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(571 ABSTRACT
The invention relates to compounds of the formula I

s o
3
! : N : ~COR
Y
. L ] |
CO—('ZH—NH—(IL‘H-[CHzL.—(i':—X
R; CO;zR? 4

in which n denotes 0 or 1, R denotes hydrogen, alkyl,
alkenyl or aralkyl, R! denotes hydrogen or alkyl, which
can optionally be substituted by amino, acylamino or
benzoylamino, alkenyl, cycloalkyl, cycloalkenyl, cy-
cloalkylalkyl, aryl or partially hydrogenated aryl, each
of which can be substituted by alkyl, alkoxy or halogen,
aralkyl or aroylalkyl, both of which can be substituted
in the aryl radical as defined previously, a monocyclic
or bicyclic S- or O- and/or N-heterocyclic radical or a
side chain of an aminoacid, R? denotes hydrogen, alkyl,
alkenyl or aralkyl, Y denotes hydrogen or hydroxyl, Z
denotes hydrogen, or Y and Z together denote oxygen,
X denotes alkyl, alkenyl, cycloalkyl, aryl, which can be
monosubstituted, disubstituted or trisubstituted by al-
kyl, alkoxy, hydroxyl, halogen, nitro, amino, acyl-
amino, alkylamino, dialkylamino and/or methylenedi-
oxy, or 3-indolyl, and to a process for their preparation,
agents containing them and and their use, and to 2-
azabicyclo[3.1.0]hexane derivatives as intermediates,

~ and a process for their preparation.

11 Claims, No Drawings
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1

DERIVATIVES OF
2-AZABICYCLO{3.1.0]JHEXANE-3-CARBOXYLIC
ACID, AND HYPOTENSIVE USE THEREOF

The invention relates to derivatives of 2-azabicy-
clo[3.1.0]hexane-3-carboxylic acid of the formula I

5 [¢Y)
: : 3\
N COzR
Y
. . |
CO=CH~NH—CH—{CH3],—C~—~X
R; COR? z

in which the hydrogen atoms at the bridgehead carbon
atoms have the cis configuration with respect to one
another, and the COOR group on carbon atom 3 is
oriented exo or endo to the bicyclic ring system, and in
which

n denotes O or 1,

R denotes hydrogen, (C1-Cg)-alkyl, (Cz-Cg)-alkenyl
or (Cs-Ci2)-aryl-(C1~Cy)-alkyl,

R! denotes hydrogen or (Cj to Ce)-alkyl, which can
optionally be substituted by amino (C; to C¢)-acylamino
or benzoylamino, (Cz to Ce)-alkenyl, (Cs to Co)-cycloal-
kyl, (Cs to Co)-cycloalkenyl, (Cs to Cy)-cycloalkyl-(Cy
to Cs)-alkyl, (Ce to Ci2)-aryl or partially hydrogenated
(Cs-Ci2)-aryl, each of which can be substituted by (C
to Ca)-alkyl, (Ci or C;)-alkoxy or halogen, (Cs-Ci2)-
aryl-(C; to Cg)-alkyl or (C7-Cj3)-aroyl-(Ci-Cy)-alkyl,
both of which can be substituted in the aryl radical as
' defined above, a monocyclic or bicyclic heterocyclic

radical having 5 to 7 or 8 to 10 ring atoms respectively,

1 or 2 of these ring atoms being sulfur or oxygen atoms

and/or 1 to 4 of these ring atoms being nitrogen atoms,

or an optionally protected side chain of a naturally
- occurring a-aminoacid R1—CH(NH;)—COOH,

R2 denotes hydrogen, (Ci-Cg)-alkyl, (C2-Cg)-alkenyl
or (Ce-Ci2)-aryl-(C1-Cyq)-alkyl,

Y denotes hydrogen or hydroxyl,

Z denotes hydrogen, or

Y and Z together denote oxygen, and

X denotes (Ci-Cg)-alkyl, (C2-Cg)-alkenyl, (Cs-Co)-
cycloalkyl, (C¢-Ci2)-aryl, preferably phenyl, which can
be monosubstituted, disubstituted or trisubstituted by
(Ci-Cy)-alkyl, (C1-Ca)-alkoxy, hydroxyl, halogen, ni-
tro, amino, acylamino, (C;~Cs)-alkylamino, di-(C;-C4-
alkylamino and/or methylenedioxy, or 3-indolyl,
and their physiologically acceptable salts.

