 1577(m); 1458(m); 1405(m); 1354(w); 1273(w); 1012(w); 756(m);

737(m); 667(m). .

8. The monohydrate of the calcium salt of valsartan according to claim 1, characterised

by an X-ray powder pattern taken with a Guinier camera comprising the following interlattice

plane intervals: d in [A]: 16.040.3, 15.040.3, 11.620.2, 9.440.2, 7.5340.1, 6.1140.05.

9. The pentahydrate of the di-(calcium salt of valsartan) according to claim 1,

characterised by an x-ray powder pattern taken with a Guinier camera comprising the
following interlattice plane intervals: d in [A]: 15.540.3, 44.540.2, 9.440.2, 9.04+0.1,
6.46+0.05, 6.0940.05, 5.8240.05, 5.1640.05, 4.48+0.05, 3.60+0.05.

10. An amorphous calcium salt of valsartan according to claim 1, characterised by heating

up from a temperature far below 0°C in open or closed sample pans up to 220°C or higher

temperatures by a glass transition temperature with a changeof the specific heat capacity

and showing no melting point and no enthalpy offusion.

11. The amorphous calcium salt of valsartan according to claim 1, characterised by
(i} a water content of 11 + 2%

(ti) a glass transition of $4 + 20°C
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(iii) no melting point

(iv) no enthalpy of fusion.

12. The amorphouscalcium salt of valsartan according to claim 1, characterised by

(i) a water content of 9 + 2%

(ii) a glass transition of 143 + 20°C

(iii) no melting point .

(iv) no enthalpy of fusion.

13. The hexahydrate of the magnesium salt of valsartan according to claim 1,
characterised by an X-ray powder pattern taken with a Guinier camera comprising the

following interlattice plane intervals: d in [A]: 19.640.3, 16.620.3, 10.340.2, 9.840.2, 7.340.1,

6.0120.05, 5.92+0.05, 5.5540.05, 5.38+0.05, 4.9040.05, 4.1340.05, 4.0720.05, 3.4320.05,

14. The tetrahydrate of the magnesium salt of valsartan according to claim 1,

characterised by an X-ray powderpattern taken with a Guinier camera comprising the

following interlattice planeintervals: d in [A]: 15.840.3, 11.020.2, 8.0+0.2.

15. The trihydrate of the magnesium salt of valsartan according to claim 1, characterised

_ by an X-ray powderpattern taken with a Guinier camera comprising the following interlattice

plane intervals: d in [A]: 17.940.3, 10.2+0.2, 8.9620.2, 7.1840.1, 5.93+0.05, 5.8440.05,

9.42+0.05, 5.1140.05, 5.0140.05, 4.8240.05, 4.6740.05, 4.3040.05, 4.1930.05, 4.13+0.05,

4.02+0.05.

16. The monohydrate of the magnesium salt of valsartan according to claim 1,

characterised by an X-ray powderpattern taken with a Guinier camera comprising the

followinginterlattice plane intervals: d in {A}: 15.140.2, 10.940.2, 10.340.2, 7.66+0.1,
9.1240.05.

17. An amorphous magnesium salt of valsartan according to claim 1, characterised by

heating up from a temperature far below 0°C in open or closed sample pans up to 220°C or

higher temperatures by a glass transition temperature with a change of the specific heat

capacity and showing no melting point and no enthalpy offusion.
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18. The amorphous magnesium salt of valsartan according to claim 1, characterised by

(i} a water content of 16 + 3%

(ii) a glass transition of 78 + 20°C

(iii) no melting point

{iv) no entha!py of fusion.

19. Asalt according to claim 1 in a form selected from the group consisting of

(i) a crystalline form;

(ii) a partly crystalline form;

(iii) an amorphous form; and

(iv} a polymorphous form.

20. A salt according to claim 1 in the form of a solvate.

21. A salt according to claim 1 in the form of a hydrate.

22. Asalt according to claim 1 in the form of an anhydrate.

23. A pharmaceutical composition comprising a salt according to claim 1 and a

pharmaceutically acceptable excipient or additive.

24. Pharmaceutical preparation according to claim 23, further comprising at least one

compound selected from the group consisting of a:

(i) HMG-Co-A reductase inhibitor or a pharmaceutically acceptable salt thereof,

(ii) angiotensin converting enzyme (ACE) [Inhibitor or a pharmaceutically acceptable salt

thereof,

(iii) calcium channelblocker or a pharmaceutically acceptable salt thereof,

(iv) aldosterone synthaseinhibitor or a pharmaceutically acceptable salt thereof,

(v) aldosterone antagonist ora pharmaceutically acceptable salt thereof,

{vi} dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP)inhibitor or a

pharmaceutically acceptable salt thereof,

(vi), endothelin antagonist or a pharmaceutically acceptable salt thereof,

(viii) renin inhibitor or a pharmaceutically acceptable salt thereof, and

(ix) diuretic or a pharmaceutically acceptable salt thereof.
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CASE 4-32219A

FILING BY “EXPRESS MAIL” UNDER 37 CFR 1.10

EV 640154701 October 4, 2004
Express Mail Label Number Date of Deposit 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF , Art Unit: 1614

KSANDERETAL.

APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

STATUS REQUEST

 

Sir:

Applicants respectfully inquire as to the status of the above-identified application.

Respectfully submitted,

Novartis

Corporate Intellectual Property regory 1 ~~
One Health Plaza, Building 430 Attorney for Applicants ~
East Hanover, NJ 07936-1080 Reg. No. 36,134
(862) 778-7831

Date:October 4, 2004
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CASE 4-32219A

 
   a” FILING BY "EXPRESS MAIL" UNDER 37 CFR 1,10
Mv 3 0 mK EV YS 7267 920s (1/30 /0¥CN & Express Mail Label Number Datefof Deposi

€ anew?

{IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1614

KSANDER ETAL. Examiner: Criares, 7.

APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL|
COMPOSITION

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir: ;

Prior to the Examination of the above-identified application, Applicants respectfully

request the following amendment be entered and the claims considered in light thereof.

Amendments to the claims are reflected in thelisting of claims which begins on page 2 ofthis

paper.

Remarks/Arguments begin on page4 ofthis. paper.
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This listing of the claims will replace all prior versions, andlistings. of claimsin the

application.

1. (currently amended) A pharmaceutical composition comprising:

(i) the AT t-antagonist valsartan or a pharmaceutically acceptable salt thereof; and

Gi) atheNEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S}-p-pheny!phenylmethyh-4-amino-

2R-methylbutangic acid ethyl ester or (2R,4S)-5-Biohenyl -4-yl-4(3-carboxy-propionyl amina)-

2-methy|-pentanoic acid ora pharmaceutically acceptable salts thereof and a

 

pharmaceutically acceptable carrier.

Z. (cancel)

3. (currently amended} The pharmaceutical composition of Claim 21, wherein A-(3-

carboxy-1-oxopropy!)-(45)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl esteris
a triethanolamineortris(hydroxymethyljaminomethane salt thereof.

_ 4: (currently amended)A kit comprising in separate containers in a singie package

pharmaceutical compositions comprising in one container a pharmaceutical composition

comprisingaNEPinhibitorV-(3-carboxy-1-oxopropyl)-(4S)}-p-phenylphenylmethy))-4-amino-2R-

-propionyl amino}-2-methyl- methylbutanoic acid ethyl ester or (2R,45)-5-Bi
 

pentanoic acid or pharmaceutically acceptable salts thereof and in a second container a
 

pharmaceutical composition comprising valsartan.

5. (currently amended) A method for the treatment or prevention of a condition or disease
selected from the group consisting of hypertension, heart failure, such as {acute and chronic)

congestive heart failure, left ventricular dysfunction and hypertrophic cardiomyopathy, diabetic

cardiac myopathy, supraventricular and ventricular arrhythmias, atrialfibrillation, atrial flutter,

detrimental vascular remodeling, myocardial infarction and its sequelae, atherosclerosis, angina
(whether unstable or stable}, renal insufficiency (diabetic and non-diabetic), heart failure, angina

pectoris, diabetes, secondary aldostercnism, primary and secondary pulmonary hypertension,
renal failure conditions, such as diabetic nephropathy, glomerulonephritis, scleroderma,.

glomerular sclerosis, proteinuria of primary renal disease, and also renal vascular hypertension,

diabetic retinopathy, the managementof other vasculardisorders, such as migraine, peripheral
vascular disease, Raynaud's cisease, luminal hyperplasia, cognitive dysfunction, such as

Alzheimer's, glaucoma and stroke, comprising administering a therapeutically effective amount

of combination of:

_2-
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(i) the AT 1-antagonists valsartan or a pharmaceutically acceptable salt thereof; and

(ii) atheNEP inhibitor N-(3-carboxy- 1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-
2R-methylbutanoic acid ethyl ester or its active metabolite or (2R,4S)-5-Bipneny|_-4-yl-4(3-   

carboxy-propiony! aming}-2-methyl-pentanocic acid or a.pharmaceutically acceptable salts

thereof and a pharmaceutically acceptable carrier to a mammal in need of such

treatment.

6. {cancel}

f. (currently amended) The methed of Claim 65, wherein N-(3-carboxy-1-oxopropy!)-(4S)-p-

~ phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is a triethanolamine or

tris(hydroxymethyljaminomethanesalt thereof.

8. (previously presented) A triethanolamine salt of A-(3-carboxy-1-oxopropyl)-(4S)}-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester.

9. (previously presented) A tris(hydroxymethyljaminomethanesalt of N-(3-carboxy-1-

oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanaic acid ethyl ester.

40. (previously presented) A pharmaceutical composition comprising the salt of Claim 8.

11, (previously presented) A pharmaceuticai composition comprising the salt of Claim 9.

-3-
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REMARKS

Consideration of the above-identified application as amended is requested. Claims1,

3-5 and 7-11 remain in this application. Claims 1, 3-5 and 7 have been amended. These

amendments do not introduce new matterinto the application, since the compound (2F,4$)-5-

Biphenyl -4-y|-4(3-carboxy-propionyl amino)-2-methyi-pentancic acid Is the active metabolite of N-

(3-carboxy-1-oxopropyl)-(4S)-p- phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethy!

ester and is disclosed in U.S. Patent No. 5,217,996 whichis disclosed on page 6 of the

Specification and incorporated into the present application by reference.

In view of the foregoing, Applicant submits the Application is now in condition for

allowance and respectfully requests early notice tothat effect.

Respectfully submitted,

Novartis

Corporate Intellectual Property egory DU. Ferraro
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134
(862) 778-7831

Date: November 29, 2004

-4-
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CASE 4-32219A

FILING BY "EXPRESS MAIL” UNDER 37 CFR 1.10

EV722HPIZLE US VE (DE
Express Mail Label Number DateofDeposi 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit. 1614

KSANDERET AL.

APPLICATION NO: 10/341 ,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

STATUS REQUEST

 

Sir:

Applicants respectfully inquire as to the status of the above-identified application.

Respectfully submitte

Novartis

Corporate Intellectual Property egory D. FArrara
One Health Plaza, Building 104 tiorney forApplicants
East Hanever, NJ 07936-1080 Reg. No. 36,1
(862) 778-7831

Date: Pugust FS, 2005
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1
.

UNITED STATES PATENT AND TRADEMARK OFFICE
United States Patent and Trademork Olfice
Address: COMMISSIONER FOR PATENTS

P.O. Bax 1450
Alexandra, Virginia 22313-1450TyLepoy

 
  APPLICATION NO. FILING DATE

{0/341 868 o1fl4eao3 Gary Michael Ksander 4422194 S865

UNITED STATES DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
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CORPORATE INTELLECTUAL PROPERTY
ONE HEALTH PLAZA 104/3

EAST HANOVER, NJ 07936-1080

To: Applicant of Serial Number 10341868 (Art Unit 1617)

It is estimated that this application will] receive an Office action in approximately 3 months. This is an
estimate that is based on the current inventory level of applications filed in this art area and the current
staffing levels in this Art Unit. The USPTOis dedicated to minimizing first action and total pendency,
and in art areas with high new application inventories, we are targeting resources to help address these
backlogs. Thank you for your inquiry.

