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(54) Title: PROCESS FOR PREPARING [L]- OR [D]-HOMOALANIN-4-YL-(METHYL)PHOSPHINIC ACID AND ITS SALTS BY

RACEMIC RESOLUTION

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON [L]- ODER [D]-HOMOALANIN-4-YL-(METHYL)PHOSPHINSAURE
UND DEREN SALZEN DURCH RACEMATSPALTUNG

(57) Abstract

The title compounds are obtained by racemic resolution of D, L-homoalanin-4-yl-(methyl)phosphinic acid by precipitating out one of
the diastereomeric salts with chiral bases such as quinine or cinchonine. The yield of desired enantiomers can be increased by transformed
racemic resolution, the diastereomeric salt being precipitated when the undesired enantiomer is racemised in the presence of (hetero)aromatic
aldehydes. The racemisation method is also suitable for optically active amino acids having other structures.

(57) Zusammenfassung

Dic Titelverbindungen werden durch Racematspaitung von D,L-Homoalanin-4-yl-(methyl)phosphinsiure tiber Ausfillung eines der
diastereomeren Salze mit chiralen Basen wie Chinin oder Cinchonin erhalten. Fine Ausbeutesteigerung an gewiinschtem Enantiomeren ist
durch transformierte Racematspaltung moglich, wobei die Fllung des diastereomeren Salzes mit der Racemisierung des nicht gewtinschten
Enantiomers in Gegenwart von (hetero)aromatischen Aldehyden erfolgt. Die Racemisierungsmethode cignet sich auch fiir strukturell andere

optisch aktive Aminoséuren.
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Abstract of the disclosure

Processes for preparing [L]- or [D] -homoalanin-4-yl-
(methyl)phosphinic acid and salts thereof by racemate
resolution

The title compounds are obtained by racemate resolution
of D,L~homoalanin-4-yl (methyl)phosphinic acid via Precip-
itation of one of the diastereomeric sailts using chiral
bases such as quinine or cinchonine. Tt is possible to
increase the yield of desired enantiomer by transformed
racemate resolution when the precipitation of the
diastereomeric salt takes place with the racemization of
the undesired enantiomer in the presence of (hetero)-
aromatic aldehydes. The racemization method is also
suitable for structurally different optically active

amino acids.
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Description

Processes for preparing [L]- or [Dl-homoalanin-4-yl-
(methyl)phosphinic acid and salts thereof by racemate

resolution

[DL]-Homoalanin-4~yl (methyl)phosphinic acid (DL-Ia) and
the ammonium salt thereof (DL-Ib) are amino-acid deriva-
tives with herbicidal activity (DE-A-27 17 440). The
amino-acid derivatives are active in the L form (L-Ia or
L-Ib), whereas the relevant enantiomeric D form is
virtually inactive (DE-A-2856260).

g _LO-0H R = H (L-la)
HJC_E_CHI-CHZ }C\NH R = NH4 (L"Ib)
OR H 2

In order to be able to use the pure active substance,
special processes have been developed to prepare
[L]-homoalanin-4-yl (methyl)phosphinic acid and the
ammonium salt thereof.

According to DE-A-3 920 570 and DE-A-3 923 650, the L
form can be obtained by enzymatic transamination. Howev-
er, the working up of the transamination solution is
technically very elaborate; in addition, large amounts of
salt are produced.

According to EP-A-224 880, the pure L form is likewise
obtained by starting from [D]-valine in several stages,
with an enantioselective alkylation of [R]-3-isgopropyl-
2,5~dialkoxy-3, 6-dihydropyrazines as key reaction;
however, the disadvantages for application on the indus-
trial scale are the difficulty of obtaining the heterocy-
clic intermediates and the necessity to use organcmetal-

lic agents.

In addition, the L form is obtained by asymmetric hydro-
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genation of N-substituted 2-amino-4-[(methyl) (hydroxy)-
phosphino]lbutencic acids (EP-A-238954),

It is likewise possible to prepare (L-Ta) starting from
L-vinylglycine or (subst.) L-4-vinyl-1,3-oxazolidin-
5-ones and methanephosphonous monocesters (EP-A-546566 and
EP-A-346658); however, the chiral precursors are not easy
to obtain.

Furthermore, processes using methanephosphonous diesters
are known (EP-A-508298 and EP-A-530506); however, the
required phosphorous component is not available in large
amounts, which impedes implementation of this process on
the large scale.

Practicable separation of the racemic mixture [DL-Ia]
into the pure enantiomers by the "classical" precipita-
tion method utilizing differences in the solubilities of
diastereomeric salts has not been disclosed to date. Some
processes in which racemates can be separated with the
aid of chiral compounds via diastereomeric salts have
been described for structurally different amino acids. Of
particular interest in this connection mre processes in
which the precipitation of a diastereomeric salt of the
desired enantiomer is combined with racemization of the

undesired enantiomer.

