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The invention relates to novel chemical compounds that are derivatives of non-
hydrolysable analogues of peptides that are cleavable by aspartate proteases, that is to say
acylated 5-amino-4-hydroxy-hexanoic acid derivatives and novel precursors thereof, to
processes for the preparation of those compounds, to pharmaceutical compositions
comprising those peptide analogues, and to the use thereof as medicaments or in the
preparation of pharmaceutical compositions for combating diseases caused by retro-

viruses.
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wherein

R? is unsubstituted or substituted hydrocarbyl wherein at least one carbon atom has been
replaced by a hetero atom with the proviso that a hetero atom is not bonded directly to the
carbonyl to which the radical R* is bonded, alkyl having two or more carbon atoms, lower
alkenyl, lower alkynyl, aryl or unsubstituted or substituted amino, and wherein

R, is hydrogen, lower alkoxycarbonyl, heterocyclylcarbonyl, benzyloxycarbonyl that is
unsubstituted or substituted by up to three radicals selected independently of one another
from fluorine, halo-lower alkyl, lower alkanoyl, sulfo, lower alkylsulfonyl and cyano,
heterocyclyloxycarbonyl wherein heterocyclyl is bonded via a carbon atom, one of the
mentioned carbonyl radicals wherein the bonding carbonyl group has been replaced by a
thiocarbonyl group, heterocyclylsulfonyl, lower alkylsulfonyl or N-(heterocyclyl-lower
alkyl)-N-lower alkyl-aminocarbonyi,

B, is a bond or a bivalent residue of an o-amino acid bonded N-tzrminally to R, and
C-terminally to the amino group at the carbon atom carrying R,-CH,-,

R, and Rj are each independently of the other pheny! or cyclohexyl, those radicals being
unsubstituted or substituted by from one to three radicals selected independently of one
another from hydroxy, lower alkoxy, halogea, halo-lower alkyl, sulfo, lower alkylsulfonyl,
cyano and nitro,

A, is a bond between -C=0 and A, or is a bivalent residue of an a-amino acid bonded
N-terminally to the group -C=0 and C-terminally to A,

A, is a bivalent residue of an a-amino acid bonded N-terminally to A and C-terminally
to the group NR4Rg, or

A, and A, together form a bivalent residue of a dipeptide the central amide bond of
which has been reduced and which is bonded N-terminally to the group -C=0 and C-
terminally to the group NR4Rs, and

R4 and Rs together with the bonding nitroger atom form un. * stituted or substituted
thiomorpholino or morpholino,
or a salt of such a compound where salt-forming groups are present.
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- Aczlox.ynexanoic Acig Derivatives

The invention relates to novel chemical compounds that are derivatives of non-
hydrolysable analogues of peptides that are cleavable by aspartate proteases, that is to say
acylated 5-amino-4-hydroxy-hexanoic 2..d derivatives and novel precursors thereof, to
processes for the preparation of those compounds, to pharmaceutical compositions
comprising those peptide analogues, and to the use thereof as medicaments or in the
preparation of pharmaceutical compositions for combating diseases caused by retro-
viruses.

Since the disease first appeared at the beginning of the 1980s, AIDS (Acquired Immuno-
deficiency Disease Syndrome) and its devastating consequences have been the subject of
numerous publications of a scientific or other nature. With the exception of minor
opinions to the contrary, the disease is thought to be caused by the HIV virus (Human
Immunodeficiency Virus) of which two forms (HIV-1 and HIV-2) have been described in
detail hitherto. At present, the treatment of the disease involves principally the use of
inhibitors of reverse transcriptase (a virus-specific enzyme), for example 3’-azido-
thymidine (AZT), although they have severe toxic side-effects. However, attempts have
also been made to introduce into the body, for example in the form of a recombinant '
molecule or molecule fragment, the T4-cell receptor which is present in certain cells of the
defence system of the human body and which is responsible for the aiichoring and intro-
duction of infectious virus particles into those cells and thus for their infection. The
desired result is that binding sites on the virus particles would be titrated out and the
virions would therefore no longer be able to bind to the cells. Although treatment with
CD4 and derivatives appears to have the advantage of low toxicity, there is as yet no data
relating to its therapeutic effectiveness.

HIV has a genome organisation comparable to that of other retroviruses: the genome is
organised into the regions gag/pol/env. It has been shown that in HIV and other retro-
viruses the proteolytic maturation of the gag and gag/pol-fusion proteins is brought about
by a protease, HIV-protease, which is itself encoded by the pol-region of the viral
genome. Without that proteolytic cleavage, it is not possible for infectious virus particles
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to be formed, because, for example, the so-called "core proteins”, that is to say structural
proteins of the virus core, cannot be freed from their precursors.

According to WHO estimates, about ten million people are infected by HIV at present.
The diseas: is fatal in virtually all cases.

HIV-1 2nd HIV-2 have in their genoms: regions that code for the HIV-protease which is
formed from a precursor protein that is thought to be cleaved autoproteolytically.

The protease has an aspartate residue in its catalytic centre and is homologous with other
aspartate proteases. In the case of HIV it consists of 99 amino acids. The HIV-protease,
which has since been obtained also as a recombinant and as a chemically synthesised
molecule, has been treated with various inhibitors, it having been shown that it too
functions as an aspartate protease. X-ray structural analysis of the HIV-protease and a
related enzyme from Rous’ sarcoma virus supports the view that the enzyme, which is in
the form of a dimer in the active form, acts as an aspartate protease.

Owing to the central role of the HIV-protease in the processing of the said core proteins, it
is assumed that effective inhibition of that enzyme in vivo will suppress the assembly of
mature virions, so that corresponding inhibitors can be used therapeutically.

Prerequisites of therapeutic activity in vivo are the achievement of goed inhibition of virus -
replication in cell experiments and good bioavailability, for example a high level in the
blood that is sufficient to achieve adequaizly high concentrations in infected cells in the
body.

The aim of the present invention is to provide novel compounds that exhibit advantageous

pharmacological properties.

Surprisingly it has now been found that the compounds according to the invention are
capable of achieving that aim.

The compounds according to the invention are especially compounds of formula I
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wherein

R?is unsubstituted or substituted hydrocarbyl wherein at least one carbon atom has been
replaced by a hetero atom with the proviso that a hetero atom is not bonded directly to the
carbonyl to which the radical R? is bonded, alkyl having two or more carbon atoms, lower
alkenyl, lower alkynyl, aryl or unsubstituted or substituted amino, and wherein ;

R, is hydrogen, lower alkoxycarbonyl, heterocyclylcarbonyl, benzyloxycarbonyl that is
unsubstituted or substituted by up to three radicals selected independently of one another
from fluorine, halo-lower alkyl, lower alkanoyl, sulfo, lower alkylsulfonyl and cyano,
heterocyclyloxycarbonyl wherein heterocyclyl is bonded via a carbon atom, one of the
mentioned carbonyl radicals wherein the bonding carbonyl group has been feplaccd by a
thiocarbony! group, heterocyclylsulfonyl, lower alkylsulfonyl or N-(heterocyclyl-loWer
alkyl)-N-low-er alkyl-aminocarbonyl,

B, is a bond or a bivalent residue of an o-amino acid bonded N-terminally to R; and C-
terminally to the amino group at the carbon atom carrying Ro-CH-,

R, and Rj are each independently of the other phenyl or cyclohexyl, those radicals being
unsubstituted or substituted by from one to three radicals selected independently of one ‘
another from hydroxy, lower alkoxy, halogen, halo-lower alkyl, sulfo, lower aikylsulfonyl,‘
cyano and nitro, -

A, is a bond between -C=0 and A, or is a bivalent residue of an a-amino acid honded
N-terminally to the group -C=0 and C-terminally to A,,

A, is a bivalent residue of an o-amino acid bonded N-terminally to A; and C-terminally
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to the group NR4Rs, or

A, and A, together form a bivalent residue of a dipeptide the central amide bond of
which has been reduced and which is bonded N-terminally to the group -C=0O and C-
terminally to the grcup NR4Rs, and

R4 and KRs together with-the bonding nitrogen atom form unsubstituted or substituted
thiomorpholino or morpholino,
or salts of those compounds where salt-forming groups are present.

In the description of the present invention, unless expressly defined to the contrary, the
term "lower" used in the definition of groups or radicals, for example lower alkyl, lower
alkoxycarbonyl etc., means that the groups or radicals so defined contain up to and
including 7 and preferably up to and including 4 carbon atoms.

Asymmetric carbon atoms which may be present in the substituents T, R;, By, Ry, R, A4
and/or A, and aiso in substituted thiomorpholino or morpholino formed by R4 and R
together with the bonding nitrogen atom, can be in the (R)-, (S)- or (R,S)-configuration,
preferably in the (R)- or (S)-configuration. Accordingly the present compounds can be in
the form of mixtures of isomers or in the form of pure isomers, especially in the form of
diastereoisomeric mixtures, pairs of enantiomers or, preferably, pure enantiomers.

'The general terms and names used in the description of this invention preferably have the
fillowing definitions; in the various categories of definition it is possible to use instead of
the general definitions any combinations of or individual radicals from the radicals

mentioned hereinabove and hereinbelow:

Unsubstituted or substituted hydrocarbyl R* wherein at least one carbon atom has been
replaced by a hetero atom with the proviso that a hetero atom is not bonded directly to the
carbonyl to which the radical R* is bonded, is a saturated, partially saturated or unsatura-
ted hydrocarbon radical having a maximum of 30 carbon atoms, preferably having up to
22 carbon atoms, and contains in place of at least one carbon atom, preferably in place of
each of from one to four carbon atoms, a hetero atom selected from nitrogen, oxygen and
sulfur and is unsubstitutec: or substituted by one or more radicals, preferably by up to thres
substituents, especially by hydroxy, by lower alkoxy, such as methoxy, by lower alkoxy-
lower alkoxy, such as 2-methoxyethoxy, by lower alkoxy-lower alkoxy-lower alkoxy,
such as 2-(2-methoxyethoxy)ethoxy, by phenyl- or naphthy!-lower alkoxy-lower alkoxy
(wherein phenyl or naphthyl is unsubstituted or substituted by one or more, preferably one, -
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of the radicals halogen, such as fluorine, chlorine or bromine, lower alkyl, such as methyl,
halo-lower alkyl, such as trifluoromethyl, hydroxy, lower alkoxy, such as methoxy, lower
alkanoyloxy, carboxy, lower alkoxycarbonyl, phenyl-lower alkoxycarbonyl, cyano, carba-
moyl, mono- or di-lower alkylcarbamoyl, mono- or di-hydroxy-lower alkyl-carbamoyl,
heterocyclyl-lower alkyl wherein heterocyclyl is a saturated, partially saturated or un-
saturated single ring containing from 3 to 7, preferably from 5 to 7, ring atoms and up to
two hetero atoms selected from nitrogen, sulfur, oxygen and lower alkyl-, benzyl-, di-
phenylmethyl-, triphenylmethyl- or lower alkanoyl-substituted nitrogen, for éxample
piperidinomethyl, piperazin-1-ylmethyl, 4-lower alkyl-piperazin-1-ylmethyl, such as
4-methyl- or 4-ethyl-piperazin-1-ylmethyl, inorpholinomethyl or thiomorpholinomethyl,
and nitro, which may be present independently of one another), by phenyl-lower alkanoyl-
oxy, such as benzyloxy, by halogen, such as fluorine, chlorine or bromine, by halo-lower
alkyl, such as trifluoromethy! or chloromethyl, by carboxy, by lower alkoxycarbonyl, by
phenyl-lower alikoxycarbonyl, such as benzyloxycarbonyl, by carbamoy], by lower alkyl-
carbamoyl, by hydroxy-lower alkylcarbamoyl, by di-lower alkylcarbamoyl, by bis-
(hydroxy-lower alkyl)carbamoyl, by cyano, by oxo, by Cs;-Cgcycloalkyl, such as cyclo-
butyl, cyclopentyl or cyclohexyl, or by aryl, preferably Cy4-Cy4aryl, such as phenyl,
naphthyl, such as 1- or 2-naphthyl, or fluorenyl, such as flubren-9-y1, those substituents
being independent of one another when several are present; a hetero atom preferably being
directly adjacent to the carbon atom in the radical hydrocarbyl R that is bonded to the |
carbonyl group that bonds R? in formula I’ (that is to say being in the 3-position starting
from the R*bonding carbonyl group included in the count); and is especially

- heterocyclyl, bonded via a ring carbon atom, which is preferably a saturated, partially
saturated or unsaturated ring containing from 3 to 7, especially from 5 to 7, ring atoms and
containing one or more, especially up to a maximum of four, more especially up to two,
hetero atoms selected independently of one another from nitrogen, sulfur and oxygen; the
ring being present either as such or being once or twice, especially once, benzo-fused,
cyclopenta-, cyclohexa- or cyclohepta-fused; the ring system being substituted by up to
three radicals selected independently of one another from lower alkyl, phenyl-lower alkyl,
diphenyl-lower alkyl, triphenyl-lower alkyl, such as triphenylmethyl, lower alkanoyl,
hydroxy, lower alkoxy, phenyl-lower alkoxy, such as benzyloxy, diphenylmethoxy or tri- |
phenylmethoxy, hydroxy-lower alkyl, such as hydroxymethyl, halogen, such as fluorine,
chlorine or bromine, cyano, lower alkoxycarbonyl, such as methoxy- or tert-butoxy-
carbonyl, phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl, and halo-lower alkyl,
such as chloromethy! or trifluoromethyl, or preferably being unsubstituted; selected espe-
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cially from pyrrolyl, 2,5-dihydropyrrolyl, indolyl, indolizinyl, isoindolyl, pyrrolidinyl,
such as pyrrolidin-3-yl or especially pyrrolidin-2-yl (in the (R,S)- or preferably the (R)- or
(S)-configuration), hydroxypyrrolidinyl, such as 3- or especially 4-hydroxypyrrolidinyl,
furyl, such as furan-3-y! or especially furan-2-yl, tetrahydrofuryl, thienyl, cyclohepta[b]-
pyrrolyl, imidazolyl, such as imidazol-2-yl, imidazol-3-yl or especially imidazol-5-yl, «
N-triphenyl-lower alkyl-imidazolyl, such as N-triphenylmethyl-imidazolyl, pyrazolyl,
especially pyrazol-3-yl, oxazolyl, isoxazlyl, such as isoxazol-3-yl or -5-yl, thiazolyl, iso-
thiazolyl, such as isothiazol-3-yl or -5-yl, triazolyl, such as 1,2,3-triazol-4- or -5-yl or
1,2,4-triazol-5-yl, tetrazolyl, pyridyl, such as pyridin-4-yl or -3-yl or especially pyridin-
2-yl, quinolyl, such as quinolin-2-yl, isoquinolyl, especially isoquinolin-1-yl or -3-yl,
piperidyl, especially piperidin-2-yl, y-pyranyl, 4,5-dihydropyranyl, 4H-chromenyl,
chromanyl, y-tl.iopyranyl, pyridazinyl, cinnolyl, phthalazinyl, quinazolinyl, quinoxaliny],
pyrimidinyl, pyrazinyl, phenazinyl, phenoxazinyl, phenothiazinyl, morpholinyl and
thiazinyl, each of which is bonded via a ring carbon atom; very special preference is given
to those of the mentioned radicals which contain a ring hetero atom directly adjacent to
the bonding ring carbon atom. Strong preference is given to the radicals furan-2-yl, (S)- or
(R)-pyrrolidin-2-yl and imidazol-4-yl, pyridin-2-yl, -3-yl or -4-yl, or isoquinolin-3-yl; and
also tetrahydropyranyl, such as 4-tetrahydropyranyl;

- lower alkyl (especially methyl, ethyl, n-propy! or n-butyl) which is substituted by at least
one radical selected from etherified or esterified hydroxy or (unoxidised or oxidised by 1
or 2 oxo0 groups) mercapto, unsubstituted or substituted amino and heterocyclyl, especially
by one of the mentioned radicals, and which may carry as a further substituent aryl, which
is as defined below at the end of this section, wherein

etherified hydroxy is especially lower alkoxy, such as methoxy, ethoxy or n-butoxy, or
lower alkoxy, such as methoxy, ethoxy or n-butoxy, substituted by one or two substi-
tuents, especially by aryl, more especially phenyl or naphthyl, by lower alkoxy, such as
ethoxy or methoxy, by lower alkylthio, such as methylthio or ethylthio, by lower
alkoxy-lower alkoxy, such as 2-methoxyethoxy, by lower alkylthio-lower alkoxy, such
as 2-methylthioethoxy, by aryloxy or arylthio wherein aryl is as defined below, espe-
cially phenyl or o-, m- or p-chlorophenyl, for example p-chlorophenyloxy, by amino,
N-lower alkylamino or N,N-di-lower alkylamino, such as 2-amino, 2-(N-lower alkyl)-
amino or 2-(N,N-di-lower alkyl)amino, for example 2-dimethylamino, by heterocyclyl as
defined above for heterocyclyl R? bonded via a ring carbon atom, especially 2-, 3- or 4-
pyridyl, or (additionally or preferably) by lower alkoxycarbonyl, such as methoxy-
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carbonyl, by lower alkanoyloxy-lower alkoxycarbonyl, such as pivaloyloxymethoxy-
carbonyl or acetyloxymethoxycarbonyl, by carboxy, by phenyl-lower alkoxy-
carbonylamino-lower alkoxy, such as 2-(benzyloxycarbonylamino)-ethoxy, by amino-
lower alkoxy, such as 2-aminoethoxy, by di-lower alkylamino-lower alkoxy, such as
2-(dimethylamino)-ethoxy, or by N,N-di-lower alkylamino-lower alkoxy, such as
2-(dimethylamino)-ethoxy, or is aryloxy, especially phenyloxy, or (additionally or espe-
cially) tetrahydropyranyloxy, such as 4-tetrahydropyranyloxy;

esterified hydroxy is especially lower alkanoyloxy, such as acetyloxy, benzoyloxy or
phenyl-lower alkanoyloxy, such as phenylacetyloxy;

etherified mercapto is especially lower alkylthio, such as methylthio, ethylthio or
n-butylthio, or lower alkylthio, such as methylthio, ethylthio or n-butylthio, substituted
by one or two substituents, especially by aryl, more especially phenyl or naphthyl, by
lower alkoxy, such as ethoxy or methoxy, by lower alkylthio, such as methylthio or
ethylthio, by lower alkoxy-lower alkoxy, such as 2-methoxyethoxy, by lower alkylthio-
lower alkoxy, such as 2-methylthioethoxy, by aryloxy or arylthio wherein aryl is as
defined below, especially phenyl or o-, m- or p-chlorophenyl, for example p-chloro-
phenyloxy, by amino, N-lower alkylamino or N,N-di-lower alkylamino, such as 2-amino,

2-(N-lower alkyl)amino or 2-(N,N-di-lower alkyl)amino, for example 2-dimethylamino, =

by heterocyclyl as defined above for heterocyclyl RZ bonded via a ring carbon atom,
especially 2-, 3- or 4-pyridyl, or (additionally or especially) by lower alkoxycarbonyl,
such as methoxycarbonyl, or is arylthio, sucl. as phenylthio; it being possible for the
mercapto sulfur atom additionally or especially to be oxidised by one or preferably two
0x0 groups, especially in lower alkoxycarbonyl-lowcr alkylsulfo, such as methoxy- |
carbonyl-methylsulfo; |

esterified mercapto is especially lower alkanoylthio, benzoylthio or phenyl-lower
alkanoylthio, such as phenacetylthio;

unsubstituted or substituted amino is especially amino or amino substituted by one or
two radicals selected from lower alkyl, such as methyl, heterocyclyl-lower alkyl wherein
heterocyclyl is as defined for heterocyclyl R* bonded via a ring carbon atom, cspeciaily
heterocyclylmethyl, such as imidazolylmethyl, for example 4-irridazolylmethyl, or
pyridylmethyl, for examp]e. 2-, 3- or 4-pyridylmethyl, each bonded via a ring carbon
atom, aryl-lower alkyl, such as phényl- or naphthyl-lower alkyl, for example phenyl- or
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naphthyl-methyl, lower alkanoyl, such as acetyl, lower alkoxycarbonyl, such as tert-
butoxycarbonyl, and aryl-lower alkoxycarbonyl, such as phenyl-lower alkoxycarbonyl,
for example benzyloxycarbonyl; very especially one of the substituents of amino is lower
alkyl, especially methyl, and the other is hydrogen or one of the radicals mentioned
above as substituents of amino; and

heterocyclyl is especially as defined above for heterocyclyl R* bonded via a ring carbon
atom and is preferably a saturated, partially saturated or unsaturated ring and may also be
fused or substituted as above, especially as pyridin-2-yl, -3-yl or -4-yl;

or

- heterocyclyl-lower alkyl wherein lower alkyl is preferably methyl, 1- or 2-ethyl or
3-propy! and wherein heterocyclyl is as defined above for heterocyclyl R* bonded via a
ring carbon atom, which is preferably a saturated, partially saturated or unsaturated ring
and may also be fused or substituted as above but may also be bonded via a ring nitrogen
atom, especially imidazol-1-yl, imidazol-2-yl, imidazol-5-yl or more especially imidazol-
4-yl, N-triphenyl-lower alkylimidazolyl, such as N-triphenylmethyl-imidazol-5-yl or espe-
cially -4-yl, or pyrazolyl, such as pyrazol-1-yl, -3-yl, -4-yl or -5-yl.

Alkyl R* having two or more carbon atoms is especially ethyl, n-propyl, isopropyl, n-butyl
or 1,1-dimethylethyl, or more especially C7-Cygalkyl, so that T is, for example, propionyl,
butyryl, methylpropionyl, valeroyl or pivaloyl, or especially octanoyl, decanoy! or |
palmitoyl.

Lower alkenyl R? is especially C,-Cralkenyl, more especially C,-Cjalkenyl, wherein the
double bond is preferably in the 1-position, so th~t T is, for example, acryloyl, crotonoyl,
isocrotonoy! or methacryloyl. '

Lower alkynyl R% is especially CQ-C-,alkynyL more especially C,-Csalkynyl, wherein the
triple bond is preferably in the 1-position, so that T is, for example, propynoyl.

Aryl R by itself or aryl as a substituent in the above-mentioned radicals R? with the
exception of aryl itself is especially C¢-C;4aryl, more especially phenyl, naphthyl, such as
1- or 2-naphthyl, or fluorenyl, such as 9-fluorenyl, and is unsubstituted or substituted by
up to three radicals selected independently of one another from lower alkyl, lower
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alkanoyl, hydroxy, lower alkoxy, phenyl-lower alkoxy, such as benzyloxy, diphenyl-
methoxy or triphenylmethoxy, hydroxy-lower alkyl, such as hydroxymethyl, halogen, such
as fluorine, chlorine or bromine, cyano, lower alkoxycarbonyl, such as methoxy- or tert-
butoxy-carbonyl, phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl, halo-lower
alkyl, such as chloromethyl or trifluoromethyl; heterocyclyl-lower alkyl wherein hetero-
cyclyl is a saturated, partially saturated or unsaturated single ring containing from 3 to 7,
preferably from 5 to 7, ring atoms and up to two hetero atoms selected from nitrogen,
sulfur, oxygen and lower alkyl-, benzyl-, diphenylmethyl-, triphenylmethyl- or lower
alkai.vyl-substituted nitrogen, for example piperidinomethyl, piperazin-1-ylmethyl,
4-lower alkyl-piperazin-1-yl-methyl, such as 4-methyl- or 4-ethyl-piperazin-1-ylmethyl,
morpholinomethyl or thiomorpholinomethyl, and nitro, which may be present indepen-
dently of one another, especially correspondingly substituted phenyl. Special preference is
given to o-, m- or p-chlorophenyl, chloro-lower alkylphenyl, such as p-chloromethyl-
phenyl, p-(morpholino-lower alkyl)phenyl, such as p-morpholinomethyl-phenyl, or
p-(thiomorpholino-lower alkyl)phenyl, such as p-thiomorpholinomethyl-phenyl, or also
phenyl.

Unsubstituted or substituted amino R carries at the nitrogen atom 1 or 2 substituents
selected independently of one another from unsubstituted or substituted lower alkyl
wherein the substituents of lower alkyl are preferably selected from hydroxy, lower
alkoxy, lower alkanoyloxy, phenyl-lower alkanoyloxy, such as benzoyloxy or phenyl-
acetyloxy, halogen, such as fluorine, chlorine, bromine or iodine, especially fluorine or
chlorine, carboxy, lower alkoxycarbonyl, phenyl-lower alkoxycarbonyl, such as benzyl-
oxycarbonyl, cyano, oxo and phenyl or naphthyl each of which is unsubstituted or mono-
or poly-substituted, preferably mono-substituted, for example by lower alkyl, for example
methyl, halo-lower alkyl, such as chloro- or bromo-methyl, halogen, for example fluorine
or chlorine, hydroxy, lower alkoxy, such as methoxy, lower alkanoyloxy, carboxy, lower
alkyloxycarbonyl, phenyl-lower alkoxycarbonyl, halo-lower alkyl, such as trifluoromethyl,
cyano and/or by nitro, especially phenyl substituted in the p-position by one of the
mentioned radicals; especially selected from unsubstituted lower alkyl, such as methyl or
ethyl; and aryl that preferably has from 6 to 14 carbon atoms and is unsubstituted or
mono- or poly-substituted, preferably mono-substituted, for example by lower alkyl, for
example methyl, halo-lower alkyl, such as chloro- or bromo-methyl, halogen, for example
fluorine or chlorine, hydroxy, lower alkoxy, such as methoxy, lower alkanoyloxy,
carboxy, lower alkyloxycarbonyl, phenyl-lower alkoxycarbonyl, halo-lower alkyl, such as
trifluoromethyl, cyano and/or by nitro, the nitrogen atom of the resulting N-substituted
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ca~bamoyl group T carrying not more than one aryl radical; amino R* being especially
amino, mono- or di-lower alkylamino, such as N-methyl-, N-ethyl-, N,N-dimethyl- or
N,N-diethyl-amino, or phenyl-lower alkylamino wherein phenyl is unsubstituted or substi- -
tuted by lower alkyl, for example methyl, halo-lower alkyl, such as chloro- or bromo-
methyl or trifluoromethyl, halogen, for example fluorine or chlorine, hydroxy, lower
alkoxy, such as methoxy, carboxy and/or by cyano, preferably by up to three of those
substituents selected independently of one another, especially by one of those substituents,
for example in the p-position, such as in N-benzyl-, N-{4-fluorobenzyl)-, N-(4-chloro-
benzyl)-, N-(4-trifluoromethylbenzyl)- or N-(4-cyanobenzyl)-amino; special preference is
given to amino substituted at the nitrogen atom by only one radical, for example N-lower
alkylamino, such as N-methyl- or N-ethyl-amino, or phenyl-lower alkylamino wherein
phenyl is unsubstituted or substituted by lower alkyl, such as methyl, halo-lower alkyl,
. o such as chloro- or bromo-methyl or trifluoromethyl, halogen, such as fluorine or chlorine,
. ::. hydroxy, lower alkoxy, such as methoxy, carboxy and/or by cyano, preferably by up to
oee three of those substituents selected independently of cne another, especially by one of
those substituents, for example in the p-position, such as in N-benzyl-, N-(4-fluoro-
benzyl)-, N-(4-chlorobenzyl)-, N-(4-trifluoromethylbenzyl)- or N-(4-cyanobenzyl)-amino.
The definitions falling under the definition of unsubstituted or substituted amino R? and
the radical aminocarbonyloxy Rs bm'ay preferably be omitted from any of the definitions of
ccmpounds of formula I’ mentioned hereinabove and hereinbelow.

o o
. oo
. .
3 .
. oo
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ot Especially preferred for RZ are the mentioned definitions with the exception of alkyl
. oo having more than 2 carbon atoms, lower alkenyl and lower alkynyl; and also with ¢iie

cere exception of aryl.

