
EP 0 442 584 B1 Description The Invention relates to a process for the
preparation of optically active amino acid amide whereby a mix- ture of the
L-amino and D-amino acid amides In the presence of an aldehyde and a
suitable solvent Is converted 6   in whole or In part, by means of an
optically active carboxylic acid, into the salt of the amino acid amide and
the carboxylic acid, and a portion mainly consisting of one of the
diastereolsomers of that salt is separated t s Xji>,t .; from the reaction
mixture obtained. * . 4 . ,      Such a process - an asymmetric
transformation, as describeq for idstance in 'Enantiomersi Racers and
Resolutions, Jean Jacques, Andr6 Collet, Samuel H. When;J6inWiley & Sons,
NewYork (1981), pp. 10  ff.- is known from US-A-4072698, In which a process
is described whereby optically pure nitriles, amides& *   ;     Schiff
bases of nitriles or amides are prepared with an optically active acid in
the presence of a ketone or an aldehyde. That publication Is notably aimed
at the preparation of optically pure niltriles, In particular 2-amino- 2-
(optionally p-substituted) phenyl acetonitride, using optically pure
tartaric acid and a ketone. The yield of saltof nitrile and tartaric acid
In the examples described in said patentspecification is relatively ;
s1  low, however, i.e. not higher than 85%. In respect of amino acid amides
and Schiff bases, no experimental data are mentioned, nor are claims made
for processes with such compounds as starting material. The Invention now
alms to provide a process with which optically active amino acid amide is
obtained with a high yield. According to the Invention this Is achieved due
to the addition of water to the reaction mixture and the 20  quantity of
aldehyde amounting to 0.54 equivalents relative to the quantity of amino
acid amide, whereby the temperature during the conversion is between 70 and
1200C. For It has appeared that also If an amino acid amide and an aldehyde
are started from, poor efficiency rates are obtained If no water Is added
to the reaction mixture. Although the invention Is not bound to any the- 2
oretical explanation, it seems that due to the presence of water, fewer
side reactions occur, so that the losses 2   are lower. The efficiency
achieved for Instance if no water Is added to the reaction mixture, staItng
frtjn hydroxyphenylglycine amide and benzaldehyde; is only 81.3%, while if
I equivalent of water is 'dded ta  e reaction mixture, an efficiency of
92.5% Is obtained. Starting from phenyiglycine amide and benzaldehyde,  l
efficiency achieved Is 87.7% and 96.0%, respectively. This is surprising
because it is to be expected a pIsri that the presence of water will have a
negative effect on the efficiency, since the asymmetric transformation 30
proceeds via the Schiff base, the formation of which is Inhibited by the
presence of water. After all, it is to be expected that the presence of
water has a negative effect on the establishment of equilibrium in the
formation of the Schiff base. Moreover, water enhances the solubility of
the diastereolsomeric salt, which is recovered In solid form, which Implies
that a loweryleld should be expected. An additional negative aspect of the
addition of water Is that In many cases a two-phase system is formed, which
Is difficult to filter and wash. 36      Aldehydes that can be used In the
process according to the Invention are for instance aromatic aldehydes,
such as benzaldehyde, anisaldehyde, o-, p-, or m- nitrobenzaldehyde, o-, p-
or m-chlorobenzaldehyde or all- phatic aldehydes, such as Isobutyraldehyde
or isovaleraldehyde. The quantity of aldehyde to be added Is 0.5- 4.0
equivalents relative to the quantity of amino acid amide, preferably 1-2
equivalents. Instead of a mixture of L-amlno and D-amino acid amides and an
aldehyde, the starting material can also 40  be a mixture of the Schiff
bases (formed from aldehydes) of L-amino and D-amino acid amides. In that
case it is not strictly necessary to add an extra quantity of aldehyde. In
order to obtain an optimum yield of the dia- i - ;g  stereolsomerkc salt of
optically active amino acid amide and optically active carboxylic acid, at
least an ei- I1 *       molar quantyof water relative to the quantity of
Schiff base should;be added. Application of less thananu molar quantity of
water results in a virtually proportional decrelse! in the yield. For
Instance, an officen 45  99.0% Is achieved when using 1.1 equivalents of
water In the asymmetric transformation of the Schif baseo i - phenylglycine
amide and benzaldehyde with optically active mandelic acid, against 45.7%
when no wate :is .1       added. Since the addition of large quantities of
water will In many cases lead to large quantities of dissolved diW-
stereolsomeric salt and thus to a decrease in the quantity of
diastreolsomeric salt that can be recovered In 60  solid form, the quantity
of wateradded In practice will be not be too great, for instance less than
20 equivalents 



of water relative to the quantity of amino acid amide or the Schiff base
thereof. The optimum quantity of water to be used varies with the amino
acid amide chosen and can be easily determined by a skilled person. In most
-       cases the quantity of water will be between 0.1 and 4 equivalents
relative to amino acid amide or the Schiff base thereof, preferably between
0.5 and 3 equivalents. * 5     It Is of no Importance whether the water Is
added at the beginning of the reaction or in the course of the conversion
process. The water can be added in any desired manner, for Instance as
diluent of the reactants or the solvent. Preferably, a sufficient quantity
of water Is added previously. From US-A-4093653 a process is known for the
preparation of optically active phenylglycine amide where- 2    EP 0 442
584 B1 by a mixture of L- and D-phenylglycine amide is treated with an
optically active acid in the presence of ketones. The yield In this process
Is lower and the required reaction time longer than in the present
invention. In FR-A-2173231 the resolution of amino acid esters with an
optically active acid in the presence of an o   aldehyde or ketone is
described. Mixtures of D,L-amino acid amides can be obtained In a manner
known per so, for instance by reacting .i    the corresponding ester with
ammonia. ;     j '; b^ '3I, f In the process according to the invention,
optically active carboxylic acids are used. In general,:the atI    .
strength (pKa) will be 3 to 5. The quantity of optically active carlxylic
cid used cati be'variedhlflW'e: 1o limits and will In general be between
0.9 and 1.2 equivalents of carboxylic acid relative to amind acid ami e.
