METHODS OF PREPARING GLUFOSINATE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure claims priorities to Chinese Patent Application No.
202211440553.X filed on November 17, 2022, and Chinese Patent Application No.
202310033931.0 filed on January 10, 2023, which are incorporated herein by

reference in their entireties.

TECHNICAL FIELD
[0002] The present disclosure relates to the field of herbicides, and specifically, to

methods of preparing glufosinate.

BACKGROUND

[0003] Glufosinate is developed and produced by Hoechst AG in Germany with a
chemical name of 4-[hydroxy(methyl)phosphono]-DL-homoalanine, which is a
glutamine synthesis inhibitor and a non-selective contact herbicide. Its mechanism of
action is to inhibit the activity of glutamine synthetase in plants, resulting in blocked
glutamine synthesis, nitrogen metabolism disorder, and ammonium ion accumulation,
thereby hindering the metabolism of the plants, and causing plants’ death.

[0004] Glufosinate has the characteristics such as wide herbicidal spectrum, high
activity, low toxicity, easy degradation in soil, safety to crops, small drift, good
environmental compatibility, and rapid herbicidal action, and can control and quickly
kill over 100 kinds of annual and perennial broad-leaved weeds and grass weeds, such
as crabgrass and ryegrass.

[0005] In glufosinate racemates, only the L-isomer has a herbicidal activity and is
easily decomposable in the soil, and thus has low toxicity to humans and animals,
which further greatly reduce environmental burdens, and also has better activities and
prevention effects against weeds with resistance than the racemates. Although
glufosinate still dominates the global market, it is inevitable for the L-isomer to enter
mainstream markets with technological innovation and progress.

[0006] The preparation of chiral pure L-glufosinate generally includes chemical and
biological methods, and the chemical methods include racemate resolution,
asymmetric synthesis and L-amino acid based total synthesis.

[0007] WO1995023805A1 discloses a method of preparing [L]- or [D]-homoalanin-4-
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yl-(methyl)phosphonic acid and its salts by the racemic resolution of D,L-homoalanin-
4-yl-(methyl)phosphonic acid, via precipitation of one of the diastereoisomeric salts
using chiral bases such as quinine or cinchonine. The usage of expensive chiral
resolution reagents and low yields make it impractical for industry application.

[0008] US5442088A discloses a method of preparing L-glufosinate hydrochloride by
using L-homoserine and its derivatives as starting material via ring-opening
chlorination, esterification, Arbuzov reaction with methyl phosphite diester, and finally
hydrolysis and purification, as shown below.
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[0009] Although the multi-step procedure is straightforward and convenient, the
Michaelis-Arbuzov reaction is generally carried out at a relatively high temperature (e.g.
130-140°C, or above) due to the low activity of chlorinated amino acid derivative.
Meanwhile, the side reaction between the by-product ethyl chloride and diethyl
methylphosphonite occurs at the reaction temperature, which further significantly
increases the consumption of diethyl methylphosphonite, and results in low ee of L-
isomer by racemization of starting material and product in situ.

[0010] CN113490671B discloses the preparation method of L-glufosinate using
halogenated homoserine esters derivatives with or without amino-protection group as
starting materials, comprising condensation and cyclization with monochloromethyl
phosphinate, and hydrolyzation, as shown below.
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[0011] Multi-step procedures such as cyclization, chlorination, esterification and
amino group protection are carried out by using L-homoserine as raw material with
obviously prolonged preparation time. In addition, the Arbuzov reaction inevitably
generates halogenated alkanes, which are Class Il carcinogens destroying
ozonosphere, especially the smaller molecular ones.

[0012] In recent years, with growing demand for glufosinate, developments and
optimizations of the synthesis routes and procedures with mild reaction conditions,
higher yield, lower cost, and simple operations are of great significance for reducing
use of herbicides and increasing their efficiency.



SUMMARY

[0013] Forthe sake of conciseness, the reference to a compound of formula (N) (e.g.,
a compound of formula (IIl)) described hereinafter may also include any optical isomer,
geometric isomer, tautomer, isomer mixture, or agriculturally acceptable salts of the
compound of formula (N).

[0014] The term "optical isomer" refers to various isomers formed by a compound
which has one or more chiral centers, with each chiral center having an R configuration
or an S configuration. The optical isomers include all diasterecisomers, enantiomers,
mesoforms, racemates, or mixtures thereof. For example, the optical isomer can be
separated via a chiral chromatographic column or chiral synthesis.

[0015] The term "geometric isomer" refers to a cis isomer, a trans isomer, an E isomer
and a Zisomer of a compound containing a double bond therein. The geometric isomer
includes a cis isomer, a trans isomer, an E isomer, a Z isomer, or a mixture thereof.

[0016] The term "tautomer"” refers to an isomer generated from rapid movement of a
specific atom in a molecule between two positions. A person skilled in the art can
understand that tautomers can transform into each other, and may coexist when an
equilibrium state is reached in a specific state.

[0017] Unless otherwise specified, the reference to a compound of formula (N) (e.g.,
a compound of formula (Ill)) described herein also includes an isotope-labeled
compound obtained by substituting any atom in the compound with its isotopic atom.
Thatis, the compound of formula (N) in the present disclosure includes all agriculturally
acceptable isotopically labeled compounds of the compound of formula (N), where one
or more atoms are substituted by an atom having the same atomic number as an atom
usually found in nature but a different atomic mass or mass quantity.

[0018] Examples of isotopes suitable for inclusion in the compound in the present
disclosure include isotopes of hydrogen, such as ?H(D) and 3H(T); isotopes of carbon,
such as "'C, 3C, and '“C; isotopes of chlorine, such as 3/Cl; isotopes of fluorine, such
as 8F; isotopes of iodine such as 23| and '?%I; isotopes of nitrogen such as '*N and
5N; isotopes of oxygen, such as %0, 70, and '80; and isotopes of sulfur such as 3°S.

[0019] The isotopically labeled compound of formula (N) can generally be prepared
by conventional techniques known to a person skilled in the art or by using a suitable
isotopically labeled reagent in place of a previously used non-labeled reagent in a
method analogous to that described in examples and preparations appended herein.

[0020] The compound of formula (N) may exist in a form of agriculturally acceptable

salts such as an acid addition salt and/or a base addition salt of the compound of

formula (N). Unless otherwise specified, the "agriculturally acceptable salt" used herein
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includes an acid addition salt or a base addition salt that may exist in the compound of
formula (N).

[0021] The agriculturally acceptable salt of the compound of formula (N) includes the
acid addition salt and base addition salt of the compound of formula (N). A suitable acid
addition salt is formed by an acid that forms a non-toxic salt. Examples of the acid
addition salt include, but are not limited to: acetate, adipate, aspartate, benzoate,
benzenesulfonate, bicarbonate/carbonate, bisulfate/sulfate, borate, camphorsulfonate,
citrate, cyclamate, edisylate, formate, fumarate, glucoheptonate, gluconate, glucuronic
acid salt, hexafluorophosphate, 2-(4-hydroxybenzyl)benzoate, hydrochloride/chloride,
hydrobromide/bromide, hydroiodide/iodide, 2-isethionate, lactate, malate, maleate,
malonate, methanesulfonate, methylsulfate, naphthalate, 2-naphthalenesulfonate,
nicotinate, nitrate, orotate, oxalate, palmitate, phosphate/hydrogen
phosphate/dihydrogen phosphate, pyroglutamate, glucarate, stearate, salicylate,
tannate, tartrate, tosylate, and trifluoroacetate. A suitable acid addition base is formed
by a base that forms a non-toxic salt. Examples of the base addition salt include, but
are not limited to, ammonium, aluminum, arginine, calcium, choline, diethylamine,
diethanolamine, glycine, lysine, magnesium, meglumine, ethanolamine, potassium,
sodium, lithium, tromethamine, and zinc salt. Half-salts of acids and bases such as
hemisulfate and hemicalcium salts may also be formed. A method of preparing the
agriculturally acceptable salt of the compound described herein is known to a person
skilled in the art.

[0022] Some compounds in the present disclosure can be present in an unsolvated
form or a solvated form (including a hydrated form). In general, the compounds of
formula (N) fall within the scope of the present disclosure regardless of whether the
compounds exist in the solvated or unsolvated form.

[0023] Some compounds in the present disclosure may exist in different crystalline
or amorphous forms, and the compounds of formula (N) fall within the scope of the
present disclosure regardless of the form of the compounds.

[0024] To avoid ambiguity, definitions of terms used herein are provided below.
Unless otherwise specified, the terms used herein have the same meanings as those
described blow.

[0025] As used in the specification of the disclosure and the appended claims, the

singular forms, e.g., “a,” “an” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0026] A term "substituted" used herein means that one or more (preferably, 1 to 5,
or more preferably, 1 to 3) hydrogen atoms in a group are independently replaced by
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a corresponding number of substituents.

[0027] A term '"independently" used herein means that when the number of
substituents is greater than one, these substituents may be the same or different.

[0028] A term "optional" or "optionally" used herein means that an event described
by the term may or may not occur. For example, a group "optionally substituted" means
that the group may be unsubstituted or substituted.

[0029] A term "heteroatom" used herein represents oxygen (O), nitrogen (N), or
S(O)m (where m may be 0, 1, or 2, namely, a sulfur atom S, a sulfoxide group SO, or a
sulfonyl group S(O)2).

