31 OCT 2005 DI PEPTI DE DERI VATI VES HAVI NG A N- TERM NAL 2- THI QACYL GROUP AS
VASOPEPTI DASE | NHI Bl TORS Summary of the Invention The present i nventi?
directed to novel vasopeptidase inhibitors described bel ow which ar GEE0M0
as dual inhibitors of both angiotensin converting enzyne (ACE) and neutral
endopepti dase (NEP, EC 3.4.24.11). The conpounds of the invention are
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di sorders, such as hypertension, isolated systolic hypertension, renal
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ventricul ar hypertrophy, heart failure (including congestive heart failure)

and at@eLI ShEF BN Sventbie compounds of the invention are also useful for
reduci nghgieila'l—g@;ch'ofes rol plasma levels in mammual s. Furthernore, they
al so inhibit endothelin converting enzyne (ECE) and are useful for the
treat ment arfidieqreganéiwatiandisictesbiadiaviormesopeptislasainhitilespdersiibed beloRCE
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Ray nautvelsdh seasaalsnyaapeshicre, they also inhibit endothelin converting enzyme (ECE) and

are useful for the treatment and/or prevention of conditions which are responsive to ECE

inhibition.

By virtue of their inhibition of neutral endopeptidase, the compounds of the invention
may also be useful for the treatment of pain, depression, certain psychotic conditions, and
cognitive disorders. Other potential indications inciude the treatment of angina,
premenstrual syndrome, Meniere's disease, hyperaldosteronism, hypercalciuria, ascites,
glaucoma, asthma and gastrointestinai disorders such as diarrhea, irritable bowel syndrome

and gastric hyperacidity.

By virtue of their inhibition of ECE, the compounds of the invention may also be
useful for the treatment and/or prevention of endothelin dependent conditions and diseases,
including cerebral ischemia (stroke), subarachnoid hermorrhage, traumatic brain injury,
cerebral vasospasm, arterial hypertrophy, restenosis, Raynaud’s disease, myocardial
infarction, obesity, also prostate hyperplasia, migraine, diabetes mellitus {diabetic
nephropathy)}, preeclampsia, glaucoma, and transplantation rejection such as in aorta or

solid organ transplantation; as well as erectile dysfunction.



I nfarction, obesity; also prostate hyperplasia, mgraine, diabetes nellitus
(di abetic nephropathy), preeclanpsia , glaucoma, and transplantationt (T 2005
rejection such as in aorta or solid organ transplantation; as well as
erectile dysfunction. 1 31 OCT 2005 Detailed Description of the Invention
The present invention relates to conpounds of formulal R4 0 H1R 6 0 alk
X-R T ddiafledBSscriptién ofthk frventios - CH COOR, - R RS R7 wherein (1) R
represents hydrogen, 1ower alKyl, carbocyclic or heterocyclic aryl-Iower

al kyl or cycloal kyl -1 ower alkyl; R represents |ower alkyl, cycloal kyl,
car bocyclic EﬂeH@F@?H&V%WP%V%?VFtO6@“%¥@P9Pfkﬁwuﬁi represents (cycloal kyl,
carbocyclic aryl, heterocyclic aryl or biaryl)-lower alkyl; alk represents
| ower al kyl ene; R re ﬁesjits dr n or acyIWkRR represents hydrogen,

optionally substituted | ower allkyl,| car ocycl i het er ocycl ic aryl,
(carbocyclic or %@terﬁcyd(‘;c an I) -dowef._al %I kyl , (&¥cl oal kyI - | owner
al kyl, biaryl, aryh-1 ower | oxacycl al%)'/l cycl oal kyl ,

azacycl oal kyl, or (oxlicycl oal kyI t hi acyclpal kyl or azacycl oal kyI ) -1 ower
al kyl ; R5 represents Rydrogen or | r al kyl; or

wherein

R represents hydrogen, lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl or

cycloalkyl-lower alkyl;

R; represents lower alkyl, cycloalkyl, carbocyclic or heterocyclic aryl, or biaryl, or Ry

represents (cycloalkyl, carbocyclic aryl, heterocyclic aryl or biaryl)-lower alky;
alk represents lower alkylene;
Rs represents hydrogen or acyl;

R, represents hydrogen, optionally substituted lower alkyl, carbocyclic or heterocyclic
aryl, (carbocyclic or heterocyclic aryl)-lower alkyl, cycloalkyt, cycloalkyl-lower alkyl, biaryl,
biaryl-lower alkyl, oxacycloalkyl, thiacycloalkyl, azacycloalkyl, or {oxacycloalkyl,

thiacycloalkyl or azacycloatkyt)-lower alkyl;
Rs represents hydrogen or lower alkyl; or

R, and Rs, together with the carbon atom te which they are attached, represent
cycloalkylidene, benzo-fused cycloalkylidene; or 5- or 6-membered (oxacycloalkylidene,
! thiacycloalkylidene or azacycloalkylidene), each optionally substituted by lower alkyl or aryl-

lower alkyl;

Rs represents lower alkyl, carbocyclic or heterocyclic aryl, (carbocyclic or heterocyclic
aryl}-lower alkyl, cycloalkyl, cycloalkyl-lower alkyl, biaryl or biaryl-lower alkyl;

R; represents lower alkyl, (carbocyclic or heterocyclic aryl)}-lower alkyl, cycloalkyl-
lower alkyl or biaryl-lower alkyt; or

Rs and Ry, together with the carbon atom to which they are attached, represent 3- to
10-membered cycloalkylidene which may be substituted by lower alkyl or aryl-lower alkyl or

may be fused fo a saturated or unsaturated carbocyclic 5- to 7-membered ring; or 5- or



R4 and R5, together with the carbon atomto which they are attached,
represent cycl oal kyli dene, benzo-fused cycl oal kyli dene; or 5- or 6-nenbered
(oxacycl oal kyl i dene, thiacycloal kylidene or azacycl oal kyl i dene), eagh (T 2005
optionally substituted by |lower alkyl or aryl- lower alkyl; | Rs represents
| ower al kyl, carbocyclic or heterocyclic aryl, (carbocyclic or heterocyclic
aryl)-lower alkyl, cycloal kyl, cycloal kyl -1 ower al kyl, biaryl or

bi aryl -4- awertbeaédquacyla%ark@mee&enﬁ@cybmmyhciﬂnleyir azé@&rdw(yy@érieq agchlwptienaigycl i c

aryl)- r al | -1 ower alkyl; or R, and
&ﬁ?&‘ﬁ%%@ﬁ@%ﬁ%ﬁ& Qﬂ”@ﬁ%ﬁ%t %Eéfpo{tﬂwh ‘attached, represent 3-

to I 0- menb red C i ch e substituted by | ower al kyl or

aryl -1 owner ?ﬁ% 57 yl%le) w @Eﬁ&fat ed or unsaturated carbocyclic

5- to 7- rrerrbered ri ng g’}% or -2 6- rrerrbered (oxacycl oal kyl i dene,

t hi acyct oai KYISiZEHE"BC" (’?\/”EI oal kyl i d, ene), each optionally substi tut ed by

| ower aIkyI ryl-1o onyl i dene, re resents -0-,
(03 o, Yesre Saes OO Srp@ing CNabZEs It i ChA PhEERISUURR s esent s
car boxyéccgﬁtag@retg@gyl derivatized in formof a phar maceut i cal | y acceptable
ester; disulfide derivatives derived from said conpounds wherein R3 is

hydr ogen; andlsuiitaddmaniesidenldd fro@GRRf athpoupat Whetdie RE®f nydfbeerpeRgent
invention is also directed to harnaceutlcal conpositions conprising said

conmpourfigrmagsulically acsertable saltathestPiof sai d conmpounds; i ntermedi ates; and
met hods of treating disorders in mammal s which ace responsive to ACE and

NEPhI Phl bi t t "Fl{e phéserHveRiicsh ik aldoireefedaiplameaieaues] SofrposmemPesmprizingeed of
suc reat men
said compounds; methods for preparation of said compounds; intermediates; and methods
. of treating disorders in mammals which are responsive to ACE and NEP inhibition by

administration of said compounds to mammals in need of such treatment.

Encompassed by the instant invention are also any prodrug derivatives of
compounds of the invention having a free carboxyl, sulfhydryl or hydroxy group, said prodrug
derivatives being convertible by solvolysis or under physiological conditions to be the free
carboxyl, sulfhydryl and/or hydroxy compounds. Prodrug derivatives are, e.g., the esters of
free carboxylic acids and S-acyl and O-acyl derivatives of thiols, alcohols or phenols,

wherein acyl has meaning as defined herein.

Pharmaceutically acceptable esters are preferably prodrug ester derivatives, such
being convertible by solvolysis or under physiological conditions to the free carboxylic acids

of formula 1.

Pharmaceutically acceptable prodrug esters are preferably, e.g., lower alky! esters,
aryHower alkyl esters, a-(lower alkanoyloxy)-lower alkyl esters such as the
pivaloyloxymethyl ester, and a-(lower alkoxycarbony!, morpholinocarbonyl,
piperidinocarbonyl, pyrrolidinocarbonyi or di-lower alkylaminocarbonyl)-lower alkyl esters.

Pharmaceutically acceptable salts are salts derived from pharmaceutically
acceptable bases for any acidic compounds of the invention, e.g., those wherein COOR,
represents carboxyl. Such are, e.g., alkali metal salts (e.g., sodium, potassium salts),
alkaline earth metal salts (e.g., magnesium, calcium salts), amine salts (e.g., tromethamine

salts).



Enconpassed by the instant invention are also any prodrug derivatives of
conmpounds of the invention having a free carboxyl, sulthydrylor hydrpk9CT 7005
group, said prodrug derivatives being convertible by solvolysis or under
physi ol ogi cal conditions to be the free carboxyl, sulfhydry and/or trydroxy
conpounds. Prodrug derivatives are, e.g., the esters of free carboxylic
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wherein aryl has meaning as defined "herein. Pharmaceutically acceptable
est er s Mf'e agYBMEERAYLYT @My Bwtepultied Pigaleransers ane Ieptict PRPACSSAEE ti bl e by
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of formul a maceut i cal |y accept'abl e prodrug esters are preterably,
e.g., lower alkyl esFers,o arylrli-lo r al kyl esters, a-(lower

al kanoyl oxy) -1 ower alfRyl Rsters such aﬁthe §|ki?%ﬁaoyl oxynet hyl |

pyrrotidi nocarbonyl or diHSower al kyi arfl nocar onyl ) -1 ower aﬂgyl esters.
Phar mmaceut i calg g-acCeptabl-e—sal-t-sCare csal-Ns—deri-vegof om phar maceutical |y
accept abl e bases for:any acidic coppounds ¢f the invention, e.g., those
wherein COOR2 repregents carboxylg Such aRe, e.g., alkali netal salts
(e.g., sodium potassfumsalts), alkaline earth metal salts (e.g.,

magnesi um calciumsalts), amne salts é},?é ., tromethamine salts). 31 OCT
2005 CyigerinasymmelrsaapanscaryingdieisHest rgfhealha%ﬁr andRs bpisstly banerbs
posses%_w,\ﬁgg,raﬁoﬁr_ore asymretric carbon atons. The resulting diastereoners
and optical "anti1 podes are enconpassed by the instant invention. The
preferred configuration is indicated in formula la R4 O HR6 Oalk X-RL Il |
1 (1la) Radreferedpmrg the-copppoundpoRprmpda | and la wherein R and Rs represent

hydrogen; R; represents lower alkyl, Cs- or Ce-cycloalkyl, carbocyclic or heterocyclic aryl, or
(carbocyclic or heterocyclic aryl)Hdower alkyl; alk represents lower alkylene; X represents -O-
or -S{0), wherein n represents zero or two; R; represents hydrogen or acyl; R, represents
optionally substituted lower alkyl, oxacycloalkyl, oxacycloalkyl-iower alkyl, or (carbocyclic or
heterocyclic aryl)-lower alkyl; Rs represents hydrogen; or R, and Rs combined with the
carbon atom to which they are attached represent Cs or Cs-cycloalkylidene; Rs and R;
represent lower alkyl; or Rg and R; together with the carbon atom to which they are
attached, represent 5- or 6-membered cycloalkylidene; COOR; represents carboxyt or
carboxyl derivatized in form of a pharmaceutically acceptable ester; disulfide derivatives
derived from said compounds wherein Rj is hydrogen; and pharmaceutically acceptable

salts thereof.

Further preferred are said compounds of formula | and la wherein R and Rs represent
hydrogen; R, represents carbocyclic or heterocyclic aryl or {(carbocyclic or heterocyclic aryl)-
lower alkyl; Rj represents hydrogen or optionally substituted lower alkanoyl; R, represents
lower alkyl, cycloalkyl, tetrahydropyranyl or C,-Cs-lower alkoxy-lower alkyl; Rg and Ry both
represent C,-Cy-alkyl and are identical; X represents -O- or -S-; alk represents methylene;
COOR; represents carboxyl, lower alkoxycarbonyl, (di-lower alkylaminocarbonyl)-lower
alkoxycarbonyl or (morpholinocarbonyl, piperidinocarbonyl or pyrrolidinocarbonyl)-lower
alkoxycarbonyl; and pharmaceutically acceptable salts thereof.

Particularly preferred are said compounds of formuia | or Ia wherein R and Rs
represent hydrogen; R, represents carbocyclic aryl or carbocyclic aryl-lower alkyl in which
carbocyclic aryl represents phenyl or phenyl substituted by one or two of hydroxy, lower
alkanoyloxy, lower alkyl, lower alkoxy, trifluoromethyl, triffuoromethoxy or halo; R; represents

-4 -



R5 R7 wherein asymmetric carbons carrying the substituents - alk-X-R and R4
typically have the S-configuration. Preferred are the conpounds of {saw ﬁﬂﬁ
| and |a wherein R and R5 represent hydrogen; R, represents |ower a :

C5- or C6-cycloal kyl, carbocyclic or heterocyclic aryl, or (carbocyclic or
heterocyclic aryl)-lower alkyl; alk represents |ower alkylene; X represents
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represents carbocyclic aryl or carbocyclic aryl-Iower alkyl in which
Preferred particular embodiments relate to compounds of formula | or la wherein R

and Rs represent hydrogen; R, represents benzyl; R represents hydrogen, acetyt or
methoxyacetyl; R4 represents isopropy! or tert-butyl; Rs and Ry represent methyl; X
represents -O-; alk represents methylene; and COOR; represents carboxyl or

ethoxycarbonyl; or a pharmaceutically acceptable salt thereof.

The definitions as such or in combination as used herein, unless denoted otherwise,

have the following meanings within the scope of the present invention.
Aryl represents carbocyclic or heterocyclic aryl, either monocyclic or bicyclic.

Monocyclic carbocyclic aryl represents optionally substituted phenyl, being preferably
phenyl or phenyl substituted by one to three substituents, such being advantageously lower
alkyl, hydroxy, lower alkoxy, acyloxy, halogen, cyano, trifluoromethyl, triftuoromethoxy,
amino, lower alkanoylamino, lower alkyl-(thio, sufinyt or sulfonyl), lower alkoxycarbonyi,
mong- or di-lower alkylcarbamoyl, or mono- or di-lower alkylamino; or pheny!l substituted by

lower alkytenedioxy.

Bicyclic carbocyclic aryl represents 1- or 2-naphthyl or 1- or 2-naphthyl preferably

subsfituted by lower alkyl, lower alkoxy or halogen.

Monocyclic heterocyclic ary) represents preferably optionally substituted thiazolyl,

pyrimidyl, triazolyl, thienyl, furanyl or pyridyl.
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carbocyclic aryl represents phenyl or phenyl substituted by one or two of
hydr oxy, | ower al kanoyl oxy, |ower al kyl, |ower al koxy, trlfluoronetﬂwlgcfzm5
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Optionally substituted triazolyt represents, e.g., 1,2,4-triazolyl or 1,2,4-triazoly}
preferably substituted by lower alkyl.

Bicyclic heterocyclic aryl represents preferably indolyl, benzothiazolyl, quinolinyl or
isoguinolinyl optionally substituted by hydroxy, lower alkyl, lower alkoxy or halogen,
advantageously 3-indolyl, 2-benzothiazolyt or 2- or 4-quinolinyl.

Aryl as in aryl-lower alkyl is preferably phenyl or phenyl substituted by one or two of
lower alkyl, lower alkoxy, hydroxy, lower alkanoyloxy, halogen, trifluoromethyl, cyano, lower
alkanoylamino or lower atkoxycarbonyl; also, optionally substituted naphthyt.

Aryl-lower alkyl is advantageously benzyl or 1- or 2-phenethyl optionally substituted
i on phenyl by one or two of lower alkyl, lower alkoxy, hydroxy, lower alkanoyloxy, haloegen or

trifluoromethyl.

The term "lower” referred to herein in connection with organic radicals or compounds
respectively defines such with up to and including 7, preferably up and including 4 and
advantageously one or two carbon atoms. Such may be straight chain or branched.

Optionally substituted lower alkyi refers to lower alkyl or lower alkyl substituted by,
e.g., halo, hydroxy, lower alkoxy, amino, {(mono- or di-lower alkyl) amino, acylamino, 1-lower

alkyl-piperazino, morpholino, piperidino, pyrrolidino and the like.
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akka' . mpmrd)ramehedmnd represents, for example methoxy propoxy, |sopropoxy or
advantageously ethoxy.

Cycloalkyl represents a saturated cyclic hydrocarbon radical which preferably
. contains 5- to 7-ring carbons, preferably cyclopentyl or cyclohexyt.

Oxacycloalkyl represents preferably 5- to 7-membered oxacycloalkyt, e.g.,
tetrahydropyranyl, such as 4-tetrahydropyranyt.

Thiacycloalkyl represents preferably 5- to 7-membered thiacycloalkyl, e.g.,
tetrahydrothiopyranyl, such as 4-tetrahydrothiopyranyi.

Azacycloalkyl represents preferably 5- to 7-membered azacycloalkyl, e.g., pyrrolidinyl
or piperidinyl in which the nitrogen may be substituted by lower alkyl or aryl-lower alkyt.

The term cycloalkyl-lower alkyl represents preferably (cyclopentyl or cyclohexyl)-
methyl, 1- or 2-(cyclopentyl or cyclohexyhethyl, 1-, 2- or 3-{cyclopentyl or cyclohexyl)propyl,
~or 1+, 2-, 3- or 4-(cyclopenty} or cyclohexyl)-butyl. Similarly (oxacyclyl, thiacycloatkyl or
| azacycloalkyl)-lower alkyl.

A lower alkoxycarbonyl group preferably contains 1 to 4 carbon atoms in the alkoxy
portion and represents, for example, methoxycarbonyl, propoxycarbonyl, isopropoxycarbony!

or advantageously ethoxycarbonyl.

Cycloalkylidene is 3- to 10-membered, preferably 5- or 6-membered, and represents
a cycloatkane linking group in which the two attached groups are attached to the same

carbon of the cycloalkane ring.
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a cyJd- pvﬁl:hﬂhéﬁ«idét@dbheﬂ@foumraré BRachdd tolthé bame lcatbohhiitornlcl thed®spedtie rings,| E
rr?~a. 31 OCT 2005 Lower ﬁ hene refers to a straight or branched carbon
chai n B&wiA PP A SrRBHPNIOEER  carbon atons, which may be substitut ed,
e.g., by lower al koxy, for exanple, -CH2-, _CH (CH3)-, -CH2CH2- and the

l'ike. A | owsrgpd- krsdmt&rrwmwyerbelkemieheqeﬁﬁe@emg alteéamrr&ﬁm)paém@r whi ch may be
straight chain or branched and reﬁresents for exanpl e, ethyl, propyl

butyl  StraByraiioRysBLikNg Grevmin Whigh th,yo %ﬁ%ﬁ@%@ﬁﬁ%?@@%}eaﬁwecﬁweal ns
1- 4 cagh®Bn atPWer WRirEdpedBVe RisysS bIQ &ththe 3CHR4-BodifioPihaRgied and represents,

for exanple, methoxy, propoxy, isopropoxy or advantageously ethoxy.
Cycl oal kyl represents a saturated cyclic hydrocarbgn radical which
preferably °teif -HieRpesed ?%?CYQ'F’P'HE)"%PHBWﬁe'HP SfRYFTRbi pe WEIPSB@H? yinking

cycl ohgyyb-in Qﬁ%ﬁxﬁé 873 Ki¥dches @f&ﬁﬁ.rgré a&éeiefenabwséne cArbbnEREMOF B

oxacycl oal ky g., tetrahydropy ranée such as tetrahﬁdrog yranyl .

Thi acyfﬁsﬁﬁﬁwmnﬂép‘? 8sehihe %Péf‘é?oéﬂwt repl and theHEPeRD MRY 28 ¥E ﬁﬁ‘l’??lW e.g.
tetrahyglePbikyPRY 3h¥thyl, St adfiofet GliyRBYANBYoPYT anyl .