For example, Bull. Chim. Soc. Jap. 56 (1983) 3744-3747
describes the preparation of [D]-phenylglycine from
[DL] ~phenylglycine with ¢the aid of [4] -camphor-
10-sulfonic acid as salt former in the presence of acetic
acid and salicylaldehyde as racemizing agent in 68% yield
and an optical purity of 95.9%.

Shiraiwa et al. describe in Chem. Lett. 1990, 233 et seq.
a process for preparing N-methyl- [D]-2-phenylglycine from
N-methyl-[DL]-2-phenylglycine usging [l]-camphorsulfonice
acid in butanoic acid without the addition of aldehydes

or ketones. In this case the salt of the D-amino acid
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precipitates while the L-amino acid racemizes. Triethyl-
amine is subsequently used to liberate the D-amino acid

from the diastereomeric salt in yields of 71-77%.

US-A-4 647 692 describes the racemate resolution of the
amino acids 4-hydroxyphenylglycine and 3,4-dihydroxy-
phenylglycine by precipitation using (+)-3-bromocamphor-
10-sulfonic acid in the presence of ketones and organic
acids such as acetic acid. This method is also recommend-

ed in general form for racemate resolution of DL-Ia.

Independently of the above precipitation methods which
combine racemate resolution and racemization of the
incorrect emantiomer, publications which describe only

racemization methods are known:

J. Org. Chem. 48 (1983) 843-846 relates to the racemiza-
tion of D-amino acids in acetic acid or other organic
carboxylic acids in the presence of catalytic amounts of
aliphatic or aromatic aldehydes.

US-A-3213106 discloses the racemization of optically
active amino acids in water without the addition of
strong bases or acids at temperatures of 150-250°C;
furthermore, according to JP-42-13445, amino acids can be
racemized in water and in the presence of an aliphatic
aldehyde with metal ion catalysis. The latter racemiza-
tion methods have the disadvantage that the amino acids
are partly decomposed at the stated temperatures or the
conversion rate is much too low.

Application of the precipitation methods mentioned
hereinbefore to the separation of [DL]-homoalanin-4-yl-
{(methyl)phosphonic acid using d- or l-camphorsulfonic
acid or derivatives thereof proves to be impracticable.
For example, it is not possible to separate out the
diastereomeric salt of [L]-homoalanin-4-y1l(methyl) -
phosphinic acid and [d]-3-bromocamphor-10-sulfonic acid,

as is evident from Comparative Examples A) and B) (see
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section “"Comparative Examples™).

The cbject therefore was to find a racemate resolution
process which can be carried out on the industrial scale
and with which the disadvantages described above are sub-

stantially avoided.

The invention relates to a oprocess for preparing

{L]-homoalanin-4-yl (methyl)phosphinic acid (L acid) and

salts thereof or [D]—homoalanin-4—yl(methyl)phosphinic

acid (D acid) and salts thereof from racemic [DL]) ~homo-

alanin-4-yl (methyl)phosphinic acid (DL acid) or salts

thereof, which includes

a) reacting DL acid or salt thereof with a chiral base,

b} allowing the salt of the L acid or D acid and of the
chiral base to crystallize out of a solution of the
resulting mixture of the diastereomeric salts of D
acid, L acid and the chiral base in an aqueous or
agqueous-organic solvent in which the salt of the D
acid or of the L acid has a higher solubility than
the salt of the L acid or D acid, respectively
(racemate resolution) and

c) in the case where the free L acid or D acid is
prepared, neutralizing the resulting salt with an
acid, or in the case where a salt other than that
obtained according to b) is prepared, carrying out

a metathesis.

The process according to the invention for preparing
[L] -homoalanin-4-yl (methyl)phosphonic acid and salts
thereof is carried out with chiral bases, preferably
alkaloid bases such as quinine, cinchonidine and brucine.

The use of quinine is particularly advantageous.
The enantiomers of the said chiral bases, for example
quinidine and cinchonine, are suitable for preparing

{D] ~homoalanin-4-yl (methyl)phosphinic acid.

Because of the greater economic importance of the L acid,
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the process routes are described hereinafter for the
example of the preparation of L acid. The processes can
be used analogously to prepare the D acid by using the
enantiomeric chiral bases.

In order to reduce the solubility of diastereomeric salts
of the [L] form compared with the solubility in pure
aqueous solutions it is possible to use, for example,
solvent mixtures composed of water and organic solvents
which are miscible with water in the particular mixing
ratio used. Suitable mixing partners for the aqueous-
organic solvent mixtures are, for example, organic
solvents from the group consisting of alcohols such as,
for example, methancl, ethanol, n-propanocl, i-propanol,
n-butanol, i-butanol, sec-butanol and t-butanol, of
ketones such as, for example, acetone, methyl ethyl
ketone, methyl iscbutyl ketone and N-methylpyrrolidone,
and combinations of the said solvents. It is also possi-
ble with comparatively small amounts of solvent, i.e.
using highly concentrated solutions, to use water as sole

solvent.