[0030] A term "alkyl group" used herein refers to saturated aliphatic hydrocarbon,
including straight and branched chains. In some embodiments, an alkyl group has, for
example, 1-6 or 1-3 carbon atoms. For example, the term "C1-Cs alkyl group" refers to
a straight or branched chain radical having 1 to 6 carbon atoms. A definition of the term
"C1-Cs alkyl group" includes terms "C1-Cs alkyl group”, "C1-Cs alkyl group”, and "C1-C4
alkyl group". Examples of the alkyl group include, but are not limited to, a methyl group,
an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a 2-pentyl group, a 3-pentyl group,
an isopentyl group, a neopentyl group, an (R)-2-methylbutyl group, an (S)-2-
methylbutyl group, a 3-methylbutyl group, a 2,3-dimethylpropyl group, a 2,3-
dimethylbutyl group, a hexyl group, and the like.

[0031] Aterm "Cs-Cs cycloalkyl group" used herein refers to a cycloalkyl group having
3 to 6 ring-forming carbon atoms. For example, the C3-Cs cycloalkyl group includes a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, or a cyclohexyl group.

[0032] Aterm "n-membered heterocycloalkyl group" used herein refers to a cycloalkyl
group having m ring-forming carbon atoms and (n-m) ring-forming heteroatoms, where
the heteroatom is at least one selected from N, O, and S. For example, three-
membered to six-membered heterocycloalkyl groups include, but are not limited to,
oxetane, thietane, azetidine, tetrahydrofuran, tetrahydrothiophene, pyrrolidine,
tetrahydropyran, tetrahydrothiopyran, piperidine, morpholine, and piperazine.

[0033] A term "Ces-C10 aryl group" used herein refers to an aryl group having an
aromatic ring including 6-10 carbon atoms, or preferably, a phenyl group.

[0034] A term "n-membered heteroaryl group" used herein refers to a heteroaryl
group having m carbon atoms forming an aromatic ring and (n-m) heteroatoms forming
an aromatic ring, where the heteroatom is at least one selected from N, O, and S. For
example, five-membered to ten-membered heteroaryl groups include, but are not

limited to, pyrazine, pyrazole, pyrrole, furan, thiophene, thiazole, and pyridine.
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[0035] A term "haloalkyl group" used herein refers to an alkyl group having one or
more halogen substituents (at most a perhaloalkyl group, that is, each hydrogen atom
of the alkyl group is substituted by a halogen atom). For example, a term "C1-Cs
haloalkyl group" refers to a C1-Cs alkyl group having one or more halogen substituents
(at most a perhaloalkyl group, that is, each hydrogen atom of the alkyl group is
substituted by a halogen atom). For another example, a term "C+ haloalkyl group"
refers to a methyl group having 1, 2, or 3 halogen substituents. Examples of the
haloalkyl group include CFs, C2oFs, CHF2, CH2F, CH2CF3, CH2Cl, and the like.

[0036] Herein, number ranges related to the number of substituents, the number of
carbon atoms, and the number of ring atoms represent enumerations of all integers
within the range, and the range is only used as a simplified representation. For example,
"1-4 substituents" represent 1, 2, 3, or 4 substituents; and "3-8 carbon atoms"
represent 3, 4, 5, 6, 7, or 8 carbon atoms. Therefore, the number ranges related to the
number of substituents, the number of carbon atoms, and the number of ring atoms
also cover any one of its sub-ranges, and each sub-range is also construed as being
disclosed herein.

[0037] According to a first aspect, the present disclosure provides a method of
preparing glufosinate represented by formula (1) or its salt or enantiomer, or a mixture
of its enantiomers in any ratio, comprising:

0 0
11
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(1)

hydrolyzing a compound of formula (lll) to generate a compound of formula (l);

X1
N +
,N7P\N Y
R2 H

where:

X'is halogen;

Y is -OR3 or -N(R*)(R%);

R" and R? are each independently selected from hydrogen, a C1-Cs alkyl group, a
C2-Ce alkenyl group, a C2-Cs alkynyl group, a Cs3-Ce cycloalkyl group, a three-
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membered to six-membered heterocycloalkyl group, a Cs-C10 aryl group, or a five-
membered to ten-membered heteroaryl group, or R' and R? form a three-membered
to six-membered heterocycloalkyl group together with the N atom to which they are
attached, where the C1-Cs alkyl group, the C2-Cs alkenyl group, the C2-Cs alkynyl group,
the Cs3-Cs cycloalkyl group, the three-membered to six-membered heterocycloalkyl
group, the Ces-C10 aryl group, or the five-membered to ten-membered heteroaryl group
is optionally substituted by halogen, a carboxyl group, a hydroxyl group, a cyano group,
an amino group, a nitro group, a C1-Cs alkyl group, a C1-Cs haloalkyl group, a C1-C3
alkoxy group, a C3-Cs cycloalkyl group, or a Cs-C10 aryl group;

R3, R* and R® are each independently selected from hydrogen, a C1-Ce alkyl
group, a C2-Cs alkenyl group, a C2-Cs alkynyl group, a C3-Ces cycloalkyl group, a three-
membered to six-membered heterocycloalkyl group, a Cs-C10 aryl group, or a five-
membered to ten-membered heteroaryl group, or R* and R® form a three-membered
to six-membered heterocycloalkyl group together with the N atom to which they are
attached, where the C1-Cs alkyl group, the C2-Cs alkenyl group, the C2-Cs alkynyl group,
the Cs3-Cs cycloalkyl group, the three-membered to six-membered heterocycloalkyl
group, the Ces-C10 aryl group, or the five-membered to ten-membered heteroaryl group
is optionally substituted by halogen, a carboxyl group, a hydroxyl group, a cyano group,
an amino group, a nitro group, a C1-Cs alkyl group, a C1-Cs haloalkyl group, a C1-Cs3
alkoxy group, a C3-Cs cycloalkyl group, or a Cs-C10 aryl group; and

* denotes a chiral carbon atom.

[0038] According to the present disclosure, the compound of formula (I) may be
present in a form of a single enantiomer. For example, in an embodiment of the present
disclosure, the compound of formula () may be pure L-glufosinate or D-glufosinate. In
addition, the compound of formula (I) may also be present in a form of the mixture of
its enantiomers, and each of the enantiomers may be present in any ratio in the mixture
of enantiomers. For example, in an embodiment of the present disclosure, the mixture
of enantiomers in any ratio of the compound of formula (I) includes L-glufosinate and
D-glufosinate in a ratio of 0.1:99.9 to 99.9:0.1. However, because only L-glufosinate is
active, the L-enantiomer of the compound of formula (1) in the present disclosure may
be preferably present in a greater ratio in the mixture of enantiomers. For example, in
an embodiment, the mixture of enantiomers in any ratio of the compound of formula (l)
includes L-glufosinate and D-glufosinate in a ratio of 50: 50 to 99.9: 0.1 (for example,
60: 40, 70: 30, 80: 20, 90: 10, 95: 5, or 99: 1).

[0039] In the preparation method in the first aspect of the present disclosure, the
compound of formula (lll) can be hydrolyzed directly in a neutral condition, that is, a

hydrolysis reaction can be performed directly in presence of water. In addition, the
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hydrolysis can also preferably be performed in presence of an acid or an alkali. More
specifically, the acids may be at least one selected from hydrochloric acid, sulfuric acid,
hydrobromic acid, hydroiodic acid, phosphoric acid, nitric acid, formic acid, and acetic
acid, and is preferably hydrochloric acid or sulfuric acid; and the alkali can be selected
from hydroxide, carbonate, bicarbonate, or basic carbonate of alkali metal or alkaline
earth metal, ammonia, organic alkali, or organic amine, and is preferably sodium
hydroxide or triethylamine. In addition, in an embodiment of the present disclosure, the
hydrolysis can be performed, for example, at a temperature of 30°C to 140°C (for
example, 40°C, 50°C, 60°C, 70°C, 80°C, 90°C, 100°C, 110°C, 120°C, or 130°C) or
preferably 70°C to 110°C.

[0040] As a preferable solution of the compound of formula (Ill), R', R?, R3, R*, and
R® may be each independently selected from hydrogen, a C1-Cs alkyl group, or a Cs-
Ce cycloalkyl group, and is preferably hydrogen, a methyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl group, a tert-butyl group, a
pentyl group, a hexyl group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, or a cyclohexyl group. In addition, in a preferable embodiment, when used
herein, halogen may be selected from fluorine, chlorine, or bromine; the C1-Cs alkyl
group may be selected from a methyl group, an ethyl group, a propyl group, or an
isopropyl group; the C2-Cs alkenyl group may be selected from a vinyl group, a
propenyl group, a 1-butenyl group, a 2-butenyl group, or an isobutenyl group; the C2-
Cs alkynyl group may be selected from an ethynyl group, a propynyl group, a 1-butynyl
group, or 2-butynyl group; the Cs3-Ce cycloalkyl group may be selected from a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, or a cyclohexyl group; the
three-membered to six-membered heterocycloalkyl group may be selected from a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, or a cyclohexyl group
including at least one heteroatom of N, O, or S; the Cs-C10 aryl group may be selected
from a phenyl group or a naphthyl group; and/or the five-membered to ten-membered
heteroaryl group may be selected from a pyrazinyl group, a pyrazolyl group, a pyrrolyl
group, a furyl group, a thienyl group, a thiazolyl group, or a pyridyl group.

