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Benzazepin~2—-ones

The present invention is based upon the discovery that certain
substituted 3~amino—[1]benzazepin-2-one-l-alkanoic acids and deri-
vatives represent a new class of potent angiotensin—converting

enzyme (ACE) inhibitors.

The foregoing attributes render the 3-amino=~[1]benzazepin-2~ones

of this invention particularly useful when administered, alone or
in combination, to mammals, e.g. for the treatment or prevention
of diseases responsive to inhibition of angiotensin converting enzyme
e.g., cardiovascular disorders such as hypertension and cardiac con-

ditions such as congestive heart failure.

This invention relates to novel 3-amino-[l]benzazepin-2-one-1-
alkanoic acids, and derivatives useful as angiotensin-converting
enzyme inhibitors, processes for preparing same, pharmaceutical
compositions. cét;;;fising said compéunds, and to said compounds and
compositionsffor use in a therapeutic method of treating diseases
respousive to inhibition of angiotensin-converting enzyme in

humans and mammals.

The compounds of the invention are characterized by the general

formula I X
R i 4
4 .\éa;/o-—.
7-\- N3 \ /s (1)
3|-l 3/-"N
1 2

R %-%a e \RA

9 ]
3 | 0 -

wherein RA and RB are radicals of the formula



-CH<:1 and -CH<;2 » respectively,

o 0
in which Rb is carboxy or a functionally modified carboxy;
R1 is hydrogen, lower alkyl, amino(lower) alkyl, aryl, aryl (lower)
alkyl, cycloalkyl or cycloalkyl (lower) alkyl; R2 is hydrogen or (_\
lower alkyl; R3 and R&, each independently, represent hydrogen, e
lower alkyl, lower alkoxy, lower alkanoyloxy, hydroxy, halogen, tri-
fluoromethyl, or R3 and Rﬁ taken together represent lower §1ky1ene-
dioxy; R5 is hydrogen or lower alkyl, and X represents oxo, two
hydrogens, or one hydroxy together with one hydrogen; and wherein
the carbocyclic ring may also be hexahydro or 6,7,8,9-tetrahydro;
and salts and complexes thereof.

Tﬁe functionally modified carboxyl group in the meaning of the
symbol Rb is e.g. an esterified carboxyl group or a carbamoyl group

optionally substituted on the nitrogen atom.

More specifically one or both of R, represented by COR6 in radical
RA and represented by COR7 in radical RB independently represent

carboxy, esterified carboxy, carbamoyl or substituted carbamoyl.

The salts and complexes of the compounds of formula I are derived
from those compounds which have salt forming properties and are

preferably pharmaceutically acceptable salts and complexes.

A carboxyl group Rb ig represented by COR6 (in radical RA) wherein
Rg is hydroxy or COR,, (in radical RB) wherein R, is hydroxy.

An esterified carboxyl group R° is especially one in which the
esterifying radical represents optionally substituted lower alkyl
or optiomally substituted phthalidyl and is represented by the

partial formula -C0R6 (in radical RA) or the partial formula -COR7

- T s, .aMFT R T
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(in radical RB)’ wherein one or both of R6 and R7 represents lower
alkoxy; (amino, mono- or di-lower alkylamino)-substituted lower
alkoxy; carboxy-substituted lower alkoxy, e.g. a~carboxy substituted
lower alkoxy; lower alkoxycarbomyl-substituted lower alkoxy, e.g.
a-lower alkoxycarbonyl-substituted lower alkoxy; aryl-substituted
lower alkoxy, e.g. optionally substituted benzyloxy or pyridylmethoxy;
{hydroxy, lower alkanoyloxy or lower alkoxy) substituted lower alkoxy,
e.g. pivaloyloxymethoxy; (hydroxy, lower alkanoyloxy or lower alkoxy)-
substituted lower alkoxymethoxy; bicycloalkoxycarbonyl-substituted
lower alkoxy, e.g. bicyelo [2,2,1]heptyloxycarbonyl-substituted

lower alkoxy, especially bicyclo{2,2,l]heptyloxycarbonyl=-substituted
methoxy; 3-phthalidoxy; (lower alkyl, lower alkoxy, halo)-substi-
tuted 3-phthalidoxy.

An optionally N-substituted carbamoyl group Ro is especially one
which is represented by the partial formula -COR6 (in radical RA)
or the partial formula -CoR, (in radiecal RB)’ wherein one or both

of R6 and R7 represent amino; lower alkylamino; di-lower alkylamino;
di-lower alkylamino in which both alkyl groups are linked by a
carbon to carbon bond and together with the amino nitrogen form a 5=,
6= or 7—membered heterocyclic ring, e.g. pyrrolidine, piperidino,
or perhydroazepino; (amino or acylamino)-substituted lower alkyl-
amino; a=(carboxy or lower alkoxycarbonyl)=-substituted lower alkyl-
amino; aryl substituted lower alkylamino in which aryl is preferably
pﬁenyl or indolyl and which can be substituted on the a=-carbon atom

by carboxy or lower alkoxycarboayl.

Any prodrug derivatives of compounds of this invention e.g. any
pharmaceutically acceptable esters and amides of the mono~ or di-
carboxylic acids of this invention that may be convertible by sol-
volysis or under physiological conditions to the said carboxylic
acids, e.g. esters and amides cited above, represent a particular

object of the invention.
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Said esters are preferably, e.g., the straight chain or branched
lower alkyl esters unsubstituted or Suitably substituted such as the
pivaloyloxymethyl, bornyloxycarbonylmethyl, benzyl, pyridylmethyl,
a-carboxyethyl_or suitably esterified a-carboxyethyl esters, and the
like.

Said amides are preferably e.g. simple primary and secondary amides
and amides derived from the amino acids or derivatives thereof, such

as the amides derived from alanine, phenylalanine and the like.

More particularly, the invention relates to compounds of formula IA

X
R If R
4.\0\\\./0—0 is
1 *-N-CB-R, (Ta)
of — l
R3)< \°|’ i co-,
0
PN
Ry Co-R,

wherain R1 is hydrogen,_lower alkyl, amino(lower)alkyl, aryl, aryl-
(lower)alkyl, cycloalkyl(lower)alkyl, Rz and R5 represent hydrogen
or lower alkyl, R3 and R4 represent hydrogen, lower alkyl, lower
alkoxy, lower alkanoyloxy, hydroxy, halogen, trifluormethyl; or R3
- and R4 taken together represent lower alkylendioxy, X represents oxo,
two hydrogens or one hydroxy group and ome hydrogen, RB and R7 in=-
dependently represent hydroxy, amino, mono- or di-{lower)alkylamino,
lower alkoxy, aryl(lower)alkoxy, lower alkanoyloxymethoxy, (amino,
mono- or di-lower alkylamino,carboxy, or lower alkoxycarbonyl)~lower
alkoxy; or the pharmaceutically acceptable salts or complexes thers-

of.

Preferred embodiments of this invention relate to compounds of
formula A, wherein R1 is hydrogen, lower alkyl, amino(lower)-
alkyl, aryl(lower)alkyl where aryl represents phenyl unsubsti-
tuted or mono- or disubstituted by lower alkyl, hydroxy, lower
alkoxy, lower alkylenedioxy, lower alkanoyloxy, halogen or tri-

fluoromethyl, R2 and Rs are hydrogen or lower alkyl, R, and R, are

3 4
hydrogen, lower alkoxy, lower alkyl, halogen or trifluoromethyl;



or R3 and R4 taken together represent alkylenedioxy, X represents
oxo, one hydroxy and one hydrogen, or 2 hydrogens, R6 and R7 in-
dependently represent hydroxy, amino, lower alkoxy, phenyl(lower)
alkoxy, lower alkoxycarbomyl(lower)alkoxy, or pharmaceutically

acceptable salts thereof.

Very useful are compounds of formula IA, wherein Rl is hydrogen,
lower alkyl, WJ-amino(lower)alkyl, aryl(lower)alkyl where aryl repre-
sents phenyl unsubstituted or mono-substituted by lower alkyl,
hydroxy; lower alkoxy, lower alkanoyloxy, halogen or trifluoromethyl,
Rz and Rs are hydrogen or lower alkyl, R3 and R4 are hydrogen, loyer
alkoxy, lower alkyl, halogen, or trifluoromethyl; or R3 and R4 taken
together represent lower alkylendioxy, X represents oxo, one hydroxy
and one hydrogem, or 2 hydrogens, R6 and R7 independently represent
hydroxy, amino, lower alkoxy, phenyl (lower)alkoxy, lower alkoxycar-—
bonyl{lower)alkoxy, or pharmaceuticallj acceptable salts thereof.

Particularly useful are compounds of formula IA wherein R1 is hy-
drogen, lower alkyl, L) -amino(lower)alkyl, aryl(lower) alkyl, R2
and RS are hydrogen or lower alkyl, R3 is hydrogen, R& is hydrogen,
lower alkoxy, lower alkyl, halogen, or trifluoromethyl, X repre-
sents oxo, one hydroxy and ome hydrogen, or 2 hydrogens, R6 and R7
independently represent hydroxy, amino, lower alkoxy, phenyl(lower)
alkoxy, lower alkoxycarbonyl(lower)alkoxy, or pharmaceutically

acceptable salts thereof.

Especially useful are compounds of formula IA wherein R, is hydrogen,

methyl, ethyl, isopropyl, LJ -aminopropyl, QJ-aminobutyl} aryl-
(methyl, ethyl, propyl) where aryl represents phenyl unsubstituted

or substituted by one methyl, hydroxy, methoxy, methylenedioxy,
acetyloxy, chloro or trifluoromethyl group, R2 and Rs are hydrogen or

methyl, R3 and R4 represents hydrogen, methoxy, methyl, chloro or



trifluoromethyl, X represents oxo, one hydroxy and one hydrogen
or 2 hydrogens, R6 and R7 independently represent hydroxy, amino,
ethoxy, methoxy, benzyloxy, ethoxycarbonylmethoxy or pivaloyloxy-

methoxy; or pharmaceutically acceptable salts thereof.

Exceedingly useful are compounds of formula IB

I./ \\‘T/ \'-NH 3<an2n-R8
LA / c0=R (1IB)
N2 N -
7 Ny < 6
| o
CH,~CO-R,

wherein n represents an integer from 1 to 4, RS is hydrogen, phenyl
unsubstituted or monosubstituted by lower alkyl, lower alkoxy, lower
alkanoyloxy, halogen, hydroxy, or trifluoromethyl, R6 and R7 inde-
pendently represent hydroxy, lower alkoxy of up to 4 carbon atoms,
benzyloxy, or amino, or pPharmaceutically acceptable salts thereof.

Especially valuable are compounds of formula IB, wherein CnH re=

presents ethylene, R8 represents phenyl or phenyl gono-substizuted
by lower alkoxy with up to 4 carbon atoms, lower alkyl with up to 4
carbon atoms, halogen or trifluoromethyl, R, and R7 independently
represent hydroxy or lower alkoxy with up to 4 carbon atoms, or

pPharmaceutically acceptable salts thereof.

The present invention also relates to the stereoisomers of compounds

of formula I. A number of racemates are obtainable when, e.g. in



formula IA at least one of Rl and'R2 is not hydrogen and/or X re-
presents H{0H).

The individual enantiomers of said racemates may in turn be obtained.

Certain specific said isomers are preferred as angiotensin~converting

enzyme inhibitors.

Outstanding are compounds of formula IC

;/.\./'-. (s) anZn‘RB
1 (8) -NE (1IC)
N N 0-R
' J 6
[ o
C_l'!z-CO-R7

wherein S represents the chirality, n represeats an integer from 1
to 4, Ra is hydrogen, phenyl umsubstituted or mono;ubstituted by
lower alkyl, lower alkoxy, lower alkanoyloxy, halogen, hydroxy, or
trifluoromethyl, Rg and R7 independently represent hydroxy, lower
alkoxy of up to 4 carbom atoms, benzyloxy or amino, or pharma-

ceutically acceptable salts thereof.

The general definitions used herein have the following meanings

within the scope of the present invention.

Aryl represents a carbocyclic or heteroecyclic aromatic radical

preferably being phenyl, unsubstituted or mono or di-substituted by

lower alkyl, lower alkoxy, lower alkylenedioxy, lower alkanoyloxy,
hydroxy, halogen or trifluoromethyl.



The term cycloalkyl represents a cyeclic hydrocarbon radical which
preferably contains 3 to 8 carbons and is, for example, cyclopentyl

or cyclohexyl.

The term aryl(lower)alkyl represents preferably benzyl, l~or 2-
phenylethyl, 1-,2= or 3~phenylpropyl 1-,2-,3~ or 4=-phenylbutyl,
wherein the phenyl ring is unsubstituted or mono- or disubstituted
by lower alkyl, hydroxy, lower alkoxy, lower alkylenedioxy, lower
alkanoyloxy, halogen or trifluoromethyl.

The term cycloalkyl(lower)alkyl represents preferably I~or 2-(cyclo-
pentyl or cyclohexyl)ethyl, 1-,2~ or 3-(cyclopentyl or ‘cyclohexyl)
propyl, or 1-,2-,3- or 4=-(cyclopentyl or cyclohexyl)-butyl.

The term "lower" referred to above and hereinafter in connection
with organic radicals or compounds respectivaly defines such with
up to and including 7, preferably up and including 4 and advantage=-

ously ome or two carbon atoms.

A lower alkyl group preferably contains 1-4 carbon atoms and re-

presents for example ethyl, propyl, butyl or advantageously metchyl.

A lower alkoxy group preferably contains 1=4 carbon atoms and re~
presents gor example methoxy, propoxy, isopropoxy or advantageocusly
ethoxy. A mono-(lower)alkylamino group preferably -contains 1-4
carbon atoms in the alkyl portiom and is for example N-methylamino,
N-propylamino or advantageously N-ethylamino. A di-(lower)alkylamino
group preferably contains 1-4 carbon atoms in each lower alkyl
portion and represents, for example, N,N-dimethylamino, N-methyl-

N-ethylamino and advantageously N,N-diethylamino.
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Lower aikanoyloxy represents preferably acetoxy, propionyloxy or

pivaloyloxy.

Alkylenedioxy represents preferably ethylenedioxy, and advantageously

methylenedioxy.

Aryl lower alkoxy represents advantageously e.g. benzyloxy, benzyloxy

substituted by methyl, methoxy or chloro, and pyridylmethoxy.

Carboxy lower alkoxy represents advantageously e.g. l=carboxy-

ethoxy.

Lower alkoxycarbonyl lower alkoxy represents advantageously e.g.

" 1=-(ethoxycarbonyl)ethoxy.

Amino(lower)alkoxy, mono-(lower)alkylamino lower alkoxy, di=-(lower)
alkylamino lower alkoxy advantageously represent respectively e.g.

aminoethoxy, ethylaminoethoxy, diethylaminoethoxy.

Lower alkanoyloxymethoxy represents advantageously e.g. pivaloyl-
oxymethoxy.

Bicycloalkyloxycarbonyl-(lower)alkoxy preferably represents bicyclo-
[2,2,1]heptyloxycarbonyl-(lower)alkoxy unsubstituted or substi-
tuted by lower alkyl advantageously bornyloxycarbonylmethoxy.

Amino(lower)alkyl and &J-amino(lower)alkyl represent preferably
amino(ethyl, propyl or butyl) and &O-amino(ethyl, propyl or butyl)

respectively.

Halogen preferably represents chlorine, but may also be bromine,

fluorine or iodine.
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According to the present invention one or both of the carboxyl
groups of the dicarboxylic acids, i.e. compounds of formula IA

or IB wherein R6 and R7 are hydroxy, may be functionalized as esters
or amides. These functional derivatives ara preferably the mono or
bis lower alkyl esters e.g. methyl, ethyl, n- or i-propyl, butyl or
benzyl esters; the mono~ or bis-amides, the mono=- or di N-alkylated
amides, e.g. mono- or diethylamides; the mono or bis substituted
lower alkyl esters, e.g. the (DU=(amino, mono- or dimethylamino,
carboxy or carbethoxy) =-(ethyl, Propyl or butyl) esters. Highly
preferred functional derivatives are the mono esters of formula IA,
e.g. wherein one of R6 and R7 represents hydroxy and the other re-
presents lower alkoxy.

Pharmaceutically acceptable salts are preferably metal or ammonium
salts of said compounds of formula I wherein Rb represents carboxy
or of formula IA wheresin COR6 and/or COR7 Tepresent carboxy, more
particularly alkali or alkaline earth metal salts, e.g., the sodium,
potassium, magnesium or calecium salt; or advantageously easily cry=
stallizing ammonium salts derived from ammonia or organic amines,
such as mono-, di- or tri-lower (alkyl, cycloalkyl or hydroxyalkyl)-
amines, lower alkylenediamines or lower hydroxyalkyl or aralkyl)-
alkylammonium bases, e.g., methylamine, diethylamine, triethylamine,
dicyclohexylamine, triethanolamine, ethylenediamine, tris—-(hydroxy-
methyl)aminomethane or benzyltrimethylammonium hydroxide. Said com-
pounds of Férmnla I form acid addition salts, which are preferably
such of therapeutically acceptable inorganic or organic acids, such
as strong mineral acids, for example hydrohalic, e.g. hydrochloric
or hydrobromic acid; sulfuric, phosphoric, nitric or perchloric acid;
aliphatic or aromatic carboxylic or sulfonic acids, e.g. formic, -
acetiec, propionic, succinic, glycolic, lactic, malic, tartarie,
gluconic, citrie, ascorbic, maleic, fﬁmaric, hydroxymaleic, pyruvie,
phenylacetic, benzoic, 4-aminobenzoic, anthramilic, 4-hydroxybenzoic,

salicylic, 4-aminosalicylic, pamoic, nicotinic; methanesulfonic,
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ethanesulfonic, hydroxyethanesylfonic, benzenesulfonic, p-toluene-

sulfonic, naphthalenesulfonic, sulfanilic or cyclohexylsulfamic acid.

The compounds of formula I exhibit valuable pharmacological
properties, e.g. cardiovascular effects, by inter alia inhibiting
the release of Angiotensin II through selective inhibition of angio=
tensin-converting enzyme in mammals. The compounds are thus useful
for treating diseases responsive to angiotensin-converting enzyme

inhibition in mammals including man.

The compounds of this invention exhibit primarily hypotemsive/
antihypertensive and cardiac effects. These properties are demon-
strablae by in wvive °rliE.ZiEEE:t°3t3’ using advantageously mammals,
e.g., vats, cats, dogs or isolated organs thereof, as test objects.
The animals may either be normotensive or hypertensive e.g., geneti~-
cally spontaneous hypertensive rats, or renal hypertensive rats and
dogs, and sodium-depleted dogs. The compounds can be applied to the
test animals enterally or paremterally, advantageously orally or
intravenously, for example within gelatin capsules or in the form
of starchy suspensions or aquecus solutions. The applied dosage
may range between about 0.01 and 100 mg-kg/day, preferably between
about 0.05 and 50 mg/kg/day, advantageously between about 0.1 and

- 25 mgrkg/day.

The in vivo lowering effect on the blood pressure is recorded,

either directly by means of a catheter, placed in the test animal's
femoral artery, or indirectly by sphygmomanometry at the rat's tail
and a transducer. The blood pressure is recorded prior to and after

dosing in mm Hg.

Thus the antihypertensive effects are demonstrable in spontanacusly
hypertensive rats by indirect measurement of systolic pressure.

Conscious rats are placed individually in restraint cages within a
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gently warmed chamber. A pulse sensor is placed distal to an inflat-
able occulsive cuff on each fat's tail. The cuff is periodically in-
flated to occlude the tail artery. The pressure in the cuff is con-
tinously reduced and the systolic pressure corresponds to the pressure
in the cuff, at which the pulse waves reappear. After obtaining con-
trol values of blood pressure and heart rate, test compounds are
administered orally once daily for 4 consecutive days. Additional
blood pressure measurements are usually made at 2.0, 4.0 and 23.5
hours after each daily dosing, and responses are compared to those

of rats dogsed with the treatment vehicle.

As an illustration of the invention, the antihypertensive effect of
the "higher melting" l~carboxymethyl~3~(1l-ethoxycarbonyl-3-phenyl-
propylamino)-2,3,4,5~tetrahydro-1E{ 1]benzazepin=-2-one of example 1
is reported: at a dose of 3 mg/kg p.o. it lowers blood pressure by
40 mm Hg as the average effect measured at 2 and 4 hours after the
last two daily dosings. The corresponding S,5 enantiomer of example
12 at a dose of 1 mg/kg p.o. lowers blood pressure by 30 mm Hg.

The compounds of this invention when administered intravenously or

orally also exhibit an inhibitory effect against the Angiotensin I

induced pressor response of mormotensive rats. Angiotensin I is

hydrolyzed by the reactiom of said converting enzyme to the potent
Pressor substance Angiotensin II. The inhibition of said enzyme

. prevents the generation of Angiotensin II from Angiotensin I. In

this manner the increase of blood pressure provoked By Angiotensin I

is attenuated.

The corresponding in vivo test for intravenously administered com~-
pounds is performed with male, normotensive rats, which are anesthe-
tized with sodium 5-ethyl-5~(l-methylpropyl)-2~thiobarbiturate.

A femoral artery and saphenous vein are cannulated respectively for
direct blood pressure measurement and the i.v. administration of

Angiotensin I and a compound of this invention. After the basal
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blood pressure is stabilized, pressor responses to 3 challenges of
333 ngrkg Angiotensin I i.v., at 5 minute intervals, are obtained.
Such pressure responses are usually again obtained at 5, 10, 15, 30
and 60 minutes after i.v. administration of the compound to be tested,
and compared with the initial responses. Any observed decrease of
said pressor response is an indication of Angiotensin I converting
enzyme inhibition. Illustrative of this invention, the "higher
melting" l-carboxymethyl=3-(l~ethoxycarbonyl=3~phenylpropylamino)=
2,3,4,5-tetrahydro-1H[1]benzazepin~2-one of example 1 and the corres-
ponding 5,5 enantiomer of example 12 completely inhibit the pressor
response following Angiotensin I challenge through 30 minutes after
administration of either of the said compounds at a dose of 1 mg/kg

i.v..

The in vitro inhibition of the angiotensin-converting enzyme by the
compounds of this invention can be demonstrated by a method analogous
to Biochim. Biophys. Acta 293, 451 (1973). According to this method,
said compounds are dissolved at about 1 mM concentrationm in phos-
phate buffer. To 100 microliters of solutions of the test compound
in phosphate buffer, diluted to the desired concemtration, are added
100 microliters of 5 mM hippuryl-histidyl-leucine in phosphate
buffer, followed by 50 microliters of the angiotensin- couverting
enzyme preparation (from lungs of adult male rabbits) in Tris buffer,
containing potassium and magnesium chloride, as well as sucrose.
Said solutions are incubated at 37°C for 30 minutes and combined with
0.75 ml of 0.6 N aquecus sodium hydroxidé to stop further reaction.
Then 100 microliters of a 0.2% solution of o-phthalaldehyde in
methanol are added at room temperature, and 10 minutes later 100
microliters of 6N hydrochloric acid. These samples are read against
water in a spectrophotometer set at 360 om, and the optical densities
thereof estimated. fhey are corrected for the standard curve via
conversion factor expressing nanomoles of histidyl-leucine formed

during said 30 minute incubation period. The results are plotted
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against drug concentration to determine the ICSO, i.e., the drug

concentration which gives half the activity of the control sample

containing no drug. Illustrative of the invention, the "higher

melting" l-carboxymethyl=-3=(1l-carboxy=-3-phenylpropylamino)~2,3,4,5~
tetrahydro~1H-[1l]benzazepin=2-one of example 9 and the correspoﬁding

5o ©f 5.2 % 10K and

1.7 x 107 respectively. The corresponding "lower melting” 1- (:)

$,S enantiomer of example 19 show an IC

carboxymethy1-3—(1-carboxy-3-pheny1propylamino)-2,3,4,5-cetrahydro-lﬁ-

8

[l]benzazepin=2-one of example 8 shows an IC 0 of 5.8 x 10 M.

5
Angiotensin-converting enzyme not only participates in the
eonversion of Angiotensin I to Angiotensin II, but also plays a role
in the control of bradykinin and aldosterone levels. The effect of
the compounds of this invention on these factors may also contribute

to the antihypertensive and cardiac effects of these new compounds .

The aforementioned advantageous properties remnder the compounds of
this invention of great value as specific therapeutic agents

for mammals including man.

Accordingly, the compounds of this invention are valuable antihyper-
tensive agents, especially useful for ameliorating hypertension
(regardless of etiology) and/or cardiac counditions, such as con-
gestive heart failure, and/or other edemic or ascitic diseases.

They are also useful intermediates in the preparation of other
valuable products, especialiy of corresponding pharmaceutical com=-

positions.