The use of i-propanol or t-butanol in combination with

water proves particularly advantageous.

The optimal temperature for the crystallization depends
on the chiral base, the solvent, the concentration of the
salt, the amount of the chiral base and the crystalliza-
tion rate. It is, as a rule, advantageous to carry out
the crystallization at temperatures of 0-100°C, praefera-
bly 0-85°C, in particular at 15-75°C. Suitable and
preferred solvent mixtures are composed of water and
alcohols, for example t-butanol:water in the ratio of,
for example, 20:80 to 90:10, preferably 50:50 to 85:15,
in particular 70:30 to 85:15, or isopropanol:water in the
ratio of 20:80 to 90:10, preferably 50:50 to 90:10, in
particular 70:30 to 85:15. The latter ratios of amounts
preferably apply to carrying out the crystallization at
temperatures of 0-85°C, in particular 15-75°C,

i
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The liberation of the acid (L-Ia) from the diastereomeric
salt of the crystals can take place in analogy to custom-
ary methods, for example by neutralization with an
organic or inorganic acid, where appropriate in a suit-
able solvent. The metathesis into another salt can take
place by reaction with an excess of an inorganic base
which contains the desired cation, or with an organic
base (for example amine base) or ammonia when optionally
substituted ammonium salts of (L-Ta) are to be prepared.
Preparation of the ammonium salt (L-Ib), which can be
used satisfactorily as herbicide, by metathesis with
ammonia is preferred. The reaction with ammonia can be

_ carried out, for example, by dissolving the crystalg in

a suitable solvent such as methanol and passing in
ammonia or adding a solution of ammonia in a solvent, for
example methanol again, in excess, and precipitating the
ammonium salt (L-Ib). The mother liquor which contains
the chiral base can then be returned to the next batch,

In a preferred procedure for the process according to the
invention, the undesired D isomer (D-Ia) or the salt
thereof, for example the galt of (D-Ia) with the chiral
base, is racemized, and the resulting racemic compound
(DL-Ia) or salt thereof is used for the racemate resolu-

tion according to the invention.

Processes suitable in principle for the racemization of
(D-TIa) are those with which other amino acids can also be
racemized. For example, the references already mentioned
above, Bull. Chim. Soc. Jap. 56 (1983) 3744-3747, Chem.
Lett. 1990, 233 et seq. and J. Org. Chem. 48 (1983)
843-846 disclose the catalysis of racemizations of
optically active amino acids by aldehydes in organic

acids.

The racemization may take place separately or with the

racemate resolution:

a) Suitable for carrying out the racemization of the D
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isomer after the crystallized salt of the L isomer
has been separated out are the abovementioned pro-
cesgses (see also Example C in the "Comparative
Examples" section hereinafter). Apart from the
additional process stages in the case of separate
racemization, however, the known processes usually
have further disadvantages, for example that the
racemization must take place in the presence of
acids. The addition of organic acids has consider-
able technical disadvantages for the process when
the known method is applied to the racemization of
the salt of the D isomer and of the chiral base
which results according to the invention in the
mother liquor of the crystallization stage. Addition
of acid means, for example, a change of the solvent,
for which reason the racemization solution cannot be
returned directly to the next crystallization batch

without altering the crystallization conditiomns.

If, furthermore, the racemization of the D isomer is
to take place in the same reaction mixture at the
same time as the crystallization, according to the
invention, of the salt of the L isomer and of the
chiral base, the known racemization methods can no
longer be applied or are not practicable industrial-
ly, as is evident from Comparative Example D herein-
after. Although the diastereomeric salt of (D-Ia)
and of the chiral base, in this case quinine, can be
smoothly racemized in acetic acid in the presence of
salicylaldehyde (Comparative Example C), it is
impossible to crystallize the diastereomeric zalt of
(L-Ia) in acetic acid medium (Comparative Example
D).

The organic acids added in the known racemization methods

must for the abovementioned reasons be avoided in the

preferred combined crystallization process according to

the invention. Racemization in the presence of the known

aldehydes does not as a rule take place without the
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addition of acids, i.e. if the intention is to caxry out
the racemization with the aldehydes in neutral or weakly

basic or even weakly acidic aqueous medium.

Surprisingly, our experiments have shown that the racemi-
zation takes pPlace even in such media when certain

aldehydes are used.

