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. 1. Field of the Invention:

[err] o . 4 MAR 2004
WO 02/083671 PCT/EP02/03668
Description

‘ Mercaptoacetylamide derivatives, a process for their preparation and their use

This applicaﬁon claims the benefit of US Pro_visional.AppIication No. 60/283,305, filed
April 12, 2001. ' - -

:  BACKGROUND OF THE INVENTION |

The present mventlon is dlrected to novel compounds possessing both anglotensm _
converting enzyme inhibitory activity and neutral endopeptidase inhibitory activity and
methods of preparing such compounds. The present invention is also directed to
pharmaceutical compositions containing‘ such dual inhibiting compounds or
pharmaceutically écceptable salts thereof and their use in the manufagcture of

- medicaments.

2. Description 6f the Art:

Angiotensimcbnverting Enzyme (ACE) is a peptidyl dipeptidase which catalyzes the
conversion of angiotensin I to angiotensin il. Angiotensin Ilis a Vasoconstrictor which
also stimulates aldosterone secretion by the adrenal cortex. ACE inhibition prevents
both the conversion of angtotensm I to angiotensin Il and the metabolism of bradykinin,
resultmg in decreased c:rculahng angiotensin 1, aldosterone and increased circulating |

. bradyklnl_n concentrations. In addlt!on to these neurohormonal changes, decreases in

peripheral resistance and blood pressure are observed, particularly in individuals with
high circulating renin. Other pharmacological effects associated with ACE inhibition

- include regression of left ventricular hypertrophy, improvemeht in the clinical signs of

heart failure, and reduction in mortality in patients with congestive heart failure (CHF)
or left ventricular dysfunction after myocardial infarction.

Neutral endopeptidase (NEP) is an enzyme respansible for the metabolism of atrial
natriuretic peptide (ANP). Inhibition of NEP results in increased ANP concentrations,
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Abstract: This invention discloses and clains a series of

nmer capt oacetyl am de derivatives of fornmula (I). Al so discl osed ﬁq C?b(ﬂ,l med
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endopepti dase, and for the treatnent ofzhypertensi on and congestive heart
failure. are also disclosed and clainmed. =4 MAR 2004 WD 02/083671
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al so directed to pharnmaceuti cal 0S| ning such d

i nhi bi t5 nglisensssiaies. lociudmgmmgaamahearbfbilweao@mbfmme, mbnhaitﬂypedehsmnd
their use dd?]é%ﬁﬁosu nufacture of nedicaments. 2. Description of the Art:
Angi ot ensi n-Converting Enzyne (ACE) is a peptidyl dipeptidase which
catal yzes the- conversion of angiotensin | to angiotensin |Il. Angiotensin
1.1 is a veossanstion oftAMP by attiai26yaytes musaruwasmlaabdp&uwfsw;oameﬁbmﬁdby

the adr enatl'le ?n%ﬁlﬁ&i ofA‘ %%m rerfeé)setén%algos(?erone secretion. In contrast, angiotensin [

resuits in vasoconstriction, sodium and water reabsorption, and aldosterone : G

10 - production. These two hormonal systems interact in a reciprocal or counterbalancing
manner to maintain normal physiologic vascular and hemodynamic responses.

U.S. patent 5' 430,145 discloses tricyclic mercaptoacetylamide derivatives useful as
ACE and NEP inhibitors. The present invention relates fo specific compounds covered
by the generic dlsclosure of U S. patent 5,430,145 which have surprisingly improved

15  ADME ( Absorptlon Distribution, Metabolism, Excretlon) properties over the
;compounds exemplifi ed thereln

" SUMMARY OF THE INVENTION

Accordingly, the present invention provides a compound of the formula I s

20

wherein

Ry is hydrogen, -CH;OC(O)C(CHa)s, or an acyl group;



both the conversion of angiotensin | to angiotensin Il and the netabolism
of bradykinin, resulting in decreased -circulating angiotensinl§aR 2004

al dost erone and increased circulating bradykinin concentrations. In

addi ti on t owdhesessneur ohor nonal changes, decreases in perp@pebdlosecs

resi stance and bl ood pressure are observed, particularly in individuals "
with 25 high circulating renin. O her phg,; macol ogi cal effects associ ated
with ACE inhibition include regression | eft ventricul ar hypertrophy,

i nprovenent in the clinical signs of heart failure, and reduction in
nortality :I__‘p Etients w th congestive heart failure (CHF) or left
ventricul a 2d§ V@fﬁ@?’i‘;dﬁ:['bpr@@)%;ﬂgﬂahﬁa S1-Calisylcaiyb rarylN€uiCadikgidopept i dase
(NEP) is aqwtﬁﬁsponsi bl.e for the nmetabolismof atrial 30 natriuretic
peptide (ANP). Tnhibition of NEP results in increased ANP concentrations, 4
MAR 2004 ?%} 2_21083671 ‘PCT/ EP02/ 03668 -2 which in turn |leads to natriuresis,
di uresi s akdSaderelaydersin niisapaviaget® ar 1v@-um®-, venous return and bl ood
préssure. ANP is released by atrial myocytes in response to atrial stretch
or increased intravascul ar volune. El evated plasma concentrations of ANP
have ‘been denonstrated as a potenti al corrp_efat ory mechani smin various-

di sease states, including congestive heart #ailure, renal failure,

essential hypertension' ‘and cirrhoRs. Th&-sdedetion of ANP by atri al
nyocytes causes vasodil ation, diur es]i s, natjiriuresis, and the inhibition of
reni-n rel ease and al dosterone secrefjyon, Ifg.contrast, angiotensin ||
results in vasoconstriction, sadium and water reabsorption, and al dosterone
toproduction. These two hornonal " systems interact in a reciprocal or
cousit er bat anci ng nmanner to mai ntain normal physiol ggi ¢ vascul ar .and

henodynani. ¢Ha t ent_ nRy 430, discl oses, Lri.cycli '
mer capt oacet yféia%?g(z@ggdrryg%ﬁ%,iéjg%@qsaélg/&fa%gls&%m% %Eﬁ) AR R 6&53' G0
present i naklyt iaoyl, orardt(€s-Qaealkyplci fi ¢ conpounds covered by the generic -
di scl osure of U. S. patent 5,430,145 which have surprisingly inproved 15

ADNE ( ADSOBRIhgIh, A L) Plldlte}ﬁ%Hd.e%ti%%ée%%y%%.e&j- s, MRS R S8 QXgr the

conmpounds enpl I’f1 here ,
alkyl, aryl, or aryl-(C4-Cs-aliyl) or, where By and B; are attached to adjacent carbon

atoms, By and B; can be taken together With said adjacent carbon atoms to form a
10 benzene ring or methylenedioxy. |

) In one embodiment, the present invention provides a compounc_i of the formula |
(“ . wherein Ry is acetyl. In another embodiment, the present invention provides a
compound of the formula | whérein R is hydrogen. In a further embodiment, the -
15 present invention providés a compound of the formula [ wherein R, ié hydrdgen. Ina
, furtljer,embbdiment, the present invention pfovides a compound of the formula |
wherein B, and/or B, are hydrogen._ In yet a further embodiment, the present invention
- provides a compound of the formula | wherein X is —CHo,. |

In one embodiment, the preéent invention provides a compound of formula 1 A:



SUMMARY CF THE | NVENTI ON Accordi ngly, the present, invention provides a
conmpound of the formula 1: | SRl 20 wherein Rl is hydrogen,, 4 MAR 200
-CH2OC(O C(CH3) 3i or an acyl group; 4 MAR 2004 WO 02/083671 3 4
PCT/ EPO2/ 0%8B@/83671's hydr ogen; - CH20- C(O) C(CH3) 3; a Cl- CAralripbaiosassy|

aryl - (Cl-C4-al kyl); or diphenyinmethyl; Xis --(CH2)" wherein nis an
integer 0 or 1, -S-, -0-, 0 R3 1 R4 | zN or -Nwherein R3 is hydrogen, a
Cl-C4-alkyl, aryl or aryl-(Cl-C4-alkyl) and R4 is -CF3, Cl-Cl0- al kyl,

aryl, or aryl-(Cl-C4-alkyl); Bl and B2 are each independently hydrogen,-
hydroxy, or -OR5, wherein R5 is Cl-C4- alkyl, aryl, or aryl-(Cl-C4-al kyl)
or, where Bl and B2 are attached to adjgceRy carbon atoms, Bi and B2 can
be taken together with said.adjacent ca Qgp‘aﬁons-to forma io benzene .
ring or nethylenedi oxy. In one enbodi meAts e_present invention provides a-
conmpound of the formula I whefei nORL .{s acefyl NI n anot her enbodi nent, the
present' invention provides a oung..of _the fprnuliA | wherein RL i
hydrogen. In.a further enbodi serit i nvention provides a
conpound of the fornula [.whereih RRHs hgdrogen. In a further embodi nent,
the present invention provides aSBanpound g hesformila | '

- wherein Ry is acetyl or hydrogen.

The structure of preferred embodiments according to the ﬁ—fesent invention are ‘
5 compounds of the formulae 1B and IC below: '

{
s

IC

| _ The compounds of the formula 1, including compounds of the formulae A, IB and IC,
10 are particularly useful as dual inhibitors of ACE and NEP.



wherein Bl and/or B2 are hydrogen.. In yet a further enbodi nment,

present invention provides a conpound of the fornula I wherein ' gﬂ—@
I'n one enmbodi ment, the present invention provides a conmpound of forrrul

A~ 4 VAR 2006 02003602/ 083671 PCT/ EP02/ 03668 4 SR1 wherei n Rictgpodgfky! or
hydrogen. The structure of preferred enbodi nents according to the present

i nvention are, .conpounds of the fornmulae |B and IC below. 1 C . The
conpounds of the formula 1, including co§pounds of the formulae IA 1B and
IC, to are particularly useful as dual inhibitors of ACE and NEP. 4 MAR
2004 WO 02[|_ 83671 5 PCT/ EP02/ 03668 The present invention accordingly
provides a 8‘?18’?‘5}?&6 Hovertion acaepdiagly ipsevidess phaimeseldicaksdrapasition cudiprisimg!/ or

NEP i nhi bi § AP ure.,or otherw se
i nassoci at?gﬁeﬁmﬁ?w%%gﬁg&rmr emg' |‘%ceu |ca%é°ng§:l 'ﬁfgbf?’é“mga‘l"?l ers or

exci pi ent sadmsixjrer ar anmscnmammnmme WENT¢ pharnaceatidahescieptatide
term' Cl- Céarﬂhl@’dre éﬂt? to a saturated straight or branched nonoval ent
hydrocar bon chain o one, two, three or four carbon atoms and incl udes
met hyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tertiary butyl, and

the 1ike groups. The t&EWM!LEDJJDESCRW’TIOMOQFHEGNHMIQII\N ed straight or -

branched nonoval ent hydrocarbon zo ' chain of one to ten carbon atoms and

,nc1 05 RS D i RGP SRR 1 il pos g

di net hyl - 3mpeovajént l‘@drmtamtbn 2hdinxf bne,dabythred onfiun vhrbdmh@bing ardiflclifgs | | ke

gr oups

e methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tertiary butyl, and the like groups. The

- term ‘C-Cqp-alky!’ refers to a saturated stralght or branched monovalent hydrocarbon
0 chain of one to ten carbon atoms and includes methyl, ethyl, propy!, isopropyl, n- butyl,
_isobutyl, tertiary butyl,_ pentyl, isopentyl, hexyl, 2,3-dimethyl-2-butyl, heptyl, 2,2-
dimethyi-3-pentyi, 2-methyl-2-hexyl, octyl, 4-rhethyl—3-hept3d and the like groups.

As used herein ‘aryl’ refers to a phenyl or naphthyl group unsubstituted or substituted
15 with from one to three substituents selected from the group consisting of - |
methylenedioxy, hydroxy, C+-C4-atkoxy, fiuoro and chioro. Inc!uded within the scope of
M the term "aryl-(C1-C4-alkyl) are phenylmethyl (benzyl), phenylethyl -methoxybenzyl
P p-ﬂuorobenzyl and p-chiorobenzyl.