[0041] As an alternative solution to the compound of formula (Ill), R', R?, R3, R4, and
R® may be each independently selected from -Si(R®)(R”)(R?8), and R®, R”, and R® are
each independently selected from hydrogen, a C1-Cs alkyl group, a C2-Ce alkenyl group,
a C2-Ce alkynyl group, a C3-Ce cycloalkyl group, a three-membered to six-membered
heterocycloalkyl group, a Ce-C10 aryl group, or a five-membered to ten-membered
heteroaryl group, where the C1-Ce alkyl group, the C2-Cs alkenyl group, the C2-Cs
alkynyl group, the Cs3-Ce cycloalkyl group, the three-membered to six-membered
heterocycloalkyl group, the Ces-C10 aryl group, or the five-membered to ten-membered
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heteroaryl group is optionally substituted by halogen, a carboxyl group, a hydroxyl
group, a cyano group, an amino group, a nitro group, a C1-Cs alkyl group, a C+-Cs3
haloalkyl group, a C1-Cs alkoxy group, a C3-Cs cycloalkyl group, or a Ce-C1o aryl group.

[0042] Further, the preparation method in the first aspect of the present disclosure
may further include a step of preparing the compound of formula (l11).

[0043] In an embodiment of the present disclosure, the compound of formula (Il1) is
prepared by subjecting a compound of formula (ll)

1 *

NH,

(1)
to a reaction with any one of the following compounds or mixtures: a compound of
formula (IV); a compound of formula (V); a compound of formula (IV) and a compound
of formula (V); a compound of formula (IV) and a compound of formula (VII); a
compound of formula (V) and a compound of formula (VII); or a compound of formula
(IV), a compound of formula (V), and a compound of formula (VII);

|
R! P_ _R® |

RlN/P\ 2 VPN
| . | “F~y2
R2 RZ R0 S
(IV) (V) (VII)

where:
X2 is halogen;
R', R2, X1, Y, and * are as defined above; and

R® and R'% are each independently selected from hydrogen, a C1-Cs alkyl group,
a C2-Cs alkenyl group, a C2-Cs alkynyl group, a Cs3-Ce cycloalkyl group, a three-
membered to six-membered heterocycloalkyl group, a Ces-C10 aryl group, or a five-
membered to ten-membered heteroaryl group, or R® and R'? form a three-membered
to six-membered heterocycloalkyl group together with the N atom to which they are
attached, where the C1-Cs alkyl group, the C2-Cs alkenyl group, the C2-Cs alkynyl group,
the Cs3-Ce cycloalkyl group, the three-membered to six-membered heterocycloalkyl
group, the Ces-C10 aryl group, or the five-membered to ten-membered heteroaryl group
is optionally substituted by halogen, a carboxyl group, a hydroxyl group, a cyano group,
an amino group, a nitro group, a C1-Cs alkyl group, a C1-Cs haloalkyl group, a C1-C3
alkoxy group, a C3-Cs cycloalkyl group, or a Ce-C10 aryl group.
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[0044] In the step of preparing the compound of formula (1) described above, the
compound of formula (IV), the compound of formula (V), and/or the compound of
formula (VIl) used can be added to a reaction system as initial reactants, or can also
be obtained by in situ reaction of another compound. For example, the compound of
formula (IV) can be obtained by the in-situ reaction of the compound of formula (VII)
and the compound NHR'R? of formula (VIII), or obtained by the in-situ reaction of the
compound of formula (V) and the compound of formula (VIl); and the compound of
formula (V) (herein, R® and R0 can correspond to R' and R?, respectively) can be
obtained by the in-situ reaction of the compound of formula (VII) and the compound of
formula (VIII). As an alternative solution for preparing the compound of formula (lll),
the compound of formula (lll) can also be obtained by subjecting the compound of
formula (ll) to a reaction with the compound of formula (VIl) and the compound of
formula (VIII). Further, in the foregoing various steps for preparing the compound of
formula (Il1), there is no limitation on a feeding order of various raw materials, that is,
the various raw materials can be fed into the reaction system in any order.

[0045] According to the present disclosure, the foregoing steps for preparing the
compound of formula (l1l) can preferably be performed in presence of a deacid reagent.
Specifically, the deacid reagent may be selected from NR''R'?R'3, where R"', R'?, and
R'S are each independently selected from hydrogen, a C1-Cs alkyl group, a C2-Cs
alkenyl group, a C2-Cs alkynyl group, a Cs-Cs cycloalkyl group, a three-membered to
six-membered heterocycloalkyl group, a Ce-C10 aryl group, or a five-membered to ten-
membered heteroaryl group, or any two of R", R'?, and R'3 form a three-membered
to six-membered heterocycloalkyl group together with the N atom to which they are
attached, where the C1-Cs alkyl group, the C2-Cs alkenyl group, the C2-Cs alkynyl group,
the Cs3-Cs cycloalkyl group, the three-membered to six-membered heterocycloalkyl
group, the Ces-C10 aryl group, or the five-membered to ten-membered heteroaryl group
is optionally substituted by halogen, a carboxyl group, a hydroxyl group, a cyano group,
an amino group, a nitro group, a C1-Cs alkyl group, a C1-Cs haloalkyl group, a C1-Cs
alkoxy group, a C3-Ces cycloalkyl group, or a Cs-C10 aryl group.

[0046] In addition, since the compound NHR'R? of the formula (VIII) conforms to a
general formula of the foregoing deacid reagent, that is, the compound NHR'R? meets
a requirement for acting as the deacid reagent, an excess of the compound of the
formula (VIIl) can be added as a deacid reagent that is preferably present in the
reaction. In a preferred embodiment of the present disclosure, the deacid reagent may
be at least one selected from excesses of the compound of formula (VIII), ammonia,
triethylamine, morpholine, and piperidine.

[0047] Further, the foregoing step for preparing the compound of formula (l1l) can be
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performed in absence of a solvent or in presence of an organic solvent. In an
embodiment of the present disclosure, the organic solvent is selected from aromatic
hydrocarbon solvents (for example, benzene, xylene, trimethylbenzene, ethylbenzene,
diethylbenzene, cumene, diisopropylbenzene, halogenated benzene, or
dihalobenzene), alkane solvents (for example, n-hexane, cyclohexane, n-heptane,
methylcyclohexane, or ethylcyclohexane), halogenated hydrocarbon solvents (for
example, dichloromethane, dichloroethane, chloroform, or carbon tetrachloride), ether
solvents (for example, tetrahydrofuran, methyl tetrahydrofuran, methyl tert-butyl ether,
diisopropyl ether, methyl cyclopentyl ether, ethylene glycol dimethyl ether, dioxygen
hexacyclic, or diglyme), ester solvents (for example, ethyl acetate, isopropyl acetate,
or butyl acetate), amide solvents (for example, N,N-dimethylformamide, N,N-
dimethylacetamide, hexamethylphosphoric triamide, N-methylpyrrolidone, or 1,3-
dimethyl-2-imidazolinone), = or  sulfur-containing  solvents  (for  example,
dimethylsulfoxide or sulfolane). Preferably, the organic solvent is at least of selected
from toluene and chlorobenzene.

[0048] Consumption of each reactant and reaction conditions in the foregoing step
for preparing the compound of formula (lIl) can be adjusted based on an actual need
and knowledge of a person skilled in the art. In an embodiment of the present
disclosure, a molar ratio among the compound of formula (ll), total usage of the
compounds of formulas (1V), (V) and (VIl), and the deacid reagent may be 1: (0.9-5):
(0.9-5), or preferably 1: (1.05-1.5): (1.05-1.5). In another embodiment of the present
disclosure, the reaction may be performed at a temperature of -20°C to 10°C (for
example, -10°C, -5°C, 0°C, or 5°C) for 1 to 15 hours (for example, 2h, 4h, 6h, or 12h),
and then at 10°C to 120°C (for example, 20°C, 40°C, 60°C, 80°C, or 100°C) for 0.5 to
24 hours (for example, 1h, 2h, 4h, 6h, 12h, or 18h).

[0049] As an alternative solution for preparing the compound of formula (1), the
compound of formula (lll) may be further prepared in a method including steps of:

a) subjecting a compound of formula (ll) to a reaction with any one of the following
compounds or mixtures: a compound of formula (IV); a compound of formula (V); a
compound of formula (IV) and a compound of formula (V); a compound of formula (1V)
and a compound of formula (VII); a compound of formula (V) and a compound of
formula (VII); or a compound of formula (IV), a compound of formula (V), and a
compound of formula (VII);
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and,

b) preparing the compound of formula (lIl) via a reaction with the compound of
formula (VI);

where X', X2, Y, R', R2, R?, R0, and * are as defined above.

[0050] In the alternative solution, a reaction raw material is basically the same as that
in the foregoing solution except that it is clarified that the compound of formula (VI)
obtained is used as an intermediate for a subsequent reaction. Therefore, for selection
of the reaction raw material, the reaction system, reaction conditions, and the like in
the alternative solution, refer to the foregoing solution for preparing the compound of
formula (lIl). Details are not described herein again to avoid unnecessary redundancy.
Taking the reaction condition as an example for description, the reaction in step a) may
be performed at a temperature of -20°C to 10°C for 1 to 15 hours; and the reaction in
step b) is performed at a temperature of 10°C to 120°C for 0.5 to 24 hours.

[0051] According to a second aspect, the present disclosure provides a method of
preparing glufosinate represented by formula (1) or its salt or enantiomer, or a mixture
of its enantiomers in any ratio, including steps of:

0 (@)

I
/E’WH%H

OH NH,

(1)

in absence of a solvent or in presence of an organic solvent, subjecting a compound
of formula (II)
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(1)
to a reaction with any one of the following compounds or mixtures: a compound of
formula (IV), a compound of formula (V), a compound of formula (IV) and a compound
of formula (V), a compound of formula (IV) and a compound of formula (VII), a
compound of formula (V) and a compound of formula (VII), or a compound of formula
(IV), a compound of formula (V) and a compound of formula (VIl), to obtain an
intermediate;

NTXE Ny Py
R? RZ R0 o
(V) (V) (Vi)

and hydrolyzing the intermediate under an acidic, neutral, or alkaline condition, to
obtain a compound of formula (1);

where X', X2, Y, R', R2, R?, R'9, and * are as defined above.

