WO 02/ 083671 PCT/ EP02/ 03668 Description Mercaptoacetylam de derivatives, a
process for their preparation and their use 5 This application clains the
benefit oWoOWosxsovi si onal Application No. 60/283, 305, fil ®dT/ER02/03668.2,

2001. BACKGROUND CF THE INVENTION |10 1. Field of the Invention: The present
invention is directed to novel conpounds possessing both angi ot ensin
converting enzyne inhibitory activity and neutral endopeptidase inhibitory
activity and nethods of preparing such conmpounds. The present invention is
al so directed to pharmaceutical conpositions containing such dual
inhibitiD@F%ﬂ“@Bunds or 15 pharnmaceutically acceptable salts thereof and
their use in the manufacture of nedicanments. 2. Description of the Art:
Angi ot ensi n- Converting Enzynme (ACE) is a peptidyl dipeptidase which

cat al yzddetdaptoaxmiylanddedeifativegj atpeosass for theimgiepamtkinnand thelngset ensin 11
is a vasoconstrictor which 20 al so stinul ates al dosterone secretion by the
adrenal cortex. ACE inhibition prevents both the conversion of angiotensin

| tosanngﬂgl%\ lifatidn @8fhd the 5@4@%&@@.&6@& 6435 batonms@of/zegﬂsw filed

decr ease ulat1 ng angiotensin || ster i ncreased clI rcu ating
br adyki rAprilciéh@80tir ati ons. In addition to these neurohornonal changes,
decreases in peripheral resistance and bl ood pressure are observed,
particularly in individuals with 25 high circulating renin. O her

phar macol ogi cal effects assack@ROUMD OFAEHE INVENTION i nclude regression
of left ventricular hypertrophy, inprovenent in the clinical signs of

heart failure, and reduction in nortality in patients with congestive heart

failure ( CHE ricular dysfunction after myocardial infarction.
Neutll;dal 1(end peelgﬁfégglﬁv(%g "is an enzyne responsi ble for the rret abol i sm of
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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

15 pharmaceutically acceptable salts thereof and their use in the manufacture of

medicaments.
2. Description of the Art:

Angiotensin-Converting Enzyme (ACE) is a peptidyl dipeptidase which catalyzes the
conversion of angiotensin | to angiotensin Il. Angiotensin |l is a vasoconstrictor which
20 also stimulates aldosterone secretion by the adrenal cortex. ACE inhibition prevents
both the conversion of angiotensin | to angiotensin Il and the metabolism of bradykinin,
resulting in decreased circulating angiotensin Il, aldosterone and increased circulating
bradykinin concentrations. In addition to these neurohormonal changes, decreases in
peripheral resistance and blood pressure are observed, particularly in individuals with
25 high circulating renin. Other pharmacological effects associated with ACE inhibition
include regression of left ventricular hypertrophy, improvement 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 responsible for the metabolism of atrial
30 natriuretic peptide (ANP). Inhibition of NEP results in increased ANP concentrations,



WO 02/ 083671 PCT/ EP02/ 03668 2 which in turn leads to natriuresis, diuresis
and decreases in intravascular volune, venous return and bl ood pressure.
ANP i s reweagmsBéby atrial nyocytes in response to atrial PSTEPOIDIB66S

i ncreased intravascul ar volume. El evated plasma concentrations of ANP have
been denonstrated as a potenti al conpenzftory mechani smin various 5

di sease states, including congestive hed&t failure, renal failure,

essential hypertension and cirrhosis. The secretion of ANP by atri al
nyocytes causes vasodilation, diuresis, natriuresis, and the inhibition of
reni n r eWbighdn &ura lebdoin vabiveesisodietesisand decr@aseas'n intravgsouleneslume,

results in vasoconstr,cti sodi u ter tion, and al dosterone
o or oaurdhalTeRRE N SiboRaresnir BYBTS rdhste PUAt T ioORhes BriEshpies o
count er barianstrdteh di’f?f’fb?ééséd)lrﬂ@v@%é\hlar VSOAR, Blé\béﬁé@' HHinGa &S@ﬁ@éﬂtﬁfuoﬁ@%f
henodynam c responses. atent 5,430,145 di scl oses tricyclic
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ADVE ( Absied pitihesis. Di st ri buti on, Metabolism Excretion) properties over the
conmpounds exenplified therein. SUMVARY OF THE | NVENTI ON Accordi ngly, the
resent nvent| rqvides a, conmpound of the forgula I; H SR1 20
\R/her ein Ihe secrefion Of Q\Y\\Fg%y atrial rgyr/)ocytes causes vasodqutlon dlureSIs natriuresis, and
the inhibition of renin release and aldosterone secretion. In contrast, angiotensin
results in vasoconstriction, sodium and water reabsorption, and aldosterone
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 to specific compounds covered
by the generic disclosure of U.S. patent 5,430,145 which have surprisingly improved

15 ADME ( Absorption, Distribution, Metabolism, Excretion) properties over the
compounds exemplified therein.

SUMMARY OF THE INVENTION

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

20

wherein

R1 is hydrogen, -CH,OC(O)C(CHjs)s, or an acyl group;



R1 is hydrogen, -CH2OC(O) C(CH3)3, or an acyl group; WO 02/083671

PCT/ EP02/ 03668 3 R2 is hydrogen; -CH2O- C(O C(CH3)3; a Cl-C4-al kyl; aryl,
aryl - (Cl-wo-oalog3sld ; or di phenylnethyl; X is -(CH2)" wher ®@CA/BP02/6366%
integer Oor 1, -S , -O , 0 // RBi-R4 -N or -N5 wherein R3 is

hydr ogen, a Cl-C4-al kyl, aryl or aryl- ((%1] C4-alkyl) and R4 is -CF3, Cil-Cl10-
al kyl, aryl, or aryl-(Cl-C4-al kyl); d B2 are each independently

hydr ogen, hydroxy, or -OR5, wherein R5 is Cl-C4- al kyl, aryl, or

aryl - (Cl-C4-al kyl) or, where Bl and B2 are attached to adjacent carbon
atoms, BR: imbyd2genn-GibQ-8ONC(Gidet:he £1+G +alkyantyl atyk@enCcdityboor at ons to
forma ?J{o benﬁ]egg lr| ng or nethyl enedi oxy. In one enbodi nent, the present

inventio 'pBPBV Yia conmpound of the formula | wherein RL is acetyl. In
anot her enbodi msnt the present invention provides a conpound of the
fornul a X jgher \/\Hﬁbrem Mg iesger Mop1f 18-, hg)- enbodi ment, the 15 present

i nvention prOV| es a conpound of the fornula I ‘wherein R2 is hydrogen. In a
further enbodi ment, the present invention provides a conpound of the
formula | wherein Bl and/or B2 are hydrogeg. In yet a further embodi nent,
the present invention provides a conpound of the formula I wherein Xis
-CH2. In one enbodi nent, the rese i nve _LDﬁ4prOVIdeS a conpound of
formila | A WD 02/083671 PCT/EP02 668 i

-N- or -N-

5 wherein Rs is hydrogen, a C4-Cy-alkyl, aryl or aryl-(C4-C4-alkyl) and R4 is —CF3, C4-C1o-
alkyl, aryl, or aryl-(C4-Cy-alkyl);

B¢ and B; are each independently hydrogen, hydroxy, or -ORs, wherein Rs is C4-Cy4-

alkyl, aryl, or aryl-(C4-C4-alkyl) or, where B4 and B, are attached to adjacent carbon

atoms, B1 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 compound of the formula |
wherein Rj is acetyl. In another embodiment, the present invention provides a
compound of the formula | wherein Ry is hydrogen. In a further embodiment, the

15 present invention provides a compound of the formula | wherein Rz is hydrogen. In a
further embodiment, the present invention provides a compound of the formula |
wherein B4 and/or By are hydrogen. In yet a further embodiment, the present invention
provides a compound of the formula | wherein X is —CHo.

In one embodiment, the present invention provides a compound of formula | A:



N H SR1 wherein RL is acetyl or hydrogen. The structure of preferred
enbodi nents according to the present invention are 5 conpounds of the

f ormul ae wB can8B6rC bel ow. | B OQAS | C SH The conpounds of t IR€TfEPO2I4668 | |

i ncl udi ng conpounds of the fornulae IA, IB and IC, 10 are particularly
useful as dual inhibitors of ACE and NER WO 02/ 083671 PCT/ EP02/ 03668 5 The
present invention accordingly provides a pharmaceutical conposition
conprising an effective ACE and/or NEP inhibiting anount of a conpound of
formula | in adm xture or otherwise in association with one or nore
pharmaceutically acceptable carriers 0 € ci pients. 5 DETAI LED DESCRI PTI ON
OF THE I NVENTI ON As used herein, the t 1-C4-al kyl' refers to a
saturated straight or branched nonoval)xst{hydrocarbon chain of one, two,
three or four carbon atons ang inejude i et hyl, propyl, isopropyl,
n-butyl, isobutyl, tertiary butyl |l and rougg. The term
'Cl-Clo-alkyl' refers to a ' branched nonoval ent

hydr ocarbon io chain of one to tjen
propyl, isopropyl, n-butyl, isgputyl, butyl, pentyl, isopentyl,
hexyl, 2, 3-dinethyl-2-butyl, heptyl, 2,2- H - 3- pent yl |
2-met hyl - 2- hexyl, octyl, 4-methyl-3-heptyl and the |i ke groups. As used
herein "aryl' refers to a phenyl or naphthyl group unsubstituted or

subst i t Wherein R, is acetyl or hydrogen.

s and includes nethyl, ethyl,

The structure of preferred embodiments according to the present invention are
5 compounds of the formulae 1B and IC below:

1B

IC

The compounds of the formula I, including compounds of the formulae IA, 1B and IC,
10  are particularly useful as dual inhibitors of ACE and NEP.