20 As used herein, 'C4-Cg4-alkoxy' refers to a monovalent substxtutent which consists of a
straaght or branched alkyl chain having from 1 to 4 carbon atoms linked through an
ether oxygen atom and having its free valence bond from the ether oxygen and

includes methoxy, ethoxy, propoxy, isopropoxy, butoxy. sec-butoxy. tert- butoxy and
the like groups.

25

As used herein, ‘heterocycle’ means any closed-ring moiety in which one or more of
th_e atoms of the ring are an element other than carbon and includes, but is not-!imited
to, the following: piperidinyl, pyridinyl, isoxazolyl, tetrahydrofuranyl, pyﬁolidinyl,



As used herein “aryl' refers to a phenyl or naphthyl group unsubstituted or
substituted 15 with fromone to three substituents sel ected frog1$@@2aﬁoup'
consi sting of nethyl enedi oxy, hydroxy, Cl-C4-alkoxy, fluoro and chl oro.

I ncl uded wwmdnerosidie scope of the term'aryl - (Cl- C4-al kyl pcTaope2/03668
phenyl net hyl (benzyl), phenylethyl, p-nmethoxybenzyl, p-fluorobenzyl and

p-chl orobenzyl. 20 As used herein, 'Cl-CA4-al koxy' refers to a nonoval ent
substitutent which consists of a straight or branched al kyl chain having
from1l to 4 carbon atons |inked through an ether oxygen atom and having

its free vale ce iond fro the et her oxggen and incl udes net hox et hoxy,

pr opoxy, Yk PiPgraziByy L e@é@%@b&)ﬁ izzeiy, thiemdsdramd, indalyl, e groups.

25 As useg ,ﬁﬁﬁ&é% | iR t ich one
or nore of ehgﬁgbﬁl%lng&é ri nI are é)ﬁ'%}l‘élﬁﬁ\é%% ){Fﬁhﬂ éc‘l<'(;1)?<§mr\‘1lhand ,
i ncl udes, PyURI, PyABTidinylnpyrazinyk tiuazlmd oxazoly puginybigpinolioyirgnd ispguinglingll |,
| soxazol yI t et rahydrofuranyl, pyrrolidinyl, 4 MAR 2004 WO 02/083671
ECT/ EPO2/ 03668 6 nor phol i nyl , pi perazinyl, benzi i dazol yl, *
thiazolyl,.thienyl, furanyl, indolyl, 9,3- benzodioxolyl, tetahydropyranyl
-i mdazol yI tet rahydrot hi enyI yranyl di oxanyl , 1zpyrrol yl, pyrimdinyl,
pyrazi hyl sclllﬁeé’th{?ﬂ, h@!os@mqrrHalpmferwﬂoamemhﬂrpﬁ;he am‘lYICﬂ:(fh]lQnﬂ@J ¢higrine,s As
used-her ey p% okl WeTe)-Ya refers to a nmenber of the famly of
fluorine, ¢c [|nOI‘I ne, %rom ne or i odi ne. As used herein, '"acyl group’ refers
to aliphatic and aromatic acyl groups and t hose deri ved from het er ocycl i
conmpounds. For exanple, the acyl group may be a lower or to (G -C4)al kano@
group such as fonnyl or acetyl, an aroyl group such-as benzoyl or a -
het er ocyclai r N anti:
S euch £§S§L€ Ijéerr%{J b%ﬁ%j@ﬁ?%t&gﬁpﬁlc%d%r8%a Q%cpledrsbﬁgtaﬂgﬁh&e ‘
: ' derlved from heterocyclic compounds. For example, the acyl group may be a lower or

e,

‘10 (C4-Cyalkanoyl group such as formyl or acefyl, an aroyl group such-as behzoyl ora
heterocyclic acyl group comprising one or more of the heteroatoms O, N and S, such
as the group | ‘

-C(O)-CHIZ.-——N' o
n_/

15 As used herein, 'sterecisomer’ is a general term used for all isomers of individual

molecules that differ only in the orientation of their atoms in space. The term L
~ stereoisomer includes mirror image isomers (enantiomers), geometrlc (clsltrans orEfZ) © &
| _ isomers, and isomers of compounds with more than one chiral _center‘that are not
mirror images of one another (diastereoisorﬁers).
S 20 .
' Asused herein, ‘R’ and *S’ are used as common!y used in organic chemistry to denote
specific confi gurataon of a chiral center. The term 'R’ {rectus) refers to that confi guratlon
 of a chiral center.with a clockwise relationship of group priorities (highest to second
lowest) when viewed along the bond toward the lowest priority group. The term 'S’ _
25 (sinister) refers to that configuration of a chiral center with a counterclockwise
relationship of group priorities (highest to second lowest) when viewed along the bond
‘toward the lowest priority group. The priority of groups is based upon sequence rules’
wherein prioritization is first based on atomic number (in order of decreasing atomic



1s As used herein, 'stereoisoner' is a general termused for all isoners of
i ndi-vidual nolecules. that differ only in the orientation of the,j w&tﬂﬁ'ﬂ;
in space. The term stereoi somer includes mrror inmage isoners

(enanti onerwoogesnetric (cis/trans or E/Z) isomers, and p&PRBhRs&s
conpounds with nore than one chiral center,that are not mrror 1 nmges of
one anot her (diastereoisoners). 20 As used herein, 'R and 'S are used as
commonly used in organi-c chemstry to derfote specific configuration of a ~
chiral center. The term'R (rectus) refers to that-configuration of a.

chiral center-with a clockw se relationship of group priorities (highest to
second - | ofETPENWAdISNG 80d dissussign eheriasiies is conteinedrn Sterseshamistryrdft v

oup. Th : ' t] f a chiral
Jent e w ¢ oI Bonfiounbls VSt ). EIR], Mamudhy Wtkn BERLSHN ) VBRAS", efitGiRest
to second Wig¢dntersqiencey JehreWilsy énGonddndpNew Yorkp1@o4.he | owest priority

g’rgup. -The -priority of groups is based upon sequence rules wherein -
prioritization is first based on atom c¢ nunber (in order of decreasing

atom ¢ % Msraduiton 16 the (R)-(R) 98841, theCTHrPOL/Y3RHS ity 8186 be vhel hetdif g and

di scussi ond%{ §r§#>gri' fdes d s contal ned in _g:]ereochem stry of Organic
Conpounds, “Eftte dPsplutesonfigurating, espagialiypyitiresergnce ip amino aeideidn thissysiens,

W | ey- | nt ea $ScRBE projaiion VA iSorRaned | , A catoSf | n..ad¢i.tion
to-the (R).—(q?) s E{"ém t he 'ol‘-dér DL sf/d%?garﬁﬂr?%@ m@ghbceuse%f %r"g"f“ﬁ%gém -
den_o{)e absGiathe éﬁ’nf’r hg@refds 'Bhis usedde refiregentithe abediute cordigucationi ofdhe totser | n

t hi's:/syst ewkici i ] ' Lai Jent.ed t hat the, nunber |
capbon of I hano VRERRCHSNANEEL gL SN € oI HUR Y68 of e cifhorteipe Shiel
represéht €eHenarGdiLthatoditlhi¢ ponwr irowhich itisenitheeft. _in which the functional
(determ ng) group is on the right side-of the carbomm at the chiral zo-
center and 'L', that of the isoner in which it is on the left. As used
herein, '"treat or. 'treating’ means any treatnent, including but not limted

to, -allevhaupedheseipt'vest ortrealingitricags ting teatsahi, avcleding bat sotpiirERos t her
on a tenpoigating symptoms, efiminating the causation of the symptoms either on a temporary
| - or permanent basis, or to preventing or slowing the appearanée of symptoms and
15 progression of the named disease, disorder or condition.

~ As described herein, the ferm "patient' refers to a warm blooded animal such as a
mammal which is afilicted with a particular disease, disorder or condition. 1t is explicitly.
) understood that guinea pigs, dogs, cats, rats, mice, horses, cattle, sheep, and humans
~ 20 are examples of animals within the scope of the meaning of the_térm.

[ B
i

‘f:-": w8

. As used herein, the term 'pharmaceutically acceptable salt’ is intended to apply to any

salt, whether previously known or future discovered, that is used by one skilled in the .
art that is a non-toxic organic or inorganic addition salt which is suitable for use as a

25 pharmaceutical. lllustrative bases which form suitable salts include alkali metal or
alkaline-earth metal hydroxides such as sodium, potassium, calcium or magnesium
hydroxides; ammonia and aliphatic, cyclic or aromatic arﬁines such as methylamine,
dimethylamine, tﬁethylamin'e, diethy!amine, isopropyldiethylamine, pyridine and
picoline. Hlustrative acids which form suitable salts include 'inorganic acids such as, for

30 example, hydroch!oﬁc. hydrobromie, sulfuric, phosphoric and like acids, and organic

carboxylic acids such as, for example, acetic, propionic, glycolic, lactic, pyruvic,



or permanent basis, or to preventing or slow ng the appearance of synptons
and 15 progression of the named di sease, disorder or condition. 20,A8aR 2004
described herein, the term'patient refers. to a warm bl ooded ani mal such as
a mamual woehsissrafflicted with a particular disease, digaibasosats '
condition. It is explicitly. understood that guinea pigs, dogs, cats,

rats, mce, horses, cattle, sheep, and. hunmans are exanpl es of aninals

vvithi n the scope of the nmeaning of the t8rm As used herein, the term

' pharnaceutical |y acceptable salt' is intended to apply to any salt, .

whet her previously known or future discovered, that is used.by one skilled --
in. the' salonigaguccinic furparie,oralic, dardarid, citae, amortg@.rmslescddwﬂrmrr@éﬂl@ anghi ch

i s-suitab ich form
sui £ abl o SIRboEReIE o, BHRPREES ' BhochbhSb Pk VBRI i e
such as sadthramilipairresnionsalicglic; idsaminosaticylie s2-yphen byybemzbdibe Q—acmlmiybbazdo,d
allphatlc l.ic qr. aromati.c,am nes such as, m ne, :
11 ot hyl amsEel PofiiyS 2RtResnd iR gITGR AGH RIS o PANREZRE 206 ol | ne.
I I I'ust § at toigeRcduiBnidHcids. f or m sui tabl e salts include inorganic acids such
for 30 exanple, hydrochloric, hydrobronmic, sulfuric, phosphoric and
Iike acids, and organic ~carboxy|ic‘acids such as, for exanple, aceti c,
propionic, glycolic, | acti c, pyr uvi'c 4 MAR.2004 WD 02/083671
PCT/ EPO2/ Q3668 8 maJ oni succj ni c, fumarl c, malic, tartaric, citric,
ascor bi ¢, ddTeraiiy) ﬁVﬂﬁ‘F%th@ah%F"eHF?F%? Wrbpbamw%%l excipients

phenyl aCeTu'sSfulﬁ%ﬂ%ﬂﬁ@ﬁﬁ%ﬁna&uﬂ&gﬂpé ﬁouno%%héanL Eafid, Bﬂé%%h &R

sal i cyI I C 4-am nosal i c oxy enzol C acet ox enzol C, [ i %
and. |ike &® aybstamﬁllw@@mm and mnswwimusmlmrﬁmm@ﬁmctand p-

ooue B ok a8 EofS! s BRcRRfk ROA frinel B R CBIERbnd BhEhTte PRI fed &
active coripeantie éompaui, thesthetdromutaatadminidiration asubsit asltstaiidb;d nont oxi ¢

and nonsen:ﬂ tizi ”,_ﬂ pder condi ti ons of use. The exact
armaceutical practice.

CHEMICAL SYNTHESES
15 Cd_rhpounds according to the present invention may be 'pfepared as foliows.