The invention therefore alsoc relates to a novel process
for the racemization of optically active amino acids,
preferably amino acids of the foxmula (D-Ia) and deriva-
tives thereof, which includes reacting the optically
active amino acids in the presence of six-membered
(hetero)aromatic aldehydes which have a hydroxyl group in
position 2 with xrespect to the aldehyde gzroup and
electron-attracting radicals such as, for example, NO,,
CN, CF, and SO4H, in particular NO,, in position 3 or 5
with respect to the aldehyde group and are further
substituted where appropriate, in aqueous or agqueous-

organic medium.

The racemization according to the invention takes place
without the addition of inorganic or organic acids.
Racemization in neutral or weakly basic or weakly acidic
medium, for example at pH 4-5, in particular at pH 5-8,

is preferred.

The racemization is, as a rule, carried ocut at tempera-
tures of 0-120°C, preferably 30-85°C, in particular
35-75°C, depending on the reactivity of the aldehyde.

Preferred aldehydes for the racemization are salicyl-
aldehydes activated on the phenyl xring by electron-
attracting radicals in position 3 or 5, for example nitro
groups, and are further substituted where appropriate,
for example 5-nitrosalicylaldehyde or 3,5-dinitrosalicyl-

aldehyde.

It dis also possible, for example, to use analogous
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hetercaromatic aldehydes in place of the aromatic alde-
hydes. It is worth mentioning in this connection
pyridinealdehydes, for example pyridoxal, which may,
depending on the substitution pattern, alsoc be immobj-

lized on an inorganic or organic support.

Suitable amino acids are the customary optically active
amino acids and salts thereof, for example D- or
L-alanine, substituted D~ or L-alanines, substituted
glycines such as phenylglycine or hydroxyphenylglycine,
and D- or L-leucines etc. and the amino-acid derivatives
such as (D-or L-Ia).

The amount of aldehydes used can vary within wide limits
and can easily be optimized in preliminary experiments.
The aldehydes are preferably used in less than the
stoichiometric amount based on the amino acid or salt
thereof, in particular in catalytic amounts. As a rule,
the amounts of the particular aldehyde are in the range
from 0.01 mole to 0.1 mole per mole of amino acid or salt
thereof used. If a very small amount of aldehyde is used,
the conversion takes place too slowly for practical
purposes. The use of excessively large amounts of alde-
hyde may impair further processing of the mixture and
also appears to have little semse from the economic
viewpoint.

A particular advantage of the racemization according to
the invention is that it can be carried out at consider-
ably lower temperatures than was to be expected. The
conversion not only takes place at the temperatures of
80-150°C used in strongly acidic media but can also be
carried out at temperatures below 80°C, preferably
35-75°C, in particular 40-70°C. In contrast to the
conventional methods mentioned, these low temperatures
for the racemate resolution of (DL-Ia) using chiral bases
make it possible to carry out the crystallization of the
salt of (L-Ia) and of the chiral base at the same time as
the racemization of the salt of (D-Ia) in one mixture.
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The various possibilities for carrying out the racemate
resolution according teo the invention and the vacemiza-
tion of the acid (D~Xa) or salt thereof according to the

invention are explained below.

One possibility includes , after the crystallization in
stage b) of the process according to the invention,
heating the mother liquor, which essentially contains the
diastereomeric salt of (D-Ia) and residues of the
diastereomeric salt of (L-Ia), in the presence of one of
the said aldehydes, carrying out the racemization at
temperatures of 0-120°C, preferably 30-85°C, in particu-
lar 35-75°C. The salt of the racemized amino acid and of
the chiral base can then be returned directly, i.e.
without working up and without changing the solvent, to

the next crystallization batch.

A combined procedure (alternative 1) as batch process or
as continuous process for preparing the ammonium salt
(L-Ib) starting from the ammonium salt (DL-Ib) includes

for example,

(1) xeacting ammonium [DL]~homoalanin-4~-yl (methyl) -
phosphinate with a chiral base in a solvent mixture
of water and an organic solvent which solubilizes
the ammonium [DL]) -homoalanin-4-yl (methyl) -
phosphinate, and removing the liberated ammonia,

then

(2) at temperatures of 0~85°C allowing the diastexeo-
meric salt of {L] -homoalanin-4-v1l (methyl )phosphinic
acid and of the chiral base to crystallize out of a
solvent mixture of water and an organic solvent, and
isolating it, for example by filtration with suc-

tion, and subsequently

(3) heating the mother liquor from the crystals, which
essentially contains the other diastereomeric salt

of the [D]-aminoc acid and residues of the diastereo-
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meric salt of the [L]-amino acid, in the presence of
a (heterc)aromatic aldehyde at temperatures of
20-120°C and, after the racemization, passing the
resulting solution to the next crystallization batch
(2) and

(4) reacting the diastereomeric salt of [L]-homoalanin~
4-yl (methyl)phosphonic acid and of the chiral base
from stage (2) in the mixture of water and an organ-
ic solvent or in the organic solvent itself with
ammonia, whereupon ammonium [L]-homoalanin-4-yl-
(methyl)phosphinate (L-Ib) precipitates, isolating
the precipitated ammonium salt (L-Ib), for example
by filtration with suction, and returning the mother
liquor, which essentially contains the chiral base,
to stage (1) of the next batch.

