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DESCRIPTION
TITLE: Agent for initiating a radical addition reaction and process using

Summary
In one aspect, the present disclosure refers to a method for preparing a
compound of formula (1)

[Chem I]
X R,
R1 \/\r
R>
(1)
in which

X is selected from S, Se and O;

R1 is selected from H, alkyl groups, aryl groups and alkylaryl groups;

R2 is selected from H; OH; NR4Rs; NHCOR4; OCORg4; where R4 and Rs are
identical or different and are selected from H, alkyl groups, aryl groups, alkylaryl
groups; and protecting groups;

Rs3 is selected from OH, CH20H, COOH, COORs where Re is selected from
alkyl, CN, CONR4Rs where R4 and Rs are as defined above, and COZ where Z
represents a halide;

which method comprising the reaction of a compound of formula (11)

[Chem 1]

In which

X is selected from S, Se and O;

R1’ is selected from H, alkyl, aryl, alkylaryl, thiol, thioalkyl, thioaryl,
thioalkylaryl, selenol, selenoalkyl, selenoaryl and selenoalkylaryl groups, and

R2’ is selected from H, alkyl, aryl and alkylaryl groups;

with a compound of formula (111)

[Chem I11]
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where Rz and R3 are as defined above for the compound of formula (1),

in the presence of at least one agent for initiating a radical addition reaction
comprising or consisting of a persulfate and one or several transition metals, said
transition metals being selected from Cu, Zn and Fe, in their elemental form or in an
oxidized form selected from sulfates, phosphates, chlorides, carbonates, hydroxides,
nitrites, nitrates, acetates, alcoholates, hydrogenphosphates and hydrogen sulfates,
and their alloys such as brass.

In another aspect, the present disclosure refers to a use of an agent for the
initiation of a radical addition reaction for obtaining compounds of formula (1) as
described herein, said agent comprising or consisting of a persulfate and one or
several transition metals,said transition metals being selected from Cu, Zn and Fe, in
their elemental form or in an oxidized form selected from sulfates, phosphates,
chlorides, carbonates, hydroxides, nitrites, nitrates, acetates, alcoholates,
hydrogenphosphates and hydrogen sulfates, and their alloys such as brass.

Detailed Description
The invention concerns an agent for the initiation of a radical addition reaction
and its application in a method for preparing a compound of formula
[Chem 1]

in which

X is selected from S, Se and O;

R1 is selected from H, alkyl groups, aryl groups and alkylaryl groups;

R2 is selected from H; OH; NR4Rs; NHCOR4; OCORg4; where R4 and Rs are the
same or different and are selected from H, alkyl groups, aryl groups, alkylaryl groups;
and protecting groups;

Rs is selected from OH, CH20H, COOH, COORes where Re is selected from
alkyl, CN, CONR4Rs where R4 and Rs are as defined above, and COZ where Z
represents a halide;

by a radical addition reaction in the presence of such an agent.
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According to WQO98/32735A1, there is known a method for preparing
methionine and hydroxymethylthiobutyric acid (HMTBA), as well as their derivatives,
by radical addition of methylthiol to a compound of the formula below

[Chem I]

f\rR

R

in which R is selected from COOH and the corresponding ester, amide, nitrile
and trichloro functions and R' is selected from OH, NH2, oxycarbonyl and
aminocarbonyl functions and protecting groups. This reaction is initiated in the
presence of an initiator agent consisting of azobisisobutyronitrile (AIBN) at a
temperature in the range of 50 °C to 60 °C under a pressure in the range of 3.5 bars
to 4.8 bars, or by UV irradiation. It leads to yields of at least 80%. The proven lessons
of this document, and in particular regarding the above conditions, are limited to
obtaining the HMTBA. The use of AIBN or its derivatives in this reaction has several
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drawbacks: the reaction time is long and thermal activation is required with a
temperature which is generally above 50 °C. In addition, the regioselectivity of the
addition is low and purification by distillation of the fractions is more often necessary.
Finally, such initiator agents are expensive, unstable and difficult to handle, which
leads to safety problems during their transport, storage and handling, as well as to
costs.