The tricyclic moiety of the compounds of the formula | may be prepared;u-tilizing

procedures and techniques well known and appreciated by one of ordinary skill in the - N (

- art. U.S. patent 5,430,145 describes exémples'of suitable procedures and the content
- of this document is incorporated herein by reference. One such’ procedure as
20 - |l|ustrated in Scheme A, is described below:

Scheme A
B,
B,
B, — 1)oxalyl chloride
stepa ~ PhthN 2)———--—-5—- COM
- OH pivie
o o~ CHI A ]

NH,

1 2 stepb 3



i 0. proportion of these excipients is determned by the solubility and

chem cal properties of the active conpound, the chosen route of 2004
adm nistration as well as standard pharnmaceutical pr.actice. CHéNMH%
SYNTHESES MoGgugseunds according to the present |nvent|ongqﬁﬁl gmg&ppared
as follows. The tricyclic noiety of the conpounds of the fornu may be
prepared utilizing procedures and techni ques well known and appreC|ated by

ona of ordinary skill inthe art. US. Batent 5,430,945 describes exanpl es
of suitable procedures and the content of this docunent is incorporated
herein by reference. One such procedure, as 20 illustrated in Schene A is

descri bed bel'ow. Schenme A H2N
MAR 2004 WO 02/ 083671 PCT/
Pht nN Cyclization step d

4B step a PhthN | |l~~ . 3 1 2 step b f 4
03668 Oxidation NH OH step ¢ (CH2~~ CO2Me-
B, ' _ _

Oxidation
——

’ NH
o - \(\ ( CHZ]H/\/OH Astep c

. COMe

Cyclization
-——+

“stepd

- Cyclization
—
stepe




PhtnN 6 CO2Me 5 Cyclization step e 7 step f 4 MAR 2004 WO 02/ 083671 10 H
NO1l1 SRRON¢cl ) %0 CO R 12b R1= COCH3, COPh R2 = CHPh% ﬁARZZIﬁ]&Step g
step-i step k PCT/ EP02/ 03668 N B , H :

WO 02/083671 o PCT/EP)2/03668

10

12b

R1 COCHa, COPh
R, = CHPh,

In step 3, the appropriaté phthalimide blocked (S)-phenylalanine _deﬁvative of structure'
2 can be prepared by reacting the appropriate (S)-phenylalanine derivative of structure
1 with phthalic anhydride in a suitable aprotic solvent, such as dimethylformamide.

10 Instep b, the appropriate phthalimide blocked (S)-phenylalanine derivative of structure
2 can be converted to the corresponding acid chloride, then reacted with the
appropriate amino acid methyl ester of structure 3 in a coupling reaction. For example,



."CAc." (cHA .H CO2R2 10 In step a, the appropriate phthalimde bl ocked
(S) phenyl al ani ne derivative of structure 2 can be prepared bMM%% gting
t he appropriate (S)-phenyl al ani ne derivative of structure @ thalic
anhydri de iWO&2/@83Tabl e aprotic sol vent, such as dlnethylﬁmnnnwwdmazlo In
step b, the appropriate phthalimde blocked (S) - phenyl al ani ne derivative of
structure 2 can be converted to the coriﬁ;ponding acid chloride, then )
reacted with the appropriate an1no acid thyl ester of structure 3 in a
coupling reaction. For exanple, ") 4 MAR 2004 WD 02/083671 PCT/EP02/03668

st ruct ur 6 DSBRRT RS Bl dRc R ohey Bl derfatie of skueiied Ga be

sol vent, Smbteﬁswiffeémlﬂ%ﬁﬁm@@l@@ siﬁtableTatmr@wbér\tn&Méinfé%ﬂéﬁéianlsﬁdb t hen
be*coupl e he appropriate amno acid neth ester of 'structure 3

h
using a s&f%m%tfﬁsél tigacia chieide,cannthas: b sorpledhwith (4@ apprapgate amine agit methy!
sol vent, syabr 88sthichRE ?ﬂsﬁﬁq]ﬁ%mt&ﬂe btagg ?:I%d\fzguta%s\r/'lg n@ﬂ&lﬁﬁr@%@e&z%ﬁ e,

phenyl propyl -am no acl ester
c, - t he Shy deRyRYiesognieadch demeihﬂformanmﬂe.ttb@l\tﬁ@hecamprmrmte 1-0%0-3-

1ox03ph I} ri ve of struciure 4 can
be oxi di ze@w A&%’ﬁgﬁé‘%ﬁ%pﬁa’?‘&hﬁ Fgé%'}%z&gpfgﬁﬁgfé ‘e 5 by. oxidation
t echni ques wel |  known and appreC| ated in the art. For exarrpl e, the - :
hydr oxynet yl.ene tlonallt th i ate 1-pxo- 3-

pheny! br ool SERErICTIRPARae mcﬁeﬁﬁwaf%@paroer@%arqaﬁoefi-aheeﬂprsev'-
oxi-di'zed t@mtriwam@nmmw ebtef BeflaiRiR)siStatiuvé UUehWeeoRdibyd W HEsat %n

oxkdati on R\g’; oxal yl' chloride and di net hyl sul foxide in a suit

aprot i 10 sofifehyde QiRiRICREe rdHPYidsoMischmues well knews eag atppremtedplp)tmpam ate

al dehyde O}forséiél'ﬁélé' "thie hyGRRyRRIFIEHd RABLSRILEr B REBRIrLE 1-ox0-3-
phenylpropyl-amino acid methyl ester denvatlve of structure 4 can be omd:zed to the
appropriate aldehyde of structure 5 by means of a Swern oxidation using oxalyl

- chloride and dimethylsulfoxide in a suitable aprotie solvent, such as methylene
15 chioride. | |

In step d, the apprepﬁete aldehyde of structure 5 can be cyclized to the appropriate

énamine of structure 6 by acid catalysis. For example, the appropriate aldehyde of

structure 5 can be cyclized to the appropriate enamine of structure 6 by treatment with ;
20  trifluoroacetic acid in a suitable aprotic solvent, such as methylene chloride.

In etep e, the appropriate enamine of structure 6 can be converted to the
corresponding tricyclic compound of structure 7 by an acid catalyzed Friedel-Crafts
~ reaction. For example, the appropriate enamine of structure 6 can be converted to the
25 corresponding tricyclic compound of structure 7 by treatment with a mixture of
trifluoromethane sulfonic acid and trifiucroacetic anhydride in a suitable aprotic solvent,
such as methylene chioride. ' '

In step e, it may be necessary to reesterify the carboxy functionality due to the
30  conditions of the work-up. For example, treatment of the crude product with
bromodiphenylmethane in a suitable aprotic solvent, such as dimethyl-formamide



enam ne of structure 6 by acid catalysis. For. exanple, the appropriate -

al dehyde of structure 5 can be cyclized to the appropri at e segeanfg of
structure 6 by treatnment with 20 trifluoroacetic acid in .a suitable
aprotic soM@¥083&ich as nethyl ene chloride. In step e, tW@T@pﬂW6pﬂiate
enam ne of structure 6 can be converted to the corresponding tricyclic
conmpound of structure. 7 by an acid catalqpzed Friedel-Crafts reaction. For
exanpl e, the appropriate enam ne of structure 6 can be converted to the 25
corresponding tricyclic conpound of structure 7 by treatnent with a mxture

Cui tabl o SOPER 8 RBpaHictiliehose. AR tontiBieRRiTIAS, FAYEPUSE O R oy b
necessar ythe)cmrmimdlrfgldlphmmém%fénnct ionality due to the 30 conditions

of the work-up. For exanple, treatnent. of the crude product with .
br onodi phenyl net hane -in a suitabl e aprotic solvent, such as .

di et hyl - irOé rflﬂl\% mﬁ%@e%@&%&%@m éﬁﬁﬂgléﬁéﬁﬁc%%nﬂidﬁha off t h a

non- nucl eo base, such as cesium carbona be’ used ive ;
Téctl ng

correspon§ fH '-“"%IT sRBHEA femaved usingdechniques apd proqeldérqﬁwﬁhkn@ww

S ed ufPﬁsﬁ?@@%ﬁF%eﬂ%@“%E@m?&%ﬁﬁ’?@%d?ﬂﬁ SPpRpife ticfoilc Ctfpdifnd of |
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structure 8. 10 In step g, the appropriate (S)-acetate conmpound - of . O

structure, 10, can rep d, by reactl th ropriate am no conpound ofe
st r uctfire1"BSiEPSh ﬂf“h@B '8%’ B&é’?ggudgferm:ﬁ@ﬂ Be@reﬂﬂf?dé%’arrpl A

the appr opsadain tﬁ@b?ﬁr&@n@@%ﬁo%nﬁddiﬁtﬂeréﬁ%@?tﬂe cridte Q the |

appropriate (S)-acetate conpound of structure 9 in the p esence o

coupl i ng: PEGLRS Of SinegiurgsS. E'ED@WP& s 9epropoate aminetaemppundf sucture 3
di hydr oquisaQ'Heehctelite ﬂ'lE%p%"(ﬁ*&ké) (S atetate Mo dlntdr stifibture 9 in the

dlethylcyanop osponate I n.
presence of a coupling reagent such as EEDQ (1-ethoxycarbonyi-2-ethoxy-1,2-

15 dihydroquinoline), DCC (1,3-dicyclohexylcarbodiimide), or diethylcyanophosponate in a
suitable aprotic solvent, such as methylene chioride to give the appropriate (S)-acetoxy
compound of structure 10,

in step h, the (S)-acetate functionality of the appropriate amide compound of structure
20 10 can be hydrolyzed to the corresponding (S)-alcohol of structure 11a with a base, -
~ . such as fithium hydroxide in a suitable solvent mixture, such as tetrahydrofuranand <&
ethanol. | |

Instep i, the (S)—alcohdl functionality.of the appropriate amide compound of structure

25 11a can be converted to the corresponding (R)-thioacetate or (R)}-thiobenzoate of
structure 12a. For example, the appropriate (8)-aicohol of structure 11a can be
treated with thiolacetic acid in a Mitsunobu reaction using tripherinphosphine and
DIAD (diisopropylazodicarboxylate) in a suitable aprotic solvent, such as
tetrahydrofuran. |

30 A .
In step j, the (8)-alcohol functionality of the appropriate amide compound of structure
11a can be converted to the corresponding (R}-alcohol of structure 11b. For example,



sui tabl e aprotic solvent, such as nethylene chloride to give the
appropriate (S)-acetoxy conmpound of structure 10. In step h, 4 MR 2004
(S)-acetate functionality of the appropriate am de conpound of structure
20 10 can D¥OHg/E836Tlyzed to the corresponding (S)-al cohol cetTstryeisss e 11 a
with a base, such as lithium hydroxide in a suitable solvent m xture, such
as tetrahydrofuran and ethanol. in step,d, the (S)-al cohol functionality

of the appropriate anmi de conpound of strittture 25 11 a can be converted to 7

the. corresponding (R)-thioacetate or . (R)-thiobenzoate of structure 12a.

For exanplg, the apprqpriate al.cohol of structure 1la can be treated
with thi o|§'8eﬁﬂpé°%[%?%@rﬁ‘%°*}a‘§§% Wrer Bacgandee terteg with arrlieadihibsdhi ne and
DILAD (dii Sﬂﬁﬁmibﬂu&éﬁdicﬁﬁﬁéh@g(ﬂp%bﬁ%qiphﬂs?nﬁé‘éﬁ@b?@ AL itSbR UpretY solﬁéiﬂh as

tetrahydrofuran. 30. |n step j al cohol functionality of

appr opr i at $ekmastetrabydreliren. &h%ﬂeﬁuﬁlﬂﬂﬁ J-acetate agarihea bednydsolyzed with @éhe

cor r espondi g Le 11 b. For exanple, 4 MAR 2004 WO

021083671 PCTPEH%)ZI Oggégg 1@61t"ﬁﬁhgppropr| ate (S)-al cohol of structure 11 a

can be dreated with acetic acid in a Mtsunobu reaction._using :
rotlc sol vent suc,

h | | .

L P PROBRI e TRTaBLAD) AR AR s SRR e SiE S e St o
fsw t?bl e lba‘:shacar;sbehomaarteldttblth@nblyéﬁwﬂdd@ (Sl)-lthléé@eﬂaie ?ﬁ(EQ-tﬂQBber@i@@@f e
unctional ity.,o ro e am structure can be
convert ed ? qig 1?5 f&@%&ﬂ%ﬁpﬁ-@tﬂ@%ﬁpﬁfﬁpg@@gﬁgﬁgoaplQgtuﬁﬂrggélmge of o

str uct ur e fh@kted Wath thRoRIERtE aciiNg aMRELERbI: ?éébtibﬁ)usﬁi Bﬁbnﬁ@héédHﬁFé Hhg 11 D

be treated with thiolacetic acid in a Mtsuno u reaction using
heH%/l @Q)H'l  8uitghle aprofic pivent, kol g tefrahydegiuiani c sol vent, -such as
tetrahydrofuran ‘As summarized in Table 1, the R1 and R2 groups on the
conpounds of structures 12a -
As summarized in Table 1, the Ry and Rz groups on the compounds of structures 12a

and 12b can be manipulated using techniques and procedures well known and

appreCIated by one of ordinary skill in the art to give the correspondlng compounds of
15 - structures 13a —14a and 13b — 14b.