Those compounds of the formula I in which n is 1,

R! denotes hydrogen, allyl, vinyl or an optionally
protected side chain of a naturally occurring a-aminoa-
cid, and

R, R?%, Y, Z and X have the previous meanings, are
preferred, in particular those compounds of the formula
I in which

n denotes 1,

R denotes hydrogen,

R! denotes methyl, the optionally acylated side chain
of lysine or the 0-(C1-Cg)-alkylated side chain of tyro-
sine,

R2 denotes hydrogen, methyl, ethyl, benzyl or tert.-
butyl,

X denotes phenyl or phenyl which is monosubstituted
or disubstituted by-fluorine and/or chlorine, :
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Y denotes hydrogen br hydroxyl,

Z denotes hydrogen, or

Y and Z together denote oxygen.

Particularly preferred compounds which may be
mentioned are:
N-(1-S-carboethoxy-3-phenylpropyl)-S-alanyl-cis-2-

azabicyclo[3.1.0]hexane-endo-3-S-carboxylic acid,
N-(1-S-carboxy-3-phenylpropyl)-S-alanyl-cis-2-

azobicyclo[3.1.0Jhexane-endo-3-S-carboxylic acid,
N-(1-S-carboethoxy-3-phenylpropyl)-S-lysyl-cis-2-
azabicyclo[3.1.0]hexane-endo-3-S-carboxylic acid,
N-(1-S-carboxy-3-phenylpropyl)-S-lysyl-cis-2-azabicy-
clo[3.1.0]hexane-endo-3-S-carboxylic acid,
N-(1-S-carboethoxy-3-phenylpropyl)-0-ethyl-S-tyrosyl-
cis2-azabicyclo[3.1.0]hexane-endo-3-S-carboxylic
acid,
N-(1-S-carboethoxy-3-phenylpropyl)-O-methyl-S-tyro-
syl- cis-2-azabicyclo[3.1.0]hexane-endo-3-S-carboxy-
lic acid,
N-(1-S-carboethoxy-3-phenylpropyl)-S-alanyl-cis-2-
azabicyclo[3.1.0]hexane-exo-3-S-carboxylic acid,
N-(1-S-carboxy-3-phenylpropyl)-S-alanyl-cis-2-
azabicyclo- [3.1.0]hexane-exo0-3-S-carboxylic acid,
N-(1-S-carboethoxy-3-phenylpropyl)-S-lysy!-cis-2-
azabicyclo[3.1.0}hexane-exo-3-S-carboxylic acid,
N-(1-S-carboxy-3-phenylpropyl)-S-lysyl-cis-2-azabicy-
clo[3.1.0]hexane-exo-3-S-carboxylic acid,
N-(1-S-carboethoxy-3-phenylpropyl)-0-ethyl-S-tyrosy!l-
cis-2-azabicyclof3.1.0]hexane-exo-3-S-carboxylic

acid and
N-(1-S-carboethoxy-3-phenylpropyi)-0-methyl-S-tyro-

syl-cis-2-azabicyclo[3.1.0}hexane-ex0-3-S-carboxylic

acid.

Particularly suitable salts are alkali metal and alkaline
earth metal salts, salts with physiologically tolerated
amines, and salts with inorganic or organic acids, such
as, for example, HCI, HBr, H2804, maleic acid, fumaric
acid or tartaric acid.

In this context as in the following, aryl is to be under-
stood to be optionally substituted phenyl, naphthyl or
biphenylyl, but particularly phenyl. Alkyl can be
straight-chain or branched. Acylamino is to be under-
stood to be in particular (C1~Cg)-alkanoylamino, Boc-
amino or benzoylamino.

