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acid or of an amino acid derivative using an [err]-keto acid or an

ferr]-keto acid derivative in an inert solvent in the presence of a
hydrogenati ng catal yst and hydrogenating agent and optionally with the
renoval of water and in particular a method for the preparation of
conpounds of the formul a [err] 1

Reductive amination of an amino acid or an amino acid
derivative with an ao-keto acid or an a-keto acid derivative

Description

The invention relates to a reductive amination of an amino
acid or an amino acid derivative with an a-keto acid or an o-
keto acid derivative in an inert solvent in the presence of a
hydrogenation catalyst and a hydrogenating agent, and
optionally with the removal of water, and in particular to a
process for the preparation of compounds of the formula’

R3
] _
R'00C-CH-NH-CH-COOR? (1)
(CH;) 5
. R2
or of the formula
R3
R100C-CH-NH-CH-CO-N-CH-COOR* (II)
| \/
(CHy) p R®

|

R2
in which.

R! is hydrogen, methyl, ethyl or benzyl,
R? is hydrogen, C;-C,-alkyl, phenyl or phenyl-[C,-C,-alkyll],
. . - //,__—
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wherein Rlerr] signifies hydrogen, nethyl, ethyl or benzyl, R err]
.signifies Cferr]-Cferr]-al kyl, phenyl or phenyl -

(derr]-derr]-al kyl], Rl err] signifies hydrogen, heteroal kyl or
Cerr]-Cerr]-alkyl, benzyl, 4'-hydroxybenzyl, acyl am no-
[Cerr]-Cerr]] -alkyl, tert. -butyloxy-2 car bonyl am no-
[(Jerr]-Cerr]] -alkyl, benzyl oxycarbonylam no- [(Jerr]-(err]]
-alkyl, g3 4g hydrogen, heteroalkyl (e.g. the radical of a natural

amino acid) or C,-C,-alkyl, benzyl, 4’-hydroxybenzyl,
acylamino- [C;-Cg] -alkyl, tert-butoxycarbonylamino-[C,- Cgl-
alkyl or benzyloxycarbonylamino- [C,-Cg] -alkyl,

R? is H or an ester protecting group,

RS together with the atoms by which it is carried is a
heterocyclic mono- or blcycllc ring system with 5 to 10 ring
members, and '

n is 0, 1 or 2,

by the hydrogenolytic reaction of a compound of the formula

|
H,N-CH-COOR* - (II1)
in which R® and R* are as already defined,

for the preparation of compounds of formula (I), or of a
compound of the formula '

g3
HzN-CH-co-N-g/:H-comz4 | (IV)
.. R5 ..

in which R?® to R® are as already defined,
for the preparation of compounds of formula (II), with a
compound of the formula '

R2- (CH,) ,-CO-COOR? (V)

in which R!, R? and n are as already defined, in the presence
of an inert solwvent, a hydrogenation catalyst and a
hydrogenating agent, and optionally with the removal of water.
In principle,'“alkyl", "acyl", "aromatic" etc. for the
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‘Rlerr] signifies H or an ester protecting group, n |??TT_T““‘2*‘-—by¥

-hydrogenol ytic conversion of a conpound of the formula ThiiShket Has ol
Rl err] and R4 have one of the meanings already given, ”"I'I”",”m”"Im
. 3

radicals R also include corresponding radicals w1th typical
substituents, e.g. 4-(trifluoroacetylamino)butyl for R3.

N-Substituted o-amino acids (such as I) and dipeptides
containing them (such as II) are valuable intermediates for
the preparation of inhibitors of angiotensin converting enzyme
(ACE), which are of great interest as blood pressure
regulators. Some of said N-substituted dipeptides are already
commercially available as drugs or are at the licensing stage,
examples being enalapril (N®-[(S)-l-ethoxycarbonyl-3-
phenylpropyl] -L-alanyl-L-proline), lisinopril (N®*-[(S)-1-
garboxy-3-phenylpropyl]-L-lysyl-L-proline) or ramipril (2- [N%-
[(S)r}-ethoxycarbonyl—3-phenylpropyl]-L- alanyl] - (1S,3S8,58) -2-
azabicyclo[3, 3, 0loctane-3-carboxylic acid).

A process of this type, for the preparation of compounds of
formula (II), is desc:ibed_in J. Org. Chem. 1988, 53, 836-
844. Absolute ethanol is used as the inert solvent, a.
molecular sieve is used for removal of the water and Raney
nickel is used as the.hydrbgenation catalyst. The products
formed here are obtained in 42 - 80% yield according to the
literature. However, these yields cannot easily be repro-
duced; furthermore, the products generally still contain
considerable amounts of by-products, which make the . |
purification to pharmaceutically useful products difficult.

A reductive amination of an amino acid ester with pyruvic acid
is described in J. Med. Chem. 28 (1985), 1596 - 1602. The
amino acid ester is used as the hydrochloride. A small amount
of NaOH is dissolved in the solvent in order to free the amine
from the amino acid ester hydrochloride and partially
neutralize the pyruvic acid. Due to the pyruvic acid, there
is an overall excess of acid in the reaction mixture.

Further reductiQe aminations of dipeptides with ao-keto acids
are known from US-PS 4,474,692, especially Examples 2, 7 - 14
and 21. The reaction mixture contains a sodium acetate/



?b;ﬁ é conpound of the formula Rlerr] -(CHerr])[err]-CO COOR| err]

4

acetic acid buffer in which the. acetic acid is in
apprdximately twofold molar excess.

The object of the invention is to modify the known process to
give high yields and less by-products without introducing high
additional costs. Moreover, it should be possible - if
desired - to influence the reaction in respect of the
formation of the diastereoisomers.

This object is achieved in the process according to the
invention by carrying out the hydrogenolysis reaction in the
presence of an excess of an organic or inorganic base.

Excess base is applicable when the educts used are adjusted to
their isoelectric point and the system then also contains one
or more compounds which, in water, reduce the hydrogen ion
concentration of the water or abstract protons from water
molecules, thereby forming hydroxide ions or, if the pK of the
educts used (their isoelectric point) is below pH 7, raising
the pH, in water, above the pK of the educts.

The pH of the system (based on the corresponding aqueous
concentration) is preferably at least 5.0 and advantageously
at least 6.0. Values of 6.2 and above are particularly
suitable, advantageous upper values being 11 or especially 10.

Surprisingly, this addition markedly increases the chemical
yield of the reaction, even though the first step of the
reaction, namely the imine formation (Roberts J.D., Caserio
M.C.; Basic Principles of Organic Chemistry, 2nd ed.,

W.A. Benjamin Inc., Philippines, 1977, pp. 697, 1154),
proceeds under acid catalysis. Weak bases are particularly
suitable, examples being organic bases such as mono-, di- or
tri- ethanolamine, trimethylamine, triethylamine,
tripropylamine, tributylamine or N-methylmorpholine.
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wherein R err], R2 and n have one of the neani-ngs al ready given, or that
qonpounds of the fornula  [err] : ThiSSheetHasBeenRe'placed
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Examples of suitable inorganic bases are salts of weak acids,
such as NaOAc, K,CO;, KHCO;, Na,CO,, NaHCO, and, particularly
preferably, basic aluminium oxide.

Strong bases can also support the reaction, especially in very
dilute concentration. Preferably, the (theoretical) pH of the
reaction system is raised only slightly above the pK of the.
educts by the excess base. It is conventionally increased by
0.1 to 3 pH units, preferably 0.3 to 2 pH units.

The base is conveniently added in an amount of 0.01 to 5 mol
equivalents, preferably of 0.05 to 2 mol equivalents, based in
each case on the compound of formula (III) or (IV) used. When
organic bases are used, amounts less than the stoichiometric
amounts, especially 0.08 - 0.6 mol equivalent, are
particularly preferred. |

During the reaction, the amino group of the amino acids or

- amino acid derivatives used must be at least partially in the
form of a primary amine; this is also applicable in the
process according to the invention if this compound are used
as an internal salt or as some other salt, e.g. the hydro-
chloride. | ' '

The amino acid derivative is preferably an ester of the amino
acid or an amide of the acid group, the amide bond preferably
being formed with another amino acid or derivative so that the
amino acid derivative is a di- or oligo-peptide. It is
preferable on the whole to use c-amino acids or derivatives
thereof.

Particularly preferred a-keto acids or derivatives thereof are
compounds of formula V, pyruvic acid being the simplest '
representative.

The reaction generally requires removal of the water formed,
the water binding agent used preferably being inert or basic.



wherei n Rlerr], Rlerr], Rerr], Rerr] and n have the nmeani ngs given above,

Rs together Mﬁth the atons carrying it signifies a het erocyclic
monocyclic or bicyclic ring system havi ng 5 to 10 ring nenbers, are
obt ai ned by hydrogenol ytic conversion of a conpound of the fornula
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Examples of suitable water binding agents are molecular sieves
and aluminium oxides. Removal of the water is particularly
advantageous in the reaction of the keto group with the amine
to give the imine and is especially indicated when using
‘a-keto esters, as otherwise reduction of the keto group also
takes place more extensively as a secondary reaction under
certain circumstances.

The addition of the organic base frequently makes it possible
markedly to reduce the amount of molecular sieve used as the
water binding agent, and the addition of a basic aluminium
oxide makes the molecular sieve totally unnecessary under
certain circumstances because it simultaneously acts as a
water binding agént itself. Apart from saving costs, this
results in particular in less waste products.

If an inorganic base, e.g. a basic aluminium oxide, is used as
an additive, the amount added is conveniently 50 g/mol to
500 g/mol, based on the compound of formula (III) or (IV)
used, if the water of reaction formed is to be simultaneously
bound with this base; otherwise the amounts added are 2 to

400 g/mol.

The solvents used should preferably be anhydrous. Inert
solvents suitable for the process according to the invention
are alcohols such as methanol, ethanol, pfopanol or butanol;
ethers such as ethylene glycol dimethyl ether, diethylene
glycol dimethyl ether or tetrahydrofuran; and carboxylic acid
dialkylamides such as dimethylformamide or dimethylacetamide.
It is also possible to use mixtures of such solvents. It is
advantageous to use at least one protic sclvent.

Raney nickel, palladium or palladium-on-activated charcoal and
platinum or platinum-on-activated charcoal are preférably used
as hydrogenatidn catalysts and H, is preferably used as
hydrogenating agent. If stereoselectivity is not desired, it
is also possible to use hydrides as hydrogenation catalysts
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[err] wherein R err] to R err] have one of the neani ngs al ready given,
W th a conpound of the formula Rlerr] -(CHerr])[err] -CO COOR[ err]

V),
7

and hydrogenating agents. Raney nickel is particularly
preferred because it gives the best diastereoselectivity.

Of the diastereoisomers formed in the reaction, the product
with the S configuration is generally preferred. The
diastereoselectivity of the reaction which is required for
preparation of the preferred enantiomer can be further
increased in many cases by using a chiral organic base.
Examples of such bases are L- or D-prolinol, L- or D-valinol,
(-)- or (+)-ephedrine and (-)- or (+) -norephedrine, which
often promote the formation of one enantiomer, depending on
the compounds involved.

The compounds of formula (III) which are preferably used in
the preparation of compounds of formula (I) are the naturally
occurring «-amino acids or their optical antipodes, if
appropriate in protected form. Examples are alanine, valine,
“methionine, cysteine, serine, tryptophan, asparagine,
glutamine, aspartic acid, glutamic acid, phenylalanine,
tyrosine, leucine; isoleucine or glycine, and their esfers,
for example the benzyl, tert-butyl or ethyl.esters (ester
protecting groups). If lysine or ornithine is used as the
compound of formula (III), the amino group on the side chain
must be protécted,rfor example by a trifluoroacetyl,
carbobenzoxy or tert-butoxycarbonyl group.

In the reaction of compounds of formula (III) with a compound
of formula (V), it can be advantageous if they are first
brought together and heated with the aid of a suitable water-
entraining solvent, for example cyclohexane, methyl tert-butyl
ether or'toluene,_with separation of the water, and are thus
azeotropically dehydrated. If appropriate, the compounds of
formula (III) as well as those of formula (II) can also be
used here in the form of salts, for example as paratoluene-
sulphonates or hydrochlorides, if R* is not H. For
conversion of the salts to their free amines, the base should
~already be present in a molar proportion of up to 100 mol% in
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“\iher'ei n Rerr], R2 and n have one of the nmeani ngs al ready given, in the
presence of an inert solvent, a hydrogenating catalyst, a hydrogenating
agent and optionally with the renoval of water. In principle "al kyl"

"acyl "

"aromatic" et cetera in the radicals R also include corresponding

radi cal s having typical substituents, forgexanple,
4-(trifluoroacetyl am no)butyl for Rerr].

the azeotropic dehydration. Weak bases such as N-
methylmorpholine are preferred here. In this procedure, care
must be taken to avoid the formation of lactones or
dimerization products of the compound (V); high temperature
(especially above 100°C) should accordingly be avoided. The
solvent is then changed, if appropriate, and the
hydrogenolysis reaction is carried out, i.e. the base and the
hydrogenation catalyst are added.

The compounds of formula (IV) which are preferably used in the
preparation of compounds of formula (II) are dipeptides
consisting of a naturally occurring a-amino acid or antipodes
thereof, if appropriate protected in one of the possible side-

chain functional groupings, in the N-terminal position, and of

a cyclic ¢-amino acid in the C-terminal position. Examples
are alanyl-proline, N°-trifluoroacetyl-lysyl-proline, - _
N€-carbobenzoxy-lysyl-proline, N¢-tert- -butoxycarbonyl-lysyl-
proline, N°- trlfluoroacetyl ornithyl-proline, N°- -carbobenzoxy-
ornlthyl-prollne or Né-tert- -butoxycarbonyl- ornlthyl-prollne.

Ethyl 2-oxo-4-phenylbutyrate is preferably used as the
compound of formula (V). The compounds of formula (V) are _
conveniently used in a 0.05- to 1-fold molar excess relative
to the particular compound of formula (III) or (IV).

When the process according to the invention is carried out in

practice, a compound of formula (V) and a compound of formula
(ITII) or (IV) are dissolved or suspended in the inert solvent.
After the addition, if necessary, of a molecular sieve or
aluminium oxide as a water binding agent, the organic or
inorganic base is added (if still required). The reaction
mixture is then conveniently stirred for some time so that any
water still contained therein binds onto the molecular sieve
or the basic aluminium oxide. Here the Schiff base is formed
too, the water produced also being bound. After this
preactivation, the previously dehydrated hydrogenation
catalyst is added and the hydrogenolysis reaction is carried
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-3- " N-substituted a-amino acids (such as |) and di pepti des contai ni ng
these (such as Il) are valuable internediate products for the preparation
of inhibitors of the Angiotensin Converting Enzymes (ACE), which are of
great interest as blood pressure regulators. Several of these N-substituted
di peptides are already avail able on the 9

out under a hydrogen atmosphere, a hydrogen overpressure of
between 1 and 8 bar being particularly favourable.

The process according to the invention is particularly

advantageous in the case of reductive aminations which, under
acid catalysis (with excess acid) or at the isoelectric point
(pK) of the educts, proceed only with small yields, if at all.

The process according to the invention will be illustrated in
greater detail by the following Examples:

Example 1:
N“-[(S)-1-Ethoxycarbonyl-3¥phenylprop71]-L-alanyl-L-proline

50 mmol (9.3 g) of Ala-Pro were suspended in 100 ml of
ethanol; 10 mmol (1 g) of triethylamine, 75 mmol (15.5 g) of
ethyl 2-oxo-4-phenylbutyrate and 18 g of 3 A molecular sieve
were added and the mixture was stirred for 2 hours with the
exclusion of water. A teaspoon of dehydrated Raney nickel and
15 g of 3 A molecular sieve were then added and the mixture
was stirred briefly and then hydrogenated for 22 hours'under
an H, atmosphere of 4 bar. The reaction mixture was filtered
and concentrated.

Conversion (according to HPLC) based on Ala-Pro used: 95.6%.
Product yield (according to HPLC): 95%.

The residue was taken up in 250 ml of ethanol and adjusted to
PH 4.25 with concentratéd HCl (this was done by removing an
aliquot, diluting it with water and adjusting the pH and then
calculating on the basis of the total amount). The solution
was concentrated to 50 g under reduced pressure at 40°C,
filtered through Célite and diluted with ethyl acetate to a
total volume of 100 ml. 5.2 g of maleic acid dissolved in
ethyl acetate + ethanol were added and the mixture was seeded
with enalapril maleate. The crystals formed were separated
off and dried. _

Yield: 20.9 g = 85% of theory.
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mar Ket as
Enal apri |
-.L-al anyl

car boxy- 3-
(2-[Nerr]- s _
5S5) - 2- azabi cycl o[ 3, 3, 0] - oct an- 3-car boxyl i c acid). A nethod of this kind

medi cines or are at the stage of being |icenced, for exanple,
(Nferr]-[(S)-1-ethoxycarbonyl -3- phenyl propyl ]

-L-proline), Lisinopril (Nerr]- [(S) -1-

phenyl propyl ] -L-lysyl-L-proline) or Ram pril :
[ (S)-]-ethoxycarbonyl - 3- phenylyar opyl | -L-al anyl ]- (1S, 3S,

is describéﬁB%nOﬂ'SSSgdiéheﬁreQQSGmeﬁ3,méBBiﬁg4pbintthé45ﬁ&g6PaLion of

conpounds
nmol ecul ar

th tasg f9my ll)lh Meyghute ethanol is used as inert solvent,

eis use e reanaI of water and the hydrogenating

cat al yst used I s Raney nlckel. The products

Comparative experiment:

IN“-[(S)-1—Ethoxycarbonyl-3-phenylpropyl]—L-alanyl—L-proline

50 mmol (9.3 g) of Ala-Pro were suspended in 100 ml of
ethanol; 75 mmol (15.5 g) of ethyl 2-oxo-4-phenylbutyrate and
18 g of 3 A molecular sieve were added and the mixture was

. stirred for 2 hours with the exclusion of water. A teaspoon

of dehydrated Raney nickel and 15 g of 3 A molecular sieve

.were then added and the mixture was stirred briefly and then

hydrogenated for 22 hours under an H, atmosphere of 4 bar.
The reaction mixture was filtered and concentrated.
Conversion (according to HPLC) based on Ala-Pro used: 76.7%.
Product yield (according to HPLC): 35%.

