8

 1-(2,4,6-trimethylbenzoyloxy)ethyl, pivaloyloxymethyl,_phenéthyl,-

phenpropyl, 2,2,2-trifluorcethyl, 1- or 2-naphthyl,
2,4~dimethylphenyl, Aft-hutylphenyl énd S-indanyl.'

0f these a.particularly preferred biolabile_esterfforﬁing
group is 5-indanyl.

Compoun&s:dffthe_formtlae'(I}“&ﬁﬁ-(tl)ﬂwh&reinnone or both of

R and R are C -C, alkyl, particularly ethyl, or beozyl, are also

active by virtve of their hydrolysis ig_vivo,-and, in'addition,
are valuable intermediates for the preparation of the diacids
wherein R and R4 are both H.

Particular examples of compounds of the formula (I) vwherein X

"is a bridged cyclic greoup include compounds wherein X is a group

of the formula:-

CO.R ' CO.R

The above grdups méy be 2,5- or 2,6-linked, each attachment

being of either endo or oxo stereocbemistry._
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Exampies of compeunds wherein X is a bicyelic group include

"in particular compounds wherein X is a group of the formula:

The group RS is preferably 02hcd alkyl, 02—04 alkenyl, C2—C$

alkynyl, C5-06 cyc;palkyl, CS--C6 eycloalkenyl, Cl—cé_

alkylsulphonamido, or tetrahydrofuranyl or wherein R5 is Cl—C3

alkyl susbtituted by Cl~ alkoxy, C alkoxy(Cz—C4 alkexy),

€3 1%
C3—06 cyclealkyl, 4—pyridy1, 2—imidaquyl, CZ_C4 alkanoyl, 02-04
alkoxycarbonylamino, Cl-C4 alkylsulphonyl, 01-04 alkyl-
sulphonamido, arylsulphonamido, heteroarylsulphonamido er
benzoylamino. Thus Partiﬁular and preferfed examples of RS
inciude_methoxyethyl, 2-methoxyethoxymethyl, A;aminobutyl apd_
ﬁ-methylsulphonylethyl. |

: Particularly ﬁreferfed individuﬁl compounds cof the invention
include };{}—[6-endo—ca;box$bicyclo[2,2,2]octane—2¥exo-

. carbamoyl]—cyclopentylg ;é-(meethoxyethyl)propanoic acid and
Bf{:1—{6—endo—cérboxybicyclo{2,2,2}ottane—z-exo—carbamqyl]—
cyclppentyi} —2-(Z-methoxyethcxymethyl)prﬁpanoic acid, especially
the dextrofotatory diasteréoisomer of the latter compound wherein

~ the bridged cyclic group X is resolved.
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The compounds of formula (1) are preparedlby a number of
different processes. The basic. procedure involves coupllng a
partially protected spiro-substituted glutaric acid derivative
to an amine to give the desired glutaramide. The carboxylic acld
group.in the amine, if free, or any reactive groups in;RS, may
require protection during the coupling step and-éﬁdﬂ-protectfng
groups are removed in the final stage of the process. |

The synthetic route is illustrated in scheme 1 wherein A, is

1
as prevlously defined, Rs is as defined for R5 with any reactive

14

group therein protected if necessary, x)- COZR is as deflned for

14

X except that R4 is =, and R13 and_Rl4 are as deflned for R and

84 excluding H, or they are conventional carboxylic acid

protecting groups: .

Scheme 1

A 1
%R

C

( o
PN ot

5

CHCE, COH + HN- (x) 00211
(III) : . {IV)
| e

o
CECH,, / \CONH—{X’}-CU R14

R\.
. / o

l
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: Thé réactionjof the compounds of formula (III} and (IV) is
achiéved using conventional.amide coupling techniqueé. Thus in
one process the reaétioﬁ is achieved with the reattants dissolved
in an organic solvent, e.g. dichldrometﬁape,_using a carbodiimide.
condensing aggnt, for example'l-ethy1-3-(dimethyiaminopropyl)—
céfbodiimide, or N,N'—dicyclohexylcarbodiimide, advantageously in
Ithe presence of I-hydroxybenzotriazblé and aﬁ organic base such as.
N—ﬁepﬁylmorpholinet The reaction 15 genetally complete after a
period of_frﬁm 12 to 24 hours-at rooﬁ temperature and the pfoduct
is then isoiated by conventional procedures, i.e. By_washipg witﬁ
ﬁater”or'filtrétionlto remoﬁe tHe urea bipreoduct and evaporation _
éf thé solvent, The producf may be further purified by |

crystallisation or chromatography, if necessary. The compounds of

.formula &' inélude'compouuds of formula (I) wherein R and Ré are

01—86 alkyl or benzyl.

In some cases the_coupled.product, in protected form, way be
subjected to conventional chemical transformation reactions to
allow ﬁfeparation’bf further cowpounds of formula (V). Thus_for
ex#mple compounds of formula (V):wherein RS"is a brﬁmoalkyl group
may be reacted wifh soaium azide and the ﬁrcduct reduced by
catalytié hydrogenation to yield_the corresponding derivative

wherein RS is aminoalkyl. Similariy oxidation of compounds

hwerein RS contains a suiphide'group yields the correéponding

sulphoxide or sulphone derivative. Such transformatilons are

entirely conventional and appropriate conditions and reagents for

_their performance will be well known to those skilled in the art

as will other variations and possibilities.

The diesters of formula (V) may be further reacted to give

the monoester BROMONPHARMA LB (%B&%ngfﬂ)l%%}@}ﬁ 4kl 2zp- 604



both H. Alternatively if ome of R~” and R

12
both of R and Ra.are H. The conditions used will dépend qn'the'

precise nature of the groups RJ‘-3 and 814 present in the compound

. of formula (V) and a number of variations are possible; Thus for

13

example when both of R~ and Rl4 are benzyl, hydrogenation'of the

product will yield the diacid of formula (I) wherein R and R4 are

. :
3 1&-13 benzyl and the

other is alkyl, hydrogenation will yield a monoester product;
This can then be hydrolysed, if desired, to again yield the diacid

product. When one of R13 and Rl4 is't-bﬁtyl, treatment of the

~ compound of formula (V) with trifluoroacetic acid yields the

13 14

corresponding acid. The diester product wherein R~ and R™  are

_Benzyl or lower alkyl can also be treated with trimethyisilyl

ipdide to produce the dicarboxylic acid pxoduct.__If some other
carboxylic acid frotecﬁipg-group is used for R13 or R14 then
clearly apbropriate conditions for its removal must be emﬁlofed in
the final step fo give the ester or diacid product of formula (I).
In the case where the ring 4 or the substituent R5 is unsaturatéd,

the deprotection must be effected by non-reductive methods, thus

for example if either of R and R4 is benzyl, they may be removed

by treatment with trimethylsilyl iodide;

As an alternative to the above procedure the coupling

reaction is.performed with an aming of the formula:-

HZN-(X)—cgzoﬂ e (V1)
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The coupled product is deprotected as previocusly described

and the product is then oxidised, for example by stirring'with

platinum in the presence of oxygen, to yleld the corresponding

acid of formula (I).
As well as removing any protecting group which may be present
T . .
in R” , a number of chemical transformation reactions are possible

on the final mono-ester or diacid products as previdusly

describéd. In each case the product may be obtained as the free

. carboxylie acid or it may be neutralised ﬁith'an-appropriate base

and isolated in salt form.

Compounds of the formule (I) whereln one or both R and R4 is

.a biolabile ester forming groub.are prepared following similar

procedures to those described above. Thus, In one variant uf the

process outlined in Spheme 1; a compound of formula (IIT) wherein

13

R™" 15 a2 biolabile ester-forming group is coupled to the

appropriate compound of formula (IV), wherein Rl4 is a benzyl

group, and the product is hydroggnated to give the compound of
formula (I)'whefein R is a biolaﬁile ester;forming gfoup and R4 is
H. |

The amines of fofﬁula (IV) and (VI) aré in many cases novel
compounds but they may be preﬁared from known stafting materizals
by conventional synfhef&c procedures in accordance.ﬁith literature
precedents as 1llustrated in the Examples hereto. Thus for
example the corresponding hydrokyfsﬁbstituted bridged-cyelic
carboxyiate may be converted to tﬁe_amine by sulphonylaticen
followed-by aéide dispiacement and reduction, or a bicyelic
lactone may be reduced by treatment with lithium éluﬁinium hydride

and the resulting diol converted to an amincalcohol in a similar

fashion.  BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 606
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The starting spirq-substituted glutarie'scid msno esters of
formula.(III) may be prepsred-by a nsmber of processes as
described in European patent application 87310784.1.
As previously mentioned, the compounds of the invention are

potene inhibitors of the neutral endopeptidase (E.C.3.4.24.11).

This enzyme is involved in the breakdown of a number of peptide

hormones and, in particular we have discovered that it is involved
in the.breakdewn of atrial natriuretic factor (ANF).. This hormone
consists of a famiiy:of related natriuvretic peptidEs. secfeted by
the heart, of which the major eirculatlng form in humans is kncwn

to be the 28 awino-acid peptide referred to as & -hANP (see for

_example G. A. Sagnella and G. A. MacGreggor, Nature, 1984, 309,

666 and 5. A, Atlas and others, Nature, 1984, 309 ?17~725)

Thus, the compounds of the invention by preventing the
degradation of ANF, by endopeptidase E.C.3.4.24.11 can potentiate
its biclogicsl.effeets and the compounds.are thus disrefic and

natriuvretic agents of utility in a number of disorders as

previcusly described.

Activity against neutral endopeptidase E.C.3.4,24.11 15

assessed using a procedure based on the assay described by J. T.

Gafford, R. A. Skidgel, E. G. Erdos and L. B. Hersh, Biochemistry,

1983, 32, 3265-3271. The method involves determining the

concentration of compound required to reduce by 507 the rate of

release of radiclabelled hippuric acid from hippuryl-L-
pﬁenylalanyl—L—ergimiue by a neutral endopeptidase'preparatioﬁ

from rat kidney..
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The activity of the compounds as diuretic agents is
determined_by measuring their-ability to increase urine output and

sodium ion excretion in saline loaded conscious mice. In this

test, male mice (Charles River CD1, 22-28 g) are acclimatised and
Etarved ome:nighrhin,mErabnwls...Ihe”mige;aremdpsed,iﬁtnaVenpusly

via the' tail vein; with the test compound disgsolved in a volume of

saline solution equivalent to 2.5% of body weight. Urine samples
ere collected each hour for two hoers-in:prefweighea tubes_and
analysed for'eiectrolfte concentsation. Urine volume asd sodium
ion concentration from the test animals are compared to a cbntiol
group which received.only saline.

For admihistration_to san_in the curative or prophylactic
treatment of hypertension, congestive heart failuse or renal

insufficiency, oral dosages of the compounds will generally be in

‘the range of from 10-1500 mg daily for an average adult patient

(70 kg). Thus for a typical adult patient, individual tablets or

capsules contain from 2 to 300 mg of active compound, in a
su1table pharmaceutically acceptable vehicle or carrier for
administration singly, or in multiple doses, once or several times

a day. Dosages fer intravenOus administration would typicaliy be

within the range 5 teo 500 mg per single dose as required. Io

"

- practice the physician will determine the actual dosage which will

_be most sultable for an individual patient and it will vary with

the age, weight and response of the particular patient. The above

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 608
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dosages are exemplary of the average case but there can, of

" course, be individual instances where higher or lower dosage

ranges are merited, and such are within the scope of this
invention.

For human use, the compounds of the formula (I) can be
admﬁgistéred glone,. but will generally be.adminisxgred in
admiiture with a fharmaceutical carrier selected with regafd to
the iﬁtended route of administration and standard pharmaceufical
practice. TFor example, they may_be.adﬁinistered orally in the

form of tablets containing such excipients as starch or ;actose,

or in capsules or ovules either alone or in admixture with

exclpients, or in the form of elixirs or suspensions containing -

flavouring or colouring agents. They may be injected

parenterally, for example, intravenously, intramuscularly or

subcutaneously. For parehteral administrétion,:they are best used
in the form of a sterile aqueous solution which may contain other
substances, for example, enough salts or glucose to make.;he
solution isotonic with blood.

The compounds méy be administered alone but may also be

administered together with such other agents as the-physiciah-

shall direct to optimise control of blood pressure or to treat

congestive heart failure, renal insufficiency or other disorders

in any particular patient in accordance with established medical

'practice. Thus the compounds can be co-aduinistered with a

variety of cardiovascular agents, for example with an ACE
inhibiter such as captopril or enalapril to facilitate the control

of blood pressure in treatment of hypertension; or with dlgltali

. or another cardiac stlmulant or with an ACE 1nh1b1tor, for the

. treatment of congestlve heart failure., Other possibilities
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inciudé_cb—administration ﬁith a calcium antagonist (e.g.
nifedipine or diltiazem) a beta-blocker (e.g. atenoiol) or an
alphéfblocker (e.g. prazosin) as shall be determined by the
physician as appropriate for the treatment of the particular
patient.ur condition involved.

In addition to the above, the compounds may also be
administered in conjunction with exogenous ANF,_or a derivative
thereof or related peptide or ﬁepfide fragment having
.diuretic{natfiuretic activity or witﬁ other ANF-gene related
:peptides (é.g.'as described by D, L._?esely et al,.Biochem.
Biopﬁys.'Res. Comm., 1987, 143, 186).
| Thus in & further aspeét.the invention provides a
pharmaceutical composifion comﬁrising a compoﬁnd of the formula
(1) or (II), or a pharmaceutibally acceptable salt thereof or
“bicprecursor therefor, together with é pharmaceutically acceptable.
diluent or carrier. | |

:The.invention aiso includes a compbupds of the formula (I} or
(11), or a pharmaceutically accepfable salt thereof.or
Bioprecﬁrsor.therefOr._for use iu.medicine;:in particular in the-
treatment of hyperteasion, congestivé heart failure or renal
insuffiéiency in.a human being.

.'The preparation bf\the compounds of the invention and of
intermediates fér uée in their preparation is illustra;ed by the
follqwing Examples.. |

Pufity of compounds was routinely monitored by thin layer
éhromatographj. _IH-N.M,R; spectra of all products were recorded
using a Nicdlef QE 300 specfrometer and were in éli ¢éses
consistent with the proposed structures.
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EXAMPLE 1

' Methfl 6-exo-aminobicyclo[2,2,2]octane—2-endo-carboxylate

hydrochloride
.(a) A solution of 6~endo~hydroxybicyclo[2,2,2]octane42—endo-

carboleic acid lactone {7.65 g; 50.3 mmole) in dioxan (100 ml)

" and 1N sodiumb hyarﬂkiﬁe (200 ml) was &Ilowed‘to_stéﬁﬁ“at”rbam

temperaturé'overnight. Most of the solvent was evaporated under

reduced pressure at 40°C, and the residue was acidified to PH 5
with concentrated hydrochleric acid with ice cooling. The
prgcipitate was collected by filtration and washed with water, to
give Gﬁggggfhydroxybicfclo[2,2,éjoctane—Efggggréarbbxylic acid as
a white sﬁlid (6.9_g, 802), m.p. 125-125.5‘0. o | |

| (b) Cesium carbenate (7.88 g; 24.2.mmole5 in water tSO'mi)

was added to the above carboxylic acid (8.24 g; 48.4 mmole) in a

- 1:1 mixture of methanol and water (40 ml). The resulting clear

solution was evaporated to dryness under vacuum, and fhe residue
was dried azeotropiﬁally with toluene giving the cesivm salt as a
white solid. Methyl iodide (5 ml; 81 mmole) was added at room
temperature.to-a stirred suspension of the cesium éalt in dfy
dimethylfcrﬁamide (40.m1). Water was added after 2.5 hours and

the suspension was extracted with ethyl acetate. The combined

extracts were washed with water, dried (MgSOa) and evaporatéd to

give an oil (8.8 g) which sclidified on standing.

Recrystallisation from hexane gave methyl 6-endo-hydroxybieyeclo-

[2,2,2]octane~2-endo~carboxylate as a whiie solid (7.52 g, 84Z),

m.p. 46-46.5°C. Found: C,65.09; H,8.83. C requires

10716%3
€,65.19; H,8.75%.
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(¢) The above ester (7.11 g: 38.6 mmole) was added to an ice
coid 901ut10n of.é—methylbénzenesulphbnylchloride (11.04 g; |
58 m@ole) in dry pyéidine (40 wl). After 0.5 hours the solution
w#s allowed to warm to room temperature and, after standiﬁg :
overnight, the solvent-was-e&aporated undér vacuum. The residue
was partitioned héfween ethyl acetate and water, and the ofganic

phése was washed in succession with 2¥ hydrochloric acid, water,

_ saturated aqueous sodium bicarbonate solution and water. nying

(MgSOA),_followed by evaporaticn'of_the solvent and

‘recrystallisation from ethyl acetate-hexane'gave methyl 6~endo-

(4fmethy1benzenesu1phonyloxy)bicyélo[2,2,2]octanef2—endo—

carboxylate as a white solid (11.65 g; 89%), w.p. 101-101.5°C.

Found: C,60.29; H,6.57. S requires C,60,33; H,6.55%.

C17%2205
{(d) The above 4fmethy15enzenesulphonate (11.77 g, 34.8
mmole) was stirred uﬁder nitrogen with sodium azide (10 g; 150
mwole) in dry dimethylformamide (30 ml) for five days at 75°C.
Most of the solvent was evaporated undér vacuum keepiﬁg the

temperature below 30°C., The residue was partitioned between ethyl

acetste and water and the organic extract washed with water.

Drying (HgSO4) and evaporation of the solvent gave an oil which

was chrowmatographed on silica. Elutibn with ethyl.acetate, hexané
{1:1) gave methyi—ﬁfgzg;azidobicyclo[2,2,2]octéne-2—gggg— |
carboxylate aé an oll (4.28 g, 597) contaminated with )
approximately 10% 6f methyl bicyéloIZ,Z,2]oct—5—ene—2fgﬁgg

o

carboxylate.
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fe) The azide of example 1{d) above (3.2 g) iﬁ methanol
(30 wl) was hydrogenated over 10% palladium on chércoal catalyst
(300 mg} at room temperatﬁrg and.50'p.s.i. (3.45 bar). Aftér'fi;e
hours the mixture was filtered and evaporated to dryness. The
residue was chromatdgraphed on silica, eiuting witﬁ a mixture of .
dichloromethane and methanol (%6i2j fuilowed by:ﬁidhioromethéne,
'methanol, 0.88 aqueous amménia {94:5:1) to afford-the reéuired.
amine as an oil. An etherial solution of the froduct was treated
with 4N HC1 in dioxan to give the title hydrochloride which was
isolated as a white solid.(Z.SS g) after recrystallisation from
methanol-diethylether, .m.p. 200;202°C, Found: C,54.13; H,8.47;

N,6.17. C..H._NO_.HCl, 0.1 H

10717V 2OII_r_equires C,54.21; H,8.28B; N,6.32%Z.

EXAMPLE 2

Methyl—ﬁ—exo-aminobicyclo[2,2,2]octanemz-exo—carboxy]ate

‘hydrochloride _

(a) .ﬁiethyl diazocafboxylate (0.63 ml, 4 mmole) and
diﬁhenylphﬁrylaéide (0.86'mi;'4 mmole) were added simultaneously .
to an ice cold stirred solution of methyl Gfgggérﬁydroxybicyclo-”
[2,2,2]oc?ane—ngzgfcérboxylate (510 mg; 2.8 wmole) and triﬁhenyi
phosphiné (1.05 g; 4 mmole} in dry tetrahydrofﬁran under nitrogen.
After three hours the mi#&ure was absorbed ontoISilica. Elution_

.with a mixture of diethyl ethef and hexane_(Z:S) gave crude
.ﬁroduc: which was rechromatographed eluting with diethyl_ethef_énd
hexane (1:9). The required methyl 6-exo-azidobicyelol2,2,2]-
octane— figﬁgfcarbpxylate was obtained as a clear liquid (400 mg,.'

69%). IR (film) 2100 cm .
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(b) The azide (390 mg, 1.87 mmole) from part (b) above was
reduced following the procéduré deseribed in Example 1{e). Thé
hydrnéhlofide salt was recrystallised from a nmixture of methylene
cﬁloride and diethyl ether to give methyl 6-exo-aminobicyclo-
[2,2,2]ocganejngggfcarboxylafe hydrochloridé 86 & whitg solid
(270 mg, 66%) m.p. 216-218°C. Found: C,54.44: H,B.63; N,6.32.

C1°H17N02.H01 reqqires c,54.67; H,8.26; N,6.37%.

EXAMPLE 3

Methyi S—endo-aminobicyclo[Z.2,2]octaﬁe-Z—endo-carboxyléte

hydrochloride .

(a) Methyl 5-endo and'S—exofhydrokybicyclo[2,2,2}octane-

2-endo-carboxylate

Sodium.bbrohydride (824 wmg; 21.8 ﬁmole) was added te an ice
cold stirred solution of methyl 5—oxobicyclo[2,2,21ﬁctane—2—
'_ggggfcarboxylate (7.94 g3 43;6 mmole) in methanol (80 ml). After

2 hours the ﬁixture was acldified to PE 4 with ZN hydfochloric
acid and evaporated to a small volume undef vacuum., The residue
was partitioned between.diethyl etﬁer and water. The organic
.phase wés washed.in sﬁcqession with 2N hydrochloric acid, water,
séturatéd-aqueous sodium biéarbonate and_water. Drying (Mgsoa)'
and evaporation gave a érude mixture of isomers as a yeilbw oil
(7.45 g). t.l.c. (silica; iso-propanocl- methylgne chloride (1:9)})
Rf. 0.58 and 0.62. .Chromatography on silica and eluting with
diethyl ether and methylene chloride (1:9) gave an initial
fraction (2.6.g), shown by g.l.c. to be 96% pure 5-endo isomer.

Ly womr. (cDCL,) $3.80 (w B-C5), 3.72 (s CO,CH,). Following a
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mixed fraction; a third fraction (1.64 g) was obfained which was

shown by g.l.c. to be 94% pure 5-exo isomer.lH-N;M.R.'(CDCla)é;

3.99 (m, H-C5) 3.68 (s, —CO,CH,).

(b) The ngﬁgjiscmer from part (a) above (1.95 g;.10.58
mmole} was treated with 4-methylbenzenesulphonyl chloride in
pyridiné as d&f;r&béd in Paczple-M{c}: The cfudﬁlproductlwas
chromatographed on éilica, eluting with diethyl ether.and héxane
(4}6) to give rethyl ngggf(4-methylhenzeﬁesu1phonyloxy)ﬁicyclo—
[2,2,2]0ctane-21§2gg.carboxylate as an oil (3.21 g, 90%). found:

€,60.29; H,6.53%. S requires C,60.33; H,6.55%.

€17822%
{(c) The above 5-exo-methylbenzenesulphonate (3.18 g, 9.4
mmole) was stirred under nitrogen with sodium azide (3.05 g; 47

mmole) in dry dimethylformamide (10 ml) at 55°C for eighteen hours

" and then at 75°C for forty-eight hours. Work up as described in

Example 1(d) gave a paie yellow oil (1.95 g) which was
chromatographed on silieca. Elution with diethyl ether and hexané
(5:95) gave wmethyl nggggfazidobicfclo[Z,2,2]octane—2-endo
carboxylate as a clear liquid (950 mg; 48%). Found: C,S?.lS;

H,7.40;_N,20.22. 0, requires C,57.40; H,7.23; N,20.08%.

C10M15N3%

(d) The ébove azide (540 mg; 4.49 mmole) was reduced as
described in Example I(e). The érude.hydrochloride was
recryétallised from meghénolkdiethyl'ether tao givé the title aminé
as a vhite solid (430 mg, 44%), m.p. 156-7°C. Found: C,54.79;

H,8.36: N,6.37. CloH17N02;HC1 requires C,54.67; H,8.26; N,6.37%Z.
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EXAMPLE 4

'Mefhyl-S—exoéaminobiéyclo[2;2,2]octane-Z-endo—carboxylate

hydrechloride

(a) The ngggg-hydfoxy compound from Example 3(a) (3.1 g; -
16.82 mmoie) was treated with 4-methylbenzenesulphonyl chloride
(4.81 g; 25}2 mmole) in dry pyridine as described in Example I1(c).
The crude product was chromatographed on silica, eluting with
diethyl_ethe; and hexane (4:6) to give methyl—S—gndg}(ﬁ—méthYl—
5eﬁzenesulphoﬁyloxy)bicyclo[2,2,2]octéne—2fggggfcarboxylate as an

o1l (5.20 g, 91%). Found: €,60.29; H,6.54. S requires

€17%22%5
C,60.33; H,6.55%.

(b} The aﬁove S-endo-methylbenzenesulphonate (5.15 g; 15.2
mmolg) was stirred ﬁnder nitrogen with sodium aZidg (4.94 g; 76
pmole) in dry dimethylformamiﬁe (15 ml1) at 55°C for eighteen hours
. and thern at 75°C for thirty hours. Work up as described in
‘Example 1(d) gave a pale yellow liquid which was chromatographéd
on silica. Elution with dietﬁyl ether and hexane (5:95) gave
méthyl—sfgggfazidobicyéloI?,2,2]ocﬁane—Z-ggggfcarboxylate, as a
clear 1iquid (1.9 g, 61%). Found: C,57.17; H,7.26; N,20.02.
.C10H15N302 fequires C,57.40; H,f.23; N,20,08%,

(¢) The above aéide (1.9 g; 9.1 mﬂolg) was reduced as
described in Exampie 1(e;. The crude hydrdchioride ﬁas
recrystallised from ﬁethanol/diethyl'ether to givé the title amine

as a white solid (840 mg, 42%), m.p. 228-229°C. Found: C,54,.64;

" H,8.45; N,6,31. ClOHl?SOZ.HCI requires C,S&.G?; H,8f26; N,6.37%.
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EXAMPLE 5

1H-2B-Amino~2,3,3a0¢,4,5,6,7,7a0¢-octahydroindene-3ao¢~carboxylic

acid ethyi ester

(a) 2B-2-0Oxo0-1,3,3a0¢,4,5,6,7,7a0d-octahydroindene~3a o=

carboxylic acid ethyl ester (2.9 g; 13.8 mmole) [W. Dauben et al.,

J. Org. Chem., ¥§61, 26, 297) in tetrshydrofutan (30 ml) way dsged =

dropwise under nitrogen to a stirred 1M solution of lithium
trisiamylborohydride in tetrahydrofuran (15.2 wl; 15.2_mmole) at
-70 to -60°C. After two hours the mixture was allowed to warm to

ambient temperature and left to stand for eighteen hours. The

-mixture was then cooled to 10°C.  Water (1 ml), ethanol (3.&_m1j.

6N aqueous sodium hydroxide (2.3 ml) and 30% aqueous hydrogen

peroxide (3.4 ml) were added in succession. After five minutes

the aqueous phase was saturated with potassium carbonate, diethyl

ether and saturated sodium chloride solution were added and.the
organic layer was éeparated off, The aqqéous phase was
're—extfacted with diethyl efher and the combined extracts were
washed with water, dried.(MgSO4) and evaporated to give an oii
which was chromatogfaphed on silica. Gradient elution using

hexane and ethyl acetate (3:7 to 1:1) gave 1H—%p—hydtoxy-2,3,3&o(- '

. 4,5,6.?,7ao&roctahydrnfindene—3ac(rcarbonyl écid ethyl ester as an

oil (2.52 g; 86%). Found: C,67.70; H,9.67. C12H2003 requires
c,67.89; H,9,50%. -

(b} Diethyl azodicarﬁoxylate (2.47 nl; 15.?‘mmole)'iﬁ
tetrahydtofuran (15 ml) was added dropwise ﬁt 10°C to a_stirredﬁ

sclution of the hydfoxy aéid from part (a) (2.22 g; 10.5 mmole),

methyl 4-methylbenzenesulphonate (2.43; 13.1 mmole) and triphenyl
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phosphine (3.43 g; 13.1 mmole) in tetrahydrofuran (25 ml). After

stirring for 20 hours at ambient temperature, the zixture was

_evaporated to dryness, absorbed onto silica and chromatographed on

silica. Gradient elution starting from hexane and methylene
_chloride {(3:7) to neat méthylene chloride gave 1H-23<—(4-methyl—
benzensulphonyloxy)~2,3,3aa¢,4,5,6,7,?a°<roctahydroindene—3aa<;

carboxylic acid ethyl ester as a'clear 01l (2.01 g; 58%Z). TFound:

C,62.27; H,7.27. ClgHZGOSS.requ;res €c,62.27; H,7.15%.

(dj The product from part (b) above (1.99 g) was treated

 with sodium azide and reduced as described in Example 4 to give

" the crude amine which was chromatographed on silica. CGradient

elution with increasing proportions of e;hanol in methyléne:
chloride (0 to ZUZ) gave pure title product as an oil (770 mg; 62%

»0.5 RO

overall). Found: C,65.85; H,9.74; N,6,32. _CIZHZINOZ 9

requires C,65.42; H,10.07; N,6.36%.

EXAMPLE 6

3—};1-[6—éndo—methoxycarbonylbicyclof2,2,2]octane-2-exof
N

carbamoyl]cyclopentyl242—(2—methoxyethyl)propanoic acid benzyl

' ester

1~Ethyl—3—(S—dimefhylamiﬁopropyl)carbodiimide'hydrochloride

(958 mg; 5 mmole) was added to an ice cold stirred mixture of

3—(l—carboxycyélopéntjl)—2;(Z"NEthUxYEthyl)PfOPEUOiC acid benzyl
ester (836 mg; 2.5 mmole), methyl G;Egg—aminobicyCIOEZ,2,2]—
octéne—Z—gggg carboxylate hydrochloride (550 ug; 2.5 mmole),
l—hydroxybenzétrjazole.(33% mg; 2.5 mmole) and N—methylmorﬁholine

(834 mg; 8.25 mmole) in dry methylene chloride (10 ml). After 0.5
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hours the mixture was allowed to attain room temperature and

stirred for a further eighteen hours. The mixtuie_was dilutéd

with methylene chlcride, washed in succession with water, 1IN

.hydrochloric acid, saturated aqueous sodium bicarbonate and water,

and dried (Hgsoé). Evaporation gave an oil which_waé.
ch#bﬁatographsé'cn-sdii&a..~Elu&icr.with ethyl .roetate and hexane
(3:7) gave the title diester as a gum (1.08 g; 85%). Fbund:
c,69.42; H,8.29; N,2.7§. C29H41N96’ 0.11 CH3002§2H5 requires
c,69.71; H,8.27; N,2.80%,

EXAMPLE 7

E%—F]:{G—endo-carboxybiqycio[2,2,2]octane—Z—exo-carbamoyl]—

cyclqpquy%% ~2~(2~methoxyethyl)propanoic acid’

The diester from Example 6 (980 mg; 1.96 mmole) in methancol

(18 ml) and water (12 ml) was hydrogenated over 5% palladium on

charcoal catalyst (100 mg) at 50 p.é.i..(3.45 bar). After four
hours the mixture was fiitered throﬁgh avicel, washing with
methancl, and evaporated té dryness. The residue was partitidnéd
between diethyl etﬁer'and 1N sodium hydroxide (4 ml). The aquecus
phase was separated and the ether fhase was again'ext;actéd witﬁ
1R sodiﬁm hydroxide (4 ml). The combined aqueous extracts were.
allowed to stand at roo; temperature fdr eighteen hours and then

acidified with 2N hydrochloric acid. Thé suspension was extracted:-

. with methylene chloride, the extract washed with saturated aqueous

sodium chloride solution and dried (MgSOa).' Evaporation of the
solvent gave the required diacid as a white foam (705 mg, 91%).
Found: C,63.50; H,S.Gl; N,3.31. C21H33N06 requires C,63.77;
H,8.41; N,3.54%, '
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EXAMPLES 8 - 15
The'fpllpwing compounds were prepared from the appropriate
amine of Ezamples 2 to 5 follewing the coupling and deprotéction

procedures of Examples 6 and 7.

CH,0(CH,),
B CHCH,” “CONH-X
| ROLC
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EXAMPLE 16

6—endo?Hydroxymethy1bieyclo[2,2,l]heptan-2-exo—amiﬁe hydrochloride

{a) A solution of 5—endo—hydroxybicyelo[2,2,1]heptane—2-

endo-carboxylic dacid lactone (11.0 g; 79.7 mmole) in diethyl ether

(150 mi) was added afepwise over 0.5 houte under nitrogen to a

stirred ice cooled suspension 6f lithium aluminium hydride

(3.02 g; 79.7 mmole) in dry diethyl'ether (50 ml), keeping the

temperature between 10 and 20°C. The mixture was then'stitred at

~ room temperature for 2 hours, saturated aqueous ammonium chloride

(20 ml) was carefully added followed by solid zmmonium chloride

(15 g) and magnesium suiphate to produce a granular suspension.

The mixture wae'fi;tered, dried (HgSO4) and eﬁe solvent.evaporafed
under reduced pressure to give a white solid (11.15 g).
Chromatography en gilica, eluting with diethyl ether and
recrystallisation from ether and hexane gave ﬁfggggfhydroxy;
methylbicyclo[2,2,1]heptan-2-endo—ol as a white solid (9.49; B47%).
An analyeical sample had m.p. 118-120°C. Found: C,67.87;
H,10.24. 0831402 requires c,67.57; H, 9 93%. |

by (1, l—Dimethylethyl)d1methylsily1chloride (10.98 g; 72.8
mmole).in dry methylene ch;oride (45 wl) was added with ice |

cooling to a stirred solution of the above diol (9.42 g; 66.2

mmole), triethylamine (7.37 g; 72.82 nmole) and

_4-dimethylaminopyridine (325 mg, 2.65 mmole) in methylene chloride

(55 ml). After stirring at room temperature for one and a half
hours the solution was washed in succession with water, saturated
aquecus ammonium chloride and water. Drying (Mgsoé) and -

L :
evaporation under reduced pressure gave a pale yellow liquid.
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Chromatograﬁhy on silica eluting with diethyl ether and hexane

methylibicyclo[Z,2,1]heptan—21ggggfol as a clear liquid (16.2 g;
95%). Found C,65.05;-H,10.9$; Clqﬂzgozsi.rQQUires C,65.57;
H,11.00%. | |

{c) The Earbinol from part (b) above (13.12 g3 51.6 mmele)

was treated with sodium azide as described in Example 2(a) to give

' 6—endo-[(l,l-dimethylethyl)dimethylsilyloxymethyl]bicyclo[2;2,1]-

. heptane-2-exo-azide (5.83 g, 40%) as an oil. 1I.R. (film) V max

2100 cm‘l. Found: C,60.25; H,9.83; N,14.11. C, 4By ;084
requires C,59.74; H,9.67; N,14.93%. I

(d) A 1N solution of tetrabutylammonium fluoride in
tetrahydrofuran (30 ml) was addéd to an ice cooied.solution-of the
azide from‘parf (c) abnvé'(S.B g3 20.6'mmolej in dry
tetrahydrofuran (30 ml). After two hours at 5°C the solution_was

diluted with diethyl ether and washed in succession with 2N

hydrochloric acid, water, saturéted_aqueous sodium bicarbonate and

‘water. Drying (Mgsoé) and evaporation gave a clear volatile

liquid which was chromatographed on silica. Elution with diethyl

ether and hexane (1:1)} gave 6-endo—Hydroxymethylbicyclo[2;2,1]— _

“heptane-2-exc-azide as a liquid (2.95 g; B6%). I.R. (film) ﬁ'max

2100 en™'. - Found: C,57.44; H,7.91; N,24.81. Cglly 3450 Tequires

C,57.46; H,7.84; N,25.13%.
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{(e) The azide from part {(d) above waslreduced as descrihed
in éxample 1fe) but using ethanol.as.solvent. The crude
hydrochloride was recrystallised from a mixture of methanol aod
diethyl ether to give the title amine as a white solid (3.24 g3
85%) m.p. 158-9° C. Found: €,53.91; H,9.23; N,7.70. C.H, NO.HC1

8715
requires C,54.08; H,9.08; N,7.88%.

EXAMPLE 17

6-endo—Hydroxymethyl—?—okabioyclo[2,2;l]heptan-Z—exo-amine

(a) Gfggggfﬂydroxy—s1g§g¢iodo-7—oxabicyclo[2,2,l]heptane—25
eodo—carhoxylie acid lactone (83.43 g; 0.316 mole) dissolved in
tetrahydrofuran (250 ml) and ethyl acetate (500 ml) containing
triethylamine- (35 2 g5 0. 35 mole) was hydrogenated over platinum
(from platinum oxide, 4 g) at room temperature and Sﬂ.p.s.i. (3.45
bar). After six_hours'water_was added and the mixtore.was

filtered through avicel. The aqueous phase was extracted (x 2)

with ethyl acetate, and the combined organic solutions were washed

in succession with, 2N hydrochloric acid, water, saturated aqueous

sodium bicarbonate, sodium metabisulphite soluticn and water.

" Drying (Mgso ) and evaporatioﬁ gave a white solid (35.2 g).

'Recryetallisation from ethyl acetate and hexane gave 6—endO*

hydroxy-?-oxab1cyclo[2 2 1]heptane-2-endo-carboxylic acld lactone

(28.18 g; 63%), m.p. 89.5-90°C. ¥Found: C,60.11; H,5.83. C.H,0

7°873
requires C,59.99; B,5.75%. '
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(b)  Ihe lactone from paft_(a) above (14.1.g; 0.1 mole) was
teduced with 1ithium aluminium hydride following the procedure in
;Example.lﬁ(aj. The crude product was chromatogréphed on siliea,
eluting ﬁith ethyl acetate, to give 6—g_g_§_g_—hydroxymethy1-_-'?-—
oxabiqyclo[2,2,1}heptan—21ggggfol as a hygfoscppic waxy. solid
(11.7 g: 8125. Found: (,58.31; H,8.59. ' C,H, 0, requires
C,58.31; H,B.39%. | |
_ “{c) The dioi from part (b) above (11,63 g; 80.7 mmeole) was
.trgateﬁ with (l,l-dimethyletbyl)éimethylsiiylchloride as desc;ibed
in Example 16fb).- Cﬁromatography of the prodﬁct on éilica, _f
~eluting with diefhyl ether and hexane (1:1 —.2:1), gave 6-endo-
[(i;l—dimethylethyl)dimethylsilyloxyméthyll—?—oxabicyclo[2,2,1]4'
heptgﬁ—213352—01 as a clear liquid (18.58.g§ 89%). Found: |

-€,60.78; H,10. 09. 0,81 requires C; 60.42; H,10.14%.

13 26 3
{d) The carbinol from part {(c) above (13.1 g; 50.69 mole)
was treated with 4~methylbenzensulphenyl chloride as described in
Example 1(c¢) except that the reactiqn mixture was allowed to stand
.at room teﬁperature for five days. The crude preoduct was
cﬁrbmatographed on gilica, eluting wi?h a graéient of diethyl
ether and hexane (2#8 f'ﬁ:ﬁ), to.give 6-endo-[(1,1-dimethyl~
ethyi)dimethylsilyloxyﬁethyl)]—T—nxabicyclo[2,2,1]heptan—2;
EEQE}Oi A—methylbenzeneéulphonate as a clear oll (15.84 ES 76%).

Found: c 58,203 H,7.90. C 8iS requires C,58.22; H,7.82%.

20 32 5
(e) The 4-methy1benzenesulphonate from part (d} above
- (16.79 g; 40.67 mmole) and sodium ‘azide (5.3; 81.3 mmole) in dry

dimethylformamide'(ﬁo ml) were stirred under nitrogen for two days

“at 105°C,
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A further amount of sodium azide (2.65 g) was added, and

- stirring continued for six days at 105 110°C. The mixture was -

ooled diluted with water and extracted with diethyl ether. The
extract was washed with water, dried (HgSDA) and evaporated under

reduced pressure to give an oil which was chromatographed on

silica. Gradient elution with diethyl ether and hexane {I5:865 -

1:1) gave an indtial fraction containing rhe required 6-endo~-
[(l.l—dimethylethyl)dimethylsilyloxymethyl)]-7-bxabieyclo-
[2,2 l]heptan—z—exo—azide (2.54 g; 22%) as a clear liquid.’
Continued elution gave recovered startlng materlal (10.7 g3 63%)
(£) The above azide (2.54 g: 8.96 mmole) was treated with_
tetrabetylammonium fluoride as described in Exaeple lﬁ(dj to yield
G-Egggfhydroxymethyl—?—oxabicyclof2,2,1]heptan—2f§§g—azide as an
oil (1.33 g; 88%). 1.R. (£ilm) Y max. 3400 and 2100 em L. Found:

C,49.53; H,6.63; N,24.60. C7H1102N3

" requires C,49.69; H,6.55;
N,24.84%. '

(g) The azide from part (f) above (1.3 g; 7.7 mmole) -was
hydrogenated in ethanol (25 ml) over 102 pélledium on charcoal
(100 mg) at 50 p.e.i. (3;46.bar). After three hours the.

suspension was filtered through avicel and the solvent evaporated

to give a white so0lid which was recrystallised from a mixture of

methylene chloride and diethyl ether to give the title amine (930

mg; 84%), m.p. 102-103.5°C. Found: c,58.43; H,9.53; N,9.72.

C?HHNO2 requires C,58.72; H,9.15; N,9.78%._
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EXAMPLES 18 - 21

. The amines of formula.(VI)'from Examples 16 and 17 were
coupled to 3—(l—carboxycyclopentyl)—2-(2-methoxyethyl)proﬁanoic
acid benzyl ester and the products hydrogenated to remove the

benzyl group following the procedures of Examples 6 and 7 to yleid

the foliowing compounds:

CH30(0H2)2

CHCH CONH-X

2

R02C
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EXAMPLE 22

}-E]r[E—endo—Carboxybicyclh[Z,2,I]heptane=2—exo—carhamqy1]-

Ezglgﬁentylz —2-(2-methoxyethvl)propanoic acid

| 3~ %ié[ﬁfggggfﬂydroxymethylbicyclo[2,2,1]heptane-21§§27
carbamdyl]cyclopentyigl—2—(2—methoxyethy1)propanoic acid from
Example 19 (350 mg; 0.95 wmole) dissolved in water (30 .ml)
containing sodium bicarbonate (240 mg; 2.8 mmole) was vigorously.
stirred over platinum (from platinum oxide 350 mg; 1.5 mmole)
under oxygen at 40°C. After two ﬁours the su&pension_was filtered
through avicel. .The filtrate waé evapﬁrated to a small ﬁolume
under reduced pressure, saturated with salt and acidified with 2H
| hydroﬁhloric atid.- The-suspénsion was extracted with ethyl
acetate'aﬁd the extract washed with satﬁrated salt sclutien, dried
(MgS0,) and evaporated to give the title diacid as a white foami
(365 wg; 97%). Found: C,61.78; H,8.16; N,3.77. C,. H..NO., 0.1

20731°76°

CH20123 0.1 CHBCOZCZHS requires C,ﬁl.?&; H,8.09; N,3.51%.

EXAMPLE 23

}-51-[6—endo—Carboxy—?—oxabicyclo[2,2.1hépfane—2—exo~

. carbamoyl]cyélbpentyl? —2—(2—metho¥yethyl)propanoic acid

The carbinol from Example 21 was oxildised following the
procedure of Example 22 ;bove to yield the title compound as a
white foam. Found: C,58.32; H,?f82; N,3.39. CIQHZQNO?' 0.1

CHZCH2 requires C,58.53; H,7.51; N,3.57%.
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EXAMPLE 24

}—flr[E—endo-ﬁethoxycarbonjlbicyclcf2,2.2]octane-2—exo—

carbamoyl]cyclopen;ziz‘—2—(2-methy1thioethyl)propanoic'acid benzyl

ester

3—(I-Carbbxycyclopentyl)—2—(2-methylthioethy1)propanoic acid

. benzyl estér was coupled to methyl 6—exo—aminobicyc1b[2,2,2]—

octane-2-endo-carboxylate {(from Example 1) following the procedure
of Example & to yield the title diester as an oil. Found:

c,65.21; H,7.68; N,2.28. C 5.H,0 requires C,65.27; H,8. 12

29841405
N,2.62%.

EXAMPLE 25 _

3- _fl [6~endo-methoxycarbonylbicyclo[2,2 2]octane—2—exo-

carbamoyl]cyclopentyi}—z (2—methylsulphonylethyllpropanoic acid

. benzyl ester

The methylthio compound of Example 24 (220 mg; 0.43 mmole)
wds stirred with 3—chlordperbenzoic acid (184 wg) In methylene
chloride for three hours at room temperature. .The solvent was

evaporated and the residue was partitioned between 5% aqueous

sodium bicarbonate and diethyl ether, The ether extract was dried

-(MgSO4) and the solvent evapeorated. The crude pfo&uct (220 mg)

was chromatographed on silica, eluting with a gradient of ethyl
acetate ana hexane (1:4 -—-l:Zj to give the pure title produﬁt as
a gum (75_mg; 33%)Y. Found: C.63.89; H,?;SG;-N.2;48. C29H41N07S
requires C,63.60; H,7.55; N,2.56%.
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EXAMPLE 26

3—§:1-[ﬁ-endo—Carboxybicyclo[2,2,2]octane-Z-exoécarhamoyl]—

- cyclopentyl? -2-(2-methylsulphonylethyl)propanoic acid

Hydrogenation and hydrolysis of the product of Example 25
above following the procedure of Example 7 gave the title bis-acid

as a white foam. Found: C,56.31;.H,8.61; N,j.ll. 021H33N0?S o

fequireS'C,SG.B?; H,7.50; N,B;lﬁz.l

EXAMPLE 27

_3-¥514[6—endo~mefhoxycarbonylbigyclo[2,2,2]octane-2-exo—
N

carbamqyl]gyclopentyli'-2-(4—bromobuty1)prqpanoic acid

1,1-dimethylethyl ester

3-(1—Carboxycyclopentyl)-2—(4—bromobuty1)pfopanoic acid

l,l—dimethylethyl ester was coupled to methyl 6—exo—amino-

bicyelo[2,2,2)octane-2-endo~carboxylate (from Example 1) following

the procedure of Example 6 to yield the titie diester as an oil.

EXAMPLE 28

3-§‘1—f6¥endo-methoxycarbbnylbiqyclo{2,2.2]0ttane-2—ex0—

carbamoyl]cyclopentylz_ -2 (4—azidobutyl)propanoic acld

1, l-dimethylethyl ester

The bromo'compound from Exgmple 27 above (780 mg, 1.44 mmole)
and sodium azide (195 mg, 3 mmole) were stirred in dry :
dimethylformamllde (3 ml) at 50 C under nitrogen for two days.

The mixture was diluted_with water and extracted with diethyl
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ether. The extract was washed with water, dried (HgSO&) and

evaboréted'to give a gum which was éhromatographed on silfca.'-
Elution with diethyl ether and hexane gave the title aéide_as an
oil (350 mg; 48%). Found:. C,64.44; H,8.84; H,;O.BS. 027H44N405
requires C,64.24; H,8.79; N,11.10%.

EXAMPLE 29

3~ $1-[6-endo-methoxycarbonylbicyclol?2,2,2] octane—2—-exo—

carbamoyl]cyclqpentyi?’—2—(4-aminobufy1)prqpanoic acid

1,1-dimethylethyl ester

The azide product_from Example 28 above was reduced as

described in Example 1(e). The crude product was chromatographed

on silica by gradient elution using methanocl and methylene

-chloride (1:99 -~ 7:93). The pure title product was obtained as a

- gum {208 mg; 64%).

EXAMPLE 30

3—?lr{ﬁ—endc—Carbogybiqyclo[2,2,2]0cténe—2—exo4carbamqy]]~ B

cyclopenty%g-—2—(4—aminobutyl)propanoic acid

The diester product of Example 29 above (208 mg: 0;43 mmole) .

- wags allowed to stand at room temperature with trifluorocacetic acid
1 ml)_in methylene chloride (1 ml) for four hours. The solvent

was evaporated under vacuum, and the residue was triturated with

warm diethyl ether. The insoluble salt was dissolved in IN sodium

hydroxide (3 ml), and allowed to stand at room temperature for

four hours and at 0°C for eighteen hours. The solution was paséed

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 633



-

41
througﬁ fon exchange resin (Bio-Rad AG 50W-X8, 4.0 g) and'thé

column eluted with 2% aquedus pyridine to give the title diacid as

& vhite foan (146 ug, 797). Found: €,61.93; H,8.58; N,6.42.

CypHaN,0c, 0.5 H,0, 0.15 CH,Cl, requires €,61.83; H,8.73;

227362
N,6.51%.

P

EXAMPLE 31

_ N—(l-Naphthuyl) {8)-prolinol

1—Naphthoyl chloride (19.0 g; 0.1 mmole) was added dropwise
over five minutes to a stirred ice cooled solution of (S)—prolinol
(lO.i g; 0.1 ﬁmole) and N-methylmorpholine (11.0 g; 0.1 mmolej in
&ry ﬁethelene‘chloride (100 ml). Aftér stirring ét TOOm
temperéture for three ﬁours, ice was added and the solvent was
evaporatéd ﬁnder-reduced preésure. The residue was.parfitioned.
‘between diethyl ether and water and fhe organic phase was washed '
" in succession with ZN hydrochioric acid, wéter, paturated aqueous
sodium bicarbonate and water. Drying ﬁver_HgSO4_and evaporation
gave a gum which was chromatographed om silica. Elution with -
ethyl dcetate gave fhe title product (21.33 g; 84%). [oclgs
-11;.3°. [ ot ]%%5 ﬁ405;0° (c. 1.15, CH 1 ). Found: C,73.60;

H,6.76; N,5.27. .0.25 H 0 requires C,73.96; H,6.79;

Ci6H 17“02

 N,5.39%.

EXAMPLE 32

'1-(1-Naphthoy1)—2(S)—bromomethylpyrrolidine

Triphenylphosphine (26.3 g; 0.1 mole) was added to an ice
cold stirred solution of'N-(l—naphthoyl)-(s)—prdlinol (21.33 g, .
83.5 mmole) and carbon tetrabromide (33.1 .g; 0.1 mole) in dry
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room temperaturé over half an hour, stirred for a further hour,

and the solvent was evaporated under reduced pressure. The

residue was extracted (x 8) with diethyl ether. Direct

application of the solutions to a silica columﬁ followed by
elution with diefhyl.ether gave the title bromo derivative as gum

s . 1 ) . .. ’ ’
(20.2 g5 722). [k 1p> ~ 126,67, [a]igs -496.5° (e = L.21;
CHzclz) Found: C,57.11; H,4.76; N,4.15. 16 16
C,57.50; H,4.82; N,4.19%.

BrNO requires

EXAMPLE 33

6(R and S)—endo-Hydroxybicyclo[Z,2,2]octane—2(5 and R)—endo— 

.carboxylic acid. N-(l-naphthoyl) 2(S)-prolinol ester

6- endo—ﬂydroxybicyclo[Z 2 2]octane—Z-endo-carboxylic ac1d
lactene (5.02 g: 33 mmole) was heated at 100°C with 1.02_N cesium
hydroxide (32.3 ml; 33 mmole) and dicxan-(15 ml). After three
hours the solution was allowed to cool to-foqm temperature and,
after sfanding overnight, the solvéﬁt was evéporated under reduced
pressure. The residue was dried azéotfopiéally_wifh toluene (x.Z)

and triturated with hot diethyl ether. The resulting cesium salt

© (3.93 g; 13 mmole) and 1-(l-naphthoyl)-2(S)-bromomethylpyrrolidine.
- (4.34 g; 13 omole) were stirred for two days at room temperature -
. in dry dimethylformamidé {10 ml). The mixture was diluted with

water, eXtracted with ethyl acetate, and the organic extract was

washed in succession with saturated aqueous sodium bicarbbnate,
and water. Drying (Mg804) and evaporation under reducedzpressure
gave a8 yellow gum which was chromatographed on silica. Elution

with acetone and toluene (3:7) allowed the diastereoisomers to be

separated as gums.
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 Isomer i_t;l.c. (acétone, toluene, 3:7) Rf. 0.32. [ nc]%S -

H,?.Bl; N,3.39. 025H29N04 0.1 CH3C6H5 requires_p,?&.OB; H,7.21;

N,3.36%.

Isomer IT t.l.c. RE. 0.29 [o<)2® - 58.8°, [ox ]ggs ~258.7° (c =

1 03 CH 012) Found: C,?3575; H,7.31; N,3.35. C25H29N04 .1

CH,C H. requires C,74.08; H,7.21; ¥,3.36%.

¥H3%"s

: EXAMPLE 34

6-(8 or R)-exo—Aminob1cyclo[2 2 2}octane—2(R or S)-endo-carboxylic

acid N-(1- naphthqyl) 2(S)-prolinol ester hydrochloride

Isomer II from Example 33 above (1'16 g; 2. 85 mmole) was
treated with 4—methylbenzenesu1phonyl chlcride followed by

reaction of the product with sodium azide and reduction of the

~azide produ;t following the procedures of Example 1(c) to (e}, to

yield the title amine as an amorphous solid which failed to

_ crYétallise. T.l;c.'(dichloromethane, methanol, acetic acid, .

25

10 ] - o _ a = '
90.10.1) Rf 0.3, [am]D | 12.9°, [ ox-]365 93.9° (c 0.?26,
methanol).

EXAMPLE 35

(+)-3-5l-—[6(8 or R)-endo~Carboxybicyclo[2,2,2]octane-2(R or §)-

exo-carbamoylleyclopentyl? —2(R,S)-(methoxyethoxymethyl)propanoic
. P _ )

acld

The producﬁ from Exsmple 34 above was coupied to 3-(1-
carboxycyclopentyl)?2-(2—methoxyethoxymethyl)proﬁanoic.acid

1,1-dimethylethyl ester following the preocedure of Example 6. The
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Treatment of the product with trifluoroacetic acid followed

by sodium hydroxide accérding to_the'pfocedufe of Example 30 to

remove the 1,l-dimethylethyl andIN—(ihnaphthoyl)—2(S) ﬁrolindl
ester groups gave the title dicarﬁoxylic acid as'it#
dextrorotatory diasterepisomer. [D(_]%S +53.9°, [ ocjggs +

180.60° (c = 1.2, CH;E1,). Fousd::C,61.59; K,8.58; N,3.1¢.

C, H, N0, 0.2 H,0 requires C,61.58; H,8.31; K,3.26%.

22735777
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It will be appreciated from the foregoing that what we will

‘claim may include the following:-

(1)
(@

(3)

(4)

(5)

The compounds of the formula (I} and pharmaceutically
acceptable salts thereof and bioprecursors therefor.

Processes as described herein for preparing the compounds of

‘the formula (I) and their salts;

Pharmaceutical compositions ;omprising a compound of the
formula.(I), or a pharmaceuticail} acceptable salt thereof of
bioPrécufSor therefor, and a pharmaceutically acceptable
diluent dr carrier; |

A compound of the formula fI), or & pharmaceutically
accepfable salt tﬁereof 6r biopreéursor thefefor; for use in
medicine; particuiarly fdr use as a diuretic agent for the
treatmént of hypertensibn, heart failure and renal

insufficiency.

‘Use of a compound for the formula (I) for the manufacture of

a medicament for the treatment of hypertension, heart

failure, angina, renal insufficiency, premenstrual syndrome,

cyclical oedema, Meniéres diseasé, hyperaldosterdnism.
pulmonary cedema, ascites, hypercalciuria, glaucoma, asthma,
inflammation, pain, epilepsy, affective disorders, dementia

and geriatric confusion, obesity and gastrointestinal

‘disorders, hyperreninaeﬁia and the modulation of gastric acid

secretion.
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CLAIMS

1. A compound hzving the formula:

Y

- T
R / |
\CHCHZ | \corm—x

RO,C -

(1)

wherein = A completes a 4 to 7 ﬁembered carbocyclic ring which maya
bé saturéted or mono-unsaturated and which may |
qptionally be fused to a further saturated or
unsaturated 5 or 6 membered_carbocyclic.ringg'.

X is a bridged cyclic group of the formula:-

2

vherein Y is 0,:CH2 oT (CH2)2'

or a bicyclic group of the formbla:-

CO.R
- (CH)) - _
CH,)

(CH,)

2'n
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wherein

R® and R3 are each independently H, OH, C

alkenyl, C

chosen from hale, hydroxy, C,-C

R6 and R? are each indepéndently H, Cl--C4 alkyl, C_-C

_W?-

. wherein each of n and m is independently 1 or 2 and q is

an integer of from 3 to 5;
each of R and R4 is independently H, CI-CG alkyl, benzyl

or an alternative biolabile ester-forming group;

RI is Hor C

2

1fc4 alkyl;

| 1—04 alky; or
CI-C!‘ alkoxy;
5 - '

R is Cl--C6 alkyl, 02—06 alkgnyl, CZ-CG alkynyl,
ary1(02—06 alkynyl), C3-C7 éycloalkyl. C3-C? eyelo-

1€ 8lkoxy, —NR6R7; —NRSCORQ, -NR8502R9'0r a

saturated heterocyelic group;

or Cl-C6 alkyl substituted by one or more substituents

17% alkoxy, 02—06'

hydrexyalkexy, Cl—cs'alkoxy(cl-c alkoxy),
03-07 cycloalkyl, 03-07 cycloalkenyi,_ar?l, &Yy LOXY,

aryloxy(C,-C, alkoxy), heterocyclyl, heterocyclyloxy,

-NR6R?, —NRSCORQ, —NR8502R9, -CONRGR?. -S5H, ~S(0)pR10,

—CORll or -COlez;

377

cycloalkyl {optionally substituted by hydroxy or

¢-C, aikoxy), aryl, aryl(cl—c4 a;kyl), C,-C, alkoxy-

alkyl, or heterocyclyl; or the two 'groups R6 and R7 are
taken together with the nitrogen te which they are
attached to form a pyrrolidinyl, piperidino, morpholine,

piperazinyl or N—(CI—CQ alkyl)-piperazinyl group;

8

R is H or C1—04 alkyl;
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therefor.

9

- Lg _ _
®R” is C,-C, alkyl, CFy, aryl, ary}(cl—ca alkyl),

aryl(cl—ca alkoxy), heterocyeyl, 01-64 alkoxy'or_NRGR7u

vherein R6 and R7 are as previously defined;

10 L ' -
R is Cl—Ca_alkyl, aryl, heterocyeclyl or NRGR7-wherein

6
R and R7 are as previously defined;

1 g

is CI—C4 alkyl, € 3 C7 cycloalkyl, aryl or

heterocytlyl;'

12

is H or C1 C& alkyl,

p is 0, 1 or 2;

-and pharmaceutically'acteptable salts thereof and bioprecursors

A pﬁafﬁaceuticai composition comprising a cémpound of the
formula (I), or.a-pharmaceutically acceptable salt thereof of
bioprécursor thérefor, and ﬁ pharmaceutically accgptablé
diluent or carrier;

A compound of the formula (1), of a pharmaceuticélly.
acceptable salt thereof or bioprecursor therefor, for use in
medicine, partlcularly for use as a dluretic agent for the
treatment of hypertension, heart failure and renzl

insufficiency. .
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(57) Abstract

Compounds of farmula (IF), wherein each of R and R4 is independently H, C,-Cy lkyl, benzyl or an'elternative biota-
bile ester-forming group; R? is a C, alky! group; R3is H, OH, C;-Cq4 alkyl or C;-C,4 alkoxy; and R% is defined to include a
range of alkyl, alkeny], alkynyi, arylalkynyl, cycloalkyl, cycloalkenyl, alkoxy, amino, substituted amino, amido, sulphoaami-
do end substituted alkyl groups; and phamaceutically acceptable salts thereof, are diuretic agents of utility in the treatment
of hypertension, heart failure, renal insufficiency and other disorders. '
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 CYCLOALKYL-SUBSTITUTED GLUTARAMIDE DIURETIC AGENTS

This invention felates to a series of cyc]oalkyl-substituted
glutaramide derivatives which are diuretic agents. having utiliry
in a variety of therapeutlc.areas.including_the treg;ment_qf :
various cardiovascular disorders such_as hypertensiop-aﬁd.heaft
failure. |

According to the specification of our European patent
application 0274234 we describe and claim a series of

cycloalkyl-substituted glutaramide derivatives having_thg-formula;

R~ . _(I)_

>caca2/ ' _ 3 | _
e N

wherein A completes a 4 to 7 membered carbocyclic ring whiqh mﬁy'
be saturated Or mono-unsaturated and which may
optionally be fused to a Eurther saturated or
unsaturated 5 or 6 membered éarbocyclic ring;_
B 1s (CHZ)m ﬁhérein.m is an integer of from.irt§:3;
each of R.and ﬁ4 is independently H, CJ--C6 glkyi: Béﬁéyll
or an.algernat;ve biolabile estef-formigg.gfoup;_ )
R1 is Hor C --C4 alkyli; |
R2 and E3 are each independently H OH, C -Ca alkyl or

]
Cl—CA alkoxy;
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and

wherein

5

PCT/EP20/00220

R™ is Cl—C6 alkyl, CZ-CG alkenylf CZ--C6 alkynyl,

aryl(02-06 alkynyl),-c3—c7 cycloalkyl,_cs—-c7 cyclof

alkenyl, C,~C, alkoxy, -NR°R’, -Ne®cog?, -&°50,8° or &

saturated hetefccyclic-group;

or Cl--_C6 alkyl substituted by one or more substituents

-C

I 6

chosen from halo, hydroxy, C ~86 alkoxy, C2

hydrbxyalkoxy, Cl—CG alkoxjr(Cl—C6 slkoxy),
C3-C7 cycloalkyl, C3-C7 éycloalkenyl, aryl, arylexy,

aryloxy(cl-c4 alkoxy), heterugyclyl, heterocyclyloxf.

e, —Nnacoag._-mnasozng, —conrR’, -sn,'-S(O)#RIO,_
~cor' or —coznlzg
R6 aﬁd R7 are each Independently K, CI—C4 alkyl, C3-—C7

cycloalkyl (optionally.substitu:ed by hydroxy or

_ 01—04 alkoxy), aryl, aryl(Cl--C4 alkyl}, Cz-—c6 alkoxy-.

6 and R7 are

alkyl, or heterccyclyl; or the two groups R
taken together with the nitrogen to ?hich they are

attached to form a pyrrolidinyl, piperidino, morpholine,
piperazinyl or N—(CI-Ca alkyl)—piperazinyl groﬁp;_ |

Ra is Bor C —04 alkyl;

1
g | . .
R™ is Cl--C4 alkyl, CF3. aryl, aryl(C1 C4 alkyl),
aryl(Cl—C4 alkoxy), heterocyeyl, CI—C4 alkoxy or NRSR7

vherein RG and R7 are as previously defined;

Rw'iS'Cl—C4 2lkyl, aryl, heterocyelyl or NRGR? wherein
R6 and R7 are as previously defined;

r1! 4 €,-C, alkyl, C;~C, eyeloalkyl, aryl or

-heterocyelyl;
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: ' . . . -
Rlz is H or 01-04 alkyl; .

"and P is.O, 1 or 2;
and pharmacevtically écceptable salts thereof and biopredur&ors'

therefor.

The compcunds are iﬁhibitors of tﬁe zinc—dgéendent} neutrai

endopeptidase E.C.3.4.24.11. This enzyme is involved In the

.breakdown of several peptide hormones, including artrial

natriuretlc factor (ANF), which is secféted by the hearé and whiéé

has potent ?asodilatory, diuretic and natriurefic actiﬁity. _Thus;

by inhibiting the neutral endopeptidase E.C.3.4.24.11? the |
' compounds can potentiate the biclogical effects of ANF aﬁd, in
_particular,the compounds are_diuretic_agents having utitility iﬁ'ﬂ

the treatment of a number of disorders, including hypertension;..:

heart failure, angina, renal insufficlency, premenstrual sfudrome, -

cyclical odema, Menieres disease, hypefaldostercneish (primary arnd

e
FLISETS

secondary) and hypercaleiura.
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A particularly preferred group of compounds of the formula
{D) identlfied in EP-A-0274234 are those wherein A is (CH )4, Rl
is H and B is (CH )2, i.e. compounds of the formula.(II) wherein

R, R2 3, Rﬁ and Rs are as previously defined for formula(I)

) Rz'
RS
\ ' CONH 33
' /CHCH2 - (II) .
RO, C : cozn'l

We have now surprisingly discovered that EDmpoueds of the
formula (IT)} in which R2 is a C4—a1kyl group have significantly
fhcreased_potency ovVer compounds whetein Rz is H, CH3 or CZHS as
exemplified in EP-A-0274234.

’ Thus, accordlng the present invention there are provided

compounds haV1ng the formula 1I whereiun R, R3,_R4 and RS are ag

Previously defined and RZ is a Cﬁ-alkyl.groqp.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 647



WO 96/09374

In the above_definitiens, unless otherwise indicated .alkyl '
groups having three 0T more carbon atoms may be straight or. -
branched-chain. The term aryl as used herein means an aromatic
hydrocarbon group such as phenyl or naphthyl-which may‘nptiqnﬁ}ly_
be substituted with, for example, one or ‘more OH, CN, CF3, C -£
alkyl, CI_C4 alkoxy, halo, carbamoyl, aminosulphonyl, amlno, monc
or di(C1-04 alkyl} amino or (Ci—cé alkanoyl)nminn groups. §§l°
means fluono, chloro, bromo or iodo.

The term heterocyclyl meazns a 5 or 6 membered nicrogen;

_ oxygen or sulphur containing heterocyclic group which, unless
otherw1se stated, may be saturated or umsaturated and which may
optionally include a further oxygen or one to three nitrogenlatnms
in the ring and which may optionally be'benchused or substi;p;gd
with for example,_one or more halo, Ci-c4 alkyl, hydroxy, -
carbamoyl, benzyl, oxo,.amino or mono or di-(C —C4 alkyl)amino or
fCl—C4 alkanoyl}amino groups. Particular examples of heterccycles
include pyridyl, pyrazinyl, pyrimidinyil, pyridazinyl, pyrrolyl,_-
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, furan}i,
tetrahydrofuranyl, tetrahydropyranyl dioxanyl, thienyl, oxazolyl |
isoxazolyl, nhiazolyl, indolyl, isoindolinyl, quinelyl,
quinexalinyl, quinazolinyl and benzimidazolyl, each being
optionally substituted as: previouvsly deflned |

~ The compounds of fornula (II) ‘may contain gseveral asymmetric .
centres and thus they can exist as enantiomers andg diasteréomers.
The invention includes both the separated individual isomers.as

wvell as mixtures of iscmers.
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The pharmaceutically aéceptable salts of the compounds of
formula (1T) containing an acidic centre are those formed with
bases which form non-toxic salts. Examples include metal salts
sﬁch as the sodium, potassium or calecium salta or salts with
amines sﬁch as diethylamine. Compounds having a basic centre can
also form acid addition salts with pﬁarmaceutically acceptable
acids. _Exémples inclu&e the hydrﬁchlaride. hydrobromide, sulphate
or bisulphate, phosphate or hydrogen phosphate, acetate, citrate,
fumarate, gluconate, lactate, waleate, succinate and tartrate
salts.

The term bioprecursor in the above definition means a
pharmaceutically acceptable biclogically degradable derivative of
the compound of formula (I) which, upon admipistration to an
animal or human being, is converted in the body fo producé a
compound of the formula (I),

. The term hiolabile_ester—forﬁing group is well understood in
'the art as meaning a group which provides én ester_ﬁhich can be
readily cleaved in the body to Iiberate the corresponding diacid
of formula (II)} wherein R and Ré are both Hl A number of such_

ester groups are described in EP~A—02?¢234 and include for example

‘S-indanyl in additicn to ethyl and benzyl.
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Preferred cowpounde of the inventioe ere thoae compeunds ofﬁn
the formula (IT) wherein R and R4 are both B (diacids) as w ngll as
biolabile mono and diester derlvativee thereof wherein one. or both:t
of R and R4 iz a biolabile ester group. | _ _

The group R5 18 preferably n- propyl, Z—methoxyethnxymethyl.ia
2-methoxyethyl, methoxymethyl or allvl. In a.Further group og
preferred compounds the group. 002R4 is attached at the 4-po§ition
of the cyclohexane ring and is of C1s-stereochemis:ry relativg to
the l-position. _ |

Particularly preferred individual compouuda ‘of the invention
include-: ' - ik

3—[1-(cfa—carboxycarbonyl—c—3—buty1cyclohexyl-r—l—carbamoyl)

eyclopentyl]-28— (2—methoxyethoxymethyl)propancic acid;

3-[1-(c—4—carboxycarbonyl—t—B—butylcyclohexyl—r—l—carbamoyl)cyclo-I
pentyl]-25- (Z—methoxyethoxymethyl)propanoic acid;

and | ‘
3~[l~(c—&—carboxycarbonyl—c-B-butylcyclohexyl—r~l—carbamoyl)eyclo-

pentyl- 2—(2—methcxyethyl)propanoic acid.
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The compounds of formula (IIJ'aré pfepared following the
synthetic.procedures outlined in.ﬁP—A—02?4234. The bacsic
ﬁrocedure involves the syntheaié of a partially protected
cyclopentyl-substituted glutaric acid derivative (IIT) which is
coupled to ecyclehexylamine derivative (IV)T The carboxylie acid
ir the amine, if free, or any reactive groups in RS, may'require
pratection during the coupling step and such protecting_gronps are
reﬁoved in the finél stage of the process. The route is

1llustrated below wherein Rs is as.defined for RS with any
reactive group therein protected if necessary and Rl3 and R14 are
as defined for R and R4 excluding H, 6r-they are conventionmal

cabexylic acdd protecting gfoups.

Scheme 1

‘ . |
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Preparmtion of the.starting'cyclopentyl—substituted glutaric._.
acid derivatives of formula (III) is described in EP—A 02?6234
~and in our UK patent application no 8811873.2, The amines of
formula (IV) are prepared by conventional methods from known :
starting materials. Thus, for example, in one procedure
2-bury1-4—oxocyc1ohex—2-ene carboxylic acid ethyl ester is reduced
and the keto group converted to ap amine group by way of the;;
oxime. The product in thia case 1s converted to the.
N—t-butyloxycarbonyl derivative to enable separation of the cis
and trans iaomers by chromatography. The major product,'the.all
cls isomer, was deprotected and ugsed in the coupling reaction.
Alternatively the ketal derivative of the ketone ia isomerlsed by
treatment with a strong base to give the trans isomer and tbe keto
group again converted to the amine by, in this case, reaction with
methoxylamine followed by reduction. Again chromatography of the
N—t-butyloxycarbonyl derivative enahled the cis isomer to be .
separated from the trans igomer for use 1in- the subsequent coupling
steps.
The coupling is achieved uoiog conventicnal omide eoopling; 
techniques., Thug in one process, the reaction 1is ach;eved with
the reactants dissolved in an organic solvent, e.g.
dichloromethane, using a diimide condensing agent for example
l-ethyl-3~ (dlmerhylamrnopropyJJ carbodiimide, or N,N' -dioyelo-_
hexylcarbod1imide, advaotageously in the presence of l—hydroxy- _
benzotriazole and an organic base such as N—methylmorphollne The
reaction is generally complete after a period_of from_lz to é& ;;'-
‘hours at room temperature and the product-is theo isolated by

conventional procedures, i.e. by washing with warer or filtratien
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to remove-the urea biproduct and evaporatioﬁ of.the solvent. The
produdt may Be further purified'by cr&stallisatioa or
chromatography as uecessary.

| - The diesters of formula (V) tmay be further reacted to give
the monoester or diacid derivatives of formula {II) vherein one or
both ef R and R4 are H., The conditions used will depeqd on the
precise natureﬂuf fhe groups R13 and'R14 present in the compound
of formula (V) and a number of variations are possible. Thus for
example when both of 313 and Rl4 are benzyl. hydrogenation of the
‘product will yield the diacid of formula (I) wherein R and 84 are

both E. Alternatively 1f R fs benzyl and RL%

is alkyl,
_hydfqgenation will yield a monoester product. This can then be
hydroiysed, if desired, again'tq yield the diacid product. When
one_of.Rl3 and Rl4 is t-butyl, treatment of the compound of
formula (V) with trifluorcacetic acid yields the corresponding
acid. :

__Ip each case the product may belobtained.as the free
carboxylic acid or it may Be neutralised with an appropriate base
and isoclated in salt_form.-

Iﬁ fhe case where the compounds.of formula (II) containg one
or more optically active éentres, the pfoduct may be obtained ag a
uixture of isomers or diastereoisomers and these may be'sepérated
.by conventional methods. o
| Appropriate coupling, protectlng and deprotecting methods for
all of the above steps and alternative variations and procedures

will be well known to those skilled in the art by reference to

standard text books_and to the examples'provided hereafter,
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As previonsly menticoed, the cnmpnunds.of the innentioﬂ s.
potent inhibitors of the neutral endnpeptidsse (E C 3 4 2& 1%{
This enzyme Is involved in the breakdown of a number of pepride
hormones and, in particular we have discavered that it 1a involved
in the breakdown of atrial natriuretic factnr (ANF).
| By preventing the degradation of ANF, by endcpeptidase

E.C.3.4.24.11, the compounds of the inventinn, can poteutiase its
biological effects and the compounds are thus diuretic and o
natriuretic agents of utility in a number of disorders as .-.
previously dencribed

Activity against neutral endopeptldase E.C. 3 4, 24 11 is N
assessed using a procedure based on the assay described bty Jt T. e
Cafford, R. A. Skidgel, E. G. Erdes and L, B. Hersh Bioehemisusz
1983, 32, 3265-3271. The method involves determining the _
eoneentratlnn of compound required to reduce by 50% the rate’ nf

' release of radiolabelled hippuric acid from hippuryl-L-j

phenylalanyl-L—arginine by a neutral endopeptidase preparation ;

from rat kidney.
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The ectivity of the compounds as diufetio agents 1is
dete:nined by measuring their-aoility to increase urine output and
sodinm ion excretion in saline loaded conscious mice. In this
test, male mice (Charles River Chl, 22-28 g) are acclimatised end'
starved overnight in metabowls. The mice are dosed intravenously
vig the tafl veln, with the test compound dissolved in a volume of
saline solution equivalent to 2.5% of body weight. Urine samples
are collected egch hour fer two hours in pre-weighed tubes and

- analysed for-elec:folyte concentration. Urine'volome and sodium
ion concentration from the test animais-ere compared_to & contrel
.group which received only saline.

For administration to man in the curative or prophylactic
treatment of ﬁypertension,.congestive heart faflure or renal
Insufficiency, oral dosages of the compounds will generaliy be igp
the range of from 3-700 mg daily for‘an:everage adult patient (70

kg). Thus for a typical aduit patient, individual tablets or

- capsules contain from 1 to 150 ug of active compound, in a
suitable pharmaceutically acceptable vehicle or carrier for
administration singly, or in multiple doses, once or several times
a day. Dosages for intravenous administration would typically be
vithin the range 3 to 500 ug per single dose as required. In
_practice the physician wiil determine the actual dosage whioh will
be most suitsble for an individual patient ano it will.vary with

' the age; weight and response of the particular patient. The above
‘dosages are exemplary of the average case.but_there can, of
course, be individual instances where higher or Jower dosage
ranges are merited, and such are within ;he.scope of this

“1nvention.
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. For human use, the compounds of the formula-(l) can be
adwinistered alone, but will generally be admlnistered in
sdmixture with a pharmageucical carrier selected with regard_fq- o
the intended route of administration and standard pharmaéeufic;l
pPractice. For example, they may be administered orally in the.
form of tablets containing such excip1ents as starch or 1actose.
or in capsules or ovules elther alone or in admixture with ‘
excipients,.ur in the form of elixirs or suspensinns containiug |
flavouring or colouring agents. They may be injected o |
parenterally, for example, intravencusiy, intramuscﬁlarly.or
subcutaneously. For parenteral adminisfration, they aré best qseé
iu the férm of a sterile aqueous solution which may contain other

'subsﬁances, for example, enough salté or glucose to make the |
solution isotonic with blood.
fhe compaunds.may be administered alone but may ﬁlSD be -
administered together with such other agents as the physiclan
shall direct to optimise control of blood Pressure or to treat 4
congestive heart failure, renal insufficxency or other dlsnrders'
in any particular patient in accordance with establighed mediéal
practice. | | | |
Thus in a furthér aspect the 1nvention provides a
Pharmaceutical composition comprising a compound of . the.formula
(11}, or a pharmaceutically acceptable salt thereof or
bioprecursor therefor, together with a_pharmaceutically accep;ablé

dilugnt or carrier.
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The invention also includes a cdmpouﬁd of the formula (II),
or a_pﬁarmaceutically acceptable.salc thereof or bioprecurso:
therefor, for use ip medicine, in particular in ﬁhe treatment of
hyéertension, congestive hezrt failure or renal dinsufficiency iﬁ a
human being.

. The preparation of the compounds bf the iﬁvention ié
'illustrated by the.following Examples in which Examples ] and 2
deseribe prepara;ion of amines of the fqrmula (IV) and Examples 3

‘to 8 describe preparation of the compounds of the formula. (IT).
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EXAMPLE 1

c—&-Amino-c—Z—butyl—r—l—cyclohexanecarboxylic acid ethyl ester

- P " 1
e
el

hydrochloride

(1) cis-2- Butyl—&-oxocyclohexane carboxylic acid ethyl eeter f”¢

-Butyl—&-uxoeyelohex-z—ene carboxylic acid ethyl ester : P
iR b
[Tetrahedron 37 1033 (1981)] (4.48 g; 20 mmole) dissolved in- -~

., v
.‘\_J .

absolute ethanol (15 ml) containing 2N hydrochloric aeid (1 ml)
was reduced at room temperature over 52 palladium on carbon (150
mg) at 50 p.s.i. (3.45 bar). After one hour the mixture was f
filtered through avicel and the solvent was evaporated under o
reduced pressure. The residue was taken up in diethyl ether and
washed successively with water, saturated aqueocus sodium :.
bicarbonate and water. Dryiug over HgSO and evaporation gefe an
©oil (4.2g) which was chromatographed on silica. Elution with -
.diethyl ether:hexane (2:8) gave the pure title ester (3.6 g, 802)

as a clear ligquid. Found. C,68.86; H, 9.84.° 013 2203 requirea :

C,68.99; B,9.80%.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 658




WO 90/09374 - PCI/EP90/00220
| 16 '

(2) cis—Z—Butyl-&—hydroximinccyclohexanecabpxylic acid ethyl
ester |
Sodium acetate (1.56 g; 19 mmole) and hydroxylamine hydrochloride
(1.32 g; 19 mmole) were dissolved in water (5 ml). Ethamol (50
nl) was added and the mixture was filtered. The above ester
(3.57 g; 15.8 mmole) was added and the solution wasg ;efluxed for
two huurs.. The solvert was evaporated qnder reduced pPressure and
the residue par;itioned betweep diethyl ether and'watef. The
ether extraget was washed in turn wiﬁh Satuféted &queous sodiuﬁ
bicarbonate and water, dried_(MgSOa) and the sblvent evaporéted_to
give the required oxime as an oil (3.8 g; 100%Z). Found: C,64.64,
H,9.48, N,5.91. C,.H, .NO. requires C,64.70; H,9.61;

13723773
N,3.80Z.

(3) c-Z—Butyl—c-d-(l,l—dimethylethoxycarbonylamina-r—l—cyclo—'

hexane carboxylic acid ethyl ester

An aqueous solution of titanium trichloride (37 wml, -15% w/v;'35.5.
mmnlg) was added dropwise at room temperatﬁre'under nitrdgeﬁ over
1.5 hours to a stirred solution of the above oxime (4.0 g; 16.57
mmole), ammonium acetate_(lﬁ_g) and.éodium cyanoborohydride (3.12
g3 49.7 mmoie) in absolute ethancl {200 ml). After stirrzng for
14 hours the solvent was evaporated, water was added and the
mixture was basified to pH8 with 1IN sodiuw hydroxide.- The praduct
was stirred in air to oxidize unreacted reégent, and the
suspension was then extracted with ethyl acetate. The organic
extract was washed with saturated galt solution, dried (HgSG ) and
evaperated to give the crude amine as a ciear gum (4.3 g). This

‘product was
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dissolved 1n.dry methylene chloride (80 mil}contaioiog:}i _
V-methylmorpholine (1.68 £; 16 6 mmole), di—tert—butyldicarbonate
{7.23 g; 33.14 mmole) added .and the solutien allowed to stand at
Io0m temperature for 48 hours. The sclvent was evaporated and the
residue partitioned betWEEH diethyl ether and water.. The ether
extract was washed succesively with 0.5N hydrochloric acid. water,
saturated aqueous sodium bicarbonate and water. Drying over MgSO4
and evaporation ‘gave an oil (5.8 g) which was chromotographed on
silica (600 g2). Elution with diethyl ‘ether: hexane (2 8) gave the
required cis compound as an oil (2. 72 g, 50%). Rf 0.38 (s;lica;._ |
_ ether:hexane 3:7), NMR:$= 2.66 (_Ig_C-—COZEt), $=3.45' @_C-NH—) -
Found: C,66.06; H,10.17; N,4.19. C ., NO, requires cies.'oé"f-:'
H,10.16; K,4.28Z. Continued elution then gave the more polar
trans-isomer as an oil which solidified on standing (860 mg, 162)
RE0.27. MMR: §=2.45 (ac-co ,Et), 3 =3.68 (HC—NH-) Found c 65. 75
H, 10.13: N, .4.17. CIBH33N04 requires C, 66.02; H 10. 16

N,4.28%.

