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L-amino acids of the formula | and salts thereof, (see formula |) in which: R and R? independently of each other are hydrogen,
(C,-Cg)-alkyl, which Is unsubstituted or Is mono- or polysubstituted by halogen or aryl, or (C,-C,,)-cycloalkyl, R®> and R*
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(57) Abrege(suite)/Abstract(continued):
iIndependently of each other are hydrogen, (C,-C,)-alkyl, (C,-C)-alkenyl, (C,-C,)-alkynyl, where the last three radicals mentioned

can be straight-chain or branched and can have hetero atoms in the chain, (C,-C,)-alkylcarbonyl, aryl-(C.-C ,)-alkylcarbonyl,
(C,-Cy)-alkoxycarbonyl, (C,-C)-alkylsulfonyl, benzyl, benzyloxycarbonyl, aryloxycarbonyl or arylsulfonyl, where the last four radicals
mentioned are unsubstituted or substituted in the aryl radical, R> is hydrogen or (C,-C,)-alkyl, which Is straight-chain or branched
and Is unsubstituted or substituted by halogen, aryl or a heterocycle, or (C,-C-)-cycloalkyl and nis O or 1, are obtained according to
the invention by a) reacting an optically active S-homoserine lactone of the formula ll, (see formula Il) with hydrogen chloride in the
presence of an alcohol of the formula R°-OH to give novel compounds of the formula lll, (see formula Ill) in which R®, R* and R® are
defined as in formula |, except that R° = H, and b) reacting the resulting compound of formula Il with a compound of formula IV,
R'(0), - R(OR?), (IV) and if desired, hydrolyzing the product to give a compound of formula I, in which R® = H.
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ABSTRACT

Process for the preparation of phosphorus-
containing L-amino acids, their derivatives and

intermediates for this process

L-amino acids of the formula I and salts thereof,

0 /EOORS

RY(0), ——P ——CHy—— CHy——C o H (1)
A
OR? NR’R

in which:

s d

R! and R? independently of each other are hydrogen, (C;-Cg) -

alkyl, which is unsubstituted or is mono- or polysubstituted

by halogen or aryl, or (C;3-Cio)-cycloalkyl,

R® and R* independently of each other are hydrogen, (C;-Cg) -
alkyl, (Cy-Cq)-alkenvyl, (C;-Cq)-alkynyl, where the last three
radicals mentioned can be straight-chain or branched and can
have hetero atoms in the chain, (C1-Cg¢)-alkylcarbonyl, aryl-
(C1-C4) ~alkylcarbonyl, (Ci1-Cg)-alkoxycarbonyl, (C;-Ceg) -
alkylsulfonyl, benzyl, benzyloxycarbonyl, aryloxycarbonyl or
arylsulfonyl, where the last four radicals mentioned are

unsubstituted or substituted in the aryl radical,

R’ is hydrogen or (C;-C4)-alkyl, which is straight-chain or
branched and is unsubstituted or substituted by halogen,
aryl or a heterocycle, or (C3-C,)-cycloalkyl and n 1s 0 or 1,

are obtained according to the invention by

a) reacting an optically active S-homoserine lactone of the

formula ,




CA 02065128 2002-01-07

28976-38

5 with hydrogen chloride in the presence of an alcohol of the

formula R>-OH to give novel compounds of the formula III,

R? R*
\.\\ /
h (I11)
- H ,O\\
C1l ~RO
0
10
in which
R°, R' and R®> are defined as in formula I, except that R’ = H,
and
b) reacting the resulting compound of formula III with a
15 compound of formula IV,

R*(0), - R(OR?), (IV)

and 1f desired, hydrolyzing the product to give a compound

of formula I, in which R’ = H.
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Description

Process for the preparation of phosphorus-containing L-

amino acids, their derivatives and intermediates for this
process

The invention relates to processes and intermediates for

the preparation of phosphorus-containing L-amino acids of
the formula I or their salts,

5
: foon
R1(0) aP-CH z-cnz-c\mn (I)
2
OR b 34

in which
R* and R? independently of each other are hydrogen,

(C,~-Cg)—-alkyl, which is unsubstituted or is mono- or
polysubstituted by halogen or aryl, or (C,;-C,,)-cyclo-

alkyl,

R’ and R' independently of each other are hydrogen, (C,~
C¢)-alkyl, (C,-Cg)=-alkenyl, (C,-C¢)-alkynyl, where the last
3 radicals mentioned can be straight-chain or branched
and can have hetero atoms in the chain, (C,-Cq)-alkyl-
carbonyl, aryl-(C,-C,)~alkylcarbonyl, (C,~Cy)-alkoxycar-
bonyl, (C,~C¢)-alkylsulfonyl, benzyl, benzyloxycarbonyl,
aryloxycarbonyl or arylsulfonyl, where the last four

radicals mentioned are unsubstituted or substituted in
the aryl radical,

R*> is hydrogen or (C,~C,)-alkyl, which is straight-chain
or branched and is unsubstituted or substituted by
halogen, aryl or a heterocycle, or (C,-C,)-cycloalkyl and

n is the number 0 or 1.