The residue was taken up in 250 ml of ethanol and adjusted to
PH 4.25 with concentrated HCl (this was done by removing an
aliquot, diluting it with water and adjusting the pH and then
calculating on the basis of the total amount). The solution
was concentrated to 50 g under reduced pressure at 40°C,
filtered through Célite and diluted with ethyl acetate to a
total volume of 100 ml. 5.2 g of maleic acid dissolved in
ethyl acetate + ethanol were added and the mixture was seeded
with enalapril maleate The crystals formed were separated
off and dried.

Yield: 7.4 g = 30% of theory.

>99% of SSS diastereoisomer, melting point: 145-146°C.

[@]p2%: 42° (c = 1 in MeOH).
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forﬁéd here are, according to the literature, obtained in a 42%to 80%
yield. These yields can however be difficult to reproduce; noreover in nost

cases the products still contain considerable quantities of secondary
products, which render difficult purification into pharnaceutically usable
products. A reductive anmination of an g no acid ester using pyruvic acid

Is described in J. Med. Chem 28 (1985), 96- 1602. The am no acid ester is
used in thexidmpreod.a hydrochloride. A small quantity of NaOH is dissolved
in the solvent; this serves to release the amne fromthe am no

N%- [(S) -1-Ethoxycarbonyl-3-phenylpropyl) -L-alanyl-L-proline

The procedure of Example 1 was followed except that 0.8 mol
equivalent of ethanolamine was used as the base in place of
triethylamine.

Conversion (according to HPLC) based on Ala-Pro: 85%.
Product yield (according to HPLC): 85%.

Ratio of diastereoisomers before crystallization: SSS:RSS
isomer = 88:12. '

Example 3:

N%- [(S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl-L-
lysyl-L-proline

150 mmol of H-N¢-TFA-Lys-Pro-OH (50.9 g) were taken up in

120 ml of n-butanol, and ca. 50 ml of n-butanol were distilled
off under vacuum. The solution was diluted with 600 ml of
ethanol. 22.5 g of 3 A molecular sieve, 34 g of ethyl 2-oxo-
4-phenylbutyrate and 30 mmol of triethylamine (4.2 ml) were
added and the mixture was stirred for 2 hours with the
exclusion of water. Three teaspoons of dehydrated Raney
nickel were then added and the mixture was stirred for 4 hours
under an H, atmosphere of 4 bar. After this time, the
pressure was released, a further 12.4 g of ethyl 2-oxo-4-
phenylbutyrate were added and the mixture was subsequently
stirred for 2 hours. A pressure of 4 bar of H, was then
applied again and hydrogenation was carried out for a further
4 hours at this pressure. The catalyst was separated off (it
can be re-used directly) and the solution was evaporated.
Conversion (according to HPLC) based on N¢-TFA-Lys-Pro:

ca.. 95%.

Product yield (according to HPLC): 90%.

Ratio of diastereoisomers: SSS:RSS isomer = 95:5.
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acid ester hydrochloride and to partly neutralise the pyruvic acid. Overall
there is an excess of acid in the reaction m xture, caused by the pyruvic
aci d. Q her reductive am nations of dipeptides using a-keto acids are
known from US-PS 4,474,692, in particular Exanples 2, 7 to 14 and 21. The
reaction m xture contains a buffer of 12

‘The residue was suspended in.450 ml of water and 450 ml of
1,1,1-trichloroethane at 5°C, the pH in the water phase was
adjusted to 9.6 with 50% NaOH and the phases were mixed
thoroughly. The organic phase was separated off and the
aqueous product phase was re-extracted with 100 ml of 1,1,1-
trichloroethane. The pE in the aqueous phase was then
adjusted to 4.6 at 5°C and this phase was extracted 2x with
400 ml of 1,1,1-trichloroethane. The organic phase was
evaporated and taken up in 250 ml of methyl tert-butyl ether.
The solution was cooled to 0°C and seeded.

Yield: 48 g (60% of theory).

Content of SSS diastereoisomer: >99%.

[12%: -25.5° [c = 1 in MeOH/.1 N HCL (1:1)].

Example 4:

N*- [(S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl-L-
lysyl-L-proline

The procedure of Example 4 was followed except that 0.2 mol
equivalent of -tributylamine was used as the base in place of
triethylamine. -

Conversion (according to HPLC) based on N¢-TFA- -Lys-Pro: 85%.
Product yield (according to HPLC): 75%.

Ratio of diastereocisomers before crystallization: SSS:RSS
diastereoisomer = 96.4:3.6.

Example 5:

N%- [ (8) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl- L-
lysyl-L-proline

The procedure of Example 4 was followed except that 0.8 mol
equivalent of ethanolamine was used as the base in place of
triethylamine.

Conversion (according to HPLC) based on N°-TFA-Lys-Pro: 75%.
Product yield (according to HPLC): 65%.
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-4- ° sodium acetate and acetic acid, in which the acetic acid is present
i,n-an approximately tw ce nolar excess. The object of the invention is a
modi fication of the known nethod with a V|em/to obt ai ni ng hi gh yields
acconpani ed by
13
Ratio of diastereoisomers before crystallization: SSS:RSS

diastereoisomer = 93:7.
Example 6:

N“—[(S)-1—Ethoxycarbonyl-34pheny1propy1]-N‘-trifluoroacetyl-L-
lysyl-L-proline '

The procedure of Example 4 was followed eXcept that 0.2 mol -
equivalent of L-prolinol was used as the base in place of
triethylamine.

Conversion (HPLC) based on N°-TFA-Lys-Pro: 85%.

Product yield (HPLC): 65%.

Ratio of diastereoisomers before crystallization: SSS:RSS
diastereoisomer = 95:5. |

Example 7:

N“-[(S)-1-Ethoxycarbony1-3-phenylpropyl]-N‘-trifluoroacetyl-L-
lysyl-L-proline

The procedure of Example 4 was followed except that 0.2 mol
equivalent of (1R,2S)-(-)-ephedrine was used as the base in
place of triethylamine. _

Conversion (according to HPLC) based on N¢-TFA-Lys-Pro: 84%.
Product yield (according to HPLC): 70%.

Ratio of diastereocisomers before crystalllzatlon SSS:RSS
diastereoisomer = 96.7:3.3.

Example 8:

N%- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl-IL-
lysyl-L-proline

The procedure of Example 4 was followed except that 0.1 mol
equivalent of triethylamine was used as the base.
Conversion (according to HPLC) based on N®-TFA-Lys-Pro: 75%.
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Pemef secondary products, w thout any high additional costs resulting.

Moreover the reaction - if so desired - is to be controllable with regard
to the formation of diastereoi soners. This object is fulfilled by the
met hod according to the invention by carrying out the reaction in the
presence of an excess of an organic or iyporgani c base. There is an

excess of base in respect of the overall system when throughout the entire
reaction tpheodeteryidléo (abLopsesos.

Ratio of diastereoisomers before crystallization: SSS:RSS
diastereoisomer = 97.7:2.3.

Example 9:

N%*- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluorocacetyl-L-
lysyl-L-~proline

The procedure of Example 4 was followed except that 25 g of
basic activated aluminium oxide were used in place of the
molecular sieve and the base.

Conversion (according to HPLC) based on N¢-TFA-Lys-Pro: 95%
Product yield (HPLC): 80%.

Ratio of diastereoisomers before crystallization: SSS:RSS
diastereoisomer = 95.5:4.5.

Example 10:

N“—[(S)-1-Ethoxycarbonyl-3—phenylpropyl]—ﬁeftrifluoroacetyl-L-
lysyl-L-proline '

The procedure of Exampie 4 was followed except that 1%
palladium-on-charcoal was used as the catalyst in place of
Raney nickel.

Conversion (according to HPLC) based on N‘-TFA-Lys-Pro; 90%.
Product yield (according to HPLC): 80%.

Ratio of diastereoisomers before crystallization: SSS:RSS
diastereoisomer = 62:38. -

Example 11:
N%- [ (8) -1-Ethoxycarbonyl-3-phenylpropyl] -L-alanine
250 mmol of benzyl L-alaninate p-toluenesulphonate (88 g) and

312.5 mmol of ethyl 2-oxo-4-phenylbutyrate (65 g) were
suspended in 500 ml of cyclohexane. After the addition of
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functions and acid functions is greater than 1. Surprisingly, the

chem cal yield of the reaction is distinctly increased by this excess,

al though the first step of the reaction, the f.ormation of imne (Rbberts
J. D., Caserio, M C.: Basic Principles of Oganic Chemi stry, 2nd Ed., W
A. Benjamn Inc., Philippines, 1977, pagqg 697, 1154), is catal ysed by

aci ds. Weak bases are particularly suitable, for exanpl e, organi c bases
such as np@Eo mibr Of Ntmeehj@BﬁOprbllﬁnetr(EBEBhyb amapeotirbpethyliskine,

trlprOpylaﬂ;tldnt$AQUtX 9€é8608£ gﬁthgpg@agggllng the water until the
' reaction had ended. After cooling, the salts were filtered

off and the filtrate was evaporated and taken up in 400 ml of
anhydrous methanol. After the addition of 25 mmol of N-
methYlmorpholine (1 g) and 3 teaspoons of dehydrated Raney
nickel, hydrogenation was carried out at a hydrogen
overpressure of 4 bar and at room temperature until the uptake
of hydrogen had ended. The catalyst was filtered off and
washed with warm methanol and the filtrate was evaporated.
The residue was partitioned between water and 1,1,1-
trichloroethane at 5°C and pH 9.6. The water phase was then
extracted with 1,1,1-trichloroethane at pH 3 and 5°C and the
organic phase was evaporated. The residue was crystallized in
the cold from ethanol or acetone.
Yield: 1st fraction: 35 g; 2nd fraction: 12 g.
Melting point: 143-145°C.

This Sheet Has Been Replaced




Exanpl es of suitable inorganic bases are salts of weak acids, such as _
NaOAc, Klerr]CJerr], KHCOJerr], Na2CO3 and, particularly preferably, basic
al uni ni um oxi de. Strong bases, particularly in very dilute concentration,
can al so pronote the reaction

Claims

1.

o RN AR A

A reductive amination of an amino acid or an amino acid
derivative with an a-keto acid or an a-keto acid
derivative in an inert solvent in the presence of a
hydrogenation catalyst and a hydrogenating agent, and
optionally with the removal of water, characterized in
that the reductive amination is carried out in the
presence of excess base.

A reductive amination according to Claim 1, characterized
in that the amino acid is an a-amino acid.

A reductive amination according to Claim 1 or 2,
characterized in that the amino acid derivative is an
ester.

A reductive amination according to Claim 1 or 2,
characterized in that the amino acid derivative is an
amide.

A reductive amination according to Claim 4, characterized
in that the amide is a peptide.

A reductive amination according to Claim 3 or 5,
characterized in that a compound of the formula

R3
|
R100C-CH-NH-CH-COOR% (1)

(CH,) p

R2

or of the formula
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Thebase is suitably added in a quantity of from0.01 to 5 nole
equi val ents, preferably of fromO0.05 to 2 nole equivalents, in each case
referred to the conpound used having the fornulae (I11) or (1V). Wen

organi ¢ bases are used, substoichionetric quantities, iA—particular of from

0.08 to 0.6 nole eqU|vaIents are particygyarly preferred.

) O A

R3
I
R100C-CH-NH-CH-CO-N-CH-COOR*? (II)
|
(CH,) RS

R2
in which

R! is hydrogen, methyl, ethyl or benzyl,

R? is hydrogen, C;-C,-alkyl, phenyl or phenyl-[C,-C,-alkyl],

R® is hydrogen, heteroalkyl or C;-C,-alkyl, benzyl, 4’-
hydroxybenzyl, acylamino-[C,-Cg]-alkyl, tert-butoxycarbonylamino-
[C,-Cs]l-alkyl or benzyloxycarbonylamlno- [C,-Csl alkyl

R?* is H or an ester protecting group,

R5_ together. with the atoms by which it is carried is a
heterocyclic mono- or bi-cyclic ring system with 5 to 10 ring
members, and ' '

n is 0, 1 or 2,

is converted, by hydrogenolytic reaction with a compound of the
formula

R3
I

H,N-CH-COOR? - (II1)

in which R® and R* are as already defined,
to a compound of formula (I) or a compound of the formula

R3
l

H,N-CH-CO-N-CH-COOR* - (IV)

\0

i

R

n
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The *am no function of the amno acids or amno acid derivatives used nust
be at |least partly in the formof a primary am ne during the-reaction. This

..s al so provided by the method according to the inventior—when—these

conpounds are used as an internal salt or else as a salt,

hydr ochl ori de. The amino acid derivatiyg is preferably ﬁmm. ﬂmﬁﬂ“l
am no acid or an am de of the acid function, with the amd

preferably taking place with another amino acid or am no acid derlvatlve

so that the gHiNg, a8 499 Wd W 'Sready defined,

for the preparation of compounds of formula (II), with a

compound of the formula
R2- (CH,) ,~CO-COOR? (V)
in which R}, R? and n are as already defined.

7. A process according to one of the preceding claims,
characterized in that the organic base used is mono-, di-
or tri-ethanolamine, trimethylamine, triethylamine,
tripropylamine, tributylamine, N-methylmorpholine, L- or
D-prolinol, L- or D-valinol, (-)- or (+)-ephedrine or
(-)- or (+)— norephedrine.

8. A process according to one of Claims 1 - 6, characterized
in that the inorganic base used is K,CO;, Na,CO;, KHCO;,
NaOAc, NaHCO, or basic aluminium oxide.

9. A.proceSS according to one of the preceding claims,
' characterized in that the base is used in an amount of
- 0.01 to 5, preferably 0.05 - 2 and, especially in the
case of organic bases, particularly preferably 0.08 - 0.6
mol equivalents, based in each case on the compound of
formula (III) or (IV) used.

10. A process-according to Claim 8 or 9, characterized in
that the basic aluminium oxide is used in an amount of
2 g/mol to 400 g/mol, based on the compound of formula
(III) or (IV) used.

11. A process according to one of Claims 1 - 6, characterized .

in that basic aluminium oxide is used as a water binding
agent for the removal of water. '

Y
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a dirpeptide or oligopeptide. On the whole the use of a-amno acids or

the
derivatives thereof is preferred.

In particular conpoun
V are preferred as [err]-keto acids or derivatives thereof l ,im”m
aci d being the sinplest representative. I n nost cases the
requires the renoval of the water fornmedisthe water-binding agent enployed
Is preferably inert or basic.

12. A process according to Claim 11, charac_:terized in that
the basic aluminium oxide is used in an amount of |
50 g/mol to 500 g/mol, based on the compound of formula
(III) or (IV) used.
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Exanpl es of suitable water-binding agents are nol ecul ar sieves and
al-um ni um oxi des. The renpval of water is especial by—advantageous in the
reaction of the keto group with the amne to forn1|n1ne and |s advi sabl e

above all when [err]-keto esters are used, as ot her'ii plated t hat
the reduction of the keto function as a samondary rea place
nore vi gorously.

Abstract

1. Reductive amination of an amino acid or an amino acid

derivative with an a-keto acid or an a-keto acid
derivative.

2.1. N-Substituted a-amino acids or dipeptides are wvaluable
intermediates for the preparation of inhibitors of
angiotension converting enzyme (ACE), examples of
representatives being enalapril and ramipril. These
compounds can be prepared by the hydrogeholytic reaction
of a'primary amine with a ketone, but the known processes
are difficult to reproduce and generally still contain
considerable amounts of by-products. The novel process
makes it possible to obtain good yields and less by-
products without introducing high additional costs.

2.2. According to the invention, the hydrogenolysis reaction
is carried out with the addition of an organic or
inorganic base, basic aluminium oxide being the preferred
inorganic base. The formatlon of one dlastere01somer is’
favoured by the use of chiral organic bases.

2.3. ACE, blood pressure regulators.



: .
signifi

wat er - bj

render
itsel f7
savi ng

dolnnp-7T

_ The addi tion of the organic base often make
v yof nol ecul arf. lSﬁEETS SG
i 406N i of{ a basic alu ?ﬁn R 38 A B%QP%G(
FHpUGH, f Baaed ; WARY v th spensabl e, ’é‘(st he QP v Eﬂnpﬁ&‘?
?ﬁﬂ!‘({‘hneoﬁ@e “wat er - bi ndi ng Hpag m- 10, Pageg -....
DPF%‘-"F&@UFP%CH rr'éPlpP%"q ‘mfeler waste Abstract : paged ..... to paged .....
[J Abstract  :paged ........ -to paged ..........
DATE OF RECEIPT ....coocnrmveeernercscsssssnssnes 1 DATE OF RECEIPT..2%u/(M......