@) c—4—Amino—c—2-butyl—r-l—cyelohexane earboxylic acid ethyl

ester hydrochloride

An ice cold solution of the above eie-isomer (3.2 g; 9 8 mmole) in

diethyl ether (100 ml) was saturated with HC1. After 3 hours the i .

solvent was evaporated under a stream aof nitrogen and the residue
triturated with diethyl ether Filtration gave a white solid
(2.43 g; 942)-m.p. 249—250“0. Found: C,59. 16 H,9. 83 N, 5 38.

13 26C1N02 requires C,59.19; H,9.93; N,S5. 312
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~ EXAMPLE 2

c—&-Amiﬁo—t-2%butyl—r—1-cyclohexane carhoxylic acid ethyl

ester hydrochloride

(D cis-?—ButyL_ 2 4=d ﬁ;oxggpigo[é,S]decane-B—carboxylic acid ethyl

ester |
cis-2-Butyl-4-oxocyclohexane carboxylic acid ethyl estef {9.05g;
40 mmole), ethylenéglycol {2.73 g; 44 mole) and P-toluene-~
sulphonic acid (100 mg) were refluxed in benzene (80 mi) using a
Dean-Stark water trap. After 12 hours the ﬁixﬁure_was cooled,
Hiluted with digthyl ether and washed with satﬁra:ed aqueous
sodium bicarbonate followed.by water. Drying over 1“Ig50¢l and
evaporation gaﬁé a Jiquid (10.80 g IQOZ) which was pure éﬁnugh to
use directly. Found: C,66.71; H,9.79, C15H2604 requires C,66.64;.

H,9.69%.

(2) trans—?—Butyl—l,4—didxaspiro[4,Sldéeane—B—carhoxylic acid
ethyl ester | |
'Potassium-tert-butoxide (1.9 g; 17 muole) was added to a solution
of the above ester (10.75 g; 39.7 mmole) in tert-butanol (90 ml1}),
which had been dried over 34 seive, and the wixture was refluxed
under nitrogen for 24 hours. The sblution was then reutralised
‘with 2N HC1 and evaporafed ta a sﬁall-volume under reduced
ﬁréssure " The residue was taken up in diethyl ether washed with
wvater, dried over MgSO4 and evaporated to give 8 yellow liquid
(10.0 g) which was chromotog;aphed on silica (300 g). Elution
with diethyl ether:hexane (2:8) gave'the required Ezéggfisomér as
- @ clear liquid (8.80 g, 82%). Found: C,66.58; H,9.67. Cy5Hy60,
requires C,66.64: H,$.69%. .
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(3). trans—Z—bntyl—44nx0cyclohexanEcarboxylic acid ethyl ester -

The above ester (8.75 g, 32.4 mmole) in absolute ethanol (70 ml)
' was added to 1IN sulphurin acid (50 ml} and the mixture was.
refluxed for 3 hours. Half the solvent was evapnrated and-the_
residual suspension was extracted with diethyl ether. The extract
was washed with saturated aqueous sodium bicarbonate fnllowed by
water, dried (MgSO ) and evaporated to give a clear liquid.

(6.85 g). Chromatography on eilica (500 g) eluting with diethyl
ether:hexane (2: 8) gave the required ketone (6.05 g; 832) as a

..

. clear liquid. Found: C,68.73,“H,9.85. C13H2203 requires C,68.99;

H,9.80%.

{(4) trang-2-butyl-4-methoximinocyclohexane catboxylic acidlethyi:'
ester | I

The above ketone (6.02 gs 26.6 mmole), methoxylanine"
hydrochloride (2.89 g;: 34, 6 mmole), sodium acetate (2 84 g,n'.
34.6 mmole) were refluxed in absalute ethanol (100 ml) for 3
hours, After standing overnight at room temperature. most of rhe
solvent was evaporated under reduced pressure and the renidue wee
partitioned between diethyl ether and water. .The ether extract
was washed with saturated aquecus sodium bicarbonate followed by...
water, dried (HgSO ) and evaporated to give a clear oll (6.77 g
10G%Z) which was pure enough to use dirveetly. Found: C,65.78;

H,9.71: N, 5 63 Cl¢H25N03 reqnlres Cf65.85; H,9.8?; N,5.49%,
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{5 th-Butyl-c-é—(l,l—dimethylethcxycarbonylamino)—l—r—éyélo-

hexane carboxylic acid ethyl ester

Trifluorcacetic acid {10.2 ml, 0.13 mmole) in dry tetrahydrofuran
(20 ml) was added dropwise under nitrogen to a stirred auspensidn.
of sodium borehydride IS.Qg;JOKi3.mmoleJ.in'ﬂry tetrahydfcfuxzn
(120 ml). The_temperature was kept betwéen.10-20°c with ice

' cooling and ‘after 15 minutes a soluﬁion_of the above ester (6.75
g; 26.4 umole) in tetrahydrofuran (20 ml)'égs added. The
temperature rose to 33°C and brief cooling was requiréd'to return
_the témperature to_20°C. After 4 hours water was caréfully'added,
with_iée cooling, followed by diethyl ether. fhe organlic phase
waé waghed wi;h-saturated salt solution, dried (MgSOa) and
evaﬁorated to give c;udelamine (8.2 g). This product was
dissolved in dry methylene chloride (100 wl) containing N-methyl
morpholine (2.67 g; 26.4 mmole), di~tert-butyldicarbonate (11.52
‘83 52.8 mmole) was added and the solution allowed to stand at room
temperature for 48 hours., The solvent was evaperated and the
residuejparticioned betweén diethyl ether and water. Thé ether
extfact yas washed successively with.O.SN hydrochleric acid,
water, saturated aquéous godium bicarbonate and water. Drying
bver MgSO4 andg evaporation gave an oil (8.86 g). Chromatography
oﬁ silica eluting with diethyl ether:hexane (2:8) gave the
required cig-isomer as an oil (1.61 gi 192). Bf 0.35 (silica,

ether:hexane 3:7). NMR: §=2.13 (HC-CO,Et), §=3.88 (HC-NH-).
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Found: C,65.96; H,10.14; §,4.20. C, B 33N04 reqnires c. srloz
H,10.16; N,4.28%. Continved elution then gave the more pclar.-a-
trans-isomer as a white solid (1.53 £; 182).- Recrystall{éh#iép '
from hexane gave a white solid m.p. 78-9°C. Rf = 0 3. bT.I“I']i"'«!:';=
2.1 (HC-CO,Et), £=3.49 (HC-NH~).. Found: C,66.08; H,10. 243 N, 4 17
C]_BH33N04 requires C,66.02; H,10.66; N,4. 282.‘ |
(6) c-4—Aminoht-2—buty1—r-1—cyclohexane carboxylic acid'ethyl 

ester hydrochloride

An ice cold solution of the above cis-isomer (l 58 g3 4. 83 mmole)

in diethyl ether (50 ml} was saturated with RC1. After 3 huurs
_the solvent was evaporated under a stream of nitrogen and the.

re51due was triturated with diethyl ether. Filtration gave thé'_

required amine salt as a white solid (1.17 g; 92%), m.p. 166~ 7 C;
- Found: C,59.18: H,10. 27; N,5.19. 13 2601N0 requires C,59. 19

- H,9.93; N.5.312.
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EXAMPLE 3

.3-[1—(c—d-Ethoxycarbonyl4c—3—butylcyclohekyl-r-1—carbamovl)

cyclopentyl]-2§~2-methoxyethoxymethyl)propanoic acid 1,}-dimethyl~

ethyl ester, (diastereoisomers).

1-Ethyl—3-(3-dimethylamimqpr9pyl)carbodiimide (575 mg:. 3 morled
was added to an ice cold stirred solution of 3~(1-carboxy-
cyclopentyl)-25-(Z-methoxyethoxymethyl)propannic'acidIl,l—dimcthyl
ethyl ester (495 ng; 1.5 mmole), l-bydroxybenzotriazole (202 og;
1.5 mmole) N;methylmorpholine (455 mg; 4.5 mmole) and
_c—4—amino—c-2—butyl—r-l—cyclohexane carboxylic acid ethyl ester
hydrachloride (396 .mg; 1.5 mmole) in dry methylene chloride (15
ml). - After half an hour the mixture was allowed to attain rocm
temperature, snd after five hours the solvent was'eﬁaporated under
reduced pressure, The residue on standing for 20 hours was taken -
up in diethyl ether and washed suécessiﬁely with 0.5% hydrochloric.
acid, water, aqueous sodium bicarbonate solution and water;
Drying_oﬁer Mgsoa and evaporation gave a gum'(?70mg).

The crude product was chromotographed on s;lica and the two
diastereoisomers were separated by elution with a mixture of
Jiethyl ether:hexaueﬁtoluene.(10:7:3).
| Iagmer I was obtaiﬁed as a gum Rf=0.25 (silica, diethyl
ether, hexane, toluene 10:7:3). Found: C,66.90; H,9.89; N,2.53,
030H53N07 requires C,66.76; H,Q.QO; N,Z.SQZ.

Isomer I also obtained as a- gum Rf=0.22. Found: C,66.93,

H,9790; N,2.41. C30H53N07 required as above.
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EXAMPLE 4

3—[1-(c—&—Carboxy-c-3—butylcyclohexyl r—l—cerbamcyl)cyclopentyll—
Ao
28-(2- methoxyethoxymethyl)pronan01c acid, (diaeterecisomeq_l

Isomer A Trzfluoroacetlc acld (5 ml) was added to an ice cold
solution of isomer I from Example 3 above {350 wg) in dry h
methylene chloride. After standing at ronﬁ temneratare for.Z 5
hours, the solvent wae evaporated under reduced pressure end the
residue dried azeotropically with toluene. The residue was
dissolved in diethyl ether and washed twice with water,'5Z aqueous
ammonium carbonatezbeing added'dropwise to the f;rst washing until
the pH of the aqueous phase remained at about.S.“:Tﬁe etber..
selution was then extracted vith 1IN sodium hydroxide fld ml x 2)
and the combirned aqueous extracts maintained at 65°C for two days.
The solution was acidified with concentrated hydrochloric ecid and
. e
extracted with diethyl ether. The ether extraer was washed with
saturated éé;: solution, dried (MgSO ) and evaporated to give the
title product as a gummy foam (264 mg; 892) Bx{b + 22,1
(e = 0,95, CH Clz) Found: C.62193; H,B8.87; N 2.90. 24 41N0
requires C,63.27; H,2.07; N,3.07%.
Isomer B Prepared similarly from isomer II of Example.B
(330 mg), and vas also obtained as a gummy foam (241 Bg; 872)
[an -21,9° {c = 0,95, CH,C 2) Found: C,63,58, H,9.18; N,2.89

24 41 hO requires C,63.27; E,9.07; N,3.0?Z.
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EXAMPLE 35

3—{1—(c—4—Ethoxycarbcqyl—t—B-butyl—r-lhcarbamoyl)cyélqpentyl]-?s-

(2—methoxyethoxymethyl)propanoic acid 1,1-dimethylethyl ester

The procedure of Example 3 was followed but using the
trans-isomer of the zmine from Example 2. The diester product, a
diasterecisomer mixture, was obtained as a gum (B3%). _Found:
C,66.85; H,9.80; N,2.92. C,4Hy,NO, Tequires C,66.76; ¥,9.90;

N,2.60%.

EXAMPLE 6

3—[1—(c-&—Carboxy—t;3—butyl—r—1—carbamayl)cyclqpentle-ZS—(Z—

methoxyethoxymethyl)propanaic acid

The product of Example 5 was deprotected fellowing ﬁhe
procedure of Example 4 to yield the title diaecid product, a
mixture of diastereoiéomers, as a gum (99%), Found: C,63.28;

‘E,9.15; N,3.07. Cz:ﬁu“"é requires C,63.27; H,9.07; N,3.07%.
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EXAHPLE 7

3-[1-(c-4~Ethoxycarbonyl—c-3- bu;yleyclohexyl—r—l—earbamoyl)cyclo

pentyl} 2- (2—methoxyethyl)propanoic acid benzyl ester

Oxalyl chloride (1.55 g; 12.7 mmole} was added to =z stirred '
solution of 3— (l-carbexyeyclepentyl)—2-(Z-methoxyethyl)propenoici 
ecid benzyl ester(2.04 g; 6.1 mmole) in dry methvlene chloride
containing two drops of dimethylformide. After 2 hours the "
mixture was evaporated to dryness under reduced pressure. The
residue was dissolved in dry methylene chloride (10 ml) and 5 7 mi
of this solution wasg added to an ice oold stirred solution of -

—4—amlno-e—Z—huty1~r—l-cyclohexane cerboxylic acid ethyl ester .i
hydrochloride (605 mwg 2. 3 mmole} and N—methylmorpholine (60? mg,
mmole) in dry methylene chloride (5 ml)}. After 0.5 hours the ice\
bath was removed and after a further 1 hour the solvent was .
evaporated under reduced pressure. The residue was suspended.iu
water, extracted with diethyl ether and the orgaoic exeraet easoed
successively with 2N hydrochlorie acld, water, saturated.equeous"
sodium bicarbonate and water. Drying (HgSO ) and eveporetian gave-
an oll (1.64 g) which was chromotographed on siliea Elution with
diethyl ether:hexane (1 1) pave the required diester as atr oil
(1. 07 g; 86%). Found: C,70.83,H,9.11; N,2.44, 32H49N06
requires €,70.69; H,9.08; N 2.58%. |
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EXAMPLE R

-3—[l—(c—4-Carboxy—c—B-butylcyclohexyl—r—Lfcérbamoyl)cyclopentxll:

2-{2-methoxyethyl)propanoic acid

The -above diester from Example 7 (1.03g; 1.89 mmole) waé diséulved
iﬁ a mixture of ethanol (25 ml) and water (10 ml) and hydrogenéted
over 10% palladium on carbon (200 wg) at room temperature and 50
psi (3.4 bar). After 1.5 hours the mixture was filtered through
avicel and evaporated to dryness. The residual gum was dissolved
in 1IN Qodium hydroxide and the solution was kept undef nitrogen at
Sh“C for twc days. Further 1N sodium hydroxide (10 tml) was added
and hydrolysis continued for 24 hours; Oon codling the solufion
was acldified With 2N.hydrochloric acid and extracted with diethyl
ether. The extract was washed with water, dried (MgSOQ) and
evaporated to give the titie product as a white foam (660 mg;

82%). TFound: C,63.80; H,9.34;gN,3.39. C23339N06. 0.4H20

requires C,63.83; H,9.27, N,3.27%.
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TEST DATA
© The compounds were assessed for their ability to iﬁ%ibit'the'
neutral endopeptidase E.C.3.4.24.11 following the procedu:é;  ¢
deseribed herein. ICéd data in ;omparison witﬁ compounds ffcﬁé

EP-A-0274234 are given below:

Compound ' IC50
Example 4 iscmer A 3.6 x 10“9
Example 4 isower B 5.6 x 10—9
Example 6 - 79 %107
Example 8 8.0 x 107°
EP~A=274234

. _ -8
Example 325 (25 isomer)* 3.9 % 10
Example 217 | 5.0 x 107

* (EP—A—0342850, Example &)
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CLAIMS

1. A compound having the formula-:

CHCHz CONH

wherein each of R and R4 is independently H, Cl—C6 alkyl, benzyl

or an alternative biclabile ester—forming group;

Rl is R or C1-04 alkyl;

R2 is a C4 alkyl group;

'R3 is H, 0OH, 01~C alkyl or Cl_C4 alkoxy;

and = RS is 01—06 alkyl, CZ—CG'aikenyl, 02—06 alkynyl,
aryl(c2—06 alkynyl), CS-C7 ;ycloalkyl,'c3—c7 cyclo-

alkenyl, Cl—C6 alkoxy, —NRGR?, -NRacORg, —NRSSUZR9 or a’

saturated heterocyclic group;
“or C;—C. alkyl substituted by one or more substituents

chesen from halo, hydrexy, C —06 alkoxy, CZ—C6

1
hydroxyalkoxy, CI_CG slkoxy(cl--c6 alkoxy),

C3—C?'cyclcalkyl, C3--C_7 cycloalkenyl, aryl, aryloxy,
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arylnxy(c -C, alkoxy), heterocyclyl heterocyclyloxy,

—wrlr’, -NRS_CORQ nx%s0,8°, —comrb’, -su, -—S(O) R 16

2
—CORII.or —C02R12; wherein Rﬁ'and R? are each

independently H, Co- C alkyl, C3-C7 cycleoalkyl

(optlonally substituted by hvdroxy or. Cl—-C4 alkoxyl,

'

aryl, aryl(C -C alkyl), chﬁ alkuxy—'alkyl or he{efocyclyl, or
the two gro_ups'R6 and R7 are taken together'with'the nitrogén to
which they are attached to form a pyrralidinyl piperidino,
morpholiuo, piperazinyl or N—(C —04 alkyl)—piperazinyl group;

Ra is B or 01-04 alkyl;
Rg is Cl—Cé alkyl, CFy, aryl, aryl(Cl-C alkyl},

4 .
aryl(Cl—C4 allkoxy), heterceyeyl, Cl-Ca'alkoxy_or NR6R7
wherein R6 and R7 are as previously defiped; .

0 is 01—04 alkyl, aryl, heteérocyelyl or NR637 wherein

R6 and R7 are as previously defined;

Rl1 is C —C alkyl, 3-0? cyclogikyl, aryl or

- heterocyalyl:
12
R is B or 01-04 alkyl;
and pis 0, 1 or 2;
and pharmaceutically acceptable salts thereof and bioprecursors

therefor.
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2... A compound as claimed in claim 1 wherein R is n-propyl,
2—methoxyethoxymeﬁhy1. 2—methokyethyl, methoxyﬁethyl or allyl.
3. A compound as claimed in claim 1 or claim 2 wherein R and 34
are both H.
4. A compound as claimgd,in claim-luo: claim 2 whereim.ont-ufﬂﬁ_
and R4 is a biblﬁbile ester grnuﬁ and the.other is H.
5. A compound as claimed im claim 4 wherein said biolabile ester
group is S5-indanyl. |
6. A compound és.;laimed in claim 1 wherein said compound is
_3-[1—(c—4—carboxycafbonyl-c—B-butylcyc1ohexy1—r-l-carbamoy1)
cyciopentyl]-ZSf(Z—ﬁethoxyethuxymethyi)prupanoic acid;
3—[l-fc—4—carbpx&carbonyl;t-3—butylcyclohexyl—r-lécérbamoyl)cyclo—
peutyl]-ZS~(2-methoxyethoxyme£hyl)propancic acid; or
3—[1*(c—4—carbcxycarﬁonyl—c—S-Bﬁtylcycléhexyl—r-l-carhamoyljcy?lo-
.pentyl—Z—(2~methoxyethyi)propanoic acid.
7. A process for preparing a compound of the formula (II) as

claimed in claim 1 which comprises subjecting a combound of the

- formula-:
r> . 3
\ ) . 5
CHCH2 CONH R .
13 / : ' 12
R 02C _ (v} o COZR .
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wherein-R13:and Rl4 are as defined for R and R4 excluding H or

A &
T.

they are conventional carboxylic acid protecting groups and: R5 is
as defined for R5 with any reactive groups therein opticnally
protected

tq 2 hydrolysis and/er hydrogenation and/or othér'deprotgction

. . .
‘reaction to remove any protective group present in Rs and to

remove one or both‘of RI3 and R14 to yield the corresponding
dicarboxylic acld of formula (II) wherein R ang R4 are both H, or.
to yield the correspcnding monp—-ester product wherein one of R._and
R4 1s H and the other is a biolabile ester-forming group; and
optlonally forming a pharmaceutlcally acceptable salt of the
product.

8. A process as claimed in glaim 7 whérein R13 and R14 are
selected from t—butyl; ethyl and benzyl and said groups are
removed by treatment with trifluorcacetic acid, agueous alkali or
catalytic hydrogenation respectively, to yield the compound of
formila (I1)} wherein R and R4 are both H.

9. A pharmaceutical composition comprising a compound of the
formula (IY) as claimed in any one of claims 1 to 6 or a
pharmaceutically acceptable salt thereof or bioprecursor therefor,
together with a pharmaceutic#lly acceptable dilueﬁt or carrief.
10. & comﬁcund of the formula (I1) as claimed in any of claims 1
to 6 or a pharmaceutically acceptable salt thereof-or bioprecursér
therefor, fpr use in medicine, particularly for the treatmeut of

hypertension, heart failure or renal insufficiency.
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1. A process for preparing a compound having the formula-:

wherein

and

CECH

R (II)_

Co
2R

each of B and R4 is independently H, Cl—C6 alkyl, benzyl

or an alternative biolabile ester-forming gfoup;

g 1s ¥ or Cl-CA alkyl;

R2 is a C& alkyl group;

R3 is H, OH, Cl-C‘,‘ alkyl or {31—(24 alkoxy;

5 .
R” 1is CI—C6 alkyl, CZ_GG a%kenyl, CZ_CE alkynyl,

aryl(Cz-CG alkynyl}, C3_C7 cycloalkyl, 03-07 cyclo-

alkenyl, C;-C, alkoxy, —nr%%’, _xeBcor®, -Nassozag or a

saturated heterocyclic graoup;

or .C1-06 alkyl substituted by one or more substituents

chosen from halo, hydroxy, Cl_cﬁ alkoxy, C2—C6
hydroxyalkoxy, C;C¢ alkoxy(Ci—Cs alkoxy),

C3-C7 cycloalkyl, C3—C? cycloalkenyl, aryl, aryloky,
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aryloxy(C C4 alkoxy), heterocyclyl, heterocyclyloxy,

NRGR? -—NRS_COR9 -NRBSO R9 -CUNRGR? -SH, fS(O)pR 0,

2
: —CORIL or -{0 Rlz;

2
wherein R6 and-'i{7 are each independently H, Cl—C4 alkyl, C,-C

377

cvcloalkwl (qptiqnallx"suhgtizhféfwbiwhyérozy-91

C,-C, alkoxy), aryl, aryl(c,-C, alkyl), C,=Ce alkoxy_f
alkyl, or heterocyeclyl; or the two groups R§ and R?'are
taken together with the nitrogen to which they are

attached to form a Fyrrolidinyl, piperidino,-ﬁorpholimo,

piperazinyl or ¥-(C,~C, alkyl)-piperazinyl group;

Rg is H or C —C4 alkyl;

R is cl-c4 alkyl, CF,, aryl, aryEl.(Cl—C4 alkyl),

aryl(Clncé'alkoxy), heterocyceyl, 01—04 alkoxy or NR6R7

wherein R6 and R7 are as previously defined;

RIU is CI-C4 alkyl, aryl, heterocyelyl ar NR R whereinl'

R6 and R7 are as previously defined'

Rl1 is C1'Ca alkyl, C3--C7 cycloalkyl, aryl or
heterocyclyl;
12
R is H or-Cl-C4 alkyl,
and pis 0, 1 or 2;

and pharmaceutically acceptable salts thereof, which comprises
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subjecting a compound of the formula—:

_ ~
\ cHC
13 / '
C RToC |

wherein R13 and Rl4 are as defined.qu R and R4 excluding H, or
they are conventlonal carbexylic.acid protecting groups and Rs' is
as defined for Rs with any reactive gtoups:therein optionally
proﬁecteﬂ; |

to a hydtolysis and/or hydrogenation and/cr other deprotection

. 5t
reaction to remove any protective group present in R and to

remove one or both of R13 and Rlﬂ to yield thé corresponding
diéérboxylic acid of formula (II) wherein R and R4 are both H, or
té yileld the corresponding mono-ester product wherein ocne of R and
Rd is ¥ and the other is a biclabile estef-forming group; and.

optionally forming a pharmaceutically acceptable salt of the

product.
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2. 4 process as claimed in clalm 1 wherein Rs is n—propyl
2-methoxyethoxymethyl, Z-methoxyethyl methoxymethyl or allyl.:

13. A process as claiﬁed in claiwm 1 or claim 2 whe;ein R and R  .
are both H. | |

14. A process as claimed in claim 1 or claim 2 wﬁergin one of R,
and R4 is a biolabile ester group and the ofher is-H.

5. A proééss'as claimed in claim. 4 wherein said biolabile ester
group is S5-indanyl,

6. A process as claimed in claim 1 wherain sald compound of
forgu;a (fI) produced ig-: _ _
3-[1—(c—4~carboxycarony1—c-3-butylcyclohexyl—r?l—carbamoyl)
cyclopentyl]-2S—(Z—methoxyethoxymethyl)propanoic acid;
3~[l—(c-d—carhoxycarbonyl—t 3-butylcyclohexyl—r—l—carbamoyl)cyclo—
pentyl}—2S—(Z-methoxyethoxymethyl)propanoic acid; or
3—[l-(c-4—carboxycarbonyl—c—3-butylcyclohexyl—r—l—carbamoy1)cyclb—
pentyl«Z—(Z—methoxyethyl)propauoic acid.

I7. A process ss claimed in ¢laim 1 wheréin R;B and Rla are
selected from't-butyl. ethyl and benzyl and_sgid groups are _.
removed by treatment with trifluorcacetic acid, aqueous alkali or’
catalytic hydrogenation respectively, to yield the compound of
formula TI wherein R and R4 are both H.

18. A process as claimed in claim 7 wherein R;? is t-butylrand
Rl4 is ethyl and the compound of fofmula V. is treated with
trifluaroacetic acid followed by aqueous alkali tg YLEld the .
compound of formula IT wherein R and R4 are both H.

19. A process as claiwmed in claip 7 wherein Rlz.is benzyl. and Rl&.

is ethyl and the cohpound of formula V is subjecfed to catalytic

hydrogenation followed by treatment with aqueous alkali te yield

the compound of formula II wherein R and Ra are both H,
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(57) Abstract

OR?

CYCLOPENTANE-DERIVED GLUTARAMIDE ANTIHYPERTENSIVE AGENTS

(@ “‘z‘@

A
- RB

Compounds of formula (1), wherein R/ and R2 are each independemly H or a biolabile ester-forming group, and either
or both of OR! and OR? may optionally be replaced by NH;; R3 is (a), wherein R5 is H or methyl, R¢ is H or halo, and n is
0 or 1; {b) CH,OR7, wherein R7 is C;-Cg alkyl, C3-Cg alkenyl, C3-Cy alkynyl, C3-C; cycloalkyl, (C)-C; alkoxy)C;-Cq alkyl,
(C-Cq alkoxy)C3-Cg alkenyl, (halo)Cy5-Cg alkenyl, (C3-Cy cyc!oalkyl]C]-Cf, alkyl or (CF3)C;-Cg alkyl; (c) wherein, RE¥ is
CH,0H, CH.OCH;, OCH(RS)CH,;0H er OCH,CH;0CH, and R? is a previously defined; (d) or (e) (C,-Cy4 alkoay)C1-Cy

alkenyl or (Cl-C4 alkoxy)-C»-C

o alkyl: and R4 is H or hydroxy; and pharmaceutically acceptable salts thereof, are diuretic

and natriuretic agents having wility in the treatment of hypertension, heart failure, renal insufficiency and other disorders.
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CYCLOPE&TI‘AN’E—DERIVED Gwmnmr[m ANTTHYPFRTENSTVE AGENTS

This inverticn relates to a series of cyclepentyl- substltuted
glutaramide derivatives wh.lch are antihypertensive agents having
util.ity in the treatrrent of varimzé cardiovascular disorders,
including hypertension and heart failure.

According to the specification of our European pate.m:.
application 0358398, we disclose certain cycloalkyl-substituted
glutaramide derivatives which are inhibitors of the zinc dependent
enzymes neutral mtalloe}ﬂopepﬁdase (E.C. 3.4.2'4'.'11)_ ard
angiotensin converting enzyme. Thus these compounds have a dual
pharmacological action by inhibiting two key enzynes involved in
blood pressure control, wh:u::h makes them particularly useful in
the treatment of various foms of hypertension and associated
‘cardiovascular discrders, e.g. congestive heart failure arxi
glaucoma, _ | | |

The present inventiaon includes further novel cyclopentyl-

- substituted glutaramide diacids which also possess said dual
enzyme inhibitory activity. Mare spec:.flcally the mventmn
provides biolabile '(arﬂ thus prodrig) monoester, diester,

. moncamide, diamide and nmmaster—mnaamlde derlvatlves of the -
capounds, which have mpn:wed oral bicavailability profiles over
those of the bicprecursors disclosed in EP-A-0358398. That is,
after cral administration of the prédrugs disclosed herein,
significantly enhanced systemic levels of the derived diacids are
achieved. Without wishirg to be bound by any particular mechanism
of acticn, this is thought, at least in part, to be due to their
improved resistance to hreakdown by gastrointestinal enzymes,
which allows the corpounds to be more fully absorbed before
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conversion to the active diacid species takes place.
The carpounds are of the formula: '

v H

s

N : ' _
HN H‘ ; '
- R‘O\HJ\Q_rN R¥
: _ 0 O I . '
_ -0

OR?

wherein R and R? are each independently H or a biolabile
ester-—farming group, and either or both of ORl and OR®

™y cpticnallybereplacedl:yﬂﬂz:

.R?‘..is (a) ri'n(cﬂz)noa{z@ i
_ 5 B R”
R .

mmereinRSisHormttyl, r® is H or halo, amd n is 0 -
or 1; ' . )
o

(b) GLOR

.7 .
vherein R° is C‘._L-C6 alkyl, C3-C6 alkenyl,
CCe. alkgnyl, CB—Q cycloalkyl, (Cl—c:4 alkoxy}cl—cs
alkyl, (Cl'—c4 alkoxy) (23'--{”:6 alkenyl, (halo) C:i--C5 alkenyl,

(C3—C7 cycloalkyl) €S alkyl or (CF:;)Cl_CG alkyl;

.y,
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wherein R® is CH,CH, C.'rIZOG-I3 QCH(RS)C}IZCH or |

| OCH, L OCH, and R is as previously defined;
@ ado)

(0) (cy¢, alkaxy)c, <, alkenyl ar )

alkoxY) Cz-C alkyl;

and : R4 is H or hydroxy;
and include ;harmaceutlcally acmptable salts thereof.

In the above definitions halc means flucro, chlc:ro, brcmx) or
_J.odo Alkylgrazps}mvmﬂlreeornbrecarbcnatm and alkenyl
qraumxylgru:pshammgfmrorméarbmxatm may be
straight or Iranched—chain.

The term biolabile mter—formng group is well wderstood in
"theartasneamngagrwpwmdnprovldasanesterwmchcanbe

- readily cleaved _,1_1_1 vivo to liberate the correspording acid.

In the case of ﬂxe_ccxrpcmﬂs of formala (I), such biclabile
-mone~ or diester prodrugs are particularly advantagecus in
providing compounds of the formnla (I) suitable for oral
administration. The suitability of any particular ester—forming
group can be assessed by conventional in vivo animal or in vitro
enzyne hydrolysis studies. Thus desirably, for cptimm effect,
ﬂméesre;shmldmﬂybenydroiyseaaffefabsm-ption is complete.
Accordingly, the estér should be resistant to premature hydrolysis.
by CthS'thE enzymes before absorptlcn, hat should be productlvely
hydrolysed by, for examplé, gut-wall, plasma or liver enzymes. In
this way, the active diacid is released mto the bloodstream

following oral absorption of the prodrug.
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- suitable biolabile esters include aJ.kyl, alkancyloxyalkyl,

/ cycloalkai'byloxya_lkyl, aroyl@a]]qu and alkoxycm-bonyloxya&yl
estérs,_including cycloalkyl and aryl substituted defivatives
thereof, aryl esters, cycloalkyl esters, halcalkyl esters,
cxoalkyl esters, dihydroxyalkyl esters‘including katal derivetives
thereof, pyridyl esters and [4-(5-alkyl or 5-aryl-l,3-dioxolen—2- |
cnyl]methyl esters, wherein said a]karbyl .or alkyl groups may
contain from 1 to 8 carbon atoms and be hranched or straight
chain, said cycloalkyl groups maycontam fram 3-8 carbon atams
and said cycloalkanoyl groups fram 4-8 carbon atoms wherein both
are optionally benzo—fused, and said aryl groups are phenyl, |
naphthyl or indanyl optim;lly substituted with one or more ¢;—C,
alkyl, ¢;-C, alkexy or C,-C, a:lkcxycarbmgl groups or with halo |
atams. ' ' I |

Thus exarples of R! and R when they are biolabile
ester-forning grows include C)-C; alkyl, C-C, cycloalkyl,
(cgcime;q,rl) C;=C, alkyl, (phenyl)c -C; alkyl, 1~(C,Cg
alkanoyloxy)C,~C, alkyl, 1-(C;=Cq cycloancylacetugy)cl-c4 alkyl,
1~(c5¢, cyeloalkyloarbany)C; <, alkyl, 1-(2-indanylcarbony)C =C,
alkyl, i-—(benzayloxy)ci—c‘l alkyl, 3-phthalidyl, 1-(C,-C, alkoxy-
carbonyloxy) ¢, -C, alkyl, [a;-(sv[cfc4 alkyl]-1,3-dioxolen-2-
caryl) ]nﬁethyl, acetonyl, indanyl and pyridyl.

Preferred biolabile ester-forming groups are methyl, ethyl,
(é-cyclmexylmfcpyl,_ (3-phenyl)propyl, pivaloyloxymethyl, 1-
(cyclanexylacetoxy) ethyl, 1-(cyclohexylcarboxy)ethyl, 1-(2-
irﬂﬁnquarbb)qr) ethyl, 1-(benzoyloxy)ethyl, 1-(ethoxycarbonyloxy)-
ethyl and [4-{(5-methyl-1,3-dioxolen-2-onyl) Jmethyl.

The invention also includes amide derivatives (wherein either
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or both of 0RY and CR? are replacédbym]z}. Such oc:rpourids are
also bicprecursors to the dlcarboxyllc acids and their su:.tablllty
too may be assessed as indicated abgve.

mecnrparﬂsofﬂlefclmna {I) contain three or more
asymmetric centres and thus they can.exist as rena,m'.lcsmax"l= or
dlasterecalscxners The invention includes both the separated _
individual isomers as well as mixtures of 1scm-ers The preferred
stereoisamers. are those derived from either (S) -proline. or 4{11)--_
hydroxy—-(5) —proline, in which each of the terminal ca_rboxylic
acid/ester/amide groups is attached to an asymmetric cérbon atom
of (S)—ccmflguratlon. |
Also included in the inventicn are radiolabelled derivatives
of compounds of the formula (I) which are suitable for biological
The pharmaceutically accgptable salts of the compourdds of
formula (I) cmtaininéémacidiccentreareﬂmefonnedwim
hases which foarm non-toxic salts. Exanples include the alkali or
alkaline earth metal saltssuchasthesodimﬁ, potassium or
calcium salts, or salts with amines such as diethylamine.
Compounds having a basic centre can also form acid addition salts
with pharmaca:rt.lcally acceptable acids. Ebza:rtples include t‘ne
hydrochloride, hydrobromide, sulphate ar b:Lsulphate_, phosphate or
hydrogen phosphate, acetate, benzoate, citrate, tértmte, lactate,
fumarate, maléate, succinate, gluconate, nethanesui;honate,
benzenesulphorate and p-toluenesulphonate salts.
'Preferredccxnpcxmdsarepzndrugmmofdiasters ofccm:pounds
of the formila (I) wherein R’ is benzyloxymethyl (0-benzyl serine
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" derivates) ' l-(z-butenyl) m;ymethyl, 1-(4—methc»zy-2-h1teny1) axy-—
methyl or 2-c:hloro—2—pztpenylox§metl’1yl R is preferably H.

Preferredmxo—est:ars arettmsewhere.mklls}[arﬁR lsnethyl

(3-phenyl)propyl or (3-cyclonexyl)propyl, and preferred diesters
are those wherein ® 1sp1va.mylmzynet'nyl, 1- (cycidiexyiacetox'y}ﬂ-
eﬁxyl, .l'— (cyclohexylcarboxy)ethyl, 1—(2-indanylcarbaxy) ethyl, 1i-
(benzoyloxy) ethyl, 1-—(et1mycmbmy1mq)eﬂm ar [4-(5-methyl-1,3-
dlmmlerr-z—cmyljmtlwl ard R is ethyl.
It will be appreciated fram the fm.-egmng discussion that the
- blologlcal_ly active spec.J_es in vivo are the diacids, that is
c:cnpcundsof‘l'hefcmﬂa {I) wherembothR aniR are H, andR
andR are asprev1m51y defmed fortheformla (I}- Thus these
diacids form a further preferred aspect of the invention. '
The c:npouxﬂs.of the formila (I) can be prepared by a mmber -
of methods using the coupling. and protective procedures of amino-
aéid chemistry. One procedure involves coupling of a suitably
N—pc&cstected pmliné or 4-hydroxyproline derivative of the formala
(IT), wherein R is as previously defined and K is a conventional
~ amino acid N—protecting graup such as t-utoxycarbonyl, 2,2,2-
trldﬂaroetrm;ycarbcmrl or benzylcxymrbmyl,'wim an amine of the

. f 1. .
foermula (III), wherein R and R are as previously defined for

&} and B2 respectively hut are not H, ard B0 is as defined for R°
withanyreactivegrtupstherehopﬁicmallyprotected, to provide
a corpaand of the formla (IV) as shown in the following reaction

scheme;
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-7~ ' : _
5 HoN
N’R . H '
OH °© 9 4%or
(1D, (n
REI
Ny
re—4 o
IORZ'

m

The reaction of the compourds of formala (IT) and (IIX) 1s
achieved using conventional amide coupling techruques Thus in -
one process the reaction is achieved with the reactants dissolved
in an organic solvent, e.g. dichloramethane, usux_:; a diimide
condensing agent, for example l—ethyl-3— (dimethylaminopropyl) -
carbodnmde, or N N'—dmyclohexylcarbod.umde, advantageocusly in
the presence of 1—hydroxybenzotr1azole and an ozgam.c base such as
N—mthylmorpholuxe_. The reaction is generally ccmplete after a
period of from 12 to 24 hours at room temperature and the product
is then isolat_:ed.by conventional procedures, i.e. by washing with

water, or filtration, to remove the urea by-product and
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' evapomtlon of the solvent. The product may be further pu.rlfled
by c:rystalllsatlm or chromatography if nec:essary
In an altenatlve analogous procedure, the dlester products

of formila (IV} may be obtained by ocmpllng CampXRIS of fornmlae

NS o
_ H,N_ R
HN o - I
81'O\HJ\QH,OH ¥ o7 OoR?

9 0 )
W .

armd the reaction is achieved following similar procedures to those

The diesters of formila (IV) are subsequently Geprotected to
give the diester, moncester ar diacid derivatives of formila (I).
n.v_:. cxxﬁitionsuseawilldepe:ﬂcmtheprecisenatureofthe
groups R and B2 in the compound of formila (IV) andamjnmerof_
variatim‘:s is possible. Tws, for exarrple when one of Rl and
R mt—hztylarﬂﬂmeother:sa]kyl treatment. of the campound
of fornula (IV) with hydrogen chlaride or triflucroacetic acld
yields a moncalkyl ester of farmila (I) wherein one of R- and B2
is H and the other is alkyl. Altermatively, when both of R© and
R%' are t-batyl, said acid deprotection affords a diacid of
formila (I) wherein R- and K are both H. As an alternative
:.ﬁrbmqlic acid protecting group, benzyl may be employed instead
of t-butyl. In such cases,. catalytic hydrogeraation removes the

benzyl groups(s) to furnish either the moncester or diacid as
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A further vari_ation is that in which a moncester of formula
(I), wherein R:L is H and R2 is a biolabile ester-forming group, is

converted to a diacid of farmila (I), wherein both Rl and R2 are

H, by base hvdrnlysis, e.g. using anaqtmlsqodnmorpotass.mm
hydrmudemdnm. '
Amdeswhereaneltherorbothofm andOR arereplacedby
NH2 are obtained by starting with the appropriate amide derivative
cqrresporﬂJmmmformla'(III), (V) er (V’I).mtheco\.pl.‘..ng_
step, that is wherein either of OR or OR®| isNszrbothof_

1! 2t

Depending on the protection/deprotection strategy employed,
ﬁn-thercmwentlmalde;rotectlmstepsmybereanedtoremve
R arﬂ/cranyprotectmgmzpsprssentmkm

' Reqtured diester prodrugs which are rn't_d:recﬁly accessible
franccnpanﬂsoffozmla (ITV) maybeobtanmedfrmmestersof.
formula (IV} w}mmeitlle orR is H. This may be achieved
for example by alkylation of an alkali metal, preferably caesium,
salt of the moncacid with the required alkyl halide, preferably
Iromide or icdide, orbymlirigofmemci_dwimanalcmol
or pherol by conventional techniques as described above. Further
deprotact.mn éteps, e.g. to remove Rg and/or any protecting group
contained in RO, are carried out as appropriate to afford
campoundss of formila (I) wherein neither R ror B is H.

Thus certain novel compounds of the formula (IV), wherein
R and R® are each independently selected fram t-butyl or
benzyl, are useful intermediates for the preparation éf campounds

of the formula (I) and also form part of the invention.
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The ccnpcurxis of formila (I) may be isolated as, for example,
hydmchloﬁ'ide or sodium salts directly from the previcus
‘dexrotection step. Alternatively, they may be converted to other
;harmat:aztically aééeptable acid addition, alkali metal ar |

Appropriate coupling, protection and deprotection methods for
_mafﬂﬁmmmﬂamﬁmmmﬁmsmpmes

'wiubewen}gmn“tothoses]dliedinthegrtbyrefereméto
relevant text-bocks and to the examples provided hereafter.

The pcrolj_ne derivatives of formula (II) are either |
ccxm:ercmlly available ar preparable by stardard methods in
ac:::ardarnemﬂu hterabzreprecedent ’Ihe.amm of formula (III)
maybepreparedby'malogywimmdescrzbedm
EP-A-0358398 using the amincmethylglutaric acid derivative of
formila (VIT), wherein R is benzyl or 1(S)-phenylethyl and e
is as previously defined, and the.apgro,_:n'.‘iate o—amino est:e_r of
formala (VI) , vherein R and R are as previously defined, to
afford the coupled product of the farmila (VIII), followed by
catalytic hydrogemiytic removal of the R grmps as shown in the

following reaction scheme:
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(R.“)zN o .. S |
R"O\HJ\.Q(OH + Hz“Iﬂm

vin | . _ N YO |

Sy
am

The campourds of formala (V) are preparable according to
processes described in EP—A—O35§398, by capling the sodium salt
of 1-(2-t-hatoxycarbonyl-3-amincpropyl) cyclopentane carboxylic .
acid with the proline fragment (II). |

The novel a-amino esters of formula (VI) may be prepared fram
c_xﬁmercially availablé_N-— e-amino acid .derivatives such
as those of glycine, serine or tyrosine by established mmods in |
accordance with literature precedent. For example, standard
alkylation of the serine alecholic hydroxyl group provi_des ether.
derivatives, w}ulst Mitsunobu or Heck modification of the tyrosmé

phenolié hydroxyl group or its trifluoromethanesulphonyl -
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derivative respectively leads to a variety of 4-alkoxy or 4-alkyl
;i_ienylalaid.ne derivatives, which are also obtainable by
C—ﬁenzylation of glycine derivatives using.ﬂ'xe asymmetric
alkylation procedu:fe developed by O'Domnell et al. Subsequent
"N-Geprotection theri'affords the ‘compounds of formilz (v:)

As previcusly mentioned, the prodrt:zgs of the mventmn offer
" an oral biocavailability advantage in the systemic delivery of the '
potent, dual irhibitor diacids of the formula (I) derived
ﬂmerEErmmxéreian and R® are H. These diacids are potent
inhibitors of the neutral endopeptidase (E.C.3.4.24.11). This
enzyme is involved in the kreakdown of a mumber of peptide
harmones including, in particular, the kreakdown of atrial
natriuretic factar (ANF) . Tms the diacids of the invention, by
preventulgﬂledegradatlcmofmbjerﬂcpeptldaseECB .4.24.11,
c:anpotentlate its biological effects and the campounds are thus
diuretic, natriuretic and antihypertensive agents of utility in a
mmber of disarders including hypertensien, heart failure, angina,
remal :msufflcmncy, prememstrual syndrone, cyc;l_wal oedezna
'Me.meres dlsease hyperaldostermmm (prmaxyarﬂ secorﬁary) and
hypercalciuria. In addition, because of their ability to '
potentiate the effects of ANF, the campounds have utility in the
' treatment of glaucama. As a further result of their ability to
irhibit the neutral endopeptidase E.C.3.4.24.11 the compounds of
the invention may have activity in cﬁther therapeutic areas
includirng for example the treahnent_of astima, inflamation, pain,
epilepsy, affective disorders, dementia and geriatric confusion,

cbesity, gastromtestmal disorders (especially diarrhoea and
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irritable bowel syrdrame) , the modulation of gastric acid -
secretion and the treatment of hyperreninaemia.
© Activity against neutral endopeptidase E.C.3.4.24.11 is
assessed using a proceduré kased on the assay described by J. T.

Gafford, B. A. Skidgel, F. G.. Erdos and L. B.. Hersh, Biochemistry,
1983, 32, 3265-3271. 'The method involves determining the _'

' cornentratlmofcxmmmirequ:redtoredlmeby 50%theextentof
release of radiolabelled hippuric acid from hippuryl-I~phenyl- o
almwl—karginirﬁ by a mutral endopeptidase preparation from Irat
kianey._ . .

The diacids of the invention are also inhibitors of -

- treating a further variety of conditions for which ACE inhibitors
the myocardium, protection of the kidney against _hyi:erfil‘l'_ﬁltion
damage, prevmtlm or reversal of left ventricular hypgfl:rq:hy,
.memu:y enhancenent, control of cognltlve function, dementia, and '
preventing reccclusion following coronary angicplasty or cx:ronary
artery bypass surgery. Their activity against this enzyme is
assessed using anndifiedproéedm-ehasedonthe assay described

by M.S. Rohrbach, Anal. Biochem., 1978, 84

, 272. The method
imclves _dete.rmining the cormentratlon of c:cmpound required to
reduce by 50% the extent of release of radiolabelled hippmric acid
fram hippuryl-I-histidyl-I~leucine by angiotensin converting

.e.nzm\éisblatedfrmratkidney. o o

Inhibitory activity is also measured in vivo foll_owing '
intravencus injéction to anaesthetisea rats using the methods

described by I. L. Natoff et al,, Jowrnal of Pharmacological
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Hethods 1981, 5, 305 and by D. M. Gross et al,, J. Pharmacol.
Exp. Ther., 1981, 216, 552. The dose of inhibitar required to
reduce the pressor respcmse pmdm‘:ed py intravenous injection of
angiotensin I (50 ng bolus) by 50% is detem:.rﬂi

‘e activity of the diacids as' cmxreth.. &gent= iz de.‘:.erm:.neﬂ
by measuring their sbility to increase wrine ocutput and sodlum-;on
excretion in saline loaded conscious mice. In this test, male
‘mice (Charles River G)l,. 22-28 g) are acclimatised and starved
overnight in bowls. ﬂmmicearedosedintnamh'rg‘_athetail
vein, with the test coTRaurd éimolvedlin a volume of saline
solution equivalent to 2.5% of body weight. Urine samples are -
collected each hour for two hours in pre-weighed tubes and
analysed far electrolyte concentration. = Urine volumes and sodium
ion concentrations fram the test animals are compared with those
ofacmtmlgmupwl@rece.wedmﬂysalme

The antlhypertenslve act:l.v1ty of the prodrugs of the
srvention and the diacids derived therefrom is evaluated by
measunrqthe fall mbloodpresstn‘e, following oral or
intravencus administration respectively, to salt-depleted,
dlw:et:.c primed, spom:anamsly hypertensive rats, salt—depleted
renally hypertensive dogs, o mfsalt hypertensive rats.- '

The systemic bloavallablllty of diacid obtained after cral
adm:.tustr'atlm of a prodrug of the J_nventlm is determined, e.g.
in rat, by measuring the fraction of the bmloglcally act:.ve dose
reccvered_v_;gthem‘nme (ueasxredbyi_ny_iioassayofrmrtral
erﬁcpe?tidase activity as previcusiy described} and ccxmarmg it
with the carrespording fraction after an equivalént dose of the

carresponding diacid, when administered by the intravenous route.
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Altematively plaé:na cmment:tati.ons of diacid are measured in dog
follo&i_ng oral administratibn of the prodrug and again ccmpared .
with the correspanding values obtained after the mtravern:s
.admnustratlcm of an equivalent dose of the corresponding diacid.

For administration to man in.the curatlve o propylactic
treatment of hypertensicn, congestive heart failure or renal_
insufficiency, .ml dosages of the compourds of the invention will
‘generally be in the range of from 3-1500 my daily for an average
adult patient (70 i:g) . Thus for a typical adult patlent
individual tablets ar capsules ccmta_m from 1 to 500 mg of actlve
cctmm, in a suitable pharmaceutically acceptable vehicle or -
carrier for administration singly, or in miltiple doses, once or
several times a day " Dosages for intravenous administration wbuld
typically be within the range 1 to 500 my per single dose as
required. In practice the r:hysiciém will determine the ac:tﬁal
dosage which will be most suitable for an individual patient and
it will vary with the age, might.amd response of the part::.mlar
patient. The above dos.ages' are exemplary of the average case bat
there can, of course, be individual mmeremgiueror
lower dosage ranges are merited, and such are within the scope. of

For human use, the campounds of the formala (I) can be
administered alone, but will jenerally be atdministered in
adnixture with a marnaoaztical carrier selected with regard to
the intended route of administration and standard pharmaceutical
practice. For example, they may be administered orally in the

form of tablets containing such excipients as starch or lactose,
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or in capsules or ovules either alone or in admixture with
exéipierfcs, or in the form of elixirs or suspensmns cortaining
flavouring or colouring agents. They may be injected
parenterally, for e_xzmple imtravenously, J_nttamusmlarly ar
sx:bmtamé.}.y. ' ¥or parenteral administration,' they ara ‘best usel
in the form of a sterile aguecus sc_)lution vhich may contam other
substances, far example enough salts ar glucose to make the
solution isotonic with blood.

The canpounds may be co-administered with other agents as may
e beneficial .fc:r the control of blood pressure or the treatment |
of cardiac c:arxilthIE or renal insufficiency. Thus, for example,
they may be co-administered with digitalis ar another cardiac
stimilant drug, an alpha-blocker, a beta-.blodcer,. exogencas ANF, a
t_.;.aotassim chamel activator or ancther diuretic agent, as shall be
determined by the mysmlan as amiate to the particular
patient :or_ disease state.

| Thus, in a further aspect, the invention provides a
pharmacentical composition carprlsmg a compound of fafmlla (I},
ar a pharmaceutically acceptable salt thereof, together with a
pharmaceartically écaaptable dJluent or carrier.

The invention also includes a ccxrpcxmd of formula (I) ',. a

- phaxrmaceutically acceptable salt thereof, or a pharmaceutical
camposition containing edither, for use in medicire.

‘The invention further includes the use of a campound of
formua (I), a I:bai'maceutically acce?table salt thereof, or a
Ijﬁmmaceutica-l cq@osition containing either, for the mamufacture
of a medicament for the treatme.nt of hypertension, heart failure

or renal insufficiency.-
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The invention yet further includes a method for the
prtpylact;ic or curative treat:rrent of hypertension, heart fé.ilure o
or renal insufficiency in a mman being, which comprises
administering to said human being an effective amcunt of a
canpaard nf,fornmla (1}, a-pharmaceuﬁidélly acceptable
salt thereof, ar a pharmaceirtical composition containing either.

The_pre;:aratimofﬂmcmpcmﬂsoftheinventidnarﬂofthe
following Ebcam_pl;ss arnd Preparations. | The prity pf the cowpcrds
was routinely monitored by thin layer chromatography (TLC) using
Merck Kieselgel 60 Fona plates and the following solvent systems

(SS) :

1. hexane/ethyl acetate, 4:1

2 hexane/diethyl ether, 1:1

3  hexane/ethyl acetate, 1:1

4 hexane/diethyl ether, 6:4

[ h@xané/di.ethyl ether, 1:4

6  hexane/diethyl ether, 3:7

7  ethyl acetate/ethancl, 9:1

8 ethyl acetate

9 dic:}'n_lcrcxretl.mané/nethaxmljacetic acid, 80:20:1
10  isobutyl methyl ketone_/ac:etic aciafwater, 2:1:1 (upper phase)
11 hexane/ethyl acetate, 1:4

12  ethyl acetate/ethanol, 19:1

13  hesane/diethyl ether, 4:1

14 didﬂor;xnethane{mtharwl, g:1-

15 diethyl ether/dichlorcmethane, 1:1
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16 dieﬂayl'ethef
17 hexane/ethyl acetate, 6:.4
18 | hexane/diethyl ether, 4:6
19 dichloromethane/methancl/ammonia, 90:10:1
2 '_"20 | ‘hemrxé’;iz—;npanoi/amﬁﬁ,i-f=90:10m;5 -
21 dichlorcmethane/ethanolfacetic _aciad,r 90:10:1
22 aidﬂbrmeﬂmam/mtmml/acetic acid, 80:10:1
23 n-k;xtaml/watef/acetic acig, 12/5/3
24 didﬂormethar:e/neﬂnaml/aceﬁic acid, 40:10:1
25 ethyl acetate/toluene, 1:1 |

26 dichloranethane/methanol facetic acid/hé:cane, 90:1D0:1:150

lﬁ-ﬁx:lear magnetic resonance (mr) spectra were recorded
using a Nicolet QE-300 or Brucker AC-300 smctrcmeter and were in
all cases consistent with the struchares of the compounds
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carbonylpropylicycl opentanecarbonyl |-0-benzyl - () —serine methyl |
To a stiyred, iQEﬂxﬂd solution of 1-{3~[N-t~butoxy-

| carbonyl- (S} -proiy_lamim]—z_ {S) ?t—mtoxycarbdnylpropyl}mlopentane '

| carbaxylic acid (Preparatien 80, 351 mg, 0.75 mmol) in
dichloramethane (15 ml) were added, saquentlally,
1-hydroxybenzctrlazole (122 my, 0.90 mmel}, N;methylmorphollne
(255 ng, 2.62 mol), l-ethyl-3-(3-dimethylamincpropyl)-
carbodiimide hydrochloride (287 mg, 1.50 rmol) and, '0.25 hour
later, 0-benzyl-(S)-serine methyl ester hydrochloride (202 mg,
0.82 mmol). The ice bath was removed, stlrrmg cortimed for 24
hexars, then the reaction mixture was evaporated under vacuum. The
residue was partitioned between eth_irl acetate (100 ml) and .ZM
hydrochloric acid (50 ml), then the arganic phase separated,
washed successively with 2M hydroduoric acid (2 x 30 ml),
saturated aquecus sodium bicarkonate selutien {30 ml) and
saturated krine (30 ml), dried (%gS0,) and filtered. Evaporation
under vacum of the filtrate provided a foam (546 my) which was
purified by chramtography on silica gel, using 30% ethyl acetate
in he.xane as eluent; to afford the title campound as
a white foam (409 mg, 83%). RE 0.54 (SS 15) and 0.24 (SS 3), .[a;gf’
-18° (c'= 0.1, MeOH). Found: C,63.35; H,8.12; N,s;za.-

C351153N309 ;equlra; C,63.71; H,8.10; N,6.37%.
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EXEMPIES 2—-4C
. The following Examples were obtained aocordihg to the method
. of Bxanple 1 using 1-{3-{N~t-butoxycarbonyl~(S) -prolylamino—2(s) -
t—}:ntoxycamorwlpmpyl}cyclopentam carboxylic acid and the '
. . appropriate e-amino ester of formula -.-.'(m:; from the :Rrepa;ations

section.
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EXAMPLES 41-45 -

The following campowxis were prepared following the coupling
procedure of ‘E:xanple 1 but using the appmpriate_N—proﬁeCted |
pmli_ne derivative of formula (V) (see Preparat_ions Bl. ard 82) and
coupling to the appropriate e-aminc ester or amide denvatlve of
formuta (VI). . |

. O._
'N)Lo R

CA(O
- -~ HN i
-ch_o\(:kQ‘rN a3
- TTY

3
oc“ T OR?
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. EXAMPLE 46

N-{1-[3-Benzyloxycarbonylamino-2 (S) ~t-hutoxyearbonylpropyll=

cyclopentanecarbonyl}-0-benzyl- (S} —serine {3-pheny))propyl ester

This was obtained by the procedure of Example 1 using
1~[ 3-beraylerycerbonylanine-2 (8} ~t-butoxycarbonylpropyl |cyclo-
pentane carboxylic acid (Prepamtmn 83) ard the prc:duct of
Preparation 38 to provide the title campound, Rf 0.52 (SS 3).
Fourd: C,67.25; H,7.44; N,3.89. C,qHe,N,0g; 1.50 Hzo requires
¢,67.65: H,7.61; N,3.85%.

EXAMPLE 47

N-{1-]3-Amino—2 (8) ~t-hutoxycarbonylpropyl]cyclopentanecarbonyl. } =0—

benzyl-(S) —serine (3-phenyl)propy]l ester

This was cbtained from Exanple 46 by Method C (catalytic
hydrogenation — see Preparation 37) to provide the title compound,
Rf 0.67 (;;s 10). Fourd: C,69.54; H,8.45; N,4.66. C,.H, N.O

requires C,69.93; H,8.18; N,4.94%.

EXAMDLE 48.
—[1-{2(S) -t~ boryl—3-[N-t- 14 (R) - -
s) ~prolylamine 1}cyvelopentanecarbonyl ) =0-benzyl-(S)-serine

3= 1 1 ester
This was obtained from N-t-hutoxycarbonyl-4 (R) -hydroxy-(S) -
proline and Exanple 47 using the coupling n\éﬂmodciogy' of Example |
1, Rf 0.61 (SS 8}, Fourd: C,65.91; H,7.73; N,5.31. C43H61H301°
requires ¢,66.22; K,7.88; N,5.39%.
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_ EMPLE 49
N-r 1-{3-{( N—-Benzvloxzczr}:xmvl— {8} —Drolvlarrum) —2 (5) —carboxv-
 prooyl }—lﬂdMMbomlj-o—myl—[S]—serm ethyl ester
The title campound was prepared from Example 43, by |
trifivcroacetic acia neprotectlm fsee deprntect.lm. Me.thcd A,

Example 76) ard was obtained as a white foam, Rf 0.68 (85 10).

Found: C,64.92; H,6.90; N,6.13. 'c3511451v309 requires C,64.49;

- H,6.96; N,6.45%.

EXAMPLF 50

N-[1=-{3—(N-(2,2,2-Trichloroeth 1—(S)-prolylamino) =2—

(S) ~carboxypropy] }-1-cyclopentanecarbonyl 1-0-benzyl~ (S) —serine
ethyl ester |

| ?reparedfrcinf:mple%asde;cribedabovetogivemetitle_
product as a white foam, Rf 0.39 (S5 14). Fourd C,51.31; H,5.61;

N,5.86. CyH, N.C1.0g; 0.5 H)0 requires C,51.33; H,5.89; N,5.98%.

EXAMETE 51
N-[1-{3~(N-t= 1-(S}-prolylamino) -2 (S} —~car]

ooyl }=1-cyclopentanecarbony) j-0- rtrans—4-methoxviut-=2-enyl 1-{5) -

A stirred soluticn of.N-[l-{3-(N—t-h:_rtmqrcarbcmy1-(S)—
prolylaminc)—2(S) -t-hztcmycarbonylpropyl} -1-cyclopentane—
carbonyl}-(}-[trans 4-1rethoxymt—2—eny1] (S)—serme ethyl ester
(1.13 g, 1.69 mol) in dry dichlaramethane (20 nl) at -5°C was
sanﬁ'ated with anhydrous hydrogen c_lﬁoride. After five hours the

reaction was degassed with nitrogen, the solvent evaporated under
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vacnm ard the residual foam dried azeotroplc:ally with
dichlorcmethane. This crude product was dissolved in a solutlon
of sodium bicarbonate (0.427 g, 5.076 mmole) in water (20 ml) and
the resulting solution cooled to 15°C. A solution of
di-t-butyldicarbonate (0.739 g, 3.384 mwol) in dioxan (20 ml) was
added dré:misewith stirring and the resulting mixture allowed to
warmtorocxntenperature Aftermghteenhcx:rsthemactlmwas
evaporated undexr vacnm to low volume, diethyl ether (20 ml) ard
water (20 ml) were added and the a'quews layer separated, was.hed
vith diethyl ether and then acidified to pH 2 with 2N hydrochloric
acid. The crude product was extracted with ethyl acetate (3 x 30 |
ml) and the conbined extracts were washed with brine, dried

(MgS0,) and evaporated under vacinm. Azeotropic treatment of the
residue with dichloromethane gave the required product as a
colourless foam (960 my, 92%), RE 0.55 (88 22). chmd C,58.62;
K,7.97; N,'l.og. 0301{49}:3010 requires ¢,58.90; H,8.07; N,6.$7%.

EXAHPLES 52-53

The following compounds were prepared from Examples 38 and 39
usingtimpmceduedescribedabbvefor&cample 51. '

M !

OFEr
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Eb:artple. R | =e ' | Analysis %

No. {thecretical in brackets)

c H N

52 |~cmoaoecac, | 0.56 | 59.24 8.16  7.35
( (S5 22} | (59.41 8.17 7.17) 4]

53 |-CH,0CH Ph 0.53 | 51.31 5.61  5.86
| (ss 22) | (51.33 ' 5.89  5.88)b

methoxycarbonmyl prooyl }—1—cvclopentarxecarborxyl1 —O-benzyl-—(S)—

. serine ethyl ester
| N-{1—{3~(N-Benzylomycarbonyl-(S)~prolylamino) -2 (S) -Carboxy-
| propyl)-1-cyclopentanecarbonyl ]-0-benzyl—(S) ~serine ethyl ester
(Example 49, 0.648 g, 0.99 mmol) was dissol§9d in acetonitrile (10
ml) and water (5 xl) added. Aqueous caesium carborate (12%) was
added.m'ltil the pH was 8, the::ea:ltmgsolutlmevapomtedmﬂer
vacam and then the residue azectroped with toluene (4 x 10 1l).

The resulting foam was dissclved in N,N—di:reﬂwlacetamide (5 ml)
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ard pivaloyloxymethyldﬂoride (0.298 g, 1.98 mmol) added to. the
stirred solution. After 16 hours at room temperature the solvent
wasrm:medmdervaamandthemsiauepartitionedbetmen
._diethyl ether (100 ml) and 2M hydrochloric acid .(50 ml). The
ether layer was separated, washed successively with 2M
hydrochloric acid (2 x 25 ml) and saturated brine (25 ml), dried
(MyS0,) and filtered. Evaporation under vacuum of the filtrate
_affordeci the c._:mde'product.‘midl was purified by column
chramatography f40 g silica, eluent 30% ethyl acetate in hexane).
to give the title compaund as a white foam, Rf 0.61 (SS 15).
Found C, 64.50; ¥,7.337 N,5.43. C,H N0, requires C,64.29;

H,7.24; N,5.49%.

EXAMPTES 55-71
The following Bxamples were prepared using the procedure
described above by reaction of the caesium salt of the appmpriate '
nonoester with the appropriate chloride of formula Rl—Cl, except
that for ESan;ple 67 the correspording alkyl iodide was used and
for Examples 59, 61 and 68 the corresponding alkyl bramides_vére

used.

_ o)
' N)J‘OR'Z_ _
s
" HN
: H
T

3
R
5
o7 T0te
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EXAMPIE 72

N-[1={3—-[N-(2.2, 2—'I‘rid110r0ethoxvcazbonvl Y- rs)- —prolyl am_1' nol-2—
18)={1~ischutyryiony) ethoxycarbonyl j-1—cvel opentanecarbonyl 1-

D-benzyl-(S)-serine amide

Deprotection of Example 45 with trifluoroacetic acid
aocxnrding to Method A (Example 76), follomd by conversion of the
mnocarboxyllc acid product to its caesium salt ard reaction w:.th
(l-lsabutyryloxy) ethyl chleride following the procedures described
abave, gave the title compound as a white foam, RE 0 44, 0.51 (Ss
8). Found: C,52.63; H,6. 21 N 7.15. C34H47N4010 3 requires
C,52.48; H,6.09; N,7.20%. . |

EXAMPIFS 73-75
- The following esters were prepared fram the appropriate acid
described in BExample 1.

b1
2,
N” SOR
5.0
HN | " )
N
RO SN0 N Ph
O 00 ORZ _
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 EXAMPIE 76 (DEPROTECTION METHOD A)
N={1=[2(S) ~Carboxy-3(S) ~prolylaminopropyl jeyclopentanecarbony -
s-hyaroxynethy]- (§) ~pherylalanine~ (3-ghenvl | propyl_ester -
Trifluoroacetic acid (6 ml, 78 mwl) was added to a stirred,

ice—cold solution of Exanple 13 (458 mg, 0.6 mmol) and anisole
(973 ng, 9 mwl) in dichloromethane (6 ml). After 14 hours at
O'C', the reaction mixture was evaporated under vacuum and the
residue azeotroped wiﬁh toluene (3 x 20 ml) then dlssolved in

| vater (5 ml). The aquecus solution was washed with diethyl ether

| (2 x 50 ml), then subjected to ion-exchange chramatography
(AGSDW——XB resin) using water and then 8% agqueous pyrudm as
eluents. Evaporation under vacium of the appropriate (m.rmydrln
positive) fractions affoxded the title campound as a white powder -
(210 mg, 55%), RE 0.40 (SS 10). Found: C,66.26; H,7.46; N,6.85.
CagHy N0 ¢ 0.50 H,0 requires C,66.21; H,7.52; N,6.81%.

m'w-mtx_
The following I:bcm@les were obtained 'fmm-th._e corresponding

- diester using the appropriate deprotection Method A, ‘(txifluocro-
acetic acid, see above), B, (hydrogen chloride, described under
Preparation 36), C, (catalytic hydrogenation, described under
Preparation 37), D (formic acid, described under pzepaiation 24)
orl E (zinc in acetic acid, described under Preparaticn 66) to give
the monoester products.

/H
N
]

MI

OR?
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_ EXAMPIES 105-123 _

The following carpcunds were prepared by depmtection of the
corresponding N-protécted proline diester compolrd o give the
following diester products. N-Trichlorvethoxycarbanyl derivatives
were deprotected following deprotection method E (zinc in acetic

" acid) and N-t-butyloxycarbonyl derivative were deprotected using
deprotection neﬂiod_B (hydrogen dﬂoﬁde) .
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EXAMPIES 124-126
These amides were cbtained directly, in the case of Examples 124
_ and 125, by N—depmtecti_on of the correspording

trichloroethoxycarbonyl proline precursors (Examples 74 and 72
respectively) using zinc and acetic acid (Method E). Example 126
was cbtained fram Exanple 45 in two stages, vhereby Method E vas
followed by trifluoroacetic acid deprotection of the t-butyl ester

(Method B).
~H
N
. 'Qs\?o . '
HN H -
RrR'O < N-’I\O/\Ph
- © %4 NHg
Example R RE Analysis %
No. ' ) _ {(Theoretical in brackets)
C H N
124 : 0.56 60.85 6.93 7.38
.0 | (ss 23)] (60.60 6.78  8.19)a
125 - (1313 0.53 - 47.85 5.50 | 7.06
(CH, ) ,CHOO, CH- (55 23) | (48.45 6.56  7.29)b
126 H Q.38 58.29 7.48 10.66
(SS 23) | (58.24  7.62 10.87)c
a. 0.5 Ccl
b. 0.?5(};?‘:(212: 2}[20
c. 1.5 H,0

BIOCON PHARMA LTD.(IPR2020-01263) Ex. 1015, p. 732



WO 92/14706 - | | | © PCI/EP92/00321
EXEMPLE 127

N-[1-{2(S})—Carboxy-3— r 4 (RY-hvdroxy— (5] —prolvlamno]nroa:rvl}cvclo—

pantanec:arbonvll—o—be_mvl-(S}-sen:E (B—manyljpromrl ester

This was obtalnedfrcmfbcanple 48 tyreactlcnmthhydrogen
chloride in didiicoromethane (deprotection Metnod'B) to “furnish the
title campound, RE 0.45 (SS 10). Found: C,60.78; H,6.88; N,6.22.

CogH, N0 o7 HC1; H,0 Tequires C,60.21; H,7.13; N,6.20%.

BEAMPLE 128

N-{1[2 (5)-Carboxy—3-(S) ~prolylamincoropy] 1eyvelopentanecarbonyl }=0-
benzyl-(S)—serine | "

IM Aquecs sodlmnhydrmade solution (1.5 ml, l E mmol)} was
added to a stirred solution of Bxample 77 (171 ng, 0.30 meol) in
1,4-dioxan (2 ml). After 48 hours the pH of the solution was
adjusted to 8 using dilute hydrochloric acid, then the solution
subjected to ion-exchange chramatography (AGS0 resin) using water
and then a 1-10% agueous pyridine gradient as eluents. |
Evaporation under vamum of the amroprlate. (ninhydrin positive)
fractions, followed by freeze drying of an aquecus solution of the
residue, furnished the title cmpcnmi as a white powder (108 mwy, |
208%), RE (SS 10). Found: C,59.52; H,7.19; N,8.28. C, H, N.0.; |

H,0 requires €,59.15; H,7.35; N,8.28%.
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EXAMPTES 129-148 -

The following Bxamples were cbtained by hydmlysis_of the
appropriate ester following the procedure of Example 128.

It

Examples 129-147 are unsubstituted (S)-proline derivatives (R4
' E) vhile Exarple 148 is the 4(R)-hydroxy—(S)-proline derivative
(&' = oH) derived from Example 127.

Y | -
R“&fo
" HN : )
H
Ho\,,J\QfN R?
5 SI
_ o 0 o%~oH
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E)CAMPIES. 149-158

Examples 149-153 were cbtained from the appropriate précursor
N—pmttaC:ted proline diester derivatives (Exa::rples 29-33
respectively) by catalytic hydrogenation {deprotection Method C)
followed by. t:'eatnent of the resnlting mnac::xds with hydrogen
chloride (deprotection Method B). ' '

Exanples 154~156 were cbtained from similar precursors
(Examples 36, 35 and 40 respectively) using hydrogen chloride
treatment only (ciepmtection Method B) .

Bxamples 157-158 are the result of three successive
deprotectlm steps from their amalogous precursors (Exanples 41
ard 42 respectively): base hydml_fsis of the (3-phenyl)propyl
éstergrcupacx::rdingtothemtlmdof}ibmple 128, but using
routine extraction procedures rather than icmexchange

chranategraghy to J.solatethemnac:ld fol_lomdbymthodBand

finally Method C.
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PREFARATION 1

N—t—mtéxycarbonyl-o—benzvl— {S}-serine methy]l ester

N—t—&xtoxycarbmyl—O—benzyl—(S)—serim {(2.34 g, 7.9 nﬁnl) was
addedtoastizredmspensionofﬁnﬁydrmspotassimcarbmate
(2.19 g, 15.8 mwol) in dimethylformamide (25 ml), followed by
icdamethane (1.34 g, 9.4 mmwol). After 48 hours at room
temperature, the reaction mixture was evaporated under vacuum and
the residue partitioned between ethyl acetate (100 ml) and 2M
hydrochloric acid (50 ml). The arganic phase was separated,
was:t"led successively with 2M hydrodilc_:ric acid (50 ml), saturated
aquecus sodium bimte solution (50 ml) and saturated brine
(50-ml), then dried (MgSO,) and filtered. Evaporation under
vacinm of the filtrate gave.the: required product as a colourless
oil (2.40 g, 97%), Rf 0.57 (silica; SS 1). Fcund C,62.18;

H,7.48; N,4.63. chHZBN‘DS requires C,62..ll;. H,7.49; N,4.53%.

PREPARATTONS 2=—5
The following Preparations were effected according to the
‘procedure of Preparation 1 using the appropriate e-amine acid

derivative and alkyl halide. -

R OCH,Ph.

~ ..

CH

_ CH -
LsuocoNH — T~ C02R2

(5)
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No. R R | Rt c H N
' (theoretical in brackets)
2 ' oL oh| E |o0.65 69.68 7.48 3.55
I T2y (Ss 2) (69.70 7.56 3.39)
3 —CH( ) H | 0.62
GLoh), (85 3)
4 -CiL (R)CH, | 0.59
“ (ss 3)
5 ~CH,, H | 0.60 62.45 7.79 4.10
s (S5 3) (62.27 7.84 4.27)a
a. 0.25 0
EREPARATTON 6
" N-t-Buto: 1-0- 1-{S)}—serine chexyl ester

To a stirred solution of N-t-tatoxycarbanyl-O-benzyl- (S) -
serine (5.00 g, 16.9 mol) and cyclohesanol (3.39 g, 33.8 mol) in
dichloramethane (50 ml) at 0°C were added, sequentially, 1-
hydroxybenzotriazole (2.75 g, 20.3 mwl), N-methylmorpholine (4.27
g, 42.3 mwol), 1-eﬂﬁyl—3.-(3—dimﬂ1y1ami:npnpyl)carbcdiimide
hydrochloride (4.22 g, 22.0 mmol) and 4-dimethylaminopyridine
(0.21 g, 1.7 mmol).  The ice bath vas removed, then the yeaction
mixture was stirred for 24 hours at room tenperature and |
evaporated under vaanm. The residue was partitioned between

ethyl acetate (200 ml) and 2M hydrochloric acid (100 ml), then the
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organic phase was separated, washed successively with 2M
hydrochloric acid (2 x 100 ml), satirated agqueous sodium
bicarbonate solution {2 x 100 ml) and saturated brine (100 ml),
dried (M3SO,} and filtered. Evaporation under vacum _of the
filtrate provided an oil (5.47 g), which was purified
dmxatograpi’uc:ally using silica gel (200 Q) and an 8:2 mixture of -
hmane:eﬂmer as elnent. Evaporatioan. urder vacmnn of the |
appropriate fractions afforded the title compound as a colourless

oil (1.74 g, 27%), Rf 0.62 (silica; SS 2), [@]%° -63.0° (c = 0.1,
. Iy : ) )

MeOH). Found: C,66.61; H,8.34; N,;.n. C, 1,y N0, requires |

C,66.81; H,B.28; N,3.71%.

PREPARATICNS 7-9

The following Preparations were effected according to the
procedure of Preparation 6 using N-t-hutoxycarbonyl -0-benzyl—-{5) ~
serine ard the appropriate alcohol or phenol.

OCH,Ph
CH,
: : ///CH_\\\
tBuocon: - C02R2
(8)
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Preparation ' Analysis %
No. : RE c H N
: (theoretical in brackets)

S SRR N PRI cod e72 Al oaas
: l (70.05  7.10 - 3.40)
. ™
8 0.66 | 69.70 7.16 3.49
(SS 3) |(70.05 7.10  3.40)
9 (CH,) 0.53 | 68.69 8.92 3.70
' (85 2) |(68.70 8.89  3.34)

PREPARATION 10

N—t—Rurtoxycarbonyl=0-benzyl~-(S)-serine amide

N-t-Butoxycarbonyl-O-benzyl-(S)-serine (10.0 g, 34 mmol) was
added to a stirred mspens.im.of amnmit.m.bicm:bonate. (8.0 g,
102 mmol) and N-ethoxycarbonyl-2-ethoxy-1, 2-dihydroquinol ine
(10.05 g, 41 mmol) in chlorofarm (80 ml). After 48 hours at room
temperature the solvent was remwed under vacanm and the residue
partitioned between eﬁlyl acetate (200 ml) and 2N hydrochloric
acid (50 ml). The ethyl acetate phase was separated, washed with
saturated sodium bicarbanate (50 ml) then brine (20 ml), dried '
(I-igSO4), then filtered. Evaporation under vacnm of the filtrate
followed by crystallisation of the residue fram ethyl
acetate/hexane gave the title caompourd as a crystalline white
solid. Fcém_cl: c,61.38; H,7.35; N,9.48. 015}1221{204 requires

c,61.20; H,7.53; N,9.51%.
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PREPARATTON 11
N-Benzyl 1-0-(2-neth ethyl)~(S) ~tyrosine t- vl ester
Diethyl azodlcarbcn-zylate (4.4 mi, 28 mmol) was added under
nmitrogen to a stirred, ice-cold ‘solution of N-benzylexycarbonyl-
(S)-tyrosine t-butyl ester (5.2 g, 14 mwl), trichenylphosphine
' (7.34 g, 28 mmol) and 2-methoxyethanol (3.3' ml, 42 mwol) in dry
tetrahydrofuran (30 ml). The ice bath was removed, then the |
reaction mixture was stirred for 24 hours at room temperature and
evaporated mﬂer..vacnnm. The residue was digested with a hot 1:1
mixture of ether and hexane, then the supernatant solution was
chromatographed on silica gel (500 g) using a 1:1 mixture of ether
and hexane as eluent. Evaporatimmﬁervac:moftherequired
fractlcmsfurnlshedthetltlecmpamasanou (589, 95%}, Rf

0.30 (sll].ca. SS 2)

PREPARATTONS 12-13
e following Preparations were effected according to the
procedhre cf Preparation 1l using N-benzyloxycarbanyl—(S) —tyro_éi.ne
and the appropriate alcchol.