Preferably, an equivalent quantity of carboxylic acid is used. An
appropriate choice of the opticallyactive carboxylicacid is determined by,
among otherthings, the sipe- cific amino acid amide. In particular, the
melting point of the dlastereolsomeric salts should be sufficiently high,
In order to enable separation to be effected by means of crystallization.
In addition, there should be sufficient 15  difference In solubility
between the diastreoisomeric salts in the practically relevant solvents.
For a techni- ;       callyleconomically advantageous solution, the crystal
form may also play a role, in connection with ease of filtration and
purification by means of a washing liquid. For phenyiglycine amide and
p-hydroxyphenylglycine amide, for Instance, good results are obtained with
mandelic acid and 2-pyrrolidone-5-carboxylic acid. More- over, these
optically active carboxylic acids can be easily and almost quantitatively
recovered through extrac- 20  don by means of, for instance, methyl-t-butyl
ether, methylisobutyl ketone, ethyl acetate, butyl acetate, amyl alcohol or
by means of ion exchangers. The use of optically active mandelic acid gives
the best results as re- gards the recoverability of the acid and the
crystal form obtained. The invention also relates to the new intermediate,
diastereolsomeric LD and DLsalts of L-, resp. D-man- delic acid and D resp.
L phenylglycine amide or p-hydroxyphenylglycine amide, the DD and LL-salts
of D-resp. 25   L-methlonine amide and D- resp.
L-2-pyrrolidone-5-carboxylic acid, and the LD and DL-salts of L- resp. d-
homophenylalanine amide and D- reap. L-Z-aspartic acid.
; i;;: . j    Suitable solvents for the asymmetric transformation are for
instance hydrocarbons, such as dyohexaij. . heptane and octane, aromatic
hydrocarbons, such as toluene, xylene and benzene, ethers, such as met
tertiary butyl ether, dioxane, tetrahydrofuran and anisole, esters, such as
butyl acetate and ethyl acetate, . . '' , *o 30tones, such as acetone,
butanone, methyl isobutyl ketone, carboxylic acids, aldehydes or mixtures
of these substances. It will be clear that a solvent should be chosen which
does not enter Into irreversible chemical re- actions with the amino acid
amide, the optically active carboxylic acid or the aldehyde. The pressure
at which the process according to the invention Is carried out is not
critical and Is for instance 0.01-1 MPa. The process is preferably carried
out at atmospheric pressure. The temperature can be varied 35 within wide
limits and Is in general 70-1200C, preferably 75-1000C. The reaction time
Is mostly 1-8 hours, pre- ferably 1-4 hours. The slurry concentration of
the diastereolsomeric salts is about 530 wt.%, preferably 10-20 wt.%. The
optically active amino acid amide can be obtained from the separated
diastereolsomeric salt by dis- 



solving the salt in a mixture of water and a virtually equimolar quantity
of mineral acid, such as hydrochloric 40  acid, sulphuric acid, nitric acid
or phosphoric acid, and extracting the optically active carboxylic acid by
means of an extraction agent. Suitable extraction agents are for instance
ethers, alcohols, ketones or esters, such as methyl tertiary butyl ether,
methyl Isobutyl ketone, ethyl acetate, butyl acetate or amyl alcohol. * ;.
i ~    The optically active amino acid amide obtained can be converted into
the corresponding amino acid i, a 41        known manner by hydrolysis with
an excess of diluted mineral acids, such as hydrochloric acid, sulphuric
aqd, - 46   nitric acid or phosphoric acid. The hydrolysi is preferably
carried out at 60-100C, In particular at 85-96I l   ! -       It Is usual
for the diastereolsomeric salt to be separated frnm the reaction mixture
before the hydroly is . 4 ]      and further processing. Good results are
also obtained, however, if the hydrolysis Is carried out before filtrig off
the diastereolsomeric salt. * .:        The invention will now be
elucidated by means of the examples, without being restricted thereto. Each
ex- 50   periment is carried out In a nitrogen atmosphere. The analysis
method used Is thin-layer chromatography (TLC), with: Merck 60 F 254
silicagel being used as carrier; IN (short wave) and ninidrine being used
as detection methods. -       The three TLC eluents and the proportions by
volume in which they are used are: *    55 3 *
I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~N
EP 0 442 584 B1 A   CHC13  - CH3OH  - NH4OH  (25 wt.%) 60         45
20 5 B   sec.  butanol  - formic  acid  - water
.        .    . ! i,( ;1 2 .'i q  I75                         15
;10 *  10 {i.:        C   n-butanol  - acetic  acid  - ethyl  acetate  -
water 1. .,          1                   1                     1
1 15 The selectivity (enantiomeric purity) is defined as follows: 50 x
[OL320, selectivity = 50 % + ma x. The maximum specific rotations of a
numberof amino acid amides and/ortheirsalts are given in Greenstein 20  and