In all definitions preference is given especially to those radicals R* that coniain inthe:
2-position or also in a higher pOsition, such as the 3- or 4-position, a hetero atom selected
from nitrogen, oxygen and sulfur, especially nitrogcn (especially valuable properties, for -
example especially casy removal of T, are obtained in that case).

T is especially pyrrolidin-2-ylcarbonyl or -3-ylcarbonyl, such as (R)- or (S)-pyrrolidin-
2-ylcarbonyl ((D)- or (L)-prolyl), furan-3- or especially furan-2-ylcarbonyl, pyridyl-4-,
pyridyi-3- or especially pyridyl-2-ylcarbonyl, isoquinolin-1- or especially isoquinolin-
3-ylcarbonyl, pyrazin-2~ylcarbonyl, lower alkoxy-lower alkylcarbonyl, such as methoxy-
acetyl, n-butoxyacetyl or 3-methoxypropionyl, phenyl- or naphthyl-lower alkoxy-lower
alkylcarbonyl, such as benzylo)(yacetyl, o-lower alkoxy-a-phenyl-lower alkylcarbonyl,
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such as (R)- or (S)-a-methoxy-a-phenylacetyl, lower alkoxy-lower alkoxy-lower alkyl-
carbonyl, such as 2-(methoxyethoxy)acetyl, lower alkoxy-lower alkoxy-lower alkoxy-
lower alkylcarbonyl, such as 2-(2-(methoxyethoxy)ethoxy)a~etyl, o-, m- or p-chloro-
phenyloxy-lower alkoxy-lower alkylcarbonyl, N,N-di-lower alkyli:mino-lower alkoxy-
lower alkylcarbonyl, such as 2-(N,N-dimethylamino)ethyloxy-acetyl or -3-propionyl, 2-,
3- or 4-pyridyl-lower alkylexy-lower alkylcarbonyl, such as pyridin-2-ylmethoxyacetyl,
phenyloxy-lower alkylcarbonyl, such as phenoxyacetyl, lower alkylthio-lower alkyl-
carbonyl, such a: methylthioacetyl, ph_cnyl-lower alkylthio-lower alkylcarbonyl, such as -
benzylthioacetyl, N,N-di-lower alkylaniino-lower alkylcarbonyl, such as N,N-dimethyl-
amino-acetyl, -3-propienyl or -4-butyryl, N-lower alkylamino-lower alkylcarbonyl, such
as N-met'1ylamino-acetyl or -3-propionyl, N-imidazol(-2-, -4- or -5-)ylmethyl-N-lower
alkylamino-lower alkylcarbonyl, such as N-(imidazol-4-ylmethyl)-N-methylaminoacetyl,
N-pyridin(-2-, -3- or -4-)ylmethyl-N-lower alkylamino-lower alkylcarbonyl, such as
N-pyridin-2-ylmethyl-N-methylaminoacetyl, N-phenyl-lower alkoxycarbonyl-N-lower
alkylamino-lower alkylcarbonyl, such as N-benzyloxycarbonyl-N-methylaminoacetyl,
imidazol(-1-, -2-, -4- or -5-)yl-lower alkylcarbonyl, such as 3-(imidazol-4-yl)propionyl, or

N triphenyl-lower alkylimidazol(-4- or -5-)yl-lower alkylcarbonyl, such as 3-(N-triphenyl- - s

methylimidazol-4-yl)propionyl, or pyrazol(-1-, -3-, -4- or -5-)yl-lower alkylcarbonyl, such
as pyrazol-1-ylacetyl, or also halo-lower alkylbenzoyl, such as p-chloromethylbenzoyl, pQ _
(morpholino- or thiomorpholino-methyl)benzoyl or benzoyl, and (additionally or espe-
cially) lower alkanoyloxy-loWer alkylcarbonyl, such as acetyloxyacetyl, lower alkoxy-
carbonyl-lower alkoxy-lower alkylcarbonyl, such as methoxycarbonylmethoxy-acetyl,
lower alkoxycarbonyl-lower alkylthio-lower alkylcarbonyl, such as methoxycarbonyl-
methylthio-acetyl, lower alkoxycarbonyl-lower alkylsulfo-lower alkylcarbonyl, such as
methoxycarbonylmethylsulfo-acetyl, lower alkanoyloxy-lower alkoxycarbonyl-lower
alkoxy-lower alkylcarbonyl, such as pivaloyloxymethoxycarbonyl-methoxyacetyl or
acetyloxymethoxycarbonylmethoxy-acetyl, carboxy-lower alkoxy-lower alkyléarbonyl,
such as carboxymethoxyacetyl, N-phenyl-lower alkoxycarbonylamino-lower alkylcar-
bonyl, such as 3-benzlexyca'rbonylamino-prc)p_ionyl, amino-lower alkylcarbonyl, s_uc'h_- as
3-aminopropionyl, di-lower alkylamino-lower alkoxy-lower alkoxy-lower alkylcarbonyl? o
such as [2-(2-dimethylaminoethoxy)-éthoxy]-acetyl, N-phenyl-lower alkoxycarhonyl-
amino-lower alkoxy-lower alkoxy-lower alkylcarbonyl, such as 2-(2-N-beiizyioxy- |
carbonylaminoethoxv)ethoxy -acetyl, amino-lower alkoxy-lower alkoxy-lower alkyl-
carbonyl. such as 2-(2- ammocthoxy)ethoxy -acetyl, or tetrahydrofuranylox;y-lower alkyl- - \
carbonyl, such as 2- (4-tctrahyd10furanyloxy) acetyl or 2(R) 2(S)- or also 2(R S) (4 tetra- _‘ o
hydrofuranyloxy)-propionyl.. : : :
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Lower alkoxycarbonyl R, preferably contains a branched lower alkyl radical, cspeciaily a

sec- or tert-lower alkyl radical, and is, for example, butoxycarbonyl, such as tert-butoxy- -

carbonyl or isobutoxycarbonyl or (additionally or especially) ethoxycarbonyl. Tert--
butoxycarbonyl is especially preferred.

Heterocyclylcarbonyl R, contains especially a 5- or 6-membered heterocycle that contains

from 1 to 3 hetero atoms se’ccted independently of one another from S, O and N, is un-
saturated or fully or partially saturated anc is once or up to three times benzo-fused,
cyclopenta-, cyclohexa- or cyclohepta-fused, it being possible for the mentioned fused
rings to contain a further nitrogen atom as hetero atom, for example a heterocyclyl radical
selected from pyrrolyl, furanyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl, pyridyl,
pyrazinyl, pyrimidinyl, indoly], quinolyl, isoquinclyl, quinoxalinyl, B-carbolinyl and a
benzo-fused, cyclopenia-, cyclohexa- or cyclohepta-fused derivative of those radicals,
which may also be fully or partially saturated, but are preferably partially saturated, or is
selected from pyridylcarbonyl, for example pyridyl-3-carbonyl, morpholinylcarbonyl, for
example morpholinocarbonyl, and benzofuranoyl, f@; example 3-benzofuranoyl, and also
alternatively or in addition thereto tetrahydroisoQuinolylcarbon_yl, for example tetrahydro-
isoquinolyl-3-carbonyl, preferably tetrahydroisoquinolyl-3(S)-carbonyl.

Benzyloxycarbonyl Rl' is unsubstituted or substituted by up to three radicals selected
independently of one another from fluorine, halo-lower alkyl, for ekamplc trifluoromethyl
or pentafluoroethyl, lower alkanoyl, such as acetyl, propanoyl, butyryl or pivaloyl, sulfo,
lower alkylsulfonyl, for example methylsulfonyl, ethylsulfonyl, n-propylsulfonyl or
isopropylsulfonyl, and cyano. Preference is given to benzyloxycarbonyl that is unsubsti-
tuted or o0-, m- or p-substituted, especially p-substituted, in the phenyl ring by a radical

selected from fluorine, trifluoromethyl, sulfo, methylsulfonyl, cthyls'ulfon_yl and cyano, for -

example benzyloxycarbonyl, fluorophenylmethoxycarbonyl, such as p-fluorophenyl-
methoxycarbonyl, trifluoromethylphenylmethoxycarbonyl, such as p-uiﬂuoromethyl- o
phenylmethoxycarbonyl, methyl_sulfOnylphenylmethoxycarbo_nyl, such as p-methyl-
sulfonylphenylmethoxycarbonyl, or cyanophenylmethoxycarbonyl, such as p-cyano-
phenylmethoxycarbonyl.

Heterocyclyloxycarbonyl R; contains as h.ete.rO‘Cyclyl especially a 5- or 6-membered
heterocycle that contains from 1 to 3 hetero atoms selected independently of one another
from S, O and N, is unsaturated or fully or partially saturated and is once or up to three

1
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times benzo-fused, cyclopenta-, cyclohexa- or cyclohepta-fused, it being possible for the
mentioned fused rings to contain a further nitrogen atom as hetero atom, for example a
radical selected from pyrrolyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl,
pyrazinyl, pyrimidinyl, indolyl, quinolyl, isoquinolyl, quinoxalinyl, B-carbolinyl, or
additionally or especially y-pyranyl or furanyl, and a benzo-fused, cyclopenta-, cyclohexa-
or cyclohepta-fused derivative of those radicals, which may also be fully or partially
saturated, the heterocyclyl radicals being bonded via a ring carbon atom to the oxygen of
the associated oxycarbonyl radical, preferably selected from pyrrolyl, thienyl, imidazolyl,
pyrazolyl, oxazolyl, thiazolyl, pyrazinyl, pyrimidinyl, indolyl, quinolyl, isoquinolyl, quin-
oxalinyl, B-carbolinyl and a fully or partially saturated derivative of those radicals, for
example a partially saturated derivative of those radicals or indol-3-yl-oxycarbonyl,
benzothiazol-6-yl-oxycarbonyl or quinol-8-yl-oxycarbonyl, additionally or especially
tetrahydropyranyloxycarbonyl, such as 4-tetrahydropyranyloxycarbonyl, or tetrahydro-
furanyloxycarbonyl, such as 3(R)-, 3(S)- or also 3(R,S)-tetrahydrofuranyloxycarbonyl. In
a very especially preferred variant of the definition of Ry, the radicals falling under the
definition of the substituents heterocyclyloxycarbonyl are not included in any categories

of definition.

In the radicals mentioned it is also possible for the bonding carbonyl group to have been

replaced by a thiocarbonyl group. A carbonyl group is preferred.

Lower alkylsulfonyl (= lower alkyl-SO,-) Ry is preferably methylsulfonyl, ethylsulfonyl,
n-propylsulfonyl or isopropylsulfonyl. The compounds of formula I’ wherein R; is lower
alkylsulfonyl and the remaining radicals are as defined may preferably be omitted from
the definition of the compounds of formula I’, or they are especially preferred. |

Heterocyclylsulfonyl preferably contains as heterocyclyl one of the hete:ocycles
mentioned for heterocyclylcarbonyl R; that is unsubstituted or substituted by lower alkyl,
such as methyl or ethyl, preference being given to heterocycles containing at least one -
nitrogen atom that is bonded to the sulfur atom of the sulfonyl group, and is especially -
piperidinosulfonyl, or piperazin-1-yl-sulfonyl, pyrrolidin-1-yl-sulfonyl, imidazol- | ‘
idin-1-yl-sulfonyl, pyrimidin- 1-yl-sulfonyl, quinolin-1-ylsulfonyl, morpholinosulfonyl or
thiomorpholinosulfonyl, especially thiomorpholinosulfonyl or morpholinosulfonyl, that is
unsubstituted or substituted by lower alkyl, such as methyl, at the nitrogen atom not
bonded to the sulfonyl sulfur atom, The compounds of formula I' wherein R, is hetero-
cyclylsulfonyl and the remaining radicals are as defined may preferably be omitted from
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the definition of the compourds of formula I, or they are especially preferred.

N-(heterocyclyl-lower alkyl)-N-lower alkyl-aminocarbonyl R, preferably contains as
heterocycly! one of the heterocycles mentioned for heterocyclylcarbonyl R;, especially
pyridyl, such as 2-, 3- or 4-pyridyl, pyrazinyl, pyrimidinyl, morpholinyl, such as morpho-
lino, thiomorpholinyl, such as thiomorpholino, or quinolyl, such as 2- or 3-quinolyl, and is
especially N-(heterocyclylmethyl)-N-methyl-aminocarbonyl, for example N-(pyridyl-
methyl)-N-methyl-aminocarbonyl, such as N-(2-pyridylmethyl)-N-methyl-aminocarbonyl.
The compounds . “ormula I’ wherein Ry is N-(heterocyclyl-lower alkyl)-N-lower ulkyl-
aminocarbonyl and the remaining radicals are as defined may perferably be omitted from
the definition of compounds of formula I’, or they are especially preferred.

A bivalent residue B, of an o-amino acid bonded N-terminally to R; and C-terminally to -
the amino group at the carbon atom carrying R,-CHj- is preferably selected from glycine -
(H-Gly-OH), alanine (H-Ala-OH), valine (H-Val-OH), norvaline (a-aminovaleric acid),
leucine (H-Leu-OH), isoleucine (H-Ile-OH), norleucine (o.-aminohexanoic acid,
H-Nle-OH), serine (H-Ser-OH), homoserine (a-amino-y-hydroxybutyric acid), threonine
(H-Thr-OH), methionine (H-Met-OH), cysteine (H-Cys-OH), proline (H-Pro-CH),
trans-3- and trans-4-hydroxyproline, phenylalanine (H-Phe-OH), p-fluorophenylalanine -
(H-(p-F-Phe)-OH), tyrosine (H-Tyr-OH), p-lower alkoxy-phenylalanine wherein lower
alkoxy may be unbranched or branched, such as p-methoxy-phenylalanine ,
(H-(p-CH;0-Phe)-OH), o also 4-isobutyloxyphenylalanine (H-(4-isobutyloxy-Phe)-OH)

or (especially) 4-(n-butyloxy)-phenylalanine (H-(4-n-butyloxy-Phe)-OH), p-phenyl-lower -~

alkoxy-phenylalanine, such as p-benzyloxyphenylalanine (H-(p-BzIOPhe)-OH), 4-amino-
phenylalanine, 4-chlorophenylalanine, 4-carboxyphenylalanine, B-phenylserine
(B-hydroxyphenylalanine}, phenylglycine, o-naphthylalanine (H-Nal-OH), cyclohexyl-
alanine (H-Cha-OH), cyclohexylglycine, tryptophan (H-Trp-QOH), indoline-2-carboxylic
acid, 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid, aminomalonic acid, aminomalonic
acid monoamide, aspartic acid -(H-AspeOH), asparagine (H-Asn-OH), glutamic acid - _
(H-Glu-OH), glutamine (H-GIn-OH), histidine (H-His-OH), arginine (H-Arg-OH), lysine
(H-Lys-OH), 3-hydroxylysine, ornithine (o.,8-diaminovaleric acid), o, y-diaminobutyric :
acid and a,B-diaminopropionic acid, or alternatively and in addition thereto 4-cyano-
phenylalanine (H-(p-CN-Phe)-OH), especially preferably the radical of a hydrophobic
amino acid, for example proline, phenylalanine, p-fluorophenylalanine, p-methoxy-
phenylalanine, p-benzyloxy-phenylalanine, tyrosire, phenylglycine, a-naphthylalanine,
cyclotiexylalanine, cyclohexylglycine, or also 4-isobutyloxy- or especially 4-n-butyloxy- B
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phenylalanine, or an aliphatic o-amino acid selected from glycine, valine, norvaline,
alanine, leucine, norleucine and isoleucine, especially valine, each of the mentioned
a-amino acids being in the D-, L- or (D,L)-form, preferably in the L-form, and being
linked especially to radicals R, selected from lower alkoxycarbonyl, for example tert-
butoxycarbonyl, and heterocyclylcarbonyl, for example morpholinocarbonyl.

When B, is a bond, R; is bonded directly to the amino nitrogen atom that is b‘onded to the
carbon atom carrying the radical R,-CH,- in formula I’.

Pheny! or cyclohexyl R, or R3 is unsubstitated or substituted by up to three radicals
selected independently of one another from hydroxy, lower alkoxy which may be un-
branched or branched, such as methoxy or ethoxy or (édditionally or especially) isobutyl-
oxy or n-butyloxy (preferred), phenyl-lower alkoxy, such as benzyloxy, halogen, for
example fluorine, halo-lower alkyl, for example trifluoromethyl, sulfo, lower alkyl- ,
sulfonyl, for example methyl- or ethyl-sulfonyl, cyano and nitro, preferably by one or two
of those radicals, especially selected from hydroxy, methoxy, benzyloxy, fluorine,
trifluoromethyl, sulfo, lower alkylsulfonyl, for example methyl- or ethyl-sulfonyl, and
cyano, and in the case of phenyl selected very especially from fluorine and cyano, and in
the case of cyclohexy! very especially from fluorine, trifluoromethyl, sulfo and lower
alkylsulfonyl, more especially fluorine; the mentioned substituents are bonded in the 2-,
3- or 4-position of the phenyl or cyclohexyl ring, especially in the 4-position, such as in
phenyl, cyclohexyl, 2-, 3- or 4-fluoro- or 2-, 3- or 4-cyano-pheny! or 4-fluorocyclohexyl,
especially in phenyl, cyclohexyl, 4-cyanophenyl or 4-fluorophenyl. ' '

Especially preferably R, is selected from phchyl_, 4-hydroxyphenyl, 4-methoxyphenyl,
4-benzyloxyphenyl, 4-fluorophenyl, cyclohexyl and 4-trifluoromethylphenyl, while Ry is
selected from phenyl, 4-hydroxyphenyl, 4- methoxyphcnyl cyclohexyl, 2-, 3- or 4- ﬂuom-r
phenyl, 4- mfluoromethylphenyl and 2-, 3- or 4-cyanophenyl.

More especially R, is selected from phenyl, 4-fluoropheny! and cyclohexyl, while Rs is
selected from phenyl, cyclohexyl, 4-fluorophenyl and 4-cyanophenyl. -

Greatest preference is given to the combinations: R, phenyl and R3 phenyl; Ry cyclohexyl
and R; 4-cyanophenyl; R, cyclohexyl and R3 4-flucrophenyl; and R, and R4 each cyclo- B
hexyl. Alternatively or in addition thereto, greatest preference is given also to the . '
combinations R, phenyl and Ry 4-fluorophenyl; R, phenyl and Rg 4-cyanophenyl; R,
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4-fluorophenyl and R5 4-fluorophenyl; R, 4-fluorophenyl and R 4-trifluoromethylphenyl;
R, 4-trifluoromethylphenyl and R5 phenyl; R, 4-trifluoromethylphenyl and R4 4-fluoro-
phenyl; R, 4-trifluoromethylphenyl and R3 4-trifluoromethylphenyl; R, hydroxyphenyl
and R; phenyl; R, phenyl and R3 hydroxyphenyl; R, phenyl and R p-trifluoromethyl-
phenyl; R, cyclohexyl and Rg p-methoxyphenyl; R, cyclohexyl and Ry p-trifluoromethyl-
phenyl; Ry phenyl and R5 p-benzyloxyphenyl; R, p-methoxyphenyl and R3 p-benzyloxy-
phenyl; R, p-benzyloxyphenyl and Ry phenyl; R, p-benzyloxyphenyl and R5 p-benzyloxy-
phenyl; R, phenyl and R; o-fluorophenyl; R, phenyl and R3 m-fluorophenyl; R, phenyl
and Ry p-methoxyphenyl; R, p-methoxyphenyl and R p-hydroxyphenyl; R, p-methoxy-
phenyl and R3 phenyl; R, phenyl and R3 o-methoxyphenyl; R, phenyl and R3 m-methoxy-
phenyl; R, p-methoxyphenyl and R p-methoxyphenyl; R, p-methoxyphenyl and R,
m-methoxyphenyl; R, p-methoxyphenyl and Ry o-methoxyphenyl; R, phenyl and Ry
m-cyanophenyl; R, phenyl and R; o-cyanophenyl; or R, 4-hydroxyphenyl and R;
4-hydroxyphenyl; and (additionally or especially) R, = phenyl and Ry = 2,4-difluoro-
phenyl; R, = phenyl and R5 = 4-isobutyloxyphenyl; R, = cyclohexyl and R3 = 4-benzyl-
oxyphenyl; R, = cyclohexyl and Ry = 4-hydroxyphenyl; R, = phenyl and R3 = 3,4-di-
methoxyphenyl; R, = phenyl and R3 = 3,4,5-trimethoxyphenyl; or R, = phenyl and R3 =
2,3,4-trimethoxyphenyl. '

Strong preference is given to the compounds wherein one of the radicals R, and Rj is p-
methoxyphenyl and the. other has one of the meanings mentioned, especially p-methoxy-
phenyl, p-fluorophenyl, phenyl or p-trifluoromethylphenyl.

A bivalent resid:e of an a-amino acid A; bonded N-terminally to the group -C=0 and
C-terminally to A, is, for example, one of the o-amino acids meationed above for By, it
being possible for those amino acids to be in the (D)-, (L)- or (D,L)-form, preferably in the
(D)- or (L)-form, especially in the (L)-form. Preference is given to the hydrophobic o-
amino acids, especially the aliphatic hydrophobic a-amino acids, mentioned under By, for
example glycine, valine or isoleucine, or additionally or especially leucine or phenyl-
glycine. In the mentioned o-amino acids the carboxy group bonded to A, is not reduced or
is reduced, especially to a methylene group, for example in the mentioned hydrophobic
o-amino acids, such as in the reduced amino acid residues Gly(red), Val(red) or Ile(red),
especially in Val(red), the suffix (red) indicating the reduction of the carbonyl group of the
corresponding amino acid residue to the methylene group.

When A, is a bond, A, is bonded directly to the carbonyl group at the carbon atom
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carrying the radical R;-CHy-.

A bivalent residue of an o-amino acid A, bonded N-terminally to A; and C-terminally to
the group NR4R; is, for example, one of the a-amino acids mentioned above for By, it
being possible for those amino acids to be in the (D)-, (L)- or (D,L)-form, preferably in the
(D)- or (L)-form, especially in the (L)-form. Preference is given to the hydrophobic o~
amino acids mentioned for By, for example glycine, alanine, valine, leucine, isoleucine,
phenylalanine, p-fluorophenylalanine, tyrosine, p-methoxy-phenylalanine, p-benzyloxy-
phenylalanine, phenylglycine, a-naphthylalanine, cyclohexylalanine or cyclohexyiglycine,
preferably glycine, alanine, valine, leucine, phenylalanine, p-fluorophenylalanine, p-
methoxy-phenylalanine, p-benzylexyphenylalanine or cyclohexylalanine, or also 4-iso-
butyloxyphenylalanine or (especially) 4-n-butyloxyphenylalanine, the mentioned residues
being in the (D)- or (L)-form, but preferably in the (L)-form with the exception of phenyl-
alanine which is in the (L)- or the (D)-form. '

A bivalent residue of a dipeptide, formed by A; and A,, the central peptide bond of which
has been reduced and which is bonded N-terminally to the group -C=0 and C-terminally
to the group NR4R; preferably consists of two of the above-mentioned hydrophobic
o-amino acids, especially an N-terminal amino acid residue selected from Gly(red),
Val(red) and Ile(red) and iC-tcrmihaI amino acid selected from glycine, phenylalanine,
tyrosine, p-methoxyphenylalanine, p-benzyloxyphenylalanine, ‘cyclohcx‘ylalanirie and
p-fluorophenylalanine, and also 4-isobutyloxyphenylalanine and (especially) 4-n-butyl-
oxyphenylalanine. ‘

Especially preferably A; and A, together form a bivalent residue of a dipeptide of the
formula Val-Phe, lle-Phe, Val-Cha, Ile-Cha, Val-Gly, Val-(p-F-Phe), Val-(p-CH;0-Phe),
Gly-(p-F-Phe); and alternatively or additionally the residue of a dipeptide of the formula
Val-Tyr, lle-Tyr, Gly-Tyr, Ile-Gly, Val-(p-BzIOPhe), Val-Ile, Val-Ala, Val-Leu or
Val-Val, or (additionally or especially) phenylglycyl-(p-CH;0-Phe), Val-(4-isobutyloxy-
Phe) or Val-(4-n-butyloxy-Phe); wherein the amino acids are in the (D)- or (L)-form, espe-
cially in the (L)-form, with the exception of (L)-Val-Phe in which Phe is in the (L)- or -

(D)-form, or a derivative thereof having a reduced central amide bond, for example c_Sf the L

formula Val(red)-Phe, bonded N-terminally to the group -C=0 and C-terminally to the
group NR4Rs. ‘

A preferred form of the invention relates either to compounds of formula I’ wherein Byis -
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one of the mentioned bivalent residues of an a-amino acid and one of the radicals A; and
A, is a bond and the other is one of the mentioned a-amino acids, or to compounds of
formula I’ wherein B, is a bond and A; and A, are each one of the mentioned bivalent
residues of an a-amino acid or together form one of the mentioned bivalent residues of a
dipeptide having a reduced central amide bond.