The compounds of formula I according to the invention can be pre—

Pared in a manner which is known per se, in that, e.g.

a) in a compound of the formula
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ol o=NH-R (11)

in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
tetrahydro, and wherein X, RB’ R3, R4 and R5 have the meanings given
hereinbefore, RA is introduced by alkylation with a compound of

the formula

R, -2 (I1I4)
wherein Z is a reactive esterified hydroxyl group and El.A has the

meanings given hereinbefore, or with a compound of the formula

R, = CO =R, EIV)

wherein R1 and Ro have the meanings giveﬁ hereinabove, in the
presence of a reducing agent, with a temporary protection of any
primary and secondary amino groups and/b;, optionally, hydroxyl:
and/or oxo groups, which may be prasent in any ome of the sub-
stituents X, RA’ RB’ Rl’ R., R& and R

or

5

b) a compound of the formula

X
R ;
[ - & o @
\ Ex I/ S )
a4 \N-—'// \RA
R I
3 H o

in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
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tetrahydre, and wherein X, R3, R4 and R5 have the meanings given
hereinabove and RA is hydrogen or RA as defined hereinabove, is
alkylated with a compound of the formula

Ry - 2 (II1B)

wherein Z is a reactive esterified hydroxyl group and RB has the
meanings given hereinabove, while protecting temporarily any primary
and secondary amino groups and/or, optionally, hydroxyl and/or oxo
groups which may be present in any one of the residues X, RA’ RB

R,, R, and RS’ or

37 7%

¢) a compound of the formula

X
4:xf\ /
. omY (VI)
W \_/

| o

%

in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
tetrahydro and wherein Y is oxo or a reactive esterified hydroxyl
group Z together with hydrogen, and X, RB’ R3 and R& have the
meanings given hereinabove, is condensed with an amine of the
formula

R, -NH ~ R (VIiI)

5

wherein RA and R5 have the meanings given hereinabove, with the
proviso that in the case Y is oxo, the condensation is carried

"out in the presence of a reducing agent and with a temporary pro-
tection of the oxo group which may be present as the substituent X,

or
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d) in a compound of the formula

X
R Il R
N ® A
TR o=N- (VIII)
27 Ni—s ,
R3 U o
| o
/ CH\R"
RZ o

in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
tetrahydro, and wherein X and R1 to R5 have the meanings given herein-~
above, one of the symbols R; and Rg is cyano and the other one is

cyano or R as defined hereinabove, the cyano group(s) is (are) sub-

jected to solvolysis, or

e) a compound of the formula

0
R I
4><0\./o—-o\ 5
4 /i I' (IX)
7
R3)( * \Ira coon A

in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
tetrahydre and wherein X, R, RB’ R3, R& and R5 have the meanings

given hereinabove, or an ester thereof, is cyclised, or

£) a compound which is structurally identical with a compound of

formula T specified above, except for having an additional double
bond located at C-3, or between the nitrogen atom and the adjacent
carbon atom within the group R,, is treated with a reducing agent

A
in order to saturate this- double bond, or
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g) in order to produce a compound of formula I as specified herein-

above, in which X is oxo, condemnsing a compound of the formula

in which the carbocyclic ring may also be hexahydro or 6,7,8,9~
tetrahydro, and wherein RB’ R3 and R4 have the meanings given herein-

above, with an amine of the formula
R.A - NH - R5 (vir)
wherein RA and R.5 have the meaning given hereinabove, and

h) if desired, a resulting compound of formula I as specified above
is converted into another compound of formula I within its above-

specified scope, and)?r

i) if desired, a resulting compound of formula I as specified
above and having salt-forming properties is converted into a salc

thereof or a free compound ig liberated from such a salt, and‘or

j) if desired, a resulting compound of formula T as specified
above and having complex~forming properties is converted into a

complex thereof, and/or

k) if so required, an optical isomer which has a specific configura-
tion with respect to at least one center of chirality is enriched
from a mixture of stereoisomeric forms of a resulting compound of
formula I.
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The alkylation according to processes a) and b), which serves for
introduction of residues RA and RB’ respectively, is carried out in
a conventional manner, advantageously by treating a corresponding
starting material of formulae II and V, respectively, with an
alkylating agent of the formula R,-Z (II14) or Ry-Z (I1IB),
respectively, wherein RA or RB have the meanings given hereinabove
and Z is a reactive esterified hydroxyl group, such as a hydroxyl
group esterified with a strong organic acid, e.g. an aliphatic or
aromatic sulfonic acid (such as a lower alkane sulfonic acid,
especially methane sulfonic, trifluoromethanesulfonic acid,
especially benzenesulfonic, p~toluenesulfonic, p=bromobenzenesulfonic
and p-nitrobenzenesulfonic acid) or with a strong inorganic acid,
such as, especially, sulfuric acid, or a hydrohalic acid, such as
hydrochloric or, most preferably, hydriodic or hydrobromic acid.

The alkylation is carried out under conventional general conditions
at temperatures ranging between about Q'C up to the boiling tempera-
ture of the reaction mixture, preferably at temperatures between
room temperature to about 100°C, The reaction takes place advantage-
ously in the presence of a soivent which is inert with respect to
the reactants, such as chlorinated lower alkane (e.g. chloroform or
methylene chloride), am acyelic or cyclic ether (e.g. diethyl ether,
1,2-dimethoxyethane, dioxane or tetrahydrofuran) and, in particular,
a low-molecular weight tertiary amide (e.g. N,N-dimethylformamide,
N,N-dimethylacetamide, N-methylpyrrolidone, N~ethylpiperidone and
hexamethylphosphoric acid triamide). Advantageously, the strong acid
HZ liberated during the reaction is bound by the addition of an acid-
binding agent, such as, preferably, an idorganic acid-scavenger

such as an alkali metal bicarbonate, carbonate or hydroxide, an
organic quaternary ammonium salt (e.g. a tetrabutylammonium salte)

Or an organic tertiary base, such as triethylamine, N-ethylpiperi-

dine, pyridine or quinoline.
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In process a), the alkylation can also be carried out under the
conditions of reductive alkylation in the mammer genmerally known and
used in the art. In carrying out the alkylation, a compound of the

general formula

Rl = co - Ro (Iv)

in which R1 and Ro have the meanings given hereinabove, is reacted
with the starting bicyclic compound II and, simultaneously or in a
subsequent step, with a reducing agent. Among reducing agents which
are used simultaneously with the alkylating agent, mention should be
made of formic acid and complex metal hydrides such as sodium cyano-
borohydride; among reducing agents used predominantly in a separate
subsequent operation, i.e. reduction of a preformed imine (Schiff's
base), mention should be made of diborane and complex metal hydrides,
such as, sodium borohydride, sodium cyanoborohydride which are added
advantageously.to the primary reaction mixture without isolating

an intermediate, e.g. the imine. In this case, the alkylation is
carried out advantageously in an organic solvent inert to the ra-
ducing agent, such as in an aliphatic or cyclic ether (such as di-
ethyl ether, diisopropyl ether, 1,2-dimethoxyethane, dioxane or
tetrahydrofuran) or an aliphatic alcohol (such as methanol, ethanol,
isop:opyl alcohol, ‘glycol, glycol monomethyl ether or diethylenegly=-
col), preferably at about 0°-80°C. A prinmcipal reducing agent, how—
ever, which can be used both simultaneotsly and subsequently, is _
hydrogen, especially catalytically activated hydrogen. The catalysts
are those conventionally used as hydrogenation catalysts, i.e. pre-
ferably those of the class of precious metals (such as palladium,
platinum and rhodium) on a carrier (such as calcium carbonate,
aluminium oxide or barium sulfate), in a finely dispersed suspension
without carrier or, in form of complexes, in a homogeneous phase.
Also, finely dispersed transition metals, such as Raney metals,
especially Raney nickel, are very suitable catalysts for the re-

ductive alkylation. The specific reaction conditionms depend, to a

- BN - - - P B T Lawr W
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large extent, on the particular hydrogenation catalyst and its pre-~
cise activity, and do not differ from those generally known for
hydrogenation. Temperatures ranging from room temperature to about
150°C, and pressures of hydrogen ranging from atmospheric pressure
to about 300 atmospheres are applicable according to the standard
procedures of the art. In addition to the inert solvents which were
mentioned above in connection with the hydride reduction, also low-
molecular weight amides, especially tertiary amides (such as N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, N-
ethylpiperidone, hexamethylphosphoric acid triamide) but also form-
amide and acetamide can be used as suitable solvents. Special
measures have to be taken with starting materials of formula II which
have an easily reducible functionmal group, such as the 5-oxo group;
in order to preserve these groups, selective reduction conditions,
as known in the prior art, have to be applied, or, if a simultaneous
reduction of these groups is desired or required, vigorous reagents

and/or conditions are employed accordingly.

The preformed imines referred to above are preferably prepared by
condensing an amine of formula II with a compound of formula IV

in an inert solvent, e.g. tolueme or methylene chloride, advantage-
ously in the presence of a dehydrating catalyst, e.g. boron tri-

fluoride etherate, p~toluenesulfonic acid or molecular sieves.

Process b) is preferably carried out in the presence of very strong
bases, such as alkali metal hydrides (e.g. sodium or potassium
hydride), alkoxides (e.g. sodium methoxide or ethoxide, potassium
tert-butoxide) or amides (e.g. lithium diisopropylamide), whereby
ethers and amides mentiongd above are preferred as solvents. In a
special modification of process b), s;arting materials are used in
which RA 1s hydrogen, and at least two equivalents of the reactant
IIIB is employed. In the resulting product, both RA and RB are identi=

cal and within the scope of the meanings of RB’
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In any of the alkylation processes, primary and secondary amino
groups in starting materials, except for the secondary amino group
to be alkylated, must be in a temporarily protected form during the
alkylation. Suitable protecting groups, as well as procedures for
their introduction and removal Qre wéll known in the art being
elaborated in great detail in particular as general methods for the
synthesis of peptides, ¢f. Houben-Weyl: Methoden der organischen
Chemie; 4th edition, vol. 15/T and II, E.Winsch (editor): Synthese
von Peptiden (Georg Thieme Verlag, Stuttgart; 1974). The narrower
selection of the protecting groups depends on the specific purpose,
it being necessary to take into account in particular the specific
properties of the particular starting materials and the reaction
conditions of the specific process. In the case of several functional
groups to be protected, advantageous combinations can ba selected.
Preferably, for example, similar or, even better, identical amino
protecting groups, are used both in the radicals Rb and in the

radical R1 and are simultaneously removed following alkylationm.

Suitable as amino-protecting groups are especially amino-protecting
groups that can be removed by reduction, for example especially

those of the benzyloxycarbonyl type in which the benzyloxycarbonyl
group may be substituted in the aromatic moiety by halogen atoms,
lower alkoxy groups and/or lower alkyl radicals and, especially,

by nitro groups, such as the p-chloro- and.E:bromobenzyloxycarbonyl,
pmethoxybenzyloxycarbonyl, Pp-methylbenzyloxycarbonyl and, especially,
Prnitrobenzyloxycarbonyl group, or altermatively the isonicotinyloxy~-
carbonyl group. An advantageous amino-protecting group is an ethoxy-~
carbonyl group which carfies in the B-position a silyl group substi-
tuted by three hydrocarbon radicals, such as triphenylsilyl, dimethyl-
tert.butylsilyl or, especially, trimethylsilyl. A g-(trihydrocarbonyl-
silyl)-ethoxycarbonyl group of this t?pe, such as a pg-(tri-lower
alkylsilyl)-ethoxycarbonyl group, for example, especially f-(tri-
methylsilyl)-ethoxycarbonyl, forms with the amino group to be pro-~

tected a corresponding ﬁ-trihydrocarbylsilylethoxycarbonylamino group
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(for example the B-trimethylsilylethoxycarbonylamine group), which
may be removed under very specific, very mild conditions by the action

of fluoride ions.

It is also possible to use groups that can be removed by acidolysis,
such as the tert-butoxycarbonyl groups and analogous groups, as well
as those of the aralkyl type, such as benzhydryl, di-(4-methoxy)=-benz-
hydryl and triphenylmethyl (trityl), or certain aralkoxycarbonyl
groups of the 2-(p-biphenylyl)-2-propoxycarbonyl type, which are
described in Swiss Patent Specification No. 509 266. It should be
noted that protecting groups derived from esters of carbomic acids

are in most cases also removable by basic hydrolysis.

For the optional temporary protection of hydroxy groups, protecting
groups may be used advantageously that can be removed by reduction,
cf. the above-cited text (Houben-Weyl), and also groups that can be
Temoved by acidolysis, such as 2-tetrahydropyranyl, tert-butoxy-
carbonyl and tert-butyl. Preferred hydroxy-protecting groups that
can be removed by reduction are, for example, benzyl groups that may
be substituted in the aromatic moiety by halogen, lower alkyl, lower
alkoxy and/or, especially, nitro, especially the 4-nitrobenzyl group.
It is also possible to use acyl groups that can be removed under

weakly basic conditions, such as formyl or trifluoroacetyl.

For the optiomal protection of oxo groups, these are preferably
protected as ketals, especially as ketals derived from lower
alkanols, such as methanol or ethanol, or advantageously of ethylene
glycel, or as corresponding thioketals preferably those of 1,2~
ethanedithiol. All these groups can liberate oxo groups under the

conditions indicated further below.

The subsequent removal of protecting groups inm accordance with the
invention depends on their nature and is carried out in each case in

a conventional manner known per se taking into consideration the
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general properties of the derived product. If the protecting groups
for amino, hydroxy and oxo have been so selected that they can be
removed under similar conditions (especially preferred here are the
groups removable by acidolysis or, for amino and hydroxy, by reductiom,
that have already been given special mention), then all of these
protecting groups are advantageously removed in a single operation;

in special cases, however, it is possible to use different types of

groups and remove each of them individually.

The groups that can be removed by reduction, especially those that
contain halogenated lower alkyl radicals (for example 2,2,2-trichlor-
ethyl radicals), isonicotinyl radicals (for example isonicotinyloxy-
carbonyl) and, especially, substituted benzyl radicals, especially
4-nitrobenzyl radicals of any kind, are preferably removed by zinc
reduction, usually in the presence of an acid, preferably acetic acid,
and with or without the addition of an inert organic solvent, usually
at room temperatura. The removal of a protecting group by acid hy-
drolysis (acidolysis) is carried out in the case of groups of the
tert-butyl type by means of hydrogen chloride, hydrogen fluoride or
trifluoroacetic acid,and in the case of acid-sensitive protecting
groups chiefly by means of a lower aliphatic carboxylic acid, such

as formic acid and/or acetie acid, in the presence of water and,
optionally, a polyhalogenated lower alkanol or lower alkanome, such
as 1,1,1,3,3,3-hexafluoropropan=2-ol or hexafluoroacetone. In this
manner it is possible, for example, for an N-trityl group to be re-
moved by an organiec acid, such as formic acid, acetic acid, chloro-
acetic acid or trifluorcacetic acid, in aqueous or absolute trifluoro-
ethanol as sqlvent (cf. German Cffenlegungsschrift DT 2 346 147) or by
aqueous acetic acid; for the tert-butoxycarbonyl group to be removed
by trifluoroacetic acid or hydrochloric acid; and for the 2~(p-bi-
phenylyl)-isopropoxycarbonyl group to be removed by aqueous acetic
acid or, for example, by a2 mixture of glacial acetic acid, formic
acid (82.8% strength) and water (7:1:2) or in accordance with the

process in DT 2 346 147. The B-silylethyl ester groups are pre-
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ferably removed by fluoride ion-yielding reagents, for example
fluorides of quaternary orgamic bases, such as tetraethylammonium

fluoride.

Ketalized and thioketalized oxo groups are converted intc free oxo
groups by acidolysis with usual strong inorganic acids, or with oxalic
acid, in the presence of water, the latter ones advantageously by
treatment with a sulfur-binding agent, e.g. a mercury II - salt and/
or cadmium carbonate. Protecting groups that are unstable to basic
conditions, for example formyl, trifluoroacetyl and carbonic acid
ester groups, can be carefully removed by the action of an aqueous
sodium or potassium bicarbonate or carbomate solution or, also,
aquecus ammonia, in an organic solvent, usually at room temperature.
The protecting groups are preferably removed under the reaction con~

ditions of the examples, or under analogous conditions.

Those of the end products according to the invention that contain
basic groups are obtained, depending on the manner of isolation, in
the form of bases or acid addition salts; analogously, end products
having acidic groups may also be obtained in the form of salts. Each
form can be converted into the other in known manner. The -bases can
be obtained from the acid additiom salts in a manner known per se.
From the bases it is in turn possible to obtain acid addition salts,
especially therapeutically useful acid addition salts, by reaction
with acids, for example with acids of the type that form the above
-mentioned salts. Acids and their salts also stand.in a similar re-
lationship to one another. Compounds that have both a free carboxy
group and a basic group may be in the form of inner salts and these

are obtained, for example, by establishing the iscelectric point.

The starting materials of formula IIIA, IIIB and IV, that is to say
the alkylating agents, are known or, if they are unknown, can be

simply obtained by conventional synthetic processes.
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The starting materials of formula II and V can be obtained by con-
ventional synthetic processes, and advantageously in the manner which
is described in more detail and exemplified for specific inter-

mediates hereinafter.

Process c), also being an alkylation reaction is performed according
to the same general considerations and under the same experimental
conditions as the above processes a) and b) as described in detail
above for the treatment with an alkylating agent of formula IIIA,

I1IB or IV (i.e. substitutive alkylation or reductive alkylation).
Starting materials of formula VI can be obtained by conventional
processes known per se, e.g. in the manner described more specifi-
cally hereinafter. The amines of formula VII are knowm, or if unknownm,

they are easily accessible by conventional aynthetic methods.

Process d), is also carried out in a conventional mannmer under the
general conditions of solvolysis, which are known to convert cyanides
(nitriles) into free carboxylic acids or their salts, esters or
imides. -:For the conversion into a free acid, hydrolysis with water
is carried out advantageously in an inert organic solvent which is
at least partially miscible with water, such as ethers (e.g. diethyl
and diisopropyl ether, 1,2-dimethoxyethane or, especially dioxane or
tetrahydrofurane) or lower alkanols (e.g. methanol, ethanol, iso-
propyl alcohol, butyl alcohols, especially tert-butyl alcohol),

a larger amount of water being required in the latter cases in order
to prevent alecoholysis. The hydrolysis can be catalysed both by
strong acids, especially inorganic acids such as sulfuric acid or,
preferably hydrohalic acids (e.g. hydrobromic or, as a first choice,
hydrochloric acid), or by bases, especially inorganic bases such as
hydroxides and carbonates of alkali metals, e.g. sodium and potassium
hydroxide. The bases are usually employed in at least stoichiometric

quantities giving rise to carboxylic acid salts as primary products.
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The acidic catalysts are advantageously applied as dilute aqueous
solution for the best result. Final products of formula I, in which
Ro Tepresents an esterified carboxyl group, can be obtained by carry-
ing out the solvolysis of the nitrile with the corresponding alcohol
(alcoholysis) in the presence of a catalytic amount of an anhydrous
strong acid, advantageously gaseous hydrogen chloride. Usually,
excess alcohol is used as solvent; however, inert organic solvents
can be added, such as acyclic and cyclic ethers (especially these
mentioned above}, and/or halogenated lower alkanes (especially chloro=-
formand dichloromethane). 1f the alcoholysis is carried out under
strictly anhydrous conditions, the primary product (imino ester) is
to be hydrolyzed, advantageously by adding water to the reaction
mixture; otherwise, by carrying out the aldoholysia in the presence
of an approximately stoichiometric equivalent of water, the desired
ester is obtained directly. In order to obtain a corresponding amide
(i.e. a compound of formula I, wherein R, is carbamoyl), a corres-
ponding nitrile of formula VIII can preferably be subjected to

alkaline hydrolysis in the presence of hydrogen peroxide.

The starting materials of formula VIII can be obtained by couventional
methods known per se, e.g. by a condensation analogous to that of
process ¢), in which a starting material of the above-defined

formula VI is treated with an amine of the formula

RS-NH-CH<§1 (viz")

CN

wherein Rl and R5 have the meanings given hereinabove, and which
corresponds to the above-defined amine of formula VII. Also,

processes a) and b} can analogously be used for the preparation of
the nitriles of formula VIII.
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The cyclization according to process variant e) can also be carried
out in the manner known per se, e.g. by dehydration. Especially use-
ful general methods for this purpose are those developed in conmection
with the formation of the amide bond in ﬁeptides, as reviewed in com=-
pilative works, e.g. Houben-Weyl, Volumes 15/1 and 15/2 as cited
hereinabove. According to one preferred modification, the amino group
to be cyclized is rendered inactive by protonation (i.e. in the form
of an acid addition salt), and the carboxyl group is converted into
an activated ester, such as that with 2,4,5=trichlorophenol, penta-
chlorophenol, pentafluorophenocl, 2-nitrophenol or, especizlly,
4-nitrophenol, or with an N-hydroxy compound, such as N-hydroxysuc~
cinimide, l-hydroxybenztriazole or N~hydroxypiperidine, or alter-
natively with an N,N'-di-substituted isourea, such as, especially,
N,N'-dicyclohexylisourea, or a similar generally known activating
agent. The cyclization is effected by basification preferably by

the addition of an organic base, for example a quaternary ammonium
salt, or especially a tertiary amine, such as triethylamine, N-
ethylmorpholine or N-methylpiperidine, in order to re=-activate the
amino group to be cyclized by converting it into the unprotonated
form. The reaction temperature is usually from -20° to +50°C, pre-
ferably approximately at room temperature, and customary solvents
are used, for example, dioxan, tetrahydrofuran, acetonitrile, pyri-
dine, dimethylformamide, dimethylacetamide, dimethyl sulfoxide,
N-methylpyrrolidone, hexamethylphosphoric acid triamide, as well as
chloroform and methylene chloride, and expedient mixture thereof.

In a special variant of the process, the carboxy group can be
directly activated in situ by the action of the free acid with a
carbodiimide, such as N,N'-dicyclohexylcarbodiimide (optionally with
the addition of N-hydroxysuccinimide, an unsubstituted or, for
example, halogen-, methyl- or methoxy-substituted l-hydroxy-
benztriazole or 4~hydroxybenzo-1,2,3-triazine-3-oxide or N=hydroxy-

S-norbornene-2,3-dicarboximide), or with N,N'-carbonyldiimidazole.
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Starting materials of formula IX can be obtained according to general
methods known per se, e.g. as discussed in more specific examples

hereinafter.

Also, reduction according to process £f) can be carried out in a
manner generally known per se for saturation of such double bonds.

- More specifically, the double bond in the unsaturated starting
materials corresponding to formula I can be located between C-3 and
C~4 or between C~3 and the adjacent nitrogen atom, or between the
nitrogen atom and the adjacent carbon atom within a group RA' The
saturation of the double bond is advantageously carried out by cata-
lytic hydrogenation, e.g. under the preferred conditions discussed
in detail hereinbefora, and also be metal reduction, such as zine
reduction in neutral or acidic medium, or, eépecially in the case
of the C-N double bond, by diborane or complex hydrides such as
sodium borohydride, as mentioned hereinbefore. The unmsaturated
starting materials for this process variant are obtaimed according
to known general methods, e.g. those discussed in processes a) and

c) and/or, in a more specific form hereinafter.

The condensation according to process g) is carried out under con-
ventional general conditions at temperatures ranging between about
0°C and 100°C in a solvent which is inert to the reactants, e.g.
methylene chloride, 1,2-dimethoxyethane, N,N-dimethylformamide
optionally in the presence of a base, e.g. a tertiary amine such

as triethylamine or an alkali metal hydride such as sodium hydride.

In performing the optional intercomversions of a resulting final
product of formula I, into another compound within the above-
specified scope of formula I, transformations such as the following
are carried out: an amino group is alkylated, and/or an oxc group,
especially that of the symbol X, is converted into hydroxyl (plus
hydrogen) or into two hydrogens by reduction and/or hydroxyl is

converted into oxo by oxidation or inte hydrogen by reduction,
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and/or a free hydroxyl or carboxyl groﬁp is liberated from its esteri-
fied form by hydrolysis or hydrogenolysis and/or a hydroxyl or amine
group is acylated and/or a free carboxyl is esterified, and/or the
aromatic carbocyeclic ring inm formula I is hydrogemated to hexahydro or
6,7,8,9-tetrahydro, and/or the hexahydro carbocyclic ring is

dehydrogenated to the 6,7,8,9~tetrahydro or aromatic carbocyclic ring.

All these optional interconversions are carried out by well-known
conventional methods. By the alkylation reactionm, e.g. the lower
alkyl as represented by R5 can be introduced into the final product
of formula I, wherein R5 is hydrogen, using any of the modifications
discussed in detail in comnection with process variant a). Both
substitutive and reductive alkylation can be employed, the former
with alkyl halides, the latter with lower aliphatic aldehydes and
ketones and catalytically activated hydrogen or, in the case of
formaldehyde, advantageously with formic acid as the reducing agent.
By the substitutive alkylation, lower alkyls can also be intro-
duced into an amino group which is a component of the carbamoyl
éroup represented by symbol Rb' Also the reduction of the S5-oxo -
group to hydroxy is carried out in the usual manner, e.g. using a
complex metal hydride, especially a mild one, such as an alkali
metal borohydride (e.g. sodium borohydride), or according to

the method of Meerwein-Ponndorf, or a modification thereof using
an alkanol, especially isopropyl alcohol, as both solvent and re=-
ducing agent and a metal alkoxide, preferably one corresponding

to the reducing alcohol, such as aluminium isopropoxide, as a
catalyst. The reduction of the oxo group to two hydrogens can
advantagecusly be accomplished e.g. by treatment with amalgamated
zinc and hydrochloric acid, or by Raney-nmickel desulfurization of

a corresponding dithioketal. The oxidation of hydroxyl to form oxo
can be preferably carried out with a derivative of hexavalent
chromium such as chromic acid and its salts, with a permanganate

salt (especially potassium permanganate) or under the conditions of
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the Oppenauer oxidation, with acetone or cyclohexanone as oxidant

and aluminium isopropoxide as catalyst. Esterified hydroxyl groups
are liberated in particular by methods discussed in detail herein-
above in connection with removing hydroxyl-protecting groups; the
acylation of both hydroxyl and amino groups is carried out in the
usual way, preferably using a corresponding acid anhydride or halide.
For esterification, a carboxyl group can be reacted directly with a
diazoalkane, especially diazomethane, or with a corresponding alcohol
in the presence of a strong acid catalyst (e.g. sulfuric acid or an
organic sulfonric acid) and/or a dehydrating agent (e.g. dicyclohexyl-
carbodiimide) . Alternatively, the carboxyl group can be converted
into a reactive derivative thereof, such as an active ester
mentioned in connection with process e), or into a mixed anhydride,
e.g. with an acid halide (i.e., especially acid chloride) or with
trifluorocacetic acid, and this activated intermediate reacted with

the desired alcochol.