Customer Service Office in Technology Center: 1600

Phone Number: 571-272-1600

Central Fax Number: 571-273-8300
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Phone Number:

Fax Number:
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Application No. Applicant(s)}

10/341, 868 KSANDERET AL.

Office Action Summary Examiner Jennifer Kim

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 7 MONTH{S) FROM

THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available under the provisions of 27 CFR 1.136{a). In no event, however, may a reply be timely filed
after SLX (6) MONTHS fram the mailing date of this cammunication.

- ifthe period for reply specified above is less than thirty (30) days, a reply within the statutory minimum ofthirty (30} days will be considered timely.
- if NO periad for reply is specified above, the maximum statutory period will apply and will expire SUX (6) MONTHS from the mailing date of this cormmunication.
- Faitura to reply wilhin the set ar exdended period for reply will, by statute, cause ihe application lo become ABANDONED (35 U.S.C. § 133).

Any reply received by the Cffice later than three manthsafter the mailing date of this communication, even if timely filed, may reduce any
earned patenl term adjustment. See 37 CFR 1.704(b).

Status

 

1)X] Responsive to communication(s) filed on 14 January 2003.
2a)_} This action is FINAL. 2b)LJ This action is non-final.
3)L] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

 
Disposition of Claims

4)X] Claim(s) 1,3-5,7-11 is/are pending in the application.
 

 
4a) Of the aboveclaim(s) isfare withdrawn from consideration.

5)_] Claim(s)___ is/are allowed.
6)L) Claim(s)___ is/are rejected.
7)L] Claim(s) is/are objected to.

 

8)X) Claim(s) 1,3-5 and 7-11 are subject to restriction and/or election requirement. 

Application Papers

9)[_] The specification is abjected to by the Examiner.
10)_] The drawing(s) filed on is/are: aL] accepted or b)[_) objected to by the Examiner.

Applicant may not request that any objection fo the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)C] The cath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

 

Priority under 35 U.S.C, § 119

12)_j Acknowledgment is made of a claim for foreign priority under 35 U.S.C. 8 119{a)-(d)} or (f}.
a)LJAll bj] Some * c}L Noneof:

1.L] Certified copies of the priority documents have beenreceived.
2.01 Certified copiesof the pricrity documents have been received in Application No.
3.L) Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2¢a))}.

* See the attached detailed Office action for a list of the certified copies not received.

  
Attachmant(s}

  

1) CT) Notice of References Cited {(PTO-892) 4) [_] interview Summary (PTO-413)
2)L_] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s¥Mail Date.
3) L] information Disclosure Statement(s) (PTO-1449 or PTO/SB/08} 5) L_] Notice of Informal Patent Application (PTO-152)

Paper No(s}/Mail Date . 6} (_] other:
U5. Patent and Tracemark Office

PTOL-326 (Rev. 1-04) Offica Actlon Summary Part of Paper No./Mail Date 08262005 fpBIOCON PHARMALTD (IPR2020-01263) Ex. 1015, p.309 §
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Application/Control Number: 10/341 ,868 Page 2

Art Unit: 1617

DETAILED ACTION

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

I, Claims 1,3, 4, 8-11 are drawn to a pharmaceutical composition

comprising AT 1-antagonist valsartan and the specific NEP inhibitors set

farth in claims 1,3, 4, 8 and 9, classified in class 514, subclass 222.8.

I. Claims 5 and 7, drawn to a method for the treatment or prevention of a

condition or disease set forth in claim 5 administering a pharmaceutical

composition comprising AT 1-antagonist valsartan and the specific NEP

inhibitors set forth in claims 4,3, 4, 8 and 9, classified in class 514,

| subclass 222.8.

The inventions are distinct, each from the other because of the following reasons:

Inventions Group | and Group Il are related as product and process of use. The

inventions can be shown to be distinct if either or both of the following can be shown: (1)

the process for using the product as claimed can be practiced with another materially

different product or (2) the product as claimed can be usedin a materially different

process of using that product (MPEP § 806.05(h)). In the instant case the product as

claimed can be used in a materially different process of using that product since the

product can be usedto treat psychotic conditions.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 310



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 311

Application/Control Number: 10/341,868 Page 3

Art Unit: 1617

Because these inventions.are distinct for the reasons given above and have

acquired a separate status in the art because oftheir recognized divergent subject

matter, restriction for examination purposes asindicated is proper.

| If Applicants elect Group II, following election of species is required:

This application contains claims directed to the follawing patentably distinct

species of the claimed invention: Various conditions or disease set forth in claim5(i.e.

hypertension, heart failure, Alzheimer, glaucoma, diabetic nephraphay.. etc.).

Applicants are required under 35 U.S.C. 121 to elect a single ultimate disclosed

species for prosecution on the merits to which the claims shall be restricted if no generic

claim is finally held to be allowable. Currently, a condition or disease is generic.

Applicants are advised that a reply to this requirement must include an

identification of the species that is elected consonantwith this requirement, and a listing

of all claims readable thereon, inciuding any claims subsequently added. An argument

that a claimis allowable or that all claims are generic is considered nonresponsive

unless accompanied by an election.

‘Upon the allowance of a generic claim, applicant will be entitled to consideration

of claims to additional species which are written in dependent form or otherwise include

all the limitations of an allowed generic claim as provided by 37 CFR 1.141. If claims

are added after the election, applicant must indicate which are readable upon the

elected species. MPEP § 809.02(a).

Should applicants traverse on the ground that the species are not patentably

distinct, applicant should submit evidence oridentify such evidence now of record
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Application/Control Number: 10/341,868 Page 4

Art Unit: 1617

showing the species to be obvious variants or clearly admit on the record that this is the

case. In either instance, if the examinerfinds one of the inventions unpatentable over

the prior art, the evidence or admission may be used in a rejection under 35

U.S.C. 103(a) of the other invention.

The examiner has required restnction between product and processclaims.
Where applicant elects claims directed to the product, and a product claim is
subsequently found allowable, withdrawn process claims that depend from or
otherwiseincludeall the limitations of the allowabie product claim will be
rejoined in accordancewith the provisions of MPEP § 821.04. Process
claims that depend from or otherwise include all the limitations of the
patentable product will be entered as a matter of rightif the amendmentis
presented priorto final rejection or allowance, whicheveris earlier.
Amendments submitted after final rejection are governed by 37 CFR 1.116;
amendments submitted after allowance are governed by 37 CFR 1.312.

In the event of rejoinder, the requirementfor restriction between the
product claims and the rejoined process claims will be withdrawn, and the
rejoined processclaimswill be fully examined fer patentability in
accordance with 3/7 CFR 1.104. Thus, to be allowable, the rejoined claims
must meetall criteria for patentability including the requirements of 35
U.S.C. 101, 102, 103, and 112. Until an elected product claim is found
allowable, an otherwise properrestriction requirement between product

_ Claims and process claims may be maintained. Withdrawn process claims
that are not commensurate in scope with an allowed product claim will not
be rejoined. See “Guidance on Treatmentof Product and Process Claims
in light of fn re Ochiai, in re Brouwer and 35 U.S.C. § 103(b),” 1184 0.G.
86 (March 26, 1996). Additionally, in order to retain the right to rejoinder
in accordance with the abovepolicy, Applicant is advised that the process
claims should be amended during prosecution either to maintain
dependency on the product claims or to otherwise include the limitations
of the product claims. Failure to do so may result in a loss of the right
to rejoinder.

Further, note that the prohibition against double patenting rejections of 35 U.S.C. 121
does not apply where the restriction requirement is withdrawn by the examinerbefore
the patent issues. See MPEP § 804.01.
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Application/Control Number: 10/341,868 Page5
Art Unit: 1617

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Jennifer Kim whose telephone numberis 571-272-0628.

The examiner can normally be reached on Monday through Friday 6:30 am to 3 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Sreenivasan Padmanabhan can be reached on 571-272-0629. The fax

phone numberfor the organization where this application or proceeding is assigned is

571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) systern. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see hitp://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

|Ae
Sreenivasan Padmanabhan

Supervisory Examiner
Art Unit 1617

Business Center (EBC) at 866-217-9197(toll-free).

Jmk

September 19, 2005
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CASE 4-32219A 
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  FILING BY "EXPRESS MAIL" UNDER 37 CFR 1.10

EV VQBYRTIGEUS IL, LEN ber 37 20
Express Mai) Labe! Number  

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ETAL. Examiner: Kim, Jennifer M

APPLICATION NO: 10/341 ,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

MS: Amendment

Commissionerfor Patents
PO Box 1450

Alexandria, VA 22313-1450

RESPONSE TO RESTRICTION REQUIREMENT

Sir:

Responsive to the Office Action dated September 20, 2005, far which the time to

respond extends to and includes October 20, 2005, Applicants elects Group 1, claims 1, 3, 4

and 8-11 for prosecution, with traverse.

In view of the foregoing, Applicants submit the Application is now in condition for
allowance and respectfully requests early notice to that effect.

Respectfully submitted,

 Novartis

Corporate Intellectual Property .
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No, 36,134
(862) 778-7831

Date: September 30, 2005
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Application or Docket Number

PATENT APPLICATION FEE DETERMINATION RECORD /0/34/86?
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eepratech-Chent‘braty 
 

TO: Jennifer Kim From: Paul Schulwitz

Location: REM-4B02/4B15 Location: Biotech-Chem Library
Art Unit: 1617 REM-1A65

Wednesday, December 28, 2005 Phone: 571-272-2527

Case Serial Number: 10/341868 Paul.schulwitz@uspto.gov

Search Notes

 
Examiner Kim,

Please review the attached search results.

If you have any questions or if you would like to refine the search query, please feel free to contact me at any
time.

Thank you for using STIC search services!

Paul Schulwitz

Technical Information Specialist
REM-1A65

571-272-2527
  
 

one‘Seeech ane! brtoretionResources Adminisoroion
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STIC SEARCH RESULTS

FEEDBACK FORM 
 Biotech-Chem Library

Questions about the scope or the results of the search? Contact the searcher or contact:

Mary Hale, Information Branch Supervisor
Remsen Bldg. 01 D&6

571-272-2507

 eliaSIellosTot Form
> fam an examiner in Workgroup:f Example: 1670

> Relevant prior art found, search results used as follows:

[.] 102 rejection

[-] 103 rejection

(_] Cited as being ofinterest.

[]Helped examinerbetter understand the invention.

{] Helped examiner better understand the state of the art in their technology.

Types of relevant prior art found:

[_] Foreign Patent(s)

[_] Non-Patent Literature
(journal articles, conference proceedings, new product announcementsetc.)

 
> Relevant prior art not found:

L} Results verified the lack of relevant prior art (helped determine patentability).

[.] Results were not useful in determining patentability or understanding the invention.

Comments:
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This listing of the claims will replace all prior versions, andlistings, of claims in the

application. —

1. (currently amended} A pharmaceutical composition comprising:

(i) the AT 1-antagonist valsaran or a pharmaceutically acceptable salt thereof; and {Y G4_ 6 2 -
(ii) atheNEP inhibitor Av

2R-methylbutanoic acid ethyl ester or(2R,4S)-5-Biphen a : i iaie. . eas _ a , oo2-methyl-pentanoic acid ora pharmaceutically acceptable Saltsthereofanda Faw, ly

 
 

pharmaceutically acceptable carrier. SearA,
2. (cancel)

3 (currently amended) The pharmaceutical composition of Claim 21, wherein A-(3-

carbaxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl esteris
a triethanolamineor tris(hydroxymethyjaminomethanesalt thereof,

4, (currently amended) A kit comprising in separate containers in a single package
pharmaceutical compesitions comprising in one container a pharmaceutical composition

comprisingaNEPiahibiterW-(3-carboxy-1-oxopropyl}-(4S)-p-phenyiphenyimethy))-4-aming- 2F-

methylbutanoic acid ethyl ester or(2A,4S)-5-Bipheny! -4-yi-4(3-carboxy-propionyl amino}-2-methyl-

pentanoig acid or pharmaceutically acceptable salts thereof and in a second container a

pharmaceutical composition comprising valsartan.

