WD 97/ 24342 '

PCT/ EP96/ 05663 "Thol derivatives with
"met al | opeptidase inhibitory activity" The present invention relates
to thiol derivatives with nmetal I opeptidase inhibitory activity and, 5

nore particulgployseesisd rel ates to N-nercaptoacyl phenylal ani mmmml ves

useful in the treat- ment of cardi ovascul ar di seases. The

phar macol ogi ¢ i nterest towards the study of netall opeptidase inhibitory
nol ecul es derives fromthe role that said enzynes exert an the | evel
of the cardiocirculatory system It is well-known in fact that

conpounds wi th angi otensin converting enzyne (ACE) i nhi bi tory 10 activity

are mainly useful in the wmweﬁ@& |Iure and
post-infarct in t hat ey Inhibrt the OI‘IT&'[IOI’I of agotensm 1, a

subst'ance whi ch produces several ef FEEEmssrssnRi?®ng whi ch the increase of

the bl ood pressye. . Co t.h .endo converti ( ECE)
i nhi bitory acti Wé‘“’&?@? % w“}‘\?:‘i’h @?Wgﬁﬁﬂ% t hey
i nhibit the BOFHBk'ﬂiﬂncﬁirlﬁﬂ%mlm c? BhéhPlaRfinglden emesdﬂef&ﬁn

vasoconstrictor activity. | nst ead, conpounds with inhibitory act Ivity
of the neutral mmmmm enzyrre al so cal | ed enkephal i nase,

are useful as v *ﬂ %’*mhﬁﬁ &&gﬂﬁgﬁw
I nactivati on, no onl'y o@en ogenous eM al'rn al so sorg?‘redélm

natriuretic facﬁunﬂmdcﬁmﬂmzymsm&mﬁﬂmmmmhmymmor (ANF), a

hor none secrete eart \% i ncreases the vaso- 20 di | at nd,
the renal |evel "fﬁﬂﬁgﬂg% mm M%&Ep’yeven

exerting theqpr a&fa&&ewmeﬁﬂﬁ%wa&mmﬁm szmﬂﬁéaﬁ%&mm sns
of action, the conpounds with netal | opeptidase inhibitory activity are
mdunﬁmvesieﬁm

general | y used, that $eseinhibit the formation of engietensin Ib a substaneewhich

hypertension, renal Em f'\ Eﬁgrt failure and i schem ¢
car di opat hol ogi es. kk%m)ng ?’Ee ?lh&i’ erivatives inhibitors of

met al | opept i das €smpolindsowiphhaadotielioniéting-encymet (ECE) inhibitory activity are useful as anti-

Eg?ﬁ¥gprggfinoyl gygs XCi nglr,b desc%%?&tghe J‘i, rogt E"E}E gé]:?ogues.’eﬁ\ﬂa%k in

I'ndex, Xl eds, WMahvisédorstridtst@Rivep.7) are consi dered the parent
conmpounds for NEP-i nb| tors and ACE-i nhi bitors, respectively. Q her
mol ecul es havi ndnstepd. P@WMYﬁ@hW&#‘Mﬁ@ﬂﬁPm enzype.alsoor y

o 5 B 48 Yy e
inactivation, not only of endogenous aﬂcephaline,bmalsoofsomenmmencﬁaors such as,
- for instance, the atrial factor (ANF), 2 hormone secreted by heart which increases the vaso-

20 dilatation and, on the renal level, increases diuresis and natriuresis.

Therefore, even exerting their action on the cardiovascular system with different mechanisms
of action, the compounds with metallopeptidase inhibitory activity are generally used, alone or
in combination, in the treatment of hypertension, renal failure, congestive heart failure and
ischemic cardiopathologies.

25  Among the thiol derivatives inhibitors of metallopeptidases, Thiorphan [(DL-(3-mercapto-2-
benzylpropanoyf)glycine], described for the first time by Roques et al. in Nature, Vol. 288,
pages 286-288, (1980), and Captopril (The Merck Index, XI ed., No. 1773, page 267) are
considered the parent compounds for NEP-inhibitors and ACE-inhibitors, respectively.

Other molecules having thiol structure endowed with metallopeptidase inhibitory activity are

30  described in the literature.

The US patents No. 4,401,677 and No. 4,199,512 (both in the name of E.R. Squibb & Sons,
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I nc.) describe neraptoal kanoyl am no acids endowed with enkephaliase
inhibitory activity and ACE-inhibitory activity, respectively.

The Europeanw‘nappl I cation No. 0419327 (Societe Cvile_Bi ogro! ect)
descri bes am no aci d derivatives endowed w th enkephal ACE
inhibitory activity, respectively. The European patent application
No. 0449523 (E.R Squi bb & Sons, Inc.) describes nercapto or acylthio
trifluoromethylam des with NEP-inhibitory activity. The international
patent application No. WO 93/080162 [ RhongglPoul enc Rorer S. A - Institut
National de |a_Sante at de |la Recherce Medi cal e (I NSERM ] descri bes
[err]-disubsti t]E&%e‘iP‘{"g? kanoy}, aming aeids-sudowed with inkibitooyaktivitsd Wi t h
m xed ACE/ NEP 'Mh@ﬂﬂﬁﬂmﬁ%&% The European patent application
No. 0524553 [Institut National de Ia S‘énte et de | a Recher- che

Medi cal e (| NSER Euchpean patsatsapplicationeNo.2041 9327 ((Sovideél CivilecRitproject) desibescginiié t h

neut r al | dase dlpﬁi@é'd eAlnhlblto activity.
The European pa gﬁ&"&% F@gv%n ﬁ% P%Y\

descri bes t hi olThe Biuopean paint applivation N 349533 (H R Lﬁ%ﬁ&assﬁ;em d&%&?ﬂ&%?&"
am no aci ds, endovved Wi t h NEP-i nhi bi to agzét [ vs-q chl\)l_
[ err] - Mer capt o€ §evithip Biflypromethylamides mmmbltory and

NEP- i nhi bi tory Htéfﬁﬁh L@mmﬁm Q@s@ t.al. in

Bi oorganic & I\/e'l?:lilsm na &gem st etter %ﬁm%@é@s I n

this last work Nﬂnmh&h@mem BeichercheciVédicalsi (INSERM)] duscides BB dif\ibstituted -

bi phenyl et byl aro er teresting mxed.

ACE/ NEP- i nhila%l t"?ﬁ?%'?@’“ﬁ“’f‘{%’ﬁﬂ@wp éﬂ-‘-ﬂ%" APhiYIory activilt, ¢ ap-

toacyl dipepti mmpmapﬁlwwoszusssq&ﬁ&m&nmm%%u Wﬁ%rt 1h
can

groups such as [err]- err]- . naph causes a signifi oss of
activity. J‘ @{5@“’}311 it reptoaikanoyldipeptides: leatowercwithe neural i ves

ﬁé?gt 2:1; ﬁnggnvertl ng g’%ﬁ% aé’% Me Ce)lrj%lrgft ity ggdgggpt | dase
enzyme (‘m xed Jﬂwﬁmmmhaﬂmmotmlsadsm&wm desafiiRs thid) gefivaar -
El'lhglrjla?{)lr'g, e}‘ gllc gﬁ?ht‘fqe tglgtrggcg#of car di ovascuh{jlr at hol oqi eE‘UP‘%M'ﬁ'I x
: ity. _
a-Mercaptoacyl dipeptides endowed with ACE-inhibitory and NEP-inhibitory activity are also
described by S.S. Bhagwat et al. in Bicorganic & Medicinal Chemistry Letters, 7, 735-738,
1995, . Lo
20 Inthis last work the authors conclude that, while the presence of a biphenylmethyl group con-
fers an interesting mixed ACE/NEP-inhibitory activity at the molecules having an a-mercap-
toacyl dipeptide structure, the substitution of the biphenyl group with groups such as o~ or §-
naphthyi causes a significant loss of activity.
Now we have found N-mercaptoacyl phenylalanine derivatives which are endowed with a
25  remarkable inhibitory activity on the angiotensin converting enzyme as well as on the neutral
endopeptidase enzyme (mixed or dual ACE/NEP inhibitory activity) which makes them par-
ticularly useful in the therapy of cardiovascular pathologies.
Therefore, object of the present invention are the compounds of formula
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Wher ei n [err] R is a nmercapto group
or a Rlerr]COS group convertible in the organismto nercapto group;
Rlerr] is a woergag or branched Clerr]-(err] al kyl group mor/Ere6essyd or
aryl al kyl group having from1l 10 to 6 carbon atons in the allyl

noi ety wherein the aryl is a phenyl or a 5 or 6 nenbered

aromatic heterocycle with one or two heteroatons selected fromthe group
consi sting of ni trogen, oxygen and sul phur, optionally
substituted with one or nore substltuents 3the same or
different, selected fromthe group onS|st|ng of hal ogen atons, hydroxy

gr oups, al koxy, alk aIk |o Iksulphonyl or

al koxycarbonyl groups having falf‘S*ll é"l% carbon adbns in the
al kyl noiety;, (Jerr]-Clerr] alkyl groups c I ning one or nore fluorine
atong, carboxy groups, nitro groups, anino 4 nocar bonyl groups,
acylam no - wherein groups, am nosul phonyl groups, nono- or

di - al kyl am no or. nono- or di-al kyl am nocar - bonyI groups
having from 1 t& 6 B2 PEHPYEHHRCLAR4GAS

hydrogen atom is"f%'sg'liibngfbﬁfcﬁafé(}e@ nﬁhw Slour) Qﬁg

group; 20 R errl sl S phenyl gr 4%@ t tut eé‘ty]vm i:yé or %r ed
aromati c hetl@r ocycl memMmmwmayMMaMeMmﬁebmWf rom
t he group consi sting_of o) (0)4 nd sulpgur .bheing the
phgn%/! t andt t het Eet eg%@%ﬁlf%“@g&m@ %&%ﬂﬂgﬁm?"!ﬁm “B[J"E"E'&'W}e?‘f? B‘{’:?mr]e
substituents, es z&. d-dllg of friore: substituents, theC' I
is a straight or branc ed err]-Clerr] al group or a phen?l group; 25

t he carbon atons naF‘H?d”’ atomp,thydroxy groups, and

phar maceutical ly ac gihlya %@f’["ﬁ M‘?ﬁ%ﬂ' %rgul a l
contain two stereogeni ¢’ cent ers an Klus exl st or

st er eoi sonerls. WMGH&@MJM (ﬂ‘l-ﬁgrﬂqueqsrwmm@mloomrme
conmpounds of fornul g | the formof 30 stereoi sonerj c .m xture s_vveII

as in the formof sfng e“%ht"@rmso Eroups, aming-ox aminorAthony] BrgYPs+: g

object of the pr eseﬂfouﬂsﬂﬁﬂﬁﬂsﬂﬂibnﬂwm@rwﬂlﬁiaﬁmm#ﬁﬂmord:-alkylanunour-
ACE/ NEP-i nhibitory actjvity and are useful 'int treat nent of

cardi ovascul ar di se2wkgroups having from] 39 § Karbesvatpms dn thealleyl metstyand dual are
indifferently usgd, isaiarbdeh Somstraight drBfanisf C{) Sikyl or a benzyl group;

20 R3. isaphenyl group substituted with a 5 or 6 membered aromatic heterocycle with one or
two heteroatoms selected from the group consisting of nitrogen, oxygen and sulphur,
being the phenyl and the heterocyclic groups optionally substituted with one or more
substituents, the same or different, as indicated for R;;

R4  is a straight or branched C-Cy4 alkyl group or a phenyl group;
25  the carbon atoms marked with an asterisk are stereogenic centers;
and pharmaceutically acceptable salts thereof.
The compounds of formula I contain two stereogenic centers and can thus exist in the form of
sterecisomers.
Therefore, object of the present invention are the compounds of formula I in the form of

30  sterecisomeric mixture as well as in the form of single sterecisomers.

The compounds of formula I object of the present invention are endowed with a mixed
ACE/NEP-inhibitory activity and are useful in the treatment of cardiovascular diseases.
Although both terms mixed and dual are indifferently used, the term dual is the one more
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connpnly accepted in the literature for conpounds endowed contenporaneously
wi t h™ ACE- and NEP-inhibitory activity. In the present context,
the terns ”‘%ﬁgrﬁﬂﬁa dual are to be considered equival ent. E?ﬂF@QP%@@

pr esent descrrp?ron unl ess otherw se specified, with the t ht or
branched al kyl group we intend an al kyl such as nethyl, ethyl,

n. propyl, isopropyl, n.butyl, sec-butyl, tert- butyl, isobutyl,
n.pentyl, 2-pentyl, 3-pentyl, isopentyl, tert-pentyl, n.hexyl and isohexyl
group; with the team straight or branched al koxy group we intend an

al koxy such as net hox et.hoxy n. propoxy and |sopropox grou W th
the term hal og comte i 1A ljtesptyre fps compounds iendowed) ’Eﬁ“i/}‘n‘r" &F-

I odi ne at on  Wizhd NEP.@hib, &iviy. We intend an acyl group derr ving from an
aliphatic or aromatic carboxylic acid such as acetic, propionic,
butyric and beﬂ&'@PBﬂthﬁmmmﬂm&wmem&mﬂhuﬂm aromatic

oxygen and St uhie Pl dhscboch, AibE bR RERoodfod rotion e e sEigHER al o

i sot hi azol e, pmmmﬁmmwmmm mmﬁmmmnrw sed byt Hedtl©
pyrim di ne, pyrazine, pyridazi ne and furan, tional | y _
benzocondensed butyl s""%&"&?&l"e mw@mmbebw@ﬂgdwlwumf t he

compounds of f Qi HeFer sidi medtaﬁ“m U 2| !ég
netals and the salts wt ha’phar maceut | Car i p W accept agﬁu organr 3’3
Preferred conp@msxmmmmmmm@nmmmm fijorine; ]:hldn'ﬁ)e,a

phenyl grouyg s Qiﬁl i.n _posjti.on wi t.h el er cli c [ oup.
20 More pref érrecf corrpoﬁ“r’\’é g‘qﬁ"ﬁ#) c‘f‘afgt@d"&r’@"tgffé"‘ g'ﬂ% nul a

| wherein R[erro}amwce.rboxyhcmdgianimw&m.B&&n@ixﬁl&&z&@%&%hﬂém

substituted vvrth 8ne or nore substltuents t he sane or dif- ferent,
sel ected from! H’é %mémrawmmmymmmmr

al koxy. fﬂﬁ&R’P %ﬂtfﬂ Bazolk sokibofs. Sdadd e the .
conpound of for erer n err EE%‘&? L’qs resents a | enflﬁ!fr " group
optional |y sub@ﬂﬁtMW@%@M&W@sM%&p&aw Pyridemmm
different, gel %&hﬁg he, group consi sting of hal ogen atons, hydr oxy,

al kyl or -al o rererred exanpl es of pharnaceutically acceptable
salts of the C(Btpﬂllﬁdﬁpﬁmi&ﬁﬂﬁlﬁacbw&bﬁsalu omexm.p&am of fohniula Park dleisalfset al s

such as sodi. umwm%I nd pot assi um is dear to the man skilled
inthe art tha H@ntﬂ% W‘f’ﬂ?%F‘&"WW“@W&?Wﬁ

group converti dem%gﬂﬁinﬁmigmm&ﬁﬂ&ﬂ mi %ﬁ?.{,

conmpounds of fornula | wherein Rerr] 1s an a yP group are
bi ol ogi c precuﬁw'%P‘(SMG‘m‘thdﬂ’rmnorrespond- | ng corrpounds of
formula | viger Qe Freferted oo i tnd KD arb B Tolbp Rinas I Fhrkaia 1l SFHE" 21 O

sents an arylalkyl group optionally substituted with one or more substituents, the same or dif-

ferent, selected from the group consisting of halogen atoms, hydroxy, alkyl or alkoxy.