Document WO2017/191196A1 describes a method for manufacturing
methionine by the same radical addition reaction as W098/32735A1, by reaction of
methylthiol with vinylglycine in the presence of an initiation agent selected from AIBN,
N-bromosuccinimide (NBS), benzoyl peroxide (DBPO) and 2,2'-azobis[2-(2-
imidazolin-2-yl) propane] hydrochloride or by UV irradiation optionally in the presence
of a photoinitiation agent. The yields are very variable depending on the operating
conditions. The authors had also illustrated this reaction in the presence of
ammonium persulfate, but it only led to a conversion rate of vinylglycine to
methionine of 23%, demonstrating the ineffectiveness of such an agent in this
indication.

Thus, we are still looking for alternative solutions for the efficient synthesis of
compounds by selective radical addition, using energy-free and easily industrializable
conditions.

According to the invention, an agent has been discovered for the initiation of a
radical addition reaction making it possible to solve the problems of the known
methods, in particular in a method of the invention as defined above.

This agent comprises or consists of a persulfate and one or more transition
metals, the latter(s) being present in elemental form or in oxidized form.

Unexpectedly, said transition metal behaves as a powerful co-initiator of a
persulfate in a radical addition reaction, in a temperature range close to room
temperature. This discovery allows solving the selectivity problem associated with the
use of persulfate which, to be active, must occur in a heated reaction medium, such
conditions resulting in an inevitable loss of selectivity.

According to the invention, the persulfates can be replaced in some cases by
organic peroxides depending on the objective and the constraints on the quality of
the reaction product and the method effluents.

This initiator agent and its advantages are in the remainder of the text more
specifically described in the context of a radical addition reaction of a thiol, a
disulfide, a selenol, a diselenide or an alcohol on a vinyl compound such as a
compound of formula (Ill) shown below. It is of course not restricted thereto, and the
invention relates to such an agent which can be used for any radical addition reaction
of a thiol, a disulfide, a selenol, a diselenide or an alcohol, on a compound carrying a
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double bond which is unconjugated, and which is terminal or not. This agent is
particularly advantageous when a high selectivity is expected.

It is known that sodium persulfate is used, because of its strong oxidizing
power and its stability, for soil remediation. In this mechanism, persulfate breaks
down pollutants into harmless small molecules like CO2, water and sulfates. In this
application, it is used in the form of aqueous solutions at a concentration of
approximately 5% and rapidly generates radicals after activation, some of which have
a powerful oxidizing power. It acts on several types of polluting compounds, mainly
hydrocarbons, the degradation of which generates various small-sized products.

The discovery according to the invention of the use of a persulfate in
combination with a transition metal as an initiator of a selective radical reaction is
therefore surprising. The characteristics, applications and advantages of the
invention are set out below in more detail, given that these characteristics can be
considered independently of one another, or in combination, whatever the
combination.

Before this description, certain used terms are defined below.

The term «persulfate» means the oxyanion S20s%, or its salt formed with any
counterion.

The term «organic peroxide» means any organic species of formula R7-O-O-
Rs with R7 and Rs, identical or different, being selected from H, alkyl groups, aryl
groups, alkylaryl groups and CO-R1 groups where Rz is as defined below.

A radical addition reaction responds to a chain reaction mechanism
comprising an initiation which takes place from an initiation agent, a propagation
which sees the radical(s) formed during the initiation react with a compound and then
the termination.

The term «elemental form of a metal» means a metal in oxidation state 0, or
otherwise expressed, a metal in its reduced form.

The term «oxidized form of a metal» includes any association of a metal with
an anion(s) or with oxygen, at any degree of oxidation of the metal. This definition
includes oxides, sulfates, phosphates, chlorides (for example FeCls), carbonates,
hydroxides, nitrites, nitrates, acetates, alcoholates, hydrogen phosphates and
hydrogen sulfates.

In the formulas defining the compounds obtained or used, the term «alkyl»
denotes a linear or branched monovalent hydrocarbon radical having from 1 to 20
carbon atoms, advantageously from 1 to 6 carbon atoms, such as methyl or ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl, n-hexyl or a cyclic
monovalent hydrocarbon radical having from 3 to 20 carbon atoms, advantageously
from 3 to 6 carbon atoms, such as cyclopropyl, cyclohexyl.
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The term «aryl group» is understood to mean an aromatic monovalent
hydrocarbon radical comprising from 6 to 22 carbon atoms.

The term «alkylaryl group» means an aryl group comprising from 6 to 22
carbon atoms, said aryl group being substituted by at least one alkyl group
corresponding to the definition above.