REDUCTIVE AMINATION OF AN AMINO ACID
OR OF AN AMINO ACID DERIVATIVE WITH AN
a-KETO ACID OR AN ¢-KETO ACID DERIVATIVE

The present invention relates to the reductive amina-

tion of an amino acid or of an amino acid derivative -

with an a-keto acid or an a-keto acid derivative in an

inert solvent, in the presence of a hydrogenation cata-

lyst and hydrogenation agent, as well as, opuonally,
with the removal of water. More particularly, the in-
vention relates to such a method for producing com-
pounds of the formula(]):

in which

R! signifies hydrogen, methyl-, ethyl- or benzyl, R2
signifies hydrogen, C1—Cy-alkyl, phenyl-or phenyl-
(C1-C4 alkyl ), R3 signifies hydrogen, heteroalkyl-
(e.g. group of a natural amino acid) or C;~Cs-alkyl],
benzyl-, 4-hydroxybenzyl-, acylamino- (C1~Cs)
-alkyl-, tert. butyloxycarbonylamino-{Ci~Cs) -al-
kyl-, benzyloxycarbonylamino- (C;-Cs) -alkyl-, R4
s:gmﬁesHoranaterprotecuvegroup,R to-
gether with the atoms catrymg it signifies a hetero-
cychc mono- or bicyclic ring system with 5 to 10
ring members
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(CH2), ' R3
| }
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proélucts. | f an inorganic base, for exanple, a baste—alumnium oxide,

I’'s used as an additive, then it is suitably added in a.ﬁuantity of from?2

g/nol to 400 g/nmol, referred to the conpound used habisghe sfReenRepla¢ddl | )
or (IV), or, if the water of reaction formed is sinult Hﬁ bound
by the said base, in quantities of from50 to 500 g/ no ent s
used shoul d preferably be anhydrous. Suitable inert solvents for the
nmet hod according to the invention ' :
2 .
n signifies 0, 1 or 2, by means of hydrogenolytic con-
version of a compound of the formula ITT

1{{3 : - (414)]
H;N—CH—COOR*

in which R3 and R¢ have one of the meanings already .
indicated, in the case of preparation a compound of
- formula 1, or through the hydrogenolytic conversion of .
a compound of the formula IV !

1113 ' av)
HgN—CH—CO—N——-—CH—OOOR‘.
\ns/

in which R3 to RS have one of the meanings already
indicated, in the case of preparation of compounds of
formula II.

The hydrolyric conversion is carried out, in both
cases, with a compound of formula V '

R?—(CH3),~CO~COOR! )

in which R}, R2and n have one of the meanings already
indicated, in the preseace of an inert solveat, a hydroge-
nation catalyst, a hydrogenation agent and with op-
tional removal of water. .'
The general terms such as “alkyl”, “acyl”, “aro-
. matic”, in the R groups also include such groups with
typical substituents, such as 4-(trifluoroacetylamino)-
butyl for R3. :

BACKGROUND OF THE INVENTION

N-substituted (a-amino acids (such as in formula I)
and dipeptides (such as in formula II) containing them
are valuable intermediate products for the production
of inhibitors of the angiotensin converting enzyme
(ACE) which are highly interesting as regulators of
blood pressure. A few such N-substituted dimeprides
are already commercially available as medicines or are
in the registration stage, e.g. enalapril (N-[(S)-1-ethox-
ycarbonyl-3-phenylpropyl}-L-alanyl-L-proline), lisino-
pril (N-[(S) -1-carboxy-3-phenylpropyl]-L-lysyl-L-pro-
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are alcohols such as h et hanol , propanol or butanol; ethers, such
as et hyl en'Ein ace her di et hyl ene glycol dinethyl ether or '
t et rahydrof u xyI ic acid dial kyl am des, such as

di et hyl f or hyl acet am de. M xtures of these solvents rray

al so be used. It |s advantageous to USﬁ at | east one protonic solvent.
The hydrogenating catal ysts and hydrogehating agents used are preferably

Riane_y ni ckel Falhﬁg yfn,%, q-etﬁgkyg & : nd p: atltnumt or
atinum on actiy s, s gosel ecti vi i s
Pl ¢ Brap1]-E25RaY1]- ﬁg 384)93-b2abibYEI S, 3661- y
octane-3-carboxylic acxd)
Such a'method is described in J. Org. Chem. 1988, 53,
pp- 836-844 for the production of compounds of for-
mula II. Absolute ethanol serves as inert solvent, 2 mo-
lecular sieve for the removal of water and Raney nickel
as hydrogenation catalyst. The products produced
thereby are obtained in a 42-80 % yield according to
the literature. However, these yields can be difficult to
reproduce and, in addition, considerable amounts of
byproducts usually remain in the products. This makes
it difficult to purify them to pbarmaceutically useful
products.
A reductive amination of an amino acid ester with
pyruvic acid is described in J. Med. Chem 28 (1985), pp.
1596-1602. The amino acid ester is used as hydrochlo-
ride. A small amount of NaOH is dissolved in the sol-
vent, which liberates the amine from the aminro acid
ester hydrochloride and for the partial neutralization of
the pyruvic acid. On the whole, there is an excess of
acid in the reaction mixture, because of the pyruvic
acid.
U.S. Pat. No. 4,474,692, especially examples 2, 7-14
and 21, teaches reductive aminations of dipeptides with
a-keto acids. A buffer of sodium acetate and acetic acid
is contained in the reaction mixture. The acetic acid is
present the buffer in approximately double the molar
excess.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
modification of the known method which increases
yields and which minimizes byproducts and which also
minimizes expense. A further object is to provide such
a method which enables the making of diastereoiso-
mers, if desired.

These and other objects are achieved in a method in

- which the hydrogenolytic conversion is carried out in
the presence of excess of an organic or inorganic base.

An excess of base is provided if the adducts used have
been adjusted to their isoelectric point and then one or
several compounds are still present in the system which
decrease, in water, the hydrogen ion concentration of
the water and/or which take up protons from water
molecules, thus bringing about the formation of hydrox-
ide ions, or, insofar as the pK value of the adducts used
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required, hydrl des may also be used as hydrogenating catalysts and

-‘hydrogenatl ng agents. Raney ni ckel | s part icularly preferred, as the
st er eosel ect i Vhis heet Hoe Been Répiace i's ed. O the diastereoi sonmers

i a
fornmed during the rmm III“"I" Htst cases the S—conflgured product is

preferred. The
(their isoelectric point) is below pH 7, raising the pH in
water above the pK value of the adducts.

The pH of the system (relative to the aqueous con-
centration) is preferably approximately at least 5.0 and
advantageously approximately at least 6.0. Values of 6.2
and higher are especially suitable, with 11 and espe-
cially 10 being advantageous upper values.

This excess surprisingly clearly increases the chemi-
cal yield of the conversion even though the first step of
the reaction, the imine formation (Roberts, J.D.; Cas-
erio, M.C,; Basic Principles of Organic Chemistry, 2nd
edition, W.A. Benjamin Inc., Philippines, 1977, pp. 697,
1154), is catalyzed by acid. Weak bases, such as organic
bases such as mono-, di- or trierhanoi amine, trimethyl-
amine, triethylamine, tripropylamine, tributylamine or
N-methylmorpholine are especially suitable.

Suitable inorganic bases are salts of weak acids such
as NaOAc, K>CO3, KHCOj3, Na;CO3 and, especially
preferred, basic aluminum oxide.

Strong bases can also support the reaction, especially
in very dilute concentration. _

. It is preferable if the excess base raises the (theoreti-
cal) pH of the reaction system only slightly above the
pK value of the adducts. An elevation of 0.1 to 3, pref-
erably 0.3 to 2 pH steps is customary. _

The base is advantageously added in an amount of
0.01 to 5 molar equivalents, preferably from 0.05 to 2
molar equivalents relative to the amount of the com-

pound of formula IIT or the compound of formula IV
used. When using organic bases, hypostoichiometric
amounts, especially 0.08-0.6 molar equivalents are par-
ticularly preferred.

The amino function of the amino acids or amino acid
derivatives used must be present during the reaction at
least part:ally in the form of a primary amine; this is also
the case in the method of the present invention if this
compound is used as an inner salt or otherwise as a salt,
e.g. as hydrochloride.

The amino acid derivative is preferably an ester of an
amino acid or an amide of the acid function; the amidic
bonding preferably takes place with an additional amino
acid or amino acid derivative so that the amino acid
derivative is a di- or oligopeptide. On the whole, a-
amino acids or their derivatives are preferred.
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-7- diastereoselectivity of the reaction required for the preferred
preparation of the enantionmer can in many cases be I ncreased still further

“when a chiral organic base is used. Exanpl esriy siidf stmaaeﬁaeedb or

D-prolinol, L- or Dvalinol, (-)- or (+)-eph__edq rﬁ:’!i“ﬁam“‘” rr
5

(+) - norephedrine which, depending on the conpo

Compounds of formula V are particularly preferred -
in the form of a-keto acids or their derivatives, with
pyruvic acid as the simplest representative.

The reaction usually requires the removal of the
water produced. This can be achieved through the use
of a water binding agent, preferably inert or basic. Suit-

~ able water binding agents are e.g. molecular sieves and
aluminum oxides. The removal of water is particularly
advantageous in the reaction of the keto group with the
amine to the imine and is indicated in particular when
using a-keto esters. Otherwise the reduction of the keto
function as a side reaction could also possibly take place
to a greater extent.

The addition of the organic base frequently makes it
possible to distinctly reduce the amount of molecular
sieve added as water binding agent and the addition of
a basic aluminom oxide can render the molecular sieve
quite superfluous because it functions itself simulta-
neously as a water binding agent. This reduces cost and
minimizes by-products. : o

If an inorganic base, ¢.g. a basic aluminum oxide is
used as an additive, this advantageously is used in an
amount of 50 g/mole to 500 g/mole, relative to the
amount of the compound of formula III or IV used, if
the reaction water formed is to be bound with this base
at the same time, otherwise in amounts of 2 to 400 -,
g/mole. i

The solvents used should preferably be anhydrous.
Suitable inert solvents for the method of the invention
are alcohols such as methanol, ethanol, propanol or
butanol; ethers such as ethylene glycol dimethylether,
diethylene glycol dimethylether or tetrahydrofuran;
and carboxylic acid dialkylamides such as dimethyl-
formamide or dimethylacetamide. Mixtures of such
solvents can be used. It is advantageous if at least one
protic solvent is nsed.

The hydrogenation catalysts and hydrogenation
agents are preferably Raney nickel, palladium or palla-
dium on activated carbon and platinum or platinum on
activated carbon as well as Hj. If no stereoselectivity is
desired, hydrides can also be used as hydrogenation
catalysts and hydrogenation agents. Raney nickel is

. especially preferred since diastereoselectivity is best
when it is used. :
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i nvol ved, often pronote the formation of an enantioner. In the

prepar ati on of ThieShesiinds Be¢n Replacedr nul a (1), preferably the naturally
occurring [err]- the optical antipodes thereof, optionally in
protected form al ounds of the formula (111). Exanples are
al ani ne, valine, nethionine, cysteine, sgrine, tryptophan, asparagine,
glutam ne, aspartic acid, glutam c acid,” phenyl al ani ne, tyrosine, |eucine,
i sol euci ne or gl yciAm Hé‘&i@fér@éﬁxe&?g&aﬁceaqu Hﬁf‘%&he benzyl,

&

tert. butyl or ety ﬁ@% Eéﬁggﬁ} 5@‘% %I‘&gaﬁg rﬁg ] si ne or
ornithine i's useiagetdisets W‘%if&ie convérsion rgfireg’for the
preferred production of the enantiomer can be in-
creased even more, in many instances, if a chiral organic
base is used. Such bases are, e.g., L- or D-prolinol, L-or
D-valinol, (—)- or (+)-ephedrine and (-)- or
(+)-norephedrine, which often increase the formation
of an enantiomer, depending on the compounds used.

In the production of compounds of formula I, the
naturally occurring a-amino acids or their optical antip-
odes, optionally in protected form, are preferred as
compounds of formula III. Examples include are ala-
nine, valine, methionine, cysteine, serine, tryptophane,
asparagine, glutamine, aspartic acid, glutamic acid,
phenylalanine, tyrosine, leucine, isoleucine or glycine
and their esters, e.g. the benzyl-, tert. butyl- or ethyl
esters (ester protective groups). If lysine or ornithine is
used as the compound of formula III, the amino group
in the side claim must be protected, such as by means of
a trifluoroacetyl-, carbobenzoxy- or tert. butyloxycar-
bonyl group.

It can be advantageous during the conversion of com-
pounds of formula ITI with a compound of formula V if
they- are first combined and heated with the aid of a
suitable water-entraining solvent, such as cyclohexane,
methyl-tert. butyl ether or toluene, to separate water
and are azeotropically dehydrated in this manner. The
compounds of formula II as well as of formula IT can
optionally also be used in the form of salts, e.g. as para
toluene sulfonates or hydrochlorides, if R4 does not
signify H. In order to convert the salts into their free
amines, the base should be present in a molar ratio of up
to 100 mole % in the azeotropic dehydration. Weak
bases such as N-methylmorpholine are preferred for this
purpose. Care must be taken, in this procedure, that the
formation of lactones or dimerization products of com- -
pound V is avoided, and high temperatures (especially
above 100° C.) should also be avoided. If necessary, the
solvent is subsequently changed and hydrogenolytically
converted, that is, the base and the hydrogenation cata-
lyst are added. ' _ '

During the production of compounds of formula II,
the following are preferably used as compounds of
formula IV: Dipeptides from a naturally occurring a-
amino acid or its antipodes, optionally protected in a
possible side chain functionality, in the N-terminal posi-

tion and from a cyclic (a-amino acid in the C-termi
) yelic { l%'%‘ns is the replacement sheet
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then the anino group positioned in the side chain nust be protected, for

exanple, by a trifluoroacetyl, carbobenzoxy or“rerr‘—buryrnxytarbcnyl

group. In the reaction of corrpounds of the f glélhget('_llﬁlla}ae [Ii 8corrpound
Xe

of the formula (V) it may be advantageous if thes t oget her
and, wth the aid of a suitable water- entralnlng xampl e,
cyclohexane, methyl tert. butyl ether or tol uene th the
separation of water and thus azeotropically dehydrated. Here the conpounds
of the fornula (I1l1) as well as those ofzthe formula (11) can also

optionally be used in.the or
P Y position. p?es are alanyl-proline, Né-trifluoroacet-

yl—lysyl-prohne, Ne¢.carbobenzoxy-lysyl-proline, Ne<
tert.butyloxycarbonyl-lysyl-proline, N3-trifluoroacetyl-
omithyl-proline, N3-carbobenzoxy-ornithyl-proline or
NO-tert.butyloxycarbonyl-ornithyl-proline.

2-0x0-4-phenyl-butyric acid ethyl ester is preferably
used as the compound of formula V. The compounds of
formula V are advantageously used in a 0.05 to simple
Jonefold] molar excess over the compound of formula
I or IV.

In the practical execution of the method of the inven-
tion, a compound of formula V and a compound of
formula ITI or IV are dissolved or suspended in the inert
solvent. After the possible addition of 2 molecular sieve
or aluminum oxide as a water binding agent, the organic
or inorganic base (insofar as still necessary) is added.
The reaction mixture is then advantageously pre-
agitated for a time sufficient to bind any water still
contained in it to the molecular sieve or to the basic
aluminum oxide. The Schiff base also forms, during
which time the water produced is likewise bound. After
this preactivation, the previously dehydrated hydroge-
nation catalyst is added and the hydrogenolytic conver-
sion is carried out under an atmosphere of hydrogen.
An excess hydrogen pressure between 1 and 8 bars is
especially preferred.

The method of the invention is especiaflly advanta-
geons in the case of reductive aminations which other-

~ wise give no yields or only slight yields when catalyzed
by acid (with an excess of acid) or at the isoelectric
point (pK) of the adducts.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following examples illustrate the method of the
invention in more detail:

'EXAMPLE I:
N=(S)-1-ethoxycarbonyl-3-phenylpropyl]-L-alanyl-
L-proline
50 mmoles (9.3 g) Ala-Pro were suspended in 100 ml
ethanol, mixed with 10 moles (1 g) triethylamine, 75

This is the seplacement shest
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salts, for exanpl e, as par at ol-uenesutphoenates—er—hydrochl ori des, unless R4
signifies H In order to convert the salts into their free am nes, during
i%’&ﬁy be present in a nol ar

t he azeotropi c dehydration t h&hip, t
ratio of up to 100 nol-% Here t such as N net hyl nor phol i ne
are preferred. During this proc

be taken that the fornation
of | actones or _ :

8

mmoles (15.5 g) 2-oxo-4-phenyl-butyric acid ethyl ester
and 18 g molecular sieve 3 A and agitated for 2 hours
under anhydrous conditions. One teaspoon of dehy-
drated Raney nickel and 15 g molecular sieve 3 A were
now added, briefly reacted and subsequently hydroge-
nated for 22 hours under an atmosphere of 4 bars of Ha.
The reaction mixture was filtered and evaporated to
concentrate it to a small volume. Conversion (accord-
ing to HPLC) relative to Ala-Pro used: 95.6%, product
yield (according to HPLC): 95%. The residue was
taken up in 250 ml ethanol and adjusted to pH 4.25 with
conc. HCI (an aliquot was removed for this purpose,
diluted with water and the pH adjusted, then the entire
amount of HCI required was calculated). The solution
was evaporated to Iow bulk under reduced pressure at
40° C. to 50 g, filtered with Celite and diluted to 100 ml
total volume with ethyl acetate. 5.2 g maleic acid dis-
solved in ethyl acetate-t-ethanol were added and the
mixture was seeded with enalapril maleate. The crystal-
lizate formed was separated off and dried.