Winitz, vol. 2, pp. 1196-2000, as well as in Bellstein 14111, p. 1189. i ,,
The maximum specific rotations of some amino acid amides andlor their salts
are also described In US-A-4 847 412: D-phenylglycine amide.HCi: -100.80 (c
= 0.8; water) >         D-methionine amide.HCI: -18.2 (c = 1.0; water) i
26   D-homophenylialanine amide.112 H2S04: -15.70 (c = 1.0; water)  ;
; ,. X  L-phenylalanlne amlde.12 H2S04: .17.80 (c = 1;0; water)  .:
.            1 From the applicant's own observations the maximum specific
rotation of D-p-hydroxyphenylglycine amids known: -121.5 (c = 1.0; 1.0 N
acetic acid). 30 Comparative experiment A In a reaction flask provided with
a stirrer, a thermometer and a reflux cooler, 23.8 g (0.10 mole) D,L-N-
benzyiidene phenylglycine amide, 15.2 g (0.10 mole) L-mandelic acid and 200
ml toluene are stirred for 2.5 hours at a temperature of 860C. 3   After
cooling to 300C (1/4 hour) the salt of 0-phenylglycine amide and L-mandelic
acid (DL salt) Is filtered and 



washed on the glass filter with 4 x 25 ml toluene. The yield of
diastereoisomeric DL salt after drying amounts to 13.8 g, which corresponds
to an efficiency of 45.7%. 1.0 g of the diastereolsomeric DL salt thus
obtained Is suspended in 10 ml water, to which subsequently 10 ml 12 N
hydrochloric acid Is added with stirring. After filtration and washing with
4 x 10 ml acetone on the 4 glass filter of the D-phenylglycine amide.HCI
crystals formed, the specific rotation of the D-phenylglycine amide.HCI
salt obtained (yield = 0.55; efficiency = 88.7%): IQ1d=D -99.5 (C = 0.8;
water). According to the literature (Beflstein, 14 III, p. 1189) the
specific rotation of D-ph.nylglydne amIde.HCI !$Z ! iH i | s Z   {o]D =
-100.80 (c  0.8; water).                      ,
i ExampleI The procedure described in comparative experiment A Is repeated,
on the understanding that 2.0 g (0.11 mole) water Is added to the mixture
of D,L-N-benzylldene phenylglycine amide and L-mansdelic acid. so
Results: Yield of diastereolsomeric DL salt 29.9 g (efficiency = 99.0%).
Yield of D-phenylglycine amide.HCI: 0.55 g (efficiency = 88.7%). Specific
rotation: [aJ20% = -101.30 (c = 0.8; water). Comparative experiment B In a
reaction flask provided with a stirrer, a thermometer and a reflux cooler,
23.8 g (0.10 mole) D,L-N- 4 *
.3!. I.                                         ii
II,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~...  . j i    .d a.  s                s      s       i! j  ,
*, , |  * ~~~~~~~~~.      I  '  ',1  t*| 2@ '    EP 0 442 584 B1
benzylldene phenylglycine amide, 12.9 g (0.10 mole)
L-2-pyrroildone-5-carboxylic acid, 235 ml toluene and 15 ml (0.15 mole)
benzaldehyde are stirred for 2.5 hours at a temperature of 840C. After
cooling to 250C (1/6 hour), the resulting diastereolsomeric salt of
L-phenylglycine amide and L-2-pyr- 6   rolidone-5-carboxylic acid (LL salt)
Is filtered and washed on the glass filter with 4 x 25 ml toluene. The
yield of filtered product after drying amounts to 12.8 g. According to a
thin-layer chromatographic analysis, the product obtained contains more
than an equivalent. quantity of L-2-pyrrolidone-5-carboxylic acid. 2.0 g of
the diasteresisomeric LL salt is dissolved in' 10 rnl tal  :to which
subsequently 10 ml 12 N hydrochloric acid is added. Aft*filtration and
washing on the | lasb   fifteqf 1o  the resulting L-phenylglycine amide.HCI
crystals with 4 x 10 ml acetone, the specific rotation of the;
L-phenylglycine amlde.HCI obtained (yield = 0.1 g; overall efficiency =
7.5%) is: ; a]20D = +102.5 (c = 0.8; water). Literature value of
L-phenylglyclne amide.HCI (Bellstein, 14 Ill. p. 1189): [.]20 D = +100.80
(c = 0.8; water). 15 Example II Procedure as described In comparative
experiment B, on the understanding that stirring takes place for 2.5 hours
at 840C In the presence of 2.7 g (0.15 mole) water. 20   Results: Yield of
diastreolsomerlc LL salt 25A g (efficiency =91.0%). Specific rotation of
L-phenylglycine amide.HCI (yield  1.2 g; efficiency = 89.8%): [a]20D =
+99.80 (c = 0.8; water). : 28   Example 1ll In a reacton flask provided
with a stirrer, a thermometer and a reflux cooler,15.0 g (0.10 mdle) D,L p-



j .   |  nylglyolne amide, 15.2 g (0.10 mole) D-mandelic acid, 230 ml
toluene, 20 ml benzaldehyde and 1.8 g (0MO mole) water are stirred for 2
hours at a temperature of 880C.                             I, so * .30
After cooling to 20CC (0.5 hour) the resulting diastereolsomeric salt of
L-phenylglycine amide and D-ma- delic acid (LD salt) Is filtered and washed
on the glass filter with 4 x 25 ml toluene. The yield of TLC pure LD salt
after drying amounts to 29.3 g, which corresponds to an efficiency of
97.0%. The specific rotation of the optically pure LD salt
(recrystallization) amounts to: 4P20D = +4.0 (c = 1.0; water). 35   1.0 g
of the dlastreolsomeric LD salt obtained is suspended In 10 ml water, to
which subsequently 10 ml 12 N hydrochloric acid is added with stirring.