15 with fromone to three substituents selected fromthe group consisting
of net hyl enedi oxy, hydroxy, Cl-C4-al koxy, fluoro and chioro. Included

wi t hi n t woseogs7of the term'aryl-(Cl-C4-al kyl)' are pheayEper/isshs
(benzyl), phenylethyl, p-nethoxybenzyl, p-fluorobenzyl and p-chl orobenzyl.
20 As used herein, 'C-C4-al koxy' refers to a nonoval ent substitutent which
consists of a straight or branched al k chain having from1 to 4 carbon
atons |inked through an ether oxygen atom and having its free val ence bond
fromthe ether oxygen, and includes nethoxy, ethoxy, propoxy, i Sopropoxy,
but oxy, Fhe presenkinvention dsgorsiyglypiovidésea phiremgeeulical compasitionedrprising,

"heterocyclg' .ne any,,cl -ring noiety in which one.or re.of the
atons. of 3 REeR R G FendHOL RERE AR e AmB I o1 PR oAl o PR M but 1. ot
limted adfixtird®ricthé@Méadi agddigation With on@YoF intbraharhfR%auedll acceptdbie hyd
rofu ra nyl, pyrrolidinyl, WO 02/083671 PCT/ EP02/ 03668 6 norpholinyl,

pi per azi eyTiers@reXCiRigatsel yl , thiazolyl, thienyl, furanyl, indolyl, 1,3-
benzodi oxol yl, tetahydropyranyl, imdazolyl, tetrahydrothienyl, pyranyl,

di oxasnyl ,  pyrrolyl, %Fﬂgﬁﬂgﬁ%em@ﬁi%bl; tl-pliEaﬁ\,é\?%Nﬂ@Nazol yl, purinyl,

qui nol i nyl and isoquinolin used rein, gen” or 'Hal' refers
to a nenber of the famly of fluorine, chlorine, bromne or iodine. As
used herAs nsed heydin gtheuptmr'éi-€ysalky’ referpliabi sataraded straight or Acarichgdoups and

t hose deriveo‘ f rom het rocgcl.ic corrpounﬂ%. For. exanpl e e acyl group may

, .th ﬁ
be a | ovlEONBYaIgRE RXETORAPANGNRAN Pf GRS Os HERe £L ToWr ¢R/PoB Atms @pd inglHdgs oy |
group sugRtis IRNZEMpyRTi £ BLIARYIC |SoBufyF ert@ing BBty AR tHd k@ §BapSs! THET €
of the het eﬁat gﬁmﬁo,py& I%ﬁ%rog? suchy as Fﬁg gr o&% /-ﬁ\ - Cﬁ O - CH2 Py
term ‘C4-Cqp-alkyl’ refers to a saturated straight or branched monovalent hydrocarbon
10  chain of one to ten carbon atoms and includes methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, tertiary butyl, pentyl, isopentyl, hexyl, 2,3-dimethyl-2-butyl, heptyl, 2,2-

dimethyl-3-pentyl, 2-methyl-2-hexyl, octyl, 4-methyl-3-heptyl 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, C4-Cy4-alkoxy, fluoro and chloro. Included within the scope of
the term 'aryl-(C4-Cy4-alkyl)' are phenylmethyl (benzyl), phenylethyl, p-methoxybenzyl,
p-fluorobenzyl and p-chlorobenzyl.

20  As used herein, 'C4-C4-alkoxy' refers to a monovalent substitutent which consists of a
straight 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
the atoms of the ring are an element other than carbon and includes, but is not limited

to, the following: piperidinyl, pyridinyl, isoxazolyl, tetrahydrofuranyl, pyrrolidinyl,



15 As used herein, 'stereoisoner' is a general termused for all isoners of
i ndi vidual nolecules that differ only in the orientation of their atons in
space. ThwoOtoew8a676t er eoi somer includes mrror inage i SOMePST(EPNAMRGHOMESrS) ,
geonetric (cis/trans or E/Z) isonmers, and isoners of conpounds with nore
than one chiral center that are not nl%%?r i mges of one anot her

(di astereoi soners). 20 As used herein and 'S are used as comonly
used in organic chenlstry to denote specific configuration of a chiral
center. The term'R (rectus) refers to that configuration of a chiral
center vmpmtmlmwb(plmreanylebanzmnéaijylofhl@mlyipﬂmmdxrfutamé indplyhds3- t o second
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| owest) when viewed al ong the bond "toward the | owest priority group. The
priority of groups is based upon sequence rules wherein prioritization is

first based on atom c nunber (in order of decreasing atom c WO 02/083671
PCT/ EP02/ 03668 7 nunber). A listing and di scussion of priorities is
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| en an ewms N editors, ntersme
Sons, | raromihkewr Wadike. 1994. 5 In addition to the (R -(S) system t he oI der
D-L systemmay al so be used herein to denote absolute configuration,
especially wwth reference to amno acids. In this system a Fischer
projection fornmula is oriented so that the nunber 1 carbon of the main
chain is at the top. The prefix "D is used to represent the absolute

confi gurgs lu@@d%ferénhe‘abﬂcgfanp refershtb Giph&ic bid afdrmait atyleirenps agai tmwp i's
on the right side of e carbon at the chiral io center and , that of
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el i Mna e ca tons orary
heterocychc acyl group comprising one or more of the heteroatoms O,N and S, such

as the group

C(0)-CH~N O
_/

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
stereoisomer includes mirror image isomers (enantiomers), geometric (cis/trans or E/Z)
isomers, and isomers of compounds with more than one chiral center that are not
mirror images of one another (diastereoisomers).

20
As used herein, 'R"and 'S' are used as commonly used in organic chemistry to denote
specific configuration of a chiral center. The term 'R’ (rectus) refers to that configuration
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



or permanent basis, or to preventing or slow ng the appearance of synptons
and 15 progression of the naned di sease, disorder or condition. As

descri bedwberesaw;ithe term ' patient' refers to a warm bl oededrPaniises such
as a mammal which is afflicted with a particul ar di sease, disorder or
condition. It is explicitly understood7that gui nea pi gs, dogs, cats, rats,
m ce, horses, cattle, sheep, and humans ‘20 are exanples of animals within
the scope of the neaning of the term As used herein, the term
"pharmaceutically acceptable salt' is intended to apply to any salt,
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aliphatic, cyclic or aromati c am nes such as net hyl am ne, di nethyl am ne,
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| i ke acids, and organic carboxylic acids such as, for exanple, acetic,
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4- thr oxin lgdﬂzlm ke furwﬁbhala(mliegérming:)igmapiis:an fl@é right $i|de gtm?%aldtghé chiral
2- phenox nzoi ¢, ,2-acef oxybenzojc,, . ndel i n i ke acids, and organic
squHhid¥%§$ﬁ%né&0ﬁh§E°%®FH§N@§UFFMWPg%éﬁ@“H%S%?€4uenesulfonic acids. As
used herein, 'pharmaceutical carrier refers to known pharnaceuti cal

exci pients wuseful in formulating pharnmaceutically active conpounds for

adm nistration, and which are substantially nontoxic and nonsensitizing
under cohslusedherain, ‘treatl’ oTfeeatingcmenns pny pwatinent, dncludingdut xiot imgad o, s

determ naq%v%\fintghs%/rr?&lo%bs', le\iwnaeffﬁ% tﬁg %@uggtliorp of t?l%rstﬁrr?gto%s either on a temporary
or permanent basis, or to preventing or slowing the appearance of symptoms and
15 progression of the named disease, disorder or condition.

As described herein, the term 'patient’ refers to a warm blooded animal such as a

mammal which is afflicted with a particular disease, disorder or condition. It 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 term.

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 amines such as methylamine,
dimethylamine, triethylamine, diethylamine, isopropyldiethylamine, pyridine and
picoline. lllustrative acids which form suitable salts include inorganic acids such as, for
30 example, hydrochloric, hydrobromic, sulfuric, phosphoric and like acids, and organic

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



t he active conpound, the chosen route of admi nistration as well as standard
phar maceuti cal practice. CHEM CAL SYNTHESES 15 Conpounds according to the
present iwWoeawbswn nay be prepared as follows. The tricycl PCTHmPOIZ03s6Of t he
conpounds of the formula | nmay be prepared utilizing procedures and
techni ques well known and appreciated by, one of ordinary skill in the art.
U. S. patent 5,430, 145 descri bes exanpl e of suitable procedures and the
content of this docunent is incorporated herein by reference. One such
procedure, as 20 illustrated in Schenme A, is described bel ow. Schene A B2
H2N st epmaldrtic,raucoinio, dumayit, mialior tadaricHeitzc, a@arivbic, R@leic( oydioxgmatgic BANd12 0
3 12 st% b WO 02/083671 PCT/ EP02/.03668 .9 .Pht nN g—h éCHZPJ!~i . CO2Me

di 9droxyma eic, benzolc, phenylacetic, 4-aminobenzoic, 4-hydroxybénzoic,

anthranilic, cinnamic, salicylic, 4-aminosalicylic, 2-phenoxybenzoic, 2-acetoxybenzoic,

mandelic and like acids, and organic sulfonic acids such as methanesulfonic and p-

5 toluenesulfonic acids.

As used herein, 'pharmaceutical carrier' refers to known pharmaceutical excipients
useful in formulating pharmaceutically active compounds for administration, and which
are substantially nontoxic and nonsensitizing under conditions of use. The exact

10  proportion of these excipients is determined by the solubility and chemical properties of
the active compound, the chosen route of administration as well as standard
pharmaceutical practice.