Thiomorpholino or morpholino formed by R4 and Rs together with the bonding nitrogen
atom is uasubstituted or substituted at one or more of the carbon atoms, preferably at one
or two carbon atoms, for example one carbon atom, by lower alkyl, such as ethyl, propyl,
butyl, isobutyl, tert-butyl or especially methyl, by phenyl- or naphthyl-lower alkyl, such as
benzyl, 1- or 2-naphthylmethyl or phenyl-1- or phenyl-2-ethyl, especially phenyl-1- or
piienyl-2-ethyl, by hydroxy, by lower alkoxy, such as methoxy, ethoxy or tert-butoxy, by
amino, by lower alkylamino, such as methyl- or ethyl-amino, or by di-lower alkylamino,
such as dimethylamino or diethylamino, by lower alkanoyl, such as acetyl or propionyl, by
phenyl- or naphthyl-lower alkanoyl, such as phenylacetyl or 1- or 2-naphthylacetyl, by
carboxy, by lower alkoxycarbonyl, such as isopropoxycarbonyl or tert-butoxycarbonyl, by
phenyl-, naphthyl- or fluorenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl, 1- or
2-naphthylmethoxycarbonyl or 9-fluorenylmethoxycarbonyl, by carbamoyl, by mono- or
di-lower alkylcarbamoyl, such as dimethylcarbamoyl, by mono- or di-hydroxy-lower
alkyl-carbamoyl, such as di—hydroxymethyl-carbamoyl, by sulfo, by lower alkylsulfonyl,
such as methylsulfonyl or ethylsulfonyl, by phenyl- or naphthyl-sulfonyl, wherein phenyl
may be substituted by lower alkyl, for example methyl or ethyl, for example phenyl- '
sulfonyl or toluenesulfonyl, by sulfamoyl, by halogen, for example fluorine or chlorine, by -

cyano, by nitro and/or by oxo.

Very preferably R, and Rs together with the bonding nitrogen atom form unsubstituted
thiomorpholino or morpholino, especially unsubstitated morpholino.

Salts of compounds of formula I’ that contain salt-forming groups, that is to say one or
more salt-forming groups, are especially acid addition salts, salts with bases or, where

several salt-forming groups are present, optionally also mixed salts or internal salts.

Salts are especially the pharmaceutically acceptable salts of compounds of formula I’ that |

are non-toxic when used in the correct dose.

Such salts are formed, for example, from compounds of formula I’ having one or more
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acidic groups, for example a carboxy group, and are, for example, the salts thereof with
suitable bases, such as non-toxic metal salts derived from metals of groups Ia, Ib, ITa and \
I1b of the Periodic Table of Elements, especially suitable alkali metal salts, for example
lithium, sodium or potassium salts, or alkaline earth metal salts, for example magnesium
or calcium salts, and also zinc salts or ammonium salts, as well as those salts which are
formed with organic amines, such as unsubstituted or hydroxy-substituted mono-, di- or
tri-alkylamines, especially mono-, di- or tri-lower alkylamines, or with quaternary
ammonium compounds, for example with N-methyl-N-ethylamine, diethylamine, triethyl-
amine, mono-, bis- or tris-(2-hydroxy-lower alkyl)-amines, such as mono-, bis- or tris-
(2-hydroxyethyl)-amine, 2-hydroxy-tert-butylamine or tris(hydroxymethyl)methylamine,
N,N-di-lower alkyl-N-(hydroxy-lower alkyl)-amines, such as N,N-dimethyl-N-(2-
hydroxyethyl)-amine or tris(2-hydroxyethyl)amine, N-methyl-D-glucamine or quaternary
ammonium salts, such as tetrabutylammonium salts. The compounds of formula I’ having

o oo one or more basic groups, for example an amino or imino group, may form acid addition

. oo salts, for example with inorganic acids, for example a hydrchalic acid, such as hydro-

" chloric acid, sulfuric acid or phesphoric acid, or with organic carboxylic, sulfonic, sulfo or
phospho acids or N-substituted sulfamic acids, for example acetic acid, propionic acid,
glycolic acid, succinic acid, maleic acid, hydroxymaleic acid, methylmaleic acid, fumaric
acid, malic acid, tartaric acid, gluconic acid, glucaric acid, glucuronic acid, citric acid,
benzoic acid, cinnamic acid, -mandélic acid, salicylic acid, 4-aminosalicylic acid, _ '
2-phenoxybenzoic acid, 2-acctoxybe/n'zoic acid, embonic acid, nicotinic acid or isonico-

o 9
.
3
)
. X}

cese, tinic acid, and also with amino acids, for example glutamic acid or aspartic acid, and with e
o methanesulfonic acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, ethane-1,2-
AN disulfonic acid, benzenesulfonic acid, 4-methylbenzcnésulfonic acid, naphthalene-
. 2-sulfonic acid, 2- or 3-phosphoglycerate, glucose-6-phosphate, N-cyclohexylsulfamic
o acid (with the formation of Cyclamate’s) or with other acidic orgahic ¢0mpoun_ds, such as
otee ascorbic acid. Compounds of formula r having acidic and basic groups may also form
internal salts.

For the purposes of isolation and purification it is also possible to use pharmaceutically

unacceptable salts.

The compounds of formula I’ have valuable pharmacological properties. In particular,
they are active against retroviral diseases, especially against AIDS which is caused by
HIV, especially HIV-1 or HIV-2. For example, they act as metabolic precursors of

compounds of formula I
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which contain a hydrogen atom in place of the radical T in compounds of formula I,
while the remaining definitions are as defined for compounds of formula I’; and which
have anti-retroviral activity and are especially suitable in the treatment of AIDS as
inhibitors of the aspartate proteases of HIV-1 and/or HIV-2 (and possibly other retro-
viruses that produce AIDS-analogous symptoms). The compounds of formula I’ can there-
fore be used therapeutically against retroviral diseases, especially AIDS.

Compounds of formula I are mentioned and described in the European Patent Application
having the publication number EP 0 532 466 (published on 17.03.1993).

The compounds of formula I are released from the compounds of formula I’ in the body of
the animal to be treated, especially a warm-blooded animal, including a human being.

Using the compounds of formula I’ it is possible, for example, especially in the case of
enteral, preferably oral, administration of the compounds, to obtain advantageous
pharmacokinetics different to those obtained on administration of the compounds of

formula I themselves.

The pharmacodynamic properties of the compounds of formula I’ can be demonstrated, for

example, as follows:

The compounds of formula I’ to be investigated or (for example as control) the corres-
ponding compounds of formula I are dissolved in an organic solvent, such as dimethyl
sulfoxide (DMSO), in a concentration of 240 mg/ml. The resulting solutions are diluted
with 20% (w/v) hydroxyp-ropyl-B-cyclodextrin (HPBCD) in order to obtain a conceritration
of test compound of 12 mg/ml. That solution is administered to mice orally by artificial
special feeding in a dose of 120 mg/kg. 30, 60, 90 and 120 minutes after administration the
animals are sacrificed and blood is removed. Three or four animals are investigated per
time point. The blood is heparinised and prepared for analysis using one of the following
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two methods: in accordance with the first method whole blood is deproteinised by mixing
one part by volume of blood with one part by volume of acetonitrile; after centrifugation
(10 000 g, 5 minutes) the supernatant is analysed by reversed-phase HPLC. In accordance
with the second method 2 tl of a 1 mM solution of an internal standard (such as a different
compound of formula I) are added to 0.5 ml of heparinised blood. The blood is centrifuged
(10 000 g, 5 minutes) and the plasma is mixed with the same volume of acetonitrile. The
precipitated protein is removed by centrifugation (10 000 g, 5 minutes) and the super-
natant is concentrated by evaporation in vacuo. The residue is taken up in 0.1 ml of
phthalate buffer (0.05M, pH 3) and 20 pul of 3M. NaCl. The mixturc is extracted with 1 ml
and then again with 0.2 il of diisopropyl ether (=DIPE; Merck, Darmstadt). The DIPE
fractions are combined and concentrated by evaporation in vacuo. The residue is
dissolved in 50% water (Baker) and 50% acetonitrile (v/v) prior to analysis by reversed-
phase HPLC.

The analysis by reversed-phase HPLC is carried out using a 125 x 4.6 mm Nucleosil®
C;g-column (reversed-phase material supplied by Macherey-Nagel, Diiren, Federal
Republic of Germany, based on gilica gel derivatised with hydrocarbon radicals having

18 carbon atoi 1s) equilibrated with a mobile phase of acetonitrile in water/0.1% trifluoro-
acetic acid. Depending upon the compound, the proportion of acctonitrile is advanta-
geously, for example, from 35 to 60 % by volume. The flow rate is 1 ml/minute. Detection
is effected at 215 nm. Standards for the compounds in blood are worked up analogonsly to
the blood samples and used to establish standard curves on the basis of which the in vivo

concentrations are determined.

For the compounds of formula I’ or of formula I, the concentration of the component of
formuia I in the blood of mice 60 minutes after cral administration is preferably up to
10“M, preferably from 5 x 108 to 5 x 10°M.

The compounds of formula I exhibit inhibitory action on retroviral aspartate proteases,
especially HIV-protease-inhibiting actions. In the tests described below they inhibit espe-
cially the action of the HIV-protease of HIV-1 in concentrations of from 10 to 10°M, for
example with an ICsq of from 10 to 1000 nM, especially from 10 to 100 nM. They, and
thus also the prodrugs of formula I’, are therefore suitable agents against diseases caused
by that or related retroviruses (retroviral diseases), such as against AIDS or against the

preliminary stages thereof.
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The ability of the compounds of formula I to inhibit the proteolytic activity of, for
example, HIV-1-protease can be demonstrated, for example, in accordance with the
method described by A. D. Richards et al., J. Biol. Chem. 265(14), 7733-7736 (1990). In
that method there is used as substrate for a recombinant HIV-1-protease (prepared in
accordance with Billich, S., et al., J. Biol. Chem. 263(34), 17905 - 17908 (1990)) a
synthetic chromophoric peptide (for example HKARVL{NO,]JFEANIeS (Bachem,
Switzerland; see M. W. Pennington et al., Peptides 1990, ed.: E. Girault and D. Andrew
(1991), ESCOM Sci. Publ. B.V., pp. 787-789) or an icosapeptide such as
RRSNQVSQNYPIVQNIQGRR (prepared by peptide synthesis in accordance with known
methods: J. Schneider et al., Cell 54, 363-368 (1988)) that corresponds to one of the
cleavage sites of the gag-precursor protein. That substrate and cleavage products thereof
can be analysed by high pressure l'iquid chromatography (HPLC).

For that purpose, an inhibitor of formula I to be tested is dissolved in dimethyl sulfoxide;
the enzyme test is carried out by acding suitable dilutions of the inhibitor in 20 mM
B-morpholinoethanesulfonic acid (MES) buffer pH 6.0 to the assay mix comprising the
above-mentioned chromophoric peptide (67.2 puM) in 0.3M sodium acetate, 0.1M NaCl

pH 7.4, or the above-mentioned icosapeptide (122 M) in 20 mM MES buffer pH 6.0.

The size of each batch is 100 . The reaction is started by the addition of in the first case

2 pl and in the second case 10 yl of HIV-1-protease and is stopped in the first case after

15 minutes by the addition of 100 pl of 0.3M HCIQy, and in the second case after one
hour’s incubation at 37°C by the addition of 10 ul of 0.3M HCIO,. After centrifugation of
the sample for 5 minutes at 10 000 x g in 100 pl (batch with chromophoric peptide) or

20 pl (icosapeptide batch) of the resulting supernatant and after application to a ;
125 x 4.6 mm Nucleosil® C18-5u-HPLC column (Macherey & Nagel, Diiren) and elution,
the reaction products are quantified with reference to the peak height of the cleavage
product at 280 nm (batch with chromophoric peptide) or at 215 nm (batch with icosa-
peptide), gradient: 100 % el.1 -> 50 % el.1/50 % el.2 (¢l.1: 75 % acetonitrile, 90 % H,0,
0.1 % trifluoroacetic acid (TFA); el.2: 75 % acetonitrile, 25 % H,0, 0.08 % TFA) in the
course of 15 minutes; throughﬂow rate 1 ml/minute (el. = eluant).

In that procedure there are determined for compounds of formula I, for example, ICsy
values (ICso = concentration that reduces the activity of the HIV-1-protease by 50 % in
comparison with a control without inhibitor) of approximately 50 x 106 to 10°M, espe-
cially 107 to 10°M.
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In a further test it can be shown that the compounds of the present invention protect cells
that are normally infected by HIV from such an infection or at least retard such an
infection. In the test, the human T-cell leukaemia cell line MT-2 (Science 229, 563
(1985)), which is sensitive to the cytopathogenic effect of HIV, is incubated with HIV-1
alone or with HIV-1 in the presence of one of the compounds according to the invention
and after several days the viability of the cells-thus treated is assessed. For this purpose
the MT-2 cells are kept in RPMI 1640 medium (Gibco, Switzerland; RPMI 1640
comprises an amino acid mixture without L-Gln) that has been supplemented with 10 %
heat-inactivated foetal calf serum, L-glutamine, Hepes (2-[4-(2-hydroxyethyl)-1-piper-
azino)-ethanesulfonic acid) and standard antibiotics, at 37°C in humidified air containing
5% CO,. 50 pl of the respective test compound in culture medium and 100 pl of HIV-1in
culture medium (800 TCID50/ml) (TCID50 = Tissue Culture Infectious Dose 50 = dose
that infects 50 % of the MT-2 cells) are added to 4x10? exponentially growing MT-2 cells
in 50 pl of culture medium per well in 96-well microtitre plates. Parallel batches on a
further microtitre plate with cells and test compound receive 100 pl of culture medium
without the virus. After incubation for 4 days, the reverse transcriptase (RT) activity in
10 pl of the cell supernatant is determined. The RT activity is determined in 50 mM Tris
(o,,0,0-tris(hydroxymethyl)methylamine, Ultra pur, Merck, Federal Republic of Germany)
pH 7.8; 75 mM KCl, 2 mM dithiothreitol, 5 mM MgCl,; 0.05% Nonidet P-40 (detergent;
Sigma, Switzerland); 50 pg/ml of polyadenylic acid (Pharmacia, Sweden); 1.6 jLg/ml of
dT(12-18) (Sigma, Switzerland). The mixture is filtered through a 0.45 p Acrodisc filter
(Gelman Sciences Inc., Ann Arbor) and stored at -20°C. 0.1% (v/v) [alpha-32P]dTTP is
added to aliquots of that solution in order to obtain a final radioactive activity of

10 pCi/ml. 10 pl of the culture supernatant are transferred to a fresh 96-well microtitre
plate and 30 pl of the said RT cocktail are added thereto. After mixing, the plate is
incubated for 1.5 to 3 hours at 37°C. 5 pl of that reaction mixture are transferred to
DE81-paper (Whatman). The dried filters are washed three times for 5 minutes with

300 mM NaCl/25 mM trisodium citrate and once with 95 % ethanol and again dried in the
aitr. Evaluation is made in a Matrix Packard 96-well counter (Packard, Zurich, Switzer-
land). The ED90 values are calculated and are defined as the lowest concentration of the
respective test cornpound that reduces the RT activity by 90 % in comparison with cell
batches not treated with the test compound. The RT activity is a measure of the repli-
cation of HIV-1.

In that test the compounds of formula I exhibit, for example, an ED90 of from 108 to
10-5M, especially from 107 to 10”7M.
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The novel compounds of formula I of the present invention also exhibit advantageous
pharmacological propertics, which allow the assumptinn that they will exhibit the said
inhibitory actions in vivo. For example, in the case of intravenous or intraperitoneal
adminisration of 20 mg/kg of one of those compounds to mice, the level in the blood
1 hour after administration is preferably approx1mately the same as or higher thdn the -
ED90 in the cell assay.

In the case of peioral administration of 120 mg/kg of one of those compoundls, 30 minutes
after administration, for example, the concentrations found in the blood of the mice are
above the ED90 in the cell assay and preferably constitute approximately 10 times the
ED90 in the cell assay. ' 7

For example, with Boc-Phe[C](p-CH30)Phe-(L)-Val-(L)-Phe-morpholin-4-ylamide (see

Examples) after 30 minutes a concentration of 10.75 uM can be obtzined with an ED90 of

0.1 uM.

The level in the blood can be determmcd as above for the compounds of formula I'in

mice.

In the definitions of compounds of formula I’ mentioned hereinbelow, it is adv,antageouﬂy K L

vossible, for example in order to replace more general definitions by more spacific defini-
tions, to use definitions of radicals from the above-mentioned general definitions or also to
omit individual definitions. ' '

Preference is given to compounds of formula I’ wherein T is an acyl radical of the above-

mentioned formula Z wherein

R? is heterocyclyl bonded via a ring carbon atom and selected from pyrrolyl, 2,5-dihydro-_
pyrrolyl, indolyl, indolizinyl, isoindolyl, pyrrolidinyl, such as pyrrolidin-3-yl or especially
pyrrolidin-2-yl (in the (R,S)- or preferably (R)- or (S)-configuration), _hydeypyrrolidinyi, '
such as 3- or especially 4~hydroxypyxrolidinyl, furyl, such as furan-3-y! or especially
furan-2-yl, tetrahydrofuryl, thienyl, cyclohepta[b]pyrrolyl, imidazolyl, such as imidazol-

2-yl, imidazol-3-yl or especially imidazol-5-yl, N-triphenyl-lower alkyl-imidazolyl, such = '

as N-triphenylmethyl-imidazolyl, pyrazolyl, especmlly pyrazol-3-yl, oxazolyl lsoxazolyl
such as isoxazol-3-yl or -5-yl, thxazolyl 1soth1azolyl such as isothiazol-3-yl or - -5-y1,
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triazolyl, such as 1,2,3-triazol-4- or -5-yl or 1,2,4-triazol-5-yl, tetrazolyl, pyridyl, such as
pyridin-4-yl or -3-y' or especially pyridin-2-yl, quinolyl, such as quinolin-2-yl, isoquin-
olyl, especially isoquinolin-1-yl or -3-yl, piperidyl, especially piperidin-2-yl, y-pyranyl,
4,5-dihydropyranyl, 4H-chromenyl, chromanyl, y-thiopyranyl, pyridazinyl, cinnolyl,
phthalazinyl, quinazolinyl, quinoxalinyl, pyrimidinyl, pyrazinyl, phenazinyl, phen-
oxazinyl, phenothiazinyl, morpholinyl and thiazinyl, each of which is substituted by up to
three radicals selected independently of one another from lower alkyl, phenyl-lower alkyl,
diphenyl-lower alkyl, triphenyl-lower alkyl, such as triphenylmethyl, lower alkanoyl,
hydroxy, lower alkoxy, phenyl-lower alkoxy, such as benzyloxy, diphenylmethoxy or tri-
phenylmethoxy, hydroxy-lower alkyl, such as hydroxymethyl, halogen, such as fluorine,
chlorine or bromine, cyano, lower alkoxycarbonyl, such as methoxy- or tert-butoxy-
carbonyl, phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl and halo-lower alkyl,
such as chloromethyl or trifluoromethyl, or preferably is unsubstituted, and each of which
is bonded via a ring carbon atom; very special preference being given to those of the
mentioned radicals which contain a ring hetero atom directly adjacent to the bonding ring
carbon atom, more cspe'cially‘ the radicals furan-2-yl, (S)- or (R)-pyrrolidin-2-yl and imid-
azol-4-yl, pyridin-2-yl, -3-yl or -4-yl, or isoquino}in-3-y1; or additionally or especially
tetrahydropyranyl; or -

RZis lower alkyl (especially methyl, ethyl, n-propy! or n-butyl) which is substituted by at
least one radical selected from: S

lower alkoxy, such as methoxy, ethoxy or n-butoxy; lower alkoxy, such as methoxy,
ethoxy or n-butoxy, substituted by one or two substituents, especially aryl, more espe-
cially phenyl, naphthyl, lower alkoxy, such as ethoxy or methoxy, lower alkylthio, such
as methylthio or ethylthio, lower alkoxy-lower alkoxy, such as 2-methoxyethoxy, lower
alkylthio-lower alkoxy, such as 2-methylthioethoxy, aryloxy or arylthio, especially
phenyloxy or o0-, m- or p-chlorophenyloxy, for example p-chlorophenyloxy, amino,
N-lower alkylamino or N,N-di-lower alkylamino, such as 2-amino, 2-(N-lower alkyl)-
amino or 2-(N,N-di-lower alkyl)amino, for example 2-dimethylamino, and/or hetero-
cyclyl as last defined for heterccyclyl R% bonded via a ring carbon atom, especially 2-, 3-
or 4-pyridyl; aryloxy, especially phenyloxy; lower alkylthio, such as methylthio,
ethylthio or n-butylthio; lower alkylthio, such as methylthio, ethylthio or n-butylthio,
substituted by one or two substituents, especially aryl, more especially phenyl or
naphthyl; arylthio, such as phenylthio; amino or amino substituted by one or two radicals
selected from lower aikyl, such as methyl, heterocyclyl-lower alkyl wherein heterocyclyl
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is as defined for heterocyclyl R* bonded via a ring carbon atom, especially heterocyclyl-
methyl, such as imidazolylmethyl, for example 4-imidazolylmethyl, or pyridylmethyl,
for example 2-, 3- or 4-pyridylmethyl, each bonded via a ring carbon atom, aryl-lower
alkyl, such as phenyl- or naphthyl-lower alkyl, for example phenyl- or naphthyl-methyl,
lower alkanoyl, such as acetyl, lower alkoxycarbonyl, such as tert-butoxycarbonyl, and
aryl-lower alkoxycarbonyl, such as phenyl-lower alkoxycarbonyl, for example
benzyloxycarbonyl, with especially one of the substituents of amino being lower alkyl,
especially meihyl, and the other being hydrogen or one of the radicals mentioned above
as substituents of amino; heterocyclyl as defined above for heterocyclyl R* bonded via a
ring carbon atom, especially as pyridii-2-yl, -3-yl or -4-yl; and heterocyclyl-lower alkyl
wherein lower alkyl is preferably methyl, 1- or 2-ethyl or 3-propyl and wherein
heterocyclyl is as defined above for heterocyclyl R* bonded via a ring carbon atom but
may also be bonded via a ring nitrogen atom, especially imidazol-1-yl, imidazol-2-yl,
imidazol-5-yl or more especially imidazol-4-yl, N-triphenyl-lower alkylimidazolyl, such
as N-triphenylmethyl-imidazol-5-yl or especially -4-yl, or pyrazolyl, such as
pyrazol-1-yl, -3-yl, -4-yl or -5-yl; and (additionally or preferably) lower alkoxycarbonyl,
such as methoxycarbonyl; lower alkanoyloxy-lower alkoxycarbonyl, such as pivaloyl-
oxymethoxycarbonyl or acetyloxymethoxycarbonyl; carboxy; phenyl-lower alkoxy-
carbonylamino-lower alkoxy, such as 2-(benzyloxycarbonylamino)-ethoxy; amino-lower
alkoxy, such as 2-aminoethoxy; di-lower alkylamino-lower alkoxy, such as 2-(dimethyl-
amino)-ethoxy; N,N-di-lower alkylamino-lower alkoxy, such as
2-(dimethylamino)-ethoxy; lower alkoxycarbonyl-lower alkylsulfo, such as methoxy-
carbonyl-methylsulfo; lower alkanoyloxy, such as acetyloxy; and tetrahydropyranyloxy,
such as 4-tetrahydropyranyloxy; '

and which may carry as a further substituent aryl, which is as defined below; or

RZ is aryl, especially chlorophenyl, chloro-lower alkylphenyl, such as o-, m- or p-chloro-
methylphenyl, p-morpholinomethyl-phenyl, p-thiomorpholinomethyl-phenyl, or also
phenyl;

aryl in the said definitions being especially phenyl, naphthyl, such 5 1- or 2-naphthyl, or
fluorenyl, such as 9-fluorenyl, that is unsubstituted or substituted by up to three radicals
selected independently of one another from. lower alkyl, lower alkanoyl, hydroxy, lower
alkoxy, phenyl-lower alkoxy, such as benzyloxy, diphenylmethoxy or triphenylmethoxy; -
hydroxy-lower alkyi, such as hydroxymethyl, halogen, such as fluorine, chlorine or
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bromine, cyano, lower alkoxycarbonyl, such as methoxy- or tert-butoxy-carbonyl,
phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl, halo-lower alkyl, such as
chloromethy]l or trifluoromethyl, piperidinomethyl, piperazin-1-ylmethyl, 4-lower alkyl-
piperazin-1-yl-methyl, such as 4-methyl- or 4-ethyl-piperazin-1-ylmethyl, morpholino-
methyl or thiomorpholinomethyl, and nitro, which may be present independently of one
another, and being especially correspondingly substituted phenyl;

R, is hydrogen, tert-butoxycarbonyl, isobutyloxycarbonyl, pyridine-3-carbonyl, morpho-
linocarbonyl, 3-benzofuranoyl, 1,2,3,4-tetrahydro-isoquinoline-3-carbonyl, benzyloxy-
carbonyl substituted by up to three radicals selected independently of one another from
fluorine, halo-lower alkyl, lower alkanoyl, sulfo, lower alkylsulfonyl and cyano, or hetero-
cyclyloxycarbonyl wherein heterocyclyl is bonded via a carbon atom and is selected from
pyrrolyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl, pyrazinyl, pyrimidinyl,
indolyl, quinolyl, isoquinolyl, quinoxalinyl, B-carbolinyl, and additionally or especially
y-pyranyl and furanyl; and a fully or partially saturated derivative of those radicals, or
wherein the definition heterccyclyloxycarbonyl for R; is absent, or is additionally or espe-
cially ethoxycarbonyl;

B, is a bond (preferred) or a bivalent residue of an a-amino acid bonded N-terminally to
R, and C-terminally to the amino group at the carbon atom carrying R,-CH,-, preferably
the residue of a hydrophobic amino acid, for example proline, phenylalanine, p-fluoro- |
phenylalanine, phenylglycine, o-naphthylalanine, cyclohexylalanine, cyclohexylglycine or
an aliphatic a-amino acid selected from glycine, alanine, valine, norvaline, leucine,
norleucine and isoleucine, especially valine, each of the mentioned c-amino acids prefer-
ably being in the D-, L- or (D,L)-form, especially in the L-form, and each of the
mentioned amino acids preferably being substituted by one of the radicals mentioned
under R, selected from hydrogen, N-tert-butoxycarbonyl and morpholinocarbonyl,

R, and R; are each independently of the other phenyl or cyclohexyl, those radicals being
unsubstituted or substituted by from one to three, preferably one or two, radicals selected
independently of one another from hydroxy, methoxy, benzyloxy, fluorine, sulfo, lower
alkylsulfonyl, trifluoromethyl and cyano, additionally or especially from isobutyldxy and
n-butyloxy, as indicated above in the general definitions,

A, is a bivalent residue of a hyd:opliobic o-amino acid, as indicated above under the
general definitions, bonded N-terminally to the group -C=0 and C-terminally to A,,