After filtration and washing with 4 x 10 ml acetone on the glass filter of
the L-phenylglycine amide.HCI crystal mass obtained, the specific rotation
of the TLC pure L-phenylglycine amide.HCI salt obtained (yield = 0.55 g;
eff Iciency = 88.7%) is: [a]201 = +101.70 (c = 0.8; water). a_  40   The LD
salt (22.7 g = 0.075 mole) Is dissolved at 50CC in a mixture of 40 ml watr
and 2.7 ml 96 wt.% sulphuric acid (0.05 mole) and, after extracton with 5 x
50 ml methyl-b-butyl ether (removal of D-mandelic acid), hy- drolyzed to
L-phenylglycine at a temperature of 900C by means of 10 ml 96 wt.%
sulphuric acid (0.18 mole) with stirring for 3 hours. After neutralization
of the sulphuric L-phenylglycine hydrolizate by means of 28 mnl 5 wt.%
ammonia to an acidity of pH=5 and cooling to 300C, the Ljphenylglycine thus
obtained id filtered is 4i   thenwashedontheglass filterwith5xlOmlwater.
! The yield of L-phenyiglycine after drying amounts to 10.5g, which
corresponds to an efficiency of 92.9 . The specific rotation of the TLC
pure L-phenylglycine is: [6120 D = +157.71.(c = 1.6; 2.6 wt.% hydrochloric
acid). Literature value of specific rotation of L-phenyiglycine (Bestein 14
III, p. 1188): 50  [0c20 D = +1 57.50 (c = 1.6; 2.6 wt.% hydrochloric
acid). Example IV Procedure as described in example l1l, but with use of
L-mandelic acid instead of D-mandelic acid. :     566   Results: Specific
rotation and yield values: Optically pure DL salt (recrystallization):
[al20c = -4.1o (c = 1.0; water); 29.0 g (efficiency = 96.3%) TLC pure
D-phenylglyclne amlde.HCI: }  vj  5                   k   i    EP 0 442 584
D1 1aP20D = -101.9 (c = 0.8; water); 0.55 g (efficiency = 88.7%) TLC pure
D-phenylglycine: [a]20P  = -157.40 (c = 1.6; 2.6 wt% hydrochloric acid);
10.4 g (efficiency = 92.0%). 5 Examplei V In a reaction flask provided with
a stirrer, a thermometer and areflux cooler, a suspension ofi30.0 g(Q~iip
mole) D,L-phenylglycine amide, 32.0 g (0.21 mole) L-mandelic acl , 400 ml
toluene, 40   behzaideliy6E ! o0  5.4 9 (0.30 mole) water Is stirred for 2
hours at a temperature of 85 C. After cooling to 600C the sugpens is poured
Into a mixture of 120 ml water and 8.0 ml 96 wL% sulphuric acid (0.144
mole). After separationof the organic phase at 500C the acid aqueous phase
is extracted at this temperature with 4 x 60 ml ethyl acetate (removal of
L-mandelic acid). _..,        After addition of 30 ml 96 wt% sulphuric acid
(0.54 mole) the sulphuric D-phenylglycine amide solution Is 15 hydrolized
to D-phenylglycine with stirring for 4 hours at 850C. The yield of
D-phenylglyclne after, successively, neutralization to pH =4 by means of 85
ml 25 wt.% am- monla, cooling to 200C, filtration, washing on the glass
filter with 5 x 30 ml water and drying, amounts to 27.2 



g, which corresponds to an efficiency of 90.0%. The specific rotation of
the TLC pure D-phenylglycine is: 20 [uI32D = -1 53.40 (c = 1.6; 2.6 wt.%
hydrochloric acid) Examples VI-XI D,L-phenylglycine amide is contacted with
I equivalent optically active D-mandellc acid and the TLC pure 25
L-phenyiglycine amide.HCI salt, recovered as in example Ill, the quantities
of aldehyde and water added beh . :. ;<:>j  varied. The results are given
In table 1, which also shows the tempeture (T) I C and the retention time |
- : Comparative experiment C .0      A procedure analogous to example Ill
Is carried out up to the recovery of the TLC pure L-phenylglycihe amide.HCi
salt, but without addition of water, which results In a lower yield. The
results and specific conditions are given In table 1. Comparative
experiment D . 5 A procedure analogous to example IlIl is carried out up to
the recovery of the TLC pure L-phenylglycine amide.HCI salt, but with only
0.1 equivalent benzaldehyde, which results in a very low selectivity. The
results and specific conditions are given In table 1. 40 50 55 6
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f~~~ Example XII In a reaction flask provided wIth a stirrer, a thermometer
and a reflux cooler, 8.3 g (0.05 mole) D,L-p-hy- droxyphenylglycine amide,
7.6 g (0.05 mole) L-mandellc acid, 150 ml toluene, 50 ml ethyl acetate, 6.0
ml (0.06 55 mole) benzaldehyde and 2.0 g (0.11I mole) water are stirred for
2.5 hours at a temperature of 85Cr. After cooling to 300C (314 hour) the
resulting -diastereolsomeric salt of D-p-hydroxyphenylglyclne amide and
L-mandelic add (DL salt) Is filtered and washed on the glass filter with 5
x 20 ml ethyl acetate. The yield of TLC pure DL salt amounts to 14.5 g,
which corresponds to an efficiency of 91.2%. The specif ic rotation of the
optically pure DL salt, after recrystallization from water, Is: 7    EP