[0052] For the organic solvent, the hydrolysis condition, and the like in the
preparation method in the second aspect of the present disclosure, refer to the first
aspect of the present disclosure. Details are not described herein again to avoid
unnecessary redundancy.

[0053] According to a third aspect, the present disclosure provides a compound of
formula (lIl) or its salt or enantiomer, or a mixture of its enantiomers in any ratio;

X1~
N +
,N7P\N Y
R2 H

(I
where X', Y, R', R, and * are as defined above.

[0054] Preferably, the compound of formula (lll) can be prepared with reference to
the first aspect of the present disclosure.

[0055] According to a fourth aspect, the present disclosure provides a method of
preparing a compound of formula (lll) or its salt or enantiomer, or a mixture of its

enantiomers in any ratio, including a step of:
13-



(1)
to a reaction with any one of the following compounds or mixtures: a compound of
formula (IV); a compound of formula (V); a compound of formula (V) and a compound
of formula (V); a compound of formula (IV) and a compound of formula (VII); a
compound of formula (V) and a compound of formula (VII); or a compound of formula
(IV), a compound of formula (V), and a compound of formula (VII);

|
R _P_ _RY |

| 5 N I\|l X2/P\X2
R R?2 R
(IV) (V) (VII)

where X', X2, Y, R, R?, R?, R'°, and * are as defined above.

[0056] According to a fifth aspect, the present disclosure provides a method of
preparing a compound of formula (lll) or its salt or enantiomer, or a mixture of its
enantiomers in any ratio,

X1~
N +
,N7P\N Y
R2 H

(1

and the method includes preparing the compound of formula (l1l) from a reaction with
the compound of formula (VI),
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X1J\?J\Y
\FI),NH
r1-N-Re2
(V1)
where X', Y, R', R2, and * are as defined above.

[0057] According to a sixth aspect, the present disclosure provides a compound of
formula (V1) or its salt or enantiomer, or a mixture of its enantiomers in any ratio;

1 *
\FI,,NH
RN R2
(V1)
where X', Y, R', R2, and * are as defined above.

[0058] Preferably, the compound of formula (VI) can be prepared with reference to
the first aspect of the present disclosure.

[0059] According to a seventh aspect, the present disclosure provides a method of
preparing a compound of formula (VI) or its salt or enantiomer, or a mixture of its

X! *
\/\HLY
_NH
~p

enantiomers in any ratio,

|
RN R2
(V1)
and the method includes subjecting a compound of formula (I)
1 ®
NH,
(1)
to a reaction with any one of the following compounds or mixtures: a compound of

formula (IV); a compound of formula (V); a compound of formula (IV) and a compound
of formula (V); a compound of formula (IV) and a compound of formula (VIl); a
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compound of formula (V) and a compound of formula (VIl); or a compound of formula
(IV), a compound of formula (V), and a compound of formula (VII);

|
R P_ _RY |

RlN/P\Xz N !
[} \ e ~ 2
R? RZ R XX
(V) (V) (VII)

where X', X2 Y, R, R2, R%, R'°, and * are as defined above.

[0060] According to an eighth aspect, the present disclosure provides a method of
preparing a compound of formula (VI) or its salt or enantiomer, or a mixture of its

X! *
\/\HLY
_NH
P

enantiomers in any ratio,

|
RN R2
(V1)

and the method includes subjecting a compound of formula (Il) to a reaction with a
compound of formula (VII) and a compound of formula (VIII);

ZT

X2 R!” "R?
(Vi) (V)

where X', X2, Y, R, R?, and * are as defined above.

[0061] According to a ninth aspect, the present disclosure provides a composition
including a compound of formula (IV) and a compound of formula (V); a compound of
formula (IV) and a compound of formula (VIl); or a compound of formula (IV), a
compound of formula (V), and a compound of formula (VII);

|

|
R' _P. R" _P_ _R® |
~ P 2 ~ 3 N -
R R2 R10
(V) (V) (Vi)
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where X2, R', R2, R%, R0, and * are as defined above.

[0062] According to a tenth aspect, the present disclosure provides use of the
composition in the ninth aspect in preparation of glufosinate represented by formula (I)
or its salt or enantiomer, or a mixture of its enantiomers in any ratio:

e) O

11
//e\\//\\?/M\T)H
OH NH,

(1

[0063] Aperson skilled in the art can understand that a definition and a preferred item
described in one aspect of the present disclosure are also applicable to other aspects.
A person skilled in the art can understand that the embodiments of various aspects of
the present disclosure can be combined in various manners without departing from the
subject and concept of the present disclosure, and these combinations also fall within
the scope of the present disclosure.

[0064] Compared with the prior art, the present disclosure at least has advantageous
effects in that:

[0065] 1. Due to the distinctive reaction mechanism, the halogenated hydrocarbon
by-product in the Michaelis-Arbuzov reaction can be avoided. The halogenated
hydrocarbon by-product is usually ethyl chloride and methyl chloride, both of which are
Class lll carcinogens and have a destructive effect on ozone in the aerosphere.
Accordingly, the equipment and engineering investments required for the separation,
purification, and collection of the foregoing by-products are eliminated, and the
potential environmental and safety hazards brought by the foregoing by-products are
also avoided.

[0066] 2. The reaction is milder than the Michaelis-Arbuzov reaction, and reaction
temperature can be reduced by 30°C to 80°C compared with that in the Michaelis-
Arbuzov reaction, and by virtue of this, racemization of the L configuration at high
temperature can also be reduced when L-glufosinate is prepared, thereby improving
purity of the L configuration product.

[0067] 3. The source of the raw material is simplified, and methyldichlorophosphine
is directly used as the raw material without using methyl phosphite diester as the
intermediate, which reduces the cost of the raw material.
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DETAILED DESCRIPTION

[0068] The present disclosure is further described below with reference to examples,
but these examples are not intended to limit the scope of the present disclosure. Unless
otherwise stated, all reactants used in the examples are commercially available; and
instruments and devices used in synthesis experiments and product analyses and
detection are all conventional instruments and devices commonly used in organic
syntheses.

[0069] Example 1: Synthesis of L-glufosinate hydrochloride (I-1)

0 0

o cl o) o)
OFt HN.__- g — OH
N +p-NH__ OH
NH, . 20l NH,eHCI
SN~ NEL,

-1 VI-1 -1 I-1

[0070] (1) Synthesis of compound (IV-1)

_p/CI + H —_ CI\
\bl ~ N~ P—N
V-1

[0071] Diethylamine (26.28g, 0.359mol, 2.1eq.) was added into 100g of toluene, the
mixture was cooled to -5°C to 5°C in a nitrogen atmosphere, and
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was then added dropwise with the
temperature of the mixture maintained at -5°C to 5°C. After the addition was completed,
compound (IV-1) was obtained and directly used for the next reaction after 0.5 hour of
reaction at a constant temperature.

[0072] m/z (ESI) 154.08 ([M+1]*, 100%); 3'P NMR (33 MHz) &: 144.57.
[0073] (2) Synthesis of compound (VI-1)

[0074] In a nitrogen atmosphere, the compound (lI-1) (26.92g, 0.163mol, 0.95eq.)
and diethylamine (11.89g, 0.163mol, 0.95eq.) was added successively into 50g of
toluene. After stirring evenly, the above compound (IV-1) was added dropwise under
ice bath cooling. The inner temperature of the reaction solution was controlled at 5 to
10°C, and the reaction was held for 2 hours after the dropwise addition was completed.
Nitrogen pressure filtration was performed, and the filter cake was washed twice with
toluene. The combined filtrate was the solution of compound (VI-1), which can be
directly used for the next reaction.

[0075] miz (ESI) 283.11 ((M+1]*, 100%).
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[0076] (3) Synthesis of compound (lII-1)

[0077] In a nitrogen atmosphere, the above compound (VI-1) solution was slowly
heated to 80 to 85°C for 10 hours to obtain a solution of compound (ll1-1), which can
be directly used for the next reaction.

[0078] m/z (ESI) 247.18 ([M-CI]*, 100%); 3'P NMR (33 MHz) &: 71.40.
[0079] (4) Synthesis of compound (I-1)

[0080] Added 150g of 30% hydrochloric acid into the above compound (ll1-1) solution
and heated it to 95 to 105°C for reaction. After the reaction was completed, the resulting
mixture was distilled under reduced pressure, and then 150g of absolute ethanol was
added, the mixture was briefly boiled and cooled to crystallize, filtered and dried to
obtain a white crystal, namely, 30.1g of the target product (I-1), yield: 83.5%, assay:
98.1%, and 97.3% ee value.

[0081] miz (ESI) 182.07 ([M+1]*, 100%);
[0082] 3'P NMR (243 MHz, D20) &: 53.67;

[0083] "H NMR (600 MHz, D20) &: 4.10 (t, J = 6.1 Hz, 1H), 2.25 — 2.05 (m, 2H), 1.99
—1.75 (m, 2H), 1.47 (d, J = 14.1 Hz, 3H);

[0084] 13C NMR (151 MHz, D20) &: 171.29, 52.96 (d, J = 16.6 Hz), 25.25 (d, J = 93.0
Hz), 22.72 (d, J = 2.6 Hz), 13.61 (d, J = 92.5 Hz).