A monocyclic or bicyclic heterocyclic radical having
5to 7 or 8 to 10 ring atoms respectively, 1 or 2 of these
ring atoms being sulfur or oxygen atoms and/or 1 to 4
of these ring atoms being nitrogen atoms, is understood
to include, for example, thienyl, benzo[b]thienyl, fury],
pyranyl, benzofuryl, pyrrolyl, imidazolyl, pyrazolyl,
pyridyl, pyrimidinyl, pyridazinyl, indazolyl, isoindolyl,
indolyl, purinyl, quinolizinyl, isoquinolinyl, phthalazi-
nyl, naphthyridinyl, quinoxalinyl, quinazolyl, cinnoli-
nyl, pteridinyl, oxazolyl, isoxazolyl, thiazolyl or iso-
thiazolyl. These radicals can aiso be partially or com-
pleted hydrogenated.

Naturally occurring a-aminoacids are described i,
for example, Houben-Weyl, Volumes XV /1 and XV /2.

If R represents a protected side chain of a naturally
occurring a-aminoacid, such as, for example, protected -
Ser, Thr, Asp, Asn, Glu, Gln, Arg, Lys, Hyl, Cys, Orn,
Cit, Tyr, Trp, His or Hyp, the preferred protective
groups are those customary in peptide chemistry.(cf. -~
Houben-Weyl, Volumes XV/1 and XV/2). In the case
where R!denotes the protected side chain of lysine, the
known amino protective groups, but . particularly -
(C1-Cg)-alkanoyl, are preferred. In the case where R1-
denotes the protected side chain-of tyrosine, the ether -
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3
protective group on the oxygen, in particular (C;~Cé)-
alkyl, is preferred; particularly preferred protective
groups are methyl and ethyl.

Compounds of the formula I have chiral carbon
atoms. The invention relates to both the R and the S
configurations at all centers of asymmetry. Thus the
compounds of the formula I can exist as optical isomers,
as diastereomers, as racemates or as mixtures of these.
However, those compounds of the formula I in which
the carbon atom 3 in the bicyclic ring system as well as
the carbon atoms in the side c¢hain labelled with an
asterisk (*) have the S configuration are preferred, with
the exception that the R configuration of this center is
preferred when (NH—CHR!—CO)=Cys.

" In addition, the invention relates to a process for the
preparation of the compounds of the formula I which
comprises reacting, by methods of amide formation
known in peptide chemistry, a compound of the for-
mula II, in which n, R, R?, X, Y and Z have the previ-

10

15

ously mentioned meanings, with the exception of that of ,,

R2=hydrogen, with a compound of the formulae IIla
or IIIb, or the mirror image or the racemate, in which
W denotes a group esterifying carboxyl, such as
(C1~Ce)-alkyl or (C7-Cg)-aralkyl, preferably tert.-butyl
or benzyl, and subsequently liberating the compounds
of type I with R =hydrogen by hydrogenation or treat-
ment with acid and/or base.

Diastereomers of the formula I can be separated from
one another by, for example, crystallization or chroma-
tography.

z R! an
x-cl:— [CH;],,-—CH—NH—(i:H—COZH
‘II COzR?
g (HIa)' and mirror image
HN r

WwO0,C

WO, C A

Further synthetic processes for the preparation of the
compounds of the formula I in which Y and Z together
denote oxygen entail reating, in a known manner in a
Michael reaction (Organikum, 6th Edition, page 492,
1967), a compound of the formula IV

; 2 : ,COW

N
CO—-CH—NH;
Ri

:m@

(I1Ib) and mirror image

aIv)

in which R! has the meaning as in formula I, and W has
the meaning as in formulae II1a and b, with a compound
of the formula V

R20,C—CH=CH-—CO—X W)

in which R2 and X have the meanings as in formula I,
and, where appropriate, splitting off the radical W and-
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4
/or the radical R2 as described above, or reacting, in a
known manner in a Mannich reaction (Bull. Soc. Chim.
France 1973, page 625), a compound of the abovemen-
tioned formula IV with a compound of the general
formula V1, in which R2 has the meaning as in formula
I, and with a compound of the general formula VII

OHC—CO3R? [\%))

X—CO—CHj3 (ViD
in which X has the meaning as in formula I, and then,
where appropriate, splitting off the radical W and/or
the radical R2 as described above with formation of the
free carboxyl groups.