Yield: 20.9 g=85% of theory>99% SSS diastereo-
er, melting point: 145-146° C., [a]p?: 42° (c=1 in

MeOH).
Comparative Example
Ne-[(S)-1-ethoxycarbonyl-3-phenylpropyl]-L-alanyl-
L-proline

50 moles (9.3 g) Ala-Pro were suspended in 100 ml
ethanol, combined with 75 moles (15.5 g) 2-oxo-4-phe-
nyl-butyric acid ethyl ester and 18 g molecular sieve 3
A and agitated for 2 hours under anhydrous conditions.
One teaspoon of dehydrated Raney nickel and 15 g
molecular sieve 3 A were now added, briefly reacted
and subsequently hydrogenated for 22 hours under an
atmosphere of 4 bars of Hy. The reaction mixture was
filtered and evaporated to concentrate it to a small
volume. Conversion (according to HPLC) relative to
Ala-Pro used: 76.7%, product yield (according to
HPLC): 35%. The residue was taken up is 250 ml etha-
nol and adjusted to pH 4.25 with conc. HC] (an aliquot

- was removed for this purpose, diluted with water and
the pH was adjusted, then the entire amount was calcu-
lated). The solution was evaporated to low bulk under
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-8-" dinerisation products of the conpound (V) is avoided. An el evated

tenperature (espeerﬁ—l—y—a-bvve‘IUUr_r]C) shoul d correspondi ngly be

avoi ded. Subsequent t h, Lﬁ’ﬁ ade§ optionally changed and :
hydrogenolytlcall i's, the base and the hydrogenating
catal yst are added. ‘mv paration of conpounds of the formula (I1),

t he

reduced pressure at 40° C. to 50 g, filtered by Celite and
diluted to 100 m! total volume with ethyl acetate. 5.2 g
maleic acid dissolved in ethyl acetate--ethanol were
added and seeded with enalapril maleate. The crystalli-
zate formed was separated off and dried.

Yield: 7.4 g=30% of theory,>99% SSS diastereo-.
mer, melting point: 145-146C, [a]p?: 42° (c—l in

MeOH).
Example 2:
Na-[5)-]1-ethoxycarbonyl-3-phenylpropyl]-L-alanyl-
L-proline

The same procedure was used as in Example I; how-

ever, instead of triethylamine, 0.8 molar equivalent of

- ethanolamine were added as the base. Conversion (ac-

cording to HPLC) relative to Ala-Pro: 85%, product

yield (according to HPLC): 85%, diastereoisomer ratio
before crystallization: SSS:RSS isomer=288.12

Eiample 3:

Na-{(S)-1-ethoxycarbonyl-3-phenylpropyl}-N-tri-
fluoroacetyl-L-lysyl-L-proline
150 mmoles H-N&TFA-Lys-Pro-OH (50.9 g) were
taken up in 120 ml n-butanol and approximately 50 ml
n-butanol distilled off under vacuum. The solution was
diluted with 500 ml ethanol. 22.5 g molecular sieve 3 A,
34 g 2-oxo-4-phenyl butyric acid ethyl ester and 30
mmoles triethylamine (4.2 ml) are added and the mix-
ture agitated 2 hours under anhydrous conditions.
Three teaspoons dehydrated Raney mickel were now
added and the mixture was agitated for 4 hours at under
an atmosphere of 4 bars of Hj. After this time, the pres-
sure was released, another 12.4 g 2-oxo-4-phenyl bu-
tyric acid ethyl ester was added and the mixture was
- reagitated for 2 hours. Then a pressure of 4 bars of
hydrogen was applied and the mixture was hydroge-
nated a further 4 hours at this pressure. The catalyst was
separated off (it can be directly reused) and the solution
was evaporated to a small volume. Conversion (accord-
ing to HPLC) relative to N&-TFA-Lys-Pro: approxi-
mately 95%, product yield (according to HPLC): 90%,
diastereomer ratio: SSS:RSS-isomer=295.5. The residue
was suspended in 450 ml water and 450 ml 1,1,1-tri-
chloroethane at 5° C., the pH was adjusted to 9.6 in the
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conmpounds of the formula (1V) preferably used are di peptldes consi sting of
a naturally occurring a-amno acid or the antipodes thergof—rf—nvcersvary—
"protected in any side chain functionality, in an NtermTﬂE'ShQ&%—lats'B%Qn QQ aced

of acyclic a-amno acid in a Ctermnal position
al anyl proline, N -trifluoroacetyllysylproline, N -car bo- ﬂll I]ﬂ“ll“"l I”II
benzoxyl ysyl proline, N -tert. butyloxycarbonyllysylprolinei

N err]-trifluoroacetylornithylproline, }berr] car bobenzoxy-

ornithyl proline or N err] tert. but yl oxyCar bonyl or ni t hyl prol i ne. Et hyl
(Z-Vg’XO-Tﬁjepgg%{)gg%éhgpﬁf % NABH i mE PRAE Gygle the Tormia
' roug y mn: e organic phase was separated off

and the aqueous product phase was post-extracted with
100 ml 1.1,1-trichloroethane. The pH of 4.6 was now
adjusted to § in the aqueous phase and this phase was
extracted twice with 400 ml 1,1,1-trichloroethane. The
orgamc phase was evaporated to low volume and taken
up in 250 ml methyl-tert.butyl ether. The solution was
cooled down to 0° C. and seeded. Yield: 438 g (60% of
theory), SSS diastereomer content: >9%9%,
[2]p?0:~25.5° [(c=1 in MeOH/ -IN HCI (1:1)].

EXAMPLE 4

No-[(S)-1-ethoxycarbonyl-3-phenylpropyl]-N-tri-
fluoroacetyl-L-lysyl-L-proline

The same procedure was used as in Example 4; how-
ever, instead of triethylamine, 0.2 molecular equivalent
of tributylamine were added as the base. Conversion
(according to HPLC) relative to N&TFA-Lys-Pro:
85%, product yield (according to HPLC): 75%, diaste-.
reomer ratio before crystallxutxon. SSS:RSS dias-
tereomer=96.4:3.6.

EXAMPLE 5
N-[(S)-1-ethoxycarbonyl-3-phenylpropyl]l-N-tri-
fluoroacetyl-L-lysyl-L-proline
The procedure was used as in Example 4; how-
ever, i of triethylamine, 0.8 molar equivalent

ethanol amine were added as base. Conversion (accord-
ing to HPL.C) relative to N&TFA-Lys-Pro: 75%, prod-
uct yield (according to HPLC): 65%, diastereomer
ratio before crystallization: SSS:RSS  dias-
tereomer=293:7.

EXAMPLE 6
N [(S)-1-ethoxycarbonyl-3-phenylpropyl]-N-tri-
fluoroacetyl-L-lysyl-L-proline
The same procedure was used as in Example 4; how-
ever, instead of triethylamine, 0.2 molar equivalent
L-prolinol were added as base.

Conversion (HPLC) relative to N&TFA-Lys-Pro:
85%, product yield (HPLC): 65%, diastereomer ratio
before crystallization: SSS:RSS diastereomer =95:5. '
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ound of the forrmula (V) and a
conpound of the formula (I11) ssol ved or suspended in the
inert solvent. After optional addition of a nolecular sieve or alumnium
oxi de as a water-binding agent, the qhganic or inorganic base (if stil
required) is added. It is advisable tten to prestir the reaction mxture

for a fairly long period of tinegs 0 bind any water possibly
still contained therein to the rml%%&‘glﬂg?e.{/e or

Na.[(S)-1-ethoxycarbonyl-3-phenylpropyl}-N-tri-
fluoroacetyl-L-lysyl-L-proline '

The same procedure was used as in Example 4; how-
ever, instead of. triethylamine, 0.2 molar equivalent
(I1R,2S)-(—)-ephedrine were added as base. Conversion
(according to HPLC) relative to &TFA-Lys-Pro: 84%,
product yield (according to HPLC): 70%, diastereomer
ratio before crystallization: SSS:RSS  dias-
tereomer=96.7:3.3.

EXAMPLE 8

Ne-[(5)-1-ethoxycarbonyl-3-phenylpropyl]-N-tri-
fluoroacetyl-L-lysyl-L-proline

The same procedure was used as in Example 4; how-
ever, 0.1 molar equivalent triethylamine were added as
base. Conversion (according to HPLC) relative to N&
TFA-Lys-Pro: 75%, product yield (HPLC): 60%, dia-
stereomer ratio before crystallization: SSS:RSS dias-
tereomer=97.7:2.3.

EXAMPLE 9

Ne-[(S)-1-ethoxycarbonyl-3-phenylpropyl]-N-tri-
fluoroacetyl-L-lysyl-L-proline .

The same procedure was used as in Example 4; how-
ever, instead of molecular sieve and base, 25 g basic
activated aluminum oxide were added. Conversion (ac-
cording to HPLC) relative to N&-TFA-Lys-Pro: 95%,
product yield (HPLC): 80%, diastereomer ratio before
crystallization: SSS:RSS diastereomer=95.5:4.5.

EXAMPLE 10

Na.[(S)-1-ethoxycarbonyl-3-phenylpropyl}-N-tri-
fluoroacetyl-L-lysyl-L-proline

The same procedure was used as in Example 4; how-
ever, instead of Raney nickel, palladium 1% on carbon

. was used as catalyst. Conversion (according to HPLC)

relative to N&TFA-Lys-Pro: 90%, product yield (ac-
cording to HPLC): 80%, diastereomer ratio before
crystallization: SSS:RSS diastereomer=62:38. '

EXAMPLE 11

Ne-{(S)-1-ethoxycarbonyl-3-phenylpropyl]-L-alanine
- 250 mmoles L-alanine benzyl ester p-toluene sulfonic

This is the replacement sheet
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t he basic al um nium oxide. Here the Schiff's base is also fornmed, with the
wat er produced |ikew se being bound. After this preactivation, the

previ ously dehydrated hydrogenating catal yst is added and the

hydr ogenolThisiSheetdtasddeen Baplacedcar ri ed out in an atnosphere of hydrogen. In

e |||I Il
12

acid salt (88 g) and 312.5 mmoles 2-oxo-4-phenyl bu-
tyric acid ethyl ester (65 g) were suspended in 500 ml .
cyclohexane. After the addition of 250 mmoles N-
methylmorpholine (25.3 g), water was removed by
azeotropic distillation until the end of the reaction.
After the mixture had cooled, it was filtered to remove
salts, evaporated to low volume and taken up in 400 ml
anhydrous methanol. After the addition of 25 mmoles
N-methylmorpholine (1 g) and 3 teaspoons anhydrous
Raney nickel, the mixture was hydrogenated at 4 bars -
excess hydrogen pressure and room temperature until
the adsorption of hydrogen stopped. The reaction mix-
ture was filtered from the catalyst, post-washed with
warm methanol and evaporated to low volume. The
residue was partitioned at 5° C. and pH 9.6 between
water and 1,1,1-trichloroethane. The aqueous phase
was subsequently extracted at pH 3 and 5° C. with
1,1,1-trichloroethane and the organic phase evaporated
to low volume. The residue was crystallized from etha-
nol or acetone while cold.

Yield: 1st fraction: 35 g; 2nd fractxon. 12g

Melting point: 143-145° C.

What is claimed is: .

1. In a reductive amination of an a-keto-compound
selected from the group consisting of a-keto acids and
a-keto acid derivatives of the Formula (V) '

R2—(CH3)y—CO—COOR! \))

- in which |
R! signifies hydrogen, methyl, ethyl or benzyl,
R2? signifies hydrogen, C1—Cgs-alkyl, phenyl or phe-
nyl(Ci-Cy-alkyl), and
n signifies 0, 1 or 2,
with an amino-compound of the Formula (III)

R3 , (111)

I
HoN—CH—COOR¢

.Th-'s is the replacssent sheet
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this an excess hydr ogen pressure of between 1 and 8 bar is particularly

favourabl e. The nethod according to the invention is-advantageous
particularly in reductive aninations which do not proceed when catal ysed by
acid (in an excess of acid) or do so with only s Q]h'@”ﬂTi,tl'iii,BeenRe placed

12

acid salt (88 g) and 312.5 mmoles 2-oxo-4-phenyl bu-
tyric acid ethyl ester (65 g) were suspended in 500 ml
cyclohexane. After the addition of 250 mmoles N-
methylmorpholine (25.3 g), water was removed by
azeotropic distillation until the end of the reaction.
After the mixture had cooled, it was filtered to remove
salts, evaporated to low volume and taken up in 400 ml
anhydrous methanol. After the addition of 25 mmoles
N-methylmorpholine (1 g) and 3 teaspoons anhydrous
Raney nickel, the mixture was hydrogenated at 4 bars
excess hydrogen pressure and room temperature until
the adsorption of hydrogen stopped. The reaction mix-
ture was filtered from the catalyst, post-washed with
warm methanol and evaporated to low volume. The
residue was partitioned at 5° C. and pH 9.6 between
water and 1,1,1-trichloroethane. The aqueous phase
was subsequently extracted at pH 3 and 5° C. with
1,1,1-trichloroethane and the organic phase evaporated
to low volume. The residue was crystallized from etha-
nol or acetone while cold.

Yield: 1st fraction: 35 g; 2nd fraction: 12 g

Melting point: 143-145° C,

What is claimed is:

1. In a reductive amination of an a-keto-compound

. selected from the group consisting of a-keto acids and

a-keto acid derivatives of the Formula (V)

R2—(CH3)p—CO~COOR! : A\

. in which
R! signifies hydrogen, methyl, ethyl or benzyl
R2 signifies hydrogen, C;—Cgs-alkyl, phenyl or phe-
nyl(Cy-Cs-alkyl), and
n signifies 0, 1 or 2,
with an amino-compound of the Formula (III)

R3 {m

|
'HaN—CH—COOR*
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The method according to the invention is explained in nore detail by the
,follow ng Exanpl es. Exanple 1

N err]-[(S)-1-ethoxycarbonyl - 3-phenyl propyl ]-L-alanyl -L-proline 0 mol

(9.3 g) of ala-pro was suspended in 100 m of efhasndetHa®B ) of

triethylamne, 75 mol (15.5 g) of ethyl 2-oxo-4- I \ and 18 g of

nol ecul ar si eve 1 _

13

in which :
R; signifies hydrogen, hctcroalkyl- or C;-C4 alkyl :
~ benzyl-, 4-hydroxybenzyl, acrylamino-(Ci-Cs)-
alkyl, tert.butyloxycarbonylamino-(C;-Cs)-alkyl,
benzyloxycarbonylamino-(C1~Cs)-alkyl-, and
R4 signifies H or an ester protective group, or For-

mula (TV)
HN—CH—CO~N-———CH—COOR*
N4
RS
in which :
R3and R4have one of the meanings already indicated
and

R3 together with the atoms carrymg it signifies a
heterocyclic mono- or bxcyclxc ring system with §
to 10 members .
in an inert solvent, and in the presence of a hydrogena-
tion catalyst and a hydrogenation agent, both acting
together to reduce a double bond in an intermediate
formed by condensation of said kéto-compound with
said amino-compound to a single bond by incorporating
hydrogen, so as to form a C-N bond between the C-
atom of the keto-group of said keto-compound and the
N-atom of the amino group of said amino-compound
yielding a compound for Formula (I):

k. ®
RIOOC~CH~NH—CH—COOR?

i
(CH)»
|
R
in Wthh '

R! to R4andnhaveoneot'themmnmgsalrady
indicated in the case that the compound of For-
mula (V) is reacted by means of hydrogenolytic
conversion with a compound of Formula (III), or a
compound of Formula (TI):

[

A

This is the replacement sheet
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3 ‘A were added thereto and the suspension was stirred for 2 hours with the

~exclusion of _water A teaspoenfdl of dehydrated Raney nickel and 15 g of

“nol ecul ar sieve 3 A were then added, the reaction nixture was briefly
stirred and wThig§h %Br 22 hours under an Herr] atnosphere of 4
bar. The reacti ' filtered and concentrated to small vol une.
Conversion (acc ), referred to al a-pro used: 95.6% product
yield (according to HPLC): 95% The residue was taken up in 250 m of

et hanol . and adjusted to pH 4.25 using concentrated HCL (for this purpose an

aliquot was taken, diluted with water 3&d the pH adjusted, then cal cul ated
for the total quantlty) The solution was concentrated to 50 g under

reduced pressure at R3 an
|
R’OOC-—?H—-NH—-CH—CO-N CH—COOR*
(CHaln R
|
R2

in which R! to RS and n have one of the meanings al-
read indicated in the case that the compound of For-
m ) is reacted by means of hydrogenolytic conver-
sion with a2 compound of Formula (IV), as well as op-
tionally removing water;

the improvement in which the reductive amination is

carried out in the presence of an excess of base, an
excess of base being provided if the adducts used
have been adjusted to their isoelectric point and
then at least one compound is still present in the
system which decreases, in water, the hydrogen
ion concentration of the water and/or which takes
up protons from water molecules, or, if the pK
value of the adducts used is below pH 7, which
raises the pH of the water above the pK value of
the adducts.