CHEMICAL SYNTHESES
15 Compounds according to the present invention may be prepared as follows.

The tricyclic moiety of the compounds of the formula | may be prepared utilizing
procedures and techniques well known and appreciated by one of ordinary skill in the
art. U.S. patent 5,430,145 describes examples of suitable procedures and the content
of this document is incorporated herein by reference. One such procedure, as

20 illustrated in Scheme A, is described below:

Scheme A
B,
B
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1 2 step b 3



4 PhtnN 5 Oxidation step ¢ Cyclization step d B PhtnN O Cyclization
(CH2)n step e ~-j step f 6 CO2Me CO2R2 7 5 WD 02/083671 10 PCT/ EPO2/ 03668
B step g WO@o$6HA, B PCT/EP02/03668
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E HU\ (CH2)11 SR1 GO0 R2 2 12a O1 HNO2 SR \ (CHZ)n ,H CO2R2
12b R1 = COCH3, COPh R2 = CHPh2 5 step k H1lla In step a, the appropriate
pht hal i mwe odlgssked (S)- phenyl al ani ne derivative of strucPar&Po203ses be
prepared by reacting the appropriate (S)-phenylal anine derivative of
structure 1 with phthalic anhydride in 6 sui tabl e aprotic solvent, such as
dinethyl formam de. 1o In step b, the apﬂ) opri ate phthalim de bl ocked

(S) - phenyl al ani ne derivative of structure

H _OAc

Pie 9
B, CO,H
step g
CH,),
CO,R,
step k

Ry = COCH3;, COPh
R, = CHPh,

In step a, the appropriate phthalimide blocked (S)-phenylalanine derivative 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 In step 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,



2 can be converted to the corresponding acid chloride, then reacted with
the appropriate amno acid nethyl ester of structure 3 in a coupling
reacti on.wbor/ogdanpl e, H CO2R2 step h 10 WD 02/ 083671 PCPCER®PAZ/@8663 11

t he appropriate phthalim de bl ocked (S)-phenyl al ani ne derivative of
structure 2 can be reacted with oxalyl ghloride in a suitable aprotic

sol vent, such as nethyl ene chlori de. Tﬂ resulting acid chloride can then
be coupled with the appropriate amno acid nmethyl ester of structure 3
using a suitable base, such as N-nethyl norpholine in a suitable 5 aprotic

sol vent , thewapprapriaterptthglimidertockes (S)ephginyialanine sepvative af structusen2 8an be
henyl - ani ' hyl derj yati f t 4. |1n st :

Phe hyar SRt R a5 EBRHE L AR r8bie BheYE B8R euth S gl S eloTif Doy -

am no acThe Mgdulting 86t VhIGIRIE ¥ them 198 coliplEg iwihahd afpﬁﬁo;b\*?at@@rﬁiné%i(? ﬁwkettﬂisﬂ

appropriate i o al dehyde of structure 5 by oxidation techniques wel nown
and appreerapbatriciurehd using. a spigablebaspl such aeNhyetuiyemhslinede a suitable

f te | L ORL - -1 3- | -.am Qo y d et hyl
boter daniolit sBlvebl SRR AN raod I aBRep IR TR0 S T Y
al dehydeplednygpropgl-amincbadisl methpsester devative obstrdiaturent. usi ng oxal yl

chl oride and di net hyl sul foxide in a suitable aprotic solvent, such as
met hyl ene 15 chloride. In step d, the appropriate al dehyde of structure 5

b . : ‘ . _ ;
cat al ysi SR8 R e ARRIARTICP MotBRARY BRUR s EpRaty fololtpRghfiorony.
cycl i zedamina aeidapgthylpester dedvadiveraf stfuchiire detar e 6xlujzed wathesappropidte 20

o cC B8 oSS 55 B0 b G4 PP RN
conver t eot &xdrfifle, the hydroxymethylene functionality of the appropriate 1-0xo-3-
phenylpropyl-amino acid methyl ester derivative of structure 4 can be oxidized to the
appropriate aldehyde of structure 5 by means of a Swern oxidation using oxalyl
chloride and dimethylsulfoxide in a suitable aprotic solvent, such as methylene
15 chloride.

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

enamine 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 step 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 trifluoroacetic anhydride in a suitable aprotic solvent,
such as methylene chloride.

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



corresponding tricyclic conpound of structure 7 by an acid catal yzed
Friedel -Crafts reaction. For exanple, the appropriate enam ne of structure
6 can be woremsied to the 25 corresponding tricyclic conp®ameEPot/oxss uct ure
7 by treatment with a m xture of trifluoronmethane sulfonic acid and
trifluoroacetic anhydride in a suitable, aprotic solvent, such as nethylene
chloride. In step e, it may be necessary“to reesterify the carboxy
functionality due to the 30 conditions of the work-up. For exanple,
treatment of the crude product with bronodi phenyl methane in a suitable

apr ot i ¢ along with,a saomugteaphitisthase, suehrasicesiunbcarbonass mayorspd e @B668 12

al ong wi,th a non-nycl epphi |l iic hase,, such as cesium carbonate, nmay be used
to give tP‘Fﬁ’g"@8PPB§'BQrfﬁﬁ}.%ﬁ%ﬁﬁﬁyﬁ?ﬂ%-t hyl ester. In step f, the phthalimde
protecting group of the appropriate tricyclic conmpound of 5 structure 7
can be renoved usi n%_mt echni ques and procedures well known in the art. For

|

exanpl e, Intsiep priba ahihaligeide nselestinggraproefifherapprerrialp tdgdiacempouspcefi ¢
t . ! !
ot 2o tRlotyrdl Uhh BeTediR Rind BERUERIGH it RN B Blecaht 2

conpound-arfexginiple} thecplithalirideproteziting .groine ofithe apsroptiete(tiryeizedarhpowadpdbund
of structure 1Q can be prepared b reacting the appropriate an no conpound

of st ructiucdurg Leem beHemaysesisinahwdraase meaehydal ingd syjtalle eraic ajyent
exanpl e’sdch%%gz@{dl%e%i@é%@c&%%ﬁ'a Phmiid H&ﬁqﬁgﬁ?cﬁog 8 ctife geacted wi th

t he appropriate -acetate conpou or structure presence of a
coupling reagent such as EEDQ (1-ethoxycarbonyl -2-ethoxy-1,2 15

di hydr oqui nol'i ng) . DCC (1, 3:di cyel ohexyl carbodi i ni de).,
i oy | 40 S0 oLl AR P 1At P iR PRSI f SBRUERITO Ao RERRTEH Vene

chl or | dereheif 6 aHSoBRBIANIYS QrhSVure 8 MCIUROTRAN e Fopsriabyss. 10. 1

step h, the (S5)-acetate functionality of the appropriate am de conpound of
st r uct urasetaie of Girwture®. ot eabyplal the aphroriate espon dompoysy-aiistrubiire &
struct U&n 1e ?ee\{gtctag w?thbtﬁ%edppropriate (S)-acetate compound of structure 9 in the
presence of a coupling reagent such as EEDQ (1-ethoxycarbonyl-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 lithium hydroxide in a suitable solvent mixture, such as tetrahydrofuran and
ethanol.

In step i, the (S)-alcohol 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 (S)-alcohol of structure 11a can be
treated with thiolacetic acid in a Mitsunobu reaction using triphenylphosphine and
DIAD (diisopropylazodicarboxylate) in a suitable aprotic solvent, such as
tetrahydrofuran.
30
In step j, the (S)-alcohol functionality of the appropriate amide compound of structure

11a can be converted to the corresponding (R)-alcohol of structure 11b. For example,



such as lithium hydroxide in a suitable solvent mxture, such as
tetrahydrofuran and ethanol. In step i, the (S)-al cohol functionality of

t he appr opoicangseéanm de conpound of structure 25 11 a can IPeTEPI¥EIsHEERd t O

t he corresponding (R)-thioacetate or (R)-thiobenzoate of structure 12a. For
exanpl e, the appropriate (S)-al cohol of gtructure 1lla can be treated with
thiolacetic acid in a Mtsunobu reacti o usi ng tri phenyl phosphi ne and D AD
(diisopropyl azodi carboxyl ate) in a suitable aprotic solvent, such as
tetrahydrofuran. 30 In step j, the (S)-alcohol functlonallty of the

appr opr i theeappiopriate dBpelootobdf siructureut ta can be tmﬁecbwmlﬂcﬁﬁﬁénct@w thoa t he

peT) ErbolDsbaa et URineiRkbUBh &5t ol OIBD B Hhidie 4Rk i

treat ed gidHhadeigdhgdrsturan. The reblikipy wacémba@meﬁ b8hyHFdl lthizosphi ne
and DIAD in a suitable aprotic solvent, such as tetrahydrofuran. The

resul ti ngHifakje hase, Aushasithivem hydroxiger ol yzed with a suitable base, such as
l'ithium hydroxide. 5 In step k, the (R)-al cohol functionality of the
appropriate am de conmpound of structure 11 b can be converted to the

cor r espoinditeg k( fhe- (R)-alesiesl durctivnalify) oftthe @bprawriite aotide sbmpuntief sHacturer
exanpl e, the agproprlate (R) -al cohol of (structure 11 b ¢ g trea ed with
t hi ol acel ik cag BQOHVQ“RMF%U?\Q)SQW?%M'% dhiepcetatg s i) ~§H6 Spasee d 10

DI AD d
DU AD &1 SRR £ Bl Rl BbpropHat @8 AR drabiraphmnyr ) 2c
12b can tueahednwtbuﬂhallacbtwsamg in ad%rhstqw@ﬂ readtiquT osiag uripkenydbhodphivenaiaehd
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As summarized in Table 1, the Ry and R, 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 corresponding compounds of
15 structures 13a — 14a and 13b — 14b.