Still more preferred compounds, in this class, are the compound of formula I wherein R rep-

resents a phenylalkyl group optionally substituted with one or more substitutents, the same or
25  different, selected from the group consisting of halogen atoms, hydroxy, alkyl or alkoxy.

Preferred examples of pharmaceutically acceptable salts of the compounds of formula I are

the salts with alkali metals such as sodium, lithium and potassium,

It is clear to the man skilled in the art that the compounds of formula I wherein R is a R4COS

group convestible in the organism to mercapto group, as well as the compounds of formula I
30 wherein R; is an alkyl or benzyl group, are biologic precursors (pro-drugs) of the correspond-

ing compounds of formula I wherein R is a mercapto group (R=SH) or R is a hydrogen atom
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(Rlerr]=H), respectively. Speci fi c exanpl es of preferred conpounds of
formila L, object of the present invention, are:

N- ( 3- phenyl caglesuamkishi 0- 2- phenyl met hyl propi onyl ) - 4( 2- t hi azolpdryepeéesssd al ani
ne net hyl es- 5 ter;

N- ( 3- phenyl car bonyl t hi o- 2- phenyl et hyl pr opi onyl ) - 4- (2- pyri dyl) - phenyl al ani n
e nmethyl ester;

N (3- phenylcarbonylthlo 2- phenylnethylproplonyl) 4- (3-pyridyl)-phenyl al anin
e benzyl ester;

N ( 3- phenylcarbo 1 - 2 enylnethylproplonyl) 4-(2-furyl)-phenyl al m ne
met hyl ester; Ry ﬁfh&mﬁmﬂﬂ

N- ( 3- phenyl car boSpphﬁWqﬂig@dmﬁeﬁdmbmqsﬂfmmh)l, objettof thy presentinveptionde ny | ani

ne ethyl es-

N- (3- phenyl - car %@?WW%WMWWW&W’?WW methyl 51 al a

nine nethyl es- e ter;
N- ( 3- phenyl car bonyl t hi o- 2- phent hyI propi onyl ) - 4- (2-t hi enyl ) - phenyl al ani ne
met hyl ester; N-(3-phenyicarbonyithio-2-phenylmethylpropionyl)-4-(2-pyridyl)-phenylalanine methyi ester;

N- (3~ pheny| car Doyl il oA T BRI S st i RS M "

nmet hyl ester’

N-(3- phenyl car bonmwmwmmma-wmwﬁa«m hyl

ester;

N-[ 3- phenyl car boHﬁ?W@W?WWWWWW’PWWoFW)ﬂs‘pheny

| al ai ne et jyl te,. ester;
N-[ 3-acetyl t hio-2-(3-net hoxyphenyl ) met hyl - propi onyl ] - 4- (2-t hi azoyl ) - phenyl a

| ani ne nethyl N-(3-phendeaghonyithipcp-phenylmethyipropionyl)-4-(2-pyrazinyl)-phenylalanine methyl es-
N-[ 3-acetyl t hio-g-(2-fl uorophenyl ) met hyl - propi onyl | - 4-(2-thiazolyl)-phenyla

?

| ani ne net hyl es- ter;

. N-[3-phenyl car boﬁﬁﬁﬂmﬂMﬂdﬁ-ﬂmﬁwmﬁmﬂ}mwh&ﬂMnﬁﬂW) phe _

nN—yl[ gl ?gl Pﬁrgﬂ h%“ﬁﬂwﬂ%ﬁw W%WM’W’V?'?‘?@H%‘WWWF&I anin’

e nethyl 2%s fthylcarbonylthio-2-phenyimethylp 3 enylalanine meth
N[ 2-(3- et hyI-SNf%gxayzlol yl) met hpl-3 hytlan I%lg?-g.c(mﬁlﬂ)ﬁlo roprglnle] 4: (2 th|

azol yl ) - phenyl| - N-[3-phenyicashonyjthi 3I'F}Fdié'5 )Pmplﬂnyl]-“-(z-ﬂnazol )-phenylalanine methyl -
N- ( 3- mer capt o- 2- nyI met hyl propi onyl ) - 4- (2-t hi azol yl ) - phenyl ani ne;
N ('3- ner capt o- 2- phenyl net hyl propi onyl ) - 4- (2- pyri dyl ) - phenyl al ani ne;

: _ N-{3-acetyithio-2-(3-methoxyphenyl )methyi-propionyl }-4-(2-thiazolyl)-phenylalanine methyl

ester;
20  N-[3-acetyithio-2-(2-fluorophenyl)methyl-propionyl}-4-(2-thiazolyl)-phenylalanine metiryl es-
ter; _
N-[3-phenylcarbonyithio-2-(2-thienyl )methyl-propionyl}-4-(2-thiazolyl)-phenylalanine methyl
ester;
N-{2-(2-furyl)methyl-3-phenylcarbonylthio-propionyl}-4-(2-thiazolyl)-phenylalanine  methyl
25  ester;
N-[2-(3-methyl-5-isoxazoly)methy}-3-phenylcarbonyithio-propionyl)-4-(2-thiazolyl)-phenyl- -
alanine methy! ester;
N-(3-mercapto-2-phenylmethylpropionyl)-4-(2-thiazolyl)-phenylalanine;
N-(3-mercapto-2-phenylmethyipropionyl)-4-(2-pyridyl)-phenylalanine;
30 N-(3-mercapto-2-phenyimethylipropionyl)-4-(3-pyridyl)-phenylalanine;
N-(3-mercapto-2-phenyimethylpropionyl)-4-(2-furyl)-phenylalanine;



30 - N-(3-nercapto-2-phenyl net hyl propi onyl ) - 4-(3-pyridyl)-phenyl al ani ne;

N- ( 3- mer capt o- 2- phenyl nmet hyl propi onyl ) - 4-(2-furyl)-phenyl al ani ne;
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N- ( 3- mer capt Q- 2 yl met hyl pr opi onyl ) - 4-(5-pyridinyl)-phe May=N

N-(3- mercapt‘g'pé? yl met hyl propi onyl ) - 4- ( 2- pyr azi nyl ) - phe%@g‘{rﬁsﬁé

N- ( 3- mer capt o- 2- phenyl net hyl propi onyl ) - 4- (2-t hi enyl - phenyl al ani ne; 5

N- ( 3- ner capt o- 2- phenynet hyl propi onyl ) - 4- (3-t hi enyl ) - phenyl al ani ne;

N- ( 3- mer capt o- 2- phenyl net hyl propi onyl ) - 4- (3 furyl)-4-(3-furyl)-phenylal anin

e;

N[ 3- t 3- th , h | al

N[ 3- mer capto. é«%@eﬁé&%ﬁﬁ%ﬁ éﬁeﬁ%ﬁ%&énﬁﬁé%? 220l y1 ) phenyl a
ani ne; mercapto-2-p

N- I[ 3- ner capt o- 2 (2 t hi eny%mﬁg?%%ﬁﬁ%yi 4y|(2 t hi azol yl') - phenyl al ani ne;
10 N-(3-mercapto-2-phenylmethyipropion )-Hz-thmyl}phmyla! _ _
N (3 o1 g 0 R Sl b S AL i | -4~ (2~ i azol y) -phe
N-[ 2- (2- f | uor ONHB-medcapie-plydnylthethifipropipriyl)-4a00 duryi)-penjlaldniab; (t hi azol yl ) - phenyl al a
ni n

N- [g (2-furyl ) Nel¢-mgreento-tb}-praidyimetiydpmpisnyli--(rthiagolylhphenylglaping. heny| al ani ne.
The preparati of &Qmwgg,ﬂww}mwmwm“%esem

I nvention, is carried out Ing to a synt heti c process COI'TpI’I Si ng

t he reaction byt[mmwmmﬁmmmzmwmpwmmﬂ ein

and Rlerr]  hav a rtg g mne _
derivative 6c])f apq%\‘{'?’r ﬁs" y&ﬁgng%m'mm gler%l’g EQH erﬂr] have
t he above repom[mmmnm-s-mm@mw}mmmaynmmq carried out
accordi ng to convent i gnal techni ques of the chem stry

‘N-[2-(2-furyl )methyi-3-mercapto-propionyl]-4-(2-thiazolyl}-phenylalanine.

The preparation of the compounds of formula I, object of the present invention, is carried out

acoordmgto a synthetic process comprising the reaction between a compound of formula
15 - . Ry

R-CH,-CH-COOH m
E ]

wherein

20 R and Ry have the above reported meanings;
anda phaxylalalﬁne derivative of formula

: *
* HpN-CH-COORy am

25 | éHz-R_g
wherein
Rj and R3 have the above reported meanings.
The condensation reaction is carried out according to conventional techniques of the chemistry
of peptides.

" 30 Before carrying out the reaction it can be useful to properly protect the optional functional

groups which could interfere in the reaction.
The optional protection is carried out according to conventional techniques.
In this respect the compounds wherein R is 2 R4COS group are preferably used as intermedi-
ates of formula II, thus obtaining the corresponding compounds of formula I wherein



of peptides. 30 Before carrying out the reaction it can be useful to
properly protect the optional functional groups which could interfere
in the reaction. The optional protection is carried out according to
conventional techniques. In this respect the conpounds wherein Ris a
Rl err] COS gr owp oapgaapr ef erably used as internedi- at es pefrEPodisBeé | |,
t hus obtaining the correspondi ng conpounds of formula | wherein
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R=R[err] COS from whi ch, by hydrolysis, the conpounds of fornula I wherein
R=SH can be obt ai ned. The eval-dation of the useful ness of the

optional prot ectg=gg as ﬁgﬁl%@,’s@ Ef‘d'&%kse%l&g"&;‘ t&wqaﬁﬁnoﬂﬁ}ggg%ed

protection, accordlngtothe rea be carrie
functional grougbtained. to be prot ect ed, are within the normal know edge of

the man skilled e.ar rerIDvaI of. the ptlon | .pratective
groups is carri 8’&#’%8@?‘8 mﬁf"ﬁ sel g’tﬂf Jand

For a general r%ﬂmﬁ&&@mw&eﬁéﬁ&%by&wmm
chenm stry see Theodora W G eene and Peter GM Wits "Prot ec%'v

Groups in Organi bewﬁméeqrs injthepormgl| knowigigerfithe man skilled in theart.| | Ed., 1991.

Che caTRouns, ol s i b oo S pER P %@%ﬁ&?@m

No. 1576161 in wqaesnarre of E.R Squi bb & Sons Inc
Al ternatively, ggl ds of forrggl a || can he prepar ed accordl ng to the
synt hetic net h ergee 1 the ite © SIONRF i Prganic, chemistry sop Theodora

wW-J.
Med. Chem h694&&73ﬂ@&&é%®m'm&%shﬁdﬁﬁegmaMm&%ods

formula I'll are_known or easily prepared according to known
For instance, tllfé‘*@cﬁﬂpdﬂ?l‘ds of fornula Ill can be prepared according to the

1892, 57 370 3t cumeBis fR0ebe e koo Sy Wil Brling o ol S

prepared by coupé dmgbnéfdrodan(ecmm*pmm asvgibi hghexﬁhabﬂ.kgs(idhbr& Sons
hal ogenat ed het Z‘L" cyclic conpounds and stannyl phenyl al ani ne de-
rivatives, as destribed by -D.S. Wlbur et al. in Bioconjugate Chem, 1993,

4, 574-580. 15  Altematively, the compounds of formula II can be prepared according to the synthetic meth-
.ods described by M.C. Foumié-Zalusky et al. in J. Med. Chem. 1994, 37, 1070-1083.
Also the intermediate compounds of formula IIT are known or easily prepared according to
known methods. _
For instance, the compounds of formula I!Imnbepreparedaéoofdingtomesymheﬁcmah-' 'l
20  ods described by W. C. Shieh et al. in J. Org. Chem, 1992, 57, 379-381.
Alternatively, the compounds of formula Il can be prepared by coupling methods (cross-
coupling) starting from halogenated heterocyclic compounds and stannyi phenylalanine de-
rivatives, as described by D.S. Wilbur et al. in Bioconjugate Chem., 1993, 4, 574-580.
The compounds of formula I in the form of single sterecisamers are prepared by stereoselec-
25  tive synthesis or by separation of the stereoisomeric mixture according to conventional téd\-
niques.
Also the preparation of the salts of the compounds of formula I, object of the present inven-
tion, is carried out according to conventional techniques.
The compounds of formula I, object of the present invention, are endowed with a2 mixed
30  ACE/NEP-inhibitory activity and are useful in the treatment of cardiovascular diseases.
The inhibitory activity of the compounds of formula I was evaluated by means of in vitro tests
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The conpounds of fornmula | in the formof single stereoisonmers are prepared
by stereosel ec- 25 tive synthesis or by separation of the stereoi soneric
m xture according to conventional tech- ni ques. Al so the
preparation of the salts of the conpounds of fornmula I, object of the

pr esent invegv-o” tion, is carried out according to conventional

t echni ques. maf‘ﬁe conpounds of fornmula |, object of the

i nvention, are endowed with a m xed 30 ACE/ NEP-i nhibitory activity and

are useful in the treatnment of cardi ovascul ar di seases. The

i nhibitory activity of the conpounds of fornmula | was eval uated by neans of
in vitro tests WO 97/ 24342 -8-

PCT/ EP96/ 06563 (exanple 8). In particular, the inhibitory
activity of th&®eBMpBunds of for mula | was evaluated in corrpari - son
to the aforenmen pRRQR 2] h|b|tory
activity of the ?:onpoa-rg%sﬂg?af ornula %Hgssga err "f‘m{} re-

sul ted at nM c&erte theaforémentioned Thiorpha@ ai@aptnpniw ty resul ted to be conparable

ctivity, and aiEaie R ety 6 b o oo L morsset an s aon e

NEP- i nhi bi t or y sulted at nM édneéttritions. 10 The i nh| bi tory activity of the
conmpounds of fornula |, noreover, was al so eval uated by neans of

ex-vivo tests iSaid éﬂ?fﬁﬁ@?ﬁqwmm%meﬁ@mkMﬂMmeAmﬂm

Fl\)l?{gl ?rglrgcript 0-2 Wimne?hmf’m%‘?yﬂ’ﬁenmhﬁgﬂ Bt 8§ W#P@}’%‘ﬁ?’l ala-

ni ne and

N-[ 3- ner capt,0 e 0 hen ropi onyl]-(S)-tyrosine,
de[ gltgrl be mgﬂéﬁﬁ%%w?r}%ﬁl %‘%%&H‘ﬁ%ﬂ g"lafﬂy"t%“’&%’d’ﬁ'é?ﬂsﬁl[ i oned
Eur opean patenMM%xn&&wahéoﬁ&I&bwn%&%@;ﬁemlethel nafter referred to

as conpounds R.1 and R 2 respectively, as wel

N- ( 3- mer capt o- 32 PAFY#p N5 Pamrssapto-2-0 ymethylepadioxyphienyl Jmethyl-propionyl}-(S)-phenylala-

AGE 1 nhi bi Lor s "o Ho8 NEHRERRE 0 oty SRR s AL BeR , o

US. 4,401,677 ambethasr@kmhﬁlwe auad ACE-andlibitars asﬂ:eafhmamdmd EBurbpan (ﬂat&t4pplwa—- o
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the en-- zym@(smpwzxm WMW W&w for
ACE and. NEP act i vi “%/% restﬁg i tivel é) from spont aneous hypert ensi ve
rats (SHR) treXtRep ay ACE-iibiterm SOt 199,517 pod as enkephafinas? inhibitors in

U.S. 4,401,677 and hereinafter referred to as compomds R-3 and R-4 respectively, were used
'as comparison compounds.