5. (currently amended) A method for the treatment or prevention of a condition or disease .
selected from the group cansisting of hypertension, heart failure, such as (acute and chronic)

congestive heart failure, left ventricular dysfunction and hypertrophic cardiomyopathy, diabetic

cardiac myopathy, supraventricular and ventricular arrhythmias, atrialfibrillation, atrial flutter,

detrimental vascular remodeling, myocardial infarction and its sequelae, atherosclerosis, angina
(whether unstable or stable), renal insufficiency (diabetic and non-diabetic), heart failure, angina

pectoris, diabetes, secondary aldosteronism, primary and secondary pulmonary hypertension,
renal failure conditions, such as diabetic nephropathy, giomerulonephritis, scleroderma,

glomerular sclerosis, proteinuria of primary renal disease, and also renal vascular hypertension,

diabetic retinopathy, the management of other vascular disorders, such as migraine, peripheral

vascular disease, Raynaud's disease, luminal hyperplasia, cognitive dysfunction, such as

Alzheimer's, glaucoma and stroke, comprising administering a therapeutically effective amount
of combination of.
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7.

(i) the AT 1-antagonists valsartan or a pharmaceutically acceptable salt thereof, and

(ii) atheNEP inhibitor V-(3-carboxy-1-oxopropy!)-(4S)-p-phenyiphenylmethy!)-4-amino-
henyl -4-yl-4(3-  2R-methylbutanoic acid ethyl ester or its active metabolite or (2R,45)-5-Bi

carboxy-propionyl aming)-2-methyl-pentangic acid or apharmaceutically acceptable salts

thereof and a pharmaceutically acceptable carrier to a mammatin need of such

 

treatment.

(cancel}

(currently amended) The method of Claim 65, wherein N-(3-carboxy-1-oxopropyl)-(4S}p-

phenylphenylmethy!}-4-amino-2R-methylbutanoic acid ethyl ester is a triethanclamine or

tris(hydraxymethylamincemethanesait thereof.

8. {previously presented) A triethanolamine salt of N-{(3-carboxy-1 “oxopropyl)-(4S)-p- : S6SY35-7g-t
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester.

9, (previously presented)Atris(hydroxymethyl}aminomethane salt of N.(3-carboxy-1- S655z- 99 -¥
oxapropyl)-(4S)-p-phenylphenyimethyl)-4-amino-2R-methylbutancic acid ethylester.

10.

11.

(previously presented) Ayghatmaceutical composition comprising the salt of Claim 8. 
 

 harmaceutical composition comprising the salt of Claim 9.
NN(previously presented} Ai

LO”
che
/ _O!

lo Cbs ene Dt

Mi
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Lil
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L16
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L19

L290
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L22
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(FPILE-'HOME'

FILE 'REGISTRY'

FILE

FILE

FILE

FILE

FILE

FILE

FILE

FILE

FILE

264222

QO
1

3

'CAOLD' ENTERED AT 11:11

Kim 10/341, 868 12/28/2005

ENTERED AT 10:55:23 ON 28 DEC 2005}

ENTERED AT 10:55:28 ON 28 DEC 2005

E N-(3-CARBOXY-1-OXOPROPYL/CN
BD COST
SEA ABB=ON PLU=ON
D COs
SEA ABB=ON PLU=ON

SEA ABB=ON FPLU=ON
SEL RN
SEA ABB=ON FLU=ON
D SCA
SEA ABB=ON PLU=-ON
STR 149709-62-6
SEA FAM SAM L6é
SEA FAM FUL L6é
D SCA

"OXOPROPYL"

"OXOPROPYL" (3A) "PHENYLPHENYLMETHYL"™
1497059-62-6/RN

149709-62-6/CRN

L3 OR L4

102 ON 28 DEC 2005
L5 OR La

ENTERED AT 11:11:10 ON 2B DEC 2005
L5
L8

{(LLO OR L11}

'REGISTRY' ENTERED AT 11:13:00 ON 28 DEC 2005

0 SEA ABB=ON PLU=ON

THCAPLUS '

3 SEA ABB=ON PLU=ON
2 SEA ABB=ON PLU=-ON
3 SEA ABB=ON PLU=-ON

D SCA L4

"HCAPLUS'
BP IBIB 1-3
DIS

TREGISTRY'

STR L6
3 SEA SSS SAM L13

D SCA
2? SEA $S5 FUL L13

ENTERED AT 11:13:09 ON 28 DEC 2005

ENTERED AT 11:15:30 ON 28 DEC 2005

"HCAPLUS' ENTERED AT 11:16:45 ON 28 DEC 2005
3 SEA ABB=ON PLU=ON
QO SEA ABB=ON PLU=ON

813 SEA ABB=ON PLU=0ON
5 L13

"REGISTRY'
27 SEA SSS FUL L13

"HCAPLUS °
3 SEA ABB=ON PLU=ON

"BEILSTEIN' ENTERED AT 11:
18
18

10
8

5EA 585 FUL L13
SEA ABB=ON PLUSON
D L22 IDE ALLREF 1¢
SEA ABB=ON PLU=ON
SEA ABB=ON PLU=ON

L15
L16 NOT Liz
BEILSTEIN

ENTERED AT 11:17:19 ON 28 DEC 2005

ENTERED AT 14:17:20 ON 28 DEC 2005
L143

17:33 ON 28 DEC 2005

L2i NOT L193

L22 AND KSANDER? /AU
Lé22 NOT L23

Searched by Paul Schulwitz 571-272-2527 Page 1
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L25
L26
L2?
L28

L293
L30

L***

Kim 10/341, 868 12/28/2005

D IDE ALLREF 5

FILE 'MARPAT' ENTERED AT 11:22:57 ON 28 DEC 2005
0 SEA SSS SAM L13
1 SEA SSS FUL L13
Q SEA ABB=ON PLU=ON L26 NOT L20
1 SEA ABB=ON PLU=ON 112 OR L20

FILE ‘MEDLINE, EMBASE, BIOSIS, USPATFULL, USPAT2' ENTERED AT 11:24:04 ON
28 DEC 2005

3 SEA ABB=ON PLU=ON 119
Q SEA ABB=ON PLU=ON L20 NOT L29

FILS 'HCAPLUS' ENTERED AT 11:25:16 CN 28 DEC 2005
DEL 0 5 L30 NOT L29

FILE HOME

FILS REGISTRY

Property values tagged with IC are from the ZIC/VINITI data file
provided by InfoChen,

STRICTURE FILE UPDATES: 27 DEC 2065 HIGHEST RN 870676-46-3
DICTIONARY FILE UPDATES: 27 DEC 20C5 HIGHEST RN 870676-46-3

New CAS Information Use Policies, enter HELP USAGETERMS for details.

TSCA INFORMATION NOW CURRENT THROUGR JULY 14, 2005

Please note that search-term pricing does apply when
conducting SmartSELECT searches.

kk kkk aR RR RRR ERR EKER EREE KR KAREa KK KKEAK a KR KK AAEeaae
+

Tne CA roles and decument type information have been removed from
the EDE default display format and the ED field has been added,
effective March 20, 2005. A new display format, IDERL, is now
available and contains the CA role and document type information. +teoeFFE+tebo

Kee RR KR RR AR KRHA KEAEKKKKHa eaKRAKEKKR

Structure search iteration limits have been increased. See HELP SLIMITS
for details.

REGISTRY includes numericaily searchable data for experimental and
predicted properties as well as tags indicating availability of
experimental property data in the original document. For information
on property searching in REGISTRY, refer to:

http: //www.cas.org/ONLINE/UG/regprops.html

FILE CAOLD
FILE COVERS 1907-1966

FILE LAST UPDATED: O1 May 1997 (19970501/UP}

This file contains CAS Registry Numbers for easy and accurate
substance identification. Title keywords, authors, patent
assignees, and patent information, e.g., patent numbers, are

Searched by Paul Schulwitz 571-272-2527 Page 2
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now searchable from 1907-1966. TIFF images of CA abstracts
printed between 1307-1966 are available in the PAGE
display formats.

New CAS Information Use Policies, enter HELP USAGETERMS for details.

This file supports REGIlstRY for direct browsing and searching of
all substance data from the REGISTRY file. Enter HELP FIRST for
more informatian.

FILE HCAPLUS

Copyright of the articles to which records in this database refer is
held by the publishers listed in the PUBLISHER {PB} field (available
for records published or updated in Chemical Abstracts after December
26, 1996), unless otherwise indicated in the original publications.
The CA Lexicon is the copyrighted intellectual property of the
the American Chemical Society and is provided to assist you in searching
databases on STN. Any dissemination, distribution, copying, or storing
of this information, without the prior written consent of CAS, is
strictly prohibited. :

FILE COVERS 1907 —- 28 Dec 2005 VOL 144 IS5 1

FILE LAST UPDATED: 27 Dee 2005 (20051227/ED)

New CAS Information Use Policies, enter HELP USAGETERMS for details.

This file contains CAS Registry Numbers for easy and accurate
Substance identification.

FILE BEILSTEIN

FILE LAST UPDATED ON OCTOBER 10, 2005

FILE COVERS 1771 TO 2005.

FILE CONTAINS 9,363,954 SUBSTANCES

>>>PLEASE NOTE: Reaction Data and substance data are stored in

separate documents and can not be searched together in one query.
Reaction data for BEILSTEIN compounds may be displayed
immediately with the display codes PRE (preparations) and REA
(reactions). <A substance answer set retrieved after the search
for a chemical name, a compounds with available reaction
information by combining with PRE/FA, REA/FA or more generally
with RX/FA. The BEILSTEIN Registry Number [BRN) is the link
between a BEELSTEIN compound and belenging reactions. For mo
detailed reaction searches BRNsS can be searched as reaction

partner BRNs Reactant BRN (RX.RBRN) cr Product BRN [(RX.PBRN}.<<<

peo FOR SEARCHING PREPARATIONS SEE EBKLP PRE <<<

WR EKA KR RR RA WRK Ke RR wk ee eR AKER RRR ee RE AA eRKae KE

* PLEASE NOTE THAT THERE ARE NO FORMATS FREE OF COST.
* SET NOTICS FEATURE: THE COST ESTIMATES CALCULATED FOR SET NOTICE

* ARE BASED ON THE HIGHEST PRICE CATEGORY. THEREFORE; THESE
* ESTIMATES MAY NOT RE®SLECT THE ACTUAL COSTS.
*
*

++FFOF
FOR PRICE INFORMATION SEE HELP COST
eeeeeee ee ee ee eeeeeeeeeeee

NEW

* PATENT NUMBERS (PN) AND BABS ACCESSION NUMBERS {BABSAN}) CAN NOW BE
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SEARCHED, SELECTED AND TRANSFERRED.

* NEW DISPLAY FORMATS ALLREF, ALLP AND BABSAN SHOW ALL REFERENCES,
ALL PATENT REFERENCES, OR ALL BABS ACCESSION NUMBERS FOR A
COMPOUND AT A GLANCE.

FILE MARPAT

FILE CONTENT: 1988-PRESENT (VOL 143 ISS 26 (20051223/ED}

MOST RECENT CITATIONS FOR PATENTS FROM FIVE MAJOR ISSUING AGENCIES
{COVERAGE TO THESE DATES IS NOT COMPLETE}:

US 6949561 27 SEP 2005
DE 1020040544 15 SEP 2005
EP 1582199 05 OCT 2005

JP 2005320486 17 OCT 2005
WO 2005097137 20 OCT 2005

Expanded G-group definition display now available.

New CAS Information Use Policies, enter HELP USAGETERMS for details.

MARPATpreviews will be removed from STN on December 431, 2005.

FILE MEDLINE

FILE LAST UPDATED: 27 DEC 2005 (20051227/UP). FILE COVERS 1950 TO DATE,

On December 11, 2005, the 2006 MeSH terms were loaded.