For example, the diphenylmethyl ester functionality of the appropriate compound of
structure 12a can be removed using trifluoroacetic acid to give the appropriate
carboxylic acid compound of structure 13a. Similarly, the diphenylmethyl ester

20  functionality of the appropriate compound of structure 12b can be removed using

trifluoroacetic acid to give the carboxylic acid compound of structure 13b.

The (R)-thioacetate or (R)-thiobenzoate functionality of the appropriate compound of
structure 13a can be removed with lithium hydroxide in a suitable solvent mixture such

25  as tetrahydrofuran and ethanol to give the appropriate (R)-thio compound of structure
14a. Similarly, the (S)-thioacetate or (S)-thiobenzoate functionality of the appropriate
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



For exanpl e, the di phenyl nethyl ester functionality of the appropriate
conpound of structure 12a can be renoved using trifluoroacetic acid to
gi ve t he wpprogssiat e carboxylic acid conmpound of structuP€ETEPA2/0368 | arly,
the di phenyl methyl ester 20 functionality of the appropriate conmpound of
structure 12b can be renobved using trifkuoroacetic acid to give the
carboxylic acid conpound of structure 13b. The (R)-thi oacetate or

(R -thiobenzoate functionality of the appropriate conpound of structure
13a can be renoved with |ithium hydr éie in a suitable solvent m xture
such 25 as tetrahydrofuran and et hano IE)E |ve the appropriate (R -thio
conpound of structure 14a. Siml arly the (S)-thioacetate or

(S) -fhiobenzoate functiona AR compound of structur
13b can be renoved with Ii %mﬂl'ﬂc‘homgjﬁ% gﬁs& ’t abl e _sol vent i xtur
such| aSotrgtaualy dr of ur aR1and et anol to give the appropriate (S)-thio

Con'p llrld of ctruectiira 14
VAN PUSABINEN 98 | s %@@5’% UMIRLFD 198 and 1366EGD of CopnH 145 and

14bHA AL 9y, {76 gengial procedures outtined I gheme A Show the
preparation of tlhe 5 conpounds|of the fornmula | wherein the group COCRA IS
of the (§)-confi gurati on, the conpounds of the formula | wherein the group

by subst/ss‘l{ q%t%§r9 Cg‘g%bg%‘il@te%%ﬂtlg}?/ddawe{ﬁg %E{[:Wbﬂ-&é‘,gp% %L’bsq (ﬁJ etﬂcedur es
(5) -3 n@rgetndPbithe ARk |Ahetbiltablyibus _CDORER &F thé(SHidhfibRitioh! fel al s

for use in the general synthetic procedures outlined are
compounds of the formula | wherein the group —COOR; is of the (R)- conflguratlon may

be prepared by analogous procedures by substituting an appropriate (R)-amino acid
methyl ester for the (S)-amino acid methyl ester of structure 3 in step b.

10  Starting 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 corresponding 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 (1984), followed by treating the resulting
alcohol with acetic anhydride or benzoic anhydride to give the corresponding (R)- or
(8)-carboxy acetate or benzoate compounds of structure 9.

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

The present invention provides a process for the preparation of a compound of the
formula | above, comprising

reacting a compound of the formula |l



readily available to one of ordinary skill in the art For exanple, certain
(R - and (S)- carboxy acetate or benzoate starting materials of structure 9
can be prwpareesséby stereosel ective reduction of the corr@sp@mrd/osgedpyr uvat e
conpounds with al pine boranes as described in J. Og. Chem 47,1606
(1982), J. Og. Chem 49,1316 is (1984),_and J. Am Chem Soc. 106, 1531
(1984), followed by treating the result?q’ig al cohol with acetic anhydride
or benzoic anhydride to give the corresponding (R - or (S)-carboxy acetate
or benzoate compounds of structure 9. Alternatively, certain tricyclic
conpounds of structure 7 may be preparedSas described 20 in European
patent application EP 249223 A. The prgseqtgi nvention provides a process

for the preparation of a compound of ofmul a | above, conprising
reacting a conmpound of the forrmula II /083671 PCT/ EP02/ 03668 15 where
R2, X, Bl and B2 are as previously deffned\and Hal is _halogen, with a

is gs prXvi ousﬂy defined, in the

et aN_carponate. 5 The present

i nvention furthernore provi‘des pricesd]for e preparation of a conpound
of the fornmula li, conprising r a?‘ctHng conmpound of the fornmula Il B ElI
C02R2 wherein R2, X, B, and B2 are as prey brdefined with a conpound of
the formula IV Hal C ~C02H N 2

presence of a base, such as

where Ry, X, B1 and B, are as previously defined and Hal is halogen,

with a compound of the formula R1SH, where R, is as previously defined, in the

presence of a base, such as an alkali metal carbonate.

5  The present invention furthermore provides a process for the preparation of a
compound of the formula i, comprising reacting a compound of the formula I

B1
B
H 2
H,N H I
? N)\/X
CO,R,

wherein Ry, X, B1 and B; are as previously defined with a compound of the formula IV

/Hal

G v
Y Nco,H

10 where Hal is halogen.



io where Hal is hal ogen. WO 02/083671 PCT/ EP0O2/ 03668 16 An alternative
process for the preparation of a conpound of the fornula |I according to

t he presewoO o2/83nti on conpri ses reacting a conpound of theCr@Poubed | |
CO2R2 5 wherein R2, X, Bl and B2 are as previously defined, with a conpound
of the formula V/SRI C ~C02H to Merzh]n Rl is as previously defined. V
In the latter process, the appropriate i no conpound of the fornula |11
may be reacted with the appropriate (S)- or (R -thioacetate of the formula
V to give the corresponding (S)- or (R)-thioacetate, respectively, of the
f or nul a Anaitedwiveifrecessifor theeprepssatjon of Schmpound of tleg formude thaneorging to

b R I T e

5 wherein Ry, X, B1 and B, are as previously defined, with a compound of the

formula V
/SR1
C
7 Neon
10  wherein Ry is as previously defined.

In the latter process, the appropriate amino compound of the formuia 1il may be
reacted with the appropriate (S)- or (R)-thioacetate of the formula V to 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 I.

20



PCT/ EP02/ 03668 28 HC HR 2 2 step br) NRISH35 H5 R = COCH3, COPh X
=0 S NHor (CH)n n=0orl SRI OB 36 In step a, the appropriate am no
conpound WD 03083sct ure 28 wherein X is 0, S, NH or (CH2) npal@per/esensis O or
| is reacted with the appropriate (R)-bronpacid of structure 33 io to give
t he correspondi ng (R)-bronoam de corrpoun? of structure 34 wherein Xis O,
S, NHor (CH2)n wherein nis 0 or 1 undéf sinilar conditions as described
previously in Scheme A step g. Alternatively, the appropriate am no
conmpound of structure 28 wherein Xis 0, S, NH or (CH2)n wherein nis 0 or
1is reacted with the appropriate (Spchemeddcid to give the 15
correspondi ng (S)-bronoam de wherein Xis 0, S, NHor (CH2)n wherein nis O
or 1 or the appropriate_,am no céipoupd of structure 28 whereig Xis 0, S,
NH or (CH2)n WD 02/ 0836781 PCT/ EPOZL 668348 wherein n is 0 1'is reacted
with the appropriat e enanti oneryc m ct;nge of the
2

H H
. —_— \ )
H2N ‘ step a ;DIN N
O
O W Br PX
X
08 \\/ H 34
COR, CO,R,
R,SH 35
e
step b

5 R4y =COCHj3; COPh
X =0, S, NH or (CH2),
n=0or1

In step a, the appropriate amino compound of structure 28 wherein X is O, S,NHor

(CH2)n 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 X is O,

S, NH or (CHy), wherein n is 0 or 1 under similar conditions as described previously in

Scheme A, step g.

Alternatively, the appropriate amino compound of structure 28 wherein X is O, S, NH
or (CH2), wherein n is 0 or 1 is reacted with the appropriate (S)-bromoacid to give the
15 corresponding (S)-bromoamide wherein X is O, S, NH or (CHz), wherein nis 0 or 1 or

the appropriate amino compound of structure 28 wherein X is O, S, NH or (CHy),



bronoacid to give the correspondi ng di astereoi soneric m xture of the
bronmpbam de wherein Xis 0, S, NHor (CH2)n wherein nis O or | as

descri bedwproewssosly in Scheme A, step g. 5 In step b, tReT(ER)2/366810
functionality of the appropriate (R)-bronmani de corrpound of structure 34
wherein Xis 0, S, NHor (CH2)n wherein g is O or I's converted to the
corresponding (S)-thioacetate or ( S)- t P obenzoat e of structure 36, wherein
Xis 0, S, NHor (CH)n wherein nis 0 or 1. Alternatively, the (S)-brono
functionality of the appropriate (S)-bronoanm de wherein X iois 0, S NH
or ( CH2)whetedn piisOrori ‘siscreacteti with trensepropdatecenandiomenaempdurs eofghe R)

t hi oacet te or benzoate erein Xis 0,..S .NH or n wherein n
2 0 or GomacidhalPune EREREnEmYRS WislePalsdmmesic iRl o AR IR
struct Ur@h%l%ﬂﬂé@ s >NH-°or (CH$ whibted n (bidrn é(‘@éé@d:ribé@j pravdusly id Scheme
reacted wth thiolacetic acid or thiolbenzoic acid of structufe 35 in the

presencer$te§gaase such as cesium or sodi um carbonate. 15 The reactants
are typically cont acted in a suitable organic solvent such as a mxture of