The compounds of the formula I are disclosed by for

Dids
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example Bull. Chem. Soc. Japan 60, 1761 (1987) and
DE~A-2 856 260. Their herbicidal properties are also
described there. Compounds to be noted among the com-
pounds of formula I are those in which R!{(0), = CH, or
C,Hs;, R°0 = OH and R?>, R* and R® are each hydrogen, and
their salts. The L-form of the herbicide glufosinate (4-
[ hydroxy(methyl )phosphinoyl ]-homoalanine and its salts
has particular importance, see the D,L-form in "The

Pesticide Manual", 9th Ed. 1990, p. 458; see L-form in
DE-A-2856260).

Since according to DE-A-2856260 the herbicidal activity
of the L-isomer is twice that of the racemate, the use of

the L-isomer offers clear advantages, for example reduced
application rate, lower side effects etc.

Phosphorus~containing L-amino acids have been obtained

with high optical purity hitherto by laborious, enzymatic

racemate resolution processes (DE-A-2939265 and DE-A-
3048612).

In addition, there are processes which describe a
transamination of the underlying phosphorus-containing
a-ketocarboxylic acids (i.e. if in formula I there is a
carbonyl group instead of CHNR’R?) using microorganisms or
their transaminases (EP-A-248357, EP-A-249188). A disad-
vantage of these processes is the poor space-time yield,
the technically problematic work-up of the crude solution
and the difficult purification of the end products.

Furthermore, there are also processes for enantioselec-

tive syntheses of L-amino acid derivatives, which,
however, have various disadvantages. Thus, for example
the enantioselective alkylation of chiral Schiff bases
described in EP-A-127429 gives optical yields of at most
only 78%, whereas the asymmetric hydrogenation described

in DE-A~-3609818 starts from poorly accessible 2,3-dehy-
droamino acids and catalysts.
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In addition, processes are known which start from
heterocyclic precursors (DE-A-3542645 and DE-A-3525267).
However, these processes have the disadvantage that the
respective heterocyclic starting compounds can only be
prepared in multi-stage and laborious synthesis steps.

A process 1s further known which starts with L-glutamic
acid (DE-A-3817956). A disadvantage of this process lies
in the low yield in the preparation of wvinylglycine
derivatives, which are the central intermediates in this
synthesis (Tetrahedron Lett. 1984, 1425).

In U.S. Patent No. 5,239,088, a simple process

for the preparation of L-homoserine lactones from the
cheap and easily accessible L-aspartic acid has already
been proposed; it would therefore be an advantage to be
able to use L-~homoserine lactones as intermediates for
the preparation of the phosphorus-containing L-amino acid
of formula I.

Processes have now been found for the preparation of the
compounds of formula I, which avoid the abovementioned
disadvantages and start with easily accessible optically
active starting materials.

The invention relates to a process for the preparation of

phosphorus-containing L-amino acids of the said formula
I or their salts, which comprises

a) reacting an optically active S-homoserine lactone of
the formula 1II,

(II)
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in which

R3 and R4 are defined as in formula I, with

hydrogen chloride in the presence of an alcohol of the

formula R2-OH to give a compound of the formula III

in which

R3, R4 and R?® are defined as in formula I, with
10 the exception that R2 cannot be H in the compounds of

formula (III) or the alcohol of formula R5—OH, and

b) reacting the resulting compound of formula III with a

compound of formula IV,
R' (0) =P (OR?) 5 (IV)

15 1in which

Rl, RZ and n are defined as in formula I and,

optionally, hydrolyzing the product to give the compound of

formula I, 1n which R°> = H.