For eXampIe the diphenylmethyl ester functionality of the appropriate combound of
structure 12a can be removed using trifluoroacetic acid to give the appropnate
carboxylic acid compound of structure 13a. Simifarly, the diphenylmethyl ester
functionality of the appmpnate compound of structure 12b can be removed using - |

, triﬂuoroace_,-tic acid to give the carboxylic'acid compound of structure 13b. -

The (R)-thioacetate or (R)-thiobenzoate functionaiity of the appropriéte compound of
~ structure 13a can be removed with lithium hydroxide in a suitable solvent mixture such
25  as tetrahydrofuran and ethanol to give the apprdpriate (R)-thio compound of structure
 14a. Similarly, the {S)-thioacetate or (S)-thiobenzoate functionality of the .apjaropriate
- compound of structure 13b can be removed with lithium hydroxide in a suitable solvent
mixture such as tetrahydrofuran and ethanol to give the appropriate (S)-thio compound
of structure 14b.
30



and 12b can be mani pul ated usi ng techni ques and procedures well known-and
appreci-ated by one of ordinary skill in the art to give the ?orreﬁ@pnding
conpounds of 15 structures 13a -14a and 13b -14b. For .exanp MR

di phenyl mewoydz/estrer functronalrty of the appropriate conp@mnﬁmnﬁam
structure 12a can be renoved using trifluoroacetic acid to give the
appropriate carboxylic acid conpound ofqj,structure 13a. Simlarly, the

di phenyl nmet hyl ester 20 functionality of the appropriate conmpound of
structure 12b can be renpved using <'.. trifluoroacetic acid to give the
carboxylic acid conmpound of structure The (R -thioacetate or

(R) -thi obenzoate functionality of the rrate conpound of structure .
13a can _be renoved with I|th|unthydroxrde in a suitable solvent m-xture

such 35 as tetrahydrofuran mm]pumqut@Fga1va® appropriate (R) thro
Con-pOLnrl aof Cfl‘llt"‘flll‘ I‘I \ the \Q)-Thl gacetate qr
(S)-tHi GmpRHRE T unct | éﬁal ity Ef t he. appropriate chorrpound of structure

13b cdmIELghEABKE Wdrlé@m Hydroxide T a surtgbte sofvent—mixturg - .

such ds_tetrahydr ran and hianol to give the appropriate (S)-thio
corrpoun13|4a al‘ld§ﬂbdcture 1—t4b 30 / NAR 2004 V\D 02/ 083d71 14 TABLE 1

r

COPhH 14a and 14bHH AIthough the general procedures outI [ ned in Scherre A
show t he mtapaglameogerrefrartmecezmosrootunéa irpBchémelOsHoW the p &tioh dfftRe gr oup

{ ﬁSOS?aLB cSiopeRbos of BF 1o Ky hegiin e BuronC R T flecksa i rBBYRRR B0 )
proc edur e&obﬁbo&ﬁ% bf ﬂ'r%tfbﬁﬂ.llé'l‘\n%Pélﬁ e ﬁF&Jd—%O@RﬁQ o@ﬂtéj(R)-conﬁguratlon may (%)
. be prepared by analogous procedures by substltutrng an appropnate (R)-amino acrd
_‘methyl ester for the (S)-ammo acid methyl ester of structure 3instep b.

10 Start_ing materials for use in the general synthetic.procedures outlined in Scheme A are |
readily available to one of ordinary skill in the art For example, certain (R)- and (S)-
- carboxy acetate or benzoate starting materials of structure 9'can be prepared by
stereoselective reduction of the comesponding pyruvate compounds with alpine .
- boranes as described in J. Org. Chem. 47, 1606 (1982), J. Org. Chem. 49, 1316
- 15~ (1984), and J. Am. Chem. Soc. 106, 1531 (1884), fotlowed' by treating the resutting o
‘ alcohol with acetic anhydride or benzoic anhydride to give the correspondrng (R)-or )
: (S) carboxy acetate or benzoate compounds of structure 9. S 27

| | Altematlvely, certain tricyclic compounds of structure 7 may be prepared as described
20 in European patent apphcatlon EP 249223 A.

- The present invention provrdes a process for the preparatron of a compound of the
formula | above, comprising

reactrng a compound of the formula Il



nethyl ester for the (S)-amino acid methyl ester of structure 3 in step b.
10 Starting materials for use in the general synthetic procedﬁﬁées utlined
in Scheme A are readily available. to.one of ordinary skil |4 art For
exanpl e, ceVPAMPBIR) - and (S)- carboxy acetate or benzoat ercavErobiosgs
materials of structure 9'.can be prepared by stereosel ective reduction of
the correspondi ng pyruvate corrpounds W tcﬂ al pine boranes as described in
J. Og. Chem 47, 1606 (1982), J. %m'49,. 1316 15 (1984), and J. Am
Chem Soc. 106, 1531 (1984), foll ovved by treating the resulting al cohol

wi th acetic anhydride or benzoic anhydridge to give the correspondl ng (R)-

or (S)-carboxy acetate or benzoate conpgtmnds of structure 9. -

Al ternatl vely, certain-:tricyclic conpo B, structure 7 may be prepared
as’ described 20 in European patent ap |on EP 249223 A The present
invention provides a process for the prhps
formul.a | above, conprising reacti@g a¢conpyt f theg formila Il 4 MAR
2004 WD 02/ 083671 PCT/ EPO2/ 03668 1 where B1 and B2 are as

previously defined and Hal i gen: rrpound of. the fornmula RLSH,
where Rl i.s as previously defineq,, iH th prgsence of a base,” such as an
al kali netal carbonate. The pre A i nvemi urthernore provides a.

process for the preparation of a conpoundcbf t@Bof ormul a 11, conpri sing
reacting a conmpound of the forrmula ill B 1Cl CO2R2 wherein R2, X, B, and B2.

are as pr 3@%?@8&%5@@%\% gs%ré:v?gtps? Qeﬁnefd ér?(f Haﬂsrﬂilalloagelnv 1-0 V\,her e‘ mal s “-

halogen

(

with a compound of the formula R{SH, where Rsis as prewousiy def‘ ned, in the
presence of a base, such as an alkali metal carbonate ‘

5'_ The present invention furthermore prov:des a process for the preparatuon ofa
compound of the formula i, comprising reacting a compound of the formula ill

CO,R,

wherein Ry, X, B¢ and B; are as prcviously defined with a compound of the formula IV

Hal

>/\COZH '_N

10  where Hal is halogen.



‘-4 MAR 2004 PCT/EP02/03668 An alternative process for the preparation of
a conmpound of the fornula | according to the present invent II’OBA'&:;@“ ses
reacting a conmpound of the fornulLa Ill CO2R2 5 wherein R2, X B2 are
as previ ouNGO2EP47hed, with a conpound of the fornula V POTIRRBYI6MB R4 i s
as previously defined. /SR C~\-CO2H V In the Tatter process, the
appropriate am no conpound of the forrmlﬂslll may be reacted with the
appropriate (S)- or (R)-thioacetate of the fornula V to give the
corresponding (S)- or (R -thioacetate, respectively, of the formula | as

qoner al - s{NTRISENSHBbes B FiE Bpaftion &% BBl e ol T el o, '4

MAR 2004 e PRddeaBimvéntion carhprieesteddtinga dopodAdl of the foiremtll0 N/ N

m' .
COR, = =
5 wherein Ra, X, B and Bz are as prevcously deﬁned with a compound of the.
formulaV -
SR,

C -
. 7/ \‘COZH \Y%

10 wherein Riisas proviotj_sly deﬁned.
In the latter process, the appropriate amino compouhd of the formuila il may be
*reacted with the appropriate (S)- or (R)-thicacetate of the formula V fo give the
corresponding (S})- or (R)-thioacetate, respectively, of the formula | as described
15 previously in Scheme A, step g.

Scheme B provides another general synthetic procedure for preparing compounds of ~
the formula {.

20




01Y,.. Br - 28 C02R2 RjSH 35 step b PCT/ EP02103668 B 36 . Rz = COCH3,
COPh X =0, S, NHor (CH2),, n= Qorl In step a, the appr-oer§ @ﬁ?’no
compound of_structure 28 wherein Xis 0,"S, NHor . (CH2)" é e nis O
or 1 is reaPf%6th the appropriate (R)-bromacid of strumEm®28&6 0 to
gi ve the correspondi ng (R)-bronpam de conpound of structure. 34 wherein X
is 0, .S, NHor (CH2),, wherein nis O o4<-1 under simlar conditions as i
described previously in Schenme A step.g. Alternatively, the appropriate
am no conpound of structure 28 wherein Xis 0, S, NH or (CH2)n wherein n
is Oor | is reacted with the appropr&aﬁem%%-‘bformacid to give the 15
correspondi ng (-S)-bronoam de wherein: CheM§® s NH or (CH2)n wherein nis O
or 1 or the appropriate am no congpound of structure 28 wherein Xis 0, S,
NH or (CH)n E 4 MAR 2004 BA\D 02/ 08367 B1g PCT/ EP02/.03668 wher eﬂaﬁ' nis 0 or
| is reacted vvitht_heopri e nti od®ric mxture of romoacid to
W

r£r egf sonerco,Hm xture of the br e wherein

give the correspondi ng =
réin‘nis 0 or | as desqribeg

Xis 0, S, NHorHC
Scheme A, step g.us |
Ao

I N Gikep b, ~brono funct}

appropriate (RHB anmite corrpouﬁEFb? 0
' ‘ B
'H

A N
8} \\)( : r c \\/X
-28 - 34
| COR, . COR,
" RSH 35
_RSH =
stepb

5 R = COCH;;, COPh

X=0,85, NH or (CHy),
n=0or1

In step a, the appropriate amino compound 61' structure 28 wherein Xis O, S, NH or .
(CHz)r wherein n is 0 or 1 is reacted with the appropriate (R)-bromoacid of structure 33
10 to give the corresponding (R)-bromoamide compound of structure 34 wherein Xis O,

S, NH or (CHy), wherein n is 0 or 1 under similar conditions as described previously in
- Scheme A, step g. L ‘

Altemnatively, the appropriate amino compound of structure 28 wherein X is O, S, NH
or (CHa), wherein n is 0 or 1 is reacted with the appropriate (8)-bromoacid to giQe the

is  corresponding (8)-bromoamide wherein X is O, S, NH or (CH,), wherein n isOor1or
the appropriate amino compound of structure 28 wherein X is O, S, NH or (CHa)n



structure 34 wherein Xis 0, S, NHor .(CH2)n wherein nis 0 or | is
converted to the corresponding (S)-thioacetate or ( S)- th| q'bﬁﬂggqgme of
structure 36, wherein Xis 0, S, NH or (CH2)n wherein n is @ or 1.
AIt_ernatlvéllQﬂW?ﬁél(S) brono functionality of.the - PCT!EP02/03668 :
appropri ate-(S)-bromoam de wherein 'X. io - is 0, S, NHor (CH2)n wherein n
Is'Q or 1 is converted to the corresponql ng (R) thioacetate or

(R) -thi obenzoate wherein Xis 0, S, NHor (CH2)n wherein nis 0 or 1. For
exarrpl e, the appropriate (R)-bronmoam de conpound of structure 34 wherein X

S wherein n.s 0 or 1L1LsS cted.with thi.glacetic acid
or 1 ol hatEsR nigder 1 BeREl il BeBpPlophatg eheRfirmins e idnd S ac'
ceSIt ulronI or. beerdoadi wgmﬁ?éeonﬁgp&’mg @iétgtbeéﬁlmmégc mﬁt@tﬁﬁefsldf)ﬂ Mecmtxﬁxatrﬁd dein a
sui tabl e or anl nt suc m xt ur i met hyl f or mam \

t et r ahydr &f §é&@tqdpﬁahr@1qr9lﬁlrua3 or 85 desgritesy B&eﬂwsfxtm %Pgsme
terrperaturpes{éy a perlod of tinme ranging froml to 8 hours The resulting