i ot ! 0B, % (MRS AIRAPAENG 30 ineTA5roBRB I J PR od b AR oF o

t oget’her "a nperat ur e rangi ng
hours. Tsleuctersd4 iwherdib)X is O] Sadkkt at @Hy)n Wﬁbrénhmbémroal@cmivemduotthee 36

wherein X is 0, S, rei ecover om t he
reacti oncqmoay'r@x&)ggtqas:@tai@mm-ta@geem%w% S%HCQ{SGE% emﬁf né E‘
purifi ede,y0 Wﬂgf&pws odternatively, the bromo functionality of the
appropriate i ast'ereol someric mxture of the bronmpami des described supra

wherein Xis 0, S, NHor (CH2)n wherein nis O or I 1is converted to the
cor r espoAtiemgtidilusther(&gitsomerfuactionality ef the anmr@;ama(’se-bmmoahmdmwg&in . 4

d ' is.0, . S, .NH 2) n_wher ej 0 Al t hough
Schofb BSgbon eOrGHankngrR e SDidsT o ettt @ Pecrishandng Bidr ef n
the tri Cﬂ‘ﬁddc@té’f@io@i&R)Jﬂﬁébénﬁoétérvh@fé!mf)U ReOl SNAIH bV(cerZ)L Reher§hreierd boyr ation

when for exanple Is -CH2, the conpounds of formula™ | wherein the car boxy

functionality is of the (R -configuration nmay be prepared by substituting
t he appr bprexaneprleqthe apprepxiate (R)-bromoamide compound of structure 34 wherein Xis

0, S, NH or (CH,), 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.

15 The reactants are typically contacted in a suitable organic solvent such as a mixture of
dimethylformamide and tetrahydrofuran. The reactants are typically stirred together at
room temperature for a period of time ranging from 1 o 8 hours. The resulting (S)-
thioacetate or (S)-thiobenzoate of structure 36 wherein Xis O, S, NH or (CH>), wherein
nis 0 or 1 is recovered from the reaction zone by extractive methods as is known in

20 the art. It may be purified by chromatography.

Alternatively, the bromo functionality of the appropriate diastereoisomeric mixture of
the bromoamides described supra wherein X is O, S, NH or (CH2), wherein n is 0 or 1
is converted to the corresponding diastereoisomeric mixture of thioacetate or
thiobenzoate compounds wherein X is O, S, NH or (CH.), wherein nis 0 or 1.

25 Although Scheme B provides for the preparation of compounds of formula | wherein
the tricyclic moiety has a 4-carboxy functionality of the (S)-configuration when for
example X is -CH,, the compounds of formula | wherein the carboxy functionality is of
the (R)-configuration may be prepared by substituting the appropriate (4R)-carboxy



WO 02/ 083671 PCT/ EP02/ 03668 19 ami no conpound for the am no conmpound of
structure 28 whose preparation is described in Schene A EXPERI MENTAL 5
The fol | owmbrg/oBeanpl es present typical syntheses as descriPogdrornoisehene B.
These Exanples are understood to be illustrative only and are not intended
tolimt the scope of the present inveqéEon in any way. As used herein,
the following terns have the indicated anings: 'g'" refers to grans;
‘mol ' refers to millinoles; '"m"' refers to nlllllltres 'C refers to
degrees Cel sius. 10 Exanﬁle 1 Preparation of (R)-2-Bronp-3-nethyl butanoic
aci d ( staminaeempaindiorahe amied cooipaundrofstruciura 28rehgsepreparaidm isnol ) in
100m 2. &%l #J%UFI acid,and 49 9%Br (33g, 200 mmol) at -10C was added
sodi um nf e EY( eB“B'&OO mmol) in 50 mM water over a period of 30

m nut es. Stlrrlng bet ween -5C and -10C was nmai ntained 15 for an additional
3 hours. The reaction m xture was extracted with 2 x 150mL of nethyl ene
chloride, dried over MgSO4 and concentrat ed to give a light anber oil (9.7
g, 50 % 53.6 nmol). Exanple 2 Pre aratlon [4S-[4a, 7a(s),

12b3]] - 7- [[2(3) acetyl t hi o-3-neth Nq]am nol- 20

1,2,3,4, 6 , 12b- oct ahydr o- 6- oxo- pyr|d0[2 1 a] [ 2] benzazepi ne-4-carboxylic

?F'Z? Fg) T om) W E&F[r\%_?ésebre%% @IQ%I sfﬁtﬁ@sés ab tiestAed A StndrhB B Thebe

oxobuty m noj -
1,2, 3, 4, Ex?maleszauemndarqtdodt@bexmsjgaﬁwd@[ng/ anch]a[@mcbbinmmgi hmdimitti"eermn)ppl ic

d h t 25 (R)- 2- t g,
570" ol §F AR TSR teriBngh svyyal A5 Hsh e egolslig isfd el Re”
12b- oct ajpdfbated® nRSPirYeF lgﬂeér%rslt@gb:{aﬂéeemm’%fewwnﬁmmw ‘hi¥ refers to

millilitres; “°C’ refers to degrees Celsius.

10 Example1
Preparation of (R)-2-Bromo-3-methylbutanoic acid (structure 33)

To a 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 m|
water over a period of 30 minutes. Stirring between —5°C and —10°C was maintained

15 for an additional 3 hours. The reaction mixture was extracted with 2 x 150ml of
methylene chloride, dried over MgSO4 and concentrated fo give a light amber oil (9.7
g, 50 %, 53.6 mmol).

Example 2

Preparation of [4S-[4a,70(S),12bp]]-7-[[2(S)-acetylthio-3-methyl-1-oxobutyllJamino]-
20 1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid,
diphenylmethyl ester

Scheme B, step a: [4S-[4a,7a(S),12bB]}-7- [[2(R)-bromo-3-methyl-1-oxobutyljJamino]-
1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid,
diphenylmethyl ester

25 (R)-2-Bromo-3-methylbutanoic acid (900 mg, 5.0 mmol) and [4S-[4a,7a(S),12bB]]-7-
(amino)-1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic



WO 02/ 083671 PCT/ EPO2/ 03668 20 acid, diphenylnethyl ester (1.76 g, 4.0
nmmol ) were dissolved in dry nethylene chloride (5 m) and treated with EDC
(1.0 g, 5wWOoomosdey1 at 25C for 2 hours. After 18 hours onlyPCa/EPhaCH6DOT
[4S-[4a, 7a(S), 12b(3]]-7-(amno)-1, 2,3,4,6,7,8, 12b-octahydro-6-o0xo0

pyrido[ 2, 1a] [ 2] benzazepi ne- 4- car boxylic (ECI d, di phenyl net hyl ester

remained. The 5 mixture was diluted wif nmet hyl ene chloride (75 m),
washed with 10% hydrochloric acid and saturated wi th sodi um hydrogen
carbonate. The mixture was then dried (MgSO4), concentrated in vacuo and

puri fi edaid, diphenyleeiytestay (29610, 40 ghmel)iyrretdisdalvecciordiy unethyledsHdBomkde Br )

251 5 G b Ristearedt Wt EDe3 a5 0 mmab) at 3G 24hquss. After 18 hours only
oxobut yld gatéef [4s- ?4037&& 172b%] 2B gaihqu;npﬁGr Q)ngmﬁtéﬁwra éloxo-

a] [ 2] benzazepi ne-4- car I1C acid, diphenylnethyl ester Thiolacetic acid
(456 ngy py5|do[2hﬂra][2]banzlazmz;me:maaabmdlataezlc( zﬂﬁhehymeﬂad esimmuemamde The

di | ved. t han 5 d t h ted t
dr yndss ixkite e s SBTmBERS Banke ST, Barenon) 1BlsublOBRERES
of dry HeidhRgisayiraidWwith @6diuypByddded dapbdmse T writuf WeRWRen diest i r1i ng
under a hitrogen atnosphere for 2 hours. The m xture was partitioned

bet ween (Maf§QP4)aceacaniratadin yaouo aandjpbmfnefbbymgméhrqmtﬁgmmglgwﬂwe title
at ur at r aj ed sS4 filtered and
iongent %gtn?ﬁ%@%ﬁsﬁglgf)ﬁ(gbf% ?urgﬂfd)z 29) Ngs a)l I ght yellow foam The

product was di ssolved in nethyl ene chlorlde and purified by 20

chr omat @xtephey B( 3bﬁ@qu8y[l4aaroe{s§mprgava[EzQS)memﬂudsds -abthyed- usi ng 20% et hyl
acetate. The fractions were conbined and concentrated to give the title

est &P conpbuhdlaminakt,2g3.4.6e8ilRbcodtapydipaf-axpatyrigpl2,12][2]benzazepine-4-
[4S—[4a éﬁ% %,“%%%&3] i%%/aﬁrlﬁé@rg&g}yl th io-3-nethyl-1-oxobutyl]amno]- 25

oX0-pyrido[ 2, | a][?2]benzazepi ne-4-carboxylic
aC| d
Thiolacetic acid (456 mg, 6.0 mmol) and cesium carbonate (325.8 mg, 3.0 mmol) were

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

15 dimethylformamide, was added to the mixture followed by stirring under a nitrogen
atmosphere for 2 hours. The mixture was partitioned between ethyl acetate (100 ml)
and brine, washed with 10% HCI and saturated sodium hydrogen carbonate, dried
(MgSO0s,), filtered and concentrated to give the crude product (2.2g) as a light yellow
foam. The product was dissolved in methylene chloride and purified by

20 chromatography (25 % ethyl acetate/hexane) on 200 ml silica using 20% ethyl acetate.

The fractions were combined and concentrated to give the title ester compound (2.15

g).