20  The ex-vivo ACE/NEP-inhibitory activity, in particular, was determined by evaluzt.ing the en-
Zymatic activity in tissue homogenates (lung and kidney for ACE and NEP activity, respec-
tively) from spontaneously hypertensive rats (SHR) treated with the tested compounds by in-
travenous or oral route.

It is. worth noting that the activity shown by the compounds of formula 1 in the ex vivo tests

25  confirms the mixed activity (dual activity) shown in the in vitro tests, also after oral admini-
stration. _

Said activity, moreover, resulted to be significantly higher than that of the comparison com-
pounds.
Far a practical use in therapy, the compounds of formula I can be formulated in solid or liquid

30 pharmaceutical compositions, suitable to oral or parenteral administration.

Ihergfore, the pharmaceutical compositions containing a therapeutically effective amount of a



travenous or oral route. It is worth noting that the activity shown

by the conmpounds of forrmula I in the ex vivo tests 25 confirnms the m xed
activity (dual activity) shown in the in vitro tests, also after oral
admi ni - stration. Said activity, noreover, resulted to be

sigificantly Ry@bmsadhan that of the conparison com

For a practical use in therapy, the conpounds of formula | can be
formulated in solid or liquid 30 pharmaceutical conpositions, suitable
to oral or parenteral adm nistration. Therefore, the pharmaceuti cal
conposi tions cont ai ni ng a therapeutically effective anount of a

WD 97/ 24342 -9-

PCT/ EP96/ 05663  comoqund of forms P 4Bilixtire Vil diethfer for pRanfstEitkil teSarh fifthét objedt i €1

for pharnaceutica |I use are a further object of the present invention.
Speci fi c exanpl eﬁﬂmjreqwtmmeeut I cal conpositions according to the present

bl et. :
Sol uti ons and < SRR SCpBAArRr) SoheShilony KRG e bR ampt, |

and suspensi @ns i¢d, icdatedlthbléts) cipailes) pRAmildtesn 6bitidnsSind Fhdpaiions suitable tdcoral admini-
phar maceut i cal conp05|t|ons obj ect of the present I.nvention are prepared
according to  stratisnfolutinng M\%’rﬁ“ﬁm mmea% dose of the

conpound of for gl @?FLI!I&E Iﬂ; &nﬂ@sﬁ: Qrdhtibel 2 PREHdR e 10
several factors su as the seriousness of t |seasea e 1 ndivi dual
response of theopwhmemltequues t he kind of forrrul ation but It is usually
conpri Ise_ddbet vveeﬂr%dél;d% d ggg@gg@n&gl god¥ p t ﬁf%"ﬂle ti nto.
a single dose or Pgﬁl'ﬁ ‘ﬁdm% mo rating
the present io”VQ&k}aPﬂabﬂﬂﬂu&lQ!sﬁx@anmﬁfuﬁfﬁeWdﬁlvemmeofﬂwpau&h&ress

ot herw se specified, the flash chromat ographies were carried out by using

flash chro- 15 thelindeffospeigtion butiitis usyally omprisedhetween O gy E’MW&WO)
Example 1 . weight divided into a single dose or into more daily doses.

With the aim of illustrating the present invention the following examples are now given.
Unless oﬂ:emise specified, the flash chromatographies were carried out by using flash chro- -
15 matographj silica gel from Baker company (code 7024-00).
| Example 1

A mixture of 5-pyrimidinylboronic acid (850 mg; 2 mmoles), N-tert-butoxycarbonyl-4-tri-

fluoromethyisulphonyl-L-phenylalanine ethyl ester (450 mg; 2.2 mmoles), a solution of so- -
20 dium carbonate (530 mg) in water (2.59 ml) and a mixture of toluene-ethanol=10:4.5 (20 ml)

was degassed with nitrogen for 30 minutes.

Subsequently, palladium(O)tetrakis(triphenylphosphine) (120 mg; 0.06 mmoles) was therein

added and the reaction mixture was heated at 90°C and kept under stirring for 3 hours.

The mixture was then kept at room temperature and N-tert-butoxycarbonyi-4-trifluorometh-
25  yisulphonyl-L-phenylalanine ethyl ester (112 mg) and palladium(O)tetrakis-

(triphenylphosphine) (30 mg) were added again.

The mixture was further heated at the temperature of 90°C and kept under stirring for other

18 hours. :

After cooling the reaction mixture at room temperature, ethyl acetate (100 ml) and water (40
30  ml) were added.

The phases were separated and the organic phase was dried on sodium sulphate and evapo-



Preparation of N-tert-butoxycarbonyl-4-(5-pyrimdinyl)-L-phenylal ani ne
et hyl ester A m xture of 5-pyrimdinylboronic acid (850 ny; 2

nmol es), N-tert-butoxycarbonyl-4-tri -

fl uorfonet yl sul phonyl - L- phenyl al ani ne ethyl ester (450 ng; 2.2 mmoles), a

sol ution of '97?2Q3| di um carbonate (530 ng) in water (2.59_m) an

m xture of toluene: ét hanol =10: 4.5 (20 m) was degassem’m%‘?r ogen
for 30 m nutes. Subsequent |y,

pal | adi un(0)tetrakis(triphenyl phosphine) (120 ng; 0.06 nmol es) was therein

added and the reaction m xture was heated at 90C and kept under stirring
for 3 hours. The m xture was then ktq:)t at roomtenperature and

gt':];{t- bg;?é¥c%?xu-4 trli#u%%ﬁ ;‘%‘Eﬂ\a’é{;ﬂnél - nhenyl al anl ne

(tri phenyl phos akiko ixaheithylTdetatie?:s ﬁm% thb ol Nl
further heated at the terrperature of 90[err]C and kept under sti r| for
ot her 18 S brmyls4-(S-pyrimidinyPLephenyiabaming gthyl ester €3¢ migb M %rvied)iasca ediourlessm

tenperatures egfyl acetate (100 m) and water (40 30 m ) were added.
The phases ver g separ at ed and the organic phase was dried on sodium

sul phat e and evEfNMR (200 MHz, CDCI\‘\DSB@S:R)MM (t, 3H, CHy-CH3); 1.40 [s, 9H, C(CH3)11;
PCT/ EP96/ 05663 2 : AChakk

rated under vadQlfd (et GHlarGiDA-19.@; 2 Sz (Ha) A 52:4-65cfmy JFLIGH,GQO); 506(d,

h t h :

oot oSO MM TS ot e RY) LN O S0 T

car bonyl - 4- (5- Pyri mi di hyl - L- phenyl al anine ethyl ester (130 ngy; 14%yi el d)

as a colounphess 5 oil. [err]WﬁZOO MHz, CDCl[err]): [err]

(ppm: 1.24 (t, 3H CH[err] CH[err]) , 9H, C(CH[err])[err]]
D el DUt ‘ .5

3.01-3.25 (m Pidpaihtion gtoxdeatbonylg hzolhiLA afaing ested .65 (m
1H CHCOO; 5 52 (m 4 phenyl ene) 8 91 (s,
2H, N-CH C- CH N?"’“g'g’f@'f@“'ﬁtﬁ}m NrPhe!!!Jﬂm methyl ester (8 g; 32.3
Exanple 2 . phospmndndezs aﬁd.Td -
N-tert-butoxycar bon | - é!t hi azol pheenyl al ar(n n%’“r'?é‘t toasolunonofz
N-tert- butoxycsr'wwiﬁmwl qavlﬂla&re@ﬁ%%wpwwpmmrqomapwm mhmelﬂ:ét hyl
ester (8 gjy 32(5%“.1) revi | adi um bi s(tri phenyl phosphi ne)

chl ori de (2 3 g) were adde toaso ution of 2-

tri met hyl st annyhe tnim:uhsareﬂib&d&:rgz‘i Hoidrs Andy13ubsafupntlyN2-Ginithyktakngi-thiazole (2 g)
tetrahydrofuran f.@%duene 10:1 15 (50 m), previously degassed with
- nitrogen. W ure was refluxed for 24 hours and, subsequently,

2-trimet hyI st ampkr 6 hingg ot fAG hah-bmmyamms@menﬂﬂﬁmphmymyhm
' methyl ester (2 g) and palladium-bis(triphenylphosphine) chloride (700 mg) were added.

20 The resultant reaction mixture was kept under stirring at 70°C for 16 hours and, subsequently,
cooled at room temperature.

Water (200 ml) was then added to the mixture which was extracted with methylene chloride
(4x200 mi).
The collected organic phases were dried on sodium sulphate and evaporated under vacuum.

25  The obtained residue was purified by flash chromatography (silica gel, eluent methylene chio-
tide:ethyl acetate=9:1, pressure of nitrogen=0.1 atm) thus affording N-tert-butoxycarbonyl-4-
(2-thiazolyl)-L-phenylalanine methyl ester (2.3 g; 20% yield). |
'H-NMR (200 MHz, CDCl3):  (spm): 1.40 [s, OH, C(CHg)3}; 3.00-3.21 (m, 2H, CHy;
3.70 (s, 3H, COOCHz); 4.42-4.65 (m, 1H, CH-COO0); 5.02 (bd, 1H, NH); 7.30 (d, 1H, S-

30 CH-CH-N); 7.81 (d, 1H, S-CH-CH-N); 7.15-7.90 (m, 4H, phenylene).

Example 3



After:6 hours at reflux

N-tert-but oxycarbonyl -4-(trifluoronethyl sul phonyl)-L-phenyl al ani ne

met hyl ester (2 g) and pall adi um bi s(tri phenyl phosphi ne) chloride (700 np)
wer e *added. 20 The resultant reaction m xture was kept under stirring at

70[err] C for fWo#mdses and, subsequently, cool ed at r osrREMEPSERt Ur €.
Water (200 ml) was then added to the m xture which was extracted with
nmet hyl ene chl ori de (4x200 m). The col |l ect ed organi c phases

were dried on sodi um sul phate and evaporated under vacuum 25 The
obt ai ned residue was purified by flash chrgnatography (silica gel, eluent
nmet hyl ene chl o- r|de ethyl aceat e= 1 pressure of nitrogen=0.1
atnm) thus affor drdaratibn TN tek-bé : 1 athyl ¢
(2-thiazolyl)-L- enylalanlne net 20%

[err]H-NVR (200 mogyriding € /57 18) lomplpq) and;palgdiuny0 g. Xetrakis{trip phczspmne)(370mg.
CH :

LGSR et My S et %«Nﬁs ok A GO

CHCHN); 7.8 (;ﬂlmylhld;nn&xﬁ:}iﬁtérl@g,7?03J|ﬁnﬂes)3@reﬁifed£|dﬁcﬂiﬁlbybemwmuraal in

Exampl e 3 /24
PCT/ EP96/ 05663 Bloconjugate gh - ?é% 4, 574-580, in anhydrous dimethyiformamide (30 ml), previously; | _

Preparation of Negsidel wthhifgegar bonyl - 4- (3-pyridyl) - L- phenyl al am ne net hyl
ester 3-Bronopyridine (1.67 g; 10 moles) and

pal | adi un{ 0) t et rBieireactioninistune yasp kept widea stijring for 1O minutes at room (empergturerani,subsever e
henyl al ni no. ot v aeral kIS LR HIRTT POy ed as deser! bed by DS
et of i 55t et i
e my 1
Pal | adi um(0) tetraki s(tri phenyl phosphi ne) (0.0035 mml es) was agai n added

and the m xture m. was kept under stirring at 105[err]C for 8 hours and
(e Ca0t o PRy L i el o
S 15  fluoride, dried on sodium sulphate and evaporated under vacuum. :
The obtained residue was colliected with ethyl acetate and filtered.
The resultant solution was evaporated under vacuum and the residue was purified by flash
chromatography (silica gel, eluent hexane:ethyl acetate=8:2, pressure of nitrogen 0.1 atm) af-
fording N-test-butoxycarbonyl-4-(3-pyridyl)-L-phenylalanine methyl ester (1.5 g; 60% yield)
20  asa colourless oil.
Mass (C.1): (M+H)*=357
H-NMR (200 MHz, CDCl3): & (ppm): 140 [s, 9H, C(CHz)3]; 3.00-3.20 (m, 2H, CHp);
3.71 (s, 3H, COOCH3); 4.55 (m, 1H, CH-COO0); 5.05 (bd, 1H, NH); 7.19-7.51 (m, 4H,
phenylene); 7.30-8.82 (bm, 4H, pyridyl).
25 Byworlung in an analogous waythe following. compounds were prepared:

Mass (CL) (M+H)+—357
H-NMR (200 MHz, CDCl3): 8 (ppm): 1.40 [s, 9H, C(CH3)3}; 3.03-3.21 (m, 2H, Cl;lz-
CH); 3.70 (s, 3H, COOCH3); 4.54-4.65 (m, 1H, CH-COO); 4.98 (d, 1H, CONH); 7.16-7.21
30 (m, 1TH, N-C-CH-CH); 7.65-7.77 (m, 2H, N-CH-CH-CH); 7.19-7.93 (m, 4H, phenylene);
8.63-8.68 (m, 1H, N-CH);



m). - The col |l ected organi ¢c phases were washed with a saturated
aqueous solution of potassium 15 fluoride, dried on sodium sul phate and
evapor at ed under vacuum The obt ai ned resi due was collected with
ethyl acetate and filtered. The resultant solution was evaporat ed
under vacuu e residue was purified by flash o phy
(silica gelq&épﬂﬁﬁ hexane: et hyl acetate=8:2, pressure of ﬂ%?&%$ .1 atm
af - fording N-tert-butoxycarbonyl -4-(3-pyridyl)-L-phenyl al ani ne

met hyl ester (1.5 g; 60%yield) 20 as a colourless oil. Mass
(Cl.): (MH[err] =357 [err]H-NVR (200 MHE, CDCl[err]): [err] (ppm:
1.40 [s, 9H, C(CHerr])[err]]; 3.00-3.2G1esy 2H, CH2); 3.71 (s, 3H
COOCH err]); 4. COO 7.19-7.51 (m 4H,
phenyl ene); 7.3%8 - ng in an anal ogous

wayt he fol | ow ’rm : oolmﬁ wca)mfﬁa ﬂb[s,m,cmug);],soz(m ZH, ?) 3.70 (s,

N-tert- butoxycarb 4- (2- pyri dyl enyl | al anihe nmeth
Vass (C.1.)- (W GOOCH: 3334 CRAOGS 63 i, Wk NEDOHA 88, worrl

70 (s, art | bt Pl ztw@%n%ﬁﬁ%m ——

7.16-7.21 30 ¢-butdntves e fn&hvider N-CH- CH-CH); 7.19-7.93

m 4H  phenyl ene o 68 (m ' WD 97/ 24342
(0 2h. Pheny! &2 Nhku Mz, CDCl3): & (opiay: 141 Tin, DH CCH3)3]; 2.98-3.18 (- 281, Chig)s 15.