In the formulae mentioned and 1n the text below, aryl, even
20 1n the complex radicals such as arylcarbonyl, 1is preferably

phenyl; substituted aryl or benzyl 1s preferably phenyl or

benzyl, respectively, which 1s substituted by one or more

radicals selected from the group comprising (Cq7-Cgz)-alkyl,
(C1-Cy)-alkoxy, halogen, nitro, (Cq1-Cyg)-alkoxycarbonyl,

25 amino, (Ci-Cyg)-alkylamino and (Cq1-Cy)-dialkylamino, in
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particular selected from the group comprising methyl, ethyl,

methoxy, ethoxy and halogen. Halogen 1in the formulae 1is

fluorine, chlorine, bromine or iodine.
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Alkyl, alkenyl and alkynyl, which can contain hetero
atoms in the chain, are for example such radicals having
oxygen atoms or sulfur atoms as hetero atoms, preferably
polyoxalkylene radicals having 2 to 5 alkylenoxy units.

Heterocycle is for example an unsubstituted or substi-
tuted, aromatic unsaturated or saturated ring having 3 to
7 ring atoms, which can contain 1 to ¢4 hetero atoms
selected from the group comprising O, S and N. Haloalkyl

is alkyl which is substituted by one or more halogen
atoms. |

The invention also relates to processes which correspond

to the individual process steps a) and b) of the above-
mentioned whole process.

The whole process according to the invention thus com-
prises a lactone ring opening of optically active L-
homoserine lactones of formula II, which are easily

accessible from L~-aspartic acid, using gaseous hydrogen
chloride and a subsequent reaction of the chlorides thus
obtained of formula III with compounds of the formula IV

to give the phosphorus-containing L-amino acids of
formula I.

The starting materials of formula II can be easily
synthesized from homoserine lactones of formula V

O O

f_:f )
NH,

according to methods known from the literature (Houben-
Weyl, volume 15/1, 46-305).

Furthermore, starting materials of formula II, in which
one radical of the radicals R’ and R* is hydrogen, are

easily synthesized in a simple manner from aspartic acid
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derivatives of the formula VI,

O

HM
25 S s (VD)

O
R/N\/

in which R has the meaning given for R3 or R% (see U.S. Patent

No. 5,239,088).

Preference is given to processes according to the invention 1in

which R1 and R4 independently of each other are (Cq1-C4)-alkyl,

(C1-C4) -haloalkyl, benzyl, 1- or 2-phenylethyl, cyclopentyl or
cyclohexyl, in particular methyl or ethyl, R3 and R% are
independently of each other hydrogen, (Cq1-C4)-alkyl, (Cq1-Cyg)-
alkylcarbonyl, phenacetyl, (Cq-C4)-alkoxycarbonyl, (C1-Cyq)-
alkylsulfonyl, benzyl, benzvyloxycarbonyl, phenoxycarbonyl,
benzenesulfonyl, where the last 4 radicals mentioned are
unsubstituted in the phenyl ring or substituted 1n the phenyl
ring by radicals selected from the group comprising (Cq-C3) -
alkyl, (Cq-Co)-alkoxy and halogen, R> is H, (C1-Cy)-alkyl,
(C1-C4) ~haloalkyl, phenyl-(Cq-C4)-alkyl, cyclopentyl or

cyclohexyl and n 18 0 or 1.

The process according to the invention 1s carried out, for
example, so that 1n process step a) the lactones of formula II
in a suitable aliphatic, cycloaliphatic, araliphatic or
heterocyclically substituted aliphatic alcohol, such as for
example methanol, ethanol, n-propanol, 1-propanol and

cyclohexanol, are treated with hydrogen chloride gas at
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temperatures of 0°C to reflux temperature, preferably 40 to

70°C.

The preparation of some y-halo-a-aminobutyric acid derivatives

5 by ring-opening reactions of homoserine lactones with gaseous
hydrogen halides is known. However, the known syntheses suffer

from various disadvantages.
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In the majority of the processes, hydrogen bromide is
used for the lactone ring opening (Chemistry Lett., 1973,
5; Tetrahedron Lett., 1986, 27, 5935). This method
requires highly stable protecting groups on the amino
group. Many protecting groups cannot withstand these acid
conditions, which ultimately leads to losses in yield and
mixtures of products (Tetrahedron 44 (1988), 637).
Certain radicals are cleaved from nitrogen (J. Chem. Soc.
1958, 1629) even when hydrogen chloride is used in ring
opening reactions. Since this also involves some of the
protecting groups, which should only be removed later
under defined conditions in a specific manner, such
cleavage reactions are not desirable.

Surprisingly, using the process according to the inven-
tion, with the aid of relatively inexpensive hydrogen
chloride instead of hydrogen bromide, the desired ring
opening can be successfully carried out without
racemization and without elimination of protecting
groups. The virtually racemization-free ring opening of
the compounds of formula II to give the compounds of
formula III is all the more surprising as partial
racemization occurs with the use of hydrogen iodide (see

Tetrahedron Lett. 1984, 2231).