In addition, it is also possible to prepare compounds
of the formula I with Y and Z each being hydrogen in
a manner such that the compound of the abovemen-
tioned formula IV is reacted, in accordance with the
procedure described in J. Amer. Chem. Soc. 93, 2897
(1971), with a compound of the formula VIII

COzR? (vip

o=C
CH=—CHy—X

in which R2 and X have the meanings as in formula I,
reducing the resulting Schiff’s bases and then, where
appropriate, splitting off the radical W and/or the radi-
cal R2 as described above with formation of the free
carboxyl groups. The reduction of the Schiff’s bases can
be carried out electrolytically or using reducing agents
such as, for example, sodium borohydride or sodlum
cyanoborohydride.

Compounds of the formula I with Y being hydroxyl
and Z being hydrogen can also be obtained by, for
example, reducing a compound I, by Y and Z together
being oxygen, which is obtained with the above proce-
dures. This reduction can be carried out with a reducing
agent, such as sodium borohydride and other compiex
boronates or, for example, borane-amine complexes.

Compounds of the formula I in which R represents
hydrogen can, where appropriate, be converted by
methods known per se into their esters of the formula I
in which R denotes (C; to Cg)-alkyl or (C7 to Cg)-aral-
kyl

The reaction of a compound of the formuia II with a
compound of the formula III to prepare a compound of
the formula I is carried out in accerdance with a con-
densation reaction known in peptide chemistry, the
condensing agents added being, for example, dicyclo-
hexylcarbodiimide and 1-hydroxybenzotriazole. When
subsequently splitting off the radical W with acid, the
acids which are preferably employed are trifluoroacetic
acid or hydrogen chloride.

Compounds of the formula II have already been pro-
posed. Those with X being phenyl, Y being H, Z being
H, R! being CH3 and R2 being CH3 or C;H; are known
(for example from European Patent No. 0,037,231) and
are accessible by various routes. The benzyl esters
(RZ=benzyl) can be prepared analogously.

The Mannich reaction of acetophenones of the for-
mula IXa, in which X represents aryl which is option-
ally substituted as previously, with glyoxylic esters and
a-aminoacid esters leads to compounds of the formula
II in which n denotes 1 and Y and Z together denote

Find authenticated court documents without watermarks at docketalarm.com.
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S
oxygen (formula IX). In formula IX, W' denotes a radi-
cal which can be split off by hydrogenolysis, or by base
or acid, preferably benzyl or tert. -butyl and X, where
appropriate, represents the meanings defined previ-
ously.

However, in the case of the benzyl ester (W’'=ben-
zyl), R2 may not be benzyl. On hydrogenolysis of these
compounds with Pd, compounds of the formula II in
which Y and Z are hydrogen are produced.

Rl i
X-—~CO--CHj + CHO + HzN-—éH—COzW' _
COR2
(IXa)
CO2R2 Rl
X—CO—CH;—CH—NH—~CH—CO,W'
Ix)

Compounds of the formula II in which Y and Z to-
gether denote oxygen can likewise be obtained in high
yields by Michael addition of appropriate acylacrylic
esters and a-aminoacid esters. Ester cleavage leads to
the same products as does the Mannich reaction.

Rl (IX)

1l |
X—C—CH=CH—COR? + NH;—CH—CO;W’' —>

The amount of the diastereomers having the pre-
ferred S,S configuration produced on using esters of
L-aminoacids predominates, and they can be obtained
by crystallization or chromatographic separation of the
esters on silica gel.

The compounds of the abovementioned formula IV
used as starting materials for the preparation of the
compounds of the formula I are obtained from the com-
pounds of the abovementioned formulae I1Ia or b or the
mirror images by reaction, by known procedures, with
an N-protected 2-aminocarboxylic acid of the formula
X

V—HN—CH—CO3H x)

R!

in which V is a protective group and R! has the above-
mentioned meaning. An example of a suitable protec-
tive group V, which is split off again after reaction is
complete, is tert.-butoxycarbonyl.

The invention also relates to compounds of the for-
mulae II1a and IIIb and their mirror images in which W

denotes hydrogen or a group esterifying carboxyl, pref-
erably (C to Ce)-alkyl or (C7 or Cg)-aralkyl, and to a
process for their preparation which comprises rearrang-
ing compounds of the formula XI

N Yo

b

in which Hal represents halogen, preferably chlorine or
bromine, in the presence of a base, and, where appropri-

DOC KET

_ ARM

15

20

40

45

6

ate, converting, in a manner known per se, the resulting
compounds of the formulae IIla-or IIIb (W =hydrogen) .
and/or their mirror images into the abovementioned
esters.

