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NEPRILYSIN INHIBITORS
BACKGROUND OF THE INVENTION

FieLp OF THE INVENTION

The present invention relates to novel compounds having neprilysin-inhibition
activity. The invention also relates to pharmaceutical compositions comprising these
compounds, processes and intermediates for preparing these compounds and methods of
using these compounds to treat diseases such as hypertension, heart failure, pulmonary
hypertension, and renal disease.

STATE OF THE ART

Neprilysin (neutral endopeptidase, EC 3.4.24.11) (NEP), is an endothelial membrane
bound Zn2+1netallopeptidase found in many organs and tissues, including the brain, kidneys,
lungs, gastrointestinal tract, heart, and the peripheral vasculature. NEP degrades and
inactivates a number of endogenous peptides, such as enkephalins, circulating bradykinin,
angiotensin peptides, and natriuretic peptides, the latter of which have several effects
including, for example, vasodilation and natriuresis/diuresis, as well as inhibition of cardiac
hypertrophy and ventricular fibrosis. Thus, NEP plays an important role in blood pressure
homeostasis and cardiovascular health.

NEP inhibitors, such as thiorphan, candoxatril, and candoxatrilat, have been studied
as potential therapeutics. Compounds that inhibit both NEP and angiotensin-I converting
enzyme (ACE) are also known, and include omapatrilat, gempatrilat, and sampatrilat.
Referred to as vasopeptidase inhibitors, this latter class of compounds is described in Robl et
al. (1999) Exp. Opin. Ther. Patents 9(12): 1665-1677.

In spite of these compounds however, there remains a need for NEP inhibitors that
have improved potency, different metabolic and cleavage properties, and/or having improved
oral absorption. This invention is directed to that need.

SUMMARY OF THE INVENTION

The present ivention-disclosure provides novel compounds that have been found to

possess neprilysin (NEP) enzyme inhibition activity. Accordingly, compounds of the

mrrention-present disclosure are expected to be useful and advantageous as therapeutic agents

for treating conditions such
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as hypertension and heart failure.

One aspect of the present disclosure inventionrelates to a compound of formula I;

where:

R' is H, -Cy_galkyl, -CH(CH3)OC(0)-O-cyclohexyl, -(CH,)-morpholinyl, or ~-CHy-5-
methyl-[1,3]dioxol-2-one;

R is -CHy-O-R?, -Cy. alkylene-NHC(0)-R*, -Cyalkylene-NR™R™, -CH-R*,
oxetane, 2-pyridine, 3-pyridine, thiophene, tetrahydropyran, or piperidine and having H or
-C(O)CHj3 on the nitrogen, said tetrahydropyran and piperidine being attached at the 4-
position; where R* is -Cygalkyl, -CH,NR?’CHR?*-, -C_salkylene-OH, or
_Cy.salkylene-NR¥R: R?! is -C; salkyl, -O-C.galkyl, -Co.salkylene-NR*R?, -CH(NH,)-R™,
-Cy.qalkylene-NHC(0O)O-C;galkyl, -OCH(CH3)OC(O)CH(CH3),, or pyrrolidine attached at a
carbon atom; R* is H or -Cy.ealkyl; R? is H, -Cy.ealkyl, -C.ealkyl substituted with 1 to 6
fluoro atoms, -S0,-Cj_galkyl, -CH,OC(0)-C, salkyl, -C,_salkylene-OH, -C,.4alkylene-O-CHs,

or cyclopropyl optionally substituted with one or two R*! groups; or R* and R* are taken

‘together to form -(CH,),-O-(CHz),-,a 2-oxa-6-aza-spiro[ 3.3 Jheptane ring, or an azetidine ring

optionally substituted with one or two R*' groups; R* is -CH,OH, -CN, -C(O)NHa, triazole
or imidazole attached at a nitrogen atom, or oxadiazolone or tetrazole attached at the carbon
atom; each R is independently H or -CHj; R* is -Calkylene-NH,, -CH,OH, or benzyl;
R* is H, -C;salkyl, -C,_salkyl substituted with 1 to 6 fluoro atoms, -(CHz),OH, or
-(CH,),0C .galkyl; R® is H, -Cysalkyl, -Cyzalkylene-OH, or -Csalkylene-OC) galkyl; R
and R*" are independently H, -Calkyl, -Ci.¢alkyl substituted with 1 to 6 fluoro atoms, -
(CH2)20H, or -(CH,),0C alkyl; or R* and R* are taken together to form ~CH,-CH,-CH,-;
and each R’ is independently halo, -Cy.galkyl, -Cy.oalkylene-OH, -Cg.alkylene-OC galkyl, -
CN, or -CONHjy;