14

PhCH..OCONH co. Fau
2 s 2
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Preparation 14 ' Analysis ¥
- No. K Rf- - C H N
-~ {(thecretical in brackets)
12 booiopoaum | 0iz5 f 7Ll 652 242
Q”z (55 4} (71.27 6.98 2.77}
13 OCH (3L, ) L OCHL, Ph 0.42 | 71.74 7.15 2.75
(5)5{3 2 (ss2) | (71.65 7.18 2.70)
PREPARATION 14
N- 1 1-0—tri Fluoromethanesul =(8)— ine t-
byl ester |

To a stirred solutim of N-benzyloxycarbonyl—-(S)~tyresine t-
l'nxtyl ester (2. 22 g, 5.97 mol) in dichloramethane (20 ml) at
=78"C were added sequentially , tnethylamnm (1.21 g, 11.94
nmol) and N-phenyl triflucramethanesulphonimide (2.13 g, 5.97
mol). The cooling bath was removed, then the reaction mixture
was stirred for 24 hours at roam temperature and evaporated undsr
vacumm. The resid{:e was partitioned between ethyl acetate (200
ul) and saturated aguecus sedium bicarbonate solution (10 ml),
then the organic phase sepéfated, washed with satnrated aqueous
sodium bimrbonate_sélutim (50 ml) and saturated brine (50 ml),
dried (Mgso,) and filtered. Evaporation under vacuum of the
filtrate gave an oll, which was purified by chromatography on
silica gel (100 g) using an elution gradient of hexane:ether:
diethylamine (90:10:1 to 50:50:1). Evaporation urder vacnm of

the required fractions provided the title compound as a white
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mry’étallim solid (2.45 g, 82%), m.p. 48-49°C, [a}zs =33® (c =
. ' D '
0.1, MeOH). Found: C,52.51; H,4.76; N,2.76. C, H,,F,NOS

requires C,52.47; H,4.80; N,2.78%.

PREPARATTCR .15
N-Benzvl_oxvcarbonvl-tt—hvﬂrmm\ethvl— {S) —phenylalanine t-i_:utvl '

ester
(i) N-Benzyloxycarbonyl-4-(2-ethoxycarbonyl-1-ethenyl-(5) ~phenyl-
alanine t-hbtyl ester

A solution of the product of Preparation 14 (12.99 g, 25.8

mwl), ethyl acrylate (5.6 ml, 51.6 mmol), triethylamine (16 ml)
ard bis (triphenylphosphine)palladivm (IT) chloride (1.05 g, 1.5
mnol) was stirred under nitrogen at 100~110°C for 18 hours, |
Evaparation wder vacinm followed by dilution of the residue with
ﬁater gave a suspension Iwhic:h was extracted with a 1:] mixture of
hexane and ether. The arganic extract was washed successively
with IM hydrochleric acid, water, | saturated aquecus sodium
picarbonate soluticn and saturated hrine, then dried (4%gs0,) and
filtered. Evaparation under vacuum of the filtrate gave a yellow
. 0il (11.5 g) which was chromatographed on silica gel (600 g) using .
a 3:2 mixture of hexane amd ether as eluent. Evaporation urder
vacuum of the appropriate fractions affarded the reguired olefin .
as a viscous oil (8.42 g, 72%), Rf D.42 (55 2). Fourd: €, 69.10;

H,6.99 N,3.07. Cyeily N0 requires C,68.86; H,6.89; N,3.09%.
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(ii) N—Benzvloxvcarbonvl—4—'rz—ethéxvcarbonvl—l.2—djh9droxv.eﬂw13_—
(S)-phenylalanine t-putyl ester | |
To & stirred solution of the previcus product (8.42 g, 18.56
mwl) in a mixture of acetone (30 ml) and water (8 ml) were added,
 sequentially, ‘NesethylmorphslineN-ciide (3.785, 28 Tmol) and a
2.5% solution of oswium tetroxide in _t—mtaxﬁl (1.5 m). After 18
hours acetone (50 ml) was added, the reaction mixture evapcrated
under vacnm then the residue chromatographed on silica gel (S00
g) using a 4:1 mixture of ether and hexane as eluent. Evaporation
mﬂp_rvéwumcftheamropriate fractions fmnishédtherequired_
dicl as a gum (8.62 g, 95%), RE 0.25 (SS 5). Found: C,64.33;

H,6.72; N,3.00. CZGH33m8 requires C,64.05; H,6.82; N,2.87%.

(iii) N-Benzylowvcarbonyl-4-formyl-(S)-phenylalanine t-hutyl ester
_ | A solution of the previous product (8.61 g, 17.7 mel) in
eﬂer (200 ml) was vigorously stJrred with a solution of sod.mm
periodate (7.55 g, 35.3 muol) in water (150 ml) for 20 hours. The
ether {.hase was separated, washed with water, dried (MgSO,) and
evaporated under vacum to provide an oil (7.03 g) which, after -
chramatography on silica gel usihg a 1:1 mixture of hesmne and |
ether as eluent, gavetherqulred aldehyde as a clear oil

(6.68 g, 99%), Rf 0.30_' (S5 2). Found: C,68.80; H,6.54; N,3.68.

szstmS recuires C,68.91; H,6.57; N,3.65%.

(iv) Title compound
Sodiim borchydride (330 mg, 8.7 mwol) was added to a stirred,
ice-cold solution of the previous product (6.67g, 17.4 mmol) in

ethanol (60 ml). After 10 mimites the reaction solution was
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acidified to pH 6 with 1M hydrechioric acid, then evaporated undexr
vacuum. The residue was partitioned between ether and water, then
the organic phase separated, washed suc:cessively with 1M |
hydrochloric acid, water, satirated agueous scdium bicarbonate
solution.and satursted. trine, dried. (¥gS0,) and filtered.
Evaparation under vacinm of the filtrate provided an oil which was
chromatographed on silica gel using a 7:3 mixture of ether and
hexane as eluent. Evaporation under vaciam of the appropriate
fractions affarded the required alcchol as an oil (6.6 g, 98%),

vhich solidified on chilling. RE 0.33 (S5 6), [a]>> +47.8° (c =
- D

1.04, CH,CL). Found: C,68.21; H,7.09; N,3.66. €, Hy N0,

requires C,68.55; H,7.06; N,3.63%.

EREPARATION 16
— 1 —4-Ny ~{S)~ lalanine (3- 1) -
prooyl ester | |
The t-butyl ester'gmqaofthéproductofpre'paration 15 was

dealkylated by Method B described in Preparation 36, then the
resulting acid was realkylated using (3-;hényl)pmpy1 bromide
according to the method of Pxample 54 to give the title compound
as an oil, Rf 0.25 (SS 6). Found: C,72.35; H,6.42;

N,3.12. . C,H, N0 requires C,72.46; H,6.53; N,3.13%.

PREPARATTON 17

N-t-Butoxycarbonyl-O-{4-flucrobenzyl)~(S) —serine
Sodium hydride (80% dispersion in oil; 2.25 g, 75.05 mmol)
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was added under nitrogen to a stirred solution of N—t—h.ltoxy—' -
carbonyl—(S) ~serine (7 0 g, 34.11 mmol) in dry tetrahydrofuran

(150 ml) at 0°C. The ice-bath was removed, stirring contumed
'for 4 hours, then a solution of 4-flucrobenzyl chlaride (5.42 g,
37.5 mmol) -itivdry tetrahydrefuren +(5€ ml) was-added dropwise.

After a further 15 hours more sodium hydride (0.51 g, 17.0 mmol)

was added followed, 4 hours later, by mare 4-flucrcbenzyl chlaride
(2.47 g, 17.0 mol). 'The reaction mixture was stirredfora '
furthezz:zohaxrsanithen afterdestructmnofe:messsodlmn
'hyﬁrlde. u51ng 2-—propanol evaporated under vacuum. The resmue

was dissolved in water (70 ml), then the soluticn washed with

ether and acidified to pH 3.5 with 2 hydrochloric acid.

Exhaustive extraction with ethyl acetate, washmg' of the combined
exctracts with water, followed by evaporation under vacum of the
dried (¥gs0,) extracts, provided an oil (6.3 g). Purification of
the oil by dn:anatograﬁlyon silica gel using an elution gradient
of ethyl acetateshexane (from 50:50 to 100:0), followed hy elution
with ethanol:ethyl acetate (10:90), furnished the reqmred product
as a colourless solid (1.95 g, 18%), RE 0.40 (55 7). Founds:
c,55.16; H,5.74; N,4.06. €, H, FNOS; 0.20 GLCl, requires’

C,55.27; H,6.22; N,4.24%.

PREPMCNS 18;-2_2
The following Preparations were effected according to the
procedure of Preparation 17 using the épproériate alkylating
agents. For Preparations 19 and 20, N-t-butoxycarbonyl-(S) -
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CHo
FBuoCONE —" " T cou

(5)
Preparatim. ﬁ3 Rf
No.

18 - —C}Izodiztll = c.'dz' ~0.30

. a (SS 8)

19 —mzm?oc{z'm | 0.40
- . (sS 8)

20 | -(CL),0(C) G, ./ 0.25
- - ' (S 6)

21 -GIZOG'IZC.E'- ﬁ'l 0.3
(85 7)

: _éz —c.{zoa{zclzl . 0.48
A, (88 7)
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PREPARATION 23

N-Triphenylmethyl-0=2-propenyl—(S}—serine ethyl ester.

40% Aqueous sodium hydroxide solution (0.87 ml, 8.66 Tmol)
was added at 10°C to a stirred solution of N-triphenylmethyl-S-
serine ethyl ‘ester (2.5 g, 6.66mwl), allyl bromide (886 mg, 7.32
mwol) and benzyltriethylammconium chloride (1.51 g, 6.66 mﬁol) in

dichlarasethane (10 ml). The mixture was allowed to warm to roam
temperature and stirred overmght . Dichlarcmethane was added,

' then the solution washed with water, dried (Mgso,) and filtered.
Evaporation under vacnm of the filtrate gaveanoi.lﬁhichwés
chromatographed on silica, eluting with a 4:1 mixture of hexane
and ethyl acetate, to give the pure product as a colourless

oil (2.14 g, 77%), RE 0.52 (SS 1), [@]®° +52.3 (c = 0.99,
L) ' |

- _ D
Fourd: C,76.94; H,7.10; N,3.25. 'cz_,}izgm3; 0.1 CHLCL, requires

C,76.76; H,6.94; N,3.30%.

PREPARATION 24 (DEPROTECTTON METHOD D)
0—(2-Propenyl}—(S)-serine ethyl ester
A solution of the above product (1.0 g, 2.4 mmole) 'in'_fomic

acid (15 ml} was allowed to stand at room temperatire for 5 hoos.
The solvent was then evaporated under vacum and the residue dried
azeotropically with acetonitrile. The resulting white solid wvas
dissolved in vater (15 ml) and the solution extracted with diethyl
ether. The aquecus phase was besified to pH 9 with sodium
carbonate, extracted with ethyl acetate (x 3) and Mlormeﬂuane

(x 2), and then the cambined organic extracts dried (Mgso,) and

filtered. Eveporation urnder vacuum of the filtrate gave the pure
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product as an oil (319 mg, 76%), RE 0.29 (SS 21). Fourd:
C,55.98; H,B.SO; N7.99, | C8H15N03 requires C,55.47; H,8.73;
N,8.09%.

PREPARATIONS 25-29

The following comoounds were prepared from the corresponding
N-trityl-(§)-serine ester by alkylation under phase transfer
conditions followed by formic acid deprotection as described in

 the above Preparations. Preparations 25 to 28 are |

(3-phenyl)propyl esters (R2=(GE)SH}) , Preparation 29 is the ethyl

o2
ester (R = CHZ(HB) .
. R3
H2N . (5} COZR
Example R RE Analy=is %
No. C {(Theoretical in brackets)

c H |

- 25 —C}IZOC}IZC}FCH(}IZCKJ% .0.54 66.06 7.88  4.47
: E

(S5 22) | (66.42 8.20  4.56)

26 —G'Iz(ﬂ{zﬂi*—'ﬂ-la-[a 0.45 61.34 7.80 4.46

E (55 22} {{61.24 7.71 4.46)4
27 | CL0(qL,) 00, 0.42 64.84 - B.49 4.80

(S5 22) |(65.06 8.53  4.74)

28 -G%OCJ-L‘Z?’IHZOCHJ 0.35 66.39 7.92 4.57

% ' (SS 8) |({66.43 8.20 4.56)

29 | CHO(QH,) CH(CH,), 0.35 "
: ' (88 22)

a. HCL
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PREPARATTONS 30-35

The fellowing Pxe;amtioﬁs were effected according to the
procedure of Example 54 using (3-phenyl)propyl bromide with the
respective products of Preparations 17-22.

.‘RB.

tEuOCONH’“"CH"‘““COZ(CﬁzlaPh -
(s}

Prep. . 3 ' Arlalysis %
No. _ R RE c H N .
(theoretical in brackets)

30 —G{ZOG{T@—F 0.35 | 66.64 7.09 3.23
. _ (s 1) | (66.80  7.0L 3.25)

| 31 —G—IZOCHZC = Cﬂz _ .0.30

i (ss 1)
a
' - 0.40
I T (8S 1)
33 | -(CL).0(CH.) 0.25 | 58.07 - 9.26 4.89
TP (SS 6) | (58.11  9.40 4.84)

34 —CH,,0CH, C=CH _ - 0.38 | 66.56 7.56 3.92
: (SS 1) | (66.46 . 7.53 3.83)

35 —~CH,, OCH,, CCH, 0.51 66.50 8.30 3.8l
i (ss 1) | (66.82 8.28  3.71)
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PREPARATION 36 (DEFROTECTION METHOD B)
O—Eenzyiéf SY-serine methyl ester hydrochloride

A stirred, ice-cold solution of the product of Preparation 1
(2.05g, 66.3 mmol) in dlc:l’llcmnet.ham (50 ml) was satm'ated with
i hedrogen mlcridé. After a further 3 mu-at- aeC, thz reaction
azeotroped with dichloramethane (3 x 30 ml) to afford the title
CORTPOINYS as-a white powder (1. 67 g, 97%), Rf 0.60 (SS 9), {a]
' 421° (c = 0.1, MeCH). Found: C,54.14; H,6.54; N,5._75. C11H15m3'

HCY requires C,53.77; H,6.56; N,5.70%.

. EREPARATION 37 (DEPROTECTTON METHOD C)
0-(2-Methoxyethyl)~({S}—tvrosine t=buatyl ester
- Asolutimbftheprochc\:ofPrepamtim_ll(SAg)ina_-

mixture of ethanol (40 ml) and water (10 ml) was hydrogenated over
5% palladium on charcoal at 50 psi_(:;.45 var) for 2 hows. The .
- reaction mixture was filtered, the filtrate eveporated under
vacuum and the residual oil chramatographed on silica gel (300 q)
| using a 1:39 mixture of ethancl and ethyl acetate as eluent :
Evaporation under vacum of the required fractions affarded the
title compound as a clear oil (3.07 g, 82%), Rf 0.30 (SS 8), [a] 25

+101"(c—163 C}!:Clz) Fcur‘.dC6467 H,8.54; N,4.63.

C16H25NO4 requres C,65.06; H,8.53; N,4.74%.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 756



WO 92/14706 | - - PCI/EP92/00321

=765

PREPARATTONS 38-55

The fé:llowirg Pxeparatmns were effec:ted. using deprotection
Mei'hods A, B or ¢, with the corresporﬂ:.ng N—pmtecte_d amino aqid
ester starting material. Method A is described under Example 76
{trifluorcacetic azid), Method B is dc:scrmbedmﬂm’ﬁrepamtlcm 36
(hydrogen chioride) and Method C is deﬁ:rjbed urder Pre;aratmn 37
(hydrogenation) .
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PREPARATION 56

O~-Benzyl-{S)-serine amide

This was obtained in 97% yield as the hydrochloride salt by |
subjecting N-t-butoxycarbonyl-O-benzyl-(S)-serine amide
(Preparation 10) te-deprotection Method B; RE €.48 (85 ia€).
Found: C,52.10; H,6.45; N,11.89. C, H N,0 ; KCl requires

C,52.06; H,6.55; N,12.14%.

PREPARATION 57

N-(2,2 ,2-Trichloroeth ycarboryl —aziridine-2(S -car ic acid
2) Triflucroacetic acid (40 m1) was added dropwise over 10
minutes to a stirred, ice-cooled solution of N-trityl-aziridine-
2-carboxylic acid benzyl ester (10 g, 1.0 eq) in nethanol/ﬂ
chlaroform (1:1, 40 ml) and the reaction mixture stirred for 1.5
hmirs, when the reaction was complete (by TIC). The reaction
mixture was evaporated under vacinm to yield a crystalllne resicdue
which was partitioned between diethyl ether (100 ml) and water (50
| mnl). The aqtm:sphasemsextractedmﬂl diethyl ether (2 x) and
with sodium bicarbonate and reextracted with ether. The combined
ether extracts were dried (MyS0,), filtered and evaporated to
.yield an oil (3.93 q). '
b) A solution of the oil from part (a) (3.38 g) in
dichloramethane (30 ml) was treated with 2,2,2-trichloroethyl-
f:‘hloroformate (4.7 ¢, 1.0 eq) followed by N—mthy]mnr;:bcline {2.5
g, l.i eq). The resultirg soluticn was all_cwéd to warm to room
temperature ard stirred overnlght. The sclvent was evaporated

under vaanm and the recidue dissclved in ethyl acetate (70 ml);
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this solution was washed with water ( 3 X 50 -m.'l) . hydrochlc_:r:ic'
acid (Z_M, 2 X 50.m1') , saturated aguecus scdium bicarbonate
_;é-,olution (2 x 30 ml) and brine (1 x 20 ml), then dried ‘(Mgso,) and
£iltered. Evaporaticn under vecum of the filtrate gave the crude
product as a paie yellow oil, which was c.-nrcxnatbgm;hed on éilica
_gel, elut:.ng with m:.xtures of hexane and ethyl acetate (frm 1-10%
of ethyl acetate}, to yleld the pare title ccmpcxmd as an oil {6.8
g, 81%), [a]D - 20° (c = 0.1, MeOH) Found: C,43.58; H,3.50;

N,3.86. c13H12C13 requ;u:es Cc,44.28; H,3. 43 N,3.97%.

PREPARATICON 58

N-(2,2, 2-Trichlervethoxycarbonyl) -O-(2-hutynyl) —(5) —serine

benzyl ester
. Bc:rm trifluoride etherate (1 d:mp) was added to a solution
of 2-putyn-1-ol (0.206 g, 2eq) ard (S)-—N—-(z 2, 2 trldnlcn:oethmcy
carbonyl)-aziridine-2-carboaxylic acid benzyl ester (0.52 g, 1.0

) in éry dichlorcmethane (3 ml) ard the reaction stirred for 1
m;:ratromte:rperature The solvent was evaporatedmxie:r
vacaum, the resy:h:e dissolved in ethyl acetate (20 ml) and the
solution washed with water (2 x 10m1), hydrochloric acid (2M, 2 x
10 ml), saburated aqueous sodium bicarbonate solution (1 x 10 ml) .
and brine (1 x 10 ml), then dried (¥gSO,) and filtered.
Evaparation under vacuun of the filtrate gave an oil which was
chromatographed over 5111c:a gel, elutuxg with mixtures of hexane
and ethyl acetate (from 1 to 4% of ethyl acetate) to vield the
title campound as an oil (48 g, 77%), [a], -10% (c = 0.1, Meo&i)
RE 0.7 (SS 2. Found: C,48.01; H,4.15; N,3.30. 17H13Cl M,

requires C,48.30; H,4-29; N,3.31%.
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PREFARATICNS 59;65
The following campounds were prepared according to the method

n

R3
.
ClBCCH202CNH : CO,CH_ Ph
2772
(s) _
' Prep. 3 Analysis %
t 1 No. - R | .Rf (Theoretical in brackets)

C. H N

59 ~GLO(CH,) O, 0.81 47.64  4.94 3.02

(88 2) (47.85  5.19 3.28)

60 ;%OAO' 0.40 48.56  5.06 3.10
- (8S 1) (49.28 5.05  3.19)

61 ~CH0CH(CH,)., 0.44 | 46.38 4.84 3.36 ’

(55 1) (46.56 4.88 3.39)
62 | ~cro0% 0.40 41.58 3.83 3.06
. I s (85 1) (41.18 3.67 3.00)
CF 3
3
63 ~CH, 0CH, CF | . 0.35 40.44 3.51 3.06

(58 1) (39.80 3.34 3.10)

64 -CHZOCHz—q 0.42 48.20 5.23 J.32

(ss 1) | (48.07. 4.75 3.29)

65 -G{;oa{:—O 0.47 43.05  5.49 3.60
(ss 6) | (43.04 5.68 3.59)
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PREPARATION 66 (DEPROTECTION METHOD E)
o (2-Butynyl)=(S)-serine benzyl ester

chdust (500m§) wasaddedinoneporti:’_:ntoasolutionof :

N~ (2,2, 2-trichloroethoxycarbonyl) -0~ (2-butynyl) ~ (S) -serine penzyl
ester (0.44 g, 1.0 eqg) in acetic acid (25 ml) and the mixture _ '
stirred at room temperature for 1.5 hours. The zinc was removed
by filtration and washed with acetic acid, then the filtrate
evaporated under vacum ard the residue azeotroped mth toluene.
The reSidue was dissolved in ethyl acetate (20 ml) and the |
solﬁtion .washexi mﬂisatm'ated aqueocus sodium bicarbonate solution
(10 ml); the resultant precipitate of sodium acetate was removed -
by filtraticn and the filtrate washed again w:_th saturated aqu'eoué
hydrochloric acid (2M, 2 x 100 ml), then the combined extracts
overlaid with ethyl acetate and neatralised with solid sodium
bicarbanate. The oxganiclayer@ separated and the aguecus
phase reextracted with ethyl acetats, then the canbined organic

| phases dr.led (Mgs0,) and filtered. Evapomﬁion under vacuum of
the filtrate provided the title campound as a yellcn# oil (200 my,

78%)}, RE 0.71 (85 19).

- PREPARATIONS 67-73
The following compounds were prepared by treatment with zinc
in acetic acid according to the method described above:

R3

[

CH-

e

HN T (s CO.CH,Ph

2 2772
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Preparation - 3
No. R RE
67 -aL0(aL,) . 0.62
7235 (S 19)
68 -aL,0 0.18
. (55 20)
69. ~CH, OCH (G, 0.18
Tl . (SS 20)
70 ~CH_ OCHCH 0.1770.20
| (SS 20)
- CFy
71 ~CH, 0CH, CF 0.18 .
- 3 (S 20)
72 -G, 0cH, - 0.18
| (SE 20)
73 ~CHL, 00, 0.31
- (ss 22)
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: PREPARATION 74
4-Methoxymethyl~(S)~phenylalanine t-hutyl ester
To a vigorously stirred solution of sodium hydroxide (11.5 g,
0.29 mol) in water (23 ml) were added, sequentially, a solution of
.. f4-methoxymethvl) benzyl hromide (3.1 g,.14.4 mmel) in
diduarc_memane (30 ml), N-diphenylmethylene glycine t-butyl ester
(4.26 g, 14.4 mmol) ard N-benzylcinchonidinium chleride (1.21 g,
2._9_mx§1). After 2.5 hours the reaction mivhoe was dlluted with
‘dichlorcmethane (100 ml), then the organic phase separated, washed
to neutrality with water, dried (4gSO,) and evaporated under '
vac:.nmtoprov:.de an oil (7.2 ¢). Chromatography on silica gel
(600 g) using a 4:1 mixture of hexane and ether as eluent afforded
a white solid (473 g, 76%) which, on crystallisation fram hexane,
yvielded racemic material (1.71 g), Iﬁ.p. 81-82°C. 'Further
chramtograpty of the crystallisation mother liquor on silica gel
usmgtlmsameeluentgavathereqmred (5)—erantiamer as a clear
il (2.44 g, 39%), RE 0.30 (S8 13), [a]®° -145° (c = 1.08,
C!-Izciz). Found: C,77.93; H,7.21; N,3.2§. C,gHy N0, requires
¢,78.29; H,7.27; N,3.26%. '
A solution of this product (2.3 g, 5.56 mol) in ether (50
ml) was vigorously st:.rred with a mixture of 0.5M hydrochloric
acid (12.2 ml) and water (40 ml). After 9 hours the aquecus phase
wasmmeaaxﬁﬂmeether;msematedmmnertnmsinme
same way. The combined aqueousmasesmre basified with 1M
aquecus sodium hydroxide solution and extracted with ether. The
c:mb:med ether extracts were dried (MgSO,) and evaporated under
vacoum to give an cil (960 mg) which was chromatographed on silica

| gel, using ethyl acetate as eluent, to afford the title compound
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as a clear oil (860 mg, 59%), Rf 0.35 (SS 8), [a]z +9.7° (c
1.65, c:12c12). "Found: C,67.73; H,8.54; N,5.10. Czs%s -

requires C,67.90; H,B.74; N,5.28%.

FREPARATTEN 75

O-n-Pn:x_wl;fSJ —serine ethyl ester

a) N-(Triphenylmethyl)-0-(2-propenyl)-(S)-serine ethyl ester |
- (Preparation 23, 1.0 g, 2.4 mwl), dissolved in ethanol (36 mi}
ard water (4mlj, was hydrogenated over 5% palladium on charcoal
(300 mg) at 50 p.s.i. (3.45 bar) and room tenperature After
three hours the mixture was filtered through a short arbacel
column and the filtrate, on evaporation under vacuum, gave a clear
oil (916 my). Chromatography on silica gel, eluting with a 1:4
mixture of ethyl acetate and hexane gave N-triphenylmethyl-0-
nrpropyl-({S)-serine ethyl ester (697 my, 65%). Found: C,78.13;
H,8.96; N,3.31. ¢, H,, N0, requires C,77.66; H,7.48; N,3.35%.

k) The above intermediate (667 mg, 1.6 mmol) was dissolved in a
1.7% solution of concentrated hydrochlaric acid in acetone (30
ml); after five hours a further amourt (5 ml) of the above acid
soluticn was added to complete the reaction. After a fuz_-therhalf
azeotroplcally mth dichloromethane. Trituration mth diethyl -
ether and fJ.ltzat:Lon gave the reqmured product as a white solid
(247 mg, 73%), Rf 0.19 (SS 22). Found: c,45.55, 'H,8.23; N,6.50.

CgH, (CINO, Tequires C,45.39; H,8.57; N,6.62%.
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FPREPARATION 76

3-[2- (R, S) ~Tetrehydrofuryl]-(5)-alanine (3-pheny])propyl ester

" a) 3-(2-Furyl)-(S)-alenine (prepared by the method of H. K.
Chenault et al, J. Amer. Chem. Soc., 1981, 111, 6354) was reacted
| with di-t-patyi dicarbonate to give -N—t-hﬁmfjcarm113~(a—
" furyl)-(S)-alanine as a colwrless oil, RE 0.6 (SS 21).
L) The previous product (3.0 g, 0.12 mol) in ethyl acetate (40
ml) was hydrogenated over platimm oxide (200 mg) at 60 p.s.i.
(4.1 bar) and roam temperatire for 2 hmrs,_men uptake was
camplete. The catalyst was removed by filtraticn, the filtrate
eﬁapcm'ated under vacnm and the residue chromatograpned on silica
gél eluting with a mixture of dichloramethane, methanol, acetic
acid and hexane (90:10:1:150} to give 3—t—mtcn¢yc2rbm1yl—3-
[ (2-(R,5)~tetrahydrofuryl) ]-(S)~alanine (2.04 g) as a mixture of
| o dlast:ereo:r.saners RE 0.20 (SS 26).
| c) Alkylation of the previous product with (3-phenyl) propyl
pramide following the procedure of Preparation 1, followed by
removal of the N—t—hztoxycai‘bm'wl protecting group with hydrogen
chloride, gave the title compound as a colourless oil, RE 0.30

(8S 22).

PREPARMTION 77
2{5) —trans 1-{4-Fthoxy-2-butenyl)glycine methyl ester
hr oride '

‘a}) n-Butyllithium (3.15 m2, 7.875 mol, 2.5M in hexane) was
addeddmisecverlﬂmjnutesuniernitrogentoastirred
solution of 2, S-dihydro—j , 6-methoxy-2 (R) - (2-propyl) pyrazine
(1.38 g, 7.5_,9.1:1mol) in dry tetrahydrofuran, whilst keeping the
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temperature below -68°C. After 15 minutes a solution of trans
_1—brmn—4—ethoxy—2-mtené (1.34 g, 7.49 mmole) in tetrahydrofuran
(5 ml) was added over 10 mimstes at ~78°C. The reaction mixture

' was then allowed to warm to room temperature overnight, being kept
initially et ~78°C for at least I kars. The solvent was removed
under vacnum and the residue partitioned between diethyl ether and
water. The organic phase, on drymg (1\&3504)_ ard evaporatmn, gave -

* @ golden oil (1.35 g, 65%) which was stlrred with 0.25M
hydrochloric acid (42.8 ml) for 24 hours. The mixture was
evaparated under vacaum and the residue dried azeotropically with
didﬂarmneﬂaane followed by toluene.

Di~t-butyl dicarbonate (3.13 g, 14.34 mwl) was added to an’
ice-cooled solution of the above mixtire of esters (2.02 g) and
N-meﬂ‘nylmor;iwluxe (1.58 ml) in dr:y dldﬂorunethane (35 ml), -ard

. the resulting solution stood at room temperature for 4 days. The
solvent was removed under vacmm and the residue partitioned
between dicthyl ether and water. The organic phase was washed
sequentially with wéter, 1M hydrochlaric acid, water, saturated
aquecus sodium bicarbonate solution and water, then dried (M350,
and filtered. Evaporation under vacwm of the filtrate gave a
yéllow licuid (1.34 q) Whldl was chromatographed on silica gel;
elution with increasing proportions of diethyl ether in hexane
gave N-t-butoxycarbonyl-2(S)-trans 1-(4-ethoxy-2-butenyl)glycine

 methyl ester as an oil (565 my, 41%), RE 0.38 (SS 2). Found:
c,58.29; H,8.50; N,5.21. C, H NO_ requires C,58.51; H,8.77; |

N,4.87%. [a}%” + 18.6° (c = 1.07, GLCL).
D
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b) A stirred, ice-cold solution of the above product (492 ng,
l7mx:1) in dry diethyl ether (15 ml) wassamratedoverls
houars with hydrogen c:hlorlde gas. After be:mg st_u:red at o°C for
a further 3 hcnzrs, the solution was evaporated urder vacuum and
the residue dried azeotropically with aichlioropétnane '(X3) to give
the title product as a pale yellow foam (320 my, 84%), REf 0.32 (85
14). Fourd: C, 47.17; H,7.79; N,6.40. cgﬂlsclN03. 0.95 %CJ‘Z

requires C,47.68; H,7.56; N,6.14%.

_ PREPARATION 78
2(S)—trans 1—(4-Methoxy-2-butenvl)glycine nethyl ester

‘I orld
This was smllarly prepared following the procedures
. described above and was obtained as a white powder Rf 0.30 (sS
22). Found: C,45.17; H,7.54; N,6.71. CgH, NC10,; 0.2 H,0 |

requires C,45.05; H,7.75; N,6.57%.

PREBARATION 79
2(8) - (4-Methoxy=1-tutvl}glycine methyl ester
This compound was cbtained from the previous product (free
base), according to Preparation 753, as a yellow oil, RE 0.15

(85 22).

PREPARATION 80

1-{3- [N—thutoxydarbonvl— (5] —prolylamino]-2(S) —t-h:toxvcarbonvl- g

propvl}cvciopentane carboxylic acid

N-t~Butoxycarkonyl-(S) —proliné 4-nitro;he.nyi ester {2.89 'g,
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8.59 mmol) was added to a stxrred suspension of 1-[3-amino-2 (S} ~t=
hutoxycarbonylpropyl ]cyclopentane carboxylic acid sodium salt

. (IEP-A-358398; 1.70 g, 5.90 mmeol) in dry dichloromethane (30 ml).
After 24 hours the reaction mixture was evaporated under vacuum
‘and the resjche allowed to stand for a further 24 hours hefore

© being partitioned between ethyl acetate (200 ml) and 2M |

hydrochloric acid (100 ml). The organic phase was separated,

 washed successively with 2M hydrochloric acid (2 x 50 ml),
satirated agueous sodivm bicarbomté sohrtion (4 x 50 ml), more 2M
hydrochlaric acid (50 ml) and saturated krine (50 ml), dried
(gS0,), filtered, and the filtrate evaporated wder vacum. The
resulting yellow oil (4.59 g) was purified by chramatography on
silica gel (200 g), u.é'.i.rxg an elution gradient of 1% acetic acid in
ethyl acetate / 0 to 10% methanol, to furnish the title compound.
as a cream foam (1.096 g, 40%), Rf.0.53 (s 14}, [a]2> -161° (c =
0.1, MeOH).  Found: C,61.20; H,8.81; N,5.43. c24n4ogzo7 requires

C,61.51; H,8.60; N,5.98%.

FPREPARATTONS 81-82

The followinq campounds of formula (V) were prepared from the

appropriate proline derivatives using the procedure described

above for Preparation 80.
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Preparation R ' Rf Analyrls %

No. ('Iheoret.laal in bracke.ts)

c N
81 . |FhCE,00,- 0.25 | 64.75 7.60 5.53
S Y oo(ss 8) [(64.F2 TT.B2 “5.57)
82 (C1) ,OCH, C0,~ 0.50 | 48.74  5.85 5.69
' 3 2 (ss 21)| (48.58 6.12  5.15)

PREPARATION 83
1-[3-~Benzyloxycarbonylamino-2 (S} —t- borylpropyl lcyclo-

pentane carboxylie acid

To a stirred, ice-cold suspension of 1-[3-amino-2(S) -f—
Itoxycarbonylpropyl |cyclopentane carboxylic acid sodium salt (1.0 |
g, 3.4 mol) in dry dichloranethane (15 ml) were added, |
sequentially, N-methylmorpholine (0.4 ml, 4.0 mnol) and N-

benzylm;ycarbmylmyamclmm.de (930 ng, 3.75 nml] After 1 hour
ﬂxeicebathwasremvedarﬁstanmgwascmtmuedformmurs.

The reaction mixture was evaporated under vacuum, then the residue -
partitioned between ethyl acetate and water. The organic phase |
was soparated, washed with'm hydrochlaric acid and water, aried
{Mgs0 4) and filtered. Evaparation under vacunm of the flltr:ate
provided an oil (1.4 q) whlc:h was purlfled by mrmnatogra;_:hy on

silica gel, using a 7:3 nixture of ether and hexane as eluent, to

give the title compound as a gum (900 my), RE 0.50 {SS 2).
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. Biological activity

The following Table illustrates the dual in vitro enzyme

1nhlb1tory activities for a ramge of the compourds of- the

ICgo M)

FXAMPLE | ANGIOTENSIN COONVERTING  NEUTRAL METALLOENDOPEPTIDASE
NUMBER | ENZYME (ACE) _ (E.C. 3.4.24.11)

86 1.3 x 10 5 3.0 x 10_5

87 1.4 x 20 g 2.0 x 10_g

92 2.6 x 10_g 2.0 x 10_g
128 1.6 x 10_9 4.1 x 10-8'
130 4.0x 10 1.8 x 10_g
131 3.7 x 10_g 4.8 x 10_g
133 3.2 % 10_g 4.0 x 10_g
134 1.6 % 10_g 3.4 x 10 g
136 1.5 x 10_g 1.5 x 10
137 1.4 x 10 ¢ 3.6 x 10_g
138 2.4 x 10_, 3.2 x 10_g
144 6.6 % 10_g 3.3 x 10_g
145 1.1 x 10 4.1 % 10
safety profile

 The prodrugs of the invention have been tested orally in rat
at doses up to 10 my/Kg and the diacids of the invention have been
tested intravenously in xat at doses up to 10 my/Kg. No signs of

_ advei'se acrte toxicity were cbserved.
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/Cvo - L
I

wherein RlandRzareeamirﬂeperﬂentlyHcrabiolabﬂﬁ

OR?

ester-forming graup, ande.ltherarbothonR andOR
naycptlom]lybereplacedbyriﬂz

R is (a) c:‘r(cxrzjnocrlz_@\ .

. R
R
vherein R° is H or methyl, ® is H or halo, and n is ©
or 1;
7
(b)) CGLOR

wnerein R’ is -G alkyl, C,—C, alkeryl, -

- sy, G-, cyeloaliyl, (€€, ) Cg
alkyl, (¢;=C, alkoxy)C,—C, alkenyl, (halo)C,~C, alkenyl,
_ (c3—c7 r.:y::lc»al}cyl)Cl-c6 alkyl or ECE'3)CI—CG alkyl;

Ppea

wherein R is aLCH, cnzoaL_i, OCH(RS)G{ZOH or

' OCH,,CH, OCH,, and R is as previcusly defined;

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 775



w0 92/14706 : _ : PCT/EP92/00321

@ dg—@ o

(C iy aﬂ-ﬂxﬁ auka w1 or (c
alkoxy)C 5~Ce 3XKYL;
and R? is H or hydroxy;
| and pharmaceutically acceptable salts thereof
2. Acxxupomzdasclannedmclamlwlmreleardnz are each
indeperdently selected from H, C)-Cy alkyl, C,~C, cycloalkyl,
 (cyclohexyl)C)=C; alkyl, (phenyl)Cj=C; alkyl, 1~(C,~Cg
alkanoyloxy) ¢, —C, alkyl, 1-(C.~C4 cycloalkylacetoxy)C,—C, alkyl,
1-(c,—, cyclcalkylcarboxy)ci-c4 alkyl, 1-(2-indanylcarboxy) &<,
‘alkyl, l-(benzoyloxy)C,-C, alkyl, 3-phthalidyl, 1-(C;—C, alkoxy-
c:ark:onyloxy)cl—(:4 alkyl, [4-(5-[C,—C, alkyl]-1,3-dioxolen-2~
'onyl) ]me-‘.thyl, acetonyl, indanyl arxi pyridyl. |
3. AcdmnﬂasclainaimdamzmereianarﬁRz afé each
independently selected from H, methyl, ethyl, (3-cyclchexyl)-
propyl, (3-phenyl)propyl, pivaloylesymethyl, 1-(cyclchexyl-
acetoxy) ethyl, 1- (cyclohexylcarbaxy)ethyl, 1-(2-indanylcarboxy)-
ethyl, 1-(benzoyloxy)ethyl, 1-(ethoxycarbonyloxy)ethyl or |
[4-{5-methyl~1, 3-dicxolen-2-onyl) Jmethyl.
4. A compound as claimed in claim 3 wherein R° is benzyloxy—
methyl, 1-(2-batenyl)oxymethyl, 1- (4-methaoxy-2-butenyl) oxynethyl
or 2—d110ro—2¢ropehyloxynethyl, and Y is H.
5 A campourd as claimed in cléim 4 wherein Rl is H, and R2 is

methyl, (3-phenyl)propyl or ( 3—cyclchexyl} prcp?l .
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6. A compound as claimed in clain 4 wherein B is pivaloyloxy- |
methyl, 1—-{cyclochexylacetoxy)ethyl, 1- (cyclduexyl_car;;:.n.ty) ethyl,
1~ (2~indanylearbaxy) ethyl, 1-(benzdyloxy)ethyl, 1-(ethoxy-
darborxyloxy) ethyl or {4-(5-mthy1—1,3—dioxo1e:z—2—m:y1) ]mthyi,
and R isetiyl. |

7. A comound as claimed in claim 1 wherein both R' and B2 are
H. |

8. A compound as claimed in claims 1 to 7 wherein the preferred

stereoiscmer is of formula:

£]
© 0 QIOFF

9. A pharmaceutical camposition comprising a compound of formila

(I), or a pharmaceutically acceptable salt thereof, together with

a pharmaceutically acceptable diluent or carrier. '

10. A compourd of formula (I), a pharmacentically acceptable salt

thereof, or a I.hannac:axtlcal composition containing 'either., for

use in medicine. -

11. The use of a compound of formila (I), a pﬂ)annace.xlticaliy. :

adceptable salt thereof, or a pharmaceutical composition

containing either, for the manufacture of a medicament for the |

treatment of hypertersi.on, heart failure er renal insufficiency.

12. 2 compound of formala:
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(IV)
wherein R* and R?' are as defined in claim 1 for RY and R2

raspectivelyh:tareth,a:ﬂORllaIﬁORyareasde.fizndm

1 1

claim 1 for OR® and GR%, R® is as defined in claim 1, B is a

canventional aino acid N-protecting growp and RO is as defined
in clain 1 for R with any reactive groups therein optionally
13. A capound as claimed in claim 12 wherein
each independently selected fram t-kutyl and benzyl.

14. Ametﬁpdfortheprqhylacticora:rativetreatnentof

1 aniRz' are

hypertension, heart failure cr renal insufficiency in a human
being, which camprises administering to said human being an
effective amount of a ccxrpound of formila (I), a pharmaceutically
acceptable salt thereof, ar a phapmcentical coposition
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15. A process forﬂmpreparatim of a campourd of formala:.

. - ,H - .
. /(g\(o - o

_ HN '
_ \ H
gt O\HJ\Q\’N r¥
e ') 1
. - O

~QR?

wherein R and R® are each independently H or a biclabile
' ' 2
ester—farminggru:p,azﬂeitberorbcthofmlarﬂorl

may optionally be replaced by NH,, ;
R is (a) m(mz)nmrz@

S 26
. R o

whereinRsisHornethyl, r® is H or halo, ard n is 0
' 7
. (b) CHLOR .
wherein R’ is ¢,=Cg alkyl, C,~C, alkemyl,
C;Cg alkymyl, C,~C, cycloalkyl, (C;—C, alkexy)C;—Cg
~alkyl, (6C, aDcchY)_ca—Cs alkenyl, (halo)C,~C, alkenyl,
<, cycloalkyl)C,—C, alkyl or (CF,)C;=C, alkyl; |

ey

wherein R® is CH,0H, c:%om3 OCH(RS)C.HZOH or

OCi-IZCHZO'f_‘rI3 ard RS is as previcusly defined;
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(@) mz—@ or

—on{e) (Cl-C alkaxy} Ty L, alkemyl -ox "(Ci":c;

alkany)c, =, alkyl;
and R? is H or hydroy;
or a pharmaceutically acceptable salt thereof, which camprises
removing R°, any protecting group present in R.0, and optionally
either one or both of any biolabile ester-forming groups R- and

1
R2 mlmmybepresent frmacmpcnrﬂofformﬂa:_

- RY
+
N
84’0\{,0
HN '
. H
RO N_ RO
0 0 I
o”ogr?
Iy
vmerejnR masprev:.mslyde.fmad,k is a conventicnal amino
acadN—grotecmnggrqu,lesasdefnwdforR m.thany
reactlv._egroupstheremcptlcmallyprotectai,axﬁRl andR_ are
as defined for R* and R® but are not H, and OR' and OR?  are as
1 2

defined for OR™ and OR®, and optionally isolating as, or forming,
a pharmaceutically acceptable salt of the product.
16. A process as claimed in claim 15 wherein RF ard R° are each

independently selected from H, (:]_--C5 alkyl, CS-Q! cycloalkyl,
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o8-
(cyelahexyl)c; ¢, alkyl, (phenyl)Cj=C; alkyl, 1~(C,=C
alkanoyloxy) Cl—(.' alkyl, 1- (Cs--C.'6 cycloa]kylacztoxy)c —C alkyl,
1-(€,C, cycloalkylcarkaxy)C,~C, alkyl, 1-(2-indanylcarboxy)C)~C,
alkyl, 1-(penzoyloxy)Cy—C, alkyl, 3-phthalidyl, 1-(C -C, alkoxy-
carbonyiony) €, =<, alkyl, 1a=(E[E-C alkylj-1,3-dioxolens2--
onyl) Jmethyl, acetonyl, indanyl and pyridyl.
17. A process as claimed in claim 16 wherein R and R are each
" indeperdently selected fram H, methyl, ethyl, (3-cyclohexyl)-
propyl, (3-phenyl)propyl, pivaloyloxymethyl, 1-(cyclonexyl-
acetoxy) ethyl, 1-(cyclohexylcarboxy)ethyl, I-(2-indanylcarboxy)-
ethyl, 1-(benzoyloxy)ethyl, 1-(cthoxycarbanylony) ethyl or [4-(5-
methyl-1,3-dioxolen—2-onyl) Jmethyl.
18. AmqessasdajmedmCEijTmmERlisH, and R is
methyl, (3-phenyl)propyl or (3-cyclohexyl)propyl.
19. A process as claimed in claim 17 vherein R* is
pivaloyloxymethyl, 1-(cyclohexylacetoxy)ethyl, 1-(cyclohexyl-
carboxy)ethyl, 1-(2-indanylcarboxy)ethyl, 1-(benzayloxy)ethyl,
1- (ethesycarbonyloxy) ethyl or [4-(5-methy1—1,3~dicnm1eﬁé—ony1) -
nethyl, and R is ethyl. |
- 20. Aprocessasclamedmanymmeofclamslstolsmeremfl
. is t~putoxycarbonyl, benzylmqm:arbmwl or 2,2,2-trichloro- '
ethoxycarbonyl and is removed by acidolysis, hydrogenolysis and
treatment with zinc in glacial acetic acid respectively.
21. A process for the preparation of a campound of forrmla (I)
meinbothnlandizzareﬂarﬁn:‘ and ®® are as defined in claim
15, or _a'MmWimlly acceptable salt thereof, which comprises
subjecting a compound of formila (I) wherein K. is H, & is a

biclabile ester—forming group ard R3 ard R4 are as defined in
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. —9y—
claim 15 to kase hydrolysis and optionally isolating as, or -
forming, a pharmaceutically acceptable salt of the product.
22. B process as ciaimedinanyormofclaﬁrﬁlstozlmﬁr-ein_ﬁ
is benzyloxymethyl, 1-(2-butenyl)cxymethyl, 1—(4—_::;@1@-2-
putenyl)oxvmethyvl or 2-chlaro-2-propenylaxymethyl, and R° is H.
23. Apz_‘_ooess as clajmed in any one of clams 15 to 22'where:i_.n
the pre.ferred sterecisamer of the product is qf. formala:

N
R“’CﬁfO
HN o
- R‘O\NJS\Q(N R¥"
o .
| 0 0 I
S e

OR?

and that of the preamsor intermediate is of formula:
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DESCRIPTION

MERCAPTQ-AMIDE DERIVATIVES AS INHIBITORS OF THE NEUTRAL ENDOPEPTIDASE.

TECHNICAL TIELD _ _

This inventicn relates to new mercapto-amide
derivatives and pharmaceutically acceptable salts thereof
which are useful as a medicament. |

BACKGROUND ART

Scme mercapto-amide derivatives have been known as
inhibitor enkephalinase which is an enkephalin-degrading
enzyme, for example, in EP Patent Applicaticn Publicatien
Nos. 0 110 584, 0 115 997, 0 159 254, 0 280 627 and '
0 419 327.

DISCLOSURE OF INVENTION |

This invention relates to new mercapto-amide.
derivatives and pharmaceutically acceptable salts thereof.

More particularly, it relates to new mercapto-amide
derivatives and pharmaceutically acceptable salts therecf
which possess an inhibitory activity against the neutral
endopeptidase (hereinafter NEP), e.g. neutral |
endopeptidase EC 3. 4. 24. 11, to processes for the
preparation thereof, to a pharmaceutical composition
comprising the same and to a method for the treatment
and/or prevention of wvarious cardibvascﬁlar disorders such
as hypertension, heart failure, angina pectoris or the
like, renal insufficiency, cyclic edema, '
hyperaldoéteronism, hypercalciuria and the like in human
beings or animals. Additionally, the object compound is
expected to be useful as therapeutical and/or preventive
agents for glaucoma, asthma, inflammation, pain, 'epiiepsy,
dementia, obe51ty and gastrointestinal disorders
Iespec1ally diarrhoea and irritable bowel syndrome) the
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mcdulation of gastric acid secretion and:the treatment of

Ay

yperrenlnaemla. _ _
one object of this invention 15 to provide new and

useful mercapto-amide derivatives whlch pOsSsess -an

/N

inhibitory activity against NEE.

another object of this invention is to prbvide
processes for the preparation of said mercapto-amide
derivatives and salts thereof. '

A further object of this 1nvent10n is to prov1de a
pharmaceutlcal composition compr;sxng, as an active
ingredient, said mercapto-amidé derivatives and

 pharmaceutically acceptable salts thereof.

Still further object of this invention is to provide
a therapeutical method for the treatment and/or prevention
of aforesaid diseases in human beings or, animals, using
said mercapto-amide derivatives and pharmaceutically
acceptable salts thereof. _

It is well known that NEP is involved in the
breakdown of several péptide hormones, including atrial
natriuretic peptides {hereinafter, ANP) which has potent
vasodilatory, diuretic and natriuritic activities, and
enkephalin which is a endogenous morphine-like peptide.
Thus, NEP inhibitors can potentiate the biological effects
of ANP and enkephalin. Therefore, the compounds '
inhibiting NEP are useful for the treatment and/or
prevention of various cardiovascular disorders such as

hypertenSLQn, heart failure, angina pectoris or the like,

renal insufficiency, cyclic edema, hyperaldostercnism,
hypercalciuria, and the other diseases mentioned above.

The cbject mercapto-amide derivatives of this
invention are new and can be represented by the following %

general formula [I] :

BIOCON PHARMA ETD (IPR2020-01263) Ex. 1015, p. 789



WO 93/09101 ' ' g ' PCT/1P92/01406

1 [}

R —s-A—CHCONH-Y-R3

wherein Rl is hydrogen cor a mercapto¥protective group,

: Rz'is lower alkyl of'aryl which may be substituted
with lower alkylenedioky, . ' .

R™ is tetrazelyl, thiazolyl or thiadiazolyl, each

10 cf which may be substituted with _ '
substituent(s) selected from the group
consisting of acyl and acyl{lower)alkyl,

A 1is lower alkylene, . _

X 1is lower élkylene cr S, andg

Y is a single bond or lower alkylene,
3

15

provided that when R° is tetrazolyl or thiazolyl,
then Y is lower alkylene,

and pharmaceutically acceptable salts thereof.

'20 ' fhe 6bject compound [I] or its salt can,be_prebared:
by the following processes.

Process 1.
R R2 o _ R2
’ 1 | |
X _ X

| | | | -
RY-s-A-CHCOOH  + HZN-Y-'R3 —  Rl-s-a-CuCONH-Y-R3
[11] - [(rxz; (1)
30 or its reactive ~ or its salt or its salt
" derivative at the
CRrPOXy group

or a salt thereof

35
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Process 2
2
R

X

3

Ri-‘s -A~-CHCONH~Y-R

[Ia]
or its salt

10

: Process 3
. ]
X

15 Rl-S—A—CHCONH-Y-Ra

[1c}
or its salt

20 Process 4

g2
l
X

25 _ R-]'-S-A—CHCONH-Y—R% '

[1a] _
or its reactive
derivative at the
30  carboxy group'
or a salt thereof.

35

3

3.

PCT/IP92/01406

-4 -
rlimination of the r2
mercapto-protective }

o _ X
group _ | o
H-S-A-CHCONH-Y-R>
[Ib]
or its salt
-
g2
]
_ X
Deesterification 1 | 3
-~ R -S-—A—CHCONH-Y*Rb'
[Td]
or its salt
R2
|
. X
Amidation 1 3
— R —S-A-CHCONH-Y—RC

[Ie]
or its salt
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Vo _
Process §

2 Introduction of the ' éz

"R

| o mercapto-protective . ]

: X _ X

5 [ group o

H-S~A-CHCONH-Y-R> L

S-A-CHCONH-Y-R
[Ib] o o " [1a]
or its salt or its salt

10 o1, .

where1n Ra315 & mercapto-protective group,

Ra is tetrazolyl, thiazeclyl or thiadiazolyl, each
of which is substituted with substituent(s)
selected from the group consisting of '

15' esterified carboxy and esterified
carboxy(lower)alkyl, _

. Rb_is_tetrazblyl, thiazolyl or thiadiazolyl, each
of which is substituted with substituent(s}
selected from the group consisting cf

20 carboxy and carboxy(lower)alkyl, .

R, is tetrazolyl, thiazolyl or thiadiazolyl, each
of which is substituted with_substitueht[s}
selected from the group consisting pf: '
N-containing heterocycliccarbonyl,

25 N-containing heterocyclicca:bcnyl(lower}—

' alkyl, a group of the formula . -CO-Z-OR4,'

wherein Z is amino acid(s} residue, and rY

is hydrogen_or.a carboxy protective group,
lower alkyl substituted with a group of the
1p formula :. -CO—Z—OR4, wherein 2 and R4 are

‘each as defined above, carbamoyl and _ _

carbamoyl(lowerjalkyl, carbamoyl of whiéh

may be substituted with substituent(s)
selected from the group consisting of lower

35 alkyl, cyclo{lower}alkyl, aryl,
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ar{lower)alkyl, lower alkoxy(lower)alkyl
and a heterocyclic group, and
-Rl, Rz, R3, A, X and Y are each as defined above.
5 In the above and subsequent descriptions of the

10

15

20

25

30

35

present specification, suitable examples of the various
definitions to be included within the scope of the
jnvention are explained in detail in the following.

The term "lower" is ihténded to mean a group having 1
to & carbon atom{s), unless otherwise provided. '

The lower moiety in the term "cyclp(lower)alkyl“nis
intended to mean a'group having 3 to 6 carbon atoms.

Suitable lower alkyl moiety in the terms |
"écyl{lower}alkyl" "esterified carboxy(lower)alkyl",
"oarboxy{lower)alkyl", "carbémoyl(lower)alkyl",
Nar(lower)alkyl", ?low2r'alkoxy(lower}alkyl“ and
nN-containing heterocycliccarbonyl(lower)alkyl” may be a

| straight or branched one such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, pentyl, hexyl or

the like, in which preferable one is methyl, ethyl or
isopropyl. - - '
| Suitable "cyclo(lower)alkyl" may be cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl. '
Suitable "“aryl" may be'phenyl, naphthyl, phenyl

. substituted with lower alkvl fe.g. tolyl, mesityl,

cumenyl, xylyl, diethylphenyl, diisopropylphenyl,
di-tert-butylphenyl, etc.] and the like, in which
preferable one is-phenyl.cr tolyl. _

Suitable "ar(lower)alkyl" may be benzyl, phenethyl,
diphenylmethyl, triphenylmethyl, naphthylmethyl, and the
like, in which preferable one is benzyl.

Bujtable lower alkoxy moiety in the term "lower
alkoxy{lower)alkyl" may be methoxy, ethoky, propoxy,‘
isopropoxy, butoxy, iscbutoxy, tert-butoxy and the like,
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in which preferable one is methoxy.

Suitable "lower alkylene" may be'a'straight'cr
branched one such as methylene, ethylene, trimethylene;
propylene, tetramethylene, 'pentamethylené hexamethylene;

. ethylethylene, or the llke, in which preferable one 1is
' methyiene.

Suitable "lower alkylenedloxy" may be a stralght or
branched one such as methylenedioxy, ethylenedloxy,
trlmethylened;oxy, dimethylmethylenedioxy, propylenedioxy,
or the like, in which preferable one is methylenedioxy.

Suitable "mercapto-protective group" méy be loﬁer
alkyl [e.g. tert-butyl, etc.], lower alkoxy(lower)alkyl
[e.g. methoxymethyl, isobutoxymethyl, etc. ], substituted or
unsubstituted ar(lowerlalkyl [e.g. benzyl, methoxybenzyl,
nitrobenzyl, diphenylmethyl, bls{methoxyphenyl}methyl
trlphenylmethyl etc.], substituted or unsubstituted aryl
(e.g. phenyl, dinitrcphenyl, etc.], acyl such as lower
alkanoyl [e.g. formyl, acetyl, propionyl, butyryl,
iscbutyryl, valeryl,_isovaleryl; pivaloyl, hexanoyl,
etc.], lower alkoxycarbonyl [e.g. methoxycarbonyl,
ethcxycarbonyi, propoxycarbonyl, iscpropoxycarbonyl,
butcexycarbonyl, ischutoxycarbonyl, tert-butoxycarbonyl,
pentyloxycarbonyl, hexyloxycarbonyl, etc.], aroyl [e.g.
benzoyl, etc.], substituted or unsubstituted |
ar(lowei)alkoxycarbonyl (e.g. benzyloxycarbonyl,
methoxybenzyloxycarbonyl, etec.], a group'of the-fqrmula:'
-S-A-CHCONH-Y—R3, wherein R2, R3, A, X and Y are each as

%2 . _ -
defined above, and the like, in which preferable one is
lower alkanoyl or aroyl and the most preferable one is

‘acetyl or benzoyl.

- Suitable "acyl" and acyl moiety in the term
"acyl(lower)alkyl" may include carboxy; esterified

4

carboxy; a group of the formula : -CO-Z-OR?, wherein 2

and.R4 are each as defined above; carbamoyl opticnally
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substituted with substituent(s) selected from the group
consisting of lower alkyl, cyclo(lower)alkyl, aryl,
ar(lower)alkyl, lower alkoxy({lower)alkyl and

a heterocycllc group ; lower alkanoyl; aroyl;

a heterocycllccarbonyl lower alkylsulfonyl ana the 1ike,

in which preferable one is carboxy, esterified carboxy, a
group of the formula : -CO-2- OR , Wwherein Z and R are

cach as defined above or carbamoyl optionally substituted
with substituent(s) selected from the group consisting of

-_lower'alkyl ar(lowerj)alkyl and lower alkoxy(lowerlalkyl .

The esterified carboxy may be substituted or

. unsubstituted lower alkoxycarbonyl [e.g. methoxycarbonyl

ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl,
tert-butoxycarbonyl, hexyloxycarbonyl,
2-icdoethoxycarbonyvl, 2,2,2-trichleroethoxycarbonyl,
etc.], substituted or unsubstituted aryloxycarbonyl [e.g.
phenoxycarbonyl,'4enitrophenoxycarbonYl,

2-naphthyloxycarbonyl, etc.], substituted or unsubstituted
 ar(lower)alkoxycarbonyl [e.g. benzyloxycarbonyl, '

phenethyloxycarbenyl, benzhydryloxycarbonyl,
4~nitrobenzyloxycarbonyl, ete.] and the like, in which
preferable one is lower alkoxycarbonyl or '

'ar(lewer)alkoxycarbonyl.

The lower alkancyl may be formyl, acetyl, proplcnyl,
butyryl isobutyryl, valeryl, isovaleryl, pivaloyl,
hexanoyl and the like. ' '

The aroyl may be henzoyl, naphthovl, benzeyl
substituted with lower alkyl [e.g. toluoyl xyloyl, etc. ]

and the like.

_ Suitable "heterocyclic group" and heterocyclic moiety
in the term "heterecycliccarbonyl" may include saturated
or unsaturated, monocyclic or polycyclic one containing at
least one hetero atom such as nitrogen atcm, oxygen atom

or sulfur atom.
The preferred examples of thus defined "heterocyelic
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group"” may be unsaturated, 3 to 8—membered,'more
preferably 5 or é-membered heteromonocyclic group
containing 1 to 4-nitrogen atom(s), for example, pyrrolyl,

imidazolyl, pyrazolyl, pyridyl, pyridyl N-oxide,
_ dihydropyridyl,_tetrahydropyridyl, pyrimidyl, pyrazinyl,

pyridazinyl, triazinyl, triazolyl, tetrazinyl, tetrazolyl,

saturated, 3 to 8-membered, more preferably 5 or
6-membered heteromonocyclié group containing 1 to 4
nitrogen atom(s), for example, pyrrolidinyl,
imidazolidinyl, piperidino, piperazinyl, etc.;
unsaturated, condensed hetérocyclic_group containing
1 to 5 nitrogen atom(s), for examplé, indelyl, isoindolyl,
ihdolizinyl, benzimidazelyl, quinolyl, isoquinblyl,

~indazelyl, benaotriazolyl, etc, ;

unsaturated, 3 to 8-membered heteromonocyclic group
containing 1 to 2 oxygen atom(s) and 1 to 3 nitrogen
atom(s)} for example, oxazolyl, isoxazolyl, oxadiazolyl,
etc.; . )
saturafed 3 to 8-membered heteromonocyclic group
containing 1 to 2 oxygen atom(s) and 1 to 3 nltrogen
atom(s}, for example, morpholino, sydnonyl, etc.;

unsaturated,_condensed heterbcyclic.grcup containing
1 to‘2 oxXygen atom(s) and 1 to 3 nitrogen atom{s), for
example, benzoxazolyl, benzoxadiazolyl, etc.;

unsaturated, 3 to 8-membered heteromonocyclic group
containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen
atom(s), for example, thiazolyl,_isothiazdlyl,
thiadiazolyl, etc.; ' '

unsaturated 3 to B-membered heteromonccyclic group
contalnlng 1 to 2 sulfur atom(s), for example, thlenyl
etc.; - :

unsaturated condensed heterocyclic group contalnlng 1
to 2 sulfur atom{s) and 1 to 3 nitrogen atom{s), for
example, benzothiazolyl, benzothladlazolyl, etc. ;
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unseturated, 3 to 8-membered heteromonocyclic group
containing an oxygen atom, for example, furyl, ete.;

unsaturated, condensed heterocyclic group contalnlng
1 to 2 sulfur atom(s), for example, benzothienyl, etc.;

unsaturated, condensed heterocyclic'group'Eontaining'
1 to 2 oxygen atom(s), for example, benzofuranyl, etc.;

or the like.
suitable "amino. ac1d(s) resldue" means & blvalent

residue derived from amino acid(s), and such amine acid

may be neutral amino acid such as glycine, D- or
L-alanine, B#aianine, D- or L-valine, D- or L-leucine, D-
or L—lsoleuc1ne D- or L-serine, D- or L-threcnine, D- or
L-cysteine, D- or L-methionine, D- or L-phenylalanlne, D-
or L-tryptophan, D- or L- tyro51ne, D- or L-proline, D- or
L-4-hydroxyproline, D- or L-pyroglutamie acid, acidic -
amino acid such as D- or L-glutamic acid, D- or L-aspartic
acid, D- or L-f-aspartic acid, D- or Lleutamine, D- or
L-asparagine, and basic amino acid such as D- or L-lysine,
D- or L-arginine, D- or L-histidine, D- or L-ornithine,

and combination of two of such amino acid, in which

preferable one is phenylalanine.
Suitable "carboxy protective group" may include a
conventional protective group, which is used in the field

'~ of amino acid and peptide chemistry, that may be lower

alkyl as menticned ahove, aryl (e.g. phenyl, tolyl,
naphthyl etc. ), ar(lower)alkyl (e.g. benzyl, phenethyl
etc.}, and the like, in which preferable cone is

tert-butyl.

Suitable "N-containing heterocycliccarbonyl" and
N—centalnlng heterocyclic moiety in the term "N-contalnlng
heterocycliccarbonyl(lower)alkyl" may be
pyrrolidinylcarbonyl, imidazolidinylcarbonyl,
piperidinocarbcnyi, piperazinylcarbonyl,
N-methylpiperazinylcarbonyl or the like.

Preferable compound [I] is one which has hydrogen or
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lower élkanoyl for Rl; phenyl opticnally substituted with
methylenedloxy for R2 tetrazolyl substltuted with
carboxy(lower)alkyl or esterified carboxy(lower)alkyl
thiazolyl substituted with carboxy, esterified carboxy,'

5 carboxy{lower}alkyl cr -esterified carboxy{lower}alkyl, or

 thiadiazolyl substituted with carboxy or esterified

éarboxy'for R3; methylene for A; methylene_for X and a
single bond for Y; or hydrogen, lower alkanoyl or aroyl
for Rl; phenyl for Rz; tetrazolyl substituted with

10 carbamoyl{lowér]alkyl-or lower alkylcarbamoyl{lower)alkyl
for 33; methylene for A; methylene for X and a single bond
for Y.

More preferable compound [I] is one which has
_ hydrogen for Rl, phenyl for Rz, carboxymethyltetrazclyl
15 . carboxymethylthiazolyl, carboxythiazolyl or
| carboxythiadiazolyl for R3, methylene for A, methylene for

X and a single bond for Y or acetyl for Rl, phenyl for
Rz, methylcarbamoylmethyltetrazolyl ar
dimethylcarbamoylmethyltetrazolyl for R3, methylene fcr.A;

20 - methylene for X and a single bond for Y.

Suitable pharmaceutically acceptable salts of the
object compound [I] are conventional non-toxic salts and
include a metal salt such as an alkali metal salt [e.q.
sodium salt, potassium salt, etc.] and an alkaline'earth
23 _ metal salt [e.g. calcium salt, magnesium salt, etc.], an

' ammonium salt, an organic base addition salt [e.qg.
trimethylamine salt, triethylamine salt, etc.] or the
like. _ _ .
The processes for pre?aring.thé object compound [I]
30 are explained in detail in the following.

Process 1 _
The ccmpound (I] or its salt can be prepared by
reacting a compound {II) or its reactivé.derivatiVE'at the
35 . -carboxy group or a salt thereof with a compound [III] or
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1ts salt._
Suitable salts of the compcund [II] and its reactive

derivative at the carboxy group can be referred to the -

same salt as exemplified for the compound [I].

Suitable salt of the compound [IITI] may L& an acid
addition salt such as an inorganic acid addltlcn salt
[e.g. hydrochloride, hydrobromide, sulfate, phosphate,
etc.], an organic addition salt [e.g. formate, acetate,

trifluorcacetate, maleate, tartrate, methanesulfonate,

benzenesulfonate, toluenesulfoante etc.] or the like.

_ suitable reactive derivative at the carboxy group of
the compound [II]'may include an acid halide, an acid
anhydrlde, an activated amide, an activated ester, and the
like. Suitable examples of the reactive derivatives may
be an acid chloride; an ‘acid azide; a mixed acid anhydride
with an acid such as substituted phosphoric acid [e.g.
dialkylphosphoric acid, phenylphosphoric acid,
diphenylphosphoric acid, dibenzylphosphoric acid,
halogenated phospheric acid, etc.], dialkylphosphorous

- acid, sulfurous acid, thiosulfuric acid, sulfuric acid,

sulfonic acid [e.g. methanesulfonic acid, etc.], aliphatic
carboxylic acid [e.q. acetic. acid, propionic acid, butyric
acid, iscbutyric acid, pivalic ac1d pentanolc acid,
lsopentanolc acid, 2-ethylbutyric ac1d trlchloroacetlc
acid; etc.] or aromatic carboxylic ac1d {e.g. benzoic
acid, etc.]); a symmetrical acid anhydride; an activated

:amlde with imidazole, 4-substituted lmldazole,
_dlmethylpyrazole, triazeole or tetrazole; or an activated
. aster [e.d. cyanomethyl ester, methoxymethyl ester,

dimethyliminomethyl [(CH3)2§—CH ] ester, v1nyl ester,
propargyl ester, p-nitrophenyl ester, 2,4~ dlnltrophenyl
ester, trlchlorophenyl ester, pentachlorophenyl ester,
mesylphenyl ester phenylazophenyl ester, phenyl
thicester, p—nltrophenyl thiocester, p-cresyl thicester,
carboxymethyl thioester, pyranyl ester, pyridyl ester,
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piperidyl ester, 8-gquinolyl thicester, etc.]}, or an ester
with an N-hydroxy compound {(e.g. N,N-dimethylhydroxylamine,
1-hydroxy-2-(1H)-pyridone, N—hydroxysuccinimide, '
N—hydroxyphthélimide, 1-hydroxy-1H-benzotriazole, etc.],
5 and the like. - These reactive -derivatives can optionally
' be selected from them according to the kind of the
compound [II] to be used. o '

The reaction is usually carrled out in a conventional
‘solvent such as water, alcohol [e.g. methancl, ethanol, '

10 etc.], acetone, dioxane, acetonitrile, chloroform, _
methylene chloride, ethylene chloride, tetrahydrofuran,
ethyl acetate, N,N-dimethylformamide, pyridine or any
other ofganic solvent which dcoes not adverseiyxinfluence
the reaction. These conventional solvent may also be used

15 in a mixture with water. _

In this reaction, when the compound [II] is uéed in a
free acid form or its salt form, the reaction is '
preferably carried out in the presence of a conventional
condensing agent such as N,N'-dicyclchexylcarbodiimide;

20 . N-cyclohexyl-N'-morpholincethylcarbodiimide;. '
N-cyclohexyi-N'=-{4-diethylaminocyclohexyl )carbodiimide;

N N'-diethylcarbodiimide N N'—dllsopropylcarbcdllmlde
N-ethyl-N'-{3 dlmethylamlnopropyl}carbodllmlde
N,N'-carbeonylbis- (2-methylimidazole);

25 pentamethyleneketene-N-cyclchexylimine;

- diphenylketene-N—cycldhexylimine; ethoxyacetylene;
1-alkoxy-l-chloroethylene; trialkyl phosphite; ethyl
polyphosphate; isopropyl polyphosphate; phosphorus '
oxychloride {phosphoryl chloride); phosphorus trichlotide;

30 diphenyl phosphorylaZLde, diphenylphosphinic chleoride;
thionyl chloride; oxalyl chloride; lower alkyl haloformate
{e.g. ethyl chloroformate, isopropyl chloroformate, etc.];
triphenylphosphine;'2-ethyl—?—hydroxybenzisqxazbiium salt;

_ 2-ethyl-5-(m-sulfophenyl)isoxazclium hydroxide

35 " intramolecular salt; 1-{p-chlorcbenzenesulfonyloxy)-6-
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chloro—lH-benzotriazole; so-called Vilsmeier reagent

‘prepared by the reaction of N,N-dimethylformamide with

thionyl chloride, phosgene, trichlorcmethyl chloroformate,

- phosphorus oxychloride, etc.; or the like.

The reaction may also be carried out in the presence
of an inorganic or organic base such as an alkali metal
bicarbonate, tri(lower)alkylamine, pyridine,

‘N-(lower)alkylmorpholine, N,N-di{lower)alkylbenzylamine,
or the like. '

The reaction temperature is not critical, and the
reaction is usually carried cut under cooling to heating.

- Process 2

The compound [Ib] or its salt can be prepared by
subjecting a compound [Ia] or its salt to elimination
reaction of the mercapto-protective group.

. Suitable salts of the compounds [Ial and [Ib] may be
the same as those exemplified for the compound [I].
' The reaction is carried out in accordance with a
conventional method such as hydrolysis or the like.

The hydrolysis is preferably carried out in the
presence of a base or an acid including Lewis acid.

‘Suitable base may include an inorganic base and an .
organic base such as an alkali metal [e.g. sodium,
potassium, etc.], an alkaline earth metal [e.g. magnesium,
calcium, etc.], the hydroxidé or carbonate or hicarbonéte,

thereof, ammenia, cysteamine, trialkylamine [e.g.

trimethylamine, triethylamine, etc.], picoline,
1,5-diazabicyclo{4.3.0]non-5—ene,-1,4-diazabicyclo[2.2.2]—
octane, 1,8-diazabicycla[5.4.0]undec-7-ene, or the like.
Suitable acid may include an organic acid [e.g. formic
acid, acetic acid, propicnic acid, trichloroacetic acid,
trifluorpacetic acid, etc.] and an inorganic acid [e.g.
hydrochloric acid,.hydrobromic acid, sulfuric acid, etec.].
The reaction is usuzlly carried out in a solvent such
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as water, an alcohol [e.g. methanol, ethanol, etc. ],
methylene chloride, tetrahydrofuran, a mixture-thereOf or
any other solvent which does not adversely influence the

‘reaction. A liquid base or acid can be also used as the

solvent.' -“The reaction temperature is not critical and the
reaction is usually carried out under cooling to warming.
In this reaction, in case that the compound (Ial
having tetrazolyl, thiazolyl or thiadiazelyl, each of
which is substituted with substituent(s) selected from the
group consisting of esterified carboxy and esterified
carboxy{lower)alkyl for R3 is used as a starting compound,
the compound [Ib] havihg tetrazelyl, thiazolyl or '
thiadiazolyl, each of which is substituted with
substituent(s) selected from the group consisting of
carboxy and carboxy{lower)alkyl for R3 may be obtained -
accbrding to reaction conditions. This case is also
included within the scope of the present reaction.

Process 3

- The compound [Id}l or its salt can be prepared by
subjecting a compound [Ic] or its salt te deesterification
reaction. : o b _
Suitable salts of the compounds [Ic] and [Id] may be
the same as those exemplified for the compound [I].

This reaction can be carried out in substantially the

' same manner as Process 2, and therefore the reaction mode

and the reaction condition (e}g. solvent, reaction
temperature, etc.} of this reaction are teo be'referred to
those as explained in Process 2.

In this reaction, in case that the compound [Ic]

having acyl feor R1 is used as a starting compound, the

‘compound [Id} having hydrogen for Rl may be obtained

according to reaction conditions. This case is also
included within the scope of the presenht reaction.
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Process 4 - |
The compound [Ie] or its salt can be prepared by
reacting a compound [Id] or its reactive derivative at the
: . carboxy group or a salt thereof with an amine.’
5 Suitable salts of the compounds [Ie] and [1d] and its
reactive derivative at the carboxy group may be the same
as those exemplified for the compound [I].
Suitable "amine" may be ammonia, lower alkylamine,
'cyclo(lower)alkylamine, aryiamine, ar(lower)alkylamine,

10 = lower alkoxy(lower)alkylamine, amine substituted with a
heterocyclic group, an amino acid, an aminoc acid ester,
N-containing heterocyclic compound and the like.

'The lower alkylamine may be mono or
di(lower)alkylamine such as methylamine, ethylamine,

15 propylamine, isopropylamine, butylamine, isobutylamine,

| pentylamine, hexylamine, dimethylamine, diethylamine,
dipropylamine, dibutylamine, di-isopropylamine,
dipentylamine, dihexylamine or the like, in which
'p:eferable one is methylamine or dimethylamine.

20 - The arylamine may be aniline, naphthylamine and the
like. The cyclo(lower)alkylamine may be cyclopropylamine,
cyclobutylamine, cyclopentylamine, cyclohexylamine and the
like, in which preferable one is cyclopropylamine. _

_ The amino acid may be glycine, alanine, f-alanine, .

25 = phenylalanine, isoleucine, tyrosine and the like, in which

| preferable cne is phenylalanine. -
' ‘The amino acid ester may be lower alkyl ester of
above-mentioned amino acid and the like, in which
‘preferable one is phenylalanine tert-butyl ester.

30 The ar(lower)alkylamine may be benzylamine,
phenylethylamine, phenylpropylamine and the like, in which
preferable one is benzylamine. '

The lower alkqu(lower]alkylamine may be
methoxymethylamine, methoxyethylamine, ethoxymethylamine,

35 ethoxyethylamine and the like, in which preferable one is-
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methoxyethylamine.

The amine substituted with a heterccycllc grcup may'
be one substituted with a heterocyclic group as
afore-mentioned such as aminothiazocle, amlnothladiazolé,
aminotriazble, aminotetrazole or the like.

The N-containing heterocyclic compound may be
saturated 5 or 6-membered N-, or N- and S-, or N- and O-
containing heterocycllc compound such as pyrrolldlne,
imidazclidine, piperidine, piperazine, '
N—(lower}alkylpiperazine [e.g. N-methylpiperazine;
N-ethylpiperazine, etc.j, morpholine, thiomdrpholine or
the like. '

This reaction can be carried out in substantially the
same manner as Process 1, and therefore'the reaction mede

-and the reaction condition [e.g. solvent, reaction

temperature, etc.] of this reaction are to be referred to
those as explained in Process 1.

In this reaction, in case that the compound [Id]
having acyl for R1 is used as a startlng compound, the
cempound {Ie] having hydrogen for R may be obtained
according to reaction conditions. This case is also

‘included within the scope of the present reaction.

Process 5 _ _

The compound [Ia] or its salt can be prepéred by
subjecting a compound [Ib)] or its salt to 1ntroduct10n
reactlon of the mercapto-protective group.

Suitable salts of the compounds [Ia] and [Ib] may be
the game as these exemplified for the compound [I]. _

Suitable intrcducing‘agent cf the mercapté—protective
group used in ﬁhis"reaction may be alkylating agent, which
is capable of introducing the alkyl group as
afore-mentioned such as iscbutylene, lower
alkoxy(lower)alkyl halide [e.g. methoxymethyl chloride,
isobutéXymethyl chleoride, etc.], substituted or
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unsubstituted ar(lower)alkyl halide [e;g; benzyl chleride,

methoxybenzyl chloride, nitrobenzyl chloride; etc.] or the

like, acylating agent, which is capable of introducing-the
_ acyl group as afore-mentiohed, such as carboxylic acid,

5 carbonic acid, sulfonic acid, tarbamic acid and theix
reactive derivative, for example,'an acid halide, an. acid
anhydride, an activated amide, an activated ester,
isocyanate, and the like. Preferable example of such

 reactive derivative may include acid chloride, acid

10 bromide, a mixed acid anhydride with an acid such as
substituted phosphoric acid (e;g; dialkylphosphoric acid,

' phenylphosphoric acid, diphenylphosphoric acid, '
dibenzYlphosphoric acid, halogenated phosphoric acid,
etc. ), dialkylphosphorous acid, sulfurous acid,

15 thiosulfuric acid, sulfuric acid, aikyl carbonate (e.g.

| methyl carbonate, ethyl carbcnate, propyl carbonafe,
etc.), aliphatic carboxylic acid (e.g. pivalic acid,
- pentanecic acid, isdpentanoic acid, 2-ethylbutyric acid,
trichloroacetic acid, trifluorcacetic acid, etc.),

20 aromatic carboxylic acid (e.g. benzoic acid, etc.), a

' | symmetrical acid anhydride, an activated acid amide with a
heterocyclic compound containing imino function such as
imidazole, 4-substituted imidazole, dimethylpyrazole,

" triazole and tetrazole, an activated ester (e.g. .

25 p-nitrophenyl ester, 2,4-dinitrophenyl ester,

o _ trichlorophenyl ester, pentachlorophenyl ester,
mesylphenyl ester, phenylazophenyl ester, phenyl
thiocester, p-nitrophenyl thicester, p-cresyl thicester,
carboxymethyl thiocester, pyridyl ester, piperidinyl ester,

30 8-quinolyl thioester, or an ester with a N-hydroxy
compound such as N,N—dimethylhydroxylamine,
1-hydroxy-2-(1H)-pyridone, N-hydroxysuccinimide,
N-hydroxyphthalimide, 1-hydroxybenzotriazole,
1-hydroxy—6~chlorcbenzdtria;ole, etc.), isocyanate, and

35 the like.
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This reaction is preferably conducted in the presence
of an organic or inorganic base such as alkalj metal {e.q.
‘lithium, sodium, potassium, etec.), alkaline earth metal
(e.g. calcium, etc.), alkali metal hydride [é.g. sodium

5 hydride, etc.}, alkaline earth metal hydride (e.g. calcium
| . hydride, etc.), alkali metal hydroxide (e.g. sodium
hydrcxide, potassium hydroxide, etc.), alkali metal
carbonate (e.g. sodium carbonate, potassium carbonate, - -
etc.), alkali metal hydrogen carbonate (e.g. sodium

10 hydrogen carbonate, potassium hydrogen carbonate, etc.),
alkali metal alkoxide (e.g. sodium methoxide, sodium
ethoxide; potassium tert-butoxide, etc.), alkali metal
alkanoic acid (e.g. sodium acetate, etc.), trialkylamine - -

_ {e.g. triethylamine, etc.), pyridine compound (e.gq.

15 pyridine, lutidine, picoline, 4-N,N-dimethylaminopyridine,
etc.), quinoline, and the like. ' '

'In case that the acylating agent is used in a free
form or its salt in this reaction, the reaction is
preferably conducted in the presence of a conventional .