[0085]
[0086] Example 2: Synthesis of L-glufosinate hydrochloride (I-1)

0 0

O cl (0] (0]
o V-2 OEt OEt P
OFt HN.__ g — OH
P +p-NH__ OH
NH, . Zh el NH,+HCI
N NMez
PN
II-1 VI-2 -2 I-1

[0087] (1) Synthesis of compound (IV-2)

#QI . H . cl
— N P—N
\

V-2

[0088] Slowly added dimethylamine (16.20g, 0.360mol, 2.1eq.) into 100g of pre
cooled toluene to -5°C to 5°C in a nitrogen atmosphere, and then
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was added dropwise with the
temperature of the mixture maintained at -5°C to 5°C. After the dropwise addition was
completed, compound (IV-2) was obtained and directly used for the next reaction after
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0.5 hour of reaction at a constant temperature.
[0089] m/z (ESI) 126.04 ([M+1]*, 100%); 3'P NMR (33 MHz) &: 150.61.
[0090] (2) Synthesis of compound (VI-2)

[0091] In a nitrogen atmosphere, the compound (II-1) (27.20g, 0.164mol, 0.96eq.)
was added into 50g of toluene. Dimethylamine (7.41g, 0.164mol, 0.96eq.) was slowly
added under ice bath cooling, and the inner temperature of the reaction solution was
controlled at 5°C to 10°C, then the above compound (IV-2) solution was added
dropwise. The reaction was held for 2 hours after the dropwise addition was completed.
Nitrogen pressure filtration was performed, and the filter cake was washed twice with
toluene. The combined filtrate was the solution of compound (VI-2), which can be
directly used for the next reaction.

[0092] m/z (ESI) 255.12 ([M+1]*, 100%).
[0093] (3) Synthesis of compound (l11-2)
[0094] In a nitrogen atmosphere, the above compound (VI-2) solution was slowly

heated to 80°C to 85°C for 7 hours to obtain a solution of compound (111-2), which can
be directly used for the next reaction.

[0095] m/z (ESI) 219.14 ([M-CI]*, 100%); 3'P NMR (33 MHz) &: 78.20.
[0096] (4) Synthesis of compound (I-1)

[0097] Added 150g of 30% hydrochloric acid into the above compound (l11-2) solution
and heated it to 95°C to 105°C for reaction. After the reaction was completed, the
resulting mixture was distilled under reduced pressure, and then 150g of absolute
ethanol was added, the mixture was briefly boiled and cooled to crystallize, filtered and
dried to obtain a white crystal, namely, 28.7g of the target product (I-1), yield: 78.5%,
assay: 97.6%, and 95.3% ee value.

[0098]
[0099] Example 3: Synthesis of L-glufosinate hydrochloride (I-1)

0 o)
o cl o) o)
cl V-1 OEt OEt P
OEt — > — — OH
AN~ +p-NH__ OH
NH,eHCI . AN el NH,*HCl
~ N~ NEt
11-2 VI-1 I11-1 I-1

[00100] (1) Synthesis of compound (V-1)
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o SN SN N~
|

V-1

[00101] Diethylamine (51.30g, 0.701mol, 4.1eq.) was added into 1509 of toluene, the
mixture was cooled to -5°C to &°C in a nitrogen atmosphere, and
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was then added dropwise with the
temperature of the mixture maintained at -5°C to 5°C. After the dropwise addition was
completed, compound (V-1) was obtained and directly used for the next reaction after
0.5 hour of reaction at a constant temperature.

[00102] m/z (ESI) 191.17 ([M+1]*, 100%); 3'"P NMR (33 MHz) &: 79.29.
[00103] (2) Synthesis of compound (VI-1)

[00104] In a nitrogen atmosphere, the compound (lI-2) (32.84g, 0.163mol, 0.95eq.)
was added into 50g of toluene, and the above compound (V-1) was added dropwise
under ice bath cooling. The inner temperature of the reaction solution was controlled
at 5°C to 10°C. The reaction was held for 2 hours after the dripping was completed.
Nitrogen pressure filtration was performed, and the filter cake was washed twice with
toluene. The combined filtrate was the solution of compound (VI-1), which can be
directly used for the next reaction.

[00105] m/z (ESI) 283.13 ([M+1]*, 100%).
[00106] (3) Synthesis of compound (llI-1)

[00107] In a nitrogen atmosphere, the above compound (VI-1) solution was slowly
heated to 80 to 85°C for 10 hours to obtain a solution of compound (llI-1), which can
be directly used for the next reaction.

[00108] m/z (ESI) 247.17 ([M-CI]*, 100%); 3'P NMR (33 MHz) &: 71.10.
[00109] (4) Synthesis of compound (I-1)

[00110] Added 1509 of 30% hydrochloric acid into the above compound (l1I-1) solution
and heated it to 95°C to 105°C for reaction. After the reaction was completed, the
resulting mixture was distilled under reduced pressure, and then 150g of absolute
ethanol was added, the mixture was briefly boiled and cooled to crystallize, filtered and
dried to obtain a white crystal, namely, 26.7g of the target product (I-1), yield: 73.5%,
assay: 97.5%, and 97.5% ee value.

[00111]
[00112] Example 4: Synthesis of L-glufosinate hydrochloride (I-1)
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0 0

(@] cl (0]
cl V-2 OEt OEt P
OEt HN. - Sp-NH _ /(I)H OH
NH,+HCI e Nl NHy*HCI
N NM62
PN
II-2 VI-2 -2 I-1

[00113] (1) Synthesis of compound (V-2)

Cl | |
J— / + H —_— N N
P\ /N\ R "IN
Cl |
V-2

[00114] Slowly added dimethylamine (31.63g, 0.701mol, 4.1eq.) into 150g of toluene
while lowering the temperature to -5°C to 5°C under nitrogen protection.
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was added dropwise while
maintaining the system temperature at -5°C to 5°C. After the dropwise addition was
completed, compound (V-2) was obtained and directly used for the next reaction after
0.5 hour of reaction at a constant temperature.

[00115] m/z (ESI) 135.09 ([M+1]*, 100%); 3'"P NMR (33 MHz) &: 87.63.
[00116] (2) Synthesis of compound (VI-2)

[00117] In a nitrogen atmosphere, the compound (lI-2) (32.84g, 0.163mol, 0.95eq.)
was added into 50g of toluene, and the above compound (V-2) was added dropwise
under ice bath cooling. The inner temperature of the reaction solution was controlled
at 5°C to 10°C. The reaction was held for 2 hours after the dropwise addition was
completed. Nitrogen pressure filtration was performed, and the filter cake was washed
twice with toluene. The combined filtrate was the solution of compound (VI-2), which
can be directly used for the next reaction.

[00118] m/z (ESI) 255.11 ([M+1]*, 100%).
[00119] (3) Synthesis of compound (l11-2)

[00120] In a nitrogen atmosphere, the above compound (VI-2) solution was slowly
heated to 80°C to 85°C for 8 hours to obtain a solution of compound (111-2), which can
be directly used for the next reaction.

[00121] m/z (ESI) 219.12 ([M-CI]*, 100%); 3'"P NMR (33 MHz) &: 77.90.
[00122] (4) Synthesis of compound (I-1)

[00123] Added 150g of 30% hydrochloric acid into the above compound (l11-2) solution
and heated it to 95°C to 105°C for reaction. After the reaction was completed, the
resulting mixture was distilled under reduced pressure, and then 150g of absolute
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ethanol was added, the mixture was briefly boiled and cooled to crystallize, filtered and
dried to obtain a white crystal, namely, 25.9g of the target product (I-1), yield: 70.5%,
assay: 96.2%, and 97.3% ee value.

[00124]
[00125] Example 5: Synthesis of DL-glufosinate hydrochloride (I-2)

0
o) 0
Moa v \/\)k MOEt . /II:L\/\AOH
HN. A !
P R NHCF OH NH*HClI
\/N\/ NEt2
II-3 VI-3 -3 -2
[00126] (1) Synthesis of compound (IV-1)
—P/CI + N — - N
ol g /N

V-1

[00127] Diethylamine (27.53g, 0.376mol, 2.2eq.) was added into 100g of toluene, the
mixture was cooled to -5°C to 5°C in a nitrogen atmosphere, and
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was then added dropwise with the
temperature of the mixture maintained at -5°C to 5°C. After the addition was completed,
compound (IV-1) was obtained and directly used for the next reaction after 0.5 hour of
reaction at a constant temperature.

[00128] (2) Synthesis of compound (VI-3)

[00129] In a nitrogen atmosphere, the compound (lI-3) (27.77g, 0.168mol, 0.98eq.)
and diethylamine (12.26g, 0.168mol, 0.98eq.) was added successively into 50g of
toluene. After stirring evenly, the above compound (IV-1) was added dropwise under
ice bath cooling. The inner temperature of the reaction solution was controlled at 5°C
to 10°C, and the reaction was held for 2 hours after the addition was completed.
Nitrogen pressure filtration was performed, and the filter cake was washed twice with
toluene. The combined filtrate was the solution of compound (VI-3), which can be
directly used for the next reaction.

[00130] (3) Synthesis of compound (l11-3)

[00131] In a nitrogen atmosphere, the above compound (VI-3) solution was slowly
heated to 80°C to 85°C for 10 hours to obtain a solution of compound (111-3), which can
be directly used for the next reaction.

[00132] (4) Synthesis of compound (I-2)
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[00133] Added 1509 of 30% hydrochloric acid into the above compound (I11-3) solution
and heated it to 95 to 105°C for reaction. After the reaction was completed, the resulting
mixture was distilled under reduced pressure, and then 150g of absolute ethanol was
added, the mixture was briefly boiled and cooled to crystallize, filtered and dried to
obtain a white crystal, namely, 30.2g of the target product (I-2), yield: 81.5%, assay:
98.5%.