N-tert-butoxycag Vi 324 6% (i) 1 | X
Lerr] H NVR ( 20% I\ﬁéﬂﬁtﬁd@ﬁ?‘,r 2 [eor‘% &@éﬁbﬁﬁ%gb«?@n’ml_rbeQ%G{;sn
, C(CH[err])[err!h]t!“lyl)s"’432*7(51%#“,21 E!HP!‘ 3.70 (s, - 3H, coocH err]);
4.53-4.70 6an CH CQOO) ; 503(bd %%721798(m 4H, 5

phenyl ene) ;" 8.49 and 8. 62 [2(bs 2H, 9.00 (s, 1H, CI-I—I\I—CI—I—CI—i)

oyl ~m! ‘['l‘:i\l X .’“AI\A

N-t ert - but oxy CPBiefupatia il el bl ariirka: pdseidilnirdeh .J,a.i ester

[err] H-NVMR (200 Mz, CDCI err ] (pp m
qm[err])[errﬁmybd%@s( Q?"("]nf"% d'°l““‘3 H’%mﬁﬁ%{err])
4.53-4.64 dylAL %}f, 3,i\@e, in3tiethanc S
t hi enyl); (7.mlO 54 (m phen gﬁgnelnﬂm (?4%3793%&&) 10

Exanpl e 4 Mma!mbﬂmmlﬁ?ymﬁemeGm ne methyl -ester
di hyd h| d 3 d-
o oot & a vt O L B Gl e Lol

dr opw se to a so
under stirring for 8 hours.

The solvent was then evaporated under vacuum affording 4-(3-pyridyl)-L-phenylalanine
methyl ester dihydrochloride (820 mg; 71% yield) used as such in the followmg reactxms
. Mass (C.L):(M+H)*= 257 (free base) '
LH-NMR (200 MHz, D,0): 5 (ppm): 3.11-3.32 (m, 2H, CHy); 3.67 (s, 3H, CHg); 4.31-4.37
(m, TH, CH); 7.30-7.63 (m, 4H, phenylene); 7.97 (dd, 1H, CH-N-CH-CH-CH); 8.59 (d, 1H,
CH-N-CH-CH-CH); 8.65-8.71 (m, 1H, CH-N-CH-CH); 8.89 (d, 1H, CH-N-CH-CH-CH).
By working in an analogous way the following compounds were prepared:
4 i ine dihydrochlori
25  Mass (C.L): (M+H)t=257 (free base)
TH-NMR (200 MHz, D,0): 5 (ppm): 3.12-3.33 (m, 2H, CHy); 3.64 (s, 3H, CHs); 4.30-4.37
(m, 1H, CH); 7.36-7.73 (m, 4H, phenylene); 7.78-8.58 (m, 4H, pyridyl);
1H.NMR (200 MHz, DMSO-dg): 5 (ppm): 1.11 1, 3H, CHy-CH3); 3.10-3.35 (m, 2H, CHo-
30  CH); 4.04-4.20 (m, 2H, CHy-CH3); 4.22-4.35 (m, 1H, CH); 7.40-7.84 (m, 4H, phenyiene);
9.15 (s, 2H, N-CH-C-CH-N); 9.19 (s, 1H, N-CH-N);

20



car bonyl - 4- (3-pyridyl)-L-phenyl al ani ne nethyl ester (1.4 g; 3.93 mmles) in
nmet hanol (30 m ), prepared as described in exanple 3, keeping the
tenperature at O[err]C 15 At the end of the addition, the reaction

m xture was brought at roomtenperature and kept under stirring for 8
hours. Wigo7madaent was then evaporated under vacuum af per/grss®ses3

4- (3-pyridyl)-L-phenyl al ani ne nmet hyl ester di hydrochloride (820 ny;
71% vyi el d) used as such in the follow ng reactions. Mass

(Cl.):(MtH) [err]= 257 (free base) 20 [err]H-NVR (200 MHz, Dlerr]O:
[err] (ppm: 3.11-3.32 (m 2H, CHerr]); 3.67 (s, 3H, CH[err]) 4.314. 37
(m 1H, CH); 7.30-7.63 (m 4H, phenylene)-l?f 97 (dd, 1H, CH N-CH CH CH);
8.59 (d, 1H, =N ohdnvibiaine med@Paster difvdrdlondd CHF N CHCH); 8.89 (d,
1H, CH-N-CH-CH- ' el 040 Us way the follow ng
conpounds wer e ;iﬁspéﬂlalﬂ%ﬂ*‘ﬁm{f(eibqsy)rl dyI) L- phenyl al ni ne met hyl ester

b e o o
3h2;1 I( Zne?H (73H[7g72](}n. 114,(39;’#6#3:?26 (m, 4H, pithylehb) 9.031d, ni, GIENCH-CHY: 944484, 1H,
y (5ypyr| i di ny| GHN: 46(1’" ﬁecﬁlm% er di hydrochl ori de

Y O N0 ,: i QI

[err]H—Nl\/R(ZOO W, L ol 11(t, 3H,
CH err]-CH err]); . T- S0 "CH); 4.04-4.20 (m 2H,
CHerr]- CH[err])Masd(QIZ) M-ﬂ!l)"’&d&(fhbbﬁbj) 7.40-7.84 (m 4H, phenyl ene);

gc%/S EI(DS 6/ (ZJE 662L AL b v, D30y & prk 2 983 Tl 21, €y 3.65 6, 8L, CH3)/42§1§4422813

4- (2-pyrazin - adant Hichyl 0 2.08:1.58 &by de Mass
(C(I I)oy (I\/H—i)w[)erdrm I:HI.@H)l reem@‘égg; ¥ ersrinh'um (200) MHz, DC 1N):
[err] (ppm: 3. 45i<3uaze ppylala e grochiondg H CH[err]) 4. 65-

1772 (1071 O il 98 s%fs%w

4- (2-t hi-enyl ) - L-4s38dmy LH| G Ti30-T80 (ay WHephemdend)y TITT.0 @1, 2Hthiazolyl). Mass (C.1):

(MtH) [err] = 262 (free base) 1H N 200 MHz, Djerr]O: [err] (ppm:
2.98-3.19 (m 2H, CH[err]) 3.65 (s, 3H érr]); 4.21-4.28 10 (m 1H,
CH); 6.96-7.88 (BR Riie8 fea -AAA.'JALU“N‘ ene) ; : .

bhghylalanlne nefhyl ester dihydrochl oride
2-isobutyl-acrylic acid (6.34 g; 49 mmoles) and thiobenzoic acid (5.96 ml; 51

mmoles) was heated at 100°C under stirring for 2 hours.
The reaction mixture was then treated with petroleum ether 40-60°C (100 ml) and cooled at
-70°C in a dry ice/acetone bath. _

20 By filtration and washing with petroleum ether at -70°C a residue was collected which, dried
at reduced pressure, fumished 2-isobutyl-3-phenylcarbonylthio-propionic acid (11.12 g; 85%
yield) as a white solide.
lI-I-NMR (200 MHz, CDCl3): 8 (ppm): 0.90-1.00 (m, 6H); 1.40-1.90 (m, 3H); 2.70-2.90 (m,
1H); 3.10-3.40 (m, 2H); 7.35-7.62 (m, 3H); 7.90-8.00 (d, 2H).

442-t hi azol yl ) -

25 By working in an analogous way the following compounds were prepared:
3-methox -3 i ionic acid
l . .
H-NMR (200 MHz, CDCl3): 8 (ppm): 2.32 (s, 3H); 2.80-3.15 (m, SH); 3.77 (s, 3H); 6.70-
6.80 (m, 3H) 7.14-7.25 (m, 1H).

30 HNMR(ZOOMH:,CDCI;;) 3 (ppm): 2.31 (s, 3H); 2.90-3.20 (m, SH); 6.95-7.30 (m, 4H).
3-phenylcarbonyithio-2-(2-thienyl )methvl-propionic acid benzylamine salt



[err]HNWR (200 MHz, Dierr]O: [err] (ppm: 3.10-3.32 (m 2H CHerr]-CH;

3.68 (s, 3H, CHerr]); 4.30- 4.38 (m 1H, CH); 7.30-7.80 (m 4H,
phenyl ene); 7.70-7.91 (m 2H, thiazolyl).
Exanple 5 15 Preparation of 2-isobutyl-3-phenyl carbonylthio- acid A

m xture of acrylic acid (6.34 g; 49 mmol es) and ic acid
(5.96 m: 51“’&’3%&%0 ﬁg}W

| es) was heated at 100C under stirri ours.
The reaction m xture was then treated with petrol eum ether 40-60[err]C (100

m ) and cool ed at . -70C in a dry icel/acetone bath. 20 By filtration
and washing with petroleumether at -70C a residue was col | ected whi ch,
dried at reduced pressure, furnishem-

2-i sobut yl - Cc plonlc acid (11. |eId)
as a white soI Fﬁ' %08%%&4%&/% is‘@éﬁ%‘éﬂ}#‘%)r

0. 90- 1.00(m@ Ehg, yif ®:85.79 (N3 . 2.70-2.90 (m 1H); 310340
(m 2H); 7.35- 7% (m 3H); '?‘l@ l-gl‘d)d’l(g(d 2H). 25 By working in an

anal ogous way the follow ng corrpounds \kal'@lqﬁ epar ed
2- (3- met hoxyphg )
AR RN E RO
SH); 3.77 (s, M@EQM(WUI 3H) 714725(m 1H).
3-acetylthio-2-(2-fluorophenyl) et hyl - propi onic acid 30 err] H NVR (200
Vro CCbOl [er 1 sohinnof hydppaperaciigne .54 g ol atadeof (ML) b, ser. 30
m 4 | ] d
(m 4H). ok & GatheioR bR Bl (0/895 4 AHRLIBY e B Bickiad i

benzyl am ne sa
PCT/ EP96/ 05663 ml) were added, at 0°C under stirring, to a mixture of(28)-3-phmylcarbmylﬂuo—2-phalyl 14-

S50 o PR b Qpelipopieniiadyt 1 g bbimoleS), bea-bREEhYL Bt et ects iy

13H, aryl). chlonde (1.34 g, 4 mmoles), prepared as described in example 4, med\ylmm(milem@sS
Pr-eparati on

N[ (2S) - 3- phenmmmﬂm@ﬁzﬁm@hwmwmﬁwm 4- (2 thi azol yl)-L-
ECS%L?LZEEQEE&@ m?%éﬁe% 4 nmmol es |f.ﬁ %eﬁo@gﬁﬂg‘ro uran (30 nﬁl and, .
subse- - qoifiand the solvens swaseviaparated at deduced pressurey | car bodi i mi de (0.825 g; 4
ol es) in. |g'et %&:ﬁueCMsoeoﬁ%eed%Eahylacetatemdthescl\mmwaswaslwdmthmaqus :
solution of sodium chloride at 20%, sodium bicarbonate at 5% and sodium chloride at 20%
again.
After separation of the phases and evaporation of the organic phase, the resultant white solid
was purified by flash chromatography (silica gel, eluent ethyl acetate:hexane=40:60, pressure
20  of nitrogen 0.1 atm) thus affording N-{(2S)-3-phenylcarbonyithio-2-phenylmethyipropionyl}-
4-(2-thiazolyl)-L-phenylaianine methyl ester (1.5 g).
m.p. 98-100°C '
Mass (C.L): (M+H)"= 545
THNMR (200 MHz, CDCl3): & (ppm): 2.63-3.35 (m, TH, CHy-CH-CHy, CHy-CHy-thia-
25 ° =zolyl); 3.68 (s, 3H, COOCH3); 4.75-4.85 (m, 1H, CH-COOQ), 5.78 (d, 1H, NH); 7.10-8.00

(m, 16H, aryl).
' By working in an anaiogousway starting from compounds known or prepared as described in
examplu 4 and 5, the followmg compounds were obtained:

30 ester {compound 2)
m.p. 132-134°C



m) were added, at O[err]C under stirring to a m xture of

(2S) - 3- phenyl car bonyl t hi o- 2- phenyl - 10 nmet hyl propionic acid (1.2 g; 4
nmol es), 4-(2-thiazolyl)-L-phenyl al ani ne nmethyl ester dihydro-

chloride (1.34 g, 4 nnDIes) prepared as described in exanple 4,

triethyl am ne, W mol es) in tetrahydrofuran eg@mpdeosesd
nmet hyl ene chI ori 30 m). The reaction m xture was kept under
stirring for 20 hours, -then dicycl ohexyl urea was filtered of f and

t he sol vent was evaporated at reduced pressure. 15 The residue was
collected with ethyl acetate and the sol ution was washed w th an aqueous
sol ution of sodiumchloride at 20% sodi um¥bi carbonate at 5% and sodi um

chloride at 20% After separation of the phases and
evapor ati on of ?ﬂ’é‘@r’lgg tﬁ'iohase the resultant white solid was

purified by flas‘mmmmu MH2 ODCH)S B | (ppd: 0.60-3.38|(mp MH, €HpAH-CHy, CHy-CeHy-
acet ate: hexane:40 ress re a f ordi ng
N- [ (2S) - 3- pheny feb &@‘ﬁ%@wﬁ%ﬁn{% Sgogﬁzﬂ%?)j 59 (&hﬁ ;630800
4-(2-thi azol I)-(hp)ggg&h.al ani ne nethyl ester (1.5 :
98- 100[err]C S(C1.) (I\/H—i)[err]—545 [err]H—NNR(ZOOM—lz
Cm[err]) [er P S Sanher DNV P NEARYIDTOORNA [=4 oAbl ol it iRy It
CHerr]-Clerr]H -t hi a- zonI) 3.68 (s, 3H, COCCH err]); 4.75-4.85
(m 1H CH—COO)%W)N 7.10-8.00 (m 16H, aryl). By
wor ki ng in an armbqgmumway, starti ng from conpounds known or prepared as
described in | es, 4_and 5, the follow ng conpounds were obtained:
N-[(2S)-3- phenyl:;g?F% *ﬁ)o s25"'phenyl nmet hyl propi onyl ]-4-(2-furyl)-L- phenyl a
| anine neth NMRS@E0 MEZO ' (ppm): 1.18 (t, 3H) BH5-ER); WL

W RSB MEZOCDEHS'S @hm): 118 ¢, 30 Ol T, S 05665

97/ 24342
- 15- Mass QHECH), CHa-EpHepyrimidigf)p 3.95-4.20 [(wy 2HLHCOMEHS)? 400480 (mCIRG (R 1] )

turyl ) °5 5o (s OBk STl £S5 ikl b s ACCHRER,
m-il)o Eléolig?grfcxgﬁm(slﬂ-ﬂmm ethyl ester (conmpound. 3) .

|2 '_!l L’ LT Ia“u. e

15 methyl ester (compound 4)
m.p. 145-147°C
Mass (C.1) (M+H)" =540 _
: THNMR (200 MHz, CDCl3) 5 (ppm): 2.65-3.35 (m, 7H, CHy-CH-CHj, CHa-CgHy-
~ pyrazinyi); 3.61 (s, 3H, COOCH3); 4.75-4.85 (m, 1H, CH-COOY; 5.78 (d, 1H, NH); 7.10-
20  8.00 (m, 14H, phenyl, phenylene) 8.48-8.75 (m, 3H, CH-N-CH-CH-NY);

methyi ester (compound 5)
mp. 132-134°C
Mass (C.I) (M+H)*™=539
25 'H-NMR (200 MHz, CDCl3):  (ppm): 2.66-2.79 (m, 1H, CH,-CH-CHy); 2.88-3.35 (m,
6H, CHy-CH-CH,, CH,-CgHy-pyridyl); 3.61 (s, 3H, COOCH3); 4.75-4.85 (m, 1H, CH-
' COOY; 5.77 (d, 1H, NH); 7.07-7.99 (m, 16H, CH-CH-CH-N, phenyl, phenylene); 8.51.8.64
(m, 2H1, CH-N-CH);