It is important for optimization of the combined process
to adapt the temperatures to the particular process step.
Temperatures of 20-100°C are advantageous in stage (1),
whereas the step according to stage (2) is beneficially
carried out at 0-85°C, preferably at 15-75°C. The temper~
ature in stage (3) should be appropriate for the reactiv-
ity of the aldehyde. The process according to stage (4)
can preferably be carried out at temperatures of 0-60°C.

In another possibility, which is particularly preferred,
the racemization is carried out in the same stage as the
crystallization of the diastereomeric salt of (L-Ia). The
conditions for the crystallization in respect of solvent
and temperature are then inevitably consistent with those
for the racemization; this restricts the choice of the
racemization processes and, in the case of the mentioned
racemization with aldehydes, the choice of the possible
aldehydes. As already mentioned above, this combined pro-
cess is not practicable using the conventiocnal processes
in the presence of acids and aldehydes but can be carried
out using the said inventive process for racemization

using specific aldehydes without the addition of acids.
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The inventive variant of the combined process includes

reacting a mixture of the diastereomeric salts of D acid
and L acid and of the chiral base, dissolved in an
agueous or aqueous-organic solvent in which the salt of
the D acid bhas a higher solubility than the salt of the
L acid, at temperatures of 0-85°C, preferably 30-85°C in
the presence of an aldehyde, the temperature being set
sufficiently low for the salt of the L acid and of the

chiral base to crystallize out at the same time.

It is possible in principle with the preferred combined
process (racemate resolution and racemization) to convert
(DL-Ia) 100% into (L-Ja). Suitable for the preferred
process are the abovementioned chiral bases and the six-
membered (hetero)aromatic aldehydes which have a hydroxyl
group in position 2 with respect to the aldehyde gxoup
and electron-attracting radicals in position 3 or 5 with
respect to the aldehyde group, in particular the bases

and aldehydes mentioned as preferred.

The preferred combined procedure (alternative 2), as
batch process or as continuous process for the prepara-
tion of the ammonium salt (L-Ib) starting from the

ammonium salt (DL-Ib), includes ., for example,

(1') reacting ammonium [DL]—homoalanin—4—yl(methyl)—
phosphinate with a chiral base in a solvent mixture
of water and an organic solvent which solubilizes
the ammonium [DL] -homoalanin-4-yl (methyl) ~

phosphinate, and removing the ammonia, then

(2') reacting with an aromatic aldehyde at temperatures
of 0-85°C, preferably 30~85°C in the presence of a
solvent mixture of water and an oxganic solvent and,
at the same time, allowing the diasterecmeric salt
of {L]-homoalanin-4-yl (methyl)phosphinic acid and of
the chiral base to crystallize out, isolating the
crystals, for example by filtration with suction,

and adding the mother liquor to stage (2°) of the
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next batch and

(3’) reacting the diastereomeric salt of [L]-homoalanin-
4-v1 (methyl)phosphinic acid and of the chiral base
from stage (2’') in the mixture of water and an
organic solvent or in the organic scolvent itself
with ammonia, moreover filtering the precipitated
ammonium [L]-homoalanin-4-yl (methyl)phosphinate with
suction, and returning the mother ligquor, which
essentially contains the chiral base, to stage (1)
of the next batch.

For the process to succeed it is important that the
temperatures are adapted to the particular process step.
Process stepe (1’) and (3’) substantially correspond to
process steps (1) and (4) from the combined process
already mentioned above (alternative 1). The process step
according to stage (1’) is advantageously carried out at
temperatures of 20-100°C, whereas the step according to
stage (2') is beneficially carried out at the temperature
at which the diasteromeric salt of (L-Ia) crystallizes
out but the racemization of the undesired (D-Ia) still
takes place sufficiently quickly.

Stage (3’) is advantageously carried out at temperatures
of 0-60°C.

A diagrammatic comparison of alternatives 1 and 2 shows,
taking the example of the racemate resclution of (L-Ib),
the saving of a process stage in alternmative 2 (see
Table 1):
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Table 1
No. Altermative 1 Alternative 2
(1) | (DL-Ib) + chiral base (DL-Ib) + chiral hase
(2) | Removal of N#Hy, where Removal of N3, where
appropriate change sol- appropriate change
vent sclvent
(3) | Cxystallization (race- Crystallization (race-

mate resolution) mate resolution) and

reaction with aldehyde

(4) | Filtration Filtration
Mother liquor back to
(3)

(5) | bissolve crystals and Dissolve crystals and

react with NH, react with N,

(6) | Filter off product Filter off product
(L-Ib), mother liquor (L~Ib), mother ligquox

back to (1) back to (1)

(7) | Heat mother ligquor from
(4) with aldehyde and
back to (3)

Re Table 1: (No.) = number of the process operation

It is possible to carxry out the individual process steps
batchwise or else continuously. Mother liquors resulting
from the use are preferably returned to the complete

process in order to keep losses of yvield small.