Example 3

Preparation of [4S-[4a,7a(S),12bB1]-7-[[2(S)-acetylthio-3-methyl-1-oxobutyllamino]-
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 Example 2 (3.5 mmol) was dissolved in methylene

chloride (6.0 ml) and anisole (1.0 ml), cooled to -50°C and tfreated with trifluoroacetic
acid (6.0 ml). The mixture was allowed to warm to 25°C, stirred for 2 hours,



The crude product produced in Exanple 2 (3.5 mmmol) was dissolved in

nmet hyl ene chloride (6.0 mM) and anisole (1.0 mM), cooled to -50C and

treat ed vwOl2p83671 uoroacetic acid (6.0 m ). The m xture wa3/ERb}/osesl t o
warmto 25C, stirred for 2 hours, WO 02/083671 PCT/ EP02/ 03668 21
concentrated in vacuo and purified by cjéqomat ography (1:1 ethyl

acetate/ hexane plus | %acetic acid) tb'give the title conpound. 14 21

CH3 O9 20 19 16 H3C 18 17 H 0 O 24 H®RC 1 CH3 25 5 Ml ecul ar Wi ght =
432.54 WMol ecul ar Fornmula = C22H28N205S 1H and 13C- NWVR data for MDLI 07688
( DVBO- d 6corsenkatad imbeaaungantbputitecbbyicimgmatographnd 1t Liethy) acetate/hexar®@dpleppm H

g-pg;r) mll,?%.gc%-ﬁcilé-c%l-g:}v% 8176 t%?eoc':()SngléOL?r?d.m 324.982.21m 1.69 m 416.931.67 m

CH, O
20 119 16
H.C 17 N
3 188 (}')l
3f
CH,

25

5 Molecular Weight = 432.54
Molecular Formula = C2,HogN205S

"H- and "*C- NMR data for MDL107688 (DMSO-ds, 300K, numbering not according to

IUPAC rules)

Position 3C (ppm) "H (ppm)
1 171.79 -

1-COOH - 12.07
2 50.53 4.99m
3 24.98 2.21m, 1.69 m
4 16.93 1.67m,1.67m
5 24.69 2.38m,1.92m
6 49.78 5.60
7 171.37 -
8 48.10 5.60
9 35.60 3.22 dd, 2.97 dd
10 136.72 -
11 136.89 -
12 124.83 7.19d
13 125.21 7.08t




524.692.38 m 1.92 m 649.785.60 7171.37- 848.105. 60 935.603.22 dd, 2.97 dd
10136. 72- 11136.89- 12124.837.19 d 13125.217.08 t WD 02/ 083671

PCT/ EPO2/WB®R88321 14126. 677. 13 t 15130.107.07 d 16-8. 33 dPTTHFD2/13b68
1853.824.12 d 1930.692. 14 m 20*20.180.99 d 21*19.290.94 d 24194. 36-
2530.342.36 s *: no clear differentiati 35 bet ween position 20 and 21
Exanpl e 4 Preparation of

[4S-[4a, 7a(S), 12b(3]]-7-[[ 3-met hyl - 1- oxo- 2( S) -t hi obutyl ] am no] -

1,2,3,4,6,7,8, 12b- octahydro- 6- oxo-pyrido[ 2,1 a][2]benzazepine-4-carboxylic
acid. 5 The product pbtd#ned| in ExH62 3 (75 ngy, 0.18% nol )| was di ssol ved
'n 1.0m of 15 130.10 7.07d

16 - 8.33d

17 169.11 -

18 53.82 412d

19 30.69 214 m

20* 20.18 0.99d

21* 19.29 0.94d

24 194.36 -

25 30.34 236s

*: no clear differentiation between
position 20 and 21
Example 4

Preparation of [4S-[4a,70(S),12bB]]-7-[[3-methyl-1-ox0-2(S)-thiobutyl]amino]-
1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid.

5  The product obtained in Example 3 (75 mg, 0.17 mmol) was dissolved in 1.0 mi of
degassed methanol under nitrogen atmosphere and treated with lithium hydroxide (0.4
ml of a 1N solution). After stirring at 25°C for 1.5 hours, the solution was concentrated
in vacuo, diluted with water (2 ml) and acidified with hydrochloric acid (0.5 ml of a 1N
solution). The resultant product was filtered and vacuum dried to give the title

10  compound as a white solid (55 mg, 0.14 mmol, 83%).




degassed net hanol

under
hydroxide (0.4 m of a 1 N solution).
t he sol utworpes’concent r at ed

i n vacuo,

acidified with hydrochloric acid (0.5 mM of a 1 N

product was filtered and vacuumdri ed tQ

, 0.14 mol ,
SH WO 02/ 083671 23 Mbl ecul ar Wi ght
C20H26N204S PCT/ EP02/ 03668 1H and 13C-

white solid (55 ng

300K, nividleculay Weighte@®0dbthg t o

"H- and "3C- NMR data for MDL 108048 (DMSO-ds, 300K, numbering not according to

5 IUPAC rules)

83% . 14

ni trogen atnosphere and treated with |ithium
After stirring at 25C for
di luted with wat eCT(EP0M3668Nd
sol ution).
give the title to conpound as a

%1 CH3 0 9 20 19 JJ16 H3C 18 17 N

= 390.50 Mol ecul ar

NVR data for
5 IUPAC rul es) PositionS (13Cm S

(1H) "JcH, (13 71. 86s-1. §8,250.63d4. 985. 60, 1.68 325.04t2.23, 1.684. 98,
1.65 41%."%'89@%&@8‘?3 I.Q}i'fq% 2545 (5.60) 524.77t2.38, 1.915.60. 1.65

VDLI

1.5 hours,

The resul t ant

Formul a =
08048 ( DVBO- d6,

Position | 5 (**C) m 8 ("H) "Jen
(3c)
1 171.86 s - 1.68
2 50.63 d 4.98 5.60, 1.68
3 25.04 t 2.23,1.68 {4.98, 1.65
4 17.00 t 1.65 4.98, 1.91, 1.68, (5.60)
5 24.77 t 2.38, 1.91 |5.60, 1.65
6 49.95 d 5.60 7.19, 4.98, 1.91
7 171.55 s - 5.63, 3.25, 2.97
8 47.89 d 5.632 |3.25,2.97
9 36.05 t 3.25,2.97 |7.07,5.63
10 136.86* s - 3.25,2.97,5.63, 7.19
11 138.82* s - 5.63, 7.08, 3.25, 2.97
12 124.87 d 7.185 |7.13,5.60, (3.25), (2.97)
13 125.31 d 7.084 |7.07,(3.25), (2.97)
14 126.70 d 7127 |719
15 130.11 d 7.073 |7.08,3.25,2.97
16 NH - 8.30 5.63
17 171.29 s - 8.30, 3.33, 1.94
18 48.85 d 3.326 1.94,0.98, 0.94
19 32.46 d 1.936 [3.33,0.99, 0.94
20 19.32 q 0.987 10.94,1.94,3.33
21 20.58 q 0.944 0.99, 1.94, 3.33
*. no clear differentiation between position 20 and 21




649. 95d5. 607. 19, 4.98, 1.91 7171.55s-5.63, 3.25, 2.97 847.89d5. 6323. 25,
2.97 936.05t3.25, 2.977.07, 5.63 10136.86*s-3.25, 2.97, 5.63, 7.19

11138. 82*wW0920836717. 08, 3.25, 2.97 12124.87d7.1857. 13, 5. 6@CT(EP02&BI668 (2. 97)
13125. 31d7.0847.07, (3.25), (2.97) 14126.70d7.1277.19 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, 0.9%42019.32q0.9870.94, 1.94, 3.33
2120.58q0. 9440.99, 1.94, 3.33 *: no clear differentiation between position
20 and 21 WD 02/083671 PCT/ EP02/ 03668 24 The conpounds according to the
present Theepmponndamcberding:td the present inkentionl cavdlee used tortreat warmshioeded

but ot iteEar FRMmERe RS rict saBLaRy bumaBs, sifda Ff deartiftds
hyper t r affth as, bR AbL fimited e, hyphedeasiodl EoMgsHtive Heafafilifes hidigc ﬁ%m@hm@

i nhi bitory ampunt of a conpound of the fornula | is an anount chis

ef f ect i vEnahfaildrg, nd/ercimimesiand NEP which results, for exanple, in a

hypot ensi ve effect. An effective ACE and NEP inhibitory dose of a conpound
of the fAm eifective A& drd NEP inhibitory amount of a compound of the formula | is an

amount which is effective in inhibiting ACE and NEP which results, for example, in a

hypotensive effect.

An effective ACE and NEP inhibitory dose of a compound of the formula | can be
readily determined by the use of conventional techniques and by observing results

10 obtained under analogous circumstances. In determining the effective dose, a number
of factors are considered including, but not limited to: the species of animal; the
animal's size, age and general health; the specific disease involved; the degree of or
involvement or the severity of the disease; the response of the individual patient; the
particular compound administered; the dose regimen selected; and the use of

15 concomitant medication.

An effective dual ACE and NEP inhibitory amount of a compound of the formula I will
generally vary from about 0.01 milligram per kilogram body weight per day (mg/kg/day)
to about 20 mg/kg/day. A daily dose of from about 0.1 mg/kg to about 10 mg/kg is
preferred.