A, is a bivalent residue of a hydrophobic a-amino acid, preferably as defined above under
the general definitions, bonded N-terminally to A, and C-terminally to the radical NR4Rs, A
the said amino acid residues being in the (D)- or (L)-form, preferably in the (L)-form, with _
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the exception of phenylalanine which is in the (L)- or the (D)-form,

especially A, and A, form a bivalent residue of a dipeptide of the formula Val-Phe, -
Ile-Phe, Val-Cha, Ile-Cha, Ile-Gly, Val-Val, Val-Gly, Val-(p-F-Phe), Val-T,yf,
Val-(p-CH;0-Phe), Val-(p-BzlOPhe), Val-Ile, Val-Ala, Val-Leu or Gly-(p-EF-Phe), or
(additionally or especially) phenylglycyl-(p-CH;0-Phe), Val-(4-isobutyloxy-I’he) or
Val-(4-n-butyloxy-Phe); wherein the amino acids are in the (D)- or (L)-form, especially in
the (L)-form, with the exception_ of (L)-Val-Phe in which Phe is in the (L)- or (D)-form; or
A, and A, together form a bivalent residue of a dipeptide consisting of two hydrophobic
o-amino acids, preferably two of those mehtioned above under the general definitions, the
central amide bond of which has been reduced and which is bonded N-terminally' tothe
group -C=0 and C-terminally to the group NR4Rs, as indicated in the general definitions,
for example having the formula Val(red)-Phe, and ,
R, and R; together with the bonding nitrogen atom form thiomorpholino or morphohno, |
especially morpholino, or addmonally or especially 2,6-dimethylmorpholino;

and alternatively or in addition thereto the compounds of formula I wherem Ryis
morpholinosulfonyl or N- (2-pyr1dylmethyl) -N- methyl-ammocarbonyl and the rcmammg
radicals are as defined,; - - ' ' _
and the pharmaceutically acceptablc salts of those compounds where salt-formmg groups o
are present. ‘ o

Greater preference is given to compounds of formula I’ wherein

T is pyrrolidin-2-ylcarbonyl or -3-ylcarbonyl, such as (R)- or (S)- pyrrohd1n-2-ylcarbonyl
((D)- or (L)-prolyl), furan-3- or especially furan-2-ylcarbonyl, pyridyl-4-, pyridyl-3- or
especially pyridyl-2-ylcarbonyi, isoquinolin-1- or especially isoquinolin-3-ylcarbonyl,
pyrazin-2-ylcarbonyl, lower alkoxy-lower alkylcarbonyl, such as methoxyacetyl,
n-butoxyacetyl or 3-methoxypropionyl, phenyl- or naphthyl-lower alkoxy-lower alkyl- -

carbonyl, such as benzyloxyacetyl, a-lower alkoxy-a-phenyl-lower alkylcarbonyl, suchas - £

(R)- or (S)-a-methoxy-a.-phenylacetyl, lower alkoxy-lower alkoxy-lower alkylcarbonyl,
such as 2-(methoxyethoxy)acetyl, lower alkoxylower alkoxy-lower alkoxy-lower alkyl-
carbonyl, such as 2-(2-(methoxyethoxy)ethoxy)acetyl, 0-, M- Or p-chlorophenyloxy-lower :

alkoxy-lower alkylcarbonyl, N,N-di-lower alkylamino-lower alkoxy-lower alkylcarbonyl, _,' 8

such as 2-(N,N-dimethylamino)ethyloxyacetyl, 2-, 3- or 4-pyridyl-lower alkyloxy-lower
alkylcarbonyl, such as pyridin-2-ylmethoxyacetyl, phenyloxy-lower alkylcarbonyl, su'c'h'as o
phenoxyacetyl, lower alkylthio-lower alkylcarbonyl, such as methylthioacetyl, phenyl-
lower alkylthio-lower alkylcarbonyl, such as benzylthioacetyl, N,N- di- lower alkyl-
amino-lower alkylcarboryl, such as N,N-dimethylamino-acetyl, -3—prop10nyl. or
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-4-butyryl, N-lower alkylamino-lower alkylcarbonyl, such as N-methylamino-acetyl or
-3-propionyl, N-imidazol(-2-, -4- or -5-)ylmethyl-N-lower alkylamino-lower alkyl-
carbonyl, such as N-(imidazol-4-ylmethyl)-N-methylaminoacetyl, N-pyridin(-2-, -3- or
-4-)ylmethyl-N-lower alkylamino-lower alkylcarbonyl, such as N-pyridin-2-ylmethyl-
N-methylaminoacetyl, N-phenyl-lower alkoxycarbonyl-N-lower alkylamino-lower aikyl-
carbonyl, such as N-benzyloxycarbonyl-NQmethylaminoacetyl, imidazol(-1-, -2-, -4- or
-5-)yl-lower alkylcarbonyl, such as 3-(imidazol-4-yl)propionyl, N-triphenyl-lower alkyl-
imidazol(-4- or -5-)yl-lower alkylcarbonyl, such as 3-(N-triphenylmethylimidazol-4-yl)-
propionyl, or pyrazol(-1-, -3-, -4- or -5-)yl-lower alkylcarbonyl, such as pyrazol-1-yl-

acetyl, or also halo-lower alkylbenzoyl, such as p-chloromethylbenzoyl, p-(morpholino- or :

thiomorpholino-methyl)benzoyl or benzoyl, or (especially) lower alkanoyloxy-lower
alkylcarbonyl, such as acetyloxyacetyl, lower alkoxycarbonyl-lower alkoxy-lower alkyl- -
carbonyl, such as mcthoxy.éar_bdnylmcthoxy-acctyl, lower alkoxycarbonyl-lower alkyl-
thio-lower alkylcarbonyl, such as methoxycarbonylmethylthio-acetyl, lower alkoxy-
carbonyl-lower alkylsulfo-lower alkylcarbonyl such as methoxycarbonylmethylsulfo-
acetyl, Icver alkanoyloxy-lower alkoxycarbonyl-lower alkoxy-lower alkylcarbonyl, such
as pivaloyloxymethoxycarbonyl-methoxyacetyl or acctylox.y_methoxycarbonylmcthoxy-
acetyl, carboxy-lower alkoxy-lower alkylcarbonyl, such as carb( xymethoxyacetyl,

N-phenyl-lower alkoxycarbonylamino-lower alkylcarbonyl, such as 3-benzyloxycarbonyl- ': o o
amino-propionyl, amina-lower alkylcarbonyl, such as 3-aminopropinnyl, di-lower alkyl- -~

amino-lower alkoxy-lower alkoxyf'lowér alkylcarbonyl, such as [2-(2-dimethylamino-
ethoxy)-ethoxy]-acetyl, N—phcnyl—lower alkoxycarbonyl-amino-lower alkoxy-lower
alkoxy-lower alkylcarbonyl, such as 2-(2-N-benzyloxycarbonylaminoethoxy)ethoxy-
acetyl, amino-lower alkoxy-lower alkoXy-lowe‘r alkylcarbonyl, such as 2-(2-amino-
ethoxy)ethoxy-acetyl, or tetrahydropyranyloxy-lower alkylcarbonyl, such as 2—(4-tefr£1— :
hydropyranyloxy)-acetyl or 2{ R) 2(S) or also 2(R,S)-(4-tetrahydropyranyloxy)-
propionyl;

R, is hydrogen, tert-butoxycarbonyl 1sobutyloxycarbonyl pyridine-3-carbonyl, morpho-

linocarbonyl, 3-benzofuranoyl or 1.,2,3,4-tetxahydro-1soq_u1nohne-3-carbony1, or cs__pccxa.lly _ -

ethoxycarbonyl, 4- tetrahydrOpyranyloxycarbonyl or tetrahydrofuran-2(R or S)-yloxy- -
carbonyl; or alternatively and in addition thereto mor pholmosulfonyl N-(2-pyridyl-

methyl)-N-methyl- ammocarbonyl

B, is a bond (preferred) or a bivalent residue of the o-amino acid valme bonded

N-terminally to R; and C-tcrmmally to the amino group at the carbon atom carrying

R,-CHy-, in the latter case R, preferably being hydrogen, tert-butoxycarbonyl or morpho- o

linocarbonyl, or alternatively orin addition thereto morphdiinosulfbnyl or N-(Z—pyridyl-‘ S
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methyl)-N-methyl-aminocarbonyl,

R, and Rj are each independently of the other pheny! or cyclohexyl, those radicals being
unsubstituted or substituted by from one to three, preferably one or two, radicals selected
independently of one another from hydroxy, methoxy, benzyloxy, fluorine, sulfo, lower
alkylsulfonyl, cyano and trifluoromethyl, and especially from isobutyloxy and n-butyloxy,
A, is a bivalent residue of one of the a-amino acids glycine, valine, isoleucine and espe-
cially leucine and phenylglycine bonded N-terminally to the greup -C=0O and C-terminally
to A, '
A, is a bivalent residue of one of the a-amino acids glycine, alanine, valine, leucine,
isolencine, phenylalanine, tyrosine, cyclohexylalanine, p-methoxy-phenylalanine,
p-benzyloxyphenylalanine, p-fluorophenylalanine and especially p-(isobutyloxy)- or p-(n-
butyloxy)-phenylalanine bonded N-terminally to A; and C-terminally to the group NR4Rs,
or

A, and A, together form a bivalent residue of a dipeptide having a reduced central peptide
bond that consists of an N-terminal amino acid residue selected from Gly(red), Val(red)
and Ile(red) and a C-terminal amino acid residue selected from glycine, phenyla]aniné,
cyclohexylalanine, tyrosine, p-methoxy-phenylalanine and p-fluorophenylalanine, and that
is bonded N-terminally to the group -C=0 and C-terminally to the group NR4Rs, as
defined above for A; and Az, and ‘

R, and Ry together with the bonding nitrogen atom form thiomorpholino, morpholino or
preferably 2,6-dimethylmorpholino, especially morpholino,

and the pharmaceutically acceptable salts of those compounds where salt-forming groups
are present. |

Special preferene is given to compounds of formula I wherein

T is pyrrolidin-2-ylcarbonyl or -3-ylcarbonyl, such as (R)- or (S)-pyrrolidin-2-ylcarbonyl -
((D)- or (L)-prolyl), furan-3- or especially furan-2-ylcarbonyl, pyridyl-4-, pyridyl-3- or
especially pyridyl-2-ylcarbonyl, isoquinolin-1- or especially isoquinolin-3-ylcarbonyl,
pyrazin-2-ylcarbonyl, lower alkoxy-lower alkylcarbonyl, such as methoxyacetyl, n-
butoxyacetyl or 3-methoxypropionyl, phenyl- or naphthyl-lower alkoxy-lower alkyl-
carbonyl, such as benzyloxyacetyl, a-lower alkoxy-o-phenyl-lower alkylcarbonyl, such as
(R)- or (S)-o-methoxy-o.-phenylacetyl, lower alkoxy-lower alkoxy-lower alkylcarbonyl,
such as 2-(methoxyethoxy)acetyl, lower alkoxy-lower alkoxy-lower alkoxy-lower alkyl-
carbonyl, such as 2-(2-(methoxyethoxy)ethoxy)acetyl, o-, m- or p-chlorophenyloxy-lower
alkoxy-lower alkylcarbonyl, N,N-di-lower alkylamino-lower alkoxy-lower alkylcarboqyl, ‘
such as 2-(N,N-dimethylamino)ethyloxyacetyl, 2-, 3- or 4-pyridyl-lower alkyloxy-lower
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alkylcarbonyl, such as pyridin-2-ylmethoxyacetyl, phenyloxy-lower alkylcarbonyl, such as
phenoxyacetyl, lower alkylthio-lower alkylcarbonyl, such as methylthioacetyl, phenyl-
lower alkylthio-lower alkylcarbonyl, such as benzylthioacetyl, N,N-di-lower alkylamino-
lower alkylcarbonyl, such as N,N-dimethylamino-acetyl, -3-propionyl or -4-butyryl,
N-lower alkylamino-lower alkylcarbonyl, such as N-methylamino-acetyl or -3-propionyl,
N-imidazol(-2-, -4- or -5-)ylmethyl-N-lower alkylamino-lower alkylcarbonyl, such as N-
(imidazol-4-ylmethyl)-N-methylaminoacetyl, N-pyridin(-2-, -3- or -4-)ylmethyl-N-lower
alkylamino-lower alkylcarbonyl, such as N-pyridin-2-ylmethyl-N-methylaminoacetyl,
N-phenyl-lower alkoxycarbOnyI-N—iower alkylamino-lower alkylcarbonyl, such as
N-benzyloxycarbonyl-N-methylaminoacetyl, imidazol(-1-, -2-, -4- or -5-)yl-lower alkyl-
carbonyl, such as 3-(imidazol-4-yl)propionyl, N-triphenyl-lower alkylimidazol(-4- or
-5-)yl-lower alkvlcarbonyl, such as 3-(N-U‘ipheny1mct_hylimidazol_-4-yl)propi«:)nyl, or
pyrazol(-1-, -3-, -4- or -5-)yl-lower alkylcarbonyl, such as pyrazol-1-ylacetyl, or also
halo-lower alkylbenzoyl, such as p-chlorom_ethylbcnzbyl, p-(morpholino- or thiomorpho- -
lino-methyl)benzoyl or benzoyl, |

R, is hydrogen, tert-butoxycarbonyl, isobutyloxycarbonyl, pyridine-3-carbonyl, morpho-
linocarbonyl, 3-bcnzofu'raﬁbyl or1,2,3 4-tetrahydro4isoquinoline-3-—carbonyl' or alfem‘a-_
tively and in addition the; reto morpholmosulfonyl or N-(2-pyridylmethyl)- N-methy]-
aminocarbonyl, _

B, is a bond or a bivalent residue of the o-amino acid valine bonded N-terminally to R;
and C-terminally to the amino group at the carbon atom carrying Ry-CH,-, in the latter
case R, preferably being hydrogen, tert-butoxycarbonyl or morpholinocarbonyl, or
alternatively or in addition thereto morpholinosulfonyl or N-(2-pyridylmethyl)-N-methyl-
aminocarbonyl,

R, and R5 are each 1ndependcntly of the other phenyl or cyclohexyl, those radlcals being
unsubstituted or substituted by one or two radicals selected independently: of one another
from hydroxy, methoxy, benzyloxy, fluorine, sulfo, lower alkylsulfonyl, cyanb and tri-
fluoromethyl, | ‘

A, is a bivalent residue of one of the c-amino acids glycine, valine and isoleucine bonded
N-terminally to the group -C=0 and C-terminally to A,, '
A, is a bivalent residue of one of the a-amino acids glycine, alanine, valine, leucine, -
isoleucine, phenylalanine, tyrosine, cyclohexylalanine, p-methoxy-phenylalanine,
p-benzyloxyphenylalanine and p-fluorophenylalanine bonded N-terminally to Ajand
C-terminally to the group NR4R5, or ‘

A, and A, together form a bivalent residue of a dlpcpnde having a reduced central peptldc n
bond that consists of an N- tenmnal ammo ac1d resxdue selected from Gly(red), Val(red)
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and Ile(red) and a C-terminal amino acid residue selected from glycine, phenylalanine,
cyclohexylalanine, tyrosine, p-methoxy-phenylalanine and p-fluorophenylalanine, and that
is bonded N-terminally to the group -C=0 and C-terminally to the group NR4Rs, as
defined above for A; and A,, and

R, and R together with the bonding nitrogen atom form thiomorpholino or morpholino,
especially morpholino,

and the pharmaceutically acceptable salts of those compounds where salt-forming groups
are present. '

Very special preference is given to a compound of formula I’ wherein

T is pyrrolidin-2-ylcarbonyl or -3-ylcarbonyl, such as (R)- or (S)-pyrrolidin-2-ylcarbonyl
((D)- or (L)-prolyl), furan-3- or especially furan-2-ylcarbonyl, pyridyl-4-, pyridyl-3- or
especially pyridyl-2-ylcarbonyl, isoquinolin-1- or especially isoquinolin-3-ylcarbonyl,
pyrazin-2-ylcarbonyl, lower alkoxy-lower alkylcarbonyl, such as methoxyacetyl,
n-butoxy-acetyl or 3-methoxypropionyl, phenyl- or naphthyl-lower alkoxy-lower alkyl-
carbonyl, such as benzyloxyacetyl, o.-lower alkoxy-o-phenyl-lower alkylcarbonyl, such as
(R)- or (S)-a-methoxy-a-phenylacetyl, lower alkoxy-lower alkoxy-lower alkylcarbonyl,
such as 2-(methoxyethoxy)acetyl, lower alkoxy-lower alkoxy-lower alkoxy-lower alkyl-
carbonyl, such as 2-(2-(methoxyethoxy)ethoxy)acetyl, o-, m- or p-chlorophenyloxy-lower
alkoxy-lower alkylcarbonyl, N,N-di-lower alkylamino-lower alkoxy-lower alkylcarbonyl,
such as 2-(N,N-dimethylamino)ethyloxyacetyl, 2-, 3- or 4-pyridyl-lower alkyloxy-lower
alkylcarbonyl, such as pyridin-2-ylmethoxyacetyl, phenyloxy-lower alkylcarbonyl, such as
phenoxyacetyl, lower alkylthio-lower alkylcarbonyl, such as methylthioacetyl, phenyl-
lower alkylthio-lower alkylcarbonyl, such as benzylthioacety!, N,N-di-lower alkylamino-
lower alkylcarbonyl, such as N,N-dimethylamino-acetyl, -3-propionyl or -4-butyryl,
N-lower «"kylamino-lower alkylcarbonyl, such as N-methylamino-acetyl or -3-propionyl,
N-imidazol(-2-, -4- or -5-)ylmethyl-N-lower alkylamino-lower alkylcarbonyl, such as
N-(imidazol-4-ylmethyl)-N-methylaminoacetyl, N-pyridin(-2-, -3- or -4-)ylmethyl-
N-lower alkylamino-lower alkylcarbonyl, such as N-pyridin-2-ylmethyl-N-methylamino-
acetyl, N-phenyl-lower alkoxycarbonyl-N-lower alkylamino-lower alkylcarbonyl, such as
N-benzyloxycarbonyl-N-methylaminoacetyl, imidazol(-1-, -2-, -4- or -5-)yl-lower alkyl-
carbonyl, such as 3-(imidazol-4-yl)propionyl, N-triphenyl-lower alkylimidazol(-4- or -5-)-
yl-lower alkylcarbonyl, such as 3-(N-triphenylmethylimidazol-4-yl)propionyl, or pyrazol-
(-1-, -3-, -4- or -5-)yl-lower alkylcarbonyl, such as pyrazol-1-ylacetyl, or also halo-lower
alkylbenzoyl, such as p-chloromethylbenzoyl, p-(morpholino- or thiomorpholino-methyl)-
benzoyl or benzoyl,
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R, is tert-butoxycarbonyl,

R; is phenyl, cyclohexyl, p-hydroxyphenyl, o-, m- or p-methoxyphenyl, p-benzyloxy-
phenyl, o-, m- or p-fluorophenyl, p-trifluoromethylphenyl or o-, m- or p-cyanophenyl,
especially phenyl, p-hydroxyphenyl, p-methoxyphenyl, p-benzyloxyphenyl, p-fluoro-
phenyl or p-trifluoromethylphenyl,

R; independently of R, has one of the definitions given for R,,

A is a bivalent residue of one of the a-amino acids glycine, (L)-valine and (L)-isoleucine
bonded N-terminally to the group -C=0 and C-terminally to A,,

A, is a bivalent residue of one of the a-amino acids glycine, alanine, valine, leucine,
isoleucine, phenylalanine, tyrosine, cyclohexylalanine, p-methoxy-phenylalanine, p-
benzyloxyphenylalanine or p-fluorophenylalanine bonded N-terminally to A; and ]
C-terminally to the group NR4R5, and R, and R together with the bonding nitrogen atom TR
form morpholino

and salts thereof where salt-forming groups are present,

or (additionally or especially) the compounds of formula I’, or salts thereof, wherein T is
lower alkanoyloxy-lower alkylcarbonyl, such as acetyloxyacetyl, lower alkoxycarbonyl-
lower alkoxy-lower alkylcarbonyl, such as methoxycarbonylmethoxy-acetyl, lower
alkoxycarbonyl-lower alkylthio-lower alkylcarbonyl, such as methoxycarbonylmethyl-
thio-acetyl, lower alkoxycarbonyl-lower alkylsulfo-lower alkylcarbonyl, such as methoxy-
carbonylmethylsulfo-acetyl, lower alkanoyloxy-lower alkoxycarbonyl-lower alkoxy-lower
alkylcarbonyl, such as pivaloyloxymethoxycarbonyl-methoxyacetyl or acetyloxymethoxy-
carbonylmeth: ty-acetyl, carboxy-lower alkoxy-lower alkylcarbonyl, such as carboxy-
methoxyacetyl, N-phenyl-lower alkoxycarbonylamino-lower alkylcarbonyl, such as
3-benzyloxycarbonylamino-propionyl, amino-lower alkylcarbonyl, such as 3-amino-
propionyl, di-lower alkylamino-lower alkoxy-lower alkoxy-lower alkylcarbonyl, such as
[2-(2-dimethylaminoethoxy)-ethoxy]-acetyl, N-phenyl-lower alkoxycarbonyl-amino-lower
alkoxy-lower alkoxy-lower alkylcarbonyl, such as 2-(2-N-benzyloxycarbonylamino-
ethoxy)ethoxy-acetyl, amino-lower alkoxy-lower alkoxy-lower alkylcarbonyl, such as
2-(2-aminoethoxy)ethoxy-acetyl, or tetrahydropyranyloxy-lower alkylcarbonyl, such as
2-(4-tetrahydropyranyloxy)-acetyl or 2(R)-, 2(S)- or also 2(R,S)-(4-tetrahydropyranyl-
oxy)-propionyl and the remaining radicals are as defined immediately above.

Great preference is given to a compound of formula I’ wherein T is an acyl radical of

formula Z, as indicated above, wherein

RZ is hydrocarbyl wherein at least one carbon atom has been replaced by a hetero atom '
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with the proviso that a hetero atom is not bonded directly to the carbonyl to which the
radical R* is bonded, alkyl having two or more carbon atoms, lower alkenyl, lower alkynyl
or aryl, preferably as defined above, especially wherein

RZ is heterocyclyl bonded via a ring carbon atom and selected from pyrrolyl, 2,5-dihydro-
pyrrolyl, indolyl, indolizinyl, isoindolyl, pyrrolidinyl, such as pyrrolidin-3-yl or especially
pyrrolidin-2-yl (in the (R,S)- or preferably the (R)- or (S)-configuration), hydroxypyrrol-
idinyl, such as 3- or especially 4-hydroxypyrrolidinyl, furyl, such as furan-3-yl or espe-
cially furan-2-yl, tetrahydrofuryl, thienyl, cyclohepta[b]pyrrolyl, imidazolyl, such as imid-
azol-2-yl, imidazol-3-yl or especially imidazol-5-yl, N-triphenyl-lower alkyl-imidazolyl,
such as N-triphenylmethyl-imidazolyl, pyzazolyl, especially pyrazol-3-yl, oxazolyl,
isoxazolyl, such as isoxazol-3-yl or -5-yl, thiazolyl, isothiazolyl, such as isothiazol-3-yl or
-5-yl, triazolyl, such as 1,2,3-triazol-4- or -5-yl or 1,2,4-triazol-5-yl, tetrazolyl, pyridyl,
such as pyridin-4-yl or -3-yl or especially pyridin-2-yl, quinolyl, such as quinolin-2-yl,
isoquinolyl, especially isoquinolin-1-yl or -3-yl, piperidyl, especially piperidin-2-yl,
y-pyranyl, 4,5-dihydropyranyl, 4H-chromenyl, chromanyl, y-thiopyranyl, pyridazinyl,
cinnolyl, phthalazinyl, quinazolinyl, quinoxalinyl, pyrimidinyl, pyrazinyl, phenazinyl,
phenoxazinyl, phenothiazinyl, morpholinyl and thiazinyl, each of which is substituted by
up to three radicals selected independently of one another from lower alkyl, phenyl-lower
alkyl, diphenyl-lower alkyl, triphenyl-tower alkyl, such as triphenylmethyl, lower
alkanoyl, hydroxy, lower alkoxy, phenyl-lower alkoxy, such as benzyloxy, diphenyl-
methoxy or triphcnylmethoxy, hydroxy-lower alkyl, such as hydroxymethyl, halogen, such
as fluorine, chlorine or bromine, cyano, lower alkoxycarbonyl, such as methoxy- or tert-
butoxy-carbonyl, phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl and halo-
lower alkyl, such as chloromethyl or trifluoromethyl, or preferably is unsubstituted, and
each of which is bonded via a ring carbon atom; very special preference being given to
those of the mentioned radicals which contain a ring hetero atom directly adjacent to the
bonding ring carbon atom, more especially the radicals furan-2-yl; (S)- or (R)-pyrrolidin-
2-yl and imidazol-4-yl, pyridin-2-yl, -3-yl or -4-yl, or isoquinolin-3-yl; or additionally or
especially tetrahydropyranyl; or