2. A method according to claim 1 in which mono-, di-
or triethanol amine, trimethylamine, triethylamine, tri-
propylamine, tributylamine, N-methylmorpholine, L-or
D-prolinol, L- or D-valinol, (—)- or (+)-ephednne,
(—)- or (+)-norephedrine are used as an organic base.

3. The method according to claim 1 in which K>CO3,
NaxCO3, KHCO3, NaOAc, NaHCO;3 or basic alumi-
num oxide are used as inorganic base.

4. The method according to claim 1 in which the base
is added in an amount of 0.01 to 5 equivalents relative to
the compound of formula III or IV used.

5. The method according to claim 4 in which the base
is added in an amount of 0.05-2 equivalents relative to -
the compound of formula IT or IV used.

6. The method according to claim 4 in which the base |
is an organic base and it is added in an amount of
0.08-0.6 molar equivalents relative to the compound of
formula HI or IV used.

This is the replacement sheet’
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40[err]C, filtered through Celite and diluted with ethyl acetate to a total
‘volume of 100 ml. 5.2 g of maleic acid dissolved in ethyl acetate + ethanol
‘was added and seeded with Enal april naleate. The crystallisate forned was
separated and dri ed. :

15

7. The method according to claim 1 in which the
basic aluminum oxide is added in an amount of 2 g/mole
to 400 g/mole relative to the compound of formula III
or IV added.

8. The method accordmg to claim 1 in which basic
aluminum oxide is added as a water binding agent for -
the removal of water. _

9. The method according to claim 8 in which the
basic aluminum oxide is added in an amount of 50
g/mole to 500 g/mole relative to the compound of

. formula I or IV added.

2 £ % % =
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Reductive amination of an amino acid or an amino acid
derivative with an a-keto acid or an «o-keto acid derivative

Description

The invention relates to a reductive amination of an amino
acid or an amino acid derivative with an a-keto acid or an «-
keto acid derivative in an inert solvent in the presence of a
hydrogenation catalyst and a hydrogenating agent, and
optionally with the removal of water, and in particular to a
process for the preparation of compounds of the formula

R3
| .
R100C-CH-NH-CH-COOR? (1)
] fﬁ,
R2 o !
or of the formula
R3
. ]
R100C-CH-NH-CH-CO-N-CH-COOR? (II)
o \/

R2
in which.

R! is hydrogen, methyl, ethyl or benzyl,
R? is hydrogen, C,-C,-alkyl, phenyl or phenyl-[C,-C,-alkyl],

his Sheet Has Been Replaced This is the replacement sheet
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* 50 mmol (9.3 g) of ala-pro was suspended in 100 ni of ethanol. 75 ol
(15.5'g) of ethyl 2-oxo-4-phenylbutyrate and 18 g of nolecular sieve 3 A
were added thereto and the suspension was stirred for 2 hours with the
exclusion of water. A teaspoonful of dehydrated Raney nickel and 15 g of
nol ecul ar sieve 3 A were then added, the zeaction m xture was briefly
stirred and then hydrogenated for 22 hours under an Herr] atnosphere of 4
bar. The Réadsi tuydriogem,e hererdidlerled( @ngl. arneerddidall 6D smmatuyal une.

yiela (nceniac A0 g CrplaliqIs) R L Ay ed Ry ProtuCt
, acylamino- [C,-Cs] -alkyl, tert-butoxycarbonylamino-[C;- Cg]-
alkyl or benzyloxycarbonylamino- [C,-Cg]-alkyl,
R* is H or an ester protecting group,
R® together with the atoms by which it is carried is a
heterocyclic mono- or bicyclic ring system with 5 to 10 ring
members, and

n is 0, 1 or 2,
by the hydrogenolytic reaction of a compound of the formula

.R3
|

H,N-CH-COOR? (III)

in which R® and R?! are as already defined,
for the preparation of compounds of formula (I), or of a
compound of the formula

g3

H,N-CH-CO-N-CH-COOR* - (IV)

\J

in which R® to R® are as already defined,
for the preparation of compounds of formula (II), with a
compound of the formula

R?- (CH,),-CO-COOR? (V)

in which R}, R? and n are as already defined, in the presence
of an inert solvent, a hydrogenation catalyst and a
hydrogenating agent, and optionally with the removal of water.
In principle, "alkyl", "acyl", "aromatic" etc. for the
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' taken up in 250 mM of ethanol and adjusted to pH 4.25 using concentrated
HCO (for this purpose an aliquot was taken, diluted with water and the pH
adj usted, then calculated for the total quantity). The solution was
concentrated to 50 g under reduced pressure at 40C, filtered through Celite
and diluted with ethyl acetate to a totalzvolune of 100 mMl. 5.2 g of maleic
acid dissolved in ethyl acetate + ethanol was added and seeded with

Enal apri | reliemtles ﬂ?&ism3&neﬂddexn¢rfempmmhﬂn§ safihcal edwabl dypddal

vield: 7. %‘%fé[ﬁ:q‘ r@ theog etf Calrs £1 0S8 e P rafi AS] BLEPL SEBR R3 Tl Ui NG

poi nt : err :
N-Substituted o-amino acids (such as I) and dipeptides
containing them (such as II) are valuable intermediates for
the preparation of inhibitors of angiotensin converting enzyme
(ACE), which are of great interest as blood pressure
regulators. Some of said.N-substituted dipeptides are already
commercially available as drugs or are at the licensing stage,
examples being enalapril (N%*-[(S)-1l-ethoxycarbonyl-3-
phenylpropyl]-L—alanyl-L—proiine), lisinopril (N*-[(S)-1-
carboxy-3-phenylpropyll -L-lysyl-L-proline) or ramipril (2-[N%-
[(S)-1-ethoxycarbonyl-3-phenylpropyl] -L- alanyl]-(1S,3S,58)-2-
azabicyclo[3,3,0]loctane-3-carboxylic acid).

A process of this type, for the preparation of compounds of
formula (II), is described in J. Org. Chem. 1988, 53, 836-
844. Absolute ethanol is ﬁsed as the inert solvent, a
molecular sieve is used for removal of the water and Raney
nickel is used as the hydrbgenation catalyst. The products

- formed here are obtained in 42 - 80% yield according to the '
literature. However, these yields cannot easily be repro-
duced; furthermore, the products generally still contain
considerable amounts of by-products, which make the
purification to pharmaceutically useful products difficult.

A reductive amination of an amino acid ester with pyruvic acid
is described in J. Med. Chem. 28 (1985), 1596 - 1602. The
amino acid ester is used as the hydrochloride. A small amount
of NaOH is dissolved in the solvent in order to free the amine
from the amino acid ester hydrochloride and partially
neutralize the pyruvic acid. Due to the pyruvic acid, there
is an overall excess of acid in the reaction mixture.

Further reductive aminations of dipeptides with a-keto acids
are known from US-PS 4,474,692, especially Examples 2, 7 - 14
and 21. The reaction mixture contains a sodium acetate/

This Sheet Has Been. Reip aced ' This is the replacement sheet
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'[[erfjf [err]: 42[err] (c=l in MeOH)
11 -

4

acetic acid buffer in which the acetic acid is in
approximately twofold molar excess.

The object of the invention is to modify the known process to
give high yields and less by-products without introducing high
additional costs. Moreover, it should be possible - if
desired - to influence the reaction in respect of the
formation of the diastereoisomers.

This object is achieved in the process according to the
invention by carrying out the hydrogenolysis reaction in the
presence of an excess of an organic or inorganic base.

Excess base is applicable when the educts used are adjusted to
their isoelectric point and the system then also contains one
or mgre compounds which, in water, reduce the hydrogen ion
concentration of the water or abstract protons from water
molecules, thereby forming hydroxide ions or, if the pK of the
educts used (their isoelectric point) is below pH 7, raising
the pH, in water, above the pK of the educts.

The pH of the system (based on the corresponding agqueous
concentration) is preferably at least 5.0 and advantageously
at least 6.0. Values of 6.2 and above are particularly
suitable, advantageous upper values being 11 or especially 10.

Surprisingly, this addition markedly increases the chemical
yield of the reaction, even though the first step of the
reaction, namely the imine formation (Roberts J.D., Caserio
M.C.; Basic Principles of Organic Chemistry, 2nd ed.,

W.A. Benjamin Inc., Philippines, 1977, pp. 697, 1154),
proceeds under acid catalysis. Weak bases are particularly
suitable, examples being organic bases such as mono-, di- or
tri- ethanoclamine, trimethylamine, triethylamine,
tripropylamine, tributylamine or N-methylmorpholine.
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Exanpl e 2
N[err] [(S)-1-ethoxycarbonyl - 3- phenyl propyl ] - L-aIanyI-L-proIine The
procedure was as in Exanple 1 but, instead of triethylanmine, 0.8 noleq of
et hanol am ne was used as base. Cbnver3|on (according to HPLC), referred to
al a-pro: 85% product yield (according tso HPLC): 85% ratio of
_dlastere0|soners prior to crystalllsatlon SSS: RSS i soners 88: 12.
Examples of suitable inorganic bases are salts of weak acids,

such as NaOAc, K,CO;, KHCO;, Na,CO;, NaHCO, and, particularly
preferably, basic aluminium oxide.

Strong bases can also support the reaction, especially in very
dilute concentration. Preferably, the (theoretical) pH of the
reaction system is raised only slightly above the pK of the
educts by the excess base. It is conventionally increased by
0.1 to 3 pH units, preferably 0.3 to 2 pH units.

The base is conveniently added in an amount of 0.01 to 5 mol
equivalents, preferably of 0.05 to 2 mol equivalents, based in
each case on the compound of formula (III) or (IV) used. When
organic bases are used, amounts less than the stoichiometric
amounts, especially 0.08 - 0.6 mol equivalent, are
particularly preferred.

During the reaction,'the amino group of the amino acids or
amino acid derivatives used must be at least partially in the
form of a primary amine; this is also applicable in the
process according to the invention if this compound are used
as an internal salt or as some other salt, e.g. the hydro-
chloride. '

The amino acid derivative is preferably an ester of the amino
acid or an amide of the acid group, the amide bond preferably
being formed with another amino acid or derivative so that the
amino acid derivative is a di- or oligo-peptide. It is
preferable on the whole to use a-amino acids or derivatives
thereof. '

Particularly preferred a-keto acids or derivatives thereof are
compounds of formula V, pyruvic acid being the simplest '
representative.

The reaction generally requires removal of the water formed,
the water binding agent used preferably being inert or basic.
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* Exanple 3 Nerr]- [(S) -1-ethoxycarbonyl - 3-phenyl propyl ]
-Nferr]-trifluoroacetyl- L-lysyl-L-proline 150 mmol of
HNerr]-TFA-lys-pro-CH (50.9 g) was taken up in 120 m of n-butanol and
approx. 50 m of n-butanol was distilled off in a vacuum The solution was
diluted with 600 M of ethanol. 22.5 g & nolecular sieve 3 A 34 g of

et hyl 2-oxo-4-phenyl butyrate and 30 mmpl _of triethylam ne ]
Examples of suitable water binding agents are molecular sieves

and aluminium oxides. Removal of the water is particularly
advantageous in the reaction of the keto group with the amine
to give the imine and is especially indicated when using
a-keto esters, as otherwise reduction of the keto group also
takes place more extensively as a secondary reaction under
certain circumstances.

The addition of the organic base frequently makes it possible
markedly to reduce the amount of molecular sieve used as the
water binding agent, and the addition of a basic aluminium
oxide makes the molecular sieve totally unnecessary under
certain circumstances because it simultaneously acts as a
water binding agent itself. Apart from saving costs, this
results in particular in less waste products.

If an inorganic base, e.g. a basic aluminium oxide, is used as
an additive, the amount added is conveniently 50 g/mol to

500 g/mol, based on the compound of formula (III) or (IV)
used, if the water of reaction formed is to be simultaneously
bound with this base; otherwise the amounts added are 2 to

400 g/mol.

The solvents used should prefetably be anhydroué. Inert
solvents suitable for the process according to the invention
are alcohols such as methanol, ethanol, pfopanol or butanol;
ethers such as ethylene glycol dimethyl ether, diethylene
glycol dimethyl ether or tetrahydrofuran; and carboxylic acid
dialkylamides such as dimethylformamide or dimethylacetamide.
It is also possible to use mixtures of such solvents. It is
advantageous to use at least one protic solvent. o

Raney nickel, palladium or palladium-dnAactivaEed charcoal and
platinum or platinum-on-activated charcoai are preferably used
as hydrogenation catalysts and H, is preferably used as
hydrogenating agent. If stefeoselectivity is not desired, it
is also possible to use hydrides as hydrogenation catalysts
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(4.2 M) were added and the m xture was stirred for 2 hours wth the
exclusion of water. Three teaspoonfuls of dehydrated Raney nickel were
then added and the mixture was stirred for 4 hours in an Herr] atnosphere
of 4 bar. After this period of tine the pressure was rel eased, an
additional 12.4 g of ethyl 2-oxo-4-phenjfbutyrate was added and stirring
was continued for 2 hours. Then 4 bar_H er;&imas again applied_and
hydrogenaﬁ3§1hMQ?QQQQQQ&PQnﬂg%Ht§+ﬂ551#%% el o sap?ﬁFEEBhaﬁlﬁburs. The
cat al yst yaefmpd@irstaide (it giwss the abssl diascetgdpsabdetheoitgl.ution
was evaporated. Conversion (according to HPLC), referred to.

N err]-TFA-1ys-pro: approx. 95% product yield (according to HPLC): 90%
ratio of Ofi asteerdic s gomers tfoongdtin | that roact 538; REBe product

with the S configuration is generally preferred. The
diastereoselectivity of the reaction which is required for
preparation of the preferred enantiomer can be further
increased in many cases by using a chiral organic base.
Examples of such bases are L- or D-prolinol, L- or D-valinol,
(-)- or (+)-ephedrine and (-)- or (+)-norephedrine, which
often promote the formation of one enantiomer, depending on
the compounds involved.

The compounds of formula (III) which are preferably used in
the preparation of compounds of formula (I) are the naturally
occurring o-amino acids or their optical antipodes, if
appropriate in protected form. Examples are alanine, valine,
methionine, cysteine, serine, tryptophan, asparagine,
glutamine, aspartic acid, glutamic acid, phenylalanine,
tyrosine, leucine; isoleucine or glycine, and their esters,
for example the benzyl, tert-butyl or ethyl esters (ester
protecting groups). If lysine or ornithine is used as the
compound of formula (III), the amino group on the side chain
must be protected, for example by a trifluoroacetyl,
cafbobenzoxy or tert-butoxycarbonYl group.

In the reaction of compounds of formula (III) with a compound
of formula (V), it can be advantageous if they are first
brought together and heated with the aid of a suitable water-
entraining solvent, for example cyclohexane, methyl tert-butyl
ether or toluene, with separation of the water, and are thus

~ azeotropically dehydrated. If appropriate, the compounds of
formula (III) as well as those of formula (II) can also be
used here in the foxrm of salts, for example as paratoluene-
sulphonates or hydrochlorides, if R* is not H. For
conversion of the salts to their free amines, the base should
already be present in a molar proportion of up to 100 mol% in
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fsonefs = 95:5. The resi due was suspended in 450 m of water and 450 m of
1,1,I=trichloroethane at 5C, a pH value of 9.6 was established in the
aqueous phase by neans of 50% - 12 -

8

the azeotropic dehydration. Weak bases such as N-
methylmorpholine are preferred here. In this procedure, care
must be taken to avoid the formation of lactones or
dimerization products of the compound (V); high temperature
(especially above 100°C) should accordingly be avoided. The
solvent is then changed, if appropriate, and the
hydrogenolysis reaction is carried out, i.e. the base and the
hydrogenation catalyst are added.

The compounds of formula (IV) which are preferably used in the
preparation of compounds of formula (II) are dipeptides
consisting of a naturally occurring a-amino acid or antipodes
thereof, if appropriate protected in one of the possible side-
chain functional groupings, in the N-terminal position, and of
a cyclic a-amino acid in the C-terminal position. Examples
are alanyl-proline, N¢-trifluoroacetyl-lysyl-proline,
N¢-carbobenzoxy-lysyl-proline, N°-tert-butoxycarbonyl- lysyl-
proline, N®-trifluoroacetyl-ornithyl-proline, N® -carbobenzoxy-
ornithyl-proline or Nb-tert-butoxycarbonyl-ornithyi—proline.

Ethyl 2-oxo-4-phenylbutyrate is preferably used as the
compound, of formula (V). The compounds of formula (V) are
conveniently used in a 0.05- to 1-fold molar excess relative
to the particular compound of formula (III) or (IV).