0442584 B1 [Jt20D = -8.1 (c = 1.0; water) 1.6 g of the DL salt is dissolved
in 20 ml water at 500C, afterwhich with stirring I ml 25wL% ammonia is
added. After cooling to 200C, filtration and washing of the resulting
D-p-hydroxyphenylglycine amide crystals with, 8   successively, 3 x 10 ml
water and 3 x 10 ml methanol, the specific rotation of the TLC pure
D-p-hydroxyphe- nylglycine amide (yield = 0.8 g; efficiency = 95.8%): [a]2%
= -121 (c = 1.0; 1.0 N acetic acid) ;1,'Y1 !,1The percentage of
D-enantiomer is 99.8%.            I,; 10  Example XIII  In a reaction flask
provided with a stirrer, a thermometer and a reflux cooler, 33.2 g (0.20
mole) D,L-p- hydroxyphenyiglycine amide, 30.5 g (0.20 mole) D-mandelic
acid, 800 ml toluene, 200 ml ethyl acetate, 24 ml (0.24 mole) benzaldehyde
and 8.0 g (OA4 mole) water are stirred for 2.5 hours at a temperature of
840C. -  16   After cooling to 250C (1 hour) the resulting diastreolsomeric
salt of L-p-hydroxyphenylglycine amide and ;   D-mandellc acid (LD salt) Is
filtered and washed on the glass filter with 5 x 50 ml ethyl acetate. The
yield of TLC pure Lb salt amounts to 57.8 g, which corresponds to an
efficiency of 90.9%y. The specific rotation of the optically pure LD salt
(recrystallization from water) is: [cl20D = +8.00 (c = 1.0; water) 20  50.9
g (0.16 mole) of the LD salt is dissolved at 500C in 500 ml water, after
which with stirring 25 ml (0.19 mole) 25 wt.% ammonia Is added. After
cooling to 300C the L-p-hydroxyphenylglycine amide crystals obtained are
filtered and washed on the glass filter with 5 x 25 ml water. The yield of
pure L-p-hydroxyphenyiglycine amide after drying amounts to 25.1 g,
corresponding to an efficiency of 94.3%. The specific rotation of the
L-p-hydroxyphenyiglycine amide thus obtained Is: 



25  [a]20D = +120.4 (c = 1.0; 1.0 N acetic acid) The
L-p-hydroxyphenylglycine amide (24.99 = 0,1 5 mole) Is hydrolyzed to
L-p-hydroxyphenynglyconO with 34. ml 96 wt.% sulphuric acid (0.6 mole) in
57 ml water (3 hours; 90o0d). After neutralization to pH  A 4 by me . '* of
90 ml 25 wt.% ammonia, the p-hydroxyphenylglycine is filtered at 200C and
washed on the glassfilter wgh 3 x 20 ml water. The yield of TLC pure
L-p-hydroxyphenyiglycine after drying amounts to 21.6 g, correspondig 0.,
90  to an efficiency of 86.2%. i        The specific rotation of the
L-p-hydroxyphenylglycine Is: [aploD = +57.70 (c = 1.0; 1.0 N hydrochloric
acid). Examples XIV-XVIII 95 In the same manner as in example XII, an
asymmetric transformation of D,L-p-hydroxyphenylglycine amide is carried
out with I equivalent D-mandelic acid. The results are given in table 2. 40
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example XII, an asymmetrictransformation of D,k-phydroxyphenylglycine amide
i8 carried out with I equivalent L-mandelic acid, the quantites of water
and benzaldehyde being varied. The results are given In table 3. Owing to
the absence of water or aldehyde, the yield is oonsiderably lower. 9 :0 ia
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|              :        .    .  '   . Example XXI I I ;-        In a
reaction flask provided with a stirrer, a thermometer and a reflux cooler,
23.7 9 (0.10 mole) D,L h benzylidene methionine amide (SB of methionine
amide and benzaldehyde), 12.9 g (0.10 mole) L-2-pyrroi- 50
done-5-carboxylic acid, 200 ml ethyl acetate and 2.7 mld (0.15 mole) water
are stirred for 2.5 hours at a tern- 



perature of 75C.Aftercooling to 20@C (0.5 hour) the resulting salt of
L-methionine amide and L-2-pyrrolidone- 5-carboxylic acid (LL salt) Is
filtered and washed on the glass filter with 4 x 25 ml ethyi acetate. The
yield -of TLC pure LL salt amounts to 21.2 9, which corresponds to an
efficiency of 73.6%. 2.8 g (0.01 mole) of the LL salt Is dissolved in a
mixture of 3 ml water and 2 ml 12 N hydrochloric acid. After addition of 60
ml acetone to 55   this solution, the L-methlonine amide.HCI salt is
isolated through filtration. The specific rotation of the TLC pure
L-methlonine amide.HCI salt is: I: aD = +17.90 (c = 1.0; water)
Selectivity: 99.2% L enantiomer -10 1: ; vi '
{l~~ i         'I ..'    .,    1i**    EP 0 442 584 51 Example XXII In a
reaction flask provided with a stirrer, a thermomether and a reflux cooler,
10.7 g (0.04 mole) D,L-ben- 5   zylldene homophenylalanine amide, 10.7 g
(0.04 mole) L-Z-aspartic acid (L-N-(carbobenzoxy)aspartic acid) 110 ml MIBK
and 1.5 g (0.08 mole) water are stirred for 5 hours at a temperature of
80C. The resulting salt of D-homo-phenylalanlne amide and L-Z-aspartlc acid
(DL-salt) Is filtered and washed on the gloss filter witi 2. x 25 ml MIBK.