The optically active compounds of the formula III are not
only usable as intermediates for the process according to

the invention, but are valuable synthons for the prepara-
tion of optically active and biologically active com-
pounds. They can thus, for example, be converted into the
optically active azetidine-2-carboxylic acid derivatives
(JP-49014457). Furthermore, they can be used in the
synthesis of nocardicin, a f-lactam antibiotic,
(J.Am.Chem.Soc. 112 (1990), 760-770). They can also be
used for the preparation of important amino acids such as
for example L-canaline (Liebigs -Ann.Chem. 1986; 287-291)
or sulfur-containing amino

acids (DE-A-2627069). The compounds of formula III

obtained according to the invention in process step a)
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can be selectively hydrolyzed using conventional methods
at the ester group to give the corresponding carboxylic
acid and can be further reacted with bases to give salts.
Moreover, the esters and carboxylic acids of formula III
can form acid addition salts. The compounds of the said
formula III and their salts are therefore also subject-
matter of this invention.

The chlorides of formula III ‘obtained according to the
invention are, without intermediate isolation or, prefer-
ably after work-up and, optionaily, purification in
process step b), reacted with phosphorus compounds of
formula I‘f, for example without solvent or in or_&anic
solvents, such as aliphatic or aromatic, non-halogenated
or halogenated hydrocarbons, such as benzene or toluene,
at temperatures of preferably 50°C - 150°C, preferably
without solvent at 110 to 140°C to give the compounds of
formula I. In this manner, compounds of formula I are
preferably obtained in which R!, R?, R’ and/or R* and R’
are not hydrogen. |

Arbuzov reactions of phosphorus compounds of formula IV
with halides dif'fering structurally from those of formula
ITI are known(Chem. Rev. 81 (1981) 415-430).

Furthermore, Arbuzov reactions with racemic ..
ethyl 4 -bromo~-2-phthalimidobutyrate are known
(Tetrahedron Lett., 1986, 5935).

However, it is surprising in the process step b) accord-
ing to the invention that, for example, the Arbuzov
reaction can be carried out with the chlorides of the
formula III, although alkyl chlorides are far less
reactive than the corresponding bromides (Chem. Rev. 81
(1981) 415-430), and that no

racemization takes place in this Arbuzov reaction in

spite of the relatively high reaction temperatures.

Following the reaction of the compounds of the formulae
IT and III, the resulting compounds of the formula I can
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be derivatized to give other compounds of the formula T
or their salts, for example by hydrolysis of all or part
of the hydrolytically cleavable radicals and, possibly,
salt formation with bases or acids. An expedient hydroly-
sis process is for example the acid hydrolysis of com-
pounds of formula I, in which R!, R? and R’ and at least
one radical of the two radicals R’ and R are not hydro-
gen, to give compounds of the formula I in which R? has
the meaning given and R? to R’ are each hydrogen. For the
hydrolysis, the compounds of formula I first obtained are
preferably dissolved in aqueous hydrochloric acid (pre-
ferably 3N-12N HCl) and heated for several hours at 90°C
to 130°C. The acid, aqueous solution is then extracted
with an organic solvent (immiscible or scarcely miscible
with water) such as for example toluene, xylene,
dichloromethane or methane isobutyl ketone, in order to
remove the cleavage products. The agqueous solution is
completely evaporated and, 1if necessary, the crude
product 1is purified by known methods. The hydrochlorides
thus obtained of the compounds of the formula I can, if

desired, be converted by conventional methods into the
free amino acids.

To converf the compounds of formula I into their salts,
such compounds having an acidic hydrogen atom are reacted
for example with Dbases, preferably alkaline metal
hydroxides or alkaline earth metal hydroxides, alkaline
metal carbonates or alkaline earth metal carbonates or
alkaline metal hydrogen carbonates or alkaline earth

metal hydrogen carbonates or organic amines to give salts
usable in crop protection.

Moreover, on account of the constituent amino group, acid
addition salts can be prepared, for example with mineral
acids such as sulfuric acid, hydrochloric acid, hydro-
bromic acid, hydroiodic acid, hydrofluoric acid and
phosphoric acid or with organic acids, such as formic

acid, acetic acid, lactic acid and citric acid.

o
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The process according to the invention delivers the
L-isomers of the formula I in high optical yields of over
90% ee, which corresponds to a proportion of more than
95% of the L-~isomer. The configuration of the L-forms

5 (Fischer projection) corresponds in the R,S-nomenclature
(Cahn, Ingold and Prelog) to the S~-configuration.