(S)- thi oacetate or (S) th| obenzoate of structure 36 wherein Xis 0, S, NH~
or (CH2)n wherein n is is recovered fromthe reaction zone by

extracti vdngioprpdie (%);bmqkﬁﬁmonailty offhe @ppEpariate &R)rasﬂwrwﬁ.oprrwuagi of
chr omat 0g'siBYire éshfvﬁ{é?éﬁq'x% &, st Nﬂ &} (gemg)m{&é@gggér? %M w cém%n&ﬁ%% iate

dl ast ereoi soneri ¢ - m xture of ed supra ereln S
0, S, NH @orre@m)dmgxb‘é}%ioamtate oo( Sb-thlobergoatawfestnmwecﬁ&, mehegain %Srﬁ,n‘éla ng

di- astereml\ﬁﬁlﬁ!s{)éﬁ%)%te%'ﬁﬁ tf_otc;r“oacet ate or thiobenzoate conpounds V\/nerg@

Xis 0, S -is 0 or 1. 25 Al t hough Scherme B provi
for the preparation of conpounds of formula 1 'wherein the tricyclic (
noi ety hasl\l&matbfelybﬂw(&)tbromocfuad:tldmlrwfof ﬂtmapﬂppdat&d&}abraﬂioamn@whefam x W

exarrpl o ounds .o n-the carbo :
Funct i Bnaith Py 5 WLt Rfedr VRIS RAT 0 ar 1 B Pivap o8 MebedrrenoBiPg it ¢ uti ng

t he appr oﬂhba&&a@ﬁ) (R)ahméhzdﬁb ANePSR Kd 0,5, ANVRIR (200Y) wicdihEPe 2 686,68 '
am no corrpound for -the am no conpound of structure 28 whose preparation is

For example, the appropriate (R}-bromoamide compound of structure 34 wherein Xis
0,5, NHor (CH;;)l1 wherein n is 0 or 1 is reacted with thiolacetic acid or thiolbenzoic
~ acid of structure 35 in the presence of a base, such as cesium or sodium carbonate. -
RE " The reactants are typically contacted in a suitable organic solvent such as a mixture of
| dimethylformamide and tetrahydrofuran The reactants are typically stired together at
. room femperature for a penod of time ranging from 1 to 8 hours. The resuiting {S)-
thioacetate or (S)-thiobenzoate of structure 36 wherein X is O, S, NH or (CHZ)n wherein * )
- nisOor1is recovered from the reaction zone by extractlve methods as is known in &
20 the art. it may be purn" ied by chromatography. |

Alternatively, the bromo ﬁ.mct:onalaty of the appropnate diastereoisomeric mixture of
the. bromoamldes described supra whereln Xis O, §, NH or (CHp), wherein nis O or 1
is converted to the correspondlng dlasteremsomenc mixture of thioacetate or

) thiobenzoate compounds wherein Xis 0, S, NH or {CHy), wherein nis Oor1.

25 Although Scheme B provides for the prepafation of compounds of formuia ! wherein
- the tricyclic moiety has a 4-carboxy funcﬁonélity of the (S)-configuration when for
: example X is -CHp, the compounds of formula | wherein the carboxy fuhctionality isof
the (R)-configuration may be prepared by substituting the appropriate (4R)—cafboxy



described in Scheme A. EXPERI MENTAL 5 The foll ow ng Exanpl es present

typi cal syntheses as described in Schene B. These Exanpl es are understood
to be illustrative only and are not intended to limt the sqopg -gf the
present. i nwenkiosss7i n any way. As used hereln t he follomnﬂ@VF M?spave the
i ndi cated neanings: 'g refers to grans; nnDI refers to I D

refers to millilitres; 'C refers to degrees Celsius. 10 Exanple 1
Preparation of (R)-2-Brono-3- nethylbutanagc acid (structure 33) To a cool ed
solution of D valine (12.7g, 100 mmol ) in 100m 2.5N sulfuric acid and 49
%Br (33g, 200 mmol) at -10C was added sodjumnitrite (6.90 g, 100 mmol) in
50 M wat 8MiRReMaoYsfoptheqamiso aempaung of structure38 vdtoseqrepa@afioais - 10C
was mai nt additional 3 hours. The reaction m xture was
extractedaaffﬁmed§$SE@%R§ nmet hyl ene chl oride, dried over MgSO4 and
concentrated to give a {ight anmber oil (9.7 g, 50 % 53.6 mmol). Exanple
2 Preparation of - '
[4S—[4a 7a(S), 12b[if-7-[[2(S)-acetylthio-3- nethyl-l-oxobutyl]an1no]
1,2,3,4,6,7,6, 12b- oct ahydr o- 6- oxo- qﬁkpgﬁhaENTi%[Z]benzazeplne 4- carboxyllc
aC|d dlphenylnethyl ester Schene 4S-[4a, 7a(S), 12bPf - 7-
([2(R) br onp- 3- et hy |- 1- oxobut yl ] am no] -

1,2,3, 4 6, 7he qwt‘@:%)éﬁm@leepeesenbwi dvitbesesidg d¢$mrhmdzmﬁurrem¢r36frﬁwéyl ic

E‘dem?; p%ﬁ%‘“%‘%tﬂf’%gniéf%ﬁoﬁéeéw il ORI SR A ot R eq S fiml i scops
12b% gct ahyefbemsessndinyeniiatoinzany way. ZAbeleedeeimehéf@IW@g Yémi‘s HAYeGR4 083671
2004 AR 2barEHEERRGL 03080 86) oyl RRERI TRL! % nﬁﬁ,%s.fes s 0 M)

weke di sso
millilitres; “°C’ refers to degrees Celsius.-

_16 Example 1
Preparation of (R)-2-Bromo-3-methylbhtanoic acid (structure 33)

- Toa cooled solution of D-valine (12.7g, 100 mmol) in 100ml 2.5N sulfuric acid and 49 -
%HBr (33g, 200 mmol) at —10°C was added sodium nitrite (6.90 g, 100 mmol) in 50 ml -
water over a period of 30 minutes. Stirring between ~5°C and -1 0°C was maintained

15 foran additional 3 hours. The reaction mixture was extracted wﬂh 2 x 150ml of

‘) : _methylene chloride, dried over MgSO, and concentrated to gwe a light amber oil (9.7
[in g, 50 %, 53.6 mmol) '
. Example 2

Preparation of [4S-[4a,70(S), 12bBJI-7-[[2(S)-acetyithio-3-methyl- 1-oxobutyl]amino]-_
20 1,2346,78 12b~octahydro-6-oxo-pyr|do[2 1a][2]benzazeplne-4-carboxyhc acid,
-dlphenylmethyl ester

Scheme B, step a: [4S-{4a, 7a(8),12bp]}-7- [[2(R)-bromo-3-methyl-1-oxobutyljamino}-
1,23,4 6 7.8,12b-octahydro-6-oxo-pyrido[2, 1a][2]benzazepine-4-carboxylic acid,
diphenyimethyl ester

25 (R)-2-Bromo-3-methylbutanoic acid (900 mg, 5.0 mmol) and [4S-{40,7a(S),12bp]}-7~
(amino)-1_,2,3,4_,6,7,§,12b—{)ctahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic



(5 M) and treated with EDC (1.0 g, 5.0 mmol) at 25C for 2 hours. After 18
hours only a trace of [4S-[4a,7a(S), 12b13]]-7-(amno)-1,2,3,4,6,7,8, -
12b- oct'ahydro- 6-oxo pyrido[ 2, 1a] [ 2] benzazepi ne- 4- car boxyl i ¢ 8AR 004

di phenyl meiydzRsd7er remai ned. The- 5 mixture was dil ut edpMieBoiBEdY! €nE
chloride (75 m), washed with 1-0% hydrochloric acid and saturated with

sodi um hydrogen carbonate. The mxture was then dried (MSH),
concentrated in vacuo and purified by fR8h chromatography to give the
title canmpound (C33H35NZO4Br) (2.4 g, 4.0 nmol) Schene B, step b:
[4S-[4a, 7a(S), 12b[ 3] 1-7-[[ 2(S)-acetyl thio-3-methyl -1 1o _
oxobut yl | aeidngiphengretiyl esterg] .78 2 4dx matol piweresdiesalveny/ini dig [n2ethylene chioride

ChSe. o R Coub RO RIS BY a3 o etk s ¢
di ssol veda ltraceﬁzif Waﬁ&(smzu{amcmgammay-ﬂ !Z?Q,ﬂrﬁ '#B”%pditﬁé RS- SRrporated to
dryness. cfﬂ[evai)orat ed product fromstep a . n’rnolzﬁ‘, dissolved in 5 ml .

of dry 15PY ?Wﬁ%@%f%ﬂ’b@aﬂ@ ﬂmenylmaﬂmées rremeitedy Tbeirring -
under n H@Hf

bet WeesﬁlI eﬁ?gﬁg@g? S‘Ehgiz% ﬁ'e‘ fen% ri ne(T-gv\h/{rjI %éﬁ&@ﬂ%@‘)ﬁ@dr&é@&ﬁ@

sat ur at edasigdngrsatyratesdywith @adlbunh&chfpgm cadbonatdy) Tod mixiure wasdderadded
concent r ay ' r s,a light vellow n_ The
o oduct | wa830Q 8pleied it B sk 15 ash Sy fomatenty w@ive tetle
chr omat ogcampyumd(ic%-legm48a)q2t4ageftOemaog) on 200 ' m silica using 20% et h |
acetate. .The fractions wer.e conbined and concentrated to give the title .-;__'}_'

o5 45 TRRuEe ok BliasTR G Lo BhERTAS) Bheor metubts ) ami noy - 25 €

,2,3,46, ax&auwémmmwaeﬁaq&g Fah Bﬁ%@&a@?&&mé@%hﬁz @rfea-&boxy lic

aC|d The crude product pr oduced solved in
met. hyl eneCabRKYIG %@d:(@l?beﬁﬁlmeﬁlﬁheﬁﬁf sole (1.0 nl), cooled to -50C and
treated with trifluoroacetic acid (6.0 m). The m xture was allowed to

warm to Zﬁﬁ?olﬁehb R {486 g, h?mol‘f@n@%é%ﬁ@@&rbén%%g@ 8%ng, 3.0 mmol) were

dissolved in methano! (5 ml) under a nitrogen atmosphere and evaporated to dryness.
.The evaporated product from step a (4.0 mmol), dissolved in 5mi of dry

15 dimethylformamide, was added to the mixture followed by stirring under a nitrogen
. atmosphere for 2 hours. The rmxture was partitioned between ethy! acetate (100 ml)
and brine, washed with 10% HC! and saturated sodium hydrogen carbonate, dried
(MgSO0y), fi !tered and concentrated to give the crude product (2.2g) as a light. yeﬂow )
7 foam. The product was dissolved in methylene chloride and purified by o,
20  chromatography (25 % ethyl acetate/hexane) on 200 ml silica using 20% ethyl acetate.
The fractions were combined and concent‘rated to give the title ester compound (2.15
a). _ _

Example 3

Preparation of [48-[4a,7a(8),12bB]]—7-[[2(S)-acetyIthio-3-methyl-1-oiobutyl]amino]-
25 1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2, 1a}[2]benzazepine-4-carboxylic acid.
The crude product produced in Exampie 2 (3.5 mmol) was dissolved in methy!ene

~chioride (6.0 ml) and anisole (1.0 ml), cooled to ~50°C and treated with trifluoroacetic
acid (6.0 ml). The mixture was aliowed to warm to 25°C, stirred for 2 hours,



PCT/ EPO2/ 03668 21 7 concentrated in vacuo and purified by chronat ography

(I:1 ethyl acetate/hexane plus | %acetic acid) to gi ve the title

conpound. 14 21 CH3 O 9 20 19 JL16 H3C 18 17 N Sl :0 24 'Ciiam %R

Mol ecul ar \Wyioghtos3s7#432. 54 Mol ecul ar Fornul a = 022H28N203§, 0%5166330 -

NVR data for MDLIO7688 (DVBO d5, 300K, numnbering not according t | UPAC

rul es) Posi.tionC (ppmH (ppn) 1171.79- 1-COON-12.07 250.534.99 m
.324.982.21 m 1.69 m416.931.67 m 1.6%1m 524.692.38 m 1.92 m 649. 785. 60

7171, 37- 848.105. 60

: concentrated in vacuo and purified by chromatography (1 1 ethyl acetatelhexane plus
1% acetlc acid) to’ grve the title compound '

5 Molecular Weight = 432.54
.. Molecular Formula = CaHosNo0sS

'H- and *C- NMR data for MDL 107688 (DMSO-ds, 300K, numbering not accordmg to

IUPAC n.lfes)
Position c (ppm) ' 1H {ppm)
I T 171.79 -
N - [+-coon - T12.07
| 2 50.53 499 m
3 2498 | 221m,1.69m
4 16.93 167m, 1.67m
5 24.69 238 m, 1.92m
6 4978 560
7 T [ -
8 4810 5860
) 3560 | 3.22dd,2.97dd
10 136.72 n
R 136.89 T -
12 124.83 719d
B 12521 | 7.081




935. 60 .