When the process according to the invention is carried out in
practice, a compound of formula (V) and a compound of formula
(III) or (IV) are dissolved or suspended in the inert solvent.
After the addition, if necessary, of a molecular sieve or
aluminium oxide as a water binding agent, the organic or
inorganic base is added (if still required). The reaction
mixture is then conveniently stirred for some time so that any
water still contained therein binds onto the molecular sieve
or the basic aluminium oxide. Here the Schiff base is formed
‘too, the water produced also being bound. After this
preactivation, the previousiy dehydrated hydrogenation
catalyst is added and the hydrogenolysis reaction is carried
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* NaOH and t he phases were thoroughly m xed. The organi c phase was separated
of f and the aqueous product phase was reextracted with 100 m of
1;1,1-trichloroethane. At 5[err]C a pH value of 4.6 was then established in
t he aqueous phase and this was extracted twice. with 400 m of
1,1,1-trichloroethane. The organi c phasegnas concentrated by evaporation
and taken up in 250 m of nethyl tert. butyl ether. The solution was cool ed

to OC and oiﬂﬁdﬁﬁier aYLIr@hIkog‘éh Gatns¥prdrd hep dﬁ@d;én 6081 pPbs8hr8SOF
di ast ereOle Ween 3 %8:1/ é[b rr]lgee:{r{g} par%::.cha éavourgbf/ba_'” N HQ

The process aCcording to the invention is particularly

advantageous in the case of reductive aminations which, under
acid catalysis (with excess acid) or at the isoelectric point
. (pK) of the educts, proceed only with small yields, if at all.

The process according to the invention will be illustrated in
greater detail by the following Examples:

Example 1:
N®- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -L-alanyl-L-proline

50 mmol (9.3 g) of Ala-Pro were suspended in 100 ml of
ethanol; 10 mmol (1 g) of triethylamine, 75 mmol (15.5 g) of
ethyl 2-oxo-4-phenylbutyrate and 18 g of 3 A molecular sieve
were added and the mixture was stirred for 2 hours with the
exclusion of water. A teaspoon of dehydrated Raney nickel and
15 g of 3 A molecular sieve were then added and the mixture
was stirred briefly and then hydrogenated for 22 hours under
an H, atmosphere of 4 bar. The reaction mixture was filtered
and concentratea.

Conversion (according to HPLC) based on Ala-Pro used: 95.6%.
Product yield (according to HPLC): 95%.

The residue was taken up in 250 ml of ethanol and adjusted to
PH 4.25 with concentratéd HCl (this was done by removing an
aliquot, diluting it with water and adjusting the pH and then
caiculating on the basis of the total amount). The solution
was concentrated to 50 g under reduced pressure at 40°C,
filtered'through'Célite and diluted with ethyl acetate to a .
total volume of 100 ml. 5.2 g of maleic acid dissolved in
ethyl acetate + ethanol were added and the mixture was seeded
with enalapril maleate. The crystals formed were separated
off and dried..

Yield: 20.9 g = 85% of theory.
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*(1:1)]. Exanple 4 Nlerr]- [(S) -1-ethoxycarbonyl-3 -phenyl propyl]
-NJerr]-trifluoroacetyl- L-lysyl-L-proline The procedure was as in
"Exanple 4 but, instead of triethylamne, 0.2 noleq of tributylam ne was
used as base. Conversion (according to HPLC) referred to
N[err] TFA-1ys-pro:

>99% of SSS diastereoisomer, melting point: 145-146°C.

[@]p2%: 42° (¢ = 1 in MeOH).
Comparative experiment}
' N®- [ (S) -1-Ethoxycarbonyl-3-phenylpropyll] -L-alanyl-L-proline

50 mmol (9.3 g) of Ala-Pro were suspended in 100 ml of
ethanol; 75 mmol (15.5 g) of ethyl 2-oxo-4-phenylbutyrate and
18 g of 3 A molecular sieve were added and the mixture was
stirred for 2 hours with the exclusion of water. A teaspoon
of dehydrated Raney nickel and 15 g of 3 A molecular sieve
were then added and the mixture was stirred briefly and then
hydrogenated for 22 hours under an H, atmosphere of 4 bar.
The reaction mixture was filtered and concentrated.
Conversion (according to HPLC) based on Ala-Pro used: 76.7%.
Product yield (according to HPLC): 35%.
The residue was taken up in 250 ml of ethanol and adjusted to
PH 4.25 with concentrated HCl (this was done by removing an
aliquot, diluting it with water and adjusting the pH and then
calculating on the basis of the total amount). The solution
' was concentrated to 50 g under reduced pressure at 40°C,
filtered through C&lite and diluted with ethyl acetate to a
total volume of 100 ml. 5.2 g of maleic acid dissolved in
ethyl acetate + ethahol were added and the mixture was seeded
with enalapril maleate The crystals formed were separated
off and dried.
Yield: 7.4 g = 30% of theory.
>99% of SSS diastereoisomer, melting point: 145-146°C.
[@]p2%: 42° (c = 1 in MeOH).
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- 85% product yield (according to HPLC): 75% ratio of diastereoi soners
prior-to crystallisation: SSS:RSS di astereoi soners = 96. 4: 3. 6. Exanple 5
"Nierr]- [(S) -1-ethoxycarbonyl-3-phenyl propyl] -Nerr]-trifluoroacetyl -
L-l1ysyl -L-proline :

: 11

Example 2:
N®-[(8) -1-Ethoxycarbonyl-3-phenylpropyl) -L-alanyl-L-proline

The procedure of Example 1 was followed except that 0.8 mol
equivalent of ethanolamine was used as the base in place of
.trlethylamlne

Conversion (according to HPLC) based on Ala-Pro: 85%.
Product yield (according to HPLC): 85%.

Ratio of diastereoisomers before crystallization: SSS:RSS
isomer = 88:12. '

Example 3:

N®-[(S) -1-Ethoxycarbonyl-3- phenylpropyl] ~-N¢-trifluoroacetyl-L-
lysyl-L-proline

150 mmol of H-N¢-TFA-Lys-Pro-OH (50.9 g) were taken up in
120 ml1 of n-butanol, and ca. 50 ml of n-butanol were distilled
off under vacuum. The solution was diluted with 600 ml of
ethanol. 22.5 g of 3 A molecular sieve, 34 g of ethyl 2-oxo-
4-phenylbutyrate and 30 mmol of triethylamine (4.2 ml) were
added and the mixture was stirred for 2 hours with the

. exclusion of water. Three teaspoons of dehydrated Raney
nickel were then added and the mixture was stirred for 4 hours
under an H, atmosphere of 4 bar. After this time, the
pressure was released, a further 12.4 g of ethyl 2-oxo-4-
phenylbutyrate were added and the mixture was subsequently
stirred for 2 hours. A pressure of 4 bar of H, was then
applied again and hydrogenation was carried out for a further
4 hours at this pressure. The catalyst was separated off (it
can be re-used directly) and the solution was evaporated.
Conversion (according to HPLC) based on N¢-TFA-Lys-Pro:
ca.. 95%. :
Product yield (according to HPLC): 90%.
Ratio of diastereocisomers: SSS:RSS isomer = 95:5.
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" The ﬁfocedure was as in Exanple 4 but, instead of triethylamne, 0.8 noleq
of ethanol am ne was used as base. Conversion (according to HPLC), referred
to N -TFA-lys-pro: 75% product yield (according to HPLC): 65%

12

The residue was suspended in 450 ml of water and 450 ml of.
1,1,1-trichloroethane at 5°C, the pH in the water phase was
adjusted to 9.6 with 50% NaOH and the phases were mixed
thoroughly. The organic phase was separated off and the
aqueous product phase was re-extracted with 100 ml of 1,1,1-
trichloroethane. The pH in the aqueous phase was then
adjusted to 4.6 at 5°C and this phase was extracted 2x with
400 ml of 1,1,1-trichlorcethane. The organic phase was
evaporated and taken up in 250 ml of methyl tert-butyl ether.
The solution was cooled to 0°C and seeded.

Yield: 48 g (60% of theory).

Content of SSS diastereoisomer: >99%.

[@]52%: -25.5° [c = 1 in MeOH/.1 N HC1 (1:1)].

Example 4:

N¥-[(8)-1- -Ethoxycarbonyl-3-phenylpropyl] -N€- tr1f1uoroacety1 L~
lysyl-L-proline

The procedure of Example 4 was followed except that 0.2 mol
equivalent of tributylamine was used as the base in place of
triethylamine. |

Conversion (according to HPLC) based on N°-TFA-Lys-Pro: 85%.
Product yield (according to HPLC) : 75%. |

Ratio of diastereoisomers before crystallization: SSS:RSS
diastereoisomer = 96.4:3.6.

Example 5:

N%- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl- L-
lysyl-L-proline

The procedure of Example 4 was followed except that 0.8 mol
equivalent of ethanolamine was used as the base in place of
triethylamine. |

Conversion (according to HPLC) based on N¢-TFA-Lys-Pro: 75%.
Product yield (according to HPLC): 65%.
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-.13 - rati o of diastereoisoners prior to crystallisation: SSS:RSS
di ast éreoi soners = 93:7. Exanpl e 6 Nerr]- [(S

--| - et hoxycar bonyl - 3- phenyl propyl] -Nerr]-trifluoroacetyl -

L-l1ysyl -L-proline 13

Ratio of dlastere01somers before crystalllzatlon SSS:RSS
diastereoisomer = 93:7.

Example 6:

N%- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl-L-
lysyl-L-proline

The procedure of Example 4 was followed except that 0.2 mol
equivalent of L-prolinol was used as the base in place of
triethylamine. '
Conversion (HPLC) based on Nf-TFA-Lys-Pro: 85%.

Product yield (HPLC): 65%. | |

Ratio of diastereoisomers before crystallization: SSS:RSS

diastereoisomer = 95:5.
Example 7:

N%*- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl-L-
lysyl-L-proline

The pfocedure of Example 4 was followed except that 0.2 mol
equivalent of (1R,2S)-(-)-ephedrine was used as the base in
place of triethylamine.

Conversion (according to HPLC) based on N¢-TFA-Lys-Pro: 84%.
Product yield (according to HPLC): 70%.

Ratio of diastereoisomers before crystalllzatlon SSS:RSS

diastereoisomer = 96.7: 3.3.
Example 8:

N%- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -N¢-trifluoroacetyl-L-
lysyl-L-proline

The procedure of Example 4 was followed except that 0.1 mol
equivalent of triethylamine was used as the base. _
Conversion (according to HPLC) based on N¢-TFA-Lys-Pro: 75%.
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' The ﬁrocedure was as in Exanple 4 but, instead of triethylam ne, 0.2'nDqu
of L-prolinol was used as base. Conversion (according to HPLC), referred
to N[err]-TFA-1'ys-pro: 85% product yield (according to HPLC): 65%
ratio of diastereoisonmers prior to crystallisation: SSS:RSS
di ast ereoi sonmers = 95:5. Exampl e 7 14
| Product yield (HPLC): 60%.
Ratio of diastereoisomers before crystallization: SSS:RSS

diastereoisomer = 97.7:2.3.
Example 9:

N®- [(S) -1-Ethoxycarbonyl -3-phenylpropyl] -N¢-trifluoroacetyl-L-
lysyl-L-proline :

The procedure of Example 4 was followed except that 25 g of
basic activated aluminium oxide were used in place of the
molecular sieve and the base.

Conversion (according to HPLC) based on N°-TFA-Lys-Pro: 95%.
Product yield (HPLC): 80%.

Ratio of diastereoisomers before crystallization: SSS:RSS
diastereoisomer = 95.5:4.5.

Example 10:

N*- [(S) -1-Ethoxycarbonyl-3-phenylpropyl] - Ne trlfluoroacetyl -L-
lysyl-L-proline '

The procedure of Example 4 was followed except that 1%
palladium-on-charcoal was used as the catalyst in place of
Raney nickel.

Conversion (accordlng to HPLC) based on N‘-TFA-Lys Pro: 90%.
Product yield (according to HPLC) : 80%.

Ratio of diastereoisomers before crystallization: SSS:RSS’
diastereoisomer = 62:38. '

Example 11:
N%- [ (S) -1-Ethoxycarbonyl-3-phenylpropyl] -L-alanine
250 mmol of benzyl L-alaninate p-toluenesuiphonate (88 g) and

312.5 mmol of ethyl 2-oxo-4-phenylbutyrate (65 g) were
suspended in 500 ml of cyclohexane. After the addition of
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“Nerr]-[(S)-1I-ethoxycarbonyl -3-phenyl propyl]-Nerr]-trifluoroacetyl -
L-l1ysyl -L-proline The procedure was as in Exanple 4 but, instead of
triethylamne, 0.2 noleq of (1R 2S)-(-)-ephedrine was used as base.
Conversion (according to HPLC), referred to Nl err]-TFA-1ys-pro: 84%
product yield (according to HPLO): 70% 15at|o of di astereoi sonmers prior to
crystallisation: SSS:RSS diastereoisoners = 96.7:3. 3.

250 mmol of N-methylmorpholine (25.3 g), azeotropic distil-

lation was carried out with separation of the water until the
reaction had ended. After cooling, the salts were filtered
off and.the filtrate was evaporated and taken up in 400 ml of
anhydrous methanol. After the addition of 25 mmol of N-
methylmorpholine (1 g) and 3 teaspoons of dehydrated Raney
nickel, hydrogenation was carried out at a hydrogen
overpressure of 4 bar and at room temperature until the uptake
of hydrogen had ended. The catalyst was filtered off and
washed with warm methanol and the filtrate was evaporated.

The residue was partitioned between water and 1,1,1--
trichloroethane at 5°C and pH 9.6. The water phase was then
extracted with 1,1, 1-trichloroethane at pH 3 and 5°C and the
organic phase was evaporated. The residue was crystallized in
the cold from ethanol or acetone. _

Yield: 1st fraction: 35 g; 2nd fraction: 12 g.

Melting point: 143-145°C.
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- Exanpl e 8 ~ Nerr]- [(S) -1-ethoxycarbonyl - 3-pheny|p[gngl_mHs*as_+ﬁ_~__
-Nferr]-trifluoroacetyl- L-lysyl-L-proline The procedure '
" Exanple 4 but 0.1 noleq of triethylam ne was used as basemeth

H"IIIHIHIIIIIHIHf

1. A reductive amination of an amino acid or an amino acid

Claims

derivative with an o-keto acid or an a-keto acid
derivative in an inert solvent in the presence of a
hydrogenation catalyst and a hydrogenating agent, and
optionally with the removal of water, characterized in
that the redﬁctive amination is carried out in the
presence of excess base.

2. A reductive amination according to Claim 1, characterized
in that the amino acid is an a-amino acid.

3. A reductive amination according to Claim 1 or 2,
characterized in that the amino acid derivative is an
ester.

4. A reductive amination according to Claim 1 or 2, _
characterized in that the amino acid derivative is an
amide.

5. A reductive amination according to Claim 4, characterized
in that the amide is a peptide.

6. A reductive amination according to Claim 3 or 5,
characterized in that a compound of the formula

R3
I
R100C-CH-NH-CH-COOR* (1)

(CH,) n

R2

or of the formula

This is the replacement sheet
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-. 14 "~ - Conversion (according to HPLC), referred to N -TFA-|ys-pro:
75% . product yield (according to HPLO): 60%——

heet Has Been Replaced
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R3
I
R100C-CH-NH-CH-CO-N-CH-COOR? (II)
I
(CH,) RS

in which

R! is hydrogen, methyl, ethyl or benzyl,

R? is hydrogen, C;-C,-alkyl, phenyl or phemyl-[C,-C4-alkyll,
R3 is hydrogen, heteroalkyl or C;-C,-alkyl, benzyl, 4'-
hydroxybenzyl, aqyiamino- [C,-Cg] -alkyl, tert-butoxycarbonylamino-
[C,-Cg] -alkyl or benzyloxycarbonylamino- [C;-Cg]-alkyl, | |
R?* is H or an ester protecting group,
R® together with the atoms by which it is carried is a
heterocyclic mono- or bi-cyclic ring system with 5 to 10 ring
members, and
n is 0, 1 or 2,

is converted, by hydrogenolytic reaction with a compound of the
formula

R3

H,N-CH-COOR* - (III)

in which R?® and R* are as already defined,
to a compound of formula (I) or a compound of the formula

R3
N |
HzN-CH-co-N\-cl:H-coon‘* (IV)
. _Rs
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"ratio of diastereoisoners prior to crystallisation—SSSRSS—

di astereoi soners = 97.7:2. 3. Exanple 9 T

1- et hoxycar bonyl -3 - phenyl propyl] -N -trlfluoroa?:'gIE eﬁhas ? E proline
The procedure was as in Exanple 4 but, instead of HH“"H I i eve and
base, 25 g of basic activated al um ni um 8 de was

in which R® to RS are as already defined,
for the preparation of compounds of formula (II), with a
compound of the formula

R2- (CH,) ,-CO-COOR (V).
in which R!, R? and n are as already defined.

7. A process according to one of the preceding claims,
characterized in that the organic base used is mono-, di-
or tri-ethanolamine, trimethylamine, triethylamine,
tripropylamine, tributylamine, N-methylmorpholine, L- or
D-prolinol, L- or D-valinol, (-)- or (+)-ephedrine or
(-)- or (+)- norephedrine.

8. A process according to one of Claims 1 - 6, characterized
in that the inorganic base used is K,CO;, Na,CO;, KHCO,,
NaOAc, NaHCO; or basic aluminium oxide.

9. A-proceSS according to one of the preceding claims,
| characterized in that the base is used in an amount of
- 0.01 to 5, preferably 0.05 - 2 and, especially in the
case of organic bases, particularly preferably 0.08 - 0.6
mol equivalents, based in each case on the compound of
formula (III) or (IV) used.

10. A process'according to Claim 8 or 9, characterized in
that the basic aluminium oxide is used in an amount of
2 g/mol to 400 g/mol, based on the compound of formula
(III) or (IV) used.