Suitable solvents for the process stages descxribed above
are the solvents already mentioned for the crystalliza-
tion stage. An advantageous procedure includes using the
same solvent system in all the process steps. However, it
is sometimes also sensible to vary the properties of the

solvent system simply by adding another solvent to the
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solvent from the previous stage.

Examples

In the following Examples, quantity and percentage data
are based on weight unless otherwise indicated. The names
"L salt", "D salt" and "D,L salt" mean the salt of
(L-Ta), (D-Ia) and (D,L-Ia), respectively, and of the

chiral base.

Example 1

1.1 39.6 g of 99,8% pure ammonium [DL] -homoalanin-4-yl-
(methyl)phosphinate (0.2 mole) and 65,5 g of
(-)quinine (99% pure) (0.2 mole) are heated to
reflux in 210.8 g of water. Subsequently 22.6 g of
agqueous ammonia are removed by applying a reduced
pressure of 100 mbar. At 70°C, 766.4 g of tert-
butanol and then 3.38 g of S-nitrosalicylaldehyde
(0.02 mole) are added, and the clear solution is
seeded at 50°C with [L] -homoalanin-4-yl (methyl) -~
phosphinic acid/quinine salt. The diastereomeric
L salt precipitates slowly at 48°C and below. The
mixture is allowed to reach room temperature over
the course of 6 hours, and the solid ig filtered off
with suction, washed with a little tert-butanocl/
water (80:20) and dried in vacuo at 60°C. This
results in 41.0 g of [L]-homoalanin-4-y1 (methyl) -
phosphinic acid/quinine salt with a purity of
L salt:D salt of 98.7:1.3.

1.2 The mother liquor from Example 1.1 is refluxed for
9 hours (sample measurement L:D = 50.6:49.4) and
added to another 0.2 mole batch in analogy to Exam-
ple 1.1 at 70°C (amount used about 0.319 mole of

[DL] salt). Crystallization is allowed to occur, and

97.3 g of [L] -homoalanin-4-yl (methyl)phosphinic

acid/quinine salt are obtained with a purity of

L salt:D salt of 99.5:0.5 (corresponding to 60% of
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theory). The mother liquor can in turn be added to
another batch. The crystals are taken up in 97.3 g
of methanol, and 27.8 g of methanclic ammenia (17.7%
strength) (0.29 mole) are added; the crystals which
have formed are then filtered off. 36.2 g of ammoni-
um [L]-homoalanin-4-yl(methyl)phosphinate are ob-
tained with an optical purity of L:D = 99.5:0.5.
This corresponds to an isolated yield of 57.0% of
theory based on 0.319 mole of DL salt. The mother
liquor from these crystals, which essentially con-
tains the (-)quinine, is added to another batch.

Example 2

39.6 g of 99.8% pure ammonium [DL]-homoalanin-4-yl-
(methyl)phosphinate (0.2 mole) and 65.5 g of (-)quinine
(99% pure) (0.2 mole) are heated in 210.8 g of water;
subsequently 24.0 g of agqueous ammonia are removed by
applying a reduced pressure of 100 mbar. At 70°C, 766.4 g
of tert-butanol and then 4.3 g of 3,5-dinitrosalicyl-
aldehyde (0.02 mole) are added, the mixture is cooled
to 50°C and the clear solution is seeded with
[L]1-homoalanin-4-y1 (methyl)phosphinic acid/quinine salt.
The mixture is stirred for % to 10 hours, during which
the L salt slowly precipitates. The mixture is allowed to
reach room temperature over the course of 6 hours, and
the solid is filtered off with suction, washed with tert-
butanol/water (80:20) and dried in vacuo at 60°C. This
results in 86.5 g of [L]-homoalanin-4-yl (methyl)~
phosphinic acid/quinine salt with a purity of L salt:D
salt of 99.5:0.5. This corresponds to a yield of 85.1% of
theory. The mother liguor is added to another batch at
70°C. The crystals are taken up in 86.5 g of methanol,
24.7 g of methanolic ammonia (17.7% strength)
(0.258 mole) are added, and the crystals which form are
filtered off. 32,2 g of ammonium [L]-homoalanin-4-yl-
(methyl)phosphinate are obtained with an optical purity
of L:D = 99.0:1.0. Thig corresponds to an isolated yield
of 80.5% of theory. The mother liquor, which essentially
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contains the (-)quinine, is added to ancther batch.