Benzo-fused cycloalkylidene represents, e.qg., 1,1- or 2,2-tetralinylidene or 1,1- or

2,2-indanylidene.
Halogen (halo) preferably represents fluora or chloro, but may also be bromo or iodo.

Acyl is derived from a carboxylic acid and represents preferably optionally substituted
tower alkanoyl, carbocyclic aryl-lower alkanoyl, aroyl, lower alkoxycarbony! or aryl-lower
alkoxycarbonyl, advantageously optionally substituted lower alkanoyl, or aroyl.

Lower alkanoyl is preferably acetyl, propionyl, butyryl, or pivaloyl.

Optionally substituted lower alkanoyl, for example, represents lower alkanoyl or lower
alkanoyl substituted by, e.g., lower alkoxycarbonyl, lower alkanoyloxy, lower altkanoylthio,
lower alkoxy, lower alkyltthio, hydroxy, di-lower altkylamino, lower alkanoylamino, morpholino,
piperidino, pyrrolidino, 1-lower alkylpiperazino, ary! or heteroaryl. |

Aroyl is carbocyclic or heterocyclic aroyl, preferably monocyclic carbocyclic or

monocyclic heterocyclic aroyl.

Monocyclic carbocyclic aroyl is preferably benzoyt or benzoyl substituted by lower
alkyl, lower alkoxy, halogen or trifluoromethyl.

Monocyclic heterocyclic aroyl is preferably pyridylcarbonyt or thienylcarbonyl.

Acyloxy is preferably optionally substituted lower alkanoyloxy, lower

alkoxycarbonyloxy, monocyclic carbocyclic aroyloxy or monocyclic heterocyclic aroyloxy.
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Azacycl oal kyl represents preferably 5- to 7-nenbered azacycl oal kyl, e.g.,
pyrrolidinyl or piperidinyl in which the nitrogen may be substituted by

| ower al kyl or aryl-lower alkyl. The term cycl oal kyl -1 ower al kyl rerieggintis;
preferably (cyclopentyl or cyclohexyl)- methyl, 1- or 2-(cyclopentyl or

cycl ohexyl)ethyl, 1-, 2- or 3-(cyclopentyl or cycl ohexyl)propyl, or 1-, 2-,
3- or 4-(cyclopentyl or cyclohexyl)-butyl. Simlarly (oxacyclyl,

t hi acycl oal laHi-lewer ammrlboaj/fks/br)eféremmc&iokydﬁc cArHooyeic-lav&oxdyoacidonyl, gr oup
prefera I contalé( lto 4 carpon atons in the al koxy portion and

repres rx]](fr%}'g YRRy car bonyl , propoxycar bonyl

i sopropoxycar bonyl or advantageously ethoxycarbonyl. Cycloal kylidene is 3-
t o 10- menbemishyl neprisenabhondoartatySicaeyiisabsityted bg mepredienbeocgclicye| oal kane

i nkin ro whi ¢ t hed gr oups .ar ttached to the sane

car bon%iSC(f]h ‘g'C&@rB%CE‘éﬁ ﬁ“ﬁlé“‘?@ai WPIE gﬁmﬁ Pq?ﬁglyﬁgdv%{pq%eogﬁ arh _ tn__the
anP - caenipleshyB4 opiicnally fitsstiieedes b er Bothentanerings byHowatralkys, lobakalkoxy, I % S
Wi ch- E_Ige D aft ched %auos are ailttacnea-lolne sane car bar t at s ar

n of e Ogefloétr uoromethyly | g "ac -12 -c2 - cr _ck-° pxoj p in which The two
attached arouas are a ac-ned'tome same cah,on atomtO0 _="sfve ri r[(; L -~
a x i '=T t @arystowkb8kytiis pﬂe@&ablyﬂ“blﬁrmmylyf—loweAllky!Bemtdgmaly4 -biphenylyl-

cycl oa’ I|KvT|OeneTepresen s,8.t~ ,'I;l-~~1b ~grpui ~~k 14-41 | ower

aj kanC\Wle h¥ar bocveTic ar yl “lower al kanoyl . aroyl.lower a'liiwwWatDO vT a i
)V 5ibi a'," alkappyi si bsl ate'd.hv- |ower_aJkoxvcarbopvi. dower

ai xanovi oxy Thew¥eladokadtind$ bntha invention are ACE inhibitors inhibiting the conversion of
angiotensin | to the pressor substance angiotensin Il and thus decrease blood pressure in
mammals. Furthermore, compounds of the invention demonstrate inhibition of NEP and
thus pctentiate the cardiovascular (e.g., divretic and natriuretic) effects of atrial natriuretic
factors (ANF). The combined effect is beneficial for the treatment of cardiovascular
disorders in mammals, in particular, hypertension, cardiac conditions such as congestive
heart failure, and renal failure. A further beneficial effect of the compounds of the invention

in the treatment of said cardiovascular disorders is the inhibition of ECE.

The above-cited properties are demonstrable in vitro and in vivo tests, using
advantageously mammals, e.g., mice, rats, dogs, monkeys, or isolated organs, tissues and
preparations thereof. Said compounds can be applied in vitro in the form of solutions, e.g.,
preferably aqueous solutions, and in vivo either enterally, parenterally, advantageously,
orally (p.o.) or intravenously {i.v.), e.g., as a suspension or in aqueous solution. The dosage
in vitro may range between about 10" molar and 10 molar concentrations. The dosage
in vivo may range, depending on the route of administration, between about 0.01 and

50 mg/kg, advantageously between about 0.1 and 25 mg/kg.

In vitro testing is most appropriate for the free carboxylic acids of the invention. The
test compound is dissolved in dimethyl sulfoxide, ethanol or 0.25 M sodium bicarbonate
solution, and the solution is diluted with buffer to the desired concentration.

The in vitro inhibition of the ACE by the compounds of this invention can be
demonstrated by a method analogous to that given in Biochem. Pharmacol., Vol. 20, p.1637
(1971). The buffer for the ACE assay is 300 mM NaCl, 100 mM KH,PO, (pH 8.3). The
reaction is initiated by the addition of 100 pL of hippuryl-histidyl-leucine (2 mg/mL) to tubes
containing enzyme and drug in a volume of 150 plL and tubes are incubated for 30 minutes
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tower at~ AroyYis carDocytl c oflneterticynnc "MmnocvnTi cheterocvciic
ar9vlls nrelerably pvnafta?oonyl or-ftenv-icalbDuTil. R 31 OCT 2005
Aryl -1 ower al koxycarbonyl is preferably nonocyclic carbocyclic- | owex 1 (CT 2005
al koxycarbonyl, advantageously benzyl oxycarbonyl. Biaryl represents

nonocar bocyclic aryl substituted by nonocyclic carbocyclic or nonocyclic
heterocyclic aryl, and preferably represents biphenylyl, advantageous

4- bi phengtyd. DRs rcerad i tersdtel by etk sduivmeof @ 7eILID.HBINYsDE. Mongs. ds;y | ower
al kyl | ower al kox

hal ogen trif omet h | ower al k S
& o1 HERDY PR oAt B Derschtieh( makoL T BshaneD b A RING TSIy The
novel ¢enRAWYIE niiked HR1 AllbwRN D @Dardl R reXa tdnRbe rBiuk @1 AftérT Mirutd) 10D QL of
conversion of angiotensin | to the pressor substance angi otensin II and

thus d&dY E5dés #ids8d ThedeRan e cantrifhgerand the-svrarertapt Pticeldipnsimissead at he
i nvent i3gp nﬂ@n‘nﬁ@ﬁersan@aﬂerﬁ%tk@dt agih< b NERnadfratibh Us dpRHAmkitRé L) heé , the

cardi ovascul ar (e.g., diuretic and natriuretic) effects of atrial
natri udetg %onceatf@t&ngmvmes rlbtheqeyitye the eenttol samplerentainiag NPEkFug-he

treatment of cardi ovascular disorders in mammals, in particular,

hypert ensi Oﬁ'ypféﬁﬂﬁ&r@c&%&lnhb%@ﬁwv@m RINGRAERSIA g, mhﬁé‘?énde%f'dbbﬁt and
renal failurée. ATfurther beneficial effect of the conmpounds of the invention

i n t he Ot-28@niefet AGE idhibiioar di ovascul ar di sorders is the inhibition of ECE.
The above-cited properties are denonstrable in vitro and in vivo tests,

usi ng advanﬁ@%m@éfxwﬁ%ﬁ#&w tHR Sbmpdiing 8f Exahdle 6{908emoRybsesSan s, b150| at ed
organs, tissues and (g%epar ations thereof. Said conpounds can be appl led in

vitro PROW0 adiniherAGRIifreassaYe. g., preferably aqueous sol utions, and in
vivo either enterally, parenterally, advantageously,

i Inhibition of ACE can be demonstrated in vivo on p.o. or i.v. administration by

measuring inhibition of the angiotensin | induced pressor response in normotensive rats.

The in vivo test for i.v. administered compounds is performed with male,
normotensive rats, which are conscious anesthetized-with-sedivm-metofan. A femoral artery
and femoral vein are cannulated respectively for direct blood pressure measurement on i.v.
administration of angiotensin | and i.v. or p.o. administration of a compound of this invention.
After the basal blood pressure is stabilized, pressor responses to 3 or 4 chalienges of
300 ng/kg angiotensin | i.v., at 15 minute intervals, are obtained. Such pressure responses
are usually again obtained at 15, 30, 60 and 90 minutes, and then every hour up to 6 hours
after i.v. or p.o. administration of the compound to be tested, and compared with the initial
responses. Any observed decrease of said pressor response is an indication of ACE

inhibition.

Mustrative of the invention, the compound of Example 6(a) inhibits the angiotensin |
induced pressor response for 3 hours at a dose of 10 mg/kg i.v. Similarly, the compound of
Example 1(a) inhibits the angiotensin | induced pressor response for 6 hours at a dose of
11.8 mg/kg p.o.

The in vitro inhibition of NEP (EC 3.4.24.11) can be determined as follows:

NEP 3.4.24.11 activity is determined by the hydrolysis of the substrate giutaryl-Ala-
Ala-Phe-2-naphthylamide (GAAP) using a modified procedure of Orlowski and Witk (1981).
The incubation mixture {total volume 125 pL) contains 4.2 yL of protein (rat kidney cortex
membranes prepared by method of Maeda et al.,‘1983), 50 mM tris buffer, pH 7.4 at 25°C,
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orally (p.o.) or intravenously (i.v.), e.g., as a suspension or in aqueous
solution. The dosage in vitro may range between about 10-8 nol ar and 11119085
nol ar concentrations. The dosage in vivo may range, depending on the route
of adm nistration, between about 0.01 and 50 ng/kg, advantageously between
about 0.1 and 25 ng/kg In vitro testing is nost appropriate for the free

car bOXSqO'O u“ﬁ%g%st da‘?é cdrﬁ%ﬁﬁ‘ét!o‘?ﬁ'? anEh@umﬁéaéﬁ'n r%?@?ﬁ’t%@g M. Shuéf Oi'%elqixid?e

di met h anol ; M sodi um bi car bonat e ution, t he
sol uti owncyb@ieﬁu@rew wmtesmmﬁe@ «’fm 109 deishstanrrel 12ztheg fast garnetimb of ﬁnO%u tro

| nhi bi tTvSH?engi%%hPM%QﬁWa %egaggﬁ%‘@da%d% ERbyind QAR iOMesaltebe

denonstrate y a met s'to that given in Bi ochem Pharnacol.

Vol . 2Gpeptrag®iomettically)at 5¥0embmM. ePng gnit phidERCE. tdsacdiyity is dginedis Nacio) 100 M
KH2PO4 t A S0 nhEd tpe A of

hi ppuryc{‘% mag{n ﬁqadngpgﬂ%%%%%(dﬁnpnﬁb%f)a?? % (?%ﬁg-l I?)acotrf} a\%ﬂ'l%n drgﬁg%fﬁen&]gﬁd%r ug in
a vol urtee cbnceEplafibn airtdsttasbrguad eequired et o friwbitRH cmtlmeutwsegzml OCT 2005 at
37C. Tr}f@ éq,hqﬁ .J;n%l;ﬁei s termnated by the addition of 0.75 nL 0.6 N NaCH. 100
pL of Pk ‘{/ €pared O pt hal dehyde solution (2 ng/nL in methanol) is
added to the tubes, the contents are m xed and allowed to stand at room
temperature. NEP tetivity Camialsot lesde téiingd usihg ABIFMsHCtubs&ram:Id@dF dE@edﬁngbes are

centrif er nat ant Lcal _den 60 he
Fooul t SFE PSR RO AR o Mo R ol N N s Pl s
t he drregersephase- Hﬁtmpmnom gn abgudt af fhetdmyuaetum Bﬁ)tryM tfis lﬁﬁldatdi&ntpf-b? 4sanpl e
cont ai ni ng. no dru t he mpoun ds .of nt o]y rat an
501 e PP oy SAERC2 M ind RERERERR g b 2R O Bl o1
t he i nwEnANin d toeal eclopewidogl. H‘)harrpdacﬂloﬁ(abendmmweamesmamsIvﬁﬁﬂh@f about
20 nM the A | nhi pj-t trated in
Vi Vg Olr;larc]ig t|8ﬁ 0635 ”L\Pf}b:far{ipwi §?Srl%§{:?t 3 'IIFlASmOne un(t:%f agtfwty IS 9:5'1'?109%5 the |
hydrolysis of 1 nmol of r-ANF per minute at 37°C at pH 7.4. ICy values are determined, i.e.,
the concentration of test compound required for 50% inhibition of the hydrolysis of ANF.

Typically, the compounds of the invention demonstrate an ICs; in the range of about
0.1-50 nM for NEP inhibition.

llustrative of the invention, the compound of Example 6(a) demonstrates an I1Csq of
about 5 nM in the GAAP in vitro assay.

The effect of the compounds of the invention on rat plasma ANF concentration can

be determined as follows:

! Male Sprague-Dawley rats (275-390 g) are anesthetized with ketamine
(150 ma/kg)/acepromazine (10%) and instrumented with catheters in the femoral artery and
vein to obtain blood samples and infuse ANF, respectively. The rats are tethered with a
swivel system and are allowed to recover for 24 hours before being studied in the conscious,

unrestrained state.

In the assay, plasma ANF levels are determined in the presence and absence of
NEP inhibition. On the day of study, all rats are infused continuously with ANF at
450 ng/kg/min. i.v. for the entire 5 hours of the experiment. Sixty minutes after beginning the
infusion, blood samples for baseline ANF measurements are cobtained (time 0) and the rats

are then randomly divided into groups treated with the test compound or vehicle. Additional
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measuring inhibition of the angiotensin | induced pressor response in
nornotensive rats. The in vivo test for i.v. adm nistered conpoundséif 7
performed with male, nornotensive rats, which are conscious ane th QQB %&
th sodi um netof *™ A fenoral artery and fenoral vein are cannul ated
respectively for direct blood pressure neasurenent on i.v. admnistration

of a”%l%@@éﬂn?le& a?@%klegasa 1@0018@9% P& HhAE A d?mﬁugfi“é‘ﬁﬁm thd 151 S

i nvention bl oobd pressure is sta 497 pressor responses
to 3 osorgpasngl | enges of 300 ng/ kg angiotensin | i .v., at 15 minute
I nterval s, are obtained. Such pressure responses are usually agai n obt ai ned

at 15, 30, BRsARNIO MUl dehERfAlYa ol Bk Auodty 44 e

or p.o. admnistration o oun ared Wlthti’]'
i ni ti aplasmaspditasb(x1 Ady xghard ¥2d) I@@uﬁ@mta}mtngawwy&(w §. é}sﬁéﬁli s an

| ndi cafy) lno%f% ééﬁgé ?@uﬂélb%m 'o'd1‘dﬁ§§r | V@né’ﬁuﬁd&@d H"&SHE}SO& statn*&%ro%onpound of

Exarrple (a) otensin ress response for
hour s [aANER (ﬁﬁ}s%)bbr SOnpigs hga aadded tSlT@DIm.rdfyabmtrmnnemhﬁmﬂnutnca‘nd 1Exﬂmtald€at1( a)

i nhi b h tel 1 h d f
e v o e BBGkeD 1B A apk MM il PR e ERPRRRES 16 Yo RalfiH Biflhd C0°€ ©
det er mvhiehl issiscdbatddmist *CNEP1 B hdurd4 Teh thotdant tepmi of [d¥raNFiane themaddeé to

i el 8 rgadton iR Rt Ah RiRefald Bl VR an SRR T AR et o

m >r§1tj url@G(sIeBﬁralcouplledmpér%&r?gg}zti(?pml\galgﬂﬁs dddedpb trclza; rsegbﬁﬁrgngmmemdlnogmﬁ/ cort ax
menor nmet ho a.et al.,. ''s purrer

e AR ite by byt Ple sHRENF 1 i Bl tie Fagas TR % ot +on) - and

| eugl Crm;p@mdatargg@aemf féﬁd the, pﬁll@g)cogﬂ'ﬂéﬁ nﬁ@;gtamn% cd@téTWIhﬁt?ﬁi%a}Ton%_@rgﬁ ngg es
at n 0] St t ast ar net 0 % en

o heinatimalngtl. SR ANIIE ARG B3R A Rt of e e

in vehicle-treated antmals which received ANF alone (450 ng/kg/min. i.v.)

lllustrative of the invention, the compound of Example 1(a) increases plasma ANF

levels by about 70% at a dose of 11.8 mg/kg p.o.

The anti-hypertensive activity can be determined, e.g., in the spontaneously hypertensive rat
(SHR) and the DOCA-salt hypertensive rat, e.g., according to Bazil et al., J. Cardiovasc.
Pharmacol., Vol. 22, pp. 887-905 (1993) and Trapani et at.,, J. Cardiovasc. Pharmacol., Vol.
14, pp. 419-424 (1989), respectively.

flustrative of the invention, the compound of example 1{a) reduces mean arterial

_ pressure in conscious SHR at once daily administration of 11.8 mg/kg p.o.

The anti-hypertensive effect can be determined in desoxy-corticosterone acetate (DOCA)-

salt hypertensive rats as follows:

DOCA-salt hypertensive rats (280-380 g) are prepared by the standard method.
Rats undergowert a unilateral nephrectomy and one week later are implanted with silastic
pellets containing 100 mg/kg of DOCA. The rats are maintained on 1% of NaCl/0.2% KCI
drinking water for three to five weeks untit sustained hypertension is established. The anti-

hypertensive activity is evaluated at this time.
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spectrophotonetrically at 540 nmmM One unit of NEP 24.11 activity is
defined as 1 nnol of 2-naphthylam ne rel eased per mnute at 25C at uﬂﬁnﬁ fﬁﬂﬁ
| C50 val ues are determned, i.e _, the concentration of test conpo
required for 50% i nhibition of the rel ease of 2-naphthylamne. NEP activity
can al so be determ ned using ANF as a substrate. ANF degradi ng activi ty is

det er m ned pgar.anc ):;fldr?