The free carboxyl group can be liberated from an esterified carboxyl
in a manner generally known, especially by base-cétalyzed hydrolysis.
Of special interest, however, are methods capable of selectivély
liberating one particular carboxy group represented by the symbols
-COR.6 ;nd‘-COR7. In such a case, use can be made of a proper

- combination of ester groups known in the art especially as carboxyl-
protecting groups and developed in a great variety in particular

for the synthesis of peptides, cf. Houben-Weyl, Volumes 15/1 and
15/2 as cited hereinabove. Radicals suitable for selective removal
with liberation of the carboxyl are esters derived, for example,
from alcohols that yield radicals that can be removed by acidolysis,
such as cyanomethyl alcohol, benzoylmethyl alcohol or tert-butyl
alcohol, but especially alcohols that yield radicals which can be
removed by reduction, such as 2,2,2«trichloroethanol, benzyl

alcohol, and especially 4-nitrobenzyl alcohol, or alternatively iso-

nicotinyl alcohol. An especially advantageous class of substituted
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alkanols are ethyl alcohols which carry in the f-position z tri-
substituted silyl group, such as triphenylsilyl, dimethylbutylsilyl
or, especially, trimethylsilyl. As is described, for example, in
Belgian Patent No. 851.576, these alcohols are particularly suitable
for selective removal because the corresponding f-silylethyl esters,
for example f-(trimethylsilyl)=-ethyl ester, have the stability of
customary alkyl esters but can selectively be removed under mild
conditions by the action of fluoride ions to retain other esterified

carboxyi groups, for example alkoxycarbonyl groups.

The removal of esterifying groups depends on theii nature and

is carried out in each case in a conventional manner known per se
taking into consideration the properties of the other radicals in-
volved. The groups that can be removed by reduction, especially
those that contain halogenated lower alkyl radicals (for example
Z,Z,Z-trichioroethyl radicals),isonicotinyl radicals (for example
isonicotinyloxycarbonyl) and, optionally substituted benzyl radicals,
especially 4-nitrobenzyl radicals of any kind, are preferably removed
by zinc reduction, usually in the presence of an acid, preferably
acetic acid, and with or without the addition of an inert orgamic
solvent, usually at room temperature, those of the benzyl type,
especially unsubstituted benz¥l esters, also by hydrogenolysis

techniques conventionally used for benzyl groups.

The removal of an ester group by acid hydrolysis (acidolysis) can
be carried out especially in the case of groups of the tert-butyl
type, by means of hydrogen chloride, hydrogen fluoride or tri-
fluorcacetic acid. The B-silylethyl ester groups are preferably re-
moved by fluoride-ion-yielding reagents, for example fluorides of
quaternary organic bases, such as tetraethylammonium fluoride., Ester
8roups that are base-unstable can be carefully removed by the

rapid action of an aqueous sodium or potassium bicarbonate solution
or, preferably, aqueous ammonia in an organic solvent, usually at

room temperature. The ester groups are preferably removed under the
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reaction conditions of the examples, or under analogous conditions.

A proper combination of the ester groups can be chosen in the earlier
stages of the synthesis, or by a proper choice of starting materials
and reactants, e.g. in process a), a selectively removable ester
group being introduced with a carboxyl which is to be liberated in

the last stage.

The compounds of formula I in general, and IA in particular, are
prepared advantageously according to reaction sequence 1, which
involves an advantageous selection of starting materials and inter-
mediates, and comprises the following steps: a) condensing under

conditions of basic catalysis, a compound of the formula

=R (X1)

wherein Ré and Rz represent hydrogen, lower alkyl, lower alkoxy,

lower alkanoyloxy, halogen, trifluoromethyl or R! and R' taken to-

3 4
gether represent lower alkylendioxy, X' presents 2 hydrogens, one

hydrogen and one etherified or esterified hydroxy, oxo or oxo pro-
tected in form of a ketal or thioketal and R9 is amino, lower alkyl-
amino, azido or acylamino, e.g. lower alkanoylamino or alkyloxy=-

carbonylamino,with a compound of the formula

f - - 1
Rz cI:H con7 (ITII'B)

Z

wherein Ri represents hydrogen or lower alkyl, Z represents
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reactively esterified hydroxy, and R; represents hydroxy, di(lower)
alkylamino, lower alkoxy, aryl(lower)alkoxy, lower alkanoyloxymethoxy
or lower alkoxycarbonyl(lower)alkoxy, b) optionally reducing,
hydrogenolyzing, hydrolyzing or alkylating the resulting intermediate

to obtain a compound of the formula II'

xl
R'
a\x \ /"-'\\ i
//"NH (I1")
)‘ \z—--
"3 | o
Vi .
RZ Co R7
wherein R;’ 4, X' are as defined for formula XI; Ri and R; repre=-

sent hydrogen or lower alkyl, R; represents hydroxy, amino, mono-
or di(lower)alkylamino, lower alkoxy, aryl(lower)alkoxy, lower
alkanoyloxymethoxy, di(lower alkylamino)lower alkoxy or lower
alkoxycarbonyl(lower)alkoxy, ¢) condensing a compound of formula II'
above under conditions of reductive alkylation with a compound of

the formula IV 0
]

R{ -C- COR% (Iv')
wherein Ri is hydrogen, lower alkyl, acylated amino (lower)
alkyl, aryl, aryl(lowaer)alkyl, cycloalkyl(lower)alkyl and Ré re=—
presents hydroxy, di(lower)alkylamino, lower alkoxy, aryl(lower)
alkoxy, lower alkanoyloxymethoxy or lower alkoxycarbonyl(lower)
alkoxy, or condensing under alkylation conditions a compound of

formula II' above with a compound of the formula III'A

r - L 1
al ?H con6 (III'A)

Z
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wherein Ri and Ré have meanings given above in formula IV' and Z
represents reactively esterified hydroxy, d) optionally hydrolyzing
or derivatizing the resulting product; e) converting any resulting

compound of formula IA into another compound of the invention.

Compounds of formula XI are obtained from the corresponding optiomnally
substituted and/or derivatized 2,3,4,5-tetrahydro-l1H{l]benzazepin-
2-ones (J. Chem. Soc.-. 1837, 456;. British patent 1,359,285; Liebigs's
Annalen Chemie 574, 171 (1951). Novel appropriately derivatized
starting [l]benzazepin=-2-ones ara advantageously prepared by Beckmann
rearrangement of the correspondingly derivatized naphthalen-l-ones

using procedures known to the art and exemplified herein.

Said tetrahydro-[l]benzazepin-2-ones are converted to the 3-halc-,
e.g. 3-chloro-2,3,4,5~tetrahydro-1H{1l]benzazepin-2~ona under con-
ditions exemplified herein, e.g. by treatment with phosphorus penta-
chloride followed by hydrogenation. Substitution of said halo
derivative with a metal azide, e.g. sodium azide and optional re-
duction, or substitution with ammonia or a lower alkylamine and

optional acylation, yields compounds of formula XI.

Alternatively, compounds of formula XI wherein Rg represeants amino,
alkylamino or acylamino are obtained by reduction and cyclization
of the appropriately substituted and/or derivatized 4-(o-nitro-
phenyl)~2-aminobutyric acid and optional subsequent N-alkylation

or N=acylatiom.

An alternate synthesis for the optically active compounds of this
invention starts with the natural amino acid tryptophane. Specifi-
cally L-4~(o-aminophenyl)-4-oxo-2-amino-butyric acid (L-kynurenine,
J.Am.Chem. Soc. 76, 1708 (1954), derived from L~tryptophane) is
converted to an optically active starting material of formula XI

wherein R9 is acylamino, e.g. 3-(S)-t-butyloxycarbonylamino=-2,3,4,5=
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tetrahydro-1H[1l]benzazepin-2,5-dione as described in the Australian
Journal of Chemistry 33, 633-40 (1980). The lactam alkylation of a
compound of formula XI with a reactant of formula III'B, well known
in the art, is preferably carried out in the presence of bases such
as alkali metal hydrides, e.g. sodium or potassium hydride, alkali
metal alkoxides, e.g. potassium t-butoxide or sodium methoxide,
organometallic reagents, e.g. lithium diisopropylamide or under con-
ditions of phase transfer catalysis e.g. in the presence of a tetra=-
butylammonium salt, preferably in a solvent e.g. tetrahydrofuran,
dimethylformamide,‘at a4 temperature preferably between about 0°

and 75°.

Condensation of intermediates of formula II' with the known a~keto-
acid derivatives of formula IV' (e.g. Chem. Ber. 31, 551, 3133)

by reductive N-alkylation is carried out under conditions known to
the art, e.g. by catalytic hydrogenation with hydrogen in the
presence of platinum, palladium or nickel catalysts or with chemical
reducing agents such as simple or complex light metal hydrides,
advantageously an alkali metal cyanoborohydride sﬁch as sodium cyano-
borohydride. The reductive amination with an aliali metal cyano—-
borohydride is preferably carried out in an inert solvent, e.g.
methanol or acetonitrile, advantageously in the presence of an acid,
e.g8. hydrochloric acid or acetic acid at a temperature between about

O and 50°, preferably room temperatura.

Alkylation of intermediate amines of formula II' with a reactant
of formula III'A, well known to the art, is carried out with or
without basic catalysts such as triethylamine or potassium carbonate

in an inert solvent.

The compounds of formula I in general, and IA in particular, can

also be prepared by sequences 2 and 3.
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Sequence 2 comprises the following steps: a) condensing under

conditions of reductive alkylation a compouad of the formula

xl
R! ] R!
4.&.\‘/0 o\ IS
TR /--NH (X11)
X N
R3 H I

wherein Ré, RA and X' have meanings as defined for formula XI,
and Rg is hydrogen or lower alkyl, with a compound of the formula IV'

0
It
Rl -C-CO~-R C (v

wherein Ri and Rg have meanings as previously defined, or under

alkylation conditions with a compound of formula III'A

™ CoR, (1I1'4)
|
Z

wherein Ri, Ré and Z have meanings as previously defined,to obtain

a compound of the formula V'

xl
R! ] R}
4&0\ Some ] '
N, I 1
i >'-N - A
07 s co-R!
: g i 3

0

wherein Ri . Ré, R!, Rg . Ré and X' have meanings as previously
defined, b) condensing under conditions of basic catalysis a re-
sulting compound of the formula V' with a compound of the formula
III'B
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Ré - CH - COR! (III'B)

wherein Ré and R; and Z have meanings as previocusly defined,
c) optionally hydrolyzing or derivatizing the resulting product,
d) optionally converting any resulting compound of formula I into

another compound of the invention.

Sequence 3 comprises the following steps: a) condensing a compound
of the formula VII'

" "
B
HN - CH - COR" . (viz')

6

t

wherein Ri is hydrogen, lower alkyl, acylated amino(lower)alkyl,
aryl, aryl(lower)alkyl, cycloalkyl(lower)alkyl; Rg represents
hydrogen or lower alkyl; and Rg represents hydroxy, di(lower)alkyl-
amino, lower alkoxy, aryl(lower)alkoxy, lower alkanoyloxymethoxy
or lower alkoxycarbonyl(lower)alkoxy, with a compound of the
formula VI'
X"
"
34.\.\/‘.‘_..\

il omy (vI")

O N—”

3 I

\

wherein Rg represents hydrogen or lower alkyl, Rg and Rz represent

hydrogen, lower alkyl, lower alkoxy, lower alkanoyloxy, halogen,

trifluoromethyl or R; and Rz taken together repregent lower
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alkylenedioxy; X" reﬁresents.z hydrogens, one hydrogen and one etheri-
fied or esterified hydroxy, oxo or oxo protected in the form of a
ketal or thioketal; R; represents hydroxy, di(lower)alkylamino, lower
alkoxy, aryl(lower)alkoxy, lower alkanoyloxymethoxy or lower alkoxy=-
carbonyl(lower)alkox&; and Y represents oxo or dichloro= under con-
ditions of reductive N-alkylation, or condensing a compound of
formula VII' with a compound of the above formula VI' wherein X"
represents oxo, Y represents hydrogen and one reactively esterified
or etherified hydroxy, or with a 3,4~dehydro elimination product of
said compound or with a 3,4-dehydro derivative of said compound;

b) optionally reducing, hydrolyzing or derivatizing the resulting
product; c) optionally converting any resulting compound into another

compound of the invention.

In the preceding sequences 2 and 3 the steps of lactam alkylation,
reductive N-alkylation and alkylation of amines are advantageously

carried out under the conditions described for process 1.

In sequences 1, 2 and 3 described herein, reactants of a.g. formulae
III'A, III'B and VII' may be replaced with the corresponding

nitriles, e.g. RZ'CH(Z)CN, Rl'CK(Z)CN and RSNHCH(Ri)CN respectively.
The nitriles thus obtained may be convertad to the carboxylic acids,

esters and amides of formula I using methods well known to the art.

The starting materials of formula VII' represent amino acids and
derivatives well known to the art. It is noteworthy that the

optically active compounds of this invention may be synthesized
starting with an optically active compound of formula VII', e.g.

L-a-aminophenylbutyric acid, L-phenylalanine and derivatives thereof.

In the case of reactants of formula III'A, III'B, IV' and VII'
wherein R;, Ré or Rg represents hydroxy, an appropriate carboxylate
salt is prepared, preferably in situ, before condensation with the

described intermediates cited above.
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Certain terms used in the foregoing processes have the meanings

as defined below.

A reactively esterified hydroxy represents such esterified by

a strong inorganic or organic acid, above all a hydrohalic acid,

e.g. hydrochloric, hydrobromic or hydriodic acid, an aliphatic or
aromatic sulfonic acid, e.g. methanesulfonic acid or p-toluenesulfonic
acid.

Etherified hydroxy represents preferably lower alkoxy, e.g. methoxy,
ethoxy or t-butoxy.

The optional steps of reducing,'hydrogenolyzing hydrolyzing or
derivatizing the initial products of the aforesaid processes and
the conversion of a resulting product into another compound of this
invention are performed by chemical methodology knowm to the art

and exemplified herein.

Compounds of formula I or IA wherein R6 and ot R7-is lower alkoxy
may be amidized with ammonia, mono~ or di~-(lower)alkylamines to yield
compounds of formula I or IA wherein R. and/or R7 represents unsub-

6
stituted, mono— or di-(lower)alkylamino.

Conversion of compounds of formula I or IA wherein Ra_and/br R7 is
lower alkoxy, aryl(lower)alkoxy, amino, mono- or di-(lower)amino
-to compounds of formula I or IA wherein Ré and-or R7 reprasents
hydroxy is advantageously carried out by hydrolysis with inorganic
acids such as hydrohalic or sulfuric acid or with aqueous alkalies
preferably alkali metal hydroxides such as lithium or sodium

hydroxide.

The selective conversion of compounds of formula I or IA wherein
R6 and/or R7 represents a-aryl(lower)alkoxy, e.g. benzyloxy to

compounds of formula I or IA wherein R6 and/or R7 represents hydroxy
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1s advantageously carried out by hydrogemolysis using hydrogen in

the presence of a catalyst, e.g. palladium.

Compounds of formula I or IA wherein neither R6 nor R7 represents
hydroxy may be converted to monocarboxylic acids of formula I or

IA wherein one of Rerand R7 is hydroxy. Such conversion is carried
out by selective hydrolytic or hydrogemolytic procedures well known
to the art and based on tﬁe chemical character of the R6 and R

7
subatituents.

6 and/or R7 re=

present hydroxy or salts thereof may be esterified with the

Free carboxylic acids of formula I or IA wherein R

appropriate alcohols or reactive derivatives thereof well known to
the art to give the corresponding mono- or bis-ester, namely compounds
of formula I or IA wherein RB and/or R7 is lower alkoxy, aryl(lower)
alkoxy, lower alkanoyloxymethoxy, or lower alkoxycarbonyl(lower)
alkoxy. Furthermore the free carboxylic acids may be converted via
reactive intermediates to mono- or bis-amides of formula I wherein
R6 andror R7 represents amino, mono— or di—(lowerjalkylamino.
Compounds of formula I or IA, and intermediates therefor, e.g. of
formulae X and V', wherein X or X' represents oxo may be converted
to the corresponding compounds wherein X or X' represents one
hydrogen and one hydroxy by reduction, e.g. by catalytic
hydrogenation, e.g. with hydrogen in the presence of a platinum
catalyst, or with a metal hydride reducing agent such as sodium
boroh}dride. Resulting compounds wherein X or X' represents one
hydrogen and one hydroxy may be converted to compounds wherein X or
X' represents two hydrogens, e.g. by catalytic hydrogenation of

the adduct of 2 carbodiimide, e.g. the adduct formed by condensation
of a compound whefein X or X' represents one hydrogen and one hydroxy
with dicyclohexylcarbodiimide in the presence of cuprous chloride
according to the general method described in Chem. Ber., 107, 1353
(1974).



- 42 ~
Alternatively, tpe éompounds wherein X or X’ represents one hydrogen and
one hydroxy may be first converted to the corresponding compounds
wherein X or X' represents one hydrégen and one acyloxy (e.g. acetoxy)
and subsequently reduced, e.g. by catalytic hydrogenation in the
presence of a palladium catalyst, to compounds wherein X or X' re-

presents two hydrogens.

The above-mentioned reactions are carried out according to standard’
methods, in the presence or absence of diluenﬁs, preferably such

as are jnert to the reagents and are solvents therecf, of catalysts,
condensing or said other agents respectiﬁely and/or inert atmospheres,
at low temperatures,,room temperature or elevated temperatures,
preferably at the boiling point of the solvents used, at atmospheric

or superatmospheric pressure.

The invenﬁion further includes any variant of the present processes,
in which an intermediate product obtainable at any sﬁaga thersof is
- used as starting material and the remaining steps are carried out,
or the process is discontinued at any stage thereéf, or in which the
starting materials are formed under the reaction conditions, or in
which the reaction components are used in the form of their salts
or optically pure antipodes. Mainly those staréing materials should
be used in said reactions, that lead to the formation of those com-

pounds indicated above as being especially useful.

LT N A T e gy T

Depending on the choice of starting materials and methods, the new
compounds may be in the form of one of the possible isomers or
mixtures thereof, for example, depending on the number of asymmetric

carbon atoms, as pure optical isomers, such as antipodes, or as
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mixtures of optical isowmers such as racemates or mixtures of

diasterecisomers.

Resulting mixtures of diastereoisomers and mixtures of racemates ]
can be separated on the basis of the physicochemical differences of
the constituents, in known manner, into the pure isomers, dia-
stereoisomers or racemates, for example by chromatography and/or

fractional crystallisation.

Resulting racemates can furthermore be resolved into the optical
antipodes by known methods, for example by recrystallisation from
an optically active solvent, by means of microorganisms or by
reacting an acidic end product with an optically active base that
forms salts with the racemic acid, and separating the salts obtained
in this manner, for example on the basis of their different solu~
bilities, into the diastereoisomers, from which the antipodes can
be liberated by the action of suitable agents. Basic racemic products
can likewise be resolved into the antipodes, for example, by separa-
tion of diastereomeric salts thereof, e.g. by the fractional cry=
stallization of d=- or l-tartrates. Any racemic intermediates or

starting materials can likewise be resolved.
Advantageously, the more active of the two antipodes is isolated.

Finally, the compounds of the invention are éither obtained in the
free form, or as a salt thereof. Any resulting base can be converted
into a corresponding acid addition salt, preferably with the use

of a pharmaceutically acceptable acid or anion exchange preparation,
or resulting salts can be converted inte the corresponding free
bases, for example, with the use of a stronger base, such as a metal
or ammonium hydroxide or a basic salt, e.g. an alkali metal
hydroxide or carbonate, or a cation exchange preparation. A compound

of formula I wherein Rb represents carboxy or of formula IA wherein
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COR6 and/or COR7 represent carboxy can thus also be converted into
the corresponding metal or ammonium salts. These or other salts,
for example, the picrates, can also be used for purification of the
bases obtained; the bases are converted into salts, the salts are
separated and the bases are liberated from the salts. In view of
the close relationship between the free compounds and the compounds
in the form of their salts, whenever a compound is referred to in
this context, a corresponding salt is also intended, provided such

is possible or appropriate under the cirumstances.

The compounds, including their salts, can also be obtained in the
form of their hydrates, or include other solvents used for the -

crystallization.

The pharmaceutical compositions according to the invention are those
suitable for enteral, such as oral or rectal, and parenteral admini-
stration to mammals, including man, for the treatment or prevention
of diseases responsive to inhibition of angiotensiﬁ-converting
enzyme, e.g. cardiovascular diseases such as hypertension and con-
gestive heart failure coﬁprising an effective amount of a pharma-
cologically active compound of formula I, or pharmaceutically
acceptable salts thereof, alone or in combination with one or more

pharmaceutically acceptable carriers.

The pharmacologically active compounds of the invention are useful
in the manufacture of pharmaceutical compositions comprising an
effective amount thereof in conjunction or admixture with excipients
or carriers suitable for either enteral or parenteral application.
Preferred are tablets and gelatin capsules comprising the active -
ingredient together with a) diluents, e.g. lactose, dextrose,
Sucrose, mannitol, sorbitol, cellulose and/or glycine, b) lubricants,
e.g. silica, talcum, stearic acid, its magnesium or calecium salt

and-or polyethyleneglycol, for tablets also c¢) binders, e.g.
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magnesium aluminium silicate, starch paste, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose and/or polyvinyl-
pyrrolidone, if desired, d) disintegrants, e.g. starches, agar,
alginic acid or its sodium salt, or effervescent mixtures and/or

e) absorbemts, colorants, flavors and sweeteners. Injectable com=-
'positions are preferably aqueous isotonic solutions or suspensions,
and suppositories are advantageously prepared from fatty emulsions
or suspensions. Said compositions may be sterilized and/or contain
adjuvants, such as preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the osmotic
pressure and/or buffers. In addition, they may also contain other
therapeutically valuable substances. Said compositions are prepared
according to conventional mixing, granulating or coating methods,
respectively, and contain about 0.1 to 75Z, preferably about 1 to
50%, of the active ingredient. A unit dosage for a mammal of about
50 to 70 kg may contain between about 10O to 200 mg of the active

ingredient.

The following Bxamples are intended to illustrate the invention
and are not to be construed as being limitations thereon.
Temperatures are given in degrees Centigrade, and all parts
wherever given are parts by weight. If not mentioned otherwise, -
all evaporations are performed under reduced pressure, preferably
between about 15 and 100 mmHg.

In the case of compounds of formula I or IA wherein more than one
asymmetric center exists the resulting diasterecisomeric compounds
are denoted as A, B, etc., in the said examples. The respective
diasterecisomeric compounds are characterized by physical properties,
e.g. mwelting point, relative migration om chromatography, infra-

red, or nuclear magnetic resonance spectral properties.
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In thg case of compounds of formula I or IA wherein X is HZ and an
asymmetric center exists in the side chain at the carbon atom bearing
the nitrogen atom, the symbols A and B have been assigned as follows
to the respective isomers on the basis of their relative migration

on chromatography..On the basis of migration on thin~layer chromato=
graphy and normal phase high pressure liquid chromatography employing
silica gel as the stationary phase, the fast moving isomer is

called isomer A and the slow moving isomer is called isomer B. On

the basis of migration on reverse phase high pressure liquid chromato-
graphy the slow moving isomer is called isomer A and the fast moving

isomer is called isomer B.
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Example 1:
1-Carboxymethyl-3-~(l-ethoxycarbonyl-3-phenylpropylamino)=2,3,4,5=

tetrahydro-1E-{1]benzazepin-2-one (Higher melting isomer)

A solution of 3~amino-l-carboxymethyl-2,3,4,5-tetrahydro-1H-{1]benz-
azepin-2-one (10.0 g) and ethyl benzylpyruvate (26.4 g) in acetic

acid (75 ml) and methanol (75 ml) is stirred at room temperature under
nitrogen for 1 hour. Sodium cyanoborohydride (3.4 g) in methanol

(25 ml) is added dropwise over 4 hours. The reaction mixture is
- stirred at room temperature for 24 hours. Concentrated hydrochloric
acid (4 ml) is added dropwise, and the mixture stirred at room tem=
perature for 1 hour. The reaction mixture is evaporated to dryness.
The residue is partitioned between 150 ml of water and 50 ml of ether
and adjusted to pH 9 with 40 T aqueous sodium hydroxide solution. The
layers are separated and the ether layer is discarded. The aqueous
layer is adjusted to pH 4.3 with concentrated hydrochloric acid and
extracted with 3 x 75 ml of ethyl acetate. The organic portions are
dried (magnesium sulfate) and concentrated to dryuess. Hydrogen
chloride gas is bubbled into a solution of the crude product in 310 ml
of methylene chloride for 5 miautes. The solution is evaporated and
the residue is stirred in 225 ml of ether. The product is collected
by filtration to give a 70:30 diastereomeric mixture as determined

by high pressure liquid chromatography. The product is recrystallized
from ethanol/ethyl acetate (1:3) to give l-carboxymethyl-3-(l-ethoxy-
carbonyl-3-phenylpropylamine)-2,3,4,5-tetrahydro-1H~{1]benzazepin-2-
one hydrochloride melting at 246-248° (decomposition) and corresponding

to the racemic isomer B.

A solution of the above hydrochloride salt (0.9 g) and propylene oxide
(10 m1) in ethanol (150 ml) is stirred under nitrogen for 18 hours.
The solution is evaporated to dryness, and the residue is dissolved

in 3 ml of ethanol. Ether (75 ml) is added, precipitating a small



- 48 -

quantity of the starting hydrochloride. The filtrate is evaporated to
dryness and stirred with ether/petroleum ether (1:9). The solid is
filtered off to give l-carboxyme:hy1-3-(l-ethoxycarbony1—3-phenyl—
propylamino)-2,3,4,5-tetrahydro~1H~[1]benzazepin-2-one melting at
139-141°, and being the higher melting racemic isomer B of the com~
pound of formula IB wherein CnHZn is ethylene, R, is ethoxy, R7 is
hydroxy and R8 is phenyl.

Regsolution under standard conditions with an optically active amine and
separation of the diastereocisomeric salts yields pure enantiomer, e.g.
l-carboxymsthy1-3s-(lS-ethoxycarbony1-3-pheny1propylamino)-2,3,4,5-
tetrahydro~1B~[1]benzazepin~2-one of Example 132,

Using high pressure liquid chromatography on a reverse phase columm
(solvent system: methanol, water (3:1) containing 0.025 % acetic aeid)
isomer B is faster moving than lower melting racemic isomer A of

Example 5.