R* is lower alkyl (especially methyl, ethyl, n-propyl or n-butyl) which is substituted by at
least one radical selected from '

lower alkoxy, such as methoxy, ethoxy or n-butoxy; lower alkoxy, such as methoxy,
ethoxy or n-butoxy, substituted by one or two substituents, especially aryl, more espe-
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cially phenyl, naphthyl, lower alkoxy, such as ethoxy or methoxy, lower alkylthio, such
as methylthio or ethylthio, lower alkoxy-lower alkoxy, such as 2-methoxyethoxy, lower
alkylthio-lower alkoxy, such as 2-methylthioethoxy, aryloxy or arylthio, especially
phenyloxy or o-, m- or p-chlorophenyloxy, for example p-chlorophenyloxy, amino,
N-lower alkylamino or N,N-di-lower alkylamino, such as 2-amino, 2-(N-lower
alkyl)amino or 2-(N,N-di-lower alkyl)amino, for example 2-dimethylamino, and/or
heterocyclyl as last defined for heterocyclyl R* bonded via a ring carbon atom, especially
2-, 3- or 4-pyridyl; aryloxy, especially phenyloxy; lower alkylthio, such as methylthio,
ethylthio or n-butylthio; lower alkylthio, such as methylthio, ethylthio or n-butylthio,
substituted by one or two substituents, especially aryl, more especially phenyl or
naphthyl; arylthio, such as phenylthio; amino or amino substituted by one or two radicals
selected from lower alkyl, such as methyl, heterocyclyl-lower alkyl wherein heterocyclyl
is as defined for heterocyclyl R bonded via a ring carbon atom, especially heterocyclyl-
methyl, such as imidazolylmethyl, for example 4-imidazolylmethyl, or pyridylmethyl,
for example 2-, 3- or 4-pyridylmethyl, each bonded via a ring carbon atom, aryl-lower
alkyl, such as phenyl- or naphthyl-lower alkyl, for example phenyl- or naphthyl-methyl,
lower alkanoyl, such as acetyl, lower alkoxycarbonyl, such as tert-butoxycarbonyl, and
aryl-lower alkoxycarbonyl, such as phenyl-lower alkoxycarbonyl, for example
benzyloxycarbonyl, with especially one of the substituents of amino being lower alkyl,
especially methyl, and the other being hydrogen or one of the radicals mentioned above
as substituents of amino; heterocyclyl as defined above for heterocyclyl R* bonded via a
ring carbon atom, especially as pyridin-2-yl, -3-yl or -4-yl; and heterocyclyl-lower alkyl
wherein lower alkyl is preferably methyl, 1- or 2-ethyl or 3-propyl and wherein
heterocyclyl is as defined above for heterocyclyl R% bonded via a ring carbon atom but
may also be bonded via a ring nitrogen atom, especially imidazol-1-yl, imidazol-2-yl,
imidazol-5-yl or more especially imidazol-4-yl, N-triphenyl-lower alkylimidazolyl, such
as N-triphenylmethyl-imidazol-5-yl or especially -4-yl, or pyrazolyl, such as
pyrazol-1-yl, -3-yl, -4-yl or -5-yl; or (additionally or preferably) lower alkoxycarbonyl,
such as methoxycarbonyl; lower alkanoyloxy-lower alkoxycarbonyl, such as pivaloyl-
oxymethoxycarbonyl or acetyloxymethoxycarbonyl; carboxy; phenyl-lower
alkoxycarbonylamino-lower alkoxy, such as 2-(benzyloxycarbonylamino)-ethoxy;
amino-lower alkoxy, such as 2-aminoethoxy; di-lower alkylamino-lower alkoxy, such as
2-(dimethylamino)-ethoxy; or N,N-di-lower alkylamino-lower alkoxy, such as 2-(di-
methylamino)-ethoxy; lower alkoxycarbonyl-lower alkylsulfo, such as methoxy-
carbonyl-methylsulfo; lower alkanoyloxy, such as acetyloxy; and tetrahydropyranyloxy,
such as 4-tetrahydropyranyloxy,
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and which may also carry as a further substituent aryl, which is as defined below; or

R” is aryl, especially chlorophenyl, chloro-lower alkylphenyl, such as o-, m- or p-chloro-
methylphenyl, p-morpholinomethyl-phenyl, p-thiomorpholinomethyl-phenyl, or also
phenyl;

aryl in the said definitions being especially phenyl, naphthyl, such as 1- or 2-naphthyl, or
fluorenyl, such as 9-fluorenyl, that is unsubstituted or substituted by up to three radicals
selected independently of one another from lower alkyl, lower alkanoyl, hydroxy, lower
alkoxy, phenyl-lower alkoxy, such as benzyloxy, diphenylmethoxy or triphenylmethoxy,
hydi <y-lower alkyl, such as hydroxymethyl, halogen, such as fluorine, chlorine or
bromine, cyano, lower alkoxycarbonyl, such as methoxy- or tert-butoxy-carbonyl,
phenyl-lower alkoxycarbonyl, such as benzyloxycarbonyl, halo-lower alkyl, such as
chloromethyl or trifluoromethyl, piperidinomethyl, piperazin-1-ylmethyl, 4-lower alkyl-
piperazin-1-yl-methyl, such as 4-methyl- or 4-ethyl-piperazin-1-ylmethyl, morpholino-
methy! or thiomorpholinomethyl, and nitro, which may be present independently of one
another, and being especially correspondingly substituted phenyl;

T in the most preferred form being in the form of pyrrolidin-2-ylcarbonyl or -3-ylcarbonyl,
such as (R)- or (S)-pyrrolidin-2-ylcarbonyl ((D)- or (L)-prolyl), furan-3- or especially
furan-2-ylcarbonyl, pyridyl-4-, pyridyl-3- or especially pyridyl-2-ylcarbonyl, isoquin-
olin-1- or especially isoquinolin-3-ylcarbonyl, pyrazin-2-ylcarbonyl, lower alkoxy-lower
alkylcarbonyl, such as methoxyacetyl, n-butoxyacetyl or 3-methoxypropionyl, phenyl- or
naphthyl-lower alkoxy-lower alkylcarbonyl, such as benzyloxyacetyl, o.-lower alkoxy-c.-
phenyl-lower alkylcarbonyl, such as (R)- or (S)-a-methoxy-c-phenylacetyl, lower
alkoxy-lower alkoxy-lower alkylcarbonyl, such as 2-(methoxyethoxy)acetyl, lower
alkoxy-lower alkoxy-lower alkoxy-lower alkylcarbonyl, such as 2-(2-(methoxyethoxy)-
ethoxy)acetyl, o-, m- or p-chlorophenyloxy-lower alkoxy-lower alkylcarbonyl, N,N-di-
lower alkylamino-lower alkoxy-lower alkylcarbonyl, such as 2-(N,N-dimethylamino)-
ethyloxyacetyl, 2-, 3- or 4-pyridyl-lower alkyloxy-lower alkylcarbonyl, such as pyridin-
2-ylmethoxyacetyl, phenyloxy-lower alkylcarbonyl, such as phenoxyacetyl, lower alkyl-
thio-lower alkylcarbonyl, such as methylthioacetyi, phenyl-lower alkylthio-lower alkyl-
carbonyl, such as benzylthioacetyl, N,N-di-lower alkylamino-lower alkylcarbonyl, such as
N,N-dimethylamino-acetyl, -3-propionyl or -4-butyryl, N-lower alkylamino-lower alkyl-
carbonyl, such as N-methylamino-acetyl or -3-propionyl, N-imidazol(-2-, -4- or -5-)yl-




200 Doe eee °
o s
e oo
° ] .
. . °
° eo

.
oo

-37 -

methyl-N-lower alkylamino-lower alkylcarbonyl, such as N-(imidazol-4-ylmethyl)-

N-methylaminoacetyl, N-pyridin(-2-, -3- or -4-)ylmethyl-N-lower alkylamino-lower alkyl- o

carbonyl, such as N-pyridin-2-ylmethyl-N-methylaminoacetyl, N-phenyl-lower alkoxy-
carbonyl-N-lower alkylamino-lower alkylcarbonyl, such as N-benzyloxycarbonyl-
N-methylaminoacetyl, imidazol(-1-, -2-, -4- or -5-)yl-lower alkylcarbonyl, such as 3-
(imidazol-4-yl)propionyl, or N-triphenyl-lower alkylimidazol(-4- or -5-)yl-lower alkyl-
carbonyl, such as 3-(N-triphenylmethylimidazol-4-yl)propionyl, or pyrazol(-1-, -3-, -4- or
-5-)yl-lower alkylcarbonyl, such as pyrazol-1-ylacetyl, or also in the form of halo-lower
alkylbenzoyl, such as p-chloromethylbenzoyl, p-(morpholino- or thiomorpholino-methyl)-
benzoyl or benzoyl, especially in the form of methoxyacetyl or in the form of 2-pyridyl-
carbonyl; or (additionally or especially) lower alkanoyloxy-lower alkylcarbonyl, such as
acetyloxyacetyl, lower alkoxycarbonyl-lower alkoxy-lower alkylcarbonyl, such as
methoxycarbonylmethoxy-acetyl, lower alkoxycarbonyl-lower alkylthio-lower alkyl-
carbonyl, such as methoxycarbonylmethylthio-acetyl, lower alkoxycarbonyl-lower alkyl-
sulfo-lower alkylcarbonyl, such as methoxycarbonylmethylsulfo-acetyl, lower alkanoyl- -
oxy-lower alkoxycarbonyl-lower alkoxy-lower alkylcarbonyl, suck as pivaloyloxy-
methoxycarbonyl-methoxyacetyl or acetyloxymethoxycarbonylmethoxy-acetyl, carboxy-
lower alkoxy-lower alkylcarbonyl, such as carboxymethoxyacetyl, N-phenyl-lower
alkoxycarbonylamino-lower alkylcarbonyl, such as 3-benzyloxycarbonylamino-propionyl,
amino-lower alkylcarbonyl, such as 3-aminopropionyl, di-lower alkylamino-lower
alkoxy-lower alkoxy-lower alkylcarbonyl, such as [2-(2-dimethylaminoethoxy)-ethoxy]-
acetyl, N-phenyl-lower alkoxycarbonyl-aminolower alkoxy-lower alkoxy-lower alkyl-
carbonyl, such as 2-(2-N-benzyloxycarbonylaminoethoxy)ethoxy-aceiyl, amino-lower
alkoxy-lower alkoxy-lower éﬂkylcarbonyl such as 2-(2-aminoethoxy)ethoxy-acetyl, or
tetrahydropyranyloxy-lower alkylcarbonyl, such as 2-(4- tetrahydropyranyloxy) acetyl or
2(R)-, 2(S)- or also 2(R,S)- (4-tetrahydropyranylox y)-propionyi;

and wherein
either (especially preferred) R; is tert-biitoxyca:bonyl; B, is a bond; R is phenyl; Ry is

phenyl; A, is the bivalent residue of (L)-valine (-(L)-Val-) bonded N-terminally to the
group -C=0 and C-terminally to A,; A, is the bivalent residue of phenylalanine '

(-(L)-Phe-) bonded N-terminally to A, and C-terminally to the group -NR4Rs; and R4 and. i

R;5 together with the bonding nitrogen atom form morpholino;

or R, is tert-butoxycarbonyl; B, is a bond; Ry is pheny]; Rj is p-methoxyphenyl; A, is the
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bivalent residue vt (L)-valine (-(L)-Val-) bonded N-terminally to the group -C=0 and
C-terminally to A,; A, is the bivalent residue of p-methoxy- phcnylalahinc
(-(L)-(p-CH;0-Phe)-) bonded N-terminally to A; and C-terminally to the group -NR4R5, N
and Ry and Rs together with the baading nitrogen atom form morpholino;

or R, is tert-butoxycarbonyl; B; is a bond; R, is phenyl; Rs is p-fluorophenyl; A, is the
bivalent residue of (L)-valine bonded N-terminally to the group -C=0 and C-terminally to
A,; A, is the bivalent residue of phenylalamnc bonded N-terminally to A; and '

C-terminally to the group -NR4R5, and Ry and R together with the bondmg mtrogen atom o

form morpholino;

or R, is tert-butoxycarbonyl; B, is a bond; R, is phenyl; Rs is p-fluorophenyl; A, is the
bivalent residue of (L)-valine bonded N-terminally to the group -C=0 and C-terminally to -

A; A, is the bivalent residue of p-methoxy-phenylalanine bonded N-terminally to Ajand
C-terminally to the group -NR4Rs; and R4 and Rs together with the bonding mtrogen atom e

form miorpholino;

or (especially preferred) R; is tert-butoxycarbonyl; B; isa bond;rRz is pheityl; R3 is : }
p-methoxyphenyl; A is the bivalent residue of (L)-valine (-(L)-Val-) bonded N-terminall_y '
to the group -C=0 and C-terminally to A,; A, is the bivalent residue of phenylalanine

(-(L)-Phe-) bonded N-terminally to A; and C-terminally to the group -NR4Rs; and Rgand  ©

R together with the bonding nitrogen atom form morpholino;
and pharmaceutically acceptable salts thereof where salt-forming groups are present.

Very special preference is given to a compound of formula I’ wherein T is 4(S)- o
(2-furanylcarboxy); 4(S)-[¢(dimeth_yl—amino)‘-'butyrylbxy] ; 4(S)-(N-Z-N-methyl-amino-
acetyloxy); 4(S)-(methylamino-acetyloxy); 4(S)-[N-(imidazole-4-methyl)-N-methyl-
aminoacetyloxy]; 4(S)-[3-(l-U‘iphcnylmethyl-imidazol-4~y-l)—propionyloky]; 4(S)-[3-(4-

imidazolyl)-propionyloxy]; 4(S)-(methoxy-acetyloxy); 4(S)-(2-picolinoyl); 4(S)-(benzyl- - e

oxy-acetyloxy); 4(S)-[(S)-o-methoxy-a--phenyl-acetyloxy]; 4(S)-[(R)-c-methoxy-
a-phenyl-acetyloxyl; 4(S)-(1-pyrazolylacetyloxy); 4(S)-(isoquinoline-3-carbonyloxy);
4(S)-(pyrazinecarbonyloxy); 4(S)-(4-o-chloromethyl-benzo,loxy); 4(S)-[4-(4-morpho-

lino)methyl-benzoyloxy]; 4(S.)-.(i_sonicotinoyloxy); 4(S)-(nicotinoyloxy); 4(S)-(3-meth0xy'-' e
propanoyloxy); 4(S)-[(4-chlorophenoxy)methoxyacetyloxy]; 4(S)-[2-(2-methoxyethoxy)- 3

acetyloxy]; 4(S)-(butyloxyacetyloxy); 4(S)-[2-[2-(2-methoxyethoxy)ethoxy]acetyloxy)]; -
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4(S)-(methoxyacetyloxy); 4(S)-(phenoxyacetyloxy); 4(S)-[(S)-o-methoxy-a-phenylacetyl-
oxy); 4(S)-[(R)-o-methoxy-a-phenylacetyloxy]; (N,N-dimethyl-aminoacetyloxy); 4(S)-
[N-(pyridine-2-methyl)-N-methyl-aminoacetyloxy]; 4(S)-[3-(dimethyl-amino)-propionyl-
oxy]; 4(S)-[3-(N-Z-N-methyl-amino)-propionyloxy]; 4(S)-(3-methyl-amino-propionyl-
oxy); 4(S)-[(dimethylaminoethoxy)-acetyloxy]; 4(S)-[(2-pyridylmethoxy)-acetylr—vy];
4(S)-(methoxy-acetyloxy); 4(S)-(pyridine-2-carboxy); 4(S)-(methylthioacetylo: : ;; 4t -
(benzylthioacetyloxy); 4(S)-((L)-prolyloxy); 4(S)-((D)-prolyloxy); 4(S)-((L)-(N- 7 -,p*..olyl)-
oxy); 4(S)-((D)-(N-Z-prolyl)oxy); 3-(N-Z-amino)-propionyloxy; 3-amino-propionyloxy;
(3-dimethylamino-propoxy)-acetyloxy; 2-(2-dimethylamino-ethoxy)-ethoxy-acetyloxy;
(4-dimethylamino-butoxy)-acetyloxy; (2-benzyloxy)acetyloxy; (2-acetyloxy)acetyloxy;
2-(4-tetrahydropyranyloxy)acetyloxy; 2(R)-(4-tetrahydropyranyloxy)-propionyloxy; 2-(2-
amino-ethoxy)ethoxy-acetyloxy); 2-(2-benzyloxycarbonylamino-ethoxy)ethoxy-acctyl-
oxy; (methoxycarbonyl-methoxy)-acetyloxy; (methoxycarbonyl-methylthio)-acetyloxy,
(methoxycarbonyl-methylsulfo)-acetyloxy; (pivaloyloxymethoxycarbonyl)-methoxy-ace-
tyl; (carboxymethoxy)-acetyloxy; or (acetoxymethoxycarbonyl-mcthoxy)-acetyldxy; and

R, is tert-butoxycarbonyl; By is a bond; R, is phenyl; R is phenyl; A, is the bivalent
residue of (L)-valine (-(L)-Val-) bonded N-terminally to the group -C=0 and C-terminally
to A,; A, is the bivalent residue of phenylalanine (-(L)-Phe-) bonded N-terminally to A;
and C-terminally to the group -NR4Rs; and R4 and Ry together with the bonding nitrogen
atom form morpholino; - '

or the compound of formula I’ wherein T is as last defined, and has especially one of the
mentioned meanings, and

R, is tert-butoxycarbonyl; By is a bond; R is phenyl; Rs is p-methoxyphenyl; A, is the
bivalent residue of (L)-valine (<(L)-Val-) bonded N-terminally to the group -C=0 aad
C-terminally to A,; A, is the bivalent residue of phenylalanine (-(L)-Phe-) bonded
N-terminally to A; and C-terminally to the group -NR,Rs; and R, and Rs together. with the
bonding nitrogen atom form morpholino; | :

or in each case a pharmaceutically acceptable salt thereof where salt-forming groups are

present.

Greater preference is given to a compound of formula I’ wherein T is methoxyacetyl or

pyridin-2-ylcarbonyl and
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either R, is tert-butoxycarbonyl; Ry is a bond; R, is phenyl; R is phenyl; A, is the
bivalent residue of (L)-valine bonded N-terminally to the group -C=O and C-terminally to
Ajy; A, is the bivalent residue of phenylalanine bonded N-terminally to Ay and |

C-terminally to the group -NR4Rs; and B4 and Ry together with the bonding nitrogen atom S

form morpholino (especially preferred);

or R, is tert-butoxycarbeuyl; By is a bond; R, is phenyl; Ry is p-methoxyphenyl; A, is the |
bivalent residue of (L)-valine bonded N-terminally to the group -C=0 and C-terminally to
A,; A, is the bivalent residue of p-methoxy-phenylalanine bonded N-terminally to Ajand
C-terminally to the group -NR4Rs; and R, and R together with the bonding nitrogen atom
form morpholino; | '

or R, is tert-butoxycarbonyl; B, is a bond; R, is phenyl; Rj is p-fluorophenyl; A, is the
bivalent residue of (L)-valine bonded N-terminally to the group -C=0 and C-terminally to- S
A,; A, is the bivalent residue of phenylalanine bonded N-terminally to A; and '

C-terminally to the group -NR4R5, and R4 and R5 together with the bonding mtrogen atom | :

foim morpholino;

or R, is tert-butoxycarbonyl; B, is a bond; R is phenyl; Rs is p-fluorophenyl; A; is the
bivalent residue of (L)-valine bonded N-terminally to the group -C=0 and C-terminally to
A,; A, is the bivalent residue of p-methoxy-phenylalanine bonded N-terminally to Al and
C-terminally to the group -NR4R5, and R4 and Rs together with the bonding mtrogen atom
form morpholino; ‘

or R, is tert-butoxycarbenyl; Bl is a bond; R, is phenyl; Ry is p-methoxyphenyl; A, is _t‘he‘
bivalent residue of (L)-valine bonded N-terminally to the group -C=0 and C- terminal_ly,to ‘
Ag; A, is the bivalent residue of phenylalamne bonded N-terminally to Al and
C-terminally to the group -NR4Rs; and R4 and R5 together with the bonding nitrogen atom
form morpholino (especially prefcrred)

and pharmaceutically acceptable salts thereof where salt-forming groups are present.

Greatest preference is given to all compounds of formula I’ or the: individual compounds

of formula I’ mentioned in the Examples and the pharmaceutically acceptable salts thereof i

where salt-forming groups are present.
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The compounds of formula I’ and salts of those compounds havihg at least one salt-

forming group are obtained in accordance with processes known per se, for example as
follows:

a) for the preparation of a compound of formula

T
\ R
H o 8 Ry
R, N A, N ,
./ Y AN Ib*),
By & Rs
/ o}
Ry
O wherein R;’ has the meanings given for R, in compounds of formula I’ with the exception
e of hydrogen, the hydroxy group present at the carbon atom adjacent to the carbon atom

carrying the radical R,-CH,- is in free or protected form and the remaining radicals are as
defined for compounds of formula I’, an acid of formula

R,’-OH I,
cess®t or z reactive acid derivative thereof, wherein Ry’ has the meanings given for R, in
Test d compounds of formula I’ with the exception of hydrogen, is condensed with an amino

compound of formula

‘ecee T
Ho o R

[ N \ / 4
aess’ A N
XXX /NEA/(”/ i< A2/ \ (IH’),
'..t.. H'B1 § RS

/ 0]
Ra

or with a reactive derivative thereof, wherein the radicals are as defined for compounds of
formula I’, free functionai groups in the starting materials of fonnulae II and III’, with the
exception of those participating in the reaction, being if necessary in protected foﬁn, and,
if desired, any protecting groups present are removed, or

b) for the preparation of a compound of formula
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T
\ R
H 0] 8 Ry
NG AN (Ic),
B1 § RS
/ (e}
R2

wherein B;’ may be the same residues as B, in compounds of formula I’ but may not be a
bond, the hydroxy group present at the carbon atom adjacent to the carbon atom carrying
the radical R,-CH,- is in free or protected form and the remaining radicals are as defined
for compounds of formula I’, a carboxylic acid of formula

R,-B,’-OH @),

or a reactive acid derivative thereof, wherein R; is as defined for compounds of formula I’
and B,’ is as last defined, is condensed with an amino compound of formula '

T
v o o R
\ / 4 .
N )\/g’/pﬁx /N (V’)
* A N : ’
ho § 2 Rs
/ (o]
Ry

or with a reactive derivative thereof, wherein the radicals are as defined for compounds of
formula I, free functional groups in the starting materials of formulae IV and V’, with the
exception of those participating in the reaction, being if necessary in protected form, and,
if desired, any protecting groups present are removed, or

c¢) a carboxylic acid of formula

(vr),

or a reactive derivative thereof, wherein the radicals are as defined for compounds of
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formula I’, is condensed with an amino compound of formula

N/
SN N (VID),

or with a reactive derivative thereof, wherein the radicals are as defined for compounds of
formula I, free functional groups in the starting materials of formulae VI’ and VII, with
the exception of those participating in the reaction, being if necessary in protected form,
and, if desired, any protecting groups present are removed, or

d) for the preparation of a compound of formula

wherein A,’ and A,’ are as defined for A; and A, in compounds of formula I’, but A" is
not a bond and the peptide bond between A’ and Ay’ is not in reduced form, the hydroxy
group present at the carbon atom adjacent to the carbon atom carrying the radical Ry-CH,-
is in free or protected form and the remaining radicals are as defined for compounds of
formula I’, a carboxylic acid of formula

(Vir’),
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or a reactive derivative thereof, wherein the radicals are as last defined, is condensed with
an amino compound of formula

R

’ 7~ 4

H-—A,’—-N i (IX),
Rs

or with a reactive derivative thereof, wherein the radicals are as last defined, free
functional groups in the starting materials of formulae VIII’ and IX, with the exception of
those participating in the reaction, being if necessary in protected form, and, if desired,
any protecting groups present are removed, or

e) a carboxylic acid of formula

&),

or a rzactive derivative thereof, wherein the radicals are as defined for compounds of
formula I’, is condensed with an amino compound of formula

H < \ (XI)’

or with a reactive derivative thereof, wherein the radicals are as defined for compounds of
formula I’, free functional groups in the starting materials of formulae X’ and XI, with the
exception of those participating in the reaction, being if necessary in protected form, and,
if desired, any protecting groups present are removed, or
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f) in a compound of formula I' wherein the substituents are as defined above with the
proviso that in the compound of formula I’ in question at least one functional group is
protected by protecting groups, the protecting groups are removed, or

g) a compound of formula I

R3
H OH Ry
R \N A N/
1\ v \: 1\A2/ \R (I)a
B1 ; 5
/ (0]
Ry

wherein the radicals are as defined for compounds of formula I, is reacted with a
carboxylic acid of formula XXV ‘

T-OH (XXV),

wherein T is as defined for compounds of formula I’, or with a reactive acid derivative
thereof, free functional groups in the starting materials of formulae XXV and I, with the

exception of those participating in the reaction, being if necessary in protected form, and, - -

if desired, any protecting groups present are removed, or

h) for the preparation of a compound of formula I’ wherein T is a radical of formula Z
wherein R? is lower alkyl substituted by etherified or esterified hydroxy or mercapto, by
unsubstituted or substituted amino or by heterocyclyl bonded via nitrogen, and the
remaining radicals are as defined for compounds of formula I’, a compound of formula .

W,
(E: mH2m)
o=C_ R,

H O _Ry (XXVI)
R N, A a N
B, 2 "Rs

o
R

donnng

NN

wherein W, is a leaving group, -(C,H,,)- is a lower alkylene radical (m is from 1to 7)
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and the rzinaining radicals are as defined for compounds of formula I’, is reacted with a
compound of formula

L-h | (XXVID),

wherein L is etherified or esterified hydroxy or mercapto, unsubstituted or substituted
amino, or heterocyclyl bonded via nitrogen, or with a reactive derivative thereof, frée
functional groups in the starting materials of formulae XX VI and XXVII, with the
exception of those participating in the reaction, being if necessary in protected form, and,
if desired, any protecting groups present are removed, ‘

and/or, if desired, a compound of formula I’ obtainable in accordance with any one of the
above processes a) to h) having at least one salt-forming group is converted into its salt
and/or an obtainable salt is converted into the free compound or into a different salt and/or
isomeric mixtures of compounds of formula I’ which may be obtainable are separated =~
and/or a compound of formula I’ according to the invention is converted into a different .
compound of formula I’ according to the invention.

'The above-defined processes are described in detail below:
Process a) (Formation of an amide bond)

In starting materials of formulae II and III’, functional groups, with the exception of
groups that are intended to participate in the reaction or that do not react under the
reaction conditions, are protected independently of one another by protecting groups.

Protecting groups for functional groups in starting materials the reaction of which is to be
avoided, especially carboxy, amino, hydroxy, mercapto and sulfo groups, include espe-
cially those protecting groups (conventional protecting groups) which are customarily
used in the synthesis of peptide compounds, and also in the synthesis of cephalosporins
and penicillins as well as nucleic acid derivatives and sugars. Those protecting groups
may already be present in the precursors and are intended to protect the functional groups
in question against undesired secondary reactions, such as acylation, etherification, esteri-
fication, oxidation, solvolysis, etc.. In certain cases the protecting groups can additionally
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cause the reactions tc proceed selectively, for example stereoselectively. It is character-
istic of protecting groups that they can be removed easily, i.e. without undesired secondary
reactions taking place, for eXample by solvolysis, reduction, photolysis, and also enzymat-
ically, for example also under physiological conditions. Protecting groups may alsc be
present in the end products, however. Compounds of formula I’ having protected
functional groups may have greater metabolic stability or phannacodyna_mic properties
that are better in some other way than the corresponding compounds having free
functional groups. '

The protection of functional groups by such protecting groups, the protecting groups them--
selves and the reactions for their removal are described, for example, in standard works ‘
such as J. F. W. McOmie, "Protective Groups in Organic Ch. . .istry", Plenum Press,
London and New York 1973, in Th. W. Greene, "Protective Groups in Organic Synthesis",
Wiley, New York 1981, in "The Peptides", Volume 3 (E. Gross and J. Meienhofer, eds.),
Academic Press, London and New York 1981, in "Methoden der organischen Chemie",
Houben-Weyl, 4th edition, Volume 15/I, Georg Thieme Verlag, Stuttgart 1974, in H.-D.
Jakubke and H. Jescheit, "Aminosiuren, Peptide, Proteine" ("Amino acids, peptides,
proteins"), Verlag Chemie, Weinheim, Deerfield Beach and Basle 1982, and in Jochen
Lehmann, "Chemie der Kohlcnhydréte: Monosaccharide und Derivate" ("The Chemistry

of Carbohydrates: monosaccharides and déxivatives"), Georg Thieme Verlag, Stuttgart - 3

1974.