3.22 dd, 2.97 dd 10136. 72-

11136. 89- 12124.837.19 d 13125.217.08 t

WO 02/ 083671 4 MAR 2004 PCT/EPO2/03668. 22 Exanple 4 14126.677.13 t
15130. 107.07 d .16-8.33 d 17169.11- 1853.824.12 d 1930.692. 144sr200020. 180. 99 -

d 21*19. 29w ®dhsds4194. 36- 2530. 342. - 36s *:

position 20 and 21 Preparation of

[4S-[4a, 7a(S) . 12b[ 3]]- 7- [ [ 3- met hy!
1,2,

aci
in

Wi t
f or
(2

10

gen at nosphere and treated

Fring at 25C

3,4,6,7, 8, 12b- oct ahydr o- 6- ox0- pyri do%zz, I
d.. 5 The product obtained in Exanple 3 (75 ny,
1.0 M of ., degassed . methanal under nitr
h 1'ithi'um hydroxi dg¢ (044 %t of 428.6Y sol ugi on) TR er stl
1.5 hours, .the sol ntated v et
m) and acidified W tﬁ hydlr ochl orI Cllldam d n?bgud
o ' 16 - 8.33d
17 169.11 -
- 18 +53.82 4.12d -
19 30.69 214 m
20* 120.18 0.99d
: 21* 19.29 - 0.94d
. 24 194.36 -
25 30.34 236 s
*1 no clear differentiation between
position 20 and 21

Example 4

Preparatipn of [45-[4¢.,7a(S),12bB]]-7-[[3-methyi-1 -oxo—2(S)—thiobutyl]amino]-
1,2,34,6,78 12b—octahydro~6-oxo-’pyridd[2 1a][2]benzazepine-zlwcarboxylic acid. .

The product obtained in Example 3 (75 mg, 0.17 mmo!) was dlssoived in 1.0 i of

degassed methanol under n;trogen atmosphere and treated wnth lithlum hydroxide (0. 4 )
ml of a 1N solution). After stimming at 25°C for 1. 5 hours, the solution was concentrated i,

_in vacuo, diluted with water (2 ml) and acndn“ ed wnth hydrochlonc acid (0.5 mlof a 1N
solution). The resultant product was filtered and vacuum dried to give the title
compound as a white solid (55 mg, 0.14 mmol, 83%). i

-no clear differpgnigpadibieps bet ween
- 1- oxo- 2‘( S) thiobutyl]am no]-

a] [ 2].benzazepi ne- 4- carboxylic-
0.17 mol ) was di ssol ved

ed W th water.




solution). The resultant product was filtered and vacuumdried to give the
title to conpound as a white solid (55 ng, O. 14 mol, 83%. 14 HSHO C Z
HO2 C WD 02/ 083671 23 Mol ecul ar Wi ght = 390.50 Nbl ecul ar FoMARI204=
C20H26N204SW0 0r0&R62004  PCT/ EP02/ 03668 1H— and 13 C
(DVBO- d6, 300K, numnbering not according to s |UPAC rules) Position8 (13C)m
. 8 (H".1cH (13C) 1171.86s-1.68 250. 63dé1 985. 60, 1.68 325.04t2.23.
1.684.98, 1.65 417.00t1.654.98,. 1.91, 14 % (5.60) 524.77t2.38, 1.915.60, -
1. 65 649. 95d5. 607.19,4.98,1.91 7171, 55s- 5. 63,3. 25,2.97 .847.89d5. 6323. 25,
2. 97 936. gatr?» 2|5,y\;.,97.‘_7 g@ 5.63 10136.86*. s-3.25, 2.97, 5.63, 7.19
11138: 82* V'S EEYIAT YV g ht'33 502 97 12124.87d7.1857.13, 5.60, (3.25), (2.97)

"~ Molecular Farmula = CogHzeN2048 |

'H- and 13C NMR data for MDL108048 (DMSO-ds. 300K, numberlng not accordlng to
5 IUPAC rules) ‘

NVR ded1aefoaisd®l 108048

5(70)

Position m | & (‘H) "Jon
(*c)
- A 17186 | s - 1.68
s 2 5063 | d | 408 |560,168
G 3 2504 | t |2.23.168 498,165
| 4 17.00 t 165 | 4.08, 191 1,68, (5.60)
5 24.77 t |2.38, 1.91 |5.60, 1.65
6 4995 | d | - 560 |7.49,4.98,1.91
7 17155 | s - 563, 3.25, 2.97
8 4789 | d 5.632 |3.25,297
9 36.05 t | 3.25,297 |7.07,563
10 136.86* | s - 3.25,2.97, 5.63, 7.19
11 13882* | s - 5.63, 7.08, 3.25, 2.97
- 12 12487 | d 7.185  |7.13,5.60, (3.25), (2.97)
(ﬁ 13 12531 | d 7.084 |7.07, (3.25), (2.97)
14 12670 | d. | 7127 719
15 130.11 | d 7.073 |7.08,3.25,2.97
16 NH - 830 |5.63
17 17129 | s - 8.30, 3.33, 1.94_
18 48.85 d 3326 [1.94,0.98,0.94
19 32.46 d 1936 [3.33, 099, 0.94
20 19.32 q 0.987 |0.94,1.94,3.33
21 20.58 q 0.944 10.99,1.94, 3.33
*: no clear differentiation between position 20 and 21




13125. 31d7. 0847. 07, (3. 25), (2-.97) 14126.70d .7.127 .7.19

15130. 11d7. 0737. 08, 3.25, 2. 97 16NH- 8. 305. 63 17171. 29s- 8. 30,3.33, 1.94 .
1848. 85d3. 3261. 94, '0.98, 0.94 1932.46d1.9363. 33, 0.99, 0. 944 MAR 2004

2019. 32q0. 987@/@Bds711. 94, 3. 33 2120. 58¢0. 9440. 99, 1. 94, 3. 33CiEPhPoRELAr
differentiation between position 20 and 21 4 MAR 2004 WD 02/083671

PCT/ EPO2/ 03668 24 The conpounds. according to the present invention can be
used to treat warm bl ooded aninals or mal s, including mce, rats and -
humans, suffering fromdi sease states such as, but not limited to,

hypertens;‘_gle congestive heart failure, cardiac h)épertrophy, r enal
failure /COMRAUNAR Rscarding iy thefresant inventien san beEsetdn tisit waymdlmndead of

i C&ongggnﬁggﬁmﬁ r’]’i H?éllls”‘ lrtclutﬁnﬁﬁucé"%%d"mrﬁgh#,l Bﬁ%@ﬁﬁbféﬁdﬁ%égggﬁ%ﬁ"“ "9

ef fecti veSlAQIEaanbutMElt’lltmﬂedliot hypprtdnsaenpn‘.omesbvmbemdfmture lwardiac hypertrophgn be
readily d of conventional techni ques and by observing
%@I g%{lgl e ]&h‘ggﬁagﬁa i ni ng 7

results | ogous circunstances. In determning the -

effectiive ,do tors ar e srdered ut not

e r s A aotlls B Bhg NP [RHBLT ao o e bbb o die Dl s
heal th; temauneeinidicisiifeetsein inkdltngRCIE BA MEP QhidH reslilts, fOVeUarQiBh 1 the
severity f the di s%a ; the response of the individual patient; the :

partlcul af'veg PSR ®I8G ni stered; the dose regimen sel ected; and the use of

An effective ACE and _NEP inhibitory dose of a compound of the formula I can be -
readily determined by the use of oonventional'techniques and by observing results . (
10. obtained under analogous circumstances. In determining f;ie effective dose, a number a |
. of factors are considered tncludtng, but not limited to: the species of animal; the
animal's size, age and general health; the specific disease involved; the degree of or
mvoivement or the seventy of the disease; the response of the individual patient the
partlcular compound admlmstered the dose regimen selected; and the use of
15. concomitant medication. '

An effective dual ACE and NEP inhibitory amount of a compou‘nd of the formuta | wil

- generally vary from about 0.01 milligram per kilogram body weight per day (mglkg/day)
to-about 20 mg/kg/day. A dally dose of from about 0.1 mg/kg to about 10 mglkg is
preferred. : '

i
B

3

20 In effecting treatment of a patient compounds of Formula | can be administered in any
formor mode which makes the compound bioavailable in eﬁect:ve amounts, tncludmg :
oral and parenteral routes. For example the compound can be admtmstered orally,

' subcutaneously, |ntramuscularly, intravenously, transdermally, tntranasaily, rectally,
and the like. Oral administration is generally preferred. One skilled in the art of |

25 preparing formulations can readily select the proper form and mode of administration

depending upon the disease state fo be treated the stage of the disease, and other
relevant circumstances. '



15. concomitant nedication. An effective dual ACE and NEP inhibitory anpunt
of* a conpound of the fornmula | will generally vary from about 0.01
m | i gram per kil ogram body wei ght per day (ng/kg/day) to dbdAR 28

ngl kgl day. vkodickasrdose of from about 0.1 ng/ kg to about JPS:T@,? heksS
preferred. 20 In effecting treatnent of a patient, conpounds Formul a |

can be adm nistered in any formor node which nakes the. conpound

bi oavai | abl e in effective amounts, including oral and parenteral routes.
For exanpl e, the conpound can be adm nistered orally, subcutaneously,

i ntranuscul arly, intravenously, transdermally,-intranasally, rectally, and
the like. Oral admnistration is gMMULJﬁ\TIﬁNSerred One skilled in the
art of 25 preparing formulations can'readily select the proper form and

rode of D figeliel bR ASLRAR IS R RRR b nd st et ed. the

stage of the disease, an evan CII‘CU 200+4 WO
02/ 083671 Q@ﬂP@MMI roe@eanenﬁmmeﬁ’ a@\lﬁadéibymomiﬂangfthé compbends ofan be.

5 " ) Wy RSB S B NS TR

phar maceut naiaré 9f wick prabetennmEedlt@rtﬁe ehosuCiobte bt adminiRrabAPd st8Rdaad
nat ure of ch arﬁ?qcl’leterm ned by the chosen route of adm nistration, and

st andar d W@E PHCUGacti ce.  The present invention provi des
phar.maceuti cal conpositions conprising an effective amount of'a conpound

of For mul aThe presadiinvention rovides phuirascdulical TOATHARIIoPR ¥hiHsiiitan Sfedivee
phar ﬁaceut | cal I acc table carriers or excipirents i o The pharmceuti cal

copposi t i off&eY PRIt hammylal s admitureonethaevisedn assagisdian with ane:
ph&kmaceut Gﬂﬁbr@pﬁamﬁ&@uﬁ@ﬂ& 'a%éepfﬁﬁle%rr?e@ 8k legcnlp%ﬁ@ solid, or liquid

mat eri al whi.ch can serve as”a vehicle or nediu or—the active ingredient.
Sui t abke The pharmaceutical compositions or medicaments are prepared in a manner well

’ known in the pharmaceutical art. The carrier may be a solid, semi-solid, or liquid
material which can serve as a vehicle or medium for the active ingredient. Suitable -
carriers or excipients are well known in the art. The pharm-aceutical composition may |
be adapted for oral or parental use and may be administered to the patient in the form -

15 of tablets, capsules, supposﬂones solutions, suspensions, or the like. Suitable
- pharmaceutical carriers and formulation technlques are found in standard texts, such
| as Remington: The Science and Practice of Pharmacy, 19™ edition, Volumes 1 and 2
0 1995, Mack Publishing Co., Easton Pennsylvama US.A., WhICh is herein:
i .lncorporated by reference.