The yield of TLC pure DL-salt amounts 9.486g which corresponds withja
eOfficernpy f 53%; i .X    g 59 (0.01 mole) of the DL-salt is splitted In a
mixture of 100 ml water ant 3.7 ml eN hydrochloric acidiri -    I 0
homophenylalanine amide.HCI salt L-Z-aspartic acid, which is extacted with
ethylacetate.    !  j " The D-homophenyialanine amide.HCI present in the
waterlayer is hydrollsed with 6 N hydrochloridacid at80. into
D-homophenylalanine. After neutralisation and filtration In order to remove
the salts present, and afterdry- Ing a specific rotation of the TLC pure
D-homophenylalanine is measured. [aJ0 = -29.20 (c = 1; 1NHCI) 15  [c]20
Dust = -46.3 Selectivity: 81.5% D enantiomer Claims 20 1.  Process for the
preparation of optically active amino acid amide whereby a mixture of the
L-amino and D-amino acid amides In a suitable solvent In the presence of an
aldehyde is converted in whole or in part, by means of an optically active
carboxylic acid, into the salt of the amino acid amide and the carboxylic
acid, and a portion mainly consisting of one of the diastereolsomers of
that salt Is separated from the re- 25      action mixture obtained,
characterized in that water is added to the reaction mixture and that the
quantity 4; 3 S t 5 gof aldehyde amounts to 0.5-4 equivalents relative to
the quantity of amino acid amide, and thatths; tie w j perature during the
conversion Is between 70 and 1200C. 2.  Process according to claim 1 i with
the quantity of water amournting to 0.5 to 3 equIvalents relative to t ite
o l ., 30 quantity of amino acid amide. 3. Process according to claim I or
2, characterized In that the quantity of aldehyde amounts to 1-2 equiva-
lents relative to the quantity of amino acid amide. 4.  Process forthe
preparation of optically active amino acid amidewherebya mixture of Schiff
bases (formed from aldehydes) of the corresponding I-amino and D-amino acid
amides in the presence of a suitable solvent Is converted In whole or in
part, by means of an optically active carboxylic acid, into the salt of the
amino acid amide and the carboxylic acid, and a portion mainly consisting
of one of the diastreol- somers of that salt is separated from the reaction
mixture obtained, characterized in that in the conversion 40      at least
I equivalent of water Is added relative to the quantity of Schiff base. 5.
Process according to any one of the claims 1-4, with the quantity of water
being added at the beginning of the reaction. ii*i 6.  Process according to
any one of the claims 1-5, with the am6 o acid amide being phenyiglycine
amni 



7.  Process according to any one of the claims 1-5, with the amino acid
amide being p-hydroxyphenylglycli amide. 8.  Process according to any one
of the claims 1-5, with the amino acid amide being methionine amide. ;:
o50 9.  Process according to any one of the claims 1-8, with I or
D-mandelic acid being used as optically active carboxylic acid. 10. Process
according to any one of the claims 1-8, with 2-pyrrolidone-5-carboxylic
acid being used as opt- Ically active carboxylic acid. 1. Process according
to any one of the claims 1-10, characterized in that the carboxylic acid is
used in vire tually equlmolar quantities relative to the amino acid amide
or the corresponding Schiff base. j  .,                                  11
.     ;     ,       .;''~~~~~~1    I 1111111 111111 11111 11111111 101 EP
0442584 Si Example XXJI In a reaction flask provided with a stirrer, a
thermomether and a reflux cooler, 10.7 g (0.04 mole) DL-ben- 5   zylidene
homophenylalanine amide, 10.7 g (0.04 mole) L-Z-aspartic acid
(L-N-(carbobenzoxy)aspartic acid) 110 ml MIBK and 1.5 g (0.08 mole) water
are stirred for 5 hours at a temperature of 80C. The resulting salt of
D-homo-phenylalanine amide and L-Z-aspartic acid (DL-salt) Is filtered and
washed on the gloss filter with 2. i x 25 ml MIBK. The yield of TLC pure
DL-salt amounts 9.46 g, which corresponds with a efficdeniy of 53%, !: 5 9
(0.01 mole) of the DL-salt Is splitted In a mixture of 100 ml water and 3.7
ml 6 N hydrochloric acid, in - to  homophenylalanine amide.HCI salt
L-Z-aspartic acid, which is extracted with ethylacetate. The
D-homophenylalanine amide.HCI present In the water layer is hydrolsed with
6 N hydrochloric acid at 80'C Into D-homophenylalanine. After
neutrallsatlon and filtration In order to remove the salts present, and
after dry- Ing a specific rotation of the TLC pure D-homophenylalanine is
measured. [a]200 = -29.20 (c = 1; INHCI) 15  Ian]20 DI = 46.30 Selectivity:
81.5% D enantiomer Claims 20 1.  Process for the preparation of optically
active amino acid amide whereby a mixture of the L-amino and D-amino acid
amides In a suitable solvent in the presence of an aldehyde Is converted in
whole or in part, by means of an optically active carboxylic acid, into the
salt of the amino acid amide and the carboxylic acid, and a portion mainly
consisting of one of the diastereoisomers of that salt is separated from
the re- 25      action mixture obtained, characterized in that water Is
added to the reaction mixture and that the quantity of aldehyde amounts to
0.5-4 equivalents relative to the quantity of amino acid amide, and that
the to n- perature during the conversion is between 70 and 120C. ii * .