The starting material, 3-amino-1-carboxymethy1-2,3,4,S-tetrahydro-lﬂ-

[1]benzazepin-2-one is prepared as follows:

A mixture of 2,3,4,5-tetrahydro-lﬂ-[1]benzazepinr2-one (48.3 g, see
Briggs et al., J. Chem. Soc. 1937, 456), phosphorus pentachloride

(188 g), and xylene (1300 ml) is heated with stirring under an
atmosphere of nitrogen to 90° (oil bath temperature) during 30 min
with pauses at 30° (to allow the phosphorus pentachloride to dissolve)
and at 50°..There is a copious evolution of hydrogen chloride. The
temperature is maintained at 90° for 30 minutes. The reaction mixture
is filtered while hot to remove a small amount of suspended solid;
and the filtrate is evaporated under reduced pressure until all the
solvent is removed. The residue is added with stirring to saturated

aqueous sodium carbonate (100 ml). The product is filtered after the
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solidification process is complete, then slﬁrried in ethanol (150 ml),
filtered, washed with ethanol (50 ml) and ether (50 ml) and dried to
give 3,3~dichloro-2,3,4,5-tetrahydro-1H~(1]benzazepin=2~one, m.p.
185-187°.

A solution of 3,3-dichloro-2,3,4,5-tetrahydro~1H-{1l]benzazepin-2-one
(20 g, 0.174 mol) and anhydrous sodium acetate (15.4 g, 0.188 mol) in
glacial acetic acid (920 ml) is hydrogenated at atmospheric pressure
using 5 Z Pd=C (1.72 g) as catalyst until the uptake of hydrogen
ceases. The catalyst is filtered off and the acetic acid evaporated
under reduced pressure. The residue is equilibrated between 10 I
NaHCO, (900 ml) and dichloromethane (300 ml).. The aqueous layer (pH 8)
is further extracted with dichloromethane (3 x 300 ml) and the
combined organic solutions are dried over anhydrous sodium sulfate
and evaporated to give 3-chloro-2,3,4,5-tetrahydro-~1B~[1]benzazepin~-
2-one, m.p. 163-167°.

A solution of 3-chloro-2,3,4,5-tetrahydro~1H-[1l]benzazepin-2-one

(15.9 g, 0.08 mol) and sodium azide (6.36 g, 0.10 mol) in dimethyl-
sulfoxide (320 ml)lis maintained at 80° under an atmosphere of nitro-
gen for 3 hours. At this time, the IR spectrum of an aliquot shows a
strong peak at 2156 cm-l characteristic of the azide group. The reac-
tion mixture is poured into 1000 ml of ice/water and the suspension

is stirred for 30 min. The solid is filtered off, washed with water
(250 m1) and dried to give 3~azido-2,3,4,5~tetrahydro~1H~{1]lbenzazepin-
2-one, m.p. 142-145°, |

A solution of 3-azido-2,3,4,5-tetrahydro-1H~[1]benzazepin=-2~cne
(8.7 g, 0.043 mol), in dry dimethylformamide (75 ml) is added during
30 min to a stirred suspension of sodium hydride [from 60 % mineral
oil dispersion (1.9 g) washed with petroleum ether (3 x 150 ml)] in

dry dimethylformamide (250 ml) maintained at 0° under a nitrogen at-
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mosphere. Stirring is continued for an additional 1.5 hours, then
benzyl bromoacetate (10.8 g; 0.047 mol) in dry dimethylformamide

(75 ml) is added during 45 minutes, the temperature being maintained
at 0°. The reaction mixture is then allowed to warm to room tempera=-
ture while stirring for an additional 18 hours. The dimethylfofmamide
is removed under reduced pressure and the residue partitioned between
water (500 ml) and dichloromethane (500 ml). The aqueous phase is
extracted with additional dichloromethane (3 x 500 ml). The combined
extracts are dried over sodium sulfate and the solvent is removed
under reduced pressure to give the crude ester-azide as an oil. This
material is dissolved in toluene (500 ml) and silica gel (48 g) is
added. Filtration and removal of the solvent under reduced pressure
gives 3-azido—1-benzyloxycarbonylmethyl-z,3,Q,S-tetrahydro-lﬂ-[ll—
benzazepin-2-one, as an o0il, used without further purification in the

next synthetic step.

A suspension of Raney nickel active catalyst in water (15 ml) is
washed with ethanol (5 x 100 ml) and added to g mechanically stirred
solution of 3-azldo-l-benzyloxycarbonylmethyl 2,3,4,5-tetrahydro~1H~
[1]benzazepin~2-one (5.0 g) in ethanol (300 ml), and the suspension
is stirred for 18 hours at room temperature under nitrogen. The
catalyst is filtered off and the solvent removed under reduced
pressure., The residue is dissolved in 28 hydrochloric acid (200 ml)
and the solution extracted with ether (2 x 250 ml). The aqueous solu~
tion is made basic (pH 9) with concentrated aquecus ammonia, and the
solution extracted with ether (3 x 200 ml). The combined ether solu-
tions are dried over sodium sulfate and evaporated under reduced
pressure to give 3-am1no-l-benzyloxycarbonylmethyl—z 3,4 S-tetrahydro-
IH-[ljbenzazepln-Z-one as an oil, used without further purification

for the unext synthetic step,

3-Amino-l-benzyloxycarbonylmethyl—Z,3,4,5-tetrahydro~1H-[1Ibenz-
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azepin~2-one 1is also prepared as follows: A solution of 3-amino-
2,3,4,5-tetrahydro~1E~{1l]benzazepin-2-one (5.0 g, 0.028 mol), in di-
methylformamide (100 ml) is added under a nitrogen atmosphere to a
stirred suspension of sodium hydride [prepared from the 60 Z mineral
oil dispersion (1.2 g) by washing with petroleum ether (3 x 150 ml) ]
in dimethflformamide (400 ml) to which tetrabutylammonium bromide
(10.0 g, 0.031 mol) has been added. The reaction mixture is maintained
at 50° for 15 minutes, thenm a solution of benzyl bromoacetate (7.2 g,
0.031 mol) in dimethylformamide (25 ml) is added. The reaction mix=-
ture is stirred for an additional 18 hours at 50°, then cooled to

- room temperature, and the dimethylformamide removed under high vacuum.
The residue is stirred with toluene/dichloromethane (1:1, 500 ml) to
precipitate inorganic salts. After filtration, the solution is evapor—
ated under reduced pressure, and the residue chromatographed on silica
gel (200 g). Elution with 0~15 % ethyl acetate in toluene gives
3-amino-1-benzyloxycarbonylmethyl-z,3,&,S-tetrahydro-lﬂ-[l}benzazepin-

2-one as a major product.

A solution of 3—amino-1—benzyloxycarbonylmsthyl—Z,3,4,5-tetrahydro-
1B-{1]-benzazepin-2-one (1.3 g) in ethanol (250 ml) is hydrogenated at
room temperature and atmospheric pressure, using 10 % Pd-C (0.20 g)

as catalyst, until uptake of hydrogen ceases. The catalyst is filtered
off and the solvent removed under reduced pressure to give a white
foam (0.90 g). This material is triturated with ether to give 3-amino=-
l-carboxymethyl-Z,3,A,S—tetrahydro-lﬂ-[1]benzazepin-2-one, m.p.
147-150°,

A solution of 3-azido-l~benzyloxjcarbonylmethyl-z,3,A,S-tetrahydrq-
1E-[1]benzazepin-2-one (14.0 g, 0.04 mol) in ethanol (300 ml) is
hydrogenated for 25 hours at 3.1 at at room temperature using 5 % Pd-C
(2.0 g) as catalyst; The catalyst is filtered off and the solvent

removed under reduced pressure. The residue is dissolved in water
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(500 ml) and the solution extracted with dichloromethane (2 x 400 m1).
The aqueous solution is filtered, and evaporated under reduced
pressure. Ethanol (50 ml) is added and the solution evaporated under
reduced pressure. More ethanol (50 ml) is added, and the evaporation
repeated. The residue is recrystallized from ethancol/ethyl acetate to
give 3-amino-1-carboxymethy1—2,3,4,5-tetrahydro-lﬂ-[llbenzazepin-z-one,
m.p. 147-150°.

Egéggle 2:

l-BenzyloxycarbonyLmethxl—3-(l-carboxy—B-phenylpropylamino)-2,3,4,5-

tetrahydro~18~{1]benzazepin~2-one

Sodium cyanoborohydride (0.152 g, 0.0014 mol) is added to a solution
of l—benzyloxycarbonylmethyl—B-amino—Z,3,&,S—tetrahydro~1ﬂ-[I]benz-
azepin-2-one (0.45 g, 0.0014 mol) and benzylpyruvie acid (0.48 g,
0.0028 mol) in methanol (35 ml). The reaction mixture is stirred at
room temperature under nitrogen for 2 hours. Additionmal benzylpyruvic
acid (0.48 g, 0.0028 mol) is added, and the reaction mixture stirred
for an additional 18 hours. Concentrated hydrochloric acid (0.5 ml)
is added and the resulting solution stirred for 1 hour. The solvents
are removed under raeduced pressure and the residue is treated with di-
chloromethane (100 ml) to precipitate sodium chloride. After filtra~
tion, the solvent is removed under reduced pressure and the residue
chromatographed on silica gel (30 8). Elution with ethyl acetate/
methanolracetic acid (90:10:0.2) gives 1-benzyloxycarbonylmethyl=3-
(lﬁcafboxy-34pheny1pr0pylamino)“-2,3,4,5-tetrahydro-lﬂ-[1]benzazepin~
2-one as an oil; NMR(CDC13) d 7.35(m,14H), 5.10(s,28), 4.60(m,2H),
3.00(m,12H).
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Exgggle 3:

1-Benzyloxycarbonylmethyl=3=(l-ethoxycarbonyl=-3-phenylpropylaminoc)-

2,3,4,5-tetrahydro-1H~{1]benzazepin=-2=-one

A solution of l-benzyloxycarbonylmethyl-3-(l-carboxy~3-phenylpropyl-
amine)=-2,3,4,5-tetrahydro-1H~{1]benzazepin-2-one (0.364 g, 0.00075 mol),
sodium bicarbonate (0.190 g, 0.0022 mol), and ethyl iodide (0.315 g,
0.002 mol) in dimethylacetamide (15 ml) is stirred at room temperature
under nitrogen for 72 hours. The reaction mixture is filtered and
evaporated under reduced pressure. Water (100 ml) is added, and the
resulting solution extracted with dichloromethane (4 x 50 ml). The
combined extracts are dried over sodium sulfate -and the solvent
removed under reduced pressure to give the diester as an oil. This
material is separated by high pressure liquid chromatography into
three fractions, using ethyl acetate/toluene (30:70) as salvent.

The first fraction yields isomer A of the title compound as an oil;
the second fraction contains a mixture or isomers A and B and the
third fraction yields isomer B of the title compound. Using high
pressure liquid chromatography on a reverse phase columm (solvent
system: methanol, water (3:1) containing 0.025 % acetic acid) isomer A

moves more slowly than isomer B.

Example 4:
1~Carboxymethyl-3~(1-ethoxycarbonyl-3-phenylpropylamino)=2,3,4,5~

tetrahydro~1H-[1l]benzazepin=-2-one (Higher melting isomer)

A solution of l1-benzyloxycarbonylmethyl=3=(1l-ethoxycarbonyl=3~
phenylpropylamine)-2,3,4,5-tetrahydro=1H=[1]benzazepin~-2-one (isomer B
of example 3, 0.9 g) in ethanol (150 ml) is hydrogenated at room tem—
perature and atmospheric pressure, using 10 % palladium on charcoal
(0.5 g) as catalyst. After uptake of hydrogen has ceased, the

catalyst is filtered off, and the solvent removed under reduced
pressure to give a solid. This material is triturated with ether

(8 m1) to give the title compound melting at 138-140° and identical
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to the compound obtained in Example 1.

Example 5:
1-Carbogymethy1-3*(l-ethoxycarbony1—3-phenylpropylamino)-2,3,&,S-tetra-

hydro—lHQ[llbenzazepin-Z*one (Lower melting isomer)

A solution of l-benzyloxycarbony1methy1-3-(1-ethoxycarbony1-3-pheny1-
propylamino)=2,3,4,5-tetrahydro~1H-{1]benzazepin-2-one (isomer A of
example 3; 1.2 g) in ethanol (125 ml) is hydrogenated at room tem-
perature and atmospheric pressure, using 10 Z palladium on charcoal
(0.5 g) as catalyst. After uptake of hydrogen ceases, the catalyst

is filtered off, and the solvent removed under reduced pressure to
give a solid. This material is triturated with ether (8 ml) to give
1-carboxymethyl=-3-(1l-ethoxycarbonyl=3-phenylpropylamino)~2,3,4,5~=
tetrahydro-lH~[1]benzazepin-2-one melting at 126-129°, and being the

lower melting racemic isomer A.

Using high pressure liquid chromatography on a reverse phase column
[solvent system: methanol, water (3:1) containing 0:025 2 acetic

acid] isomer A moves more slowly than higher melting racemic isomer
B of Example ;,

Example 6:
l-Benzyloxycarbong}methgl—3-(l-ethoxycarbony1-3-pheny1propylamino)-
2,3,4,5-tetrahydro~1H~{1]benzazepin-2~one

A solution of 3-(1—ethoxycarbonyl-3-phenylpropylamino)-z,3,&,S-tetra-
hydro-1H-[1]benzazepin=2-one (5.0 g), in dry dimethylformamide

(20 ml1) is added under a nitrogen atmosphere to a stirred suspension
of sodium hydride [prepared from the 60 I mineral oil dispersion '
(0.6 g) by washing with petroleum ether (3 x 75 ml}] in dry dimethyl-
formamide (85 ml) to which tetrabutylammonium bromide (4.4 g) has

been added. The reaction mixture is stirred at room temperature for
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30 minutes, then a solution of benzyl bromoacetate (3.2 g) in dry
dimethylformamide (10 ml) is added. The reaction mixture is stirred
for an additional 30 minutes at room temperature, heated to 60°, and
maintained at that temperature for 18 hours. The reaction mixture

is cooled to room temperature, and the solvent removed under high
vacuum., Water (150 ml) is added, and the resulting solution extracted
with ethyl acetate (2 x 250 ml). The combined ethyl acetate extracts
are washed with water (100 ml), dried over magnesium sulfate, and
the solvent removed under reduced pressure to give a brown oil. This
material is chromatographed on silica gel (150 g). Elution with
toluene/ethyl acetate (3:1) first gives isomer A of l-benzyloxy-
carbonylmethyl~3-(l-ethoxycarbonyl=-3-phenylpropylamino)=2,3,4,5~
tetrahydro~1H~[1l]benzazepin-2-one followed by isomer B. Isomer A and
B are identical to compounds of Example 3 as determined by high
pressure liquid chromatography on a reverse phase column (solvent

system: methanol, water (3:1) containing 0.025 % acetic acid).
The starting material is prepared as follows:

A solution of diethyl acetamidomalonate (33.2 g) in ethanol (150 ml)
is added to a solution of sodium ethoxide in ethanol (prepared from
sodium (3.8 g) and ethanol (200 ml)]. The reaction mixture is stirred
at room temperature for 30 minutes and a solution of 2-nitrophemethyl
bromide (J. Med. Chem. 20, 1020 (1977), 40.0 g) in ethanol (100 ml)
is added dropwise during 20 minutes. After addition is complete, the
reaction mixture is refluxed for 18 hours, then cooled to room tem=
perature and evaporated under reduced pressure. The residue is dis-
solved in water (350 ml) and the solution extracted with athyl
acetate (2 x 350 ml). The combined ethyl acetate extracts are washed
with water (200 ml) and dried over magnesium sulfate. Removal of

the solvent under reduced pressure gives diethyl 2-acetamido-2-(o-

nitrophenethyl)-malonate as a low melting solid, used without further
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purification for the next synthetic step.

A solution of diethyl 2-acetamido-2-(o-nitrophenethyl)-malonate (80 g)
in 3N hydrochloric acid (900 ml) is refluxed for 12 hours. The solu-
tion is cooled and extracted with ethyl acetate (200 ml). The aqueous
solution is filtered, and evaporated to dryness uander reduced
pressure. The residue is recrystallized from ethanol/ether to give
2-amino-4-(2-nitrophenyl)butyric acid hydrochloride, m.p., 219-221°
(decomposition).

A solution of 2~amino-4~-(2-nitrophenyl)buryric acid hydrochloride
(38.0 g) in 10 % ethanolic hydrogen chloride (1200 ml) is refluxed
with stirring for 18 hours. The reaction mixture is evaporated to
dryness under reduced pressure, water (250 mi) is added, and the
aqueous solution made basic by the addition of 2N sodium hydroxide.
The solution is extracted with dichlorcmethane (2 x 500 ml), and the
combined dichloromethane solutions washed with water (2 x 150 ml),
and dried over anhydroué magnesium sulfate. Evaporation gives ethyl
2-amino-4-(2-nitrophenyl)butyrate, used without further purification

for the next synthetic step.

A solution of ethyl 2-amino-4-(2-nitrophenmyl)butyrate (27 g) in ethanol
(600 ml) is hydrogenated at room temperature and atmospheric pressure,
using 10 Z palladium on charcoal (2.5 8) as catalyst, until hydrogen
uptake ceases. The catalyst is filtered off and evaporation to dryness
gives ethyl 2=amino-4-~(2-aminophenyl) butyrate used without purification

for the next synthetic step.

A solution of ethyl 2-amino=4=(2-aminophenyl)butyrate (35.0 g) in
methanol (100 ml) is added to a solution of sodium methoxide in
methanol [prepared from sodium (1.0 g) and methanmol (400 ml)] with

stirring, under a nitrogen atmosphere. The reaction mixture is
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refluxed for 65 hours and evaporated under reduced pressure. The
residue is distributed between water {100 ml) and dichloromechane

(400 ml). The aquecus solution is extracted with dichloromethane

(400 ml), and the combined organic solutions washed with water (100 ml)
and dried over magnesium sulfate. Evaporation to dryness and tri-
turation with ether (250 ml) gives 3-amino-2,3,4,5-tetrahydro-1H-[1]-

benzazepin-2-one, m.p. 161-162°.

Alternatively, a solution of 2-amino=4-(2-nitrophenyl)=butyrie acid
hydrochloride (2.5 g) in water (200 ml) is hydrogenated at room tem-
perature and atmospheric pressure, using 10 Z Pd-C (0.5 g) as catalyst.
After uptake of hydrogen ceases, the catalyst is filtered off, and

the filtrate evaporated to dryness. The residue is dissolved in water
(50 ml) and the pH adjusted to 7 by the addition of 10 Z sodium -
hydroxide. The solid is filtered off, washed with water, and dried to
give 2-amino=-4=(2-aminophenyl)butyric acid. A solution of the 2-amino-
4=(2-aminophenyl)butyric acid (1.0 g), hexamethyldisilazané (5.4 g,
and chlorotrimethylsilane (0.1 g) in xylenme (125 ml) is refluxed for
65 hours. The reaction mixture is cooled, poured into ethanol (200 ml)
and evaporated under reduced pressure. Water (100 ml) is added, and
the solution extracted with dichloromethane (2 x 125 ml). The combined
dichloromethane solutions are washed with water (50 ml), dried over
magnesium sulfate, and evaporated under reduced pressure to give

3-amino~2,3,4,5-tetrahydro-1H-[1]benzazepin~2-one as abave.

3-Amino~2,3,4,5~tetrahydro—1H~[1]benzazepin=-2-one is also prepared

as follows:

To a solution of 3-azido=2,3,4,5-tetrahydro=-1H-[1]benzazepin-2~one
(see Example 1) (27 g) in ethanol (3500 ml) while stirring at room
temperature under an atmosphere of nitrogen, a suspension of Raney

nickel in water (50 ml, washed with 10 volumes of ethanol) is added.
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The mixture is stirred at room temperature for 2 hours when an addi-
tional 30 ml of Raney nickel suspension is added. After stirring for
an additional 30 minutes, the catalyst is filtered off and the solvent
removed under reduced pressure to give an oil which solidifies on
addition of ether to give 3-amino-2,3,4,5-tetrahydro—lH-[1]benz-

azepin~2-one, melting at 161-162°.

A solution of 3-amino-2,3,4,5-tetrahydro-lH-[llbenzazepin-Z-one (8.0 g)
and benzylpyruvic acid (18.0 g) in methanol (450 ml) is stirred at
room temperature under nitrogen fdr 30 minutes. Sodium ¢cyanoborchydride
(4.5 g) is added, and the resulting solution stirred at room tempera-
ture for 48 hours. Concentrated hydrochloric acid (7 ml) was added
dropwise during 10 minutes and stirring is maintained for an additional
1 hour. Tha reactzon mixture is evaporated to dryness, dichloromethane
(150 ml1) is added, and the mixture stirred for 30 minutes. The solid
is filtered off, stirred with water (100 ml) for 15 mlnutes, then
filtered, washed with water (50 ml), and dried to give 3~ (l-carboxy-
3-pheny1propylam1no) 2,3,4,5-cetrahydro—lﬂ-[1]benzazep1n-2-one, m.p.
173-175° as a mixture of isomers.

A solution of 3-(l-carboxy—B-phenyIprobylamino)-2,3,4,5-tetrahydro-
1H-[1]benzazepin=-2-one (6.0 g), sodium bicarbonate (4.0 g), and ethyl
iodide (11.6 g) in dimethylacetamide (200 ml) is stirred at room
temperature under nitrogen for 72 hours. The reaction mixture is
filtered and evaporated under high vacuum. Water (250 ml) is added,

and the resulting solution extracted with dichloromethane (2 x 400 ml).
The combined extracts are dried over magnesium sulfate and the solvent
removed under reduced pressure to give 3—(l-ethoxycarbonyl*B-phenyl-
propylamino)—2,3,4,5-tetrahydro—lH-[1]benzazepin-2-one as a mixture

of isomers. NMR(CDCI3) d9.22(s, 1H), 4.10(2 superimposed quartets,
2H), 1.13(2 superimposed triplets, 3H).
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Example 7:
l—Benzyloxycarbonylmethy1-3-(1-benzyloxycarbonyl-S-phenylgropylamino)-

2,3,4,5~tetrahydro-1H-{1]benzazepin~2-one

A solution of 3-(1-banzyloxycarbony1-3-phenylpropylamino)-2,3,4,5-
tetrahydro-1H-[1]-benzazepin=-2-one (4.0 g) in dry dimethylformamide

is added under a nitrogen atmosphere to a stirred suspension of sodium
hydride [from the 60 % mineral oil dispersion (0.42 g) washed with
petroleum ether (3 x 80 ml)] in dry dimethylformamide (100 ml) at room
temperature to which tetrabutylammonium bromide (3.1 g) has been
added. Stirring is continued for an additional 30 minutes at room tem
perature, when a solution of benzyl bromoacetate (2.2 g) in dry di-
methylformamide (10 ml) is added. After an additional 30 minutes at
room temperature, the reaction mixture is heated to 50°, and main-
tained at that temperature for 18 hours. The reaction mixture is .
cooled to room temperature, and the solvent removed under high vacuum.
Water (150 ml) is added and the solution extracted with ethyl acetate
{2 x 300 ml). The combined ethyl acetate solutions are washed with
water (100 ml), dried over magnesium sulfate, and the solvent removed
under reduced pressure to give a brown oil which is chromatographed
on silica gel (250 g). Elution with toluene/ethyl acetate (1:1, 600ml)
gives an oil, characterized as isomer A of the title compound; NMR
(CDC13) d5.12(s, 4H), 4.50(q, 2H). Elution with an additional 2000 ml

of the solvent mixture gives an 0il characterized as isomer B of

the title compound; MR (CDC1,) d 5.17(s, 2H), 5.03(d, 2H), 4.60(q, 2H).

The starting material is prepared as follows:

A solution of 3—(l-carbOxy-S-phenylpropylamino)—2,3,4,5-tetrahydro-
1H-(1]benzazepin-2-one (as described in Fxample 6, 13.0 g), sodium
bicarbonate (10.0 g), and benzyl bromide (19.0 g) in dimethylacet-

amide (750 ml) is stirred at room temperature under a nitrogen
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atmosphere for 72 hours. The reaction mixture is filtered and
evaporated under high vacuum. Water (150 ml) is added, and the
resulting solution extracted with dichloromethane (2 x 400 ml). The
combined extracts are washed with water (100 ml), dried over magnesium
sulfate and evaporated under reduced pressure to give the crude benzyl
ester. Recrystallization from ethyl acetate gives 3-(l-benzyloxy—
carbony1-3-phenylpropylamino)*2,3,A,S-tetrahydrc-IH-[1]benzazepin-2-
one, m.p. 139-141°,

Exgggle 8:
1—Carboxymethyl-3-(l-carboxy-3-phenylpropyiamino)-2,3,4,5-tetrahydro-

18-[1]benzazepin-2-one (Lower melting isomer)

A soluﬁion of l-benzyloxycarbony1meehy1-3-(1-benzy10xycarbony1-3-
phenylpropylamino)12,3,4,5-tetrahydro-la-[llbenzazepin-z-one (isomer A
of example 7, 2.7 g) in ethanol (800 ml) is hydrogenated at room tem-
perature and atmospheric pressure, using 10 % palladium on charcoal -
(0.5 g) as catalyst. After uptake of hydrogen has terminated, the
catalyst is filtered off, and the solvent removed under reduced
pressure to give the title diacid, characterized as isomer A, m.p.
256-259°,

The identical compound is obtained on hydrolysis of the compound of

Example 5.

Example 9: |
1-Carboxymethy1-3-(1-carboxy-31pheny1propylamino)-2,3,4,5-tetrahydro-

1H-(1)benzazepin-2-one (Higher melting isomer)

A solution of 1-benz§loxycarbonyhmethy1-3-(l-benzyloxycarbonyl-B-
phenylpropylamino)-z,3,4,5-tetrahydro-lﬂ~[llbenzazepin-Z-one {(isomer
B of Example 7, 5.0 g) in ethanol (950 ml) is hydrogenated at room

temperature and atmospheric pressure, using palladium ou charcoal
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(0.5 g) as catalyst. After uptake of hydrogen has terminated, the
catalyst is filtered off, and the solvent removed under reduced
pressure to give the title diacid, characterized as isomer B, m.p.
280-282°.

The identical compound is obtained on hydrolysis of the compound of

Examole 1 (isomer B) or compound of Bxample 10 (isomer B).