The process according to the invention thus allows in
particular the preparation  of optically active
y-chloro-a-aminobutyric acid derivatives of the formula

10 III from easily accessible and optically active homose-
rine lactones of the formula II and the preparation of
optically active phosphorus-containing L-amino acids of
the formula I from the easily accessible chlorine com-
pounds of the formula III.

15 Since the homoserine lactones of the formula II can be
prepared from easily accessible L-aspartic acid deriva-
tives, the process according to the invention is an
expedient preparation of phosphorus-containing L-amino
acids of the formula I using the natural product L-aspar-

20 tic acid as a chiral pool substance.

EXAMPLE 1

Ethyl (S)-2-~(tosylamino)-4-chlorobutyrate

HNTs
H

o™ ookt

L

7.5 g (29.4 mmol) of N-p-toluenesulfonyl-L-homoserine
lactone (= S-form), prepared according to U.S. Patent No.

23 5,239,088, are dissolved in 60 ml of ethanol and heated to
60°C -~ 70°C. Hydrogen chloride gas is then passed in for
4 h and the reaction solution is subsequently allowed to

stand for 12 h at room temperature. The solution is then
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evaporated to dryness and the crude product is purified
by column chromatography on silica gel (mobile phase:
heptane/ethyl acetate = 3/7); 8 g (89% of theory) of
product are obtained as a colorless o0il, which begins to

crystallize after standing for a relatively long period
of time. Characteristic data of the product are:

Specific rotation: [«])% = 10.4 (c=1, CH;0H);

1H-NM;R(IOO MHz): 8 [ppm] = 7.75 and 7.26 (2m, 4H, aroma-

tic-H in -C.H,-CH;); 5.35 (bd, 1H, NH); 4.10 (m, 1H, CH-
N); 4.00 (g, 2H, COOCH,-CH,); 3.65 (t, 2H, -CH,Cl); 2.40
(s, 3H, -C¢H,~CH,); 2.15 (m, 2H, -CH,-CH,Cl); 1.10 (t, 3H,
~-COOCH,CH,) . '

EXAMPLE 2

Ethyl (S)-2-{methoxycarbonylamino)-4-chlorobutyrate

4 g (25 mmol) of N-methoxycarbonyl-L-homoserine lactone
(=S-form), prepared according to EP-A-498418, are dis- '
solved in 50 ml of ethanol and heated to 60°C. Hydrogen

chloride gas is then passed in for 6 h. The solution is
then evaporated to dryness and the crude product is
purified by column chromatography on silica gel (mobile
phase: heptane/ethyl acetate 1/1); 4.0 g (72% of
theory) of product are obtained as a colorless oil with

the following characteristic physical data:

Rotation: [a¢]2’ = 5.4 (¢ = 1, CH,Cl,).
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1H-NMR (100MHz): &6 [ppm] = 5.40 (bd, 1H, NH); 4.49 (m,
1, CH-N); 4.22 (q, 2H, -COOCH,CH,;); 3.70 (s, 3H, COOCH,);
3.60 (t, 2H, -CH,~CH,C1l); 2.25 (m, 2H, ~-CH,CH,C1l); 1.30 (t,
3H, ~COOCH.CH,).

The compounds listed in Table 1 are obtained in an
analogous fashion to Examples 1 and 2.

I
/' 7

F
rd

1

L’
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Table 1: Compounds of the formula III

R°Ry

ci

Ex. No.: R’ R* R’ Phys. data
3 H CH, CH,
4 H C,H; CH,
5 M n-C,H, CH,
6§ H i-CyH, CH,
7 H n-C.H, CH,
8 H CH,-CH=CH, CH,
S H CH,C=CH CH,
i0 H -CO-CH, CH,
11 M -CO-CH; CH,
12 H -CO-n-C,H, CH,
13 H -CO-OCH, CH,
i4 H -CO-OC,H; CH,
15 H -50,-CH, CH,
16 H -S0O,-C,H, CH,
17 H -CH,-C,.H; CH,
18 H -CO-OCH,-CH; CH,
19 H -CO-0C H, CH,
20 H -CO-0O-p-C;H,CH, CH,
21 H -S0,-C,H; CH,
22 H -S0O,-p-CH,CH, CH,
23 H -CH,CH,-OCH, CH,
24 H .CH(OCH,)-CH, CH,
25 H . N-CyH, CH;
26 H i-C,H, C,H;



Ex.