3-mnute r?%eoigga?%l%goggah%&&@%@r@% |r§{r%aq %e tﬂ&tlzg &Tﬁyge yér‘re I'n 50 nmV

tris Hestrbwehted wiiHatheters in $hepieerdralcarteay @dnaaswé @témﬁl bodi pmessise.ahatt-he

of 50 BNt Sl Ik AbACIRE Bk SR he PR are o eBerb R ore R o o

30 pL pdridd. 2% test ¢dopoupd e tvebickeds thenTdaN)inistaned amd theafanactardiovysauter def i ned
is of 1 mnute at 37C at pH 7.4. 1C54

as the nol of .r-A
val uesp%rﬁéeé%?éfwgﬁormqgE,m aéq{%on@glggg’}ﬁratlon of test conpound required
for 50% i nhibition of the hydrolysis of ANF. Typically, the conpounds of the

i nvention dﬁrreldhireﬁu(ealareticﬁﬁwitp chhbe datgmired iabutarddidrebOsovbhgre. gNEP

i nhi biti Ll lust ratlv ent,j an thec und of

denons® g?%%' ibgd i1 &%"' Af‘ ”SB’ eﬂ%’# sﬁéct@&AB“ ?’f'wpa%@?% %Tﬁgggf f ect

of theomwmeamglﬁetpbentnmwlwmmad n@triaeRR aNRivresisemtheatt.on can
determ ned as foll ows: l\/al e Sprague Dawl ey rats (275-390 g) are anest hetlzed

wth ketam 1 ace an nstr ed with catheters
' Uhe- 1 onof B¢ PRRAURPRANS GEPHITE SUBELATANS IO el L IO use ANE.
respectively. The rats are tethered with a swvel systemand are allowed to
recover for Mde BpragseiDeiwdeieratee{280- m@iwdahésthétﬁedmdhma (10umydgtipa) ned

oo b BB PSS Y 5 FEhl o Doty ihacs

cont i nmetdshrg anetibl gkdsuad, administer ANF and collect urine, respectively. A continuous
infusion of normal saline (33 uL/min.} is maintained throughout the experiment to promote
diuresis and sodium excretion. The experimental protocol consists of an initial 15-minute
collection period (designated as pre-control) followed by three additional collection periods.
immediately after completion of the pre-control period, test compound or vehicle is
administered; nothing is done for the next 45 minutes. Then, blood pressure and renal
measurements are obtained during a second collection period (designated control,
15 minutes). At the conclusion of this period, ANF is administered (1 pg/kg i.v. bolus) to all
animals and arterial pressure and renal parameters are determined during two consecutive
15-minute collection periods. Mean arterial pressure, urine flow and urinary sodium
excretion are determined for all collection periods. Blood pressure is measured with a Gould

. pS0 pressure transducer, urine flow is determined gravimetrically, sodium concentration is

measured by flame photometry, and urinary sodium excretion is calculated as the product of

urine flow and urine sodium concentration.
The in vitro inhibition of ECE can be determined as follows:

ECE is partially purified from porcine primary aortic endothelial cells by DE52 anion
exchange column chromatography and its activity is quantified by radicimmunoassay (RIA)
as described in Anal. Biochem., Vol., 212, pp. 434-436 (1993). Alternatively, the native
enzyme can be substituted by a recombinant form of ECE, as described, for example, in
Cell, Vol. 78, pp. 473-485 (1994). Human ECE-1 has been described by several groups
{(Schmidt et al., FEBS Letters, Vol. 356, pp. 238-243 (1994); Kaw et al., 4th Int. Conf. on
Endothelin; April 23-25, London (UK) (1995) CB; Valdenaire et al., J. Biol. Chem., Vol. 270,
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450 ng/kg/mn. i.v. for the entire 5 hours of the experiment. Sixty mnutes
after beginning the infusion, blood sanples for baseline ANF neasur g@ iiﬂUS
are obtained (tine 0) and the rats are then randomy divided |nto gf E
treated with the test conpound or vehicle. Additional -11 1, ~ -

J, %:"4:~-,,t‘- ri- - J - *~"271if~i~~1~ i:722i" ; '" 1 6|7Tta

&' c=: Bbﬁbgﬁ'glflé\é%gts'(}ggs rsn.mbaa @ralY Ehééhehi 1BT0;§H§!S Réé Gommun 3k/or72'e7AF|- -y4, ti
nr_rnnr x -~ ~IrF . -1~""no rc an Yn ~'

Sy Z
?27Yz_r pp1807- $+2 (199511 irhe £ECE mlsxbduon-can be de@rmmd a%féi%ﬁqrﬂpgd fn Bioghe. elk,  Seri
SY,L. fi it 1AL vars‘r No 5,5 8073581, (1993 by/RaA?c measure'E‘T 1 Tormiedfroby %E? Et- YF ~,

ii"i? ~[~~'r4~i S-‘a~f F~—~~f: iz- ~~e:

srs U I|7S—~|1IAU| --mft f| fC, dzt T~YIt ~ t?2(3~A"f?2, """ -3SW
ter 'r' ougdtewatmely. recermbingit hugngg EQE-j (rhECE-1} can be used, as follows:

itii~~~~~ SV~ o~ e e~ T 3~ 3PS~ 2 ~r ' ~tLr 7~ ~. -2Kiu~.:a~r.~
rre. :. ﬂneéé‘ﬂw rrfstbr o ‘éh bk rhééé’r Kk ét 1.7ath M C8Kkon,  1eve L?
Kwj "The d]‘ r%ansfo &-} é xﬁ’r S“;I% ( weta VS~ gprrrtr’70~

e Gngothghn; Api 2808, qudOR(UK{ (1959) CB) anp-bullpsed i DMEWFYS gregium y.

i ?yéﬁ Soritaihing 1H% fetdi bovine Sefurn bndSx antibiotiGantimbofie. Beild afs-hark@lled 6y
scraping, pelleted by centrifugation, and homogenized at 4°C in a buffer containing 5 mM
MgCl,, 1 pM pepstatin A, 100 uM leupeptin, 1 mM PMSF, and 20 mM Tris, pH 7.0, with a
ratio of 2 mL of buffer/mL of cells. The cell debris is removed by brief centrifugation, and the
supemnatant is centrifuged again at 100,000 x g for 30 minutes. The resulting pellet is re-

E suspended in a buffer containing 200 mM NaCl and 50 mM Tes, pH 7.0, at a protein

concentration about 15 mg/mL and stored in aliguots at -80°C.

To assess the effect of an inhibitor on ECE-1 activity, 10 ug of protein is pre-
incubated with the compound at a desired concentration for 20 minutes at room temperature
in 50 mM TES, pH 7.0, and 0.005% Triton X-10Q in a volume of 10 uL. Human big ET-1
(5 pL) is then added to a final concentration of 0.2 pM, and the reaction mixture is further
incubated for 2 hours at 37°C. The reaction is stopped by adding 500 pL of RIA buffer
containing 0.1% Triton X-100, 0.2% bovine serum albumin, and 0.02% NaN; in phosphate-

buffered saline.

Diluted samples (200 pL) obtained from the above enzyme assay are incubated at
4°C overnight with 25 pL each of ['®IJET-1 (10,000 cpm/tube) and 1:20,000-fold diluted
rabbit antibodies that recognize specifically the carboxyt terminal tryptophan of ET-1. Goat
anti-rabbit antibodies coupled to magnetic beads (70 pg) are then added to each tube, and
the reaction mixture is further incubated for 30 minutes at room temperature. The beads are
pelleted using a magnetic rack. The supernatant is decanted, and the radioactivity in the
pellet is counted in a gamma counter. Total and nonspecific binding are measured in the
absence of non-radioactive ET-1 and anti-ET antibodies, respectively. Under these
conditions, ET-1 and big ET-1 displace ['ZIJET-1 binding to the antibodies with ICs, values of
21 % 2 and 260,000 66,000 fmol (mean + SEM, n = 3-5), respectively.
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exper i f@Rb intytjier }Saqeéera%edam?ﬂ@@w@at'wWﬁrsmqf&&fwgﬁéarafﬁdusqdﬁem unent ed
W t h cafaheioes snd-6itd megdienoral artery to neasure arterial blood pressure.
Forty- eight hours later, baseline arterial pressure and heart rate are

recorded during. a.one hour eriod. The test conpound or. vehicle is_then
admi ni ster ec?%%&‘htwns%ﬁ@'%ﬁ%%\%{@'@ﬁﬂéﬂ V’V‘bé)’ pserig hednhipiies 8‘?@8%%{1 an

addi t i Giflce® phidbsrespbisedh WehhdstHestled R IcbRacicif! fay, ids e ambdendi®y.eTha ned in
standard diuretjic screens, as described in "New Anti-hypertensive

1C S €. 9., . .
Dr ugs" effepled theinnibiipfsi b rRESOhIRSPatee Igsyiting §ombig Edr1 gRallgageisri ng t he

pot ent iradds@Rddh S‘NNEg'de pef ria ks idds&Hed iR BthcHbRY. RRI BibNIkNgof 8% -Nd ke
potentiation of the natriuretic effect of ANF can determ ned as follows:

Mal e SPadlitBBaN99y). r Beslits 280 egpespd as reraprtdntildition ebthgibichET adedvsed( 100

g/ kg rga&s&rréﬂgniﬁqﬁédméﬁ%wmaepat heters in the fenoral artery, fenoral

vein and urinary adder to neasure arterial pressure, adm nister ANF and
collect urine, respectively. A continuous infusion of normal saline (33

pLI mi n.) is MaleSregedavienaihalf anasthadized pithdnactio 610} ogtdd-p.)Andr esi s and

sodi UMige Rl ki with] BRhEERER 1A R Braldr P SR v?ﬁ'?ére%roﬁd RleaR Bribflibrédsyde>- M nut e
coll ection period (designated as pre-control) followed by three additional
col | ectiMér) ped iadapnister compounds, respectively. A tracheostomy is performed and a

cannula inserted into the trachea to ensure airway patency. The body temperature of the

animals is maintained at 37 + 1°C by means of a heating blanket. Following surgery, MAP is

allowed to stabilize before interrupting autonomic neurotransmission with chlorisondamine

(3 mg/kg i.v.). Rats are then treated with the test compound at 10 mg/kg i.v. or vehicle and

challenged with big ET-1 (1 nmol/kg i.v.} 15 and 90 minutes later. Generally, the data are

reported as the maximum increase in MAP produced by big ET-1 in animals treated with the

test compound or vehicle.

Male Sprague-Dawley rats are anesthetized with methohexital sodium (75 mg/kg i.p.)
and instrumented with cétheters in the femoral artery and vein to measure MAP and
administer drugs, respectively. The catheters are threaded through a swivel system that

+enables the rats to move freely after regaining consciousness. The rats are allowed to
recover from this procedure for 24 hours before initlating the study. On the following day,
MAP is recorded via the femorat artery catheter and a test compound or vehicie is
administered via the femoral vein. Animals are challenged with big ET-1 at 1 nmol/kg i.v. at
various times after dosing. After an adequate washout period, depending upon the dose and
regimen, animals can be re-tested at another dose of test compound or vehicle. Generally,
the data are reported as the change in MAP produced by big ET-1 at 2-minute intervals in

animals treated with the test compound as compared to vehicle.

ECE inhibition can also be deterrnined in vivo by measuring the inhibition of the big
ET-1 induced pressor response in conscious SHR, e.g. as described in Biochem. Biophys.
Res. Commun., Vol. 204, pp. 407-412 (1994).
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ur i nar Pneden teat mpoupd administelice yeapedively. e 3 ASRNE resoverymeriads MBR iaind

urine spdirysn Q?ﬂ{rb@g{rl Be ar{Ehﬁl daﬁhé(értddhnbﬂl@!i%é'p%sgfe frShsdeasy. t!ﬁo&?t er m ned
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Bi oche Al'ternative he native enzyne

can be 9986t PgiTet (G ampwwrf«b) ﬁa’ﬂdfmm@terﬁddp be@ve@@ew%ﬁesbwnwﬂ- exanpl e,

in Cel i bed by
severalhlegﬁe(\)éﬁlstss ﬁ?&ccﬁgn%é%gbtlé&fp&gFEB ters c%%f%ﬁ.ﬂag tP&?Eorﬂ@a?%{ims (1994);
Kaw et bgMeendhhMmgroupbﬁfratmn Endot heI | n; April 23-25, London (UK) (1995)

C6; Valdenaire et al. . Biol. Chem, VoI 270, -13 1 1 M pp. 29794-29798
(1995); Shir
807- 8i 2 (19912@%.%0@@@@% Sorr %gﬁg% i ted Tk Bburing Rle inhibfion -

~3ti ac iexperimenally in@jced conﬁtnctlorwflbasma! .cerepralmriepigs irgtheraletit (Cangoshal.. by RAMD
rr'eas %r(%?_ur& V&rﬁ@g)p pfnf;,g%ﬁ _1 Al ternatively, recomhinai.burnan EC E-1
e) “as fol lows

f r hECE- can” be usé Chi nese hanster ovary ce44s expressing
rhECE-i ti{aw et as.. 4th Int. Cont. cn
The degree or lack of undesirable lmmunostlmulatory potential of the compounds of

the invention can be determined with the murine popliteal lymph node assay described in
Toxicology Letters, Vols. 112/113, pp. 453-459 (2000).

The compounds of the invention, e.g., can be prepared
a) by condensing a compound of formula [l

0
Re ” alk-XR,

|

NH;~C —— C— T—CH—COORz

R, R

(n)

wherein the symbols alk, X, R, R,, R and R; have the meaning as defined above and
COOR;, represents esterified carboxyl, with a carboxylic acid of the formula 11

R,'S——C——COOH (my
e

R, Rs

or a reactive functional derivative thereof, wherein R; and Rs have meaning as defined
above; Ry’ represents hydrogen or a labile S-protecting group, e.g., acyl, t-butyl or optionally
substituted benzyl; or
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Endot helia; April 23-25, London AUK), (1995) Cfi) are cultured, zn OM EUF12
medi um containing 10% fetal bovine serumand Ix ar~<ibf4 c-are i rrsgi%ﬁ.z 0
Left ac scraping, peileted by nrrtnifur t+ir, s, & Le 4; 344 LL3~~~ Ykt*=L g\
+-~4 u 44" a .lh~t ~ ~'1 ~1+3~ti'lS 1~~~ . cc MCz, | VA4tii.-t, Ati;,,4, V
Vi I .mMPMSF,- and 20 mM Tris,. oH7.Q with a ratio of 2 nL of bufferlnL
of cells. The weidnddriihd & dofnpoBRBYvEthedyriiia ®f centrifugation, and the
supernatant is centrifuged again at 100,000 x g for 30 m nutes. The
resulting pellet is re- suspended in a Wer containing 200 m di 43ac3 and 50
n Tes, pH 7.0, at a protein coficentrat f%oh al t 15 nglM and stored in
aliquots at -& C. To assass- tb eci of jan.inhi hitpgjon ECE-1 activity,.
10 ,uc of protein is pS—i Ced—-WHt-h—Che—¢613tpound at a desired
concentration for 20 m nutés\at roomtenperature in 50 MM TES, pH 7.0, and
0.005% Triton X-'1DD in aRwolRume of 10 PLR, HUman big ET-"i (5 pL) is then
added to a final concentration of 0.2 p4& and the reaction mxture is

further i ; . : - T ng € addi ng
500 pt b7 FBbRA ErpalNkndeofindryin e sfSR0k i KRR RYe o i

al bum meazgirgy dsl@dined aave, twilv grharsiphaicel edberfdf éheefdrrealbiVvhe. Di | ut ed sanpl es
(200 pt) obtained fromthe above enzyne assay are incubated at 40C
overnight with 25 pL each of ~asl}&%*&,(10, 404 cpm tube) and 1:20,000-told
diluted rabbit antibodies that re¢ gnize specificaitry the tarboxrji

term nal tryptophan of F--f-JRNFQQa(;H—@obhErabbm) anti bodi es coupled to
magneti c beads 70 zg) are then added to each tube, and ther y eis fir er
tncu a>?eo fo nghut of s-u rtes -a tsr . s . SS a~- -~ Ueted using
5" ¢ wnecein S  REMIR ¢ yp Figarin s ferniac bl ald COQRATRREsaTS SSRIEdy -1 n
the pehheixyli 6r counted in a, pamma counter. Total and nonspecific binding are
measured in the absence of non-radioactive ET-1 and anti-ET anti bodi es,
respectively, Under, these conditions, ET-1 and big, EI-1 displace | i)ET-1
bi i ng o EhVRAIBRGUndar CRSIE sB00aR  eorppoind bithe Tormufa

Rl o
Y —C——C—N- IC C—T-—'CH-*—COORZ (vh)
R, R, A

wherein the symbols R, R;, COOR;, R+-Ry, alk and X have meaning as defined above and Y
represents a reactive esterified hydroxyl group (e.g., chloro or bromo) as a leaving group,

with a compound of the formula
RySH (Vi)

or a sait thereof, wherein R, represents a labile S-protecting group, e.g., acyl, t-butyl or
optionally substituted benzyl, and converting a resulting product to a compound of formula |

wherein R; is hydrogen;

and in above said process, if temporarily protecting any interfering reactive group(s),
removing said protecting group(s}, and then isolating the resulting compound of the
invention; and, if desired, converting any resulting compound of the invention into another
compound of the invention; and/or, if desired, converting a free carboxylic acid function into
a pharmaceutically acceptable ester derivative, or converting a resuiting ester into the free
acid or into another ester derivative; and/or, if desired, converting a resulting free compound

into a salt or a resulting salt into the free compound or into another salt, and/or, if desired,
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Bai a artYe
and hydroxy groups without other undesired side reactlons taklng place.

The purpose of introducing protecting groups is to protect the functional groups from
undesired reactions with reaction components and under the conditions used for carrying out
a desired chemical transformation. The need and choice of protecting groups for a particular
reaction is known to those skilled in the art and depends on the nature of the functional
group to be protected (thiol, carboxyl, amino group, etc.), the structure and stability of the
molecule of which the substituent is a part, and the reaction conditions.

Well-known protecting groups that meet these conditions and their introduction and
removal are described, for example, in J.F.W. McOmie, “Protective Groups in Organic
Chemistry”, Plenum Press, London, N.Y. (1973), T.W. Greene and P.G.M. Wults, “Protective
Groups in Organic Synthesis”, Wiley, N.Y. 3" Ed.(1999), and also in “The Peptides”, Vol. I,
Schroeder and Luebke, Academic Press, L.ondon, N.Y. (1965).

The preparation of compounds of the invention according to process (a) involving the
condensation of an amine of formula 11 with the acid of formula i} or a functional reactive

derivative thereof, is carried out by methodology well-known for peptide synthesis,

The condensation according to process (a) of an amino ester of formula Il with a free
carboxylic acid of formula 11l is carried out advantageously in the presence of a condensing
agent such as dicyclohexylcarbodiimide or N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
and hydroxybenzotriazole, 1-hydroxy-7-azabenzotriazole, chlorodimethoxytriazine,
benzotriazol-1-yloxytris(dimethylarnino)phosphonium hexafluorophosphate (BOP Reagent),
or O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU),
and triethylamine or N-methylmorpholine, in an inert polar solvent, such as
dimethylforrnamide or methylene chloride, preferably at room temperature.
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carbonate or an organic base such as triethylamine, N-methylmorpholine or pyridine,

preferably at room termperature.

Reactive functional derivatives of carboxylic acids of formula i are preferably acid
halides (e.g., the acid chioride) and mixed anhydrides, such as the pivaloyl or
isobutyloxycarbonyl anhydride, or activated esters such as benzotriazole,

7-azabenzotriazole or hexafluorophenyl ester,

The starting material of forrnula Hl can be prepared according to methods described

herein and illustrated in the examples.

The preparation of a starting material of formula Il involves the acylation of an ester

of formula VIIl
alk-X-R,

RNH——CH—COOR, (Vi)

wherein alk, X, R and R, have meaning as defined hereinabove and COOR, represents
esterified carboxy! (e.g., wherein R; is lower alkyl or benzyl) with an appropriately
N-protected amino acid (or a reactive functional derivative) of formula IX

RgNF\ /COOH (1X)
C
Rs/ \R,

wherein Rg and R; have meaning as defined hereinabove and R, is a labile amino protecting
group, e.g., {-butoxycarbonyl, to obtain the corresponding N-protected compound of

formula I,

The condensation of a compound of formula VI with a compound of formula IX is
carried out by methodology well-known in peptide synthesis, e.g., as described above for the
condensation of a compound of formula Il with a compound of formula lil. The N-protecting
group is removed according to methods well-known in the art, e.g., the t-butoxycarbonyl is

removed with anhydrous acid such as trifluoroacetic acid or HCI.
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derivative of formula Vi, under bdsic conditions, for example, as illustrated in European

Patent Application No. 524,553 published January 27, 1993. S-debenzylation of the

resulting final products is carried out by reductive cleavage, e.g., with Raney nickel in

ethanol. S-deacylation is carried out by, e.g., base catalyzed hydrolysis with dilute aqueous

sodium hydroxide. Cyclic starting materials of formula Ill can be prepared by treatment of

the cyclic carboxylic acid (e.g., cyclopentanecarboxylic acid) with sulfur in the presence of a

strong base such as lithium diethylamide.

The preparation of the compounds of the invention according to process (b) involving
the condensation of an acid of formula IV with an amino acid ester of formula V is carried out
in a similar fashion to process (a). Similarly, the starting materials of formula IV are
prepared by condensation of an acid of formula ill with an ester corresponding to gem-
disubstituted amino acids of formula IX (wherein Ry is now hydrogen) under conditions
similar to those described above, followed by removal of the carboxyl protecting group.

The preparation of the compounds of the invention according to process (c) involving
the displacement of a leaving group Y in a compound of formula VI with a thiol derivative
R4-SH as a salt thereof is carried out according to methods well-known in the art.

A reactive esterified hydroxy! group, represented by Y, is a hydroxyl group esterified
by a strong inorganic or organic acid. Corresponding Y groups are in particular halo, for
example, chloro, bromo or iodo, also sulfonyloxy groups, such as lower alkyl- or
arylsulfonyloxy groups, for example, (methane-, ethane-, benzene- or toluene-} sulfonyloxy

groups, also the trifluoromethylsulfonyloxy group.