A carboxy group is protected, for eXampIe, in the form of an ester group which can be

cleaved selectively under mild ¢onditions. A carboxy group protected in esterified form is
esterified especially by a lower alkyl group that is preferably branched in the 1-position of
the lower alkyl group or substituted in the 1- or 2-position of the lower alkyl group by suit-
able substituents. ' |

A protected carboxy group esterified by a lower alkyl group is, for example, methbxy-
carbonyl or ethoxycarbonyl.

A protected carboxy group esterified by a lower alkyl group that is branched in the _
1-position of the lower alkyl group is, for example, tert-lower alkoxycarbonyl, for example

tert-butoxycarbonyl.

A protected carboxy group esteriticd by a lower alkyl group that is substituted in the 1- or
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2-position of the lower alkyl group by suitable substituents is, for example, arylmethoxy-
carbonyl having one or two aryl radicals, wherein aryl is phenyl that is unsubstituted or
mono-, di- or tri-substituted, for example, by lower alkyl, for example tert-lower alkyl,
such as tert-butyl, lower alkoxy, for example methoxy, hydroxy, halogen, for example '
chlorine, and/or by nitro, for example benzyloxycarbonyl, benzyloxycarbonyl substituted
by the mentioned substituents, for example 4-nitrobenzyloxycarbonyl or 4-methoxy-
benzyloxycarbonyl, diphenylmethoxycarbony! or diphenylmethoxycarbonyl substituted by
the mentioned substituents, for example di(4-methoxyphenyl)methoxycarbonyl, and also
carboxy esterified by a lower alkyl group, the lower alkyl grcup being substituted in the 1-
or 2-position by suitable substituents, such as 1-lower alkoxy-lower alkoxycarbonyl, for
example methoxymethoxycarbonyl, 1-methoxyethoxycarbonyl or 1-ethoxyethoxy-
carbonyl, 1-lower alkylthio-lower alkoxycarbonyl, for example 1-methylthiomethoxy-
carbonyl or 1-ethylthioethoxycarbonyl, aroylmethoxycarbonyl whérein the aroyl group is
benzoyl that is unsubstituted or substituted, for example, by halogen, such as bromine, for
example phenacyloxycarbonyl, 2-halo-lower alkoxycarbonyl, for example 2,2,2-trichloro-
ethoxycarbonyl, 2-bromoethoxycarbonyl or 2-iodoethoxycarbonyl, as well as 2-(tri-substi-
tuted silyl)-lower alkoxycarbonyl wherein the substituents are each independently of the
others an aliphatic, araliphatic, cycloaliphatic or aromatic hydrocarbon radical that is
unsubstituted or substituted, for exar sle, by lower alkyl, lower alkoxy, aryl, halogen
and/or by nitro, for example lower alkyl, phenyl-lower alkyl, cycloalkyl or phenyl each of
which is unsubstituted or substituted as above, for example 2-tri-lower alkylsilyl-lower
alkoxycarbonyl, such as 2-tri-lower alkylsilylethoxycarbonyl, for examp‘l'e? trimethyl-
silylethoxycarbonyl or 2-(di-n-butyl-methyl-silyl)- ethoxycarbonyl or 2-mary1s11ylethoxy- -
carbonyl, such as mphenylsﬂylethoxycarbonyl :

A carboxy group may also be protected in the form of an organic silyloxycarbonyl group.
An organic silyloxycarbonyl gfoup is, for example, a tri-lower alkylsilyloxycarboryl
group, for example trimethylsilyloxycarbonyl. The silicon atom of the silyloxycarbonyl
group can also be substituted by two lower alkyl groups, for example methyl groups, and
by an amino group or carboxy group of a second molecule of formula i*. Compounds
having such protecting groups can be prepared, for example, using dimethylchlorosilane

as silylating agent.

A carboxy group may also be protected in the form of an internal ester with a hydroxy
group present in the molecule suitably spaced from the carboxy group, for example in the
y-position with respect to the carboxy group, that is to say in the form of a lactone, prefer-
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ably a y-lactone.

A protected carboxy group is preferably tert-lower alkoxycarbonyl, for example tert-but-
oxycarbonyl, benzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 9-fluorenylmethoxycarbonyl
or diphenylmethoxycarbonyl, or a carboxy group protected in the form of a lactone, espe-
cially a y-lactone.

A protected amino group may be protected by an amino-protecting group, for example in
the form of an acylamino, arylmethylamino, etherified mercaptoamino, 2-acyl-lower
alk-1-enylamino or silylamino group or in the form of an azido group.

In an acylamino group, acyl is, for example, the acyl radical of an organic carboxylic acid
having, for example, up to 18 carbon atoms, especially an unsubstituted or substituted, for
example halo- or aryl-substituted, lower alkanecarboxylic acid or an unsubstituted or
substituted, for example halo-, lower alkoxy- or nitro-substituted, benzoic acid, or, prefer-
ably, of a carbonic acid semiester. Such acyl groups are preferably lower alkanoyl, such
as formyl, acetyl, propionyl or pivaloyl, halo-lower alkanoyl, for example 2-haloacetyl,
such as 2-chloro-, 2-bromo-, 2-iodo-, 2,2,2-trifluoro- or 2,2,2-trichloro-acetyl, unsubsti-
tuted or substituted, for example halo-, lower alkoxy- or nitro-substituted, benzoyl, such as -
benzoyl, 4-chlorobenzoyl, 4-methoxybenzoyl or 4-nitrobenzoyl, lower alkoxycarbonyl,
preferably lower alkoxycarbonyl that is branched in the 1-position of the lower alkyl
radical or suitably substituted in the 1- or 2-position, for example tert-lower alkoxy-
carbonyl, such as tert-butoxycarbonyl, arylmethoxycarbonyl having one, two or three aryl
radicals which are phenyl that is unsubstituted or mono- or poly-substituted, for example,
by lower alkyl, especially tert-lower alkyl, such as tert-butyl, lower alkoxy, such as
methoxy, hydroxy, halogen, such as chlorine, and/or by nitro, for example benzyloxy-
carbonyl, 4-nitrobenzyloxycarbonyl, diphenylmethoxycarbonyl, 9-fluorenylmethoxy-
carbonyl or di(4-methoxyphenyl)methoxycarbonyl, aroylmethoxycarbonyl wherein the
aroyl group is preferably benzoyl that is unsubstituted or substituted, for example, by
haloger, such as bromine, for example phenacyloxycartonyl, 2-halo-lower alkoxy-
carbonyl, for example 2,2,2-trichloroethoxycarbonyl, 2-bromoethoxycarbonyl or 2-iodo-
ethoxycarbeyl, 2-(tri-substituted silyl)-lower alkoxycarbonyl, for example 2-tri-lower
alkylsilyl-lower alkoxycarbonyl, such as 2-trimethylsilylethoxycarbonyl or 2-(di-n-butyl-
methyl-silyl)-ethoxycarbonyl, or triarylsilyl-lower alkoxycarbonyl, for example 2-tri-
phenylsilylethoxycarbonyl.
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In an arylmethylamino group, for example a mo.:-+, di- or especially tri-arylmethylamino
group, the aryl radicals are especially unsubstituted or substituted phenyl radicals. Such
groups are, for example, benzyl-, diphenylmethyl- or especially trityl-amino.

In an etherified mercaptoamino group the mercapto group is especially in the form of
substituted arylthio or aryl-lower alkylthio, wherein aryl is, for example, phenyl that is
unsubstituted or substituted, for example, by lower alkyl, such as methyl or tert-butyl,
lower alkoxy, such as methoxy, halogen, such as chlorine, and/or by nitro, for example
4-nitrophenylthio.

In a 2-acyl-lower alk-1-enyl radical that can be used as an amino-protecting group, acyl is,
for example, the corresponding radical of a lower alkanecarboxylic acid, of a benzoic acid
that is unsubstituted or substituted, for example, by lower alkyl, such as methyl or tert-
butyl, lower alkoxy, such as methoxy, halogen, such as chlorine, and/or by nitro, or espe-
cially of a carbonic acid semiester, such as a carbonic acid lower alkyl semiester. Corres-
ponding protecting groups are especially 1-lower alkanoyl-lower alk-1-en-2-yl, for

e example 1-lower alkanoyl-prop-1-en-2-yl, such as 1-acetyl-prop-1-en-2-yi, or lower

ote’ alkoxycarbonyl-lower alk-1-en-2-yl, for example lower alkoxycarbonyl-prop-1-en-2-yl,

such as 1-ethoxycarbonyl-prop-1-en-2-yl.

A silylamino group is, for example, a tri-lower alkylsilylamino group, for example
trimethylsilylamino or tert-butyl-dimethylsilylamino. The silicon atom ©f the silylainino
group can also be substituted by only two lower alkyl groups, for example methyl groups,
and by the amino group or carboxy group of a second molecule of formula I’. Compounds
having such protecting groups can be prepared, for example, using the corresponding
chlorosilanes, such as dimethylchlorosilane, as silylating agents.

vere’ An amino group can also be protected by conversion into the protonated form; suitable
corresponding anions are especially those of strong inorganic acids, such as sulfuric acid,
o phosphoric acid or hydrohalic acids, for example the chlorine or bromine anion, or of
organic sulfonic acids, such as p-toluergsulfonic acid.

Preferred amino-protecting groups are lower alkoxycarbonyl, phenyl-lower alkoxycar-
bonyl, fluorenyl-lower alkoxycarbonyl, 2-lower alkanoyl-lower alk-1-en-2-yl and lower
alkoxycarbonyl-lower alk-1-en-2-yl, especially tert-butoxycarbonyl and benzyloxy-
carbonyl.
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A hydroxy group can be protected, for example, by an acyl group, for example lower

alkanoyl that is unsubstituted or substituted by halogen, such as chlorine, such as acetylor

2,2-dichloroacetyl, or especially by an acyl radical of a carbonic acid semiester mentioned
for protected amino groups. A hydrcixy group can also be protected by tri-lower alkylsxlyl
for example trimethylsilyl, triisopropyisilyl or tert-butyl-dimethylsilyl, a readily
removable etherifying group, for example an alkyl group, such as tert-lower alkyl, for
example tert-butyl, an oxa- or a thia-aliphatic or -cycloaliphatic, especially 2-oxa- or
2-thia-aliphatic or -cycloaliphatic, hydrocarbon radical, for example 1-lower alkoxy-lower
alkyl or 1-lower alkylthio-lower alkyl, such as methoxymethyl, 1-methoxyethyl, laethoxy—
ethyl, methylthiomethyl, 1-methylthioethyl or 1-ethylthioethyl, or 2-oxa- or 2-thia-cyclo-
alkyl having from 5 to 7 ring atoms, such as 2-tetrahydrofuryl or 2-tetrahydropyranyl, or a
corresponding thia analogue, and also by 1-phenyl-lower alkyl, such as benzyl, diphenyl-
methyl or trityl, wherein the phenyl radicals can be substituted, for example, by halogen,
for example chlorine, lower alkoxy, for example methoxy, and/or by nitro. A preferred
hydroxy-protecting group is, for example, 2,2,2-trichloroethoxycarbonyl, 4—nmobenzyl- '
oxycarbonyl, djphenylmethoxycarbonyl benzyl or trityl. '

Two hydroxy groups, especially adjacent hydroxy groups, occurring in a molecule, ora -
hydroxy group and an amino group that are adjacent to one another, can be protected, for
example, by bivalent protecting groups, such as a methylene group that is preferably
substituted, for example, by one or two lower alkyl radicals or by oxo, for example unsub- '
stituted or substituted alkylidene, for example lower alkylidene, such as isopropylidene,
cycloalkylidene, such as cyclohexylidene, a carbonyl group or benzylidene.

A hydroxy group adjacent to a carboxy grourp can be protected by the formation of an
internal ester (lactone), especially a y-lactone.

Preferably a protected hydroxy group is protected by tri-lower alky!silyl or in the form of a
lactone, especially by tert-butyl-dimethyl-silyl or in the form of a y-lactone.

A mercapto group, for example in cysteine, can be protected especially by S-alkylation
with unsubstituted or substituted alkyl radicals, by silylation, by thioacetal formation, by
S-acylation or by the formation of asymmetric disulfide groupings. Preferred mercapto-
protecting groups are, for example, benzyl that is unsubstituted or substituted in the phenyl
radical, for example by methoky or by nitro, such as 4-methoxybenzyl, diphenylmethyl
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that is unsubstituted or substituted in the phenyl radical, for example by methoxy, such as
di(4-methoxyphenyl)methyl, triphenylmethyl, pyridyldiphenylmethyl, trisz:. “vlsilyl,
benzylthiomethyl, tetrahydropyranyl, zcylaminomethyl, such as acetamidorre.tayl, iso-
butyrylacetamidomethyl or 2—ch10roacetamidomethyl, benzoyl, behzyloxycarbonyl or
alkyl-, especially lower alk_yl-aminocarbOnyl, such as ethylaminocarbonyl, and also lower
alkylthio, such as S-ethylthio or Séteft-buty!thio, or S-sulfo.

A sulfo group can be protected, for example, by lower alkyl, fc. example methyl or ethyl,
by phenyl or in the form of a sulfonamide, for example in the form of an imidazolide.

In the context of this Application, a protecting group, for example a carboxy-protecting
group, is to be understood as being expressly also a polyineric carrier that is bonded in a
readily removable manner to the functional group, for example the carboxy group, to be
protected, for example a carrie,rr suitable for the Merrifield synthesis. Such a suitable
polymeric carrier is especially a polystyrene resin, weékly cross-linked by copoly'meris,a4 |
tion with divinylbenzene, that carries bridge members suitable for reversible bonding. |

efeet The acids of formula il are carboxylic acids or sulfonic acids.
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The carboxylic acids cf formula II either contain a free carboxy group or are in the formof
a reactive derivative, for example in the form of an activated ezter derived from the free '
carboxy compound, in the form of a reactive anhydride, or in the form of a reactive cyclic

amide. The reactive derivatives may also be formed in situ. B
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- Activated esters of compounds of formula II having a carboxy group are especially esters
unsaturated at the linking carbon atom of the esterifying radical, for example of the vinyl
ester type, such as vinyl esters (obtainable, for example, by transesterification of a corres-
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ponding ester with vinyl acetate; activated vinyl ester method), carbamoyl esters
e (obtainable, for example, by treatment of the corresponding acid with an isoxazolium
::::.. reagent; 1,2-oxazolium cr Woodward method), or 1-lower alkoxyvinyl esters (obtainable,
e for example, by treatment of the corresponding acid with a lower alkoxyacetylene; ethoxy-
acetylene method), or esters of the amidino type, such as N,N’-disubstituted amidino '
esters (obtainable, for example, by treatment of the corresponding acid with a suitable
N,N’-disubstituted carbo‘diimidé,, for example N,N’-dicyclohexylcarbodiimide; carbo-
diimide method), or N,N-disubstituted amidino esters (obtainable, for example, by
treatment of the corresponding acid with an N ,N-disubstituted cyanamide; cya_na\midei' '
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method), suitable aryl esters, especially phenyl esters substituted by electron-attracting
substituents (obtainable, for example, by treatment of the corresponding acid with a
suitably substituted phenol, for example 4-nitrophenol, 4-methylsulfonylphenol, 2,4,5-tri-
chlorophenol, 2,3,4,5,6-pentachlorophenol or 4-phenyldiazophenol, in the presence of a
condensation agent, such as N,N’-dicyclohexylcarbodiimide; activated aryl esters
method), cyaromethyl esters (obtainable, for example, by treatment of the corresponding
acid with chloroacetonitrile in the presence of a base; cyanomethyl esters method), thio-
esters, especially unsubstituted or substituted, for example nitro-substituted, phenylthio
esters (obtainable, for example, by treatment of the corresponding acid with unsubstituted
or substituted, for example nitro-substituted, thiophenols, inter alia by the anhydride or
carbodiimide method; activated thiol esters method), or especially amino or amido esters
(obtainable, for example, by treatment of the corresponding acid with an N-hydroxyamino
or N-hydroxyamido compound, for example N-hydroxysuccinimide, N-hydroxypiperidine, -
N-hydroxyphthalimide, N-hydroxy-5-norbornene-2,3-dicarboxylic acid imide, 1-hydroxy-
benzotriazole or 3-hydroxy-3,4-dihydro-1i,2,3-benzotriazin-4-one, for example by the
anhydride or carbodiimide method; activated N-hydroxy esters method). Internal esters,

oo for example y-lactones, can also be used.

Anhydrides of acids may be symmetric or preferably mixed anhydrides of those acids, for
example anhydrides with inorganic acids, such as acid halides, especially acid chlorides
(obtainable, for example, by treatment of the corresponding acid with thionyl chloride,
phosphorus pentachloride or oxalyl chloride; acid chloride method), azides (obtainable, for
example, from a corresponding acid ester via the corresponding hydrazide and treatment
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:: thereof with nitrous acid; azide method), anhydrides with carbonic acid semiesters, for

ot example carbonic acid lower alkyl semiesters (obtainable, for example, by treatment of the
oo oo, corresponding acid with chloroformic acid lower alkyl esters or with a 1-lower alkoxy- '
.o carbonyl-2-lov-er alkoxy-1,2-dihv-toquinoline; mixed O-alkylcarbonic acid anhydrides

method), or anhydrides with dihalogenated, especially dichlorinated, phosphoric acid
s (obtainable, for example, by treatment of the corresponding acid with phosphorus
::::- . oxychloride; phosphorus oxychloride method), anhydrides with other phosphoric acid
o derivatives (for example those obtainable with phenyl-N-phenylphosphoramidochloridate
or by reaction of alkylphosphoric acid amides in the presence of sulfonic acid anhydrides '
and/or racemisation-reducing additives, such as N-hydroxybenzotriazole, or in the
presence of cyanophosphonic acid diethyl ester) or with phosphorous acid derivatives, or
anhydrides with organic acids, such as mixed anhydrides with organic carboxylic acids
(obtainable, for example, by treatment of the corresponding acid with an unsubstituted or
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substituted lower alkane- or phenyl-lower alkane-carboxylic acid halide, for example.
phenylacetic acid chloride, pivalic acid chloride or trifluoroacetic acid chloride; mixed
carboxylic acid anhydrides method) or with organic sulfonic acids (obtainable, for
example, by treatment of a salt, such as an alkali metal salt, of the corresponding acid with
a suitable organic sulfonic acid halide, such as a lower alkane- or aryl-, for example
methane- or p-toluene-sulfonic acid chloride; mixed sulfonic acid anhydrides method) and
symmetric ~nhydrides (obtainable, for example, by condensation of the corresponding 27id
in the presence of a carbodiimide or 1-diethylaminopropyne; symmetric anhydrides
method).

Suitable cyclic amides are especially amides having five-membered diazacycles of
aromatic character, such as amides with imidazoles, for example imidazole (obtainable,
for example, by treatment of the corresponding acid with N,N’-carbonyldiimidazole;
imidazole method), or pyrazole, for example 3,5-dimethylpyrazole (obtainable, for
example, via the acid hydrazidé by treatment with acetylacetone; pyrazolide method).

As mentioned, derivatives of carboxylic acids that are used as acylating agents may also
be formed in situ. For example, N,N’-disubstituted amidino esters may be formed in situ
by reacting, for example in the presence of a suitable base, such as triethylamine, a-
mixture of the starting material of formula III’ and the acid of formula II used as acylating
agent, in the presence of a suitable N,N’-disubstituted carbodiimide, for example
N,N’-cyclohexylcarbodiimide. In addition, amino nr amido esters of the acids used as
acylating agents may be formed in the presence of the starting material of formula III’ to
be acylated, by reacting a mixture of the corresponding acid and amino starting materials
in the presence of an N,N’-disubstituted carbodiimide, for example N,N’-dicyclohexyl-
carbodiimide, and of an N-hydroxyamine or N-hydroxyamide, for example N-hydrox;-
succinimide, where appropriate in the presence of a suitable base, for example 4-dimethy!-
amino-pyridine. Moreover, activation in situ can be achieved by reaction with
N,N,N’,N’-tetraalkyluronium compounds, such as O-benzotriazol-1-yl-N,N,N’,N’-tetra-
methyluronium hexafluorophosphate. Finally, phosphoric acid anhydrides of the ,
carboxylic acids of formula II can be prepared in situ by reacting an alkylphosphoric acid
amide, such as hexamethylphosphoric acid triamide, in the presence of a sulfonic acid
anhydride, such as 4-toluenesulfonic acid anhydride, with a salt, such as a tetrafluoro-
borate, for example sodium tetrafluoroborate, or with another derivative of hexamethyl- .
phosphoric acid triamide, such ax: benzotriazol-1-yl-oxy-tris(dimethylamino)phosphonium
hexafluoride, preferably in the presence of a racemisation-reducing additive, such as
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N-hydroxybenzotriazole.

The amino group of compounds of formula III’ that participates in the reaction preferably
carries at least one reactive h'ydro_gen atom, especially when the carboxy group reacting
therewith is present in reactive form; it may, however, itself have been derivatised, for
example by reaction with a phosphite, such as diethylchlorophosphite, 1,2-phenylené-
chlorophosphite, ethyl dichlarophosphite, ethylenechlorophosphite or tetraethylpyro-
phosphite. A derivative of such a compound having an amino group is, for example, also
a carbamic acid halide, the amino group that participates in the reaction being substituted
b halocarbonyl, for example chlorocarbonyl.

Condensation to form an amide bond can be carried out in a manner known per se, for
example as described in standa:d works, such as Houben—Weyl, "Methoden der organ-
ischen Chemie", 4th edition, Volume 15/11 (1974), Volume IX (1955), Volume E 11
(1985), Georg Thieme Verlag, Stuttgart, "The Peptides" (E. Gross and J. Meienhofer,
eds.), Volumes 1 and 2, Academic Prcss, London and New York, 1979/1980, or

M. Bodansky, "Principles of Peptide Synthesis", Springer-Verlag, Berlin 1_984.

The condensation of a free carboxylic acid with the corresponding amine can be carried
out preferably in the presence of one of the customary condensation agents. Customary
condensation agents are, for example, carbodiimides, for example diethyl-, dipropyl-,
N-ethyl-N’-(3-dimethylaminopropyl)-carbodiimide or especially dicyclohexylcarbe-
diimide, also suitable carbonyl compounds, for example carbonylimidazole, 1,2
oxazolium compounds, for example 2-ethyl-5-phenyl-1,2-oxazolium 3’-sulfonate and
2-tert-butyl-5-methylisoxazolium perchlorate, or a suitable acylamino"compound, for
example 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline, N,N,N’,N’-tetraalkyluronium
compounds, such as C benzotriazol-1-yl-N,N,N’,N’-tetramethyluronium hexafluoro-
phosphate, also activated phosphoric acid dcnvatlves for example dlphcnylphosphoryl

azide, diethylphosphoryl cyanide, phen_yl-N-phcn_y_lphosphoroamxdochlondate, blS(_Z-OXO-._;‘

3-oxazolidinyl)phosphinic acid chloride or 1-benzotriazolyloxy-tris(dimethylamino)-
phosphonium hexafluorophosphate.

In a manner analogous to the types of reaction mentioned for condensation for the
carboxylic acids of formula II in the condensation the sulfonic acids of formula II having
a terminal sulfonyl group may also be reacted with compounds of formula III" to form the

corresponding sulfonamides of formula Ib’.
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For example, it is possible to use activated sulfonic acid esters, for example the corres-
ponding aryl esters, such as pheny! esters, especially those substitu‘ed by nitro groups, it
being possible for the amine component of formula Ib’ also to be used in the form of an-
alkali metal amide, for example an alkali metal arylamide, such as sodium amlmcamlde,
or an alkali metal salt of nitrogen-containing heterocycles, for example potassium
pyrrolide.

It is also possible to use reactive anhydrides, such as the corresponding symmetric acid
anhydrides (which can be prepared, for example, by reaction of the alkylsulfonic acid ‘
silver salts with alkylsulfonyl chlorides) or, preferably, the corresponding asymmetric acid B
anhydrides, for example anhydrides with inorganic acids, such as sulfonyl halides, cspe¥
cially sulfonyl chlorides (obtainable, for example, by reaction of the corresponding
sulfonic acids with inorganic acid chlorides, for example thionyl chloride, sulfuryl
chloride or phosphorus pentachloride), with organic carboxylic acids (obtainable, for
example, by treatment of a sulfonic acid halide with the salt of a carboxylic acid, such as
an alkali metal salt, analogously to the above-mentioned method for the preparation of
mixed acid anhydrides), or azides (obtainable, for éxamplc, from a corresponding sulfonic
acid chloride and sodium azide or via the corresponding hydrazide and treatment thereof
with nitrous acid analogously to the above-mentioned azide method).

If desired, an organic base may be added, for example a tri-lower alkylamine having bulky
radicals, such as ethyl diisopropylamine, and/or a heterocyclic base, for example pyridine,
4-dimethylaminopyridine or preferably N-methylmorpholine.

The condensation of activated esters, reactive anhydrides or reactive cyclic amides with
the corresponding amines is customarily carried out in the presence of an organic base, for .
example simple tri-lower alkylamines, for example triethylamine or tributylamine, or one
of the above-mentioned organic bases. If desired, a condensation agent is additionally
used, for example as described for free carboxylic acids.

The condensation of acid anhydrides with amines can be effected, for exampie, in the
presence of inorganic carbonates, for example ammonium or alkali metal carbonates or
hydrogen carbonates, such as sodium or potassium carbornate or hydrogen carbonate
(usually together with a sulfate), while the reaction of suifonic acid halides, such as
sulfonic acid chlorides, can be carried out in the presence of hydroxides, for example
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alkali metal hydroxides, such as sodium hydroxide or potassium hydroxide.

Carboxylic acid chlorides, for example the chlorocarbonic acid derivatives derived from
the acid of forr.. ila II, are condensed with the corresponding amines preferably in the
presence of an organic amine, for exaniple the above-mentioned tri-lower alkylamines or
heterocyclic bases, where apprbpriatc in the presence of a hydrogen sulfate.