Example 10:
l-Ethoxycarbonylmethy1-3-(l-ethoxycarbony1-3-phenylpropy1amino)-

2,3,4,5-tetrahydro—=1H~[1]benzazepin-2-one

A solution of 3-(l-ethoxycarbony1-3-pheny1propylamino)-2,3,4,5-tetra-
hydro-18-{1]benzazepin~2~one .(see Example 6, 3.0 g) in dry dimethyl-
formamide (10 ml) is added dropwise during 10 minutes to a stirred
suspension of sodium hydride [from the 60 % mineral oil dispersion
(0.36 g) washed with petroleum ether (3 x 75 ml)] in dry dimethyl-
formamide (100 ml) at room temperature under nitrogen. Stirring is
maintained for an additional 30 minmutes, a solutiom of ethyl bromo-
acetate (1.4 g) in dimethylformamide (15 ml) is added and the reaction
mixture is maintained at 60° for 48 hours. After the reaction mixture
is cooled to room temperature, the solvent is removed under high
vacuum. Water (100 ml) is added, and the solution extracted with ethyl
acetate (2 x 200 ml). The combined ethyl acetate solutions are

washed with water (50 ml), dried over magnesium sﬁlfate, and the sol~-
vent removed under reduced pressure to give a yellow oil (3.8 g).

This material is chromatographed on silica gel (120 g). Elution with
toluenesethyl acetate (1:1; 250 ml) gives isomer A of the desired
product. Elution with an additional 250 ml of salvent mixture gives

an oil which contains mostly isomer B and some iscmer A of the
desired product as determined by analytical high pressure liquid
chromatography (see Example 6). Elution with 2 further 250 ml of

solvent mixture gives an oil which is essentially pure isomer B
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(slower moving). This material is dissolved in methanol (25 ml) and
converted to the maleate salt by addition of an equimolar quantity of
maleic acid in methanol. Evaporation of the solvent and recrystalliza~
tion of the residue from methanol/ether yields pure isomer B of
l-ethoxycarbony1methy1-3-(1-ethoxycarbony1-3-phenylpropylamino)-
2,3,4,5-tetrahydro-18-[llbenzazepin-Z-oﬁe as the maleate salt melting
at 114-116°.

Exgﬂgle 11:
1-Carboxymechy1-3-cafboxymathylamino-z,3,4,5-tetrahydr0-1H-[l]benz-

azepin-2-one

A solution of l-benzyloxycarbonylmathyl—B-beuzyloxycarbonylmethylamino-
2,3,4,5-tetrahydro-1H-[1]benzazepin=2~one (4.8 8; 0.01 mol) in ethanol
(550 ml) is hydrogenated at room temperature snd atmospheric pressure
using 5 % Pd-C (0.85 8) as catalyst until uptake of hydrogen ceases.
Water (300 ml) is added, the catalyst filtered off, and the solvent
removed under reduced pressure. The residue is triturated with ether

to give the title diacid, m.p. 232-236°.
The starting material is prepared as follows:

A solutiom of 3-amino-2,3,4,5-tetrahydro—ln-[l]benzazepin-z-one (5.0 g,
0.028 mol) in dimethylformamide (100 wml) is added under a nitrogen
atmosphere to a stirred suspension of sodium hydride [prepared from
the 60 % mineral oil dispersion (1.2 g) by washing with petroleum
ether (3 x 150 ml)] in dimethylformamide (400 ml) to which tetrabutyl-
ammonium bromide (10.9 g, 0.031 mol) has been added. The reaction
mixture is maintained at 50° for 15 minutes, then a solution of benzyl
bromoacetate (7.2 g, 0.031 mol) in dimethylformamide (25 ml) is added.
The reaction mixture is stirred for an additional "18 hours at 50°,
then cooled to room temperature, and the dimethylformamide removed

under high vacuum. The residue is stirred with toluenesdichloro-



methane {1:1, 500 ml) to precipitate inorganic salts. After filtrationm,
the solution is evaporated under reduced pressure, and the residue
chromatographed on silica gel {200 g). Elution with 0-15 % ethyl
acetate in toluene gives l-benzyloxycarbonylmethyl-3-benzyloxycarbonyl=-
methylamino-2,3,4,5-tetrahydro-lﬁ-[l]benzazepin-z-one as the first
fraction. Further elution gives 3-benzyloxycarbonylamino-2,3,4,5-
tetrahydro-1H-[1]benzazepin~2-one, m.p. 124=127° and 3=amino=-l-benzyl=-
oxycarbonylmethyl-2,3,4,5-tetrahydro—1H~{1]benzazepin~2-one (see
Ezample 1),

Example 12:
1~Carboxymethyl-35-(15-ethoxycarbonyl-3-phenylpropylamine)-2,3,4,5-

tetrahydro=1H={1]benzazepin=-2-one

3(S)=Amino~l-carboxymethyl-2,3,4,5-tetrahydro=1H-[1]benzazepin=2=-one
when treated with ethyl benzylpyruvata in the presence of sodium
cyanoborohydride by the procedure described in Example 1 for the
racemic compound gives after purification l-carboxymethyl-3S-(15-
ethoxycarbonyl-3-phenylpropylamino)=2,3,4,5-tetrahydro-1H-{1]benz-

azepin-2-one, as described below.

A solution of sodium hydroxide (2.1 g) in water (5 ml) is added to a
solution of 3(S)-amino-l-ethoxycarbonylmethyl-2,3,4,5-tetrahydro-1H~-
[l]benzazepin=-2-one (14.0 g) in methanol (150 ml) at room temperature,
and the solution is stirred for two hours. The solvents are evaporated
and the residue is Ehoroughly dried, then slurried with ether, to

give 3(S)-amino-l-carboxymethyl=-2,3,4,5~tetrahydro=1H~-[1]benzazepin=

2-one sodium salt. This is used without further purification.

A solution of the above sodium salt (12.9 g) and ethyl benzylpyruvate
(31 g) in acetic acid (100 ml) and methanol (75 ml} is stirred at room

temperature under a dry nitrogen atmosphere for one hour. A solution
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of sodium cyanoborohydride (3.8 g) in methanol (30 ml) is then added
dropwise over a 4 hour period. The combined solutions are stirred
overnight at room temperature. Concentrated hydrochloric acid (10 ml)
is added dropwise and the mixture stirred at room temperature for 1
hour followed by the evaporation of solvents. The residue is parti~
tioned between water (400 ml) and ether (100 ml) and the pH adjusted
to 9.3 with 40 7 sodium hydroxide. The layers are separated and the
ether layer is discarded. The aqueous layer is adjusted to pH 4.3
with concentrated hydrochloric acid andextracted with ethyl acetate
(3 x 100 ml1). The organic phases are combined, dried (magnesium
sulfate), and evaporated. Hydrogen chloride gas is bubbled through

a solution of the crude product in methylene chloride (150 ml) for

5 minutes. The solvent is evaporated and the resulting foam is dis-
solved in hot methyl ethyl ketome (100 ml). The solid which prec1p1-
tated is collected by filtration to give a 95:5 dlastereomerlc mixture
as determined by high pressure liquid chromatography. The product is
recrystallized from 3-pentanone/methanol (10:1) to give l-carboxy=-
methyl-3(S)=-(1(S)-ethoxycarbonyl~3-phenylpropylaminc)=2,3,4,5~tetra-
hydro-1H-[1]benzazepin-2-one hydrochloride, m.p. 188-190‘, [a]
=141.0° (c=0.9 in ethanol), of formula IIa wherein C H2 is ethylene,
R6 is ethoxy, R7 is hydroxy and R8 is phenyl.

A solution of the above hydrochloride salt (0.035 g) and propylene
.oxide (0.5 ml) in ethanol (4 ml) is stirred under nitrogen overnight
at room temperature. The solution is evaporated to dryness. Ether

(2 ml) is added, and the solid is filtered off to give l-carboxy-
methy1-3s-(ls-éthoxycarbonyl—B-phenylproPylamino)-2,3,4,5-cetrahydro-
lE~[1]benzazepin-2-cne, m.p. 148-149°, [a]D = =-159° (¢ = 1.2 in
ethanol).

The optically active starting material is prepared as indicated below.
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a) A solution of 0.4 g of 3(S)~-t-butyloxycarbonylamino~2,3,4,5~-tetra~
hydro-1H-{1]benzazepin-2,5-dione [prepared from L-kynurenine as
described in Australian J. Chemistry Vol. 33, 633-40 (1980)], and
ethyl bromoacetate (0.23 g) im dry tetrahydrofuran (30 ml) is stirred
at 0° under a dry nitrogen atmosphere. Potassium t-butoxide (0.254 g)
is added in one portion. After 1 hour at 0°, an additional quantity
of ethyl bromoacetate (0.23 g) is added and the reaction mixture is
stirred at 0° for a further 1 hour. Water (100 ml) is added and the
mixture is extracted with ethyl acetate (2 x 50 ml). The combined
ethyl acetate solutions are washed with water (100 ml) and dried over
magnesium sulfate. Removal of the solveat under reduced pressure gives
a yellow gum which on trituration with ether/petroleum ether (bp
30-60°) gives 3(S)-t-butyloxycarbonylamino-l-ethoxycarbonylmethyl-
2,3,4,5-tetrahydro-1H-{ 1]benzazepin-2,5~dione, m.p. 86-88°, [a]D =
-203° (¢ = 1 in dimethylformamide).

A solution of 3(S)-t-butyloxycarbonylamino-l-ethoxycarbonylmethyl-
2,3,4,5-tetrahydro-18~[1l]benzazepin=2,5-dione (0.14 g) and sodium
borohydride (7 mg) in ethanol (10 ml) is stirred at room temperature
for 18 hours. The ethanol is removed under reduced pressure, and the
residue dissolved in dichloromethane (25 ml). The solution is
extracted with 2N hydrochloric acid (2 x 20 ml) and saturated aqueous
sodium chloride solution (20 ml), and dried over sodium sulfate.

The solvent is removed under reduced pressure, and the residue
triturated with ether to give 3(S)-t-butyloxycarbonylamino=1l-ethoxy-
carbonylmethyl-5-hydroxy~2,3,4,5-tetrahydro-1H~[1]benzazepin=-2-one,
m.p. 167-169.5°, [a]D = =193° (¢ = 0.52 in dimethylformamide). The
substance is also obtained by hydrogenation of the benzazepin-2,5-

dione derivative with Hz/Pt in ethanol.

A mixture of 3(S)-t-butyloxycarbonylamino-l-ethoxycarbonylmethyl-5-
hydroxy~2,3,4,5~tetrahydro~1H~-[1l]benzazepin-2-one (0.076 g), dicyclo-



- 66 -

hexylcarbodiimide (0.064 g) and cuprous Ehloride (7 mg) is heated

at 60° under nitrogen for 32 hours. The reaction mixture is allowed to
cool to room temperature. The residue is dissolved in methylene
chloride (50 ml) and washed with dilute ammonium hydroxide (2 x 15 ml)
followed by watar (20 ml). The organic phase is dried over sodium
sulfate and evaporated to give a mixture of the desired adduct and

excess dicyclohexylecarbodiimide.

This mixture (0.100 g) is dissolved in ethyl acetate (40 ml) and placed
in a pressure bottle. 10 Z PA/C (0.010 g) is added and the mixture is
hydrogenated at 3 atmospheres pressure and at 40° for 16 hours. The
catalyst is filtered off and the filtrate evaporated. The residue

is triturated with ether, and the ether solution evaporated to give
3(S)-t-butyloxycarbonylamino-l-ethoxycarbonylmethyl-z,3,A,S-tetrahydro-
1H~[1]benzazepin~2~cne, m.p. 115-116.5°, [a]D = -182° (c = 2.6 in di=
methylformamide).

b) Tartaric acid (12.6 g) and racemic 3-amino-1-ethoxycarbonylmethyl-
2,3,4,5-tetrahydro*lﬂ-[1]benzazepin-2-one (22 g) are dissolved in hot
ethanol (200 ml). This solution is cooled and allowed to stand over-
night at room temperature. The solid which precipitates is collected
by filtration and recrystallized twice from ethanol (200 ml) to give
3(S)-amino-l-ethoxycarbonyhmethyl-z,3,4,5-tetrahydro-1H~[llbenzazepin-
2-one tartrate salt. This is dissolved in water (100 ml) and the pH
adjusted to 9 with dilute ammonium hydroxide and extracted with
methylere chloride (2 x 50 ml). The combined extracts are washed
with water (75 ml), dried (magnesium sulfate) and evaporated to give
3(S)-amino-l-ethoxycarbonylmethyl-z,3,A,S-tetrahydro-lﬂ-[1]benzazepin-
2-one, m.p. 104-106°, [a]D = =285.5° (¢ = 0.99 in ethanol).

¢) Hydrogen chloride gas is bubbled through a solution of 3(8)-t-butyl-
oxycarbonylamino-I*ethoxycarbonylmethyl-2,3,4,5-tetrahydro-1H-(1}-

benzazepin-2-one (under a) above, 0.225 g) in ethyl acetate (25 ml)
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for 45 minutes. Nitrogen is then bubbled through this solutiom for

30 minutes. The ethyl acetate is washed with water {30 ml) and 1N
hydrochloric acid (30 ml). The ethyl acetate layer is discarded and

the aqueous phases are combined. The aqueous solution is adjusted to
pH 9 with dilute ammonium hydroxide, extracted with ethyl acetate

(3 x 50 ml); the organic phases are combined, dried (sodium sulfate)
and evaporated to give 3(§)-amino~l-ethoxycarbonylmethyl-2,3,4,5-tetra=
hydro-1H~[1]benzazepin=2-one, m.p. 101-102°, [a]D = =298° (¢ = 0.46 in

ethanol).

Treatment with ethanedithiol/boron trifluoride etherate or trifluoro—
acetic acid/anisole to remove the protecting group yields 3(S)-amino=-

l-ethoxycarbonylmethyl—-2,3,4,5~tetrahydro~18-{1]benzazepin-2~one.

Alternately 3(S)-amino-l-ethoxycarbonylmethyl=~2,3,4,5-tetrahydro-1H~

[1]benzazepin=2~one is also prepared as follows:

d) A solution of 3(S)-t-butyloxycarbonylamino-l-ethoxycarbonylmethyl-
S~hydroxy=-2,3,4,5~tetrahydro~1H-[1]benzazepin=2~one (previously
described, 1.0 g) in acetic anhydride (20 ml) is maintained at 80°

for 3 hours. The reaction mixture is coocled to room temperature and
the solvents are removed under reduced pressure. Ether (100 ml) is
added, and the resulting solution washed with water (50 ml) and dried
over magnesium sulfate. The solvent is removed under reduced pressure
to give 5-acetoxy-3(S)-t-butyloxycarbonyIAmino-I-ethoxycarbonilmethyl—
2,3,4,5~tetrahydro-1B~[1]benzazepin~2-one as a pale yellow oil which

is used without further purification.

A solution of S5-acetoxy-3(S)-t-butyloxycarbonylamino-l-ethoxycarbonyl-~
methyl=-2,3,4,5-tetrahydro-1H-{1]benzazepin-2=-one (0.7 g) in ethanol

(50 m1) is hydrogenated at 2.9 atmospheres for 24 hours at 70° using
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10 Z palladium on charcoal (0.5 g) as catalyst. The catalyst is
filtered off and the solvent removed under reduced pressure to give
3(S)-t—butyloxycarbonylamino-l—ethoxycarbonylmethyl-2,3,4,5-tetra—
hydro-1H-[1]benzazepin=-2-one which, without further purification is
converted to 3(S)-amino-l-ethoxycarbonylmethyl-z,3,4,5-:etrahydro-lH-
[1]benzazepin-2-one by the procedure described above; m.p. 99-101°,
[a]D = =297° (¢ = 1 in ethanol).

e) A solution of 3(S)-t—butyloxycarbonylamino-z,3,4,S-tetrahydro—lﬁ—
[1]benzazepin-2,5-dione (12.5 8) prepared from L-kynurenine as
described in Australian J. Chemistry Vol. 33, 633-40 (1980), and
t=butyl bromoacetate (10.1 g) in acetone (700 ml) is stirred &t room
temperature under a dry nitrogen atmosphere. Potassium carbonate
(12.5 g) is added in one portion and the resulting suspension is
stirred at room temperature for 16 hours. The potassium salts are
filtered off and the filtrate evaporated to dryness. The residue is
partitioned between ethyl acetate (250 ml) and water (250 ml). The
layers are separated and the organic phase is dried (sodium sulfate).
The residue is triturated with petroleum ether (350 ml; bp 30-60°) to
give 3(S)-t-butyloxycarbony1amino-1— t-butyloxycarbonylmethyl-2,3, 4,5~ )
tetrahydro~1E-[1]benzazepin-2, 5-dione, m.p. 75~77°, [a] = =172°
(c = 0.96 in dimethylformamide).

A solution of 3(S)~:-butyloxycarbonylamino-l-t-butyloxycarbonylmethyl-
2,3,&,S-tetrahydro—lﬁ-[1]benzazepin—2,S-dione (8.0 g) in ethanol

(500 m1) containing platinum oxide (800 mg) is hydrogenated at atmos-
pheric pressure and at room- temperature for two hours. The catalyst

is filtered off and the filtrate evaporated to give 3(S)-t-butyloxy-
carbonylamino-l-t-bu:yloxycarbonylmethyl-S-hydroxy-Z,3,A,S—tetrahydro-
1B-[1]benzazepin~-2-one, [a]D = -173° (¢ = 1.8 in dimethylformapide).
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A suspension of 3(S)-t-butyloxycarbonylamino-l=-t-butyloxycarbonyl—
methyl-5-hydroxy-2,3,4,5-tetrahydro~1H~[1]benzazepin~2-one (3.0 g),
dicyclohexylcarbodiimide (5.0 g), and cuprous chloride (500 mg) is
mechanically stirred and heated at 80° for 16 hours under a dry nitro-
gen atmosphere. The mixture is cooled, diluted with methylene chloride
(100 m1), and filtered. The solids are discarded. The filtrate is
washed with 7 I ammonium hydroxide (4. x 75 ml), followed by 1 x 100 ml
with water and saturated aqueous sodium chloride solutiom (100 ml).
The organic phase is dried (sodium sulfate) and evaporated to give a

mixture of the desired adduct and excess dicyclohexylcarbodiimide.

This mixture (5.5 g) is dissolved in ethyl acetate (200 ml)and placed
in a pressure bottle. 10 T PAC (3.0 g) is added and the mixture is
hydrogenated at 3 atmospheres pressure and at 40° for 16 hours. The
catalyst is filtered off and the filtrate evaporated. The residue is
triturated with ether (75 ml) to give a white solid, 3(S)-t-butyloxy-
carbonylamino~1-t~butyloxycarbonylmethyl=-2,3,4,5~tetrahydro-18-[1]-
benzazepin-2-one, m.p. 145-147°, ['a]D m = 194° (c = 0.46 in dimethyl-
formamide).

A solution of 3(S)~t-butyloxycarbonylamino-l~t=butyloxycarbonylmethyl=
5-hydroxy=-2,3,4,5-tetrahydro~1H-{1]benzazepin-2~one (described above,
3.0 g) in acetic anhydride (50 ml) is heated at 80° under a dry
nitrogea atmosphere for 2 hours. The acetic anhydride is evaporated.
The residue is dissolved in ethyl acetate (75 ml) and washed with
saturated aqueous sodium bicarbonate solution (50 ml), water (50 ml),
and saturated aqueous sodium chloride solution (50 ml). The organic
phase is dried (sodium sulfate), evaporated, and the residue triturated
with ether (50 ml) to give 3(8)-t-butyloxycarbonylamino-1l~t=butyloxy=-
carbonylmethyl=-5-acetoxy=2,3,4,5-tetrahydro~18~{1]benzazepin~2-one,
m.p. 164-166.5°, {a]D = =169° (c = 0.36 in dimethylformamide).
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A solution of 3(S)-t-butyloxycarbonylamino-l-t—butyloxycarbonylmethyl-
S-acetoxy-Z,3,4,5-tetrahydro-lﬂr[l]benzazepin-Z-one (2.2 g) in ethanol
(300 ml1) containing 10 Z PAC (2.0 8) is placed in a pressure bottle
and hydrogenated at 3 atmospheres Pressure and 70° for 3 days. The
catalyst is filtered off and the filtrate evaporated to give 3(S)-t~-
butyloxycarbonylamino-l-t-butyloxycarbonylmethyl-z,3,4,5-te:rahydro—
1H-{1]benzazepin~2-one, w.p. 164-165°, [a]D = -200.6° (c = 0.64 in
dimethylformamide).

Hydrbgen chloride gas is bubbled through a sclution of 3(S)-t-butyloxy-
carbonylamino-l-t-butyloxycarbonylmethy1-2,3,4,5-tetrahydro-lﬁe[1]-
benzazepin-2~-one (0.85 g) in ethyl acetate (40 ml) for 2 hours. Nitro—
gen is then bubbled through the solution for 0.5 hour. The ethyl
acetate is evaporated and the white solid residue immediately dis-
solved ia ethanol (40 ml). Propylene oxide (5 ml) is added and the
mixture is stirred at room temperature for 16 hours. The white solid
which precipitates is collected by filtration to give 3(S)-amino=1-
carboxyme:hyl-Z,B,4,5-tetrahydro-lﬂ-[llbenzazepin-z-one, m.p. 275-276°,
[a]D = -287° (c = 0.71, in 1N hydrochloric acid) which is condensed
with ethyl benzylpyruvate in the presence of sodium cyanoborohydride

as described above.

Example 13:
l-Carboxymethyl-S-(1-carboxy~3-phenylpropylamino)-S-hydroxy-z,3,&,5-

tetrahydro-1B-[1]benzazepin~2-one

To a solution of l-benzyloxycarbonylmethyl-B-(l—carboxy-B-phenylpropyl-
amino)-Z,S-dihydro~1H-[1]benzazepin-2,5-dione (1.00 g) in glacial
acetic acid (S0 ml) is added platinum oxide (0.10 g). The resulting
mixture contained in a pressure bottle is hydrogenated at 2.9 atmos-
pheres for 5 hours. The catalyst is removed by filtratiom, the

filtrate concentrated, and the resulting oil triturated with anhydrous

ethanol. The resulting solid is collected, dried, and suspended in
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water (10 ml). The suspension is stirred for 1.5 hours. The solid is
collected and dried to give impure l-carboxymethyl-3-(l-carboxy—-3-
phenylpropylamino)~5-hydroxy-2,3,4,5-tetrahydro-18~[1]benzazepin~2-

one melting with decomposition at 179°.
The starting material is prepared as follows:

Benzyl bromoacetate (9.16 g, 0.04 mole) is added dropwise to a mixture
of 3-methoxy=-2,5~dihydro~1H-[1]}benzazepine-2,5-dione [8.13 g, 0.04 mol,
prepared as described in the Canadian J. Chem., 52, 610 (1974)}"
powdered potassium hydroxide (2.24 g, 0.04 mole) and tetrabutyl-
ammonium bromide (1.29 g, 0.004 mol) in 1000 ml of acetonitrile with
stirring at room temperature. Upon complete addition, the suspension
is stirred at room temperature for 64 hours, filtered, and the fil-
trate concentrated under reduced pressure to give a partially crystal-
line oil. This oil is triturated with ether to give a solid which is
suspended and stirred in ethyl acetate (100 ml) for 1.5 hours. The
insoluble material is filtered off and the filtratg concentrated to
give the crude l-benzyloxycarbonylmethyl=-3-methoxy=-2,5-dihydro=1H-{1]~-

benzazepin-2,5-dione which is used directly in the next step.

To a 1.0M solution of potassium t-butoxide (0.64 g, 0.0057 mol) in
t-butanol (5.7 ml), while stirring under nitrogen at room temperature
is added (+)-homophenylalanine (1.02 g; 0.0057 mol) in one portion.
The resulting suspension and t-butanol (4.3 ml) is heated until most
of the suspended solid is dissolved. Upon cooling, a suspension is
obtained. This suspension is added, in portions, via pipette to a
refluxing solution of l-benzyloxycarbonylmethyl-3-methoxy-2,5-dihydro=-
lH-{1]benzazepin-2,5~dione (2.00 g) in t-butanol (40 ml) stirring
under nitrogen over a period of 10 minutes. During the additionm, a
yellow precipitate forms. Upon complete addition, the resulting sus-

pension is refluxed for 3 hours. The suspension is filtered, the
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resulting gummy solid is washed with petroleum ether and dissolved in
water (20 ml). The solution is filtered, acidified to pH 5 with 3N
hydrochloric acid, the resulting crude l-benzyloxycarbonylmethyl-3-
(l-carboxy-B-phenylpropylamino)-2,S-dihydro-IH~[1]benzazepin-2,5-
dione is collected and used directly for the preparation of the title

compound.

Exgggle 142

Analogous to the methods disclosed herein, the following compounds

of formula IA wherein X - Hz, R2 and Rs = H, RB =- OCZHS and IS = OH

are prepared:

i 4 5 ki

1 CHCH, H ;|

2 CﬁﬂSCHZCHz 7--OCH3 B-OCH3
3. CGHSCHZCHZ. 7-C1L H

4 CGHSCHZCHZ 8-CH3 H

5 CGHSCHZCHZ B—OCH3 H

6 p—C10634C32032 H H

7 CH3 B H

The starting substituted 2,3,4,5-tecrahydro-lﬂ-[llbenzazepin-Z-ones

for compounds 2-5 are prepared as follows:

The 7-ch1oro—2,3,&,S-tetrahydro-lﬂ-[1]benzazepin-2-one, m.p. 164-165°,

is prepared as described in British Patent 1,359,285,

The 8-methy1—2,3,6,5-cetrahydro~13-[l]benzazepin-z-one is prepared by
the method of Huisgen, Liebigs Ann. Chen. 574, 171 (1951), m.p.
153-154°.