The MEDLINE reload for 2006 will soon be available. For details

en tne 2005 reload, enter HELP RLOAD at an arrow promt [=>).
See also:

http: //www.nilm.nih.gov/mesh/
http: //www.nlm.nih.gov/pubs/techbull/nd04/nd04 mesh.html
http: //www.nlm.nih.gov/pubs/techbull/ndOS/nd05meddata_changes.htm}
http: //www.nlm.nih.gov/pubs/techbull/ndOS/nd052006MeSH.html

 
QLDMEDLINE is covered back to 1940.

MEDLINE thesauri in the /CN, /CT, and /MN fields incorporate the
MeSK 2006 vocabulary.

This file contains CAS Registry Numbers for easy and accurate

FILE EMBASE

FILE COVERS 1974 TO 22 Dec 2005 (20051222/ED)

EMBASE has been reloaded. Enter KELP RLOAD for details.

This file contains CAS Registry Numbers for easy and accurate
substance identification.

FILE BIOSIS
FILE COVERS 1969 TO DATE.

CAS REGISTRY NUMBERS AND CHEMICAL NAMES (|CNs}) PRESENT
FROM JANUARY 1969 TO DATE.

RECORDS LAST ADDED: 21 December 2005 (20051221/ED)
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FILE USPATFULL |

FILE COVERS 1971 TO PATENT PUBLICATION DATE: 27 Dec 2005 (20051227/PD)}
FILE LAST UPDATED: 27 Dec 2005 (20051227/ED)
HIGHEST GRANTED PATENT NUMBER: US6981281
HIGHEST APPLICATION PUBLICATION NUMBER: US2005283878

CA INDEXING IS CURRENT THROUGH 27 Dec 2005 (20051227/UPCA)
ISSUE CLASS FIELDS {/INCL) CURRENT THROUGH: 27 Dec 2005 (20051227/PD}
REVISED CLASS FIELDS (/NCL) LAST RELOADED: Oct 2005
USPTO MANUAL OF CLASSIFICATIONS THESAURUS ISSUE DATE: Oct 2005

 

>>> USPATZ is now available. USPATFULL contains full text of the

>>> original, 1.e., the earliest published granted patents or
>>> applications. USPAT2 contains full text of the latest JS
>>> publications, starting in 2001, for the inventions covered in
>>> USPATFULL. A USPATFULL record contains not only the original
>>> published document but also a list of any subsequent
>>> publications. The publication number, patent kind code, and
>>> publication date for all the US publications for an invention
>>> are displayed in the PI (Patent Information) field of USPATFULL
>>> records and may be searched in standard search fields, e.g., /PN,
>>> /PK, etc.

>>> USPATFULL and USPAT2 can be accessed and searched together
>>> through the new cluster USPATALL. Type FILE USPATALL ta
>>> enter this cluster.
>>>

>>> Use USPATALL when searching terms such as patent assignees,
>>> classifications, or claims, that may potentially change from
>>> the earliest to the latest publication.

This file contains CAS Registry Numbers for easy and accurate
substance identification.

FILE USPAT2

FILE COVERS 2001 TO PUBLICATION DATE: 27 Dec 2005 (20051227/PD)
FILE LAST UPDATED: 27 Dec 2005 (20051227/ED}
HIGHEST GRANTED PATENT NUMBER: US2004267271
HIGHEST APPLICATION PUBLICATION NUMBER: US2005283875

CA INDEXING IS CURRENT THROUGH 27 Dec 2005 (20051227/UPCA)
ISSUE CLASS FIELDS (/INCL} CURRENT THROUGH: 27 Dec 2005 (20051227/PD)
REVISED CLASS FIELDS ({/NCL}) LAST RELOADED: Oct 2005
USPTO MANUAL OF CLASSIFICATIONS THESAURUS ISSUE DATE: Oct 2005

USPAT2 is a companion file to USPATFULL. USPATZ contains full text
of the latest US publications, starting in 2001, for the inventions
covered in JSPATFULL. USPATFULL contains full text of the original
published US patents from 1971 to date and the original applications
from 2001. In addition, a USPATFULL record for an invention contains
a complete list of publications that may be searched in standard
search fields, e.g., /PN, /PK, etc.

USPATFULL and USPAT2 can be accessed and searched together through
the new cluster USPATALL. Type FILE USPATALL to enter this cluster.

Use USPATALL when searching terms such as patent assignees,
classifications, or claims, that may potentially change from the
earliest to the latest publication.
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=>» d que stat 1290
L13 5TR

18 10 20 26
9 0 22 7-19 25. og
it § Cc ‘Cw’ C “Cc4 ; ; ;

ONAY CAACree Carns Car N 24} i i i
yo 1s 14 59 6 pe AD 30

OwCee Coane Cannes Carns C Cc Cc
11 | $ 3 2 1 23 29

o c
12 8

NODE ATTRIBUTES:
DEFAULT MLEV=L IS ATOM
DEFAULT ECLEVEL [IS LIMITED

GRAPH ATTRIBUTES:

RING(S) ARE ISOLATED OR EMBEDDED
NUMBER OF NODES IS 28

STEREO ATTRIBUTES: NONE
L13 27 SEA FILE=REGISTRY SSS FUL L13

L20 3 SEA FILE=HCAPLUS ABB=ON PLU=ON 119

=> d 120 ibib abs hitstr 1-3

L2G ANSWER 1 OF 3
ACCESSION NUMBER:
COCUMENT NUMBER:
TITLE:

 

HRCAPLUS COPYRIGHT 2005 ACS on STN

2003:570812 HCAPLUS
139:138733

Pharmaceutical compositions comprising valsartan and
neutral endopeptidase inhibitors

  
INVENTOR(S): Webb, Randy Lee; Ksander, Gary Michael
PATENT ASSIGNEE (S}: Novartis A.-G., Switz.; Novartis Pharma G.m.b.H.

SOURCE: PCT Int. Appl., 31 pp.
CODEN: PIXKD2

DOCUMENT TYPE: Patent

LANGUAGE: English
FAMILY AcC, NUM. COUNT: 1
PATENT INFORMATION:

PATENT NO, KIND DATE APPLICATION NO.

WO 2003059345 Al 20030724 WO 2003-EP415

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ,
CO, CR, CU, CZ, DE, DK, DM, Dz, EC, EE, ES, FI, GB,
HR, HU, ID, IL, IN, IS, J, KE, KG, KP, KR, KZ, LC,
LV, MA, MD, MK, MN, MX, NO, NZ, OM, PH, PL, PT, RO,
SG, SK, TJ, TM, TN, TR, TT, UA, US, UZ, VC, VN, YU,

RW: AM, AZ, BY, KG, KZ, MD, RU, Td, TM, AT, BE, BG, CH,
DK, EE, ES, Fl, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI,
SK, TR

US 2003144215 Al 20030731 US 2003-341868 20030114
CA 2472399 AA 20030724 CA 2003-2472399 20030116

EP 1467728 Al 20041020 EP 2003-704413 20030116
R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT,
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IE, Si, LT, LV, FI, RO, MK, CY, AL, TR, BG, CZ, EE, HU, SK
BR 2003006907 A 20041221 BR 2003-6907 20030116
JP 2005514441 T2 20050519 JP 2003-55950? 20030116
ZA 20040051-7 A 20050622 2A 2004-5117 20040628
NO 2004003380 A 20041007 NO 2004-3380 20040873

PRIORITY APPLN. INFO.: US 2002-349660P P 200201°7

AB

IT

RN
CN

US 2002-386792P P 20020607
WO 2003-EP415 W 20030116

The invention relates a pharmaceutical composition comprising a combination of
{i} the AT-1 antagonist valsartan or a pharmaceutically acceptable salt
thereof and {ii} a NEP [neutral endopeptidase) inhibitor or a
pharmaceutically acceptable salt thereof and optionally a pharmaceutically
acceptable carrier and to a method for the treatment or prevention of a
condition or disease selected from the group consisting of hypertension,
heart failure such as {acute and chronic} congestive heart failure, left
ventricular dysfunction and hypertrephic cardiomyopathy, diabetic cardiac
myopathy, supraventricular and ventricular arrhythmias, atrial
fibrillation, atrial flutter, detrimental vascular remodeling, myocardial

infarction and its sequelae, atherosclerosis, angina (whether unstable or
stable}, renal insufficiency (diabetic and non-diabetic), heart failure,
angina pectoris, diabetes, secondary aldosteronism, primary and secondary
pulmonary hypertension, renal failure conditions, such as diabetic
nephropathy, glomerulonephritis, scleroderma, glomernlar sclerosis,
proteinuria of primary renal disease, and also renal vascular
hypertension, diabetic retinopathy, the management of other vascular
disorders, such as migraine, peripheral vascular disease, Raynaud's
disease, luminal hyperplasia, cognitive dysfunction (such as Alzheimer's),
glaucoma and stroke, comprising administering a therapeutically effective
amount of the pharmaceutical composition to a mammal in need thereof.
149709-62-6 565453-98-7 565453-99-8
RL: PEP (Physical, engineering or chemical process}; PYP {Physical
process); THU (Therapeutic use); BIOL (Biological study); PROC (Process};
USES (Uses)

(pharmaceutical compns. comprisirg valsartan and neutral endopeptidase
inhibitors)

149709-62-6 HCAPLUS

{l,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl) amino] -
a-methyl-, ethyl ester, [S-(R*,S*}]}- (9CI} {CR INDEX NAME}

Absolute stereochemistry.

 
RN
CN

365453-98-7 HCAPLUS

[1,1'-Biphenyl]-4-pentancic acid, y-[(3-carboxy-lL-oxopropyl) amino) -
a-methyl-, ethyl ester, {@R,yS)-, compd. with
2,2',2°''-nitrilotris[etnanol] (2:1) (9CI1) (CA INDEX NAME)
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CM 1

CRN 149709-62-6
CMP C24 H29 N O5

Absolute stereochemistry.

|WoNe CO2H
Ph

Me

OEt
S R

o

cM 2

CRN 102-71-6
CMF C6 H15 N 3

CH2— CH2— OH
HO- CHo— CH2— N° CH2—CH2— OH

RN 565453-99-8 HCAPLUS
CN [1,]'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-1l-oxopropy1i)amino]-

a-methyl-, ethyl ester, (aR,¥S)-, compd. with
2-amino-2-{hydroxymethyl)-1,3-propanediol (1:1) [(9CT) {CA INDEX NAM=}

CM 1

CRN 149709-62-6
CMF C24 H29 N O05

Absclute stereochemistry.

OEt 
cM 2
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CRN 77-86-1
CMF C4 H11i N O03

P?
HO~ CHa—r CH2~ 0H

CH2— 0H

REFERENCE COUNT: 6 THERE ARE 6 CITED REFERENCES AVAILABLE FOR THIS
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT

L20 ANSWER 2 OF 3 HCAPLUS COPYRIGHT 2005 ACS on STN

ACCESSION NUMBER: 1995:538778 HCAPLUS
DOCUMENT NUMBER: 122:281426

TITLE: ‘Dicarboxylic Acid Dipeptide Neutral Endopeptidase
Inhibitors

AUTHOR {3S}: Ksander, Gary M.; Ghai, Raj D.; deJesus, Reynalda;
Diefenbacher, Clive; Yuan, Andrew; Berry, Carol;
Sakane, Yumi; Trapani, Angelo

CORPOGRATS SOURCE: Pharmaceuticals Division, CIBA-GEIGY Corporation,
Summit, NJ, 07901, USA

SOURCE: Journal of Medicinal Chemistry (1995), 3B(10},
1689-700 ,
CODEN: JMCMAR; ISSN: 0022-2623

PUBLISHER: American Chemical Society
DOCUMENT TYP2: Journal

LANGUAGE: English
GI

NN
a Me\L :

mi\—CE2 Me
AM.coset IIHOZC (CH2) 2CONK

AB The synthesis of three series of dicarboxylic acid dipeptide neutral
endoveptidase 24.11 (NEP) inhibitors is described. In particular, the
amino butyramide I exhibited potent NEP inhibitory activity [I1C50 = 5.0
nM) in vitro and in vive. Blood levels of I were determined using an ex vivo
method by measuring plasma inhibitory activity in conscious rats, mongrel
degs, and cynomolgus monkeys. Free drug concns. were 10-1500 times
greater than the inhibitory constant for NEP over the course of a 6 h

experiment
A good correlation of free drug concns. was obtained when comparing values

“determined by the ex vivo anal. to those calculated from direct HPLC
measurements.
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CN

Kim 10/341, 868 12/28/2005

Plasma atrial natriuretic factor (exogenous) levels were elevated in rats
and dogs after oral administration of II. Urinary volume and urinary sodium
excretion were also potentiated in anesthetized dogs treated with I.
149709-44-4B

RL: BAC (Biological activity or effector, except adverse}; BPR (Biological
process}; BSU (Biological study, unclassified}; MFM (Metabolic formation];
PRP (Properties;; SPN (Synthetic preparation}; THU (Therapeutic use}; BIOL
{Biological study}; FORM [Formation, nonpreparative); PREP (Preparation};
PROC (Process); USES (Uses)

{dicarboxylic acid dipeptide neutral endopeptidase inhibitors in
relation to pharmacokinetics and pharmacol. and structure)

149709-44-4 HCAPLUS

[l1,i'-Biphenyl]-4-pentanoic acid, y~[(3-carboxy-1l-oxopropyl) amino] -
a-methyl-, [S-{R*,S*}]- {(9CT) {CA INDEX NAME}

Absolute stereochemistry.