Thus the invention concerns the application of an agent for the initiation, or
initiator agent, or primer agent, in a radical addition reaction, said agent comprising
or consisting of a persulfate and one or more transition metals, under elemental form
or in an oxidized form.

The persulfate can be in the form of a salt of a cation, the associated cation
preferably being selected from sodium, potassium, calcium, lithium and ammonium
ions, although any counterion may be suitable.

As indicated above, according to the invention, the persulfates can be, in
certain cases, advantageously replaced by organic peroxides.

The persulfate can be combined with one or more transition metals. When
several metals are used, the mixtures may consist of the same metal in the elemental
state and/or in different degrees of oxidation; different metals in elemental state
and/or in the same degree of oxidation or in different degrees of oxidation, but also in
the form of alloys such as for example brass, possibly in oxidized form.

The transition metal(s) are advantageously selected from Cu, Zn and Fe, in
their elemental form or in an oxidized form as defined above.

Advantageously, the molar ratio of persulfate to the transition metal(s) ranges
from 0.5 to 10,000. An excess of metal can lead to a drop in the selectivity of the
reaction, but too low a content will slow down the reaction, affecting its
industrializable interest. Preferably, this molar ratio ranges from 1 to 1000.

According to the invention, the aforementioned combination of a persulfate
and one or more transition metals is applied to the initiation of a radical addition
reaction involving an organic entity capable of forming a radical which reacts on a
double bond. This double bond is unconjugated. It may or may not be terminal.

In the context of the invention, the initiator agent is used in very small
proportions relative to the organic species involved in the reaction. Thus, the molar
ratio of the organic species on which the initiator agent acts directly to said agent
ranges from 2 to 1000. It is within the competence of one skilled in the art to adjust
the value of this ratio as well as possible. The persulfate is preferably used in solution
in an inert solvent. This can consist of water and any aqueous mixture containing a
water soluble organic solvent such as an alcohol. According to a preferred variant of
implementation of the initiator agent, the compound (Ill) is mixed with the metal, then
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the compound (Il) is added, and finally the persulfate solution is slowly poured into
this mixture.
The invention also concerns one of the applications of this initiator agent, and
specifically its use for obtaining compounds of formula (1) cited above, namely,
[Chem I]

in which

X is selected from S, Se and O;

R1 is selected from H, alkyl groups, aryl groups and alkylaryl groups;

R2 is selected from H; OH; NR4Rs; NHCOR4; OCORg4; where R4 and Rs are
identical or different and are selected from H, alkyl groups, aryl groups, alkylaryl
groups; and protecting groups;

Rs is selected from OH, CH20H, COOH, COORs where Rs is selected from
alkyl, CN, CONR4Rs where R4 and Rs are as defined above, and COZ where Z
represents a halide;

said method comprising the reaction of a compound of formula (I1)

[Chem 1]

in which

X is selected from S, Se and O;

Ri1’ is selected from H, alkyl, aryl, alkylaryl, thiol, thioalkyl, thioaryl,
thioalkylaryl, selenol, selenoalkyl, selenoaryl and selenoalkylaryl groups, and

R2' is selected from H, alkyl groups, aryl groups and alkylaryl groups;

with a compound of formula (111)

[Chem 1]

j/},\/H:}

Ko

(111)

where R2 and Rs are as defined above for the compound of formula (1).
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The initiator agent as described above, that is to say responding to any one or
several of the mentioned characteristics, is suitable for this reaction.

The work carried out on this reaction has, however, made it possible to
determine the preferred variants indicated below, which can be considered alone or
in combination, according to which the method is the most efficient, in particular is
the most selective.

Thus, the persulfate is preferably potassium persulfate or sodium persulfate.

The molar ratio of compound (Il) or of compound (lll) to the initiator agent
advantageously ranges from 2 to 1000, and better still from 10 to 500.

The molar ratio of compound (Il) to compound (lll) ranges from 0.9 to 20,
preferably from 1.1 to 3.

As said before, the use of an initiator agent of the invention allows the reaction
temperature to be lowered; that can be carried out at a temperature of -20 °C to 60
°C, preferably from -20 to 40 °C, or even from 0 °C to 40 °C, and even from 10 °C to
40 °C. Such conditions are favorable for high selectivity, without affecting the reaction
yield.