20 condensing agent such as a carbodiimide compound [e.gq.
N,N'-dicyclohexylcarbodiimide, N-cyclohexyl-N'-(4-
diethylaminocyclohexyl)carbodiimide, '
N,N'-diethylcarbodiimide, N,N'-diisopropylcarbodiimide,
N-ethyl-N'-(3-dimethylaminopropyl)}carbodiimide, etc.],

25 a ketenimine compound (e.g. N,N'—carbonylbis(2— 

' methylimidazole), pentamethyleneketene-N-cyclohexylimine,

. diphenylketene-N-cyclohexylimine, etc.}:
an olefinic or acetylenic ether .compound (e.g; _
ethcxyacetylene, B—cyclovinylethYl'ether), a sulfonic acid

30 ester of N-hydroxybenzotriazole derivative'[e.g;' _ |
1-{4-chlorobenzenesulfonyloxy)-6-chloro-1H-benzotriazole,
etc.] or the like. . ' .

The reaction is usually conducted in a conventioﬁal-
solvent which does not adversely influence the reaction

35 such as didxane, chloroform, dichldrmethane[
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tetrahydrofuran, pyridine, benzene, N,N-dimethylformamide,

etd., and further in case that the base or the introducing
agent of the mercapto-protective group is in llquld, it

‘can be used as a solvent.

The reactlon temperature 1S not triticai and the
reaction can be carried out under cooling to heatlng.

In this reaction, in case that the compound [Ibl]
having tetrazolyl, thiazolyl or thladlazolyl each of -

which is substituted with substituent(s) selected from the

group consisting of carboxy ‘and carboxy(lower}alkyl for R3

is used as a starting compound, the compound [Ia] having
tetrazolyl, thiazolyl or thiadiazolyl, each of which is
substituted with substituent{s) selected from the group
consisting of esterified carboxy and esterified
carboxy(lower)alkyi for R3 may be obtained according to
reaction conditions. This case is also included within
the scope of the present reaction.

' The compounds obtained by the above processes can be

. isolated and purified by a conventional method such as

pulverization, recrystallization, column chromatography,

repreclpltatlon, or the like.
Tt is to be noted that the compound [I] and the other

compounds may include one or more stereoisomers due to

" asymmetric carbon atoms, and all of such isomers and

mixture thereof are included within the scope of this
invention. - ' ' '
The object compound [I] and pharmaceutlcally

acceptable salts therecf which possess an inhibitory

'act1v1ty against NEP, and are useful for the treatment

and/or prevention of various cardiovascular disorders such
as hypertension, heart failure, angina pectoris or the
like, renal insufficiency, cyclié edema,
hyperaldosteronism, hypercalciuria and the like in human
beings or znimals. Additionally, the object compound [I]

is expected to be useful as therapeutical and/or
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preventive agents for glaucoma, asthma, inflammation,
pain, epilepsy, dementia, obesity and'gastrointeStinal
disorders {especially diarrhoea and irritable bowel .
syndrame}; the medulation of gastric acid sedretioﬁ and
the treatment of hyperreninaema. ‘

In corder to illustrate the usefulness of the object

- compound [I], the pharmacological data of the compound (I}

are shown in the following.

Test : .
Neutral endopeptidase (NEP} inhibitery activity.

Method :
Purified NEP was used, which was prepared from male

-5prague-baw1ey rat kidney by the methcd of J.L. Sonnenberg
- et al. described in Peptide, Vol. 9, page 173-180 (1988).

NEP inhibitory activity was determined as follows.
The incubation mixture (total volume of 262 wul)
contained 0.1M Tris buffer (pH 7.4), 0.1 mg/ml ac-hANPE

" {(a=human ANP), test compound (dissclved in 2 gl

N,N-dimethylformamide} and NEP (45-50 U/ml). The reaction
mixture was incubated for 15 min. at 37°C and was _
terminated with the addition of 50 ul 10% acetic-acid.
Fiftf microliters of the reaction mixture was injected
into a HPLC and measured the hydrolysis of o~hANP by the
reverse phase HPLC using C;, column (YMC, ODS-A 200S). '

A 15 min. linear gradient elution from 0.05%
trifluoroacetic acid :  60% CH,CN (70:30) to 0.05%
trifluorcacetic acid : 60% CH,CN (54:46) was used.

NEP inhibitory activity was defined as the inhibition of

hydrolysis of a-hANP.
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Results :
Test Compound .
{Example No.} - ICsp ()
3 1 sexae?
4-2) 6.8 x 10°°
4-3) | 2.2 x 1078
7 ' 2.7 x 1078
8-1) | 2.2 % 1078
8-4) 2.0 x 1078
- 8-5) ; 4.9 x 10"8_
B-6) | 2.3 x 1078
21 T 2.8x107°
22 | 3.0 x 10°°

For therapeutic purpose, the compound [I] of the

.present invention can be used in a form of pharmaceutical

preparation containing one of =aid compounds, as an active
ingredient, in admixture with a pharmaceutically

‘acceptable carrier such as an organic or incrganic solid,

semi-solid or liguid excipient suitable for oral,

' parenteral or external (topical) administration. The

pharmaceutical preparations may be capsules, tablets,
dragees, granules, suppoSitories, solution, lotion,
suspension, emulsicon, ointment, gel, br the like. If
desired, there may be include in these preparations,
auxiliary substances, stabilizing agents, wetting or
emulsifying agents, buffers and other commonly used
additives. .

while the dosage of the compound [I] will vary
depending upon the age and condition of the patient, an
average single dose of about 0.1 mg, 1 mg, 10 mg, 50 mg,
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100 mg, 250 mg, 500 mg'and 1000 mg of the compound [I] may
be effective for treating the above-mentioned diseases.
In general, amounts between 0.1 mg/body and about 1,000
mg/body may'be administered pér day. ' ' ' |

_ The foilowing Preparations and Examples are given for
the purpose of illustrating this invention.

_ Preparation 1

_ A mixture cf 1H-S-aminotetrazeole (7.24 g), tert-butyl
3~-bromopropionate [15.07 g) and powdered potassium
carbonate (11.76 g) in acetone (100 ml) was stirred for
B.5 hours under refluxing, and filtered. After '

.evaporaticn of the solvent, the residue was purified by'.

silica gel column chromatography using a mixture of
chloroform and methanol (50:1 tb 20:1} as an eluent to
afford tert-butyl 2—{S-amino-ZH-tetrazol—z—yl)propionate
(1.56 g). | :
IR (Film) : 3340, 3240, 1725 cm
NMR (DMSO-d., &) : 1.35 (9H, s), 2.86 (2H, t,
J=6.3Hz), 4.56 {2H, t, J=6.3Hz), 5.99 (2H, br s)
MASS {m/z) : 214

i

‘Preparation 2

The following compound was cbtained according to a
similar manner to that of Preparation 1.

Ethyl 2-(5-amino-2HB-tetrazol-2-yl)propionate

mp : 72-74°C -

IR {Nujol) : 3400, 3320, 1740 cm _

NMR (DMSO-d_, &) : 1.17 (3H, t, J=7.1Hz), 1.72 (34,
4, J=7.2Hz), 4.15 (2B, g, J=7.1Hz), 5.68 (1H, q,
" J=7.2Hz), 6.12 (2H, br s) ' :

MASS (m/z) : 185

1
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Preparation 3

To a mixture of thiophenol (11.02 g) and sodium
hydroxide (4.00 g) in ethanol (60 ml) was added dropwise a
solution of tert-butyl 2-bromopropionate (20.91 g) in

ethanol (21 ml} at 0°C for 10 minutes. The reaction

mixture was stirred covernight at ambient temperature "and
evaporated in vacuc. The residue was partitioned hetween
water and diethyl ether. The organic layer was washed
successively with saturated scdium bicarbonate solution, .
water and brine, dried over anhydrous magnesium sulfate
and evaporated in vacuc. The residue was purified by
silica gel column chromatography using a mixture of ethyl

‘acetate and n-hexane (1:100 to 1:20) as an eluent to

afford tert-butyl 2-phenylthiopropionate (23.00 g).
IR (Film) : 1720 em |
NMR (CDC13, ) = 1.35 (8H, s), 1.44 (3H, 4,
J=7.18z), 3.73 (1R, g, J=7.1Hz), 7.2-7.6 (SH, m)
MASS (m/z) : 238 |

Preparation 4

To a solution of tert-butyl 2-phenylthiopropionate
(7.15 g) in diethyl ether (100 ml) was added dropwise a
solution of m-chloroperbenzeic acid (80%, 6.47 g) in

" diethyl ether (30 ml} at 0°C for 20 minutes. The reaction
- mixture was stirred at 0°C for 10 minutes, evaporated in

vacuo and diluted with dichloromethane. The solution was

washed successively with sodium thiosulfonate solution,

saturated sodium bicarbonate solution and brine, dried

over anhydrous magnesium sulfate and evaporated in vacuo.

The residue was purified by silica gel column
chromatography using a mixture of'ethyl acetate and
n-hexane (1:9) as an eIuént to afford tert-butyl
2-phenylsulfinylpropionate {(8.13 g).

IR (Film) : 1720 cm | |

NMR (CDCl,, 6§) @ 1.28 and 1.47 (all 3H, each d,
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J=7.1Hz)}, 1.37 and 1.41 (all 9H, each s}, 3.42

and 3.71 (all 1H, each q, J=7.1Hz), 7.45-7.7

{5H, m) | o
MASS (m/z) : 254 -

' Preparation 5

A mixture of tert-butyl 2—phenylsulfinylpropionéte
(4.34 g), acetic anhydride {2.42 ml) and methanesulfonic
acid (0.12 ml}) in dibromomethane {107 ml) was stirred for
iq 6 hours under reflux and evapbrated in vacue. The residue
was partitioned with water and diethyl ester. The organic
1ayér was washed with briné, dried over anhydrous '
magnesium sulfate and evaporated in vacuo. To the residue
was added thioacetic acid (2.43 ml). The reaction mixture
15 was stirred for 2 hours at 60°C and evaporated in vacuo
twice with tcluene for removal of excess thioacetic acid.
The residue was purified by silica gel celumn
chromategraphy using a mixture of ethyl acetate and
n~hexane (1:20) as an eluent to afford tert-butyl
20 3-acetylthio-2-phenylthiopropicnate (2.72 g).
IR (Film) : 1720, 1685 em ~ | |
NMR (CDCl,, 8) : 1.40 (9H, s), 2.32 (3H, s), 3.14
{1H, 4d, J=9.9Hz, 13.6Hz), 3.35 (1H, d4d,
J=5.5Hz, 13.6Hz), 3:68 (1H, dd, J=5.5Hz, 9.9Hz),
25 : ' -7.25-7.6 (5H, m) '
MASS (m/z) : 312, 256, 238, 236

Preparatiocn 6 . .
To a solution of tert-butyl 3-acetylthio-2-
30 phenylthiopreopicnate (2.19 g) in dichloromethane (22 ml)
was added trifluorcacetic acid (5.4 ml) at 0°C. The .
reaction mixture was stirred at 0°C for 30 minutes and at

ambient temperature for 2 hours and evaporated in vacuo.
The residue was purified by silica gel column
35 chromategraphy using a mixture of methanol and chlorcform
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{1:50) as an eluent to afford 3-acetylthio-2-
IR (Film) : 2630, 1700 cm *
NMR [CDC13, 5) : 2.35 (34, s), 3, 14 (1H, dd
J=9.8Hz, 13.7B2), 3.3% (1H, da, J=E.7HZ,
13.7Hz), 3.76 (1B, 44, J=5.7Hz, 9.8Hz), 7.25~7.6
{58, m), 9.90 (1H, br s)
MASS (m/z) : 256, 238, 180

. Example 1

To a suspension of methyl 5-amino-2H-tetrazol-2-
ylacetate {0.94 g) and.pyrldlne (0.58 ml) in '
dichloromethane {17 ml} was added dropwlse a solution of
2-acetylthiomethyl- -3-phenylpropionyl chloride {1.69 g) in
dichlorcmethane (2.8 ml) under ice-water cooling. The’

reaction mixture was stirred at 3.5 to 4.0°C for 1.5 hours
and then concentrated under reduced pressure. The re51duo
was partitioned between ethyl acetate and 5% hydrochloric B
acld,'and the corganic layer was washed successively with

'__water, agueous sodlum bicarbonate and brine, and drled

over anhydrous magnesium sulfate. The solvent was
evaporated in vacuo and the residue was purified by column
chromatography on silica gel using a mixture of chloroform
and methancl (100:1) as an eluent to give an olly product
of methyl 5-(2-acetylthiomethyl-3- -phenylpropionamido)-2B-
IR (CHC1,) : 3420, 3240, 1750, 1720, 1680, 1530 em t
NMR (CDC13, 6) . 2.30 {3H, s), 2.8-3.2 (5H, m),
3.81 (3H, s), 5.40 {(2H, s), 7.1-7.3 {3H, m),
9.66 (1H, br s)
MASS (m/z) : 377, 334, 302, 288

Example 2 .
The following compounds were_obtainéd according to a

similar manner to that of Example 1.
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1) Methyl 5-(2- acetylthlomethyl 3-phenylprop10nam1do)-
1H-tetrazel- 1—ylacetate
mp : 100-101°C
IR (Nujol) : 3180, 1750 1718, 1690 cm - -1

5 NMR LCDClB,_ﬁ) : 2,28 .{3H, s}, 2.9-3.4 (5H, m), ._0
' '_(EH, s), 5.24 (28, s), 7.1-7.3 (5H, m), 1l1.0
{1H, br s),

MASS (m/z) : 377, 335, 302, 288

10 2)  Ethyl 2-(2-acetylthiomethyl-3-phenylpropionamido)-
thiazol-4-ylacetate

TR (Film) : 3250, 1720, 1680, 1650 cm™!

_ NMR {CDCly, 6) : 1.24 {3H, t, J=7.1Hz), 2.30 (3H,
s}, 2.7-3.2 {5H, m}, 4.15 (2H, guartet, _
15 J=7.1Hz), 6.79 (1H, s), 7.0-7.3 (5H, m), 9.4
: (1H, br s)
MASS (m/z) : 406, 363, 330, 317

1) Methyl 2 (2~ acetylthlomethyl 3-pheny1proplonamldo)—

20 thiazol- 4-ylcarboxylate -
mp : 140-141°C o _
IR (Nujol) : 3260, 3220, 1715, 1680, 1540 cm -
NMR (CDCl,, §) : 2.28 (3H, s), 2.8-3.3 (54, m),
3.88 (3H, s), 7.0-7.3 (5H, m), 7.86 (1€, s},
25 - ~ 10.23 (1H, br s)

MASS (m/z) : 378, 335, 28%

4}  Methyl 5-[2—acety1£hiomethy1-3-[S,Qemethylene-
dioxyphenyl)propionamido}-2H-tetrazeol-2-ylacetate
30 NMR ICDC13, 6} + 2.30 {(3H, s), 2.7-3.2 {5H, m), 3.81
- {3H, s), 5.41 {(2H, s), 5.88 (2H, s}, 6.65_(2H,
s), 6.71 (1H, s}, 8.74 (1H, br s) |

Example 3
35 To a solution of methyl 5-(2-acetylthicmethyl-3-
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phenylproplonamldo) -2H-tetrazol-2-ylacetate {1.01 g) in
methanol (6.4 ml) was added 1N agueous sodium hydroxide
solution (6-42 ml) and the resulting solution was stirred
for 30 minutes under ice-cooling. The reaction mixture
was neutralized with 1N hydrouhlczlc acid (f:4.ml) and

’ extracted with ethyl acetate. The extract was washed with

brine, dried over anhydrous magnesmum.sulfate, and
concentrated in vacuo. The residue was purified by column

-chromatcgraphy on silica gel u51ng a mlxture of toluene,

ethyl acetate, and acetic acid (20:2:1) and recrystallized
from dllSDpIDPYl alcohol to give crystals of 5-(2--

_mercaptomethyl -3- phenylproplonamldo) -2H-tetrazol-2-

vlacetic acid (0.63 g}-.
mp : 173-175°C (dec.) _
TR (Nujol) : 3200, 1760, 1690, 1680, 1640 cm
NMR (DMSO-d., &) : 2. 15 (1H, £, J=B.l1Hz), 2.5-3.1
= (5H, m), 5.57 (2", s), 7.1-7.4 (5H, m}, 11.22
(1H, s)
MASS (m/z) : 321, 288, 274

-1

ample 4
The following compounds were obtained accordlng to a

similar manner to that of Example 3.

1)  5- (2—Mercaptomethy1-3-phenylpropidnamido)-1H-

" petrazol-l-ylacetic acid -
IR (CHCl )y :+ 3220, 1725, 1570 cm
NMR [CDC13, §) : 1.35 (iH, t, J=8B. i1Hz}, 2.4-3.0 (SH,
m), 5.37 (2H, s), 6.8-7.3 (S, m), 9.22 (1B, br
s), 10.69 (1H, br-s)

-1

2) - Zf(2—Mercaptdmethyl-3—phenylprcpionamido)thiazol—4-
ylacetic acid
mp : 149-150°C (dec.)

IR (Nujol) : 3180, 2560, 1685, 1560 et
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NMR (DMSO-d., §) : 2.33 (1H, t, J=8.1Hz), 2.5-3.1
(5B, m), 3.58 {2H, s), 6.93 (1H, s), 7.1-7.4
(5H, m), 12.27 (2H, br s) ' '
MASS {m/z) : 336, 303, 289
5
- 3} 2-(2~ Mercaptomethyl 3- phenylproplonamldo)thlazol 4-
ylcarboxyllc acid
mp : 202-204°C _ : :
IR {Nujol) : 3170, 3140, 1680, 1550 cm L
10 NMR (DMSO-d., &) : 2.40 (1H, t, J=B.1Hz), 2.6-3.1
(54, m), 7.1-7.3 {5H, m), 7.96 (1H, s}, 12.56
(1H, s), 12.84 (1H, br s) '
' MASS (m/z) : 322, 289, 275
15 4) 5-[Z—Acetylthiomethyl-B—(3,4-methylenedioxypheny1)-
' propionamido}-2H-tetrazol-2-ylacetic acid
“mp : 159-161°C . :
IR (Nujol) : 3220, 1760, 1700, 1570, 1540 cm >
NMR (DMSO-d., &) : 2.33 (IH, t, J=8.1Hz), 2.5-3.1
20 (5H, m), 5.60 (2H, s), 5.96 (2H, s}, 6.66 (1H,
dd, J=7.9Hz, 1.5Hz), 6.80 (1H, d, J=7.9Hz), 6.82
(1H, 4, J=1.5Hz), 11.21 (1H, s) |
MASS (m/2) : 365, 321, 230
25 Example 5

‘To a solution of ethyl 5-amino-1,2,4-thiadiazol-3-
ylcarboxylate (0.50 g) in a mixture of pyridine (0.49 ml)
and dichloromethane (5.0 ml) was added dropwise a soluticn
of 2?acetylthiomethyl-3—phenylpropionyl chloride (0.77 g)

in dichloromethane (7.7 ml) at U?C for 5 minutes. The

reaction mixture was stirred at the same temperature for 1
hour,_diluted with ethyi acetate and ﬁashed successively
with 5% agueous hydrochloric acid, water, saturated sddium _
bicarbonate sclution and brine. The extract was dried

over anhydrous magnesium sulfate and evaporated in vacuo.
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rhe residue was purified by silica gel column
chromatography using a mixture of ethyl acetate -and
n-hexane (1:3) as an eluent to afford a colorless oil of
- ethyl 5- (2-acetylthiomethyl- 3-pheny1proplonam1do) -1,2,4-
5 thiadiazol-3-ylcarboxylate (0.77 9.
) IR (Film) : 3200, 1720, 1680, ‘1530 cm
NMR [CDC13, §) : 1l.44 (38, t, J=7.1Hz), 2. 28 (34,
s}, 2.9-3.4 (5H, m), 4.46 (28, g, J=7. 1Hz),
7.0-7.2 (5E, m), 10.35" (1H br s)
10 MASS {m/z) : 393, 363, 317, 304

-1

Example 6 _ .
The following compounds were obtained according to a

gimilar manner to that of Example 5.
15 o . | | |
1) Ethyl 5-[2- -acetylthiomethyl-3-(3, 4-methylenedioxy-
phenyl)proplonamldo] -1,2,4-thiadiazol- -3-ylcarboxylate
IR (Film) : 3500 (bx), 3200 (br), 1700 {br)
_ - NMR {CDClB, §) : 1.45 {3H, t, J=7.1Hz), 2.28 (3H,
20 s), 2.8-3.3 (58, m), 4.48 (28, g, J=7.1Hz), 5.88
(28, s), 6.53 (1H, 4@, J=1.5Hz, 8.0Hz),
6.55-6.65 (2H, m), 10.94 (1H, br s)
MASS (m/z) : 437 (M)

25 2) Benzyl 5—l2-acetylthiomethyl-3-phénylpropionamidoj-
' . 2H-tetrazol-2-ylacetate -
IR (Film} : 3225, 1750-1660 (br), 1520 cm_l
NMR (DMSO—dG, §) : 2.30 {3E, s), 2.7-2.85 (1H, m),
2.9-3.1 (48, m), 5.19 (28, s), 5.84 (2H, s),
30 | 7.15-7.35 (5H, m), 7.39 (5H, br s), 11.28 (1H,
- br s) _ ' '
MASS (m/z) : 453, 411

Example 7
35 To a solution of ethyl 5-{2- acetylthlomathyl 3—
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phenylpropionamido)-l,2,4—thiadiazol-3-ylcarboxylate (0.67
g) in methanecl (6.8 ml) was added 1N agqueous sodium
hydroxide solution (6.8 ml) at 0°C at nitrogen atmosphere.
The_reactioh mixture was stirred at ambient temperature
5 for 1 hour and evaporated. The residue -was partitioned
“with water and diethyl ether. The agueocus layer was
neutralized with 1N aqueous hydrochloric acid (6.8 ml) to
afford white precipitate. The precipitate ﬁas '
- recrystallized from 33% agueous ethanol to afford a white
10 crystal of 5-{2-mercaptomethy1-3thenylpropionamido]-_
1,2,4-thiadiazol-3~ylcarboxylic acid {0.28 g).
omp : 1B8-189°C (dec.) _ :
IR {Nujol)} : 3150, 2800-2400, 1710, 1680, 1535 cm
| NMR (DMSO-d, &) : 2.45-2.6 (1K, m), 2.65-2.85 (2H,
15 m), 2.9-3.05 (2H, m), 3.1-3.3 (1H, m), 7.05-7.35
' (5H, m}), 13.38 {1H, br s), 13.67 (1H, br s)
MASS (m/z)} : 323, 277 '

1

- Example 8 _
20 The following compounds were obtained according to a

similar manner to that of Example 7.

1) 5-[2-Mercaptomethyl—3—{3,4—methylenedioxyphenylj—_

_ propionamido)*l,Z,4—thiadiazol-3-ylcarboxylic_acid

25 mp : 180-182°C (dec.)} _ _ o -
IR (Nujol) : 3150, 2800-2400, 1715, 1680, 1530 cm~
NMR (DMSO-d, §) : 2.45-2.6 (1H, m), 2.65-2.9 (4§,

m), 3.0~3.15 (1H, m)}, 5.96 {2H, s), 6.61 (1H,

ad, J=1.5Hz, 8.0Hz), 6.7-6.8% (2H, m), 13.37

30  (1H, br s), 13.68 (1H, br s) |
MASS (m/z) : 323 :

1l

2) 5-[{S)-2-Mercaptomethyl-3-phenylpropionamido}-2H-
_ - tetrazel-2-ylacetic acid '
35 mp : 172-174°C
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IR (Nujol) : 3230, 2710, 2600, 2520, 1740, 1690,
1550 cm - o .
NMR (DMSO-d., §) : 2.34 (1H, t, J=8.1Hz), 2.4-3.2.
_ (5H, m), 5-60 {1H, s), 7.1-7.4 (5H, m), 11.23
5 © (18, s), 13.5 (1F, br a)

3) 5-[(R}-2—Mercaptomethyl-3—phenylpropionamido]-ZH-
tetrazol-2-ylacetic acid
- IR (Nujol) : 3200, 1730, 1680, 1535 cm’
10 NMR (DMSO-dg, 8} : 2.34 (1H, t, J=8.1Hz), 2.5-3.1
(5, m), 5.60 (2H, s), 7.1-7.4 (5H, m), 11.22
(1€, s), 13.7 {1H, br) '
MASS (m/z) : 321, 288, 274

1

15 4) 2-{5-[(S)-Mercaptomethyl-B-phenylpropionamido]-2H-
' tetrazol-2-yl)propionic acid - _
IR (Film) : 3400, 3000-2700, 1710, 1690, 1570,

1545 cm ~
- NMR (DMSO-d, §) : 1.78 (3H, d, J=7.3Hz), 2.35 (IR,
20 | br t), 2.55-3.05 (58, m), 5.78 (1H, g, J=7.3Hz),

_ 7.1-7.35 (58, m), 11.22 (1H, br s)
MASS (m/z} : 335

| 5) . 5-(2-Mercaptcmethyl—4-methylpentanoy1amino]-2H4'
25 tetrazol-2-vlacetic acid
mp : 155-157°C o
IR (Nujol) : 3265, 3225, 2715, 2600, 2530, 1735,
: 1685, 1545 cm™> T
_ NMR (DMSO-d., §) : 0.86 (3H, 4, J=6.1Hz), 0.91 (3H,
30 _ d, J=6.1Hz), 1.2-1.4 (1H, m), 1.4-1.7 (2H, m),
' 2.28 (14, br t), 2.6-2.9 {3H, mj, 5.61 (2H, s,
11.24 (1€, br s), 13.70 (1H, br s)

6) 5-[(S)-2-Mercaptomethyl-3-(2-methylphenyl)-
35 propionamido]-2H-tetrazol-2-ylacetic acid
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mp : 180-182°C

IR (Nujol) : 3220, 1730, 1680, 1575, 1550 cm

NMR (DMSO-d, &) : 2.31 (3H, s), 2.39 {1H,'g,
J=8.0Hz), 2.5-3.1 (SH, m), 5.59 (2H, s), 7.0-7.2
{4H, m), 11,17 (1H, s), 13.7 (1H, br s)

MASS {m/z) : - 335, 302, 288 - :

Ia]25 6 B7.8° (C=0.5, MeOH)

-1

Examgie 9

1) To a solution of (S)-2Z-acetylthiomethyl-3-phenyl-
propiohic acid (1 g) in dry dichloromethane (10 ml) was
added thionyl chloride (0.92 ml) and N,N-dimethylformamide
(1 drop). The reaction mixture was stirred for 2 hours at
ambient temperature and evaporated to give (8)-2- |
acetylthiomethyl—3—phenYlpropionyl chloride (1.10 g).

2) --To a solution of tert-butyl 5-amino-ZH-tetrazol-2-
ylacetate (1.13 g) and pyridine (0.55 ml) in dry
dichleoromethane (15 ml) was added dropwise _
{S)-2-acetylthiomethyl-3-phenylpropionyl chloride {1.46 g)
in dry dichloromethane (5 ml) at 5°C. The reaction
mixture was stirred for 30 minutes at 5°C and for 1 hour
at ambient temperdture. Evaporation of the sdlvent:in
vacuo gave a residue, to which was added ethyl: acetate.

The solutlon was washed succ3551vely with 1IN agqueous

hydrochloric acid and brine, dried over anhydrous
magnesium sulfate, and evaporated in vacuc. The residue
was purified by silica gel celumn chromatography using a
mixture of methanol and chloroform {1:100) as an eluent to
afford tert—butyl S5=f{s8})-2-acetylthiomethyl-3-
phenylproplonamldo] -2H-tetrazol-2-ylacetate (1.75 g).

IR (Film) : 3225-3275 (br), 1750 (br), 1685 {br)

 1530-1560 em™t
NMR {CDC13, §y + 1.50 (9H, s}, 2.33 (3H, s), _
2.92-3.20 {5H, m],:5.2? (24, s), 7.14-7.26 (5H,
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m), 8.81 (1H, br s}
MASS (m/z) : 419
 Example 10 _ :
=T The 101;0wxng ccmpounds wers ohtalned accordlng to a

similar manner to that of Example 9.

- 1) Benzyl 5-[(S)-2—acétylthiomethyl-3-phenyl-
_ _ propionamido]-2H—tetrazol—2-y1a¢etate
10 mp : 96-100°C
| IR (Nujol) : 3270, 1745, 1688, 1545, 1415, 1343 om™ 2
NMR {CDCl,, &) = 2.32 (3H, s), 2.92-3.20 (58, m),

5.23 (2H, s), 5.41 (2H, s), 7.15-7.26 (5H, m),
7.33-7.37 (5H, m), 8.78 (1H, br s)

15 ~ MASS (m/z) : 453 |

| [a]%6 -4 . .25.3° (C=0.49, CH;O0H)

2} 5—[(S)-2—Acetylthiomethyl—3-phenylprcpionamido]—ZH-
tetrazol-2-ylacetate |
20 IR (Nujol) : 3220, 1750, 1690, 1540 cm
MR (CDCL,, &) : 2.35 (3H, s), 2.8-3.4 (5H, m), 3.81
(38, s), 5.38 (2H, s}, 7.1-7.4 (5H, m), 8.51
(1H, br s) ‘
‘MASS (m/z) : 377

-1 .

25 . .
3) Methyl 5-[(R)-2-acetylthiomethyl-3-phenyl-

propionamido]-2H-tetrazol-2-ylacetate

IR (CHCl } «+ 3230, 1760, 1635, 1550 cm
. NMR(CDC13, &) ¢ 2.31 (3H, s), 2.9-3.3 (3H, m), .
30. (38, s), 5.39 (2H, s}, 7.1-7.3 (58, m), 9.31

| (1H, br s) -
MASS {m/z) : 378, 288

-1

4) tert-Butyl 3-{5-[ (S)-2-acetylthicmethyl-3-phenyl-
'35 propionamide]-2H-tetrazol-2-yllpropionate
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‘mp : B3-Be°C

IR (Nujol) : 3220, 1710, 1690, 1565, 1535 cm -

NMR (CDCly, §) : 1.44 (SH, s), 2.30 (3H, s), 3.02
| (2H, €, J=7.2Hz), 2.85-3.2 (5H, m), 4.82 (2H, ¢,
5 © J=7.2Hz), 7.1-7.25 (5E, m), 9.39 (1H, br s)

MASS (m/z) : 434

5) tert-Butyl SF(34acety1thio-2—phenYlthiopropionamido}—'
2H-tetrazol-2-ylacetate : ' '

10 mp : 130-133°C
IR (Nuijel) : 3280, 3240, 3090, 1745,'1690, 1680,
1565, 1530 cm T
NMR (CDC13, &) ¢ 1.418 IQH, s), 2.33 {3H, s), 3.35
{iH, 4d, J=8.8BHz, 13.8Hz), 3.45 {(1iH, dd,

15 _ _ J=5.8Hz, 13.8Hz}, 3.%9-4.1 (1H, m), 5.28 (2H, s},
7.25-7.35 (3H, m), 7.45-7.55 (2H, m), 9.59 (1H,
br s) '

MASS (m/z) : 438
20 '6) Ethyl 2-{5-{(S)-2-acetylthiomethyl-3-phenyl-

propionamido]-2H-tetrazol-2-yl)}propionate
mp : 109-113°C _ '
IR (Nujol) : 3220, 3050, 1740, 1715, 1685, 1560,
' 1530 em? : o
2 - NMR (cpci,, 6) : 1.25 {3H, t, J=7.1Hz), 2.01 (3H, d,
' J=7.4Hz), 2.30 (3H, br s), 2.85-3.2 (SH, m),
4.23 (2H, q, J=7.1Hz), 5.57 {1H, g, J=7.4Hz),
7.05-7.25 (5H, m), 9.67 (1H, br s) '
MASS {m/z) : 405
30 | _ _
7)) Methyl 5—{2—acetylthicmethyl—4—mgthylpenténoylamino)-
" 2H-tetrazol-2-ylacetate ' '
IR (Film) : 3230, 1750, 1685, 1535 cm_
NMR {CDCl,, §) : 0.94 (6H, @, J=6.1Hz), 1.4-1.55'
.35 . {14, m), 1.6-1.9 (2H, m), 2.30 (3H, s), 2.8-3.0

1
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(1H, m), 3.08 (1H, dd, J=8.4Hz, 13.5Hz}, 3.20
(1, dd, J=5.6Hz, 13.5Hz), 3.82 (3H, s), 5.44
(2B, s), 10.36 {1H, br s)
MASS (m/z) : 328, 300
5

10

20
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35

8) Methyl_g-[(S)-2-acetylthiomethy1-3-[2-methy1phenyl)4
propionamido]-2H-tetrazol-2-ylacetate
IR (Nujol) : 3230, 1750, 1680, 1540 cm _
NMR (CDCl,, &) : 2.32 (6H, s), 2.8-3.4 (58, m), 3.81
(3H, s), 5.38 (2H, s), 7.0-7.2 (4H, m), B8.93
(1H, br s) |
MASS (m/z) : 392, 391, 316, 302

-1

Examgle 1l .
T a solution of tert-butyl 5-[({8)~2-acetyl-

thiomethyl-3-phenylpropionamido]-2H- -tetrazol-2-ylacetate
(1.74 g) in dichloromethane (18 ml) was added :

triflucroacetic ac1d (3.2 ml} at 0°C. The reactlon

mixture was stirred at 0°C for 30 minutes and-at ambient
temperature overnight. Removal of the solvent in vacuo

gave a residue which was purified by silica gel column

chromatography using a mixture of methanol and chloroform
{1:50) as an eluent and then triturated with diethyl ether

to afford 5- [(S)-2—acetylthiométhyl—3-phenylprcpionamido]-

ZH—tetrazol 2-y1acet1c acid [0.45 g)
mp : 126- -130°C
IR (Nujol) : 3225, 1760, 1685-1695, 1565, 1540 cm ™
MR (CDCl,, 8) : 2.30 (3H, s), 2.76-2.89 (1H, m),
2.95-3.03 (4H, m}, 5.60 (28, s), 7.20-7.33 (SH,

| m)
MASS (m/z) = 2363
[u]16 -7 . -25.5° (C=0.51, CH,OH)
Examgle 12

The following compounds were obtalned accordlng to a
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similar manner to that of Example 11.

N-{5-[{S)-2-Acetylthiomethyl~>-phenylpropionamido]-

1)
' 2H-tetrazol-Z-~ylacetyl)phenylalanine
mp : .122-126°C (dec.) |
IR {Nujol) :. 3280, 3220, 2800-2500, 1675, 1560 cm *
NMR'{Dmso-dﬁ, §) : 2.29 (3H, s), 2.7-3.2 (8H, m),
4.3-4.45 (1H, m), 5.33 (1H, d, J=17Hz), 5.41
(1, 4, J=17Hz), 7.1-7.3 (10K, m), 8.62 (1H, 4,
J=7.9Hz), 11.24 {1H, br s)
MASS (m/fz) : 434
NCSEEE 14.26° (C=1.15, CH,OH)
2) 3-[5- {[S) -2- Acetylthlomethyl ~3- phenylproplonamldo]—
2H- tetrazol 2-vllpropionic acid
IR (Film) : 3400, 1685, 1570 cm * |
NMR (DMSO-d, 6) : 2.30 (3H, s), 2.7-2.85 (1H, m),
©2.9-3.1 (6H, m), 4.76 (2H, t, J=6.5Hz),
7.15-7.35 (5H, m), 11.19 (IH ‘br s)
~ MASS (m/z) : 377
1) 5—{3-Acetylthio—2—phenylthiopropionamido)-ZH-
tetrazol-2-ylacetic acid
IR (KBr) : 3000-2700, 1684, 1585 cm !
 NMR (DMSO-d,, &) : 2.34 (3, s), 3.13 {1H, d4d,
J=10.5Hz, 13.4Hz), 3.31 (1H, 44, J=4.9Hz,
13.4Hz), 4.05-4.2 (1H, m), 5.31 (2, s), 7.3-7.5
{5H, m), 11.55 (1lH, br s)
MASS {m/z) : 306
: E_x_a.m_ple_.g

To a suspen51on of benzyl 5-[(s5)-2- acetylthlomethyl-

d-phenylpropicnamido]-2H-tetrazol-2-ylacetate (0.5 g) in

methanol (2.5 ml) was added dropwise 25% agqueous
methylamine (0.68 g) at amblent temperature under nitrcgen
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atmosphere. The mixture ﬁas stirred for 20 minutes and
then poured into water (30 ml). ‘The formed precipitate
was collected by filtration and purified by column
chromatography on 5111ca gel (10 g) using a mixture of
chloroform and methano; (20:1) as an eluent. The

- fractions containing the desired product were collected :
and concentrated under reduced pressure and the reSLdue

was suspended.in diethyl ether, and collected by

~filtration to nge 5-[({s}- 2-mercaptomethyl 3-phenyl-

proplonamldo] -2H-tetrazol- 2-yl-N methylacetamlde {0.12 g).
mp : 195-197°C -
IR (Nujol) : 3360, 3220, 1680, 1580, 1550 cm
MR (DMSO-d, §) : 2.34 (1H, t, J=8.3Hz), 2.64-2.98
(8H, m), 5.33 (2K, s), 7.18-7.32 (5H, m), B.36
(1H, m), 11.2 {1H, s) :
MASS (m/z) : 304, 301, 287
01224 . 69.6° (C=0.49, CH OH)

-1

- Example 14

To a suspensicn of benzyl 5- [(s)-2- acetylthlo-
methyl—B-phenylproplonamldo] ~J2H-tetrazol-2~ylacetate (2. 27
g) in methanol (9.9 ml) was added 2B% agueous ammonia
solution under nitrogen atmosphere. The mixture was
stirred for 20 minutes at ambient temperature-and then’

- poured into water (50 ml) containing potassium bisulfate

{8.17 g). The formed preczpltate was collected by
filtration, washed with water, and dried under reduced
pressure to give 5-[{S)~-2-mercaptomethyl-3~
phenylproplonamldo] -2H-tetrazol- 2—y1acetam1de (1.60 g}.
mp : 174-176°C -
‘TR (Nujol) : 3390, 3280, 3220, 1675, 1608, 1550 cm
NMR (DMSO-dE, §) : 2.34 (1H, t, J=8.0Hz}, 2.5-3.1
(5B, m), 5.32 {2H, s), 7-1-7.4 (S5H, m), 7.52
(18, br s), 7-.85 (1H, br s}, 11.20 (1H, br s)
MASS (m/z) : 320, 287, 273 |

-1
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[alZ?*® = 73.2 (c=0.50, CH,OH)

Example 15

To ‘a suspension of benzyl 5-[(s)-24acetYlthiomethyl-
3- phenylprOp;onamldo] -2H-tetrazol-Z-yracdtate {(1.93 g) in
ethanol (7 ml) was added dropwise 28% aqueous ammonia

- solution (2. 87 ml} under a nitrogen atmosphere. The

resulting mixture was stirred for 20 minutes at ambient

‘temperature, poured into 5% aqueous sodium bisulfate

solution, and extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous o
magnesium sulfate, filtered, and evaporated in vacuo. The
residue was purified by column chromatography on Silica
gel using a mixture of ethyl acetate and methanol (10:1)_
as an eluent to afford 5-[(S)—2-mercaptomethy143e '

.phenylpropionamido]-2H-tetrazol-2-ylacéfamide (1104 g).

mp : 172-174°C X .

IR (Nujol) : 3370, 3250, 3200, 1670, 1605, 1540 cm

NMR (DMSO-dg, §) : 2.33 (1H, t, J=8.1Hz), 2.5-3.1
(5H, m}, 5.33 (24, s), 7.1-7.4 (SH, m), 7.85
'(1H, br s}, 8.31 (1H, br s), 11.21 (1H, s)

MASS (m/z) : 320

-1

Example 16

The following compounds were obtained according to é_
similar manner to that of Example 15.

1) 5-[(S}-2-Mercaptomethyl-3-phenylpropicnamido]-2H-
tetrazel-2-yl-N,N- dlmethylacetamlde
IR (Nujol) : 1660 em T | |
NMR (CDCly, 6) : 1.65 (1H, t, J=8.SHz), 2.5-2.8 (1H,
m), 2.8-3.1 (4H, m), 3.00 (3H, t), 3.10 (3H, s),
5.47 (24, s), 7.0-7.4 {5H, m), 9.34 (1H, br s)
MASS (m/z) : 348, 301
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21_ 5-[[S)-2—Mercaptomethyl—3-phenflpro?ionamido]-ZH—

tetrazol-2-yl-N-(2-methoxyethyl)acetamide

mp : 150-152°C |

IR (Nujol) : 3300, 3200, 1675, 1575, 1545 cm

NMR (DMSO-dg, §) : '2/34 (1H, t, J=7.9Hz), 2.5-3.Z
(52, m}, 3.2-3.5 (7€, m), 5.36 {2H, s), 7.1-7.4
(SH, m), 8.56 (1H, br t, J=5Hz), 11.21 (1H, br
5)

MASS (m/z) : 378

-1

3) 5—[[S)—Z-Mercaptomethyl—S-phenylpropionamido]-ZH-
tétrazol—zﬂyl—N-benzylacetamide '
mp : 128-132°C
IR (Nujol) : 3270, 1675, 1660, 1540 cm -
NMR (CDCl,, ) : 1.53 (1H, t, J=8.5Hz), 2.4-2.7 (3H,
m), 2.7-3.1 (4H, m), 4.42 (18, 4, J=5.6Hz), 5.41
(2H, s5), 7.0- -7.4 (104, m), 9.67 (1H, br s)

MASS (m/z) : 410, 363

Example 17
To a suspensxon of 5-[(S)- 2—acetylthlomethy1 -3-

phenylproplonamldo]—ZH-tetrazol 2-ylacetic acid (0.45 g),
methylamine hydrochloride {0.084 g), and
1-hydroxybenzotriazole {0.17 g) in dichlorcomethane (4 5
ml) was added 1-(3- dlmethylamlnopropyll -3-ethyl=-

s carbodllmlde (0.21 g) under ice-water cooling. The

mixture was stirred overnight at ambient temperature and
then evaporated in vacuo. The residue was diluted with
chloroform, washed successively with 5% hydrochloric acid
and brine, dried over anhydrous'magnesium sulfate, and
filtered. The filtrate was evaporated in vacua to give
crude powder (0.41 g), which was recrystallized from a
mixture of ethanol and diethyl ether to give
5-[{S}42—acetylthibmethyl-3—phenylpropioﬁamido]-2H—
tetrazol-2-yl-N-methylacetamide (0.18 g).

a
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mp : 168-170°C |

IR (Nujol) : 3340, 3180, 1670, 1565, 1535 cm '

NMR {cpcl,, &) : 2.34 (3K, s), 2.83 (3H, 4,

J=4.8Hz), 2.9-3.3 (5H, m), 5.30 {(2H, s), 6.27
5 : (18, br), 7.1-7.3 (5H, m), 8.76 (1H, br s)
) MASS (m/z) : 376, 287
Example 18

The following compounds were obtained acbording to a
10 similar manner to that of Example 17.

1) 5-[(8)-2- Acetylthlomethyl -3- phenylproplonamldo] 2H—
tetrazol-2- -y¥1-N,N- dlmethylacetamlde
mp : 145-149°C (dec.)
15 - IR {Nujol) : .3220, 1680, 1655, 1530 cm _
NMR (CDCl,, §) : 2.31 [3H, s), 2.99 (3H, s), 3.09
(3H, s), 2.83-3.2 (5H, m), 5.46 (2H, s), 7.1-7.3
{5, m), 9.32 (1H, br s) ' '
MASS (m/z) : 391
20 [al2® : -33.30° {C=1.06, CHCL,)

-1

2)' 5-[(S)-2-Acetylthiomethyl-3-phenylpropionamido]-2H~
tetrazol-2-yl-N-{2-methoxyethyllacetamide '
. mp : 103-105°C ' .
25 IR (Nujol) : 3290, 3190, 1700, 1670, 1570, 1540 cm
NMR [CDClB, §) : 2. 32 (3H, s), 2.9-3.3 [5H, m), 3.21
{38, =), 3.4-3.5 (4H, m), 5.32 {(2H, s), 6.73
{1iH, br s), 7.1-7.4 (5B, m), 9.20 (1lH, br s)
MASS (m/z) : 420, 331 |

-1

30 . _
3) N-{5-[{S)-2-Acetylthiomethyl-3-phenylpropionamido]-
2H- tetrazol 2- ylacetyl}phenylalanlne tert- butyl ester
IR {Film) : 3320, 1730, 1680, 1535 cm * :
. NIR (cnc13, §) : 1.39 (9H, s),_2.31 (38, s),
35 2.9-3.25 (7H, m), 4.65-4.8 (1H, m), 5.32 {2H,
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's), 6.82 [1H, 4, J=1.5Hz), 7.05-7.3 (10H, m),
9.19 {1H, br s) |
MASS {(m/z) : 567
[a]§3 : 11.91° (C=0.99, CECILy)
5 o
' Example 18

To a suspension of 5-{(S)-2- -acetylthiomethyl-3-
phenylproplonamldo] -2H-tetrazol- 2-y1acet1c acid (545 mg),
‘benzylamine {177 mg), and 1- hydroxybenzotrlazole {203 mg)

10. in dichloromethane (10 ml) was added 1-(3-dimethyl-
_amlnoprnpyl)-B-ethylcarbodilmlde hydrochloride (316 mg)
" under ice-cooling. The resulting mixture was stirred for
2 hours at the same temperature and concentrated in vacuc.
_ 'The residue was partltloned between ethyl acetate and 5%
15 hydrochlorlc acid. The organlc layer- was washed
successively with saturated agqueous’ sodlum blsulfate
solution and brlne,_drled over anhydrous magnesium
‘sulfate, and concentrated in vacuo. The residue was
purlfled by column chrematography on silica gel u51ng a
20  mixture of chloroform and methanol (15:1) as an eluent to
afford 5-[(S)-2-acetylthiomethyl- 3-phenylproplonam1do] -2H~
tetrazol-2—yl-N—benzy1acetamide (502 mg).
mp : 162-163°C
IR (Nujol) : 3280, 1685, 1645, 1545 cm °
25 HMR'[DMSO—dE,_G}_:' 2.30 (3H, s), 2.7-3.2 (SH, m),
4.34 [2H, 4, J=5.BHz), 5.44 (2H, s), 7.1-7.4
(10H, m}, 8.96 (1H, t, J=5.8Hz)}, 11.25 (1H, s)
MASS (m/z) : 452 '
[alg2 : -19.8° (C=0.5, DMF)
30 '
'~ Example 20

A suspen51on of 5-[(S)-2-acetylthiomethyl- 3—pheny1—
propionamido]-2H- tetrazol -2-ylacetic acid (3.63 g) in 9.4%
aqueous ammonia (20 ml) .was stirred for 20 minutes at

35 ambient temperature under nitrogen atmosphere to give
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clear solution. The solution was poured intb water (88.5
ml) containing potassium bisulfate (17.7 g) and extracted
with ethyl acetate. The extract was washed with water,
dried over anhydrous magnesium sulfate, and evaporated in
5 vacuo. The 'residue was suspended in ethyl acetate and
filtered to give 5~[(S}-2-mercaptomethyl-3-
-phenylpropicnamide]-2H-tetrazol-2-ylacetic acid (2.66 g)..
mp : 172-174°C o | SR
IR (Nujel) : 3230, 2710, 2600, 2520, 1740, 16850,
10 | 1550 em - - o
NMR (DMSOﬂdG, d) «+ 2.34 (1H, t, J=8.1Hz), 2.4-3.2
(5#, m}, 5.60 (1H, s}, 7.1-7.4 (5H, m), 11.23
'[1H, ), 13.5 (1H, br s}
| [a12® : 69.2° (c=0.5, CH,OH)
15 '
Example 21 _ \

To a suspensicon of 3-[5—{5)—2—acetY1thiomethyl—3—
phenylpropionamido]-2H-tetrazol—2—yl}propionic acid {(0.57
g) in water (1 ml} was added 2ZB% agqueous ammonia solution
20 (1 ml) at ambient temperature under a nitrogen atmosphere.

The reaction mixture was stirred for 10 minutes at ambient
temperature, acidified with 10% agquecus potassium
~bisulfate {30 ml) and extracted with ethyl acetate. The
organic laver was dried over anhydfous mégnesium sulfate -
25 and evaporated in vacuoc. The residue was purified by
silica gel column chromatography using a mixture of
chloroform and methancol {30:1) to afford
3-{5-[{S}-2-mercaptomethyl-3-phenylpropionamido]-2H-
tetrazol-2-yllpropionic acid (0.32 g).
30 IR (Film) : 3400, 3000-2500, 1700, 1560 cm _
NMR (DMSO-dG, &) + 2.34 (;H, t, J=B.1Hz)}, 2.55-3.1
{(7H, m), 4.76 (2H, ¢, J=6.5Hz), 7.1-7.35 (5H,
" m), 11.15 (1E, br s) '
MASS (m/z) : 335

1

a5
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Example 22

The following compound was obtalned accardlng to a
similar manner to that of Example 21.

5-{3-Mercapto-2-phenylthiopropionamido)-2H-tetrazoi-
2-ylacetic acid '
' mp : 196-199°C (dec.} _
IR (Nujol) : 3175, 2560, 1760, 1685, 1540 cm
NMR (DMSO*dG, 8) « 2. 65-3'0 (2H, m), 3.95-4.25 {1H,
m), 5.63 (2H, s}, 7.25-7.4 (6H, m}, 11.61 (1H,
br s}, 13.75 (1H, br s)
MASS {m/z) = 306

-1

Example 23 _
To a suspension of 5-[(S)~2-mercaptomethyl-3-phenyl-

prcplonamldol -2H-tetrazol-2-ylacetamide (0.83 g} and
pyrldlne (0 32 ml) in dlchloromethane (15 ml} was added
drcpw1se benzoyl chloride (0.22 ml) under a nitrogen
atmosphere at 0~5°C. The resulting mixture was stirred at
0~5°C for an hour, evaporated, and partitioned between
ethyl acetate and water. The organic layer was washed
successively with 5% hydrechloric acid, saturated agueous
sodium bicarbonate solution and brine, dried over

- magnesium sulfate, and concentrated in vacuo. The residue

was purified by column chromatography on sxllca gel using
a mixture of chlorcform and methanol (10:1) as an eluent.
The fractions contalnlng the object compound were '
collected, concentrated in vacuo, and recrystallized from
ethanol to afford 5-[(S)}-2-benzoylthiomethyl-3-phenyl-
propionamido]-2H—tetrazol-2fylacetamide (0.84 g).
mp : 180-182°C
IR (Nujol} : 3410, 3260, 1675, 1650, 1550 cm
- NMR (DMSO—dG,_B) : 2.7-3.4 (58, m), 5.32 (2H, s),
7.1-7.4 (5H, m), 7.4-8.0 (74, m}, 11.27 (1H, s)
MASS (m/z) = 424 |

-1
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(c)28-% . -66.0° (c=0.5, DMF)

' Example 24 .
The following compound was obtained according to a

5 similar manner to that of Example 23.

5~ [(S) -2- Acetylthlomethyl 3- phenylproplonamldo] 2H~
tetrazol-2- ylacetamlde
' mp : 166-167°C .
10 IR (Nujol) : 3375, 3270, 3210, 1675, 1610, 1545 cm
NMR (DMSO-d., &) : 2.30 (3H, s}, 2.6-3.1 (5H, m),
5.33 (24, s), 7.1-7.4 (5H, m}, 7.52 {1H, br s),
'7.84 (1H, br s)
. MASS (m/z) : 38&3

-1

15 :
Example 25 |
To a solution of 5-aminomethyl-lH-tetrazcle
hydrochloride (1.36 g) in dry pyridine {15 ml) was added
dropwise a solution of Z-acetylthicmethyl-3- _
20 phenylpropionyl chloride (2.57 g) in dry dichloromethane
| (5 ml) at 0°C for 5 minutes. The reaction mixture was
stirred for 4.5 hours at ambient temperaturE,_poufedIinto
cold 10% agqueous hydrochloric acid, and extracted with
ethyl acetate to give insoluble products. This was
25 triturated with ethanecl to give 5-[{2-acetylthiomethyl-3-
' phenylpropionylaminomethyl]-1H-tetrazole {(0.53 qg). '
mp : 175-176°C (dec.) N

IR (Nujol) : 3275, 1690, 1650, 1540 em *

NMR (DMSO- ds, §) :+ 2.27 (3H, s), 2.6-3.0 (5H, m),
30 . 4.49 (28, d, J=5.7Hz), 7.05-7.3 (5H, m), 8.74
' (1#, br t) '

Mass (m/z) : 319

_ Example 26 )
35 - To a suspension of 5-[(2-acetylthiomethyl-3-
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phenylpropionyl)aminomethyl]-IH-tetrazole (0.18 g) in
methanol (3.6 ml) was added cysteamine (0.05 g) at 0°C.
The reaction mixture was stirred for & hours, stand

.ovérnight at ambient temperature, and évaporated in vacuo.
_The residue was acidified with 10% agueous hydrochlorie

acid and the insoluble product was triturated with water
to give 5-[(2—mercaptomethy1-3-phenylpropionyl)amino-

 methyl]—1H-tetrazo1e {(0.07 g).

mp : 157-160°C {(dec.) _ _

IR (Nujol) : 3280, 2800-2500, 1690, 1655, 1545 cm

NMR (DMSO-dg, §) : 2.15-2.35 (1H, m), 2.4-3.0 (SH,
‘'m), 4.52 (2K, d, J=5.7Hz), 5.95 (2H, s), 6.57
(18, d, J=9.5Hz), 6.65-6.8 (2H, m), 8.6% (1E, br
t)

MASS (m/z) : 321

1

Example 27 _ :
A solution of 5-[(8)-2-mercaptomethyl-3-phenyl-

propionamido]-2H-tetrazol-2-ylacetic acid (0.82 g} in
dimethyl sulfoxide (45 ml) was stirred overnight at 70°C,
cooled to ambient temperature, and thereto was added 1IN
aquéous sodium hydroxide (6.1 ml). The resulting mixture
was washed with ethyl acetate, anéd the aqueous layer Was
acidified by 1N hydrochloric acid, extracted with ethyl
acetate, dried over anhydrbus magnesium sulfate, and

_concentrated in vacuc. The residue was triturated with

chloroform to afford bis[(S)-(2-carboxymethyl-2H-
tetrazol-5-ylcarbamoyl)-3-phenylpropyl] disulfide (0.74
q). | o
mp : 1l46°C
IR (Nujol) : 1750, 1695, 1580, 1550 cm_
NMR (DMSO-d, &) : 2.5-3.1 (10H, m), 5.57 (4H, s),
7.0-7.4 (10H, m}, 11.30 (2K, s)
FAB-MASS (m/z) : 641 |

1

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 833



WO 93/09101 ' : : PCT/JP92/01406

CLAIMS

1. A compound of the formula :

5 - | . R®
_ L | |
i | 3 [1]
R —-S5-A-CHCONH-Y-R™.
: 1. .
19 wherein R® is hydrogen or a mercapto-protective
‘group, _ .
R2 is lower -alkyl or aryl which may be
substituted with lower-alkylenedidxy,
R3 is tetrazolyl, thiazolyl_or-thiadiazdlyl;
15 each of which may be substituted with.
substituent(s) selected from the group
consisting of acyl and '
acyl(lower)alkyl, _
A 1is lower alkylene,
20 X is lower alkylene'cr s, and _
Y is a single bond or lower alkylene,
provided that when R3'is tetrazolyl or thiazolyl,
then Y is lower alkylgne, '
and pharmaceutically acceptable salts thereof.
25 : . L
-2, A compound according to claim 1,
wherein R® is aryl which may be substituted with
' lower alkylenedioxy,
R3 is tetrazolyl, thiazolyl or thiadiazolyl,
10 each of which is substituted with
substituent(s) selected from the group
consisting of acyl and ' o
acyl({lower)alkyl,
X 1is lower alkylene, and
35
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Y is a single bond.

3. A compound according te claim 2,
o whe:ein R1 is hydrogen or lower alkanoyl,
5 | Rz is phenyl optionally substituted with
methylenedioxy,
R3 is tetrazolyl_Substituted with
carboxy(lower)alkyl, esterified
_ carboxy(lower}alkyl,
10 : carbamoyl(lower)alkyl or lower
| alkylcarbamoyl(1owér)alkyl, thiazolyl
substituted with carboxy, esterified '
' carboxy, carboxy(lower)alkyl or
esterified carboxy(lower)alkyl, or
15 thiadiazolyl substituted with carboxy
or esterified carboxy,
A is methylene, and
X is methylene.

20 4. A compound'according to claim 3,
wherein Rl is hydrogen or acetyl,
2

‘R“ is phenyl, and
R3 is tetrazolyl substituted with
_ carboxymethyl, methylcarbamoylmethyl or
25 - _ dimethylcarbamoylmethyl;
' carboxymethylthiazolyl;
carboxythiazolyl; or
' carboxythiadiazolyl.

30 5. A process far'preparing a compound of the formula :

2
l
X

N (1]
15 ' R -S-A-CHCONH-Y-R
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wherein R1 is hydrocgen or a mercapto-protective

group, .
R® is lower alkyl or aryl which may be
substituted with lower alkylenedioxy,
5 - R” is tevrazolyl, ‘thiazolyl or thiadiazolyl,
| ) ‘each of which may be substituted with.
substituent(s) selected from the group
consisting of acyl and o
acyl{lower)alkyl,
10 A is lower alkylene,
- X is lower alkylene or S, and.'
¥ 1is a single bond or lower alkylene,

3 is tetrazolyl or thiazolyl,

provided that when R
then ¥ is lower alkylene,

15 . or salts thereof, which comprises

a) - reacting a compound. cf the formula :

. R
: ]
20 . X _
1 [II)
R™-S-A-CHCOOH
or its reactive derivative at the carboxy group _
25 or a salt thereof with a compound of the formula :
3 o '
HZN-Y-R_ : - [I11]
or its salt to provide a compound of the formula
30 |
. R2
} |
X -
1 l 3 oI
R™-S5-A-CHCONH-Y-R
35.; . or its salt, in the above formulas,
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1

"R, R2 R3 A, X and Y are each as defined above, or

’ F

subjecting a compound of the formula :

Ri.

l

X
[Ia]

Ri-s-a—cnconn-y—n3

or its salt to elimination reaction of the
mercapto-protective group to provide a compound of

R2

].
X.
- 3 [Ib]
H-S-A-CHCONH-Y~R

or its salt, in the above formulas,
Ri is a mercapto-protective group, and _
R?, R3, A, X and Y are each as defined above, or

subjecting a compound of the formula :

R2

|
X
R —S“A-CHCONH'Y—Ra '

or its salt to deesterification reaction to provide

a compound of the formula :

R2

|

X
[1d]

1 [ 3
R -5-A-CHCONH —Y‘Rb
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or its sélt, in the above formulas,
Rg is tetrazolyl, thiazolyl or thiadiazolyl, each
of which is substituted with substituent(s)
.selected from the group consisting of
5 esterified carboxy and esterified _
' _ carboxy(lowerlalkyl, _

Rg is tetrazolyl, thiazolyl or thiadiazolyl, each
of which is substituted with substituent(s)
selected from the group consisting of carboxy

10 ~and carboxy(lower)alkyl, and
., A, X and Y are each as defined above, or

d} reacting a compound of the formula :

15 - R
- : |
. X .
1 | ) 3 [Id]
R--S-A-CHCONH-Y-Rb
26 or its reactive derivative at the carboxy group or

a salt thereof with an amine to-prpvide a compound of
the formula

R?

|
S . (Ie]

25 | | R'-S-A-CHCONH-Y-R]

or its salt, in the above formulas,

Rg is tetrazolyl, thiazolyl or thiadiazolyl, each of
which is substituted with substituent(s)
selected from the group consisting of
N-containing heterccyclicearbonyl, N-containing
heterocycliccarbonyl(lower)alkyl, a group of

30

the formula : —CO—Z-OR4, wherein Z is amino

: acid(s) residue, and R? is hydrogen or a
35 o
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carboxy protective group, lo@er alkyl
substituted with a group of the formula :
—CD-Z—0R4, wherein Z and R4 are each as
o _ defined above, carbamoyl and carbamoyl(lower)-
5 . alkyl, carbamoyl of which may 'be substituted
with substituent(s) selected from the group
consisting of lower alkyl, cyclo(lower}alkyl,
aryl, ar(lower)alkyl; lower alkoxy(lower)alkyl
_ - and a heterocyclic group, and '
10 Rl, Rz, g, A, X and Y are each as defined above, or
e) subjecting a compound of the formula :

RZ
15 !

H-S-A-CHCONH-Y~R>

[(Ik]

- or its salt to introduction reaction of the mercapto-
Zﬁ : protective group to provide a compound of the
o formula : ' '
' 2

R
{
X
1 oy b 3 [1a]
Ra-S-A.-CHCONH-Y-R :
or its salt, in the above formulas,

Ri; R%, R?, A, X and Y are each as defined above.

6. A pharmaceutical composition comprising a compound of
30 _ : claim 1, as an active ingredient, in association with
a pharmaceutically acceptable, substantially

‘non-toxic_carrier or excipient.

7. A compound of claim 1 for use as a medicament.
35 '
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8. A rnethod of the therapeutlc treatment and/or
prevention of various cardiovascular disorders, renal-
insufficiency, cyclic edema, hyperaldcsterronism or
hypercaleciuria which comprises administering an-

5 .effectlve amoynt of .a compound of claim l to human
belngs or animals.

9. Use of a compound of claim 1 for the manufacture of a

| medicament for therapeutic treatment and/or )

10 preventipn of various éardiovascular disorders, renal

insufficiency, cyclic edema, hyperaldosteronism or '
hypercalciuria in human beings or animals.

15

20

25

30

a5
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- USE_OF NEUTRAL ENDQPEPTIDAﬁE INHIB_ITQBS IN_THE
JTREATMENT OF LEFT VENTRICULAR HYPERTROPHY

The present invention relates to the treatment and
prevention of left ventricular hypertrophy {LVH) by administration of a.

_ neutral endopeptidase (NEP) inhibitor.

LVH, characterized by an increase in cardiac mass and
growth of abnormal fibrous tissue which compromise cardiac function, is

“a condition which often occurs in conjunction with high blood pressure

10

15

associated with essential hypertension. LVH is a primary risk factor
associated with heart failure and therefors increases the risk of
cardiovascular morbidity and mortality. _

Usually, LVH is detected atter high blood pressure is
diagnosed, although recent reports indicate that LVH may be present
before high blood pressure develops, or may be aggravated by a
second condition such as atherosclerosis or diabetes mellitus. LVH is
diagnosed by several methods, including electrocardiography, wherein

- enhanced voltage is detected, by chest X-rays, or preferably by

echocardiography, which detects increased myocardial wall thickness
and mass. The existing therapy for LVH associated with essential |
hypertension consists of control of arterial blood pressure, for example

| by administering one or more of a variety of drugs: diuretics such as

25

diazoxide or hydrochlcrthiazide; hypotensives such as methyldopa or
'hydralazine; beta-adrenergic biockers such as propranolol or labetalol;

‘calecium antagonists such as diltiazem or nifedeping; or angictensin

converting enzyme (ACE} inhibitors such as captopril, spirapril or
cilazapril. ACE inhibitors and calcium antagonists are known to reduce
the mass of the hypertrophied left ventricle, however, many other drugs
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routinely prescribed to treat essential hypertension, e.g. diuretics and

“hydralazine, either have no effect on LVH or take 2 long time to treat it.

NEP (EC 3.4.24.11; enkephalinase; atriopeptidase) is a
zinc-coriaining metallopzotezse vrhich cleaves.2.variety of peptide
substrates on the amino terminal side of aromatic amino acids. See
Bigchern. J.. 241 (1987) p. 237-247. Substrates for this enzyme include,
but are not limited to, ANP, brain natriuretic péptide, met and lsu
enkephalin, bradykinin, neurokinin A, and substance P. It has been
previously demonstrated that inhibitors of NEP potentiate the
hypotensive, diuretic, natriuretic and piasma ANP responses to

“pharmacological injection of ANP in experimental animals. The

potentiation of ANP and the consequent use of NEP inhibitors in
general to treat volume-dependent hypertension but not angiotensi'n -
induced hypenension was disclosed in U.S. patent 4,749,688.

' We have surprisingly found that NEP inhibitors, in
particular N-[2-acatyhhiomethyl-S-(Z-methylphenyl)-propionyl]—

‘methionine ethyl ester and N-[N-[{L)-[1 -{(2,2-dimethyl-1 ,3-dioxolan-4-yl)-

methoxy]carbonyl]-z-phenylethyr]-L-phenylalanyl]-ﬂ-alanine, reduce
LVH without having an effect on high blood pressure 'resulting from
essential hyperiension. Therefore, NEP inhibitors can be used fo treat

{ VH when essential hypertension is not present or is not severe enough
to require drug therapy, NEP inhibitors can be used in conjunction with
antihypenensive'dmgs which do not themselves treat LVH, or NEP
inhibitors can be used in combination with drugs which do treat LVH in )
order to provide an enhanced effect. '

Another aspect of the invention relates to pharmaceutical
compositions comprising a combination of an NEP inhibitor and an
antihypertensive agent effective 10 treat or prevent LVHin a
pharmaceutically acceptable camer. '

DETAILED DESCRIPTION
The NEP inhibitors suitable for use in this invention include

carboxyalkyl dipeptides disclosed in U.S. patent 4,610,816, herein .

incorporated by reference, having the formula
R1aCH(COHz)-NH-CHR33—CONH(Cngpa-c(maa5a).coﬁsa
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wherein preferred compounds are N-[N-[(L)-[1-[{2.2-dimethyl-1,3-

dioxolan-4-yi)-methoxy]carbonyl]-2-phenylethyl]-L-phenylalanyl]-B-

alanine ang N-__{N-I(L)-1-carboxy-2—phenyIethyl]-L-phenyIaIanyl]—B-
5 alanine; | : |
_ ' " mercaptoacyl amino acids disclosed in U.S. patent
4,801,809, herein incorporated by reference, having the formulae

QbS-CHy-CH(-(CHa)nb-RTP)-C(O)-NH-CH(RZ)-C(O)-R%  1b

i0 : _ : .
QbS-CHg-CH(-(CHg)nb-R13b}-C(O)-NH-CH(R2ab)-C(O)-R.3b ilb
QbS-CHa-CH(-{CH2)nb-R125)-C(O)-NH-CH(R20)-C(O)-R3b  Iilb

15 | 'mercaptoacyl-amino acids disclosed in U.S. patent

4,929,641, herein incorporated by reference, having the formula
OGS-CHg-CH(-(CHg)nC-RW)-C(O)-NH-CH(Hac)-C(O)-Rfic

20 wherein preferred compounds are N-[2-acetylthiomethyl-3-(2-methyi-
- phenyl)propionyl}-methionine ethyl ester and N-{2-mercaptomethyl-3-(2-
methylphenyl)propionyl]-methionine; |
mercaptoacy) amino acids disclosed in PCT/AUS30/01787,
herein incorporated by reference, having the formula :
25 R
_ ods-CHch(-(CHg)nd-R1dyC{oy_NHcH(nzdyCH:R@chghd-{cr-tn%}pdc:omﬁ
wherein preferred comp'ounds are N-[2(8)-mercaptomethyl-3-(2-
methylphenylipropanoyl}-(8)-isoserine and N-(S)-[3-mercapto-2-(2-
methylphenyl)propionyT]-{S)-2-methoxy-p-alanine;
30 carboxyalkyl dipeptides disclosed in U.S. Serial No.
07/421.041 and corresponding PCT/USS0/05640, incorporated herein
by reference, having the formula '

RTB.O-C(C}]-GH(H29}-NH-C{R39R4"}-C(O)-NH-{CHR5°}m"_-{CHz)n"-CH(RSE}-C(O)-R-’B
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wherein preferred compounds are N'—[1-[[1(S)-benzyloxy'ca'rbonyl-s-_ |
phenylpropyl]am‘ino]Cyclopentylcarbonyl]-(S)-isoserine and N-[1-[[1{S})-
car_bonyl-s-phénylpropyl]amind]-cyclopent_ylcarbonyl]-(s)-isoserine:
Y . dieulfide derivatives of mercaptoacyl amino acids
‘5 disclosed in U.S. Serial No. 07/525,370, incorporated herein by
reference, having the formulae

R'i.f
1 of
[-s O - CH EH f-?('l: gt If
5 \/Y H—mf( Ha)— { .)p _
. 'e) ! -

HTf

; |

(CHo)af O
: IIf
—S N

2[ \/\( H\éknsf

10 wherein preferred compounds are 1,1'-[dithiobis-[z(S)-(2—methylbenzy_l)-
1-ox0-3,1-propanediyl}]-bis-(S)-isoserine and 1.1"[dithiobis-{2(S)-(2-
methylbenzyl}-1-ox0-3,1 -propanediy!]J-bis-(S)-methionine.
mercaptoacyl amino acids disciosed in PCT publication
WQ090/02117, herein incorporated by reference, having the formula

15

“wherein a preferred compound is N—(S-phenyl-2-(merca_ptomethyl)'-
propionyI)-(S)-4-(methylmercapto)methioni’ne; o
20 h mercaptoacyl amino acids disclosed in U.S. patent
4,879,309, incorporated herein by reference, having the formula
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R1"S-CHp-CH(-(CHz)p"-R2")-C(O)-NR4N-AP-C(O)-R3h

whergin prefefred cormpounds are N-[2-acetylthiomethYI-3-phehyl?
,\proDionyl]-s-aminobenzoic acid and N-[2-mercaptome’thyI-S-phenyl-
5 proptonyl] -3-aminobenzoic acid; : :
~ carboxyalkyicarbonyl amino acids disclosed in U.S. Serial
No. 07/439,765 and corresponding PCT/USS0/06655, herein
incorporated by reference, having the formula

10 R iD-_C(O}-GH{R?i]—CHz-C(HaiR‘E)-C{O)-NH-{CHR5i}mi-(CH2}ni-CH[R5i}-G(O)-R7i

wherein a preferred compound is N-[1-(2-carboxy—4-phenylbutyj)-
cyclopentanecarbonyl]-(S)-isoserine; |
mercaptocycloalky! amino acids disclosed in U.S. Senal
15 No. 07/455,204 and corresponding PCT/USS0/07353, incorporated
' herein by reference, having the formula

Kk Rzk RSR
Q* s% NH— (CH)q -(QHz)n“-&H-C(O)-R"‘

20 wherein a preferred compound is N-[1-(acetylthiomethyl)cyclopentane- -
- carbonyl]-(S)-methionine ethyl estar; .
mercaptoacyl aminolactams disclosed in U.S. Serial No.
07/491,148 and corresponding PCT/US91/01420, incorporated herein
by reference, having the formula |

25
_ 1q . '
R 0
{CH)R it ,
Q% ~ _N NR24
\/Kn/ . Y‘f
0

wherein a preferred compound is 3(S)~_[2-(acetyl_thiomethyl)-B-phenyI-
propionyljamino-e—caprolactam; '
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glutaryl amino acids disclosed in U.S. 4,975,444, herein
incorporated by reference, having the formula '

RZr Yr\ C a'ﬁu Rar |

/CHCH( "‘CONH CH

R'O,C “CORY
5 _ '
glutaryl amino acids disclosed in European Patent
Application 274,234, having'me formula '
R‘ls ﬁ2s .
RS ( 3- 45
\ P .\ COzH
HCH; CONH BS
. . R502C R3
10

wherein AS completes adto 7 membered carbocychc ring which may be
saturated or mono-unsaturated and which may optionally be fused to a
further saturated or unsaturated 5 or 6 membered carbocyclic ring;
: BS is (CHz)mS wherein mSis an integer of from 1to0 3;
15 each of RS and R4s is independently H, alkyl, benzyl or an alternative
biolabile ester—formlng group;
R1s is H or alkyl;
R2s and RS are each mdependently H, OH, alky! or alkoxy; _
~ and R5S is alky!, alkenyl, akkynyl, arylalkynyl, cycloalkyl, cycloalkenyl,
20  alkoxy, -NRESR7s, -NRESCOR®S, -NRBSSO,R®s or a saturated
heterocyclic group,
or alkyl substituted by one or more substituents chosen from halo,
hydroxy. alkoxy, hydroxyalkoxy, alkoxyalkoxy, cycloalkyl, cycloalkenyl,
ary}, aryloxy, arlyoxyalkoxy, heterocyclyloxy, -NRESR7S, -NRB8sCOR®s, -
o5 NR8SSO,R%S, -CONRESRS, -SH, -S(0)pSR105, -CORT11s or -CO2R12s;
wherein R6S and R7S are each independently. H, alkyl, cycloatkyl
(cptionally substituted by hydroxy or alkoxy), afyl, arylalkyl, alkoxyalkyl
_ or heterocyclyl; or the two groups R8s and R7S are taken together with
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fa

the nitrogen to which they are attached to form a pyrrolidinyl, piperidino,
morpholino, piperazinyl or N-alkyl-piperazinyl group; |
RBs is H or alkyl; : -
R is alkyl, CF3, aryl, aryl, aikyl, aryfalkoxy, heterocyclyl, alkoxy or
5 -NR6SR7s wherein R6S and R7S are as previously defined; _

R10s is alkyl, aryl, heterocyclyl, or -NRESR7S wherein R8¢ and R7s are as
‘previously defined; - -
R118 is alkyl, cyclealkyl, aryl or heterocyclyl
R128 js H or alkyl;

10 andpSis0,10r2;
and pharmaceutically acceptable salts thereof and bloprecursors
therefor, and '

glutaryl amino acids disciosed in European Patent
15  Application 343,811, having the formula (

_ . RTU 2u
5
A ( 0 oo,z
CHCHs” “‘CONH
" RYO,C

wherein AU completes a 4 to 7 membered carbocyclic ring which may be
20 saturated or mono-unsaturated and which may optionally be fused to a
further saturated or unsaturated S or 6 membered carbocyclic ring;
BUY is {CHz)m! wherein mSis an integer of from 110 3; -
gach of RY and R4 is independently H, alkyl, benzyl or an ahernatwe
. biolabile ester-forming group;
- 25 RWisH orakyl;
. | " R2v and R3 are each independently H, OH, alky! or alkoxy, or R&/ and
| ~ R3 are linked together and are (CHz)" wherein 1 is an integer from 1
- : _ to 4; :
' ' Yuis an optional alkylene group of from 1 to 6 carbon atoms which may
30 be straight or branched-chain;

BIOGON, BHARMA LTD (IPR2020-01263) Ex. 1015, p. 852
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and RS is REUCONROU-, RBUSO,NRS:-, RBUCOz-, RECO-, R®SOq-, -'
R7UNROUSO,-, or R7UOCO-; | o

wherein R8U is a group of the formula

. _,_R‘IUU _R10u

Y |
- R&— (c-cowngu)n“-t]:——_
éﬂu _ Rt
R7¢ is.a group of the formula
R10_u_
1

“and RS is H, atkyl, aryl, cycloalky!, heterocyciyl, arylalkyl, or

hererocyclylalkyl; : _
wherein R8U is RSCONRSU-, ROUSO2N R9u- R13uR14UN-(CHz)p"-, or

ReUO-, wherein each R9U is as previously defined;

" R10u and R1 are each independently H or alkyl; or 8105 is H and R1tu
is alkyl which is substituted by OH, SH, SCH3, NH2, arylalky-OCONH-,

NH2CO-, CO2H, guanidino, aryl or heterocycly!; or the two groups R10u
and R are joined together to form, with the carbon atom to which they
are attached, a 5 or 6 membered carbocyclic ring which may be
saturated or mono-unsaturated and which may optionally be substituted
by alkyl or fused 1o a further 5 or 6 membered saturated or unsaturated
carbocyclic ring; ' _

or R10uis H, nvis 0 and R8U and R11v are linked to form a 2-(N'.-GOR9_U—-
4-aminopyrrolidinyl} group: _ | |

R12u js R13VR14UNCO-, R8UOCH2- or heterocyclyl, whergin R is as
previously defined; L - -
R13u and R14V are each independently H, alkyl, c’:yc'!oalkyl, aryl,
arylalkyl;' alkaxyalkyl, aminoalkyl, heterocyclyl or heterocyclylalkyl; or
the two groups R13U and R14v are taken together to form, with the |

nitrogen to which they are attached, a pyrr_o_lidinyl, piperidino,

morpholino, piperazinyl, N-alkylpiperazinyl,'pyrroiyl, imidazolyl,
pyrazolyl or triazalyl group; |
nvis0ort; '

pv is 0 or an integer offrom1to 6;
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andqulso 1or2;

and pharmaceutically acceptable salts thereof and bioprecursors
therefor. :
The above descriptions of NEP inhibitors suitable for use in

the present invention were taken from the noted patents or applications.

Reference should be made to such patents and applications for their full
disclosures of such classes and specific compounds within those
ciasses, and as o any typographical errors or the like which may have
occurred in transcription. Also, in describing such suitable NEP
inhibitors, the superscript letters a-i, K, g-s and u were included 1o
distinguiéh among the various classes of compounds and the variable

'substliuent groups thereof.

Other suitable NEP inhibitors include SQ 28603 (N-{2-
(mercaptomethyl}-1-oxo0-3-phenyipropyl]-B~alanine), disclosed in South
African Patent Application 84/0670; UK 69578 (cis-4-[[[1-{2-carboxy-3-

- (2-methoxyethoxy)propyll-cyclopentyljcarbonyljamino)-

cyciohexanecarboxyhc acid) and its active enantiomer(s); thlorphan and

" its enantiomers; retro-thiorphan; phOSphoramudon, and SQ 28072 (7-

20

25

30

alanine.

[[2-{(mercaptomethyl}-1-0x0-3-phenylpropyllamino]-heptanocic 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.

Of the above NEP inhibitors, most preferred are N-{2-
acetyithiomethyi-3-(2-methyl- phenyl)propmny[] -methionine ethyl ester,
especially the S,S isomer thereof, and N-[N-[{L)-[1-[(2,2-dimethyl-1,3-
dioxolan-4-yl)-melhoxy]carbony?I]-z-phenylethyl]-L-phenylatanyl]—B- |

When NEP inhibitors are administered in combination with
other antihypertensive agents, preferred antihypertensives are ACE

'. in'hibitors_ and calcium antagonists. Preferred ACE inhibitors are

| spirapril, enalapril, ramiptil, perindopril, indolapril, lysinopril, quinapril,

pentopril, cilazapril, captopril, zotenopril, pivalopril and fosinopril.
Preferred calcium antagonists are diltiazem, nifedipine, verapamil,
nicardipine and nimodipine..

SUBSTITUTE SHEET
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The effectiveness of NEP inhibitors in treating LVH in an
animal medel can be demonstrated according to the following
procedures for measuring the change in heart weight and the degree of

" fibrosis:

ng tr i :

| Adult (16-week-old) male spontaneously hypertensive rats
(SHRs) supplied by Charies River (Calco, ltaly} are used. They are '
housed in individual cages for one week before starting the expeﬁment.
with free access 1o food and water. The anirﬁals are selected for stable
baseline arierial pressure and assigned randomly to four groups of 12
each (first experiment). The NEP inhibitor is administered for 4 weeks at
3,10, 30, or 100 mg/kg orally twice daily (at 9:00 a.m. and 4:00 p.m.),
with carboxymethylceliulose (CMC 0.5%) used as vehicle and asa
control. | | :

A second experiment involves administering an NEP
inhibitor at 100 mg/kg or the vehicle as a control to two groups of SHRs
twice a day for 4 weeks . Water intake, urine volume and sodium
excretion are monitored by placing the rats in metabolic mges overa
16-hour period from the last daily administration of the drug to the first

- dosage of the following day.

| In each experiment, additional animals were treated with
spirapril at 1 mg/kg as a positive control. |
ﬂcwmﬁm_tme_mﬁwﬁﬂ
Systolic blood pressure. (SBP) and heart rate are
measured in conscious animals by the tail-cuff method using a pulse
detector (IITC Instruments, Woodland Hills, CA, USA) connected to a

computer (Basis Trade, Verona, ltaly). Animals are maintained at a |
temperature of 26 £ 1°C during blood pressure recording sessions and

pefore starting the experiment, ihe anima's undergo a week of training 10
stay in restraining holders. ‘Recordings are taken once before treatment
and at weekly intervals within 3 hours after the morning dose. Hear rate
(HR) is determined from blood pressure tracings. |
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r Ventri r : ' .