The condensation is preferably carried out in an inert, aprotic, preferably anhydrous,
solvent or solvent mixture, for example in a carbrxylic acid amide, for example
formamide or dimethylformamide, a halogenated hydrocarbon, for example methylene
chloride, carbon tetrachloride or chlorobenzene, a ketone, for example acetone, a cyclic
ether, for example tetrahydrofuran, an ester, for example ethyl acetate, or a nitrile, for
example acetonitrile, or in a mixture thereof, as appropriate at reduced or elevated
temperature, for example in a temperature range of from approximately -40°C to approx- -
imately +100°C, preferably from approximately -10°C to approximately +50°C, and

w ithout an inert gas or under an inert gas atmosphere, for example a nitrogen or argon
atmosphere.

Aqueous, for example alcoholic, solvents, for example ethanol, or aromatic solvents, for
example benzene or toluene, may also be used. When alkali metal hydroxides are present
as bases} acetone can also be added where appropriate.

The condensation can also be carried out in accordance with the technique known as
solid-phase synthesis which originates from R. Merrifield and is described, for cxample,‘in
Angew. Chem, 97, 801 - 812 (1985), Naturwissenschaften 71, 252 - 258 (1984) or in R. A.
Houghten, Proc. Natl. Acad. Sci. USA 82, 5131 - 5135 (1985).

The freeing of functional groups protected by protecting groups in the resulting
compounds of formula I’ having protected functions is effected in accordance with one or
more of the methods mentioned under Process f).

Process b) (Formation of an amide bond)
In starting materials of formulae IV and V’, functional groups, with the exception of the

groups that are intended to participate in the reaction or that do not react under the
reaction conditions, are protected independently of one another by protecting groups.
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The protecting groups, the free carboxylic acids and the reactive derivatives thereof, the
free amines and the reactive derivatives thereof and the processes used for condensation
are entirely analogous to those described under Process a) for the formation of an amide
bond starting from compounds of formulae II and III” except that carboxylic acids of
formula I'V are used instead of those of formula II and amino compounds of formula V’
are used instead of those of formula III’.

The freeing of functional groups protected by protecting groups in the resulting
compounds of formula I’ having protected functions is effected in accordance with one or
more of the methods mentioned under Process f).

Process c) (Formation of an amide bond)

In starting materials of formulae VI’ and VII, functional groups, with the exception of the
groups that are intended to participate in the reaction or that do not react under the
reaction conditions, are protected independently of one another by protecting groups.

The protecting groups, the free carboxylic acids and th. reactive derivatives thereof, the
free amines and the reactive derivatives thereof and the processes used for condensation
are entirely analogous to those described under Process a) for the formation of an amide
bond starting from compounds of formulae II and III” except that carboxylic acids of
formula VI’ are used instead of those of formula II and amino compounds of formula VII
are used instead of those of formula III’.

The freeing of functional groups protected by protecting groups in the resulting
compounds of formula I’ having protected functions is effected in accordance with one or
more of the methods mentioned under Process f).

Process d) (Formation of an amide bond)

In starting materials of formulae VIII’ and IX, functional groups, with the exception of the
groups that are intended to participate in the reaction or that do not react under the

reaction conditions, are protected independently of one another by protecting groups.

The protecting groups, the free carboxylic acids and the reactive derivatives thereof, the
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free amines and the reactive derivatives thereof and the processes used for condensation
are entirely analogous to those described under Process a) for the formation of an amide
bond starting from compounds of formulae II and III’ except that carboxylic acids of
formula VIII’ are used instead of those of formula II and amino compounds of formula IX
are used instead of those of formula III’.

The freeing of functional groups protected by protecting groups in the resulting
compounds of formula I" having protected functions is effected in accordance with one or
more of the methods mentioned under Process f).

Process e) (Formation of an amide bond)

In staruing materials of formulae X’ and XI, functional groups, with the exception of the
groups that are intended to particigate in the reaction or that do not react under the
reaction conditions, are protected independently of one another by protecting groups.

The protecting groups, the free carboxylic acids and the reactive derivatives thereof, the
free amines and the reactive derivatives thereof and the processes used for condensation
are entirely analogous to those described under Process a) for the formation of an amide
bond starting from compounds of formulae II and III’ except that carboxylic acids of
formula X’ are used instead of those of formula II and amino compounds of formula XI
are used instead of those of formula III’.

A reactive derivative of such a compound of formula XI having an amino group is, for
example, also an isocyanate in which the amino group participating in the reaction has
been modified in the form of an isocyanate group, in that case there being obtainable only
compounds of formula I’ that carry a hydrogen atom at the nitrogen atom of the amide
group formed by the reaction.

The freeing of functional groups protected by protecting groups in the resulting

compounds of formula I’ having protected functions is effected in accordance with one or
more of the methods mcntiom:d under Prccess f).

Process f) (Removal of protecting groups)

The removal of protecting groups that are not constituents of the desired end product of
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formula I’, for example the carboxy-, amino-, hydroxy-, mercapto- and/or sulfo-protecting
groups, is effected in a manner known per se, for example by means of solvolysis, espe-
cially hydrolysis, alcoholysis or acidolysis, or by means of reduction, especially hydro-
genolysis or by means of other reducing agents, as well as photolysis, as appropriate
stepwise or sirnultaneously, it being possible also to use enzymatic methods. The removal
of the protecting groups is described, for example, in the standard works mentioned
hereinabove in the section relating to protecting groups.

For example, protected carboxy, for example tert-lower alkoxycarbonyl, lower alkoxy-
carbonyl substituted in the 2-position by a trisubstituted silyl group or in the 1-position by
lower alkoxy or by lower alkylthio, or unsubstituted or substituted diphenylmethoxy-
carbonyl can be converted into free carboxy by treatment with a suitable acid, such as
formic acid, hydrogen chloride or trifluoroacetic acid, where appropriate with the addition
of a nucleophilic compound, such as phenol or anisole. Unsubstituted or substituted
benzyloxycarbonyl can be freed, for examgple, by means of hydrogenolysis, i.e. by
treatment with hydrogen in the presence of a metal hydrogenation catalyst, such as a
palladium catalyst. In addition, suitably substituted benzyloxycarbonyl, such as 4-nitro-
benzyloxycarbonyl, can be converted into free carboxy also by reduction, for example by
treatment with an alkali metal dithionite, such as sodium dithionite, or with a reducing
metal, for example zinc, or a reducing metal salt, such as a chromium(II) salt, for example
chromium(II) chloride, customarily in the presence of a hydrogen-yielding agent that, |
together with the metal, is capable of producing naszent hydrogen, such as an acid, espe-
cially a suitable carboxylic acid, such as an unsubstituted or substituted, for example
hydroxy-substituted, lower alkanecarboxylic acid, for example acetic acid, formic acid,
glycolic acid, diphenylglycolic acid, lactic acid, mandelic acid, 4-chloromandelic acid or
tartaric acid, or in the presence of an alcohol or thiol, water preferably being added. By
treatment with a reducing metal or metal salt, as described above, 2-halo-lower alkoxy-
carbonyl (where appropriate after conversion of a 2-bromo-lower alkoxycarbonyl group
into a corresponding 2-iodo-lower alkoxycarbonyl group) or aroylmethoxycarbonyl can
also be converted into free carboxy. Aroylmethoxycarbonyl can be cleaved also by treat-
ment with a nucleophilic, preferably salt-forming, reagent, such as sodium thiophenolate
or sodium iodide. 2-(tri-substituted silyl)-lower alkoxycarbonyl, such as 2-tri-lower alkyl-
silyl-lower alkoxycarbonyl, can also be converted inito free carboxy by treatment with a
salt of hydrofluoric acid that yields the fluoride anion, such as an alkali metal fluoride, for
example sodium or potassium fluoride, where appropriate in the presence of a macrocyclic
polyether ("crown ether"), or with a fluoride of an organic quaternary base, such as tetra-
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lower alkylammonium fluoride or tri-lower alkylaryl-lower alkylammonium fluoride, for
example tetraethylammonium fluoride or tetrabutylammonium fluoride, in the presence of
an aprotic, polar solvent, such as dimethy! sulfoxide or N,N-dimethylacetamide. Carboxy
protected in the form of organic silyloxycarbonyl, such as tri-lower alkylsilyloxycarbonyl,
for example trimethylsilyloxycarbonyl, can be freed in customary manrer by solvolysis,
for example by treatment with water, an alcohol or an acid, or, furthermore, a fluoride, as
described above. Esterified carboxy can also be freed enzymatically, for example by
means of esterases or suitable peptidases, for exarnple esterified arginine or lysine, such as
lysinc methyl ester, using trypsin. Carboxy protected in the form of an internal ester, such
as in the form of y-lactone, can be freed by hydrolysis in the presence of a hydroxide-
containing base, such as an alkaline earth metal hydroxide or, especially, an alkali metal
hydroxide, for example NaOH, KOH or LiOH, more especially LiOH, the correspondingly
protected hydroxy group being freed at the same time.

A protected amino group is frecd in a manner known per se and, according to the nature of
the protecting groups, in various ways, preferably by solvolysis or reduction. Lower
alkoxycarbonylamino, such as tert-butoxycarbonylamino, can be cleaved in the presence
of acids, for example mineral acids, for example a hydrogen halide, such as hydroge:i
chloride or hydrog=n bromide, especially hydrogen bromide, or sulfuric or phosphoric
acid, preferably hydrogen chloride, in polar solvents, such as water or a carboxylic acid,
such as acetic acid, or ethers, preferably cyclic ethers, such as dioxane; 2-halo-lower
alkoxycarbonylamino (where appropriate after conversion of a 2-bromo-lower alkoxy-
carbonylamino group into a 2-iodo-lower alkoxycarbonylamino group), aroylmethoxy-
carbonylamino or 4-nitrobenzyloxycarbonylamino can be cleaved, for example, by treat-
ment with a suitable reducing agent, such as zinc in the presence of a suitable carboxylic
acid, such as aqueous acetic acid. Aroylmethoxycarbonylamino can be cleaved also by
treatment with a nucleophilic, preferably salt-forming, reagent, such as sodium thio-
phenolate, and 4-nitrobenzyloxycarbonylamino also by treatment with an alkali metal
dithionite, for example sodium dithionite. Unsubstituted or substituted diphenylmethoxy-
carbonylamino, tert-lower alkoxycarbonylamino or 2-(tri-substituted silyl)-lower alkoxy-
carbonylamino, such as 2-tri-lower alkylsilyl-lower alkoxycarbonylamino, can be cleaved
by treatment with a suitable acid, for example formic acid or trifluoroacetic acid, for
example in a halogenated hydrocarbon, such as methylene chloride or chloroform (espe-
cially when hydroxy protected by benzyl is not to be freed at the same time); unsubstituted
or substituted benzyloxycarbonylamino can be cleaved, for example, by means of
hydrogenolysis, i.e. by treatment with hydrogen in the presence of a suitable hydrogena-
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tion catalyst, such as a palladium catalyst, for example bonded to a carrier, such as carbon,
preferably in polar solvents, such as di-lower alkyl-lower alkanoylamides, for example
dimethylformamide, ethers, such as cyclic ethers, for example dioxane, esters, such as
iower alkanoic acid lower alkyl esters, for example ethyl acetate, or alcohols, such as
methanol, ethanol or propanol, with methanol being especially preferred, preferably
approximately at room temperature; unsubstituted or substituted triarylmethylamino or
formylamino can be cleaved, for example, by treatment with an acid, such as a mineral
acid, for example hydrochloric acid, or an organic acid, for example formic, acetic or tri-
fluoroacetic acid, where appropriate in the presence of water, and triphenylmethylamino
can be cleaved especially by hydrogenolysis with a noble metal or noble metal oxide as
caralyst, such as platinum, palladium or, especially, palladium hydroxide, the catalyst
preferably being bonded to a carrier, such as carbon, silica gel or aluminium oxide, in inert
solvents, such as an ether, preferably a lower alkyl-lower alkanoate, such as ethyl acetate,
at temperatures of froin 20° to 80°C, especially from 50° to 70°C, if necessary under
elevated pressure, for exvinple approximately from 1 to 10 bar; and an amino group
protected in the form of silylamino can be freed, for example, by means of hydrolysis or
alcoholysis. An amino group protected by 2-haloacetyl, for example 2-chloroacetyl, can
be freed by treatment with thiourea in the presence of a base, or with a thiolate salt, such
as an alkali metal thiolate of thiourea, and subsequent solvolysis, such as alcoholysis or
hydrolysis, of the resulting substitution product. An amino group protected by 2-(tri-
substituted silyl)-lower alkoxycarbonyl, such as 2-tri-lower alkylsilyl-lower alkoxy-
carbonyl, can be converted into the free amino group also by treatment with a salt of
hydrofluoric acid that yields fluoride anions, as indicated above in connection with the
freeing of a correspondingly protected carboxy group. Likewise, silyl, such as trimethyl-
silyl or tert-butyl-dimethylsilyl, bonded directly to a hetero atom, such as nitrogen, can be
removed using fluoride ions, preferably with a fluoride of an organic quaternary nitrogen
base, such as tetra-lower alkylammonium fluoride or tri-lower alkylaryl-lower alkyl-
ammonium fluoride, for example tetraethylammonium fluoride or tetrabutylammonium
fluoride, in the presence of an aprotic, polar solvent, such as dimethyl sulfoxide or N,N-di-
methylacetamide, or especially an ether, such as tetrahydrofuran, at temperatures of from

0 to 50°C, especially at about room temperature.

Amino protected in the form of an azido group is convertcd into free amino, for example,
by reduction, for example by catalytic hydrogenation with hydrogen in the presence of a
hydrogenation catalyst, such as platinum oxide, palladium or Raney nickel, by reduction
using mercapto compounds, such as dithiothreitol or mercaptoethanol, or by treatment
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with zinc in the presence of an acid, such as acetic acid. The catalytic hydrogenation is
preferably carried out in an inert solvent, such as a halogenated hydrocarbon, for example
methylene chloride, or in water or in a mixture of water and an organic solvent, such as an
alcohol or dioxane, at approximately from 20°C to 25°C, or with cooling or heating.

A hydroxy or mercapto group protected by a suitable acyl group, by a tri-lower alkylsilyl
group or by unsubstituted or substituted 1-phenyl-lower alkyl is freed analogously to a
correspondingly protected amino group. A hydroxy or mercapto group protected by
2,2-dichloroacetyl is freed, for example, by basic hydrolysis, and a hydroxy or mercapto
group protected by tert-lower alkyl or by a 2-oxa- or 2-thia-aliphatic or -cycloaliphatic
hydrocarbon radical is freed by acidolysis, for example by treatment with a mineral acid or
a strong carboxylic acid, for example trifluoroacetic acid. A hydroxy group protected by
benzyloxy is freed, for example, by hydrogenolysis, that is to say by treatment with
hydrogen in the preseiice of a suitable hydrogenation catalyst, such as a palladium
catalyst, for example bonded to a carrier, such as carbon, preferably in polar solvents, such
as di-lower alkyl-lower alkanoylamides, for example dimethylformamide, ethers, such as
cyclic ethers, for example dioxane, esters, such as lower alkylalkanoates, for example
ethyl acetate, or alcohols, such as methanol, ethanol or propanol, with methanol being
especially preferred, preferably at about room temperature. Mercapto protected by pyridyl-
diphenylmethyl can be freed, for example, using mercury(Il) salts at pH 2-£ or by zinc/-
acetic acid or by electrolytic reduction; acetamidomethyl and isobutyrylamidomethyl can
be freed, for example, by reaction with mercury(II) salts at pH 2-6; 2-chloroacetamido-
methyl can be freed, for example, using 1-piperidinothiocarboxamide; and S-ethylthio,
S-tert-butylthio and S-sulfo can be freed, for example, by thiolysis with thiophenol, thio-
glycolic acid, sodium thiophenolate or 1,4-dithiothreitol. Two hydroxy groups or an
adjacent amino and hydroxy group which are protected together by means of a bivalent
protecting group, preferably, for example, by a methylene group mono- or di-substituted
by lower alkyl, such as lower alkylidene, for example isopropylidene, cycloalkylidene, for
example cyclohexylidene, or benzylidene, can be freed by acid solvolysis, especially in
the presence of a mineral acid or a strong organic acid. A tri-lower alkylsilyl group is
likewise removed by acidolysis, for example by a mineral acid, preferably hydroftuoric
acid, or a strong carboxylic acid. 2-halo-lower alkoxycarbony! is removed using the
above-mentioned reducing agents, for example a reducing metal, such as zinc, reducing
metal salts, such as chromium(II) salts, or using sulfur compounds, for example sodium
dithionite or preferably sodium sulfide and carbon disulfide. Esterified hydroxy groups,
for example lower alkanoyloxy, such as acetyloxy, can also be freed by esterases, and
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acylated amino can be freed, for example, by suitable peptidases.

A sulfo group protected in the form of a sulfonic acid ester or sulfonamide is freed, for
example, by acid hydrolysis, for example in the presence of a mineral acid, or preferably
by basic hydrolysis, for example with an alkali metal hydroxide or alkali metal carbonate,

for example sodium carbonate.

The temperatures for the freeing of the protected functional groups are preferably from 7
-80° to 100°C, especially from -20° to 50°C, for example from 10° to 35°C, such as in the ‘

region of room temperature.

When several protected functional groups are present, if desired the protecting groups can
be so selected that more than one such group can be removed simultaneously, for example
by acidolysis, such as by treatment with trifluoroacetic acid, or with hydrogen and a
hydrogenation catalyst, such as a palladium-on-carbon catalyst. Conversely, the groups
can 2aiso be so selected that they cannot all be removed simultaneously, but rather in a
desired sequence, the corresponding intermediates being obtained.

Process g) (Formation of a carboxylic acid ester)

The acylation of the hydroxy group is effected, for example, in a manner known per se
using an acid of formula XXV as defined above wherein T is as defined with the exception
of unsubstituted or substituted aminocarbonyl, or a reactive derivative of a compound of
formula XXV wherein T is as defined for compounds of formula I. A suitable reactive
derivative is, for example, a carboxylic acid of formula XXV’

T-Z, (XXV?)

wherein T is one of the radicals defined above for compounds of formula I’, preferably
one of the radicals mentioned with the exception of unsubstituted or substituted amino-
carbonyl, and wherein Z, is reactively activated hydroxy (the compound of formula XXV’
therefore contains, instead of a hydroxy function bonded to the carbonyl group, reactively
activated hydroxy, preferably as defined below). The free carboxylic acid of formula XXV
can be activated, especially also in situ, for example, by strong acids, such as a hydrohalic,
sulfuric, sulfonic or carboxylic acid, or acidic ion exchangers, for example by hydro-
chloric, hydrobromic or hydriodic acid, sulfuric acid, an unsubstituted or substituted, for
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example halo-substituted, alkanecarboxylic acid, or by an acid of formula XXV, prefer-
ably with an excess of the acid of formula XXV, if necessary with the binding of the
resulting water of reaction by water-binding agents, with removal of the water of reaction
by azeotropic distillation or with extractive esterification, by acid anhydrides, especially
inorganic or more especially organic acid anhydrides, for example carboxylic acid
anhvdrides, such as lower alkanecarboxylic acid anhydrides (with the exception of formic
acid anhydride), for example acetic anhydride, or by suitable activating or coupling
reagents of the type mentioned below. T-Z; may especially also £ a carboxylic acid azide
(Z, = azido; obtainable, for example, by reaction of a corresponding acid ester via the
corresponding hydrazide and treatment thereof with nitrous acid); a carboxylic acid halide
(Z, = halogen, especially chlorine or bromine), especially an acid chloride or bromide,
obtainable, for example, by reaction with organic acid halides, especially with oxalyl
dihalides, such as oxalyl dichloride, with inorganic acid halides, for example with acid
halides of phosphorus or sulfur, such as phosphorus trichloride, phosphorus tribromide,
phosphorus pentachloride, phosphorus pentabromide, phosphorus oxychloride, phosphorus
oxyoromide, thionyl chloride or thionyl bromide, or especially under mild conditions with
tetra-lower alkyl-o-halo-enamines, for example tetramethyl-a-halo-enamines, especially
1-chloro-N,N,2-trimethyl-1-propenamine (preferably by reaction under an inert gas, such
as nitrogen, in inert solvents, especially chlorinated hydrocarbons, such as methylene
chloride or chloroform, or ethers, such as diethyl ether, dioxane or tetrahydrofuran, or
mixtures thereof, at preferred temperatures of from -78 to 50°C, especially from -60 to
30°C, for example from -10°C to room temperature (cf. Devos, A., et al., J. C. S. Chem.
Commun. 1979, 1180-1181, and Haveaux, B., et al., Org. Synth. 59, 26 (1980)), it being
possible for the resulting acid halide, for example the acid chloride of formula XXV’
wherein Z, is chlorine, also to be used further directly in situ, for example by reaction with
the compound of formula I'in the presence of tertiary nitrogen bases, such as pyridine or
4-dimethylaminopyridine (DMAP, which is preferably added in catalytic amounts) or both
of those bases, at preferred temperatures of from -20 to 50°C, especially from 10°C to
40°C; an activated ester wherein Z, is the radical of an alcohol having electron-attracting
substituents, especially cyanomethoxy or aryloxy wherein aryl is preferably phenyl or
naphthyl that is mono- or poly-substituted by halogen, nitro and/or by cyano, for example
nitrophenoxy, such as 4-nitrophenoxy or 2,4-dinitrophenoxy, or polyhalophenoxy, such as
pentachlorophenoxy; or a symmetrical or, preferably, asymmetrical acid anhydride which
can be obtained, for example, by the action of a salt, for example an alkali metal salt, of an |
acid of formula XXV or its reaction partner, preferably a lower alkanecarboxylic acid,
such as acetic acid, such as the sodium or potassium salt, on a complememéry acid halide,
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especially, 1 the case of the reaction with a salt of a carboxylic acid of formula XXV, a
carboxylic acid halide, for example chloride, such as acety! chloride, ahd, in the case of
the reaction of a carboxylic acid halide of formula XXV’ wherein Z, is halogen, for
ex«.nple chlorine or bromine, with a salt of a lower alkanecarboxylic acid, especiaily
sodium or potassium acetate. There may be used as activating and coupling reagents for
activating carboxylic acids of formula XXV in situ also carbodiimides, for example
N,N’-di-C;-Cgalkyl- or N,N’-di-Cs-C-cycloalkyl-carbodiimide, such as diisopropylcarbo-
diimide or N,N’-dicyclohexylcarbodiimide, advantageously with the eddition of an
activating catalyst, uch as N-hydroxysuccinimide or unsubstituted or substituted, for
example halo-, C;-C,alkyl- or C;-Cyalkoxy-substituted, N-hydroxy-benzotriazole or
N-hydroxy-5-norbornene-2,3-dicarboxamide, C;-C,alkyl haloformate, for example
isobutyl chloroformate, suitable carbonyl compounds, for example N,N-carbonyldiimid-
azole, suitable 1,2-oxazolium compc:)u'nds, for example 2-ethyl-5-phenyl-1,2-oxazolium
3’-sulfonate or 2-tert-butyl-5-methyl-isoxazolium perchlorate, suitable acylamino '
compounds, for example 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline, or suitable -
phosphoryl cyanamides or azides, for example diethylphosphoryl cyanamide or diphenyl-
phosphoryl azide, also triphenylphosphine disuifide or ‘l-CI-C4aH<yl-2-halopyﬁdin‘ium‘
halides, for example 1-mcthy1~2;clxlo'ropyridinium iodide. o

If two free carboxy groups are present in the compound of formula XXV it s also possmle
for an internal anhydride to be present as activated acid derivative. N

Z, is preferably halogen, such as chlorine or bfominc, and also acyloxy, for example lower
alkanoyloxy, such as acetyloxy.

The reaction with an acid halide, such as an acid chloride, of formula XXV’ (Z,=Clis
carried out especially in an ether, such as dioxane, tctrahydrofuran, or a nitrile, such as
acetonitrile, or mixtures thereof, in the presence or absence of pyridine and in the absence
or, preferably, in the presence of tertiary nitrogen bases, such as 4-dimethylaminopyridine, |
ethyl diisopropylamine, triethylamine or mixtures of two or more of those bases, with or -
without a protective gas, such as argon, at temperatures of from 0° to 80°C or the 'reﬂ_'uX‘ :

temperature, for example from room temperature to 50°C or the reflux temperature if that =

is lower than 50°C.

For the specific case where R? in formula I’ is unsubstituted or substituted amino there are

suitable for the introduction of the corresponding radical T (unsubstituted or substituted -
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aminocarbonyl) in the reaction with compounds of formula I especially the compounds of
formula XXV’ wherein Z, is halogen, such as chlorine, and wherein T is unsubstituted or
substituted aminocarbonyl, which can be prepared, for example, by reaction of the
complementary amines, for example unsubstituted or substituted alkylamines, aryl-lower
alk: 14 nines or arylamines, as defined for unsubstituted or substituted amino R?, with
phosgene or analogues thereof that contain instead of chlorine other halogen atoms, espe-
cially bromine, preferably in the presence of tertiary nitrogen bases, such as pyridine or
triethylamine, and in inert solvents, for example chlorinated hydrocarbons, such as
methylene chloride or chloroform, ethers, such as diethyl ethef, tetrahydrofuran or
dioxane, or carboxylic acid amides, such as dimethylformamide. Also suitable are corres- k
ponding N-carbonylazolides of formula XXV’ (Z; = N-containing heterocycle, such as
1-imidazolido) which are obtained, for example, by reaction with the corresponding
N,N’-carbonyldiazolides, such as N,N’-carbonyldiimidazole, under conditions as just
described for phosgene and analogues having other halogen atoms. The reaction of
compounds of formula I with the corresponding compounds of formula XXV’ is then
likewise carried out under those conditions (cf. Staab, H. A., Angew. Chemie 74, 407
(1962)).

For the specific case of the introduction of aminocarbonyl T or an N-monosubstituted
aminocarbonyl gronp T there is suitable as activated acid derivative especially the corres-

ponding isocyanate of formula XXV’f
Q-N=C=0 XXV

wherein Q is an amino-protecting group, for example trihaloacetyl, such as trifluoro- or
trichloro-acetyl, or one of the unsubstituted or substituted lower alkyl radicals or aryl
radicals mentioned above in the definition of unsubstituted or substituted amino R*
wherein the amino group carries a substituent, it being possible, when Q is an amino-
protecting group, to obtain after the reaction with the compound of formula I the corres-
ponding compound of formula I’ wherein Rs is free aminocarbonyioxy by removal of the
protecting group Q, as described for the freeing of amino protected by acyl under

Process f), especially by acid hydrolysis, or, when Q is one of the mentioned substituted or
unsubstituted lower alkyl radicals or aryl radicals, a corresponding compound of formula I
containing aminocarbonyl T monosubstituted at the nitrogen atom. Both aminocarbonyl
and N-monosubstituted aminocarbonyl T can be converted into N-disubstituted amino-
carbonyl T by alkylation with a further unsubstituted or substituted lower alkyl radical
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using suitable starting materials and conditions analogous to those described below under
"Additional Process Steps".