[00134]
[00135] Example 6: Synthesis of DL-glufosinate hydrochloride (I-2)
o) cl i i o) o)
CI\/\)J\OEt Nz \/;\fj\/oa_, Q\ﬁkoa . /‘FIL\/\/KOH
NH, /Z\ /ZMech OH  NHHCI
II-3 VI-4 III-4 -2

[00136] (1) Synthesis of compound (IV-2)

/CI H CI\ /
—P\ + N > P—N
Cl
V-2

[00137] Slowly added dimethylamine (16.20g, 0.359mol, 2.1eq.) into 100g of toluene
while lowering the temperature to -5 to 5°C under nitrogen protection.
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was added dropwise while
maintaining the system temperature at -5 to 5°C. After the addition was completed,
compound (IV-2) was obtained and directly used for the next reaction after 0.5 hour of
reaction at a constant temperature.

[00138] (2) Synthesis of compound (VI-4)

[00139] In a nitrogen atmosphere, the compound (lI-3) (27.48g, 0.166mol, 0.97eq.)
was added into 50g of toluene, then dimethylamine (7.48g, 0.166mol, 0.97eq.) was
slowly added under ice bath cooling, the inner temperature of the reaction solution was
controlled at 5°C to 10°C, then the above compound (IV-2) solution was added
dropwise. The reaction was held for 2 hours after the dripping was completed. Nitrogen
pressure filtration was performed, and the filter cake was washed twice with toluene.
The combined filtrate was the solution of compound (VI-4), which can be directly used
for the next reaction.

[00140] (3) Synthesis of compound (I1-4)

[00141] In a nitrogen atmosphere, the above compound (VI-4) solution was slowly
heated to 80°C to 85°C for 6 hours to obtain a solution of compound (111-4), which can
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be directly used for the next reaction.
[00142] (4) Synthesis of compound (I-2)

[00143] Added 1509 of 30% hydrochloric acid into the above compound (l11-4) solution
and heated it to 95°C to 105°C for reaction. After the reaction was completed, the
resulting mixture was distilled under reduced pressure, and then 150g of absolute
ethanol was added, the mixture was briefly boiled and cooled to crystallize, filtered and
dried to obtain a white crystal, namely, 28.9g of the target product (1-2), yield: 77.5%,
assay: 96.8%.

[00144]
[00145] Example 7: Synthesis of DL-glufosinate hydrochloride (I-2)

o o)
0 cl o) o)
cl V-1 OEt OEt P
OEt — > — — OH
HN.p~ +p-NH__ OH
NH,+HCI | 0 Cl NHoHCI
~ N~ NEt
II-4 VI-3 -3 -2

[00146] (1) Synthesis of compound (V-1)

_P\C| NN~ NN~
|

V-1

[00147] Diethylamine (52.55g, 0.719mol, 4.2eq.) was added into 1509 of toluene, the
mixture was cooled to -5°C to 5°C in a nitrogen atmosphere, and
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was then added dropwise with the
temperature of the mixture maintained at -5°C to 5°C. After the addition was completed,
compound (V-1) was obtained and directly used for the next reaction after 0.5 hour of
reaction at a constant temperature.

[00148] (2) Synthesis of compound (VI-3)

[00149] In a nitrogen atmosphere, the compound (lI-4) (32.84g, 0.163mol, 0.95eq.)
was added into 50g of toluene, and the above compound (V-1) was added dropwise
under ice bath cooling. The inner temperature of the reaction solution was controlled
at 5°C to 10°C. The reaction was held for 2 hours after the addition was completed.
Nitrogen pressure filtration was performed, and the filter cake was washed twice with
toluene. The combined filtrate was the solution of compound (VI-3), which can be
directly used for the next reaction.

[00150] (3) Synthesis of compound (l11-3)
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[00151] In a nitrogen atmosphere, the above compound (VI-3) solution was slowly
heated to 80 to 85°C for 10 hours to obtain a solution of compound (111-3), which can
be directly used for the next reaction.

[00152] (4) Synthesis of compound (I-2)

[00153] Added 150g of 30% hydrochloric acid into the above compound (l11-3) solution
and heated it to 95°C to 105°C for reaction. After the reaction was completed, the
resulting mixture was distilled under reduced pressure, and then 150g of absolute
ethanol was added, the mixture was briefly boiled and cooled to crystallize, filtered and
dried to obtain a white crystal, namely, 25.7g of the target product (1-2), yield: 71.1%,
assay: 97.8%.

[00154]
[00155] Example 8: Synthesis of DL-glufosinate hydrochloride (I-2)

0 o)
o cl o) o)
CI\/\)J\ V-2 OEt OEt B\/\)k
D —— —_—

OEt HN\P/ Sp-NH (I)H OH

NH,*HCI . ANl NH,*HCI
/N\ NMe,

II-4 VI-4 I11-4 -2

[00156] (1) Synthesis of compound (V-2)
C |
_P\ +
Cl |

V-2

[00157] Dimethylamine (31.24g, 0.693mol, 4.05eq.) was slowly added into 150g of
toluene, the mixture was cooled to -5°C to 5°C in a nitrogen atmosphere, and
methyldichlorophosphine (20g, 0.171mol, 1.0eq.) was then added dropwise with the
temperature of the mixture maintained at -5°C to 5°C. After the addition was completed,
compound (V-2) was obtained and directly used for the next reaction after 0.5 hour of
reaction at a constant temperature.

[00158] (2) Synthesis of compound (VI-4)

[00159] In a nitrogen atmosphere, the compound (l1-4) (32.84g, 0.163mol, 0.95eq.)
was added into 50g of toluene, and the above compound (V-2) was added dropwise
under ice bath cooling. The inner temperature of the reaction solution was controlled
at 5°C to 10°C. The reaction was held for 2 hours after the dropwise addition was
completed. Nitrogen pressure filtration was performed, and the filter cake was washed
twice with toluene. The combined filtrate was the solution of compound (VI-4), which

can be directly used for the next reaction.
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[00160] (3) Synthesis of compound (lII-4)

[00161] In a nitrogen atmosphere, the above compound (VI-4) solution was slowly
heated to 80°C to 85°C for 8 hours to obtain a solution of compound (l11-4), which can
be directly used for the next reaction.

[00162] (4) Synthesis of compound (I-2)

[00163] Added 150g of 30% hydrochloric acid into the above compound (l11-4) solution
and heated it to 95 to 105°C for reaction. After the reaction was completed, the resulting
mixture was distilled under reduced pressure, and then 150g of absolute ethanol was
added, the mixture was briefly boiled and cooled to crystallize, filtered and dried to
obtain a white crystal, namely, 26.4g of the target product (I-2), yield: 72.5%, assay:
97.2%.

[00164]
[00165] Example 9: Synthesis of L-glufosinate hydrochloride (I-1)
o o
0 cl o 0

CI\/\‘)kOEt OEt Nl\oa /B\/\HJ\OH

HN. T N NH L !
NH; '.3/ >R NHCI OH NH,+HCI

~ N NEt,

11-1 VI-1 1111 I-1
[00166] (1) Synthesis of compound (VI-1)

[00167] In a nitrogen atmosphere, the compound (lI-1) (40.37g, 0.244mol, 0.95eq.)
and diethylamine (57.24g, 0.783mol, 3.05eq.) was added successively into 150g of
toluene. After stirring evenly, methyldichlorophosphine (30.0g, 0.257mol, 1.0eq.) was
then added dropwise under ice bath cooling. The inner temperature of the reaction
solution was controlled at 5 to 10°C. The reaction was held for 2 hours after the
dropwise addition was completed, nitrogen pressure filtration was then performed, and
the filter cake was washed twice with toluene. The combined filtrate was the solution
of compound (VI-1), which can be directly used for the next reaction.

[00168] (2) Synthesis of compound (III-1)

[00169] In a nitrogen atmosphere, the above compound (VI-1) solution was slowly
heated to 80 to 85°C for 10 hours to obtain a solution of compound (lll-1), which can
be directly used for the next reaction.

[00170] (3) Synthesis of compound (I-1)

[00171] Added 150g of 30% hydrochloric acid into the above compound (l11-1) solution
and heated it to 95 to 105°C for reaction. After the reaction was completed, the resulting
mixture was distilled under reduced pressure, and then 150g of absolute ethanol was
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added, the mixture was briefly boiled and cooled to crystallize, filtered and dried to
obtain a white crystal, namely, 46.0g of the target product (I-1), yield: 85.5%, assay:
98.5%, and 97.5% ee value.

[00172]
[00173] Example 10: Synthesis of L-glufosinate hydrochloride (I-1)
o o)
0 cl 0 0
CI\/\‘)kOEt \/\)koa Moa /BMOH
’ HN. T NONH L T
NH, '.3/ 2R NHCI OH NH,HCI
NH, NH;
1I-1 VI-5 -5 I-1

[00174] (1) Synthesis of compound (VI-5)

[00175] In a nitrogen atmosphere, the compound (lI-1) (33.78g, 0.204mol, 0.95eq.)
was added into 150g of toluene. Methyldichlorophosphine (25.1g, 0.215mol, 1.0eq.)
was then added dropwise under ice bath cooling, simultaneously ammonia gas (18.46g,
1.084mol, 5.05eq.) was slowly Injected into the mixture. The inner temperature of the
reaction solution was controlled at 5°C to 10°C. The reaction was held for 2 hours after
the dropwise addition was completed, nitrogen pressure filtration was then performed,
and the filter cake was washed twice with toluene. The combined filtrate was the
solution of compound (VI-5), which can be directly used for the next reaction.