Atthe end of the experimental peridd, SHRs of the first set
of experiments are sacrificed by cervical dislocation, the hearts are
rapidly excised, fixed in formalin 4% and the weights of the right

-5 ventricle and left ventricle inclusive of the septum are recorded.

in the second set of experiments, SHRs are anesthetized
with fentanyl citrate (50ug/kg) and droperidol (250 pg/kg; Leptofen,
Farmitalia Carlo Erba, Milan, ltaly) and the hearts fixed by perfusion as
jollows. The abdominal aorta below the renal arteries is cannulated with

10  a catheter (PE 200) filled with phosphate buffer (0.2 M, pH 7.4) and
heparin (100 tU/ml), the catheter is connected to a perfusion apparatus,
and perfusion is adjusted to diastolic arterial pressure measured in vivo.
The heart is then arrested in diastole by' an intravenous injection of 1 mi
of KCI (1 meq!ml) through the jugular vein, the thorax is opened and the

15 venacavais cut to allow drainage of bloed and periusate. The coronary
vasculature is then perfused with a glutaraldehyde-formaldehyde
mixture diluted 1:1 with phosphale butfer. The heart is excised, the
inner longitudinal diameter measured, and the right and left ventricle
inclusive of the septum dissected from the atria and their weights

20 recorded separately.

The left ventricle is transversely cut into 10-12 rings
perpendicular to the longitudinal axis of the heart. The thickness of the
left ventricular free wall and septum and the transverse lumina! diameter
of the ventricular chamber are measured in the intermediate slice with a

25 slereomicroscope at a calibrated magnification of 16X, having an ocular

" micrometer accurate to 0.01 mm. Five to ten equally spaced R
measurements of the free wall and four to six of the septum are collected

" and their values averaged. The minimal and maximal transverse
chamber diameters are measured and their geometric mean computed.

30 The longitudinal and transverse diameters are used to compute
chamber volume. The apical slice of each left ventricle is used for dry
weight determinations.
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Light microscopic morphometry of the left venlricle - amount of
replacement fibrosis: ' -

The four middie slices of the free wall ot each ventricle are
radially.cut.fo obtain 28-30 tissue blocks extending from the
endocardium to the epicardium. ‘The specimens were postfixed in OsO4
{1%) dehydrated in acetone and infiltrated and embedded in a fixative
agent, e';g._ an epoxy resin such as Araldite (Ciba Geigy). From each
block, 1um thick sections were pbtained and sfained with methylene'
blue and safranin for the morphometric evaluation of foci of replacement
ﬁbroSis. Ten consecutive fields from each endocardium,

~migmyocardium and epicardium in-each animal are examined at &

calibrated magnification of 250X with a reticle containing 42 sampling
points. This reticle defines an uncompressed tissue area of 144,000
um?, which is used to determine the number of lesions represented by
toci of fibrosis per unit area of myocardium. The number of points
overlying these foci is also counted to compute the volume fraction of
fibrosis in the myocardium and the average cross sectional area of the

foci profiles. _
Results of tests run according to the above procedures .

- using N-{Z(S)-acetylthiomethyl-s-(2-meihylpheny[)propio'nyl]-(S)-

methionine ethyl ester (Compound A) at 3 and 30 mg/kg, N-[N-{{L}-[1-
[(2,2-dimethyt-1 .3—dioxoian-‘4—yI)-methoxy]mrbonyl]-2-phenylethyl]-L—
phenylalanylj-B-alanine (Compound B) at 10 and 100 mg/kg and
spirapril (SPIR) (1 mg/kg) are as foliows (Data are expressed as means
+ standard error, and analysis of variance and appropriate

comparisons for each parameter were used as statistical tests.

Differences were considered significant a p< 0.05).
~ Baseline blood pressure ranged from 189+4 to 19742

‘mmHg. 4 weeks of treatment with either Compound A or Compound B

did not significantly affect arterial pressure, even at the highest dose .

level tested: 18934 mmHg betore, 19514 mmHg after 4 weeks ofa 30

mg/kg dose of Compound A; 19624 mmHg before, 19046 mmHg after 4

 weeks of a 100 mg/kg dose of Compouhd B. The SPIR group showed a

significant reduction in systolic pressure during the treatment period:

~EITYOTITIIT
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18712 mmHg before, 18113 mmHg aﬂer 4 weeks of a 1 mg/kg dose of .
SPIR (p< 0.05). In all groups tested, hear rates were not significantiy
different from those observed in the vehicle controls.
Both Compound A and Compound B significantly reduced
5 left ventricular weight at the highest dose level compared to the vehicle
control: - compared to a control weight of 1036.7+ 11.2 mg, the 30 mg/kg
dose leve! of Compound A reduced the left ventricular weight to
969.8111.9 mg (p< 0.01), while the 100 mg/kg dose level of Compound
B reduced the left ventricular weight to 983.5+11.3 mg {p< 0.05). SPIR
10 at 1 mg/kg reduced the left ventricular weight to 948.5:£11.5 (p< 0.01).
The body weight gain was similar in ali groups, indicating that the
treatments did not affect SHR growth.
The extent of structural damage in the left ventncle _
evaluated by morphometric analysis as the amount of fibrotic tissue, was
15 significantly reduced by treatment with Compound B: the volume |
fraction of replacement connective tissue was decreased by 42% in the
rats treated with Compound B compared with the vehicle control {p<
0.01). '
- A variety of pharmaceutical dosage forms are suitable for
- 20 NEP adrministration, preferably for oral or parenteral administration,
afthough mechanica! delivery systems such as transdermal dosage
forms are also contemplated. -
- The typical daily dosage of the NEP inhibitor fortreatment
or preventlon of LVH is about 0.3 mg/kg to about 100 mg/kg of
25 mammalian welght per day administered in single or divided doses. The
exact dose of any NEP inhibitor to be administered is determined by the
“attending cliniclan and is dependent on the potency of the compound
. admmustered the age, weight, condition and response of the patient.
Generally, in treating humans suffering from LVH or in
30 preventing LVH, the NEP inhibitors of this invention can be adminisiered
in dosage ranges of about 10 to about 1000 mg NEP inhibitor per dose
- given 1 10 4 times a day.
o Typical oral formulations for drugs used in this invention
include {ablets, capsules, syrups, elixirs and suspensions. Typical
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injectable formulations for drugs used in this invention include solutions
and suspensions. : -

" Where NEP inhibitors are administered in combination with
othar antihypertensive agents, including ACE inhibitors, calcium.
antagonists, diuretics and beta-adrenergic bl'ockers, the combinations -
ca'n be administered from a single pharmaceutiCaI composition which '

 combines the actives in a pharmaceutically acceptable carier, or the

10

drugs may be administered separately. That is, a patient can undergo
parallel courses of treatment with the two ditferent actives; simultaneous
agministration of dosage forms is not required. Since the methods of
ihis invention relating to the combinations oompriSa- administering two

 different drugs, any suitable combination of dosage forms can be used,

15

e.g. oral NEP inhibitor / oral antihypertensive agent or injectable NEP

inhibitor / oral antihypertensive agent.
Since the present invention relates 1o methods of treating

~ or preventing LVH with a combination of active ingredients, i.e. an NEP

20

25

inhibitor and an antihypertensive agent, wherein said active ingredients
may be administered separately, the invention also relates to combining
separate pharmaceutical compositions in kit form. That is, & kit which
combines two separate units, an NEP pharmaceutical composition and

an antihypertensive composition (particularly an ACE inhibitor or a

calcium antagonist composition), in one package is contemplated. The
kit form is particularly advantageous when the separate components o
must be administered in different dosage forms (e.g. oral and parenteral}

‘or are administered at different dosage intervals.
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. CLAIMS

1. A method of treating left ventricular hypertrophy comprising
administering an effective amount of a neutral endopeptidase inhibitor 1o
5 amammalin need of such treatment.

2. A method of claim 1 wherein the neutral endopeptidase -
inhibitor is selected from the group consisting of: -
: -N-[N-[{L)-[1-[(2.2-dimethyl-1 3-dioxolan-4-yl)-methoxy]carbonyl}-
10 2-phenylethyf}-L-phenylalanyl]- p-alanine; |
N-[N-[{L)-1-carboxy-2-phenylethyi]- L-phenylalanyl] B-alanine;
N-[2—acet_yith|omethyl -3-(2- methyl phenyl)propionyl}-methionine
ethyl ester; |
N-{2-mercaptomethyl-3-(2-methylphenyl)propionyl]- meth:onme
15 N-[2(S)- mercaptomethyl -3-(2- methylphenyl)propanovl] {S)-
- isoserine; :
N-(S)-[3- mercapto- -2-(2-methylphenyl)propiony!]-(S}-2- methoxy-'
p- alanlne
N-[1-[[1({S)- benzy!oxycarbcnyl -3- pheny!propyl]ammo]cyclopentyl—
- 20 . carbonyl)-{S)-isoserine;
N-[1-[{1(S)-carbonyl-3-phenylprepyllamino}- cyciopentylcarbonyl]
(S)-isoserine;
1,1 [dithlobis-IZ(S)-(2—met_hy1benzyi}-1-oxo-S,1-propanediy¥]]-bis-
- (S)-isoserine; _ -
25 ©1,1'-[dithiobis-[2(S)-(2- methylbenzyl) -1-0x0-3,1- propanedwl]] -bis-
{S)-methionine;
_ N-(3-phenyl-2- (mercaptomethyl) proplonyl) (S)-4- (methyl
mercapio)methionine;
N-[2-acetylthiomethyl-3-phenyi-propionyl]-3-aminobenzoic acid;
30 N-[2-mercapto'methyl—S-phe'nyl-propiony[]-s-aminobenzoic acid,
N-[1-(2-carboxy-4-phenylbutyl)-cyclopentanecarbenyl]-(S)-
isoserine; | |
N-{1- (acetytthlomethyt)cyclopentane-carbonyl] (S)-methicnine
ethyl ester; '
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3(8)-[2—{acetyhhiomethyl)-s-phenyl—propionyl]amino-a_—-'
caprolactam; '

SQ 28603; UK 69578 thiorphan; retro-thiorphan;
phosphoramidon; and SQ 29072; or a phamaceutically acceptable |

ester thereof.

3. A method of claim 1 wherein the neutral endopeptidase |
:nh[brtor is N-[2-acetylthiomethyl-3-(2-methylphenyl)- -propionyl-
methionine ethyl ester or N-[N-[{L})-{1-[(2,2- dimethyl-1,3-dioxolan- -4-yl)-
methoxy]carbanyl}-2- p_henylethyl] -L-phenylalanyl}-8-alanine.

4. _ A method of preventing left ventricular hypertrophy

15

comprising administering an effective amount of a neutral
endopeptldase mhnbltor to sald mammal in need of such treatment.

-5 A method of claim 4 wherein the neutral endopeptldase

20

25

30

inhibitor is selecled from the group consisting of
N-[N-[(L)-[1-{{2,2-dimethyl-1,3- dioxolan-4-yl}- methoxy]carbonyil-
2-phenylethyl]- -L-phenylalany(]--alanine;
N-{N-[{L)- -1-carboxy-2-phenylethyl]- -L-phenylalanyl}- B—a[anme
N-{2- acetyhhlomethyl -3- (2-methyl—phenyl)propmnyl] -methionine

ethyl ester;

N- [2-mercaptomethyl -3- (2-methylphenyl)proplonyl] methlonme,

- N-[2(S)- mercaptomethyl -3-(2-methyiphenyljpropanoyl]- (S)-=
|sosenne

N-(8)-[3-mercapto- -2~ (2—methylphenyl)prop:onyl] (S) -2-methoxy-
B-alanine;

N-[1-[[1(S)- benzyloxycarbonyl -3- phenylpropyl]amlno]cyclopentyl-
carbonyl]-(S)-isoserine;

N-[1-[[1{S}-carbonyl-3- phenylpropyl]ammo] cyclopentylcarbonyl]

" tep

{8)-isosering; _fe

1,1-[dithiobis-[2(S})-(2- methylbenzyl) -1-0x0-3,1 propanednyl]] -bis-
(S)-isoserine;
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1,1-[dithiobis-[2(S)-(2- methylbenzyt) -1-0x0-3,1- propanedlyl]] -bis-
(S)-methionine;

N-(3-phenyl-2- (mercaptomethyl] prop:onyl) (S) -4- (methyi-
mercapto)methmnme

N-[2-acetylthiomethyl-3- phenyl propicnyl}-3-aminobenzoic acid;

N-[2-mercaptomethyl-3-phenyl-propiony(}-3-amincbenzoic acid;

- N-[1-(2-carboxy-4- phenyIbutyl)-cyclopentanecarbonyl] (5)-
isosering;

- N-[1 (acetylth:omethyl)cyciopemane carbonyi] -(S)- methlonlne
ethyl ester,

3(S)-[2- (acetylth:omeihyl) phenyl-propionyl]amino~£—
caprolactam :

SQ 28603; UK 69578; thiorphan; retro-thiorphan;
phosphoramidon; and SQ 29072; or a pharmaceutically acceptable
ester thereof. - | ' |

6. | A method of claim 4 wherein the neutral endopeptidase

~ inhibiter is N-[2-acetylthiomethyl-3-(2-methyiphenyl)-propiony(}-
" methionine ethyl ester or N-[N-[{L)-[1-][{2.2-dimethyl-1,3-dioxolan-4-y)- '

20

methoxy]carbonyl]-2-phenylethyl]-L-phenylalanyf}-B-alanine..

7. A method of treating or preventing left ventricutar -

25

30

hypertrophy comprising administering to @ mammal in need of such

treatment an efiective amount of a combination of an neutral

endopeptidase inhibitor and an antihypertensive agent.

_ 8. A method of claim 7 wherein the antihypertensive agent is
an angiotensin converting enzyme inhibitor or a calcium channel
blocker. .

9. A method of claim 8 wherein the neutral endopeptidase

inhibitor is selected from the group consisting of
N-[N-[(L)-[1-[(2,2-dimethyl-1 ,3-dioxolan-4-yl}-methoxy]carbonyl}-
2-phenylethyl)-L-phenylalanyl]-§-alanine;
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N-IN-I(L}-1 -carboxy-2-phenylethyl]-L-ghenylafanyl]-ﬁ-alanine; -

N—[2_—ace_fylthiome!hyl-s-(2-melhyl-phenyl)propionyl]'-rhethionine |
ethyl ester; : :

: N-{E--‘ma-?captomethyI:?-(Zz.me_f,hyIph9ny__l_)prppic_nyl]-methionine:

N—[2(S)-m’ercaptomethyl-s—(z-methylphenyl)propanoyl]-(S)- |
iscserine; _ ' | :
‘N-(8)-[3-me rcapto-2-(2-methylpheny])propionyi]-’(S)-Z—methoxy-
B-alanine; ' _'
N-[1-[[1(8)-be nzyloxycarbqnyl-a-phenyIpropyl]amino]cyciopentyl-
carbonyl]-(S)-isoserine; o o i

N-[1[1 (S)-carbonyi-3-phenylpropyl]amino]-cyclopentylcarbonyl]-
(S)-isoserine; _ o _

1,1 '-[dithiobis-[2(S)-(Z-methylbenzyl)-1-oxo.-3,1 -propanediyl]]-bis-
(S)-isoserine; . S

| 1,1'-[dithiobis-[2(8)-(2-methylbenzyl)-1-0xo-3,1-propanédiyl]]—bis-'

(S)-methionine; ' '

: N—(S.-phenyl—2—(mercaptomethyl)-propionyl)-(S)—4-(methyI-
mercapto)methionine; _

N-[2-acetylthiomethyl_-3-phenyl-propionyl]--3—ami'noben20ic acid;

N-[2-mercaptomethyl-3—phenyl—propionyl]-S-aminobenzoic acid;

N-[‘l-(2-carboxy-4—phénylbutyl}_-cyclopemanecarbonyi]-(S)-_

isoserine; )

N-[1 -(acetyﬂ'hiomethyl_)cyclopentane-carbonyl]-(S.)-methionine
ethyl ester; .
3(S)-{2-(acetylthiomethyl)-3-phenyl-propionylJamino-e-~
caprolaciam;, o o
SQ 28603; UK 69578; thiorphan; retro-thiorphan; phosphoramidon;
and SQ 28072; ora pharmaceuﬁcal!y'acceptable ester thereot.

.

10. A pharmaceutical composition comprising a combination of
an antihypertensive agent and a neutral endopeptidase inhibitor in an 5
amount effective to treat or prevent left ventricular hyperirophyina '
pharmaceutically acceptable carrier. ' '-
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11. A composition of claim 10 wherein the antihypertensive
agent is an angictensin converting enzyme inhibitor or a calcium
antagonist ‘and the neutral endopept:dase inhibitor is seIected from the
. group consisting of '
-5 N-[N-[{L)-]1-[(2,2- dlmethyl 1 3 dioxolan-4-yl)- melhoxy]carbonyl]
2-phenylethylj-L-phenylalanyl]-B-alanine;
“N-[N-[{L)-1-carboxy-2-phenylethyl]- L-phenylalanyI] B-alanine;
N-[2- acetynhlomethy! -3-(2- methyl phenyl)proptonyl] -methionine
ethyl ester;

10 - N-[2- mercaptomethyl -3- (2 methylphenyl)proplonyl] melh:onme

N-[2(S)- mercaplomethyl -3-(2-methylphenyljpropanoyl]- (S)
isoserine;
N-({S}- [3-mercapto—2-(2-methylphenyl)propionyl]-(S)-z-methoxy-
- B-alanine;

15 N-[1-{[1(S})- benzonWcarbonyl 3 phenylpropyI]ammo]cyclopentyl-

s carbonyl}-(S)-isoserine;

N-[1-[[1(S)-carbonyl-3- phenylpropyl]amlno] cyclopentylcarbonyl]
_(S)-lsosenne
1,1'-[dithiobis-[2(S)-(2-methyibenzyl)-1-oxo-3,1-propanediyl]]- bIS-

20 = (S)-isoserine;
1,1'-[dithiobis-[2(S}-(2-methyibenzyl)-1-0x0-3,1- propanedlyr]] -bis-

(S)-methicnine;
N-(3—phenyI-2-(mercaptomethy!)-propionyIJ-(S)-4-(methyl-
mercapto)methionine;

25 N-[2-acetylthiomethy!- 3-phenyl proplonyl] -3- ammobenzonc acid;
N-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid;
N-[1-{2-carboxy-4-phenylbuty!)-cyclopentanecarbonyl}-(S)- |

isoserine;
N-[1- (acetylthiomethyl)cycIopentane-carbonyI]-(S)-methtonme

30 ethyl ester,

3(S)-[2- (acetylthlomethyl) -3- phenyl propionyl]lamino- e~
caprolactam;,
SQ 28603; UK 69578; thiorphan; retro- thlorphan phosphoramidon;
and SQ 28072; or a pharmaceutically acceptable ester thereol.
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12. A kit comprising in separate containers in a single package

pharmaceutical compositions for use in combination to treat left
ventricuiar hypertrophy in.a mammal which comprises in one container

5 a pharmaceutlcal compaosition comprising an antlhypenenswe agent
and in a second container a pharmaceutlcal compos;tlon comptrising @

~ neutral endopeptidase inhibitor.
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CASE 4-32219A

FILING BY “EXPRESS MAIL" UNDER 37 CFR 1.1¢

£V 824503415 US May 11, 2006
Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF - Art Unit. 1617

KSANDER ET AL, Examiner: Kim, Jennifer M.
APPLICATION NQO: 10/341.868 |
FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

MS: Amendment
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

RESPONSE

Sir

Responsive to the outstanding action dated January 12, 20086, in the above-identified
application, having a period for response set to expire May 12, 20086, due to the attached
petition for a one-month extension of time, Applicants respectfully request the following
amendment be entered and the claims considered in fight thereof.

Amendments to the claims are reflected in the listing of claims which begins on page 2 of this

paper.

Remarks/Arguments begin on page 4 of this paper,
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This listing of the claims will replace all prior versions, and listings, of claims in the

application.

Listing of Claims:

1. (previously presented) A pharmaceutical composition comprising:
(i) the AT 1-antagonist valsartan or a pharmaceutically acceptable salt thereof; and

(iiy the NEP inhibitor N-(3-carboxy-1-oxopropy!)-(4S)-p-phenylphenylmethyl)-4-amino-
Z2R-methylbutanocic acid ethy! ester or (2R,45)-5-Biphenyl -4-yl-4{3-carboxy-propionyl amina)-
2-methyl-pentanoic acid or pharmaceutically acceptable salts thereof and a

pharmaceutically acceptable carrier.
2. (canceled)

3. (previously presented) The pharmaceutical compasition of Claim 1, wherein N-(3-
carboxy-1-oxopropyl)-{4S)-p-phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester is

a triethanolamine or tris(hydroxymethyl)aminomethane salt thereof.

4, {previcusly presented) A kit comprising in separate containers in a single package
pharmaceutical compasitions comprising in one container a pharmaceutical composition
comprising N-(3-carboxy-1-oxopropyl)-(45})-p-phenylphenylmethyl)-4-amino-2R-methylbutancic
acid ethyl ester or (2R,45)-5-Biphenyl -4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentancic acid or
pharmaceutically acceptable salts thereof and in a second container a pharmaceutical

compasition comprising valsartan.

5. (withdrawn) A method for the treatmeﬁl or prevention of a condition or disease selected
from the group consisting of hypertension, hear 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 remodéling, myocardial infarction and its sequelae, atherosclerosis, angina (whether
unstable or stable), renal insutficiency (diabetic and non-diabetic), heart failure, angina pectoris,
diabetes, secondary aldosteronism, primary and secondary pulmonary hypertension, renal
failure conditions, such as diabetic nephropathy, giocmerulonephritis, 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:
-2-
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(i) the AT 1-antagonists valsartan or a pharmaceutically acceptable salt thereof; and

(i) ‘the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-
2R-methylbutanaic acid ethyl ester or its active metabolite or (2R,48)-5-Biphenyl -4-yl-4(3-
carboxy-propionyl amino)-2-methyl-pentanoic acid or pharmaceutically acceptable salts
thereof and a pharmaceutically acceptable carrier to a mammal in need of such

treatment.
6. (canceled)

7. (withdrawn) The method of Claim 5, wherein N-(3-carboxy-1-oxopropyl)-(48)-p-
phenylphenylmethyl}-4-amino-2R-methylbutancic acid ethyl ester is a triethanclamine or

tris(hydroxymethyl)aminomethane salt thereof.

8-11 (cancel).

-3-
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REMARKS
Recensideration of the above-identified application as amended is requested. Claims
8-11 have been canceled without prejudice or disclaimer to presenting these claims in one or
more continuing or divisional applications. Claims 5 and 7 have been withdrawn as being

directed to a non-elected invention. Claims 1, 3 and 4 remain in this application.

Rejection of claims 8-11 under 35 U.5.C. §103(a)

Claims 8-11 have been rejected under 35 U.S.C. §103(a) over Ksander (U.S. Patent No.
5,217 996). Without commenting as to the propriety of the rejection, Applicants have deleted
claims 8-11 solely to expedite prosecution. Accordin-gly, this rejection has been rendered moot

and should be withdrawn.

Rejection of claims 1, 3 and 4 under' 35 U.5.C. §103(a)

“Claims 1, 3 and 4 have been rejected under 35 U.8.C. §103(a) over Ksander U.S. Patent
No. 5,217,996 (‘996 patent) and Buhlmayer et al. U.S. Patent No. 5,399,578 (‘578 patent). The
Examiner states that to employ combinations of specific NEP inhibitor and valsartan would.have

been obvious because all the components are well known individually for treating hypertension
and that one of ardinary skill in the art would have been motivated to combine specific NEP |
inhibitor and valsartan in a single compositicn in order to achieve an expected bensfit of
antihypertensive effect of the combination. Specifically, the Examiner alleges that the motivation
{or combining the components fiows from their individually known common utility. In view of the
evidence and argumentation submitted herein, Applicants respectfully traverse this rejection.

Attached hereto is the Declaration of Gary Ksander, co-inventor of the present invention
and sole inventor of the Ksander patent. Applicants respectiully submit that the Ksander
Deciaration rebuts the alleged prima facie case of obviousness as set forth above. The Ksander
Declaration provides evidence that the '986 patent in combination with the ‘578 would not

- motivate one of ordinary skill in the art to combine the N-(3-carboxy-1-oxopropyl)-(45)-p-

phenylphenylmethyl)-4-amino-ZR-methylbuianoic acid ethyl ester or (2R,45)-5-Bipheny! -4-y1-4(3-
carboxy-propionyl amino)-2-methyl-pentanoic acid or pharmaceutically acceptable salts thereof with
valsantan to make the combination of the claimed invention. Dr. Ksander is one of ordinary skill
in the art and is the sole inventor of the '996 patent. Dr. Ksander makes it clear that having
knowledge of both the ‘996 patent and the '578 patent would not motivate one of ordinary skill to
make the combination of the claimed invention.

Neither the '996 patent nor the '578 make any mention of combining their respective
compounds with any other compounds. Further, there is no motivation to combine based on the

teachings of these references according to the Ksander Declaration. Without the requisite

-4 -
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motivation to combine, a claimed invention cannot properly be considered obvious. Accordingly,
the rejection has been traversed and should be withdrawn.

Without admitting that the claimed invention is obvious, but in addressing the Examiner's
allegation of prima facie obviousness, Applicants are attaching the Declaration of Dr. Randy
Webb. As clearly shown, the Webb Declaration provides sufficient evidence to show that the
combination of the claimed invention has a synergistic, unexpected and sdrprising effect en the
treatment of hypertension when compared to monotherapy. 1t is well established under the law,
that a showing of unexpected or surprising properties of a claimed invention is sufficient
evidence to overcome a prima facie obviousness rejection. The Webb Declaration sets forth
evidence that the combination of the present invention unexpectedly and surprisingly lowers -
blood pressure more than would be expected from monotherapy of the specific NEP inhibitor -
and valsartan alone.

Although the combination of the present invention was not synergistic when administered
to the spontaneocusly hypertensive rat (SHR) animal model of hypertension, the Webb
Declaration provides a sufficient explanation of why this is the case. Further, and most”
importantly, even in light of the SHR model results, the Webb Declaration attests that the overall
results of the effects of the combination of the invention on blood préssure lowering is still
synergistic, unexpected and surprising. | '

Applicants submit that the showing of unexpected results in the Webb Declaration is
sufficient to rebut the obvicusness rejection entered in the office action. In /nre Sonf; 34
USPQ2d 1684 (Fed. Cir. 1995), the Court stated that, “...when an applicant demonstrates
substantially im prov'ed results, as Soni did here, and states that the results were unexpected,
this should suffice to establish unexpected results in the absence of evidence to the contrary.”
Applicants demonstrated such substantially improved resulté in the Webb Declaration.
Moreover, Applicants state in the specification at page 7, line 17 that, “It has surprisingly been
found that, a combination of valsartan and a NEP inhibitor achie\lfes greater therapeutic effect "
than the administration of valsartan, ACE inhibitors or NEP inhibitors atone ... ." Admittedly, this
statement was based on insight at the time of the filing of the application. Nevertheless,
Applicants conceived of improved results at the time of filing and since there is no evidence to
the contrary, the claims of the present application are not obvious under Soni.

As further evidence that the combination of the claimed invention is not onious the
Webb Declaration prowdes evidence that the combinaticn of the present invention has other
therapeutlc benefits not found in valsartan or N- (3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2A-methylbutanoic acid ethyl ester (AHU377) monotherapy.
Hypertensive patients have underlying markers indicative of their disease state. For example,
endothelial dysfunction, cardiac fibrosis and collagen deposition leading to cardiac vascular
remodeling is indicative of a hypertensive disease state. The Webb Declaration prowdes
evidence that the combination of the present invention provides an overall improvement of

-5-
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endothelial function, cardiac fibrosis and cardiac vascular-remodeling and fibrosis of
intramyocardial coronary arteries in stroke prone spontaneausly hypertensive rats (SHRsp) as
compared to monotherapy with valsartan or AHU377. This is a further unexpected benefit of the
combination of the claimed invention.
~ Inlight of the above, Applicants respectfully submit that the clear evidence of unexpected
and surprising findings with the combination of the present invention as compared to
'monollherépy _and'th'e_ additi.onal unexpected thérapeutic benefits of the claimed invention, rebuts
and thérefore overcomes any prima far;fe case of obviousness set forth by the Examiner.
In view of the foregoing, Applicant submits that all rejections have been traversed and

should be withdrawn and that the Application is now in candition for allowance and respectfully

| requests early notice to that effect. '

Respectfully submitted,

Novartis : o 2
Corporate Intellectual Property ' Gregory erraro
One Health Plaza, Building 104 Attorney'tor Applicants

East Hanover, NJ 07936-1080 Reg. No. 36,134
(862) 778-7831

Date: ng {{( 200(,

-6-

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 876



CASE 4-32219A

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

RE APPLICATION OF Art Unit: 1617

SKsander et al. Examiner: Kim, Jennifer M.
APPLICATION NO: 10/341,868

FILED: January 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Assistant Commissicner for Patents
Washingten, D.C. 20231

DECLARATION UNDER 37 C.F.R. §1.132

Sir:
|, Gary Ksander, being duly warned, hereby declare as follows:
1. | am a citizen of the United States of America, residing at 37 The Flume, Amherst, NH
03031
2. I am a named inventor of the invention presently claimed in the application identified in the

caption above {which is referred to in this document as “the Application™).

3. | received a Ph.D. in Organic Chemistry from the University of California at Santa Cruz in
1978. | have carried out research in the area of Cardiovascular and Metabolic Diseases for 21
yéars, and | have published eighteen articles on my research in this area. Presently, | am at
Novartis Inc., and conduct research in Cambridge Mass. My background is presented in mare
detail in my Curriculum Vitae, which is attached to this Declaration as EXHIBIT 1.

4 | have read and understand the January 12, 2006 Office Action issued in the Application
and the Ksander {U.S. Patent No. 5,217,996) and Buhlmayer et al. (U.S. Patent No. 5,399,578)
references cited in. | am aware that the claims 1, 3 and 4 of the present Application have been
rejected as obvicus over U.S, Patent No. 5,217,996 and U.S. Patent No. 5,399,578 in said office

action.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 877



5. | am the sole inventor in US Patent No. 5,217,996 identified above. The '578 patent issued
to Ciba-Geigy Corp. (predecessor to Novartis Corporation) in 18995. The '578 covers valsartan
which is an important product for Novartis. | worked at Ciba-Geigy before and at the time of
issuance of the '578 palent and still work at Novartis now. | have been affiliated with the
cardiovascular and metabolic therapeutic area with Novartis for the past 21 years and was
therefore aware of the work being done on valsartan and the corresponding patenting thereof. |
became aware of the '578 patent at or immediately after the time of its issuance and | familiar with
the subject matter thereof.

6. Even though | was aware of the ‘996 patent and the '578 as early as 1895, it did not occur
to me to combine (i) N-(3-carboxy-1-oxopropyl)-(4S5)-p-phenylphenylmethyl)-4-aminc-2R-
methylbutanoic acid ethyl ester or {ii) (2R.4S)-5-Bipheny! -4-yl-4(3-carboxy-propionyl amingc)-2-methyl-

pentanoic acid with valsartan for the treatment of hypertension until several years thereafter.

7. It was not untif several years after my awareness of these two patents, while collaborating
with my co-inventor Randy Webb, did | conceive of the combination of the claimed invention for the

treatment of hypertension.

8. Our conception of the combinaticn invention was based on information and factors other
than those disclosed in the two references cited against the present application. Therefore, | was
not motivated to arrive at the claimed invention based on knowledge of the ‘996 patent and '578
patent.

9, Based on the above, and on my expertise and experience, it is my opinion that the two

references would not motivate one of ordinary skill in the art to make the present invention and that

therefore the present invention is not cbvious over these two references.
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10. | hereby declare that all statements made herein of my own knowledge are true and that ali
statements made on information and belief are believed to be true and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or impriscnment, or both, under §1001 of Title 18 of the United States Code,
and that such willful false statements may jeopardize the validity of the application or any patent
issued thereon. \

Date: //)76!7 9’ L0006 /%% CDQ\_,

éry Ksané&
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Dr. Gary M. Ksander
37 The Flume
Amherst, NJ 03031
(603)672-1747 Home
(617) 871-7316 Work

EDUCATION

1978-1981 Postdoctoral Research, ETH, Zurich, Switzerland werking
for Prof. A. Eschenmosher.

1974-1978 PhD. in Organic Chemistry, University of California at
Santa Cruz. Research Advisor: Prof. J. McMurry

1974 MS. in Organic Chemistry, San Jose State University

1972 BS. Chemistry, San Jose State University

WORK EXPERIENCE

1981- 1982 Medicinal Research Chemist, Ciba Geigy Corporation
1982- 1986 Senior Research Scientist, Ciba Geigy Corporation

1987 Senior Staff Scientist, Ciba Geigy Corporation

1988 Assistant Director, Ciba Geigy Corporation

1993-1997 Distinguished Research Scientist, Ciba Geigy Corporation
1997-2002 Distinguished Fellow, Novartis Pharmaceutical Corporation
2003-present Head Cardiovascular Chemistry

Project Leader:
ACE/Thromboxane Inhibitors
Neutral Endopeptidase Inhibitors
Endothelin Converting Enzyme Inhibitors
-‘Endothelin Antagonists
Microsomal Triglyceride Transfer Protein Inhibitors
Aldosterone Synthase Inhibitors

PUBLICATIONS:

"A Method for the Synthesis of Unsaturated Carbonyl Compounds”, Gary M. Ksander, John E. McMurry, an
Mark Johnson. Journal of Organic Chemistry, 42, 1180 (1977).

"A New Method for the Synthesis of Vinyl Ketones", Gary M. Ksander, John E. McMurry. Tetrahedron
Lefters, 1976, 51, 4691.

"Stereospecific Total Synthesis of Aphidicolin”, John E. McMurry, Alex Andrus, Gary M. Ksander, John H.
Musser, Mark Johnson. J. Am. Chem. Soc. 1978, 101, 1330.

"Total Synthesis of Aphidicolin®, John E. McMurry, Alex Andrus, Gary M. Ksander, John H. Musser, Mark
Johnson Tetrahedron Suppl. 1981, {9) 319-27.

“Angiotension Converting Enzyme Inhibitors: N-Substituted D-Glutamic Acid Dipeptides", Gary M. Ksander,
Andrew M. Yuan, Clive G. Diefenbacher, James L. Stanton. Journal of Medicinal Chem., 1985, 28, 1606.
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"Chemie der a-Aminonitrile”, Gary Ksander, Guideo Beold, Rene Lattmann, Christian Lehmann, Thomas Frul
Yi-Bin Xiang, Katsuhiko Inomata, Hans-Peter Buser, Jakob Schreiber, Engelbert Zass, Albert Eschenmose:
Helvetica Chimica Acta, 70, 1887, 1115-1172.

"Potentiation of the Antihypertensive Action of Converting Enzyme Inhibitcrs by an inhibitor of Thromboxani
Synthetase” D. Cote, G. Ksander, M. Zimmerman, N. Levens. Cardiovascular Drugs and Therapy 1: 223,
1987.

"Compararative Renal Action of the Converting Enzyme Inhibitors CGS16617 and CGS14824A", R. Quist,
G, Ksander, M. Zimmerman, N. Levens, Cardiovascular Drugs and Therapy 1: 278, 1987.

"Potentiation of the Antihypertensive Actions of Converting Enzyme Inhibitors'by an Inhibitor of
Thromboxane Synthetase." N. Levens, G. Ksander, M. Zimmerman, K. Mullane, Hypertension 1989; 13: 5
52.

"Enkephalinase Inhibitors: Substituted Dibenzyl Glutaric Acids", Gary M. Ksander, Clive G. Diefenbacher,
Andrew M. Yuan, Journal of Medicinal Chemistry, 1989, 32, 2519.

"Inhibition of Thromboxane Synthetase Potentiates the Antihypertensive Action of an ACE Inhibitor by a
Prostaglandin Dependent but Kinin Independent Mechanism" N. Levens, D. Cote, G. Ksander, J. Pharmacc
Exp. Ther. 259, 219, 1991,

"Dual Angiotensin Converting Enzyme / Thromboxane Synthase Inhibitors", Gary M. Ksander, Mark Erion,
Andrew Yuan, Clive Diefenbacher, Lena El-Chehabi, Don Cote, and Nigel Levens, Journai of Medicinal
Chemistry, 1994, 37, 1823-1832.

“Dicarboxylic Acid Dipeptide Neutral Endopeptidase Inhibitors”, Gary M. Ksander, Raj D. Ghai. Reynalda delfesus,
Andrew Yuan, Clive Diefenbacher, Carol Berry, Yumi Sakane, and Angelo Trapani, Journal of Medicinal Chemistry,
1995, 38, 10, 1689-170C.

“The Effect of Heteroatom Substitution on a Series of Phosphonate Inthibitors of Neutral Endopeptidase 24:11", James
Stanton, Gary M. Ksander, Reynalda deJesus and Donald Sperbeck, Bisorganic and Medicinal Chemistry Letters,
4,539,1994, :

“Delineation of Endothelin Receptor Subsites in Rat and Rabbit Aortas™, Suraj 8. Shetty, Dominick DelGrande, Paula
Savage, Gary Ksander and Arco Jeng, “Journal of Cardiovascular Pharmacology”, 26:8310-313, 1995.

“Effects of the E'I"B-Selectiv.e Antagonist, IRL 2500 in Conscious WKY and SH Rats”, RL Webb, AE Navarrete and GM
Ksander, “Journal of Cardiovascular Pharmacology”, 26, 1993,

“A Rapid Indirect Method to Detcrmine the Plasma Concentrations of Neutral Endopeptidase Inhibitors”, R. Ghai, S.
Del.ombaret, G Ksander C. Berry, Y. Sakane, and A. Trapani, Reasearch Communications in Melecular Pathology and
Pharmacology, 87, 2, 211, 1995,

*“Ortho Substituted Benzofuscd Macrocyclic Lactams as Inhibitors of Neutral Endopeptidése”, Gary M. Ksander,
Reynalda deJesus, Andrew Yuan, Angelo Trapani, Colin McMartin, and Regine Bohacek, Journal of Medicinal
Chemistry, 40(4), 495-505, 1697,

"Meta Substituted Benzofused Macrocyclic Lactams as Dual Inhibitors of Neutral Endopeptidase and
Angiotensin Converting Enzyme”, Gary M. Ksander, Reynalda deJesus, Andrew Yuan, Colin McMartin, and
Regine Bohacek, Journal of Medicinal Chemisiry, 40(4), 506-514, 1957.

“‘Benzofused Macrocyclic Lactams as Tripie Inhibitors of Endothelin-Converting Enzyme, Neutral .
" Endopeptidase 24.11, and Angiotensin-Converting Enzyme”, Ksander, Gary M.; Savage, Paula; Trapani,

2
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Angelo J.; Balwierczak, Joseph L.; Jeng, Arco Y., J. Cardiovasc. Pharmacol. (1998), 31(Suppl. 1,
Endothelin V), $71-873.

“Diamuinoindanes as Microsoma! Triglyceride Transfer Protein Inhibitors”, Ksander, Gary; deJesus, Reynalda; Yuan, Andrew;
Neubert, Alan; Fink, Cynthia; Moskal, Michael; Carlson, Ere; Kukkola, Paivi; Bilci, Natalie; Wallace, Eli; Feldman, David;
Mogelesky, Therese; Poirier, Kevin; Jeune, Michael; Steele, Ronald; Wasvery, Jong; Stephan, Zouhair; Cahill, Edna; Alexander,
Natalya; Sharif, Haamid; Hospattankar, Ashok. Journal of Medicinal Chemistry, 44(26), 2001.

Ksander GM, Shetty SS, DelGrande D, Balwierczak J, Bruseo C, Savage P, dedesus R, Yuan A,
Webb RL and Jeng AY: Dipeptide sulfonamides as endothelin ETA/ETB receptor antagonists.
Vasoactive Peptide Symposium (July 30-31, 2001; Montreal, Canada).

“Dipeptide Sulfonamides as Endothelin ETa / ETg Receptor Antagonists”, Ksander, G. M., Shetty S.S.,
DelGrande, D., Balwierczak, J.L., Bruseo, C. W., Savage, P., deJesus, R, Yuan, A,, Jeng, Webb, R. L.,
Arco Y, Canadian Journal of Physiology and Parmacology 80: 464-469 (2002).

“Glucocorticoid recepter antagonism by cyproterone acetate and RU486", Honer, Christian; Nam,
Kiyean; Fink, Cynthia; Marshall, Paul; Ksander, Gary; Chatelain, Ricardo E.; Cornell, Wendy;
Steele, Ronald; Schweitzer, Robert; Schumacher, Christoph, Molecufar Pharmacoiogy 63(5), 1012-
1020 (2003).

PRESENTED PAPERS: '

"Angiotensin Converting Enzyme Inhibitors:

Recent Developements”, Gary M. Ksander. 19th
National Medicinal Chemistry Symposium, June 1984,

PATENTS:

Shetty, Suraj Shivappa; Ksander, Gary Michael. Combination of an aldosterone receptor
antagenist and diuretic for treatment of hypertension and cardiovascular disorders.  PCT Int. Appl.
(2005), W02005030637 -t

Ksander, Gary Michael;, Vedananda, Thalaththani Ralalage. Preparation of N-acyl proline
derivatives and related nitrogen heterocycles as ligands of peroxisome proliferatoer-activated
receptors. PCT Int, Appl. (2004), W0O2004103985 '

Webb, Randy Lee; Ksander, Gary Michael. Pharmaceutical compositions comprising valsartan and
neutral endopeptidase inhibitors. PCT Int. Appl. (2003), W0O2003058345

Bracken, Kathryn Rene; De Los Angeles, Joseph E.; Huang, Ying; Kadan, Michae! J.; Ksander,
Gary M.; Zerby, Dennis B. Estrogen receptor ligand binding domain variants and preperation of
novel ligands and use to construct molecular gene switches for pharmaceutical use. PCT Int.
Appl. (2002), 159 pp. CODEN: PIXXD2 WO 0297050 A2 20021205 CAN 138:19945 AN
2002:927555

Ksander, Gary Michael. Cyclié amine substituted benzocycloalkane derivatives as MTP inhibitors.

PCT Int. Appl. WO0153260, (2001) 58 pp.
3
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Fink, Cynthia A.; Ksander, Gary M.; Kukkola, Paivi J.; Wallace, Eli M., Prashad, Mahavir.
Preparation of N-benzocycloalkyl-amides as inhibitors or microsomal triglyceride transfer protein
{MTP)} and apolipoprotein B (ApoB) secretion. U.S. {2001}, 101 pp. CODEN: USXXAM US
6197798 B1 20010306 CAN 135:33375 AN 2001:459301

Fink, Cynthia Anne; Ksander, Gary Michael. Preparation of N-indanyl biphenyl-2-carboxamides as
inhibitors of microsomal triglyceride transfer protein {MTP) and of apolipoprotein B {ApoB)
secretion. PCT Int. Appl. (2001), 43 pp. CODEN: PIXXD2 WO 0105767 A1 20010125
CAN 134:115862 AN 2001:63976 - '

Fink, Cynthia Anne; Ksander, Gary Michael, Kukkola, Paivi Jaana; Wallace, Eli Melville.
Preparation of N-benzocycloalkyl-amides as inhibitors or microsomal triglyceride transfer protein
(MTP} and apolipoprotein B (ApoB) secretion. PCT Int. Appl. (2000), 96 pp. CODEN: PIXXD2
WO 0005201 A1 20000203 CAN 132:122391 AN 2000:84757

Ksander, Gary Michéel; Kukkola, Paivi Jaana; Robinson, Leslie Anne. Preparation of N-arcyl
amino acid amides as endothelin inhibiters.  U.S. 5977075 (1999), 17 pp., Cont.-in-part of U.S.
Ser. No. 426,351, abandaoned.

H
Ksander, Gary Michael; Kukkola, Paivi Jaana; Robinson, Leslie Anne. Preparation of N-aroylamino
acid amides as endothelin inhibitors. PCT Int. Appl. WO 8633170 (19986), 49 pp.

Delombaert ,Stephane; Jeng, Arco Y.; Ksander, Gary M.. Phosphono-substituted tetrazole
derivatives and analogs as ECE |nh|b|tors U.5. 5550119 (1986).

Ksander, Gary. Preparation of biaryl substituted 4-amino- butyrlc acid amides. U.S.
5217996(1993), 13 pp.

Ksander, Gary M.; Zimmerman, Mark B. Antihypertensive compositions containing angiotensin
converting enzyme inhibitors and 1-methyl-2-(3-pyridyl)-3-(5-carboxypentyl}-5-chloroindele.  PCT
Int. Appl. WO82036281 (1989), 18 pp.

Ksander, Gary Michael. Preparation of butyrylamino acids as drugs. Eur. Pat. Appl. EP225292
(1987), 64 pp.

Stanton, James L.; Ksander, Gary M.. Preparation and formulation of glutamylindoline
carboxylates and related compounds as antihypertensives and for treatment of congestive heart
failure. U.S. 4678800{1987), 13 pp.

Ksander, Gary M. N-Substituted butyramide derivatives. PCT Int. Appl. WO8600066 (1986}, 65
PP-
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CASE 4-32219A

n

'W ED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

Ksander et al. Examiner: Kim, Jennifer M.

APPLICATION NO: 10/341,868

FILED: January 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Assistant Commissioner for Patents
Washington, D.C. 20231

DECLARATION UNDER 37 C.F.R. §1.132

Sir:
|, Randy Lee Webb, being duly warned, hereby declare as follows:

1. | am a citizen of the United States of America, residing at 17 Honeymoon Lane, Flemington,
New Jersey 08822

2. | am a named inventor of the invention presently claimed in U.S. application Serial No.
10/341 868 identified in the caption above {which is referred to in this document as “the

Application®).

3. | received a Ph.D. in Pharmacology from the University of lowa in 1984. | have carried out
research in the area of hypertension and cardiovascular disease for 30 years, including 21 years at -
Ciba/Novartis and | have published 64 papers and 3 book chapters on my research in this area.
Presently, | am at Novartis inc., where 1 am head of Hypertension Research and conduct research
in the identification of nove! therapeutic targets for hypertension and the development of new
antinypertensive drugs. My background is presented in more detail in my Curriculum Vitae, which
is attached to this Declaration as EXHIBIT 1. |
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4 | have read and understand the January 12, 2006 Office Action issued in the Application
and the Ksander (U.S. Patent No. 5,217,996} and Buhlmayer et al. (U.S. Patent No. 5,399,578)

references cited therein

5. The experiments summarized in the paragraphs below were carried out by me or under my
direction and supervision, or by callaborators with my full participation and understanding. The
experimental results, as explained below, provide evidence that the pharmaceutical combination of
4-[N-(3-carboxy-1-oxo-propyllamino]-4-(p-phenylphenyimethyl)-3-methylbutanoi¢ acid ethyl ester
(AHU377) and valsartan as claimed in the Application (the combination of the present invention),
has (i) synergy in lowering mean arterial pressure in animal models of hypertension as compared to
monotherapy with either active agent alone and that this synergy is an unexpected and sufprising
bload pressure lowering effect which would not be expected by one of ordinary skill in the art and
(2) has added therapeutic benefits in the treatment of hypertension compared to valsartan

monotherapy and AHU377 monotherapy.

6. As described in greater detail below, the experiments show that : (1) administration of a
combination of valsartan at 30 mg/kg/day and AHU377 at 30 mg/kg/day to Dahl salt sensitive rats
provides a synergistic, unexpécted and surprising antihypertensive effect and the combination of
valsartan at 100 mg/ka/day and AHU377 at 30 mg/kg/day also elicited a synergistic, unexpected
and surprising antihypertensive effect, even though in Dah! salt sensitive rats valsartan alone has
no discernable effect and AHU377 only has an effect at a 100 mg/kg/day dose; (2) administration
of a combination of the claimed invention to stroke prone male spontaneously hypertensive rats
(SHRsp) had a synergistic, unexpected and surprising antihypertensive effect, even though the
combination of valsartan and AHU377 did not significantly reduce blood pressure in SHR; and (3)
the combination of the claimed invention has the added therapeutic benefits in the treatment of
hypertension of improved cardiac fibrosis and vascular remodeling and fibrosis of mesenteric and
intramyocardiél coronary arteries thereby reducing hypertension by decreasing media/lumen ratio
of intrafnyocardial coronary arteries as compared to valsartan monotherapy and AHU377
monotherapy. In summary, the experiments show that the combination of valsartan and AHU377
has a _synergiétic, unexpected and surprising antihypertensive effect and has added therapeutic

benefits in the treatment of hypertensien.

7. The experiments on the SHR and Dahl salt-sensitive animal models of hypertension were
performed to assess and compare the efficacy on hypertension of the combination of the

Application with valsartan and AHU377 administered as monotherapy. In the experiments

2
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performed on the SHRsp rats, the objective was to assess the efficacy on hypertension, oxidative
stress, endothelial function and vascular remodeling of the com bination of the claimed invention
with a combined angiotensin converting enzyme inhibitor and neutral endopeptidase inhibitor
(ACE/NEP inhibitor), valsartan monotherapy', AHU377 monotherapy and hydralazine monotherapy.

8. The experiments on the SHR model of hypertension were carried out as follows:
Procedure: All SHR were implanted with radiotransmitters between the ages of 15 to 16 weeks old
according to the procedures described previously in Webb and Yao, Novartis Study Report, PKF-
99-00909. Rats were allowed a minimum of 7-10 days to recover from surgery prior to the start of
experimentation. SHR were allocated to four treatment groups depending upon baseline blood
pressure measurements and with the goal of having similar group mean blood pressure values at
the start of the study. Baseline blood pressure represents the overall average blood pressure
recorded over 3 consecutive days. Blood pressure was collected for 10 seconds every 10 minutes
.throughout the day and thus, 144 pressure measurements were recorded every 24 hours. All
treatments commenced in SHR between 17-18 weeks of age. Drugs were administered by oral

gavage, once daily to conscious SHR in four separate groups as follows: -

Drug Treatment

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Group 1 Vehicle Vehicle Venhicle Vehicle Vehicle Vehicle
Group 2 Vehicle Vehicle Val 3 val 10 val 30 Val 100
Group 3 NEPI NEPI NEPI 30 NEPI 30 NEPI 30 NEPI 30
30 30 Val 3 Val 10 val 30 Val 100
Group 4 NEPI NEPI NEPI 100  NEPI 100 NEPI 100 NEPI 100
30 100 Val 3 Val 10 Val 30 Val 100

Treatments: Vehicle, 3% cornstarch; NEPI, AHU377 ; Val, valsartan. Valsartan was
administered in ascending dosages of 3, 10, 30 and 100 mg/kg/day on a background of either
vehicle, AHU377 at 30 mg/kg/day or AHU377 at 100 mg/kg/day. Each dose of valsartan was
given for a period of one week. '

Starting at week 3, valsartan was given at 3, 10, 30 and 100 mg/kg/day in one week intervals,
either alone or adjunctively with NVP-AHU377-AB. Results in the SHR were analyzed by a mixed
effects model (MEM) using the average weekly blocd pressure and éecondly, the average weekly-
slope of the blood pressure effect (Brown and Prescott, 1999). This analysis is similar to an
analysis of variance but generally considered to be more efficient and sensitive since missing data
due to an animat death does not have to be excluded. The daily observations of blood pressure
(24 hr averages) and heart rate are repeated throughout the study protocol. All values were

considered significant when P < 0.05.
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9. The experiments on the Dahl salt sensitive rats were carried out as follows:

Procedure: Radiotransmitters were implanted into Dahi salt-sensitive rats at 7 weeks of age. All
animals were placed on a high salt diet (8%) between 7 and 8 weeks of age (approximately 12
days prior to the start of the study) and maintained on this regimen for the duration of the study.
Drug treatment was initiated at @ weeks of age and was continued for 3 weeks. Drugs were
administered once daily by oral gavage. The effects of valsartan alone and in combination with

AHU377 were assessed using a 3 X 3 factorial design as follows:

Protocol design for the 3 X 3 factorial study in Dahl salt-sensitive Rats

Vehicle Val 30 Val 100
n==8 n=28 n=28

NEPI 30 Val 30 + NEPI 30 Val 100 + NEPI 30
n=8 n==8 n=28

NEPI 100 Val 30 + NERi 100 Val 100 + NEPI 100
n=7 n=8 : n=8§8

NEPI 30 and 100 represent AHU377 administered by oral gavage at a dose of 30 and 100
mg/kg/day, respectively. Val 30 and 100 depict valsartan given at a dose of 30 and 100
mg/kg/day, respectively. Vehicle was 3% cornstarch given at 2 ml/kg body weight.

10. The experiments on the SHRsp were carried out as follows:

Animal Experiments: Male SHRSP were obtained from a colony originally acquired from the
National Institutes of Health (NIH}, and maintained locally. Rats were housed at 22°C and 60%
humidity under a 12-hour light/dark cycle. Startihg at 10 weeks of age, SHRSP were fed powdered
diet (Agribrands Purina, Drummondville, QC, Canada) containing the combined valsartan
(10mg/kg/day)/AHU377 (100mg/kg/day, NEPI), CGS 30440 (10mg/kg/day, a combined
ACEI/NEPI), valsartan alone (10mg/kg/day}, AHU377 {100mg/kg/day), or hydralazine

(25mg/kg/day). Wistar-Kyoto rats (WKY) served as normotensive controls. Systolic blood pressure

(BP) was measured initially by the tail-cuff method under slight restraint and was monitored weekly

for the last 5 weeks by radio-telemetry as previously described (Amiri F, et al., Circufation.
2004;110:2233-2240). After 10 weeks of treatment, rats were killed humaneiy.
Preparation and Study of Mesenteric Resistance Arteries: Third-order branch of the mesenteric

vasculature was isclated and mounted on a pressurized myograph as described previously (Savoia
C, et al., J Hypertens. 2005;23:1037-1045.). Endothelium-dependent and independent relaxations

4
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were assessed in norepinephrine {1 0”°mol/L) pre-contracted vessels with acetylcholine and sodium
nitroprusside, respectively. Lumen and media dimensions were measured while intraluminal
pressure maintained at 45mmHg upon vessel deactivation with 10mmol/L EGTA {(Virdis A, et al,,
Hypertension. 2002;40:504-510). Thereafter, vessels were fixed with 4% paraformaldehyde for
histology.

Measurement of NADPH Oxidase Activity: Vascular NADF’H oxidase activity was measured in
aortic segments and mesenteric arteries by lucigenin chemiluminescehce {(5umalil}, using NADPH
(100umoliL) as substrate, as previously described ((Virdis A, et al., Hypertension. 2002;40:504-
510)). Lucigenin signa! specificity was tested by adding both diphenylene iodinium, a flavoprotein
inhibitor, and tempol, a superoxide dismutase mimetic. = _

Histology and Immunchistochemistry: Four animals per group were perfused with 4%
paraformadehyde in vivo. Once mesenteric arteries were removed, heart and aorta were
embedded in paraffin, and serially sectioned {(5um) for hlstoiogica! and immunohistochemical
studies. As previously described (Pu Q, et al., Am J Hypertens. 2001;,14:1067-1072), severity of
vascular and cardiac fibrosis was evaluated with Sirius r‘ed staining and analyzed by image analysis
system {Northern Eclipse 5.0, EMPIX Imaging Inc., Mississauga, ON, Cénada), by ah investigator
unaware of the experimental group examined. Collagen density was defined as the ratio of the area
stained to the total tissue area and expressed as percentage. Macrophage infiltration was
assessed by immunostaining with a monoclona! antibody against rat menocytes/macrophages (ED-
1, Serotec, Raleigh, NC) as previously described (Pu Q, et al., J Hypertens. 2005;23:401-409).
Preparation of Vascular Tissue for Western Blotting: Samples were extracted (Amiri F, et al,
Circu.-‘éﬁon. 2004:110:2233-2240) and expression of nitric oxide synthase (NOS) was assessed with
endotheliat NOS (eNOS) antibody (BD Biosciences, San Jose, CA) as previously d'escrit;ed
(Javeshghéni D, et al., Hypertension. 2003,42.761-767). Signals were revealed with '
chemiluminescence and visualized autoradiographically. Subsequently membranes were stripped
(Pierce Biotéchnology, Rockford, IL) and re-probed with beta-actin (Sigma Chemicals,
Mississauga, ON, CAN) to verify equal loading. Optical density of bands was quantified by
ImageQuant 5.0 (Mole‘c_ular Dynamics, Sunnyvale, CA), and expressed as arbitrary units.

Gelatin Zymography and Reverse Zymoegraphy: Protein was extracted from frozen aoria by
homogenization as previcusly described (Brassard P, et al., Hypertension. 2005; 46:598-6086),
while latent and activated gelatinases were detected with SDS-PAGE gelatin zymography (Galis
Z5, et al., Circ Res. 1994;?5:181—189; Brassard P, et al., Hypertension. 2005; 46:598-6086). After
gel staining, MMPs were identified based on gelatin lysis at 62kDa and 82kDa for activated MMP-2
and MMP-9, respectivelly. Gelatinolytic bands were quantified using ImageQuant software 5.0.
Reverse zymography was performed as previously described (Brassard P, et al., Hypertension.

5
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2005; 46:598-606) where stained bands represent gelatinase inhibitory activity corresponding to
TIMPs.

Data Analysis: Data are presented as meantSEM and analyzed by repeated measures ANOVA

followed by Newman-Keuls post-hoc test. P<0.05 was considered significant.
!

11. SHR Results:

Blood Pressure {(mmHg)

Week 1 Week 2 Week 3 Week 4 Week 5 Week b

Group 1 146 + 2 147 £1 148 +1 148+ 1 149+ 2 148 + 2
Group 2 149 + 3 150+ 4 146+3  142+4 135+ 4 1205
Group 3 148 £ 2 148 £ 2 145+ 2 143+ 4 137+ 3 124 + 2
Group 4 146 + 5 145+ 4 1385 136+ 5 128 + 4 1M7+5

12. Dahl Salt Sensitive Results for Valsartan Monotherapy:

Dose Final BP | Improvement over
mg/kg/day mmHg vehicle mmHg
Vehicle 193 + 5
Valsartan | 30 191+ 6 -2
Valsartan | 100 _ 196+ 7. | +3

13. Dahl Salt Sensitive Results for AHU377 Monotherapy:

Dose Final BP | Improvement over
mg/kgfday | mmHg vehicle mmHg
Vehicle 193+ 5
AHU377 30 181+ 5 -2
AHU377 100 177+ 5 -16
6
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14. Dahl Salt Sensitive Results for Valsartan and AHU377 combination therapy:

Dose Final improvement | Expected Improvement
mg/kg/day | BP over vehicle Improvement | Factor mmHg
mmHg | mmHg mmHg
Vehicle 193+ 5
Vals:AHU377 | 30:30 176 +6 {-17 -4 -13
Vals:AHU377 | 30:100 179+6 | -14 -18 +4
Vals:AHU377 | 100:30 174+5 |19 +1 18
Vals:AHU377 | 100:100 182+ 8 | -11 -13 +2

15. SHRsp Mode! Results for Valsartan and AHU377 monotherapy and
combination therapy for Systolic Blood Pressure {(SBP):

Dose Final SBP SBP Expected Improvement
mg/kg/day | mmHg Reduction Improvement | Factor
: mmHg mmHg

SHRsp 195+ 8
Valsartan 10 176+ 6 19
AHU377 100 |199+6 +4
Vals:AHU377 | 10:100 187+ 5 -28 -15 -13
ACE/NEP 10 152 +2 -43
inhibitor _

SHRsp Madel Results for Valsartan and AHU377 menotherapy and
combination therapy for Diastolic Blood Pressure (DBP)

Dose Final SBP Expected Improvement Factor
mg/kg/da | SBP Reduction | Improvement mmHg
y mmHg mmHg :
SHRsp 142+3 ' '
Valsartan 10 1377 -4.6
AHU377 100 15148 +9.5
Vals:AHU377 | 10:100 11815 -23.8 +4.9 -28.7
ACE/NEP 10 108+3 -34
inhibitor
7
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16. Based on the above, the combination therapy of the claimed invention was clearly shown to
demonstrate synergism with respect to blood pressure lowering, for both the Dahl study at 30:30
and 100:30 (Valsartan to NVP-AHU377-AB, respectively (mg/kg/day)}; and in the SHRsp study.
This synergy is illustrated by the improvement factors reported in the preceding table, where the
improvement factors are calculated by subtracting the expected additivity of independent events
from the combination therapy. |n paragraphs 14 and 15 above, synergy is shown by the negative
number set forth in the *Improvement Factor” column. This number is the actual blood pressure
lowering effect of the combination of the present invention beyond that which is expected from the
combination based on the results of monotherapy. The demonstrated synergism was both
unexpected and surprising. The only exception is the SHR study, which does not show synergy.
This is explained by the fact that the SHR hypertensive animal mode! is one in which the BP is
generally stable over extended periods of time, that is, it will rise with age but does so more
gradually than many other experimentally-induced medels of hypertension in the rat. Additionally, it
is known that angiotensin receptor blockers (ARBs) work to lower BP in these animals due to an
underlying contribution of the renin angiotensin system in these animals. Blockade of the renin
angiotensin system in the SHR, especially chronically, will result in blood preséure lowering.
Furiher, NEPi, which does not block the renin angiotensin system, are known not to be effective in
the SHR animal model. Therefore, combinations of valsartan and AHU did not lower BP

significantly more than valsartan alone in the SHR model.

17. This makes the Dahl and SHRsp data even more unexpected. The animals in this model
rapidly become moribund due to a progressive malignant hypertension, that if left untreated would
result in mortalilty in one hundred percent of the animals. Therefore, the fact -that the combination
had synergistic effects in these models, when not having synergistic effects in the stable SHR

model, is therefore even more unexpected and surprising.

18. As shown in Figure 1, attached hereto as EXHIBIT 2, experiments performed on SHRsp
shows that the combination of the present invention, the dual ACEI/NEPi compound and valsartan
aloene normalized maximal acetylcholine relaxation responses, whereas AHU377 and hydralazine
were ineffective. This shows that of the combination of the present invention has the added
therapeutic value of exerting protective effects on the endothelium and thereby reducing endcthelial
dysfuhction. Reduction of endothelial dysfunction improves vascular function and therefore helps
treat hypertension. The combination of the present invention is more beneficial with respect to

endothelial dysfunction than AHU377 alone although it is similar to valsartan alone.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 891



19. As shown in Figure 2, attached hereto as EXHIBIT 3, experiments performed on SHRsp
shows that the combination of the present invention, the dual ACEI/NEPI compound and valsartan
alone significantly decreased media/lumen ration and collagen deposition, whereas AHU377 and
hydralazine were ineffective. This is indicative of therapeutic vascular remodeling of the
endothelium by the combination of the present invention. The combination of the present invention
is more beneficial with respect to vascular remodeling than AHU377 alone, although it is simiiar to

valsartan alone.

20. As shown in Figure 3, attached hereto as EXHIBIT 4, experiments performed on SHRsp
shows that the combination of the present invention, the dual ACEI/NEPi compound, valsartan
alone, AHU377 alone and hydralazine all decreased vascular NADPH oxidase activity significantly
in SHRsp. The increased activity of NADPH oxidase seen in the SHRsp results in increased
oxidative stress {reduction in reactive oxygen species} within the vessel wall. The significant
reduction in NADPH oxidase activity will minimize vessel wall damage due to oxidant stress and

improve vascular function.

21. As shown in Figure 4, attached hereto as EXHIBIT 5, experiments' performed on SHRsp
shows that the combination of the present inventiocn and the dual ACEI/NEPi compound improved
media/lumen ratio and interstitial collagen densiiy better than vaisartan alone, whereas AHU377
and hydralazine were ineffective. These effects on small arteries may be of importance in the
treatment of hypertensive patients, wherein these patients have detrimental smalt artery remodeling
in the myocardium or in other organs which may contribute to cardiovascular events. Animals
treated with the combination of the present invention show a collagen density closer to the control

animal (WKY) than either monotherapy with valsartan or AHU377.

22. As shown in Figure 5, attached hereto as EXHIBIT 6, experiments performed on SHRsp
shows that the combination of the present invention and the dual ACEI/NEPi compound were more
effective than valsartan alone, AHU377 alone or hydralazine in decreasing vascular macrophage
infiltration. Vascular macrophage infiltration is a marker of inflammation and leads to vascular

damage and diminished vessel wall function such as reduced vasorelaxant capacity.

23. As shown in Figure 6, attached hereto as EXHIBIT 7, SHRsp exhibited reduced MMP-2
activity with concurrent increase in TIMP-2 activation, thus resulting in increased cardiac and
vascular collagen deposition due to a reduction in collagen degradation. The combination of the

present invention as well as dual ACEI/NEPI increased MMP-2 activity and decreased TIMP-2
9
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activity, whereas valsartan or NEPI alone had no effect. Therefore, the combination of the present
invention shows an added therapeutic value in the protection of the vessel wall and in the treatment

of hypertension not shown by menotherapy.

24, In summary, based on my expertise and experience and on my evaluation of the results set
forth above, it is my oplnlon that the combination of the present invention unexpectedly and
surprisingly lowers blood pressure as compared to the monotherapy and shows an added
therapeutic value in the treatment of hypertension as compared to monotherapy of valsartan or
NVP-AHU377-AB. '

25. | hereby declare that all statements made herein of my own knowledge are 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 that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United States Code,
and that such willful false statements may jecpardize the validity of the application or any patent

issued thereon.

Date: 77/20‘7 {, 200 | ?W.oé;,zgq A);/Z-/L

Randy Lee Webb

10
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12-15, 1995,

“Inhibitors of the renin angiotensin system: Novel therapeutics for renal disease.”
Ciba International Advisory Meeting on Kidney Disease, San Diego, CA,
November 8, 1995.

“Preclinical profile of the novel renin inhibitor CGP 60536B.” Novartis Adwsory
Meeting, New York, NY, August 6-7, 1997.

“Chronic antihypertensive effects of combination therapy in telemetered-
spontaneously hypertensive rats.” American Association for Laboratory Animal
Science, 49™ National Meeting, Cincinnati, Chio, October 19, 1998.

DIOVAN?® “Preclinical research profiling in cardiovascular and renal disease”
National Advisory Board Meeting, Atlanta, GA, January 22, 1999,

DIOVAN® “New basic science initiatives with the angiotensin II antagonist,
valsartan”, Heart Failure Investigators Meeting, Prague, The Czech Republic,
December 2-3, 2000.
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curriculum virae Randy L. Webh, Ph.D.

21. DIOVAN® " New Basic Science Initiatives with the Angiotensin I Antagonist,
Valsartan", International Symposium “Selective Angiotensin Receptor Blockade:
Treatment Strategies along the Cardiovascular Continuum”, May 12-13, 2001,
Paris, France (1000 participants from 45 countries).

22. DIOVAN® “Update of Prechinical Results with Diovan”, ARB/RAS Vascular
Advisory Meeting, New York City, December 14-16, 2001. '

23.  “Preclinical results with the new renin inhibitor, aliskiren”, Aliskiren Advisory
Board Meeting, Zurich, Switzerland, Marc_h 4, 2002,

24.  Aliskiren Advisory Board Mceting, New York City, NY, September 23, 2002.

25. Aliskiren Nephrology Advisory Board Meeting and Aliskiren Global Advisory
Board Meeting, Boston, MA, April 2-3, 2004. “Preclinical evidence of efficacy
and safety”.

26.  Diovan Lifecycle Planning Meeting, New QOrleans, LA, November 10, 2004.
“Development Candidates for Hypertension — Preclinical Review”. '

27.  Novartis Metabolic Syndrome Advisory Board Meeting. London, UK, February
28-March 2, 2005.

28.  Panelist at The 4™ Annual Waterbury Forum, “State of the Heart: The Future of
Cardiac Care in Connecticut”, Post Umversity, Waterbury, CT, April 14, 2005.

29.  ARB/RAS Vascular Advisory Board: International Summit, Budapest, Hungary,
May 20-21, 2005. “ARB/NEPI Combination Development”, “Aliskiren:
Preclinical Overview and Development Plan” and “Is Aldosterone a Target for
Improving Intervention?”.

Society Membership

Physiological Society of Philadelphia, 1986-1993.
The American Society of Hypertension, 1988 -
The New York Academy of Sciences, 1989 -
ASPET, 1993 -

Council for High Blood Pressure Research, 1998 -

Teaching Experience
Advanced Cardiovascular Pharmacology: Drug Development, New York Medical
College, Valhalla, NY

Fall Semester 1994, 1996; Therapeutic Potential of the Endothelin System
Fall Semester 2002; ACE/NEP Inhibitors
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curriculum vitae Randy L.. Webb, Ph.ID,

Spring Semester 2005, Class #1088; The Discovery and Development of Renin Inhibitors
Scientific Journal Referee

Journal of Pharmacology and Experimental Therapeutics
Hypertension — 1996, 1997, 1998

Cardiovascular Drug Reviews

Canadian Journal of Physiology and Pharmacology - 1996

American Journal of Physiology: Heart and Circulatory — 1997, 1998
Life Sciences - 1998

Extra-curricular Activities

Judge (Team Captain - Health and Medicine) - New Jersey Regional Science Fair (High
School Competition) - March 14-15, 1997 Morris County Community College; March
12-13, 1999, Morris County Community College, NJ.

Supervisory Responsibility

Executive Director (2002-) CV Pharmacology — supervision of 5 Ph.D. and 14 BS/MS
scientists; direct lab reports - 1 MS scientist, '

Group Leader (1991-1994) CV Pharmacology Unit — supervision of 3 Ph.D., 1 MD and 6
BS/MS scientists. '

Post-doctoral trainee, Michelle Bazil, 1990-1992.
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curriculum vitae Randy L. Webb, Ph.D.

10.

Publications

Manuscripts

K.H. Berecek, K.W. Barron, R.L.. Webb and M.J. Brody. Vasopressin central
nervous system interactions in the development of DOCA hypertension.
Hypertension 4(Suppl. ID:I1131-1T1137, 1982.

K.H. Berecek, K. W. Barron, R.L. Webb and M.J. Brody. Relationship between
vasopressin and the anteroventral third ventricle region in :
deoxycorticosterone/salt hypertension. (Brattleboro Rat Model) Ann. New York
Acad. Sci. 394: 392-397, 1982. -

K.H. Berecek, K.W. barron, R.L. Webb and M.J. Brody. Vasopressin projections
and central control of cardiovascular function. (Brattieboro Rat Model). Ann.
New York Acad. Sci. 394: 729-734, 1982,

KH. Berecek, R.L. Webb and M.J. Brody. Evidence for a central role for

vasopressin in cardiovascular regulation. Am. J. Physiol. 244: H852- H859, 1983.

.S.P. Arneric, S.A. Chow, R.K. Bhatnagar, R.L. Webb, L.J. Fisher and J.P. Long.

Evidence that central dopamine receptors modulate sympathetic neuronal activity
to the adreanl medulla to alter glucoregulatory mechanisms. Neuropharmacology
23:137-147, 1984.

M.J. Brody, R.L. Webb, M.L. Mangiapane, J.P. Porter, A.C. Bonham and A.J.
Trapani. Comparative central and peripheral antihypertensive mechanisms of
urapidil and prazosin. Am. J. Med. 77(4A): 74-80, 1984.

J.P. Porter, A.C. Bonham, M.L. Mangiapane, R.L. Webb and M.J. Brody.
Central and peripheral cardiovascular effects of indoramin in conscious rats. Eur.
J. Pharmacol. 109: 9-17, 1985.

A W_ Cowley, Jr., ].F. Liard, M.M. Skelton, E.W, Quillen, Ir., ].W. Osborn, Jr.
and R.L. Webb. Vasopressin-neural interactions in the control of cardiovascular
function. In: Vasopressin, ed. by R.W. Schrier. Raven Press, New York, 1985,
pp. 1-10.

R.W. Lappe, R.L. Webb and M.J. Brody. Selective destruction of renal afferent
versus efferent nerves in rat. Am. J. Physiol. 249: R634-R637, 1985.

R.L. Webb, R. Della Puca, J. Manniello, R.D. Robson, M.B. Zimmerman and
R.D. Ghai. Dopaminergic mediation of the diuretic and natriuretic effects of ANF
in the rat. Life Sci. 38: 2319-2327, 1986.
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curriculum vitae Randy L. Webb, Ph.D.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

R.L. Webb, G.R. Ghai, B.W. Barclay, R.D. Ghai and M.B. Zimmerman. A
comparison of the vasorelaxant and hemodynamic properties of synthetic
atriopeptins. In: Biologically Active Atrial Peptides, ASH Symposium Series, ed.
by J. Laragh, Raven Press, New York, 1987, pp. 335-338.

R.L. Webh, ] .W.‘Osbom, Ir. and A.W. Cowley, Jr. Cardiovascular actions of
vasopressin: baroreflex modulation in the conscious rat. Am. J. Physiol. 251:
H1244-H1251, 1986.

R.L. Webb and M.J. Brody. Functional identification of the central projections
of afferent renal nerves. Clin. Exp. Hyperten. (Theory and Practice), A9 (Suppl.
1): 47-57, 1987.

E.F. Smith, III, J.W. Egan, F.R. Goodman, M.B. Zimmerman, R.L. Webb and
L.G.T. Ribeiro. Effects of two non-sulfhydryl angiotensin converting enzyme
inhibitors, CGS 14831 and CGS 16617, on myocardial damage and left
ventricular hypertrophy following coronary artery occlusion in the rat.
Pharmacology, 37: 254-263, 1988.

L.P. Wennogle, R.D. Ghai, C. McMartin, R.L. Webb, M. Erion, J. Gilligan, H.H.
Oei and M.B. Zimmerman. Multiple mechanisms mediate disappearance of ANF.
from the vascular compartment in the rat. In: Biological and Molecular Aspects
of Atrial Factors, ed. by P. Needleman. Alan R. Liss, Inc., New York, 1988, pp.
13-27.

R.L. Webb, G.D. Yasay, Jr., C. McMartin, R.B. McNeal, Jr. and M.B.
Zimmerman. Degradation of atrial natriuretic peptide: pharmacologic effects of
endoprotease 24.11 inhibition. J. Cardiovasc. Pharmacol. 14: 285-293, 1989.

A.J. Hutchison, R.L. Webb, H.H. Oei, G.R. Ghai, M.B. Zimmerman and M.
Williams. CGS 21680C, an A;-selective adenosine receptor agonist with
preferential hypotensive activity. J. Pharmacol. Exp. Ther. 251: 47-55, 1989,

M. Williams, R.L. Webb, HH. Oei, M.F. Jarvis, G.R. Ghai and A.J.Butchison.
Adenosine receptor ligands as therapeutic entities: molecular specificity in
relation to functional and therapeutic activity. In: Adenosine Receptors in the
Nervous System, ed. by J.A. Ribeiro, Taylor and Francis, 1989, Symposium
Proceedings, Algarve, Portugal. :

A.J. Hutchison, M. Williams, R.L. Webb, H.H. Oei and M.F. Jarvis. The design
of a series of highly Aj-selective adenosine agonists. Proceedings of the Purine
Nucleoside and Nucleotide Meeting, Rockville, MD. Sept. 1989,

A.J. Hutchison, M. Williams, R. de Jesus, R. Yokoyama, H.H. Oei, G.R. Ghai,
R.L. Webb, H.C. Zoganas, G.A. Stone and MLF. Jarvis. 2-
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curricilum vitae Randy L. Webb, Ph.D.

21.

22.

23.

24.

. 25.

26.

27.

28.

29.

30.

(Arylalkylamino)adenosine-5’-uronamides: a new class of highly selective -
adenosine A; receptor ligands. J. Med. Chem. 33: 1919-1924, 1990.

R.L. Webb, D. Miller, V. Traina and H. Gomez. Benazepril. Cardiovasc. Drug
Rev. 8(2):89-104, 1990.

R.L. Webb, R.B. McNeal, Jr., B.W. Barclay and G.D. Yasay. Hemodynamic
effects of adenosine agonists in the conscious spontaneously hypertensive rat. J.
Pharmacol. Exp. Ther. 254(3):1090-1099, 1990.

R.D. Ghai, R.L.. Webb, J L. Sonnenberg, Y. Sakane and G.R. Ghai. The
biological activity of atrial natriuretic factor cleaved by endoprotease 3.4.24.11. J.

Enzyme Inhib. 4: 267-272, 1991.

J.E. Francis, R.L. Webb, G.R. Ghai, A.]. Hutchison, M. Williams, M.A. Moskal,

R. de Jesus, R. Yokoyama, N. Contardo, B.W. Barclay, R. Dotson, G.A. Stone

and M.F. Jarvis. Highly selective adenosine A2 agonists in a series of N-alkylated
Z2-aminoadenosines. J. Med. Chem. 34: 2570-2579, 1991.

R.L. Webb, B.W. Barclay and S.C. Graybill. Cardiovasculareffects of adenosine
Aj; aponists in the conscious spontaneously hypertensive rat: A’ comparative study:
of 3 structurally distinct ligands. J. Pharmacol. Exp. Ther. 259(3) 1203-1212,
1991.

MLF. Prescott, R.L. Webb and M.A. Reidy. The effect of angiotensin II, AT;
subtype receptor blockade versus angiotensin converting enzyme inhibition on
smooth muscle cell migration and proliferation in vivo. Am. J. Pathol.
139(6):1291-1296, 1991.

IR L. Webb, M. A. Sills, J.P. Chovan, J.L. Balwierczak and J.E. Francis. CGS

21680: A potent selective adenosine A, receptor agomst Cardlovasc Drug Rev
10(1):26-53, 1992

M.K. Bazil, R'W. Lappe and R.L. Webb. Pharmacologic characterization of an

endothelina (ET ) receptor antagonist in conscious rats. J. Cardlovasc
Pharmacol. 20: 940-948, 1992.

M.K. Bazil and R.L. Webb. Hemodynamic effects of amlodipine and
benazeprilat in spontaneously hypertensive rats. J. Cardiovasc. Pharmacol.
21:405-411, 1993. : :

S.5. Shetty, T. Okada, R.L. Webb, D. Del Grande and R.W. Lappe. Functionally
distinct endothelin B receptors in vascular endothelium and smooth muscle.
Biochem. Biophys. Res. Comm. 191(2): 459-464, 1993,
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curriculum vitae Randy L. Webb, Ph.D.

31.

32.

33,

34.

35.

36.

37.

38.

- 39.

40.