Example 3

3.5 g of ammonium [DL]-homoalanin-4-yl(methyl)phosphinate
(0.019 mole) and 6.2 g of (-)quinine (0.019 mole) are
dissolved in 18.2 g of water at 50°C, and 27.4 g of hot
acetone are added. A clear solution is obtained at 50°C.
It is allowed to cool slowly while seeding the clear
solution with [L])-homoalanin-4-yl (methyl)phosphinic
acid/quinine salt, and crystallization is allowed to
occur. The solid is filtered off with suction at 20°C and
washed with a little acetone, and the filter cake is
dried at 60°C in vacuo. 4.0 g of [L]-homoalanin-4-yl-
(methyl)phosphinic acid/quinine salt which contains
L-amino acid portion and D-amino acid portion in the
enantiomeric ratio of 99.8:0.2 are cbtained. This corres-
ponds to a yield of 83.3% of theory based on the use of
L form, and 41.7% of theory based on D,L mixture used.

Example 4

3.5 g of ammonium [DL]~homoalanin-4-yl(methyl)phosphinate
(0.019 mocle) and 6.2 g of (-)quinine (0.019 mole) are
digsolved in 18.2 g of water at 50°C, and 103.1 g of hot
isopropancl are added. A clear solution is obtained at
50°C. It is allowed to cool slowly while seeding the
clear solution with [L]-homoalanin-4-yl (methyl)phosphinic
acid/quinine salt, and crystallization is allowed to
occur. The solid is filtered off with suction at 20°C and
washed with a little acetone, and the filter cake is
dried at 60°C in vacuo. 4.2 g of [L]-homoalanin-4-yl-
(methyl)phosphinic acid/quinine salt which contains
L-amino acid portion and D-amino acid portion in the
enantiomeric ratio of 99.8:0.2 are obtained. This corres-
ponds to a yield of 86.3% of theory based on the use of
L form, and 43.2% of theory based on D,L mixture used.

ki
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Example 5

1.1 g of [Dl-homoalanin-4-yl(methyl)phosphinic acid
(D:L = 99.5:0.5) (0.006 mole), 2.0 g of guinine
(0.006 mole) and 0.13 g of 3,5-dinitrosalicylaldehyde
(0.0006 mole) are dissolved in 5.2 g of water and 23.0 g
of tert-butanol and stirred at 40°C for 23 hours.
[DL] -homoalanin-4-yl(methyl)phosphinic acid/quinine salt
which contains D-amino acid portion and L-amino acid
portion in the enantiomer ratio of 50,2:49.8 is obtained.

Example 6

0.8 g [L]-tert-leucine (99% pure, 0.006 mole), 2.0 g of
quinine (0.006 mole) and 0.13 g of 3,5-dinitrosalicyl-
aldehyde (0.0006 mole) are dissolved in 5.2 g of water
and 23.0 g of tert-butancl and stirred at 50°C for
24 hours. [DL]-tert-leucine which contains D-amino acid
portion and L-amino acid portion in the enantiomer ratio
of 50.9:459.1 is obtained.

Example 7

3.44 g of [DL]-homoalanin-4-yl(methyl)phosphinic acid and
5.6 g of cinchonine (0.015 mole) are digsolved in 27 ml
of water at 50°C, and 243 g of tert-butanol are added
hot. The solution is seeded with [D]-homoalanin-4-yl-
(methyl)phosphinic acid and slowly cooled to room temper-
ature. 4.5 g of [D]-homoalanin-4-yl(methyl)phosphinic
acid/cinchonine salt are obtained with an enantiomeric
purity of D:L = 96.7:3.3. This corresponds tc an isolated
yield of 96.2% of theory.

Comparative Examples

a) 80 g of tert-butanol are added to 2.7 g of
[DL] -homoalanin-4-yl (methyl)phosphinic acid
(0.015 mole), 5.0 g of ammonium (+)-3~bromocamphor-
8-sulfonate (0.015 mole) in 10 g of demineralized
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water at 75°C in such a way that the temperature is
kept at 75°C. The mixture is heated under reflux for
1 hour and then slowly allowed to reach room temper-
ature. Precipitated crystals are filtered off with
suction, washed and dried in vacuo at 50°cC. 4.8 g of
homoalanin-4-yl(methyl)phosphinic acid/
(+)-3-bromocamphor-8-sulfonic acid salt are obtained
with a diastereomer content of L:D = 50:50.