The 7,8 dimethoxy-Z,B,4,5-tetrahydro-1H-[1]benzazepinr2~one is prepared

as follows:
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A solution of 24 g of 6,7-dimethoxy-a-tetralone [Snider, T. et al,
Org. Prep. Proced. Int., 5, 291 (1973}] in ethanol (300 ml) and water
(60 ml) is treated at reflux for two hours with hydroxylamine hydro-
- chloride (16 g) and sodium hydroxide (25 g) to form the oxime. The
reaction mixture is poured into 500 ml of an ice/water mixﬁure and
extracted with 3 x 300 ml portions of dichlorvmethane. The combined
extracts are washed with 200 ml water, dried over anhydrous magnesium

sulfate and evaporated to yield 25 g of the oxime, m.p. 154-156°.

The oxime is redissolved in 170 ml of dichloromethane and 170 ml of
polyphosphate ester (Fieser and Fieser: Reagents for Organic Syn-
thesis, Wiley N.Y. 1967, P. 892) was added. The reaction mixture is
refluxed for 18 hours. The dichloromethane layer is separated, treated
with charcoal and dried over magnesium sulfate to yield the 7,8-di-

methoxy-2,3,4,5~tetrahydro~{1H]-[1]benzazepin~2-one, m.p. 153-156°.

The 8-methoxy-2,3,4,5-tetrahydro~1H~-[1]benzazepin-2-one, m.p. 132-134°

is similarly prepared from 7 methoxy-a—tetralone. .

3-Amino—7-chloro-2,3,A,S-tetrahydro-lﬂ-[llbenzazepin-z;one is syn-

thesized as follows:

A solution of 3-amino-2,3,4,5-tetrahydro-18~[1]benzazepin-2-one
(4.0 g), 2-t-butyloxycarbonyloxyimino-2-phenylacetonitrile (6.1 g)
and triethylamine (5 ml) in water (20 ml) and dioxane (25 ml) is
stirred at room temperature for 18 hours. The resulting solid is
filtered off and washed with water. Recrystallization from ethyl
acetate gives 3~-t-butyloxycarbonylamino-2,3,4,5-tetrahydro-1H-[1]-

benzazepin=2~one, m.p. 199-201°.

Chlorine gas is bubbled through a solution of 3-t-butyloxycarbonyl-

amino-2,3,4,5-tetrahydro~1H~{1]benzazepin~2~one (1.5 g) in acetic acid



- T4 -

(20 ml) for 10 minutes. The reaction mixture is stirred for an
additional 10 minutes., The solid which precipitates is collected,
suspended in water (30 ml) and aqueous ammonia is added until basic.
Filtration gives 3-amino-7-chloro-2,3,4,5-tetrahydro-1H-{llbenzazepin-
2-one, m.p. 170-171°.

Example 15: Preparation of 10,000 tablets each containing 10 mg of

the active ingredient of Example 1:

Formula:

1-Carboxymethy1-3-(l-ethoxycarbony1-3-phenylpr0pyl-

amino)-Z,3,&,5~tetrahydro-13-[l]benzazepin-z-ona 100 g
Lactose . 1,157 g
Corn starch | 7 - 75 g
Polyethylene glycol 6,000 75 g
Talcum powder 75 g
Magnesium stearate 18 g
Purified water : q.S.
Procedure:

All the powders are passed through a2 screen with openings of 0.6 mm.
Then the drug substance, lactose, talcum, magnesium stearate and half
of the starch are mixed in a suitable mixer. The other half of the
starch is suspended in 40 ml of water and the suspension added to

the boiling solution of the polyethylene glycol in 150 ml of water.
The paste formed is added to the powders which are granulated, if
necessary, with an additional amount of water. The granulate is dried
overnight at 35°, broken om a screen with 1.2 mm openings and
compressed into tablets using concave punches with 6.4 mm diameter,

uppers bisected.
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Example 16: Preﬁaration of an injectable formulation containg 25 mg

of the active ingredient of Example 1 per 5 ml of solutiom:

Formula:
1-Carboxymethyl=-3-(l=ethoxycarbonyl-3~phenylpropyl-

amino)=~2,3,4,5-tetrahydro-1H-[1l]benzazepin-2=-one

hydrochloride 25.0 g
Propylparaben 1.0 g
Water for injection q.s. 5000.0 ml
Procedure:

The active ingredient and preservative are dissolved in 3500 ml of
water for injection and the solutioq is diluted to 5000 ml. The solu-
tion is filtered through a sterile filter and filled into injection
vials under sterile conditions each vial containing 5 ml of tﬁe solu-

tion.

Example 17: Preparation of 10,000 capsules each containing 20 mg of
the active ingredient of Example 9.

Formula:

- 1-Carboxymethyl=-3-(1l-carboxy—=3-phenylpropyl=-

amino)-2,3,4,5~tetrahydro=-1H~[1]benzazepin=-2~one 200 g
Lactose ) 1,700 g
Talcum powder 100 g

Procedure: All the powders are passed through a screen with openings
of 0.6 mm. Then the drug substance is placed in a suitable mixer and
mixed first with the talcum, then with the lactose until homogenous.

No. 3 capsules are filled with 200 mg; using a capsule filling machine.
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Analogously, tablets, injectable formulations or capsules are prepared
from the remaining compounds of the invention, e.g., those illustrated
by the Examples herein.

Example 18:
l-Carboxymethyl-BS-(1R-ethoxycarbony1-3-pheny1propylamino)-2,3,4,5-
tetrahydro—1H-[1]benzazepin=2~one

The methyl ethyl ketone filtrate from the crystallization of l=-carboxy—
methy1~3s-(ls-ethoxycarbony1-3-pheny1propylamino)-2,3,&,5-tetrahydro-
1H-[1]benzazepin~2-one hydrochloride in Example 12 i3 evaporated, and
the residue triturated with ethyl acetate (50 ml). The resulting
's0lid-is distributed between ethyl acetate (100 ml) and water

(100 m1l), and adjusted to pH 4.3 with concentrated hydrochloric acid.
The layers are separated and the aqueous phase is extracted with ethyl
acetate (2 x 100 ml). The combined ethyl acetate solutions are dried
over sodium sulfate and the solvent removed under reduced pressure,
The residue is separated into its components by high pressure liquid
chromatography with a C18 reverse phase preparative column and using
water/methanol (3:7) containing 0.05 % acetic acid as the solvent. An
additional quantity of the $,S isomer of Example 12 is thus obtained,
as well as the S,R isomer. The material corresponding to the S,R
isomer is dissolved in dichloromethane (75 ml), and hydrogen chloride
gas bubbled in for five minutes. The solvent is evaporated under
reduced pressure and the residue recrystallized from methyl ethyl
ketone to give l-carboxymethyl-BS-(1R—ethoxycarbony1-3-phenylpropyl-
amino}i,S,4,5~tetrahydro—1H-[l]benzazepin-z-one hydrochloride, m.p.
181-183°, [a]D = -188° (¢ = 0.8 in ethanol).

Example 19:

1-Carboxymethy1-3$-(IS-carboxy-B-phenylpropylamino)-2,3,4,S-tetra-

hydro~1H~[1]benzazepin=2=-one

A solution of sodium hydroxide (0.27 g) in water (2 ml) is added to
a solution of l-carboxymethyl-BS*(IS—ethoxycarbonyl-B-phenylpropyl-
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amino)~-2,3,4,5-tetrahydro—1H-(1]benzazepin=2-one hydrochloride (1 g)

in methanol (10 ml). The reaction mixture is stirred for 18 hours at
room temperature and the solvents removed under reduced pressure. The
residue is dissolved in water (25 ml), and the pH adjusted to 3 by

the addition of 4N hydrochloric acid. The resulting solid is filtered
off, washed with water, and dried to give l-carboxymethyl=-35-(1S-
carboxy-S-phenylpropylamino)-z,3,4,5-tetrahydro-1H—[I]benzazepin—z-one,
m.p. 270-272°, [a]D = =200.5° (c = 1, in 3 % aqueous ammonia).

Example 20:
1-Ethoxycarbony1methy1-3-(l-benzyloxycarbony1-3-pheny1propylamino)-

2,3,4,5~tetrahydro~18-{1]benzazepin-2-one _

A solution of 3~(l-benzyloxycarbonyi-3-phenylpropylamince)-2,3,4,5-
tetrahydro-1H-{1]benzazepin-2-one (5.0 g} in dry dimethylformamide

is added under a nitrogen atmosphere to a stirred suspension of
sodium hydride [from the 60 Z mineral oil dispersion (0.5 g) washed
with petroleum ether (3 x 80 ml)] in dry dimethylformamide (100 ml)

at room temperature. Stirring is continued for an additional 30 minu-
tes at room temperature, when a solution of ethyl bromoacatate (2.0 g)
in dry dimethylformamide (10 ml) is added. After an additional 30
minutes’ at room temperature the reaction mixture is heated to 50°, and
maintained at that temperature for 18 hours. The reaction mixture is
cooled to room temperature and the solvent removed under high vacuum.
Water (150 ml) is added and the solution extracted with ethyl acetate
(2 x 300 ml). The combined ethyl acetate solutions are washed with
water (100 ml), dried over magnesium sulfate, and the solvent removed
under reduced pressure to give a brown oil which is chromatographed
on silica gel (250 g). Elution with toluene/ethyl acetate (9:1;

600 ml) gives an o0il, characterized as isomer A of the title compound.
Elution with an additional 1000 ml of the solvent mixture gives an

oil characterized as isomer B of the title compound.
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Example 21:
I-Ethoxycarbonylmethyl-3-(l-carboxy—B—phenylprogylamino)-2;3,4,5—

tetrahydro-1H~{1]benzazepin-2-one

I—Ethoxycarbonylmethyl-S-(l-benzyloxycarbonyl-B-phenylprOpylamino-
2,3,4,5-tetrahydro—1H-[1]benzazepin-2-one (isomer B of Example 20,
1.1 g) in ethanol (150 ml) is hydrogenated at room temperature and
atmospherie pressure using palladium on charcoal (0.5 g) as catalyst,
After uptake of hydrogen terminates, the catalyst is filtered off,
and the solvent removed under reduced pressure to give a semi-golid.
Trituration with ether (30 ml) yielded isomer B of the title com=
pound, m.p. 175-177°,

Example 22:

1-Carboxyme:hy1—3-(l-ethoxycarbonyl-B—phenylpropylamino)-8~methoxy-

2,3,4,S-tetrahydro-lﬂ-[1}benzazepin-z-one(isomer B)

A solution of 3-amino-1-carboxymethy1-8-methoxy-2,3,A,S-tetrahydro-lﬂ-
(l]benzazepin-2~one (4.0 g) and ethyl benzylpyruvate (9.4 g) in a
mixture of acetic acid (35 ml) and methanol (35 ml) is stirred for

1 hour. A solution of sodium cyancborohydride (1.1 g) in methanol
(50 ml) is then added slowly over the course of 5 hours. After
stirring an additiomal 16 hours, concentrated hydrochlorie acid (4 ml)
is added and stirring is continued for 1 hour. The solvents are
removed at reduced pressure and the residue is partitioned between
water (75 ml) and ether (35 ml). The PH is édjusted to 9.4 and-the
ether layer is'separated and discarded. The aqueous layer is
acidified to pH 4.3 and extracted with ethyl acetate (3 x 50 ml). The
combined ethyl acetate solutions are dried over magnesium sulfate and
the solvent is removed at reduced pressure. Hydrogen chloride gas

is bubbled into a solution of the crude product in methylene chloride
(100 ml) for 5 minutes. The solution is evaporated and the residue is

stirred in ether (75 ml). The product is collected by filtration to
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give an approximately 70:30 diastereomeric mixture as determined by

high pressure liquid chromatography.

The product is recrystallized from 3-pentanone to give l-carboxymethyl-
8-methoxy=3-(1l-ethoxycarbonyl-3-phenylpropyl-amino)~2,3,4,5-tetra=
hydro-1H~[1]benzazepin~2-one hydrochloride (isomer B) melting at
240~245° (decomposition).

The starting material is prepared as follows: A solution of 8-methoxy-
2,3,4,5~tetrahydro-18-[1]benzazepin-2-one (7.0 g, described in
Example 14) and phosphorus pentachloride (30.0 g) in xylene (200 ml)
is heated with stirring under an atmosphere of nitrogen te 90° (oil
bath temperature) during 30 minutes with pauses at 30° and at 50°.
There is a copious evolution of hydrogen chloride gas. The
temperature is maintained at 90° for 30 minutes. The reaction mixture
is filtered while hot to remove a small amount of suspended solid,
and the filtrate is evaporated under reduced pressure until all the
salvent is removed. The residue is added with stirring to saturated
aqueous sodium carbonata (20 ml). The product is filtered after the
solidification process is complete, slurried im ethanol (30 ml),
washed with ethanol (10 ml) and ether (10 ml) and dried to give
3,3-dichloro-8-methoxy=-2,3,4,5~tetrahydro-1H-[1]benzazepin-2-one,
m.p. 148-150°. '

A solution of 3,3-dichloro-8-methoxy-2,3,4,5-tetrahydro=-1H~[1]-
benzazepin~2-one (20g) and anhydrous sodium acetate (13.2 g) in glacial
acetic acid (250 ml) is hydrogenated at atmospheric pressure using

10 Z PAC (1g) as catalyst, until the uptake of hydrogen ceases.

The catalyst is filtered off and the acetic acid is evaporated under
reduced pressure. Water (100 ml) is added to the residue and the

suspension stirred for 1 hour. The solid is filtered, washed with
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water (50 ml), and dried to give 3-chloro-8-methoxy-2,3,4,5-tetra—

hydro-lH-[1]benzazepin-2-one, m.p. 162-163°,

A solution of 3-chloro-8-methoxy-2,3,4,s-tetrahydro-lﬁ-[I]benzazepin-
2-one (12.5 g) and sodium azide (4.3 g) in dimethylsulfoxide (150 ml)
is maintained at 80° under an atmosphere of nitrogen for 3 hours. The
reaction mixture is poured into iceswater (300 ml) and the

suspension is stirred for 30 minutes. The solid is filtered off,
washed with water (50 ml) and dried to give 3-azido-8-methoxy-2,3,4,5-
tetrahydro-lH—[llbenzazepiﬁ-z-one, m.p. 136-138°.

3-Azido—8-mmthoxy-2,3,4,5-tetrahydro-lﬂ-[1]benzazepin—2-one (5g) is
added in omne portion to a stirred suspension of potassium hydroxide
(1.3 g) and tetrabutylammonium bromide (0.7 8) in tetrahydrofuran
(50 ml) maintained at 0° under a nitrogen atmosphere. Stirring is
continued for 5 minutes, then a solution of ethyl bromoacetate

(3.6 g) in tetrahydrofuran (15 ml) is added during 5 minutes. The
reaction mixture is allowed to warm to room temperature while stirring
for an additional 2 hours. The reaction mixture is filtered and the
tetrahydrofuran is removed at reduced pressure. The residue is
partitioned between water (50 ml) and ether (100 ml). The organic
Phase is washed with 2N hydrochloric acid (10 ml), dried over
magnesium sulfate and the solvent removed under reduced pPressure to
give 3-azidOfl-echoxycarbonylmethyl-s-methoxy-z,3,A,S-tatrahydro-lﬁ-
[1lbenzazepin~2-one, m.p. 90-91°.

A suspension of 3-azido-lfe:hoxycarbonylmethyl-B-methoxy-z,3,4,5-
tetrahydro-lH-[llbenzazepin—z-one' (13.8 g) in methanol (75 ml) is
treated with a solution of sodium hydroxide (1.9 g) in water (75 ml).
The reaction mixture is stirred at 40-45° for 2 hours. Water (100 ml)
is added and the mixture is acidified with concentrated hydrochloric

acid (10 ml) and extracted with methylene chloride (3 x 75 ml). The
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combined methylene chloride solutions are dried over magnesium
sulfate and evaporated at reduced pressure to give 3-azido—l-carboxy-
methyl-8-methoxy=2,3,4,5~tetrahydro~1H~[1]benzazepin-2-one, m.p..
145-147°.,

A solution of 3-azido-l-carboxymethyl-8-methoxy-2,3,4,5-tetrahydro=-1H-
[l]lbenzazepin~2—-one (1lg) in a mixture of ethanol (250 ml) and

water (50 ml) is hydrogenated for 3 hours at 3 atmospheres pressure
and room temperature using 10 % Pd-C (0.5 g) as catalyst. 2N
Hydrochloric acid (50 ml) is added, and the catalyst is filtered off.
The solvent is removed at reduced pressure, and the residue dissolved
in a mixture of water (50 ml) and ethanol (50 ml). Propylene oxide

(25 ml) is added and the mixture is stirred for 1 hour. The solveats
are removed under reduced pressure to give 3—-amino-l-carboxymethyl-8-

methoxy~2,3,4,5-tatrahydro~1H~{1]benzazepin=2-one, m.p. > 300°.

Example 23:
1-(1-Carbo§zethzl)-3-(1-ethogzcarbonzl-3:Ehenzlgrogzlamiuo)-2,3!4,5-

tetrahydro—1H-[1l]}benzazepin=2-one hydrochloride

A sclution of 3-amino-l-(l=-carboxyethyl)-2,3,4,5~tetrahydro-1E~[1]~
benzazepin—2~one hydrochloride (3 g) and ethyl bemzylpyruvate (6.5 g)
in acetic acid (30 ml) and methanol (30 ml) is stirred at room
temperature for 1 hour. Sodium cyanoborohydride (0.8 g) in methanol
(10 ml) is added over &4 hours. The reaction mixture is stirred at
room temperature for 24 hours. Concentrated hydrochloric acid (2 ml)
is added and the mixture is stirred for 1 hour. The solvents are
removéd at reduced pressure and the residue is partitioned between
water (50 ml) and ether (30 ml). The pH is adjusted to 9.4, the ether
layer is separated and discarded. The aqueous solution is adjusted
to pH 4.3 and extracted with ethyl acetate (3 x 50 ml). The combined
ethyl acetate solutions are dried over magnesium sulfate and the

solvent removed under reduced pressure. Hydrogen chloride is bubbled
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into a solution of the crude product in methylene chloride (10 ml)

for 2 minutes. The solution is evaporated to give 1-(l-carboxyethyl)-3~
(l-ethoxycarbony1-3-pheny1propylamino)-2,3,4,5-tetrahydro-1H—[1]-
benzazepin-2-one hydrochloride, as a mixture of diastereomers,

m.p. 87=94°,

The starting material is prepared as follows: 3-Azido=2,3,4,5-tetra~
hydro-1H~[1]benzazepin-2-one (as prepared in Example 1, 5 g) isg
added in one portion to a stirred suspension of potassium hydroxide
(1.8 g) and tetrabutylammonium bromide (0.8 g) in tetrahydrofuran

(50 ml) maintained at 0° under a nitrogen atmosphere. Stitring is
continued for 5 minutes, then (R)-t-butyl 2-bromopropionate

(J.P. Greenstein et al., J. Am. Chem. Soc. 76, 6054 (1954),

H. Niedrich and G. Koller, J. Prakt. Chem. 316, 729 (1974)] (5.2 g)
in tetrahydrofuran (15 ml) is added during 5 minutes. The reaction
mixture is allowed to warm to rocm temperature while stirring for an
additional 2 hours. The reaction mixture is filtered and the tetra-
hydrofuran removed at reduced pressure. The residue is partitioned
between water (50 ml) and ether (100 ml). The organic phase is washed
with 2N hydrochlorie acid (10 ml), dried over manganese sulfate, and
the solvent evaporated under reduced pressure to give 3-azido-~1-
(1-t-butyloxycarbonylethyl)-2,3,&,S-tetrahydro-lﬁ-[1]benzazepin-2-one

as an oil that is used without further purification.

A solution of 3-azido-1-(1-t-butyloxycarbonylethyl)-2,3,4;5-tetra-
hydro-1H-[1]benzazepin-2~one (7g) in ethanol (70 ml) is hydrogenated
at 3 atmospheres pressure for 3 hours using 10 Z Pd~C (0.5 g) as
catalyst. The catalyst is removed by filtration and the ethanol
removed under reduced pressure to give 3-amino-1-(l-t-butyloxy-
carbonylethyl)-2,3,4,S-Cetrahydro-lﬂ-[1]benzazepin—2-one as an oil.
High pressure liquid chromatography (HPLC) indicates that the product

is an approximately 1:1 mixture of diastereomers. This material is
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used without further purification.

A solution of the above 3-amino-1-(l-t-butyloxycarbonylethyl)-2,3,4,5-
tetrahydro=1H~{1l]benzazepin-2-cne (4.7 g) in trifluoroacetic acid

(25 ml) is stirred at room temperature for 1 hour. The trifluoroacetic
acid is removed under reduced pressure and the residue dissolved in
ether (100 ml). Hydrogen chloride gas is bubbled into the solution
until precipitation ceases. The solid ié collected by filtration to
give 3-amino-1-(l-carboxyethyl)-2,3,4,5-tetrahydro~1H-{1]benzazepin~-
2-one hydrochloride, m.p. 165-176°. HPLC indicated that the product

is an approximately 1:1 mixture of diastereomers.

Example 24:
1~Ethoxycarbonylmethy1-3s-(1S-ethoxfcarbony1-3-phenylprcpylamino)-

213,a,S-tetrahydro—lﬂ-[l]benzazepin;z-one

A solution of 3S5-amino-l-ethoxycarbonylmethyl-2,3,4,5~-tetrahydro~1H-
[l]benzazepin-2-one (1.5 g), ethyl 2-bromo—4-phenylbutyrate (1.6 g),
and triethylamine (0.8 ml) in dimethylformamide (37 ml) is stirred
under nitrogen for 18 hours at 70°. The dimethylformamide is then
removed under reduced pressure. The residue is taken up in ethyl
acetate (70 ml), washed with water (5 x 25 ml), dried over

magnesium sulfate, and evaoprated. The product mixture is then
separated on a silica gel chromatography system with ethyl acetate/
hexane (40:60) as solvent to yield about equal quantities of l-ethoxy-
carbonylmethyl-38-(1S-ethoxycarbonyl-3~phenylpropylamino)=2,3,4,5-
tetrahydro~1H-{1]benzazepin-2-one [NMR (CDCla) §4.52 (q,2H)) the §,S
enantiomer of the compound of Example 10 and its diastereomer,
l-ethoxycarbonylmethyl-3S~(1R-ethoxycarbonyl=3-phenylpropylamino)-
2,3,4,5~tetrahydro-18~[1]benzazepin=2-one; NMR (CDC13): £4.50 (q, 2H).
TLC: (silica gel, ethyl acetateshexane 40:60): the (S5,S) isomer has

Rf=0.24 and the (S,R) isomer R£=O.33.
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Example 25:

1-Carboxymethy1-3s-(1S-ethoxycarbony1-3-pheny1propylamino)-2,3,4,5-

tetrahydro~1H-{1]benzazepin-2~one

2N Potassium hydroxide (0.26 ml) is added dropwise to a solution of
l-ethoxycarbouylmgthyl-BS-(1S—ethoxycarbonyl-3-pheny1pr09y1amlno)-
2,3,4 »5~tetrahydro-1H~[1]benzazepin~2-one (0.25 g) im ethanol (5 ml),
while stirring at room temperature under a nitrogen atmosphere. After
stirring for one hour the ethanol is evaporated and the residue is
dissolved in water (5 ml), acidified with 2N hydrochloric acid to pH2
and extracted with ethyl acetate (2 x 30 ml). The combined ethyl
acetate solutions are washed with saturated sodium chloride solution
(5 ml), dried over magnesium sulfate and evaporated to dryness to
yield 1—carboxymethyl-3s-(ls-ethoxycarbony1-3-phenylpropylamino)-
2,3,4,5—tetrahydro-la-[llbenzazepiniz-ons, the compound of Example 12.

Exgggle~26:

l-Carboxymethy1-7-chloro-3 (l-ethoxycarbonyl-B-phenylpropylam1no)-

2,3,4 S-tet:zahydro-iﬂ-[1]benzazep1n-2-one, isomer B

Chlorine is bubbled through a solution of 1-carboxymethy1-3-(l-ethoxy-
carbonyl-3-phenylpropylamino)- =2,3,4 sJ~-tetrahydro-1H-[1]benzazepine-2-
one(isomer B, 1.5 g) in acetic acid (25 ml), with stirring at room
temperature. A white solid precipitates out; chlorine is bubbled
through the reaction mixture until the reaction is complete. The solid
is filtered off and separated by reverse phase HPLC using a 018
column and methanol 0.l I aqueous ammonium carbomate (1:1) as solvent.
The appropriate fraction is dissolved in methanol’/ethyl acetate

(1:1, 50 ml) and hydrogen chioride bubbled through the solution.

The solution is evaporated, the residue is suspended in ether (100 ml)
and the suspension is filtered to give l-carboxymethyl=-7-chloro-3-
(l-ethoxycarbonyl-S-phenylpropylamino)-2,3,4,5-tetrahydro-1H—[l]-

benzazepin=2-one hydrochloride, m.p. 149-151° (isomer B).
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Exgggle 27:

1-Carboxymethyl-3S-(1S~ethoxycarbonyl-3-phenylpropylamino)-2,3,4, 5=

tetrahydro-1H-[1]benzazepin-2-cne hydrochloride

3(8)-Amino=1-carboxymethyl~2,3,4,5~tetrahydro~1H-[1]benzazepin~2-one
sodium salt (619 g) having [a}Dzs- =304.4° (¢®1.08 in water), ethyl
benzylpyruvate (1960 g), anhydrous ethyl alcohol (5880 ml) and
glacial acetic acid (5880 ml) are combined and stirred at 20-25° for
1.5 hours. A solution of sodium cyanobrohydride (179 g) im anhydrous
ethyl alcohol (2200 ml) is added at a constant slow rate over 24 hours.
After addition is complete, the reaction mixture is stirred for

24 hours. 12N Hydrochloric acid (500 ml) is added to the reaction
mixture and the solvent is evaporated at 35-40°/3 mm.Hg. The oil which
remains is combined with ice (3000 g) water (3000 ml) and diethyl
ether (3000 ml), and the pH of the mixture is adjusted to 9-9.5 with
10N sodium hydroxide solution (1735 ml). The aqueous portion is
removed and an additiomal 8000 ml of diethyl ether is added to the
ether portion to oil out additional product. The ether immiscible
portion is removed and combined with the aqueous portiom. The ether
extract is then washed with water (2 x 1000 ml), the washes are
incorporated with the aqueous/oil portions from above and the mixture
is adjusted to pH 4.25-4.35 with 12N hydrochlorie acid (550~650 ml).
The mixture is extracted with ethyl acetate (3x2000 ml), the combined
ethyl acetate portions are washed with water (2000 ml) and dried with
anhydrous magnesium sulfate (500 g). The drying agent is removed by
filtration and the solvent is thorcughly removed by evaporation at
40°/3 mm Hg. The resulting oil is dissolved in ethyl acetate (4500 ml)
and 28 % ethereal hydrogen chloride (309 g) was added with vigorous
stirring. Diethyl ether (1500 ml) is added and the mixture is stirred
for 1 hour. The solid is collected and is washed with ethyl acetate
(2x500 ml) and diethyl ether (3x1000 ml). Drying at 50°/3 mm Hg
affords crude product counsisting of approximately 65 % of the desired

1-carboxymethy1-3S-(1S-ethoxycarbonyl—3-pheny1propylamino)-2,3,4,5-
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tetrahydro~1lH-{1l]benzazepin-2~one, identical to the material of
Example 12, a5 determined by reverse phase HPLC on a C18 column with
a mixture of methanol, water, and acetic acid (75:25:0.02) as eluent.