20 In effecting treatment of a patient, compounds of Formula | can be administered in any
form or mode which makes the compound bioavailable in effective amounts, including
oral and parenteral routes. For example, the compound can be administered orally,
subcutaneously, intramuscularly, intravenously, transdermally, intranasally, 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 to be treated, the stage of the disease, and other
relevant circumstances.



readily determ ned by the use of conventional techniques and by observing
results i o obtai ned under anal ogous circunstances. In determ ning the

ef f ecti vewow®g®s3d6al nunber of factors are considered incl ugdCAgPobedeesot
limted to: the species of animal; the aninmal's size, age and general

heal th; the specific disease involved; %Qe degree of or involvenment or the
severity of the disease; the response of“the individual patient; the
particul ar conmpound adm ni stered; the dose regi nen sel ected; and the use of
15 concomtant medication. An effective dual ACE and NEP i nhibitory anmount
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For exanpPEnule havibphssnesettisalbeacaepiahle cariads 6F gkeipients,dberrapigor ynd
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art of 2ZShgmegeuticg practied.ati ons can readily select the proper form and
node of adm nistration depending upon the disease state to be treated, the
stage of_t he di sease, .and other relevant circunsfances. WO 02/083671

PCT/ EP02] 33 BERSEH 'W@RMRW‘@R@S @Bﬁ%%ﬁ?d%‘célfc%l”ﬂ%lf'%”ﬁ CRARTISRIAHEHREVEr ed

in the fahgyRf %f@éé SGH%ig?g rmgfyﬁﬂﬁsddtnﬁiﬁ'ﬁ?e Bf oWé?Ms@Tiﬁrés%o kiR vithEorde

by conbi ning the conpoun ormula I wth pharnmaceutically acceptable
carri er soomoex phainsacesiticalheapecepiablei canrians dbr &xoipients. of whi ch are determ ned
by the chosen route of adm nistration, and standard pharnaceuti cal

pr acta ceThe 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 pharmaceutical composition may
be adapted for oral or parental use and may be administered to the patient in the form

15 of tablets, capsules, suppositories, solutions, suspensions, or the like. Suitable
pharmaceutical carriers and formulation techniques are found in standard texts, such
as Remington: The Science and Practice of Pharmacy, 19t edition, Volumes 1 and 2,
1995, Mack Publishing Co., Easton, Pennsylvania, U.S.A., which is herein

incorporated by reference.

20  The pharmaceutical compositions may be administered orally, for example, with an
inert diluent or with an edible carrier. They may be enclosed in gelatine capsules or
compressed into tablets. For the purpose of oral therapeutic administration, the
compounds of Formula | may be incorporated with excipients and used in the form of
tablets, troches, capsules, elixirs, suspensions, syrups, wafers, chewing 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.



The present invention provides pharmaceutical conpositions conprising an
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preservatives, dyes and colourings and flavours=™ Ma erlals Used in preparing these
various compositions should be pharmaceutically pure and non toxic in the amounts

15  used.

For the purpose of parenteral administration, the compounds of Formula | may be
incorporated into a solution or suspension. These preparations should contain at least
0.1% of a compound of the invention, but may be varied to be between 0.1 and about

20  50% of the weight thereof. The amount of the active ingredient present in such
compositions is such that a suitable dosage will be obtained.

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

25 glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial agents
such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or
sodium bisulfite, chelating agents such as ethylene diaminetetraacetic acid; buffers
such as acetates, citrates or phosphates 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 multiple dose vials made of glass or plastic.



gel atine; excipients, such as starch or |actose, disintegrating agents such
as alginic acid, Prinojel(r), corn starch and the |like; lubricants, such
as nmagnesworesmar ate or 5 Sterotex(r); glidants, such asPcolHPoY/@®bs silicon
di oxi de; and sweeteni ng agents, such as sucrose or saccharin nmay be added
or flavouring agents, such as peppermn met hyl salicylate or orange
flavouri ng. Wen the dosage unit formi 7a capsule, it may contain, in
addition to nmaterials of the above type, a liquid carrier such as

pol yet hylene glycol or a fatty oil. O her dosage unit forns may contain

ot her vatispaScowntser uadlarstdddcthat thenecampgundoplhgrmwall niay exist intheariety aje
unit, for_ exanple, as.,coatings. Thus, tablets or ills may, be. coated with
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non toxic in the a ts 15 used. For the purpose of parenteral
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sol ution or suspension. These preparations should contain at least 0.1 %
of a compound of the invention, but may be varied to be between 0.1 and
about 20 50% of the weight tRBélegeal Mﬁé"%ﬁﬁnﬁ Repulihe active ingredient
present in such conpositions is such that a suitable dosage will be
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The results in Figure 1 show that there is a significantly improved reduction of mean
arterial blood pressure (MAP) at each of the administered doses in comparison to the
same oral dose of MDL 100 240.

Data obtained from congestive heart failure models in rats also showed the

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 heart failure, similar efficacy was found when
MDL 107 688 was used at half the dose of MDL 100 240.



27 It is, of course, understood that the conmpounds of Formula |I may exi st
in a variety of isonmeric configurations including structural as well as

st ereoi sowerog/0836v1i s further understood that the present PCIEPNY/IIBHS
enconpasses those conpounds of Fornula | in each of their various
structural and stereoisoneric configuratjions as individual isomers 5 and
as m xtures of isoners. Biological Mt s and Results The new conpounds of
the formula | have |ong-lasting, intensive hypotensive action. to

Mor eover, in patients with heart failure the conpounds of the formula |

i ncr ease\/vfﬁg{ put, decrease Left Ventricular End Diastolic Pressure
(LVEDP) an |ncrease coronary flow The exceptionally powerful activity of
t he conpounds according to the formula | is denonstrated by the

phar macol.ogi dakcodgoansiofrthe farmblah Figure 1. 15 The results in Figure 1
show that there is a significantly inproved reduction of nean arterial

bl ood pressure (MAP) at each of the adm nistered doses in conparison to the
sanme oral dose of MDL 100 240. Data obtained from congestive heart failure
nodels in rats al so showed the 20 conpounds of the fornula Ito have
significant beneficial effects on cardi & function in conparison to known
conpounds. For exanple, in studies in bl ~MDL 100 240 and MDL 107 688
were tested in rats with heart failureg k(T2 ar efficacy was found when

MDL 107 688 was used at half the dosep DL 100 240. WD 02/083671

PCT/ EPO2/ 03668 28 What is clained is 1/ ASNcoppound of the fornula I: O

5 wherein
R4 is hydrogen, -CH,OC(O)C(CHa)s, or an acyl group;

Ry is hydrogen, -CH.0-C(O)C(CHas)s, a C1-Cy-alkyl, aryl, aryl-(C-C4-alkyl), or
diphenylmethyl;

Xis =(CH2), wherein n is an integer 0 or 1, -S-, ~O-,

0]
//
R3 ‘C—R4
-N- or -N-

10

wherein Rj3 is hydrogen, a C4-Cy4-alkyl, aryl, or aryl-(C4-Cy-aikyl), and Ry is —CF3,
C4-Cio-alkyl, aryl, or aryl-(C4-C4-alkyl);

B4 and B are each independently hydrogen, hydroxy, or -ORs, wherein Rs is C4-Cys-
alkyl, aryl, or aryl-(C4-Cs-alkyl), or, where B1 and B, are attached to adjacent carbon

15 atoms, B4 and B, can be taken together with said adjacent carbon atoms to form a
benzene ring or methylenedioxy;



SR1 1 5 wherein R is hydrogen, -CH20C(O) C(CH3)3, or an acyl group; R2is
hydr ogen, -CH2O-C(O C(CH3)3, a Cl-C4-al kyl, aryl, aryl-(Q-C4-al kyl), or

di phenyl meDlglo836X1is - (CH2)n wherein n is an integer 0 or PCI/EPB/03668 0-, O
/[l R3i-R4 -N or -N 10 wherein R3 is hydrogen, a O -C4-al kyl, aryl, or
aryl-(d -C4-alkyl), and R4 is -CF3, Cl-C10-al kyl, aryl, or

aryl-(C -C4-alkyl); Bl and B2 are each ?%dependently hydr ogen, hydroxy, or
-OR5, wherein R5 is Cl-C4- alkyl, aryl, or aryl-(Cl-C4-al kyl), or, where BI
and B2 are attached to adjacent carbon 15 atons, Bl and B2 can be taken

t oget heronitst phasaiagesticallyemtcapialie salis onsterecisomersaithdrealzene ring or

nmet hyl enedi oxy; WD 02/ 083671 PCT/ EP02/ 03668 29 or its pharmaceutically

claim 1 finer ol iR FRSCHBER B bEEh T nerbin 87 Bnf B eRERI g T 1 ai m

2 wherein Xis -(CH2)n and nis 1. 4. The conpound according to claim3

wherein R, i sTireedmboand icdortiegto Blafm 2 Witeretmiasin¢CHS); @ndimig 1.0 cl aim 4
wherein the conpound is [4S- [4a, 7a(S

), 12bp]]-7-[[2(R) -acetyl thio-3-nethy|-1-oxobutyl]am no] -

1,2,3,4,%, 7, siNeREerHhd @csosling & pim doyherein é} 132?%@%{2@&%@%- car boxyl i ¢

aci d,
5 5. The compound according to claim 4 wherein the compound is [4S-

[4o,70(8S),12bB]]-7-[[2(R)-acetylthio-3-methyl-1-oxobutyl]lamino]-
1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2, 1a][2]benzazepine-4-carboxylic acid,
diphenylmethyl ester.

6. The compound according to claim 4 wherein the compound is [4S-
10 [4o,7a(S),12bB]]-7-[[2(S)-acetylthio-3-methyl-1-oxobutyllamino]-
1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid,
diphenylmethyl ester.