R.W. Olson, R.L. Webb, J. Mathis, R. Dotson and D.S. Cohen. Beneficial effects
of combined thromboxane synthase inhibition and receptor blockade with CGS
22652 in a canine model of coronary thrombosis. Eur. J. Pharmacol. 236(1): 75-
87, 1993. _ '

M.K. Bazil, C. Krulan and R.L.. Webb. Telemetric monitoring of cardiovascular
parameters in conscious spontaneously hypertensive rats. J. Cardiovasc.
Pharmacol. 22: 897-905, 1993,

R.L. Webb, M.A. Sills, J.P. Chovan, J.V. Peppard and J.E. Francis.
Development of tolerance to the antihypertensive effects of highly selective
adenosine A; agonists upon chronic administration. J. Pharmacol. Exp. Ther.
267(1): 287-295, 1993.

B. Mugrage, J. Moliterni, L. Robinson, R.L. Webh, S.S. Shetty, K.E. Lipson,
M.H. Chin, R. Neale and C. Cioffi. CGS 27830, a potent nonpeptide endothelin
receptor antagonist. Bioorgan. Med. Chem. Letters, 13(10): 2099-2104, 1993.

S. Hu, H.S. Kim, R.W. Lappe and R.L. Webb. Coupling of endothelin receptors
to ion channels in rat glomerular mesangial cells. J. Cardiovasc. Pharmacol.
22(Suppl. 8): S149-S153, 1993. '

A F.James, Y. Urade, R.L. Webb, H. Karaki, Y. Fujitani, M. Takimoto, T.
Okada, R.W. Lappe and M. Takai. IRL 1620, Succinyl-[Glu®,Ala'""]-
endothelin-1 (8-21), a highly specific agonist of the ETy receptor. Cardiovasc.
Drug Rev., 11(3): 253-270, 1993. '

A.J. Trapani, M.E. Beil, D.T. Cote, S. DelL.ombaert, T.E. Gerlock, M.D. Erion,
R.D. Ghai, M.F. Hopkins, I.V. Peppard, R.L. Webb, R.'W. Lappe and M. Worcel.
Pharmacologic profile of CGS 24128, a potent, long-acting inhibitor of neutral
endopeptidase 24.11. I. Cardiovasc. Pharmacol., 23: 358-364, 1994.

S. DeLombaert, R.D. Ghai, A.Y. Jeng, A.J. Trapani and R.L. Webb.
Pharmacological profile of a non-peptidic dual inhibitor of neutral endopeptidase

24.11 and endothelin converting enzyme. Biochem. Biophys. Res. Comm.,.
204(1): 407-412, 1994.

AJ. Trapani, .F. M. Smits, X.J. Sun, R.L, Webb and ET. Yau. CGS 24128: A
long-acting inhibitor of neutral endopeptidase 2.4.24.11. Cardiovasc. Drug
Rev.12(4): 271-285, 1994, '

R.L. Webb, A_E. Navarrete and G.M. Ksander. Effects of the ETg-selective
antagonist, IRL. 2500 in conscious spontaneously hypertensive and Wistar-Kyoto
rats. J. Cardiovasc. Pharmacol. 26(Suppl. 3): S389-8392, 1995. '
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curriculum vitae Randy L. Webb, Ph.D.

4].

42.

43.

45.

46.

47.

48.

49.

50.

C.A. Fink, J.E. Carlson, P. A. McTaggert, Y. Qiao, R.L. Webb, R. Chatelain,
A.Y.Jeng and A.J. Trapani. Mercaptoacyl dipeptides: Orally-active dual

inhibitors of angiotensin I converting enzyme and neutral endopeptidase EC
2.424.11. J. Med. Chem. 39(16):3158-3168,1996. '

R.L. Webb, S. Hu, M. A. Sills, M. K. Bazil, C. L. Cioffi, S. 5. Shetty, R. W.
Lappe and D. F. Rigel. In vitro and in vivo evaluation of an endothelin inhibitor -
reveals novel K channel opening activity. Biochem. Biophys. Res. Comm.
227(1):176-181,1996.

T. Yin, G. Sandhu, C.I>. Wolfgang, A. Burrier, R.L.. Webb, T. Hai and J. Whelan.
Tissue-specific pattern of stress kinase activation in ischemic/reperfused heart and

kidney. J. Biol. Chem. 272(32):19943-19950, 1997.

R.L. Webb, M. L. Abramson, M. E. Beil, L. M. Qdorico and R. E. Chatelain.

~ Effects of the novel dual inhibitor of neutral endopeptidase and angiotensin

converting enzyme, CGS 30440, on blood pressure and cardiac hypertrophy in
spontaneously hypertensive rats. J. Cardiovasc. Pharmacol., 30:632-642,1997,

R.L. Webb, A_ E. Navarrete and S. Davis. Effects of valsartan and
hydrochlorothiazide alone and in combination on blood pressure and heart rate in
conscious-telemetered spontaneously hypertensive rats (SHR). Amer. J.
Hypertension, 11:59-65, 1998. '

R.L. Webb, A. E. Navarrete, S. Davis and M. deGasparo. Synergistic effects of
combined converting enzyme inhibition and angiotensin II antagonism on blood
pressure in conscious-telemetered spontaneously hypertensive rats (SHR). I.
Hypertension, 16:843-852, 1998.

R.L. Webb, B. W. Barciay, A. E. Navarrete, N. J. Wosu and P. Sahota.
Protective effects of valsartan and benazeprilat in salt-loaded stroke-prone
spontaneously hypertensive rats (SHRsp). Clin. Exp. Hypertens., 20(7):775-793,
1998. :

- H. De Silva, C. Cioff1, T. Yin, G. Sandhu, R.L. Webb and }. Whelan.

Identification of a novel stress activated kinase in kidney and heart. Biochem.
Biophys. Res. Comm., 250:647-652, 1998.

D.S. Cohen, C.A. Fink, A.J. Trapani, R.L. Webb, P.A. Zane and R.E. Chatelain.
CGS 30440: A dual inhibitor of angiotensin-converting enzyme and neutral
endopeptidase 24.11. Cardiovasc. Drug Rev., 17(1):16-38,1999.

ML.E. Cooper, R.L. Webb and Marc de Gasparo. Angiotensin receptor blockers
and the kidney: Possible advantages over ACE inhibition. Cardiovasc. Drug Rev.,
19(1):75-86, 2001,
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curriculum vitae Randy L. Webb, Ph.D.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

G.M. Ksander, R. deJesus, A. Yuar, C. Fink, M. Moskal, E. Carlson, P. Kukkola,
N. Bilci, E. Wallace, A. Neubert, D. Feldman, T. Mogelesky, K. Poirier, M.
Jeune, R. Steele, J. Wasvary, Z. Stephan, E. Cahill, R. Webb, A. Navarrete, W.
Lee, J. Gibson, N. Alexander, H. Sharif, and A. Hospattankar. Diaminoindanes
as microsomal triglyceride transfer protein inhibitors. J. Med. Chem., 44:4677-
4687, 2001. -

R.L. Webb and M. de Gasparo. The role of the angiotensin II receptor blocker
valsartan in heart failure. Exper. Clin. Cardiol. 6(4):215-221, 2001.

-G.M. Ksander, S.5. Shetty, D. DelGrande, J. Balwierczak, C. Bruseo, P. Savage,

R. delesus, A.Yuan, R.L. Webb and A Y. Jeng. Dipeptide sulfonamides as
endothelin ETA/ETp receptor antagonists. Can. J. Physiol. Pharmacol., 80:464-4
69, 2002. '

H.M. Siragy, M.A. El-Kersh, M. de Gasparo, R.L. Webb and R.M. Carey.

Differences in AT, receptor stimulation between AT receptor blockers valsartan
and losartan quantified by renal interstitial cGMP. J. Hypertensmn 20:1-7, 2002.

M. de Gasparo, P. Hess, M. Clozel, E. Persohn, D. Roman, P.G. Germann, I P.
Clozel and R.L. Webb. Combination of low dose of valsartan and enalapril -
improves endothelial dysfunction and coronary reserve in L-NAME-treated
spontaneously hypertensive rats. J. Cardiovasc. Pharmacol., 40:789-800, 2002.

H.M. Siragy, A. Awad, P. Abadir, R.L. Webb. The angiotensin II type 1 receptor
mediates renal interstitial content of tumor necrosis factor-o in diabetic rats.
Endocrinology, 144(6):2229-2233, 2003.

V.L. Serebruany, A.L. Malinin, D.R. Lowry, D.C. Sane, R.L. Webb, $.0.
Gottlieb, C.M. O’Connor, C.H. Hennekens. Effects of Valsartan and Valeryl 4-
Hydroxy Valsartan on Human Platelets: A Possible Additional Mechanism for
Clinical Benefits. J Cardiovasc Pharmacol., May;43(5):677-684, 2004.

H.M. Siragy, R.L. Webb and R.M. Carey. Renal NO production is decreased in
diabetic rats and improved by AT1 receptor blockade. J. Hypertension, 22:1571-
1577, 2004.

C. Hu, R.L. Webb and Arco Y. Jeng. Synergistic stimulation of aldosterone
production in human adrenocortical carcinoma NCI-H293R cells by endothelin-1 -
and angiotensin II. J. Cardiovasc. Pharmacol. 43(Suppl. 1):, December, 2004.

JM. Wood, C.R. Schnell, F. Cumin, J. Menard and R.L. Webb. Aliskiren, a
novel orally-effective renin inhibitor, lowers blood pressure in marmosets and
spontaneously hypertensive rats. J. Hypertension 23(2):417-426, 2005.
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curricufum vitae Randy L. Webb, Ph.D.

61.

62.

63.

64.

63.

A.S. Awad, R.L. Webb, R M. Carey and H.M. Siragy. Increased renal production
of angiotensin II and thromboxane B2 in conscious diabetic rats. Amer. J.
Hypertens. 18(4 Pt 1):544-548, 2005. -

A. Fiebeler, J. Nussberger, E. Shagdarsuren, S. Rong, G. Hilfenhaus, N. Al-Saadi,
R. Dechend, M. Wellner, S. Meiners, C. Maser-Gluth, A Y. Jeng, R.L. Webb,
F.C. Luft and D.N. Miiller. An aldosterone synthase inhibitor ameliorates
angiotensin II-induced end-organ damage. Circulation, 111:3087-3094, 2005. -

B. Pilz, E. Shagdarsuren, M. Wellner, A. Fiebeler, R. Dechend, P. Gratze, S.
Meiners, D.L. Feldman, R.L. Webb, .M. Garrelds, A.H.J. Danser, F.C. Luft and
D.N. Miiller. Aliskiren, a human renin inhibitor, ameliorates cardiac and renal
damage in double-transgenic rats. Hypertension, 46:1-7, 2005.

M. Azizi, R.L. Webb, J. Nussberger and N.K. Hollenberg. Renin inhibition with
aliskiren: Where are we now, and where are we-going? J. Hypertension, 24: 243-
256, 2006.

V. Mellin, B. DiMeglio, M. Isabelle, . FAvre, M. Vercauteren, V. Richard, C.

Monteil, S. Renet, J.P. Henry, A Y. Jeng, R.L. Webb, C. Thiiillez and P. Mulder.
Aldosterone Synthase Inhibition Improves Cardiovascular Function and Structure
in Rats With Heart Failure: Involvement of AT\//AT> Rcccptorb a.nd ACE’ACE 2.

' Submmed to Circulation, March, 2006.

Book Chapters

AW. Cowley, Ir., 1.LF. Liard, M.M. Skelton, E.-W. Quillen, Jr., J.W. Osbom, Jr.
and R.L. Webb. Vasopressin-neural interactions in the control of cardiovascular
function. In: Vasopressin, ed. by R.W. Schrier. Raven Press, New York, 1985,
pp. 1-10.

J.L. Sfanton and R.L. Webb. Chapter Four, “Endogenous Vasoactive Peptides”,
pp. 1-57. In: Burgers Medicinal Chemistry, 6™ edition, 2003.

R.L. Webb and S.S. Shetty. Pharamcology of the Angiotensin Receptor
Blockers. In: The Renin Angiotensin System, ed. V. Dzau, The Medical Review
Comp. Ltd, Tokyo, pp 213-220, 2003.

Abstracts

K.H. Berecek, K.W. Barron, R.L. Webb and M.J. Brody. Vasopressin (VP) and
the anteroventral third ventricle (AV3V) region in DOCA hypertension. Fed.
Proc. 40: 390, 1981.
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curriculum vitae . Randy L. Webb, Ph.D.

10.

11.

12.

13.

R.L. Webb, M.M. Kneupfer and M.J. Brody. Central projections of afferent renal
nerves. Fed. Proc. 40: 545, 1981.

R.L. Webb, A K. Johnson and M.J. Brody. Role of parabrachial mucleus in the
hemodynamic effects of renal afferent nerve stimulation (RANS). Fed. Proc. 41:
1258, 1982. .

R.W. Lappe, R.L. Wehb, S. Boutelle and M.]. Brody. Identification of central
projection of renal afferent nerves. Fed. Proc. 41: 1258, 1982.

S.P. Arneric, S.A. Chow, R.L. Webb, R K. Bhatnagar, J.P. Long and L.J. Fisher.
Evidence for central pathways mediating dopamine-receptor agonist induced
hyperglycemia in rats. Soc. Neurosci. Abstr. 8: 421, 1982.

A H. Werber, R.L. Webb, M.]. Brody and D.D. Heistad. Studies on the
anatomic origin of the non-sympathetic cerebral vascular innervation of the rat
Fed. Proc. 42: 493, 1983.

R.L. Webb, S. Boutelle and M.J. Brody. Central relay sites for cardiovascular
reflexes elicited by renal afferent nerve stimulation (RANS). Fed. Proc 42 583,
1983.

1.P. Porter, A. Bonham, M.L.. Mangiapane, R.L. Webb and M.J. Brody.
Cardiovascular effects of Indoramin in conscious rats. Circulation, Part IT 68:
1321, 1984.

R.L. Webb and M.J. Brody. Functional evidence for diencephalic projections of
afferent renal nerves. Fed. Proc. 43: 310, 1984,

B.F. Cox, R.L. Webb and M.J. Brody. Cardiovascular effects of intrathecal
administration of a substance P antagonist (SPX). Fed. Proc. 43: 310, 1984.

J.W. Osborn, Jr., R.L. Webb and A.W. Cowley, Jr. Hemodynamié and.
autonomic effects of arginine vasopressin (AVP) compared to angiotensin II (All)
in conscious rats. Fed. Proc. 44: 816, 1985.

R.L. Webb, J.W. Osborn, Jr. and A.W. Cowley, IJr. The effects of sinoaortic
denervation (SAD) on the hemodynamic responses to arginine vasopressin (AVP),
angiotensin II (All) and phenylephrine (PE) in conscious rats. Fed. Proc. 44: 816,
1985.

R.L. Webbh, G.R. Ghai, B.W. barclay, R.D. Ghai and M.B. Zimmerman. A
comparison of the vasorelaxant and hemodynamic properties of synthetic
atriopeptins. J. Cardiovasc. Pharmacol. 8: 1308, 1986.
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curriculum vitae Randy L. Webb, Ph.D.

14. R.L. Webb, L.P. Wennogle, C. McMartin and M.B. Zimmerman. Distribution
and clearance of atriopeptin II in the rat. Second World Congress on Biologically
Active Atrial Peptides. New York, 1987.

15. L. Wennogle, R.D. Ghai, C. McMartin, J. Sonnenberg, R.L. Webb and M.B.
Zimmerman. Metabolic fate of atrial natriuretic polypeptides. UCLA Symposium
on Atrial Natriuretic Factor. Steamboat Springs, CO, Jan.1988.

16, C. McMartin, M.E. Hagen, 1. Sytwu, R.L. Webb, L.P. Wennogle and M.B.
Zimmerman. Degradation of atrial natriuretic peptide (ANP): Effect of
endoprotease EC 24.11 inhibition on catabolism. The FASEB J. 2(4):A930, 1988.

17. M.B. Zimmerman, C.M. McMartin, G.D. Yasay, L.P. Wennogle and R.L. Webb.
Degradation of atrial natriuretic peptide: pharmacologic effects of protease EC
24.11 inhibition. The FASEB J. 2(4): A937, 1988.

18.  R.B. McNeal and R.L. Webb. The hemodynamic effects of adenosine
agonists in conscious spontaneously hypertensive rats (SHR) The FASEB J.
2(6): A1810, 1988.

19. I Chen, C. Rock, F. Clarke, R.L. Webb, K. Gunderson and A.J. Hutchison. A
convenient route to carbocyclic N-ethyladenosine-5'-carboxamide (cNECA).
196th National ACS Meeting, Sept. 25-30, 1988. MEDI-77.

20. R.L. Webb, R.B. McNeal, Jr., B.W. Barclay and G.D. Yasay. Hemodynamic
effects of adenosine analogs in conscious spontaneously rats (SHR) The FASEB
1. 3(4): A1046, 1989,

21.  l.E. Francis, R.L. Webb and M.A. Moskal. CGS 22492: a highly A,
selective agonist with potent hypotensive and vasodllatmg effects. ACS
Meeting, Atlama GA, April, 1991 '

22. R.L. Webb, R W. Olson, R. Dotson, J. Mathis and D.S. Cohen. Beneficial
effects of CGS 22652, a thromboxane receptor antagonist/thromboxane
synthase inhibitor as an adjunct to streptokinase (SK) therapy in a canine model
coronary thrombosis. Thrombosis and Haemostasis 65(6): 1177, 1991,

23.  M.A. Siils, R.L. Webb, H. Hummel, J.E. Francis and G.A. Stone. Chronic
administration of the adenosine A2-selective agonists, CGS 21680C and CGS
22989, produces receptor down-regulation and tolerance to their hypotensive
effects in the SHR. The Pharmacologist 33(3): 176, 1991.

24. MK Bazil and R.L. Webb. Hemodynamic effects of the combination of
amlodipine ({AMLO) and benazeprilat (BZT) in conscious spontaneously
hypertensive rats (SHR). The Pharmacologist 33(3): 197, 1991.
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curriculum vitae Randy L.. Webb, Ph.D.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

R.L. Webb, M K. Bazil, S.C. Graybill and R. W. Lappe. Hemodynamic effects of
inhibition of brain prolyl endopeptidase (PEP) in spontanecusly hypertensive rats
(SHR). The Pharmacologist 33(3): 198, 1991.

D.S. Cohen, R.A. Dotson, J.E. Mathis, H.C. Zoganas, J.P. Simke, R.-W. Olson,
S.5. Bhagwat and R.L. Webb. CGS 23305: In vive and ex vivo characterization

of a thromboxane (Tx)A; receptor antagom%th x synthase inhibitor (TxSI). The
FASEB J. 6(4) A999, 1992,

‘M.K. Bazil and R.L. Webb. Pharmacologic characterization of an endothelin

receptor antagonist in conscious Sprague-Dawley rats. The FASEB J. 6(4):
A1003, 1992. '

R.L. Webb, H. Singer, MLA. Sills, G.A. Stone, J.P. Chovan, J.V. Peppard,
D. Smith and J.E. Francis. Determination of the chronic effects of CGS
21680C, an adenosinc A; selective agonist on blood pressure in conscious
spontaneously hypertensive rats (SHR). The FASEB J. 6(4):A1008, 1992.

C. Krulan, M.K. Bazil and R.L. Webb. Comparison of cardiovascular
parameters measured with telemetry and directly via indwelling catheters (INC) in -
conscious spontaneously rats (SHR). FASEB J. 6(4): A1174,1992.

M.K. Bazil, R.W. Lappe and R.L. Webb. Hemodynamic effects of an
endothelin (ET) receptor antagonist in three rat models of hypertensmn J.
Hypertension 10(Suppl. 4): 851, 1992.

R.L. Webb and J E. Francis. Highly selective adenosine A; agonists:
Cardiovascular actions during acute and chronic administration. Int J. Purine and -
Pyrimidine Res. 3(1): 48, 1992, -

M.K. Bazil and R.L. Webb. The endothelin-3 (ET-3) pressor response is not
mediated by ET 4 receptors in conscious Sprague-Dawley (S- D) rats. Thc
Pharmacologist 34(3): 140, 1992,

R.L. Webb, T. Okada, B.W. barclay and R.W. Lappe. Central and
peripheral actions of IRL 1620, an ETp selective endothelin (ET) receptor agonist
in conscious rats. Hypertension 20(3): 425, 1992, :

8. Hu, H.S. Kim, R.W. Lappe and R.L. Webb. Coupling of endothelin

receptors to ion channels in rat glomerular mesangial cells. Submitted to 3rd
International Conference on Endothelin, Houston, TX, Feb. 14-18, 1993,

R.L. Webb and R.W. Lappe. Hemodynamic effects of an endothelin (ETg)
selective agonist, JRL 1620 in consctous Wistar-Kyoto (WKY) and spontaneously
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curriculum vitae - - Randy L. Webb, Ph.D.

hypertensive rats (SHR). Submitted to 3rd International Conference on
Endothelin, Houston, TX, Feb. 14-18, 1993.

36. S.S. Shetty, T. Okada, D. Del Grande, R.L., Webb and R.'W. Lappe. Differential
vascular effects of a selective ETg agonist, IRL 1620. Submitted to 3rd
Intemnational Conference on Endothelin, Houston, TX, Feb. 14-18, 1993.

37.  D. Miller, R.L. Webb and R.W. Lappe. Hemodynamic effects of intrarenal
infusions of IRL 1620, a selective ETg agonist, in anesthetized dogs.
Submitted to 3rd International Conference on Endothelin, Houston, TX, Feb. 14-
18, 1993.

38.  C.Krulan, R.D. Ghai, R.W. Lappe and R.I.. Webb. Blood pressure effects
during chronic inhibition of angiotensin converting enzyme (ACE) and neutral
endopeptidase (NEP) in the telemetered spontaneously hypertenswe rat (SHR).
FASERB J. 7(3): A247, 1993. ' ¢

39. A.J. Trapani, M.E. Beil, D.T. Cote, S. De Lombaert, M.D. Erion, T.E.
Gerlock, R.D. Ghai, M.F. Hopkins, J.V. Peppard and R.L. Webb. Potentiation of
exogenous and endogenous ANP activity by CGS 24128, a potent, long-acting
inhibitor of neutral endopeptidase 24.11 (NEP). FASEB J. 7(4): A670, 1993,

40. M.L. Abramson, J.E. Mathis and R.L.. Webb. Effects of a neutral endopeptidase
inhibitor (CGS 24592) on blood pressure and left ventricular hypertrophy in SHR.
The FASEB J. 9(4):A926, 1995,

41.  T.Yin, G. Sandhu, C. Wolfgang, A. Burrier, R. L. Webb, T. Hai and J.
Whelan. Tissue-specific pattern of stress kinase activation in
ischemic/reperfused heart and kidney. Keystone Symposia, March, 1997.

42, D.L. Feldman, T.C. Mogelesky, A E. Navarrete, N. Yao and R.L. Webb.
Hypertension, hypertriglyceridemia and hyperglycemia in fructose-loaded rats.
FASEBJ 12(4):A562, 1998.

43, J. Whelan, C. Cioffi, H, De Silva, G. Sandhu and R. Webb. Identification
of a novel stress kinase activated by ischemia/reperfusion in the heart and kidney.
Presented at the International Congress of Pathophyswlogy Heart in Stress, June
28 - July 3, 1998, Finland.

44,  R.L. Webb, A E. Navarrete and S. Davis. Combining angiotensin II receptor
blockade (valsartan) with ACE inhibition produces synergistic antihypertensive
effects in spontaneously hypertensive rats (SHR). ] Human Hypertension
13(Suppl 3):5839, 1999,
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curriculum vitae Randy L. Webb, Ph.D.

45.

46.

47.

48.

49,

50.

51.

52

53.

R.L. Webb, A E: Navarrete, B.W. Barclay, N.J. Wosu and P.S. Sahota. Effects
of angiotensin II receptor blockade (valsartan) versus ACE inhibition on
cardiorenal function and survival in stroke-prone spontaneously hypertensive rats
(SHRSP). J] Human Hypertension 13(Suppi 3):514, 1999.

R.L. Webb, N. Yao, M. Thoma and M. de Gasparo. Chronic effects of valsartan
with amlodipine on blood pressure and cardiac mass in spontaneously
hypertensive rats (SHR). J Hypertension 18(Suppl.4):S80, 2000.

H.M. Siragy, M. El-Kersh, M. de Gasparo, R.L. Webb and R.M. Carey.
Differential effects of valsartan and losartan on renal interstitial fluid cGMP.
Accepted, European Society of Hypertension, Milan, Italy, June 15-18, 2001.

G.M. Ksander, S.S. Shetty, D. DelGrande, J. Balwierczak, C. Bruseo, P. Savage,
R. deJesus, A.-Yuan, R.L. Webb and A.Y. Jeng. Dipeptide sulfonamides as
endothelin ETA/ETg receptor antagonists. Vasoactive Peptide Symposium,
Montreal, Canada, July 30-31, 2001.

A. Awad, R.L. Webb, R.M. Carey and H.M. Siragy. Renal nitric oxide
production is decreased in diabetic rats and improved by AT]1 receptor blockade.
Submitted to the Council for High Blood Pressure Research, Orlando, Florida, -
September 25-28, 2002.

V.L. Serebruany, A.l. Malinin, D.R. Lowry, D.C. Sane, R.L.. Webb, 5.0. Gottlieb, - -
C.H. Hennekens. Effects of valsartan and valeryl 4-hydroxy valsartan on human
platelets: A possible missing link to explain reduction of acute vascular events

- with angiotensin Il receptor blockers. Journal of the American College of

Cardiology 41(6):310A, 2003.

J M. Wood, R.L. Webb, F. Cumin, C.R. Schnell & M.P. Bedigian. Aliskiren, A
Novel, Orally Effective Non-Peptide Renin Inhibitor, Lowers Blood Pressure
After Once-Daily Dosing in Marmosets, Rats and Humans. Accepted for poster
presentation at the American College of Cardiology, New Orleans, LA. March 7-
10, 2004.

Q. Pu, M. Iglarz, R.L. Webb, E.L. Schiffrin. Effect of combining AT, receptor
antagonist and neutral endopeptidase (NEP) inhibitor compared to dual
angiotensin converting enzyme (ACE)/NEP inhibitor on endothelial function and
vascular remodeling in SHRSP. Council for High Blood Pressure Research, Oct.
2004. '

A. Fiebeler, S. Shagsaduren, N. Rong, A. Al-Saadi, R. Gapelyuk, A. Dechend, M.
Schirdewan, A. Wellner, A. Jeng, R.L.Webb, F.C. Luft, and D.N. Muller.
Aldosterone synthase inhibitor FAD286 ameliorates angiotensin [I-induced end-
organ damage. Circulation 100(17, Suppl. 3):1I-101, 2004.
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curriculum vitae Randy L. Webb, Ph.D.

54. B. Pilz, E. Shagsaduren, M. Wellner, A. Fiebeler, R. Dechend, D. L. Feldman, R.
L. Webb, F.C. Luft, and D.N. Muller. Aliskiren, a human renin inhibitor,
reverses angiotensin II-induced renal and cardiac damage in dTGR in a regression
study design. Submitted to the Council for High Blood Pressure Research, Sept.
2004. :

55. B. Pilz, E. Shagsaduren, M. Wellner, A. Fiebeler, R. Dechend, P. Gratzer, S.
Meiners, D. L. Feldman, R. L. Webb, F.C. Luft, and D.N. Muller. Aliskiren, a
human renin inhibitor, reverses angiotensin II-induced renal and cardiac damage

in dTGR in a regression study design. Submitted to the American Society of
Nephrology, May, 2004.

56.. V. Mellin, P. Mulder, B. DiMeglio, J.P. Henry, A.Y. Jeng, R.L.. Webb and C.
Thuillez. Long-term aldosterone synthase inhibition improves cardiac function
.and myocardial structure in chronic heart failure. Circutation 110(17, Suppl.3):11I-
102, 2004.

57.  A.Fiebeler, Juerg Nussberger, E. Shagdarsuren, R. Dechend, S. Rong, N. Al- _
Saadi, A. Gapelyuk, A. Schirdewan, M. Wellner, A. Jeng, R.L. Webb, F.C. Luft,
D. Mueller. Aldosterone synthase inhibitor FAD286 ameliorates angiotensin II-
induced end organ damage. Circulation 100(17, Suppl. 3):11-101, 2004.

58. C. Xue, R.L. Webb and H.M. Siragy. Aldosterone synthase inhibitor FAD286
decreases albuminuria and renal matrix in diabetic rats. Hypertension 46(10):45,
2005. :

59. D.L. Feldman, L. Jin, R. Miserendino-Moltini, H. Xuan, Y. Zhou, R.L. Webb.
The Renin Inhibitor Aliskiren Ameliorates Hypertensive Diabetic Nephropathy in
~ Transgenic (mRen-2)27 (Ren-2) Rats. Submitted 1o American Somety of
Nephrology, June 2005, Philadelphia, PA.

60. A. Fiebeler, E. Shagdarsuren, B. Pilz, P. Gratze, R. Dechend, D.L. Feldman, R.L,
Webb, F.C. Luft, and D.N. Miiller. Low-dose renin inhibitor and AT1-receptor
blocker ameliorate angiotensin II-induced end-organ damage despite persistence
of hypertension. Poster TH-PO257 to be presented at Amer. Soc. Nephrol
Mecting, November 8-13, 2005, Philadelphia, PA.
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CASE 4-32219A

FILING BY "EXPRESS MAIL" UNDER 37 CFR 1.10

/,_,_

EVB24503415 U8 May 11, 2008
Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK QOFFICE

IN RE APPLICATION OF At Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
APPLICATION NO: 10/341,868

FILED: JANUARY 14 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTI.CAL
COMPOSITION

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

PETITION FOR EXTENSION OF TIME

Sir;

The Office Action of January 12, 2006 has a shortened statutory time set to expire on April 12,
2006. A one-month extension is hereby requested pursuantto 37 CFR §1.136(a).

Please charge Deposit Account No. 18-0134 in the name of Novartis in the amount of $120 for
payment of the extension fee. An additional copy of this paper is here enclosed. The Commissioner is
hereby authorized to charge any additicnal fees under 37 CFR §1.17 which may be required, or credit any

overpayment, to Account No. 19-0134 in the name of Novartis.

Respectfully submitted,

120.00 DA :

Novartis /j/“)‘w
Corporate Intellectua! Property Grdgory D. F&ffaro

One Health Plaza, Building 104 Attorney for Adplicants

East Hanover, NJ 07836-1080 - Reg. No. 36,134

. Phone No. {862} 778-7831
Cate: May 11, 2006
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ARTIFACT SHEET

Enter artifact number below. Artifact number is application number +
artifact type code (see list below) + sequential letter (A, B, C ...). The first
artifact folder for an artifact type receives the letter A, the second B, etc..
Examples: 59123456PA, 59123456PB, 5912?&562}3\, 591234567ZB

lo 2 368 (.
Indicate quantity of a single type of artifact received but not scanned. Create
individual artifact folder/box and artifact number for each Artifact Type.

CD(s) containing:
computer program listing
Doc Code: Computer . Artifact Type Code: P
pages of specification
and/or sequence listing
and/or table

Doc Code: Artifact Artifact Tvpe Code: S
content unspecified or combined
Doc Code: Artifact Artifact Type Code: U

Stapled Set(s) Color Documents or B/W Photographs
Doc Code: Artifact  Artifact Type Code: C

Microfilm(s)
Doc Code: Artifact  Artifact Type Code: F

Video tape(s)
Doc Code: Artifact  Artifact Type Code: V

Model(s)
Doc Code: Artifact  Artifact Type Code: M

Bound Document(s)
Doc Code: Artifact  Artifact Type Code: B.

Confidential Information Disclosure Statement or Other Documents
marked Proprietary, Trade Secrets, Subject to Protective Order,

Material Submitted under MPEP 724.02, etc.
Doc Code: Artifact  Artifact Type Code X

Other, description:
Doc Code: Artifact  Artifact Type Code: Z

March 83 2004
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UNITED STATES PATENT AND TRADEMARK OFFICE % '

UNITED STATES DEPARTMENT OF COMMEREE
United Stares Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

F.Q) Box 1450

Alcxandria, Virginia 22313- 1450
WWW.LSPLO.EOV

| APPLICATION NO. FILING DATE ] FIRST NAMED INVENTOR —[ ATTORNEY DOCKET NO. l CONFIRMATION NO. ,
10/341.868 017142003 Gary Michael Ksander 4-32219A 8865
1095 7590 0772512006 [ EXAMINER —|
NOVARTIS KIM, JENNIFER M
CORPORATE INTELLECTUAL PROPERTY
ONE HEALTH PLAZA 104/3 [ ART LINIT PAPER NUMBER l
EAST HANOVER, NJ 07536-1080 1617

DATE MAILED: 07/25/2006

Please find below and/or attached an Office communtcation concerning this application or proceeding.

PTO-96GC (Rev. 10/03)
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Application No. Applicant(s}

10/341,868 KSANDER ET AL.
Office Action Summary Examiner ArtUnit

Jennifer Kim 1617

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TC EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be avallabla under the provisions of 37 CFR 1,136{a). In no event, hawever, may a reply be timely filed

after SIX (8} MONTHS from the mailing date of this communication.
- It NO period far reply is specified above, the maximum statutery periad will apply and will expira S1X (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended pericd for reply will, by statute, cause the application to becgme ABANDONED {35 U.S.C. § 133).

Any reply received by the Offica [ater than three months after the mailing date of this communicatian, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
X Responsive to communication(s) filed on 11 May 2006.
2a)X] This action is FINAL. 2b)] This action is non-final.

3)[] 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

N Claim(s) 1,3-5 and 7 isfare pending in the application.
4a) Of the above claim(s) 5§ and 7 isfare withdrawn from consideration.

51 Claim(s) ___isfare allowed.
- B) Claim(s)} 1.3.4 is/are rejected.
7)J Claim(s} _____is/are objected to.
B)J Claim(s} ___ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)] The drawing(s) filed on is/are: a)_| accepted or b)[_| objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheei(s) including the correction is required if the drawing{s} is objected to. See 37 CFR 1.121{d}.
11)] The oath ar declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAll b)]Some * c)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[ ] 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.

Attachment(s)

1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [[] Notice of Draftsperson's Patent Drawing Review (PT0-848) Paper Ne(syMail Date. _

3y X Information Disciosure Statement(s) {PTO-1448 or PTO/SB/08) 5) L] Notice of Informal Patent Application (PTO-152)
Paper No{s)/Mail Date 4/4/2008. §) D Other:

Ll.5. Patent and Trademark Office
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060713
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Application/Control Number: 10/341,868 Page 2
Art Unit: 1617

DETAILED ACTION

The amendment filed on May 11, 2005 have been received and entered into the

application.
Action Summary

The rejection of claims 8-11 under 35 U.S.C. 103(a) as being unpatentable over
Ksander (U.S.Patent No. 5,217,996) of record is hereby expressly withdrawn in view of

Applicant's amendment indicating cancellation of the claims.

The rejection of claims 1, 3 and 4 under 35 U.S.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,996) of record and Buhlmayer et al. {U.S.Patent

No. 5,399,578) is being maintained for the reasons stated in the previous Office Action.

Response to Arguments
Applicant's arguments filed May 11, 2005 have been fully considered but they are
not persuasive. Applicants argues with respect to rejection under 35 U.S.C. 103(a) over
Ksander and Buhlmayer et al. with the Declaration of Gary Ksander (as being one of
ordinary skill) that one of ordinary skill in the art would not motivated to combined cited

two patents to make the combination of the claimed invention. This is not persuasive
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Application/Control Number; 10/341,868 Page 3
Art Unit: 1617 |

because the examiner recognizes that obviousness can only be established by
combining or modifying the teachings of the prior art to produce the claimed invention
where there is some teaching, suggestion, or motivation to do so found either in the
references themselves. It is well settled in the law as stated in /In re Kerikhoven, 626
F.2d 846, 205 USPQ 1069, at page 1072 (CCPA 1980):
It is prima facie obvious to combine fwo compositions each of which is taught by the
prior art to be useful for the same purpose, in order to form a third compaosition which
is to be used for the very same purpose. In re Susi, 58 CCPA 1074, 1079-80, 440
F.2d 442, 445, 169 USPQ 423, 426 (1971), In re Crockett, 47 CCPA 1018, 1020-21,
279 F.2d 274, 276-77, 126 USPQ 186, 188 (CCPA 1960). As this court explained in
Crockett, the idea of combining them flows logically from their having been
individually taught in the prior art.
Further, the affidavit filed under 37 CFR 1.132, an expert's opinion on the ultimate legal
issue must be supported by something more than a conclusory statement. in re
Brandstadter, 484 F .2d 1395, 1405, 179 USPQ 286, 294 (CCPA 1973).
The Webb Declaration has been carefully reviewed and considered but the alleged
unexpected result is not persuasive hecause each of the patent teaches the “effective
amounts” to be employed to obtain antihypertensive effect, i.e. Buhlmayer et al. teach
the effective amount of valsartan of about 30mg/kg. {column 7, lines 25-30); Ksander
teach the effective amount of AHU377 of about 10mg and 100mg for a mammal of
about 90 to 70kg (column 18, lines 59-64). It is noted that Applicants experiments
showing synergistic, unexpected and surprising antihypertensive effect of a combination
of valsartan at 30mg/kg/day and AHU 377 at 30mg/kg/day and the combination of
valsartan at 100mg/kg/day and AHU377 at 30mg/kg/day, would be expected since

these dosages are much higher than the effective dosage taught by the patents.
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T.herefore, Applicants recitation of the specification at page 7, line 17 that, “....a
combination of valsartan and a NEP inhibitor achieves greater therapeutig effect than
the administration of valsartan, ACE inhibitors or NEP inhibitors alone..." is expected
upon administration of higher recommended dosage. Thus, the claims fail to patentably

distinguish over the state of the art as represented by the cited references.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a} A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have bheen obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

RSN

This application currently names joint inventors. In considering patentability of

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
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the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

Claims 1, 3 and 4 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,996) of record and Buhlmayer et al. (U.S.Patent
No. 5,399,578).

Ksander teaches a pharmaceutical composition comprising the compound, 4-[N-
(3-carboxy-1-oxo-propyljamino]-4-(p-phenylphenylmethyl}-2-methylbutanoic acid ethyl
ester, the (2R ,4S)antipode thereof (also known as N-(3-caroxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino2R-methyibutanoic acid ethyl ester) is a pharmacologically
potent neutral endopeptidase enzyme (NEP) inhibitor and it is useful for the treatment of
cardiovascular disorders such as hypertension. (column 9, lines 5-15, column 12,
lines 1-10, claims 1-22). Ksander teaches ammonium salts, mono-, di- or tri-lower
(alkyl or hydroxyalkyl)-ammonium salts (e.g. triethanolammonium) are suitable
pharmaceutically acceptable salts of the compound. (column 5, lines 35-45).

Buhimayer et al. teach valsartan is useful for an anti-hypertensive treatment.

{(abstract, claims).
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The claims differ from the cited references in claiming a phamaceutical
composition comprising combination of the Speclific NEP inhibitor and valsartan. To
employ combinations of specific NEP inhibitor and valsartan would have been obvious
because all the components are well known individually for treating hypertension. Qne
of ordinary skill in the art would have been motivated to combine specific NEP inhibitor
and valsartan in a single composition in order to achieve an expected benefit of
antihypertensive effect of the combination. The motivation for combining the
components flows from their individually known common utility (see In re Kerkhoven,
205 USPQ 1069(CCPPA 1980)). Thus, the claims fail to patentably distinguish over

the state of the art as represented by the cited references.

None of the claims are allowed.

THIS ACTION [S MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of thle THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jennifer Kim whose telephone number is 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 number for 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) system. 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 http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 {toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571m

Sreenivasan F’admanabhaﬁ
Supervisory Examiner
Art Unit 1617

Jmko
July 13, 2006

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 930



FORM PT0-1449 V.S, DEPARTMENT OF COMMERCE ATTY. DOCKET NO. Shoet1ot3
{REV. 7-85) PATENT AND TRADEMARK OFFICE 4322134
INFORMATION DISCLOSURE CITATION ?&L:%EON NO.
{Use several sheets if necessary} APPLICANT
. KSANDERETAL.
FILING DATE Group
JANUARY 14, 2003 617
U.5. PATENT DOCUMENTS
_ e DOGUMENT NUMBER DATE NAME CLASS | SUBCLASS | FILING DATE
) 2 —TAA | US 4610816 - 08/09/86 | Berger 549 452 06/15/84
/ AB | US 4,722,810 02/02/88 | Delanay et al. 260 402.5 08/13/86
. AC | US 4,740,499 04/26/88 | Olins 514 13 07/28/86
¢ AD | US 4,749,688 06/07/88 | Haslanger et al.. 514 19 06/20/886
AE | US 4,829,641 05/29/80 | Haslanger et al, 514 506 05/11/88
AF | US5,217.996 06/08/33 | Ksander 514 533 01/22192
AG | US 5,223,516 06/29/93 | Delaney ¢t al. 514 33g 04124/91
AH | US 5,273,850 12/28/83 | De Lombaert 514 381 09/03/92
| Al US 5,294,632 03/15/94 | Erion et ai. 514 381 1009792
J/ AJ {US 5,389,578 03/21/95 | BOhimayer et al. 514 381 12129192
)-/ AK | US 5,520,522 05/28/96 | Rathore et al. 417 322 0921194
/ AL
FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE OFFICE CLASS | SUBCLASS W
AM | EP 0342850 - 11/23/89 | Europe — 0O O
AN | EP 0343 011 11/29/89 | Europa —1 0 0
AQ | EP 0361365 04/04/90 | Europe —_—T o 0
AP | EP 0443 983 08/28/91 | Europe —_ O 1
AQ | EP0636621B1 3/12/97 | Eurcpe JRS E— O (O

'OTHER DOCUMENTS {including Author, Title, Data, Pertinent pages, Etc.)

AR

"| Aimeida et al., "Clearance Function of Type C Rece
Physiol, Vol, 256, pp. R469-R475 {1989).

ptors of Atrial Natriuretic Factor in Rats®, Am J

Bazil, Krvlan and Wabb, *Telemetric Monitoring of Cardiovascular Parameteres in Conscious
Spontaneously Hypentensive Rats®, J Cardiovasc Pharmacol, Vol. 22, pp. 897-905 (1993).

AT

/}-.-.-—
A%
27

/

/_/'),’/—/
i a5
pd

24

Consensus Trial Study Group, “Effects of Enalaprii on Mortality in Severe Congestive Heart Faiture",
N Eng J Med, Vol. 316, No. 23, pp. 1429-1435 {1987).

EXAMINER

DATE CONSIDERED

7/2[0¢

“EXAMINER:

Iniﬁal{om::& considered, whether or not citation is in corformance with MPEP 60S-
conformance and not considared. Include a copy of this form with the next communication to applicant.

Craw a lina through citation # not in
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FORM PT0-1449 U.5. CEPARTMENT OF COMMERCE ATTY. DOCKET NO.
{REV. 7-85) PATENT AND TRADEMARK OFFICE 4-32218A
INFORMATION DISCLOSURE CITATION mﬂm“ NO.
{Use several sheets If nacessary} -APPLIE:ANT
. KSANDER ET AL. : :
FILING DATE Group
JANUARY 14, 2003 1617

FOREIGN PATENT DOCUMENTS

I AT T Y T P — I St ]
P DOCUMENT NUMBER CATE OFFICE CLASS SUBCLASS | TRANSLATION
. YES NO

e CA |EPO0G636621 02/01/95 | Europe —

e | |cB |GB2218983 | 11720188 | United Kingcom

( CC | WO 80/09374 (8/23/90 | WIPO —r

CD | WO 92/14706 09/03/92 | wiro e

| CE | WO 83/09101 05/13/83 | WIFD —_—T

/ | cF | wosanorra 06/10/93 | wiPO —t—

,_,}/ CG | WO 84/15508 - 071/94 | WIPO (English Abstract) —T

7/ CH

Ci

cJ

cK

cL

CM

CN

co

cpP

€Q

CR

Cs

CT

Cu

cv

cw

CX

cY

ojojo[o|ojo|o|o|ojo|o|olo|olololo|ojo|ololalalalala
0|o|ojolojoloiolo|o|o|alaloloojon|ojajojolalo/olo

CZ

EXAMINER - DATE CONSIDERED _ -

| 7/ 10 /0
TEXAMINER: Initial of refer nsiderad, whether or not citation is In conformance with MPEP 608: Craw a line through citation # nat in
conformanca and nat ered. (nclude a copy of this form with the naxt communication to apglicant. :
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-FORM PTO-1449 .S, DEPARTMENT OF COMMERCE ATTY, DOGKET NOD.
(REV. 7-85) PATENT AND TRADEMARX OFFICE 4-32219A
INFORMATION DISCLOSURE CITATION . APPLICATION NO.
{Use several sheots if necessary) : APFI.IE‘:ANT
. KSANDER ET AL.
FILING DATE Group
JANUARY 14, 2003 1617

v g OTHER DOCUMENTS (including Author, Title, Date, Pertinent pages, Ete.)

DA

Stephenson et al., “The hydrolysis of a-human atrial natriuretic peptide by pig kindnay microvillar
membranes is inftlated by endopeptidase-24.11 Biochem J, Vol. 243, pp. 183-187(1987).

a2

Erdés, “Angiotansin | Converting Enzyme and the Changes in Our Concepts Through the Years" —
Lewis K. Dahl Memorial Lecture, Hypertansion, Val. 15, No. 4, pp. 363-370 (1950).

L o

Intengan, Park and Schiffrin, "Blood Pressure and Small Arteries in DOCA-Salt-Treated Ganetically
DC | AvP-Deficient Rats", Hypertension, Vol. 34, No. 4, Part 2, pp. 907-913 (1899). -
tntengan, ThibauXt, Li and Schiffrin."'ResIstance Artery Méchanics. Structure, and Extraceflutar
DD [ Componsnts in Spontaneously Hypertensive Rats®, Circulation, Vol. 100, No. 22, pp. 2267-2275
{1599} : .
Needleman et al., “The Biochemica} Pharmacolegy of Atrial Peptides”, Annu Rev Pharm Tox,
DE | Vol. 28, pp. 23-54 (1388}, :
Stephenson and Kenny, "Metabolism of Neuropeptides”, Biochem J, Vol 241, pp. 237-247 (1987}
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Sybertz et al., "SCH 38370, a Néutral Metalloendopeptidase Inhibitor, Potentiates Biological
| DG { Responses to Atrial Natriuretic Facter and Lowers Blood Pressure in Desoxycorticosterone
Acetate-Sedium Hypertensive Rats®, J Pharmacol Exg Ther, Val. 250, No. 2, pp. 624-631 (1989).
Sybertz et al., "Atrial Natriuretic Factor-Potentiating and Antihypertensive Aclivity of SCH 34826",
DH | Hypertansion, Voi. 15, No. 2, pp. 152-161 (1890}
- Williford, Sharma, Korth and Sheu, "Spatial Heterogeneity of Intratellular Ca’® Concentration in
DI | Nonbeating Guinea Pig Ventricular Myocytas®, Cire Res, Vol. 66, No. 1, pp. 241-249 {1590},
Zannad, "The Emerging Role of ACE Inhibitors in the Treatment of Cardiovascular Disease”,
DJ | J Cardiovasc Pharmacol, Vol. 15, Suppl. 2, pp. $1, 85 {1990),
-} CAPLUS Abstract AN 1986:573042"- Taub et al., f ZAB400670, 9/25//1985
DK
CAPLUS Abstract AN 1995: §31230- Sugano et al., JP 07157459, 06/20/15895,

/om

CAPLUS Abstract AN 1995:412660 - Yamada et al., JP 06234754, 8/23/1984

7
CN
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- - | DATE CONSIDERED //'u/dé

‘EXAMIKER: inltial of rafm;na'considamd. whether or not citation is in confoermance with MPEP §09: Draw a line through cltation ff notin_
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Application No. Applicant{s}
. 10/341,868 KSANDER ET AL.
Interview Summary i i
Examiner Art Unit
h Jennifer Kim 1617

All participants (applicant, applicant's representative, PTO personnef):

1) Jennifer Kim. (3)Mr_Feqraro. GP
(1

(2) Dr. Randy Lee Webb. QW (4) :

Date of Interview: 03 Qctober 2006.

Type: a)[] Telephonic b)] Video Conference
c)B Persanal [copy givento: 1)] appticant  2)IX applicant's representative]

Exhibit shown or demonstration conducted: di[ ] Yes )X No.
If Yes, brief description:

Claim(s) discussed: Pending claims.

Identification of prior art discussed: Prior art of record (Buhimaver et al., Ksander et al {Us 5217996).

Agreement with respect to the claims f)[_] was reached. g)[X] was not reached. h)\[] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: General nature cf the invention was discussed. Mr. Ferraro discussed synergistic
effect of combination comprising valsartan and AHU 377. Exhibit 1 shows combination of Val: AHU377 in specific
amourts showing significantly surprising and unexpected resuft. One dosage, valsartan and NEFi at 30:30
myg/ka/day is expressily disclosed in the cited references and others were implicitly disclosed.. :

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE CF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF CNE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TQ
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

A

Examiner Note: You must sign this farm unless it is an /of/_?/a‘{
Attachment to a signed Qffice action. Examiner’s signature, if required

U.S. Patent ard Trademark Offica

PTOL-413 (Rev. 04-03) Interview Summary Paper Ne, 20061003
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Summary of Record of Interview Requirements

Manual of Patent Examining Procadure (MPEP), Sectlon 713.04, Substanca of Intarviow Must ko Made of Record
A complete written staterment as to the substance of any face-to-face, video conference, or telaphone intervisw with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview,

v Title 37 Code of Federal Regulatlons (CFR) § 1.133 Interviews
Paragraph (b}
In every instance where reconsideration is requested in view of an interview with an examiner, a complets written statement of the reasons presented at the interview as
warranting favorable action must be filad by the applicant. An inlerview does not remove tha necessity for reply to Office aclion as specified in §§ 11414, 1,135, (35 U.S.C. 139)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent ar Trademark Office should be transacted in writing. The personal ettendance of applicants or their attorneys or agents et the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the wiitten record in the Office. No sttention will be paid to
any alleged aral promise, stipulation, or understanding in relation to which there is disagreement or doubt,

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews. .

Itis the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. 1t is the examiner's responsibility to see that such a record is made and te correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Farm for each interview held where a maiter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks, Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Exarnining Procedure, or pointing
out typographical effors or unreadable scriptin Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, na separate Interview Summary Recard is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a dupticate of the Form is given to the applicant (or attorney or agent) at the
conelusion of the interview. [n the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional cerrespendence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides far recordation of the following information:

- Application Number {Series Code and Serial Number)

- Name of applicant

- Name of examiner

— Date of interview

— Type of interview (telephonic, video-conference, or personal}

— Name of participant{s) {applicant, attorney or agent, examiner, other PTO personnel, etc.)

~ Anindication whether or not an exhibit was shown or a demonstration conducted

— Anidentification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being alowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

Itis desirable that the examiner crally remind the applicant of his or her obligation to record the substance of the interview of each case, It
should be noted, however, that the Interview Summary Form will not normally be cansidered a complete and proper recardation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance ef any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shawn or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4} an idenlification of the principal proposed amendments of a subsiantive nature discussed, unless these are already described on the
Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,
{The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The idenlification of the arguments is sufficient if the general nature or thrust of the principal arguments made ta the
examiner cah be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describa those arguments which he ar she feels were or might be persuasive to the examiner)
6) a general indication of any other pertinent matters discussed, and
7)if appropriate, the general results or sutcome of the interview unless already described in the Interview Summary Form completed by
the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not compiete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Exemlner to Check for Accuracy

if the claims are allowable for other reasans of record, the examiner should send a letter setting forth the examiner's varsion of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record QK on the
~ paper recording the substance of the interview along with the date and the examiner's inftials.
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CASE 4-32219A

FILING BY “"EXPRESS MAIL"” UNDER 37 CFR 1.10

EV YRS 02306215 11120/ b

Express Mail Label Number Dafe of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M.
APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

MS: Amendment
Commissicner for Patents
PO Box 1450

Alexandria, VA 22313-1450

AMENDMENT AND RESPONSE

Sir:

Responsive to the Interview of Gctober 3, 2006 and the outstanding action dated July
25, 20086, in the above-identified application, having a period for response set to expire
November 27, 20086 (November 25, 2006 being a Saturday), due to the attached one-month
petition for extension of time, Applicants respectfully request the following amendment be

entered and the claims considered in light thereof.

Amendmaents to the claims are reflected in the listing of claims which begins on page 2 of this

paper.

Remarks/Arguments begin on page 4 of this paper.
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This listing of the claims will replace all prior versions, and listings, of claims in the
application.

Listing of Claims:

1. (currently amended) A pharmaceutical composition comprising:

(i} the AT 1-antagonist valsartan or a pharmaceutically

acceptable salt thereof in a daily unit dose of about 20 mq to about 320 mg:
and '

(i) the NEP inhibitor N-{3-carboxy-1-oxopropyl)-(48)-p-
phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester or
(2R,45)-5-Biphenyl-4-yl-4{3-carboxy-propionyl amino}-2-methyl-pentancic

acid or pharmaceutically acceptable salts thereof in a daily unit dose of

about 28 mg to about 800 mg and a pharmaceutically acceptable carrier.

2. (canceled)

3. (previcusly presented) The pharmaceutical composition of Claim 1, wherein
N-(3-carboxy-1-oxopropyl)-(4 8}-p-phenylphenylmethyl}4-amino-2R-methylbutanoic acid
ethyl ester is a triethanclamine or tris(hydroxymethyl)aminomethane salt thereof.

4. (currently amended) A kit comprising in separate containers in a single

package pharmaceutical compositions comprising in one container a pharmaceutical
compoesition comprising N-{3-carboxy-1-oxopropyl)-(45)-p-phenylphenylmethyl}-4-amino-2R-
methylbutancic acid ethyl ester or (2R,4.5)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-
methyl-pentanoic acid or pharmaceutically acceptable salts thereof in a daily unit dose of

about 20 mg to about 800 mg and in a second container a pharmmaceutical compaosition

comprising valsartan in a daily unit dose of about 20 mgqg to about 320 ma.

9. {withdrawn) 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 pecteris, diabetes, secondary aldosteronism, primary
and secondary pulmonary hypertension, renal faiture conditions, such as diabetic
nephropathy, glomerulonephritis, scleroderma, glomerular sclerosis, proteinuria of primary
renal disease, and also renal vascular hypertension, diabetic retinopathy, the management
-2-

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 939



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 therapeuticatly effective amount of combination of:
{i} the AT 1-antagonists valsartan cr a pharmaceutically
acceptable salt thereof; and
(ii) the NEP inhibitor N-(3-carboxy-1-oxopropyl (4 5)-p-
phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester or
(2R.45)-5-Biphenyl-4-yl-4(3-carboxy-propiocnyl amino)-2-methyi-pentanoic
acid or phamaceutically acceptable salts thereof and a pharmaceutically

acceptable carrier to a mammal in need of such treatment.
G. (canceled)
7. (withdrawn) The method of Claim 5, wherein N-(3-carboxy-1-oxopropyl}-
{45)-p-phenylphenyimethyl}-4-amino-2R-methylbutanocic actd ethyl ester is a triethanclamine

or tris(hydroxymethyl)aminomethane sait thereof.

8-11. (canceled)
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REMARKS
Reconsideration of the above-identified application as amended is requested. Claims
1 and 4 have been amended. Claims 1, 3 and 4 remain in the application. No new matter

has been added.

The Interview of October 3, 2006
Applicants thank the Examiner for the courtesy extended during the above Interview.

Applicants agree with comments which were made a part of the Interview Summary prepared
by the Examiner on October 3, 2006. For completeness, the exhibits provided to the

Examiner during the interview are attached hereto.

Rejection of claims 1, 3 and 4 under 35 U.S.C. §103(a)
Claims 1, 3 and 4 were rejected under 35 U.S.C. §103(a) over Ksander U.S. Patent No.
5,217,996 (‘996 patent) and Buhlmayer et al. U.S. Patent No. 5,399,678 ('578 patent). In

response to the arguments and declarations previously submitted,.the Examiner states that the

Applicants' experiments showing synergistic, unexpected and surprising antinypertensive effect
of a combination of valsartan at 30 mg/kg/day and AHU377 at 30 mg/kg/day and the
combination of valsartan at 100 mg/kg/day and AHU377 at 30 mg/kg/day, would be expected
since these dosages are much higher than the effective dosage taught by the patents.
Applicants respectfully traverse this rejection inscfar as it applies to the claims as amended.

The Examiner states that the Buhlmayer patent teaches the effective amount of
valsartan of about 30 mg/kg/day and that the Ksander patent teaches the effective amount of
AHU377 of about 10 mg and 100 mg for a mammal of about 50 to 70 kg. Applicants respectfully
submit that the dosages for the tests in the Dahl salt-sensitive rat using 30 mg/kg valsartan and
30 mg/kg NEPi were, in fact, disclosed in the prior art. Buhlmayer discloses the 30 mg/kg
valsartan dosage in a rat model that the Examiner cited at col. 7, lines 25-30, and Ksander alsg
discloses a dosage of 30 mg/kg NEPi in a rat model at col. 11, lines 32-37. The section quoted
in the Office Action ("about 10 mg and 100 mg for a mammal of about 50 to 70 kg”) relates to
dosages in humans, not rats.

Thus, because the dosages 30 mg/kg valsartan and 30 mg/kg NEPI for a rat are
disclosed in the prior art, this test did not use “higher” than the effective dosages disclosed in
prior art to yield synergistic results. For that reason alone, Applicants respectfuily request that
the rejection be withdrawn and the case allowed.

Further, for the tests combining the dosages of 100 mg/kg valsartan and 30 mg/kg NEPi
in Dahl salt-sensitive rats, while the 100 mg/kg valsartan dosage was not expressly disclosed in
the prior art, the test was fair and the results meaningful.

It is fair because the 100 mg/kg valsartan dosage in combination is compared with the
same 100 mg/kg valsartan dosage as monotherapy. And the 30 mg/kg NEPFi dosage is, as

-4 -
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shown above, disclosed. Testing at a dosage of 100 mg/kg valsartan is also meaningful to
demonstrate efficacy over a range of fixed-dose combinations.

Moreover, the prior art does not limit the dosage to 30 mg/kg valsartan. The
specification language with respect to valsartan dosages, “[ilt was possible to detect the
pronounced antihypertensive effect from a dose of about 30 mg/kg p.o.”, Buhimayer col. 7, lines

15-18 and 27-29 (emphasis added), and “[t|he dose of the active ingredient depends on the
species of warm blooded animal species, the age and the individual cendition and on the
manner of administration”, Buhlmayer col. 27, lines 40-42 (emphasis added), is not limiting
language.

Similarly, for the tests combining the dosages of 10 mg/kg valsartan and 100 mg/kg
NEPi in the stroke prone spontaneously hypertensive rat (SHRsp}, while the 100 mg/kg NEPI
dosage was not expressly disciosed, the test was fair and the results meaningful. Itis fair
because the 100 mg/kg NEPi dosage in combination is compared with the same 100 ma/kg
NEPi dosage as monotherapy. Testing at a dosage of 100 mgfkg NEPI is also meaningful to
demonstrate efficacy over a range of fixed-dose combinations.

Moreover, the prior art does not limit the dosage to 30 mg/kg valsartan or NEPi. Again,
the specification language with respect to valsartan dosages, “[ilt was possible to detect the

pronounced antihypertensive effect from a dose of about 30 mg/kg p.o.", Buhlmayer col. 7, lines
15-18 and 27-29 {emphasis added}, is not limiting language. Thus, testing at the lower 10
mg/kg valsartan dosage is meaningful. --

The prior art language with respect to NEPI dosages, “{tlhe dosage in vivo may range
depending on the route of administration between about 0.01 and 50 mg/kg, advantageously
between about 1.0 and 25 mg/kg”, Ksander, col. 9, lines 27-30 and 36-39 (emphasis added), is
also not limiting. Thus, testing at the higher 100 mg/kg NEPi dosage is meaningful.

In addition to the above and without admitting that a declaration is required to overcome
the rejection, Applicants are attaching hereto a second declaration of Dr. Randy Webb. The
second Webb Declaration establishes that the valsartan and AHU377 dosages in the rat studies
were selected based on their ability to block the AT, recepter or inhibit the NEP enzyme,
respectively, in the particular species, and that in humans, valsartan and AHU377 block the AT,
receptor or inhibit the NEP enzyme at the dosages set forth in the amended claims.
Accordingly, this establishes that testing at the dosages selected in the rat studies is predictive
of the antihypertensive effect to be achieved in humans over the human dosage range of from
about 20 mg to about 320 mg for valsartan and from about 20 mg to about 800 mg for NEP
inhibitors (see, e.g., page 16, lines 9-10 and 18 in the instant application).

Based on this, the combination of valsartan and AHU377 is expected to have the same
synergistic, unexpected and surprising antihypertensive effect over monotherapy when
administered in humans in the dosage ranges of from about 20 mg to about 320 mg of valsartan

-5-
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and from about 20 mg to about 800 mg of AHU377 as was seen in the rats at the particular
dosages administered.

Thus, since the human dosage ranges to which the amended claims are now directed
would be expected to show synergy in humans, the obviousness rejection based on the cited art
is overcome.

In view of the foregoing, Applicants submit that all rejections have been traversed and
should be withdrawn and that the Application is now in condition for allowance and respectfuily

requests early notice to that effect.

Respectfully submitted,

Novartis

Corporate Intellectual Property Gregory D/Fdfraro
Cne Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134

(862) 778-7831

Date: H/Z.O/OA
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EXHIBIT 1:

Blood Pressure (BP) Results for Valsartan and Specific NEPi Monotherapy and

Combinat

ion Therapy

Dahl salt-sen

sitive model:

Dase Final BP Improvement | Expected Improvement
mg/kgfday mmHg over Vehicle improvement | Factor
mmHg mmHg mmHg
Vehicle 193+ 5
Valsartan 30 1916 -2
Valsaran 100 196 + 7 +3
AHU377 30 191+ 5 -2
AHU377? 100 177+ 5 -16
Val:AHU377 30:30 17626 -17 -4 -13
Val:AHU377 100:30 174+ 5 -19 +1 -18
SHRsp mode| :
Systolic Blood Pressure (SBP):
Dose Final 5BP SBP Expected Improvement
mg/kg/day mmHg Reduction Improvement Factor
mmHg mmHg
Venicle _ Ljtesxe I o
Valsartan 10 176+ B <19
AHU377 100 199+ 6 +4
Val:AHU377 | 10:100 167+ 5 -28 -15 -13
Diastolic Blood Pressure {DBP):
Dose Final DBP DBP Expected Improvement
mg/kgfday mmHg Reduction Improvement Factor
mmHg mmHg
Vehicle 142 £ 3
Valsartan 10 137+ 7 -4.6
AHU377 100 151+ 8 +8.5
Val:AHU377 | 10:100 118+ 5 -23.8 +4.9 -28.7
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EXHIBIT 2:

Additional Therapeutic Benefits of Valsartan / Specific NEPi Combination

Dosage Decreased Increased Decreased Decreased
{(mg/kg/day) | Media/Lumen MMP-2 Collagen Vascular
Ratio of Activity; Density of Macrophage
Intramyocardial | Decreased | Intramyocardial | Infiltration
Coronary TIMP-2 Coronary
Arteries Activation Arteries
Valsartan 10 No effect No effect Some effect Some effect
AHU3TY 100 No effect No effect No effect Scme effect
(NEPi)
Combination | 10 : 100 Effactive Effective Mast effective Most
effective
-8-
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EXHIBIT 3:

Prior Art Disclosures of “Effective Amounts" of Valsartan and Specific NEPi

U.S. Patent No. 5,399,578 (Buhlmayer et al.}

Valsartan

U.S. Patent No. 5,217,996 {Ksander)
Specific NEPi

“The aniihypertensive activity of the
coempounds [of the invention] and their
pharmaceutically acceptable salts may
also be manifested in the renally
hypertensive rat test model.. it was
possible to detect the pronounced
antihypertensive effect from a dose of
about 30 mgfkg p.o.” [col. 7, lines 15-18
and 27-29 (emphasis added)].

“The dose of the active ingredient depends
on the warm-blooded animal species, the
age and the individual condition and on the
manner of administration.” [col. 27, lines
40-42].

“The [diuretic, natriuretic, analgesic and
antihypertensive] properties are
demonstrable in vitro and in vivo tests,
using advantageously mammals, e.g. mice,
rats, degs, monkeys cr isolated organs,
tissues and preparations thereof,..The
dosage in vivo may range depending on
the route of administration, between about
0.01 and 50 mg/kg, advantageously
between about 1.0 and 25 mg/kg." [col. 8,
lines 27-30 and 36-39].

“lllustrative of the invention, [the specific
NEPI] at a dose of 30 mag/kg p.o. ...
produces a significant reduction in blood
pressure in the DOCA-salt hypertensive rat
model.” [col. 11, lines 32-37 {emphasis
added)).

“A unit dosage for a mammal of about 50
to 70 kg may contain between about 10
and 100 mg of the active ingredient. The
dosage of active compound is dependent
on the species of warm-blocded animal
{mammal), the body weight, age and
individual condition, and on the form of
administraticn.”

[col. 18, lines 59-64].
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ﬁEQU EST Application Number

FOR Fiting Date January 14, 2003
NUED EXAMINATION (RCE) First Named Inventor | KSANDER ET AL,
TRANSMITTAL

Group Art unit 1617

Subsectlcn (b) of 35 U.5.C. § 132, effecctive on May 29, 2000,
provides for continued examination ef an utility or plant application
fited on or after Jure 8, 1985,

See The American Inventors Protection Act of 1998 (AIPAY.

Examiner Name Kim, Jennifer M

AHorney Docket 4-32219A
Number

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application,
NOTE: 37 C.F.R. § 1.114 is effective on May 28, 2000. If the above-identified application was filed prior to May 28, 2000,
applicant may wish fo consider filing s continued proseculion application (CPA) under 37 CF.R. § 1.53 {d)} (FTC/58/25)
instead of & RCE lo be eligible for the patent term adjustmenl provisions of the AIPA. See Changes to Application
Examinalion and Frowisional Application Practice, Interim Rule, B5 Fed. Reg. 148685 (Mar. 20, 2000}, 1233 Off. Gaz. Pat.
Office 47 (Apr. 11, 2000), which established RCE i

Submission required under 37 C.F.R. § 1.114

a. [] Previously submitted
i (] Consider the amendment(s}/reply under 37 C.F.R. § 1.116 previously filed on
{Any unentered amendment(s) referred to above will be entered).
(] Consider the arguments in the Appeal Brief or Reply Brief previously filed on
Enclosed

Xl Amendment/Reply
X Affidavit{s)/Declaration(s) of Randy Webb
[] Infermation Disclosure Statement (IDS)
[] Other

Miscellaneous

a. {3 Suspension of action on the above-identified application is requested under 37 C.F.R. § 1.103(c) for a
period of months. {Period of suspension shall not exceed 3 months; Fee under 37 C.F.R. § 1.17(i)
required)

b. ] Other

Fees The RCE fee under 37 CF.R. § 1.17{e) is required by 37 CF.R. § 1.114 when the RCE is filed.

X The Director is hereby authorized to charge the following fees, or credit any cverpayments, to Deposit
Account No. 19-0134

i. RCE fee required under 37 C.F.R. § 1.17(e}

ii. [X Extension of time fee (37 C.F.R. §§ 1.136 and 1.17)

ii. (] Other

] Check in the amountof $ enclosed

{71 Payment by credit card (Form PTQ-2038 enclosed)

Name Reagistration No. Reg. No. 36,134
Prmr/T pe l (Attorney/Agsnt), Attorney for Applicants
.l.‘I % .

FILING BY "EXPRESS MAIL” UNDER 37 CFR 1.40

EV HPE5 023062105 i /20/06

Express Mall Label Number Date $f Deposjt’

11/22/2006 DERRAKUL 00000004 190134 10341868
02 FC:1801 730.00 DA
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CASE 4-32219A

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

Ksander et al. Examiner: Kim, Jennifer M.

APPLICATION NO: 10/341,868

FILED: January 14, 2003 _

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPQSITION

Assistant Commissioner for Patents
Washington, D.C. 20231

DECLARATION UNDER 37 C.F.R. §1.132

3ir:

[, Randy Lee Webb, being duly warned, hereby declare as follows:

1. | am the same Randy Lee Webb who submitted the Declaration under 37 C.F.R.
§1.132 dated May 11, 2006 in the application identified in the caption above (which Is referred

to in this document as "the Application").

2. The experiments summarized in my previous Declaration involved administering
valsartan and 4-[N-{3-carboxy-1-oxo-propyljamino]-4-(p-phenylphenylmethyl}-3-methylbutanoic
acid ethy! ester (AHU377} in combinaticn and as monotherapy in the Dahl salt-sensitive rat,
spontanecusly hypertensive rat {SHR) and stroke prone male spontaneously hypertensive rat

(SHRsp) models of hypertension.

3. Based on the results achieved in the animal models of hypertension, | would

fully expect a combination of valsartan and AHU377 to have synergistic, unexpected and
surprising antihypertensive effect and added therapeutic benefits in the treatment of
hypertensicn over monotherapy when administered in humans in the daily unit dose ranges of
from about 20 mg to about 320 mg of valsartan and from about 20 mg tc about 800 mg of
AHU377 (see, e.g., page 16, lines 9-10 and 18 in the instant application).

4, I heréby declare that all statements made herein of my own knowledge are true
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and that all statements made on information and belief are believed to be true and further that
these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United
States Code, and that such willful false statements may jeopardize the validity of the application
or any patent issued thereon.

R = W AN

Randy Lee Webb
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CASE 4-32219A

EV HPETPRIVEIUS ErY.Y

Express Mail Label Number 'Da}é of Depgsit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Commissioner far Patents
PO Box 1450
Alexandria, VA 22313-1450

PETITION FOR EXTENSION OF TIME

Sir:
The Office Action of July 25, 2006 has a shortened statutory time set to expire on

October 25, 2006. A one-month extension is hereby requested pursuant to 37 CFR §1.136(a).

Please charge Deposit Account Ne. 18-0134 in the name of Navartis in the amount of $120 for
payment of the extension fee. An additional copy of this paper is here enciosed. The Commissioner is
hereby authorized to charge any additicnal fees under 37 CFR §1.17 which may be required, or cradit any

overpayment, tc Account No. 19-0134 in tha name of Novartis,

Respectfully submitted,

Novartis M/l/\ 4_/12

Corporate intellectual Property Gfegory D Ferfara
One Health Plaza, Building 104 Attorney fdr Applicants
East Hanover, NJ 07836-1080 Reg. No. 36,134

Phone No. (862) 778-7831

Drate: ,(/20/0é

11/22/2006 DERNANUT 00000004 190134 10341868
01 FCe1251 120.00 DA
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_ . _ Appiication or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD
: Effective December 8, 2004 . H) 31/ /f{; e
- CLAIMS AS FILED - PART SMALLENTITY | OTHER THAN
_ {Column 1) olym . TWPE 7] - oRp SMALLENTITY
TOTAL CLAIMS RATE [ FEE | [TRate T Fee
FOR - NUMBER FUED NUMBER EXTRA BANC FEE 3(]5_5! OR JBASIC FEE] 790
l TOTAL CHARGEABLE C_LAIMS minys 20= |* . X$ 25 : on] X350
,l’_‘DE”E-’_‘DEI_"fr RAIMS minus 3 - xi0s | foul x200-
' MULTIPLE DEPENDENT GLAIM PRESENT 0 -
- +180a OR{ +360=
* K the difference tn oolumn 1 is less than 2670, erter "0° in column 2 TOTAL OR TOTAL |790.99
CLAIMS AS AMENDED - PARTII OTHER THAN
{Column 1) {Column 2} (Column 3} SM._ALL ENTIYY OR SMALL_ENTTTY
< CLAMS | HIGHEST . : ADOI ADD!
. REMANING NUMBER PRESENT ' -
3 '[’OU’ AFTER PREVIOUSLY | gxTRA RATE [TIONAL RATE | TIONAL
- ARIA AMENDMENT FAID FOR FEE ' FEE
= Total Mi ' i
Q[T Y inus -~ 20 . X375 OR %504 =3
g Independent | 5 T IMings v S’ L] X100= _'_‘—'-'—-———m______-'
= [FiRST FRESENTATION OF WULTPLE DEPERGES CLAM T o ina
+180= |oRr] +380<
TOTAL TOTAL
ADDIT. FEE OR aoout Fee
[Column 1) (Column 2]  (Column 3)
CLAIMS HIGHEST - o
@ REMAIN: NG HUMBER PRESENT | - ADDI- ADD;-
£ AFTER PREVIOQUSLY EXTRA RATE [TIONAL RATE | TIONAL
w AMENDMENT : FAID FOR FEE FEE
= ) .
% Total * MLnI.J'.r.. - = X% 252 OR XS§0=
5 [tngependent |, Minus - 1 = X100- bn _ :
< [FRsT PRESENTATION QF MULTIPLE DEPENDENT CLAIM (3 : -
) +180= : OR| +380=
TGTAL OR TGTALL
ADDIT, FEE ADDIT. FEE
[Column 1} [Coksmn 2)  (Column 3} '
CLAIMS . HIGHEST . : ,
o REMNNWG NUMBER PAFSENT _ ADDI' _ ) ADDI:
25 -4 - AFERR ] PREVIOUSLY EXTFA ARATE {TIONAL RATE [ TIONAL
bri] _AMENOMENT | PAIDFOR | - I TFfee 7 | - b FEE X
x . . ; - : ]
g Total . IMinus Py = X8 25= bH xss0= [
y ingependant | Minwrs e x : : ) :
FIRST PRESENTATION GF MULTIPLE DEPENDENT CLAIM . E]
. ' : +180= OR | +360=
- Hmmmouumnmmsmanmmtr'ymmmnz.wrievmmumna_ T OR TOTAL
- mwhwmwwmswwmmsmcssmmm ermer 20
mume'nwnmﬁmmmmfmmssmcsmmma enter =3 ADDIT FEE ADOIT. FEE
The “Highest Number Previously Paid For® (Total or Indepeandent) is the highest number found in the dppropriate box tn column 1

Fatert and Tradermark Otice, U.S, DEPARTMENT OF COMMERCE
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UNIiTED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
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Application No. Applicant(s)

10/341,868 KSANDER ET AL.
Office Action Summary Examinar AR Unit

Jennifer Kim 1617

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be avallable under the provisions of 37 CFR 1.138(a). In no event, however, may a reply be timely filed

after S {6) MONTHS fram the mailing date of this communication,
- {NQ period for reply is specified above, the maximum statutory period will apply and will expire 51X {6) MONTHS from the malling date of this communication.
- Failure to reply within the set ar extanded period for reply will, by statule, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office |ater than three months after the mailing datm of this cemmunication, even if timely filed, may reduce any
. earned patent term adjustment. See 37 CFR 1.704(b).

Status

X Responsive to communication(s) filed on 20 November 2006.
2a)_] This action is FINAL. 2b)XJ This action is non-final.
3)] 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, 1835 C.D. 11, 453 O.G. 213.

Disposition of Claims

4 Claim(s) 1.3-5 and 7 is/are pending in the application.
43) Of the above claim(s) 5 and 7 is/are withdrawn from consideration.

5] Claim(s) is/are allowed.

&) Claim(s) 1.3.4 is/are rejected.

7)1 Claim(s) __ is/are abjected to.

8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9] The specification is objected to by the Examiner.
10)] The drawing(s) filed on isfare: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet{s) including the correcticn is required if the drawing(s) is cbjected to. See 37 CFR 1.121(d).
11)] The oath or dectaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)(] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d} or (f).
ayl Al b)]Some* ¢)L] None of:
1.[] Certified copies of the priority documents have been received.
2[] Certified copies of the priarity documents have been received in Application No.

3.1 Copies of the certified copies of the pricrity documents have been received in this National Stage
application from the International Bureau (PCT Rute 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1} D Motice of References Cited {PTC-892) 4) D Interview Summary (FTO-413)

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No{s)Mail Date, ___

3) [ information Disclosure Statement(s) (PTO/SB/OB) )] [] Notice of Informal Patent Application
Paper No(s)Mail Date . 6) D Other:

W.5. Patent ang Trademark Office

PTOL-326 {Rev. 08-06) Cffice Actian Summary Part of Paper No./Mail Date 20070131
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Application/Control Number: 10/341,868 Page 2
Art Unit: 1617

DETAILED ACTION

A request for continued examination under 37 CFR 1_.1 14, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examinaticn under 37 CFR 1.114, and the fee set
forth in 37‘CFR_ 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114, Applicant"s submission filed on

November 20, 2006 has been entered.
Action Summary

The rejection of claims 1, 3 and 4 under 35 U.3.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,996) of record and Buhlmayer et al. (U.S.Patent
No. 5,399,578) is being maintained and the rejection is modified in this Office Action to

address the newly added limitations in claims 1 and 4.

Ciaim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103{a} which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
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Application/Control Number: 10/341,868 - Page 3
Art Unit: 1617

invention was made ta a person having ordinary skill in the art to which said subject matter petains.
Patentability shall not be negatived by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for estabiishing a background for determining
obviousness under 35 U.S.C. 103(a)} are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the appllcatlon indicating
obviousness or nonobviousness.

R

This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a Iat_er invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e)}, (f) or (@)

prior art under 35 U.S.C. 103(a).

Claims 1, 3 and 4 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,896} and Buhlmayer et al. (U.S.Patent No.
5,3989,578), both of record.

Ksander teaches a pharmaceutical composition comprising the compound, 4-[N-
(3-carboxy-1-oxo-propylyamino}-4-(p-phenylphenylmethyl }-2-methylbutanoic acid ethyl

ester, the (2R,45)antipode thereof (also known as N-{3-caroxy-1-oxopropyl)-(4S)-p-
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Art Unit: 1617

phenylphenylmethyl}-4-amino2R-methylbutanoic acid ethyl ester) is a pharmacologically
potent neutral endopeptidase enzyme (NEP) inhibitor and it is useful for the treatment of
cardiovascular disorders such as hypertension. (column 9, lines 5-15, column 12,
tines 1-10, claims 1-22). Ksander teaches ammonium salts, mono-, di- or tri-lower
(alkyl or hydroxyalkyl)-ammonium salts (e.g. triethanolammonium) are suitable
pharmaceutically acceptable salts of the comgound. (column 5, lines 35-45). Ksander
teaches units dosage for warm blooded animal weight 50 to 70 kg may contain
between about 10 and 100 mg of the active ingredient. (column 18, lines 59-64).
These ranges overlap Applibants’ range set forth in claims 1 and 4.

‘Buhlmayer et al. teach valsartan is useful for an anti-hypertensive treaiment.
(abstract, claims). Buhlmayer et al. teach that the dose of the active ingredient as an
approximate daily dose of about 10mg.to about 250mg is useful for oral administration
for a patient weighing approximately 75kg for the warm-blooded animal species.
(column 27, lines 40-46). These ranges are within Applicants’ rahées set forth in
claims 1 and 4.

The claims differ from the cited references that claiming a pharmaceutical
composition comprising combination of the specific NEP inhibitor (N-(3-car0xy-1-
oxopropyl)-(4S)-p-phenylphenylmethyl}-4-amino2R-methylbutanoic acid ethyl ester) and
valsartan in a single formulation with their effective amounts. To employ combinations
of specific NEP inhibitor and valsartan with their effective amounts known in the each of
the above references for treating hypertension in a single formulation would have been

obvious because all the components and the amounts effective to treat hypertension
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are well known individually. One of ordinary skill in the art would have been motivated
to combine the specific NEP inhibitor (N-(3-caroxy-1-oxopropyl)}-(4S)-p-
phenylphenylmethyl)-4-amino2R-metﬁbeutanoic acid ethyl ester} and valsartan in a
single compaosition in order to achieve an expected benefit of antihypertensive effect in
warm-blooded animal species suffen'ng from hypertension. The motivation for
combining the components flows from their individually known common utility (see In re
Kerkhoven, 205 USPQ 1063(CCPPA 1380)).