The displacement is carried out in an inert solvent, such as dimethylformamide or
methylene chloride in the presence of a base such as potassium carbonate, triethylamine,

diisopropylethylamine, N-methylmorpholine, and the like at room or elevated temperature.
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separating a m xture of isoners or racemates, and/or, if desired, resolving
a racemate obtained into the optical antipodes. In starting conpougqslﬁqﬂ%
i nt ernedi ates which are convened to the conpounds of the inventionilﬁ
manner descri bed herein, functional group present, such as thiol, carboxyl,
am no and hydroxy groups, are optionally protected by conventi onal
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choice of protecting groups for a particular reaction is known to those
skilled in the art and depentds of Th&@fdture of Xdhe functional group to be
protected (thiol, carboxyl, @{ﬂ%\?{oup, etc.), the structure and stability
of the nolecule of which the' substbtuent is a part, and the reaction
conditions. Well-known protecting groups that neet these conditions and

t hei r whereirtdbBeendRs andl Y hayeovedning as defgedi dbode, drsier exrditions, dasarilgediony

McQmi e g é){ ctive Goups in Oganic Chemstry", Plenum Press, London,

N Y. (%’?% .W Geene and P.GM Wits, "Protective Goups in Organic
Synt hesis", Wley, NY. 3 d Ed.(1 999), and also in "The Peptides", Vol. I,
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f unct i polslished Blovémber 4je0ggat i ve thereof, is carried out by nethodol ogy
wel | -known for peptide synthesis. The condensation according to process (a)

s carried S0 canoainesqiche Ryttiotand BretbBReisoh ok Bensch AU UoZ¥ stch as
di cycl ¥héraying 2drside ichaid &lleX-Ry-a18 pripaetchiydbranine opregpphilingyl costployhdsainddrdy | m de
the alk-X" side chain wherein X’ represents amino, hydroxy, thiol or a suitable leaving group
according to methodology known in the art and illustrated herein. For example, the acids
and esters of formula V can be obtained starting with serine, homoserine, threonine,

cysteine and the like, preferably in optically active form.

Certain compounds of the invention and intermediates can be converted to each

other according to general reactions well-known in the art.

The free mercaptans may be converted to the S-acy! derivatives by reaction with a
' reactive derivative of a carboxylic acid (corresponding to R; being acyl in formula 1), such as
an acid anhydride or said chloride, preferably in the presence of a base such as

triethylamine in an inert soivent such as acetonitrile or methylene chloride.

Free alcohols and phenols can be converted to the corresponding acyl derivatives,
e.g., by reaction with a corresponding acid chloride in the presence of a base, such as

triethylamine.

The free mercaptans, wherein R; represents hydrogen, may be oxidized to the
corresponding disulfides, e.g., by air oxidation or with the use of mild oxidizing agents such

as iodine in alcoholic solution. Conversely, disulfides may be reduced to the corresponding
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and hydroxybenzotriazol e, 1-hydroxy-7-azabenzotriazole,

chl or odi net hoxytri azine, benzotriazol-1-yloxytris(dinmethylam no) phogﬁlhd)[{){i Ldﬁn
hexaf | uor ophosphate (BOP Reagent), or O (7-azabenzotriazol-1-yl)-N, 1005
N ,N -tetranet hyl uroni um hexafl uorophosphate (HATU), and triethylam ne or
N- net hyl nor pholine, in an inert polar solvent, such as dinethylformm de or
et Y| GG SRLALILlE. wilh FERICHR dodhls SRASL SRR BYRfiricR LS End 805

condensati on of an am no ester of formula Il wth” a reactive functi onal

der i vattiiaylpbesphyneaci d of fornula Il in the formof an acid halide,

advant ageously an acid chloride, or mxed anhydride, is carried out in an
inert sol Ve'ﬁarﬁHﬁﬁc%Eldtégtél'g'?ﬁaypﬁe Frebaelgrag S%Qfokﬂ% acidly SHARASMEH Witd N the
presence of a base, €.g., an i'norgani c base such as potassium carbonate or

an_or g&g-cthedwrlide gemiesndniingdo etk i éne Piesendeyaf RoasRoPT WE &t EXRASE @ e,
(F:);(rabg;y |O‘?oglblt (E%’S%Eor rru%H Q‘F? %F%Fg@g&g%ﬁ;ﬂeﬁ'ﬂﬁg vﬂﬁgin?b%@'siﬁ?}' g’ft the acid

chloride) and m xed anhydrides, such as the pival oyl or isobutyloxycarbonyl
anhydri de, dﬁaréoxylivait:@obsé%@ng Ssmdhder@abeeﬁzmev baiwﬁr@lyzedr%xgawhmuamaﬁzol e or

hexaf | ' i 3l e prepared
accord:éﬂga?%gg%% g% %églcrl J?&P'n@;d% ?é& & %&g @Rahggrgagnpl es. The
pr epar aelectively reme\tesrds rhg;tmh&cblnerailn. of for mJI a ll involves the acyl ation of

an ester of fornmula VI1I alk X RL | RNH--CH-000R2 ( VIII ) wherein alk,
X Rand R daye 85 aldehdevdHos06/, he'dreiAR e nid of Hfehhy gFENt S

formula la are prepared from pure enantiomers.

In case mixtures of stereoisomers (e.g., diastereomers) are obtained, these can be
separated by known procedures such as fractional crystallization and chromatography (e.g.,
thin layer, column, flash chromatography). Racemic free acids can be resolved into the
optical antipodes by fractional crystallization of d- or I-{(a-methylbenzylamine, cinchonidine,
cinchonine, quinine, quinidine, dehydroabiethylamine, brucine or strychnine) salts and the
like. Racemic products, if not diastereocisomers, can first be converted to diasterecisomers
with optically active reagents (such as optically active alcohols 1o form esters} which can
then be separated as described above, and, e.g., hydrolyzed to the individual enantiomer.
Racemic products can also be resolved by chiral chromatography, e.g., high pressure liquid
chromatography using a chiral absorbent; also by enzymatic resolution, e.g., of esters with

alkalase.

The above-mentioned reactions are carried out according to standard methods, in
the presence or absence of diluents, preferably such as are inert to the reagents and are
solvents thereof, of catalysts, alkaline or acidic condensing or said other agents respectively
and/or inert to the reagents and are solvents thereof, of catalysts, alkaline or acidic
condensing or said other agents respectively and/or inert atmospheres, at low temperatures,
room temperature or elevated temperatures, preferably near the boiling point of the solvents

used, at atmospheric or superatmospheric pressure.

The invention further includes any variant of said processes, in which an intermediate
product obtainable at any stage of the process is used as a starting material and any
remaining steps are carried out, or the process is discontinued at any stage thereof, or in

which the starting materials are formed under the reaction conditions, or in which the
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esterified carboxyl (e.g., wherein R2 is |ower alkyl or benzyl) with an
appropriately N-protected amno acid (or a reactive functional deri ﬁqlcm
of formula IX ReNF{ / COOH Q t~6 R7 ( I X) wherein R6 and R7 have 8
as defined hereinabove and R8 is a | abile am no protecting group, e g.,

t - but oxycarbonyl, to obtain the correspondi ng N-protected conpound of

f or mul geddtion Thi@pererie aRAldedn Gie Brro @ pRimitobr Hewoay puMd drtipuiéd) Maiphnpound

of formula | X.is arried t b t hodol o | ] -k in pepti

oyt heditse sargps malsTlstionbtie WiliE ol eeHhc BAHERa LY INSHOBFS B S nd of
f or mul @oﬂnbomdshn@icgt@mgumagberhgrplﬁ@fbﬁe(h_l | . The N-protecting group is
renoved according to nethods well-known in the art, e.g., the

t - but oxycar bonyl is rem)ved wi t h anhydro acid such i fl uoroacetic
heid oY o 1Pehedsit verimscbagaL e b Bee L Seade e deroass
Corrpou'afimeqﬁvefn%ﬁuh@tﬁém dhaaﬂﬂcél}&caw @fcﬁsféblevsabmom gci@latibigon kaesMari n t he
art, or if new, can repared accordi ng to net hods wel | -known in the art,

e.g., @Paﬂmaq%maép@rap% Sﬁhe"ﬁﬁé aaw%camas 8% '@P@'twa bodh AEENG NFPar e

preferahlye. $ hﬁ)r%ﬁ@ﬁ@%rﬁt%ﬂfrstfeérh\%nﬁépéaﬁ'dl&%sﬁﬁk?His@?o%r@guéhoésm\yp%rtbhétor@r e
known, or iT new, may be prepared accord %? to conventional nethods. The
qr

starti ggemat el ralestian ang canaastive h@argfa"uwel: siharaionestTiR sprRRHReN WA GBRE or
opti callqye 6%& \r’aﬁerﬁs medﬂoaré%%l fo%ecl?ésfﬁéﬁﬂ &%uEl'ﬁ‘%rs%Rier;& ostfenay %‘r)@%- uration

derivative | acement thereof with inversion of co
usi ng bweermgwe@gemseamthataerosabrotvalgev@ edrdiagragents. diuretic.pgests, palidiapetic

condi t L,9ass, dHXfestrBBNErndSgdrts LA IRHIRE. MhdriH8A Rombination with other

therapeutic agents such can be administered separately or in a fixed combination.

i

Examples of therapeutic agents which can be used in combination are angiotensin I
receptor antagonists, such as valsartan, losartan, candesartan, eprosartan, irbesartan and
telmisartan; B-blockers, such as bisoprolol, propanolol, atenolol, sotalol and metoprolol; renin
inhibitors; calcium channel blockers, such as amlodipine, verapamil, diltiazem, bepridil,
felodipine, isradipine, nicardipine, nifedipine, nimodipine and nisoldipine; aldosterone
synthase inhibitors/aldosterone antagonists, such as eplerenone, (+)-fadrozole

(WO 01/76574), spironolactone and canrenone; diuretics, such as furosemide,
hydrochlorothiazide, indapamide, metazolone, amiloride and triamterene; vasopressin
receptor antagonists, such as OPC 21268, SR 49059, SR121463A, SR49059, VPA985,
OPC31260 and YM0BY; cardiotonic drugs, such as enoximone and levosimendan;
endothelin antagonists and ECE inhibitors, such as bosentan, BMS193884, TBC3711 and
compounds disciosed in WO 99/55726; anti-atherosclerotic agents, particularly cholesterol
lowering agents, such as bile acid sequestrants (e.g., cholestyramine and colestipol);
cholesterol absorption inhibitors, such as ezetimibe; fibrates, such as fenofibrate and
gemfibrozil; statin HMG CoA reductase inhibitors, such as atorvastatin, fluvastatin,
lovastatin, pravastatin, simvastatin and pitavastatin; and nicotinic acid derivatives;
thyromimetic agents, such as those disclosed in U.S. Patent No. 5,569,674 and WO
00/58279; also antidiabetic agents, such as repaglinide, nateglinide, metformin,
rosiglitazone, pioglitazone, glyburide, glipizide, glimepiride, DPP728, LAF237, NH622 and
DRF4158.
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Patent Application No. 524,553 published January 27, 1993. S-debenzylation
of the resulting final products is carried out by reduct ive cl eavage, Cg @5,
wi th Raney nickel in ethanol. S-deacylation is carried out by, e.g., ub s2
catal yzed hydrolysis with dilute aqueous sodium hydroxide. Cyclic starting
materials of fornmula 11l can be prepared by treatment of the cyclic

carboxyl i c afjdkSed: mve(ﬁYSrll 9@8?&19@%9@%@?{%‘% rﬁ E;*bf WJ sEUénn'og rf%r{]?on of

presence of a strong base such as |i € pre
t he coripeprParafontdi @hammaceuiicnh cqzaéwhmssge%n?cﬂlb@ @%nqquth"aw@rr@pﬁgon% he

Condenﬁ‘?atv&%rh@é afd NEP ﬁh@ftm{;%}[cg@h/aarlﬁ/e"@tgntﬁ ?l%ﬂ?v@ btﬂn ster of formula V

is carriedout I1nasim on 't 0" process arly the starting
materials of formula IV are prepared by condensati on of an acid of formula
1l with an Bwtmarnf@mlé@pbcrmumltms gecarding sbisventionsde theasesudablgdorof f or nul a

| X ("‘heéf'ngér»r? |, Y J% 3s B%Y"opr}éQfaW%R% é’rﬂ%‘?é@&ﬁ%h{érﬁ% u?i!st'?étlo%rtotn?arﬁ#ﬁgée descri bed

above, y renova e car prote ing g he “preparation
of the imzimpjogxm fn‘rtrndwtﬁeatmeemf camiwmsouldr argortderqosm}eashjpe)'tenarwol ving the

di spl ac%% ri ﬁgf f}e%?\yé 5' k"% é)fgor?acl%égggéglﬂ?% @y X L?t oru'?{Hlo?ihe m\%’/\ér;tlan%ﬁ%h' ol

deri vativ as a e i I'ng
vveI | - knxbmnacemlhallmaceptébleesamtmareofealbee iof inecbnfityilrtiorywithgereugr, morepr esent ed by
a stron |nor ni,,C

Y, is a dr ox rou b

Cor r o5 ORI R eqbiHbBo Pl eiast st Picr el WAR Bfes e S ARG GeR ! oo
or i odaisadsiulSod them‘yelatwrent@f carpyasiuit dsordessyers indikatbd above.ar yl sul f onyl oxy
groups, for exanple, (nethane-, ethane-, benzene- or tol uene) sul f onyl oxy

art1 o out Tie R bIaNe S e R en PR AP = 1

chl or'i deanutadtive qirpaammwéalaonlmaeﬁtuﬁnscdbmspgtaﬁsa‘fecﬁwe:ambomlather,eof in

o T o OB SR B St T DR} LA Pl ¢
application. Preferred are tablets and gelatin capsules comprising the active ingredient,
together with a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or
glycine; b) lubricants, e.qg., silica, talcum, stearic acid, its magnesium or calcium salts and/or
polyethyleneglycol; for tablets also ¢) binders, e.g., magnesium aluminum silicate, starch
paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose and/or
polyvinylpyrrolidone; if desired, d) disintegrants, e.g., starches, agar, alginic acid or its
sodium salt, or effervescent mixtures; and, if desired, absorbents, colorants, flavors and
sweeteners. injectable compositions are preferably aqueous isotonic solutions or
suspensions, and suppositories are advantageously prepared from fatty emulsions or
suspensions. Said compositions may be sterilized and/or contain adjuvants, such as
preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for regulating
the osmotic pressure and/or buffers. In addition, the compositions may also contain other
therapeutically valuable substances. Said compositions are prepared according to
conventional mixing, granulating or coating methods, respectively, and contain about 0.1-

75%, preferably about 1-50%, of the active ingredient.

Suitable formulations for transdermal application include an effective amount of a
compound of the invention with carrier. Advantageous carriers include absorbable
pharmacologically acceptable solvents to assist passage through the skin of the host.
Characteristically, transdermal devices are in the form of a bandage comprising a backing
member, a reservoir containing the compound, optionally with carriers, optionally a rate

controlling barrier to deliver the compound to the skin of the host at a controlled and -
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Using a salt of R3'SH (e.g., potassiumthioacetate), the reaction is carried
out in the absence of a base, in an inert solvent such as tetrahyd{ﬁ)j ?rzq

or dinethylformam de. Simlarly, the starting materials of formula g @é
prepared by reacting the dipeptide derivative of fornula Il with an acid of
the formula Y- C COON 4 (x) wherein R4 and R5 and Y have neani ng as defi ned

above, padi8EmbRedlidié BVS LHSRhEEHedd of tind) @A $ndaib to $BEUrE @PgaVEsiohe f or nul a
X wherein Y is halo, such as the a-bronocarboxylic acids are known and are

prepar é4in-e. g., as described in International Application WO 99/55726
publ i shed Novenber 4, 1999. The conpounds of the invention and

i nt er medi at @Sunied@sagetiioS Mafimdl @F BEbbRS0L70 kgimaPdonttin bétavémgbdiaosinde chain
al k-X-R, are prepared fromthe corresponding conpounds havi n&p t he al k- X
i

si de cRAPMGAEINEastive ipaisdiesbnt 2e 435396, Of RivESAMPQURAJS derendesion Bl e | eavi ng
group - SBEGEE 8 Weirrh-BIoTBLN QAP Bk RBNNINeh o Srefith, Aechrld iheivial @Ramshel n. For

exanpl e, the aci 1 esters of fornula can be obtained starting with
ser i neand@msee fermeof adnyRislftiss; cysteine and the like, preferably in
optically active form Certain conmpounds of the invention and internedi ates

can be cONYefLadidin@8flinpled BRI in@F88H U figsiide HR1RIGHIOBAGEHORS 198! - known in

the art. The free nercaptans nay converted to the S-acyl derivatives by
r eact i ¢ansirueld as beirglimitationg dareen. | lempgraturesadng@iveni io dagiegs (emtigédpolidi ng to
R3 bei iofl ' ' I |, de,
pref or 451 et LA of brgr 8 SbrRare PRIGEIED RBLIALPE: Pttt

sol ventbebyasn abwuateonil 00 mre Hgr Grdicalriotatiens fexprasded infdegseesd) coh oleasiamd

phenol s, faf, RESBMYAL LRH0N M HFind OF SERARANSH dHerAfWe 1Rty AL LYESied in the

examples. The structure of the compounds are confirmed by standard analytical methods
such as mass spectrum, elemental analysis, NMR, IR spectroscopy and the like.

The prefixes R and S are used to indicate the absolute configuration at each

asymmetric center.

Example 1

(a) N-[2-{(S)-2-Acetylthio-3-methylbutanoylamino]-2-methylpropionyl}-O-benzyl-L-serine
ethyl ester

O
0] O
//“\\ H;7<%L\ 0//\\
S N
l H
o O
N-[2-[-[(R)-3-bromo-3-methylbutanoylamino]-2-methylproprionyl-O-benzyl-L-serine
ethyl ester(4.96 g, 10.5 mmol) is dissolved in tetrahydrofuran (100 mL) and potassium
thioacetate (6.00 g, 52.5 mmol) is added. The mixture is stirred at room temperature for
4 hours, then diluted with ethyl acetate (500 ml.) and washed with water (100 mL), sodium
bicarbonate solution (2 x 100 mL}), water (2 x 100 mL) and then brine (50 mL). The solution

is dried over sodium sulfate and concentrated in vacuo. The crude material is purified by
25 _



e.g., by reaction with a corresponding acid chloride in the presence of a
base, such as triethylamne. The free nercaptans, wherein R3 repreébhg§rzw5
hydr ogen, may be oxidized to the corresponding disulfides, e.g., by air
oxidation or with the use of mld oxidizing agents such as iodine in

al coholic solution. Conversely, disulfides may be reduced to the

Correswﬁmm@na%rapmpt ﬁl"@a 0@, :g:)_ hexgwé/@thmeédetgie)na gwmes“msdmas sdb uni
corbn alae,-zin i c ack o~ Carboxylic add esters may' Depreparea rrvm

-a caYBux ﬁ5b'i"7§>fa] pt@? ﬁ’~(CCT PGP LHZOH)MSBE +H9x67a~fa as ar || ~ar axcessr7

% ho) in The presence Q an acid catalyst, according to nthndas-w U—
rfow' hAttrng-sgagmr{gmg@,aﬁggmﬁe@ggﬁjubwgef ai caThonates or nyaroi es.' ac

rariae tor app gar ~c e ~r mej , remvpas, rae. ilecert Pre
erab)y, and wner everposst iie' tne rererrdu isorrrerSTUE cr~rr~ ~ ~ G
rma, -1~ r &Sofitioof BdbsnaykL-serine Eﬁa@rﬂ@@c mMeY ip pthaepldeP? gilis spturated

Aaal | ZGRR I Ghs idh8 rhﬁﬁhﬁesk ﬁ%\éﬂn&{dr& ns%lﬂl'ﬂr%ﬁ ové:r ?ft at Rl l%ﬁwpeFét@resénd fanas d

rhia at alée , 1in |ayer, ~~r yra ptiral a i des o
racfi bmqentrgt@d(m yaeuo. e splid ¢s wa$heerlth digihyl etbﬁzrrandmllgcteqi Ry fidnatiereto