Ph

IT

RN
CN

;Wokwon
Me

5 R™ COoH

149690-05-1P

RL: BAC (Biological activity or effector, except adverse); BPR (Biclogical
process); BSU (Biological study, unclassified}; RCT {Reactant}; SPN
{Synthetic preparation); THU (Therapeutic use); BIOL (Biological study);
PREP (Preparation); PROC (Process); RACT (Reactant or reagent); USES
(Uses)

{dicarboxylic acid dipeptide neutral endopeptidase inhibitors in
relation to sharmacoxinetics and pharmacol. and structure)

149690-05-1 HCAPLUS

[1,1'-Biphenyl]-4-pentanoic acid, y-|[{3-carboxy-1l-oxopropyl) amino] -
a-methyl-, a-ethyl ester, monosodium salt, [S-(R*,S*}}- (9CT}
(CA INDEX NAME)

Absolute stereochemistry.

 
Oo

(ONS COH
OEt

@ Na
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149709-45-5P 149709-47-7P 149709~-48-8P

RL: BAC (Biological activity or effector, except adverse); BSJ (Biological
study, unclassified); PRP (Properties); SPN {Synthetic preparation); THU
(Therapeutic use); BIOL (Biological study}; PREP (Preparation); USES
{Uses}

(dicarboxylic acid dipeptide neutral endopeptidase inhibitors in
relation to pharmacokinetics and pharmacol. and structure)

149709-45-5 HCAPLUS

[1,1'-Biphenyl]-4-pentanoic acid, y~[ (3-carboxy-1l-oxopropyl} amino] -
a-methyl-, [S-(R*,R*)]- (9CTI) (CA INDEX NAME)

Absolute stereochemistry.

 
RN
CN

CO2H

149709-47-7 HCAPLUS

[1,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxcpropyl) amino} -—
a-methyl-, [R-(R*,5*})]- (9CT)} (CA INDEX NAME}

Absolute stereochemistry.

Ph

RN
CN

 
Nc

CO2H

149709-48-8 HCAPLUS
[1,1'-Biphenyl]-4-pentanoic acid, y-[{3-carboxy-l-oxopropyl) amino] -
a-methyl-, [R-(R*,R2*)]- (3CT} (CA INDEX NAME}

Absolute stereochémistry.

 

IT

 

o

wocom
Me

R™ cooH

149709-64-8P 149709-65-9P 162972-31-8P
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162972-32-39P 162972-33-0P

RL: RCT (Reactant); SPN (Synthetic preparation); PREP (Preparation); RACT
{Reactant or reagent)

(dicarboxylic acid dipeptide neutral endopeptidase inhibitors in
relation to pharmacokinetics and pharmacol. and structure}

RN 149709-64-8 HCAPLOS

CN [i,1'-Biphenyl]-4-pentanoic acid, y-[[{4-(1,1l-dimethylethoxy} -1, 4-
dioxobutyl]amino]-a-methyl-, ethyl ester, [S-(R*,S*)]- (9CI} {CA
INDEX NAME}

Absolute stereochemistry.

0

OBu-t
HN

Ph

Me O

OEt
5 R

oO

RN 149709-65-9 HCAPLUS

CN [1,1'-Bipnenyl]-4-pentanocic acid, y-[[4-(1,l-dimethylethoxy}-1, 4-
dicxeobutyl}amino]-a-methyl-, ethyl ester, [S-(R*,R*}]—- {(9CT} (CA
INCEX NAME)

Absclute stereochemistry.

Yr
OBu-t

H>» oN
Me 9 

RN 162972-31-8 HCAPLUS

CN f1,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl) amine] -
a-methyi-, a-ethyl ester, monosodium salt (9CT} {CA INDEX
NAME)
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i
NH— C— CH2—7 CH2— CO3H 

CH2— CH— CH2— CH— C— OEt

a=aMe

@ Na

RN 162972-32-9 HCAPLUS

CN [1,1'-Biphenyl]-4-pentanoic acid, y-[[4-(1,1-dimethylethoxy}-1,4-
dioxebutyl]aminoj]-a-methyl-, ethyl ester (9CT) {CA INDEX NAME}

Ph rT i™
NH- C— CH9— CHea—C— OBu-t

oe |

CHa CHCEO PE OBe
Me Q

RN 162972-33-0 HCAPLUS

CN -{1,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-cxopropy]) amino]-
a-methyl-, ethyl ester, monosodium salt, [S-(R*,R*}]- (9CI] (CA

‘INDEX NAME}

Absolute stereochemistry.

OEt 
@ Na

L20 ANSWER 3 OF 3 HCAPLUS COPYRIGHT 2005 ACS an SIN
ACCESSION NUMBER: 1993:670810 HCAPLUS
DOCUMENT NUMBER: 113;:270810

TITLE: Preparation of biaryl substituted 4-amino-butyric acid
amides

INVENTOR(S}: Ksander, Gary
PATENT ASSIGNEE (S}: Ciba-Geigy Corp,, USA
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SOURCE: U.S., 13 pp.
CODEN: USXXAM

DOCUMENT TYPE: Patent

LANGUAGE: English
FAMILY ACC. NOM. COUNT: 1

‘PATENT INFORMATION:

PATENT NO. KIND DATE APPLICATION NO, DATE

US 5217996 A 19930608 US 1992-824132 19920122
EP 555175 Al 19930811 EP 1993-810016 19930113

R: AT, BE, CH, DE, DK, ES, FR, GH, GR, IE, IT, LI, LU, NL, PT, SE
AU 9331842 Al 19930729 AQ 1993-31842 19930115
AU 666902 B2 19960229

JP Q5310664 Aa 19931122 JP 1993-5908 19930118
CA 2097652 AA 19930723 CA 1993-2087652 19930120
ZA 9300421 A 13930722 2A 1993-421 19930121
NO 9300193 A 19930723 NO 1993-193 19930121
HL 63376 Ad 19930830 HU 1993-166 19930121
US 5354892 A 19941011 US 1993-8031 19930125

PRIORITY APPLN. INFO-.: US 1992-824132 A 19920122

OTHER SOURCE(S}:
AB

MARPAT 119:270810

Title compds, RO2CCHMeCH2CH (CH2C6H4Ph-4)NHCO(CH2)2CO2R’ (R, R' = H, C1-4
alkyl (substituted) PhCH2 on Ph, prodrug ester, salt}, neutral
endopeptidase inhibitors and thus useful for treatment of cardiovascular
disorders, are prepared a-Tert-BOC-(R)-tyrosine Me ester and pyridine
in CH2C12 were cooled at 0-5°, triflucromethanesulfonic anhydride
was added to give Me {R)-2-(tert-butoxycarboanylamino} -3-[4-
(trifluoromethylsulfonyloxy) phenyl] propionate which in 11 steps was
converted into Na N-(3-carboxy-l-oxopropyl}-(45})-p-pherylphenylmethyl}-4-
amino-2R-methyl]butanoic acid Et ester {I). I at 1-30 mg/kg, s.c.,
produced significant increase in plasma atrial natriuretic factor level
and significant reduction in blood pressure in DOCA-salt hypertensive rat
model.

IT 149709-62-6P 149709-63-7P

RL: RCT (Reactant); SPN

(Reactant or reagent}
(preparation and reaction of,

(Synthetic preparation};

Pharmaceutical capsules comprising I are given.

PREP (Preparation);

preparation of neutral endopeotidase
inhibitors}
RN 149709-62-6 HCAPLUS

CN [1,1 '-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl) amino] -
o-methyl-, ethyl ester, [S-(R*,S*)]- (9CI) (CA INDEX NAME}

Absolute stereochemistry.

jeen H
Ph COz

Me

Ot
5 R

Qo

RN 149709-63-7 HCAPLUS
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RACT

Page 14
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Kim 10/341, 968 12/28/2005

CN [l,i'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl) amine] -
a-methyl-, ethyl ester, [S-(R*,R*}J- (9CI} {CA INDEX NAME}

Absolute stereochemistry.

oO

pOcon
OEt

IT 149690-05-1P 149690-C6-2P 149690-10-8P
149690-11-9P 149709-44-4P 149709-45-5P

149709-46-6P 149709-47-7P 149709-48-8P
149709-49-9P 149709-53-5P 149709-64-8P
149709-65-9P 149818-96-2P 149818-97-3P

RL: SPN (Synthetic preparation); PREP (Preparation)
(preparation of, as neutral endopeptidase inhibitor)

RN 149699-05-1 HCAPLUS

CN {1,1'-Biphenyl!-4-perntanoic acid, y—-{ (3-carboxy-1~-oxopropyl) amino} —
a-methyl-, a-ethyl ester, monosodium salt, [S-(R*,S*)}- (9CT}
(CA INDEX NAME}

Absolute stereochemistry.

o

oh goco
OtCAL .

I
o

@ Na

RN 149690-06-2 HCAPLOUS

CN [1,1'-Biphenyl]-4-pentanoic acid, y-[ (3-carboxy~-1l-oxopropyl) amino] -
a-methyl-, a-ethyl ester, monosodium salt, [R-(R*,8*}}- (9CT}
(CA INDEX NAME}

Absolute stereochemistry.

Searched by Paul Schulwitz 571-272-2527 Page 15
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Kim 10/341,868 12/28/2005

CO2H

OEtL 
@ Na

RN 149690-10-8 HCAPLUS

CN [1,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-cxopropyl}) amino] —-
a-methyl-, a-butyl ester, monosodium salt, [S-(R*,S*!]- (SCT)
(CA INDEX NAME}

Absolute stereochemistry.

wowon
OBu-n 

@ Na

RN 149690-11-9 HCAPLUS

CN [l,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl) amino}-
a-methyl-, a-{2,3-dihydro-1iH-inden-5-yl) ester, monosodium
salt, [S-{R*,S*}]- (9CI) (CA INDEX NAME)

Apsolute stereochemistry.

Searched by Paul Schulwitz 571-272-252? Page 16

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 335



BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 336

Kim 10/341,868 12/28/2005

 

oO

Worn H
Ph 2

Me

Oo
5 R

o

@ Na

RN 149709-44-4 HCAPLUS

CN [l,1‘'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl) amino)-
a-methyl-, [S-(R*,S*})]- {($CT) (CA INDEX NAME} ,

Absolute stereochemistry.

o .

WONco
Ph

Me

S R™ cooH

RN 149709-45-5 HCAPLUS

CN [1l,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl}amino]-
a-methyl-, [S-(R*,R*}]- (3CT) {CA INDEX NAME)

Absolute stereochemistry.

o

H}bh Aon
~S | Me
eeee

RN 149709-46-6 HCAPLUS

CN {l,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-ocxopropyl})amino]-
a,4'-dimethyl-, [S-(R*,S*)]- (9CI) (CA INDEX NAME}

COZH

Absolute stereochemistry.