11. A process according to one of Claims 1 - 6, characterized
in that basic aluminium oxide is used as a water blndlng
agent for the removal of water.
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* used. ‘ Conversion (according to HPLC), referred to N err]-TFA-1ys-pro:
95% - . product yield (according to HPLC): 80% rati o of
di astereoi soners prior to crystallisation: SSS:RSS di ast ereoi soners =
95.5;4.5. Exanpl e 10 Nerr]- [(S) -1 -ethoxycarbonyl -3
- phenyl propyl] -N -trifluoroacetyl - - Lqlgysyl - L-proline
12. A process acco¥ding to Claim 11, chiracterized in that
the basic aluminium oxide is used in an amount of
50 g/mol to 500 g/mol, based on the compound of formula

(III) or (IV) used.
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* Thre procedure was as in Exanple 4 bqtuqins;Ead of Raney ni ckel ,

pal | adi um 1% on carbon was used as’catalyst. - Conversion (according to
HPLC), referred to Nlerr]-TFA-lys-pro: 90% product yield (according
to HPLC): 80% rati o of diastereoisonmers prior to crystallisation:
SSS: RSS di ast ereoi soners = 62: 38. 20

Abstract

1. Reductive amination of an amino acid or an amino acid

derivative with an o-keto acid or an a-keto acid
derivative. '

2.1. N-Substituted a-amino acids or dipeptides are valuable
intermediates for the preparation of inhibitors of
angiotension converting enzyme (ACE), examples of .
representatives being enalapril and ramipril. These
compounds can be prepared by the hydrogeholytic reaction
of a primary amine with a ketone, but the known processes
are difficult to reproduce and generally still contain
considerable amounts of by-products. The novel process
makes it possible to obtain good yields and less by-
products without introducing high additional costs.

2.2. According to the invention, the hydrogenolysis reaction
is carried out with the addition of an organic'or
inorganic base, basic aluminium oxide being the preferred
inorganic base. The formation of one diastereoisomer is
favoured by the use of chiral organic bases.

2.3. ACE, blood pressure regulators.

This ts the raplammem‘shget
Date: 1 2 FEB 1998
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1 h REPLACEMENT SHEET.
REDUCTIVE AMINATION OF AN AMINO ACID OR AN AMINO ACID
DERIVATIVE WITH AN ALPHA-KETO ACID OR AN ALPHA-KETO DERIVATIVE

D e

The invention relates to a reductive amination of an amino
acid or of an amino acid derivative using an «o-keto acid or
an a-keto acid derivative in an inert solvent in the
presence of a hydrogenating catalyst and hydrogenating
agent and optionally with the removal of water and in
particular a method for the preparation of éompounds of the

formula
RJ
R! odc-cx-m-!:n-coon‘ | ' (1) ' |
. ' REPLACEMENT SHEETS SG
(CH,), ' ?f Description : paged ... to paged .¥.
1, r Claim(s) :paged:.X..to paged.14.
R THIS SHEET HAS BEEN 0 Drawing(s) : paged ..... to paged .....
REPLACED O Abstract  :paged..... to paged.....
wherein .
DATE OF RECEIPT..*(7(11 .

R? signifies hydrogen, methyl, ethyl or benzyl,
" R? signifies C,-C,-alkyl, phenyl or
- phenyl-[C,-C,-alkyl]l,
R? signifies hydrogen, hetercalkyl or C,-C,-alkyl,
benzyl, 4’-hydroxybenzyl,
acylamino- [C,-C¢] -alkyl, tert.-butyloxy-
carbonylamino- (C,-Cs] -alkyl,
benzyloxycarbonylamino- [C,-Cs] ~alkyl,
R* signifies H or an ester protecting group,
n is 0, 1 or 2,

by hydrogenolytic conversion of a compound of the formula

RJ
I ) .
H, N-CH-COOR* (III),

wherein R’ and R* have one of the meanings already given,
with a compound of the formula

R? -(CH,), -CO-COOR! ' (),
: This-Sheet Has Been Replaced

RITTI
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250 mmol of L-al anine benzYl ester p-tol uenesul phonate salt (88 g) and

312.5 mol of ethyl 2-oxo-4-phenylbutyrate (65 g) were susggn eg &g 500 mi
of cycl ohexane. After the addition of 250 mmol of N—nethﬁl J 9 e (25.3

g), the reaction mxture was azeotropically distilled, gﬁéﬁqﬁ S EETOf
water, until the reaction was conplete. Affer cooling, R I Xt ure was
renoved fromthe salts by filtration, confentrated by evaporation and

ot byl moviReRe R B G S PELNR of (460 BARp3fdsC petadb S, ©f

hydr ogenati on was carried out at 4 bar excess hydrogen pressure and room

tenperature uptich iy UgffindPIGKEn@SeHMPLLt e The reaction m xture was

renoved from
R3
I
R! OOC-CH-NH-CH-CO-N - CH-COOR* - {I1),

l N/
(CH,), . R®

Rz
wherein R!, R?, R?’, R* and n have the meanings given above,

RS together with the atoms carrying it signifies a
heterocyclic monocyclic or bicyclic ring system having
5 to 10 ring members,

are obtained by hydrogenolytic conversion of a compound of

the formula

RJ

l .
H, N-CH-CO-N - CH-COOR* : (IV),
\ /
RS

wherein R® to R® have one of the meanings already given,
with a compound of the formula

R? - (CH,), -CO-COOR* | (v,

wherein R!, R® and n have one of the meanings already given,
in the presence of an inert solvent, a hydrogenating
catalyst, a hydrogenating agent and optionally with the
removal of water. In principle "alkyl", "acyl", "aromatic®
et cetera in the radicals R also include corresponding
radicals having typical substituents, for example,

4- (trifluorcacetylamino)butyl for R®.



the catalyst by filtration, washed wi th warm net hanol gh concentrated by

evaporation. The residue was distributed - between water § JUL 1999

1,1, 1-trichloroethane at 5[err]C and pH 9.6. The aqu hase was then
extracted with 1,1,1-trichloroethane at pH 3 and 5[e?ﬁ¥%ﬁ EMthgE ani c
phase was concentrated by evaporation. Thg residue was crystalllsed from
ethanol or acetone in the cold. Yield: Titst fraction: 35 g; second

fraction: 1%N95&@§££@9t88i&Lémlﬁ%'ggﬂdﬁwﬂéﬁch as I) and dipeptides
- containing these (such as II) are valuable intermediate
products for the preparation of inhibitors of the
Angiotensin Converting Enzymes (ACE), which are of great
interest as blood pressure regulators. Several of these
N-substituted dipeptides are already available on the
market as medicines or are at the stage of being licenced,
for example, Enalapril (N"-[(S)-l-ethoxycarbonyl-3-
phenylpropyl]-L-alanyl-L-proline),,Lisinopril (N*-[(S) -1-
carboxy-3-phenylpropyl] -L-1lysyl-L-proline) or Ramipril
(2- [N®- [(S) -1-ethoxycarbonyl-3-phenylpropyl] -L-alanyl] - (1S,
38, 58)-2-azabicyclol(3,3,0]-octan-3-carboxylic acid).

A method of this kind is described in J. Org. Chem. 1988,
53, 836-844 for the preparation of compounds of the formula
(II). Absolute ethanol is used as inert solvent, a
molecular sieve is used for the removal of water and the
hydrogenating catalyst used is Raney nickel. The products
formed here are, according to the literature, obtained in a
42% to 80% yield. These yields can however be difficult to
reproduce; moreover in most cases the products still
contain considerable quantities of secondary products,
which render difficult purification into pharmaceutically

usable products.

A reductive amination of an amino acid ester using pyruvic
acid is described in J. Med. Chem. 28 (1985), 1596-1602.
The amino acid ester is used in the form of a
hydrochloride. A small quantity of NaOH is dissolved in the
solvent; this serves to release the amine from the amino
‘acid ester hydrochloride and to partly neutralise the
pyruvic acid. Overall there is an excess of acid in the
reaction mixture, caused by the pyruvic acid.

Other reductive aminations of dipeptides using ao-keto acids .
are known from US-PS 4,474,692, in particular Examples 2, 7
to 14 and 21. The reaction mixture contains a buffer of
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sodium acetate and acetic acid, in which the acetic acid is
present in an approximately twice molar excess.

The object of the invention is a modification of the known
method with a view to obtaining high yields accompanied by
fewer secondary products, without any high additional costs
resulting. Moreover the reaction - if so desired - is to be
controllable with regard to the formation of
diastereoisomers.

This object is fulfilled by the method according to the
invention by carrying out the reaction in the presence of
an excess of an organic or inorganic base.

There is an excess of base in respect of the overall system
when throughout the entire reaction the molar ratio of base
functions and acid functions is greater than 1.

Surprisingly, the chemical yield of the reaction is
distinctly increased by this excess, although the first
step of the reaction, the formation of imine (Roberts, J.
D., Caserio, M. C.: Basic Principles of Organic Cheﬁistry,
2nd Ed;, W. A. Bénjamin Inc., Philippines, 1977, pages 697,
1154), is catalysed by acids. Weak bases are particularly
suitable, for example, organic bases such as mono-, di- or
triethanolamine, trimethylamine, triethylamine,
tripropylamine, tributylamine or N-methylmorpholine.

Examples of suitable inorganic bases are salts of weak
acids, such as NaOAc, K,CO,, KHCO,, Na,CO, and, particularly
preferably, basic aluminium oxide.

Strong bases, particularly in very dilute concentration,
can also promote the reaction. o
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acid derivative using an a-keto acid.or an [err]-keto aci,d g rivative
In an inert solvent in the presence of a hydrogena?iﬁgJﬁbf@ §st and
hydr ogenati ng agent and optionally with the renoval of water, with
t he ~ reductive anination conprising the steps of REPRACEMENT SHE&R i on

and reduction to the amni ne, characterised in that t he reductive
am nation, in the course of the imne ~ %ormation and the reduction to
the amne, is carried " out in the presence of an excess of base. 2.

Reduct i ve aniThgt baseadsosyiit@hly @dded An a quantity of from 0.01 to
5 mole equivalents, preferably of from 0.05 to 2 mole

equivalents, in each case referred to the compound used

having the formulae (III) or (IV). When organic bases are
used, substoichiometric quantities, in particular of from
0.08 to 0.6 mole equivalents, are parﬁicularly preferred.

‘The amino function of the amino acids or amino acid
derivatives used must be at least partly in the form of a
primary amine during the reaction. This is also provided by
the method according to the invention, when these compounds
are used as an internal salt or else as a salt, for
example, as hydrochloride.

The amino acid defivative.is preferably an ester of the
amino acid or an amide of the acid function, with the amide
bonding preferably taking place with another amino acid or
amino acid derivative, so that the amino acid derivative is
a dipeptide or oligopeptide. On the whole the use of
@-amino acids or the derivatives thereof is preferred.

In,particuiér compounds of the formula V are preferred as
a-keto acids or derivatives thereof, with pyruvic acid
being the simplest representative.

In most cases the reaction requires the removal of the
water formed; the water-binding agent employed is
preferably inert or basic. '

Examples of suitable water-binding agents are molecular
sieves and aluminium oxides. The removal of water is
especially advantageous in the reaction of the keto group
with the amine to form imine and is advisable above all
when o-keto esters are used, as otherwise it is possible
that the reduction of the keto function as a secondary
reaction may take place more vigorously.
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characterised in that the amino acid is an [err]-angn® ¢ dg g 3.
Reductive am nation according to claim1l or 2, Chahgﬁ{-mﬁﬁé\i’?sn t hat
the amino acid derivative is an ester. 4. Reducti ve . Hﬁﬁﬁding
toclaiml or 2, characterised in that the am no acid derivative

IS an am de. -6 -

The addition of the organic base often makes it possible to
significantiy decrease the quantity of molecular sieve used
as water-binding agent. The addition of a basic aluminium
oxide may possibly render the molecular sieve wholly
dispensable, because the aluminium oxide itself
simultaneously serves as a water-binding agent. Apart from
a cost saving,-this results primarily in fewer waste

products. ' : :

If an inorganic base, for example, a basic aluminium oxide,
is used as an additive, then it is suitably added in a '
quantity of from 2 g/mol to 400 g/mol, referred to the
compound used having the formula (III) or (IV), or, if the
water of reaction formed is simultaneously to be bound by
the said base, in quantities of from 50 to 500 g/mol.

The solvents used should preferably be anhydrous. Suitable
inert solvents for the method according to the invention
are alcohols, such as methanol, ethanol, propanol or
butanol; ethers, such as ethylene glycol ‘dimethyl ether,
diethylene glycol dimethyl ether or tetrahydrofuran; and
carboxylic acid dialkyl amides, such as dimethylformamide
or dimethylacetamide. Mixtures of these solvents may also
be used. It is advantageous to use at least one protonic

solvent.

The hydrogenating catalysts and hydrogenating agents used
are preferably Raney nickel, palladium or palladium on
activated carbon and platinum or platinum on activated
carbon, as well as H,. When stereoselectivity is not’
required, hydrides may also be used as hydrogenating
catalysts and hydrogenating agents. Raney nickel is
particularly preferred, as the diastereoselectivity is best

when- it is used.

Of the diastereocisomers formed during the reaction, in most
cases the S-configured product is preferred. The
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the amde is a peptide. 6. Reductive am nation according to c g? or
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diastereoselectivity of the reaction required for the
preferred preparation of the enantiomer can in many cases
be increased still further when a chiral organic base is
used. Examples of such bases are L- or D-prolinocl, L- or
D-valinol, (-)- or (+)-ephedrine and (-)- or

(+) -norephedrine which, depending on the compounds
involved, often promote the formation of an'enantiomer.

In the preparation of compounds of the formula (I),
preferably the naturally occurring a-amino acids or the
optical antipodes thereof, optionally in protected form,
are used as compounds of the formula‘(III). Examples are
alanine, valine, methionine, cysteine, serine, tryptophan,
asparagine, glutamine, aspartic acid, glutamic acid,
phenylalanine, tyrosine, leucine, isoleucine or glycine and
the esters thereof, for example, the benzyl, tert. butyl or
ethyl esters (ester protecting groups). If lysine or
ornithine is used as the compound of the formula (III),
then the amino group poSitioned in the side chain must be
protected, for example, by a trifluoroacetyl, carbobenzoxy

or tert. butyloxycarbonyl group.

In the reaction of compounds of the formula (III) with a
compound of the formula (V) it may be advantageous if these
are first mixed together and, with the aid of a suitable
water-entraining solvent, for example, cyclohexane, methyl
tert. butyl ether or toluene, are heated with the '
separation of water and thus azeotropically dehydfated.
Here the compounds of the formula (III) as well as those of
the formula (II) can also optionally be used in the form of
salts, for example, as paratoluenesulphonates or
hydrochlorides, unless R* signifies H. In order to convert
the salts into their free amines, during the azeotropic
dehydration the base should already be present in a melar
ratio of up to 100 mol-%. Here the weak bases such as N-
methylmorpholine are preferred. During this procedure care
must be taken that the formation of lactones or
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dimerisation products of the compound (V) is avoided. An
elevated temperature (especially above 100°C) should
correspondingly be avoided. Subsequently the solvent is
optionally changed and hydrogenolytically converted, that
is, the base and the hydrogenating catalyst are added.

In the preparation of compoﬁnds of the formhla (II), the
compounds of the formula (IV) preferably used are
dipeptides consisting of a naturally occufring a-amino acid
or the antipodes thereof, if necessary prbtected in any
side chain functionality, in an N-terminal position and of
a cyclic g-amino acid in a C-terminal position. Examples
are alanylproline, N*-trifluoroacetyllysylproline, N‘-carbo-
benzoxylysylproline, N*-tert. butyloxycarbonyllysylproline,
Né-trifluoroacetylornithylproline, N°®-carbobenzoxy-

" ornithylproline or N’-tert. butyloxycarbonylornithylproline.

Ethyl 2-oxo-4-phenylbutyrate is preferably used as a
compound of the formula (V). The-compounds cf the formula
(V) are suitably used in a 0.05 to 1 molar excess over the
respective compound of the formula (III) or (IV).

In'the'practical carrying out of the method according to
the invention, a compound of the formula (V) and a compound
of the formula (III) or (IV) are dissclved or suspended in
the inert solvent. After optional addition of a molecular
sieve or aluminium oxide as a water-binding agent, the
organic or inorganic base (if still required) is added. It
is advisable then to prestir the reaction mixture for a
fairly long period of time, in order to bind any water
possibly still contained therein to the molecular sieve or
the basic aluminium oxide. Here the Schiff’s base is also
formed, with the water produced likewise being bound. After
this preactivation, the previously dehydrated hydrogenating
catalyst is added and the hydrogenolytic conversion is
carried out in an atmosphere of hydrogen. In the course of
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this an excess hydrogen pressure of between 1 and 8 bar is
particularly favourable. '

The method according to the invention is advantageous
particularly in reductive aminations which do not proceed
when catalysed by acid (in an excess of acid) or do so with

only small yields.

-

The method according to the invention is explained in more
detail by the following Examples.

