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Title: Demethylation of Methyl Ester of Methionine and its Hydroxy Analog

FIELD OF THE INVENTION

The present invention regards a process for transforming the methyl ester of either methionine
(Me-MET) or methionine hydroxy analog (Me-MHA) into the anion of the respective correspond-
ing carboxylic acid (methionine, MET/methionine hydroxy analog, MHA) by reacting it with a hy-
drogen sulfide anion (HS") while causing the production of methane thiol (MeSH). It further re-
gards a process for transforming methyl vinyl glycolate (MVG), or the amino analog of MVG
(MVG-AA) to Me-MHA or Me-MET respectively, by reacting it with MeSH and subsequently
transforming the Me-MET or Me-MHA into the anion of the corresponding carboxylic acid
(MET/MHA) by reacting it with a hydrogen sulfide anion (HS") under the production of methane
thiol (MeSH); and recovering the produced MeSH and using it as a reagent in the first step of

the process.

BACKGROUND

In animal nutrition there is a great demand for feed additives. In particular, there is a demand for
feed additives made from sustainable raw materials, such as carbohydrates. The amino acid
Methionine (MET) and its alpha-hydroxy analog (MHA) are widely used as additives in animal
feed. In order to be useful as feed additives, low cost processes for producing the amino acids
or the alpha-hydroxy analogs thereof are needed. Known processes include fermentation and

various processes of chemical synthesis.

In WO 2016/174231 a chemo-catalytic process is disclosed for the preparation of MHA and es-
ters thereof. It comprises contacting one or more sugars with a metallo-silicate material in the
presence of a compound comprising sulfur and a solvent. A preferred sulfur compound for use
in the process is methane thiol and a preferred solvent is methanol. When methane thiol and
methanol are used, the product obtained is the methyl ester of the methionine hydroxy analog
(Me-MHA).

In WO 9832735 a process for the formation of Me-MHA through the hydrothiolation of MVG is
disclosed. It consists of contacting methyl 2-hydroxybut-3-enoate (MVG) with methane thiol in
the presence of a suitable radical initiator. The MVG substrate can be produced from sustaina-

ble raw materials as described in e.g. US 2010121096 where a chemo-catalytic process for the
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preparation of MVG is disclosed. It comprises contacting one or more sugars with a metallo-sili-
cate material in the presence of a solvent. When methanol is used as solvent, the product ob-
tained is the methyl 2-hydroxybut-3-enoate (MVG).

Methane thiol (also known as methyl mercaptan) is a useful chemical. However, it is classified
as extremely flammable, very toxic and dangerous to the environment. Therefore handling of

methane thiol requires a high degree of precautions.

The methyl ester of the methionine hydroxy analog is at present not used directly as feed addi-
tive for animals. It is desirable to remove the methyl ester group, in order for the end product to
be suitable for industrial application within the field of animal nutrition. It is also desirable to re-
duce the need for handling toxic and hazardous chemicals. There is thus a need for low cost,

environmentally friendly and industrially applicable processes for removing the ester group.

SUMMARY OF THE INVENTION

One obvious way of transforming a methyl ester into the corresponding carboxylic acid would be
by direct hydrolysis under either acidic or alkaline aqueous conditions, usually by application of
heat. Commonly used reagents for such transformation include sodium hydroxide for an alkaline
hydrolysis or sulfuric acid for an acidic hydrolysis respectively, but a wide array of acids and ba-
ses may be employed. The reagents are cheap and the reactions are reliable in the cases
where the methyl ester substrates are not sensitive towards acid/base, water and/or heat.

Other methods of de-esterification are also known, such as the use of alkyl or benzyl thiolates,

the use of iodotrimethylsilanes and the use of anhydrous trifluoracetic acid, among many others.

The inventors surprisingly found that demethylation of the methyl esters Me-MET and Me-MHA
with a hydrogen sulfide anion resulted in high yields of the corresponding carboxylates along

with equimolar amounts of methane thiol, making this procedure an excellent candidate for pro-
ducing methionine products suitable as animal feed additives, while at the same time producing

the chemical methane thiol as a useful co-product.