Searched by Paul Schulwitz 571-272-252? Page 17
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Kim 10/341, 868 12/28/2005

HO3c 
HO2c

RN 149709-47-7 HCAPLUS

CN (1,1’-Biphenyl}]-4-pentanoic acid, y—-[ (3-carboxy-l-oxopropyl} amino} -
a-methyi-, (R-(R*,S*)]- (3CT} (CA INDEX NAME}

Absolute stereocnemistry.

 
CO2H

RN 149709-48-8 HCAPLUS

CN [l,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy—-l-oxopropyl) amino] -
a-methyl-, [R-(R8*,R*)]—- (9C7} iCA INDEX NAME}

Absolute stereochemistry.

iONcos
Ph

TQ YFLAHK
RN 149709-49-9 HCAPLUS

CN (1,1'-Biphenyl]-4-pentanoic acid, y-[{4-ethcexy-1, 4-dioxobutyl) amino] -
a-methyl-, {S-{R*,S*)]- (9CT} iCA INDEX NAME)

COoH

Absolute stereochemistry.

Searched by Paul Schulwitz 671-272-2527 Page 18
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Kim 10/341,868

OEt

Ph

s R™ cooH

RN 149709-53-5 HCAPLUS

ON [1,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-3-hydrexy-1-
oxopropyljamino]-a-methyl- (9CT} (CA INDEX NAME}

Pp i oof
NH— C— CH2— CH— CO?H

“

a

CH2-- CH CH2— CH~ CO2H
|

Me

RN 1439709-64-8 HCAPLUS

CN [l,1'-Biphenyl]-4-perntanoic acid, y-[[4-{1,1l-dimethylethoxy)-1,4-
dioxobutyllaminoj]-a-methyl-, ethyl ester, [S-{R*,S*)}- (9CI} {CA
INDEX NAME)

Absolute stereochemistry.

 
RN 149709-65-9 HCAPLUS

CN (1, l1'’-Biphenyl]-4-perntanoic acid, y-[[4-(1,1-dimethylethoxy}-1,4-
diexobutyljamino]-a-methyl-, ethyl ester, [S-[(R*,R*}]- (9CT} {CA
INDEX NAME)

Absolute stereochemistry.

Searched by Paul Schulwitz 571-272-2527

12/28/2005

Page 19
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RN

CN

Kim 10/341,868 12/28/2005

OBu-t

OEt

149818-936-2 HCAPLUS

[l,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl) amino] -
a-methyl-, {R*,R*)- (9CI} (CA INDEX NAME)

Relative stereochemistry.

 
RN
CN

149818-97-3 HCAPLUS

[1,1'-Biphenyl]-4-pentanoic acid, y-[(3-carboxy-l-oxopropyl} amino] -
a-methyl-, o~ethyl ester, monosodium salt, [(R*,R*)- (9€T} (CA
INDEX NAME}

Relative stereochemistry.

 OEL

@ Na

Searched by Paul Schulwitz 571-272-2527 Page 26
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FILE HOME

FILE STNGUIDE

FILE CONTAINS CURRENT INFORMATION.

LAST RELOADED: Dec 3C, 2005 (20051230/UP) .
Oei

FILE ADISCTI

PILE COVERS 1598 TO 30 Dec 2005 (20051230/ED)

PILE LAST UPDATED: 30 DEC 2005 (20051230/ED}

FILE ADISINSIGHT

PILE COVERS 1998 TO 29 Dec 2005 (20051229/ED)
FILE LAST UPDATED: 29 DEC 2005 [(20051229/ED}

FILE ADISNEWS

FILE COVERS 1983 TO 5 Jan 2006 (20060105/ED}

This file contains CAS Registry Numbers for easy and accurate
substance identification.

FILE BIOSIS
FILE COVERS 1969 TO DATE.

CAS REGISTRY NUMBERS AND CHEMICAL NAMES (CNs) PRESENT
FROM JANUARY 1969 TO DATE.

RECORDS LAST ADDED: 4 January 2006 (20060104/ED}

FILE BIOTECHNO

FILE LAST UPDATED: 7 JAN 2004 <20040107/UP>
FILE COVERS 1980 TO 2003.

>>> BIOTECHNO IS NO LONGER BEING UPDATED AS OF 2004 <««

>>> SIMULTANEOUS LEFT AND RIGHT TRUNCATION AVAILABLE IN

/CT AND BASIC INDEX <««

FILE CAPLUS

Copyright of the articles to which records in this database refer is
held by the publishers listed in the PUBLISHER (PB) field {available
for records published or updated in Chemical Abstracts after December
26, 1996), unless otherwise indicated in the original publications.
The CA Lexicon is the copyrighted intellectual property of the
American Chemical Society and is provided to assist you in searching
databases on STN. Any dissemination, distribution, copying, or storing
of this information, without the prior written consent of CAS, is
strictly prohibited.

FILE COVERS 1907 - 5 Jan 2006 VOL 144 ISS 2

FILE LAST UPDATED: 4 Jan 2006 (20060104/ED)

Effective October 17, 2005, revised CAS Information Use Policies apply.
They are available for your review at:

http: //www.cas.org/infopolicy.html

FILE DDFB
>>> FILE COVERS 1964 TO 1982 - CLOSED FILE <<<

FILE DGENE

FILE LAST UPDATED: 30 DEC 2005 <20051230/UP>a
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DGENE CURRENTLY CONTAINS 7,596,625 BIOSEQUENCES

>>> NEW DISPLAY FIELDS LS AND LS2 (LEGAL STATUS DATA FROM

THE INPADOC DATABASE) AVAILABLE IN DGENE - SEE NEWS <<«

>>> ONLINE THESAURUS AVAILABLE IN /PACO <<<

>>> DOWNLOAD THE DGENE WORKSHOP MANUAL:

http: //www.stn-international .de/training_center/bioseq/dgene_wm.pdf

>>> DOWNLOAD COMPLETE DGENE HELP AS PDF:

http: //www.stn-international de/trainingcenter/bioseg/dgenehelp. pdf <<

>>> DOWNLOAD DGENE BLAST/GETSIM FREQUENTLY ASKED QUESTIONS:
http: //www.stn-international .de/service/fag/dgenefaq. pdf ccc

FILE DISSABS

FILE COVERS 1861 TO 20 DEC 2005 (20051220/ED)

Only fair use as provided by the United States copyright law is
permitted. PROQUEST INFORMATION AND LEARNING COMPANY MAKES NO
WARRANTY REGARDING THE ACCURACY, COMPLETENESS OR TIMELINESS OF
THE LICENSED MATERIALS OR ANY WARRANTY, EXPRESS OR IMPLIED,
INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A

PARTICULAR PURPOSE, AND SHALL NOT BE LIABLE FOR DAMAGES OF ANY
KIND OR LOST PROFITS OR OTHER CLAIMS RELATED TO THE LICENSED
MATERIALS OR THSIR USE.

FILE DRUGB

>>> FILE COVERS 1964 TO 1982 - CLOSED FILE <<««

FILE DRUGMONOG2

FILE IS CURRENT THROUGH 9 Dec 2005 (20051209/ED)

HRHHHHEHAR HHA PHA HAE HHHARA RHRE HEHEHE RHSH RHRAHHH HH RH

!!! ATTENTION !!!

Welcome to DRUGMCNOG2. This file is available to all users.

To access drug pricing information, use DRUGMONOG, accessible
only to pharmaceutical organizations for reasons of
confidentiality.

SEESEShOO
files on STN and belong to a pharmaceutical organization, you #
should automatically have access ta DRUGMONOG. If you belong #
to a pharmaceutical organization and would like to use
DRUGMONOG, please contact your STN Help Desk. If you do not
need pricing information, use DRUMONOG2.

See HELP SUBSCRIPTION for more information.

#
#
#
#
#
+
#

#

# %If you already have subscription status on any of the IMSworld#
#

#
#
#
#
#
it

HEHHAER AT RHAREH SPR RHHHRREHHA RAR HERE RAHESE RHERHBRRH

SeOESETEE
FILE DRUGU

FILE LAST UPDATED: 23 DEC 2005 <20051223/UP>
>>> DERWENT DRUG FILE {SUBSCRIBER} co

>>> FILE COVERS 1983 TO DATE <<<

>>> THESAURUS AVAILABLE IN /CT <««

FILE EMBAL

FILE COVERS CURRENT RECORDS AND IS UPDATED DAILY

FILE LAST UPDATED: 5 JAN 2006 (20050105/ED}

FILE EMBASE
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FILE COVERS 1974 TO 29 Dec 2005 (20051229/ED)

EMBASE has been reloaded. Enter HELP RLOAD for details.

This file contains CAS Registry Numbers for easy and accurate
substance identification.

FILE ESBIOBASE

FILE LAST UPDATED: 3 JAN 2006 <20060103/UP>
FILE COVERS 1994 TO DATE.

>>> SIMULTANEOUS LEFT AND RIGHT TRUNCATION AVAILABLE IN

fcc, f/ORGN, AND /ST) «<««<

FILE IFIPAT

FILE COVERS 1950 TO PATENT PUBLICATION DATE: 3 Jan 2006 (20060103/PD)
FILE LAST UPDATED: 4 Jan 2006 (20060104/ED}
HIGHEST GRANTED PATENT NUMBER: US6983486
HIGHEST APPLICATION PUBLICATION NUMBER: US2005285677

UNITERM INDEXING IS AVAILABLE IN THE IFIUDB FILE

UNITERM INDEXING LAST UPDATED: 31 Oct 2005 (20051031/UP}
INDEXING CURRENT THROUGH PAT PUB DATE: 27 May 2004 (20040527/PD}

IFIPAT reloaded on 3/22/05. Enter HELP RLOAD for details.

FILE IMSDRUGNEWS

FILE COVERS 1995 TO 16 Dec 2005 (20051216/ED)

HHHE AGRE ASH RTHHE RHR EHR HEH RH HHH BERR RHR HH RAE RHRAS RBH HH EH

'!! ATTENTION !1!

Welcome to IMSDRUGNEWS. This is the Drug News file from
IMSworld Publications.

of this file, please contact IMS HEALTH Customer Services
directly by phone at +44(0)20-7393-5888, or email
globaldirect@uk.imshealth. com.

# #
# #

# #
# i
# #
# i

# For detailed information regarding the printed version #
# if
# #
# #
# #
# See HELP SUBSCRIPTION for more information. #
HHBHHHHHHH ERHHHHAH THE HHH HARE RH HHRHEH RRR HHH HHA H ARHaeee

This file contains CAS Registry Numbers for easy and accurate
substance identification.

The file name was changed from DRUGNL to IMSDRUGNEWS on 7 Dec. 2003.
The file name DRUGNL is now an alias for IMSDRUGNEWS.

FILE IMSPRODUCT

FILE COVERS 1982 TO 2 Dec 2005 (20051202/ED)

WHRHHAE RHEE RTHRRRBE HAHAHA RHERHEEHEHReBHHH

'lt ATTENTION !1/!

Welcome to IMSPRODUCT. A special subscriber rate is
available to purchasers of tne IMSworld publication,
Drug Launches.

For detailed information regarding eligibility and
authorization for this subscriber discount, please contact
IMS HEALTH Customer Services directly by phone
at +44(0)20-7393-5888, or email globaldirect@uk.imshealth.com
See HELP SUBSCRIPTION for more information.

FeShFEHEEOESESEOEOEHE
#
#
#

#
#
#
#
#
#

#
#
#

#
# HHHHHEHE AHHH AHHH HHARRRHH
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The file name was changed from DRUGLAUNCH to IMSPRODUCT on 7 Dec. 2003.
The file name DRUGLAUNCH is now an alias for IMSPRODUCT.

FILE IPA

FILE COVERS 1970 TO 29 DEC 2005 (20051229/ED}

This file contains CAS Registry Numbers for easy and accurate
substance identification.

FILE JICST-EPLUS

FILE COVERS 1985 TO 28 DEC 2005 (20051228/ED}

THE JICST-EPLUS FILE HAS BEEN RELOADED TO REFLECT THE 1999 CONTROLLED

TERM (/CT) THESAURUS RELOAD.