7. The compound according to claim 4 wherein the compound is [4S-
[4a,70(S),12bB]]-7-[[3-methyl-1-0x0-2(R)-thiobutyl]lamino]-1,2,3,4,6,7,8,12b-
15 octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid, diphenyimethyl
ester.
8. The compound according to claim 4 wherein the compound is [4S-

[4a,70(S),12bp]]-7-[[3-methyl-1-0x0-2(S)-thiobutyl]amino]-1,2,3,4,6,7,8,12b-
octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid, diphenylmethyl
20 ester.

9. The compound according to claim 4 wherein Rz is hydrogen.

10. The compound according to claim 9 wherein the compound is [4S-
[4a,70(S),12bB]]-7-[[2(R)-acetylthio-3-methyl-1-oxobutyl]amino]-
1,2,3,4,6,7,8,12b-octahydro-6-oxo-pyrido[2,1a][2]benzazepine-4-carboxylic acid.



di phenyl net hyl ester. 6. The conpound according to claim4 wherein the
conpound is [4S- 10

[ 4a, 7a( S)WOLOBIeFt 7- [ [ 2(S) - acet yl t hi 0- 3- net hyl - | - oxobut y| PamiEP03/03668
1,2,3,4,6,7,8,12b- oct ahydr o- 6- oxo-pyrido[ 2,1 a][2] benzazepi ne-4-carboxylic
acid, diphenylnethyl ester. 7. The com§9und according to claim4 wherein
the conmpound is [4S- [4a, 7a(S), 12b(3]]-7=[[ 3-nmet hyl -1
-0x0-2(R)-thiobutyl]am no]-1,2,3,4,6,7,8,12b 15 oct ahydr o- 6- oxo- pyri doJ 2,
a] [ 2] benzazepi ne-4-carboxylic acid, diphenylnethyl ester. 8. The conpound
accor di njl.t o Dieatompoune aecarding:tacdaip Srwhereir the-compound is [4S-

4a, 7a(S), 12b(, 31 -, 4~ - 1- 0XQ- 2 -t hi phut inal-1,2,3,4,6,7,8,12
[b- oct fahildr obtéo‘](?]ﬁgéﬁb&Bﬁﬂ'ﬁgﬁﬁ%ﬁcﬂ){ﬁ@égﬁﬁ%ﬂg? ﬁ’%’b}"%'}]eﬁ aci d,
di phenyl nmet h Ph. @[(Qcpé' - Bl
i sphyd)r/ogen. y1I%’.3@ﬁ?§§%oﬁﬁgﬁg§gg?§?§??ﬁ% cl ai]ﬁ%]lgg%ée)zr i"flé ﬁ%rmgﬁaﬁfs
[4S- [4a,7a(S),12b(3]]-7-[[2(R)-acetylthio-3-nmethyl- |-oxobutyl]amnm no]-
1, 2, 3, 4, 82.7, 8lheecropouny @coosling to ggin ofirereindihpxiarapewneisi [46- 4- car boxyl i ¢

261 8.0 V0 02 Qa7 Py ERO20305R, 30 o AV BRTRRLAASE 384 B b8 & m O

d4a, 7a(S), 12 - j 525) PR ' -
[1, g, 3?2, 23 7, g%%xd(%g%daﬁ&%gﬁg?%ﬁ]g}??do[ 2?%?_%?] benzg}zélg]pC?rTe?Z]- carboxylic

acid. 12. The conpound according to claim9 wherein the conpound is [4S 5

[ 4a, 7a( S)3.1 2bHg campperérechgiding taxelam Rwheresbieyigrapewny is148-3, 4, 6, 7, 8, 12b
- oct ahydr o- 6-,0x0- QYL i ne-A4-carboxvlj ¢ .Aaci Th
conpound acedih 1 ord 28Rl 7S MHBYEF AP R B Bar s 67 8. 10 T
Lfla, 7a(9) , 12fcthtlydfold-8xaplyRdbi21lt HEQbeiDebieolebbd @it Beld. 1. 2, 3, 4, 6,7, 8, 12

10 14. A process for the preparation of a compound of the formula |

Q X
N I
b
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SR, 07 “OR,
wherein

R1 is hydrogen, -CH,OC(O)C(CHz3)s, or an acyl group;

Rz is hydrogen, -CH20-C(O)C(CHs)s, a C4-C4-alkyl, aryl, aryl-(C+-C4-alkyl), or
15  diphenylmethyl;

X is «(CHy), wherein n is an integer O or 1, -S- , ~O-,

O
Vi

-N- or -N-



oct ahydr o- 6- oxo- pyri do[ 2,1 a][ 2] benzazepi ne-4-carboxylic acid. io 14. A
process for the preparation of a conpound of the formula | O N H SRl 15 |
wherei n W0 s83sydr ogen, - CH2OC(O) C(CH3) 3, or an acyl grorpI/EHRE2/0368

hydr ogen, -CH2O- C(O C(CH3)3, a Cl-C4-al kyl, aryl, aryl-(G -C4-al kyl), or
di phenyl nethyl; Xis -(CH2)" wherein n_js an integer O or 1, -S- , -0-, O
/1 R3i-R& -N- or -N WD 02/083671 PCT/HP02/03668 31 wherein R3 is
hydrogen, a Cl-C4-al kyl, aryl, or aryl-(d-C4-alkyl), and R4 is -CF3,

G -Clo-al kyl, aryl, or aryl-(Cl-C4-alkyl); Bl and B2 are each independently
hydr ogen, hyavhexgin Ry is-rgRBogemes €4 4RBkYl sargl,-oC4ryleiGeyC4-abyl)l and R4 is —CFs,
aryl - (Cl &4- al,kyl or, e.B, .,and B2 are attached to adjacent carbon 5
at ons, éfémﬁ'@’ %ré(h %@fwgl hct'BB%(Bher with said adjacent carbon atons to
forma benzene ring or nethyl enedi oxy; conprising the step of reacting a
conpoungs . cdndt BLarfeosaBH depeRtently hydrogen, hydroxy, or -ORs, wherein Rs is C1-Cy-

alkyl, aryl, or aryl-(C4-C4-alkyl), or, where B4 and B; are attached to adjacent carbon
5 atoms, B4 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 Il

wherein Hal is halogen,

10 with a compound of the formula R{SH, wherein R, is as previously defined, in the

presence of a base.

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

wherein

15 Rqis hydrogen, -CH20C(O)C(CHps)s, or an acyl group;



N Hal wherein Hal is halogen, HIIl 1o with a conpound of the fornula R1SH,
wherein RL is as previously defined, in the presence of a base. 15. A
process WD o2logs6pr epar ati on of a conpound of the fornul a PCI/EPD2/0dses ei N 15
R1 is hydrogen, -CH2OC(O) C(CH3)3, or an acyl group; WO 02/083671

PCT/ EP02/ 03668 32 R2 is hydrogen, -CH2O-C(O C(CH3)3, a Cl-C4-al kyl, aryl,
aryl-(C -C4-al kyl), or diphenyl net hyl ;33( is -(CH2)n wherein nis an
integer O or 1, -S- , -0-, 0 // RBRCR4 -N or -N5 wherein R3 is
hydrogen, a O -C4-al kyl, aryl, or aryl-(Cl-C4-alkyl), and R4 is CF3,

Cl- G o- aRkig hydnogen, -GH.&-ZOJCCIdH)s,d ©y10s:alldil, anl B9l-ECeCealkyl), ndependent | y
hydroge eEgdro or -OR5, wherein R5 is Cl1-C4- alkyl, aryl, or

aryl - 'Qﬁ(ﬁ I or, where B, and B2 are attached to adjacent carbon
atoms Bl and B2 can be taken together with said adjacent carbon atoms to

forma g b@qﬁnwh@ygg Pis gmﬁql&yé@r(ﬁgﬁ PX%- , conprising the step of reacting

a conpound o e fornul a
O
Vi
B
-N- or -N-
5 wherein Rj is hydrogen, a C4-Cy-alkyl, aryl, or aryl-(C4-Cs-alkyl), and R4 is -

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

B4 and B; are each independently hydrogen, hydroxy, or -ORs, wherein Rs is C1-Cs-
alkyl, aryl, or aryl-(C4-Cs-alkyl), or, where B4 and B, are attached to adjacent carbon
atoms, B1 and B 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 1l

wherein Rz, X, B1 and By are as previously defined

with a compound of the formula IV

/ Hal

G v
7 Neos

15



Bi CO2R2 wherein R2, X, B, and B2 are as previously defined with a
conmpound of the forrmula IV 15 Hal C\COZH IV WD 02/083671 PCT/ EP0O2/ 03668
33 wher ei WOHal083631 hal ogen. 16. A nmethod of treating a car GCOERSZH66S

di sease condition conprising admnistering to a patient in need of
treatnment thereof a therapeutically effggtive angi otensin converting
enzynme and neutral endopeptidase inhibitdry amount of 5 a conpound
according to claim1. 17. The nethod according to claim 16 wherein the

di sease condition is hypertension. 18. The nmethod according to claim 16
wher ei n t he dwberieHabisdhalogeni s congestive heart failure. io 19. A

phar maceuti cal conposition conprising one or nore conpounds as set forth

in clai and ar eut.ically acceptable carrier.. 20. A nethod for the
or epar at 18n ot AR AEA G L earoBRASENAr UReASH frfdiing Sonridy o
conbi ni ng oneadrinigten@to bipatieatPonsts offedtaient @idreof 8 théipBUficalytdifedtive
pharmaceutical |y acceptable carrier. ) o

angiotensin converting enzyme and neutral endopeptidase inhibitory amount of

5 a compound according to claim 1.

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

18.  The method according to claim 16 wherein the disease condition is congestive
heart failure.

10 19. A pharmaceutical composition comprising one or more compounds as set forth

in claim1 and a pharmaceutically acceptable carrier.

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.