R, R* and R are independently H or halo;

Risa heterocycle selected from the group consisting of 3H-oxazol-2-one,
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[1,2,4]oxadiazol-5-one, [1,2,3,5]oxatriazole, dihydro-[1,2,4]triazol-3-one, [1,2,4]triazolo[1,5-
a]pyridine, triazole, pyrazole, imidazole, oxazole, isoxazole, isothiazole, pyridine, oxadiazole,
and pyrimidine; the heterocycle is attached at a carbon atom; and each nitrogen atom in the
heterocycle is unsubstituted or substituted with an R® group selected from the group consisting
of -OH, -(CH,),OH, -Cq.alkylene-O-C_salkyl, -C;.¢alkyl, -CHF,, -CF3, and phenyl; and each
carbon atom in the heterocycle is unsubstituted or substituted with an R®' group independently
selected from the group consisting of halo, -OH, -Cy_galkyl, -Cyalkylene-O-C.galkyl, -C(O)CHs,
-C(O)NH(CHj3), -C(O)N(CHj3),, -Csecycloalkyl, ~-CF3, -CH,S0,CHj3, -NH,, -CH,NH,
-CH,N(CHjs),, pyrazine, and phenyl substituted with methyl or halo;

or a pharmaceutically acceptable salt thereof.

Another aspect of the present disclosure #vention-relates to pharmaceutical compositions

comprising a pharmaceutically acceptable carrier and a compound of the invention. Such
compositions may optionally contain other therapeutic agents.

Compounds of the invention possess NEP enzyme inhibition activity, and are therefore
expected to be useful as therapeutic agents for treating patients suffering from a disease or
disorder that is treated by inhibiting the NEP enzyme or by increasing the levels of its peptide

substrates. Thus, one aspect-embodiment of the present disclosure inventios-relates to a method

of treating patients suffering from a disease or disorder that is treated by inhibiting the NEP
enzyme, comprising administering to a patient a therapeutically effective amount of a compound

of the invention. Another aspect-cmbodiment of the nresent disclosure savention-relates to a

method of treating hypertension, heart failure, or renal disease, comprising administering to a
patient a therapeutically effective amount of a compound of the invention. Still another aspeet

embodiment of the present disclosure isventionrelates to a method for inhibiting a NEP enzyme

in a mammal comprising administering to the mammal, a NEP enzyme-inhibiting amount of a
compound of the invention.
Since compounds of the invention possess NEP inhibition activity, they are also useful as

research tools. Accordingly, one aspeet-embodiment of the present disclosure invertionrelates to

a method of using a compound of the invention as a research tool, the method comprising
conducting a biological assay using a compound of the invention. Compounds of the invention

can also be used to evaluate new chemical compounds. Thus another aspest-cmbodirent of the

present disclosure entionrelates to a method of evaluating a test compound in a biological

assay, comprising: (a) conducting a biological assay with a test compound to provide a first assay

value; (b) conducting the biological assay with a compound of the invention to provide a second



assay value; wherein step (a) is conducted either before, after or concurrently with step (b);
and (c) comparing the first assay value from step (a) with the second assay value from step

(b). Exemplary biological assays include a NEP enzyme inhibition assay. Still another

] aspeerembodiment of the present disclosure imventionrelates to a method of studying a
5  biological system or sample comprising a NEP enzyme, the method comprising: (a)
contacting the biological system or sample with a compound of the invention; and (b)
determining the effects caused by the compound on the biological system or sample.

| Yet another aspect-embodiment of the present disclosure isventionrelates to

processes and intermediates useful for preparing compounds of the invention. Accordingly,