2.  Process according to claim 1, with the quantity of water amounting to
0.5 to 3 equivalents relative to the i,   30       quantity of amino acid
amide. 3.  Process according to claim I or 2, characterized in that the
quantity of aldehyde amounts to 1-2 equiva- lents relative to the quantity
of amino acid amide. s  4.  Process for the preparation of optically active
amino acid amide whereby a mixture of Schiff bases (formed from aldehydes)
of the corresponding L-amino and D-amino acid amides in the presence of a
suitable solvent is converted in whole or in part, by means of an optically
active carboxyllc acid, into the salt of the amino acid amide and the
carboxylic acid, and a portion mainly consisting of one of the diastereol-
somers of that salt Is separated from the reaction mixture obtained,
characterized in that in the conversion at least I equivalent of water is
added relative to the quantity of Schiff base. 40 



5.  Process according to any one of the claims 1-4, with the quantity of
water being added at the beginning of the reaction. 6   Process according
to any one of the claims 1-5, with the amino acid amide being phenylglycine
amWI.  45
.      C 7.  Process according to any one of the claims 1-5, with the amino
acid amide being p-hydroxyphenylglycine amide. 8.  Process according to any
one of the claims 1-5, with the amino acid amide being methionine amide. so
9.  Process according to any one of the claims 1-8, with L- or D-mandelic
acid being used as optically active carboxylic acid. 10. Process according
to any one of the claims 1-8, with 2-pyrrolidone-5-carboxylic acid being
used as opt- 55      Ically active carboxylic acid. 11. Process according
to any one of the claims 1-10, characterized in that the carboxylic acid is
used in vir- tually equimolar quantities relative to the amino acid amide
or the corresponding Schiff base. 11    *~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
11111111 111111 11111 111111 10111 EP 0442 584B1
c   L  M   S 12. Process according to any one of the claims 1-11,
characterized in that the conversion takes place at a temperature between
75 and 100C. 5   13. LD or DL salt of phenylglycine amide and mandelic
acid. 14 ID or DL salt of p-hydroxyphenylglycine amide and mandellc acid. O
,  @:t15. ILL or DD salt of methionine amide and 2-pyrrolidone-5-carb ylic
acid.            . : 0   I. 16 LID or DL salt of homophenylalanine amide
and L-Z-aspartlc acid. 17. Process for the preparation of optically active
amino acids In which the salt of an amino acid amide and an optically
active carboxyllc acid, obtained by the process according to any one of the
claims 1-12, Is treated with a mineral acid before separation from the
reaction mixture. 18. Use of amino acid amides obtained according to any
one of the claims 1-12 in the preparation of amino acids. 2o
PatentansprOche 1. Verfahren zur Herstellung von optisch aitivem
Aminoslureamid, wobei eine Mischung der L-AmIno- und D-Aminosolureamide in
einem geeigneten Lsungsmittel in Anwesenheit eines Aldehyds zur Ginze oder
zum Tell mittels einer optlsch aktlven Carbonsaure in das Salzdes
AminosAureamids und derCarbonsaure 25 ,2bergefOhrt und sin hauptsgchlich
aus einem der Diastereolsomere bestehender Tell dieses Saizes von der
erhaltenen Reaktionsmischung abgetrennt wird, dadurch:,gekennzeichnet,.darl
Wasser zu der Rl iL ! tionsmischung zugesetztwird und die Menge des
Aldehyds bezogen auf die Mengi des AmninIsflreamI9s  . 0,5 bis 4
Aquivalente betrigt und daS die Temperatur wahrend der Reaktion 70 bis 120C
ist.
Is~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~I 30  2.  Verfahren nach Anspruch 1, wobel die Wassermenge 0,5 bis
3 Aquivalente bezogen auf die Menge des Aminosaureamids betragt. 3.
Verfahren nach Anspruch I oder 2, dadurch gekennzelchnet, daB die
Aldehydmenge 1 bis 2 Aquivalente bezogen auf die Menge des AminosAureamids
betragt. 4. Verfahren zur Herstellung von optisch aktivem Aminosaureamid,
wobel eine Mischung von Schiff'schen Basen (aus Aldehyden gebildet) der
entsprechenden L-Amino- und D-Aminosaureamide in Anwesenheit ehles
gesigneten Losungsmittels zur Glnze oder zum Tell mittels einer optisch
aktiven Carbonsalure in das Salz des Aminosliureamids und der Carbonsfure
Obergefuhrt und ein hauptsachlich aus einem der Diastereolsomere
bestehender Teil dieses Salzes von der erhaltenen Reaktionsmischung
abgetrennt wird, dadurch gekennzelchnet, daB bel der Oberfflhrung
mindestens I Aquivalent Wasser bezogen auf 



die Menge der Schiff'schen Base zugesetzt wird. 5. Verfahren nach elnem
derAnspriche I bis 4, wobel die Wassermenge am BegInn der Reaktion
zugeseiAt wird.
F ..i 6. Verfahren nach elnem der Ansprflche 1 bis 5, wobel das
Aminosgureamid Phenylglycinamid Ist.    ' 7. Verfahren nach einem
derAnsprOche I bis 5, wobel das Aminosaureamid p-Hydroxyphenylglycinamid
lst. 50  8. Verfahren nach einem der Anspriche 1 bis 5, wobel das
Aminosgureamid Methioninamid ist. 9.  Verfahren nach einem der Ansprflche I
bis 8, wobel L- oder D-Mandelsaure als optisch aktive Carbon- saure
verwendet wird. 10. Verfahren nach ehnem der Ansprflche I bis 8, wobel
2-Pyrrolidon-5-carbonsaure als optisch aktive Car- bonsaure verwendet wird.