20 The pharmaceutlcaf composntlons may be administered orally, for example WIth an
inert diluent or with an edible carrier, They may be enclosed in ge!atlne capsules or
compressed into tablets. For the purpose of ofal therapeutic administration, the
compounds of Formula | may be incorporated wath excipients and used in the form of
tablets, troches, capsules, ellxsrs suspensions, syrups, wafers, chewung gums and the

25 like. These preparations should contain at least 4 % of the compound of Formula §, the
active ingredient, but may be varied depending upon the particular form and may
conveniently be between 4% to about 70% of the weight of the unit. The amount of the

active ingredient present in compositions is such that a unit dosage form suitable for
~ administration will be obtained.



carriers or excipients are well known in the art. The pharnmaceuti cal
conposition may be adapted for oral or parental use and maﬁ be

adm nistered to the patient in the form 15 of tablets, caps INAR

Supposi t or A e2deeét i ONs, suspensions, or the |ike. Suitablgmponises
pharmaceutical carriers and formnul ation techniques are found I n standard
texts, such as Rem ngton: The Science and Practice of Pharmacy, 1 9th
edition, Volumes 't and 2, 1995, Mack Fblishing Co., Easton,

Pennsyl vania, U S. A, which is herein incorporated.by reference. 20 The
pharmaceuti cal conpositions nmaybe adm nistered orally, for exanple, with an
i nert di| Udwettabletsyipills, eapsatéshtreclesy andthe liKeayayralsoloonedis lonsast rhoregsfliag i ne
capsul.es rressed i.nto tablets. .For t .pu({?@u‘se of oral the aﬁreutiC'

adni ni st'rg?qoé”ﬂng Avanis,igaerss SUsh @9 micrPeye 9589y ERRAP

exci pi ent geftiheysgepients! Hiech &4 Qt’aﬂ:fh ot {ablosé SdISIhfégﬁﬁlﬁiég ages %h@ﬁ as@lglﬁicr s,
suspensi ons g%{mulﬁal@bwafers chew 51 guns and 't he |Tke. These

pr epar at i &R, gRinstarchanddhe fike; '%W%@%hrﬂﬁdﬂﬁ%@ﬁ*um&*ﬁ@ﬂaﬁ 9 the --
acti vesi NgeHitOm; %i’aﬂﬁtsnﬁychbé's lcféi sﬁ@&?%ﬂ%ﬂng '%\Afe'é?erﬁ% tapgtﬂhaéuél‘? gand -

may conveniently be between 4% about e wel ght The
anount  of Sun@seautaavdiarmgnéﬂbemddpdmaavounngoagqnmlsmbm pappsumints mathyd

w0 02/ oasE Pl RR s Mne R B EsBR ufl o i BRb U e ana
the |ike waptain,do addiivnitomaterials ofthiceaboive tyise, af lijuidedmigr adthmalpbﬁleﬂ’cylmter S,
" exci i encbieoLhtA aly af Byet dabeBa Eiidima e Foatnoieg viGe stbasis adich -
al ginie  akodify theipysiehlbom oﬁﬂfeucfstagqunam eixBfpld, 'é% cdaﬂh?s CPHllss tatiegtoras ()

magnesi um stearate or 5 Sterotex( gkidants, such—as colloidal silicon
di oxi de; RS BAKDESAIRY Wileraar, %ﬂﬁ!‘ﬁ‘ca%" otber-eriedc gpating-agrntEnA RN dded

or flavouichRghiRaR qqa.t.oﬁ wmmwsm@@eﬂg ’suER}s@Qs a §@L.{e€e\ahg;} 5%&& P i

fl avouring. Vhen dosa uni t capsul e ntarn, 1n
addi ti on treesevatives) dyeﬁanm@alawmgs aryq)hvoars i Mat&hadmusecbm prephring these

pol yet hyl %ﬁous compositions should be pharmaceutically pure and non toxic in the amounts
15 used. ' | '

For the purpose of parenteral administration, the compounds of Formula | fnay be
incorporated intoa solution or suspension. These preparations should contaiﬁ at least
‘ 0.1% of a compound of the invention, but fnay be varied to be between 0.1 and about _)
20 5GU% of the weight thereof. The amount of the active ingredient present in such
- compositions is such that a suitable do_ségé Will be Obtained. |

The solutions or suspensions may also include one or more of'the following adjuvants:
sterile diluents such as water for ri'njecti_on, saline solution, fixed oils, polyethylene

25  glycols, glycerine, propyiehe glycol or 6ther synthetic solvents; antibacten'a_l agents
such as benzyl alcohol or methyl paraben; antioxidants such as ascorbicacidor
sodium bisulfite, chelating agents such as ethylene diaminetetraacetic acid; buffers

. such as acetates, Citrates or phdsphates and agents for the adjustment of tonicity such

as sodium chloride or dextrose. The parenteral preparation can be enclosed in

30 ampules, disposable syringes or rhultiple dose vials made of glass or pla'stic.



glycol or a fatty oil. O her dosage unit fornms nmay contain-other various
materials which io nodify the physical formof the dosage unit, for

exanpl e, as. coatings. Thus, tablets or pl | 1's may be coateg mﬁt hpesugar,
shel | ac, orwetoaesssent eri c coating agents. 'A syrup nay capia /oisﬁs
addition to the active ingredient, sucrose as a sweetening agen%

certain preservatives, dyes and col ourings and flavours. Materials used in
preparing these various conpositions shdlld be pharmaceutically pure and -
non toxic in the amounts 1s used. For the purpose of parenteral ,
admi nistration, the conmpounds of Fornula | may be incorporated into a

sol ution dtissabprurseamdersicsdthat épEacarhpoursdssoficRorthuoNinal Bxiet i @&éﬁety(bf 1% of

a conpoun but e vari to be between 0.1 and about

20: 50% of q?cﬂ%ehggghwﬁtté?@dpdtﬁﬁg nﬁ'ﬁﬁ@ﬁ?l ?elﬂ%S stereqisomars: dds Bﬁﬁheﬂir esent

in such amdeostood tist the praseht intigiition muohﬁias@egﬂm%dmﬂdutnﬁe o?'%rrhﬂﬁq in The
e

sol utions & s%iﬁe.nm ons mfi'-é al so i nclude one or nore of OW Nng :
adj uvant s:® PIEVEIoURsHiCt gl and sterapisameris configutations asdadividualistmersn,
fixed aGi | sandpsd ptthidsetesormerd! Ycol s, glycerine, propyl ene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcohol or nethyl

par aben; antioxi dants such as ascorbic acid or sodi um bi sulfite, chelating

agents such as ethyl ene diam ffers such as acetates,
citrates or phosphates and agrﬁ?élsélfrc Eﬁloﬁg?fi& of tonicity such as

sodi um chl ori de or dextrose. The parenteral preparation can be enclosed in

30 a uIe S_or | tipl e dose vials made of glass or
AP T BRRGR of D833 Birie BrtoS8ii S B SeRre b Aston
u n er smoodmbmmfet, Hle pﬁtﬁé\’ﬁ@W‘tﬁﬁe@ft faﬁﬁ!ré%@cbmrﬂi@un@(bﬁﬂne'f&nﬁuﬁ MrcRlasePf

i soneric conf.i i nclu ‘%bng structural as well- as stereolsoners. It
is further®ar ‘Hﬁg Ct"‘ﬁ%&ek Vontacar EndinstrlimPeassuiepddddaPyansk e
conpounds ipdreb&é &Hkﬁlai‘y fl. 'ﬁﬁ%kc‘ébhéﬁ@!y CPd(aférMP Hetivi rdf(fitlé’&gllng

SR Xt ur es of

st ereoi soneric_configurations as i ndivi omers ~'s an
i'somers. BCSPEiAGH ﬂ'ﬁé’pmg | irderrensirated by the pharmacologlcal data summarized in

Flgure 1.
15
The results in Figure 1 show that there is a signifi icantly improved reduction of mean

arterial blood pressure (MAP) at each of the administered doses in companson to the
same oral dose of MDL 100 240

Data obtained from congestive heart failure ‘models in rats also 'shdwed the

, (i 20 compounds of the formula | to have significant beneficial effects on cardiac function in
comparison to known compounds. For example, in studies in which MDL 100 240 and
MDL 107 688 were tested in rats with heat failure, similar effi cacy was found when
MDL 107 688 was used at half the dose of MDL 100 240.



SR =

The new conpounds of the fornmula | have |ong-lasting, intensive hypotensive
action. .10 Moreover, in patients with heart failure the conpounds of the
formila | i'ncrease cardiac output, decrease Left Ventricul aft rTEiﬂ'i‘j?."astol ic
Pressure (WHiRkssad increase coronary flow. The excepti geg}Elez,@@&erful
activity of .the conpounds according to the fornula | is denonstrated by

t he pharnmacol ogi cal data summarized in Figure 1. 15 The results in Figure 1
show that there is a significantly |rrpr83ed reduction of nean -arterial

bl ood pressure (MAP) at each of the administered doses in conparison to the
sane oral dose of MDL 100 240. Data obtained from congestive heart failure
nodel s inV\gl‘?attt) %ﬁﬁe@{%owed the 20 conpounds of the formula Ito have
significan enéficral” .effects on cardiac function in conparison to known
conpeunds. For exanple, in studies in which MDL 100 240 and NDL 107 688
were testéd i nArcamponndrofiieafdarmiute k ure, sinilar efficacy was found when

MDL 107 688 was used at. half the dose of MDL 100 240. 4 MAR 2004 WO :
02/ 083671 PCT/ EP02/ 03668 28 Wat is clained is A .conpound of the formula I-
N H SRl wherein Rl is hydrogen, -CH2OC(O) C(CH3)3i or an- acyl group; R2 is
hydr ogen, -CH20-C(O) C(CH3)3, a Cl-C4-al kyi, aryl, aryl-(Cl-G4-alkyl), or

di phehyi methyl-; Xis -(CH2)n wherein n iBjan integer O or 1, -S , -0-,
1
s " wherein
Ry is hydrogen, -CH.OC(O)C(CHz)s, or an acyl group;
Rois hydrogen -CHZO-C(O)C(CHa)a, a C4-Ca-alkyl, aryl aryl (C1-C4—aikyl) or .
- dlphenylmethyl
: Xis —(CHz)n wherein n is an integer O or 1, -S-, ~O-, - ' D)
0
V/a
R3 - -—R4
o

-N- or -N-
0 |

wherein Rj; is hydrogen, a C1-Cs-alkyl, aryl, or aryl-(C4-Cg-alkyl), and R is —CF,,
'C1-Cqo-alkyl, aryi, or aryl- (C1-C4-alkyl)

B+ and B: are each independently hydrogen, hydroxy, or -ORs, wherein Rs is C1-Cs-
alkyl, aryl, or aryl-(C4-C4-alkyl), or, where B4 and B; are attached to adjacent carbon

15 atoms, B and B; can be taken together with said adjacent carbon atoms to form.a
benzene ring or methylenedioxy;



3 R -N or 10 wherein R3 is hydrogen, a Cl-C4-al kyl, aryl, or
aryl-(Cl-C4-alkyl), and R4 is -CF3, Cl-Cl0-alkyl, aryl, or . '
aryl-(Cl-C4-alkyl); Bl and B2 are each independently hydroger“‘, M’fﬁ/éﬂ%xy, or
- GR5, wher ewo oRes3cst C1- C4- al kyl, aryl, or aryl-(Cl-C4-al kydpmpeQhsseyhere Bl
and .B2 are attached to adjacent carbon 15 atons, Bl and B2 can be taken
together with said adjacent carbon atons_to forma benzene ring or

met hyl enedi oxy; 4 MAR 2004 WO 02/ 0836712%CT/ EP02/ 03668 29 or its
pharmaceutically acceptable salts or stereoisonmers thereof. 2. The conpound
according to cl,aim1 wherein Bl and B2 are hydrogen. The conpound accordi ng
to clai m 29Virpiamageytically ecpsptablesalis pssteredjsormaes therassund accor di ng t o
claim3 wherein R1L is acetyl or hydrogen. 5. The conpound according to

cl ai m 4- whr ei MHe¢ragsRRLE O ‘ :