10 i another aspect of the present disclosure imventien-relates to a process of preparing
compounds of formula I, comprising the step of coupling a compound of formula 1 with a

compound of formula 2:

to produce a compound of formula I; where P! is H or an amino-protecting group selected
15 from the group consisting of -butoxycarbonyl, trityl, benzyloxycarbonyl, 9-

fluorenylmethoxycarbonyl, formyl, trimethylsilyl, and #-butyldimethylsilyl; and where the

process further comprises deprotecting the compound of formula 1 when P! is an amino

protecting group; and where R'-R® are as defined for formula I. In other

l aspeetsembodiments, the present disclosure invention-relates to products prepared by any of

20  the processes described herein, as well as novel intermediates used in such process. In one

l aspect of the present disclosure, ivestien-novel intermediates have formula 1,
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methyi-'] 3’{&1’0};01«2—0}16;

R?is -CH,-0-R%, -Cy. alkylene-NHC(O)-R?', -Cosalkviene-NR¥R™, -CH.-R™,

oxetane, 2-pyridine. 3-pyridine, thiophene. tetrahydropyran. or pipenidine and having H or

-C{OYCH; on the nitrogen, said tetrahvdropyran and piperiding being attached at the 4-
position: where R is -Cy_salkyl, -CHNRZ'CHR™ -, -C', salkylene-OH. or
-Cyaalkvlene-NR¥R™: R*! is -C galkvl, -0-Cyalkvl, -Cogalkviene-NR*R®, -CH(NH,)-R”

7{)

-Cra z;i’;—:y?e:ne—NH(_f( NO-C ) gatkvl, -OCHICHBOC(OWCH(CHs ), or pyrrolidine attached at a

carbon atom: R* is H or -Cealkyl; R™ is H, -Cyealkyl, -Crealkyl substituted with | to 6

fluoro atoms. -S0--Calkyl, -CH,OCO)-C iealkyl. -Coraalkylene-OH, -Cy qalkyiene-O-CH;

. . v 1 ‘.._, k :,3
or evclopropyl optionallv substituted with one or two B™ eroups: or R* and R™ are taken

together to form {CHo»-O-(CHy Y- 2-0xa-6-aza-spiro! 3.3 Theptane ring, or an azetidine ring

optionally substituted with one or two R*! groups: R* is -CH,OH, -CN, -C(O)NH,, triazole

or imidazole attached at a nitrogen atom. or oxadiazolone or tetrazole attached at the carbon

atom: each R™ is independently H or -CHy R™ is -Cqalkvlene-NH;, -CH,OH, or benzvi:

R s H.-C 1eatkyl. -Cysalkey] substituted with | to 6 fluoro atoms, (CHpOH, or

-(CH;1»0C ealkyls R*isH.-C seatkvl -Cioalkviene-OH, or -Coalkvlene-OC  ealkyl: R”

and R are independently H. -C; _{‘cﬁkvﬁ - ealkvl substituted with 1 to 6 fluoro atoms, -

and each &' is ind@benﬁeﬁtlv halo, -Cyalkyl. -Cooalikyvlene-OH, -Cyoalkviene-OC, salkyl, -
CN, or -CONH;;

RS R* and RS are independentlv H or halo; and

. . .
P’ is H or an amino-protecting group selected from the eroupn consisting of 1-

butoxvearbonvl, tritvl, benzvioxvearbonvl, 9-fluorenvimethoxvearbonvl, formvl,
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trimethyisilyl, and rbutvlidimethvlsilvl, or a salt thereof, as defined herein.

In another aspect, there is provided a compound of formula [ as disclosed herein for

use in therapy. Yet another aspect of the snvention-present disclosure relates to the use of a

compound of formula I or a pharmaceutically acceptable salt thereof, for the manufacture of a

medicament, especially for the manufacture of a medicament useful for treating hypertension,

invention-relates to use of a compound of the invention for inhibiting a NEP enzyme in a

mammal. Still another asseet-embodiment of the present disclosure inventionrelates to the

use of a compound of the invention as a research tool. Other aspeets-and-embodiments of the

present disclosure saventien-are disclosed herein.
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