30  methyl ester (compound 6)
' m.p. 123-125°C



Mass (C.1.) (MrH)[err]= 554 10 [err]H-NVR (200 MHz, CDCl [err]): [err]
(ppm: 1.18 (t, 3H, CHerr]-CHerr]); 2.65-3.35 (m 7H, CHerr]-
CHCHerr], CHerr]-Cerr]Herr]-pyrimdinyl); 3.95-4.20 (m 2H,

CoOCCH err]); 4.70-4.80 (m 1H, CH COO; 5.78 (d, 1H, NH); 7.05-8.00
14H, ph I 8. 68 , 2H, CH N CH N . 9.11 ,

(13 N-CH-p e%ymmfny ene); (s l,C(:I:;ll),l'3 (s

N-[(2S)-3- phenyl car bonyl t hi o- 2- phenyl net hyl propi onyl ] - 4- (2- pyrazi nyl ) -L- phe

nyl al ani ne 15 nmet hyl ester (conpound 4) m p. 145-147[err]C

Mass (C.1.) (MrH)[err]= 540 [err]H-NVMR (200 MHz, CDClerr]): [err]

(ppm: 2.65335(m 7H, CHerr]-CHCH erygl., CHerr]-Clerr]Herr]-

pyrazi nyl); 6 [err]); 4.75-4.85 (m 1H, CHCOO; 5.78 (d,

1H, NH): 7.10- M;ﬁg(é’éaﬁ F394H, phenyl, phenyl ene); 8.48-8.75 (m 3H,

E/thsg?g?(l\l)w&kb[errf— %?gﬂﬁ[erwmﬂﬁ@)%m%bﬁ%%ﬁ4 b e

(ppm: 2. 66- 2. 48 Chig-CEtCHCIERrCHhridiRy, 8156 (3, ;32 CODCH )154'(59085 (m, IH, @FL

coocH er 1) 4C0R% 750 Nl o290 . ek e, iy 261867 7 o0

(m 16H, CH CHafiHN-cER€HY! , phenyl ene); 8.51-8.64 (m 2H CHNCH;
30 met hyl ester (corrpound 6) . 123 125[err]C WO
97/ 24342 N-[(28)-3-phenyicarbonvithic ' -thie phenyialanine me .
PCT/ EP96/ 05663 - 16-
Mass (C. 1.) (I\ﬁierﬁmﬂ?% [err]H-HNMR (200 MHZ, CDCl [err]): [err]
(ppm: 2. 63 2. Wiass(GL) (MHHYXD=Be4 r] - CH- CHerr]); 2.85-3.35 (m 6H,-

coocH er ] 10 o FYAMR G50 e Gt lonh 4 decki . o R Coa b CHE Gl 00

(M 16H, CH- CHb.SiHs,SH, DOOUH;), 47aanssl (0, CHBc66y,8.72%, 15, NE; 67756 N7+ CH)

ester (compound 8)

15 Mass (C.1) (M+H)*= 544
1
H-NMR (200 MHz, CDCl3): § (ppm): 2.63-3.35 (m, 7H, CHy-CH-CHy, NH-CH-CHp);,  °
3.58 (s, 3H, COOCH3); 4.73-4.85 (m, 1H, CH-COOY); 5.70-5.76 (bd, 1H, NH); 7.00-7.62

(m, 151'1. Phenyl thﬂme, CH-CH-S). 7.93-8.00 (m. 2H, CH-S-CH);

20  ester (compound 9)
mp. 115-117°C
Mass (C.I) (M+Hy*= 528
'HNMR (200 Mz, CDCl,): 8 (ppm): 2.62-3.36 (m, 7H, CHy-CH-CH, NH-CH-CH),
3.58 (s, 3H, COOCHg); 4.71-4.82 (m, 1H, CH-COO); 5.72 (bd, 1H, NH); 6.50-8.00 (m,
25 17H, aryl);
MNeI3-phenvicarb 2-G-pyri i thiazolyi)-L-phenvlalanine
methyl ester - stereo:somer A (compound 10)
Mass (C.1) (M+H)*= 546
TLC (ethyl acetate:petroleum ether=95:5), Rf = 0.33
30 'H-NMR (200 MHz, CDCl3): & (ppm): 2.60-3.38 (m, 7H, CH,-CH-CHy, NH-CH-CHy),
3.60 (s, 3H, COOCH3); 4.79-4.90 (m, 1H, CH-COO); 6.21 (bd, 1H, NH); 7.20-7.81 (m, 2H,



N[ (2S) - 3- phenyl car bonyl t hi o- 2- phenyl net hyl pr opi onyl ] - L- phenyl al ani ne

nmet hyl ester (conpound 7) Mass (C.1.) (MtH)[err]= 544 10
[err] H-NMR (200 MHz, CDCl[err]): [err] (ppm: 2.64-3.36 (m 7H,
CH efr]-CHCH err], CONHCHCHerr]); 3.58 (s, 3H, COCCH err]);

4.74-4.83 (M om0 5.74 (d, 1H, NH); 6.97-7.99 (M Igckiyeposisess
aryl);
N-[ (2s) - 3- phenyl car bonyl t hi o- 2- phenyl net hyI propi onyl ]-4-(3-thienyl)-L-pheny

| al ani ne net hyl ester (compound 8) 15 Mass (C.1.) (MrH)[err]= 544
[err]H-NVR (200 MHz, CDCl[err]): [err] (ppm: 2.63-3.35 (m 7H,
CHerr]-CHCHerr], NHCHCHerr]); -¥58 (s, 3H COCCHerr]);

4.73-4.85 (m 1 ;700762 (m 15H,
phenyl, phenyl e%@%%ﬁ%%ﬁwﬁm&gﬂy% S- CH)

N-[(ZS) 3- pheny IN-Bighaivichdbhéitvithi B 2thiirdpionyd -840/ 4hi dnviythnine

| ani ne net hyl 20 ester corrpound 9) mp 115 117[err]C Mass
(C.1.) (MrH)[ er metkester isomes B (compod 18bo0 Mz, cDa [err]): [err] (ppm:
2.62-3.36 (M5 7lpfas gd_ eapesabierr], NH-CH-CH[err]) 3.58 (s, 3H,
COOCH[ err]); 4.71-4.82 (m 1H, CH-COO) 5.72 (bd, 1H, NH); 6.50-8.00 (m 25
17H, aryl); 11C(ethylaomtepmolwmeﬂ1er=955),Rf=024

i al bnine o B oo, EBEE Gt kAR e B SR W&%L e

(C.1.) (MrH)[erm]aa(ésﬁ,coocl\}li%),u@-(ﬂ(wlmacnmmm Ilwmmtmrm&m,

0.33 30 [err]H-NI\/R 200 - [err] (ppm: 2.60-3.38 (m 7H
CH err]-CHf err] th 1@1&["@(%]‘)’“?""!"- @YW( widyly COOCH[err]) 4.79-4. 90
(m 1H, CH GO N.Bridebu . . mell@ 92

PCT/ EP96/ 05663
thiazolyl); 6. 7%copdgd(®) 13H, phenyl phenyl ene, pyridyl);

e A Gl e

546 ~ 1H); 3.00-3.30 (m, 4H); 3.70 (d, 3H); 4.90-5.05 (m, 1H); 6.00-6.15 (bt, 1H); 7.10-8.00 (m,
11H),
15  N-f3-acetylthio-2-(3-meth j 2-thi h ine
methy} ester (compound 13)

TH-NMR (200 MHz, CDCl3): & (ppm): 2.30 (d, 3H); 2.45-3.20 (m, 7H); 3.63 (d, 3H), 3 75_ .

(d, 3H); 4.70-4.93 (m, 1H); 5.70-5.90 (dd, 1H); 6.60-6.85 (m, 4H); 7.17-7.32 (m, 3H); 7.68-
7.0 (m, 3H); |
20 i

ester (compound 14)
TH-NMR 200 MHz, CDCl3): & (ppm): 2.29 (s, 3H); 2.55-3.20 (m, 7H); 3.65 (2s, 3H); 4.70-
4.90 (m, 1H); 5.80-6.00 (2d, IH),670-732(m,3H)

25 mgh!Le_sm (compound 15)
H-NMR (200 MHz, CDCl3): 8 (ppm): 2.68-3.37 (m, 7H); 3.60-3.61 (2s, 3H, COOCH3),
4.31-4.45 (m, 1H, CH-COOCHy3); 6.01-6.10 (2d, 1H, NH); 6.80-8.00 (m, 14H);

Example 7

30 (compound 16)
N-[(25)-3-phenylcarbonylthio-2-phenyimethylpropionyl}-4-(2-thiazolyl)-L-phenylatanine



TLC (et hyl acetate:petroleumether=95:5), Rf= 0.24 [err] H NMR (200
MHz, CDCl[err]): [err] (ppm 2.61-3.25 (m 7H, CHerr]-CHCHerr], N

CHCHerr]): 3.60 (s, 3H, COOCH[ err]); 4.80-4.91 (m 1H, CH COO;
6.09 (bd, 1H, NH); 7.27-7.80 (m 2H, t hi azoly); 7.10-8.40 (m 13H,
phenyl, phe pyridyl); 10

N-[ 2-i sobut Wé%ényl carbonyl thiol]-4-(2-thiazolyl)-L- phe%ﬂ%f‘r% nmet hyl
ester (conpound 12) [err]HNVR (200 MHz, CDCl [err]): [err]
(ppm: 0.80-0.95 (m 6H); 1.30-1.80 (m 3H); 2.40-2.60 (m 1H);
3.00-3.30 (m 4H); 3.70 (d, 3H); 4.90-5.05 (m 1H); 6.00-6.15 (bt, 1H);
7.10-8.00 (m 11H); 15 -18-

)(I\/:l-::)%faﬁlcﬁteylthl o 2- (3 rret hogﬁg r@g&%m&t hyl. - prop| onyI - 4- g_Z t hi azo;xl) L- phen
5o [e‘“‘*‘#(‘m@o@%&é@% m""%%"bbﬁ’%‘*%%'%dd UL

ﬁLH%?, 7. 1t7 |7 ﬁZM?MWWm&WW7Mm&M?;Nd|ﬂﬁa)ML ] o
acetyl { hi o- uor v i azoly pheny
| al ani ne d*‘??f é%#w‘gﬁﬂﬁ%“l‘%%w'g % STRRH200 Mz,

CDd [err]): [mmm&mmm%m&mm&m%%@mm
4. 70- 5.80-6. 00 (2d, 1H): 6.70-7.32 (m 3H);

N[ 3- phenyl carB&fyﬂm%%wlh@#wﬁoﬁem#%&%ﬂ)onyl] 4- (2-thiazol yl)-L-phenyl

?::D?:Im[ Q?r] ) eﬂ%ﬁ%‘%%% ’""é"‘a‘%q‘gﬁ%}ft W%@lﬂ %&)

4.31-4.45 (m &idwaeraGDBGsouly, was Soa thus bodig N-[28) 3béycapt6-2Ber§inihyk M
éf;)oar at i o0 of Propionyl}-4-(2-thiazolyl)-L-phenylalanine (1 g). | Exanmpl e 7

N-[ (2S) - 3- mer cagpt soasprenyl met hyl propi onyl | - 4- (2-t hi azol yl') - L- phenyl al ani ne
30 (conpound 16)

N-[(2S)-3- phenMFE@ﬁMﬁh d2}- phenynet hyl pr opi onyl ] - 4- ( 2- t hi azol yI ) - L- phen
g)'é%} Eglgg/e%eas H-NMR' 208 MiZ# DAESO-dg): § (ppm): 1.80-1.88 (m, 1H, SH); 2.22-2.84 (m, 5H, CHy-

‘CH-CHy); 2.86-3.18 (m, 2H, CHy-CH-COO); 4.46-4.57 (m, 1H, CH-COO); 7.10-7.25 (m,

15, 5H, phenyl); 7.32-7.84 (m, 4H, phenylene); 7.74 (d, 1H, N-CH=CH-S); 7.89 (d, 1H, N-
CH=CH-S); 8.35 (d, 1H, NH); 12.76 (s, IH, COOH);
" By working in an analogous way the following compounds were prepared:
N-[(2R)-3-mercapto-2 im i 2-tiazol henylalanine (compound 17) -
TH-NMR (200 MHz, DMSO-dg): 5 (ppm): 2.15-2.23 (m, 1H, SH); 2.31-2.74 (m, 5H, CHyp-
20 CH-CHy); 2.78-3.07 (m, 2H, CH,-CH-COO); 4.42-4.53 (m, 1H, CH-COOY; 7.02-7.80 (m, -

9H, phenyl and phenylene); 7.75 (d, 1H, N-CH=CH-§); 7.90 (d, 1H, N-CH=CH-S); 8.36 (d,

TH,NH), _
N-[(28)-3-mercapto-2-phenvimethylpropionyl}-4-{2-furyi}-1-phenylalanine (compound 18)

mp. 153-155°C

25 Mass (C1) (M+H)r=410
THNMR (200 Mz, CDCl3): 5 (ppm): 1.40 (¢, 1H, SH); 2.45-3.25 (m, TH, CHy-CH-CHy,
CH,-CH-COOY, 4.80-4.90 (m, 1H, CH-COOY, 5.86 (d, 1H, NH); 6.42-7.42 (m, 3H, furyl);
7.07-7.57 (m, 9H, phenyl, phenylene);

30 19)
mp. 193-195°C



- 18 - met hyl ester (1.4 g; 2.57 mmol es), prepared as described in
exanpl e 6, was suspended in et hanol (30 m ), degassed by nitrogen
bubbling to elimnate the oxygen. An aqueous degassed sol ution of

sodi um hydroxide 1IN (7.7 m) and, at the end of the addi- 5 tion, further
degassed et hargd oz ) were added dropwi se at 5C to the sSup@fRBRI6RS663

The reaction m xture was kept under stirring for 4 hours at room
tenperature, then cool ed at O[err]C and acidified with hydrochloric
acid 5% (10 m). The reaction mxture was evaporated to dryness and
the residue was collected with acetonitrile and water and,
subsequently, was filtered thus affordlng 19-

N-[ (2S)- 3- nerca%%sg:WJ@ - 10 |
propi.onyl ] -4-(2- Z0O -L- phenyal al ani ne (1 g). m p. 180-182[err}C
Mass (C.1.) (Mr -NMR] (200/Hz, DMSO{dgx 8 {dpm)iNEB1 ((6ih,01 Hy/SH); ZDVBOOC({neVH,]OH-{:HJr]

gpgg) 3. i88(()m 1% é@lﬁ'{‘-‘éﬁw ‘ﬁ"%@si?@?ﬁﬂﬁﬂh&m (m’75fla’ er{a]%m

15  5H, phers?/\ll_ )7.3672. B2m] 4%&1&4@&% wgrml ﬁﬂebhdos?(% %NM&%@

7.89 (d, 1H, 8. 35 1H, N

|Ii}/[\(/vcz)rR;<i gg I n a&}hwm Is way the follow ng conpounds were preﬁarefl an
nmerca , en p al ani ne

281 Piértohto az Janis

(conpound 17) 122} “H R (200 "VFZ = | ppﬁ?‘x"

2.15-2.23 (m 1R0)SH); 2.31-2.74 (m 5H CH[err] 20 CH-CH[err])

2.78-3.07 (m 2H, T%—,IF_S%'% CHCOO; 4.42-4.53 (m 1H, CH COO); 7.02-7.80 (m

9H, phenyl and ghe 7.75 (d, 1H, N-CH=CH S); 7.90 (d, 1H,

N- CH=CH- S5) ; 36‘M£sd(Cl)(M+ idy2oNH) ;.