L1 W o Wbt e R Ao AR R pORE, 1o 0L e

opllcale acttvereagents | sucn as opircy a G~r~r rrr~' vr~ Srr -r~3 5ce<
~~~~~ ,  béo@-saiution ch BOC-g-metbgslzneed 3105aril 5 ehmol),rrbesat-Liseriae ethyl Racem

or - deser SfodRld Ao d gl TRV S S abigpnitp fodelidmudimide” PS5 se
a7’ Kal aﬁEEDCI, 2. 88 g, 15 mmol) and 1-hydroxy-7-azabenzotriazole (HOAT, 2.04, 15 mmol) in
I methylene chloride (150 mL) is added triethylamine (1.52 g, 15 mmol). The mixture is stirred
overnight and then concentrated in vacuo. The residue is re-dissolved in ethyl acetate and
washed with water, 1 N HCI, water, and brine. The solution is dried over sodium sulfate and
concentrated to yield N-[2-(BOC-amino)-2-methylpropionyl}-O-benzyl-L-serine ethyl ester of

the formula

A o

The above carbamate (6.12 g, 15 mmol) is dissolved in methylene chloride (200 mL)
and chilled in an ice bath. The solution is saturated with HCI gas for 10 minutes and then
stirred at room temperature overnight. The residue is concentrated. Methylene chloride is
added and the residue is concentrated again to give N-(2-amino-2-methylpropionyh)-O-
benzyl-L-serine ethyl ester hydrochloride as a foam; MS{M+H);309.

To a solution of the above amine hydrochloride (4.90 g, 14 mmol) in methylene
chloride (150 mL) is added (R)-2-bromo-3-methylbutanoic acid diisopropyl amine salt
(4.03 g, 14 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI,
2.70 g, 14 mmot) and 1-hydroxy-7-azabenzotriazole (HOAT, 1.90 g, 14 mmol). The mixture
is stirred at room temperature overnight and then concentrated in vacuo. The residue is
-26 -



Tj{ - ~cr? ar rriedo taccr~rJi as~a ardrreth s ) tne prey rice tat

-utrc.e ~ ti~u t#rs, rt,rra -x ry ab~ ns~ nr Cd e aa~ a a ~ Solven¥y$ ({7 2005
t hereof, afcatafcsts, ali a a ~~c d <si~,y sa otJ~erage tsrespeclve~
drr~iitit. ii rei t'"CU ~trr~"rir i~ia a~l i~ atsri~et~ Vie,"c~itsr..?1. c

cterrsrr Orsa a~ ac~err .sre / vs,)par~ ~nr}ner a r}sphe P.s, at Jv v

t el aapgiabnegdsh eth&lréc%MtéW]B RA%hEd with Waté}?arlﬂté §0c§r9r?1%rcafrf)§nate ‘Wﬁgr 1N HCI
atrrerrcrsveratrr~csphicp~assar~ p , d taJ a ariysta e aftl process s ased
as a s#af#hern bings ekhe solignangried ayegépﬂrum syjfalg concentrated to grve a solrd

rug, , f rrﬁé SHER FgoQﬁ@&'sg ﬁgsrgmrerrrarogré\r}meﬁen.&éﬁgeﬁ ztmrerxgn@/teegr A1) A Qe €d T

| heraac))v nov eaction co nents are used Sri

t he foM%(R)f?ebrorn%%rmeéhxdhutmwaram@]572131%@1erpraronprb@etsenzwhlrﬁermq elbglkestararti ng
nmateri ak g S0pHlY be used in said reactions, that tread to the formation of
Those conpoun S i ndicated above as being preferred The present invention
additionally refutes to the use in manmal s of th;,‘-npounds of the
iri'sentaori and their p asmaceu catty acceptabl’e, gha-taxtc acid addition
salts, or pharrsraoeuttca canpy tityans t i. s medt canmen s, for
4nhi bitcng, Both ACE arnd fide, and, e.g., \\-* prevention or treatnent
of Cardl OQascui ar di sorders such as hy~pertepstion, edenma, salt retention
and congestive heart failure, either alone op in conbination with one or
more ot her agents which \rezﬁéeful fey the reatnent of such disorders. Such
may be anti-- hqg etent we agents, ante-at~ erosderqQt cc agents, cardsac
agents, dsucetic agecits, iti tietic ent@, cYroiesterai-iowertrig
agents and the Itilce. Bi'N erfo us sation with other therapeutic
agents such can be adm ni sterjggd Separateiy of! in a m xed cornbinaticn.
Exanpl es of therapeutic agentg@ which can be {sed in combination are

angi o%ensin tl

Similarly prepared are:

(b) N-{2-[(S)-2-acetyithio-3,3-dimethylbutanoylamino}-2-methylpropionyi]-O-benzyl-L-

serine ethyl ester

=2
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receptor antagonists, such as val sartan, Josartan, candesa.rtan, eprosartan,
irbesartan and telm ssartan; toccers, such as tisapcotot, pcaanotat,
ateaai at, satahit and metaprotoi; renin iritiibitors; cal ci um chanrel 0CT 2003
b\ ockers, such as am od'tpine, verapamm s, diStiazarri, t eprK f,

fel odi pi ne, isradipine, nicardipine, nifedipine, rtiinodipyna anti r,4sidip
ne; atdosterane synthase inbibilorsfa osferone antagonists, such as

epl ereggne, N- Dz[La}:lﬂ-@é@tlymmémn@tr@@}@%oa}tanﬁrmj]rpﬂ@tr@qir@;ﬂ@ ANg-eaRyIanone;
diuretir:s, suc furo em de hydr ochi or ot hi azi de, apan(de, netazotane,

a|X||tHF?@@"%ﬁH“@E?ﬁhP%ECH§é1:%Eésopre55|n receptor antagaritista, such as
OPC 2'L2 ,8, Sri 49MD, SRt 2t 483A, SR49(QSS, VP A, 1395 OPC31260 and ' 11Vv087;
car di ot oni ¢ drugs, such as enoxirrore and | esostir dan; endot helia

ant agoni sts and ECE i nhi bitors, such as bosentan, 9B884, TBC3711 and
cipottctds disclosed in WD 99155726, anti-athergschtetotic agents,
particularly chol esterol |owering agents suchfas W acrd a uestranis
(e.g., Chotestyntntrie and Gatesti pai ~ choi esferol absorpttion tc iitors,
such as ezetictiihe; tifrat ch as %o e -and genfibrozil; statin
HMG CoA reductase inhibjjtors, ¥such as atprvasgat n, #tusastat3ri,

Jovast atin, pravasta{%%u\ginv statnn an ast aytn;, ™and nicotinic acid
derivatives; thyrom4feti

0 0 disclosed in U S. Patent
Na. 5,589,674 and WO 00158279; a tldHabet c agents, suct% as
repagttnide, nateg,tinide, cnetfHcrttirt, rostgOtitazoria, oc~i kazone, glyhu
e, glip tide, gtirnepiride, ZPr 728, 4..AF237, NT- 22 and DRF4158. 310CT2(6
The present invention also relates to the use of the conpounds of the
invent {®n far2-{$ Z—BE RHiGRLIABhS gg%ﬁh’é LEAettBMITB ecially
pharnaggutlgg i ﬁ i ons avf(y and]NEPﬁ nh|b?§rﬂ%9§%?5@?$y, and,

e.g. éﬁ’meﬁyﬂeﬁ'&t@nb’ﬂ etdéS°vE Fyl. 0‘*?’?@"%@% maceuti cal conpositions according

the invention are those suitable for enteral, such as oral or rectal,

transdermal and parenteral adm nistration to na

O
O
H?%k 0" ™
N
H
O
(e) N-[2-[(S)]-2-acetylthio-3-methylpentanoylamino]-2-methylpropionyi]-O-benzyl-L-
~ serine ethyl ester; [als® - 6.93° (¢ = 1.09, CH;0H)

A
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including man, for the treatnent of cardiovascul ar disorders, such as
hypertension, conprising an effective anmount of a pharmacol ogically active
conpound of the invention or a pharnmaceutically acceptable salt théerie®T 2005
al one or in conbination with one or nore pharmaceutically acceptable
carriers, as well as in conbination with other therapeutic agents also
useful for the treatnment of cardiovascul ar disorders, as indicated above.
The phdfynacd- m[(ﬁ)az-layetamm%nemmmtmdsiaUﬁnd]%?e'nbﬂnvkpmpimyl]a@d?»usef ul in the
nanufa Hre of e sitions conprising an effective anount
thereo %@DT@%ﬁ nﬁgh&%F%a Wﬁ%ngfe W th excipients or carriers suitable
for either enteral or parenteral application. oferred are tablets and
gel atin capsul es conprising the active ingredie bget her with a)
diluents, e.g., lactose, dextrose, sucrose, nan sorbltol cel | ul ose
and/or glycine; b) lubricants, e.g., silica, garic aC|d its
magnesi um or cal ciumsalts and/or polyethyle eglycol for tablets also c)
bi nders, e.g., magnesium alum numsilicate, sparch paste, gelatin,
tragacant h, nethyl cel ulo thyIceIIquse and/ or

pol yvi nyl pyrrolidone; ||i f ) si ntlegrants , Starches, agar,

alginic acid or |ts{/ﬂqgiu //\itures and, if desired,
absorbents, col orants, I nj ectabl e conpositions are
preferably aqueous isotonic s dut on suspensi ons, and suppositories are

advant ageously prepared fromf@gtty enul sions or suspensions. Said
conposi tions may be sterilized and/or contain adjuvants, such as

T R O B B B S B AR e B o

conpqsbhﬁmmajmaﬁmaWQO contain other therapeutically valuable substances.
Sai d conpositions are prepared according to conventional m xing,

ot of er abl v dBGLEcrpes0%h SEroR e RS B O TR Y or mul &t ons f or
tr ansdN}Nainmenprrommm:dm(GOn'oL)LmeY@ns addeaicBOCd -sarinen7.80fg, 88 mowphoThd of t he
I nventi O)'&ure is stlr?gcg Forqrhou'rA‘(e:lIr\{é1 me%%?r%o?o%éthﬁﬁenzypghlglg e F/’b fé) d b:?BbmmoI) is
added. The mixture is allowed to warm to room temperature and is stired overnight. The
mixture is quenched with water. Ethyl acetate is added and the mixture is washed with
brine, dried over MgSO, and concentrated to give a yellow oil which is purified by flash
chromatography (SiO,; hexane/ethyl acetate) to give a clear oil. The residue is dissolved in
ethanol (120 mL), the solution is cooled to G°C and saturated with HCI gas for 5 minutes.
The mixture is allowed to warm to room temperature and stirred overnight. The mixture is

concentrated to give O-(4-trifluoromethylbenzy!)-L-serine ethyl ester hydrochloride.
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phar mecol ogi cal | y acceptabl e solvents to assist passage through the skin of
the host. Characteristically, transdernmal devices are in the form &ff @7 2005
bandage conprising a backing nenber, a reservoir containing the conpound,
optionally with carriers, optionally a rate controlling barrier to deliver
the compound to the skin of the host at a controlled and -24 31 OCT 2005

pr edet eg)m ned[z {8 p2-avetyltio@rakihgipathnpganteb]df-miethyinrogiooy @ gadiubmbsandi e t he
device,to t k“n A un'ﬁ dosage for a mammal of about 50-70 kg may contain
betmeehEﬁﬁﬂﬁfﬂﬁéeﬁﬁﬁasﬁﬁﬁ“ng of the active ingredient. The dosage of active
conpound i s dependent on the species of warm bl ooded apniFmal (manmmal ), the
body wei ght, age and individual condition, and g form of

adm nistration. The follow ng exanples are intended to¢ illustrate the
invention and are not to be construed as being i.tdtions thereon.
Tenperatures are given in degrees Centigrade- Jf not nentioned otherw se,
all evaporations are perforned under reduced pyessure, preferably between
about 15 and 100 nm Hg, Op rotati ressed in degrees) are

measured at roomtenpgrature at 589 nigl (D I§ ne om um or other wave
| engt hs as specifi edﬂj\tahe | es. UThe ructarfe t he conpounds are
confirnmed by standard analgyti ods™NSuchyfas nmass spectrum el enent al

The prefixes R and S are used

anal ysis, NMR, |R spectroscopy
ration at each® asymetric center. Exanple |

to indicate the absolute confi
(a)

N-[2-[(S)-2-Acetyl thio-3-nmethyl butanoyl am no] - 2- net hyl propi onyl | - G- benzy] - L-
seri ne(h)et hyN-[Z2g S £2-abetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-(4-fluorophenyl)-

' L-homoserine ethyl ester as an oil.

J e 1L o

0

Iz

The starting O-(4-fluorophenyl)-L-homoserine ethyf ester hydrochloride is prepared

as follows:

To a solution of BOC-L-homoserine t-butyl ester (3.2 g, 11.6 mmol) in tetrahydrofuran
is added triphenylphosphine (7.59 g, 29 mmol), p-fluorophenol (2.08 g, 18.6 mmol) and
1,1’-azobis(N,N-dimethylformamide) (3.2 g, 18.6 mmotl). The mixture is stirred overnight,
washed with brine, dried over MgS0O,, and the solvent is removed to give an orange oil. The
oil is purified by flash chromatography (SiQ,, 85% hexane/15% ethyl acetate) to give a clear
oil which is dissolved in ethanol (100 mL) and the solution is saturated with HCI gas, then
stirred overnight. The mixture is concentrated to give O-(4-fluorophenyl)-L.-homoserine ethyl

ester hydrochloride as a white solid.
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N HONJ[2-[-[(R-3-b romp-3-nethyl buts noyl a mi no]-2-nmethyl pro
prionyl-Obe nzyl-L-serin e ethyl ester(4.96 g, 10.5 mol) is di ss@Iveey jom
tetrahydrofuran (100 nli) and potassium thioacetate (6.00 g, 52.5 mol) is
added. The m xture is stirred at-roomtenperature for 4 hours, then diluted
with ethyl acetate (500 nL) and washed with water (100 ni), sodi um
b| car bgnat e re4k- L(Bb-ﬂmcé@tthﬁo Bodethy)-butaadydamind]-R-nidlytpriopicapdt-tten bri ne (50

: 3@ sol Utllﬂ;h q ver sodium sulfate and concentrated in vacuo.
The cr JHEFRRERY 1°F?SBW%?PEC?SB§; 25 31 O C T 2005 flash chronat ogr aphy
(silica gel, 3:2 hexanelethyl acetate) to yield titFe conmpound; mp.
55.57C;, [a]j 200- 63.5 (¢ = 0.99, CH3OH); M5(M + H) 46. The starting materi al
is prepared as follows: A solution of O benzyl - (9.75 g, 50 nmmol) in
et hanol (200 nL) is saturated wth HCl gas for 8 S. The m xture is
stirred overnight at roomtenperature, and then rated in vacuo. The
solid is washed with diethyl ether and coll ected ltration to vyield
O benzyl -L-serine ethyl ester hydrochloride as white solid. To a solution
of BOC-a-nethylalanine (3.05 g, 15 mml), O beyfzyl-L-serine ethyl ester

hydrochl ori de (3.89 g, &5 . 1 -ethy - 3-£3-d imethyl am
nopropyl)carbodiinmd e ||(EDCI } 2.88 g, | ) and /\

1- hydr oxy- 7- azabenzot r i-azgl e N.2. 04/ 1 1O het hyl ene chl ori de
(150 nlL) is added triethyl & nei{1. \ mof}) . The m xture is stirred

overni ght and then concentrated |fn"vacua The regidue is re-dissolved in
ethyl acetate and washed with vater, 1 N HCl, water, and brine. The
solution is dried over sodiumsulfate and concentrated to yield

N[ 2- (BOC—am no) - 2- rrethP/I pr opi on?/I] O benzyl -L-serine ethyl ester of
(N N-[2-[(S)-2-acetylthio-3-methylbutanoylamino}-2-methylpropionyl]-O-benzyl-L-serine

morpholinocarbonylmethyl ester, purified by chromategraphy on silica gel with hexane, ethyl

acetate, methanol {20:70:10) as a white solid.

O O O
)k % O\/“\N
- y g
O
O
The starting material is. prepared as follows:

O-Benzyl-L-serine (10.0 g, 51.3 mmol), di-tert-butyl-dicarbonate {(11.2 g, 51.4 mmol)
and 1 N sodium hydroxide (103 mL, 103 mmol} are stirred together in 100 mL of dioxane at
room temperature for 16 hours. The mixture is concentrated in vacuo, taken up in water,
acidified to pH 1 with 6 N HCI and extracted with ethyl acetate. The organic layer is washed
with water, then brine, and dried over anhydrous magnesium sulfate. The mixture is filtered
and concentrated in vacuo to give BOC-O-benzyl-L-serine as an oil. 4-(2-
Chioracacetyl)morpholine (1.22 g, 7.48 mmol) is added to a solution of BOC-O-benzyl-L-
serine (2.20 g, 7.46 mmol), triethylamine (0.75 g, 7.43 mmol) and sodium iodide (0.11 g,
0.73 mmal) in 5 mL of N,N-dimethylformamide and the mixture stirred at room temperature
for 2 hours. The mixture is diluted with ethyl acetate, washed with water, then with brine,
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the fornmul a The above carbarnate (6.12 g, 15 mmol) is dissolved in rret hyI ene
chloride (200 nL) and chilled in an ice bath. The solution is sat ug

with HCl gas for 10 mnutes and then stirred at roomtenperature overnl anQ

The residue is concentrated. Methylene chloride is added and the residue is
‘concentrated again to give N (2-am no-2-nethyl propionyl)-0O benzyl-L-serine

et hyl %aaQilhebbdés@hiyafdueenayheamfroannatd\/B(H\éhh%tlﬁa% fillEpedan® Lotdedirateld t he above

am ne hydrochl oride ( I ene | Qri de
Soq (yacp Shiselgma Theiiel g es auaie Gie rexpee o o8 o 14
nol ) , a&e@t@mbtr?anbﬁ(ssmfa) wgﬁmmmwﬁwpa@em@b mml.hdwr@@w:raéﬂhweesé&m

2.70 g, 14 mpl) and 1- azabenzotri az 14 nnDI)

The m ﬁ?li’r@bfleésé’fh H%aa%ts Wé?ﬁdtt@ﬁﬁé'ﬁ étsé?f“é'oB\?gVW C@ﬁ?araﬁ‘& ecSFF’ér{?ZBﬁcent rat ed

in vacumps :‘ﬁhﬁ)l)nﬁ%séi@%ﬂescm&@e%om fSODRirflk S dvipd n'nﬂtu?é t&ysltm@a%t aioﬂn and
washed with water | ut e sodi um bicarbonate, water, ' _and then

bri ne. terReergirrafarGrhquss. diheesyiing ”ﬁﬁﬂiﬁj’ﬁﬁ@'ﬁﬂqﬂgﬁ?ddﬁd’aé%wﬁ@ﬁ59 Ban@yblyi ve a
solid. Hind S irhdied Ryert Lsaasﬂa ghromat ogr aphy (silica gel, 2:1
hexane/ et hyrég%et gter g gél" vg era a_2 br onp- 3- met hyl but anoyl am no] - 2- m

et hyl prop ion Obenz | - L- serl ne ethyl ester of the formula Simlarly
prepar & ar &- [2{ -16%)- 2-acetylth|o»3-methylbutanoy!ammo]—Z methylpropionyl}-O-benzyl-L-serine

N-[ 2- [ GPhethyid dé%ﬁd&hgn%w Qét%?tgFré’Aé%'é aﬂ@}sbm@dwde%cﬁsédﬁﬁdremebw&f] O benzy

| -L- serine et ester
N-[ 2- [(ES)iﬂwlea‘thyl t hi o- 3- rret hyl but anoyl am no] - 2-m
et hyl propi onyl ] - O benzyl -L- threonine ethyl ester;, mp. 121-122C

JKIVQL ff\i“r/

(1 N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-benzyl-L-serine
diethylaminocarbonylmethyl ester, prepared as described for compound of Example 1(j} and
purified by chromatography on silica gel with hexane, ethyl acetate, methanol (35:60:5).

)J\S l%ﬁ [ O\)J\’E\
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(d)

N-[2-[(S)-2-acetyl thio-3-net hoxybut anoyl am no] - 2- net hyl propi onyl | - 0-Zblepgy }ogi-
- serine ethyl ester; MD 211 + 14 9 (c = 1.04, DVBO (e)
N[2-[(S)1-2-acetylt hi o- 3- et hyl pent anoyl am no] - 2- net hyl pr opi onyl ] - O benzyl -
L- serine ethyl ester; [a]020 - 6.930 (c = 1. 09 CH3OH) 3 1 OCT 2005 (O
N-[2-T¢R %1 o0 (3-
triflu rorret hgzle[&enzgr_géﬂ?b erélquletglgx ﬁmt)gmetr :F{B]Lﬁ)‘rﬂléﬂfiyg;ﬁ}bﬁi&)ﬁgﬂ (I\DIQ H The
starti hgnzyl(lssetﬂnefethybesiﬁeﬁdykEéﬁiyl(gt =11 Chboélr) hyl ester hydrochloride is
prepared as follows: To a suspension of sodiumhydride (60%in oil, 3.04 g,
76 mmol) in N, N-di nethyl formam de (60 nL) at 0OC is agdded, BOC-L-serine (7.80
g, 38 mmol). The mxture is stirred for 1 hour and
mtrifluoronethyl benzyl chloride (7.39 g, 38 nmol) i gded- The mixture is
allowed to warmto roomtenperature and is stirre@ overnight. The m xture
is quenched with water. Ethyl acetate is added and the m xture is washed
with brine, dried over MySO4-and eoncentrated t gi ve a yellow oil which is
purified by flash chromatipgrap xanefet hyl acetate) to give a

clear oil. The re5|d6e i s |di ssol i etthanol the solution is
cooled to OC and sat'ur d wi s he m xture is
allowed to warmto roomtenperatur i rHed oyjernight- The m xture is

(n) N-[2-[(S)-2-[(morpholinoacetyl)thio]-3-methylbutanoylamino]-2-methylpropionyl]-O-
| benzyl-L-serine ethyl ester; [ap - 48.61° (¢ = 1.098, CH;0OH)

(0) N-[2-[(S)-2-acetylthio-2-(4-tetrahydropyranyhacetylamino]-2-methylpropionyl]-O-
. benzyl-L-serine ethy! ester; [a}p™ - 55.4° (c = 0.83, DMSO)
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concentrated to give O (4-trifluoronethyl benzyl)-L-serine ethyl ester
hydrochl oride. 31 OCT 2005 (g) N -[2-[(S)-2-a cetylthio-3-nethyl ?1 0CT 2305
but anoyl am no] - 2- et hyl propi onyi ] - O (4-fl uorobe nzyl)- L-serine ethyl ester
as an oil. (h)

N-[2-[(S)-2-acetylthio-3-nethyl butanoyl am no] - 2- net hyl propi onyi]-O (4-fluoro

phenyl)- L- *i‘ ngﬁ&;ﬂ@%} Q%‘moeé &4 tﬂeﬁ]yﬂ%gyelnyﬂgggtaéh@&tcbﬁ%e Prepared as

O (4-fluorophe ohoserl n rochlori prépared as
fol | owsllowss a sol uti on of BOC-L- hom)serl ne t- butyI ester (3.2 g, 11.6 mmol)
in tetrahydrofuran 1is added triphenyl phosphl ne (7.59 g, 29 mmol)

p-fl uorophe [rgu} %qlq Vi m de)
(3.2 g, g%hﬁﬁ%?%mu*% l?'tr '|1)sg'€s%{h|c'jarre )o'\r/]er ni L%fw:a{g'r@ %%(?Ia J {)[ﬁ&ggl ne,
dried m/aeehnné;S@dC) soigtidrnef (Bpvigdino-&-(4-emaedtoporagyiy-glyainedd ageCodrh. The oi |
is purjfie S % 5% et hyl acetate) to
gi ve als’e‘F eg?lbxé)fIpﬁ?iﬁgggiﬁ%%égfpéﬁg %fém%bﬁn‘fé%%) i\@tot'ﬁ'e) 'Bolution is
sat ur assdevwftv&mbiCI Uﬂﬁﬁoonﬁ;h@tﬁbn Sftthé BEGHIGN, eidirPiitre iJ BRovi@fowrri 1 réencent r at ed
to give 4-f | uor ophe(r% % -honoserine ethyl _ester hydrochloride as a
white gemqqga uFg angstirreg 41 temperature for 3 hours. The mixture’is extracted with ethyl

N-[ 2- [ fcotatd; @@Qﬁgéﬁ@lafyesrswsh&h seu@an@w ﬂmn Reler2swRiduebid soti@nhibsiitate3- f|

uor ophenyl ) - L- hofoser i ne et h(% ester
bAs

N- [ 2- [ %) bones dleandiriasi yes any %W@SW’HW%}B TRERIKYIIEIBPEHATE- O benzyl - L-
| aphys |
ol i CH R i S P T R br i B P R B S 30T e

starting material is prepared as follows: O Benzyl-L-serine (10.0 g, 51.3

mol ), (Rdi - t Bir2-I6 3K %n aéa-ﬁfdﬁi@tyéammltmo}g’ﬂ methylbutgrstyjamino}-2-
methylpropionyl]-O-benzyl-L.-serine ethyl ester; m.p. 106-107°; [a]p - 61.46° (c = 1.09,

CH3OH)

i (@) N-[2-[(S)-2-[(4-methylpiperazino)acetylithic]-3-methylbutanoylamino}-2-
methylpropionyl]-O-benzyl-L-serine ethyl ester; m.p. 95-96°; [a]p - 48.5° (c = 0.935, CH;0OH)
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and 1 N sodi um hydroxide (103 nmL, 103 nmol) are stirred together in 100 nL
of dioxane at roomtenperature for 16 hours. The m xture is conceng{EhEﬁ;®ﬂ
vacuo, taken up in water, acidified to pH1 with 6 N HC and extra f
ethyl acetate. The organic layer is washed wth water, then brine, and
dri ed over anhydrous magnesium sulfate. The m xture is filtered and
concenfgat eq\- BZJ[(SP%@etWhIGJSVﬁeﬁ%u%gﬂﬁMrhc]1-2 &ﬁylb@@n%ﬂ] -@lbeizli-L-ertng-

Chl or aoacetyl ) norpholine (1. }g i s" adde a sol ution of

BOC- O Isén g$tel [dseBBhe (¢ 2.1207.:H:PH6 nmol ), tri et hyl ani ne (o. 75 g, 7.43
mmol ) and sodiumiodide (0.11 g, 0.73 mml) in 5 n__of

N, N-di net hyl f ormam de and the m xture stirred at rag enperature for 2
hours. The mixture is diluted with ethyl acetate, d with water, then
with brine, -31 31 OC T 2005 and dried over anh gnesi um sul f at e.

The m xture is filtered and concentrated in vafuo to0 give a yellow oil. The
oi | is chromatographed on silica gel with hexan;:ethyl acet ate: net hanol
(35:60:5) to give BOC O ben serine norphogktnocarbonyl nethyl ester as a

colorless oil. HC gas &% bub
(1.72 g, 4.08 mmol) inljret hyllene
m xture is stirred at
is concentrated in vacuo to yiel ylHL- s rlne

nmor phol i nocar bonyl net hyl ester a (k) o
N-[2-[(S)-2-acetyl thio-3- et hyl bdt &noyl ami no] - 2- net hyl propi onyl ] - O benzyl -
serine dinethylam nocarbonyl nethyl ester, prepared and purified as

descri bed f n f e . . .

N (o 09 - 2 PPl PRt Bl A b i e e gAY A S BRI B2 2y - L
seri neengil-etdyinarmtiyoesiehoapl mets1y¢E =astos, DMB@par ed as descri bed for
conpound of Exanple 10) and purified by chromatography on silica gel with
hexane, ethyl acetate, methanol (35:60:5).

Oﬂég&w

t) N-{2-[(S)-2-[(methoxyacetyl)thio]-3,3-dimethylbutanoylamino]-2-methylpropionyl}-O-
benzyl-L-serine ethyl ester; [a]p- 61.67° (c = 1.024, DMSO)

o)
o) 0
/O\AS:&’/HX‘LN/LWO\/
H
0
0

-35.
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5 (m

( 2-[ (met hoxyacetyl )t hi o] - 3- net hyl but anoyl am no] - 2- net hyl ) 0
-O benzyl-L-serine ethyl ester; [a]D 55.27; (c = 1.084, CHsg]-!) %285)
(S)-2-[(norpholinoacetyl)thio]-3-mnethyl butanoyl am no] - 2- net hyl pr opi ony
benzyi -L-serine ethyl ester; [alD - 48.61 (c = 1.098, CH3OH) (o)

N[ [ (W - 2+1a 2 Nt Aniodndrsricyyelp pzammg,h ragieh] @ﬂfb F2sERtdWthpr opi ony
]-O b(elﬁzyl [zgl’g):-nteb et)ﬁy%ster@ [a]% ; § M é“HJDI\/BC)) Np' HO3 1
OCT 208%€The starting (D)-a-brono-a- (4- tetrahydr opyr anyl) acetic acid can be
prepared as follows: A solution of sodiumnitrite (4~/1 g, 68.3 mmol) in 35
m. of water is added dropwise to a chilled (00 s on of

(D) - a-brono-a. - (4-tetrahydropyranyl)-glycine (J. A em Soc., Vol. 117,
pp. 9375-9376 (1995) (7.05 g, 44.3 nmol) and 48%+ik aq) (70 mL) in 35 nL
of water- Upon conpletion of ,the addition, the mxture is allowed to warmto
room tenperature and stirr d at roomtenperatyfge for 3 hours. The m xture
is extracted with ethyl o ; the organic tayer is washed sequentially
with water, 5% aqueous od| umjt hi osul f a d brine, then dried over
anhydr ous magnesi um sgl/ﬁgﬁg i @d/éqd concentrated in
vacuo to yield (D)-a-4ror )-acetic acid as a solid.
(p) N[2-[(S)-2-[(1-(1,2, 4) tri ] - 3- net hyl but anoyl am no] - 2-
met hyl propi onyl ] - Obenzyl -seri ester,Om p. 106-107; [a]p- 61.46 (c
= 1. 09,

90
)

e et hyl

(v) N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-(4-

' biphenylylmethyl)-L-serine ethyl ester
O 0]
/I-K % o™\
S
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CH30H) (a) N-[2-[(S)-2-[(4-m |
et hyl pi perazi no) acetyl t hi o] - 3- net hyl but anoyl am no) - 2-
met hyl propi onyl ] - O benzyl -L-serine ethyl ester; mp. 95-96; [a]p - 4331 gﬁuﬂﬂi
0.935, CH3OH) -34 31 OC T 2005 (r)

N-[2-[(S)-2-acetylthio-3-nethyl butanoyl am no] - 2- et hyl but anoyl ] - O benzyl - L-se
rine ethyl ester; [a]D - 83.6 (¢ Exhnible 2CH3OH). (5s)
N-[2-[(S)-2-(norpholinoacetylthio)-3,3-dinmethyl butanoyl am no] - 2- net hyl propi o
nyl]-O benzyl-L-serine ethyl ester; [aJo - 55.5 (c = 1.008, DVSO (t)

N5 [ OSERENt peeRBlg eee by B et B oy PTG YRR Vb opi on
yl)-O eghpipzyl -L-serine ethyl ester; [a]p- 61.67 (c = 1.024, DMSO) 11 HO 0 O
31 OCT 2905 (u)

N-[2-(S)-2-(acetylthio)pentanoyl am no] - 2-net hyl prop
zyl-L-serine ethyl ester 0 (v) N[2-[(S)-2-acetylt
et hyl but anoyl am no] - 2- net hyl propi onyl ] - O (4- bi phe
ethyl ester ~xami~ti 2 F 4~ Isl 1]

The title compound is prepared similarly to Example 1 and re-crystallized from methyi t-butyl
ether/hexane, m.p. 69-71°C.

N—

oy 1] - O ben
m
et hyl ) - L-seri ne

The starting material is prepared as follows:

HCHg) is bubbled into a solution of BOC-S-benzy!-L.-cysteine (9.33 g, 3G mmol} in
ethanol (200 mL) for 15 minutes. The container is stoppered and stirred at room
temperature overnight. The solvent is evaporated in vacuo and the residue stirred in diethyl

ether (150 mL) for 1.5 hours to yield S-benzyl-L-cysteine ethyl ester hydrochioride as a solid.

A mixture of S-benzyl-L-cysteine ethyl ester hydrochloride {7.98 g, 29 mmol), BOC-a-
methylalanine (5.89 g, 29 mmol), triethylamine (2.93 g, 29 mmol), 1-hydroxybenzotriazole
(HOBT, 3.92 g, 29 mmol) and EDCI (5.57 g, 29 mmol} in methylene chloride (200 mL} is
stirred under an argon atmosphere at room temperature overnight. The reaction mixture is
evaporated to dryness and the residue is dissolved in ethyl acetate (200 mL). The solution
is washed with water (50 mL), 1 N HCI (60 mL), water (50 mL), 5% sodium bicarbonate
(50 mL), water (50 mL} and finally brine (25 mL). The solution is then dried over sodium
sulfate, filtered and evaporated to dryness to give N-[2-(BOC-amino)-2-methylpropionyf}-S-
benzyl-L-cysteine ethyt ester.
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Nh™ t t%SS "lit r~. 13 C.Jh Gaf :f n Eyr,mm. k Rc' i3 T ' 'fs3 1Ccjt iiri
F+ t r_r fig 1 Ji i-rJdili r ihm1l Ot rrrdreT~rs rili erc d a~
“rJfruovs. ?-L)(g 'sv ;k 0o ? ~rul ~n T ~t V.? ~ yt4F-in P- i 3 ? Mr3 pgT qq%
in etha? ¢ .nm) for :me s % rrl a-2?r s S 2flLi t~? ~ ~S Jas s~
tenperal:,rre DPrrJiSgrAl.he n 33 Rf!Ts -eV,~[raAint r inW 11!3%$1J
~J*f R-- Viii i tlr Wyl ether r X% 3 D~ 3~s ~sl jir~z~1i rtr;aiii,;
~~~r ~r~ F fr~r ~trG~rJ JJrr~, Al‘f‘ﬂ‘ﬂ'l:"‘ C. - "‘s> re~,~r -i, L' fi 3
_ry , n; ini3 E~.izrne ~., ~~~#~ t hy?ai ]‘|f||5t ~y~