Compounds of the general formula XI can be pre-
pared by converting a compound. of the formula XII
(Limasset et al., Bull. Soc. Chim. France 1969, 3981).

(X1D)

I
o]

into its oxime, reacting the latter in a Beckmann rear-
rangement, for example in analogy to Helv. Chim. Acta
46, 1190 (1963) to give a compound of the formula XIII

<(j§
N
|
H

halogenating the latter to give a compound of the for-
mula XIV

Hal
Hal
x>
N
|
(o]

(X111)

&)

X1v)

[e]

in which Hal denotes a halogen atom, preferably chlo-
rine or bromine, and catalytically reducing the latter to
give compounds of the formula XI.

The conversion of the ketone XII into the corre-
sponding oxime is usually carried out in an aqueous-
alcoholic medium with excess hydroxylamine hydro-
chloride, the free acid being neutralized with sodium
carbonate or sodium acetate. In place of hydroxylam-
ine, it is also possible to use sodium hydroxylamine-
N,N-disulfonate (Org. Synth. 3 [1923] 61) or the sodium
salt of hydroxylamine-N-monosuifonic acid (J. Amer.
Chem. Soc. 46 [1924] 1290).

Reaction of the ketone XII with hydroxylamine-O-
sulfonic acid in a concentrated organic acid, preferably
formic acid, has proved to be particularly advanta-
geous, the oxime being formed in situ and rearranged,
without isolation, into the compound XIII, which is
produced together with its isomer of the formula XIIIa.

<

It
0

(Xilla)

Examples of suitable halogenating agents are inor-
ganic acid halides, such as PCls, SO3Cly, POCl3, SOCl2
or PBrj, or halogens, such as bromine or chlorine. It is

-advantageous to use PCls or POCl3 combined. with
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7
S0O,Cl,in an organic solvent. An imide halide is initially
formed as an intermediate and reacts with the haloge-
nating agents mentioned and then reacts further by
hydrolysis under basic conditions, preferably with
aqueous alkali metal carbonate, to give a compound -of
the formula XIV.

5

The compounds of the formula XIV are subsequeritly ‘

catalytically reduced in a polar protic solvent, such as,
for example, an alcohol, preferably ethanol, or a carbox-
ylic acid, such as, for example, acetic acid, with the
addition of an acid acceptor, such as, for example, so-
dium acetate or triethylamine, to give a compound of
the formula XI in which Hal has the abovementioned
meaning. Examples of suitable catalysts are Raney
nickel, or palladium or platinum on animal charcoal.
Compounds of the formula XI can also be prepared
directly or as mixtures with compounds of the formula
XIV by halogenation of the compounds of the formula
XIII using smaller amounts of the abovementioned
halogenating agents.

Compounds of the formula X1 are reacted in accor-
dance with the known Favorskii reaction in the pres-
ence of a base to give the compounds of the formulae
II1a or b with W being hydrogen, and the latter are
esterified where appropriate. The abovementioned
Favorskii reaction is carried out in an alcoholic solvent
such as methanol, ethanol or tert.-butanol or in water or
in mixtures of these, at temperatures in the range from
20° to 140° C,, preferably between 60° and 100° C. The
bases which are advantageously employed are alkali
metal or alkaline earth metal hydroxides, such as so-
dium, potassium or barium hydroxide or alkali metal
alcoholates, such as, for example, sodium methylate or
potassium tert.-butanolate.

The compounds of the formula IIla and I1Ib or their
mirror images which are obtained in accordance with
the procedure described above result as mixtures of
stereoisomers, and these can be separated from one
another by, for example, recrystallization or chroma-
tography. It may be necessary, where appropriate, for
the mixtures to be appropriately derivatized in order for
the stereoisomers then to be separated from one another
by recrystallization or chromatography.

Racemic mixtures of compounds of the formulae II1a
and IIIb can be employed as such in the further synthe-
ses described above. However, if desired, they can also
be separated into the enantiomers before further reac-

- tions by the known methods of racemate resolution (cf.
for example, Quart. Rev. 25 (1971) 323 ff.).