N-[(2S)-3-nercapto-2 phenmrreth Iprop| onyl]-4-(2-furyl)-L-phenyl al. ani ne

(conpound 18) H-NMR, (300 DOMBOHls): Pdpms: 1.84\(t IH; SH); 2)21-G1 (] BrGHy-CHO

1 (200 4 o 5 B o g i o 2

glj- COhO) . ;5 86h( c{m, 45 phidylene);R.374d, 11 NHO0), £358 (d,f 1M, WHHN-CH-CH-N),/8.6848.70 @/ 1M
phenyl, p e

N-[(2S)-3- rrercap ﬁ;@%w %lﬁy}%r%ﬁmlz'@(?ﬁmpfr‘m*dyl) L- phenyl al ani ne
(conpound 3015 afidine (S figound 21)

PCT/ EP96/ 05663

m.p. 146-148°C
Mass (C.L) M+H)*=421

H-NMR (200 MHz, DMSO-dg): 8 (ppm): 1.69-1.89 (b, 1H, SH); 2.22-3.18 (m, 7H, CH,-
‘CH-CHy, CHj-phenylene), 4.45-4.56 (m, 1H, CH-COO); 7.09-7.26 (m, SH, phenyl); 7.42-
20 7.48 (m, 1H, CH-N-CH-CH-CH), 7.62-7.33 (m, 4H, phenylene); 7.98-8.04 (m, 1H, CH-N-
CH-CH-CH); 8.30 (d, 1H, CONH); 8.53 (dd, 1H, CH-N-CH-CH-CH); 8.83 (d, 1H, CH-N-
CH-CH-CH); _
N-[(28)-3-m 2-phenyimeth i 2-pyri alanine (compound 22)
m.p. 157-159°C
25 Mass (CL) (M+H)*=421
| NMR(ZOOMH:,DMSO-dg) & (ppm): 1.87 (b, 1H, SH); 2.23-3.19 (m, 7H, S-Cl-l2 -CH-
CH,, CONH-CH-CH)); 4.44-4.45 (m, 1H, CH-COOY); 7.09-7.93 (m, 8H, N-CH-CH-CH-
CH, phenyl); 7.30-7.99 (m, 4H, phenylene); 8.29 (d, 1H, CONH); 8.61-8.65 (m, 1H, C-N-

30

m.p. 152-154°C



- 19- Mass (C.1.) (MrH)[err]= 422 [err] HNWVR (200 MHz,
DVsO-d[err]): [err] (ppm: 1.81 (bm 1H, SH); 2.21-3.20 (m 7H, CHerr]-CH
CH err], CHerr]-Cerr]Herr]-pyrimdinyl); 4.46-4.57 (m 1H, CH CQOO);
7.06-7.29 (m 5H, phenyl); 5 7.36-7.72 (m 4H, phenylene); 8.33 (d, 1H,

NHCO) ; 9. 08 2H_NCHCCHN; 9.15 (s, 1H, N-CH

N-[(2S)- 3 ‘&93&‘9‘-‘ -phenyl nmet hyl propi onyl ] - 4-( 2- pyrazai n%@mﬂ?l al anin
e mp. 176-178[err]C 10 Mass (C.1.) (MrH)[err]= 422
[err]H-NI\/R(200 MHz, DVMSO-d[err]): [err] (ppm: 1.84 (bt, 1H, SH);
2.21-3.21 (m 7H, CHerr]-CH CHerr], CJerr]-CHCOO; 4.48-4.59 (m
1H, CHCOO; 7.10-7.26 (m 5H, phenyl); -2037-8.05 (m 4H phenyl ene) ;

8.37 (d, 1H, ;.. 8.68-8.70

CHoN- G G | THENMIR (290 V. EDBL)§ ooy 13813 (i 1, DA 20m, T 5-C-
N-[(2S)-3-

compound 21 - CrHCHz? CORFUTCEL s 4% (AN INFRCHCO0N o 1y (0 [ iRy o st 1
[err] H NVR (200m, W2H, arfIVEO-d[ err]): [err] (ppr’r) 169189(b 1H SH)
2.22-3.18 : CH 5-4.56 -
CH-N-CH-CH-CH)m 71@21—770(83 (m 4H, phenyl ene) 7 98 8.04 (m 1H, CH-N-

CH CH 8.30 (d, _1H, 8.53 (dd, 1H, CH N-CH CH 8.83 (d, 1H,
G O G ”< et e ( CH (

N[(2S)-3-merc %ﬁ%ﬁ%&ﬁé 3040083 4-o(aa- phenyl met hyl propi onyl ] -L-p
henyl al ani nee ?E%Er%%{md 2 Moqr‘#?@?@ﬁS [err]C 25 Mass (C. 1.)

(MrH) [ err] =421 H-NMR (200 /MH; CNs)( & @pm)HE84 (i S 212B-8:13 [(mr TH, SOHpCH- 1. 87

SV ?ﬂ%%rr 3 kg G e 33 ) N co0p 3.9 T8 Wy e an 830 ey 4

CH, phenyl); 1ﬁQ11ﬁ=§9HdMH phenyl ene) 8.29 (d, 1H, CONH); 8.61-8.65

(m 1H CN _ .
N-[ ( 2S) - 3- mer c Hg28) -Fmercapto-2-phensimethyipropignulir4-G-furyd-Lepheayielanine (comprupd 253 nj ne
(conpound 23) mp. 140_1453(9 152 154[err]C _ V\D 97/ 24342 S
PCT/ EP96/ 05663

Mass (C.1) (M+H) =410
- 15 TLC (ethyl acetate:hexane:acetic acid=50:50:5), Rf = 0.42
lI-I-NMR (200 MHz, CDCl3): § (ppm): 1.79-1.90 (m, 1H, SH); 2.22-3.11 (m, 7H, S-CHy-
CH-CHj, NH-CH-CHj); 4.41-4.53 (m, 1H, NH-CH-COO); 7.11-7.50 (m, SH, pheniyt,
phenylene); 6.91-8.12 (m, 3H, furyl); 8.30 (d, 1H, JHH=8.2 Hz, NH); "
- Ne[3-m =-(3-pyri ' i -4-(2-thiazol alanine - sterecisomer
20 A (compound 26)
mp. 193-196°C
Mass (C.1.) (M+H) =428
TLC (methylene chloride:methanol:acetic acid=85:15:1.5), Rf = 0.53
THNMR (200 MHz, DMSO-dg): 5 (ppm): 2.37-3.05 (m, 7H, S-CH,-CH-CH,, NH-CH-
25 CHy); 4.36-4.47 (m, 1H, NH-CH-COO); 7.76-7.90 (m, 2H, thiazolyl); 7.10-8.33 (m, 9H,
NH, pyridyl, phenylene);
 [3-m (3-pyri ' i iazol alanine - stereoisomer
B (compound 27)
Mass (C.1) (M+Hy= 428
30 TLC (methylene chloride:methanol:acetic acid=85:15:1.5), Rf = 0.47
1H-NMR (200 MHz, DMSO-dg): & (ppm): 2.28-3.20 (m, 7H, S-CH,-CH-CH,, NH-CH-



-20- - [err]H NVR (200 MHz, CDCl[err]): [err] (ppm): 1.34-1.43 (m 1H,

SH); 2.44-3.26 (m 7H, S-CHerr]- CHCH err], CONHHCHCH err]);
4.80-4.89 (m 1H, NHCH COO; 5.81 (d,1H, NH); 7.02-7.52 (m 12H,
aryl); 5

N-[ (2S) - 3- mergwgbRqdz Phenyl met hyl propi onyl | - 4- (3-t hi enyl ) - Lpppaipydik@ni ne
(conmpound 24) mp. 169-171[err]C Mass (C.1.) (MtH)[err] = 426
TLC (et hyl acetate: hexane: acetic aci d=50:50:5), Rf= 0.44 [ err] H NVR

(200 MHz, CDCl[er]r): [err] (ppm: 1.84 (bs, 1H, SH); 2.23-3.13 (m 7H,
S-CHerr]-CH 10 CH err], NHCHCHerr]); 4.42-4.53 (m 1H NH- CH- COO) ;
7.12-7.80 (m 12, aryl); 8.30 (d, 1HZI-JHH:8 2 Hz, NH)

FIEIE)L%S)ZS;% marca%), RS 1@Ferﬂ%ﬁﬁﬁd&yw4§(f@fﬂ&%ﬁw,ﬁwgqﬁmﬂ;e(com

TLC (ethyl acet hﬂepﬂdﬁtpbnﬁme)d 50:50:5), Rf = [err] H NVR (200
MHz, CDCl[err]); ( 1. . X -3.11 7,
S-CHLerr]- 2 ' e CH €00 ;
7.11-7.50 (s 9"Hmmmbmmsmhg§fwdpﬁﬂ)ebso-@4%n&fézxdsms?(huﬁywb.}szz
8.30(d, 1H JHES 2 rz, N

N- [ 3- ner capt o- 2 %W#W D 734-3,85 EmyAED; 7473¢790(mi 2ED08.97-8.39 @dHEDy | al ani ne

- stereoisioner P%%(Egé(ﬂgﬁm%%d 26) mp. 193-196[err]C Mass

(Cl1.) (MtH[er C(rrethylene chlorlde rrethanol acetic
aci d=85: 15: 1. 5) N-[Bnmicafto-2 plig SV om0 1MHD-thid2b Shévlalanii
(ppm: 2.37-3.02 sfr{?i &é S-CH[err] CH-CH[err] NH-CH- 25 CH[err])
4.36-4.47 (m 1 ) 7.76-7.90 (m 2H, thiazolyl); 7.10-8.33 (m
OH, Nho P wassd)

HMW ) .
N-[ 3- ner capt o- 21l§13 r| daI met hyl ) pr opi ony 2-thi azol yl)-L-phenyl al ani ne
- stereoi soner B &bii&-ﬁapzo) B@Pm)a% 3.2 (m,)7HY; MHQ)(F.G?*D] 448108 30

(err R (ooo'hh %fs%%g@ﬁ;aw HSET T (G,
NH- CH- ) orophenyl me alanine
PCT/ EP96/ 05663 (compound 30)
. 15 Mass (C.L) (M+Hy*=445 . o
In H-NMR (200 MHz, DMSO-dg): § (ppm): 2.20-3. 18(m 8H); 4.35-4.55 (m, 1H); 6.85-7.35
(m, 6H); 7.65-7.90 (m, 4H); 8.35 (d, IH); .

ﬂﬁmmammm_mmmm_mwmmﬂ;ﬂmm 31

l

. 'HNMR (200 MHz, DMSO-dg): 5 {ppm): 1.82-3.19 (m, 8H, CHy-CH,-CHy; NH-CH-
20 CHp); 4.44-4.59 (m, 1H, CH-COO); 6.62-7.91 (m, 9H, aryl); 8.42 (d, 1H, NH); -
N-{3-mercapto-2-(2-furyl )methyi-propionyl}-4-(2-thiazolyi)-L-phenvialanine (compound 32)
'H-NMR (200 MHz, DMSO-dg): 3 (ppm): 1.79-3.18 (mn, 8H, S-CHy-CHy-CHy; NH-CH-
CHp); 4.43-4.58 (m, 4H, CH-NH); 5.79-7.47 (m, 3H, furyl); 7.30-7.85 (m, 4H, phenylenc);
7.73-7.91 (m, 2H, thiazolyl); 8.40-8.46 (2d, 1H, NH);

25 apto
(compound 33)
TH-NMR (200 MHz, DMSO-dg): 5 (ppm): 2.00-2.12 (25, 3H, CHy-isoxazolyl); 2.28-3.19
(m, 8H, S-CHy-CHy-CHy; CHy-phenylens); 4.43-4.59 (m, 1H, CH-NH); 5.75-6.03 (2s, 1HL
isoxazolyl); 7.29-7.86 (m, 4H, phenylenc); 7.74-7.90 (m, 2H, thiazolyl); 8.46-8.53 (24, 1H,
30 NH);

 Example 8



-21 - CH err]); 4.20-4.35 (m 1H, NH-CH COO); 7.70-7.90 (m 2H,
thiazolyl); 7.17-8.40 (m 9H, NH, pyridyl, phenyl ene);

N- ( 2-1 sobutyl - 3- mer capt o- propi onyl ) -4-(2-thi azol yl ) - L- phenyl al ani ne
(compound 28) 5 [err]H-NVR (200 MHz, DMSO-d[err]): [err] (pprr):
0.50-1. 44 (Myy @WM 68-2.25 (m 4H); 2.79-3.22 (m 2 50463
(m 1H); 7.34- m 4H); 7.73-7.90 (m 2H); 8.27-8.39 (20, ’fﬁ)‘

Mass (C.1.) (MtH)[err]= 393 (conpound 29) 10 Mass (CI )

(MtH) [ err] =457 [err]H-NVR (200 MHz, DVsO-d[err]+Derr]O: [err]
(ppm: 2.20-3.21 (m 7H); 3.70 (d, 3H); 4.48 (m 1H); 6.55-6.86 (m
3H); 7.00-7.40 (m 3H); 7.65-7.95 (m 4Hyr228.27-8.45 (bt, CONH);

N[ 3- ner capt o- 2- , J-ro|onyl] 4-(2-thiazolyl)-L-phenyl a

| ani ne ( T COSRY MkH) [ er r] =445 [err] HNMWR
(200 Mz, UVBO#’[WDD”’) 2.20-3.18 (m 8H); 4.35-4.55 (m 1H);
6. 85-7. 35 (m6 765790(m4H) 8.35 (d, 1H):

N- [ 3- mer capt o- 2- Wwwﬂm in rat-kidhey ¢orteor membirinet pregaesdiabal ani n

5(88”20‘13d(%1)8H 811# sl el b . S 1. i Blophe) Kb, 45

(m 1H, CH-COO) BIED; M5920.(m OH, aryl); 8.42 (d, 1H NH);

N-[ 3- t - f th |]-4-(2-th | yl')-L-phenyl al
Cokpogﬁacgg)o (W%”M%OMEB/ ] ( Iaz%zrp p eny a am ne(

1.79-3.18 (m 8H, andkigtlaedet] - CH[err] CHerr]; NH-CH- CH[err])
4.43-4.58 (m 4H _CHNH 5.79- 47(m 3H, furyl) 7.30-7.85 (m 4H,
phenyl ene) ; Kigineyortexgwas cagefutty di Mwwandwmwnﬁw 25

phenyl al ani e . (Wémounf@@?ﬁmﬁ"? s LRt m‘i&a&%@%“"&? 'ri)L'
[err] (ppm: 2. 00N&N3)A:16 MsightBolomeH] err] - i soxazol yl); 2.28-3.19
E(BJI:II: Na; CH[5er7r5] 600_% rr CH e&dwd%&rﬁréygvenyl ene); 4.43- 4?\?34!! mﬂ%’?ﬂl ene):
Exzifmregg (m 2H, Aﬁﬂw\/\%/ Izlgszug oﬁm&o&&z&% faoredd Gver N'Dml of sucrose (41%
PCT/ EP96/ 05663 - wayn/volmne)andcemrlﬁlgedawlmo:pmfor30mmumat4"Cmaﬁxedanglerotor
15 The membranes were collected from the buffer/sucrose interface, washed twice with 50
' mMTRISIHCIbtffer(pH74)andresuspmdedunothesamebuﬂ'erforstomgemsmall -
aliquots at -80°C until use. ' '
The NEP-inhibitory activity was evaluated by using the method described by C. Liorens et -
al., in Eur. J. Pharmacol., 69, (1981), 113-116, as herinafter reported.
20 Aliquots of the membrane suspension prepared as above described (concentration 5 pg/ml
of proteins) were preincubated in the presence of an aminopeptidase inhibitor (Bestatin - 1
mM) for 10 minutes at 30°C.
(*H][Leu5}-enkephaline (15 nM) and buffer TRIS/HCI pH 7.4 (50 mM) were added in
order to obtain a final volume of 100 pi.
25 Incubation (20 minutes at 30°C) was stopped by adding HC] 0.1M (100 pi).
The formation of the metabolite [H]Tyr-Gly-Gly was quantified by chromatography on
polystyrene columns (Porapak Q). |
The percentage of inhibition of the metabolite formation in the membrane preparations
treated with the compounds of formula I and with the comparative compounds with re-
30 spect to the untreated membrane preparations was expressed as ICso (\M) vaiue.
b) ACE-inhibitory activity



-22- . In vitro evaluation of the pharmacol ogic activity a)

NEP-i nhi bitory activity The NEP-inhibitory activity was eval uated
in rat kidney cortex nmenbranes prepared ac- 5 cording to the
procedure described by T. Maeda et al. in Biochim Biophys. Acta 1983,
731(1), 115- 1289724342 Ki dneys were renoved from nal e Spcageesisesl ey
rats wei ghing approimately 300 g and kept at 4[err]C

Ki dney cortex was carefuly dissected, finely mnced and suspended in a
honogeni zati on 10 buffer (10 mnM sodi um phosphate pH 7.4 containing 1
mM MgC [err], 30 mM NaCl, 0.02% NaN err]) 1:15 wei ght/vol une.