FILE KOSMET

FILE LAST UPDATED: 2 JAN 2006 <20060102/UP>
FILE COVERS 1966 TO DATE.

>>> SIMULTANEOUS LEFT AND RIGHT TRUNCATION IS AVAILABLE

IN THE BASIC INDEX (/BI) FIELD <<<

FILE LIFESCI

FILE COVERS 1978 TO 20 Dec 2005 {(20051220/ED)

FILE MEDLINE

FILE LAST UPDATED: 4 JAN 2006 (20060104/UP). FILE COVERS 1950 TO DATE.

On December 11, 2005, the 2006 MeSH terms were loaded.

The MEDLINE reload for 2006 will soon be available. For details

on the 2005 reload, enter HELP RLOAD at an arrow promt (=>).
See also:

http: //www.nlm.nih.gov/mesh/
http: //www.nlm.nih.gov/pubs/techbull/ndo04/nd04_mesh. html
http: //www.nlm.nih.gov/pubs/techbull/ndo5/nd05meddatachanges.html
http://www. nlm.nih.gov/pubs/techbull/nd05/nd05_2006MeSH. html

OLDMEDLINE is covered back to 1950.

MEDLINE thesauri in the /CN, /CT, and /MN fields incorporate the
MeSH 2006 vocabulary.

This file contains CAS Registry Numbers for easy and accurate

FILE NAPRALERT

FILE COVERS 165C TO & AUG 2005 (20050808/ED)

This file contains CAS Registry Numbers for easy and accurate
substance identification.

The NAPRALERT File is no longer being updated. ******

FILE NLDB

FILE COVERS 1988 TO 5 JAN 2006 (20060105/ED}

FILE NUTRACEUT

FILE LAST UPDATED: 21 DEC 2005 <20051221/UP>
FILE COVERS MAY 1996 TO DATE

FILE PASCAL

FILE LAST UPDATED: 19 DEC 2005 <20051219/UP>
FILE COVERS 1977 TO DATE.

>>> SIMULTANEOUS LEFT AND RIGHT TRUNCATION IS AVAILABLE
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IN THE BASIC INDEX (/BI} FIELD «<««<

FILE PCTGEN

FILE LAST UPDATED: 5 JAN 2006 <20060105/UP>
MOST RECENT PCT PUB DATE: 5 JAN 2006 <20060105/PD>

PCTGEN CURRENTLY CONTAINS 4,419,239 BIOQSEQUENCES

>>> DOWNLOAD THE PCTGEN WORKSHOP MANUAL:

http: //www.stn-international .de/trainingcenter/bioseq/pctgen_wm.pdf

>>> DOWNLOAD COMPLETE PCTGEN HELP AS PDF:

http: //www.stn-international .de/training_center/bicseq/pctgen_help. pdf

>>> DOWNLOAD RUN BLAST/GETSIM FREQUENTLY ASKED QUESTIONS:
http: //www.stn-international.de/service/fag/dgenefaq.pdf <cc

FILE PHARMAML

FILE LAST UPDATED: 4 JAN 2006 <20060104/UBP=>
FILE COVERS 1992 TO DATE

<<< DISPLAY PRICES FOR THE MOST CURRENT 4-WEEKS INFORMATION
DIFFER FROM THE PREVIOUS ONES ==> see HELP COST >>>

FILE PHIC
FILE COVERS CURRENT RECORDS AND IS UPDATED DAILY

FILE LAST UPDATED: 5 JAN 2006 (20060105/ED)

FILE PHIN

FILE COVERS 1980 TO 3 JAN 2006 (20060103/ED)}

FILE SCISHARCH

FILE COVERS 1974 TO 4 Jan 2006 (20060104/ED)

SCISEARCH has been reloaded, see HELP RLOAD for details.

FILE TOXCENTER

FILE COVERS 1907 TO 3 Jan 2006 (20060103/ED)

This file contains CAS Registry Numbers for easy and accurate substance
identification.

New CAS Information Use Policies, enter HELP USAGETERMS for details.

TOXCENTER has been enhanced with new files segments and search fields.
See HELP CONTENT for more information.

TOXCENTER thesauri in the /CN, /CT, and /MN fields incorporate the
MeSH 2006 vocabulary.
See hcetp://www.nlm.nih.gov/mesh/

hotp://www.nlm.nih.gov/pubs/techbull/ndos5/rd05meddatachanges html
hitp://www.nlm.nih.gov/pubs/techbull/ndo0s/nd052006MeSH. html

for a description of changes.

FILE USPATFULL

FILE COVERS 1971 TO PATENT PUBLICATION DATE: 3 Jan 2006 (20060103/PD}
FILE LAST UPDATED: 3 Jan 2006 (20060103/ED)
HIGHEST GRANTED PATENT NUMBER: US6983486
HIGHEST APPLICATION PUBLICATION NUMBER: US2005289677

CA INDEXING IS CURRENT THROUGH 3 Jan 2006 (20060103/UPCA)
ISSUE CLASS FIELDS {/INCL} CURRENT THROUGH: 3 Jan 2005 (20060103/PD)
REVISED CLASS FIELDS {/NCL) LAST RELOADED: Oct 2005
USPTO MANUAL OF CLASSIFICATIONS THESAURUS ISSUE DATE: Oct 2005
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>>> USPAT2 is now available. USPATFULL contains full text of the eee

>>> original, i.e., the earliest published granted patents or <<
>>> applications. USPAT2 contains full text of the latest US cc<
>>> publications, starting in 2001, for the inventions covered in <c<
>>> USPATFULL. A USPATFULL record contains not only the original <c<
>>> published document but also a list of any subsequent ccc
>>> publications. The publication number, patent kind code, and ccc
>>> publication date for all the US publications for an invention <a<
>>> are displayed in the PI (Patent Information) field of USPATFULL cee
>>> records and may be searched in standard search fields, e.g., /PN, <««
zoo /PR, etc. <ac

>>> USPATFULL and USPAT2 can be accessed and searched together cae
>>> through the new cluster USPATALL. Type FILE USPATALL ta ace
>e> enter this cluster. <<
>> <add

>>> Use USPATALL when searching terms such as patent assignees, <a¢
eee Classifications, or claims, that may potentially change from ced
ze> the earliest to the latest publication. <<<

This file contains CAS Registry Numbers for easy and accurate
substance identification.

FILE USPAT2

FILE COVERS 2001 TO PUBLICATION DATE: 5 Jan 2006 (20060105/PD}
FILE LAST UPDATED: 5 Jan 2006 {20060105/ED}
HIGHEST GRANTED PATENT NUMBER: US2004192897
HIGHEST APPLICATION PUBLICATION NUMBER: US2006004269

CA INDEXING IS CURRENT THROUGH 5 Jan 2006 (20060105/UPCA)
ISSUE CLASS FIELDS (/INCL) CURRENT THROUGH: 5 Jan 2006 (20060105/PD)
REVISED CLASS FIELDS {/NCL) LAST RELOADED: Oct 2005
USPTO MANUAL OF CLASSIFICATIONS THESAURUS ISSUE DATE: Oct 2005

USPAT2 is a companion file to USPATFULL. USPAT2 contains full text
of the latest US publications, starting in 2001, for the inventions
covered in USPATFULL. USPATFULL contains full text of the original
published US patents from 1971 te date and the original applications
from 2001. In addition, a USPATFULL record for an invention contains

a complete list of publications that may be searched in standard
search fields, e.g., /PN, /PK, etc.

USPATFULL and USPAT2 can he accessed and searched together through
the new cluster USPATALL. Type FILE USPATALL to enter this cluster.

Use USPATALL when searching terms such as patent assignees,
classifications, or claims, that may potentially change from the
earliest ta the latest publication.

FILE REGISTRY

Property values tagged with IC are from the ZIC/VINITI data file
provided by InfocChem.

STRUCTURE FILE UPDATES: 4 JAN 2006 HIGHEST RN §71209-00-6
DICTIGNARY FILE UPDATES: 4 JAN 2006 HIGHEST RN 871209-00-6

New CAS Information Use Policies, enter HELP USAGETERMS for details.

TSCA INFORMATION NOW CURRENT THROUGH JULY 14, 205

Please note that search-term pricing does apply when
conducting SmartSELECT searches.

AEEEEREEAE REE EKEHAWAR EMEA HME EEAR KEE EKA EES
* *

* The CA roles and document type information have been removed from *
* the IDE default display format and the ED field has been added, *
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»

=>

Ll

L2

L3

L4

LS

L6é
L?

L8
L3
L106
Lil

Liz
L13
L14

L15
L16
L17
L18
L13
L20

 

* effective March 20, 2005. A new display format, IDERL, is now *
* available and contains the CA role and document type information. ** +

RHEE CECE EEAAAREERE RETAKE ERE EREREREREKERAAHEEANEKREAAAER

Structure search iteration limits have been increased. See HELP SLIMITS
for details.

REGISTRY includes numerically searchable data for experimental and
predicted properties as well as tags indicating availability of
experimental property data in the original document. Fer information
on property searching in REGISTRY, refer to:

http: //www.cas.org/ONLINE/UG/regprops . html

his

{FILE 'HOME' ENTERED AT 13:53:28 ON 05 JAN 2006}

FILE ‘STNGUIDE' ENTERED AT 13:53:36 ON 05 JAN 2006

FILE 'HOME' ENTERED AT 13:53:40 ON O05 JAN 2006

FILE 'ADISCTI, ADISINSIGHT, ADISNEWS, BIOSIS, BIOTECHNO, CAPLUS, DDFB,
DGENE, DISSABS, DRUGB, DRUGMONOG2, DRUGU, EMBAL, EMBASE, ESBIOBASE,

IFIPAT, IMSDRUGNEWS, IMSPRODUCT, IPA, JICST-EPLUS, KOSMET, LIFESCI,
MEDLINE, NAPRALERT, NLDB, NUTRACEUT, PASCAL, ...' ENTERED AT 13:53:49 ON
05 JAN 2006

2 5 565453-99-8/RN
2 DUP REM Ll (0 DUPLICATES REMOVED)

2 5 565453-98-7/RN

 
FILE 'REGISTRY' ENTERED AT 13:55:46 ON 05 JAN 2006

1 S VALSARTAN/CN

FILE 'USPATFULL' ENTERED AT 13:56:18 ON 05 JAN 2006
227 S L4

114 S LS AND (CARDIOVASCULAR AND HYPERTENSION}

0 S Lé AND VARSARTAN/AB
0 S L6é AND VARSARTAN

11 S L6é AND VALSARTAN/AB
3 S LO AND PD<2003

25 S VALSARTAN/AB
1 S Ll AND {CARDIOVASCULAR OR HYPERTENSION) /AB

33 S$ LS AND {VALSARTAN (P) HYPERTENSION)

33 DUP REM L13 (0 DUPLICATES REMOVED)
33 5 Ll4

3 5 L1l4 AND PD<2002

16 S VALSARTAN/TI
1S L117 AND PD«<2002

1 S$ L18 AND HYPERTENSION
0 S L193 AND CARDIOVASCULAR
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L4 ANSWER 1 OF 1 REGISTRY COPYRIGHT 2006 ACS on STN
RN 137862-53-4 REGISTRY
ED Entered STN: 13 Dec 1991

CN L-Valine, N-(l-oxopentyl)-N-[[2'-(l1H-tetrazol-5-yl) [1,1'-biphenyl] -4-
yl]methyl]- (9CI}) (CA INDEX NAME}

OTHER NAMES:

CN CGP 49933
CN Diovan

CN Nisis

CN Tareg
CN Valsartan
FS STEREOS EARCH
DR 186597-74-0
MF C24 H29 N5 03
cl COM

SR CA

LC STN Files: ADISINSIGHT, ADISNEWS, AGRICOLA, ANABSTR, BIOBUSINESS,
BIOSIS, BIOTECHNO, CA, CANCERLIT, CAPLUS, CASREACT, CBNE, CEN, CHEMCATS,
CIN, DDFU, DIOGENES, DRUGU, EMBASE, IMSDRUGNEWS, IMSPATENTS,
IMSRESEARCH, IPA, MEDLINE, MRCK*, PATDPASPC, PHAR, PROMT, PROUSDDR, BS,

RTECS*, SCISEARCH, SYNTHLINE, TOXCENTER, USAN, USPAT2Z, USPATFULL
{(*File contains numerically searchable property data)

Absolute stereochemistry.