[00176] m/z (ESI) 227.07 ([M+1]*, 100%).
[00177] (2) Synthesis of compound (lII-5)

[00178] In a nitrogen atmosphere, the above compound (VI-5) solution was slowly
heated to 60°C to 65°C for 10 hours to obtain a solution of compound (I11-5), which can
be directly used for the next reaction.

[00179] m/z (ESI) 191.11 ([M-CI]*, 100%);

[00180] (3) Synthesis of compound (I-1)

[00181] Added 150g of 30% hydrochloric acid into the above compound (l1I-5) solution
and heated it to 95 to 105°C for reaction. After the reaction was completed, the resulting
mixture was distilled under reduced pressure, and then 150g of absolute ethanol was
added, the mixture was briefly boiled and cooled to crystallize, filtered and dried to
obtain a white crystal, namely, 31.5g of the target product (I-1), yield: 69.5%, assay:
97.5%, and 97.2% ee value.

[00182]
[00183] Example 11: Synthesis of L-glufosinate hydrochloride (I-1)
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o Cl o) o)
OEt — > — + — A OH
Ao~ p-NH - OH
NH, . Zh ol NH,+HCI
/N\Ph /N\Ph
11-1 VI-6 -6 I-1

[00184] (1) Synthesis of compound (IV-3)

! H cl, Ph
_P\ + /N\ —_— P_N
Cl Ph / 0\
V-3

[00185] N-methylaniline (50.73g, 0.473mol, 2.05eq.) was dissolved in 100g toluene,
and cooled to -5°C to 5°C under inert atmosphere, then methyldichlorophosphine (274,
0.231mol, 1.0eq.) was added dropwise while maintaining the inner temperature at -
5°C to 5°C. After the addition was completed, the compound (IV-3) was obtained and
directly used for the next reaction after 0.5 hour of reaction at a constant temperature.

[00186] m/z (Cl) 188.05 ([M+1]*, 100%); 3'P NMR (33 MHz) &: 140.51.
[00187] (2) Synthesis of compound (VI-6)

[00188] In a nitrogen atmosphere, the compound (I1-1) (37.48g, 0.226mol, 0.98 eq.)
was added into 50g of toluene, and N-methylaniline (24.25g, 0.226mol, 0.98eq.) was
added. After stirring evenly, the above compound (1V-3) solution was added dropwise
under ice bath cooling, the inner temperature of the reaction solution was controlled at
5°C to 10°C. The reaction was held for 5 hours after dropwise addition was completed.
Nitrogen pressure filtration was performed, and the filter cake was washed twice with
toluene. The combined filtrate was the solution of compound (VI-6), which can be
directly used for the next reaction.

[00189] m/z (ESI) 317.13 ([M+1]*, 100%).
[00190] (3) Synthesis of compound (III-6)

[00191] In a nitrogen atmosphere, the above compound (VI-6) solution was slowly
heated to 80 to 85°C for 12 hours to obtain a solution of compound (l11-6), which can
be directly used for the next reaction.

[00192] m/z (ESI) 281.15 ([M-CI]*, 100%); 3'"P NMR (33 MHz) &: 60.31.
[00193] (4) Synthesis of compound (I-1)

[00194] Added 150g of 30% hydrochloric acid into the above compound (l11-6) solution
and heated it to 95 to 105°C for reaction. After the reaction was completed, the resulting
mixture was distilled under reduced pressure, and then 150g of absolute ethanol was
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added, the mixture was briefly boiled and cooled to crystallize, filtered and dried to
obtain a white crystal, namely, 36.1g of the target product (I-1), yield: 71.5%, assay:
97.5%, and 96.1% ee value.

[00195] The preferred embodiments of the present disclosure have been described in
detail above. However, the present disclosure is not limited to the specific details in the
above embodiments. Within the scope of the technical concept of the present
disclosure, many simple modifications can be made to the technical solution of the
present disclosure, all of which fall within the claimed scope of the present disclosure.

[00196] Furthermore, it should be noted that various specific technical features
described in the above specific embodiments can be combined in any suitable way
without contradiction. In order to avoid unnecessary repetition, the present disclosure
will not explain various possible combinations separately.

[00197] Furthermore, any combination can be made among various embodiments of
the present disclosure, as long as it does not violate the idea of the present disclosure,
it should also be regarded as the disclosure of the present disclosure.
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WHAT IS CLAIMED IS:

1. A method of preparing glufosinate represented by formula (I) or its salt or
enantiomer, or a mixture of its enantiomers in any ratio, comprising:

o) (@)

I
/E’W(L%H

OH NH,

(1

hydrolyzing a compound of formula (lll) to generate a compound of formula (l);

N +
,N”/P\N Y
R2 H

wherein:

X'is halogen;

Y is -OR3 or -N(R*)(R%);

R" and R? are each independently selected from hydrogen, a C1-Cs alkyl group, a
C2-Ce alkenyl group, a C2-Cs alkynyl group, a Cs3-Cs cycloalkyl group, a three-
membered to six-membered heterocycloalkyl group, a Cs-C10 aryl group, or a five-
membered to ten-membered heteroaryl group, or R' and R? form a three-membered
to six-membered heterocycloalkyl group together with the N atom to which they are
attached, wherein the C1-Cs alkyl group, the C2-Cs alkenyl group, the C2-Cs alkynyl
group, the Cs3-Cs cycloalkyl group, the three-membered to six-membered
heterocycloalkyl group, the Cs-C10 aryl group, or the five-membered to ten-membered
heteroaryl group is optionally substituted by halogen, a carboxyl group, a hydroxyl
group, a cyano group, an amino group, a nitro group, a C1-Cs alkyl group, a C+-Cs
haloalkyl group, a C1-Cs alkoxy group, a C3-Cs cycloalkyl group, or a Ce-C10 aryl group;

R3, R* and R® are each independently selected from hydrogen, a C1-Ce alkyl
group, a C2-Cs alkenyl group, a C2-Ce alkynyl group, a C3-Cs cycloalkyl group, a three-
membered to six-membered heterocycloalkyl group, a Ces-C1o aryl group, or a five-
membered to ten-membered heteroaryl group, or R* and R® form a three-membered
to six-membered heterocycloalkyl group together with the N atom to which they are
attached, wherein the C1-Cs alkyl group, the C2-Cs alkenyl group, the C2-Cs alkynyl
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group, the Cs3-Ceé cycloalkyl group, the three-membered to six-membered
heterocycloalkyl group, the Cs-C10 aryl group, or the five-membered to ten-membered
heteroaryl group is optionally substituted by halogen, a carboxyl group, a hydroxyl
group, a cyano group, an amino group, a nitro group, a C1-Cs alkyl group, a C+-Cs
haloalkyl group, a C1-Cs alkoxy group, a C3-Cs cycloalkyl group, or a Ce-C1o aryl group;
and

* denotes a chiral carbon atom.

2. The method of claim 1, wherein the hydrolysis is performed in presence of an
acid or an alkali.

3. The method of claim 2, wherein the acid is at least one selected from
hydrochloric acid, sulfuric acid, hydrobromic acid, hydroiodic acid, phosphoric acid,
nitric acid, formic acid, and acetic acid, and is preferably hydrochloric acid or sulfuric
acid.

4. The method of claim 2, wherein the alkali is selected from hydroxide, carbonate,
bicarbonate or basic carbonate of alkali metal or alkaline earth metal, ammonia,
organic alkali, or organic amine, and is preferably sodium hydroxide or triethylamine.

5. The method of claim 1, wherein the hydrolysis is performed at a temperature of
30°C to 140°C or preferably 70°C to 110°C.

6. The method of claim 1, wherein the enantiomer of the glufosinate is L-
glufosinate or D-glufosinate.

7. The method of claim 1, wherein the mixture of its enantiomers in any ratio
comprises L-glufosinate and D-glufosinate in a ratio of 0.1: 99.9 to 99.9: 0.1, or
preferably in a ratio of 50: 50 to 99.9: 0.1.

8. The method of claim 1, wherein
the halogen is selected from fluorine, chlorine, or bromine;

the C1-Cs alkyl group is selected from a methyl group, an ethyl group, a propyl
group, or an isopropyl group;

the C2-Cs alkenyl group is selected from a vinyl group, a propenyl group, a 1-
butenyl group, a 2-butenyl group, or an isobutenyl group;

the C2-Cs alkynyl group is selected from an ethynyl group, a propynyl group, a 1-
butynyl group, or 2-butynyl group;

the C3-Cs cycloalkyl group is selected from a cyclopropyl group, a cyclobutyl group,
a cyclopentyl group, or a cyclohexyl group;

the three-membered to six-membered heterocycloalkyl group is selected from a
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cyclopropyl group, a cyclobutyl group, a cyclopentyl group, or a cyclohexyl group
comprising at least one heteroatom of N, O, or S;

the Ce-C10 aryl group is selected from a phenyl group or a naphthyl group; and/or

the five-membered to ten-membered heteroaryl group is selected from a pyrazinyl
group, a pyrazolyl group, a pyrrolyl group, a furyl group, a thienyl group, a thiazolyl
group, or a pyridyl group.

9. The method of claim 1, wherein R', R?, R3, R4, and R® are each independently
selected from hydrogen, a C1-Cs alkyl group, or a Cs3-Cs cycloalkyl group, and is
preferably hydrogen, a methyl group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, an isobutyl group, a tert-butyl group, a pentyl group, a hexyl group, a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, or a cyclohexyl group.