~, AN&NI &rh 49 [2H8) Z-Acefz@'oﬁsmewlbyianoylaﬁﬂnql %W@tfwlpmlpw @)Qpamﬂgﬁ , 3.92

t | @erﬁlsuﬁ&@l) er’mér?ic ackbetfyl@BER- | ~ }' ~ ~ - ir# Ty T Shppeer~tlL -

|2|2P irred under an a gar; atir' i' a rcr' ’7t-:Cog. r." #'
rwar~ r tlf}) }’>r The re-v f141nCre Bi/ay" or" <, dr riee~ 2' d }be e
id 3e '"s1'" ~~" Jrv~E+ ;;~sCr? 3 r ! ' F~hi; is washed | xsZ -
?2-gr~l?!~3}man r~xar5 nNP 'r 50 rL , water ; and 1 P - ~~ 127 su)&
.e, fl ur 1 ar Gkr r ? "- r}c sst'4 e ~~~5"s 1< 3~r TCR 1?r~8] | J?~Jr ~Jr

firr ;ti ) berz rs)rrsy ?-eTes 31 OCT 2005
N[ 2- [(S) 2 Acetyl t hi o- 3- met hyl but anoyl am no] -
tonyl]-(S)-2-am no-3- (benzy fonyl) p_,ropl
conmpound i s prepared si IarI to

: le 3
ﬁenc{))hyl prop
r‘lgc acid ethyl ester The above

o ™~

Iz

The above compound is prepared simitarly to Example 1.
The starting material is prepared as follows:

To a solution of N-[2-(BOC-amino)-2-methylpropionyl]-S-benzyl-L-cysteine ethyl ester
(7.21 g, 17 mmol) in methylene chioride (250 mL) under an argon atmosphere is added
m-chloro-perbenzoic acid (8.77 g, 51 mmol) and the mixture is stirred overnight at room
temperature. The mixture is evaporated to dryness and the residue is dissolved in ethyl
acetate (300 mL). The solution is washed with 5% sodium bicarbonate (3 x 50 mL), water
(50 mL) and brine (25 mL). The solution is dried over sodium sulfate, filtered and
evaporated in vacuo to give N-[2-(BOC-amino)-2-methylpropionyl]-(S-)2-amino-3-

{(benzylsulfonyl)-propionic acid ethyl ester.
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The starting material is prepared as follows: To a solution of NN[2-(BO C-a
m no) - 2-m et hyl propionyl]-S-benzyl-L-cysteine ethyl ester (7.21 g, ﬂ@cszs
mol ) in nethylene chloride (250 nlL) under an argon atnosphere is aéded

m chl or o- per benzoic acid (8.77 g, 51 mmvl) and the m xture is stirred
overnight at room tenperature. The m xture is evaporated to dryness and the
residue is dissolved in ethyl acegghmpled0 nL). The solution is washed with
5% sodi um bi carbonate (3 x 50 nL), water (50 m-) and brine (25 nlL). The
solution is drjied qver diumsul fate, filtered and evaporated in vacuo to
i ve N2 ( BOE AR Adcenihi AtanapronpramieEs sieirsper i £ amino &

( benzylsddbaamino)-Brepridbéid d6tpyIbley]l ester. 31 O C T 2005 Exanple 4 (a)
N2-[2-[(S)-2-Acetylthio-3-nethyl butanoyl am no]

- 2-met hyi propi onyl ]-(S)-2-am no-3- (benzoyl am no) - prépioni c acid net hyl
ester A m xture of benzoyl chloride (0.085 niL, O. ),
N2-[2-[(S)-2-acetylthio-3- 0

met hyl but anoyl am no] - 2- et hyl propi onyl ] - (S) - 2, 3ydi an“riopr opi oni ¢ aci d net hyl
ester hydrochloride (0.29 g, 0.73 mvl) and tr|ethylam ne (0.15 niL, 1.49
mmol) in nethylene <chloride (10 m-) is stirr at roomtenperature for 16
hours. The reaction m xQure i evapor ated togdryness in vacuo, the residue
is dissolved in ethyl afetate,f andgthe gplutipn is washed with water, then
wi th saturated sodi um rb t e Bq| uti i dried over anhydrous
magnesi um sul fate, and evapor at t negs toflgive an oil. The oil is
chromat ographed on silica gel wih hexane, ethy| acetate (50:50) to yield
the title conmpound as a white f@am mp. 48-54C. (b) Simlarly prepared is
N2-[ 2[ (S) - 2-acetyl t hi o- 3- et hyl but anoyl am no] - 2- et hyl
propronylI-(S);Z-anino-3-(ben;enesu|fonanido)prOﬁgonic acid nethyl ester;

m p. 47-51CA Pijuse ot benoybxhigride (§.0§3 mlgigztg{pmol), N*-[2-{(S)-2-acetyithio-3-

methylbutanoylamino]-2-methylpropionyl}-(S)-2,3-diaminopropionic acid methy! ester

hydrochloride (0.29 g, 0.73 mmol) and triethylamine (0.15 mL, 1.49 mmol) in methylene
chloride (10 mL) is stirred at room temperature for 16 hours. The reaction mixture is
evaporated to dryness in vacuo, the residue is dissolved in ethyl acetate, and the solution is
washed with water, then with saturated sodium bicarbonate solution and brine, dried over
anhydrous magnesium sulfate, and evaporated to dryness to give an oil. The oil is
chromatographed on silica gel with hexane, ethyl acetate (50:50) to vield the title compound
as a white foam; m.p. 48-54°C,

(b)  Similarly prepared is N’-[2[(S)-2-acetylthio-3-methylbutanoylamino}-2-
: methylpropionyl]-(S)-2-amino-3-{benzenesulfonamido)propionic acid methyl ester;
m.p. 47-51°C; [alp™ - 41.72 (c = 1.03, CH;0H).

The starting material is prepared as follows:

A mixture of {S)-2-amino-3-(BOC-amino)}-propionic acid methyl ester hydrochloride
(4.6 g, 2.1 mmo}), N-CBZ-a-methylalanine (5.0 g, 2.1 mmol), HOAT (2.87 g, 2.1 mnol),
EDCI (4.02 g, 2.1 mmol} and triethylamine (2.93 g, 2.1 mmol) in methylene chloride (50 mL)
is stirred at room temperature for 16 hours. The reaction mixture is washed with brine, dried
over anhydrous magnesium sulfate and concentrated in vacuo. The resulting oil is
chromatographed on silica gel with hexane and ethylacetate (1:1) to yield N*[2-(CBZ-
amino)-2-methylpropionyl]-(S)-2-amino-3-(BOC-amino)-propionic acid methyl ester as a
white foam; m.p. 100-101°C.
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The starting material is prepared as follows: A mXxture of

(S)-2-am no-3-(BOC-am no) - propi oni c acid nethyl ester hydrochl orlde31(ﬁ€]6 ;
2.1 mol), N-CBZ-a-nmethylalanine (5.0 g, 2.1 nmmol), HOAT (2.87 g, [?
EDCI (4.02 g, 2.1 mmol) and triethylamne (2.93 g, 2.1 mmol) in mathylene
chloride (50 m-) is stirred at roomtenperature for 16 hours. The reaction

mxture is V\ﬁ%hﬁdré%fttﬁe B!Sd)\}leeproéudt%@14@V@‘@O%ﬁ}hdlﬂéﬂ&lso%&wmém%ﬁéﬂmér@é& and
concentrated in vac The resultin r omat ogr aphed on silica gel

Wi th. heQdTe)dmErenRy(BAEr i BYQragenpItIRes ha PROTESSLI iR Rar botte for

M Nno) - 2 RRUrBY TRE wnktgry.'s |f1tér§h'tt2mﬁ@ﬁ a%aad BE¥ie A ROhcdHR PR vacas tslgivet hy|
ester as, a white foam -39 31 OCT 2005 A mxture of the

above pYdédwpinpL- rmthglperl@vUr{ﬁarP)anaﬁ@r3j£§%Cpaﬂmn@éwmww a¢id eyl estep. 27 g) in
et hanoly, 4R HHm: dsSsdr ogenat ed under 45 psi pressure in a Parr bottle for
4 hour sy ﬁ% r%xtgréh?{s filtered through a pad of Celite and concentrated in
vacuo to give

Nzt L 2I ani no-2sekatiery pithe phoys Podpe)(2.28 shBi§- r?fneBcﬁBJa?frﬁrﬁﬁp Iprr@ﬁ"sﬂhm@r;ca@ut d( > 28
ne oduc
o 5 od o Al 48 Rl Y 7 R e el
(2. 16 d1.13.g.3.55hmimo)) IED@thmqwm@l@deXTEtermﬁWreérﬁ!rmtemrqqantsegar 8.52 nmol)
t hyl
The. r e aane:r o o Aalfie) Lopkhaibd B0 Rhede WA PRLATRA] Bl toBulOtadR B0 3
up i nirethyl acadeteatTde ety aeethtpl sohudien as \eawdumitfowatbs sataled sadium wat er ,
t ur at nat t
anhydr GESTE DR ERTERT. Sod HeRd D RBCafy R RAhSRRE s HIE e T o)
i's chr coateyraghedvasnosiThe essulieg oilit thrbertogeapded oneilicpgeheidh hexareddnds0) to

052 SA s B are SN SRR A b el SR Aoy

(S)-2-amino-3- BOC—amlno)—proplomc acid methyl ester as a white foam.