For these reasons the claimed subject matter is deemed to fail to patentably

distinguish over the state of the art as represented by the cited references. The claims

are therefore properly rejected under 35 U.S.C. 103.

None of the claims are allowed.

Response to Arguments

Applicants’ arguments filed November 20, 2006 have been fuily conside_red but
they are not persuasive. Applicants argue that the dosages for the tests in the Dahl
salt-sensitive rat using 30mg/kg valsartan and 30mg/kg NEPi were disclosed in the
prior art and that Buhimayer discloses the 30mg/kg valsartan dosage in a rat model and

that the section quoted in the Office Action ("about 10mg and 100mg for a mammal of
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about 50 to 70kg") relates to dosages in humans, not rats and bBCBL.JSB the dosages
‘30mgr’kg valsartan and 30mg/kg NEPI for a rat are disclosed in the prior ar, this test
did not use "higher” than the effective dosages disclosed in prior art to yield synergistic
results. This is not persuasive because instant claims are drawn to a composition.
comprising daily dosages of Valsartan and NEPi. It is noted that each of the cited prior
art teaches the daily dosages of each of the active agents within and/or overlapping with
Applicants’ dosages as claimed. Therefore, it would havé been obvious to combine
each of the active agents with known effective daily dosages in a single formulation for
the treatment of hypeﬁension for the warm-blooded animal suffering from hypertension.
The declaration has been carefully considered, however, it is nof persuasive because
Ksander's dosages to be employed to warm-blooded animal is 10 and 100mg for about
50-70kg which is less than Applicants’ mg/kg/day. Therefore, Applicants’ daté showing
unexpected and surprising antihypertensive effect of a combination would be expected
since the each of the prior art teaches daily dosages that are within/overlapping
applicants’ amounts and the comparison data shows much higher mg/kg/day docsages
of NEPi. Thus, the claims fail to patentably distinguish over the state of the art as

represented by the cited references.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jennifer Kim whose telephone number is 571-272-0628.

The examiner can normally be reached on Monday through Friday 6:30 amto 3 pm.
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If attempts to reach the examiner by telephcne are unsuccessful, the examiner's
supervisof, Sreenivasan Padmanabhan can be-reached on 571-272-0629. The fax
phone number for 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) syfstem. Status informatibn 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 http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-91G7 (toII-freé). If you would like assistance from a
USPTO Customer Service Repreéentative or access to the autocmated information

system, call 800-786-9189 (IN USA OR CANADA) or 571-272-1000.

Jennifer Kim
Patent Examiner
Art Unit 1617

Jmk '
January 31, 2007
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CASE 4-32219A

FILING BY “EXPRESS MAIL” UNDER 37 CFR 1,10

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M.
APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION '

MS: Amendment
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

RESPONSE

Sir:
Responsive to the outstanding action dated February 5, 2007, in the above-identified

application, Applicants respectfully request consideration of the following remarks.

Remarks/Arguments begin on page 4 of this paper.
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The claims have not been amended but are reproduced below for the Examiner's
convenience. This listing of the claims will replace all prior versions and listings of claims in
the application.

Listing of Claims:

1. (previously presented) A pharmaceutical composition comprising:
{i) the AT 1-antagonist valsartan or a pharmaceutically
acceptable salt thereof in a daily unit dose of about 20 mg to about 320 mg;
and
{ii) the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester or
(2R.,45)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic
acid or pharmaceutically acceptable salts thereof in a daily unit dose of

about 20 mg to about 800 mg and a pharmaceutically acceptable carrier.
2. (canceled)

3. (previously presented) The pharmaceutical composition of Claim 1, wherein
N-(3-carboxy- 1-oxopropyl}-(4S)-p-phenylphenylmethyl}-4-amino-2R-methylbutanoic acid
ethyl ester is a triethanolamine or tris(hydroxymethyl)aminorhethane salt thereof.

4, (previously presented} A kit comprising in separate containers in a single

package pharmaceutical compositions comprising in one container a pharmaceutical
composition comprising N-(3-carboxy-1-oxopropy!}-(48)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester or (2R,48)-5-Biphenyl-4-yl-4{3-carboxy-propionyl amino)-2-
methyl-pentanoic acid or pharmaceutically acceptable salts thereof in a daily unit dose of
about 20 mg to about 800 mg and in a second container a pharmaceutical composition
comprising valsartan in a daily unit dose of about 20 mg to about 320 mg.

5. (withdrawn) 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, renal failure conditions, such as diabetic
nephropathy, glomerulonephritis, scleroderma, glomerular sclerosis, proteinuria of primary
2.
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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:
(i) the AT 1-antagonists valsartan or a pharmaceutically
acceptable salt thereof; and
(i) the NEP inhibitor N-{3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenyimethyl)-4-amino-2R-methylbutanoic acid ethyl ester or
(2R,45)-5-Biphenyl-4-yl-4{3-carboxy-propionyl aming)-2-methyl-pentanoic
acid or pharmaceutically acceptable salts therecf and a pharmaceutically
acceptable carrier to a mammal in need of such treatment.

6. .(canceled)
7. {(withdrawn) The method of Claim 5, wherein N-(3-carboxy-1-oxopropyl)-
(4 S)-p-phenylphenyimethyl)-4-amino-2R-methylbutanocic acid ethyl ester is a triethanolamine

or tris(hydroxymethyljaminomethane sait thereof,

8-11. (canceled)

-3-
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REMARKS
Claims 1, 3 and 4 remain in the application. Reconsideration of the above-identified

application in light of the remarks that follow is respectfully requested.

Rejection of claims 1, 3 and 4 under 35 U.S.C. §103(a)
Claims 1, 3 and 4 stand rejected under 35 U.S.C. §103(a) over Ksander U.S. Patent No.
5,217,996 ('996 patent) and Buhimayer et al. U.S. Patent No. 5,389,578 ('578 patent). As

support for rejection, the Examiner maintains that (a) Ksander teaches that unit dosages for

warm blooded animals weighing 50 to 70 kg may contain between about 10 and 100 mg of the
[NEP inhibitor] active ingredient (b) Buhlmayer et al. teach that the dose of the [valsartan] active
ingredient as an approximate daily dose of about 100 mg to about 250 mg is useful for oral
administration for 75 kg warm-blooded animal species and (c) these ranges are within and/or
overlap with Applicants’ claimed ranges. The Examiner then concludes “[tlo employ
combinations of specific NEP inhibitor and valsartan with their effective amounts known in each
of the above references for treating hypertension in a single formulation would have been
obvious because all the components and the amounts effective to treat hypertension are well
known individually.” Specifically, the Examiner alleges that the motivation for combining the
components flows from their individually known common utility. In view of the evidence and
argumentation submitted herein, Applicants respectfully traverse this rejection.

Without admitting the claimed invention is obvious, but in addressing the Examiner's
allegation of prima facie obviousness, Applicants respectfully submit that the Examiner erred in
dismissing Applicants’ dispositive showing of unexpected superiority in treating hypertension.

“An analysis of obviousness of a claimed combination must include consideration of the
results achieved by the combination.” Gillette Co. v. 8.C. Johnson & Son Inc., 919 F.2d 720,
725 (Fed. Cir. 1990). Applicants have established factual evidence, via the Webb Declaration,
that the claimed combination of valsartan and the specific NEPi produces a combined
antihypertensive effect that is greater than expected, i.e., greater than the sum of the
antihypertensive effect produced by each component alone. Such showings of an unexpectedly
superior property have long been held to rebut a prima facie case of obviousness. See In re
Chupp, 816 F.2d 643, 646 (Fed. Cir. 1987) {a showing that an herbicide was unexpectedly
superior in the property of selectivity it shared with prior art compounds was sufficient to rebut
prima facie case of obviousness); /n re Orfeo, 169 USPQ 487, 488-89 (CCPA 1971) (a showing
that refrigerant mixture CHF,/CCIF; exhibited a power requirement unexpectedly jower than that
of known refrigerants CHF3 and CCIF, individually was sufficient to rebut a prima facie case of
obviocusness).

In in re Soni, the Federal Circuit held that "when an applicant demonstrates substantially
improved results, as Soni did here, and states that the results were unexpected, this should
suffice to establish unexpected results in the absence of evidence to the contrary.” In re Soni, 34

-4-
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USPQ2d 1684, 1688 (Fed. Cir. 1995). As evidence thereof, Applicants restate the evidence
appearing in the Webb Declaration that the claimed combination of valsartan and specific NEPI
produced an antihypertensive effect that was unexpected and “synergistic.” See Merck v.
Biocraft Laboratories, Inc., 10 USPQ 1843, 1847 (Fed. Cir. 1989) (“when an inventor tries to
distinguish his claims from the prior art by introducing evidence of unexpected ‘synergistic’
properties, the evidence should at Iéast demonstrate ‘an effect greater than the sum of the
several parts taken separately.™)

Applicants respectfully submit that the Applicants’ data, which follows, demonstrates the
unexpectedly superior {i.e., synergistic) results of the combination over valsartan or specific
NEPi alone.

In the Tables on page 7 of the Webb Declaration, copies of which are presented below,
the Applicants have provided resuits that establish the unexpectedly superior ability of the
combination of valsartan and specific NEPi ta lower blood pressure.

Table 1.  Dahl Salt Sensitive Results for Valsartan and AHU377 Combination Therapy:

Dose Final BP Improvement | Expected Improvement
mg/kg/day mrmHg over Vehicle Improvement | Factor
mmHg mimHg mmHG

Vehicle 1935
Val:AHU377 | 30:30 176 £ 6 -17 -4 13
Val:AHU377 30:100 1796 -14 -18 +4
Val:AHU377 | 100:30 174 %5 -19 +1 -18
ValAHU377 100:100 1828 -11 -13 +2

Table 2. SHRsp Model Results for Valsartan and AHU377 Monotherapy and Combination
Therapy for Systolic Blood Pressure (SBP):

Dose , Final BP SBP Expected Improvement
mg/kg/day mmHg Reduction Improvement | Factor
mmHg mmHG
SHRsp 195+ 6
Valsartan 10 176+ 6 -19
AHU377 100 199+ 6 +4
Val:AHU377 | 10:100 1675 -28 -15 -13

Table 3. SHRsp Model Results for Vaisartan and AHU377 Monotherapy and Combination
Therapy for Diastolic Blood Pressure {DBP):

Dose Final BP SBP Expected Improvement
mg/kg/day mmHg Reduction improvement | Factor
mmHg mmHG
SHRsp 14213
Valsartan 10 137+ 7 -4.6
AHU377 100 1918 +9.5
Val:AHU377 | 10:100 1185 -23.8 +4.9 -28.7

The protacol for the above experiments is described in the Webb Declaration in detail at
pages 4-5. The data in Table 1 reports the blood pressure effect of a combination of valsartan
and specific NEPi as measured by improvement over vehicle in the Dahl Salt Sensitive rat.
Table 1 col. 4, reports that the bolded combinations of valsartan and specific NEPi had -17

mmHg and -19 mmHg improvements respectively relative to vehicle. If the combined effect of
-5-
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valsartan and NEPi were merely cumulative, one would expect cumulative improvements of -4
and +1 respectively (Table 1, col. 5). Instead of the predicted - 4 and +1 effects on blood
pressure, Applicants found unexpected -13 and -18 mmHg improvements respectively over
these predicted values for the claimed combination (Table 1, col. 8).

The data in Table 2 reports the systolic blood pressure effect of a combination of
valsartan and specific NEPi as measured by improvement over the SHRsp rat model. Table 2,
col. 4, reports that the combination of valsartan and specific NEPi had -28 mmHg improvement
relative to vehicle. If the combined effect of valsartan and NEPi were merely cumulative, one
would expect a cumulative improvement of -15 mmHg (Table 2, col. 5). Instead of the predicted
-156 mmHg improvement, Applicants found an unexpected -13 mmHg improvement over the
predicted value for the claimed combination (Table 2, col. 6).

The data in Table 3 reports the diastolic blood pressure effect of a combination of
valsartan and specific NEPi as measured by improvement over the SHRsp rat model. Table 3,
col. 4, reports that the combination of valsartan and specific NEPi had -23.8 mmHg
impravement relative to vehicle. If the combined effect of valsartan and NEPi were merely
cumulative, one would expect a cumulative detriment of +4.9 mmHg. Instead of the predicted
+4.9 mmHg detriment, Applicants found an unexpected -28.7 mmHg improvement over the
predicted value for the claimed combination.

As further evidence that the combination of the claimed invention is not obvious, the
Webb Declaration provides evidence that the combination of the present invention has other
unexpected therapeutic benefits in the treatment of hypertension. The Webb Declaration
provides evidence that the combination of the present invention provides an overall
improvement of endothelial function, cardiac fibrosis and cardiac vascular remodeling and
fibrosis of intramyocardial coronary arties in SHRsp rat model as compared to monotherapy with
valsartan or specfic NEPI.

Applicants respectfully submit that the dosages of the individual components disclosed in
the prior art are immaterial to the test results evidenced in the Webb Declaration because the
dosages tested in combination were compared against the same dosages in monotherapy.
Even though the tested combination dosages may have overlapped with or were higher than the
component dosages in the prior art, the combination still provided greater than additive results
over the monotherapy tested at the same dosages.

For these reasons, Applicants submit that they have presented sufficient factual data of
an unexpectedly superior result to rebut any prima facie casé of obviousness made out by the
Examiner.

-6-
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In view of the foregoing, Applicants submit that all rejections have been traversed and
should be withdrawn and that the Application is now in condition for allowance and respectfully
requests early notice to that effect.

Respectfqlly submitted,

Novartis

Corporate Intellectual Property Gfegory D. Tra(f)
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134

(862) 778-7831

" 3/5)or
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10/341 868 01/14/2003 Gary Michael Ksander 4-32219A . 8865
1095 7590 0541142607 - :
NOVARTIS l EXAMINER
CORPORATE INTELLECTUAL PROPERTY KIM, IENNIFER M
ONE HEALTH PLAZA 104/3 T YT E—
EAST HANOVER, NJ (7936-108D I I ‘ ’
1617
I MAIL DATE l DELIVERY MODE
05/31/2007 FAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time peried for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

10/34 1,868 KSANDER ET AL.
Office Action Summary Examiner A Unit

Jennifer Kim 1617

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Perlod for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY 1S SET TO EXPIRE 3 MONTH{S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extenslons of time may be available under the provisions of 37 CFR 1.136(a). In no avant, howsver, may a reply be timaly filed

after 51X (8) MONTHS from the mailing date of this communication.
- I NQ period for reply |s specified above, the maximum statutory period witl apply and will expire SIX (6) MONTHS from the mailing date of this communlcahon_
- Fallure to repty within the sat or extended pariod for reply will, by statute, causa the application to become ABANDONED {35 U.S.C. § 133).

Any reply receivad by the Qffice later than three months after the mailing date of this communication, evan if timely filed, may reduce any

aarned patent term adjustment. See 37 CFR 1.704(b}.

Status
1)X Responsive to communication(s) filed an 3/6/2007.
2a)Xl This action is FINAL. 2b)[] This action is non-final.

3)[] 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 £x parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

4)X Claim(s) 1,3-5 and 7 is/are pending in the application,
4a) Of the above claim(s) 5 and 7 isfare withdrawn from consideration.

5[] Claim(s) ____ isfare allowed. -

8)X Claim(s) 1,3.4 is/are rejected.

7)1 Claim(s) ____ is/are objected to.

8)[] Claim({s) - are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to 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){(] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.5.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or {f).
a) JAIl b)[] Some * ¢)[] None of: _
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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.

Attachment(s)

1) |:| Notice of References Cited {(PT(-892) 4} D Interview Summary {(PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(syMail Date.
3) [ information Disclosure Statement(s) (PTC/SB/08) 5) L] Notice of Informai Patent Application
Paper No{s)/Mall Date ____. [ Jother:
U.5. Patent and Tradermark Oce -
PTOL-326 (Rev. 08-06} Office Action Summary . Part of Paper No./Mail Date 20070524
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Application/Control Number: 10/341,868 - Page 2
Art Unit: 1617

DETAILED ACTION

The response filed March 9, 2007 have been received and entered into the
application. No amendments have been made. Accordingly, claims 1, 3-5and 7

remain pending, among which claims 5 and 7 have been withdrawn from consideration

and claims 1, 3 and 4 are being examined on the merits.

Action Summary

The rejection of claims 1, 3 and 4 under 35 U.S.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,996) of record and Buhlmayer et al. {U.S.Patent

No. 5,389,578} is being maintained for the reasons stated in the previous Office Action.

Response to Arguments

1. Applicants’ arguments filed March 15, 2007 have been fully considered but they
are not persuasive. Applicants argue that Applicants have established factual evidence,
via the Webb Declaration that the claimed combination 6f valsartan and the specific
NEPi produces a combined antihypertensive effect that is greater than expected, i.e.,

greater than the sum of the antihypertensive effect produced by each component alone.
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Application/Control Number: 10/341,868 ) Page 3
Art Unit; 1617

The Webb Declaration have been reviewed and carefully considered. This is not
persuasive because the evidence is clearly not commensurate in scope with what is
claimed herein. The Examiner particularly refers to the data reporte'd in Tables 1, 2 and
3, wherein the claimed combination of compounds of Valsartan and AHU377 in their
specific amounts gives surprising and unexpected results. The “synergistic”
combination testing reported by the Webb Declaration is limited to data for these two
specific combinations with the specific amounts shown in Tables 1, 2 and 3. Thus the
comparative testing is very specific whereas none of the instant claims are so limited. It
is well established that a showihg of unexpected results generally must be
commensurate in scope with the breadth of the claims sought to be patented. See, inter

alia, (1) In re Greenfield, 571 F.2d 1185, 1189, 197 USPQ 227, 230 (CCPA 1978); (2) In

re Kulling, 897 F.2d 1147, 1149, 14 USPQ2d 10_56,I1058 (Fed. Cir. 1990); and (3) In_re
Lindner, 457 F.2d 506, 508, 173 USPQ 356, 358 (CCPA 1972) (showing of unexpected
results must be commensurate in scope with breadth of claim). Applicants argue that
the data in Table 1 reports that the effect on blood pressure of a combination of
valsartan and specific NEPi as measured in the Dahl Salt Sensitive rat was found to
unexpectedly be —13 and —18 mmHg respectively less than the predicted values for the
claimed combination; the data in Table 2 reports the effect of systolic blood pressure on
a combination of valsartan and specific NEPi, as measured in the SHRsp rat, resulted in
an unexpected 13mmHg reduction over the predicted value for the claimed
combination; and the data in Table 3 reports the effect on diastolic blood pressure of a

combination of valsartan and specific NEPi as measured in the SHRsp rat, resulted in
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Application/Control Number: 10/341,868 Page 4
Art Unit: 1617 |

an unexpected —28.7 mmHg reduction over the predicted value for the claimed
combination. It is noted that the results in Tables 1, 2 and 3 for specific amounts show
surprising and unexpected results of the claimed combination of compounds of
Valsartan and AHU377. The “synergistic” results reported by the Webb Declaration are
limited to the specific amounts shown in Tables 1, 2 and 3. Thus the comparative
testing is very specific whereas none of the instant claims are so limited. Applicants
argue that the Webb Declaration provides evidence that the combination of the present
invention has other unexpected therapeutic benefits in the treatment of hypertension
and an overall improvement of endothelial function, cardiac fibrosis and cardiac
vascular remodeling, and fibrosis of intramyocardial coronary arteries in the SHRsp rat
as compared to monotherapy with valsartan or specific NEPi. This is not persuasive
becauée. again, these results only represent the specific combination with the specific
amounts tested, but the instant claims are not limited to what is shown by the data.
Applicants argue that the dosages of the individual components disclosed in the prior art
are immaterial to the test results in the Webb Declaration because the dosages tested
in combination in the Declaration were compared against the same dosages in
monotherapy and that even though the tested combination dosages may have
overlapped with or were higher than the component dosages in the prior art, the
combination still provided greater than additive results over the monotherapy tested at
the same dosages. This is not persuasive because the dosages of the individual
components discldsed in the prior art teaches the usual daily dosage of valsartan and

the NEPi for the treatment of hypertension. Therefore, these dosages are pertinent to
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Application/Control Number: 10/341,868 Page 5
Art Unit: 1617

the determination of prima facie obviousness for the combining of the each of the active
agents as instantly claimed. The Webb Declaration in Tables 2 and 3, demonstrate the
unobvious result when the specific combination at specific amounts in the therapy
lowered systolic and diastolic blood pressure. However, the data showing
unobviousness must be commensurate in scope with the invention being claimed.
Thus, the claims fail to patentably distinguish over the state of the art as represented by

the cited references.

In view of the above Office Action of February 5, 2007 is deemed proper and

asserted with full force and effect herein to obviate applicants’ claims.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been cbvious at the time the
invention was made to a2 person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.,

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.
2. Ascertaining the differences between the prior art and the claims at issue.
3. Resolving the level of ordinary skill in the pertinent art. ;
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Application/Control Number: 10/341,868 ' Page 6
Art Umt: 1617

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.

This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
undler 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), {f) or (g)

prior art under 35 U.S.C. 103(a).

Claims 1, 3 and 4 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,996} and Buhlmayer et al. (U.S.Patent No.
5,399,578), both of record. |

Ksander teaches a pharmaceutical composition comprising the compound, 4-[N-
(3-carboxy-1-oxo-propyl)amino]-4-(p-phenylphenylmethyl}-2-methylbutanoic acid ethyl
ester, the (2R,4S)antipode thereof {(also known as N-{3-caroxy-1 -oxopropyl)—(4.S)—p-
phenylphenylmethyl)-4-amino2R-methylbutanoic acid ethyl ester) is a pharmacologically
potent neutral endopeptidase enzyme (NEP) inhibitor and it is useful for the treatment of
cardiovascular disorders such as hypertension. (column 9, lines 5-15, column 12,
lines 1-10, claims 1-22). Ksander teaches that ammonium salts including, mono-, di- or
tri-lower (alkyl or hydroxyalkyl)-ammonium salts {e.g. triethanolammonium), are

suitable pharmaceutically acceptable salts of the compound. (column 5, lines 35-45).
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Application/Control Number: 10/341,868 : Page 7
Art Unit: 1617

Ksander teaches that unit dosage forms for warm blooded animals weighing 50 to 70
kg may contain between about 10 and 100 mg of the active ingredient. (column 18,
lines 59-64). These ranges overlap Applicants’ range set forth in claims 1 and 4.

Buhlmayer et al. teach valsartan is useleI for an anti-hypertensive treatment.
(abstract, claims). Buhimayer et al. teach thét the dose of the active ingredient in an
approximate daily dosage range of about 10mg to about 250mg is useful for oral
administration for a patient weighing approximately 75kg for warm-blooded animal
species. (column 27, lines 40-46). These ranges are within Applicants’ ranges set
forth in claims 1 and 4. |

The claims differ from the cited references by claiming a pharmaceutical
composition comprising a combination of the specific NEP inhibitor (N-(3-caroxy-1-

| oxopropyl)-(45)-p-phenylphenylmethyl)-4-amino2R-methylbutanoic acid ethyl ester) and

valsartan in a single formulation with their effective amounts. To employ combinations
of a specific NEP inhibitor and valsartan with effective amounts taught in each of the
above references for treating hypertension in a single formulation would have been
obvious because all the components and the amounts effective to treat hypertension
are well known individually. One of ordinary skill in the ért would have been motivated
to combine the specific NEP inhibitor (N-(3-caroxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino2R-methylbutanoic acid ethyl ester) and valsartan in a
single composition in ordér to achieve an expected added benefit of antihypertensive

effect in warm-blooded animal species suffering from hypertension. The motivation for
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Application/Control Number: 10/341,868 Page 8
Art Unit: 1617

combining the components flows from their individually known common utility (see In re
Kerkhoven, 205 USPQ 1069(CCPPA 1880}).

For these reasons the claimed subject matter is deemed to fail to patentably |
distinguish over the state of the art as represented by the cited references. The claims

are therefore properly rejected under 35 U.S.C. 103.

None of the claims are allowed.

THIS ACTION IS MADE FINAL. Applicants are reminded of the extension of
time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expiré THREE
- MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period wilt expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 980



Application/Control Number: 10/341,868 Page 9
Art Unmit: 1617

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jennifer Kim whose telephone number is 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 number for 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) system. 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 mare information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-89199 (IN USA OR CANADA) or 571-272-1000.

Jennifer Kim
Patent Examiner
Art Unit 1617

Jmk
May 23, 2007
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Response Under 37 CFR §1.116
Expedited Procedure
Examining Group 1617

CASE 4-32219A

FILING BY "EXPRESS MAIL” UNDER 37 CFR 1.1

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICA
COMPOSITION _ .

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

AMENDMENT AFTER FINAL REJECTICN

Sir:

Responsive to the outstanding action dated May 31, 2007, in the ahove-identified
application, having a period for response set to expire October 31, 2007, Appiicants
respectfully request the follbwing amendment be entered and the claims considered in light

thereof.

Amendments to the claims are reflected in the listing of claims which begins on page 2 of this
paper. '

Remarks/Arguments begin on page 5 of this paper.
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This listing of the claims will replace all prior versions, and listings, of claims in the

application.

Listing of Claims:

1. {(currently amended) A pharmaceutical composition comprising:
{i) the AT 1-antagonist valsartan or a pharmaceutically
acceptable salt thereof in-a-daily-unit dose-of about 20-mg-to-about-320-mg;
and .
{ii) the NEP inhibitor N-{3-carboxy-1-oxopropyl}-(48)-p-
phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester or -
(2R,4S)-5-BiphenyI-4-y[-4t3-carboxy-propionyl amineg)}-2-methyl-pentanoic
acid or pharmaceutically acceptable salts thereof in-a-daily unit dose of
about20-mg-to-about 800-mg,

wherein the amounts of (i) the AT 1-antagonist valsartan or a

pharmaceutically acceptable salt thereof and (ii) the NEP inhibitor N -(3-

carboxy-1-oxopropy)-{4 S)-p-phenylphenvimeihy)-4-aminc-2R-
methylbutanoic acid ethyl ester or {2R,45)-5-Biphenyl-4-yl-4(3-carboxy-

propionyl amino}-2-methyl-pentanoic acid or pharmaceutically acceptable

salts thereof administered in combination achieve a greater therapeutic

effect than the sum of the therapeutic effects achievable with the amounts

of {i) the AT 1-antagonist valsartan or a pharmaceutically acceptable salt

administered alone and (ii) the NEP inhibitor N—(3-carb0){y-1-oxopropvl)-

(48)-p-phenylphenyimethyvl-4-amino-2R-methylbutancic acid ethyl ester or

(2R 435)-5-Biphenvl-4-vy|-4( 3-carboxy-propionyl aming)-2-methyl-pentanoic

acid or pharmaceutically acceptable salts thereof administered alone, and a

pharmaceutically acceptable carrier.
2. (canceled)

3. (previously presented) The pharmaceutical composition of Claim 1, wherein
N-(3-carboxy- 1-oxopropyl}-{4 S)-p-phenylphenylmethy!)-4-amino-2R-methylbutanoic acid
ethyl ester is a tristhanolamine or tris(hydroxymethyl)aminomethane salt thereof,

4, (currently amended) A kit comprising in separate containers in a single

package pharmaceutical compositions cemprising in one container a pharmaceutical

composition comprising N-(3-carboxy-1-oxopropy!)-(4S)-p-phenylphenylmethyl}-4-amino-2R-

methylbutanoic acid ethyl ester or (2R 4 5)-5-Biphenyl-4-yl-4(3-carboxy-propionyl aming)-2-

methyl-pentancic acid or pharmaceutically acceptable salts therecf in-a-daily-unit-dose-of
-2.
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about-20-mgte-about-808-mg and in a second container a pharmaceutical composition
comprising valsartan or a pharmaceutically acceptable salt thereof in-a-dailyunit dose-of

aboul 20-mg-to-about-320-mg-wherein the amounts of N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyll-4-amino-2R-methylbutanoic acid ethyl ester or (2R,45)-5-Biphenyl-4-y|-

4(3-carboxy-prapionyl aMino)-2-methv[-pentanoic acid or pharmaceutically acceptable salts

and valsartan or a pharmaceutical acceptable salt thereof administered in combination

achieve a greater therapeutic effect than the sum of the therapeutic effects achievable with

the amounts of N-(3-carboxy-1-oxopropyli-{48)-p-phenylphenylmethyD-4-amino-2 R-
methylbutanoic acid ethyl ester or (2R .48)-5-Biphenyl-4-yl-4{3-carboxy-propiony! aming)-2-

methyl-pentancic acid or pharmaceutically acceptable salts thereof administered alone and

valsartan or a pharmaceutically acceptable salt thereof administered alone.

5. (withdrawn) 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, myocardia! 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, sclercderma, 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 glaucema and
stroke, comprising administering a therapeutically effective amount of combination of:

{i) the AT 1-antagonists valsartan or a2 pharmaceutically

acceptable salt thereof; and

(ii) the NEP inhibitor N-(3-carboxy-1-oxopropyl}-(4S5)-p-

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

(2R.48)-5-Biphenyl-4-yl-4{ 3-carboxy-propionyl amino)-2-methyl-pentanoic

acid or pharmaceudtically acceptable salts thereof and a pharmaceutically

acceptable carrier to a mammal in need of such treatment.
6. {canceled)
7. (withdrawn) The method of Claim 5, wherein N-(3-carboxy-1-oxopropyl)-
(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethy! ester is a triethanclamine

or tfris(hydroxymethyl)aminomethane salt thereof,
-3-
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8-11. (canceled)
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REMARKS
Reconsideration of the above-identified application as amended is requested. Claims
1, 3 and 4 remain in this application. Claims 1 and 4 have been amended. Support for these
amendments can be found at page 8, first full paragraph.
Applicants would like to thank the Examiner for the courtesy extended during the
recent communicaticns in which the Examiner agreed to review a draft copy of the above

amended claims prior to their submission herein.

Rejection of claims 1, 3 and 4 under 35 U.S.C. §103(a)

The rejection of Claims 1, 3 and 4 under 35 U.S.C. §103(a) over Ksander U.S. Patent
No. 5,217,996 ('996 patent) and Buhimayeret al. U.S. Patent No. 5,389,578 (‘578 patent) has
been maintained by the Examiner in the May 31, 2007 office action. in response fo the

arguments and declarations previously submitted, the Examiner stated that the Applicants’
experiments showing synergistic, unexpected and surprising antinypertensive effects were not
commensurate in scope with the claimed invention. In this response, Applicants have amended
the claims so that they are now commensurate in scope with the data showing unobvicusness,
as indicated by the Examiner after a review of a fax copy of the claims. Therefore, it is
Applicant's position that the claims as presented herein are allowable. Based on this, Applicants
respectfully traverse this rejection insofar as it applies to the claims as amended.

The claims have been amended such that they are directed to pharmaceutical
compositions comprising valsartan and the specifically claimed NEPi (and salts thereof of both
actives) wherein the amounts of these actives when administered in combination achieves a
greater therapeutic effect than the sum of the therapeutic effects achievable with the amounts of
these two actives administered alone. Accordingly, the data showing unobviousness in now
commensurate in scope with the Invention being claimed and, therefore, the claims patentably
distinguish cver the state of the art as represented by the cited references. Based on this, the
rejection under 35 U.S.C. §103(a) has been traversed and should be withdrawn.,

In view of the foregoing, Applicant submits the Application is now in condition for

allowance and respectfully requests early notice to that effect.

Respectfully submitted

Novartis W W
Corporate intellectual Property Gy go D. F p;;f

One Health Plaza, Building 104 orney for cants

East Hanover, NJ 07936-1080 Reg. No. 36,1

(862) 778-7831

Date: October 23, 2007
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Electronic Acknowledgement Receipt

EFS ID: 2356569
Application Number: 10341868
International Application Number:
Confirmation Number: 8865

Title of Invention:

Methods of treatment and pharmaceutical composition

First Named Inventor/Applicant Name:
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CASE 4-322194

FILING BY "EXPRESS MAIL™ UNDER 37 CFR 1.1D

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION GF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
APPLICATION NQ: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

PETITICN FOR EXTENSION OF TIME

Sir:
The Office Action of May 31, 2007 has a shortened statutory time set to expire on August 31,
2007. A two-month extension is hereby requested pursuant to 37 CFR §1.136(a).

Please charge Deposit Account No. 18-0134 in the name of Novartis in the amount of $480 for
payment of the extension fee. An additional copy of this paper is here enclosed. The Commissioner is
hereby authorized to charge any additional fees under 37 CFR §1.17 which may be required, or credit any

aoverpayment, to Account No. 18-0134 in the name of Novartis.

Respectfully submitted,

Novartis | /%4%%

Corporate Intellectual Property /GPégory Ae{’jr)éro
One Heaith Plaza, Building 104 Attorney for Adplicants
East Hangver, NJ 07836-1080 Reg. No. 36,134

Phone No. (862} 778-7831
Dale; October 23, 2007
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AFTER PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
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N Response Under 37 CFR §1.116
a : Expedited Procedure
' Examining Group 1617

CASE 4-32218A

FILING BY “EXPRESS MAIL"” UNDER 37 CFR 1,10

Express Mail Laba! Number Date of Daposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
APPLICATION NO: 10/341,858

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Commissioner for Patents
0O Box 1450
Alexandria, VA 22313-1450

AMENDMENT AFTER FINAL REJECTION

Sir;

Responsive to the outstanding action dated May 31, 2007, in the aboveiidentiﬁed_‘
application, having a period for response set to expire October 31, 2007, Applicants
respectfully request the following amendment be entered and the claims considered in light
therecf. -

Amendments to the claims are reflected in the listing of claims which begms on page 2 of this

*gqﬁ/‘ paper.

Remarks!Arguments begin on page 5 of this paper
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEFARTMENT OF COMMERCE
Unlted States Palent and Trademark Ofice
Address: COMMISSIONER FOR PATENTS

P2 Hoa 1450

Alzxandria, ¥isginia 22313-1450

WO S RO LY

AFFLICATION NG, FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOUKET NO. l CONFIRMATION NOL I
10/341,868 01/14/2003 _ Gary Michae) Ksander 4-32219A KB6S
1695 7590 1 1/0L/2007 e
NOVARTIS | EXAMINER |
CORPORATE INTELLECTUAL PROPLERTY KIM, JENNIFER M
ONE HEALTH PLAZA 104/3 I o I ——— I
EAST HANOVER, NJ 07936-1080
1617
l MAIL DATE I DELIVERY MODE J
11/01/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication,

PTOL-Y0A {Rev. 4/UT})
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Application No. Applicant(s)
Advisory Action 10/341,868 KSANDER ET AL.
Before the Filing of an Appeal Brief Examiner Art Unit
| Jenniter Kim 1617

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

THE REPLY, FILED 23 October 2007 FAILS TO PLACE THIS APPLICATION {N CONDITION FOR ALLOWANCE.

1. 4 The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. Te avoid abandonment of
this application, applicant must timely fite one of the following replies: (1) an amendmaent, affidavit, or other evidence, which
places the application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3)
a Reguest for Continued Examination {RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the following
time periods:

a} @ The period for reply expires 5 months from the mailing date of the final rejection.

by ] The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later, In
no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
Examiner Note: If box 1 is checked, check either box (a} or {8). ONLY CHECK BOX (5) WHEN THE FIRST REPLY WAS FILED WITHIN
TWO MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f).

Extensions of time may be obtained under 37 CFR 1.136{a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee
have been filed is the date for purposes of determining the pericd of extension and the corresponding amount of the fee. The appropriate extension fae
under 37 CFR 1.17(a} is calculated from: (1) the expiration date of the shortened statutory period for reply originaily set in the final Office action: or (2} as
set forth in (b} above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed,
may reduce any eamed patent term adjustment. See 37 CFR 1.704{b).

NOTICE OF APPEAL

2. [ The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of
filing the Notice of Appeal (37 CFR 41.37(a)}, or any extension thereof (37 CFR 41.37(e}), to avoid dismissal of the appeal. Since
a Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a).

AMENDMENTS

3. X The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because
(a) X] They raise new issues that would require further consideration and/or search {see NOTE below);
{b)[] They raise the issue of new matter {see NOTE below);
(c) ] They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal; and/or
{(d)y{L] They present additional claims without canceling a corresponding number of finally rejected. claims.
NOTE: See Confinuation Sheet. (See 37 CFR 1.116 and 41.33(a)).

4. [] The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (FTQL-324).

5. [] Applicant's reply has overcome the following rejection{s): __

6. [] Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the
nan-allowable claim{s).

7.(X] For purposes of appeal, the proposed amendment(s): a) [ will not be entered, or b) [0 will be entered and an explanation of
how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is {or will be) as follows:

Claim(s) allowed:

Claim({s) objected to:
Claim{s) rejected: 1,3 and 4
Claim(s) withdrawn from consideration: 5 and 7.

AFFIDAVIT OR QTHER EVIDENCE

8. [J The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered
because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and
was not earlier presented. See 37 CFR 1.116(e).

9. [0 The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be
entered because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1). '

10. [J The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.

REQUEST FOR RECONSIDERATION/OTHER

11. [J The request for reconsideration has been considered but does NOT place the application in condition for allowance because;

12. [J Note the aﬁached Information Disclosure Statement{s). (FTO/SB/08) Paper No(s).
13. [0 Other; :

Jennifer Kim
Primary Examiner
Art Unit: 1617

U.S. Patent and Trademark Office
PTOL-303 (Rev. 08-06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20071025
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Continuation Shest (PTO-303) Application No. 10/341,868

Continuation of 3. NOTE: The proposed amendment of amounts of active agents require new search..
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REQUEST

FOR (Fiing Date January 14, 2003

CONTINUED EXAMINATION (RCE) First Named Inventor KSANDER ET AL.
TRANSMITTAL

Subsection (b) of 35 U.S.C. § 132, effective on May 29, 2000, M Fxaminer Name Kim, Jennifer M
provides for continued examination of an utility or plant application
filed on or after June 8, 1995. | Attorney Docket 4-32219A

See The American Inventors Protection Act of 1999 (AIPA).  Number

} Group Art unit 1617

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application.
NOTE: 37 C.F.R. § 1.114 is effective on May 29, 2000. If the above-identified application was filed prior to May 29, 2000,
applicant may wish to consider filing a continued prosecution application (CPA) under 37 C.F.R. § 1.53 (d) (PTO/SB/29)
Instead of a RCE to be eligible for the patent term adjustment provisions of the AIPA. See Changes to Application
Examination and Provisional Application Practice, Interim Rule, 65 Fed. Reg. 14865 (Mar. 20, 2000), 1233 Off Gaz. Pat.
Office 47 (Apr. 11, 2000), which established RCE practice.

Submission required under 37 C.F.R. 8§ 1.114

a. [ Previously submitted

i. (] Consider the amendment(s)/reply under 37 C.F.R. § 1.116 previously filed on -

(Any unentered amendment(s) referred to above will be entered).

ii. [] Consider the arguments in the Appeal Brief or Reply Brief previously filed on -
b. X Enclosed

i.  [X] Amendment/Reply

ii.  [] Affidavit(s)/Declaration(s)

ii. (] Information Disclosure Statement (IDS)

iv. []Other___

Miscellaneous

a. [] Suspension of action on the above-identified application is requested under 37 C.F.R. § 1.103(c) for a
period of months. (Period of suspension shall not exceed 3 months: Fee under 37 C.E.R. § 1.17(i)
required)

b. [] Other

The RCE fee under 37 C.F.R. § 1.17(e) is required by 37 C.F.R. § 1.114 when the RCE is filed.

a. X The Director is hereby authorized to charge the following fees, or credit any overpayments, to Deposit
Account No. 19-0134
i. X RCE fee required under 37 C.F.R. § 1.17(e)
i. X Extension of time fee (37 C.F.R. §§ 1.136 and 1.17) (2 month Extension of time was previously paid)
ii. [Jother
[l Check in the amountof $____ enclosed
(] Payment by credit card (Form PTO-2038 enclosed)

Name Registration No. Reg. No. 36,134
(Print/Type) (Attorney/Agent) Attorney for Applicants ?
Signature Ld T LG

I CERTIFICATE OF MAILING

I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being deposited with the United States Postal Service
on the date shown below with sufficient postage as first class mail in an envelope addressed to the:
Commissioner for Patents, PO Box 1450, Alexandria, VA 22313-1450

Type or print name Signature Date
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CASE 4-32219A

FILING BY “EXPRESS MAIL" UNDER 37 CFR 1.10

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
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

PETITION FOR EXTENSION OF TIME

Sir:

The period for filing a Notice of Appeal has a shortened statutory time set to expire on
August 31, 2007. A three-month extension is hereby requested pursuant to 37 CFR §1.136(a).

A two-month extension was previously requested and paid for, making the extension fee
due at this time $590 (31050 less the previously paid amount of $460).

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1000




Please charge Deposit Account No. 19-0134 in the name of Novartis in the amount of
$590 for payment of the extension fee. An additional copy of this paper is here enclosed. 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.

Respectfully submitted,

Novartis J(M/Qe/\/\ M

Corporate Intellectual Property Gregory D /Feyraro
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134

Phone No. (862) 778-7831
Date:

i//@/07
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CASE 4-32219A

FILING BY “EXPRESS MAIL" UNDER 37 CFR 1.10

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
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

PETITION FOR EXTENSION OF TIME

Sir:

The period for filing a Notice of Appeal has a shortened statutory time set to expire on
August 31, 2007. A three-month extension is hereby requested pursuant to 37 CFR §1.136(a).

A two-month extension was previously requested and paid for, making the extension fee
due at this time $590 (31050 less the previously paid amount of $460).
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Please charge Deposit Account No. 19-0134 in the name of Novartis in the amount of
$590 for payment of the extension fee. An additional copy of this paper is here enclosed. 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.

Respectfully submitted,

Novartis J(M/Qe/\/\ M

Corporate Intellectual Property Gregory D /Feyraro
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134

Phone No. (862) 778-7831
Date:

i//@/07
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CASE 4-32219A

FILING BY “EXPRESS MAIL"” UNDER 37 CFR 1,10

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
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

AMENDMENT

Sir:

Responsive to the outstanding action dated May 31, 2007, in 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 the listing of claims which begins on page 2 of this

paper.

Remarks/Arguments begin on page 5 of this paper.
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This listing of the claims will replace all prior versions, and listings, of claims in the
application.

Listing of Claims:

1. (currently amended) A pharmaceutical composition comprising:
(i) the AT 1-antagonist valsartan or a pharmaceutically
acceptable salt thereof in-a-daily-unit-dese-of-about 20-mg-to-about-320-myg;
and
(ii) the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenyimethyl)-4-amino-2R-methylbutanoic acid ethyl ester or
(2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic
acid or pharmaceutically acceptable salts thereof in-a-daily-unit dose-of
abeut20-mg-to-about 800-mg,

wherein the amounts of (i) the AT 1-antagonist valsartan or a

pharmaceutically acceptable salt thereof and (ii) the NEP inhibitor N -(3-

carboxy-1-oxopropyl)-(4S)-p-phenylphenylimethyl)-4-amino-2R-

methylbutanoic acid ethyl ester or (2R,4S)-5-Biphenyl-4-yI-4(3-carboxy-

propionyl amino)-2-methyl-pentanoic acid or pharmaceutically acceptable

salts thereof administered in combination achieve a greater therapeutic

effect than the sum of the therapeutic effects achievable with the amounts

of (i) the AT 1-antagonist valsartan or a pharmaceutically acceptable salt

administered alone and (ii) the NEP inhibitor N-(3-carboxy-1-oxopropyl)-

(4 S)-p-phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester or

(2R .4 S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyi-pentanoic

acid or pharmaceutically acceptable salts thereof administered alone, and a

pharmaceutically acceptable carrier.
2, (canceled)

3. (previously presented) The pharmaceutical composition of Claim 1, wherein
N-(3-carboxy-1-oxopropyl)-(4 S)-p-phenylphenyimethyl)-4-amino-2R-methylbutanoic acid
ethyl ester is a triethanolamine or tris(hydroxymethyl)aminomethane salt thereof.

4, (currently amended) A kit comprising in separate containers in a single

package pharmaceutical compositions comprising in one container a pharmaceutical
composition comprising N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester or (2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-
methyl-pentanoic acid or pharmaceutically acceptable salts thereof in-a-daily-unit-dose-of

about-20-mg-te-about-860-mg and in a second container a pharmaceutical composition
-2
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comprising valsartan or a pharmaceutically acceptable salt thereof in-a-daily-unit-dose-of
about20-mg-to-abeut-320-mg-wherein the amounts of N-(3-carboxy-1-oxopropyl)-(4S)-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester or (2R.4S)-5-Biphenyi-4-yI-

4(3-carboxy-propionyl amino)-2-methyl-pentanoic acid or pharmaceutically acceptable salts

and valsartan or a pharmaceutical acceptable salt thereof administered in combination

achieve a greater therapeutic effect than the sum of the therapeutic effects achievable with

the amounts of N-(3-carboxy-1-oxopropy!)-(4S)-p-phenyiphenylmethyl)-4-amino-2R-

methylbutanoic acid ethyl ester or (2R ,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-

methyl-pentanoic acid or pharmaceutically acceptable salts thereof administered alone and

valsartan or a pharmaceutically acceptable salt thereof administered alone.

5. (withdrawn) 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, 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, comprising administering a therapeutically effective amount of combination of:

(i) the AT 1-antagonists valsartan or a pharmaceutically

acceptable salt thereof; and

(i) the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-p-

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

(2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic

acid or pharmaceutically acceptable salts thereof and a pharmaceutically

acceptable carrier to a mammal in need of such treatment.

6. (canceled)

7. (withdrawn) The method of Claim 5, wherein N-(3-carboxy-1-oxopropyl)-
(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is a triethanolamine
or tris(hydroxymethyl)aminomethane salt thereof.

8-11. (canceled)
-3-
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REMARKS
Claims 1, 3 and 4 remain in this application. Claims 1 and 4 have been amended.
Support for these amendments can be found at page 8, first full paragraph.

Rejection of claims 1, 3 and 4 under 35 U.S.C. §103(a)
The rejection of Claims 1, 3 and 4 under 35 U.S.C. §103(a) over Ksander U.S. Patent
No. 5,217,996 (‘996 patent) and Buhlmayer et al. U.S. Patent No. 5,399,578 (‘578 patent) has

been maintained by the Examiner in the May 31, 2007 office action. In response to the

arguments and declarations previously submitted, the Examiner stated that the Applicants’
experiments showing synergistic, unexpected and surprising antihypertensive effects were not
commensurate in scope with the claimed invention. In this response, Applicants have amended
the claims so that they are now commensurate in scope with the data showing unobviousness,
as indicated by the Examiner after a review of a fax copy of the claims. Therefore, it is

Applicant's position that the claims as presented herein are allowable. Based on this, Applicants

_ respectfully traverse this rejection insofar as it applies to the claims as amended.

The claims have been amended such that they are directed to pharmaceutical
compositions comprising valsartan and the specifically claimed NEPi (and salts thereof of both
actives) wherein the amounts of these actives when administered in combination achieves a
greater therapeutic effect than the sum of the therapeutic effects achievable with the amounts of
these two actives administered alone. Accordingly, the data showing unobviousness in now
commensurate in scope with the invention being claimed and, therefore, the claims patentably
distinguish over the state of the art as represented by the cited references. Based on this, the
rejection under 35 U.S.C. §103(a) has been traversed and should be withdrawn.

In view of the foregoing, Applicant submits the Application is now in condition for

allowance and respectfully requests early notice to that effect.

Respectfully submitted,

/ /
Novartis JM/ M

Corporate Intellectual Property Gregory D. ferrafo
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134

(862) 778-7831

Date: November 6, 2007

-4-
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CASE 4-32219A

FILING BY “EXPRESS MAIL” UNDER 37 CFR 1.10

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

KSANDER ET AL. Examiner: Kim, Jennifer M
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

SUPPLEMENTAL AMENDMENT

Sir:
Applicants respectfully request the following amendment be entered and the claims

considered in light thereof.

Amendments to the claims are reflected in the listing of claims which begins on page 2 of this

paper.

Remarks/Arguments begin on page 4 of this paper.
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This listing of the claims will replace all prior versions, and listings, of claims in the application.
Listing of Claims:

1. (currently amended) A pharmaceutical composition comprising:
(i) the AT 1-antagonist valsartan or a pharmaceutically
acceptable salt thereof; and
(i) the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester or (2R,4S)-5-
Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic acid or
pharmaceutically acceptable salts thereof,
wherein the amounts of (i) the AT 1-antagonist valsartan or a pharmaceutically
acceptable salt thereof and (ii) the NEP inhibitor N -(3-carboxy-1-oxopropyl)-
(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester or
(2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic acid
or pharmaceutically acceptable salts thereof administered in combination
achieve a greater therapeutic-anti-hypertensive effect than the sum of the
therapeutic effects achievable with the amounts of (i) the AT 1-antagonist
valsartan or a pharmaceutically acceptable salt administered alone and (ii) the
NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-
2R-methylbutanoic acid ethyl ester or (2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-
propionyl amino)-2-methyl-pentanoic acid or pharmaceutically acceptable salts

thereof administered alone, and a pharmaceutically acceptable carrier.
2. (canceled)

3. (previously presented) The pharmaceutical composition of Claim 1, wherein
N-(3-carboxy-1-oxopropyl)-(4 S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl

ester is a triethanolamine or tris(hydroxymethyl)aminomethane salt thereof.

4. (currently amended) A kit comprising in separate containers in a single

package pharmaceutical compositions comprising in one container a pharmaceutical
composition comprising N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester or (2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-
methyl-pentanoic acid or pharmaceutically acceptable salts thereof and in a second container a

pharmaceutical composition comprising valsartan or a pharmaceutically acceptable salt thereof

2.
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wherein the amounts of N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester or (2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-
methyl-pentanoic acid or pharmaceutically acceptable salts and valsartan or a pharmaceutical
acceptable salt thereof administered in combination achieve a greater therapeutic-anti-
hypertensive effect than the sum of the therapeutic effects achievable with the amounts of N-(3-
carboxy-1-oxopropyl)-(4 S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester
or (2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic acid or
pharmaceutically acceptable salts thereof administered alone and valsartan or a

pharmaceutically acceptable salt thereof administered alone.

5. (withdrawn) 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, 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, comprising administering a
therapeutically effective amount of combination of:

(i) the AT 1-antagonists valsartan or a pharmaceutically

acceptable salt thereof; and

(i) the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(4S)-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester or (2R,4S)-5-

Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic acid or

pharmaceutically acceptable salts thereof and a pharmaceutically acceptable

carrier to a mammal in need of such treatment.
6. (canceled)

7. (withdrawn) The method of Claim 5, wherein N-(3-carboxy-1-oxopropyl)-
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(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is a triethanolamine or
tris(hydroxymethyl)aminomethane salt thereof.

8-11. (canceled)
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REMARKS
Consideration of the above-identified application as amended is requested. Claims 1, 3
and 4 remain in this application. Claims 1 and 4 have been amended. Support for these

amendments can be found at page 9, first full paragraph.

Rejection of claims 1, 3 and 4 under 35 U.S.C. §103(a)
The rejection of Claims 1, 3 and 4 under 35 U.S.C. §103(a) over Ksander U.S. Patent No.
5,217,996 (‘996 patent) and Buhlmayer et al. U.S. Patent No. 5,399,578 (‘578 patent) has been

maintained by the Examiner in the May 31, 2007 office action. In response to the arguments and

declarations previously submitted, the Examiner stated that the Applicants’ experiments showing
synergistic, unexpected and surprising antihypertensive effects were not commensurate in scope
with the claimed invention. In this Supplemental Amendment, Applicants have amended the claims
to better define Applicants invention. Therefore, it is Applicant’s position that the claims as
presented herein are allowable. Based on this, Applicants respectfully traverse this rejection insofar
as it applies to the claims as amended.

The claims have been amended such that they are directed to pharmaceutical compositions
comprising valsartan and the specifically claimed NEPi (and salts thereof of both actives) wherein
the amounts of these actives when administered in combination achieves a greater anti-
hypertensive effect than the sum of the therapeutic effects achievable with the amounts of these
two actives administered alone.

In view of the foregoing, Applicant submits the Application is now in condition for allowance
and respectfully requests early notice to that effect. ‘

Respectfully submitted,

+ e/ Jorirn
Novartis

Corporate Intellectual Property Gfegory D. Ferraro
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134

(862) 778-7831

Date: January 14, 2008
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CASE 32219A

FILING BY “EXPRESS MAIL” UNDER 37 CFR 1.10

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF

KSANDER ET AL. Examiner; Jennifer M. Kim
APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

MS: Amendment
Commissioner for Patents
PO Box 1450 _
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

This paper is being filed within three months of the filing date of the application.

Therefore, no fees are required. If a fee is deemed to be required, the Commissioner is hereby

authorized to charge such fee to Deposit Account No. 19-0134.

In accordance with 37 C.F.R. §1.56, applicants wish to call the Examiner’s attention to

the references cited on the attached form(s) PTO-1449 and also of the co-pending application

number 11/722,360.

A copy of the reference is 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 1449 form(s).

Respectfully submitted,

Novartis > /

Corporate Intellectual Property Gfegory D. Fefraro
One Health Plaza, Building 104 Attorney for Applicants
East Hanover, NJ 07936-1080 Reg. No. 36,134
(862) 778-7831
Date: S {
s / 03
-2 -
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FORM PTO-1449
(REV. 7-85)

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

INFORMATION DISCLOSURE CITATION

(Use several sheets if necessary)

Sheet 1 of 1
ATTY. DOCKET NO.
32219A
APPLICATION NO.
10/341,868
APPLICANT
KSANDER ET AL.
FILING DATE Group
JANUARY 14, 2003

U.S. PATENT DOCUMENTS

_E-’,‘,’}."T".'Z:E-F" DOCUMENT NUMBER DATE NAME CLASS | SUBCLASS | FILING DATE
AA
AB
AC
AD
AE
AF
AG
AH
Al
AJ
AK
AL
FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE OFFICE CLASS | SUBCLASS %l‘s_'-%g’“ ‘
AM O O
AN O (O
AO 0 (O
AP O ]
AQ O (O
OTHER DOCUMENTS (including Author, Title, Date, Pertinent pages, Etc.)
Matsumoto et al., "Blockade of renin-angiotensin system and enhancement of atrial natriuretic peptide
A | with neutral endopeptidase inhibition cause natriuresis in congestive heart failure and renal dysfunction
R | in conscious dogs”, JASN, Hemodynamics and Vascular Regulation, page 517, September 1993).
A
S
A
T
EXAMINER DATE CONSIDERED
*EXAMINER: Initial of reference considered, whether or not citation is in conformance with MPEP 609: Draw a line through citation if not in

conformance and not considered. Include a copy of this form with the next communication to applicant.
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Electronic Acknowledgement Receipt

EFS ID: 2719031
Application Number: 10341868
International Application Number:
Confirmation Number: 8865

Title of Invention:

Methods of treatment and pharmaceutical composition

First Named Inventor/Applicant Name:

Gary Michael Ksander

Customer Number:

1095

Filer:

Gregory David Ferraro./Monika Van Houten

Filer Authorized By:

Gregory David Ferraro.

Attorney Docket Number: 4-32219A
Receipt Date: 15-JAN-2008
Filing Date: 14-JAN-2003
Time Stamp: 15:36:01

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document __— . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
111012
1 US32219upamend.pdf yes 9
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Odfaa3b3
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Multipart Description/PDF files in .zip description
Document Description Start End

Amendment - After Non-Final Rejection 1 1

Claims 2 4

Applicant Arguments/Remarks Made in an Amendment 5 5

Information Disclosure Statement Letter 6 7

Information Disclosure Statement (IDS) Filed 8 8

NPL Documents 9 9

Warnings:
Information:
Total Files Size (in bytes): 111012

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Avplication or Docket Number | Filing Date
Substitute for Form PTO-875 10/341 ,868 01/14/2003 I:l To be Mailed
APPLICATION AS FILED - PART I OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c)
[ seARcH FEE
(37 CFR1.16(K). {i). or (m)) N/A N/A N/A N/A
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
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INDEPENDENT CLAIMS . N _ -
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If the specification and drawings exceed 100
O sheets of paper, the application size fee due
A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16() additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
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5 )
E '2;’2‘;2”1‘??6?}1)) * 3 Minus | =5 =0 X$ = OR [ x $210= 0
<§E l:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
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REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
— AMENDMENT PAID FOR
Z | 1o erem . Minus | * = xs = OR | xs =
= Independent " Minus - _ X $ - OR X $ -
0O L ErCrRit6M) =
E D Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.18(j)) OR
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE

Legal Instrument Examiner:
/CAROLYN E. THOMAS/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,

preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK QFFICE &{/

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademurk Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alcxandria, Virginia 22313-145]

W Lsplo. pay

APPLICATION NO. EILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKET N0 CONFIRMATION NO. |
107341 868 Q1/14/2003 . Gary Michael Ksander 4-322194 BE6S
1095 75490 02/01/2008 A -
NOVARTIS : | EXAMINER I
CORPORATE INTELLECTUAL PROPERTY KIM, IENNIFER M
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EAST HANOVER, NJ 07936-1080 ' I ART INIT l PAPER NUMBER J

1617
I MAIL DATE I DELIVERY MODE l
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

10/341,868 KSANDER ET AL.
Office Action Summary Examiner ArUnit

Jennifer Kim 1617

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHJCHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely fi ed

afier 51X (6) MONTHS from the mailing date of this communication,
- If NO period far reply is specified above, the maximum statutory period will apply and will expire S1X (8} MONTHS from {he mailing date of this communication.
- Failure to reply within the set or extended periad for reply will, by statute, cause the application to ecome ABANDONED {35 U.5.C. § 133).

Any reply received by the Office later than three months after the mailing date af this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704{b).

Status

1)K Responsive to communication(s) filed on 11/6/2007 & 1/15/2008.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)] 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, 1835 C.D. 11, 453 C.G. 213.

Disposition of Claims

4 Claim({s) 1,3-5 and 7 isfare pending in the application.
4a) Of the above claim({s) 5 and 7 is/are withdrawn from consideration.

5] Claim(s) is/are allowed.

84 Claim(s) 1.3.4 is/are rejected.

7)1 Claim(s) ___is/are objected to.

8)[] Claim(s) __ are subject to restriction and/cr election requirement.

Application Papers

[ ] The specification is objected to by the Examiner.
0)[ ] The drawing(s) fledon ____ is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to 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).
1)_] The oath or declaration is objected to by the Examiner. Note the attached Office Action or farm PTO-152.

Priority under 35 U.S.C. § 119

12)] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 118(a)-(d} or (f).
ayL ] Al b)] Some * ¢)[] None of:
1.[[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.{1 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.

Attachment(s)

1} [] Notice of References Cited (FTO-892) 4) [] Interview Summary (FT0-413)

2y ] Notice of Draftsperson's Patent Drawing Review (PTO-848) Paper No{s)/Mail Date. __

3) 4 Information Disclosure Statement{s} {PTO/SB/08) 5) [_] Notice of Informal Patent Application
Paper No(s)/Mail Date 1/15/2008. 8) |:| Qther:

.3, Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080130
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Application/Control Number: 10/341,868 Page 2
Art Unit: 1617

DETAILED ACTION

A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17{e), was filed in this a'pplicatibn after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

November 6, 2007 and January 15, 2008 have been entered.

Action Summary

The rejection of claims 1, 3 and 4 under 35 U.S.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,996) and Buhimayer et al. (U.S.Patent No.
2,399,578} is being maintained for the reasons stated in the previous Office Action.

Upon further consideration following objection has been made:
Specification

The disclosure is objected to because of the following informalities: There is an

imbalanced parenthesis in the chemical name of the compound. (e.g. page 6,line 5-6).
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Application/Control Number: 10/341,868 Page 3
Art Unit: 1617 '

Appropriate correcticn is required.

Claim Objections
Claims 1, 3 and 4 are objected to because of the foliowing informalities: There is
an imbalanced parenthesis in the chemical name of the first compound. Appropriate

correction is required.

Response to Arguments

1. Applicants’ arguments filed March 15, 2007 have been fully considered but they
are not persuasive. Applicants argue that Applicants have amended claims such that
they are directed to pharmaceutical composition comprising valsartan and the
specifically claimed NEPi {and sélts thereof of both actives) as shown in the Webb
Declaration that the claimed combination of valsartan and the specific NEPI produces a
cembined antihypertensive effect that is greater than expected, i.e., greater than the
sum of the antihypertensive effect produced by each component alone. The Webb
Declaration (M’ay 11, 2006) have been reviewed and carefully .considered. This is not
persuasive because the evidence is clearly not commensurate in scope with what is

claimed herein. The Examiner particularly refers to the data reported in Tables 1, 2 and
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Application/Control Number: 10/341,868 | Page 4
Art Unit: 1617

3, wherein the claimed combination of compounds of Valsartan and AHU377 in their
specific amounts gives surprising and unexpected results.

2. It is noted that the tested compound AHU377 (4-[N-3-carboxy-1-oxo-
propyl)amino-4-(p-phenylphenylmethyl)-3=methylbutanocic acid ethyl ester) (see

page 2 paragraph #5 and results) differs from the compound currently claimed.

3. The structure of the AHU377 is depicted below:

HO
O
0
NH
O

o

4-[n-(3-carboxy-1-oxo-propyllamino]-4-(p-phenylphenylmethyl)-3-methylbutanoic acid ethyl ester

4. The structure of the instantly claimed compound is depicted below:
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Application/Control Number: 10/341,868 Page 5
Art Umit: 1617

HGC
0
0
NH
O

S

4-[n-(3-carboxy-1-oxo-propyllamino]-4-(p-phenylphenylmethyi)-2-methylbutanoic acid ethyl ester

5. The data showing unobvicusness must be commensurate in scope with the
invenfion being claimed. Itis well settled in the patent practice thét unexpected result
must be established by factual evidence. No factual evidence is presented in support of
the greater than sum of the therapeutic agents instantly claimed gives a greater
therapeuti_c effects than the sum of the therépeutic effects achievable with the amount of
each of the active agents administered alone. Thus, the claims fail to patentably

distinguish over the state of the art as represented by the cited references.

In view of the above Office Action of May 31, 2007 is deemed proper and

asserted with full force and effect herein to obviate applicants’ claims.
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ApplicatiénﬁControl Number: 10/341,868 | Page 6
Art Unit: 1617
Ciaim Rejections - 35 USC § 103

The text of those sections of Title 35, U.S. Code not included in this action can
be found in a prior Office action.

Claims 1, 3 and 4 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Ksander (U.S.Patent No. 5,217,996) and Buhimayer et al. (U.S.Patent No.
5,399,578), both of record.

Ksander teaches Ia pharmaceutical composition comprising the compound, 4-[N-
(3-carboxy-1-oxo-propyiJamino]-4-(p-phenylphenylmethyl)-2-methylbutanoic acid ethyl
ester, the (2R,4S)antipode thereof (also known as N-(3-caroxy-1-oxopropyl)-(4S)-p-

phenylphenylmethyl)-4-amino2R-methylbutanoic acid .ethyl ester) is a pharmacologically
potent neutral endopeptidase enzyme (NEP) inhibitor and it is useful for the treatment of
‘cardiovascular disorders such as hypertension. {column 8, lines 5-15, column 12,
lines 1-10, claims 1-22). Ksander teaches that ammonium salts including, mono-, di- or
tri-lower (alkyl or hydroxyalkyl}-ammonium salts {e.g. triethanolammonium), are
suitable pharmaceutically acceptable saits of the compound. (column 5, lines 35-45).
Ksander teaches that unit dosagé forms for warm blooded animals weighing 50 to 70
kg may contain between about 10 and 100 mg of the active ingredient. {column 18,
lines 59-64).

Buhlmayer et al. teach valsartan is useful for an anti-hypertensive treatment. -
(abstract, claims). Buhlmayer et al. teach that the dose of the active ingredient in an

approximate daily dosage range of about 10mg to about 250mg is useful for oral
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Application/Control Number: 10/341,868 Page 7
Arl Unit: 1617

administration for a patient weighing approximatefy 75kg for warm-blooded animai
species. {column 27, lines 40-46).

The claims differ from the cited references by claiming a pharmaceutical
composition comprising a combination of the specific NEP inhibitor (N-(3-caroxy-1-
oxopropyl)-(45)-p-phenylphenylmethyl)-4-amino2R-methylbutanoic acid ethyl ester) and
valsartan in a single formulation with their effective amounts. To employ combinations
of a specific NEP inhibitor and valsartan with effective amounts taught in each of the
above references for treating hypertension in a single formulation would have been
obvious because all the compenents and the amants effective to treat hypertension
are well known individually. One of ordinary skill in the art would have been motivated
to combine the specific NEP inhibitor (N-(3-caroxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino2R-methylbutanoic acid ethyl ester) and valsartan in a
single composition in order to achieve an expected added benefit of antihypertensive
effect in warm-blooded animal species suffering from hypertension. The motivation for
combining the components flows from their individuzally known common utility (see In re
Kerkhoven, 205 USPQ 1069(CCPF’A 1980)). -

With respect to claimed combination achieves a greater antihypertensive effect
than the sum of the therapeutic effects achievable with the amounts of each of the
active agents administered alone is mere conjecture absent a showing.

For these reasons the claimed subject matter is deemed to fail to patentably
distinguish over the state of the art as represented by the cited references. The claims

are therefore properly rejected under 35 U.S.C. 103.
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Application/Control Number: 10/341,868 Page 8
Art Unit: 1617

Nane of the claims are allowed.

Any inquiry concerning this communication or earlier communications from the
examiner shouid be directed to Jennifer Kim whose telephone number is 571-272-0628.
The examiher can normally be reached on Monday through Friday 6:30 amto 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 number for the organization where this application or proceeding is assigned is
271-273-8300. Information regarding the status of an application may be obtained from
the Patent Application Information Retrieval (PAIR) system. Status information for
published appiications ﬁ’lay 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 systém, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Art Unit: 1617 o

Jennifer Kim
Primary Examiner
Art Unit 1617

Jmk
January 30, 2008

Page 9
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CASE 4-32219A

FILING BY "EXPRESS MAIL” UNDER 37 CFR 1.10

Express Mail Label Number Date of Deposit

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF At Unit: 1617

KSANDER ET AL. ,- Examiner: Kim, Jennifer M
APPLICATION NO: 10/341,868

FILED: JANUARY 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Commissioner for Patenis
PO Box 1450
Alexandria, VA 22313-1450

AMENDMENT
Sir:
In response to the February 1, 2008 Office Action, for which the time to respond extends to and
includes May 1, 2008, Applicants respectfully request the following amendment be entered and
the claims considered in tight thereof.

Amendments to the Specification begin on page 2 of this paper.

Amendments to the claims are reflected in the listing of claims which begins on page 6 of this

paper.

Remarks/Arguments begin on page 8 of this paper.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1037




Amendments to the Specification;
Please replace the first full paragraph on page 6, with the following amended paragraph:

NEP inhibitors within the scope of the present invention also include the compeunds
disclosed in U.S. Patent No. 5,217,996, particularly, N-{(3-carboxy-1-oxcpropyi}-(4S)-(p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester; the compounds disclosed in EP
00342850, particularly (S)-cis-4-[1-[2-(5-indanyloxycarbonyl}-3-(2-methoxyethoxy)propyl]-1-
cyclopentanecarboxamido]-1-cyclehexanecarboxylic acid; the compounds disciosed in GB
02218883, particularly 3-(1-[6-endo-hydroxymethylbicyclo[2,2,1]heptane-2-exo-
carbamoyl]cyclopentyl}-2-(2-methoxyethyl)propanoic acid; the compounds disclosed in WO
92714706, particularly N-{1-(3-(N-t-butoxycarbonyl-(S)-prolylaming)-2(S)-t-butoxy-
carbonylpropylicyclopentanecarbony!}-O-benzyl-(8)-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-phenylpropyllaminc]benzoic acid; the
compounds disclosed in WO 90/09374, particutarly 3-[1-(Cis-4-carboxycarbonyl-cis-3-
butylcyclohexyl-r-1-carboamoyi)cyclopentyl]-2S-(2-methoxyethoxymethyl)propanoic acid; the
compounds disclosed in JP 07157459, particularly N-{{28}-2-(4-biphenylmethyl)-4-carboxy-5-
phenoxyvaleryl)glycine; the compounds disclosed in WO 94/15908 particularly N-(1-{N-
hydroxycarbamoyimethyl)-1-cyclopentanecarbonyl)-L-phenylalaning; the compounds disclosed in
U.S. Patent No. 5,273,990 particularly (S)-(2-biphenyl-4-yl)-1-{1H-tetrazol-5-yl)ethylamino)
methylphesphonic acid; the compounds disclosed in U.S. Patent No. 5,294,632 particularly (S)-5-
(N-{2-{phosphoncmethylamino)-3-{4-biphenyl}propionyl)-2-aminoethyltetrazole; the compounds
disclosed in U.S. Patent No. 5,250,522, particularly B-Alanine, 3-[1,1"-biphenyl]-4-yl-N-
[diphenoxyphosphinyl)methyl]-L-alany!; the compounds disclosed in EP 00636621, particularly N-(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 00580442 particularly {{L)-(1-({2,2-dimethyl-1,3-dioxolan-4-yl}-methoxy)carbonyl}-2-
phenylethyl)-L-phenylalanyt)-B-alanine, N-[N-[{L}-[1-[(2,2-dimethyl-1,3-dioxolan-4-yl}-
methoxy]carbony!]-2-phenylethyl]-L-phenylalanyl]-(R)-alanine, N-
-[N-{{L}-1-carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-alanine, N-[2-acetylthiomethyl-3-(2-methyl-
phenyl)propionyl]-methicnine ethyl ester, N-[2-mercaptoemethyl-3-(2-methylphenyl)propioyl]-
methionine, N-[2(S)-mercaptomethyl-3-(2-methylphenyl)propanoyl]-(S)-isoserine, N-(S)-[3-
mercapto-2-(2-methylphenyl)propionyl]-{S}-2-methoxy-(R}-alanine, N-[1-[[1(S)-benzyloxycarbonyl-3-
phenyipropyllamino]cyclopentylcarbonyl]-(S)-isoserine, N-[1-[[1(S)-carbonyi-3-phenylpropylamino]-

-92.
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cyclopentylcarbonyl]-(S)-isoserine, 1,1"-[dithiobis-[2(S)-(2-methyibenzyl)- 1-ox0-3,1-propanediyl]]-
bis-(S)-isoserine, 1,1'-{dithiobis-[2(S)-{2-methylbenzyl)- 1-oxo-3,1-propanediyl}]-bis-(S)-methionine,
N-(3-phenyl-2-(mercaptomethy!}-propionyl}-{S)-4-(methylmercapto)methionine, N-[2-
acetyithiomethyl-3-phenyl-propionyl}-3-aminobenzoic acid,
N-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid, N-[1-(2-carboxy-4-phenylbutyl)-
cyclopentanecarbonyi]-(S)-isoserine, N-[1-(acetylthiomethyl)cyclopentane-carbonyl]-(8)-methionine
ethyl ester, 3(8)-[2-(acetylthiomethyl}-3-phenyl-propionyl]lamimo-e-caprolactam; and the compounds
disclosed in WO 93/10773 particularly N-(2-acetylthiomethyl-3-(2-methylphenyl)propionyl)-
methionine ethy! ester.

Please replace the second full paragraph on page 7, with the following amended paragraph:

With respect to N-(3-carboxy-1-oxopropyl}-(4S)-(p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester, preferred salts include the sodium salt disclosed in U.S. Patent No.
5,217,996, the triethanclamine salt and the tris(hydroxymethylJaminomethane salt. Preparation of
the triethanolamine salt and the tris(hydroxymethyl)aminomethane salt may be carried out as
follows:

Please replace the third full paragraph cn page 7, with the following amended paragraph:

Triethanglamine

To N-{3-carboxy-1-oxopropy))-(4S)-(p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid
ethyl ester {349 mg, 0.848 mmol) is added 5 ml of ethyl ether and 0.113 mL (C.848 mmol) of
triethanolamine in 1 mL of ethyl acetate. The solid was collected and dried melting at §9-71°C.

Please replace the first full paragraph on page 8, with the following amended paragraph:

Tris(hydroxymethyl} aminomethane

To N-{3-carboxy-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyi
ester (3.2 g, 7.78 mmol) is added 32 ml of ethyl acetate and 940 mg (7.78 mmol}
tris(hydroxymethyl)aminomethane. The suspension is diluted with 45 ml of ethyl acetate and
refluxed overnight (~20 hours). The reaction is cooled to 0°C, fiitered, sclid washed with ethyl

acetate and dried melting at 114-115°C.

Please replace the third full paragraph on page 9, with the following amended paragraph:

-3-
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Representative studies are carried out with a combination of valsartan and N-(3-carboxy-1-
oxopropy!}-(4S}-(p-phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester, e.g. applying
the following methodology:

Please replace the last full paragraph on page 11, with the following amended paragraph:

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 battery life, 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 8 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-phenylphenylmethyl)-4-amino-2R-methylbutanoic
acid ethyl ester range from 10-50 mg/kg/day.

Please replace the first full paragraph on page 12, with the following amended paragraph:

Additionally, SHRs are utilized to study the effects of valsartan in combination with N-(3-
carboxy-1-oxopropyl}-(43)-{p-phenylphenyimethyl)-4-amino-2R-methylbutancic acid ethyl ester.
The hypertensive background of the SHR is modified either by chronic salt ioading in an effort to
suppress the renin angiotensin system (RAS) or chrenic salt depletion to activate the RAS in the
SHR. These manipulations will be carried out to more extensively evaluate the efficacy of the
various test substances. Experiments performed in SHRs are supplied by Taconic Farms,
Germantown, New York {Tac:N(SHR)fBR). A radictelemetric device (Da{a 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 weeks prior 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 (mean arterial, 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 seceonds and
recorded. Data reported for each rat represent the mean values averaged over a 24-hour period
-4 -
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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 controlled room and are maintained on a 12-hour light dark cycle.

Please replace the last full paragraph on page 12, with the following amended paragraph:

In addition to the cardiovascular parameters, weekly determinations of body weight also are
recorded in all rats. Treatments are administered in the drinking water, via daily oral gavage or in
osmaotic minipumps as stated above. If given in drinking water, water consumption is measured five
times per week. Valsartan and N-(3-carboxy-1-oxopropyl)-(4S)-{p-phenyiphenylmethyi)-4-amino-
2R-methyibutanoic acid ethyl ester doses for indfvidua! 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
N-(S-carboxy-1-oxo'propyl)—(48)-(p-phenylphenylmethyl)-4-amino-2R—methy1butanoic acid ethyl
ester is highly dependent upon the specific agent used. In most situations, 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 mg/kg/day and N-
(3-carboxy- 1-oxopropyl)-(48)-(p-phenylphenylmethyl)-4-amino-2R-methylbutancic acid ethyl ester
in dosages below 50 mg/kg/day. However, in cases wherein the responder rate is increased with

combination treatment, the dosages are identical to those used as monotherapy.

Please replace the first full paragraph on page 13, with the foliowing amended paragraph:

When drugs are administered by oral gavage, the dose of valsartan ranges from 1-50 mg/kg/day
and N-(3-carboxy-1-oxopropyi)-(4S)-(p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethy!
ester does not exceed 100 mg/kg/day.
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This listing of the claims will replace all prior versions, and listings, of claims in the application.

Listing of Claims:
1. (currently amended) A pharmaceutical composition comprising:
(i) the AT 1-antagonist valsartan or a pharmaceutically

: acceptable salt thereof, and

| (it} the NEP inhibitor N-(3-carboxy-1-oxopropyl)-(48)-(p-
phenylphenylmethyl}-4-amino-2R-methylbutanoic acid ethyl ester or (2R,45)-5-
Biphenyl-4-yl-4{3-carboxy-propionyl amino}-2-methyl-pentanoic acid or
pharmaceutically acceptable salts thereof, '

i wherein the amounts of (i} the AT 1-antagonist valsartan or a pharmaceutically
acceptable salt thereof and (ii) the NEP inhibitar N -(3-carboxy-1-oxopropyl)-
(4S)-{p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester or
(2R, 48)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-methyl-pentanoic acid
or pharmaceutically acceptable salts thereof administered in combination
achieve a greater anti-hypertensive effect than the sum of the therapeutic
effects achievable with the amounts of (i) the AT 1-antagonist valsartan or a
pharmaceutically acceptable salt administered alene and (i) the NEP inhibitor
N-(3-carboxy-1-oxopropyl}-(4S)-(p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester or (2R,48)-5-Biphenyl-4-yl-4(3-carboxy-
propicnyl amino)-2-methyl-pentanoic acid or pharmaceutically acceptable salts

thereof administered alone, and a pharmaceutically acceptable carrier.
2. {canceled)

3. (currently amended) The pharmaceutical composition of Claim 1, wherein
N-(3-carboxy-1-oxopropyl)-(4S)-{p-phenyiphenylmethyl)-4-amine-2R-methylbutanoic acid ethyl

ester is a triethanolamine or tris(hydroxymethyl)aminomethane salt thereof.

; 4, {currently amended) A kit comprising in separate containers in a single

. package pharmaceutical compositions comprising in one container a pharmaceutical
composition comprising N-(3-carboxy-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-2R-
| methylbutanoic acid ethyl ester or {2R,4S)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-

methyl-pentanoic acid or pharmaceutically acceptable salts thereof and in a second container a

! pharmaceutical composition comprising valsartan or a pharmaceutically acceptable salt thereof

-6 -
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wherein the amounts of N-(3-carboxy-1-oxopropyl)-{(4 S)-(p-phenylphenylmethy!}-4-amino-2R-
methylbutanocic acid ethyl ester or (2R,45)-5-Biphenyl-4-yl-4(3-carboxy-propionyl amino)-2-
methyl-pentanoic acid or pharmaceutically acceptable salts and valsartan or a pharmaceutical
acceptable sait thereof administered in combination achieve a greater anti-hypertensive effect
than the sum of the therapeutic effects achievable with the amounts of N-(3-carboxy-1-
oxopropyl)-(48)-(p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester or (2R 45)-
5-Biphenyl-4-yl-4(3-carboxy-propiony! amino)-2-methyl-pentanoic acid or pharmaceutically
acceptable salts thereof administered alone and valsartan or a pharmaceutically acceptable salt

thereof administered alone.

5. {(withdrawn) A methad 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, 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 discrders, such as
migraine, peripheral vascular disease, Raynaud’s disease, luminal hyperplasia, cognitive
dysfunction, such as Alzheimer's glaucoma and stroke, comprising ad ministéring a
therapeutically effective amount of combination of: '

(i} the AT 1-antagonists vaisartan or a pharmaceutically

accepiable salt thereof; and

(i) the NEP inhibitor N-{3-carboxy-1-oxopropyl)-(4 S}-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester or (2R,45)-5-

Biphenyl-4-yl-4(3-carboxy-propionyl amino).-2-methyl~pentanoic acid or

pharmaceutically accepiable salts thereof and a pharmaceutically acceptable

carrier fo a mammal in need of such treatment.
6. (canceled)

7. {withdrawn) - The method of Claim 5, wherein N-(3-carboxy-1-oxopropyl)-
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(45)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is a triethanclamine or

tris(hydroxymethyl)aminomethane salt thereof.