The initiator agent of the invention can be implemented for the radical addition
of a compound (Il) selected from methylthiol and methylselenol and of a compound
(1) as defined above. It can also be used for the radical addition of a compound of
formula (1) as generally defined above and of methyl vinyl glycolate, as compound
(11).

According to a variant of the invention, the method is aimed at the preparation
of HMTBA or its selenium analogue, hydroxymethyl selenobutyric acid (HMSeBA), as
compound (I). HMTBA and HMSeBA can be obtained by the radical addition of
methylthiol or methyl selenol, respectively, as compound (Il), to methyl vinyl glycolate
as compound (1) followed by hydrolysis of the formed correspondent ester.

The invention and its advantages are illustrated in the examples below.

Example 1: Preparation of methyl 2-hydroxy-4-(methylthio) butanoate by
radical addition reaction with an initiator agent according to the invention

26.0 g (0.22 mol) of methyl 2-hydroxybut-3-enoate and 0.17 g of metallic
copper (0.00027 mol) are placed in a stirred reactor and cooled to -10 °C. 12.1 g of
methanethiol (0.25 mol) are then injected, then an aqueous solution of sodium
persulfate (0.023 mol) is slowly added.

The temperature is increased to 0 °C and the mixture is left under stirring for
one hour.
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HPLC analysis of the mixture at the end of the reaction indicates an 81% vyield
of methyl 2-hydroxy-4-(methylthio) butanoate (selectivity of 81%).

Comparative Example 1: Preparation of methyl 2-hydroxy-4-(methylthio)
butanoate by radical addition reaction with a persulfate compound alone at elevated
temperature

40.1 g (0.34 mol) of methyl 2-hydroxybut-3-enoate are placed in a stirred
reactor and cooled to -15 °C. 18.0 g of methanethiol (0.37 mol) are then injected,
then an aqueous solution of sodium persulfate (0.034 mol) is slowly added.

The temperature is increased to 60 °C and the mixture is left under stirring for
two hours.

HPLC analysis of the mixture at the end of the reaction indicates a 7.6% yield
of methyl 2-hydroxy-4-(methylthio) butanoate (15% selectivity).

Example 2: Preparation of methyl 4-(butylsulfanyl)-2-hydroxybutanoate by
radical addition reaction with an initiator agent according to the invention

20.4 g (0.18 mol) of methyl 2-hydroxybut-3-enoate and 0.025 g of metallic
copper (0.00040 mol) are placed in a stirred reactor and cooled to -10 ° C. 17.7 g of
butanethiol (0.20 mol) are then injected, then an aqueous solution of sodium
persulfate (0.0054 mol) is slowly added.

The temperature is increased to 25 °C and the mixture is left under stirring for
one hour.

HPLC analysis of the mixture at the end of the reaction indicates a 16% yield
of methyl 4-(butylsulfanyl)-2-hydroxybutanoate.

Example 3: Preparation of 3-(methylsulfanyl) propan-1-ol by radical addition
reaction with an initiator agent according to the invention

14.8 g (0.25 mol) of propen-3-ol and 0.015 g of metallic copper (0.00023 mol)
are placed in a stirred reactor and cooled to -10 ° C. 13.5 g of methanethiol (0.28
mol) are then injected, then an aqueous solution of sodium persulfate (0.0077 mol) is
slowly added.

The temperature is increased to 0 °C and the mixture is left under stirring for
one hour.

HPLC analysis of the mixture at the end of the reaction indicates a quantitative
yield of 3-(methylsulfanyl) propan-1-ol.

Example 4: Preparation of methyl 2-hydroxy-4-(methylthio) butanoate by
radical addition reaction with an initiator agent according to the invention
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26.3 g (0.23 mol) of methyl 2-hydroxybut-3-enoate and 0.020 g of iron (II) and
iron (1) oxide (0.00013 mol) are placed in a stirred reactor and cooled to -10 °C. 13.2
g of methanethiol (0.27 mol) are then injected, then an aqueous solution of sodium
persulfate (0.023 mol) is slowly added.

The temperature is increased to 0 °C. and the mixture is left under stirring for
one hour.

HPLC analysis of the mixture at the end of the reaction indicates a 79% yield
of methyl 2-hydroxy-4-(methylthio) butanoate.