Hydrogen chloride gas is added in a steady stream to a suspension of
the above crude product in dichloromethane (26900 ml). A solution is
obtained after 40 minutes when the addition of the gas is stopped.
The solution is filtered to remove trace insolubles and diethyl ether
(10750 ml) was added.

The suspension is stirred overnight at ambient temperature and the
solid is collected by filtration and washed with dichloromethane
(4 x 500 m1) and diethyl ether (3 x 1000 ml). Drying affords purer
product as the hydrochloride salt, ﬁ.p. 175-178°,

1880 g of above hydrochloride salt is combined with dichloromethane
(18000 ml). The suspension is again treated with hydrogen chloride gas
to complete solution. Diethyl ether (7200 ml) is added. The suspension
is stirred for 3 hours and filtered. The collected-solid is washed
with dichloromethane (2 x 1000 ml) and diethyl ether (2 x 1000 ml) and
is dried to give product m.p. 183-185° (HPLC indicated that the
product was approximately 96 Z pure).

1280 g of the above salt is combined with chloroform (4000 ml) and
the mixture is heated at reflux temperature for 10 minutes. Heating
is discontinued and the mixture is stirred for 4 hours and filtered.
The solid is washed with chloroform (2 x 200 m1) and diethyl ether

(3 x 500 ml), dried and sieved to give l—carboxymethyl-BS-(ISJethoxy-
carhonyl-S-phenylpropylamino)-2,3,4,5-tetrahydro*1H-[1]benzazepin-2-
one hydrochloride, m.p. 184-186°, [algs = =139.26° (c = 0.92,

absolute ethanol), and identical to the hydrochloride salt of
Example 12,
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Example 28:
3-(l-benzyloxycarbony1-3-pheny1propylamino)-l-carboxymethyl-Z,B,4,5-

tetrahydro=1H=[1]benzazepin-2-one hydrochloride (Isomer B)

Dry hydrogen chloride gas is bubbled through a solution of
3-(1-benzyloxycarbonyi-3-phenylpropylamino)=~1-t-butyloxycarboayl=
methyl-2,3,4,5~tetrahydro-1H~[l]benzazepin~2-one (4.0 g, see

Example 7) in ethyl acetate (100 ml) for 20 minutes while stirring at
.0°, The reaction mixture is evaporated under reduced pressure and the
fésulting solid triturated with ether (50 ml). The solid is filtered
off, washed with ether (15 ml) and ethyl acetate (15 ml), and then
boiled with ethyl acetate (50 ml). The product is recrystallized from
methanol ethyl acetate to give the title compound. m.p. 197-199°

(isomer B).

The starting material is prepared as follows: Potassium t-butoxide
(1.2 g) is added to a solution of 3-(l-benzyloxycarbonyl-3-phenyl-
propylamino}~2,3,4,5-tetrahydro~1H~[1]benzazepin=2-one (3.0 g) and
t-butyl bromoacetate (2.2 g) in tetrahydrofuran (100 ml) stirring at
room temperature under an atmosphere of dry nitrogen. The reaction
mixture is stirred for 20 hours at room temperature, then poured into
water (250 ml) and extracted with dichloromethane (2 x 150 ml). The
combined dichloromethane solutions are washed with water (100 ml) and
dried over magnesium ‘sulfate. Evaporation of the solvent gives
3-(1-benzyloxycarbonyl-3-phenylpropylaminc)=l-t-butyloxycarbonyl~
methyl-2,3,4,5~tetrahydro~1H-[1]benzazepin-2-one.

Example 29:
1-Ethoxycarbonylmethyl=3={l-ethoxycarbonyl-3~-phenylpropylamino)-

2,3,4,5~tetrahydro~14~-{1]benzazepin-2-one

A solution of ethyl 2-(l-ethoxycarbonyl=-3-phenylpropylamino)-4~
[o~(ethoxycarbonylmethylamino)-phenyl]-butyrate (5.6 g) in methanol

(100 m1) is added to a solution of sodium methoxide in methanol
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[prepared from sodium (0.25 g) and methanol (50 ml)] with stirring
under a nitrogen atmosphere. The reaction mixture is refluxed for
65 hours, then evaporated under reduced pressure. The residue is
distributed between water (50 ml) amd dichloromethane (200 ml). The
aqueous solution is extracted with dichloramethane (200 ml) and the

combined organic solutions washed with water (50 ml) and dried over
‘ potassium carbonate. Evaporation of the solvent gives as a mixture
of isomers A and B of 1~ethoxycarbonylmethyl-S-(1-ethoxycarbony1—3-
phenylpropylamino)-2,3,4,5-tetrahydro—1H-[llbenzazepin-Z-one, which is
separated by chromatography on silica gel and converted to the
individual maleate salts as described in Example 10,

The starting material is obtained as follows: To a solution of ethyl
2-amino-4-(o-nitrophenyl)-hutyrate (17.4 g) in 50 % aqueous dioxane
(130 ml) is added triethylamine (10.5 g) and 2-(tert-butyloxycarbonyle
oxyimino)~2-phenylacetonitrile (18.7 g). The reaction mixture is
stirred at room temperature for 4 hours and then diluted with water
(300 ml). The mixture is extracted with ether (2 x 150 ml), the
aqueous phase acidified with ice~cold 2N hydrochlorie acid and
extracted with ethyl acetate (2 x 250 m1). The ethyl acetate layers
are combined, washed with water (150 wl) and dried over sodium
sulfate. The solvent is removed under reduced pressure to give ethyl
2-biutyloxycarbonylamino-4-(o—nitrophenyl)-butyrate, used without
further purificationm.

A solution of ethyl Z-t-butyloxycarbonylamino-4-(o-nitrophenyl)-
butyrate (13.0 g) in ethanol (300 ml) is hydrogenated at room
temperature and atmospheric pressure, using 10 I palladium on charcoal
(1 g) as catalyst, until uptake ceases. The catalyst is filtered off.
Evaporation of the solvent gives ethyl 2-t-butyloxycarbonylamino-4-
(o-aminophenyl)-butyrate which is used without further purification

for the next step.
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A solution of ethyl 2-t-butyloxycarbonylamino=4-(o-aminophenyl)-
butyrate (10.0 g) and ethyl glyoxylate (4.2 g) in ethanol (120 ml) is
hydrogenated at 80° and 3 atmospheres pressure for 72 hours using

10 7 palladium on charcoal (3 g) as catalyst. The reaction mixture is
cooled to room temperature and the catalyst filtered off. The solvent
is removed under reduced pressure and the resgsidue distributed between
ethyl acetate (150 ml) and water (75 ml). The organic phase is dried
over sodium sulfate and the solvent removed under reduced pressure to
give ethyl 2-t-butyloxycarbonylamino-a-[o-(ethoxycarbonylmethylaming)-
phenyl]-butyrate which is used without further purification for the

next step.

Hydrogen chloride gas is bubbled through a solution of ethyl
Z-t-butyloxycarbonylamino-4-[o-(ethoxycarbonylmethylamino)-pheuyl]-
butyrate (8.5 g) in ethyl acetate (150 ml) for 30 minutes at room
temperature. The solution is evaporated under reduced pressure and the
residue disgolved in ethyl acetate (100 ml). The solution is washed
with water (3 x 100 ml) and dried over sodium sulfate. The solvent is
removed under reduced pressure to give ethyl 2-amino=4~=[o-(ethoxy=
carbonylmethylamino)-phenyl]-butyrate used without further

purification for the next step.

A solution of ethyl 2-amino=4-[o~(ethoxycarbonylmethylamino)-phenyl]~
butyrate (4.7 g) and ethyl benzylpyruvate (12.4 g) in acetic acid

(35 ml) and methanol (35 ml) is stirred at room temperature under
nitrogen for 1 hour. Sodium cyancborohydride (1.6 g) in methanol (15 ml)
is added dropwise over 4 hours. The reaction mixture is stirred at

room temperature for 24 hours. Concentrated hydrochloric acid (2 ml)

is added dropwise, and the mixture stirred at room temperature for

1 hour. The reaction mixture is evaporated to dryness, and the

residue partitioned between water (75 ml) and ether (75 ml) and

adjusted to pH 2 with 6N hydrochloric acid. The layers are separated,
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and the aqueous phase extracted with ether (2 x 75 ml). The ether
extracts are discarded and the aqueous layer adjusted to pH 9 with
40 % sodium hydroxide, and extracted with ethyl acetate (3 x 50 ml).
The ethyl acetate extracts are dried over sodium sulfate and the
solvent removed under reduced pressure to give ethyl 2=(l-ethoxy~
carbony1-3-pheuy1propylamino)-4-(o-ethoxycarbonylme:hylamino)-
phenyl]butyrate which is used directly for preparing the final

product above.

Exgggle 30:

Ethyl 2-amino-4-phenylbutyrate is treated under conditions of
reductive alkylation as described in the previous Examples with
l-ethoxycarbonylmethyl-2,3,4 S-tetrahydro-lﬂ-[1]benzazep1n-2 3=-dione
to give l-ethoxycarbonylmsthy1-3-(l-ethoxycarbony1-3-pheny1propyl-
amino)=-2,3,4 S-tetrahydro-lﬂ-[1]benzazep1n-2~one of Example 10.

The starting material is prepared as follows: A solution of 3,3-di;
chloro-2,3,4,S-tetrahydro-ln-[1]benzazepin-2—one.(;.O g, 4.32 mmol)
and ethyl bromoacetate (0.5l ml) in tetrahydrofuran (30 ml) is added
dropwise with stirring during 15 minutes to a solution of sodium
hydride (4.76 mmol) in tetrahydrofuran (20 ml) at room temperature
under a nitrogen atmosphere. Stirring is continued for an additional 2
hours. The solution is quenched by addition of saturated aqueous
ammonium chloride and the solvents are removed under reduced pressure.
The residue is extracted with ether (3 x 20 ml), the combined ether
solutions washed with saturated aqueous sodium chloride solution

(20 m1) and dried over magnesium sulfate. Removal of the solvent
under reduced pressure gives 3 3-dich1oro-l-ethoxycarbonylmethyl-
2,3,4,5-tetrahydro~1H~{1]benzazepin-2-one. NMR(CDCI ): §1.27 (&,38);
3.22 (m, 48); 4.25 (q, 2H); 4.65 (s, 2H) and 7.3 (m, 4H).
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A mixture of morpholine (0.315 ml, 3.6 mmol) and 3,3-dichloro-1-
ethoxycarbonylmethyl=-2,3,4,5-tetrahydro~1lH-[1]benzazepin~2-one (0.5 g)
is stirred under nitrogen at 110° for 18 hours. The solution is diluted
to 10 ml with chloroform and cooled to 0°. 20 % sulfuric acid (1 ml)
is added and the solution stirred for 2 hours at 0°. The solution is
extracted with chloroform (2 x 20 ml) and the extracts are washed
with 2 N hydrochloric acid (2 x 10 ml) and saturated aqueous

sodium chloride solution (5 ml). The solution is dried over magnesium
sulfate and evaporated under reduced pressure to yield l-ethoxy-.:
carbonylmethyl-2,3,4,5~tetrahydro~1H~[1]benzazepin=2,3~dione. NMR
(coc1,): §1.25 (¢,38); 2.6 (@,20); 3.6 (m,28); 4.2 (q, 2H) and 7.3
(m, 4H).

Example 31:

Ethyl Z-amino—d-phenylbutyrate is treated in the presence of

potassium carbonate in methylene chloride with 3-bromo-l-ethoxycarbonyl
methyl-2,3,4,5-tetrahydro~1H-[1]benzazepin-2-one to give l-ethoxy—
carbonylmethyl-3-(l-ethoxycarbonyl=-3-phenylpropylamino)~-2,3,4,5~tetra=
hydro—-1H{1]benzazepin=2-one of Example 10. |

The starting material is prepared as'follows: To a solution of
2,3,4,5~tetrahydro—~1H~[1]benzazepin-2-one (2.5 g) in chloroform (30 ml),
phosphorous pentachloride (3.2 g) is added in portions, while
maintaining the temperaturea at 0-5°. When the addition is compleée,
iodine (30 mg) is added followed by bromime (2.5 g), which is added
dropwise over 5 minutes. The mixture is then refluxed for 4 hours. The
chloroform solution is evaporated and the residue is partitioned
between ice-water (30 ml) and dichloromethane (75 ml). The organic
phase is dried over magnesium sulfate and evaporated under reduced
pressure. The crude residue is purified by chromatography over silica
gel, eluting with ether and hexane (7:3). Concentration of the
appropriate fractions yields 3-bromo-2,3,4,5~tetrahydro-1H-{1]-

benzazepin-2-one, m.p. 146-148°,



- 92 -

3-Brdmo-2,3,4,5-tetrahydro-1H—[1]benzazepin—2-one (300 mg) is added

in one portion to a stirred suspension of potassium hydroxide (90 mg)
and tetrabutylammonium bromide (40 mg) in tetrahydrofuran (10 ml)
maintained at 0° under a nitrogen atmosphere. Stirring is continued for
3 minutes, then ethyl bromoacetate (200 mg) is added in one portion.
The reaction mixture is allowed to Warm to room temperature while
stirring for an additional 3 hours. The tetrahydrofuran is removed
under reduced pressure and the residue partitioned between water (5 ml)
and ether (25 ml). The organic phase is washed with 2N hydrochlorie
acid (5 ml), dried over magnesium sulfate, and the solvent removed
under reduced pressure to give 3-bromc-l-ethoxycarbonylméthyl-
2,3,4,S-cetrahydro-lﬁ-[I]benzazepiﬁ-z-one, m.p. 114-116°,

3-Chloro-l-ethoxycarbonylmathy1~2,3;4,S-tetrahidro-lﬂ-[l]benzazepin-z-

one is similarly prepared.

A solution of 3-chloro-2,3,4,5-tetrahydro-lﬂ-[1]benzazepine-2-one
(1.95 g) in dimethylformamide (10 ml) is added dropwise with stirring
to a solution of potassium t-butoxide (1.12 g) in ﬁimgthylformamide
(10 ml) at 5°. The solution is stirred for an additional 15 minutes
at 5°, then ethyl bromeoacetate (1.78 g) in dimethylformamide (5 ml) igs
added dropwise. Stirring is continued for an additional 30 minutes at
5° and then for 3 hours at room temperature. The reaction mixture is
cocled to 10° and water (100 ml) is added. The solution i extracted
with chloroform (100 ml) and the chloroform solution washed with
water (2 x 10 ml) and dried over sodium sulfate. The solvent is
removed under reduced pressure to yield 3-chloro-l-ethoxycarbonyl-
methyl—2,3,4,S—tetrahydro-1H-[1]benzazepin-2-one; NMR (DMSOﬂdG):

€1.2 (t,3H); 2.65 (m, 4H); 4.15 (q, 2H); 2.6 (d,2H) and 7.3 (m).

.



Example 32:

1-carboxymethyl-35-(1S-pivaloyloxymethoxycarbonyl-3-phenylpropylamino)-

2,3,4,5~tetrahydro~1H-[{l]}benzazepin=2=one

1-Benzyloxycarbonylmethyl-3S-(1S-pivaloyloxymethoxycarbonyl-3-phenyl-
propylamino)~-2,3,4,5-tetrahydro-1H-[l]benzazepin—-2-one (3 g) is
dissolved in ethanol (50 ml) and 10 % Pd=C (0.3 g) is added and the
solution hydrogenated at 1 atmosphere pressure and room temperature

for 2 hours. The reaction mixture is filtered and evaporated to yield
l=carboxymethyl=3S=-(1S~pivaloyloxymethoxycarbonyl-3-phenylpropylamino)-
2,3,4,5~tetrahydro~1H~[1]benzazepin—-2-one.

The starting material is prepared as follows: l-benzyloxycarbonyl-
methyl=35S=(1S-carboxy=3-phenylpropylamino)-2,3,4,5~-tetrahydro-1H-
[l]benzazepin—2~one (5 g, Example 2) is dissolved in 2N potassium
hydroxide solution {5.15 ml) and the solution evaporated to dryness.
iodomethyl pivalate (2.3 g) and dimethylformamide (50 ml) are added,
and the reaction mixture is stirfed at room temperature for 18 hours
under a nitrogen atmosphere. The dimethylformamide is evaporated,
the residue is taken up in ethyl acetate (100 ml) and washed with
saturated sodium bicarbonate (3 x 25 ml), water (3 x 25 ml), and
saturated sodium chloride (25 ml);, and dried over magnmesium sulfate.
Evaporation gives l-benzyloxycarbonylmethyl-3§-(1S-pivaloyloxy-
methoxycarbonyl-3-phenylpropylamino)-2,3,4,5-tetrahydro-1H-[{1]~

benzazepin-2-one.

Similarly prepared are:

a) l-carboxymethyl-3S-(1S-{-bornyloxycarbonylmethoxycarbonyl-3-phenyl-
propylamino)=2,3,4,5-tetrahydro-1H-[1]benzazepin=-2-one using Z-bornyl

iodocacetate as starting material.
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b) 1—carboxymethyl-3s—(IS—B4methoxyethoxymethoxycarbonyl-B-pheny1-
propylamino)-z,3,4,5-tetrahydro-1H-[llbenzazepin-Z-one using

B~methoxyethoxymethyl chloride as starting material.

c) 1-carboxymethy1—3~s-[ls-(3-phthalidoxycarbonyl)-3-pheny1propy1-
amino]-2;3,4,5-tetrahydro-1H-[llbenzazepin-Z-one using 3-bromophthalide

as starting material.

d) l-carboxymethyI-BS-[IS-(3-pyridy1methoxycarbony1)-3-pheny1propyl-
amino]-z;3,4,5-tetrahydro—1H—[I]benzazepin-z-one using 3-pyridylmethyl

chloride as starting material.

Example 33:

1-Carboxymethyl-35-(l-ethoxycarbony1-3~pheny1prOpylamino)—2,3,4,5,5a,-

6,7,8,9,9a-decahzdro-lH-|1|benzazegin—2-one

A solution of 3(S)famino-l-carboxymethyl-z,3,4,5,5&,6,7,8,9,9a—

decahydro=1H~[1]benzazepin~-2-one sodium salt (0.6 g) and ethyl benzyl-
pyruvate (1.5 g) in acetic acid (5 ml) and methanol (3 ml) is stirred
at room temperature under an atmosphere of dry nitrogen for 1 hour.

A solution of sodium cyanoborchydride (0.2 g) in methanol (2 ml) is
then added over a 4 hour period. The reaction mixture is stirred at
room temperature for 18‘hours. Concentrated hydrochloric acid (0.5 ml)
is added and the mixture stirred at room temperature for 1 hour. The
solvents are removed under reduced pressure and the residue
partitioned between water (20 ml) and ether (20 ml). The pH is adjusted
to 9.3 with 40 Z sodium hydroxide. The layers are separated and the
ether layer discarded. The aqueous phase is adjusted to pH 4.3 with
concentrated hydrochloric acid and extracted with ethyl acetate

(3 x 25 ml). The extracts are dried over magnesium sulfate and the
solvent removed under reduced pressure. Hydrogen chloride is bubbled

into a solution of the residue in dichloromethane (70 ml) for
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5 minutes. The solution is evaporated and the residue recrystallized
from ethanol’ether to give l=carboxymethyl-35~(l-ethoxycarbonyl-3-
phenylpropylamino)-2,3,4,5,5a,6,7,8,9,%a~decahydro-1H~-{1]benzazepin~

2-one-hydrochloride as a mixture of isomers.

The starting material is prepared as follows: A solutiom of 3(§)-t~
butyloxycarbony1amino-l-gthoxycarbonylmethy1-2,3,4,5—tetrahydro-1Hr
[l]benzazepine~2,5~dione (3.6 g) in acetic acid (50 ml) is hydrogenated
for 120 hours at 3 atmospheres pressure using platinum oxide (1.2 g)
as catalyst. The catalyst is filtered off and the filtrate evaporated
under reduced pressure. The residue is distributed between dichloro—~
methane (200 ml) and saturated aqueous sodium bicarbomate (100 ml).
The dichloromethane solution-is washed with water (50 ml), dried over
sodium sulfate and the solvent removed under reduced pressure. The
residue is chromatographed on silica gel eluting with 0-50 Z ethyl
acetate in toluene. The fraction eluting with 50 % ethyi acetate in
toluene is collected to give 3(S)-t-butyloxycarbonylamino-~l-ethoxy-
carbonylmechyl-Z,S,4,5,5a,6,7,8,9,Qa-dacahydro-lﬂ-[1]benzazepinr2,5—

dione used without further purification for the next synthetic step.

A solution of 3(S)-t-butyloxycarbonylamino-l-ethoxycarbonylmethyl-
2,3,4,5,5a,6,7,8,9,9a~decahydro-1H-[1]benzazepin=2,5~dione (2.7 g)
and sodium borohydride (0.2 g) in ethanol (100 ml) is stirred at room
temperature for 18 hours. The solvent is removed under reduced
pressure, and the residue dissolved indichloromethane (100 ml). The
solution is extracted with ice-cold 2N hydrochloric acid (2 x 50 ml)
and saturated aqueous sodium chloride solution (50 ml) and dried over
sodium sulfate. The solvent is removed under reduced pressure and the
‘residue triturated with ether to give 3($)-t-butyloxycarbonylamino~1-
ethoxycarbonylmethyl-5-hydroxy-2,3,4,5,5a,6,7,8,9,9a~decahydro-1H~

[l]benzazepin-2-one.
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A mixture of 3(S)-t-butyloxycarbonylamino-l-ethoxycarbonylmethyl-5~
hydroxy-2,3,4,5,5&,6,7,8,9,Qa-decahydro-lH-[llbenzazepin-z-one (2.1 g),
dicyclohexylcarbodiimide (1.8 8) and cuprous chloride (0.2 g ) is
heated at 80° under nitrogen for 32 hours. The reaction mixture is
cooled to room temperature, the residue is dissolved in methylene
chloride (200 ml), washed with dilute ammonium hydroxide (2 x 50 ml)
and water (50 ml). The organic phase is dried over sodium sulfate and
evaporated to give a mixture of the desired adduct and excess dicyclo-
hexylcarbodiimide., This mixture is dissolved in ethyl acetate (100 ml)
and placed in a pressure bottle. 10 I PdC (0.4 g) is added and the
mixture hydrogenated at 3 atmospheres pressure and 40° for 16 hours.
The catalyst is filtered off and the filtrate is evaporated to give
3(S)-t-butyloxycarbonylamino*l-etho;ycgrbonylmethyl-z,3,A,S,Sa,6,7,8,9,
9a—decahydro-13-[1]benzazepin-2-0n33 used without further purification

for the next synthetie step.

Hydrogen chloride gas is bubbled through a solution of the above
compound (1.1 g) in ethyl acetate (50 ml) for 45 minutes. The
reaction mixture is evapofated under reduced pressure, the residue
dissolved in ethyl acetate (50 ml) and washed with water (3 x 30 ml),
The ethyl acetate solution is dried over sodium sulfate and the
solvent removed under reduced- pressure to give 3(S)-amino-l-ethoxy-
carbonylmethyl-z,B,4,5,5a,6,7,8,9,9a-decahydro-1H-[l]benzazepin-z-one,

which is used without further purification for the next step.

A solution of soaium hydroxide (0.1g) in water (0.25 ml) is added to
a solution of the above amine (o.6 g) in methanol (7.5 ml) at room
temperature, and the solution is stirred for 2 hours. The solvents
are evaporated and the resgiduye thoroughly dried, then slurried with
ether, to give the sodium salt of 3(8)-amino-1-carboxymethyl-
2,3,4,5,5a,6,7,8,9,9a~decahydro-1H-[ 1] benzazepin-2-one.
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Exgggle 34:

N-{1={l=-carboxymethyl)=-2,3,4,5~tetrahydro=2~oxo~1H-[1]benzazepin—-35-

ylamino)~3-phenylpropyl-l-carbonyl]-L-phenylalanine.

L~Phenylalanine methyl ester hydrochloride is condensed with l-benzyl-
oxycarbonylmethyl=3S~(1S-carboxy-3-phenylpropylamino)}-2,3,4,5-tetra~
hydro=1lH-{1l]benzazepin~2-one in methylene chloride in the presence of
1-(3-dimethylaminopropyl)=3-ethylcarbodiimide hydrochloride at room
temperature to yield after workup the N-[l1-(l-benzyloxycarbonyl=-
methyl-2,3,4,5~tetrabydro—2-oxo~1H~[1l]benzazepin=3S-ylamino)-3-phenyl=-
propyl-l-carbonyl]~L-phenylalanine methyl ester.

Hydrogenationiusing 10 T Pd/C catalyst in ethanol gives N-[1-(l-
carboxymethyl-2,3,4,5-tetrahydro=2-oxo-~1H-[1]benzazepin~3S8-ylamino)~-
' 3-phenylpropyl-l-carbonyl]-L-phenylalanine methyl ester.