The mentioned reactions can be carried out under reaction conditions known per se, at
customary temperatures, in the presence or, especially when lower alkanoyl anhydrides
are used to activate the carboxylic acid of formula XXV, in ine absence of inert solvents
or diluents, for example in acid amides, for example carboxylic acid amides, such as
dimethylformamide, dimethylacetamide or 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimi-
dinone (DMPU), or amides of inorganic acids, such as hexamethylphosphoric acid
triamide, ethers, for example cyclic ethers, such as tetrahydrofuran or dioxane, or acyclic
ethers, such as diethyl ether or ethylene glycol dimethyl ether, halogenated hydrocarbons,
such as halo-lower alkanes, for example methylene ch:ciic. 2 or chloroform, ketones, such
as acetone, nitriles, such as acetonitrile, acid anhydrides, such as acetic anhydride, esters,
such as ethyl acetate, bisalkane sulfines, such as dimethyl sulfoxide, nitrogen hetero-
cycles, such as pyridine, or mixtures of those solvents, especially in anhydrous solvents or
solvent mixtures, it being possible to select for the above-mentioned reactions the
particular solvents that are suit?»le in each case, there being used, as appropriate and
expedient, salts of the compounds ilscd, especially metal salts of carboxylic acid= that are
used, such as the alkali metal or alkaline earth metal salts, for example sodium or
potassium salts, in the absence or the presence of catalysts, such as dimethylamino-
pyridine, condensation agent: or neutralising agents, such as tertiary nitrogen bases, for
example pyridine, triethylamine, N-mcthylmorpholine, dimethylaminopyridine or ethyl
diisopropylamine, and, depending on the nature of the reaction and/or the reactants, under
atmospheric pressure or in a closed vessel, under normal pressure or under elevated ‘
pressure, for example at the pressure produced in the reaction mixture under the reaction
conditions in a closed tube, and/or in an inert atmosphere, for example under an argon or
nitrogen atmosphere. Preference is given to reaction conditions that are mentioned
specifically in any particular case or, especially, that are analogous to those mentioned in
the Examples. The course of the reaction is advantageously monitored using customary
methods of analysis, especially using thiz-layer chromatography. From those reaction
conditions it is possible to select the reaction conditions that are suitable for each of the
reactions described in this text, reaction conditions that are specifically mentioned being

especially preferred.

The reaction according to the invention is preferably carried out under mild conditions,
especially at temperatures of from -10° to 60°C, for example from 0° to room temperature
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or at slightly elevated temperatures up to about 50°C, for example approximately from 0°
to 40°C. Botk in the case of the reaction with a carboxylic acid halide of formula XXV’
wherein Z, is halogen, such as chlorine or bromine, and in the c:ase of the reaction with an
anhydride, especially a symmetrical anhydride (Z; = O-T), the corresponding compound
of formula XXV’ (halide and T-O-T, respectively) is used especially in an approximately
equimolar amount in relation to the compound of formula I or in excess, for example from
0.95 to 10 times the molar amount, preferably from 1.05 to 5 times the molar amount.

In starting materials of formulae I, XXV, XXV’ and XXV”’, functional groups, with the
exception of groups that are intended to participate in the reaction or that do not react
under the reaction conditions, are protected independently of one another by protecting

groups.

The protecting groups are entirely analogous to those described under Process a) for the
formation of an amide bond starting from compcunds of formulae I and III’. The freeing
of functional groups protected by protecting groups in the resulting compounds of
formula I’ having protected functions is effected in accordance with one or more of the
methods mentioned under Process f).

Process h) (Nucleophilic substitution)

In starting materials of formulae XX VI and XXII, functional groups, with the exception of
groups that are intended to participate in the reaction or that do not react under the
reaction conditions, are protected independently of one another by protecting groups.

The protecting groups are entirely analogous to those described under Process a) for the
formation of an amide bond starting from compounds of formulae IT and II’.

A leaving group W, is especially a nucleofugal leaving group selected from hydroxy
esterified by a strong inorganic or organic acid, such as hydroxy esterified by a mineral
acid, for example a hydrohalic acid, such as hydrochloric acid, hydrobromic acid or
hydriodic acid, or by a strong organic sulfonic acid, such as a lower alkanesulfonic acid
that is unsubstituted or substituted, for example by halogen, such as fluorine, or an
aromatic sulfonic acid, for exaniple a benzenesulfonic acid that is unsubstituted or substi-
tuted by lower alkyl, such as methyl, halogen, such as bromine, and/or by nitro, for
example a methanesulfonic acid, p-bromotoluenesulfonic acid or p-toluenesulfonic acid,
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and hydroxy esterified by hydrazoic acid.

The reaction between a compound of formula XX VI and a compound of formula XXVII
wherein L is etherified or esterified hydroxy or mercapto is preferably carried out in the

presence of a base, for example a hydrox1dc-r'ontamr'g base, such as a metal hydroxide, -
ot potassium hydroxide, or espe-

ror example an alkali metal hydroxide, si:ch as sodium
cially a metal carbonate or hydrogen carbonate, s ;
sodium or potassium hydrogen carbonate, thcre SO bemg suitable in those cases, in
addition to the solvents mentioned hcrembelow, preferably ketones, such as lower

-sodium or potassium carbonate or

alkanones, or aqueous and protic solvents, or especially with the use of a metal alcoholate
or thiolate as activated compound of formula XX VII or with the preparation thereof in situ
in the presence of a strong base, for example an alkali metal hydride, such as sodium
hydride, or in the presence of an alkali metal, such as sodium, in the absence or presence

of a suitable solvent, especially an aprotic so,l{/cnt_,t for.example DMPU, an ether, such as
diethyl ether, dioxane or tetrahydrofuran, or a carboxylic acid amide, such as dimethyl-
formamide, at temperatures of from 0°C to the reflux temperature, especially from 20°C

to the reflux temperature, if necessary under a protective gas, such as nitrogen or argon.

In the case of the reaction of compoundé of formula XXVII wherein L is unsubstituted or
substituted amino or is heterocyclyl bonded via nitrogen, the reaction is preferably carried
oat in the absence of a base or in the presence of a sterically hindered nitrogen base, espe-
cially a tertiary nitrogen base, such as 4-dimethylaminopyridine, pyridine or triethylamine,
in an aqueous or non-aqueous solvent, such as-an-aqueous or non-aqueous alcohol, for
example ethanol or methanol, 'cs';ers, such as diethyl esters, ethers, such as diethyl ether,
dioxane or tetrahydrofuran, éarbOx.yli"cj acid amides, such as dimethylformamide, or aceto- |
nitrile, at temperatures of from O°C to the reflux temperature, espec1ally from 20° to

100°C. - '

Depending on the reaction conditions, the substitution can take place in the form of a
first-order or second-order nucléophilic substitution.

The freeing of functional groups protected by protecting groups in the resulting
compounds of formula I’ having protected functions is effected in accordance with one or

more of the methods mentioned under Process f).

Additional Process Steps
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In the additional process steps, which are optional, functional groups of the starting
compounds that are not intended to take part in the reaction may be unprotected or may be
in protected form, for example they may be protected by one or more of the protecting
groups mentioned above under Process a). The protecting groups may be retained in the
end products or some or all of them may be removed in accordance with one of the
methods mentioned under Process f).

Salts of compounds of formula I’ having at least one salt-forming group may be prepared
in a manner known per se. For example, salts of compounds of formula I’ having acid
groups may be formed, for example, by treatment with metal compounds, such as alkali
metal salts of suitable organic carboxylic acids, for example the sodium salt of 2-ethyl-
hexanoic acid, with organic alkali metal or alkaline earth metal compounds, such as the
corresponding hydroxides, carbonates or hydrogen carbonates, such as sodium or
potassium hydroxide, carbonate or hydrogen carbonate, with corresponding calcium
compounds or with ammonia or a suitable organic amine, stoichiometric amounts or only
a small excess of the salt-forming agent preferably being used. Acid addition saits of
compounds of formula I’ are obtained in customary manner, for example by treatment
with an acid or a suitable anion exchange reagent. Internal salts of compounds of
formula I’ containihg acid and basic salt-forming groups, for example a free carboxy
group and a free amino group, may be formed, for example, by the neutralisation of salts,
such as acid addition salts, to the isoelectric point, for example with weak bases, or by
trcatment with ion exchangers.

Salts can be converted in customary manner into the free compounds; metal and
ammonium salts can be converted, for example, by treatment with suitable acids or acidic
ion exchangers, and acid addition salts, for example, by treatment with a suitable basic
agent or basic ion exchangers. '

Stereoisomeric mixtures of compounds of formula I’, that is to say mixtures of diastereo-
isomers and/or enantiomers, such as, for example, racemic mixtures, can be separated into
the corresponding isomers in a manner known per se by suitable separating processes. For
example, mixtures of diastereoisomers can be separated into the individual diastereo-
isomers by fractional crystallisation, chromatography, solvent partition etc. Racemates can
be separated from one another, after conversion of the optical antipodes into diastereo-
isomers for example by reaction with optically active compounds, for example optically




06 090 oo~
.
°

-72 -

active acids or bases, by chromatography on column materials covered with optically
active compounds or by enzymatic methods, for example by selective reaction of only one
of the two enantiomers. This separation can be carried out either at the stage of one of the
starting materials or with the compounds of formula I’ themselves.

In an obtainable compound of fermula I’ wherein T is a radical of formula Z wherein R%is
phenyl- or naphthyl-methoxycarbonyl-substituted amino or imino, for ¢xample in amino- |
lower alkyl N-substituted by those radicals or amino-lower alkyl N,N-disubstituted by
phenyl- or naphthyl-methoxycarbonyl and by lower alkyl, in N-phenyl- or naphthyl-
methoxycarbonyl-pyrrolidin-2-yl or -amino-lower alkoxy-lower alkoxy-lower alkyl, the
amino or imino group in the radical T in question can be converted into the corresponding
amino- or N-lower alkylamino-lower alkylcarbonyl group by removal of phenyl- or
naphthyl-lower alkoxycarbonyl, for example by hydrogenolysis, that is to say by treatment
with hydrogen in the presence of a suitable hydrogenation catalyst, such as a palladium
catalyst, for example bonded to a carrier, such as carbon, preferably in polar solvents, such
as di-lower alkyl-lower alkanoylamides, for example dimethylformamide, ethers, such as
cyclic ethers, for example dioxane, esters, such as lower alkanoic acid lower alkyl esters, |
for example ethyl acetate, or alcohols, such as methanol or ethanol, especially at room
temperature.

By reductive amination it is possible to convert aminc-lower alkyl R mono-I¥-substituted
by heterocyclyl-lower alkyl, such as imidazolylmethyl or pyridylmethyl, each bonded via
a ring carbon atom, by ary!-lower alkyl, such as pheny!- or naphthyl-lower alkyl, or espe-
cially by lower alkyl, as a constituent of T in a compound of formula I" into lower alkyl R?
N,N-disubstituted by an additional radical selected from heterocyclyl-lower alkyl, such as
imidazolylmethyl or pyridylmethyl, each bonded via a ring carbon atom, and aryl-lower
alkyl, such as phenyl- or naphthyl-lower alkyl. The reaction between a corresponding
mono-N-substituted compound of formula I’ and a corresponding heterocyclyl- or aryl-
lower alkyl ketone or lower alkanealdehyde is carried out with catalytic hydrogenation, for
example in the presence of a noble metal catalyst, such as platinum or especially
palladium, bonded to a carrier, preferably carbon,.or a heavy metal catalyst, such as Raney
nickel, at normal pressures or at pressures of from 1 to 100 bar, preferably in the presence
of a noble metal catalyst at approximately normal pressure, in organic solvents, for
example alcohols, such as ethanol or especially methanol, in the absence or, preferably, in
the presence of a carboxylic acid, such as a lower alkanoic acid, for example acetic acid,
at preferred temperatures of from 0° to 50°C, for example at room temperature, or with
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reduction by means of a complex boron hydride, such as sodium cyanoborohydride.

In a compound of formula I wherein T is N-triphenylmethyl-imidazolyl-lower alkyl-
carbonyl, the triphenylmethyl radical can be removed, as described under Process f),

yielding the corresponding compound of formula I* wherein T is imidazol(-2-, -4- or

-5-)yl.

In a compound of formula I’ wherzin one or more of the radicals Ry, R3and A, is substi-
tuted by benzyloxy, the benzyloxy radical can be removed, as described under Process f),
yielding the corresponding compounds of formula I’ containing hydroxy in the place of
benzyloxy.

In an obtainable compound of formula I’, an amino or carboxamide group can be substi-
tuted, a carboxy group present in free or reactive form can be esterified or amidated or an
esterified or amidated carboxy group can be converted into a free carboxy group.

The substitution of a carboxamide group or of another primary or secondary amino group,
for exa—iple for the formation of the carbamoyl derivatives mono- or di-lower alkyl-
carbamoyl and mono- or di-hydroxy-lower alkylcarbamoyl mentioned above as a substi-
tuent of thiomorpholino or morpholino formed by R, and Rs together with the bonding
nitrogen atom, or with the formation of the above-mentioned derivatives of the substituent
amino at thiomorpholino or morpholino formed by R4 and Rs together with the bonding
nitrogen atom, or for the formation of N,N-disubstituted amino R? in compounds of
formula I’ wherein the nitrogen of the amino groups to be reacted is bonded to hydrogen,
is effected, for example, by alkylation.

Suitable agents for alkylating a carboxamide group in a compound of formula I’ are, for
example, diazo compounds, for example diazomethane. Diazomethane can be
decomposed in an inert solvent, the free methylene formed reacting with the carboxamide
group in the compound of formula I'. The decomposition of diazomethane is carried out
preferably catalytically, for example in the presence of a noble metal in finely divided
form, for example copper, or a noble metal salt, for example copper(l) chloride or
copper(Il) sulfate.

Alkylating agents are also mentioned in German Offenlegungsschrift 2 331 133, for
example alkyl halides, sulfonic acid esters, Meerwein salts or 1-substituted 3-aryl-
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triazenes, which can be reacted under the conditions mentioned therein with a compound
of formula I’ containing a carboxamide group. ‘

Further alkylating agents are selected from corresponding alkyl compounds that carry a
substituent X wherein X is a leaving group. A leaving group is especially a nucleofugal
leaving group selected from hydroxy esterified by a strong inorganic or organic acid, such
as hydroxy esterified by a mineral acid, for example a hydrohalic acid, such as hydro- |
chloric, hydrobromic or hydriodic acid, or by a strong organic sulfonic acid, such as an
unsubstituted or substituted, for example halo-substituted, such as fluoro-substituted,
lower alkanesulfonic acid, or an aromatic sulfonic acid, for example a benzenesulfonic
acid that is unsubstituted or substituted by lower alkyl, such as methyl, by halogen, such as
bromine, and/or by nitro, for example a methanesulfonic, trimethanesulfonic or p-toluene-
sulfonic acid, and hydroxy esterified by hydrazoic acid.

The reaction can be carried out under the conditions of a first-order or second-order
nucleophilic substitution.

For example, one of the compounds containing a substituent X wherein X is a leaving
group with high polarisability of the electron shell, for ¢::ample bromine or iodine, can be
reacted in a polar aprotic solvent, for example acetone, acetonitrile, nitromethane,
dimethy] sulfoxide or dimethylformamide. The substitution reaction is carried out if
desired at reduced or elevated temperature, for example in a temperature range of from
approximately -40° to approximately 100°C, preferably from approximately -10° to
approximately 50°C, and if desired under an inert gas, for example under a nitrogen or
argon atmosphere.

For the esterification or amidation of a carboxy group in a compound of formula I, for
example for the amidation of a free carboxy group of an aminc acid, such as Glu or Asp,
with ammonia, or of a free carboxy group at thiomorpholino or morpholino formed by Ry
and Rs together with the bonding nitrogen atom, if desired the free acid can be used or the
free acid can be converted into one of the above-mentioned reactive derivatives and
reacted with an alcohol, with ammonia, or with a primary or secondary amine, or, in the
case of esterification, the free acid or a reactive salt, for example the caesium salt, can be
reacted with a reactive derivative of an alcohol. For example the caesium salt of a
carboxylic acid can be reacted with a halide or sulfonic acid ester corresponding to the
alcohol. The esterification of the carboxy group can also be carried out with other
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customary alkylating agents, for example with diazomethane, alkyl halides, sulfonic acid
esters, Meerwein salts or 1-substituted 3-aryltriazenes, etc.

For the conversion of an esterified or amidated carboxy group into the free carboxy group
it is possible to use one of the metkods described above for the removal of carboxy-
protecting groups or, if desired, alkaline hydrolysis under customary reaction conditions,
such as those mentioned in Organikum, 17th edition, VEB Deutscher Verlag der Wissen-
schaften, Berlin 1988.

In a compound of formula I, an esterified carboxy group can be converted into an unsub- |
stituted or subsiituted carboxamide group by aminolysis with ammonia or with a primary
or secondary amine. The aminolysis can be carried out in accordance with the customary
reaction conditions, such as those mentioned for such reactions in Organikum, 15th
edition, VEB Deutscher Verlag der Wissenschaften, Berlin (East) 1976.

A free amino group present in-a compound of formula I’ can be acylated, for example to
introduce one of the radicals mentioned for R, other than hydrogen. The acylation is
cairied out in accordance with the methods mentioned above under Process a) or one of
the methods mentioned for protecting groups or, for example, according to one of the
processes mentioned in Organikum, 17th edition, VEB Deutscher Verlag der Wissen-
schaften, Berlin {East) 1988.

In an obtainable compound of formula I’ wherein the substituents are as defined and at
least one free hydroxy group is present and the remaining functional groups are in pro-
tected form, the free hydroxy group, for example the hydroxy group at thiomorpholino or
morpholino formed by R4 and F5 together with the bonding nitrogen atom, can be acylated
or etherified.

The acylation can be carried out with acylating reagents according to one of the methods
mentioned under Processes a) to €) or g) or according to one of the methods mentioned for
protecting groups or according to one of the processes mentioned in Organikum, 17th
edition, VEB Deutscher Verlag der Wissenschaften, Berlin (East) 1988.

The etherification can be carried out with the above-mentioned alkylating agents and
under the same reaction conditions, for example with diazomethane, alkyl halides,
sulfonic acid esters, Meerwein salts, 1-substituted 3-aryltriazenes, etc.. Preference is given
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to the reaction with corresponding alkyl halides, such as lower alkyl iodides or bromides,
in the presence of caesium carbonrate in suitable solvents or solvent mixtures, for example
in N,N-di-lower alkyl-lower alkanoylamides, such as dimethylformamide or dimethyl-
acetamide, or ethers, such as dioxane, or mixtures thereof, at temperatures of from 0° to
the reflux temperature, preferably from 30° to 60°C, for example at about 50°C.

In a compound of formula I’, any groups that correspond to protecting groups, and also
suitable radicals R; other than hydrogen can be removed in accordance with one of the
methods mentioned under Process f), especially by hydrolysis, for example in the presence
of bases, such as alkali metal or alkaline earth metal hydroxides, for example sodium
hydroxide, or acids, such as organic acids or mineral acids, for example a hydrogen halide,
such as hydrogen chloride. The hydrolysis is effected under the customary conditions, for
example in aqueous solution or in anhydrous solvents, especially in ethers, such as
dioxane, at temperatures of from -50°C to the reflux temperature of the reaction mixture in
question, for example from 0° to 50°C, preferably in the presence of a protective gas, such
as argon or nitrogen, or by hydrogenolysis (for example in the case of benzyloxycarbonyl
radicals), preferably in polar solvents, such as alcohols, for example methanol or ethanol,
or esters, such as lower alkyl-lower alkanoates, for example ethyl acetate, at the last-
mentioned temperatures and in the presence of suitable hydrogenation catalysts, such as a
palladium catalyst, which is preferably bonded to a carrier, such as carbon.

In a compound of f3rmula I’ wherein at least one of the radicals R, and R3 is a phenyl
group and/or one or more of the radicals By, A; and A, is phenylalanine, it being possible
for each of the phenyl radicals to be substituted, as described above, the corresponding
phenyl radical(s) can be reduced, for example hydrogenated, selectively to (a) corres-
ponding cyclohexyl radical(s). The hydrogenation is preferably carried out in the presence
of a catalyst that allows the selective hydrogenation of double bonds in the presence of
peptide bonds, especially a catalyst comprising heavy metal oxides, such as a
Rh(III)/Pt(VI) oxide catalyst according to Nishimura (S. Nishimura, Bull. Chem. Soc.
Japan 33, 566 (1960)), in suitable solvents, especially water, alcohols, such as methanol or
ethanol, esters, such as ethyl acetate, or ethers, such as dioxane, for example in methanol,
at temperatures of from 0 to 150°C, preferably from 10 to 50°C, for example at room
temperature, and at hydrogen pressures of from 1 to 50 bar, for example at normal

pressure.

Pharmaceatical Compositions:
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The invention relates also to pharmaceutical compositions comprising compounds of
formula I’ and to novel compounds of formula I.

The pharmacologically acceptable compounds of the present invention may be used, for
example, in the preparation of pharmaceutical compositions that comprise an effective
amount of the active ingredient together or in admixture with a significant amount of
inorganic or organic, solid or liquid, pharmaceutically acceptable carriers.

The ph>rmaceutical compositions according to the invention are compositions for enteral,
such as nasal, buccal, rectal or oral, or parenteral, such as intramuscular or intravenous,
administration to warm-blooded animals (human beings and animals) that comprise an
effective dose of the pharmacological active ingredient alone or together with a significant
amount of a pharmaceutically acceptable carrier. The dose of the active ingredient
depends on the species of warm-blooded animal, body weight, age and individual
condition, individual pharmacokinetic data, the disease to be treated and the mode of
administration.

The inventon relates also to pharmaceutical compositions and a method for treating
diseases caused by retroviruses, for example AIDS or the preliminary stages thereof, espe-
cially when HIV-2 or more especially HIV-1 is the cause of the disease, preferably
wherein a compound of formula I’ according to the invention is present in an amount that
is therapeutically effective against retroviral diseases, such as AIDS and the preliminary
stages thereof, in a pharmaceutical composition that is suitable for administration to a
warm-blooded animal, especially a human being; for the treatment of a retroviral disease,
such as AIDS, or wherein a therapeutically effective amount of a compound of formula I’
according to the invention is administered in a treatment method to a warm-blooded
animal, for example a human being, who on account of one of the mentioned diseases,
especially AIDS, requires such treatment, in an amount that is therapeutically effective
against retroviral diseases, such as AIDS and the preliminary stages thereof. The dose to
be administered to warm-blooded animals, for example human beings of approximately
70 kg body weight, is from approximately 3 mg to approximately 10 g, preferably from
approximately 40 mg to approximately 4 g, for example approximately from 300 mg to
1.5 g per person per day, divided preferably into 1 to 3 single doses which may, for
example, be of the same size. Usually, children receive half of the adult dose.
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The pharmaceutical compositions comprise from approximately 1 % to approximately

95 %, preferably from approximately 20 % to approximately 90 %, active ingredient.
Pharmaceutical compositions according to the invention may be, for example, in unit dose
form, such as in the form of ampoules, vials, suppositories, dragées, tablets or capsules:

The pharmaceutical compositions of the present invention are prepared in a manner known
per se, for example by means of conventional dissolving, lyophilising, mixing, granulating

or confectioning processes.

Solutions of the active ingredient, and also suspensions or dispersions, and especially
isotonic aqueous solutions, dispersions or suspensions, are preferably used, it being
possible, for example in the case of lyophilised compositions that comprise the active
ingredient alone or together with a carrier, for example mannitol, for such solutions,
dispersions or suspensions to be made up prior to use. The pharmaceutical compositions
may be sterilised and/or may comprise excipients, for example preservatives, stabilisers,
wetting agents and/or emulsifiers, solubilisers, salts for regulating the osmotic pressure
and/or buffers, and are prepared in a manner known per se, for example by means of
conventional dissolving or lyophilising processes. The said solutions or suspensions may
comprise viscosity-increasing substances, such as sodium carboxymethylcellulose,
carboxymethylcellulose, dextran, polyvinylpyrrolidone or gelatin.

Suspensions in oil comprise as the oil component the vegetable, synthetic or semi-
synthetic oils customary for injection purposes. There may be mentioned as such espe-
cially liquid fatty acid esters that contain as the acid component a long-chained fatty acid
having from 8 to 22, especially from 12 to 22, carbon atoms, for example lauric acid,
tridecylic acid, myristic acid, pentadecylic acid, palmitic acid, margaric acid, stearic acid,
arachidic acid, behenic acid or corresponding unsaturated acids, for example oleic acid,
elaidic acid, erucic acid, brassidic acid or linoleic acid, if desired with the addition of anti-
oxidants, for example vitamin E, B-carotene or 3,5-di-tert-butyl-4-hydroxytoluene. The
alcohol component of those fatty acid esters has a maximum of 6 carbon atoms and is a
mono- or poly-hydric, for example a mono-, di- or tri-hydric, alcohol, for example
methanol, ethanol, propanol, butanol or pentanol or the isomers thereof, but especially
glycol and glycerol. The following examples of fatty acid esters are therefore to be
mentioned: ethyl oleate, isopropyl myristate, isopropyl palriitate, "Labrafil M 2375"
(polyoxyethylene glycerol trioleate, Gattefossé, Paris), "Miglyol 812" (triglyceride of
saturated fatty acids with a chain length of Cg to C;5, Hiils AG, Germany), but especially
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vegetable oils, such as cottonseed oil, almond oil, olive oil, castor oil, sesame oil, soy “ean
oil and more especially groundnut oil.

The injection compositions are prepared in customary manner under sterile conditions; the
same applies also to introducing the compositions into ampoules or vials and sealing the

containers.

Pharmaceutical compositions for oral administration can be obtained by combining the
active ingredient with solid carriers, if desired granulating a resulting mixture, and
processing the mixture, if desired or necessary, after the addition of appropriate excipients,
into tablets, dragée cores or capsules, or by preparing dispersions, preferably with
phospholipids, which are introduced into vials. It is also possible for the active ingredients
to be incorporated into plastics carriers that allow the active ingredients to diffuse or be

released in measured amounts.

Suitable carriers are especially fillers, such as sugars, for example lactose, saccharose,
mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for example tri-
calcium phosphate or calcium hydrogen phosphate, and also binders, such as starch pastes
using, for example, corn, wheat, rice or potato starch, gelatin, tragacanth, methylcellulose,
hydroxypropylmethylcellulosé, sodium carboxymethylcellulose and/or polyvinyl-
pyrrolidone, and/or, if desired, disintegrators, such as the above-mentioned starches, also
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