12b0] ] - 7-[T2(R) - acory i e sokdin %ﬁF'FﬁQZJ@u‘ét%ﬁ B1and [Pz are hydrogen.
1,2,3,4,6,7,8,-12b-oct ahydr o- 6- oxo-pyrido[ 2,1 a][2]benzazepi ne-4-carboxylic
acid, di pfrenyl Y& $RMP ceordipg torplaing ryhsiain 4 éxeiGlizdgandnds i m 4 wherein
the conpound is [4S 10 : - : ' S :

[ 4a, 7a( S) , 4.2b13]He conipa(nd) actefding td WP R, B9 :
1,2,3,4,6,7,8,12b- octﬂzsihydr 0- 6- oli‘%wp?/lrgwﬁg[ 2, 1¥E%b?)&%%§tﬁ?ﬁ?é’5§@bar boxylic
aci d, i phenyl.get hyl ester. . 15 7. The .conpound according to claim4
wher-ei tﬁ : CZMHQ@@@GOMW to claim 4-wher;gin the compound ig [4S-

- oclahydro- 6- 0x0- pyrid zazepl ne<4-car i d, L
' dEp_henyI met hy11,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2, 1a}[2]benzazepine-4-carboxylic acid,

diphenyimethyl ester. . =

- 8. The compound according to claim 4 wherein the compound is [48- -
10 ‘ [4a,7a(8),12bB]]-_7;[[2(S)—acetylthio-3—methyl-1-o_xobutyl]amino]—
- 1,2,3,4,8,7,8,12b-octahydro-6-oxo-pyrido[2, 1 aj[2]benzazepine-4-carboxylic acid,
diphenylmethy! ester, | '

7. The compound éccording to claim 4 wherein the compound is [4S-
| [40,7a(S),12bB]]-7-[[3-methyl-1-ox0-2(R)-thiobutyllamino}-1,2,3,4,6,7,8,12b-
15 octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid, diphenyimethyi
i) ester. '

‘ 8 ~ The compound according to claim 4 wherein the compound is [43-
(e, 7a(S),12bp]1-7-[[3-methyl-1-oxo-2(S)-thiobutylJamino}-1,2,3 4,6,7,8,12b-

| octahyc_jro-ﬁ-pxo-pyrido[z,'ia][2]benzazepine-4—carbbxyiic acid, diphenylmethyl
.20 ester. ' o

9, The compound according to claim 4 wherein R, is hydro;qen. )

10.  The compound according to claim 9 wherein the compound is [4S3-
[4o, 70(S),12bB]}-7-[[2(R)-acetylthio-3-methyi-1 ~oxobutyllamino}-
: 1,2,3,4,6,7,8,12b-octahydro—'a-oxo-pyrido[z._1 aj[2]benzazepine-4-carboxylic acid,

L o & e Pl S T2l Pl S L AR BT Dy 3 4 © 7 8 1?b |



ester 8. The conpound according to claim4 V\/ner ein the conpound is [4S
[4a 7a(S),|12b[3

-7-[[ 3-net hyl - 1- oxo-2(S) -t hi obutyl Jam no] -1, 2, 3, 4, 6, 7, 8, 12b4 MAR 2004

oct ahydr o- @x0o0emsysyr | do[ 2, 1aj [ 2] benzazepi ne- 4- car boxyl i ¢ a®ict/Ere2/03668 _

di phenyl net hyl 20 ester. 9. The conpound according to claim4 wherein R2

i s hydrogen. 10. The conpound according,to claim9 wherein the conpound is
[ 4S- [4a 7a(S),12b[3]]-7-[[2(R) -acetyl t MYo- 3- net hyl = 1- oxobut yl ] am no] -
1,2,3,4,6,7,8,12b- oct ahydr o- 6- oxo-pyrido[ 2,1 a][ 2] benzazepi ne- 4- carboxyllc
aC| d. V\D ?g)/ 08_g€71 30 4 MAR 200 . PCT/.EPQ2/ 03668 11. The conpound accor d| ng
to -claim %ppmpﬁgng@ﬁggqg!ﬂw ﬁOSC?IE[@ wherein the compoundl 4S-

4a, 7a(S 12b '
[1 g 3an A [f@bﬁa&bﬁgﬁ@% @2' wtﬁﬁ%k{%%ﬁ en ! zep 2014 carboxylic .
acid. 12. The tﬁlﬁ)@,ﬁm%l@bemmtahgjrb{ii-oxcﬁpyncﬁ)[ma][E]b&ntbmmmmmanbbch bé&
[4a, 7a(S), 1 2b[3]]-7-[[ 3- net hyl - |

- 0x0- 2( R) abhi 6. ct ahydr o- rido[2,1 -
191 o 12ap: T HokBBLAEbetotut 6 Saly &R 360 AR BAT IS ™Y § dolz. 1
wherei s the Coﬂﬁﬁm‘(ﬁ) I1SbBH-?ﬂ-[[:Mwetﬁ’ﬂ('ﬁbxd-Z(ﬁ)l-ﬂﬂobZﬂl%?mﬁB]—4I1£| 13,4,6,7,8,12b-

- 0X0-2(S)-thjobut %_gm noj - - oct ahydro- 6- 0xo- pyr|d0[2 1

a] [ 2] benzazepi ?@a r%e%wnyede@.w][ﬂhﬁnzazemneﬂo%‘e@xy Sradithe preparati on of
a conmpound of the fornula | | wherein Rl is hydrogen, -CH20C(O) C(CH3)3, or
an_acyl gngup; Tﬁ@@@hﬁﬁ&%@&dmﬁ%ﬁ%@'ﬁ%carggéuﬁ& Pasy!, aryl,
aryl (Cs-C4-al kyl%& g | met hyl I's =- V\/nereln n. is an{')
i nt eger 0 or 1[405, (S_) 12bﬁ]]-7—[[ met YI 1-0x0-2(8)-thlobutyl]am|n0]-1 23467 8,12b-

octahydro—ﬁ-oxo-pyndo[z 1a][2]benzazep|ne-4-carbaxyhc aCId

10 14. h A process for the preparatlon ofa compound of the formula 1

wherein
- _R1 is hydfogen, -CH200(0)C(CH3)3. or an acyl group;

- Rzais hydrogen, —CHZO-C(O)C(CH3)3, a C1-C4-alkyl aryl, aryl- (C1-C4-a!kyl) or
15 diphenylmethyl; '

X is -(CHz)n wh‘erein nis aninteger O or 1, -8~ , ~O-,

R3 ‘—'R4
|

~«N- or -N-



R3 -N or 4 MAR 2004 WO 02/083671 PCT/ EP02/ 03668 31 5 wherein R3 is
hydrogén, a C -C4-al kyl, aryl, or "aryl-(Cl-C4-alkyl), and R4 is -CF3,

Cl- C10-al kyl, aryl, or aryl-(Cl-C4-alkyl);. Bl and B2 are, eaclMAR 2004

i ndependentW ®29gb6édigen, hydroxy, or -ORS, wherein R5 is Chkcoferozadeky/! .
aryl, or aryl-(G-C4-alkyl), or, where-Bl and B2 are attached to adj acent
carbon -atons, Bl and B2 can be taken t%’get her with said adjacent carbon
atons to forma benzene ring or nethyl eedi oxy; conprising the step of _
reacting a conpound of the fornula It wherein Hal is halogen, 10 with a

conpound of the form& ﬁl(i_ wherein R is pr evi ouslai/kydefl ned, in the
presence of a In Rag hy QEPBC%QS G@lksﬂmlppéamlﬁ@rgw a26d s deinGFaf

the formle.-¢l a Odp ||a ar1t. .o rogen - CH20C(O) C(CH3) 3, or an acyl
group; WO 02/ 083@1I ﬁ( Riﬂ 23 PCT/ PP02/ 03668 R2 is hydrogen,

-04200(0) Q -.C4- al (C3-C4-al kyl), or
di phenyl Gﬁwfﬁﬁacb@%n?nﬂ)éeﬂ)éhvgrﬁg% ydiroar eydIR wherein Rds G+-Cp-, 3

1R4 - N Qllkyl,Nryl, or aryl-(C1-C4-aIkyl) or, where B4.and B, are attached to adjacent carbon
5 atoms, By and B, can be taken together with said adjacent carbon atoms to form a

benzene ring or methylenedioxy;

comprising the step of reacting a compound of the formula i

wherein Hal is halogen,

10 with a compound of the formu!a R4SH, wherem R1 is as’ prevnously defi ned in the
presence of a base ' '

. 15. A process for the preparation of a compound df the formula II:

wherein

15 Rqis hydrogen, ~-CHz0C(O)C(CHs)s, or an acyl group;



5 wherein R3 is hydrogen, a Cl-C4-alkyl, aryl, or aryl-(C-'C4-alkyl), and .

R4 is CF3, Cl-Cl0-alkyl, aryl, or aryl-(Cl-C4-alkyl); Bt and B2 are each

i ndependent |y hydrogen, hydroxy, or -OR5, wherein R5 is Cl-CAARaIRY|, aryl,
or aryl-(Cwap/easaryl ), or, where B, and B2 are attached tecadpanssds car bon
atons, Bl and B2 can be taken together vith said adjacent carbon atons to
forma 1o benzene ring or nethyl enedi oxy; conprising the step of reacting
a conmpound of the formula I'll 0- 1 X R2 B wherein R2, X, Bl and B2 are
as previousty defined with a conpound of the fornmula IV 15 /Hal ~CO2H r
33 wherei rﬂZgHah i s hal ogen. 4 MAR 2004 16. The use of a therapeutically

ef fective My Wéﬁgi‘ﬂ"cﬂb@r@(@)%"é)ﬁzﬁr%“%ﬂkyinéwsrw-@vd@géﬂfﬂnd@'se

i nhi bi t or y; f1- @ conpound according to claim5 1 in the nanufacture-
of a nedi ?é@r{e?ﬁ?metﬁwireati ng a cardi ovascul ar di sease. 17. The use
according_to claim 16 wherein the disease condition is hypertension. 10 -

18. The ugeiSatebelwhereis nisanintegenAer di 1B-,héli sease condition is

congestive heart failure. 19. A pharnaceutical conposition conprising one *

or nore conpounds. as set forth in claiml and a pharnmaceutically

b .

acceptable carrier. //0
- : | . ) R3 C—R4
R o .
' ;-N— or -N- o o - {,)
5 wherein R3 is hydrogen, a C+-Cg-alkyl, aryl, or ary-(Ci-Cs-alkyl), and Ryis  — .

CF3, C-Cqg-alkyl, aryl, or aryi-(C1;C4-alkyl);

B; and B, are each indép‘enden_ﬂy hydrogen, hydroxy, or -ORs, wherein Rs is C1~C4-
élkyl, aryl, or aryl-(C+-Cg-alkyl), or, where B1 and B are attached to adjacent carbon
atorﬁs, Bsand Bz can be taken together with said adjacent carbon atoms to form a

10 benzene ring or methylenedioxy; |

comprising the step of reacting a compound of the formula I i

COR,

wherein Ra, X, Bs and B; are as previously defined

~with a éompound of the formula IV

: /Hal

' : 7/ _\cozH A
15 ' '



15 20. A nethod for the preparation of a pharmaceutical conposition
conprising the step of conbining one or nore of the conpounds as set forth
inclaiml wth a pharmaceutically acszgept able carrier 4 MAR 2004

wherein Hal is halogen.

16.  The use of a therapeutically effective angiotensin converting enzyme and
neutral endopeptidase inhibitory amount of a compound according to claim

5 1 in the manufaciure of a medicament for treating a cardiovascular disease.

17. The use according to claim 16 wherein the disease condition is
hypertension.

10 18. The use according to claim 16 wherein the disease condition is congestive

heart failure.

19. A pharmaceutical composition comprising one or more compounds as set
forth in claim 1 and a pharmaceutically acceptable carrier.
15
20. A method for the preparation of a pharmaceutical composition comprising
the step of combining one or more of the compounds as set forth in claim 1

with a pharmaceutically acceptable carrier.