Hydrolysis with. dilute aqueous sodium hydroxide at room temperature
for 18 hours yields the N-[l-(l-carboxymethyl=2,3,4,5-tetrahydro=-2-
oxo-1H~[1]benzazepin-3S-ylamino)=3~phenylpropyl-l-carbonyl]-L-

phenylalanine.

Example 35:

1-Ethoxycarbonylmethyl-3=(l-ethoxycarbonyl=3-phenylpropylaminoc)~-

2,3,4,5=tetrahydro~1H~[1l]benzazepin-2~one

Treatment of 3~{l=-carboxy-3-phenylpropylamino)=l-cyanomethyl-
2,3,4,5=tatrahydro~1H-[1]benzazepin-2~one with ethanol~echer (1:1)
saturated with hydrogen chloride at room temperature for 48 hours
gives after workup l-ethoxycarbonylmethyl=-3={l-ethoxycarbonyl-3-
phenylpropylamine)=-2,3,4,5-tetrahydro~1H~{1]benzazepin-2-one identical
to the compound of Example 10.
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The starting material is prepared as follows: 3-(l-carboxy-3-phény1-
propylamino)*2,3,4,5-tetrahydro-lﬂrt1]+benzazepin-2-one is alkylated
with bromoacetonitrile in dimethylformamide solutionm in the

presence of sodium hydride to yield after work-up, 3-(l-carboxy~-3-
phenylpropylamino)~l—cyanomethy1-2,3,4,5-tetrahydro-13—[l]benzazepin—

2-one, used directly in the next step.

Example 36:

Preparation of l0,000'tablets each containing 10 mg of the active
ingredient of Example 12:

Formula:
1-Carboxymethy1-38-(1S-ethoxycarbony1-3-pheny1propylamino)-2,3,4,5-

tetrahydro-1H-[1]benzazepin=2-one . 100 g
Lactose 1,157 g
Corn starch 5 g
Polyethylene glycol 6,000 75 g
Talcum powder 758
Magnesium stearatas 18 g
Purified water q.8

Procedure: As described in Example 15.

Example 37:

Preparation of 10,000 capsules each containing 20 mg of the hydro-~

chloride salt of the active ingredient of Example 12.

Formula:

1-Carboxymethy1-3s-(IS-ethoxycarbony1-3-phenylpropylamino)-2,3,4,5-

tetrahydro-1H-[1]benzazepin=2-one hydrochloride 200 g
Lactose 1,700 g
Talcum powder 100 g

Procedure: As described in Example 17,
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Cardiovascular pharmacclogy of compounds of the invention

Testing of compounds is carried out by methods for evaluation of the
inhibition of the angiotensin converting enzyme (ACE). Biochemical
assessment of in vitro ACE inhibition (ACEI) gauges the inhibition
of peptidolytic activity of a compound in rabbit lung tissue. In in
vivo studies angiotensin I (AI) pressor response inhibition of the

compounds are conducted in rats.

In the in vivo test method an increase in the blood pressure i3 first
caused by administration of angiotensin I (AI) to the test animal,
The inhibitory action of the individual compounds on this increase

in blood pressure is then determined.

Biochemical Testing Methodology

A rabbit lung tissue preparation [Das and Saffer, J. Biol. Chem.
250: 6762, (1975)] was used for assessment of ACE by the method of
Cheung and Cushman [Cheung and Cushman, Biochim. Biophys. Acta 293:
451, (1973)]. This test system incorporates spectrophotometric
evaluation of the amount of histidyl-leucine liberated from a syn-
thetic substrate after 30 min. of 37°C incubationm. 1050 values for
ACE inhibition were determined graphically as the concentration of
test drug required to reduce the amount of histidyl-leucine formed

to 50% of that generated in the absence of the test compound.’

Methodology of angiotensin I (Al) pressor response inhibition

following intravenous administration of test compounds (% AI)

In these studies catheters were placed in a femoral artefy and a
saphenous vein of anesthetized rats as described above. Arterial
Pressure was continously recorded from the arterial catheter, while
Al and the test compounds were injected through the venous catheter.
Al pressor response inhibition was expressed as percent decrease of
the response from pretreatment control values and tabulated as the
average inhibition recorded within 30 minutes after test drug ad-

ministration.
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Results:
Angiotensin I pressor response inhi-
bition in rats
Compound of | in vitro i.v. Dose (mg/kg) % AL inhibition
Example ACEI
IC 50 (M)
1 6 x 10/ 10 100
1.0 100
0.1 50
5 2x 1077 0.1 37
9 5x10° 0.3 - 93
0.1 80
0.03 40
10 1z10° 1.0 80
Maleate
Salt
12 4 x 1077 1.0 100
HCl Salt 0.3 95
0.1 ' ‘82
0.06 74
0.03 29
19 2 x 1077 0.1 93
0.06 84
0.03 70
0.02 69
. 0.01 28
0.007 14
28 1x 10”7 0.1 92
Isomer B,
HC1l Salt
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Claims:

1. A compound of the general formula I

X
R i 4
4 c\éa @ =
T \o/ \ /RS (I)
RS
x4 L2/ N
3 | ]

wherein R, and R_ are radicals of the formula

A B
' 2 .
-CH(ZI and -CH<: s respectively,
o o

in which R° is carboxy or a functionally modified carboxy;
Rl is hydrogem, lower alkyl, amino(lower) alkyl, aryl, aryl (lower)

alkyl, cycloalkyl or cycloalkyl (lower) alkyl; R_ is hydrogen or

2

lower alkyl; R, and RA’ each independently,| represent hydrogen,

3
lower alkyl, lower alkoxy, lower alkanoyloxy, hydroxy, halogen, tri-

3 and R4 taken together represent lower alkylene-

dioxy; R5 is hydrogen or lower alkyl, and X represents oxo, two

hydrogens, or one hydroxy together with one hydrogen; and wherein

fluoromethyl, or R

the carbocyclic ring may also be hexahydro or 6,7,8,9-tetraﬁydro;

complexes thereof; and stereoisomers of all these compounds.

2. A compound of eclaim 1 wherein one or both of R° represented by

A
represent carboxy, esterified carboxy, carbamoyl or substituted

COR6 in radical R, and represented by COR7 ia radical RB independently

carbamoyl.
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3. A compound of claim 2 wherein one or both of RG and R7 repre=-
sent hydroxy; lower alkoxy; (amino, mono- or di-lower alkylamino) -
substituted lower alkoxy; carboxy-substituted lower alkoxy; lower
alkoxycarbonyl-substituted lower alkoxy; aryl-substituted lower
alkoxy; (hydroxy, lower alkanoyloxy or lower alkoxy)-substituted
lower alkoxy; (hydroxy, lower alkanoyloxy or lower alkoxy)-substituted
lower alkoxymethoxy; bicycloalkoxycarbonyl-substituted lower alkoxy;
3-phthalidoxy; (lower alkyl, lower alkoxy, halo)}-substituted
3-phthalidoxy; amino; lower alkylamino; di-lower alkylamino; di-
lower alkylamino in which both alkyl groups are linked by a carbon
to carbon bond and together with the amino nitrogen form a 5, 6= or
7-membered heterocyclic ring; (amino or acylamino)-substituted lower
alkylamino; a~{carboxy or lower alkoxycarbonyl) ~substituted lower
2lkylamino; aryl=-substituted lower alkylamino which can be substi-

tuted on the a—carbon by carboxy or lower alkoxycarbonyl.

4. A compound of the formula IA
x
R
"\(§ P
I °-N-CH-R1 (14)

R)‘ \«—-

CH\CO-R7

wherein R1 is hydrogen, lower alkyl, amlno(lowzr)alkyl aryl, aryl-
(lower)alkyl, cycloalkyl(lower)alkyl, R2 and R5 represent hydrogen

CO--R6

or lower alkyl, R3 and R4 represent hydrogen, lower alkyl, lower
alkoxy, lower alkanoyloxy, hydroxy, halogen, triflucrmethyl; or R3
and R4 taken together represent lower alkylendioxy, X represents oxo,
two hydrogens or one hydroxy group and one hydrogen, R6 and R7 in-
depenéently represent hydroxy, amino, mono- or di-(lower)alkylamino,
lower alkoxy, aryl(lower)alkoxy, lower alkanoyloxymethoxy, (amino,
mouno~ or di-lower alkylamino,carboxy, or lower alkoxyearbonyl)-lower

alkoxy; or complexes thereof,
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5. A compound of the formula IA shown in claim 4, wherein R, is
hydrogen, lower alkyl, amino(lower)alkyl, aryl(lower)alkyl where
aryl represents phenyl unsubstituted or mono- or disubstituted by
lower alkyl, hydroxy, lower alkoxy, lower alkylenedioxy, lower
alkanoyloxy, halogen or trifluoromethyl, Rz and RS are hydrogen or
lower alkyl, R3 and R4 are hydrogen, lower alkoxy, lower alkyl,
halogen or trifluoromethyl; or R3 and R4 taken together represent
alkylenedioxy, X represeants oxo, one hydroxy and one hydrogen, or

2 hydrogens, R6 and R7 independently represent hydroxy, amino, lower
alkoxy, phenyl(lower)alkoxy, lower alkoxycarbonyl(lower)alkoxy.

6. A compound of the formula IA shown in claim 4, wherein R1 is hy-
drogen, lower alkyl,{J-amino(lower)alkyl, aryl(lower)alkyl where aryl
represents phenyl unsubstituted or mono-substituted by lower alkyl,
hydroxy; lower alkoxy, lower alkanoyloxy, halogen or trifluoromethyl,
R2 and R5 are hydrogen or lower alkyl, R, and R4 are hydrogen, lower

alkoxy, lower alkyl, halogen, or trifluogomethyl; or RB and R, taken
together represent lower alkylendioxy, X represents oxo, one hydroxy
and one hydrogen, or 2 hydrogens, RB and R7 independently represent
hydroxy, amino, lower alkoxy, phenyl(lower)alkoxy, lower alkoxycar=

bonyl(lower)alkoxy.

7. A compound of the formula IA shown in claim 4, wherein Rl is hy-
drogen, lower alkyl, & -amino(lower)alkyl, aryl{lower)alkyl, R,
and RS are hydrogen or lower alkyl, Rj is hydrogen, R4 is hydrogen,
lower alkoxy, lower alkyl, halogen, or trifluoromethyl, X represents
oxo, one hydroxy and one hydrogen, or 2 hydrogens, RG and R7 inde=~
pendently represent hydroxy, amino, lower alkoxy, phenyl(lower)

alkoxy, lower alkoxycarbonyl(lower)alkoxy.

8. A compougd of the formula IA shwon in Claim 4, wherein R1 is hy-
drogen, methyl, ethyl, isopropyl, &-aminopropyl, &O-aminobutyl, aryl-
(methyl, ethyl, propyl) where aryl represents phenyl unsubstituted
or substituted by one methyl, hydroxy, methoxy, methylenedioxy,
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acetyloxy, chloro or trifluoromethyl group, R2 and R5 are hydrogen or
methyl, R3 and R& represents hydrogen, methoxy, methyl, chloro or
trifluoromethyl, X represents oxo, one hydroxy and ome hydrogen or

2 hydrogens, R6 and R7 independently represent hydroxy, amino, ethoxy,
methoxy, benzyloxy, ethoxycarbonylmethoxy or pivaloyloxy-methoxy.

9. A compound of the formula IB

A N C B, -R
T "“ﬂ'a( "l 8 (IB)
N N Co-R
o N |
| o
CHZ-CO'R7

wherein n represents an integer from 1 to 4, RB is hydrogen, phenyl
unsubstituted or monosubstituted by lower alkyl, lower alkoxy, lower
alkanoyloxy, halogen, hydroxy, or trifluoromethyl, R.6 and R7 inde~-
pendently represent hydroxy, lower alkoxy of up to 4 carbon atoms,
benzyloxy, or amino.

10. A compound of the formula IB showm in claim 9, wherein CnHzn
represents ethylene, RB rapresents phenyl or phenyl mono-substituted
by lower alkoxy with up to 4 carbon atoms, lower alkyl with up to 4
carbon atoms, halogen or trifluoromethyl, RG and‘R7 independently
Trepresgent hydroxy'or lower alkoxy with up to 4 carbon atoms.

11. A compound of the formula IA shown in claim 4, wherein X = H

Rz and R5 = H, RG = OCZI-I5 and R7 = OH and the other symbols have
the following meanings:

2’
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i el 5 %
1 CoH CH, H H
2 CeHgCH,CH,  7-0CH, §-0CH,
3 C4H CR,CH, 7-C1 B
4 -

C,HSCH,CH, 8-CH, H
5 C4H CH,CH, §-0CH, H
6 p-C1C,E, CH,CH, H H
7 CH, | H H

12. A compound of the formula IC

‘/'\‘/._"\\ (s) nHZn.RB
1 (S) --N (10)
N g co-R
i 6

, N

0
CHZ-CO-R7
vherein § represents the chirality, n represents an integer from 1
to &, R8 is hydrogen, phenyl umsubstituted or monosubstituted by
lower alkyl, lower alkoxy, lower alkanoyloxy, halogen, hydroxy, or
trifluoromethyl, 36 and R7 independently represent hydroxy, lower

alkoxy of up to 4 carbon atoms, benzyloxy or amino, or pharma-

ceutically acceptable salts thersof.

13. 1—Carboxymethy1-3*(1-ethoxycarbony1-3-pheny1propylamino)—2,3,4,5-

tetrahydro~1lH~[1]benzazepin~2~one or stereoisomers thereof.

14, The higher melting racemic compound of the compound of claim

13 and an enantiomer thereof.

15. The lower melting racemic compound of the compound claimed in

claim 13 and an enantiomer thereof.
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16. I-Carboxymethyl-BS-(ls-ethoxycarbonyl-3-phenylpropylamino)-
2,3,4,5~tetrahydro-1H-{1]benzazepin-2-one.

17. 1-Benzyloxycarbonylmethyl-3-(l-carboxy~3~phenylpropylamino)-
2,3,4,5-tetrahydro-18-{1]benzazepin-2-one.

18. 1*Benzyloxycarbonylmethyl-3-(1-ethoxycarbony1-3-pheny1propy1-

amino)-2,3,4,5~-tetrahydro~1H-{1]benzazepin=2-one.

19, I*Benzyloxycarbonylmethy1-3-(l-benzyloxycarbonyl-S-phenylpropyl-
amine)~2,3,4,5-tetrahydro~1H=[1]benzazepin~2~one.

20. l-Carboxymethyl=-3-(l-carboxy-3-phenylpropylamine)=-2,3,4,5~

tetrahydro-1H~[1l]benzazepin—2=-one or stereoisomers thereof.

21. The lower meltiﬁg racemic compound of the compound claimed in

claim 20 or an enantiomer thereof.

22. The higher melting racemic compound of the compound claimed in

claim 20 or ae enantiomer thereof.

23. The racemic isomer B of l-ethoxycarbonylmethyl=3=-(1l-ethoxycar-
bony1-3-pheny1propy1amino)FZ,3,4,5-tetrahydro—lﬁ-[ljbenzazepin-z-

one.

24, 1-Carboxymethyl-3-carboxymethylamino-z,3,4,S-tetrahydro-lﬂ-

[1lbenzazepin-2-one.

25. 1-Carboxymethyl-3-(l-carboxy—B-phenylpropylamino)-S-hydroxy-
2,3,4,5-tetrahydro~1H-{1]benzazepin~2-one.
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26. 1-Carboxymethyl-3S-{1R-ethoxycarbonyl-3-phenylpropylaminc)=~
2,3,4,5-tetrahydro~1H-{1]benzazepin=2-~one.

27. l-Carboxymethyl-BS-(1S~carboxy-3-phenylpropylamino)-2,3,4,5-

tetrahydro-1H-[1]benzazepin-2-one.

- 28. l—Ethoxycarbonylmethyl—B-(l-benzyloxycarbony1-3-pheny1propy1amino)-
2,3,4,5-tetrahydro-1H~{1]benzazepin=-2-ona.

29. The racemic isomer A of the compound claimed in claim 28.
30. The racemic isomer B of the compound claimed in claim 28.

31. 1-Ethoxycarbonylmgthy1-3-(l-carboxy-3-pheny1propylamino)-2,3,4,5-

tetrahydro-1H~{1]benzazepin=2-one or stereoiscmers thereof.
32. The racemic isomer compound B of the compound claimed in claim 31.

33. The racemic isomer compound of l-carboxymethyl=-3-(l-ethoxy-
carbonyl-3-phenylpropylamino)-8-methoxy-2,3,4,5-tetrahydro-1H~-

[{l]benzazepin-2-one.

34, l-(l-Carboxyethyl)-3-(l-ethoxycarbony1—3-phenylpropylamino)—
2,3,4,5~tetrahydro-1H~[1]benzazepin~2-on. -

35. 1-Ethoxycarbonylmethyl-SS-(1S-ethoxycarbonyl-3-pheny1propy1-

amino-2,3,4,5-tetrahydro~1H-[1]benzazepin-2-one.

36. l—Ethoxycarbonylmethy1-38-(IR-ethoxycarbonyl-3-phenylpropyl-

amino)-2,3,4,5-tetrahydro=1H-[1]benzazepin=-2-one.

37. The racemic isomer compound B of l-carboxymethyl=7-chloro-3-
(l-ethoxycarbony1—3—phenylpropy1amino)-2,3,&,5-tetrahydro-lH-

(1)benzazepin=2-one.
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38. 3-(l-Benzy1oxycarbony1-3-phenylpropy1amino)—l-carboxymethyl-

2,3,4,5-tetrahydro-1H-[1]benzazepin-2-one or stereoisomers thereof.

39. l-Carboxymethyl-35-(1S~pivaloyloxymethoxycarbonyl-3-phenyl-
propylamino)=2,3,4,5-tetrahydro~1H~[1]benzazepin-2~one.

40, l-Carhoxymethyl-SS-(ls-'fa-bornyloxycarbony1methoxycarbony1-3-
phenyl-p:opylamino)-2,3,4,5-tetrahydro-1H-[1]benzazepin-2-one.

41. l-Carboxymethyl-SS-(ls-ﬂ-methoxyethoxymethoxycarbonyl-3-pheny1-
propylamino)=-2,3,4,5~tetrahydro=1H~[1]benzazepin-2-one.

42. 1-Carboxymethy1-3~$-[18-(3-phthalidoxycarbonyl)-3-pheny1propy1-
amino]-z,3,4,5-tetrahydro-1ﬂ-[llbenéazepin-Z-one.

43. 1-Carboxymethy1-3$-[IS-(3-pyridylmethoxycarbonyl)-3-pheny1propyl-

amino]-2,3,4,5-cetrahydro-lﬂ-[llbenzazepin-z-one.

44, 1-Carboxyméthy1-3s-(l-ethoxycarbanyl-a—phenylﬁropylamino)—2,3,4,
5,53,6,7,8,9,93-decahydro—lﬂ-[1]benzazapinr2—one.

45, N-[l—(l—carboxymethyl)-2,3,4,S-tetrahydro-z-oxo-lﬂ-{1]benzazepin-
SS‘ylamino)-3-pheny1propy1-1-carbonyl]-L—phenylalanipe.

46. A salt of a compound having a salt forming group, as claimed

in anyone of claims 4, 6~9 and 11-25.

47. A salt of a compound having a salt forming group, as claimed

in anyone of claims 5, 10 and 26-32.

48. A salt of a compound having a salt forming group, as claimed in

anyone of claims 1-3 and 33-45.

- el I 7
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49.4 pharmaceutically acceptable salt of a compound having a salt

forming group, as claimed in any one of claims 4, 6=9 and 11-25.

50. A pharmaceutically acceptable salt of a compound having a salt

forming group, as claimed in any one of claims 5, 10 and 26~-32.

~ 31. A pharmaceutically acceptable salt of a compound having a salt

forming group, as claimed in any one of claims 1-3 and 33-45.

52, A compound of formula I substantially as described
with reference to any of Examples | to 35.

53. A pharmaceutical preparation comprising a compound claimed in any

one of claims 4, 6-9, 11-25 and 49, in admixture or conjunction with

a pharmaceutically suitable carrier.

54. A pharmaceutical preparatioft comprising a compound claimed inm
any one of claims 5, 10, 26-32 and 50 in admixture' or conjunction

with a pharmaceutically suitable carrier.

55. A pharmaceutical preparation comprising a compound claimed in any

one of claims 1-3, 33-45 and 51 .in admixture or conmjunction with a

pharmaceutically suitable carrier.

S56. A pharmaceutical preparation according to claim 53, 54 or
55 substantially as described with reference to Examples 36 or 37.

57. Process for the manufacture of 3-amino-[1l]benzazepin-2-one-1l-~

alkanoic acids of the general formula I

X

R,. 6_ 1 4

a L J - —

7TX:§§?’5 \\\ /RS (1)
s'-‘ , 3/"“

S X ANL_ 2
Ry 99al I \RA

0

%3

wherein RA and RB are radicals of the formula
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-cH<:1 and -CH<:2 » respectively,

) 0
in which R° is carboxy or a functionally modified carboxy;
Rl is hydrogen, lower alkyl, amino(lower) alkyl, aryl, aryl (lower)
alkyl, cycloalkyl or cycloalkyl (lower) alkyl; 32 is hydrogen or
lower alkyl; R3 and RA’ each independently,!represeng hydrogen,
lower alkyl, lower alkoxy, lower alkanoylox&, hydroxy, halogenm, tri-
fluoromethyl, or ﬁa and R4 taken together'fepresent lower alkylene-
dioxy; R5 is hydrogen or lower alkyl, and X represents oxo, two
hydrogens, or one hydroxy together with one hydrogen; and wherein
the carbocyclic ring may also be hexahydro ox 6,7,8,9-tetrahydro;
salts, complexes and stereoisomers of all these compounds, which
congists in that '

a) in a compound of the formula

X

R il
4}(0\\\./0——0
] I *=NH-R
XN
.._R3 I i
0

%3

(11)

in which the carbocyelic ring may also be hexahydro or 6,7,8,9-
tetrahydro, and wherein X, RB, R3, 34 and R5 have the meanings given
hereinbefore, R, is introduced by alkylation with a compound of

A
the formula

RA -2 (I114)

wherein Z is 2 reactive esterified hydroxyl group and RA has the

meanings given hereinbefore, or with a compound of the formula

R, -Co~ R, (Iv)
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wherein Rl and Ro have the meanings given hereinabove, in the
presence of a reducing agent, with a temporary protection of any
primary and secondary amino groups and/or, optionally, hydroxyl
and/or oxo groups, which may be present in any one of the sub-
stituents X, RA’ R_, Rl' R3, R4 and R

5
or

b) a compound of the formula

X
R[‘\. '.'--.
Fr NS
s, /7~ m
R, * g

in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
tetrahydro, and wherein X, R3, R4 and Rs have the meanings given

hereinabove and RA is hydrogen or RA as defined hereinabove, is

alkylated with a cowpound of the‘formula
Ry - 2 (1118)

wherein Z is a reactive estarified hydroxyl group and RB has the
meanings given hereinabove, while protecting temporarily any primary
and secondary amino groups and/or, optionally, hydroxyl and/or oxo
groups which may be present in any one of the residues X, R, RB’
RB’ Ra and RS’ or

c) a compound of the formula

i eay (VD)
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in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
tetrahydro and wherein Y is oxo or a reactive esterified hydroxyl
group Z together with hydrogen, and X, RB R and R4 have the
meanings given herelnabove, is condensed thh an amine of the
formula

‘R, = NH - R (VII)

A 5

wherein R and R5 have the meanings given hereinabove, with the
provzso that in the case Y is oxo, the condensation is carried

out in the presence of a reduc;ng agent and with a temporary pro-
tection of the oxo group which may be present as the substituent X,

or

d) in a compound of the formula

X
R' L] I.'-— L J R
NN 2 A
T o=N- (VIII)
o% e ’
R3 \N {i
I o
e CH\R“ _
R2 o :

in which the carboeyclic ring may alsc be hexahydro or 6,7,8,9~
tetrahydro, and wherein X and R1 to R5 have the meanings given herein-
above, one of the symbols R; and Rg is cyano and the other one is
¢yano or Ro as defined hereinabove, the cyano group(s) is (are) sub-

jected to solvolysis, or



}({4 .\m ' \RA (IX)

in which the carbocyclic ring may also be hexahydro or 6,7,8,9~-
tetrahydro and wherein X, RA’ RB’ R3, R4 and RS have the meanings

given hereinabove, Or an ester thereof, is cyclised, or

f) a compound which is structurally i#eﬁtical with & compound of
formula I specified above, except for having an additional double
bond located at C-3, or between the nitrogen atom and the adjacent
carbon atom within the group RA’ is treated with a reducing agent

in order to saturate this double bond, or

8) in order to produce a compound of formula I as specified herein-

above, in which X is oxo, condensing a compound of the formula

in which the carbocyclic ring may also be hexahydro or 6,7,8,9-
tetrahydro, and wherein RB’ R3 and R4 have the meanings given herein-~

above, with an amine of the formula

RA -~ NH - 115 (Vi)
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wherein R.A and R5 have the meaning given hereinabove, and

h) if desired, a resulting compound of formula I as specified above
is converted into another compound of formula I within its above-

specified scope, and/or

i) if desired, a resulting compound of formula I as specified
above and having salt-forming properties is converted into a salt

thereof or a free compound is liberated from such a salt, and/or

j) if desired, a resulting compound of formula I as specified
above and haviag complex-forming properties is converted into a

complex thereof, and or

k) if so required, an optical isomer which has a specific configura-~
tion'wi:h respect to at least one center of chirality is enriched

from a mixture of sterecisomeric forms of a resulting compound of
formula I. '

58. A process for the preparation of compounds of formula I

substantially as described in any one of Examples 1 to 14.

59. A process for the preparation of compounds of formula I

subgtantially as described in any one of Examples 18 to 21.

60. A process for the preparation of compounds of formula I

substantially as described in any one of Examples 22 to 35.

61. A compound of formula I when prepared according to a .-

process of claim 57 or 58.

62. A compound of formula I when prepared according to a

process of claim 57 or 59.

63. A compound of formula I when prepared according to

a procegs of claim 57 or 60. ,




p

- 115 -

64, A compound of formula I for use in a therapeutic method
of treating diseases responsive to inhibition of angiotensin-

converting enzyme in humans and mammals.
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