**PROPERTY DATA AVAILASLE IN THE 'PROP' FORMAT**

815 REFERENCES IN FILE CA (1907 TO DATE}
10 REFERENCES TO NON-SPECIFIC DERIVATIVES IN FILE CA

821 REFERENCES IN FILE CAPLUS (1907 TO DATE)
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L19 ANSWER 1 OF 1 USPATFULL on STN

AN 2001:162871 USPATFULL

TI Solid oral dosage forms of valsartan
IN Wagner, Robert Frank, Neshanic Station, NJ, United States

Katakuse, Yoshimitsu, Hirakata, Japan
Taike, Takashi, Kobe, Japan
Yamato, Fujiki, Takarazuka, Japan
Kohlmeyer, Manfred, Basel, Switzerland

PA Novartis AG, Basel, Switzerland (non-U.S. corporation)
PI US 6294197 Bl 20010925 <--

WO 9749394 19971231

Al US 1999-202805 19990507 (9}
WO 1997-EP3172 19970618

19990507 PCT 371 date

19990507 PCT 102{e) date
PRAT GE 1996-13470 19960627

DT Utility
FS GRANTED

EXNAM Primary Examiner: Page, Thurman K.; Assistant Examiner: Di Nola-Baron,
Liliana

LREP Tso, Diane P.
CLMN Number of Claims: 53

ECL Exemplary Claim: 1]
DRWN No Drawings
LN.CNT 687

CAS INDEXING IS AVAILABLE FOR THIS PATENT.

TI Solid oral dosage forms of valsartan
PI US 6294197 Bl 20010925 go

WO 9749394 19971231

SUMM age, 5ex or race and is also well tolerated. Its combination
with HCTZ is also known for the treatment of hypertension.

SUMM mg with hydrochlorothiazide in a dose range from about 6 to 60
mq, is Suitable for more efficient treatment of hypertension.
With these dose ranges of the combined active agents, valsartan is found
to have 4a greater efficacy in reducing elevated.

SUM Hydrochlorothiazide is a known therapeutic agent which 18 useful in the
treatment of hypertension.

SUMM blood pressure, either systolic or diastolic or both. The
conditions for which the instant invention is useful include, without
limitation, hypertension {whether of the malignant, essential,
reno-vascular, diabetic, isoqlated systolic, or other secondary type),
congestive heart failure, angina (whether stable or.

CLM What is claimed is:

26. A method of treating hypertension, congestive heart
failure, angina, myocardial infarction, arteriosclerosis, diabetic
nephropathy, diabetic cardiac myopathy, renal insufficiency, peripheral
vascular disease, left ventricular hypertrophy, .
37. A method of treating hypertension, congestive heart
failure, angina, myocardial infarction, arteriosclerosis, diabetic
nephropathy, diabetic cardiac myopathy, renal insufficiency, peripheral
vascular disease, stroke, left ventricular.
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L3

TI
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AB

TR

ANSWER 171 OF 177 PROMT COPYRIGHT 2006 Gale Group on STN

96:59745 PROMT

Making the next choice easier
Introduced new cardiovascular drug called Lotrel
Med Ad News, {1 Jan 1996} pp. 3.
ISSN: 0745-0907.

English
1083

*PFULL TEXT IS AVAILABLE IN THE ALL FORMAT*

Lotrel, a combination of amlodipine and benazepril, is indicated as
second-line therapy for hypertension. Amlodipine already is on
the market as the single-ingredient calcium channel blocker Norvasc,
marketed by Pfizer Inc. Benazepril already is. .
Lotrel, a combination of amlodipine and benazepril, is indicated as
second-line therapy for hypertension. Amlodipine already is on
the market as the single-ingredient calcium channel blocker Norvasc,
marketed by Pfizer Inc. Benazepril already is. .
About 50 million Americans have hypertension. Of those treated,
half are prescribed either a calcium channel blocker or an ACE inhibitor.
Despite the proven efficacy of.
Lotrel is the first calcium channel blocker and ACE inhibitor combination
therapy for the treatment of hypertension. This could change
relatively soon, however. At least two pharmaceutical companies, Merck &
Co. Inc. and Hoechst Marion Roussel Inc.

A new drug application was filed with requlatory authorities Dec. 31,
1994, for an indication 48 a second-line therapy to treat
hypertension.
Mr. .  . . is referring to a new Ciba product ready for filing. A new
draq application for an angiotensin-II antagonist, brand named
Valsartan, is being prepared. Phase III clinical trials of the
product, aS a treatment for hypertension, have been completed.
Indication: Second-line, cambination treatment of hypertension
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LS ANSWER 1 OF 4 CAPLUS COPYRIGHT 2005 ACS on STW
AN 2003:570812 CAPLUS
DN 139:138733

TI Pharmaceutical compositions comprising valsartan and neutral endopeptidase
inhibitors

IN Webb, Randy Lee; Ksander, Gary Michael
PA Novartis A.-G., Switz.; Novartis Pharma G.m.b.H.

SO PCT Int. Appl., 31 pp.
CODEN: PIXXD2

DT Patent

LA English
FAN .CNT 1

PATENT NO. KIND DATE APPLICATION NO. DATE

PI WO 2003059345 Al 20030724 WO 2003-EP415 20030116

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LT, LU,
LV, MA, MD, MK, MN, MX, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SE,
SG, SK, TJ, TM, TN, TR, TT, UA, US, UZ, VC, VN, YU, ZA, ZW

RW: AM, AZ, BY, KG, KZ, MD, RU, TJ, TM, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI,
SK, TR

US 2003144215 Al 20030731 US 2003-2341868 20030114
CA 2472399 AA 20030724 CA 2003-2472399 20030116
EP 1467728 Al 200410206 EP 2003-704413 20030116

R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT,
IE, SI, LT, LV, FI, RO, MK, CY, AL, TR, BG, CZ, EE, HU, SK

BR 2003006907 A 20041221 BR 2003-6907 20030116

JP 2005514441 T2 20050519 JP 2003-559507 20030116
2A 2004005117 A 20050622 ZA 2004-5117 20040628
NO 2004003380 A 20041007 NO 2004-3380 20040813

PRAT US 2002-349660P P 200260177

US 2002-366792P P 20020607
WO 2003-HP415 W 20030176

RE.CNT 6 THERE ARE 6 CITED REFERENCES AVAILABLE FOR THIS RECORD
ALL CITATIONS AVAILABLE IN THE RE FORMAT

IT 1607-95-39, B-Alanine 36357-77-4, Phosphoramidon 76721-89-6,
Thiorphan 82154-09-4, retro-Thiorphan 83861-02-3 100845-83-4,
5028603 105262-04-2 118406-23-06 122222-44-0, SQ 29072 123122-55-4
123898-42-0 123984-67-8 123985-34-2 123985-36-4 129053-37-4
133153-38-5 135925-65-4 137613-73-1 139994-51-7 139994-+-53-9
144505-58-8 144933-39-1 145707-85-4 145775-14-0 145841-10-7

149705-07-7? 149709-62-6 150055-94-06 153037-29-7
154116-31-1 158894-60-1 161952-07-4 565453-590-9 565453-91-0
565453-92-1 565453-93-2 565453-94-3 565453-95-4 565453-96-5

565453-97-6 565453-9B8-7 565453-99-8

RL: PEP {Physical, engineering or chemical process); PYP (Physical
process); THU (Therapeutic use}; BIOL (Biological study}; PROC (Process);
USES (Uses}

(pharmaceutical compns. comprising valsartan and neutral endopeptidase
inhibitors)

L5 ANSWER 2 OF 4 USPATFULL on STW
AN 2003:207854 USPATFULL

TI Methods of treatment and pharmaceutical composition
IN Ksander, Gary Michael, Amherst, NH, UNITED STATES

Webb, Randy Lee, Flemington, NJ, UNITED STATES
PI US 2003144215 Al 200360731

Al US 2003-3415868 Al 20030114 (10)
PRAT US 2002-386792P 2002C607 (60)

US 2002-349860P 20020117 (60)

DT Utility
FS APPLICATION

LREP THOMAS HOXIE, NOVARTIS, CORPORATE INTELLECTUAL PROPERTY, ONE HEALTH
PLAZA 430/2, EAST HANOVER, NJ, 07936-1080
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CLMN Number of Claims: 11

ECL Exemplary Claim: 1
DRWN No Drawings
LN.CNT 946
CAS INDEXING IS AVAILABLE FOR THIS PATENT.

IT 107-95-9, f-Alanine 36357-77-4, Phosphoramidon 76721-89-6,
Thiorphan 82154-09-4, retro-Thiorphan B3861-02-3 100045-83-8,
5028603 105262-04-2 115406-23-0 122222-44-0, SQ 29072 123122-55-4
123898-42-0 123984-67-8 123985-34-2 123985-36-4 125132-63-0
129093-37-4 133153-38-5 135925-65-4 137613-73-1 139994-51-7

139994-53-9 144505-58-8 144933-39-1 145707-85-3 145775-14-0
145841-10-7 149705-07-7 150055-94-9 153037-29-7 154116-31-1

158894-60-1 161952-07-4 565453-90-9 565453-91-0 565453-92-1
565453-93-2 565453-94-3 565453-95-4 565453-96-5 565453-97-6
565453-98-7 565453-99-8

(pharmaceutical compns. comprising valsartan and neutral endopeptidase
inhibitors)

LS ANSWER 3 OF 4 USPATFULL on STN
AN 94:88833 USPATFULL

TI Biaryl substituted 4-amino-butyric acid amides
IN Ksander, Gary, Milford, NJ, United States
PA Ciba-Geigy Corporation, Ardsley, NY, United States (U.S. corporation)
PI US 5354892 19941011

AI US 1993-8031 19930125 (8)
DCD 20100608

RLI Continuation af Ser. No. US 1992-824132, filed on 22 Jan 1992, naw
patented, Pat. No. US 5217996

DT Utility
FS Granted

EXNAM Primary Examiner: Dees, Jose G.; Assistant Examiner: Frazier, Barbara S$.
LREP Gruenfeld, Norbert
CLMN Number of Claims: 10

ECL Exemplary Claim: 1
DRWN No Drawings
LN.CNT 123%

CAS INDEXING IS AVAILABLE FOR THIS PATENT.

iT 128779-47-5P 149690-12-0F 149690-13-1P 149709-56-8P 149709-57-9P
149709-58-0P 149709-59-1B 149709-60-4P 149709-61-S5P
149705-62-6P 149709-63-7F 149818-98-4P

(preparation and reaction of, preparation of neutral endopeptidase inhibitors}

L5 ANSWER 4 OF 4 CAPLUS COPYRIGHT 2005 ACS on STN DUPLICATE 1
AN 1993:670810 CAPLUS
DN 119:270810

TI Preparation cf biaryl substituted 4-amino-butyric acid amides
IN Ksander, Gary
PA Ciba-Geigy Corp., USA
50 U.S., 13 pp.

CODEN: USXXAM
DT Patent

LA English
FAN.CNT 1

PATENT NO. KIND DATE APPLICATION NO. DATE

PI US 5217996 A 19930608 US 1992-§24132 19920122
EP 555175 Al 19930811 EP 1993-810016 19930113

R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LI, LU, Nb, PT, SE
AU 9331842 Al 19930729 AU 1993-31842 19930115
AU 666902 B2 19960229

JP 05310664 Aa 19931122 JP 1993-5908 19930118

CA 2087652 AA 19930723 CA 1993-2087652 19930120
2A 9300421 A 19930722 ZA 1993-421 19930121
NO 9300193 A 19930723 NO 1993-193 19930121
HU 63376 AZ 19930830 HU 1993-166 19939121
US 5354892 A 19941011 US 1993-8031 19930125

PRAI US 1992-824132 A 19920122
Os MARPAT 119:270810
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