10. The method of claim 1, wherein the compound of formula (lll) is prepared by
subjecting a compound of formula (II)

(I
to a reaction with any one of the following compounds or mixtures: a compound
of formula (IV); a compound of formula (V); a compound of formula (IV) and a
compound of formula (V); a compound of formula (IV) and a compound of formula (VII);
a compound of formula (V) and a compound of formula (VII); or a compound of formula
(IV), a compound of formula (V), and a compound of formula (VII);
R! F|> . 9 |
\N/ \X2 R\N/P\N,R
R? RZ R
(V) (V) (VII)
wherein:
X2 is halogen;
R', R?, X',Y, and * are as defined in any one of claims 1, 8 or 9; and

R® and R'% are each independently selected from hydrogen, a C1-Cs alkyl group,

a C2-Cs alkenyl group, a C2-Cs alkynyl group, a Cs3-Ce cycloalkyl group, a three-

membered to six-membered heterocycloalkyl group, a Ces-C10 aryl group, or a five-

membered to ten-membered heteroaryl group, or R? and R'? form a three-membered

to six-membered heterocycloalkyl group together with the N atom to which they are
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attached, wherein the C1-Ce alkyl group, the C2-Cs alkenyl group, the C2-Cs alkynyl
group, the Cs3-Ce cycloalkyl group, the three-membered to six-membered
heterocycloalkyl group, the Cs-C10 aryl group, or the five-membered to ten-membered
heteroaryl group is optionally substituted by halogen, a carboxyl group, a hydroxyl
group, a cyano group, an amino group, a nitro group, a C1-Cs alkyl group, a C+-Cs
haloalkyl group, a C1-Cs alkoxy group, a C3-Cs cycloalkyl group, or a Ce-C10 aryl group.

11. The method of claim 10, wherein the reaction is performed in presence of a
deacid reagent.

12. The method of claim 11, wherein the deacid reagent is selected from
NR"R™R"3, wherein R', R'2, and R'® are each independently selected from hydrogen,
a C1-Cs alkyl group, a C2-Cs alkenyl group, a C2-Ce alkynyl group, a C3-Ce cycloalkyl
group, a three-membered to six-membered heterocycloalkyl group, a Ce-C10 aryl group,
or a five-membered to ten-membered heteroaryl group, or any two of R', R'?, and R'3
form a three-membered to six-membered heterocycloalkyl group together with the N
atom to which they are attached, wherein the C1-Cs alkyl group, the C2-Cs alkenyl
group, the C2-Cs alkynyl group, the C3-Cs cycloalkyl group, the three-membered to six-
membered heterocycloalkyl group, the Cs-C10 aryl group, or the five-membered to ten-
membered heteroaryl group is optionally substituted by halogen, a carboxyl group, a
hydroxyl group, a cyano group, an amino group, a nitro group, a C1-Cs alkyl group, a
C1-Cs haloalkyl group, a C+-Cs alkoxy group, a C3-Ce cycloalkyl group, or a Cs-C1o aryl
group.

13. The method of claim 11, wherein a molar ratio among the compound of formula
(I1), total usage of the compounds of formulas (1V), (V) and (VII), and the deacid reagent
is 1: (0.9-5): (0.9-5), or preferably 1: (1.05-1.5): (1.05-1.5).

14. The method of claim 10, wherein the reaction is performed in absence of a
solvent or in presence of an organic solvent.

15. The method of claim 14, wherein the organic solvent is selected from an
aromatic hydrocarbon solvent, an alkane solvent, a halogenated hydrocarbon solvent,
an ether solvent, an ester solvent, an amide solvent, or a sulfur-containing solvent, and
preferably, the organic solvent is at least one selected from toluene and chlorobenzene.

16. The method of claim 10, wherein the reaction is performed at a temperature
of -20°C to 10°C for 1 to 15 hours, and then at 10°C to 120°C for 0.5 to 24 hours.

17. The method of claim 1, wherein the compound of formula (1) is prepared by
a method comprising the following steps:

a) subjecting a compound of formula (Il) to a reaction with any one of the following

compounds or mixtures: a compound of formula (IV); a compound of formula (V); a
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compound of formula (IV) and a compound of formula (V); a compound of formula (V)
and a compound of formula (VII); a compound of formula (V) and a compound of
formula (VIl); or a compound of formula (IV), a compound of formula (V), and a
compound of formula (VII);

NTXE NPy Py
R? RZ R0 o
(V) (V) (Vi)

to obtain the compound of formula (V1);

X! :
\/\H—LY
_NH
P

RN R

and

b) preparing the compound of formula (lll) via a reaction with the compound of
formula (VI);

wherein X', X2, Y, R', R2, R, R0, and * are as defined in claim 10.

18. The method of claim 17, wherein the reaction in step a) is performed at a
temperature of -20°C to 10°C for 1 to 15 hours.

19. The method of claim 17, wherein the reaction in step b) is performed at a
temperature of 10°C to 120°C for 0.5 to 24 hours.

20. A method of preparing glufosinate represented by formula (I) or its salt or
enantiomer, or a mixture of its enantiomers in any ratio, comprising the following steps:

0 O
11
OH NH,

(1
in absence of a solvent or in presence of an organic solvent, subjecting a
compound of formula (I1)
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(1)
to a reaction with any one of the following compounds or mixtures: a compound of
formula (IV); a compound of formula (V); a compound of formula (IV) and a compound
of formula (V); a compound of formula (IV) and a compound of formula (VIl); a
compound of formula (V) and a compound of formula (VII); or a compound of formula
(IV), a compound of formula (V), and a compound of formula (VIl), to obtain an
intermediate; and

NTXE Ny Py
R? RZ R0 o
(V) (V) (Vi)

hydrolyzing the intermediate under an acidic, neutral, or alkaline condition, to
obtain a compound of formula (1);

wherein X', X2, Y, R', R2, R, R0, and * are as defined in claim 10.

21. A compound formula (lll) or its salt or enantiomer, or a mixture of its
enantiomers in any ratio;

N +
,N”/P\N Y
R2 H

)
wherein X', Y, R', R?, and * are as defined in any one of claims 1, 8 or 9.

22. The compound of formula (lll) or its salt or enantiomer, or the mixture of its
enantiomers in any ratio of claim 21, wherein the compound of formula (Ill) or its salt
or enantiomer, or the mixture of its enantiomers in any ratio is prepared by the steps in
the method of any one of claims 10 to 19.

23. A method of preparing a compound of formula (lIl) or its salt or enantiomer, or
a mixture of its enantiomers in any ratio, comprising:
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(Il1

subjecting a compound of formula (II)

1 5

NH>

(1)
to a reaction with any one of the following compounds or mixtures: a compound of
formula (IV); a compound of formula (V); a compound of formula (IV) and a compound
of formula (V); a compound of formula (IV) and a compound of formula (VII); a
compound of formula (V) and a compound of formula (VIIl); or a compound of formula
(IV), a compound of formula (V), and a compound of formula (VII);

|
R _P_ _RY |

RIN/P\XZ
' N"N L
R RZ R0
(V) (V) (VII)

wherein X', X2, Y, R', R2, R?, R0, and * are as defined in claim 10.

24. A method of preparing a compound of formula (1) or its salt or enantiomer, or
a mixture of its enantiomers in any ratio, comprising:

X1
\ +
Njf\N Y
R2 H

(1

preparing the compound of formula (lll) from a reaction with the compound of formula
(V1);

-37-



X1J\?J\Y
\FI),NH
R1’N‘R2
(V1)
wherein X', Y, R', R2, and * are as defined in claim 10.

25. A compound formula (VI) or its salt or enantiomer, or a mixture of its

enantiomers in any ratio;
X! *
\/\HLY

_NH
~p

|
RN R2
(V1)
wherein X', Y, R', R?, and * are as defined in any one of claims 1, 8 or 9.

26. The compound of formula (VI) or its salt or enantiomer, or the mixture of its
enantiomers in any ratio of claim 25, wherein the compound of formula (V1) or its salt
or enantiomer, or the mixture of its enantiomers in any ratio is prepared by the steps in
the method of any one of claims 17 to 19.

27. A method of preparing a compound of formula (VI) or its salt or enantiomer, or
a mixture of its enantiomers in any ratio, comprising:

(I
to a reaction with any one of the following compounds or mixtures: a compound of
formula (IV); a compound of formula (V); a compound of formula (IV) and a compound
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of formula (V); a compound of formula (IV) and a compound of formula (VIl); a
compound of formula (V) and a compound of formula (VII); or a compound of formula
(IV), a compound of formula (V), and a compound of formula (VII);

|
R _P_ _RY |

RlN/P\Xz
v N"N L
R RZ R10
(V) (V) (VI

wherein X', X2, Y, R', R?, R?, R, and * are as defined in claim 10.

28. A method of preparing a compound of formula (VI) or its salt or enantiomer, or
a mixture of its enantiomers in any ratio, comprising:

1 *
\FI,,NH
RN R2
(V1)
subjecting a compound of formula (Il) to a reaction with a compound of formula (VII)
and a compound of formula (VIII);

(Vi) (Vi)

wherein X', X2, Y, R, R2, and * are as defined in claim 10.

29. A composition, comprising a compound of formula (IV) and a compound of
formula (V); a compound of formula (IV) and a compound of formula (VII); or a
compound of formula (IV), a compound of formula (V), and a compound of formula
(Vin);
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R _P. 1 9 |
N~ X2 R\I\II/P\N/R LN
R2 R2 R0 X X
(V) (V) (VIl)

wherein X2, R, R2, R%, R'9 and * are as defined in claim 10.

30. Use of the composition of claim 29 in preparation of glufosinate represented
by formula () or its salt or enantiomer, or a mixture of its enantiomers in any ratio:

o 0

I
/F‘)\/\*KU\OH

ST
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