If the compounds of the formula I result as racemates,
these can also be resolved into their enantiomers or
separated by chromatography by the customary meth-
ods, such as, for example, via salt formation with opti-
cally active bases or acids.

When R is hydrogen, the compounds of the formula
I according to the invention exist as internal salts. Since
they are amphoteric compounds, they can form salts
with acids or bases. These salts are prepared in a cus-
tomary manner by reaction with one equivalent of acid
or, base.

The compounds of the formula I and their salts have
a long-lasting and strong hypotensive effect. They are
potent inhibitors of angiotensin converting enzyme
(ACE inhibitors) and can be employed to control hy-
pertension of a variety of etiologies. It is also possible to
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combine them with other compounds having hypoten- -

sive, vasodilator or diuretic activity, Typical represent-
atives of these classes of active compounds are de-
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scribed in, for example, Erhardt-Ruschig, Arzneimittel
(Drugs), 2nd Edition, Weinheim, 1972. They can be
administered intravenously, subcutaneously or orally.

‘The dosage on oral administration is 1-100 mg, prefera-

bly -1-50, in particular 1-30 mg, per single dose for an
adult of normal weight. This corresponds to about
13-1,300 ug/kg/day, preferably 13-650 pg/kg/day, in
particular 13-400 pg/k/day. The dose can also be in-

" creased in severe cases, since toxic properties have not

hitherto been observed. It is also possible to reduce the
dose, and this is particularly appropriate when diuretics
are administered concurrently.

The compounds according to the invention can be
administered orally or parenterally in appropriate phar-
maceutical formulations. For a form for oral use, the
active compounds are mixed with the additives custom-
ary for this purpose, such as vehicles, stabilizers or inert
diluents, and converted by customary methods into
suitable forms for administration, such as tablets, coated
tablets, hard gelatin capsules, aqueous, alcoholic or oily
suspensions or aquecus, alcoholic or oily solutions.
Examples of inert vehicles which can be used are gum
arabic, magnesium carbonate, potassium phosphate,
lactose, glucose or starch, in particular corn starch. For
this purpose, the preparation can be carried out either as
dry or as moist granules. Examples of suitable oily vehi-
cles or solvents are vegetable and animal oils, such as
sunflower oil or fish liver oil.

For subcutaneous or intravenous administration, the
active compounds or their physiologically tolerated
salts are converted into solutions, suspensions or emul-
sions with, if desired, the substances customary for this
purpose, such as solubilizers, emulsifiers or other auxil-
iaries. Examples of suitable solvents for the new active
compounds and the corresponding physiologically tol-
erated salts are: water, physiological salines or alcohols,
for example ethanol, propanediol or glycerol, but also
sugar solutions, such as glucose or mannitol solutions,
or a mixture of the various solvents mentioned.

The examples which follow are intended to illustrate
the procedures according to the invention without re-
stricting the invention to the substances mentioned here
as representatives.

The 'H NMR data are § values.

EXAMPLE 1

N-(1-S-carboethoxy-3-phenylpropyl)-S-alanyl-cis-2-
azabicyclo[3.1.0]hexane-3-carboxylic acid
hydrochloride

(1) Cis-2-azabicyclo[4.1.0]-3-oxoheptane

1 g of cis-bicyclo[3.1.0]-2-oxchexane are dissolved in
10 ml of 97% strength formic acid. While cooling in ice,
1.8 g of hydroxylamine-0O-sulfonic acid in 5 ml of 97%
strength formic acid are added, and the mixture is then
brought to reflux temperature for 45 minutes. After
cooling, the mixture.is poured on to ice, neutralized
with solid NaHCOs3 and extracted with ethyl acetate.
After drying and evaporating, a residue of 1 g of oil
remains. .

(2) Cis-2-azabicyclo[4.1.0]-3-0xo0-4-dichloroheptane

11 g of the crude product obtained according to Ex-
ample I (1) are dissolved in 250 ml of dichloroethane.
While cooling in ice, 20.8 g of phosphorus pentachlo-

ride are introduced. The mixture is stirred at room tem-
perature for 30 minutes. Then, while cooling in ice, 17.

ml of sulfuryl chloride are added dr_opwise; and the . :
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