3.0 g of ammonium [DL]—hcmoalanin-4—yl(methyl)-
phosphinate (0.015 mole), 5.0 ¢g of ammonium
(+)-3-bromocamphor-8-sulfonate (0.015 mole) are
dissclved in 10 g of demineralized water at 75¢C
and, at thisg temperature, 135 g of tert-butancl are
added. 1.53 g of H,80, (96% strength) (0.015 mole)
are added, and the mixture is allowed to cool slow-
ly. 3.5 g of homoalanin-4-yl (methyl)phosphinic acid/
(+) -3-bromocamphor-8-sulfonic acid salt with a
diastereomer content of L:D = 50.1:49.9 are
obtained.

2.9 g of [D]—homoalanin-4-y1(methyl)phosphinic
acid/quinine salt with a D salt:L salt purity of
99.8:0.2 (0.0057 mole), 0.07 g of salicylaldehyde,
6.2 g of acetic acid and 0.02 g of water are stirred
at 50°C for 8 hours. The solution obtained in this
way contains the racemic salt in a diastereomer
ratio of L salt:D salt = 49.8:50.2.

6.2 g of quinine, 3.44 g of [DL] -homoalanin-4-yl-
{methyl)phosphinic acid in 20 ml of acetic acid and
80 ml of methyl isobutyl ketone are heated and
slowly cooled to room temperature. During this,
3.1 g of [DL] salt of diastereomer ratio
L:D = 49.6:50.4 crystallize out.
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THT CLAIMS DESFINING THE INVENTION ARS AS FQLLQWS:

1. L process for preparing (L] - homoalanin-4-yl (methyl) -
phosphinic acid (L acid) of the formula (L-lz) and salts thersof

9 CO-0H

I /
H3C—T—CH2-CH2—9\ R-H(L-la)

OR Ho NH

or [D)}-homoalanin-i-yl(methyl)phosphinic acid (b
acid) and salts cthereof from racemic (DL) -homo-
alanin-4-yl(methyl)phosphinic acid (DL acid) or

salts thereof by racesmate resolution, which includas

a) reacting DL acid or salt thereof with a chiral base selected from the
group consisting of alkaloid bases.

b) allowing the salt of the L acid or D acid and of

PP the chiral base to crystallize out of a solution
ess »
RIS of the resulting mixture of the diastereomeric
LX) -
.« as salts of D acid, L acid and the chiral base in an
- ¢ L}
s - agqueous or aqueous-organic solvent in which the
..
S Ceee salt of the D acid or L acid has a higher solu-
tgoner bility than the salt of the L acid or D acid,
respectively (racemate resolution) and
c) in the case where the free L acid or D acid is
prepared, neutralizing the resulting salt with an
tete
*edt 0t acid, oxr in the case where a salt othex than that
. . s . -
-‘::‘: obtained according to b) is preparxed, caxrying
out a metathesis.
e .
- - 9
* .o
2. The process as claized in claim 1, wherein L acid or
salts thereof are prepared.
I
XY T3
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3. The process as claimed in claim 2, wherein guinine

is used as chiral base.

4. The process as claimed in claim 2 or 3, wherein
solvent mixtures of water and organic solvents from
the group of alcohols and ketones are used as

solvents.

5. The process as claimed in claim 4, wherein a solvent
mixture of water and isopropanol or tert-butanol is

used.

6. The process as claimed in any of claims 2-5, wherein

stage b) is carried out at temperatures of 0-100°C.

7. The process as claimed in any of claims 2-6, wherein
the D isomer (D-Ia) or salts thereof are racemized,
and the resulting racemic compound (DL-Xa) is used

for the racemate resolution.

8. The process as claimed in claim 7, wherein the D
isomer (D-Ia) is reacted in the presence of six-
membered (hetero)aromatic aldehydes which have a
hydroxyl group in position 2 with respect to the
aldehyde group and electron-attracting radicals in
positidn 3 or 5 with respect to the aldehyde group

and are further substituted where appropriate, in

G, agueous oOx agueous-organic medium without addition
N
e . .
R of oxganic acids.
L) e
.
5. The process as claimed in claim 8, wherein 5-nitro-

salicylaldehyde or 3,5-dinitrosalicylaldehyde is

used.

10. The process as claimed in any of claims 7-9, wherein
the racemization is carried out at temperatures of

0-120°cC.
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11. The process as claimed in any of claims 8-10, wherein a mixture of the
diastereomeric salts of D acid and L acid and of the chiral base, dissolved in an
aqueous or agueous-organic solvent in which the salt of D acid has a higher
solubility than the salt of L acid, is reacted at temperatures of 0-85°C in the
presence of the aldehyde, with the temperature being set sufficiently low for the
salt of the L acid and of the chiral base to crystallize out at the same time.

12, A salt of [L]- or [D]-homoalanin-4-yl(methyl)-phosphinic acid and chiral
alkaloid bases.

13. A salt of [L]-homoalanin-4-yl(methyljphosphinic acid (L acid) and quinine.
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