Example 5: Preparation of methyl 2-hydroxy-4-(methylthio) butanoate by
radical addition reaction with an initiator agent according to the invention

26.1 g (0.22 mol) of methyl 2-hydroxybut-3-enoate and 0.089 g of iron sulfate
(0.00022 mol) are placed in a stirred reactor and cooled to -10 °C. 12.0 g of
methanethiol (0.25 mol) are then injected, then an aqueous solution of sodium
persulfate (0.023 mol) is slowly added.

The temperature is increased to 0 °C and the mixture is left under stirring for
one hour.

HPLC analysis of the mixture at the end of the reaction indicates a 70% vyield
of methyl 2-hydroxy-4-(methylthio) butanoate (selectivity of 84%).

These examples demonstrate the performance of an initiator agent according
to the invention and of a method implementing it.
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CLAIMS
1. A method for preparing a compound of formula (1)
[Chem I]
X R
R1 \/\r
R>
(1)
in which

X is selected from S, Se and O;

R1 is selected from H, alkyl groups, aryl groups and alkylaryl groups;

R2 is selected from H; OH; NR4Rs; NHCOR4; OCOR4; where R4 and Rs are
identical or different and are selected from H, alkyl groups, aryl groups, alkylaryl
groups; and protecting groups;

Rsis selected from OH, CH20H, COOH, COORes Where Re is selected from alkyl,
CN, CONR4Rs where R4 and Rs are as defined above, and COZ where Z represents a
halide;

which method comprising the reaction of a compound of formula (11)

[Chem 1]

In which

X is selected from S, Se and O;

R1’ is selected from H, alkyl, aryl, alkylaryl, thiol, thioalkyl, thioaryl, thioalkylaryl,
selenol, selenoalkyl, selenoaryl and selenoalkylaryl groups, and

R2’ is selected from H, alkyl, aryl and alkylaryl groups;

with a compound of formula (III)

[Chem 1]

j/f\/HE*

R,

(1)

where R2 and Rs are as defined above for the compound of formula (1),
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in the presence of at least one agent for initiating a radical addition reaction
comprising or consisting of a persulfate and one or several transition metals, said
transition metals being selected from Cu, Zn and Fe, in their elemental form or in an
oxidized form selected from sulfates, phosphates, chlorides, carbonates, hydroxides,
nitrites, nitrates, acetates, alcoholates, hydrogenphosphates and hydrogen sulfates,
and their alloys such as brass.

2. The method according to claim 1, characterized in that the persulfate is
in the form of a salt of a cation, preferably selected from sodium, potassium, calcium,
lithium and ammonium ions.

3. The method according to claim 1 or 2, characterized in that the molar
ratio of persulfate to the transition metal(s) ranges from 1 to 1000.

4, The method according to any one of claims 1 to 3, characterized in that
the persulfate is potassium persulfate or sodium persulfate.

5. The method according to any one of claims 1 to 4, characterized in that
the molar ratio of compound (1) or of compound (ll1) to the initiation agent ranges from
2 to 1000.

6. The method according to any one of claims 1 to 5, characterized in that
the molar ratio of compound (II) to compound (lll) ranges from 0.9 to 20, preferably
from 1.1 to 3.

7. The method according to any one of claims 1 to 6, characterized in that
the compound (ll) is methylthiol or methylselenol.

8. The method according to any one of claims 1 to 7, characterized in that
the compound (lll) is methyl vinyl glycolate.

9. The method according to any one of claims 1 to 8, characterized in that
the reaction is carried out at a temperature from -20 °C to 40 °C.

10. A use of an agent for the initiation of a radical addition reaction for
obtaining compounds of formula (I) as defined in claim 1, said agent comprising or
consisting of a persulfate and one or several transition metals,said transition metals
being selected from Cu, Zn and Fe, in their elemental form or in an oxidized form
selected from sulfates, phosphates, chlorides, carbonates, hydroxides, nitrites,
nitrates, acetates, alcoholates, hydrogenphosphates and hydrogen sulfates, and their
alloys such as brass.
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Agent for initiating a radical addition reaction and process using it

ABSTRACT

5 The invention concerns an agent for initiating a radical addition reaction
comprising or consisting of a persulfate and one or more transition metals, in elemental
form or in an oxidized form, as well as a method for preparing a compound of formula

U]

[Chem 1]
A R
R‘]H \/\‘/ 3
)
(1)

10

in which

X is selected from S, Se and O;

by a radical addition reaction in the presence of such an agent.
15

[No Suitable Figure]