A mixture of the above product (1.31 g, 2.82 mmol) and potassium thioacetate
(1.28 g, 11.2 mmol)} in tetrahydrofuran (50 mL) is stirred at room temperature for 4 hours and
diluted with ethyl acetate. The mixture is washed with water, saturated sodium bicarbonate
solution, brine and then dried over magnesium sulfate. The reaction mixture is concentrated
to dryness jn vacuo and the resulting oil is chromatographed on silica gel with hexane and
ethyl acetate (40:60) to give N-[2-[(S)-2-acetylthio-3-methylbutanoylaminol-2-
methylpropionyl]-(8)-2-amino-3-(BOC-amino)-propionic acid methyt ester.

Hydrogen chioride gas is bubbled through a solution of the above compound (1.01 g,
I 2.19 mmol) in 50 mL of methylene chloride for about 5 minutes, the mixture is stirred at room
temperature for 3 hours, and then concentrated in vacuo to yield N%-[2-[(S)-2-acetylthio-3-
methylbutanoylamino]-2-methylpropionyl]-(S)-2,3-diaminopropionic acid methyi ester
hydrochloride.

Example 5

To a solution of 1-[(R)}-2-bromo-3-methylbutanoylamino]cyclopentanecarboxylic acid
(1 g, 3.42 mmol), O-benzyl-L-serine ethyl ester hydrochloride (0.89 g, 3.42 mmol),
dicyclohexylcarbodiimide (0.7 g, 3.42 mmol) and 1-hydroxy-7-azabenzotriazole (0.47 g,
3.42 mmol) in methylene chloride is added triethylamine (0.48 mL, 3.42 mmol). The mixture

is stirred for 24 hours and then washed with brine and concentrated in vacuo to give a light
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A m xture of the above product (1.31 g, 2.82 mmol) and potassi umthi oacet ate
(1.28 g, 11.2 nmol) in tetrahydrofuran (50 nmL) is stirred at room 31 []CTZU[]S
tenperature for 4 hours and diluted with ethyl acetate. The m xture

washed with water, saturated sodi um bi carbonate solution, brine and then
dried over magnesium sul fate. The reaction mxture is concentrated to

dr ynesgelidiv #ifCH: %muteh@purﬁ@ulbglf@gh @hiomaaog?rab%mreg RPh&naR s bk@aepel W th
hexane and et hﬁﬁ acetate

N [ 2- [ tosyive NAld e ippost- W@fWﬁHWWP%rﬁYﬁ@PB@aﬁ%ﬁWW]@ benzyl-L-serine

i onyl | a{n9) eedN1tRO fodmuBCC- am no) - propi onic acid nethyl ester. Hydrogen
chloride gas is bubbled through a solution of the above conpound (1.01 g,

2.19 mmol) in 50 nL of nethylene chloride for abeBt 5 m nutes, the m xture
is stirred at room tenperature for 3 hours, a concentrated in vacuo
to yield N2-12-[(S)-2-acetylthio-3- nethyl

but anoyl am no] - 2- net hyl propi onyl ]-(S) -2, 3-di

hydrochl ori de. Exanple 5 To a sol ution of
1-[ (R) - 2- br omo- 3- et hyl byt ano I am no] cycl op

1 nopr'opi oni ¢ acid nethyl ester

tanecarboxylic acid (1 g, 3.42

rnmol ), O benzyl-L-serine esteb hydrgchl ori de (0.89 g, 3.42 mmol),

di cycl ohexyl carbodi i m de (@ 7 gH 3. 4% mol dr oxy- 7- azabenzotri azol e
(0.47 g, 3.42 mmol) in ~hyl Qr i ded triethylam ne (0.48 niL,
3.42 mmol ). The mixtureBris |rr forﬁ24 hurs and then washed with brine
and concentrated in vacuo to jight -408 31 OCT 2005 yellow oil. The

residue is purified by flash @hr omat/ogr aphy (silica gel hexane/ethyl

acetate) to give NN[1 -( R)-2-brono-3-nethyl butanoyl am no] -cyCl OPefltafl eCa
rbonyl |- O benzyl-L-se rifle ethyl ester of the fornula Br_Y The brono
conmpound ( OTHe pprorfio 4dmpoaid) (01 /5g,di.4 5 oinvad s idissbleed ahigtiabydrofunar( S0 mil})andnd

potassium thioacetate (0.19 g, 1.69 mmol) is added. The mixture is stirred at room
temperature for 18 hours and then diluted with ethyl acetate and washed with brine, dried
over magnesium sulfate and concentrated in vacuo to give yellow oil. The crude material is
purified by flash chromatography (silica gel, hexane/ethyl acetate) to give a semi-solid which
is triturated with hexane to yield N-[1-[(S)-2-acetylthio-3-methylbutanoylamino]-
cyclopentanecarbonyl]-O-benzyl-L-serine ethyl ester of the formula

I

Ol o

Iz

The 1-[(R)-2-bromo-3-methylbutanoylaminojcyclopentanecarboxylic acid starting
material is prepared essentially by methodology described in WO 99/55726 by condensation
of (R)-2-bromo-3-methyibutanoic acid diisopropylamine salt (prepared from L-valine) with

cycloleucine methyl ester hydrochloride.
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pot assi um t hi oacetate (0.19 g, 1.69 mmol) is added. The m xture is stirred
at room tenperature for 18 hours and then diluted wth ethyl acetat 1@@{1 005
washed with brine, dried over magnesium sulfate and concentrated i Z)
to give yellow oil. The crude material is purified by flash chronat ography
(silica gel, hexane/ethyl acetate) to give a sem-solid which is triturated
with hexane to yield N-[1-[(S)-2-aggamgiRigo- 3- met hyl but anoyl am no] -
cycI opent anecar bonyl ] - O benzyl - L-serine ethyl ester of the formula 0 The
1-[ (R) - 2:- bromo- 3- net hyl but anoyl am no] cycl opent anecar box i%ﬁa ?-gif arting
mat eri 4B) i s %{%Bﬁl’%é"eé‘é%‘éﬂﬁ APy B rREe R0 HRsR il 88726 by
condensation of (R)-2-brono-3-nethyl butanoic aci d.diisopropylam ne salt
(prepared fromL-valine) with cyclol eucine net { 3t er hydrochl oride. 31
OCT 2005 Exanple 6 (a) N [2-[(S)-2-Merca pto- § yl buta noyla m no]-2-
methyl pro pio nyl]-Ob e n zyl- L-seri n e Tg-= tion of the S-acetyl
ethyl ester of Exanple 1 (0.47 g, 1 mmol) in[methanol (10 nl) is added 1 N
sodi um hydroxide (5.0 nL, 5 nmol). The mi xtu is stirred at room
tenperature for 4 hours, ¥fied to pH1 with | NHC and then
concentrated in vacuo. To i dded ethyl acetate. The m xture
is washed with 1 N NaOH Th [ aqugous ppase is then acidified and
extracted with ethyl acggate: is washed with brine, dried
over sodium sulfate and then acuo. Trituration wth hexane
yields a white foam mp. 57-¥0C, HD')- 16.8 @c = 1.032, DVMsO; MS(M +
H:397. Simlarly prepared are the following: (b) N[1 -[(S)-2-nerca
pto-3-nmet hyl buta noyla mn o]-cyclopenta n eca rbonyl]-O benzyl-L- serine;
mp. 132- 136F(9q&@iytyzrmflthq8@¢Wbmhmbe@¢re0fﬂ=->®mpjﬁ a-A3 0, oweel) in methanot

(10 mL) is added 1 N sodium hydroxide (5.0 mL, § mmol). The mixture is stirred at room

temperature for 4 hours, acidified to pH 1 with 1 N HCI and then concentrated in vacuo. To
the residue is added ethyt acetate. The mixture is washed with 1 N NaOH. The combined
aqueous phase is then acidified and extracted with ethyl acetate. The organic phase is
washed with brine, dried over sodium sulfate and then concentrated in vacuo. Trituration
with hexane yields a white foam; m.p. 57-70°C; [o]p*° - 16.8° (¢ = 1.032, DMSQ); MS(M +
H):397.

Similarly prepared are the following:

{b) N-[1-[({8)-2-mercapto-3-methylbutanoylamino]-cyclopentanecarbonyl]-O-benzyl-L-
serine; m.p. 132-136°C (crystallized from hexane/t-butylmethy! ether)

OH

ZT

HS

Iz

0
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(c) hl-(2-dSj- nercaptc- rrre~hy~~rrcyrarrrfre~" ~~~~~ crrr~~?.5h"~1i -u
threonine; mp. fil 64't: (e)
t-2-[(Sj-2-~rcap~c-3,"irrrety~rrrffar~2-~rY~~~ror~~rr~~ 2 nnr ,Ldp HECM%
Kit 65, 1~72~5=~-mere’ =~- 1'~tD 3An,CC ar)vb =i 3=t luQrobnelM) ._1 11 31 O
C T 2005 (i)

N[2-[(S) -2 b Onetcamb oy 1@'&9%2%1 12-gre YHiEHAPS BRI O benzyl - L-
seri Q‘gl\/D -Z%FZR?E 85 (f:@— bﬂ# ﬁk? TRARIDRAP i

N-[ 2- [(Cﬁte@enﬁ%@ﬂtQ? . [%te@?&ﬁj@lr&ﬁfi@a J@tet yl ani no] - 2- net hyl propi onyl | -
O benzyl-L-serine; mp. 184-189C, .[a]c20- 24.94 = 1.013, DwvsO Exanple
7 (a)

N-[2-[(S)-2-nmnercapt o- 3- et hyl but anoyl am no] - 2- gr opi onyl ) - S- benzyl -
cysteine ethyl ester

S
O
HS N
H
O
O

(d) N-[2-[(S)-2-mercapto-3-methylbutanoylamino}-2-methylpropionyl]-O-benzyl-L.-

" threonine; m.p. 61-64°C

0
§ OH
HS | N

I H
0
o

(e} N-[2-[(S)-2-mercapto-3,3-dimethylbutanoylaminol-2-methylpropionyl]-O-benzyl-L.-
serine; m.p. 128-130°C; [a)p- 2.46 (¢ = 1.06, DMS(O)

HS

oO—



0 -45 31 OCT 2095 Under an argon atnosphere, the thioacetyl conmpound of
Exanple 2 (0.48 g, 1.0 mmol) is dissolved in absolute EtOH (5 nl) ang
treated with 1 N NaOH of (1.0 nmL, 1.0 mmol). The mixture is stirred ﬂﬁhm%
hours at roomtenperature before treatment with 1 N HC until pH 3. The

m xture is evaporated to renove nost of the EtOH and the aqueous residue is
extract@gd WN-[2-ESPAGnhdrapto-Bomembibutahb@lagirgpznedihetdprstyy-Or4-fluashedzyy-t h H20
(5 nb) Land, t hen \gi':%o(b’ri ne solution (5 nL). The solution is dried over
Na2So4 L §6MEePdl *Qif "Cconcentrated in vacuo. The product solidifies from
terf-butyl nethyl ether/hexane to give product; p..MB7-91C. (b) Simlarly
prepared is N-[2-[(S)-2-nercapto-2-(4-tetrahydf Anyl ) acet yl am no] - 2-

met hyl propi onyl ] - O benzyl -L-serine ethyl ester 85-93C, [a]p - 37.21

(c =1.012, DWsO (c) Simlarly prepared is. K (S)-2-nme rca pto-3, 3-di
met hyl but anoyl am no] - 2- net hyl propi onyl ] - O benzyl -L-serine ethyl ester; oil;
[a] Q- 20.9 (c = 1.025, DvsO 31 OCT 2005 (g) Simlarly prepared is

N-[2-[(S)-2-nmercapto- 3- but an%/l am - 2- et hyl but anoyl ] -
O benzyl -L-serine ethyl edter; [a]o BM/EU(/C = 0. 955, CH3OH) 31 OCT 2005
O
0]

VWHAT IS CLAIMED IS: 1. 4 JRs pipl k- Xt R H
HS u

(9) N-[2-[(S)-2-mercapto-3-methylbutanoylamino}-2-methylpropionyf}-O-(4-flucrophenyl)-
i L-homoserine; m.p. 127-128°C

Q
HS N
’ H
Q
O

(h) N-[2-[(S)-2-mercapto-3-methylbutanoylamine]-2-methylpropionyl]-O-(3-fluorophenyl)-
L-homoserine; m.p. 50-56°C

Iz

0
i OH
HS ‘



Il i RS CNi - G | -CH00082 R R$ R7 A conmpound of the formula wherein
(I') Rrepresents hydrogen, (C, -C7)-alkyl, nonocyclic carbocyclic

aryl -(C1-C7)-al kyl, bicyclic carbocyclic aryl-(C,-C7)-al kyl, nonoc G‘Iq[ﬁ 009
het erocyclic aryl-(C,-Cr)-al kyl, bicyclic heterocyclic aryl-(C, -C7¥-a yzl X
or cycloal kyl -(C1-C7)-al kyl; R represents (Cl-C7)-al kyl, cycloal kyl,
nonocyclic carbocyclic aryl, bicyclic carbocyclic aryl, nonocyclic

het er ogycl i N-E*-§8)-2imaeyapto-S-rhethexyeyarioyaranglt2-mettatprbpiooyl]-R-berepklesent s

(cycl oal kyl - (GCo- C7) -al kyl_, l'i c carbocyclic aryl-(Q-C7)-al kyl,
bicyclFE”%%J%@Cykigégg?yP§F%§5@§¥5aIkyI, nmonocyclic heterocyclic

aryl-(C, -Cr)-al kyl, bicyclic heterocyclic aryl- -C7)-al kyl; alk
represents (Cl-C7)-al kyl ene; R3 represents hydrg gr acyl; R4 represents
hydr ogen, (C,-C7)-al kyl, nmonocyclic carbocyclic bi cyclic carbocyclic
aryl, nmonocyclic heterocyclic aryl, bicyclic be eyclic aryl, nonocyclic
carbocyclic aryl-(C, -C7)-al kyly, bicyclic car
nonocycli c heterocyclic aryIJ(C,-C?)-aIkyI,cpicyclic het er ocyclic
aryl-(C,-Cr7)-al kyl, cycl KyF{ cycl oal kyl -¢C, - C7) -al kyl, biaryl,
biaryl - (C, -C7)-al kyl ; oxacytl oal kyl, jwhi acycl oal kyl, azacycl oal kyl, or
(oxacycl oal kyl , thiacycl oal kyl al kylow (C, -C7) -al kyl ; R5
represents hydrogen or (€ d R5, together with the carbon

)] N-[2-[(S)-2-mercapto-2-(4-tetrahydropyranyl}acetylamino]-2-methylpropionyl}-O-
benzyl-L-serine; m.p. 184-189°C; [a}p™® - 24.94 (c = 1.013, DMSO)

O
O
O
HS l ”
o O

Example 7

I

(a) N-[2-[(S)-2-mercapto-3-methylbutanoylaminol-2-methylpropionyt]-S-benzyl-L-
cysteine ethyl ester

= %ﬁ ~

O
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cycl oal kyl i dene, benzo-fused cycl oal kylidene; or 5- or 6-nenbered
(oxacycl oal kyl i dene, thiacycl oal kylidene or azacycl oal kyl i dene), egir
optionally substituted by (Cl1-C7)-alkyl or aryl-(C, -C7)-alkyl; 48 8L EL685
2005 R6 represents (C, -C7)-al kyl, nonocyclic carbocyclic aryl, bicyclic
carbocyclic aryl, nonocyclic heterocyclic aryl, bicyclic heterocyclic aryl,
nonocyclic wnba@ryergcm avhybpHets, -tﬁ&)mO@ﬂeMbambomfl ExaGil® 26y aBig¢

1L LT Ao B L el e R

bi aryl mrmhronr yrhe(rﬁixturﬁz)strabhrdr 4 foUrs pro%&el@hﬁ)e(e@ure@e)for@ﬂé)ﬂmerﬁmﬂmwm ic
car bocyclic al k

& & ¥ bi cyclic carboc¥?I %HZ é - & al kyl ,
monocy &Y H”W 96!”?"8 iy e %F@’a‘@?)to gRove mpstar i BIQH pRe 8tR9 Lree S
aryl - ( Fesrcﬁ@ is ebdfy&tea ww:; IEeahKY2 x 6@m@7)rhalclsmbueﬁ é&rraewaré (whsKed with kiyd; or R6

and R7 ggt er wwth the carbon atomto whic are attached, represent

- to Hmm&!yweaww'pn&‘éﬁ@)mﬂheﬁowﬁw r§é1r@awyer NaeSien. ffereeandy) - al kyl
or arykoﬁéé%tr%m%&yd nre ﬁaau&eoﬁdrﬁ&dfrcsrﬁ t&-ﬁ@&%%@%tﬁédﬁé&%ﬁékﬁ@@@d

carbocyclic 5- to 7-nmenbered ring; or 5- or 6-menbered (oxacycl oal kyl i dene,
thracy@ﬁ@apkylpd%h81é} azacycl oal kyl i dene), each optionally substituted by
(C -Cr)-alkyl or aryl-(Cy-Cr)-alkyl; or 2,2-norbonylidene; X represents -0-,

-S(O ngpy - N@%r&y &fpar&!ﬁ%{z -isi- §-rﬁ<§’§9pt?%@—t8fraﬁ%épﬁ%l)gg%n{i&ﬂfﬁSent s

car boxyl’, (C -Cr koxy- carbon

al kyl amerﬂudmnblonyﬂ P- t(etozyl@?;ermeleib@eatebanp 86193 Gl efehad 7. A0 da Fobdia, |

prperr d)arbonyl or pyrrolidinocarbonyl)-(Cl-C7)- alkoxycarbonyl or a
drsulfr erivative derived froma said conmpound wherein R3 is hydrogen;
or a‘pharnaceutically acceptabl e salt thereof.

o)
o
0
N o
HS ” N ~
o

{c) Similarly prepared is N-[2-[(S)-2-mercapto-3,3-dimethylbutanoylamino)-2-
methylpropionyl}-O-benzyl-L-serine ethyl ester; oil; [a]p - 20.9° (¢ = 1.025, DMSO)

O
e
HS ﬁ

o O

-46 -



2. A conmpound according to claim1l of the formula R4 1 R6 0 alk-X-R 1 (la)
R3S- CO N- Ci-CHO00OR2Z R R5 R7 or a disulfide derivative deriveqibfnem[fa
sai d conmpound wherein R3 is hydrogen; or a pharmaceutically acceptable sa
thereof. 3. A conmpound according to cl ai m 1 wherein R and R5 represent
hydrogen; R, represents (C -C7)- alkyl, - or C6-cycloal kyl, nonocyclic
car bocyglic ' i:Cneardos GRFA aryl,
bi cycl |@ het%%%p C;Pﬂegéfr%jﬁ{\! [%Lég%/*%}da%t%gﬁ%hwgc ardill‘;| PCl /) - ﬁd&@

bi cycl i@-beanthbesecing etryt giter; Gle €3) A8 kg + 0.980nGE@GH) ¢ het erocyclic 49

aryl-(C-C. 7)-atky-~ . cry .1 r qvci car i f t~ t -aQ. a Dieses , 7,
pia, Y. dp-ieswfllv~ -13-"ZA Wzt r 4r Iwo; 'Rrer resew s tydror en of
avww7' ,, R4 rCOeseil , ui Wi tG-C7i -}bd ,--xg W4, v ~ ~}~~~v a nL
r? q{ non-oyctic nrbocyc(rcao-njtt-t7 -aii /L.' u etebocy~ei 5e asy {C,
-alk 4, b ~~~ac procyrti ary~- r :, -ait c ~ or R. r |l har -9fat”"
wd t yr b~rzrp @ Cs or Cr-cycloal kyTrdgne; R, and R7 represent ,

aiic& u R w)d RTt t#* ~~ sit e 1vabma|p h-- araaacre, repr o -
W6-mentereti COORz repregsents carboxyl, ~r Lr ~c~ ~¢c;Sri- >
zcl % ns rhn i y_t oxyr-amiy) orrn I|no arbnnl. pe~in~rr,r }r,,aart5
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~r!xea.r a~SkC fkvaVe~r;ue'rram scbrr~pc~rr yeti r~ti~ #1i age , of i5 1,
S35 f 3fi, 31~ 51 r !l 4CL?2 rAn R-cr rr Prl ~Ir ‘

har mace+ rcatiy acceptable sah Trereo. . P. ¢ pwd ,Yd n ciakrn. 72 ﬁ%@%?ﬂ%
R-ant; Ri rep nts aW;, -C5- r k k3 r, 3trrk--srbc 4iic ark{1l rdt

carbocyctrcaryl, nonocyciic'etency6t =aryi, iiit se#a rjci't aTi, znv--jdkc
,r. caecycWVHATISELAWERISue _ -akyr ~ i v r, brc tcli--bates y-c sr_rrr -, _~
si g~rg, Pf S Xar 3..r represents -0- or tOjh vdrr rein n e is 1253 or
Ww, re xQ .~?3s o car act; ¢ an nur?rcr nhr; ~-C-a~~; ct crnfr . a~ .
C ,i a~ iur~cC~s ser ~s rc nir-f ~5i ncnbtvtiic reteru:. , ~zr-crir,iic

terms a:rSG attc~t, t5 rereserrls b r rogerr,or RA and Rs coniib nndd-of i
| -tamto -a k. 5 - ey A 'z. Makt ad C5 or CC-cyrloa kvlidene; Re an i R
represent or Rx andaRBbmbpbddfdnere ftikiuid *e tarn atomto Ati ttai arts a al,
seresea or - r e berets c trl~i zr;ne; COQ; Mrr h ar<yi, C=;C -:yam'
=al k x_y carboo'i nr ~ w,hn@nnrnal nrRp; 1, ripenyipecarbon or rr3#id J. ai 4}
irrc ?As 4f ch atve deall edjror¢ a saw cHorrpound Wierein 51 s -r~a a
uiSla~\av 5~b'a. __emL 'Sye f ap .a &'. t 4 r~nT ' 'c.r?2¢BrriQsr rlr a
phar aceubca ty ar %ﬁ' Ut Nerel ar ﬁT}lZNECé' Te? MR it; seta #~ ~: r
reset s" , ~:~~ c¢c~r dcd , c c~i blis dL~|1{ mn Ch'.:nr? er yj it aryl,
bicyc rc eter .err: arffsTrro ruc i Babw i C -~~3-al "yl, ict~ctc ¢ sh ¢ 4c
a,-r.:, VA, ono e ocymar i "i;'l- i " -oi

wherein

R represents hydrogen, (C-C;)-alkyl, monocyclic carbocyclic aryl-(C,-Cr)-alky,
bicyclic carbocyclic aryl-{C,-C;)-alkyl, monocyclic heterocyclic aryl-{(C4-Cz)-alkyl, bicyclic
heterocyclic aryl{(C4-C7)-alkyl, or cycloalkyl-(C,-Cs)-alkyl;