R3

A AT -

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
55
56
57
o8
59
60
61
B2
63
64
65
66

R&

T I X I ¥ X* I X X X I X I X I I I I I I

n-C,H,
CH,-CH=CH,
CH,C=CH
-CO-CH,
-CO-C_H;
-C0O-H-C,H,
-CO-OCH,
-CO-OC,H;
-S0,-CH,
-S0,-C,H,
-CH,-C H;
-CO-OCH,C¢H;
-CO-OCH;
-CO-0O-p-C,H,CH,
-S0,-C¢H;
-S0,-p-C,H,CH,
-CH,CH,-OCH,
-CH(OCH,)-CH,
CH,

CH,

CH,

Csz

CH,

-CO-CH,
-CO-C,H,
-CO-i-C,H,
-CO-OCH,
-CO-OCH;
-S0,-CH,
-50,-C,H.

S LT B A N
A S N 2 3 e

Phys. data

CZHS
C2H5
C.H;
CZHS
CH;
C2H5
Csz
C.Hs
C.H;
C2HS
C2H5
CZ‘HS
CoHs
C.H;
C.Hs
C2H5
CHs
CH;
CZHS
Csz
CH,
CH,
Csz
CH,
CH,
CH,
n-C;H,
n-C.H,

Cyclo-CH,,

CH,CH,Ci
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Ex. No.: R? R* R* Phys. data
87 H -CH,-CH, CH,
68 H -CO-OCH,-C H, ’CHzQ
89 H -CO-0OCH, CH,
70 H -CO-0-p-C,H,.CH, CsH;
71 H -S0,-CH, CsH,
72 H -S0,-p-C,H,CH, C,H,
73 H -CH,CH,-OCH, C,H,
74 H -CH(OCH,)-CH, C,H,

Example 75:

Ethyl (S)-2~(p~toluenesulfonylamino)-4-[{ethoxy(methyl)-
5 phosphinyl Jbutancate

B oS
O -
l!/\>\ |
CH_=P COOEL

3
OEt

5 g (16.35 mmol) of ethyl (S)-2-(p~toluenesulfonylamino)-
4-chlorobutancate and 9 g (66.13 mmol) of diethyl
methanephosphonate are stirred for 15 h at 140°C. Excess
10 diethyl methanephosphonate is then removed under a high
vacuum. The crude product thus obtained shows no further
organic impurities in 'H-NMR and is further purified by
column chromatography on silica gel (mobile phase:
methylene chloride/methanol = 95/5); 4.1 g (65%) of
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product are obtalned as a colorless 01l having the following
physical data:
(o) %5 = + 8.7 (c=1, MeOH) ;

LH-NMR (100 MHz): & [ppm] = 7.73 and 7.29 (2 bd, 4H, -CgHy-

o CH3); 5.068 (bd, 1H, NH); 4.00 (m, 5H, CH-N, COOCH»CHs7y,
-POCH2CH92) ; 2.40 (s, 3H, -CgH4-CHz); 1.90 (m, 4H, -CHp-CH»p-);
1.45 (d, 3H, CH3-P); 1.30 and 1.13 (2t, ©H, POCHyCHgsg,
COOCH»CH3) .

10 Example 76:

Ethyl (S)-2-(methoxycarbonylamino)-4-[{ethoxy(methyl)
phosphinyl]butanocate

O

15 /JL\
{ﬁ/ﬁjiégix o
CH3-—-I|’ COOLEt
OEt

20 2.6 g (11.6 mmol) of ethyl (S)-2-(methoxycarbonylamino)-4-
chlorobutanocate and 6.3 g (46.4 mmol) of diethyl

methanephosphonate are stirred for 15 h at 140°C. The excess

diethyl methanephosphonate is then removed at 90°C under a high

vacuum. The crude product thus obtained i1s produced as a

25 colorless oil and shows no further impurities in lH-NMR; vield:

2.8 g (82%),

lH-NMR (100 MHz): & [ppm] = 5.75 (bd

, 1H, NH), 4.40 (m, 1H,
CH-N); 4.19 and 4.00 (2q, 4H, -COOCHoCH3, -POCH,CH3); 3.67 (s,
3H, COOCH3); 1.90 (m, 4H, -CHpCHp-); 1.44 (d, 3H, CH3P); 1.29

30 and 1.26 (2t, 6H, POCH,CH3, COOCH,CH3).
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Example 77:

L-Phosphinothricin hydrochloride

x HCl

2.8 g (9.5 mmol) of ethyl (S)-2-methoxycarbonylamino-4-
ethoxy(methyl)phosph:i.njrlbutanoate are boiled in 50 ml of
6 N HCl for 12 h under reflux. The aqueous solution is
then extracted with dichloromethane, a small amount of
activated charcoal is added, the mixture is briefly
boiled and, after.the activated charcoal is filtered off,
is evaporated to dryness. The residue is repeatedly taken
up in toluene/acetone and concentrated. 1.5 g (73% of
theory) of product are obtained as a colorless solid;

‘H-NMR (100 MHz, D,0): 8§ [ppm] = 4.16 (t, 1H, CH-N), 2.10

(m' 4H' "'CHzCHz"') ; 1 055 (d' BH' CH3“‘P) o

The enantiomeric ex.c'ess, which was determined with the
aid of an HPLC method [J. Chromatogr. 368, 413 (1986)],is
94.2% ee (ee = enantiomeric excess).
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Patent claims

1. A process for the preparation of a compound of the
formula I or salt thereof,

o foon5
T
R (0) ~P=CH,~CH,~Cr~H (1)
532 ) 3.4
NR°R

5 in which

R* and R’ independently of each other are hydrogen,
(C,~C¢)—-alkyl, which is unsubstituted or is mono- or

polysubstituted by halogen or aryl, or (C;-C,)-
cycloalkyl,

10 R® and R® independently of each other are hydrogen,
(Ci-Cg)=-alkyl, (C,~C¢)-alkenyl, (C,-C¢)-alkynyl, where
the last three radicals mentioned can be straight-
chain or branched and can have heteroc atoms in the
chain, (C,~Cg)=-alkylcarbonyl, aryl-i(C,;~-C,)-alkylcar-

15 bonyl, (C,-Cy)~-alkoxycarbonyl, (C,~Cy)~alkylsulfonyl,
benzyl, benzyloxycarbonyl, aryloxycarbonyl or aryl-
sulfonyl, where the last four radicals mentioned are
unsubstituted or substituted in the aryl radical,

R®> is hydrogen or (C,-C,)-alkyl, which is straight-
20 chain or branched and is unsubstituted or substitu-

ted by halogen, aryl or a heterocycle, or (C,-Cy) -
cycloalkyl and

n is the number 0 or 1,

which comprises

25 a) reacting an optically active S-homoserine lactone
of the formula II,
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in which

5 R3 and R%2 are defined as in formula I, with

hydrogen chloride in the presence of an alcohol of the

formula R2-OH to give a compound of the formula III

10
in which

R3, R4 and RO are defined as in formula I, with
the exception that R2 cannot be H in the compounds of

formula (III) or the alcohol of formula R5—OH, and

15 b) reacting the resulting compound of formula III with a

compound of formula IV,
R' (0) n=P (OR?) ; (IV)
in which

Rl, RZ2 and n are defined as in formula I and,
20 optionally, hydrolyzing the product to give the compound of

formula I, i1n which R2 = H.

2 . The process as claimed in claim 1, wherein Rl and
RZ independently of each other are (Cq1-C4)-alkyl, (Cq1-Cy)-
haloalkyl, benzyl, 1- or Z2-phenylethyl, cyclopentyl or

295 cyclohexyl, R3 and R% are independently of each other
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hydrogen, (Cq1-Cyg)-alkyl, (Cq1-Cy4)-alkylcarbonyl, phenacetyl,
(C1-Cy4) -alkoxycarbonyl, (Cq1-Cyg)-alkylsulfonyl, benzyl,

benzyloxycarbonyl, phenoxycarbonyl, benzenesulfonyl, where

the last 4 radicals mentioned are unsubstituted 1n the
5 phenyl ring or substituted 1n the phenyl ring by radicals
selected from the group consisting of (C1-Cp)-alkoxy and

halogen,

R is H, (Cq-Cy4)-alkyl, (Cq1-C4)-haloalkyl, phenyli-
(C1-Cyq4)-alkyl, cyclopentyl or cyclohexyl and n 1is 0 or 1.

10 3. The process as claimed in claim 1 or 2, wherein 1in
process step a), the reaction is carried out at 0°C up to the

reflux temperature.

4 . The process as claimed in claim 3, wherein the

temperature is 40 to 70°C.

15 5. The process as claimed i1n any one of claims 1 to
4, wherein the alcohol R2-0OH in process step a) 1s methanol,

ethanol, n-propanol, i1-propanol or cyclohexanol.

¥ The process as claimed in any one of claims 1 to

5, wherein the reaction 1n process step b) 1s carried out 1in

20 the absence of solvent at 50 to 150°C.