Example 1
N*- [ (S) -1-ethoxycarbonyl-3-phenylpropyl] -L-alanyl-L-proline

50 mmol (9.3 g) of ala-pro was suspended in 100 ml of
ethanol. 10 mmol (1 g) of triethylamine, 75 mmol (15.5 g)
.of ethyl 2-oxo-4-phenylbutyrate and 18 g of molecular sieve
3 A were added theretoc and the suspension was stirred for 2
hours with the exclusion of water. A teaspoonful of
dehydrated Raney nickel and 15 g of molecular sieve 3 A
were then added, the reaction mixture was briefly stirred
and then hydrogenated for 22 hours under an H, atmosphere of
4 bar. The reaction mixture was filtered and concentrated
to small volume. Conversion (according to HPLC), referred
to ala-pro used: 95.6%, product yield (according to HPLC):
95%. The residue was taken up in 250 ml of ethancl and
adjusted to pH 4.25 using concentrated HCl (for this
purpose an aligquot was taken, diluted with water and the pH
adjusted, then calculated for the total quantity). The '
solution was concentrated to 50 g under reduced pressure at
40°C, filtered through Celite and diluted with ethyl acetate
to a_total volume of 100 ml. 5.2 g of maleic acid dissolved
in ethyl:acetate + ethanol was added and seeded with
Enalapril maleate. The crystallisate formed was separated

and dried.
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Yield: 20.9 g = 85% of theoretical,
> 99% of SSS-diastereoisomer, melting point: 145-146°C,

[@],3%: 42° (c=1 in MeOH).
Comparative experiment
N‘-[(S)-1-eth6charbonyl-3-phenylpropyl]-L—a%anyl-L-proline

50 mmol (9.3 g) of ala-prd was suspended in 100 ml of
ethanol. 75 mmol (15.5 g) of ethyl 2-oxo-4-phenylbutyrate
and 18 g of molecular sieve 3 A were added thereto and the
suspension was stirred for 2 hours with the exclusion of
water. A teaspoonful of dehydrated Raney nickel and 15 g of
molecular sieve 3 A were then added, the reaction mixture
was briefly stirred and then hydrogenated for 22 hours
under an H, atmosphere of 4 bar. The reaction mixture was
filtered and concentrated to small volume. Conversion
(according to HPLC), referred to ala-pro used: 76.7%,
product yield (according to HPLC): 35%. The residue was
taken up in 250 ml of ethanol and adjusted to pH 4.25 using
concentrated HC1l (for this purpose an aliquot was taken,
diluted with water and the pH adjusted, then calculated for
the total quantity). The solution was concentrated to 50 g
under reduced pressure at 40°C, filtered through Celite and
diluted with ethyl acetate to a total volume of 100 ml.

5.2 g of maleic acid dissolved in ethyl acetate + ethanol
was added and seeded with Enalapril maleate. The
crystallisate formed was separated and dried.

Yield: 7.4 g = 30% of theoretical,
> 99% of SSS-diastereoisomer, melting point: 145-146°C,
[@]p%5: 42° (c=1 in MeOH).
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Example 2

N"- [(S) -1-ethoxycarbonyl-3-phenylpropyl] -L-alanyl-L-proline

The procedure was as in Example 1 but, instead of
triethylamine, 0.8 moleg of ethanolamine was used as base.
Conversion (according to HPLC), referred to ala-pro 85%,
product yield (according to HPLC): 85%, .

ratio of diastereoisomers prior to crystallisation: SSS:RSS

isomers = 88:12.
Example 3

N*-[(S)-1- ethoxycarbonyl 3-pheny1propy1]-NF trlfluoroacetyl-
L-lysyl-L- prollne

150 mmol of H-N‘-TFA-lys-pro-OH (50.9 g) was taken up in
120 ml of n-butanol and approx. 50 ml of n-butanol was
distilled off in a vacuum. The solution was diluted with
€00 ml of ethanol. 22.5 g of molecular sieve 3 A, 34 g of
ethyl 2-oxo-4-phenylbutyrate and 30 mmol of triethylamine
(4.2 ml) were added and the mixture was stirred for 2 hours

‘with the exclusion of water. Three teaspoonfuls of

dehydrated Raney nickel were then added and the mixture was
stirred for 4 hours in an'H; atmosphere of 4 bar. After this
period of time the pressure was released, an additional
12.4 g of ethyl 2-oxo-4-phenylbutyrate was added and
stirring was continued for 2 hours. Then 4 bar H, was again
applied and hydrogenation was carried out at this pressure
for a further 4 hours. The catalyst was separated off (it
can be reused directly) and the solution was evaporated.
Conversion (according to HPLC), referred to N'-TFA-lys-pro:
approx. 95%, product yield (according to HPLC): 90%, ratio
of diastereoisomers prior to crystallisation: SSS:RSS
isomers = 95:5. The residue was suspended in 450 ml of
water and 450 ml of 1,1,1-trichloroethane at 5°C, a pH value
of 9.6 was established in the aqueous phase by means of 50%
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NaOH and the phases were thoroughly mixed. The organic
phase was séparated off and the aqueous product phase was
reextracted with 100 ml of 1,1,1- trichloroethane. At 5°C a
pH value of 4.6 was then established in the aqueous phase
and this was extracted twice with 400 ml of
1,1,1-trichlorocethane. The organic phase was concentrated
by evaporation and taken up in 250 ml of methyl tert. butyl
ether. The solution was cooled tc 0°C and seeded.

Yield: 48 g (60% of theoretical), content of SSS-
diastereoisomer: > 99%, [a]p*°: -25.5° [(c=1 in MeOH/1N HCl

(1:1)].
Examplé 4

EF-[(S)-1-ethokycafbonyl-3-phenylpropyl]-N‘-trifluoroacetyl—
L-lysyl-L-proline

The procedure was as in Example 4 but, instead of
triethylamine, 0.2 moleq of tributylamine was used as base.
Conversion (according to HPLC), referred to N‘-TFA-lys-pro:

85%, .
product yield (according to HPLC): 75%,
ratio of diastereoisomers prior to crystallisation: SSS:RSS

diastereocisomers = 96.4:3.6.
Example 5§

N*®- [(S) -1-ethoxycarbonyl-3-phenylpropyl] -N‘-trifluorocacetyl-
. L-lysyl-L-proline

The procedure was as in Example 4 but, instead of
triethylamine, 0.8 moleqg of ethanolamine was used as base.
Conversion (according to HPLC), referred to N‘-TFA-lys-pro:
75%,

product yield (according to HPLC): 65%,
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ratio of diasterecisomers prior to crystallisation: SSS:RSS
diastereoisomers = 93:7.

Example 6

N°- [(S)-1- ethoxycarbonyl 3-phenylpropyl]-N' trifluorocacetyl-
L-lysyl-L-proline

The procedure was as-in_Eiample 4 but, instead of
triethylamine, 0.2 moleq of L-prolinol was used as base.
Conversion (according to HPLC), referred to N‘-TFA-lys-pro:

85%, :
product yield (according to HPLC): 65%, |
ratio of diastereoisomers-prior to crystallisation: SSS:RSS

diasterecisomers = 95:5.

Example 7

N*- [ (S) -1-ethoxycarbonyl-3-phenylpropyl] -N‘-trifluorocacetyl-
L-lysyl-L-proline

The procedure was as in Example 4 but, instead of
triethylamine, 0.2 moleqg of (1R, 2S)-(-)-ephedrine was used

as base.
Conversion (according to HPLC), referred to N'-TFA-lys-pro:

84%, , _
product yield (according to HPLC): 70%, .
ratio of diasterecisomers prior to crystalllsatlon SSS:RSS

diastereoisomers = 96.7:3.3.

Example 8

}

N*- [{S) -1-ethoxycarbonyl-3-phenylpropyl] -N‘-trifluoroacetyl-
L-lysyl-L-proline

The procedure was as in Example 4 but 0.1 moleq of
triethylamine was used as base.
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Conversion (according to HPLC), referred to N*‘-TFA-lys-pro:

75%'
product yield (according to HPLC): 60%,
ratio of diastereoisomers prior to crystallisation: SSS:RSS

" diastereoisomers = 97.7:2.3.

Example 9

N*- [ (S) -1-ethoxycarbonyl-3-phenylpropyl] -N*-trifluoroacetyl-
L-lysyl-L-proline '

~

The procedure was as in Example 4 but, instead of molecular
sieve and base, 25 g of basic activated aluminium oxide was

used. )
Conversion (according to HPLC), referred to N‘-TFA-lys-pro:

95%,
product yield (according to HPLC): 80%,
ratio of diastereoisomers prior to crystallisation: SSS:RSS

diastereoisomers = 95.5:4.5.

Example 10

N®- [(S) -1-ethoxycarbonyl-3-phenylpropyl] -N‘-trifluoroacetyl-
L-lysyl-L-proline

The procedure was as in Example 4 but, instead of-Raney
nickel, palladium 1% on carbon was used as catalyst.
Conversion (according to HPLC), referred to N‘-TFA-lys-pro:
90%, . '
product yield (according to HPLC): 80%,

ratio of diastereocisomers prior to crystallisation: SSS:RSS

diastereoisomers = 62:38.
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Example 11
N®- [ (S) -1-ethoxycarbonyl-3-phenylpropyl] -L-alanine

250 mmol of L-alanine benzyl ester p-toluenesulphonate salt
(88 g) and 312.5 mmol of ethyl 2-oxo-4-phenylbutyrate
(65 g) were suspended in 500 ml of cyclohexane. After the
addition of 250 mmol of N-methylmorpholine (25.3 g), the
reaction mixture was azeotropically distilled, with removal
of water, until the reaction was complete. After cooling,
the mixture-was removed from the salts by filtration,
concentrated by evaporétion and taken up in 400 ml of
anhydrous methanol. After the addition of 25 mmol of N-
methylmorpholine (1 g)'and 3 teaspoonfuls of dehydrated
Raney nickel, hydrogenation was carried out at 4 bar excess
- hydrogen préssure and room temperature until hydrogen
uptake was complete. The reaction mixture was removed from
the catalyst by filtration, washed with warm methanol and
concentrated by evaporation. The residue was distributed
between water and 1,1,1-trichloroethane at 5°C and pH 9.6.
The aqueous phase was then extracted with .
1,1,1-trichloroethane at pH 3 and 5°C and the organic phase
was concentrated by evaporation. The residue was
crystallised from ethanol or acetone in the cold.
Yield: first fraction: 35 g; second fraction: 12 g
Melting point: 143-145°C.
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7. Met hod according to one of the preceding clains, characterised in
t hat t he organi c base used is nono-, di- or triethanolaq&ﬁf,
trimethyl amne, triethylam ne, tripropyl anine, tributgl&Gndle]}

n- met hyl nor phol i ne, L- or Dprolinol, L- or Dvalinol, (-)-

(+) - ephedri ne, (-)- or (+)-norephedrine. REPLACéM%NTghEET

T A O )

Claims

1. Reductive amination of an amino acid or of an amino
acid derivative using an a-keto acid or an a-keto acid
derivative in an inert solvent in the presence of a
hydrogenating catalyst and hydrogenating agent and
optionally with the removal of water, with the
reductive amination comprising the steps of imine

- formation and reduction to the amine,

characterised in that _
the reductive amination, in the course of the imine

formation and the reduction to the amine, is carried
out in the presence of an excess of base.

2. Reductive amination according to claim 1,
characterised in that
the amino acid is an a-amino acid.

3. Reductive amination according to claim 1 or 2,

characterised in that
the amino acid derivative is an ester.

4. Reductive amination according to claim 1 or 2,

characterised in that _
the amino acid derivative is an amide.

. 5. Reductive amination according to claim 4,
characterised in that
the amide is a peptide.

6. Reductive amination according to claim 3 or 5,

characterised in that
a compound of the formula



-19- 8. Method according to one of clains 1 to 6,

characterised in

that - the inorganic base used is Klerr]CJerr], Na[er%Bcg{Jgr]gBS
KHCO err], NaOAc, NaHCJ err], or basic al um ni um oxi'tle. 9.
Met hod a.ccordi ng to one of the pre§edi ng cl ai ns, REPLACEMENT SHEET
- 17 - | |
e R AR R
R! OOC-CH-NH-CH-COOR* (1)
| (tltH,),,
1,
wherein

R .signifies hydrogén, methyl, ethyl or benzyl,
R? signifies hydrogen, C,-C,-alkyl, phenyl or

phenyl- [C,-C,-alkyl],

R? signifies hydrogen, heterocalkyl or C,-C,-alkyl,

benzyl, 4’-hydroxybenzyl,

acylamino- [C,-Cs] -alkyl, tert.-butyloxy-

carbonylamino- [C,-C¢] -alkyl,

benzyloxycarbenylamino- [C,-C¢] -alkyl,
R* signifies H or an ester protecting group,

n is 0, 1 oxr 2,

is obtained by hydrogenolytic conversion of a compound

of the formula

R:l

I
H, N-CH-COOR* (I11),

wherein R’ and R* have one of the meanings already

given, with a compound of the formula

R? - (CH,), -CO-COOR! ),

wherein R!, R? and n have one of the meanings already

- given,

or that a compound of the formula



 d

characterised in that the base is used in a quantity of from0.01 to
5 nol e equi val ents, preferably 0O ﬂﬂ II IZ m I valents, - and
- particularly when organic bases are usla I mll I“E Imnl arli/ preferabl y of

from0.08 to 0.6 nole equi valents} i h eacH cdse*refer
conpounds used having the fornulae (111) or (1V). RE#L‘ACEMEN'?‘S?’IEET
according to claim8 or 9, charactesisgd-in that basi c
al um niumoxi-de is used in a quantity of from2 g/ nol to 400 g/ nol ,
referred to the conpounds llz’ _
R? OOC-FH-NH-CH-CO-N\ - ;:H-COOR‘ (II),
(CH,), RS
RZ

wherein R!, R?, R?, R* and n have the meanings given

above,

RS together with the atoms carrying it signifies a
heterocyclic monocyclic or bicyclic ring system
having 5 to 10 ring members,

is obtained by hydrogenolytic conversion of a compound
of the formula

R!

l .
H, N-CH-CO-N - CH-COOR* (IV),
\ / o
RS

wherein R® to R® have one of the meanings already
given, with a compound of the formula

R? - (CH;), -CO-COOR? V),

wherein R!, R? and n have one of the meanings already
given.

7. Method according to one of the preceding claims,
characterised in that
the organic base used is mono-, di- or
triethanolamine, trimethylamine, triethylamine,
tripropylamine, tributylamine, n-methylmorpholine, L-
or D-prolinol, L- or D-valinol, (-)- or (+)-ephedrine,
(-)- or (+)-norephedrine. |



-

used having the fornmulae (111) or (1V). 11. Method according to one of
glains 1 to 6, characterised i n that t he basic al um nium oxide is

used as a water - bj gk for the renoval of mateg%s JUB2-199%kt hod

according to cl ai Hﬂl"“l" lﬂpﬂmt erised in that t he "basi ¢ al um ni um

oxide is used in arquanid Ty o8 =« from50 g/nmol to 50Qgpl AGEMENESHEETd t o
- 19 -

t he conpounds
| 8. Method according to one of claims 1 to 6,

characterised in that
the inorganic base used is K,CO,, Na,CO,, KHCO,, NaOAc,

NaHCO,, or basic aluminium oxide.

9. Method according to one of the preceding claims,
characterised in that _
the base is used in a quantity of from 0.01 to 5 mole
equivalents, preferably 0.05 to 2 mole'equivalents,
and particularly when organic bases are used,
particularly preferably of from 0.08 to 0.6 mole
equivalents, in each case referred to the compounds
used having the formulae (III) or (IV).

10. Method according to claim 8 or 9,
characterised in that '
the basic aluminium oxide is used in a quantity of
from 2 g/mol to 400 g/mol, referred to the compounds

used having the formulae (III) or (IV).

11. Method according to one of claims 1 to 6,

characterised in that
the basic aluminium oxide is used as a water-binding

agent for the removal of water.

12. Method according to claim 11,
characterised in that
the basic aluminium oxide is used in a quantity of
from 50 g/mol to 500 g/mol, referred to the compounds
used having the formulae (III) or (IV).



used having the fornul ae (I I'I) or (IV) - . | .ﬂ,,m.fms
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. REDUCTIVE AMINATION OF AN AMINO ACID OR AN AMINO ACID DERIVATIVE
WITH AN ALPHA-KETO ACID OR AN ALPHA-KETO ACID DERIVATIVE

. Rescripcion

The invention relates to a reductive amination of an amino
acid or of an amino acid derivative using an a-keto acid or
an a-keto acid derivative in an inert solvent in the
presence of a hydrogenating catalyst and hydrogenating
agent and optionally with the removal of water and in
particular a method for the preparation of compounds of the

formula.
-R’
R: odc-cs-m-!:n-cooé‘ (D) -
.- REPLACEMENT SHEET
(<I:I-I,) a
.R‘ ; ' 06 AUG 1999
wherain

R? signifies hydrogen, methyl, ethyl or benzyl,
" R*  signifies C,-C,-alkyl, phenyl or
. phenyl-(C,-C,-alkyll,
R®  signifies hydrogen, hetercalkyl or C,-C,-alkyl,
' benzyl, 4’-hydroxybenzyl, '
acylamino- [C,-C,] ~alkyl, tert.-butyloxy-
carbonylamino- [C,-C,] -alkyl,
- benzyloxycarbonylamine- (C,-Cs] -alkyl,
R* signifies H or an ester protecting group,
n is 0, 1 or 2,

by h.ydrcéenolytic conversion of a écmpound of the formula

Rl
| | -
H, N-CH-COOR* (IrI), .

wherein R’ and R* have one of the meanings already given,
with a compound of the formula '

R* - (CH,), -CO-COOR! (v),