8-11. {canceled)

-8-
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REMARKS
Consideration of the above-identified application as amended is requested. Claims 1, 3
and 4 remain in this application. Claims 1, 3 and 4 have been amended. No néw matter has
been added. |

Objections to Specification and Claims 1, 3and 4

The specification has been objected to because of imbalanced parentheses in the
chemical name of the compound. Applicants have searched the specification and inserted a
parenthesis in the appropriate place in all occurrences of the chemical name of the compound.
Claims 1, 3 and 4 were cbjected to for the same reason and the claims were similarly corrected.
Accordingly, these objections have been overcome and should be withdrawn.

Rejection of claims 1, 3 and 4 under 35 U.8.C. §103(a)

The rejection of Claims 1, 3 and 4 under 35 U.5.C. §103(a) over Ksander U.S. Patent No.
5,217,996 (‘996 patent) and Buhimayer et al. U.S. Patent No. 5,399,578 (‘578 patent) has been
maintained by the Examiner. The Examiner states that the tested compound as set forth in the

Webb Declaration differs from the compound currently claimed.

Based on the attached February 13, 2008 Declaration of Randy Webb, Applicants submit
that the compound used in the testing, as referred to in the May 11, 2006 and November 16, 2006
Webb Declarations, and the compound currently claimed are the same compound. As shown in the
attached Webb Declaration, the tested compound was inadvertently set forth with a ... 3-methyl. ..
where a ...2-methyl... was intended.

Since the compound tested and claimed are the same, the data showing uncbviousness is
commensurate in scope with the invention being claimed. This data is sufficient to distinguish the
claimed invention over the state of the art as représented by the cited references.

In view of the foregeing, Applicant submits the Application is now in condition for allowance
and respectfully requests early notice to that effect.

Respectfully submitted,

N#wartis /}%—)?ffﬂ/ MWA/‘/D

Corporate Intellectual Property Gregory B. Fernéi?/ '
One Health Plaza, Building 104 Attorney for Applidants
East Hanover, NJ 07936-1080 Reg. No. 36,134

(862) 778-7831
Date: February 13, 2008
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CASE 4-32219A
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1617

Ksander et al. ' Examiner: Kim, Jennifer M.

APPLICATION NO: 10/341,868

FILED: January 14, 2003

FOR: METHODS OF TREATMENT AND\PHAF{MACEUTICAL
COMPOSITION '

Assistant Commissioner for Patents
Washington, D.C. 20231

DECLARATION UNDER 37 C.F.R. §1.132

Sir:
t, Randy Lee Webb, being duly warned, hereby declare as follows:

1. | am the same Randy Lee Webb who submitted the Declarations under 37 C.F.R. § 1.132
dated May 11, 2006 and November 16, 2008, attached hereto, in the application identified in the
caption above (which is referred to in this document as “the Application”).

2. | have read and understand the February 1, 2008 Office Action issued in the Application.

3. The experiments described in both Declarations identified above were carried out using 4-
[N-(3-carboxy-1-oxo-propyl)amino]-4-(p-phenylphenylmethyl}-2-methylbutanoic acid ethyl ester
{AHU377) and valsartan as ciaimed in the Application.

4. The description of AHU in my May 11, 2006 and November 16,2006 Declarations should
have read 4~[N-(3-carboxy-1-oxo-propyl)amino]-4-(p-phenylphenylmethyl)-z-methylbutanoic acid
ethyl ester. The insertion of “...2-methyl..." instead of “...3-methyl..." would have been correct.
This error was inadvertent and unintended. This was a mistake and was not noticed by me upon
my review of the Declarations prior to signing.
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5. I hereby declare that all statements made herein of my own knowledge are 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 that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United States Code,
and that such wiliful false statements may jeopardize the vatidity of the application or any patent
issued thereon.

pate: __ 2 —13- 2060y , Q%ﬁdjg/{/«

Randy Lee
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CASE 4-32219A

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Art Unit: 1817

Ksander et al. ' Examiner: Kim, Jennifer M.
APPLICATION NO: 10/341,868

FILED: January 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Assistant Commissicner for Patents
Washington, D.C. 20231

DECLARATION UNDER 37 CER. §1.132

Sir:
|, Randy Lee Webb, being duly warned, hereby declare as follows:

1. | am a citizen of the United States of America, residing at 17 Honeymoon Lane, Flemington,
New Jersey 08822.

2. ! am a named inventor of the invention presently claimed in U.S. application Seriai No.
10/341,868 identified in the caption above (which is referred to in this document as “the
Appiication”™).

3 | t received a Ph.D. in Pharmacology from the University of lowa in 1984. | have carried out
research in the area of hypertension and cardiovascular disease for 30 years, including 21 years at
Ciba/Novartis and | have published 64 papers and 3 book chapters on my research in this area.
Presently, | am at Novartis Inc., where | am head of Hypertension Research and conduct research
in the identification of novel therapeutic targets for hypertension and the development of new
antihypertensive drugs. My background is presented in more detail in my Curriculum Vitae, which
is attached to this Declaration as EXHIBIT 1.
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4 | have read and understand the January 12, 2006 Office Action issued in the Application
and the Ksander (.5, Patent No. 5,217,996} and Buhimayer et al. (U.S. Patent No. 5,399,578)

references cited therein

5. The experiments summarized in the paragraphs below were carried out by me or under my
direction and supervision, or by collaborators with my full participation and understanding. The
experimental results, as explained below, provide evidence that the pharmaceutical combination of
4-[N-(3-carboxy-1-oxo-propyl)aminci-4-(p-phenylphenylmethyl)-3-methylbutanoic acid ethyl ester
(AHU377) and valsartan as claimed in the Application (the combination of the present invention),
has (i) synergy in lowering mean arterial pressure in animal models of hypertension as compared {0
monotherapy with either active agent alone and that this synergy is an unexpected and surprising
blood pressure lowering effect which would not be expected by one of ordinary skill in the art and
(2) has added therapeutic benefits in the treatment of hypentension compared to vqlsanan

monotherapy and AHU377 monotherapy.

B. As described in greater detail below, the experiments show that : {1) administration of a
cembination of valsartan at 30 mg/kg/day and AHU377 at 30 mg/kg/day to Dahl salt sensitive rats
provides a synergistic, unexpécted and surprising antihypertensive effect and the combination of
vaisartan at 100 mg/kg/day and AHU377 at 30 mg/kg/day also elicited a synergistic, unexpected
and surprising antinypertensive effect, even though in Dahl salt sensitive rats vatsartan alone has
no discernable effect and AHU377 only has an effect at a 100 mg/kg/day dose; (2) administration
of a combination of the claimed invention to stroke prone male spontaneously hyperténsive rats
(SHRsp) had a synergistic, unexpected and surprising antihypertensive effect, even though the
combination of valsartan and AHU377 did not significantly reduce blood pressure in SHR: and {3}
the combination of the claimed invention has the added therapeutic benefits in the treatment of
hypertension of improved cardiac fibrosis and vascular remedeling and fibrosis of mesenteric and
intramyocardial coronary arteries thereby reducing hypertension by decreasing media/lumen ratio
of intramyocardiai coronary arteries as compared to valsartan monotherapy and AHU377
monotherapy. In summary, the experiments show that the combination of valsartan and AHU377
has a synergistic, unexpected and surprising antihypertensive effect and has added therapeutic

benefits in the treatment of hypertension.

7. The experiments on the SHR and Dahi salt-sensitive animal models of hypertension were
performed to assess and compare the efficacy on hypertension of the combination of the

Application with valsartan and AHU377 administered as monotherapy. In the expefiments

2
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performed on the SHRsp rats, the objective was to assess the efficacy on hyperension, oxidative
stress, endothelial function and vascuiar remadeling of the combination of the claimed invention
with a combined angiotensin converting enzyme inhibitor and neutral endopeptidase inhibitor

(ACE/NEP inhibitor), valsartan menotherapy, AHU377 monotherapy and hydralazine monotherapy.

8. The experiments on the SHR model of hypertension were carried out as follows:
Procedure: All SHR were implanted with radiotransmitters between the ages of 15 to 16 weeks old
according to the procedures described previously in Webb and Yao, Novartis Study Report, PKF-
99-00909. Rats were allowed a minimum of 7-10 days to recover from surgery prior to the start of
experimentation. SHR were allocated to four treatment groups depending upon baseline blood
pressure measurements and with the goal of having similar group mean blood pressure values at
the start of the study. Baseline blood pressure represents the overall average blood pressure
recorded over 3 consecutive days. Blood pressure was collected for 10 seconds every 10 minutes
throughout the day and thus, 144 pressure measurements were recorded every 24 hours. All
treatments commenced in SHR between 17-18 weeks of age. Drugs were administered by oral

gavage, once daily to conscious SHR in four separate groups as follows:

Drug Treatment -

Week 1 Week 2 Week 3 Week 4 Week 5§ Week 6

Group 1 Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle
Group 2 Vehicle Vehicle Val 3. Val 10 Val 30 Val 100
Group 3 NEPI NEPI NEPI 30 NEPI 30 NEP! 30 NEPI 30
30 30 Vel 3 Val 10 Val 30 Val 100
Group 4 NEP{ NEPI NEPI 100  NEPI100 NEPI100 NEPI100
30 100 Val 3 Val 10 Val 30 Val 100

Treatments: Vehicle, 3% cornstarch; NEPI, AHU377 ; Val, valsartan. Valsartan was
administered in ascending dosages of 3, 10, 30 and 100 mg/kg/day on a background of either
vehicle, AHU377 at 30 mg/kg/day or AHU377 at 100 mg/kg/day. Each dose of valsartan was
given for a period of cne week.

Starting at week 3, valsartan was given at 3, 10, 30 and 100 mg/kg/day in one week intervals,
either atone or adjunctively with NVP-AHU377-AB, Results in the SHR were analyzed by a mixed
effects model (MEM) using the average weekly blood pressure and secondfy1 the average weekly
slope of the blood pressuré effect (Brown and Prescott, 1999). This analysis is similar to an
analysis of variance but generally considered to be more efficient and sensitive since missing data
due to an animal death does not have to be excluded. The daily observations of blood pressure
(24 hr averages) and heart rate are repeated throughout the study protocol. All values were

considered significant when P < 0.05.
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9. The experiments on the Dahl salt sensitive rats were carried out as follows:

Procedure: Radiotransmitters were implanted intc Dahl salt-sensitive rats at 7 weeks of age. All
animals were placed on a high salt diet {(8%) between 7 and 8 weeks of age {approximately 12
days prior to the start of the study) and maintained on this regimen for the duration of the study.
Drug treatment was initiated at 8 weeks of age and was continued for 3 weeks. Drugs were
administered once dally by oral gavage. The effects of valsarian aloné and in combination with

AHU377 were assessed using a 3 X 3 factorial design as follows:

Protocol design for the 3 X 3 factorial study in Dahl salt-sensitive Rats

Vehicle Val 30 Val 100
n=8 n=8 n=8
NEPI 30 Val 30 + NEPI 30 Val 100 + NEPI 30
n=§8 n==8 n=8
NEP! 100 Val 30 + NEPI 100 Val 100 + NEP| 100
n=7 n==8 n=8§8

NEFI 30 and 100 represent AHU377 administered by oral gavage at a dose of 30 and 100
mg/kg/day, respectively. Val 30 and 100 depict valsartan given at a dose of 30 and 100
mg/kg/day, respectively. Vehicle was 3% cornstarch given at 2 ml/kg body weight.

10. The experiments on the SHRsp were carried out as follows:

Animal Experiments: Male SHRSP were obtained from a colony originally acquired from the
National Institutes of Health (NIH), and maintained locally. Rats were housed at 22°C and 60%
humidity under a 12-hour light/dark cycle. Starting at 10 weeks of age, SHRSP were fed powdered
diet (Agribrands Purina, Drummondville, QC, Canada} containing the combined valsartan
(10mg/kg/day)/AHU377 (100mg/kg/day, NEPI), CGS 30440 {10mg/kg/day, a combined
ACEI/NEPI), valsartan alone (10mg/kg/day}, AHU377 (100mg/kg/day), or hydralazine

(25mg/kg/day). Wistar-Kyoto rats (WKY) served as normotensive controls. Systolic blood pressure

(BP) was measured initially by the tail-cuff method under slight restraint and was monitored weekly

for the last 5 weeks by radio-telemetry as previously described (Amiri F, et al., Circuiation.
2004;110:2233-2240). After 10 weeks of treatment, rats were killed humanely.

Preparation and Study of Mesenteric Resistance Arteries: Third-order branch of the mesenteric

vasculature was isolated and mounted on a pressurized myograph as described previously (Savoia

C, etal, J Hypertens. 2005,23:1037-1045.). Endothelium-dependent and independent relaxations

4
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were assessed in norepinephrine (10°mol/L} pre-contracted vessels with acetyicholine and sodium
nitroprusside, respectively. Lumen and media dimensions were measured while intraluminai
pressure maintained at 45mmHg upon vessel deactivation with 10mmoi/L EGTA (Virdis A, et al.,
Hypertension. 2002;40:504-510). Thereafler, vessels were fixed with 4% paraformaldehyde for
histology. '

Measurement of NADPH Oxidase Activity: Vascular NADPH oxidase activity was measured in
aortic segments and mesenteric arteries by lucigenin chemiluminescence {5umol/l), using NADFPH
(100umoliL) as substrate, as previously described ((Virdis A, et al., Hypertension. 2002;40:504-
510)). Lucigenin signal specificity was tested by adding both diphenylene iodinium, a flavoprotein
inhibitor, and tempol, a superoxide dismutase mimetic. o

Histology and Immunochistochemistry: Four animals per group were perfused with 4%
paraformadehyde in vivo. Once mesenteric arteries were removed, heart and aorta were .
embedded in paraffin, and serially sectioned (5um) for histological and immunohistochemical
studies. As previously described (Pu Q, et al., Am J Hypertens. 2001;14:1067-1072.),_severity of
vascular and cardiac fibrosis was evaluated with Sirius red staining and analyzed by image analysis
system (Northern Eclipse 5.0, EMPIX Imaging Inc., Mississauga, ON, Canada), by an investigator
unaware of the experimental group examined. Collagen density was defined as the ratio of the area
stained to the total tissue area and expressed as percentage. Macrophage infiltration was
assessed by immunostaining with a menoclonal antibody against rat monocytes/macrophages (ED-
1, Serotec, Raleigh, NC) as previously described (Pu Q, et al., J Hypertens. 2005;23:401-409).
Preparation of Vascular Tissue for Western Blotting: Samples were extracted (Amiri F, et ai,,
Circuiation. 2004;110:2233-2240) and expression of nitric oxide synthase (NOS) was assessed with
endothelial NOS (eNOS) antibody (BD Biosciences, San Jose, CA)} as previously described
(Javeshghani D, et al., Hypertension, 2003;42:761-767). Signals were revealed with
chemiluminescence and visualized autoradiographically. Subsequently membranes were stripped
(Pierbe Biotechnology, Rockford, IL) and re-probed with beta-actin (Sigma Chemicals,
Mississauga, ON, CAN) to verify equal lcading. Optical density of bands was quantified by
ImageQuant 5.0 (Molecular Dynamics, Sunnyvale, CA), and expressed as arbitrary units.

Gelatin Zymography and Reverse Zymography: Protein was extracted from frozen aorta by
homogenization as previously described (Brassard P, et al., Hypertension. 2005; 46:598-606),
while iatent and activated gelatinases were detected with SDS-PAGE gelatin zymography (Galis
ZS, et al. Circ Res. 1994,75:181-189; Brassard P, et al., Hypertension. 2005; 46:598-6086). After
gel staining, MMPs were identified based on gel'atin lysis at 62kDa and 82kDa for activated MMP-2
and MMP-9, respectively. Gelatinolytic bands were quantified using imageQuant software 5.0.

Reverse zymography was performed as previously described (Brassard P, et al., Hypertension.

5
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2005; 46:598-608) where stained bands represent gelatinase inhibitory activity corresponding to

TiMPs.

Data Analysis: Data are presented as mean+SEM and analyzed by repeated measures ANCVA

followed by Newman-Keuls post-hoc test. £<0.05 was considered significant.

1. SHR Results:

Blood Pressure {mmHg}

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Group 1 146 + 2 147 +1 148 + 1 149 + 1 149+ 2 148 + 2
Group 2 149+ 3 180+ 4 146+ 3 142 + 4 135+ 4 120+5
Group 3 148+ 2 148 + 2 145+ 2 143 + 4 137 +3 124 + 2
Group 4 1461 5 138+ 5 136+ 5 128+ 4 117+ 5

145+ 4

12. Daht Salt Sensitive Results for Valsartan Monotherapy:

Dose Final BP | improvement over
mg/kg/day mmHg vehicle mmHg
Vehicle 193+ 5
Valsartan | 30 191+6 |-2
Vaisartan | 100 196 + 7 +3

13. Daht Salt Sensitive Results for AHU377 Monctherapy:

Dose Final BP | Improvement over
mg/kg/day | mmHg vehicle mmHg
Vehicle 19315
AHU377 30 191+5 [-2
AHU377 100 177+5 | -16
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14. Dahl Salt Sensitive Results for Valsartan and AHU377 combination therapy:

Dose Firal Improvement | Expected Improvement
mg/kg/day | BP over vehicle | Improvement | Factor mmHg
mmHg | mmHg mmHg
Vehicle 193+ 5 _
Vals:AHU377 | 30:30 176 + 6 | -17 -4 -13
Vals:AHU377 | 30:100 179+6 {-14 -18 +4
Vals:AHU377 | 100:30 174+ 5 | -19 +1 -18
Vals:AHU377 | 100:100 182 £8 | -11 -13 +2

15. SHRsp Modet Results for Valsartan and AHU377 monotherapy and
combination therapy for Systolic Blood Pressure {(SBP):

Dose Final SBP SBP Expected Improvement
mg/kg/day | mmHg Reduction Imprevement | Factor
mmHg mmHg
SHRsp 195+6
Valsartan 10 176 + 6 -19
AHU377 100 199+ 6 +4
Vals:AHU377 | 10:100 167 +5 -28 -15 -13
ACE/NEP 10 152+ 2 -43
inhtbitor

SHRsp Model Results for Valsartan and AHU377 monoctherapy and

combination therapy for Diastolic Blood Pressure (DBF)

Dose . Final SBP Expected Improvement Factor
mg/kg/da | SBP Reduction | Improvement mmHg
y mmHg mmHg

SHRsp 142+3

Vaisartan 10 137+7 -4.6

AHU377 100 151+8 +9.5

Vals:AHU377 | 10:100 118+5 -23.8 +4.9 -28.7

ACE/NEP 10 108+3 -34

inhibitor
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16. Based on the above, the combination therapy of the claimed invention was -cléariy shown to
demonstrate synergism with respect to biood pressure lowering, for both the Dahl study at 30:30
and 100:30 (Valsartan to NVP-AHU377-AB, respectively (mg/kg/day}); and in the SHRsp study.
This synergy is illustrated by the improvement factors reported in the preceding tabie, where the
improvement factors are calculated by subtracting the expected additivity of independent events
from the combination therapy. In paragraphs 14 and 15 above, synergy is shown by the negative
number set forth in the “!mprovement Factor” column. This number is the actual blood pressure
iowering effect of the combination of the present invention beyond that which is expected from the
combination based on the results of monotherapy. The demonstrated synergism was both
unexpected and surprising. The only exception is the SHR study, which does not show synergy.
This is explained by the fact that the SHR hypertensive animal mode! is one in which the BP is
generally stable over extended periods of time, that is, it will risé with age but does so more
gradually than many other experimentally-induced models of hypertension in the rat. Additionally, it
is known that angiotensin receptor blockers {ARBs) work to lower BP in these animals due to an
underlying contribution of the renin angiotensin system in these animals. Blockade of the renin
angiotensin system in the SHR, especially chronically, will resuit in blood pressure lowering.
Further, NEPi, which does not block the renin angiotensin system, are known not to be effective in
the SHR animal model. Therefore, combinations of vaisartan and AHU did not lower BP

significantly more than vaisartan alone in the SHR model.

17. This makes the Dahl and SHRsp data even more unexpected. The animals in this medel
rapidly become moribund due to a progressive malignant hypertension, that if left untreated would
result in mortalilty in one hundred percent of the animals, Therefore, the fact that the combination
had synergistic effects in these models, when not having synergistic effects in the stable SHR

model, is therefore even more unexpected and surprising.

18. As shown in Figure 1, attached hereto as EXHIBIT 2, experiments performed on SHRsp
shows that the combination of the present invention, the dual ACEYNEPi compound and valsartan
alone normalized maximal acetyicholine relaxation responses, whereas AHU377 and hydralazine
were iheff_ective. This shows that of the combination of the present invention has the added
therapeutic value of exerting protective effects on the endothelium and thereby reducing endothelial
dysfunction. Reduction of endothelial dysfunctien improves vascular function and therefere helps
treat hypertension. The combinaticn of the present invention is more beneficial with respect to

endothelial dysfunction than AHU377 alone although it is similar to valsartan alone.
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19. As shown in Figure 2, attached hereto as EXHIBIT 3, experiments performed on SHRsp
shows that the combination of the present invention, the dual ACEI/NEPi compound and valsartan
alone significantly decreased media/lumen ration and collagen deposition, whereas AHU377 and
hydralazine were ineffective. This is indicative of therapeutic vascular remodeling of the
endothelium by the combination of the present invention. The combinaticn of the present invention
is more beneficial with respect to vascular remaodeling than AHU377 alone, although it is similar to

valsarian alone.

20. As shown in Figure 3, attached hereto as EXHIBIT 4, experiments performed on SHRsp
shows that the combination of the present invention, the dual ACEI/NEPI compound, valsartan
alone, AHU377 alone and hydralazine all decreased vascular NADPH oxidase activity significantly
in SHRsp. The increased activity of NADPH oxidase seen in the SHRsp resuits in increased
oxidative stress {reduction in reactive oxygen species) within the vessel wall. The sighificant
reduction in NADPH oxidase activity will minimize vessel wall damage due to oxidant stress and

improve vascular function.

21. As shown in Figure 4, attached hereto as EXHIBIT 5, experiments performed on SHRsp
shows that the combination of the present invention and the dual ACEINEPiI compound improved
media/lumen ratio and interstitiai collagen density better than valsartan alone, whereas AHU377
and hydralazine were ineffective. These effects on small arteries may be of importance in the
treatment of hypertensive patients, wherein these patients have detrimentat small artery remodeling
in the myocardium or in other organs which may contribute to cardiovascular events. Animals
treated with the combination of the present invention show a collagen density closer to the contro!

animal (WKY) than either monotherapy with valsartan or AHU377.

22. As shown in Figure 5, attached hereto as EXHIBIT 8, experiments performed on SHRsp
shows that the combination of the present invention and the dual ACEIYNEPi compound were more
effective than valsartan alone, AHU377 alone or hydralazine in decreasing vascular macrophage
infiltration. Vascular macrophage infiltration is a marker of inflammation and leads to vascular

damage and diminished vessel waklt function such as reduced vasorelaxant capacity.

23. As shown in Figure 6, attached hereto as EXHIBIT 7 SHRsp exhibited reduced MMP-2
activity with concurrent increase in TIMP-2 activation, thus resulting in increased cardiac and
vascular collagen deposition due to a reduction in cotlagen degradation. The combination of the

present invention as well as dual ACEI/NEPI increased MMP-2 activity and decreased TIMP-2

g
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activity, whereas valsartan or NEPI alone had no effect. Therefore, the combination of the present
invention shows an added therapeutic value in the protection of the vessel wall and in the treatment

of hypertension not shown by monotherapy.

24. In summary, based on my expertise and experience and on my evaluation of the results set
forth above, it is my opinion that the combination of the present invention unexpectedly and
surprisingly lowers biood pressure as compared to the monctherapy and shows an addeg
therapeutic value in the treatment of hypertension as compared to monotherapy of valsartan or
NVP-AHU377-AB.

25 | hereby declare that all statements made herein of my own knowledge are 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 that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United S‘I)tates Code,
and that such willful false statements may jeopardize the validity of the application or any patent

issued thereon.

Date: i ?C“‘

Y . 2 A /
i _L_ﬂ.[jué 4\\6\/%\7 A2y A ,[_/t

Randy Lee Webb

K

10

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1057




Curriculum Vitae
Randy L. Webb
Novartis Institutes for BioMedical Research
Cardiovascular Research
One Health Plaza, Building 437, Room 4331
Tel. No. (862) 778-0451 FAX: (973) 781-8492
Email: randy.webb@novartis.com

Home Address 17 Honeyman Drive
' Flemington, New Jersey 08822
Tel. No. {908) 806-6032

Education

Rutgers University, New Brunswick, NJ, B.S. Biology - 1976
Fairleigh Dickinson University, Teaneck, NJ, M.S. Physiology - 1979
University of Iowa, Jowa City, Iowa, Ph.D. Pharmacology - 1984
NIH Predoctoral Trainee - University of Iowa, 1979-1983

NRSA Postdoctoral Fellowship - Medical College of Wisconsin, 1984

Appointments and Honors
Co-chairman — ANF: Metabolism and Receptors, FASEB, Las Vegas, NV, May, 1988.

Scientific Advisory Board and session chairman - Fourth International Conference on
Endothelin, London, England, April 23-26, 1993.

Research Peer Review Commitiee, American Heart Association, New Jersey Affiliate and
Northeast Affiliate Consortium Group 3 Reviewer, 1997-2001.

Discipline Expert and member of the Novartis Scientific Council on Pharmacology
(1999}

International Council within Novartis Research consisting of 16 members with quarteriy meetings
(Basel), review policies within Research, establish guidelines for Research efforts across disciplines,
organize workshops, prepare position papers, efc.

Member of the Novartis Global CV Council (2001-2004)

Represent CV Research and serve on a panel with 7 International CV experts to provide feedback to
Novartis on trends, controversies, opportunities for optimizing current products and to make
recommendations regarding CV portfolio strategy.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1058




curriculum vitae Randy L. Webb, Ph.D.

Member - Novartis Metabolic/Cardiovascular Franchise Board (2002-2004)

Management team includes members from Research, Clinical Development, Marketing and Business
Development and Licensing. Board members review on a monthly basis all Metab/CV
programs/products within Franchise to set development and commercial strategy and to ensure
alignment within the Novartis portfolio. Evaluate in-licensing opportunities and acquisitions.

[nventor — U.S. Patent 6,204,281 (2001)
Inventor — U.S. Patent 6,395,728 (2002)

Employment Experience

2003-present Executive Director, Cardiovascular Research, Novartis Institutes for
BioMedical Research

2002-2003  Executive Director, Cardiovascular Disease Pharmacology, Metabolic and
Cardiovascular Diseases, Navartis Pharma. '

2000-2001 Principal Fellow, Novartis Pharma.

1997-1999  Senior Fellow, Novartis Pharma.

1995-1996 Senior Research Fellow I, Ciba Pharma.

1991-1994  Staff Scientist, Ciba Geigy Pharma.

1988-1990  Senior Research Scientist, Ciba Geigy Pharma.

1984-1987  Senior Scientist, Ciba Geigy Pharma., Summit, NJ

1976-1979 Pharmacologist, Hoechst-Roussel Pharmaceuticals, Inc.,

~ Somerville, NJ

Team Membership

2000-2001  Research Representative — Diovan Intemational Project Team
Roies/Responsibilities — Coordinate all prectinical (External/Internal
Investigators) studies, review and critique scientific aspects and align with IPT
strategy for Product Lifecycle Management, oversee financial support for
external collaborations, represent Research on all matters pertaining to product,
attend monthly team meetings, various conferences with investigators, serve as a
scientific consultant to the Diovan Brand Team and prepare/present lectures for
Novartis International Scientific Symposia.

1998 Research Representative - Diovan Life Cycle Management Team
Cardioprotection Task Force — member
1997 International Project Team Member, International Clinical Tearn Member

(CGP 60536B, renin inhibitor) and Preclinical Research Coordinator
1993-1995  Valsartan (Angiotensin I Antagonist) Project Team Member
1989-1993  Project Teamn Member, Preclinical Research Coordinator -
Benazepril/Amlodipine (LOTREL™)
Leadership Skills

2004- Fully Integrated Program (FIP) Head for hypertension

2

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1059




curriculum vitae Randy I.. Webb, Ph.D.

Roles/Responsibilities — oversight of all hypertension projects, including
sering project/program strategy, review of progress, resource allocation, project
prioritization. Also, responsible for coordinating compound progression up to
entry of compounds into Phase 1.

2000 Program Team Leader - VPI program
Roles/Responsibilities — supervise multi-disciplinary team consisting of
approximately 20 team members {chemistry, pharmacology, pharmacokinetics,
cellular biology; MDs, PhDs, MS and BS level}, identify, evaliate and
recommend compounds for further development

1999- Cardioprotection/CHF/Hypertension Indication Team Leader
Roles/Responsibilities — 6 PhD Research team members, review all in-licensing
opportunities related to Cardioprotection (hypertension, post-MI, CHF,
1schemia/reperfusion), make recommendations to Metabolic and Cardiovascular
Diseases Therapeutic Area Board, propose novel targets/mechanisms for new
programs within therapeutic area

1995-1996  Chairman, International Strategic Alignment Committee

(Renal Disease)

Roles/Responsibilities — 9 member task force consisting of MDs and PhDs from
Clinical, DRA, Marketing, Research + 2 external consultants (nephrologists),
prepared strategic proposal/documentation for initiating therapeutic programs in
kidney disease and presented to Global Head of Pharmaceuticat Division

1691-1995  Co-Leader - Endothelin Receptor Antagonists

1988-1991 Co-Leader - Adenosine

1086-1988  Deputy Project Leader - Adenosine
Organizational Skills

Orgamized and Chaired International Renal Advisory Board Meeting, December, 1995,
San Diego, CA.
One-day CIBA workshop consisting of 8 International Opinion Leaders on Kidney Disease;

incorperaied recommendations for novel targets, research approaches, etc. into a Renal Strategic
Proposal for CIBA senior management,

Organized and Chaired Novartis Intemational Hypertension Workshop — March 20-21,
2000

Two day workshop with internal participants from various line functions and 5 International
Consultants and consisted of a series of seminars and a roundtable discussion covering all aspects of
Hypertension Research. A final report was prepared with specific recommendations and conclusions
and was presented to management at the Annual Portfolio Review,

IND/NDA/IB Preparation

Ismelin (guanethidine) - “orphan IND” Section 6AKIND

CGS 14831 (benazeprilat, ACE inhibitor) Section 6A/IND

Lotensin HC'_I'TM (Benazepril/Hydrochlorothiazide) NDA Submission

Lotensin™ (Benazepril) - Biology Compound Sponsor - 1989-present,

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1060




curriculum vitae Randy L. Webh, Ph.D.

Summary Basis of Approval, 1990
LOTREL™ (Benazepril/Amiodipine) - NDA Submission (1993); Summary Basis of
Approval (1994); FDA Advisory Board Meeting, invited guest, NIH Campus June, 1994;
Investigators’ Brochure, June, 2003.

DiovanTM(Valsanan) - Hypertension NDA Submission, December, 1995.

Diovan-HCT™ (Valsartan/Hydrochlorothiazide) - Hypertension NDA Submission,
March, 1997

Diovan™ (Valsartan) — Heart Failure sSNDA Submission (Preclinical report) and
European Dossier for Heart Failure Submission (Preclinical Expert Report), April
2001, FDA Cardio-renal Advisory Committee Meeting, designated Novartis
participant, October 11, 2001, Investigator's Brochure Edition 13, May, 2001.

Diovan™ - valsartan/simvastatin preclinical summary IND filed September, 2001.

Invited Conference Participant/Lecturer

1. Neural Control of the Circulation, FASEB Summer Conference, Saxtons River,
VT, July 1982.

2. Vasopressin Conference, Aspen, Colorado, August 1984,

3. Cardiovascular Residency Program, Georgetown University Medical
School, April 27-29, 1987,

4. “Identification of adenosine A,-selective agonists: Novel antihypertensive
agents?” Ciba Geigy Ltd., Basel, Switzerland, June 27, 1991.

5. ““Highly sclective adenosine A, agonists: Cardiovascular actions during acute and
chronic administration.” Presented at Purines 92, University of Milan, Milan,

Italy, June 21-24, 1992.

6. Data Sciences, Inc., Experimental Biology Telemetry Tutorial, “Pharmacological
evaluations using radiotelemetry n conscious rats”, Anaheim, CA., April, 1994.

7. - “Therapeutic potential of AT, receptor antagonists in chronic renal disease”,

- Valsartan Diabetic Nephropathy Advisory Meeting, Short Hills, NJ, June 5, 1994.

8. “Telemetric monttoring of cardiovascular parameters in conscious rats.”
Tri-Branch AALAS Conference, Philadelphia, PA, June 7-8, 1994,

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1061



curriculum vitae ' Randy L. Webb, Ph.D.

9.

10.

11.
12,

13.

14.

15.

16.

7.

18.

19.

20.

“Role of ETg receptors in cardiovascular and renal function.” Endothelin
Inhibitors: Advances in Therapeutic Application and Development, IBC
Conference, Philadelphia, PA., June 9-10, 1994,

“Long-term monitoring of cardiovascular parameters in conscious rats using
radiotelemetry. International Congress of Pharmacology ([UPHAR), Telemetry
Tutorial, Montreal, Canada, July 23-28, 1994,

Session Chairman, “Pathophysiology of Endothelin”, Fourth International
Conference on Endothelin, London, UK, April 23-26, 1995.

“Lotrel: Logical antihypertensive therapy.” Lotrel Advisory Meeting, New York
City, NY, May 16, 1995.

“Preclinical overview of benazepril/amlodipine results in experimental models of
cardiovascular disease.” Lotrel Investigators Meeting, San Diego, CA, July 13-16,
1995.

“Overview of benazepril/amlodipine results in experimental models of
cardiovascular disease.” Lotrel Speakers Training Meeting, Colorado Springs,
CO, August 17-20, 1995. :

“Overview of benazepril/amlodipine results in experimental models of
cardiovascular disease.” Lotrel Speakers Training Meeting, Phoenix, AZ, QOctober
12-15, 1995.

“Inhibitors of the renin angiotensin system: Novel therapeutics for renal disease.”
Ciba Intemnational Advisory Meeting on Kidney Disease, San Diego, CA,
November 8, 1995.

“Preclinical profile of the novel renin inhibitor CGP 60536B."” Novartis Advisory
Meeting, New York, NY, August 6-7, 1997.

“Chronic antihypertensive effects of combination therapy in telemetered-
spontaneously hypertensive rats.” American Association for Laboratory Animal
Science, 49™ National Meeting, Cincinnati, Ohio, October 19, 1998.

DIOVAN® “Preclinical research profiling in cardiovascular and renal disease”
National Advisory Board Meeting, Atlanta, GA, January 22, 1999.

DIOVAN® “New basic science initiatives with the angiotensin Il antagonist,
valsartan”, Heart Failure Investigators Meeting, Prague, The Czech Republic,
December 2-3, 2000.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1062




curriculum vitae Randy L. Webb, Ph.D,

21.  DIOVAN® " New Basic Science Initiatives with the Angiotensin II Antagonist,
Valsartan”, International Symposium “Selective Angiotensin Receptor Blockade:
Treatment Strategies along the Cardiovascular Continuum”, May 12-13, 2001,
Paris, France (1000 participants from 45 countries).

22.  DIOVAN® “Update of Preclinical Results with Diovan”, ARB/RAS Vascular
Advisory Meeting, New York City, December 14-16, 2001.

23.  “Preclinical results with the new renin inhibitor, aliskiren”, Aliskiren Advisory
Board Meeting, Zurich, Switzerland, March 4, 2002.

24. Aliskiren Advisory Board Meeting, New York City, NY, September 23, 2002.

25, Alskiren Nephrology Advisory Board Meeting and Aliskiren Global Advisory
Board Meeting, Boston, MA, April 2-3, 2004. “Preclinical evidence of efﬁcacy
and safety”.

26.  Diovan Lifecycle Planning Meeting, New Orleans, LA, November 10, 2004,
“Devclopment Candidates for Hypertension — Preclmlcal Review”,

27.  Novartis Metabolic Syndrome Advisory Board Meeting. London, UK, February
28-March 2, 2003.

28. Panelist at The 4™ Annual Waterbury Forum, “State of the Heart: The Future of
Cardiac Care in Connecticut”, Post University, Waterbury, CT, April 14, 2005.

29.  ARB/RAS Vascular Advisory Board: International Summit, Budapest, Hungary,
May 20-21, 2005. “ARB/NEPI Combination Development”, “Aliskiren:
Preclinical Overview and Development Plan” and “Is Aldosterone a Target for
Improving Intervention?”.

Society Membership

Physiological Society of Philadelphia, 1986-1993.
The American Society of Hypertension, 1988 -
The New York Academy of Sciences, 1989 -
ASPET, 1993 -

Council for High Blood Pressure Research, 1998 -

Teaching Experience

Advanced Cardiovascular Pharmacology: Drug Development, New York Medical
College, Valhalla, NY

Fall Semester 1994, 1996; Therapeutic Potential of the Endothelin System

Fall Semester 2002; ACE/NEP Inhibitors

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1063




curriculum vitae Randy L. Webb, Ph.D,

Spring Semester 2005, Class #1088; The Discovery and Development of Renin inhibitors
Scientific Journal Referee

Journal of Pharmacology and Experimental Therapeutics
Hypertension ~ 1996, 1997, 1998

Cardiovascular Drug Reviews

Canadian Journal of Physiology and Pharmacology - 1996
American Journal of Physiology: Heart and Circulaiory — 1997, 1998
Life Sciences - 1998

Extra-curricular Activities

Judge (Team Captain - Health and Medicine) - New Jersey Regional Science Fair (High
School Competition) - March 14-15, 1997 Morris County Community College; March
12-13, 1999, Morris County Community College, NJ.

Supervisory Responsibility

Executive Director (2002-) CV Pharmacology — supervision of 5 Ph.D. and 14 BS/MS
scientists; direct lab reports - 1 MS scientist. '

Group Leader (1991-1994) CV Pharmacology Unit - supervision of 3 Ph.D., 1 MD and 6
BS/MS scientists.

Post-doctoral trainee, Michelle Bazil, 1990-1992.

7

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1064




curriculum vitae Randy L. Webb, Ph.D.

10.

Publications
Manuscripts

K.H. Berecek, K.W. Bamron, R.L. Webb and M.]. Brody. Vasopressin central
nervous system interactions in the development of DOCA hypertension.
Hypertension 4(Suppl. II):11131-11137, 1982.

K.H. Berecek, K.W, Barron, R.L. Webb and M.J. Brody. Relationship between
vasopressin and the anteroventral third ventricle region in '
deoxycorticosterone/salt hypertension. (Brattieboro Rat Model). Ann. New York
Acad. Sci. 394: 392-397, 1982,

K.H. Berecek, K.W. barron, R.L. Webb and M.J. Brody. Vasopressin projections
and central control of cardiovascular function. (Brattleboro Rat Model). Ann.
New York Acad. Sci. 394: 729-734, 1982.

K.H. Berecek, R.L. Webb and M.J. Brody. Evidence for a central role for
vasopressin in cardiovascular regulation. Am. J. Physiol. 244: H852- H859, 1983.

S.P. Americ, S.A. Chow, R K. Bhatnagar, R.L. Webb, L.J. Fisher and J.P. Long.
Evidence that central dopamine receptors medulate sympathetic neuronal activity

to the adreanl medulla to alter glucoregulatory mechanisms. Neuropharmacology
23: 137-147, 1984.

M.J. Brody, R.L. Webb, M.L.. Mangiapane, J.P. Porter, A.C. Bonham and A_.J.
Trapani. Comparative central and peripheral antihypertensive mechanisms of
urapidil and prazosin. Am. J. Med. 77(4A): 74-80, 1984.

J.P. Porter, A.C. Bonham, M.L. Mangiapane, R.L. Webb and M.J. Brody.
Central and peripheral cardiovascular effects of indoramin in conscious rats. Eur.
J. Pharmacol. 109: 9-17, 1985.

AW.Cowley, Jr., I.F. Liard, M.M. Skelton, E.W. Quillen, Jr., J.W. Osborn, Jr.
and R.L. Webb. Vasopressin-neural interactions in the control of cardiovascular
function. In: Vusopressin, ed. by R W. Schrier. Raven Press, New York, 1985,
pp. 1-10.

R.W. Lappe, R.L. Webb and M.J. Brody. Selective destruction of renal afferent
versus efferent nerves in rat. Am. J. Physiol. 249: R634-R637, 1985,

R.L. Webb, R. Della Puca, J. Manniello, R.D. Robson, M.B. Zimmerman and
R.D. Ghai. Dopaminergic mediation of the diuretic and natriuretic effects of ANF
in the rat. Life Sci. 38: 2319-2327, 1986.

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1065




curriculum vitae Randy L. Webb, Ph.D.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

R.L. Webb, G.R. Ghai, B.W. Barclay, R.D. Ghai and M.B. Zimmerman. A
comparison of the vasorelaxant and hemodynamic properties of synthetic
atriopeptins. In: Biologically Active Atrial Peptides, ASH Symposium Series, ed.
by J. Laragh, Raven Press, New York, 1987, pp. 335-338.

R.L. Webb, J.W.'Osbom, Jr. and A'W. Cowley, Jr. Cardiovascular actions of
vasopressin: baroreflex modulation in the conscious rat. Am. J. Physiol. 251:
H1244-H1251, 1986.

R.L. Webb and M.J. Brody. Functional identification of the central projections
of afferent renal nerves. Clin. Exp. Hyperten. (Theory and Practice), A9 (Suppl.
1): 47-57, 1987.

E.F. Smith, I1], ].W. Egan, ¥ R. Goodman, M.B. Zimmerman, R.L. Webb and
L.G.T. Ribeiro. Effects of two non-sulfhydryl angiotensin converting enzyme
inhibitors, CGS 14831 and CGS 16617, on myocardial damage and left
ventricular hypertrophy following coronary artery occlusion in the rat.
Pharmacology, 37: 254-263, 1988,

L.P. Wennogle, R.D. Ghai, C. McMartin, R.L.. Webb, M. Erion, J. Gilligan, H.H.
Oei and M.B. Zimmerman. Multiple mechanisms mediate disappearance of ANF
from the vascular compartment in the rat. In: Biological and Molecular Aspects
of Atrial Factors, ed. by P. Needieman. Alan R. Liss, Inc., New York, 1988, pp.
13-27.

R.L. Webb, G.D. Yasay, Jr., C. McMartin, R.B. McNeal, Jr. and M.B.
Zimmerman. Degradation of atrial natriuretic peptide: pharmacologic effects of
endoprotease 24.11 inhibition. J. Cardiovasc. Pharmacol. 14: 285-293, 1989,

A.J. Hutchison, R.L. Webb, H.H. Oei, G.R. Ghai, M.B. Zimmerman and M.
Williams. CGS 21680C, an A,-selective adenosine receptor agonist with
preferential hypotensive activity. J. Pharmacol. Exp. Ther. 251: 47-55, 1989.

M. Williams, R.L. Webb, H.H. Qei, M.F. Jarvis, G.R. Ghai and A.J.Hutchison.
Adenosine receptor ligands as therapeutic entities: molecular specificity in
relation to functional and therapeutic activity. In: Adenosine Receptors in the
Nervous System, ed. by I.A. Ribeiro, Taylor and Francis, 1989, Symposium
Proceedings, Algarve, Portugal.

A.J. Hutchison, M. Williams, R.L. Webb, H.H. Oei and M.F. Jarvis. The design
of a series of highly A;-selective adenosine agonists. Proceedings of the Purine

Nucleoside and Nucleotide Meeting, Rockville, MD. Sept. 1989.

A.J. Hutchison, M. Williams, R. de Jesus, R. Yokoyama, H.H. Oei, G.R, Ghai,
R.L. Webb, H.C. Zoganas, G.A. Stone and M.F, Jarvis. 2-
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curriculum vitae Randy L. Webb, Ph.D.

21.

22.

23,

24,

25,

26.

27.

28.

29.

30.

(Arylalkylamino)adenosine-5’-uronamides: a new class of highly selective
adenosine A; receptor ligands. J. Med. Chem. 33: 1919-1924, 1990.

R.L. Webb, D. Miller, V. Traina and H. Gomez. Benazepril. Cardiovasc. Drug
Rev. 8(2):89-104, 1990.

R.L. Webb, R.B. McNeal, Ir., B.W. Barclay and G.D. Yasay. Hemodynamic
effects of adenosine agonists in the conscious spontaneously hypertensive rat. J.
Pharmacol. Exp. Ther. 254(3):1090-1099, 1990.

R.D. Ghai, R.L. Webb, ].L.. Sonnenberg, Y. Sakane and G.R. Ghai. The
biological activity of atrial natriuretic factor cleaved by endoprotease 3.4.24.11. I.
Enzyme Inhib. 4: 267-272, 1991.

J.E. Francis, R.L. Webb, G.R. Ghai, A.J. Hutchison, M. Williams, M.A. Moskal,
R. de Jesus, R. Yokoyama, N. Contardo, B.W. Barclay, R. Dotson, G.A.'Stone
and MLF. Jarvis. Highly selective adenosine A2 agonists in a series of N-alkylated
2-aminoadenosines. J. Med. Chem. 34: 2570-2579, 1991.

R.L. Webb, B.W. Barclay and S.C. Graybill. Cardiovascular effects of adenosine
A, agonists in the conscious spontaneously hypertensive rat: A comparative study:
of 3 structurally distinct ligands. J. Pharmacol. Exp. Ther. 259(3): 1203-1212,
1991.

M.F. Prescott, R.L. Webb and M.A. Reidy. The effect of angiotensin I1, AT,
subtype receptor blockade versus angiotensin converting enzyme inhibition on

smooth muscle cell migration and proliferation in vive. Am. J. Pathol.
139(6):1291-1296, 1991.

R.L. Webb, M.A. Sills, ].P. Chovan, J.L.. Balwierczak and J.E. Francis. CGS
21680: A potent sclective adenosine A, receptor agonist. Cardiovasc, Drug Rev.
10(1):26-53, 1992.

M.K. Bazil, R.W. Lappe and R.L. Webb. Pharmacologic characterization of an
endothelina (ETa) receptor antagonist in conscious rats. J. Cardiovasc.
Pharmacol. 20: 940-948, 1992, '

M.K. Bazil and R.L. Webb. Hemodynamic effects of amlodipine and
benazeprilat in spontaneously hypertensive rats, J. Cardiovasc. Pharmacol.
21:405-411, 1993.

S.S. Shetty, T. Okada, R.L. Webb, D. Del Grande and R.W. Lappe. Functionally

distinct endothelin B receptors in vascular endothelium and smooth muscle.
Biochem. Biophys. Res. Comm. 191(2): 459-464, 1993.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

R.W. Olson, R.L. Webb, J. Mathis, R. Dotson and D.S. Cohen. Beneficial effects
of combined thromboxane synthase inhibition and receptor blockade with CGS

22652 in a canine model] of coronary thrombosis. Eur. J. Pharmacol. 236(1): 75-
87, 1993,

M.K. Bazil, C. Krulan and R.L. Webb. Telemetric monitoring of cardiovascular

parameters in conscious spontaneously hypertensive rats. J. Cardiovasc.
Pharmacol. 22: 897-905, 1993.

R.L. Webb, M.A_ Sills, J.P. Chovan, ].V. Peppard and J.E. Francis.
Development of tolerance to the antihypertensive effects of highly selective

adenosine A; agonists upon chronic administration. J. Pharmacol. Exp. Ther.
267(1): 287-295, 1993.

B. Mugrage, J. Moliterni, L. Robinson, R.L. Webb, S.S. Shetty, K.E. Lipson,
M.H. Chin, R. Neale and C. Cioffi. CGS 27830, a potent nonpeptide endothelin
receptor antagonist. Bioorgan. Med. Chem. Letters, 13(10): 2099-2104, 1993,

S. Hu, H.S. Kim, R.W. Lappe and R.L. Webb. Coupling of endothelin receptors
to ion channels in rat glomerular mesangial cells. J. Cardiovasc. Pharmacol.
22(Suppl. 8): $149-8153, 1993.

AF. James, Y. Urade, R.L. Webb, H. Karaki, Y. Fujitani, M. Takimoto, T.
Okada, R.W. Lappe and M. Takai. IRL 1620, Succinyl-[Glu’ Ala'""!%]-

endothelin-1 (8-21), a highly specific agonist of the ETg receptor. Cardlovasc
Drug Rev., 11(3): 253-270, 1993.

A.J. Trapani, M.E. Beil, D.T. Cote, S. DeLombaert, T.E. Gerlock, M.D. Erion,
R.D. Ghai, M.F. Hopkins, J.V. Peppard, R.L. Webb, R.W. Lappe and M. Worcel.
Pharmacologic profile of CGS 24128, a potent, long-acting inhibitor of neutral
endopeptidase 24.11. J. Cardiovasc. Pharmacol., 23: 358-364, 1994,

S. DeLombaert, R.D. Ghai, A.Y. Jeng, A.J. Trapani and R.L. Webb.
Pharmacological profile of a non-peptidic dual inhibitor of neutral endopeptidase

24.11 and endothelin converting enzyme. Biochem. Biophys. Res Comm.,
204(1): 407-412, 1994.

AJ. Trapani, J.F.M. Smits, X.J. Sun, R.L. Webb and E.T. Yau. CGS 24128: A
long-acting inhibitor of neutral endopeptidase 2.4.24.11. Cardiovasc. Drug
Rev.12(4): 271-285, 1994.

R.L. Webb, A E. Navarrete and G.M. Ksander. Effects of the ETg-selective

antagonist, IRL 2500 in conscious spontaneously hypertensive and Wistar-Kyoto
rats. J. Cardiovasc. Pharmacol. 26(Suppl. 3): S389-S392, 1995.

11

BIOCON PHARMA LTD (IPR2020-01263) Ex. 1015, p. 1068




curriculum vitae Randy L. Webb, Ph.D.

4].

42.

43.

44.

45.

46.

47.

48.

49.

50.

C.A. Fink, J.E. Carlson, P. A. McTaggert, Y. Qiao, R.L. Wehh, R. Chatelain,
A.Y. Jeng and A.J. Trapani. Mercaptoacyl dipeptides: Orally-active dual
inhibitors of angiotensin I converting enzyme and neutral endopeptidase EC
24.24.11. J.Med. Chem. 39(16):3158-3168,1996.

R.L. Webb, S. Hu, M. A. Sills, M. K. Bazil, C. L. Cioffi, S. S. Shetty, R. W.
Lappe and D. F. Rigel. In vitro and in vive evaluation of an endothelin inhibitor

reveals novel K* channel opening activity. Biochem. Blophys. Res. Comm.
227(1):176-181,1996.

T. Yin, G. Sandhu, C.D. Wolfgang, A. Burrier, R.L. Webb, T. Hai and ]. Whelan.
Tissue-specific pattern of stress kinase activation in ischemic/reperfused heart and
kidney. J. Biol. Chem. 272(32):19943-19950, 1997.

R.L. Webb, M. L. Abramson, M. E. Beil, L. M. Odorico and R. E. Chatelain.
Effects of the novel dual inhibitor of neutral endopeptidase and angiotensin
converting enzyme, CGS 30440, on blood pressure and cardiac hypertrophy in
spontaneously hypertensive rats. J. Cardiovasc. Pharmacol., 30:632-642,1997,

R.L. Webb, A_E. Navarrete and S. Davis. Effects of valsartan and
hydrochlorothiazide alone and in combination on blood pressure and heart rate in
conscious-telemetered spontaneously hypertensive rats (SHR). Amer. J.
Hypertension, 11:59-65, 1998.

R.L. Webb, A_E. Navarrete, S. Davis and M. deGasparo. Synergistic effects of
combined converting enzyme inhibition and angiotensin I antagonism on blood

pressure-in conscious-telemetered spontaneously hypertensive rats (SHR). J.
Hypertension, 16:843-852, 1998.

R.L. Webb, B. W_ Barclay, A. E. Navarrete, N, J. Wosu and P. Sahota.
Protective effects of valsartan and benazeprilat in salt-loaded stroke-prone

spontaneously hypertensive rats (SHRsp). Clin. Exp. Hypertens., 20(7):775-793,
1998.

H. De Silva, C. Cioffi, T. Yin, G. Sandhu, R.L.. Webb and J. Whelan.
Identification of a novel stress activated kinase in kidney and heart. Blochem
Biophys. Res. Comm., 250:647-652, 1998,

D.S. Cohen, C A. Fink, A.J. Trapani, R.L. Webb, P.A. Zane and R.E. Chatelain.
CGS 30440: A dual inhibitor of angiotensin-converting enzyme and neutral
endopeptidase 24.11, Cardiovasc. Drug Rev., 17(1):16-38,1999.

M.E. Cooper, R.L. Webb and Marc de Gasparo. Angiotensin receptor blockers

and the kidney: Possible advantages over ACE inhibition. Cardiovasc. Drug Rev.,
19(1):75-86, 2001.
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

G.M. Ksander, R. delesus, A. Yuan, C. Fink, M. Moskal, E. Carlson, P. Kukkola
N. Bilay, E. Wallace, A. Neubert, D. Feldman, T. Mogelesky, K. Poirier, M.
Jeune, R. Steele, J. Wasvary, Z. Stephan, E. Cahill, R. Webb, A. Navarrete, W.
Lee, J. Gibson, N. Alexander, H. Sharif, and A. Hospattankar. Diaminoindanes
as microsomal triglyceride transfer protein inhibitors. 1. Med. Chem., 44: 4677-
4687, 2001.

¢l

R.L. Webb and M. de Gasparo. The role of the angiotensin II receptor blocker
valsartan in heart failure. Exper. Clin. Cardiol. 6(4):215-221, 2001.

G.M. Ksander, S.S. Shetty, D. DelGrande, J. Balwierczak, C. Bruseo, P. Savage,
R. delesus, A.Yuan, R.L. Webb and A.Y. Jeng. Dipeptide sulfonamides as
endothelin ET4/ETy receptor antagonists. Can. J. Physiol. Pharmacol., 80:464-4
69, 2002,

H.M. Siragy, M.A. El-Kersh, M. de Gasparo, R.L. Webb and R.M. Carey.
Differences in AT; receptor stimulation between AT) receptor blockers valsartan
and losartan quantified by renal interstitial cGMP. J. Hypertension, 20:1-7, 2002.

M. de Gasparo, P. Hess, M. Clozel, E. Persohn, D. Roman, P.G. Germann, ].P.
Clozel and R.L. Webb. Combination of low dose of valsartan and enalapril
improves endothelial dysfunction and coronary reserve in L-NAME-treated
spontaneously hypertensive rats. J. Cardiovasc. Pharmacol., 40:789-800, 2002.

H.M. Siragy, A. Awad, P. Abadir, R.L. Webb. The angiotensin II type 1 receptor
mediates renal interstitial content of tumor necrosis factor-o in diabetic rats.
Endocrinology, 144(6):2229-2233, 2003.

V.L. Serebruany, A.lL Malinin, D.R. Lowry, D.C. Sane, R.L. Webb, S.0.
Gottlieb, C.M. O’Conmor, C.H. Hennekens. Effects of Valsartan and Valeryl 4-
Hydroxy Valsartan on Human Platelets: A Possible Additional Mechanism for
Clinical Benefits. J Cardiovasc Pharmacol., May;43(5):677-684, 2004.

H.M. Siragy, R.L. Webb and R.M. Carey. Renal NO production is decreased in
diabetic rats and improved by AT1 receptor blockade. J. Hypertension, 22:1571-
1577, 2004.

C. Hu, R.L. Webb and Arco Y. Jeng. Synergistic stimulation of aldosterone
production in human adrenocortical carcinoma NCI-H295R cells by endothelin-1
and angiotensin II. J. Cardiovasc. Pharmacol. 43(Suppl. 1):, December, 2004.

J.M. Wood, C.R. Schnell, F. Cumin, J. Menard and R.L. Webb. Aliskiren, a

novel orally-effective renin inhibitor, lowers blood pressure in marmosets and
spontancously hypertensive rats. J. Hypertension 23(2):417-426, 2005.
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61.

62.

63.

65.

A.S. Awad, R.L. Webb, R.M. Carey and H.M. Siragy. Increased renal production
of angiotensin II and thromboxane B2 in conscious diabetic rats. Amer. .
Hypertens. 18(4 Pt |):544-548, 2005.

A. Fiebeler, J. Nussberger, E. Shagdarsuren, S. Rong, G. Hilfenhaus, N. Al-Saadi,
R. Dechend, M. Wellner, 8. Meiners, C. Maser-Gluth, A.Y. Jeng, R.L. Webb,
F.C. Luft and D.N. Miiller. An aldosterone synthase inhibitor ameliorates
anglotensin II-induced end-organ damage. Circulation, 111:3087-3094, 2005,

B. Pilz, E. Shagdarsuren, M. Wellner, A. Fiebeler, R. Dechend, P. Gratze, S.
Meiners, D.L.. Feldman, R.1L.. Webb, .M. Garrelds, A.H.J. Danser, F.C. Luft and
D.N. Miiller. Aliskiren, a human renin inhibitor, ameliorates cardiac and renal
damage in double-iransgenic rats. Hypertension, 46:1-7, 2005.

| M. Azizi, R.L. Webb, J. Nussberger and N.K. Hollenberg. Renin inhibitton with

aliskiren: Where are we now, and where are we going? 1. Hypertension, 24:243-
256, 2006.

V. Mellin, B. DiMeglio, M. Isabelle, J. FAvre, M. Vercauteren, V. Richard, C.
Monteil, S. Renet, J.P. Henry, AY. Jeng, R.L. Webb, C. Thiiillez and P. Mulder.
Aldosterone Synthase Inhibition Improves Cardiovascular Function and Structure
in Rats With Heart Failure: Involvement of AT,/AT> Receptors and ACEJACE 2.
Submitted to Circulation, March, 2006.

Book Chapters

AW, Cowley, Jr,, I.F. Liard, M.M. Skelton, E.W. Quillen, Jr., ].W. Osborn, Jr.
and R.L. Webb. Vasopressin-neural interactions in the control of cardiovascular
function. In: Vasopressin, ed. by R W, S.chrier. Raven Press, New York, 1985,
pp. 1-10.

J.L. Stanton and R.L. Webb. Chapter Four, “Endogenous Vasoactive Peptides”,
pp. 1-57. In: Burgers Medicinal Chemistry, 6™ edition, 2003.

R.L. Webb and S.S. Shetty. Pharamcology of the Angiotensin Receptor
Blockers. In: The Renin Angiotensin System, ed. V. Dzau, The Medical Review
Comp. Ltd, Tokyo, pp 213-220, 2003.

Abstracts
K.H. Berecek, K.W. Barron, R.L. Webb and M.J. Brody. Vasopressin (VP) and

the anteroventral third ventricle (AV3V) region in DOCA hypertension. Fed.
Proc. 40: 390, 1981,
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10.

11.

12.

13.

R.L. Webb, M.M. Kneupfer and M.J. Brody. Central projections of afferent renal
nerves. Fed. Proc. 40: 545, 1981.

R.L. Webb, AX. Johnson and M.J. Brody. Role of parabrachial nucleus in the
hemodynamic effects of renal afferent nerve stimulation (RANS). Fed. Proc. 41:
1258, 1982.

R.W. Lappe, R.L. Webb, S. Boutelle and M.J. Brody. Identification of central
projection of renal afferent nerves. Fed. Proc. 41: 1258, 1982.

S.P. Americ, S.A. Chow, R.L. Webb, R.K. Bhatnagar, J.P. Long and L.J. Fisher.
Evidence for central pathways mediating dopamine-receptor agonist induced
hyperglycemia in rats. Soc. Neurosci. Abstr. 8: 421, 1982,

AH. Werber, R.L. Webb, M.]J. Brody and D.D. Heistad. Studies on the
anatomic origin of the non-sympathetic cerebral vascular innervation of the rat.
Fed. Proc. 42: 493, 1983.

R.L. Webb, S. Boutelle and M.J. Brody. Central relay sites for cardiovascular
reflexes elicited by renal afferent nerve stimulation (RANS). Fed. Proc. 42: 583,
1983, : ' '

J.P. Porter, A. Bonham, M.L. Mangiapane, R.L.. Webb and M.J. Brody.
Cardiovascular effects of Indoramin in conscious rats. Circulation, Part II 68:
11321, 1984,

R.L. Webb and M.J. Brody. Functional evidence for diencephalic projections of
afferent renal nerves. Fed. Proc. 43: 310, 1984.

B.F. Cox, R.L. Webb and M.J. Brody. Cardiovascular effects of intrathecal
administration of a substance P antagonist (SPX). Fed. Proc. 43: 310, 1984.

J.W. Osbom, Jr., R.L. Webb and A.W. Cowley, Jr. Hemodynamic and
auntonomic effects of arginine vasopressin (AVP) compared to angiotensin II (All)
in conscious rats. Fed, Proc. 44: 816, 1985.

R.L. Webb, J.W. Osborn, Jr. and A.W. Cowley, Jr. The effects of sincaortic
denervation (SAD) on the hemodynamic responses to arginine vasopressin (AVP),
angiotensin II (All) and phenylephrine (PE) in conscious rats. Fed. Proc. 44: 816,
1985.

R.L. Webb, G.R. Ghat, B.W. barclay, R.D. Ghai and M.B. Zimmerman. A
comparison of the vasorelaxant and hemodynamic properties of synthetic
atriopeptins. J. Cardiovasc. Pharmacol. 8: 1308, 1986.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

R.L. Webb, L.P. Wennogle, C. McMartin and M.B. Zimmerman. Distribution
and clearance of atriopeptin Il in the rat. Second World Congress on Biologically
Active Atrial Peptides. New York, 1987.

L. Wennogle, R.D. Ghai, C. McMartin, J. Sonnenberg, R.L. Webb and M.B.
Zimmerman. Metabolic fate of atrial natriuretic polypeptides. UCLA Symposium
on Atrial Natriuretic Factor. Steamboat Springs, CO, Jan.1988.

C. McMartin, M.E. Hageh, I. Sytwu, R.L. Webb, L.P. Wennogie and M.B.
Zimmerman. Degradation of atrial natriuretic peptide (ANP): Effect of
endoprotease EC 24,1} inhibition on catabolism. The FASEB J. 2(4):A936, 1988.

M.B. Zimmerman, C.M. McMartin, G.D. Yasay, L.P. Wennogle and R.L. Webb.
Degradation of atrial natriuretic peptide: pharmacologic effects of protease EC

24,11 mhibition. The FASEB 1. 2(4): A937, 1988.

R.B. McNeal and R.L. Webb. The hemodynamic effects of adenosine
agonists in conscious spontaneously hypertensive rats (SHR). The FASEB J.
2(6): A1810, 1988.

J. Chen, C. Rock, F. Cl.arkc, R.1.. Webh, K. Gunderson and A.J. Hutchison. A
convenient route to carbocyclic N-ethyladenosine-5"-carboxamide (cNECA).
196th National ACS Meeting, Sept. 25-30, 1988. MEDI-77.

R.L. Webb, R.B. McNeal, Jr., B.W. Barclay and G.D. Yasay. Hemodynamic
effects of adenosine analogs in conscious spontaneously rats (SHR). The FASEB
J. 3(4): A1046, 1989. '

JE. .Francis, R.L. Webb and M.A. Moskal. CGS 22492: a highly A,
selective agonist with potent hypotensive and vasodilating effects. ACS
Meeting, Atlanta, GA, April, 199]. '

R.L. Webb, R.'W. Olson, R. Dotson, J. Mathis and D.8. Cohen. Beneficial
effects of CGS 22652, a thrombegxane receptor antagonist/thromboxane
synthase inhibitor as an adjunct to streptokinase (SK) therapy in a canine model
coronary thrombosis. Thrombosis and Haemostasis 65(6): 1177, 1991.

M.A. Sills, R.L. Webb, H. Hummel, J.E. Francis and G.A. Stone. Chronic
administration of the adenosine A2-selective agonists, CGS 21680C and CGS
22989, produces receptor down-regulation and tolerance to their hypotensive
effects in the SHR. The Pharmacologist 33(3): 176, 1991.

M.K. Bazil and R.L. Webb. Hemodynamic effects of the combination of

amlodipine (AMLO) and benazeprilat {(BZT) in conscious spontaneously
hypertensive rats (SHR). The Pharmacologist 33(3): 197, 1991.
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25.

26.

.27,

28.

29.

30.

31.

32.

33.

34.

35.

R.L. Webb, M.K. Bazil, S.C. Graybill and R.W. Lappe. Hemodynamic effects of
inhibition of brain prolyl endopeptidase (PEP) in spontaneously hypertensive rats
(SHR). The Pharmacologist 33(3): 198, 1991.

D.S. Cohen, R.A. Dotson, ].E. Mathis, H.C. Zoganas, J.P. Simke, R.W. Olson,
S.S. Bhagwat and R.L. Webb. CGS 23305: In vivo and ex vive characterization
of a thromboxane (Tx)A; receptor antagonist/Tx synthase inhibitor (TxSI). The
FASEB 1. 6(4): A999, 1992. '

M.K. Bazil and R.L. Webb. Pharmacblogic characterization of an endothelin
receptor antagonist in conscious Sprague-Dawley rats. The FASEB 1. 6(4):
A1003, 1992,

R.L. Webb, H. Singer, M.A. Sills, G.A. Stone, J.P. Chovan, J.V. Peppard,
D. Smith and J.E. Francis. Determination of the chronic effects of CGS

21680C, an adenosine A; selective agonist on blood pressure in conscious
spontaneously hypertensive rats (SHR). The FASEB J. 6(4):A1008, 1992,

C. Krulan, M.K. Bazil and R.L. Webb. Comparison of cardiovascular

parameters measured with telemetry and directly via indwelling catheters (INC) in
conscious spontaneously rats (SHR). FASEB J. 6(4): A1174,1992.

M.K. Bazil, R.W. Lappe and R.L. Webb. Hemodynamic effects of an
endothelin (ET) receptor antagonist in three rat models of hypertensmn J.
Hypertension 10(Suppl. 4): $51, 1992.

R.L. Webb and J.E. Francis. Highly selective adenosine A; agonists:
Cardiovascular actions during acute and chronic administration. Int. J. Purine and
Pyrimidine Res. 3(1): 48, 1992.

M.K. Bazil and R.L. Webb. The endothelin-3 (ET-3) pressor response is not
mediated by ET 4 receptors in conscious Sprague-Dawley (5-D) rats. The
Pharmacologist 34(3): 140, 1992.

R.L. Webb, T. Okada, B.W. barclay and R.W. Lappe. Central and
peripheral actions of IRL 1620, an ETg selective endothelin (ET) receptor agonist
in conscious rats. Hypertension 20(3): 425, 1992.

S. Hu, H.S. Kim, R.W. Lappe and R.L. Webb. Coupling of endothelin
receptors to ion channels in rat giomerular mesangial cells. Submitted to 3rd

International Conference on Endothelin, Houston, TX, Feb. 14-18, 1993,

R.L. Webb and R.W. Lappe. Hemodynamic effects of an endothelin (ETg)
selective agonist, IRL 1620 in conscious Wistar-Kyoto (WKY) and spontaneously
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hypertensive rats (SHR). Submitted to 3rd International Conference on
Endothelin, Ho_uslon, TX, Feb. 14-18, 1993,

36. S.S. Shetty, T. Okada, D. Del Grande, R.1.. Webb and R.W. Lappe. Differential
- vascular effects of a selective ETg agonist, IRL 1620. Submitted to 3rd
International Conference on Endothelin, Houston, TX, Feb. 14-18, 1993,

| 37.  D. Milier, R.L.. Webb and R W. Lappe. Hemodynamic effects of intrarenal
infusions of IRL 1620, a selective ETg agonist, in anesthetized dogs.

Submitted to 3rd International Conference on Endothelin, Houston, TX, Feb. 14-
18, 1993,

| 38.  C.Krulan, R.D. Ghai, R W. Lappe and R.L. Webb. Blood pressure effects

i _ during chronic inhibition of angiotensin converting enzyme (ACE) and neutral
endopeptidase (NEP) in the telemetered spontaneously hypertensive rat (SHR)
FASEB I. 7(3): A247, 1993.

39. A.J. Trapani, M.E. Beil, D.T. Cote, 8. De Lombaert, M.D. Erion, T.E.
Gerlock, R.D. Ghai, M.F. Hopkins, J.V. Peppard and R.L. Webb. Potentiation of
exogenous and endogenous ANP activity by CGS 24128, a potent, long-acting
inhibitor of neutral cndopeptidase 24.11 (NEP). FASEB J. 7(4): A670, 1993.

40.  M.L. Abramson, J.E. Mathis and R.L.. Webb. Effects of a neutral endopeptidase
inhibitor (CGS 24592) on blood pressure and left ventricular hypertrophy in SHR.
The FASEB 1. 9(4):A926, 1995.

41. T. Yin, G. Sandhu, C. Wolfgang, A. Burrier, R. L. Webb, T. Hai and J.
Whelan. Tissue-specific pattern of stress kinase activation in
ischemic/reperfused heart and kidney. Keystone Symposia, March, 1997,

42.  D.L. Feldman, T.C. Mogelesky, A.E. Navarrete, N. Yao and R.L. Webb.
Hypertension, hypertriglyceridernia and hyperglycemia in fructose-loaded rats.
FASEB J 12(4):A562, 1998.

|

|

|
|
| |

! 43, J. Whelan, C. Cioffi, H. De Silva, G. Sandhu and R. Webb. Identification

! of a novel stress kinase activated by ischemia/reperfusion in the heart and kidney.

| Presented at the International Congress of Pathophysiology: Heart in Stress, June

| 28 - July 3, 1998, Finland.

44.  R.L.Webb, A E. Navarrete and S. Davis. Combining angiotensin II receptor
blockade (valsartan) with ACE inhibition produces synergistic antihypertensive
effects in spontancously hypertensive rats (SHR). J Human Hypertension
13(Suppl 3):839, 1999.
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46.

47.

48.

49.

50.

5L

52.

53.

R.L. Webb, A.E. Navarrete, B.W. Barclay, N.J. Wosu and P.S. Sahota. Effects
of angiotensin II receptor blockade (valsartan) versus ACE inhibition on
cardiorenal function and survival in stroke-prone spontaneously hypertensive rats
(SHRSP). ] Human Hypertension 13(Suppl 3):514, 1999.

R.L. Webb, N. Yao, M. Thoma and M. de Gasparo. Chronic effects of valsartan
with amlodipine on blood pressure and cardiac mass in spontaneously
hypertensive rats (SHR). J Hypertension 18(Suppl.4):S80, 2000.

H.M. Siragy, M. El-Kersh, M. de Gasparo, R.L.. Webb and R.M. Carey.
Differential effects of valsartan and losartan on renal interstitial fluid cGMP.
Accepted, European Society of Hypertension, Milan, Italy, June 15-18, 2001.

G.M. Ksander, $.S. Shetty, D. DelGrande, 1. Balwierczak, C. Bruseo, P. Savage,
R. deJesus, A.Yuan, R.L. Webb and A.Y. Jeng. Dipeptide sulfonamides as
endothelin ET »/ETp receptor antagonists. Vasoactive Peptide Symposium,
Montreal, Canada, July 30-31, 2001.

A. Awad, R.L. Webb, R M. Carey and H.M. Siragy. Renal nitric oxide
production is decreased in diabetic rats and improved by AT1 receptor blockade.
Submitied to the Council for High Blood Pressure Research, Orlando, Florida,
September 25-28, 2002.

V L. Serebruany, A.l. Malinin, D.R. Lowry, D.C. Sane, R L. Webb, S.0. Gottlieb,
C.H. Hennekens. Effects of valsartan and valeryl 4-hydroxy valsartan on human
platelets: A possible missing link to explain reduction of acute vascular events
with angiotensin II receptor blockers. Journal of the American College of
Cardiology 41(6):310A, 2003.

‘J.M. Wood, R.L. Webb, F. Cumin, C.R. Schnell & M.P. Bedigian. Aliskiren, A

Novel, Orally Effective Non-Peptide Renin Inhibitor, Lowers Blood Pressure
Afier Once-Daily Dosing in Marmosets, Rats and Humans. Accepted for poster

presentation at the American College of Cardiology, New Orleans, LA. March 7-
10, 2004.

Q. Pu, M. Iglarz, R.L. Webb, E.L. Schiffrin. Effect of combimning AT, receptor
antagonist and neutral endopeptidase (NEP) inhibitor compared to dual
angiotensin converting enzyme (ACE)/NEP inhibitor on endothelial function and
vascular remodeling in SHRSP. Council for High Blood Pressure Research, Oct.
2004.

A. Fiebeler, S. Shagsaduren, N. Rong, A. Al-Saadi, R. Gapelyuk, A. Dechend, M.
Schirdewan, A. Wellner, A. Jeng, R.L.Webb, F.C. Luft, and D.N. Muller.
Aldosterone synthase inhibitor FAD286 amcliorates angiotensin II-induced end-
organ damage. Circulation 100(17, Suppl. 3):11-101, 2004.
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54,

55,

56.

57.

58.

59.

60.

B. Pilz, E. Shagsaduren, M. Wellner, A. Fiebeler, R. Dechend, D. L. Feldman, R.
L. Webb, FF.C. Luft, and D.N. Muller. Aliskiren, a human renin inhibitor,
reverses angiotensin Il-induced renal and cardiac damage in dTGR in a regression
study design. Submitted to the Council for High Blood Pressure Research, Sept.
2004.

B. Pilz, E. Shagsaduren, M. Wellner, A. Fiebeler, R. Dechend, P. Gratzer, S.
Meiners, D. L. Feldman, R, L.. Webb, F.C. Luft, and D.N. Muller. Aliskiren, a
human renin inhibitor, reverses angiotensin II-induced renal and cardiac damage

in dTGR in a regression study design. Submitted to the American Society of
Nephrology, May, 2004.

V. Mellin, P. Mulder, B. DiMeglio, J.P. Henry, A.Y. Jeng, R.L. Webb and C.
Thuillez. Long-term aldosterone synthase inhibition improves cardiac function

and myocardial structure in chronic heart failure. Circulation 110(17, Suppl.3):11I-
102, 2004.

A. Ficbeler, Juerg Nussberger, E. Shagdarsuren, R. Dechend, S. Rong, N. Al-
Saadi, A. Gapelyuk, A. Schirdewan, M. Wellner, A. Jeng, R.L. Webb, F.C. Luft,
D. Mueller. Aldosterone synthase inhibitor FAD286 ameliorates angiotensin II-
induced end organ damage. Circulation 100(17, Suppl. 3):I1-101, 2004.

C. Xue, R.L. Webb and H.M. Siragy. Aldosterone synthase inhibitor FAD286
decreases albuminuna and renal matrix in diabetic rats. Hypertension 46(10):45,
2005. :

D.L. Feldman, L. Jin, R. Miserendino-Moliini, H. Xuan, Y. Zhou, R.L.. Wehb.
The Renin Inhibitor Aliskiren Ameliorates Hypertensive Diabetic Nephropathy in
Transgenic (mRen-2)27 (Ren-2) Rats. Submitted to American Society of
Nephrology, June 2005, Philadelphia, PA.

A. Fiebeler, E. Shagdarsuren, B. Pilz, P. Gratze, R. Dechend, D.L. Feldman, R.L.
Webb, F.C. Luft, and D.N. Miiller. Low-dose renin inhibitor and AT1-receptor
blocker ameliorate angiotensin 1l-induced end-organ damage despite persistence
of hypertension. Poster TH-PO257 to be presented at Amer. Soc. Nephrol.

- Meeting, November 8-13, 2005, Philadelphia, PA.
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CASE 4-32218A
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF _ Art Unit: 1617

Ksander et al. Examiner: Kim, Jennifer M.

APPLICATION NO: 10/341,868

FILED: January 14, 2003

FOR: METHODS OF TREATMENT AND PHARMACEUTICAL
COMPOSITION

Assistant Commissioner for Patents
Washington, D.C. 20231

DECLARATION UNDER 37 C.F.R. §1.132
Sir:

I, Randy Lee Webb, being duly warned, hereby declare as follows:

1. | am the same Randy Lee Webb who submitted the Declaration under 37 C.F.R.
§1.132 dated May 11, 20086 in the application identified in the caption above (which is referred
to in this document as "the Application").

2. The experiments summarized in my previous Declaration involved administering
vaisartan and 4-[N-(3-carboxy-1- oxo-propyl)ammo -4-(p-phenyliphenylmethyl)- 3-methy[butanolc
acid ethyl ester (AHU3??) in combination and as monotherapy in the Dahl salt-sensitive rat,
spontaneously hypertensive rat (SHR) and stroke prone male spontaneously hypertensive rat
(SHRsp) medeis of hypertension.

3. Based on the results achieved in the animal models of hypertension, | would

fully expect a combination of valsartan and AHU377 to have synergistic, unexpected and
surprising_éntihypedensive effect and added therapeutic benefits in the treatment of
hypertension over menotherapy when administered in humans in the daily unit dose ranges of
from about 20 mg to about 320 mg of valsartan and from about 20 mg to about 800 mg of

AHUS77 (see, e.g., page 16, lines 8-10 and 18 in the instant application).

4. | hereby declareC tarit\tI all)l I§I gtﬁﬁgslﬂeﬁ ﬁgﬁﬂﬁdﬂé Pﬁ‘é‘fj”ﬁw'ei’@? §r%t”f68 4




and that all statements made on information and belief are believed to be true and further that
these statements were made with the knowledge that willfut false statements and the like so
made are punishable by fine or impriscnment, or both, under §1001 of Title 18 of the United

States Code, and that such willful fafse statements may jeopardize the validity of the application
or any patent issued thereon.

Date: __/1t”. il Zor. fx_ Lk - ﬂ/ 4 / / 4/'—'“

Randy Lee Webb
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Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

(ijlcated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

1095 7590 04/16/2008
Certificate of Mailing or Transmission
NOVARTIS I hereby cerltify that thisﬂfee(fsf) Transmittal isf be%ng dfiposited 1With the Uriited
States Postal Service with sufficient postage for first class mail in an envelope
CORPORATE INTELLECTUAL PROPERTY addressed to the Mail Stop ISSUE FEE address above, or being facsimile
ONE HEALTH PLAZA 104/3 transmitted to the USPTO (571) 273-2885, on the date indicated below.
EAST HANOVER, NI 07936-1080 -
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/341,868 01/14/2003 Gary Michael Ksander 4-32219A 8865
TITLE OF INVENTION: METHODS OF TREATMENT AND PHARMACEUTICAL COMPOSITION
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1440 $300 $0 $1740 07/16/2008
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KIM, JENNIFER M 1617 514-533000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ! . 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
10/341,868 01/14/2003 Gary Michael Ksander 4-32219A 8865
1095 7590 04/16/2008 | EXAMINER |
NOVARTIS KIM, JENNIFER M
CORPORATE INTELLECTUAL PROPERTY | ART UNIT PAPER NUMBER |

ONE HEALTH PLAZA 104/3
EAST HANOVER, NJ 07936-1080

1617
DATE MAILED: 04/16/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 459 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 459 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101  or
(571)-272-4200.
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Application No. Applicant(s)
) . 10/341,868 KSANDER ET AL.
Notice of Allowability Examiner Art Unit
Jennifer Kim 1617

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IX] This communication is responsive to 2/14/2008 & 4/9/2008.

2. X The allowed claim(s) is/are 1, 3, and 4 (renumbered as 1, 2 and 3).

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[OJSome* c)[]None ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/Comment

Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>