The tissue was then cold honogeni zed for Qﬁ'seconds using an U tra-Turrax
honogeni zer. i%ﬂiﬂft&i‘ Whdred over
10 m of sucrose .{hel%}:s hﬁe‘\‘/@bght VO urre) %g‘ggﬁ‘ﬁfugedhﬁ‘%@g‘m rpm
for 30 mnutes attudbyB. }Elmmsmﬂl,mﬂmbngl&odmm&540-548(lmhe menbr anes

were collected fr 0s.e e ce evmth 50
™ TRI S/ HO buf f e?dnt‘%‘ﬁg ‘?E% é@d@’!"@%‘t@ﬁ%%@% 'o@%@?ﬁ!b%s

storage in syall pated with 50 m%#ﬂﬂuaﬁgﬁmioﬂ&gmrlr&&uﬂwmom“mw The
NEP-inhibitory activity was eval uat ed b.y usi ng the nethod described by C

Li orens et vehiclejp thermjoptated quvettes at A%y mmcol ., 69, (1981), 113-116, as
her ei nafter repor %.tﬁhh 0 ﬁ'"@ ﬁ“r%F H;gmg B MFB 9.8P ared
as above descri begﬁéjconcentra I on C{§ {’er ] ol 85 tée)l ns) were
prei ncubat ed i n t (FAPGGSIGMA). of an am nopetidase inhibitor (Bestatin -1

(15 0y and but Zﬁo%hé%éﬁl%ﬁ oo By DUSP bt hoiaed Wik e 1

obtain a figal VOl éﬁ&dwﬁwmaéma r?uhmhh@oﬂtﬁﬁa%ﬂ&m@t

30[err] C) was stopped by adding HC 1M (100 [err]lé

formation of the RHVvesHhts W@@MP‘}Q—W UhFinEs. ed by .

chr omat ogr aphy. on LM%% The
per cent age of |nhTB"f| on %Pf@ﬁ %/&lgﬂﬁqqgh’?g&?ra@on I'n thems randesof
preparations fomulalotwnﬂaﬂxedmnatahvdampmdmwﬂnd@moﬂmmudbmmhm th

t he conparative co ounds vmg P’ﬁ spect to the untreated nenbrane
preparations was ggg tessadas] so@ ]'e‘(nl\/p val ue. - b) ACE-inhi bitory
activity 15 mmsazmm& related to the ACE-inhibitory activity and NEP-inhibitory activity .

PCT/ EP96/ 05663 _ i
. . of the compounds 16, 18-25, 27-33 and of the comparison compounds Thiorphan and

Captopril are reported in the following table 1.



?23' .

nmet hod reported in the litera-
Bi ochem stry 95, 540-548 (1979).
mJm purified by lung rabbit,

Wares

Anal yti cal

bated with
conpound or

The ACE-inhibitory activity was eval uated according to the

ture

EC 3.4.15.1 Sl

of the compound of formula I
vehicle in thernostated cuvet

by B. Hol mgui st et al.,

in

50 [err] M of ACE (250

GVA) were preincu- 5
or of t hFd"EW
€s dt

e
e

rr] C

The reaction was started by addi ng furyl acryl oyl phenyl al anyl gl ycyl gl yci ne

0.8 nM

( FAPGG SI GWA) .
Beckman DU- 50 spectrophotoneter provided with a pro-

Cont e

npor aneousl vy,

10 gramfo

cal cul ating delta A/m nutes and regressLQE.coefficients of the enzyne

ki netics
for 5 m nutes

preparati ons tACEhiGbiton kit NEBnRibilge daility, Ghpressed as IC

conparative c
was expressed
related to t

Tablel

onpou
11 R

curves,

by using a

r

t-he absorbance™at 340 nm was recorded in continuo

The percentage of the enzyne inhibition in the

VM) Ralus, ¢f compotindsh

pr epar ations

aO

of the confoy i o - 2
and ‘ i{l are reporgfd in the f
97/ 24342 .
PCT/ EP96/ 056 18 1.8 18 -24-
1 ACE- i nhbtTory gnmoNEP-TTIMT B ToTy act v Ty, exXpressed as tCer
val ue, of conbounds 16, 18-251927-33 and bf Thi orphah8and_Capt opf i
Conmpound ACE+inqbbitcry activityl§CIerr] (nM NEP—inhiP;tory activ
ICerr] (nM 16 - — -
1.8 10 18 2 171.8 2.6 i
19 9 .3
1:5 22 218 10 D1 2.0
24 25 1.3
. 25 24 1
15_ 27 9.1 17.3
28 58 1.8
29 46 920
30 10.7 112
31 8.6 1.2
20
32 8.6 40
33 19 45
Thiorphan 99 18
Captopril 46 not active
25

30

t he



22 g 1.8 . 2.0 23
1.6 0.6 24 2.5
1.3 . 25 2.4 1 15
27 9.1 17. 3 28
>. 8 WO 97124342 1.8 29 PCT/EP96/056630
9.0 30 10.7 11.2
31 8.6 1.2 20 32
8.6 4.0 33 7.9
4.5 Thi or phan 99 18
Capt opri | 4.6 -25- not active 25

30

ST/ P 96/ 05663 VO /a2 3rted in table 1 show that the compounds of formula I, object of the present in- iy

The data repor t exvntion, araénidewed with ¢ vigtificant rhinel ACE/NED intiibitary adtisityru| a I Obj SCt
of the present igQ-, ... vent 9 endovved With a si xe
ACE/ NEP i nhi bi to%*mw W‘P"‘ ot thaf of Capio P@%?B%&i% of
Captopril, tos mmwmmdm“ﬁﬁbmmmaﬁmmummm

' Example9 '

The ex vivo NEP-inhibitory activity was evaluated according to the procedure reported in

10 the literature by M. Orlowsky et al., in Biochemistry 1981, 20, 4942-4950.

The inhibitory activity of the compounds of formula I was evaluated in kidneys of sponta-
neously hypertensive rats (SHR), 5 minutes after i.v. injection (0.6 and 21 umoles/kg) and
30 minutes, 60 minutes and 4 hours afler oral administration (30 pmoles/kg) of the tested
compounds. .

15 . After the removal ofﬂneludneysfmnSHk.ﬁemalussuewashomogemzedmdm
bated for 15 minutes at-37°C in the presence of Gima:yl-Ala-Ala-Phe-Z-mpInhylamde
(GAAP), as a substrate, and aminopeptidase M at pH 7.6.

The reaction was stopped by adding an aqueous solution at 10% of trichloroacetic acid.
The released 2-naphthylamine was determined by adding fast gamet dye (2 ml).

20 Enzyme reaction rates were determined by measuring the increase in the optical density at
524 nm (ODs534) with respect to a standard obtained with 2-naphthylamine complexed
with fast gamet.

The NEP-inhibitory activity of the tested compounds was expressed as percentage of
NEP-inhibition in SHR kidneys.

25 b) ACE-inhibitory activity
The ex vivo ACE-inhibitory activity was evaluated by using a radiometric assay method,
as reported in the literature by J. W. Ryan et al. in Biochem. J. (1977), 167, 501-504.

The inhibitory activity of the compounds of formula I was evaluated in lungs of spontane-
ously hypestensive rats (SHR), 5 minutes after i.v. injection (0.6 and 21 pmoles/kg) and

30 30 minutes, 60 minutes and 4 hours after oral administration (30 umoles/kg) of the tested
compounds.



5 ity, and greater than that of'Thiorphan, to what it concerns the NEP
I nhibitory activity.
Exanpl e 9 Ex vivo" evaluation of the pharnmacol ogic activity a)

NEP-i nhi bitory activity The ex vivo NEP-inhibitory activity was

eval uated acg rd| to the procedure reported in 10 t ure by
M Ol owsky f“%zl n Bi ochem stry 1981, 20, 4942-4950. p&'ﬂ’t"%‘%ﬁr
inhibitory activity of the conpounds of formula | was eval uated in kidneys
of spont a- . neously hypertensive rats (SHR), 5 mnutes after i.v.
injection (0.6 and 21 [err]nol es/kg) and 30 m nutes, 60 m nutes
and 4 hours after oral adm nistration (30 err] nol es/ kg) of the tested

conmpounds. ter t nov e ki dne s f.rom SHR e repal

ti ssue was homgeﬁf‘?@”gﬂwﬁ&ﬁ g"""%;m' ég‘l err]C

in the presence Ofr Shblirddts7Cth myemd@om (GAAP),

as a substrate, and am nopepti dase M at The reaction was

st opped by addi ngThereastiorswasstopesd by ngmaﬂﬂd richl oroacetic acid.

The rel eased 2-na Qi\é! gEq Bt QX 999! @9 (2 ’
m). 20 5 Enzy?rﬁegreac I'on ra?dewc%g%rm ned Dy r@asurl%gwgy :

increase in the opquidstintillaioe spestrofietry, according to contertionalmeiiol. err]) wi th respect
to a standard obtained with 2- napht‘?ﬂy%am ne conpl exed W th fast

gar net . The, ACKrnhibitary; activity, pamngynds s eguesied as pessetase of vas
.expressed as perc iffdn in SHR lungs.  NEP- i nh| bition in SHR kidneys. 25 b)
ACE-inhibitory activity The ex vivo ACE-inhibitory activity was
eval uat ed by usi ndsan mmpwm@mmc activity obtained irsthe gspvive tests i n

the literature by n hem 7. 501-504.
The inhibitd@y ac IVll?tyv%t% °°f‘%5’?"n"u| (’F‘?JJ“'"E‘"& %"P‘?&"‘Eﬁ
| ungs of spontaner-1,R-2, R-BandMﬁb Q{ tailé % (SHR), 5 minutes after

i.v. injection (0.6 and 21 [err] ol es/ kg) and 30 30 minutes, 60
m nutes and 4 after oral admnistration (30 [err]nole/kg) of the
tested .

. PerceftagH 8 {5vo ACE-inhibition 3MPNEP irdfbR(bA of compound 16 and of compomds
R-1, R-2, R-3 and R-4.

PCT/ EP96/ 05663

° ~ Compound Treatment - ACE-inhibition (lungs) | NEP-inhibition (kidneys)
: 3 minutes 60 minutes |5 minutes 60 minutes
16 i.v. (0.6 pmoleskg) | 15% 34%
16 iv. (21 pmoles@ 72% 49%
20 16 oral (30 pmoles/kg) 36% 39%
30 minutes 4 hours | 30 minutes 4 hours
16 oral (30 pmoles@ 60% 45% 55% 40%
R-1 oral (30 pmoles’kg) | 25% 20% 5% not active
R-2 oral (30 pmoles/kg) | 30% 25% 30% not active
9 R-3 oral (30 _pmolesrkg) | 25% 20% | 10% 5%
R4 oral (30 umoles/kg)| 25% 10% not active not active
The data reported in table 2 confirm that the compounds of formula L, object of the present in-
vention, are endowed with a significant ACE/NEP-inhibitory activity after intravenous ad-
 ministration as well as after oral administration.
30 The ex-vivo ACE/NEP-inhibitory activity of the compounds of formula I, moreover, resuits to

be significantly higher than that of the comparison compounds.



-26- After the renoval of the lungs from SHR, the lung tissue was

honogeni zed and i ncubat ed for 2 hours at 37[err]C in the presence
of [[err]HHyp-Jy-Ady, as a substrate. The reaction was stopped
by addi ng hydrochl oric aci d. The rel eased radi ol abel |l ed hyppuric
aci d was extryplsggyys th ethyl acetate and counted by PCT/EPYEI05664

scintilation spectronetry, according to conventional nethods. The
ACE-inhibitory activity of the tested conpounds was expressed as percentage
of . - ACE-inhibition in SHR | ungs. As an exanple, the

per cent ages of basal enzymatic activity obtained in the ex vivo tests 10
after intravenous or oral administration & -conpound 16 and of conpari son

conmpounds R1, R2, R3 and R 4@& reported in the foll ow ng
table 2. Table 2 Per cent ages of ex vivo ACE-inhibition and

NEP- i'nhi bi ti on bfA eowpandefiforiland of conpounds R-1, R2, R 3 and R 4.
15 Conpound Ry eat nent ACE-i nhibition (lungs)

NEP- i nhi bi ti®n (ki dneys) |5 minut®s 60 ninutes 5 minutes 60

m nut es 16  R-CHy-CH-GONH-CHCOQR7 | mDes/ kg 15%

34% 16 i.v. 21 [errl nol es/ kg) 72%

49% 20 16 oral (30 [ Rl es/ kg) 36%

39% wherein 30 mnutes 4 hours 30
m nut es 4 hours 16 oral (30 [err]noles/kg 60%
45% - 5305 R isamercapto grappior a R4COS group convertible in the ongsirtidm th tierchpes grbupd| €S/ kQg)
25% 20% p. Y 0of, gctive R-2 . or al
(30 [err]nol es/ﬁb)‘“m’%’%rbmw%@/é w’%ﬁ%‘“’“”““%%@%@é?
R3. oral ( 8Gafbed athmincthé Xy motkhywherein the ary? 2% phenyl or 4 3%r 6 membered

5% R-4 . or al w&?o [ err] ol es/ kg) 25% 10% not
active - not act Alpmatic e one or two heteroatoms selected from the group consising of

nitrogen, oxygen and sulphur, optionally substituted with one or more substituents, the
15 same or different, selected from thegmup consisting of halogen atoms, hydroxy groups,
atkoxy, alkyl, alkylthio, ilkylsulphonyl or alkoxycarbonyl groups having from 1 to 6 car-
bon atoms in the alkyl moiety, C-C3 alkyl groups containing one or more fluorine atoms,
. carboxy groups, nitro groups, amino or aminocarbonyl groups, acylamino groups, amino-
- sulphonyl groups, mono- or di-alkylamino or mono- or di-alkylamhoarbonﬁ groups
20 . having from 1to 6 carbon atoms in the alkyl moiety;

R». is a hydrogen atom, a s_tra_ijht or branched C-C4 alky! or a benzyl group;

R3 is a phenyl group substituted bya 5 or 6 membered aromatic heterocycle with one or two
heteroatoms selected from the group consisting of nitrogen, oxygen and sulphur, being the
phenyl and the heterocyclic groups optionally substituted with one or more substituents,

25 the same or different, asihdimedforkl;

R4 is a straight or branched C1-Cy alkyl group or a phenyl group;

the carbon atoms marked with an asterisk are stereogenic centers;

and pharmaceutically acceptable salts thereof.