R, represents (C,-C;)-alkyl, cycloalkyl, monocyclic carbocyclic aryl, bicyclic

carbocyclic aryt, monocyclic heterocyclic aryl, bicyclic heterocyclic aryt, biaryt; or

R, represents {cycloalkyl-(C,-C;)-alkyl, monocyclic carbocyclic aryl-{(C,-C;)-alkyl,
bicyclic carbocyclic aryl-(C4-Cy)-alkyl, monocyclic heterocyclic aryl-{C,-C-}-alkyl, bicyclic
heterocyclic aryl-(C4-C;)-alkyl;

alk represents (C,-Cy)-alkylene;
R; represents hydrogen or acyl;

R, represents hydrogen, {C4-C;)-alkyl, monocyclic carbocyclic aryl, bicyclic
carbocydlic aryl, monocyclic heterocyclic aryl, bicyclic heterocyclic aryl, monocyclic
carbocyclic aryl-(C4-C)-alkyt, bicyclic carbocyclic aryl-(C4-C;)-alkyl, monocyclic heterocyclic
aryl-{C,-C+)-alkyl, bicyclic heterocyclic aryi-(C,-Cr}-alkyl, cycloalky!, cycloalkyl-(C,-C;)-alkyl,
biaryl, biaryl-{C,-C5)-alkyl; oxacycloalkyl, thiacycloalkyl, azacycloalkyl, or (oxacycloalkyl,
thiacycloalkyl or azacyctoaikyl)-(C,-C;)-alkyl;

R; represents hydrogen or (C4-C;)-alkyl; or

R, and Rs, together with the carbon atom to which they are attached, represent
cycloalkylidene, benzo-fused cycloalkylidene; or 5- or 6-membered (oxacycioalkylidene,
thiacycloalkylidene or azacycloaikylidene), each optionally substituted by (C4-C;)-alkyl or
aryl-(C4-Cy)-alkyl;
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31 OCT 205 flr~lk.~~:, r3rf. Ii GOs h?~f rndft?.0 I FL.; C; 3-al kanku.,

represents cvcioatkyt,  tetrahy_dropyrranyl or 1 0CT 2005
(C -CA)-{C -C7)-al koxy-(Cl-Cr)-al kyl; Rs and R7 bafh represent t _: 3_51-
af K}tf and are dentrcar;'Areps er(a, v- zrr -, dle, ~e3 tr, err hr rte; r
~r3r'.J~ 2 f2 ~t~ -:~1ky)ariainiar xbonv)3; C,,-C7 -aikoxycarbonvi or

(mor phol i nocar byrgpresents (SarG/Halldonerivoysfic canbogyglic aryi bicyriic aarbotyyhq ar{'IC C

) =al koxyca&gﬁ&)gl;uc r@{er&zcﬁ&rﬁﬂ f’@ﬁﬁ:hl:t r'se\ql\gbé%l1@&9@:%@&@"%%0&&@ %ﬂ)l C1~C?)
~uMr r~1rr

t_bvrfrr ~ca'k¥'a°'cvc"w%rm@'éﬁf&@-(%érewl m@”?%%ﬁé‘@ted?%c'&rqr}" HCr-6i) @M i c

carbocycl i sucmlahetemamew ix d;palwm@maélkﬁ @E:Mélkylgdlp(ﬁﬂlalll@l BRhebOsHG-ics- aryl

nonocydre g% cyd c aryl-(u, -~7 f-af Kyr, Vrcydirc ZaT'tJuuver

a' r- - )ﬁ?’ rrrrser2'rrc~~r'rr~~1~~, rsk,~,,.~yir,.e" ~n~~yJFr and:
represents

,r . E 1 kVI R en a
{Cl C7) - aI kyl , CVC res?r@{%ﬁ CS QIW rﬁg"d)r%% ar%/‘fy o ar?lé? Cﬁ)a%ybf %ﬁl al koxy=(C,
G ) adxyi; caibmchcm?ylﬂﬁf 6r7)ralipt; eeaotycls, hetero@cm:—arﬂJr(CK@r)aamya blqyehcehelercoqysirc

nrepres tC?r&r Cosg-akfi cyﬁoalkﬁ‘gcarg'élk 1to?§|a?y&§§1- ?%Ik?l ol o [ .o [, 3-~Tkr=xv-r

rb v. al’kytam koxycarbonyl or

(mor phoh nocar bqi?é’énd FE}' Bgéthéh Wi Gisd @&B&H athh t&MﬁnEl@fHeQ 'aFHJ&%EQéHqYéﬂ'esgnt 3-‘10
) - ai Koxycaf non}il ; arrrraz ec r~d | r

b
fL1~2~r ~J M- meﬁ}be{?dtcy?'?ai’]‘y"def'ﬁ "fP'q“e{P?We *f“bSWI’i‘E? BY Ficéh%IklﬂzEF %fpﬂ'r(mﬂﬁt
hydr ogen: Ayl bepégseﬂmd onatytalet or a:&srabmmy@ tarbodyehd 5- a5 7-Aeneyel irg; or 5-
o Pr el b bt oo BBy e TR GUES ORI bl T © A
- VKi n~} r eptiopallytsubstituted B @HOr¥aliyl pr @yi; (01{;7) allgd; oo R 2; nortranfdideoeonet | i vi . .

trlftuororret hoxy or hal o; R3 represents hydrogen or {Cl-(;;)-al kanoyl; R4
represents (c;:Xrepresenig-Qy SOkt aNHERydeioPYiCEhy r

n is zero, one or two; and

COOR; represents carboxyl, (C4-C;)-alkoxy-carbonyl, (di-(C,-C7)-
alkylaminocarbonyl)-(C,-C;)-alkoxycarbonyl or {morpholinocarbonyl, piperidinocarbonyl or
pyrrolidinocarbonyl)-{C4-C7)-alkoxycarbonyl; or a disulfide derivative derived from a said

compound wherein R; is hydrogen; or

a pharmaceutically acceptabie salt thereof.

2. A compound according to claim 1 of the formula
T., ﬁ T Ts o alk-X-R,
H {la)
C— C—N—CH—COOR,

R,S—C C N

R

m.—
=

R,
or a disulfide derivative derived from a said compound wherein R; is hydrogen; or a
pharmaceutically acceptable salt thereof.

3. A compound according to claim 1 wherein R and Rs represent hydrogen;
R, represents (C;-C;)- alkyl, Cs- or Cs-cycloalkyl, monocyclic carbocyclic aryl, bicyclic
carbocyclic aryl, monocyclic heterocyclic aryl, bicyclic heterocyclic aryl, monocyclic

carbocydlic aryl-(C4-C;)-alkyl, bicyclic carbocyclic aryl-(C4-C;}-alkyl, monocyclic heterocyclic
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;e.th: ,, Y. ante ZP.r. #c. -r?-; alk. irev -.p-af. np~vlene or e tivlene:,

.and «COOR2 represents carboxyl or {C -C7)-al koxycai bonyl; or 2005
pharmaceutically acceptable salt fhereoi. A conpound accorfii ng ro d%LIDIEIII (I]
-Wfer6a(Rdrr6 r'~~r r2 t~"rrg~r++ry r, ~alr ' ca fa~J~rirv vrir.

~ylir ~ }.nr: o nr~Jir<rarh-Quvrjirarvi-fC -C, 3-alkyl in which the
nonocycl i cayhiChdbrakg, Beyglic retpoasimarg- (ﬁh}ém)ydlkymalkphwagénm(tﬁbél }-dltleed; By one or

two or nygy Pé%)énts (-54 orCS \sz @fw(f(rgﬁrﬁor\%é@§¥nts zer?Qor fwo r%bregéra 3 hyd$ogen ortagj'l“] X

rrfrrcr~rr~rrr , C, -Cr3
at kanovf, R4r epf@ﬁﬁ@@é‘ﬁt’@e"( &-@) 331*%1PK@QVClO@ﬁKX*:é%XP%WW&dﬁW'k%rOf
(C-C4)- {Cﬂrroﬁ?ayciﬂi déﬂih\éyc@éa@ﬂ(d@jﬁ ST m&;}éyd ear%y@ﬁ%rﬁ?@r @,?ra%}e%nodveﬁdﬁyr "A
represerfr u=; {c rryrrrer % P/ E ~Zrr~Frrtr~
Tmrk -t CPeBEydiE A el s SO At oAl B rspreaeeBit abl o sal ¢
t her eof . S&yddibgﬁﬁ aR\%ang. RSAombm@wmdthhamlmod latogn tonHrI]dhahflp élrg abtbtﬂ!fel girépréseand R5
represent hydrogen: R, . represen en r ophgn nz 0.
fl uorobenzgfs or @?SCYF@B&%"QS &ﬁ'% 65%59,38%/% "é?)}a glokgﬁ%'}q Rbfogf%?[t‘@if)tbgl kanoyl
subst i t ut edarbyn §t@b-tCWhichtHegraye atRéhed prreasent 5 or Samenugeydd cyclealkylidebs;| |
1- nmet hoxye t
repr esen%/sbjbgj R Qéﬁrése%gega?&%g (t%OJHIngﬂ K‘l’ﬁ”é‘%‘ﬁ‘gﬂﬁm aﬁﬁigp‘ﬁngggﬁw)caﬂ boxyl or
(C1-C7) - al Qdy@ﬂwmw or&norahoiwn@afmbgwwmqoyrb@aﬁ@ppﬁmhémg%arl@owlar@eof 10.

A conpoundcg %wxgéd&%nylomcel awmd% JMRGdRL eeReam@mFs‘Ssan@éHnep%%ﬂa muérn@gqg R,
represents pheny | uoro | benzyl f | uor obenzy R3 resents

hydr ogen, [XSIOgE7) or i R‘%W@ﬁe” "’% éﬁ”"e‘?)ffoﬁ'l %ﬁ'ﬂ)&ﬂm%ﬁ%’("f‘%rﬁﬂ‘éﬁ '%95’ rogen; or
(Cl1- C7) - al kpxarmabBduticepr=ee&ititie stapsreply| , tert-butyl, 1-nethoxyethyl or
4-tetrahydropyranyl; R6 and R7 represent nethyl; X represents -0-; alk

represents jret hyl eng; P%Bgu Q%ﬁmg;%’él?ﬁfﬂ \ﬁrﬁ?é}ﬁ by sdppresent hydrogen.

(C1-C7) - al koxycar bony maceu y accept’a

A conpoundRaeptsselits (Pﬂ‘@)?)‘(ﬁ"ﬁ" s~ 1‘1’] Gateaelealkyl, Roanedydis careenyeiceary!, bigdfiogen; Rl

repr esent scRh&dc arfimbRRYER GBlcPoc)yiR AT BbyciRGRttbcyelc JRl Monopart yI ;. R4

represents alirggcychcp ayryl -{C+-Cr)-alkyl, bicyclic carbocyclic aryl-(C4-Cy)-alkyi, monocyclic heterocyclic
aryl-{C,-C;)-alkyl, bicyclic heterocyclic aryl-(C,-C;)-alkyl; alk represents (C,-C;)-alkylene; X
represents -O- or -S(Q0), wherein n represents zero or two; R, represents hydrogen or acyl;
R4 represents hydrogen, {(C,-C;)-alkyl, oxacycloalkyl, oxacycloalkyl-(C,-C;)-alkyl or
monocyclic carbocyclic aryl-{C+-Cr)-alkyt, bicyelic carboeyclic aryl-{C4-Cr)-alkyl, monocyclic
heterocyclic aryl-(C4-C,)-alkyl, bicyclic heterocyclic aryl-(C4-C;}-alkyl; Rs represents
hydrogen; or R, and Rs combined with the carbon atom to which they are attached represent
Cs or Cg-cycloalkylidene; Rs and R; represent (C4-C;)-alkyl; or Rg and R;, together with the
carbon atom to which they are attached, represent 5- or 6-membered cycloalkylidene;
COOR; represents carboxyl, (C4-Cs)-alkoxy-carbonyl, (di-{C4-C;)- alkylaminocarbonyt)-(C4-
Co)-alkoxycarbonyl or (morpholinocarbonyl, piperidinocarbonyl or pyrralidinocarbony!)-(C4-
C,)-alkoxycarbonyl; or a disulfide derivative derived from a said compound wherein R; is
hydrogen; or a disulfide derivative derived from a said compound wherein R; is hydrogen; or

a pharmaceutically acceptable salt thereof.

5. A compound according to claim 1 wherein R and Rs represent hydrogen;

R, represents moneccyclic carhocyclic aryl, bicyclic carbocyclic aryl, monocyclic heterocyclic
aryl, bicyclic heterocyclic aryl, monocyclic carbocyclic aryl-(C4-C7)-alkyl, bicyclic carbocyclic
aryl-(C,-C5)-atkyl, monocyclic heterocyclic aryl-(C4-C;)-alkyl, bicyclic heterocyclic aryl-{C,-

50



or tent-butyl; R6 and R7 represent nethyl; X represents -0-; alk represents
et hyl ene; and COOR2 represents carboxyl or ethoxycarbonyl; or a
pharmaceutically acceptable salt thereof. 12. A pharnaceuti cal cor’rp?bgi[]wgwIj
conprising an effective anount of a conpound of claim1 in conbination with
one or nore pharmaceutically acceptable carriers. 52

C;)-alkyl; Ra represents hydrogen or (C,-C;)-atkanoyt; R4 represents (C4-C;)-alkyl, cycloaikyt,

tetrahydropyranyl or (C,-Cg4)-(C,-C7}-alkoxy-(C4-Cq)-alkyl; Re and R; both represent C4.C4-
alkyl and are identical; X represents -O- or -S-; alk represents methyiene; COOR,; represents
carboxyl, {(C,-C7)-alkoxy-carbonyl, (di-(C,-C;)- alkylaminocarbonyi)-(C,-C;)-atkoxycarbony! or
{morpholinocarbonyl, piperidinocarbonyl or pyrrolidinocarbonyl)-(C,-C;)-alkoxycarbonyl; or a

pharmaceutically acceptable sait thereof.

6. A compound according to claim 2’ wherein R and R; represent hydrogen;

R, represents monocyclic carbocyclic aryl, bicyclic carbocyclic aryl, monocychic heterocyclic
aryl, bicyclic heterocyclic aryl, monocyclic carbocyclic aryl-(C4-C;)-alkyl, bicyclic carbocyclic
aryl-(C4-C7)-alkyt, monocyclic heterocyclic aryl-(C4-Cy)-alkyl, bicyclic heterocyclic aryi-{(C4-
C;)-alkyl; R4 represents hydrogen or {C,-C;)-alkanoyl; R, represents (C4-Cy)-alkyl, cycloalky,
tetrahydropyranyl or (C+-C4)-(C-C7)-alkoxy-(C1-Cr}-alky!l; Rs 2and R; both represent C4.C,-
alkyl and are identical; X represents -O- or -S-; alk represents methylene; COOR; represents
carboxyl, (C4-C;)-alkaxy-carbonyl, (di-(C,-Cs)- alkylaminocarbonyl)-(C,-C-)-alkoxycarbonyl or
{morpholinocarbony!, piperidinocarbonyt or pyrrolidinacarbonyt)-(C-C;)-alkoxycarbonyl; or a

pharmaceutically acceptable salt thereof.

7. A compound according to claim 1 wherein R and Rs represent hydrogen;

R4 represents monocyclic carbocyclic aryl or monocyclic carbocyclic aryl-{C4-C;}-alkyt in
which the monocyclic carbocyclic aryl represents phenyl or phenyl substituted by one or two
of hydroxy, (C,-Cy)-alkanoyloxy, (C4-C;)-alkyl, (C,-Cy)-alkoxy, trifluoromethyi,
trifftuoromethoxy or halo; Rj represents hydrogen or (C4-C;)-alkanoyl; R, represents (C,-Cr)-
alkyl, 4-tetrahydropyranyl or (C;-C,4)-(C1-Cy)-alkoxy-C4-Cs-(C4-Cy)-alkyl; Rg and Ry represent
methyl; X represents -O-; alk represents methylene or ethylene; and COOR; represents

carboxy! or (C,-C)-alkoxycarbonyt; or a pharmaceutically acceptable salt thereof.

8. A compound according to claim ‘2 wherein R and Rs represent hydrogen;

R, represents monocyclic carbocyclic aryl or monocyclic carbocyclic aryl-{C4-C;)-alkyl in
which the monocyclic carbocyclic aryl represents phenyl or phenyl substituted by one or two
of hydroxy, {C+-C;)-alkanoyloxy, (C1-C;}-alkyl, (C+-C;)-alkoxy, trifluoromethyl,
trifluoromethoxy or halo; R; represents hydrogen or (C,-Cy)-alkanoyl; R, represents (C4-Cy;)-
alkyl, 4-tetrahydropyranyi or {C4-C,)-(C,-Cy)-alkoxy-C,-C,-(C4-Cy)-alkyl; Rs and Ry represent
methyt; X represents -O-; alk represents methylene or ethylene; and COOR; represents

carboxyl or (C4-C;)-alkoxycarbonyl; or a pharmaceutically acceptable salt thereof.
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9. A compound according to claim 1: wherein R and Rs represent hydrogen;
R, represents phenyl, fluorophenyl, benzyl or fluorobenzyl; R; represents hydrogen, (C4-C;)-
alkanoyi or (C4-Cy)-alkanoyl substituted by (C4-C5)-alkoxy; R, represents isopropyi, ferf-butyl,
1-methoxyethyl or 4-tetrahydropyranyl; Ry and R; represent methyl; X represents -O-; alk
represents methylene; and COOR; represents carboxyl! or (C4-C;)-alkoxycarbonyl; or a

pharmaceutically acceptable salt thereof.

10. A compound according to claim 2 wherein R and Rs represent hydrogen;

R represents phenyl, flucrophenyl, benzyl or fluorobenzyl;, R, represents hydrogen, (C1-C7)-
alkanoyl or (C4-C7)-alkanoyl substituted by (C4+-C5)-alkoxy; R4 represents isopropyl, tert-butyl,
1-methoxyethyl or 4-tetrahydropyranyl; Rg and R; represent methyl; X represents -O-; alk
represents methylene; and COOR,; represents carboxyl or (C,4-Cy)-alkoxycarbonyl; or a

pharmaceutically acceptable salt thereof.

1. A compound according to claim 10 wherein R and Rs represent hydrogen; R,
represents phenyl; R; represents hydrogen, acetyl or methoxyacetyl; R, represents isopropyl
or tert-butyi; R and R; represent methyl; X represents -O-; alk represents methylene; and
COOR; represents carboxyl or ethoxycarbonyl; or a pharmaceutically acceptable salt

thereof.

12. A pharmaceutical composition comprising an effective amount of a compound

of claim 1 in combination with one or more pharmaceutically acceptabie carriers.
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