11. Verfahren nach elnem der Anspruche 1 bis 10, dadurch gekennzeichnet,
daS die Carbonsaure in faktisch aquimolaren Mengen bezogen auf das
Aminosdureamid oder die entsprechende Schiffesche Base ver- 12    irC   L
n   S wendet wird. 12. Verfahren nach einem der AnsprOche 1 bis 11, dadurch
gekennzeichnet, daB die Reaktion bel einer Tem- 5       peratur von 75 bis
100C stattfindet. 13. LID- oder DL-Salz von Phenylglycinamid und
Mandelslure. %14  LD- oder DL-Salz von p-Hydroxyphenyiglycinamid und Mant
eur. 10  15. LL- oder DD-Salz von Methioninamid und
2-Pyrrolidon-5-carbonsgure. 16. LD- oder DL-Salz von Homophenylalaninamid
und L-Z-Asparaginsaure. 17. Verfahren zur Herstellung von optisch aktiven
Aminosauren, in dem das Salz sines Aminosaureamids und 15      elner
optisch aktiven Carbonsaure, erhalten durch das Verfahren nach einem
derAnsprOche 1 bis 12, vor Abtrennung von der Reaktionsmischung mit einer
Mlneralsaure behandelt wird. 18. Verwendung von Amninosaureamlden, erhalten
nach elnem der Ansprflche I bis 12, bei der Herstellung von Aminosauren. 20
Revendlcatlons 1. Procid6 de prbparation d'un amide d'aminoacide
optiquement actif selon lequel on convertit en totaiiti 25      ou en
partle un melange d'amides de L-amino et D-amino-acides au sein d'un
solvant approprie en pre- sence d'un aldehyde, A l'alde d'un acide
carboxylique optique- ment actif, onset d'amide larninoac6i0b et d'acide
carboxytique et on separe du melange de r6action o.ttenu une portion
consistant pr'ncipalet en l'un des dlast6r6oisombres de ce sel, caract6rise
en ce qu on ajoute de l'eau au melange do reactip et en ce que la quantit6
d'ald6hyde repr6sente de 0,5 A 4 6quivalents par rapport a la quantite do
l'amldo d'aminoacide, et en ce quo la temperature pendant la conversion est
comprise entre 70 et 1200C. 2.  Proc6de selon la revendicatlon 1, dans
tequel la quantft6 d'eau represente de 0,5 a 3 equivalents par rap- port A
la quantite d'amlde d'aminoacide. 35  3.  Proode selon la revendicatton 1
ou 2, caracteris6 en ce que la quantite d'ald6hyde represente 1 a 2 6qui-
valents par rapport a la quantlte d'amide d'aminoacide. 4   Procid6 de
preparation d'un amide d'aminoacide optiquement actif par lequel on
convertit en totalftH ou en partle un m6lange de bases de Schiff form6 a
partir des aldehydes des amides de L-amino et D-ami- noacides
correspondants en prdsencoe d'un solvant convenable, 1 I'alde d'un acide
carboxylique optique- ment actif, en sel de l'amide d'aminoacide et d'acide
carboxylique; et on s6pare du m6lange de r6action obtenu une portion
consistant principalement en l'un des dlast6reoisomeres de co sel,
caracterise en ce *qu'au cours de la conversion, au moins 1 6quivalent
d'eau est ajoute par rapport A la quanfte6 de la base , .'.r ,&de
Schiff.                                                             . :
j'* 4c  5   Proced6 selon l'une quelconque des revendications 1 a 4,
aa'totalite de l'eau etant ajoutee'au  H.Ut 



ta rlaction. 6.  Proced6 selon l'une quelconque des revendications 1 a 5,
I'amide d'aminoacide etant t'amide de ph6nyi- glycine. 50 7. Proced6 salon
l'une quelconque des revendications 1 a 5, I'amide d'aminoacide 6tant
l'amide de p-hy- droxyph6nylglycine. 8. Procede selon l'une quelconque des
revendications 1 a 5, I'amide d'aminoacide 6tant l'amide de m6thio- 55
nine. 9. Procede selon l'une quelconque des revendications 1 a 8, I'acido
L- ou D-mand6lique etant utilis6 on qua- Ilte d'acide carboxylique
optiquement actif. 13.                                     I    EP 0 442
584 B1                     *        1 ,  M       ! l 10. Procede selon
l'une quelconque des revendications 1 a 8, I'acide
2-pyrrolidone-5-carboxylique etant ut- 116 en quallte d'acide carboxylique
optiquement actif. s 11. Proc6d6 selon l'une quelconque des revendications
1 A 10, caracterise en ce qu'on utilise l'acide carboxy- lique en des
quantit6s virtuellement 6quimolaires par rapport A l'amide d'aminoacide ou
A la base de Schiff correspondante. '12. Procdd selon l'une quelconque des
revendications 1 A 11, rateris en caquo la ove    a '|\ 10  une tbmp6rature
comprise entre 75 et 1009bC.     ' 13. Sol LD ou DL d'amide de
ph6nylglyalne et d'acide mandelique. 14 Sol LID ou DL de l'amlde de
p-hydroxyphenylglycine et d'aolde mandelique. s   15. Sd LL ou DD de
I'amide de mbthionine et d'acide 2-pyrrolidone-5-carboxylique. 16. Sel LD
ou DL de l'amide d'homoph6nylalanine et d'acide L-Z-aspartique. 17. Procede
de preparation d'aminoacddes optiquement actifs, solon lequel on traite le
sel d'un amide d'aml- 20      noacdde et d'un acide carboxylique
optiquement actif qu'on obtient par le procede solon l'une quelconque des
revendications I A 12, avec un acide mineral avant de le separer du melange
de reaction. 18. Utillsation d'amides d'aminoacides obtenus selon l'une
quelconque des revendicatlons 1 A 12 pour Ia pre- paratbon des aminoacides.
25 30 35 50    