7. A compound of formula III or a salt thereof,
3 4
R R
\\\IS’/;I (I1I)
; O\ S
Cl R
O

25 wherein
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R’ and R* independently of each other are hydrogen,
(C1-Cg)—alkyl, (C,—-Cg)-alkenyl, (Cy,—-Cg)—-alkynyl, where the
last three radicals mentioned are straight-chain or branched
and optilonally have one or more hetero atoms selected from

5 N, O and S i1in the chain, (C1-Cg¢)-alkylcarbonyl, aryl-(C,—-Cy) -
alkylcarbonyl, (C1-Cg)-alkoxycarbonyl, (Ci-Cg¢)—-alkylsulfonyl,

benzyl, benzyloxycarbonyl, aryloxycarbonyl or arylsulfonyl,

where the last four radicals mentioned are unsubstituted or

substituted 1n the aryl portion thereof by one or more of
10 (C1-Cy)-alkyl, (Ci1-Cy)-alkoxy, halogen, nitro, (C1—Cy4)-

alkoxycarbonyl, amino, (Ci-C4)-alkylamino, and (C1-Cy4)-

dialkylamino, and

R’ is hydrogen or (C;-C4)-alkyl, which is straight-
chain or branched and 1s unsubstituted or substituted by
15 halogen, aryl, an unsubstituted heterocycle having 3 to 7
ring atoms comprising up to 4 hetero atoms selected from O,
S and N, or (C3-C7)-cycloalkyl with the exception of

compounds of formula III wherein:

4

(a) R’ is hydrogen, R* is hydrogen and R’ is hydrogen, and

20 (b) R® or R? is t-butyloxycarbonyl and the other is hydrogen

and R’ is benzvyl.

8. A compound of the formula III or a salt thereof,
3 4
R R
e
.\\\RS H (I11)
; O\ 5
25 O

1n which

R3, R%? and R? are defined as in formula I of

claim 2, with the exception of compounds of the formula II]
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(a) in which R3 is hydrogen, R4 is hydrogen, and R? is

hydrogen, or

(b) in which one of the radicals R3 and R% is
t-butyvloxycarbonyl, the other one of the radicals R3 and R4
5 1s hydrogen, and R° is benzyl.

9. A process for the preparation of a compound of the

-

formula III as claimed in claim 7 or 8, which comprilises

reacting a compound of the formula II

10

1n which

R3 and R? are defined as in formula III in claim 7
or 8, with hydrogen chloride in the presence of an alcohol
15 of the formula R5—OH, in which R? is defined as in formula

IIT 1n claim 7 or 8, and, 1f desired, hydrolyzing the

gr—

product to give the compound of the formula III, in which

R = H.

10. The process as claimed in claim 9, wherein the

20 reaction is carried out at 0°C up to reflux temperature.

11. The process as claimed in claim 10, wherein the

temperature is 40 to 70°C.

12. The process as claimed in any one of claims 9 to
11, wherein the alcochol RO2-0H is methanol, ethanol, n-

25 propanol, i1-propanol or cyclohexanol.
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13. A process for the preparation of a compound of the
formula I or salt thereof, as defined in claim 1 or 2, which

comprises reacting a compound of the formula III,

3 4
R R
\N/

- _H (I10)

- 0\
Cl/\/ﬁ( RS

O
in which

R3, R?4 and R?® are defined as in formula I, with
the exception that R° cannot be H in the compounds of formula

(III), with a compound of the formula 1V,
R' (0) n—P (OR?) ; (IV)

in which R! and R®° are defined as in formula I, and,
optionally, hydrolyzing the product to give the compound of

the formula I, in which R> = H.

14. The process as claimed in claim 13, whereiln the

reaction is carried out at 50 to 150°C.

15. The process as claimed in claim 13 or 14, whereiln

the reaction is carried out in the absence of solvent.

16. The process as claimed in claim 15, wherein the

reaction is carried out at 110 to 140°C.

17. The process as claimed in any one of claims 13
to 16, wherein the compound obtained of the formula I 1is
hydrolyzed with 3N to 12N aqueous hydrochloric acid at 90 to
130°C to give the compound of the formula I, in which R> = H.

18. Use of a compound of formula III as claimed 1n

25 claim 7 for the preparation of an optically active compound

of the formula I or salt thereof, as defined in formula I as
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claimed in claim 1.
19. Use of a compound of formula III as claimed 1n

claim 8 for the preparation of an optically active compound

of formula I or a salt thereof as defined in formula I as

5 claimed in claim 2.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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O
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3 4
R\N/R
: ,H (I1I)
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