2) A compound of formula I according to claim 1 wherein Rj is a phenyl group substituted in

30 | position 4 with a heterocyclic group.

3) A compound of formula I according to claim 2 wherein R represents an arylalkyl group

optionally substituted with one or more substituents, the same or different, selected from the

groups consisting of halogen atoms, hydroxy, alkyl or alkoxy groups.
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The data reported in table 2 confirmthat the conpounds of fornula I,
obj ect of the present in- vention, are endowed with a significant
ACE/ NEP-inhibitory activity after intravenous ad- mnistration as
wel - as after oral administration. 30 The ex-vivo ACE/ NEP-inhitory
activity of the conpounds of fornula |, noreover, results e

si gi fi cant| WHYM than that of the conparison conpounds. bermposrseel

97/ 24342

PCT/ EP96/ 05663 ' -27-
Cl ai s 1) A corrpound of forrrul a

[err] wherei n IS a nergapto group or a R[er]rCOS group
convertible in the org mto nercapto grqup; is a straight
or branched C &4 @% ?%Pﬂﬂ Wﬁwmﬁﬁwlﬁr'mﬂw QMMaw ng
from1l to optional &Wmmwemmé.& T b s
a phenyl or a nmenber ed aroma eterocyc e vmt or .
two het er oat OMMMQMMMWWonm SI ng of ni t rogen

Theo1s 1 8 ook ey pE Rl St et LA des Rt A e S

hal ogen at ons, lepdtroatie grodp dofisisting of sodium, lithidrkehdpotagtiusyy | ,  al kylthl o,
al kyl sul phonyl or al koxycarbony| groups havi ng from1l to car -

bon” atons in t%W%FW@%WP{ m%lam@%ﬂmmsone or
more fluorine @b al&ion oulnFf Bdtiiia 97 OUPS, nitro groups, am no or
' groups, a | w"r?

am nocar bonyl cyl am no groups m no- sul phonyl groups,
nmono- or djgal kyl am no or nono- or di- | am nocar bonyl groups 20

having from1 to 6 carbon atons mﬁgg, gpi ety, Rlerr] is a
hydrogen atom a straight or branche &[‘errPOC[ err] myl or a benzyl
gr oup; wherein :
R and Ry have the above reported meanings;
15 anda phenylalanine derivative of formula
. HzN-éH-COORz ' [
¢|3H2-R3
.20 . wherein .
R9 and R3 have the above reported meanings.
7) A pharmaceutical composition containing a therapeutically effective amount of a compound -
of formula 1 according to claim 1 in admixture with a carrier for pharmaceutical use,
8) A pharmaceutical composition according to claim 6 for the treatment of cardiovascular dis-
25  eases. '
9) A method for the treatment of cardiovascular diseases comprising the administration of a
therapeutically effective amount of a compound according to claim 1.
10) A compound selected from the group consisting of:
N-(3-phenylcarbonyithio-2-phenyimethylpropionyl)-4-(2-thiazolyl)-L-phenylalanine  methyl

30  ester;
N-(3-phenylcarbonylithio-2-phenylmethylpropionyl )-4-(2-pyridyl)-L-phenylalanine methyl
ester;
N-(S—phenylurbonyltlﬁo-Z-phmylnmhylpropionyl)-4—(3-pyridyl)-1pphenylal_anine benzyl
ester;

—_—
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Rlerg] is a phenyl group substituted by a 5 or 6 nenbered aromatic

het erocycle with one or two het eroat ons sel ected fromthe group
consi sting of nitrogen, oxygen and sul phur, being the phenyl and
t he heterocyclic groups optionally substituted with one or nore
substituents the sane or different, as indicated fetrEpsiosés
Rlerr] is a straﬂmﬁ? or branched C[err]- C[err] al kyl group or a phenyl
group; t he carbon atons marked with an asterisk are stereogenic
centers; and pharmaceutically acceptable salts thereof. 2) A
conpound of formula | according to cIa|n11 mhereln Rlerr] is a phenyl gr oup
substituted in 30 position 4 with a hetef ycllc group. 3)

v al kyl "gr oup O BesREBRRBP ohiedopadfl kL Sl me‘?ﬁ@“s‘ﬁ?ﬂms,

t he sanme or di f INe(3ephényicarbbnyithie-2-phengimethiipropionyl)-4-Gpyupisiing phpheviatagneo f ethyll ogen
at ons, hydroxy, al kyl or al koxy groups. WO 97/ 24342

PCT/ EP96/ 05663 S5%h - 28- 4)
A cofrpound of f N-GiphanylcarBEryiika-pBentihetyipiopiom M@ gialingR-E-phehyliliiiec SRR 2

phenyl al kyl group optionally substuted with one or nore substituents,
the same or dif®&%"ent, sel ect ed anong hal ogen atons, hydroxy, alkyl or

akoxy groups. &'?EW’J &P&M’W ! @gl !miﬂ afahit 1 'ﬂaﬁﬁe
formof a salt vm'?a}mﬁl se- Rﬁmﬁyl e group

consi sting of seseuim |ithium and potassi um 6) A process for the
preparation of onpound of..f qr mul accordi .0 ¢claiml conprisi

the reaction begl\ﬂéé“ﬁggycﬂ%ﬁﬂ'kﬂﬁg'p MWM'J“” Upninyfalande methyl
[err] 10 10 esBerein R and R err] have the above reported neani ngs;

15 and a phen*ll al ani ne derjvative of formula er F
-(3-phenylcarbonylthio-2-phenylmethylpropionyl L-phenylalanine methyl ester;

N-[3-phmylearbonylﬂliof2-(3-p¥ridylmeﬂwl)pmmonyll-4-(2-ﬂuazolyl)-1rpherwlalanme
methyl ester; ' |
'N-(3-mercapto-2-phenylmethylpropionyl)-4-(2-thiazolyl)-L-phenylalanine;

15 N«3-mercapto-2-phenyimethylpropionyl)-4-(2-pyridyl)-L-phenylalanine;
N-(3-mercapto-2-phenylmethylpropionyl)-4-(3-pyridyl)-L-phenylalanine;
N-(3-mercapto-2-phenylmethylpropionyl)-4-(2-furyl)-L-phenylalanine;
N-(3-mercapto-2-phenyimethytpropionyl)-4-(S-pyrimidinyl)-L-phenylalanine;

. N-(3-mercapto-2-phenyimethylpropionyl)-4-(2-pyrazinyl)-L-phenylalanine;

20 N-(3-mercapto-2-phenylmethyipropionyi)-4-(2-thienyl)-L-phenylalanine;
N-(3-mercapto-2-phenyimethylpropionyl)-4-(3-thienyl)-L-phenylalanine;
N-(3-mercapto-2-phenyimethylpropionyl)-4-(3-furyl)-L-phenylalanine;
N-{3-mercapto-2-(3-pyridylmethyl)propionyi}-4-(2-thiazolyl)-L-phenylalanine;
N-3-acetyithio-2-(3-methoxyphenyl)methyl-propiony!]}-4-(2-thiazolyl)-L-phenylalanine

25  methyl ester;
N-{3-acetylthio-2-(2-fluorophenyl)methyl-propionyi}-4-(2-thiazolyl)-L-phenylalanine methyl
ester; : o ‘ '
N-{3-phenyicarbonyithio-2~(2-thienyi)methyi-propionyl]-4-(2-thiazolyl)-L-phenylalanine
methyl ester;

30 N-[2-(2-furyi)methyl-3-phenylcarbonylthio-propionyl]-4-(2-thiazolyl)-L-phenylalanine methyl
ester;

AR



20 wherein Rlerr] and R err] have the above reported neanings.

7) A pharmaceutical conposition containing a therapeutically effective
anount of a conpound of formula 1 according to claiml in adm xture
with“a carrier for pharnmaceutical use. 8) A pharmaceutical conposition
accordi ng tovﬁ&@#ﬁ&& for the treatnent of cardiovascul ar dlﬁspéévﬂa% ses.
9) A nethod for e treatnent of cardiovascul ar di seases co he
adm nistration of a therapeutically effective anount of a conpound
according to claim1. 10) A compound sel ected fromthe group

consi sting of:

N- ( 3- phenyl car bonyl t hi o- 2- phenyl et hyl pr eppony) - 4- ( 2- thlazolyl) L- phenyal an
i ne met hyl

N- ( 3- phenylcarSﬁﬁﬁﬁﬁﬁﬁﬁi%“ﬁﬁ@ﬂ?’ﬁﬂ?h@PB?S%“EW?@VHHQ%%Wﬁﬁﬁ?ﬁyﬂﬂﬂkLphenyIalan
i ne et hyl  phenylalafifb fkthyi ester

N-(3- phenylcarbonylthlo 2- phenylproplonyl) 4- (3-pyridy)-L-phenyl al ani ne
benzyl sl‘i-a-mereapto-Z-(&thlm%m-pmpﬂmyl]-4-(2-ﬂnazolyl)-1v-phmyhlamne

PCT/ EP96/ 05663 29-

N- (3- phenyl?grbdﬁ&??ﬁ?%ﬁﬁa6ﬁgﬁpWﬁ@#ﬁ?Fﬁ?ﬁbfgﬁy?”ﬁﬁkk?mﬂﬂﬂF?“L phenyalalanln
e methyl est er N-[3-mercapto-2~(3-methyl-5-isoxazolylimethyl-p 1myl]-4-(2-ﬂnamlyl)-L-phmylalamne;

N- ( 3- phenyl car honyl t hi 0- 2 phenylnethy proplonyl yrimdinyl)-L- phenyl
al anine et hyl NI 2ﬂ“°f°Ph"Y‘)mﬂ">" ~mercapto-propionyl ?fp henylalanine;
N-(3-pheny! car mwwmmwﬂmzmﬁmmm@ nyl - L-phenyl al a
ni ne met hy eSter

‘N- (3- pheny| car trodthe sthiecisomers|28) i (2B) thgtenf! 0pi onyl ) - 4- (2-t hi enyl ) - L- phenyl al an
i ne nmet hyl ester;

N- ( 3- phenyl car bonyl t hi o- 2- phenylnethylpropionyI)-4-(3-thienyI)-L-phenyIaIan
1ne nmet hyl 10 ester; -

N- ( 3- phenyl car bonyl t hi o- 2- phenylproplonyl) 4- (3-furyl)-L-phenyl al ani ne

nmet hyl ester;

N[ 3- phenylcarbonylthio 2- (3-pyridyl met hyl ) propi onyl ]-4-(2-thiazolyl)-L-phe
nyl al ani ne met hyl ester;

N- ( 3- ner capt o- 2- phenylnethylproplonl) 4-(2-thiazolyl)-L-phenyl al ani ne; 15
N- ( 3- ner capt o- 2- phenyl propi onyl ) - 4- (2- pyri dyl ) - L- phenyl al ani ne;
N—(3-nercapto-2-pheny|nethylpropionyl)-4-(3-pyridyI)-L-phennyIaIanine;

R



ryl)-L-phenyl al ani ne9 303314~5

di nyl) - L-ph | al ;
pyri m di nyl)-L-pheny azg@?ﬁ@ OOPV]

N- ( 3- mer capt o- 2- phenyl nmet hyl pr opi onyl ) - 2-f
N- ( 3- mer capt o- 2- phenyl net hyl pr opi onyl ) - 4-(

N- ( 3-_ner capt o- 2- phenyl propi onyl ) - 4- ( 2- pyrazunyl ) - L=phenyl al ani ne;

~ N-(3-'ner capt o- 2- phenyl et hyl propi onyl ) -4-(2-thi enyl ) - L- pheny| gl
N- (3- mer capt o- 2- phenyl net hyl propi onyl ) - 4- (3-thi enyl) - L-pheny| &
N- ( 3- mer capt o- 2- PHE &w&mphenylal &

P! et hyl pmm]:m
N- [ 3- mercagto ZA%%Np rAp% {Crkeﬁg rogﬂﬁﬁm%ihl azol¥

u
5-
z

Rlerl%l al ani ne

N—[3- ac
yl al ani
N[ 3- ace
al ani ne

51y InteFiintimal Ptett Cldlidastioy Pheny| ) met hy

e ¢g7p 2770 Xb11€ 3i/8%5, Co7D Al
ylzwwigp 301542296 E0RAaYNI, e hy!

est er;

[P emiten) bubictioh Rarkvar: 2z 0l WO D’llpm 2,
43Y Iotmsionpl Rublicgton Pate: a7 0| 1P July 1955 HRMYD

N[ 3- phie Icarbonxlthlo 2- (2 thlggly g t

) B Sk 2 V6 2 NP2 ol 0t B, BY

enyl al aff BE. ES. Fl. GB, GE. HUL IL.
N-[2-(2F (Wh&k&mw&gﬁupheme(hnhm roptsony 22'1(5" lfmmo\.y&m- mhen
yl al ani pe net hyl ester; 97/ QﬂP MN, MW, MX, NO, NZ, PL, PT, RO, RU,
P EPS S S i
N-[2- (3} mgfamw&)mmmiﬁs)m(am_ | car bﬂfh AZ, ®Y[XGORZ, MDYRU, THIPM), Europedn
azol yl )} L- phenyl al ani ne net hyl~ ester patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT,
N 13- 12] G Rl P gl SO Bt W o PP EREYGA, o i sk N RO o P fény
| al ani np GROUP SP.A. [TT/IT); Via della Chimies, 9, I:

N- [ 3- e} capt Geetza (ID- |@y|)met hyl - prop/m l>|1-4-(2-th| azol yl) - L- p:ppnyl al anin
e, m)ln With international search re

N- [ 3- mef @s) pivéa ﬁ@ewm Eutw aNu Y| - PERPMmOEYtakion of Mmkhmamlawnawtw
phenyal claims and 1o be republished in the evem: of the receipt of

N[2-(2
ani ne;

N-[ 2- (2}

and the

| ani WETE Via Balla.l4,l-20151
-f'@f@mﬂ‘ﬁ Wbl kT

24

(74) Agent: LONGONI, Alessandra; Zambon Gmnp S.p.A., Comp.
Patent & Trademark Dept., Via Lillo del Duca, 10, 1-20091
Bresso (Milan) (IT).

24- (2-thjazplyl ) - L- phenyl al ani ne;

| Gp‘ol’l-
6 lnvs.

active ingredients are described. The compounds of formula (I) are
endowed with a mixed ACE-inhibitory and NEP-inhibitory activity
and are useful in the treatment of cardiovascular diseases.

(54) Title: THIOL DERIVATIVES WITH METALLOPEPTIDASE INHIBITORY ACTIVITY V

{57) Abstract
- ﬂiompwnds of fonnuli: (D), whersin R, Ry, Rz, and R3 ll{l . o

meanings reported in the description, processes for thei . S
preparation and p%lsarmmuucal compositions which com:n:rlem ::: R-CHz-EH—CONH-CH-COORz . ()]

|
CH-R3