According to an aspect of the present invention a process is provided for producing a demethyl-
ation product of the formula (II):
‘OCO-CHR-CH2-CH2-S-CHas (1
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wherein R is —OH or —NH,

comprising a demethylation step of reacting a methyl ester of the formula (1):
CH3-OCO-CHR-CH2-CH»-S-CH3 ),
wherein R has the same meaning as above,

with a hydrogen sulfide anion to obtain methane thiol and the demethylation product of the for-

mula (II).

The present process shows very good performance. The yields of the carboxylates are very
high and in addition MeSH is formed. Forming MeSH as a co-product has several advantages.
MeSH is volatile and accordingly it may easily be separated from the reaction mixture to obtain
a high purity methionine product. In addition, MeSH is a valuable chemical and may be used or
sold. According to an embodiment of the present invention the MeSH is recovered. According to
another embodiment of the present invention the MeSH recovered and is used in a hydrothiola-

tion step.

One use of MeSH is for transforming MVG, or the amino analog of MVG (MVG-AA), to the Me-
thyl ester of Methionine Hydroxy Analog (Me-MHA) or the methyl ester of methionine (Me-MET)
by reacting it with MeSH. MeSH is a preferred source of sulphur for this transformation. How-
ever, it is also a problematic raw material, since it is very volatile and hazardous. The Methyl es-
ter of Methionine Hydroxy Analog (Me-MHA) and the methyl ester of methionine (Me-MET) may

subsequently be deesterified.

According to an aspect of the present invention a process is provided for producing a demethyl-
ation product of the formula (I1):
‘OCO-CHR-CH2-CH2-S-CH3 ()
wherein R is —OH or —NH>,
comprising:
a1) a hydrothiolation step of reacting a compound of the formula:
CH5-OCO-CHR-CH=CH> (1,
Wherein R has the same meaning as above,
With methane thiol to obtain a methyl ester product of the formula (1):
CH3-OCO-CHR-CH2-CH>-S-CHs (1),
wherein R has the same meaning as above, and then
b) a demethylation step of reacting the methyl ester product of the formula (1)

with a hydrogen sulfide anion to obtain methane thiol and the demethylation
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product of the formula (Il).

In addition to the previous advantages, this process has the further advantage, that the MeSH
obtained in the demethylation step may be used in the hydrothiolation step (a1). Since the stoi-
chiometric relationship between each of the reactants MVG/MVG-AA and methane thiol as well
as the product Me-MHA/Me-MET in step a1) of the process above is 1:1:1, and accordingly the
stoichiometric relationship between the reactants hydrogen sulfide anion and Me-MHA/Me-MET
as well as the products MHA/MET and methane thiol in step b) of the process above is also
1:1:1:1, the amount of MeSH used in the hydrothiolation step (a1) more or less equals the
amount of MeSH produced in the demethylation step (b). However, in practice it may be needed
to supplement with additional MeSH. In the hydrothiolation step a suitable catalyst or radical ini-
tiator may be used. If the hydrothiolation step and the demethylation step are conducted within
battery limits, transporting of this hazardous chemical may be dispensed with. In this case the

MeSH uncovered may be circulated directly to the hydrothiolation step.

MeSH may also be used in a metallo-silicate catalyzed process of converting sugars (including
glycolaldehyde) into the Methyl ester of Methionine Hydroxy Analog (Me-MHA), which may be

deesterified.

According to an aspect of the present invention a process is provided for producing a product of
the formula (I1):
‘OCO-CHR-CH2-CH,-S-CH3 (1n
wherein R is —OH
comprising:
a2) a metallo-silicate catalyzed step of contacting a sugar with a metallo-silicate
material in the presence of methanol and methane thiol to obtain a methyl ester product
of the formula (1):
CH3-OCO-CHR-CH2-CH-S-CH3 (),
wherein R has the same meaning as above, and then
b) a demethylation step of reacting the methyl ester of the formula (1) with a
solvated hydrogen sulfide anion to obtain methane thiol and the demethyl-

ation product of the formula (II).

In addition to the previous advantages, this process has the further advantage, that the MeSH

produced in the demethylation step may be used in the metallo-silicate catalyzed step.
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Generally, the demethylation step is carried out in a demethylation reaction zone. Generally, the
hydrothiolation step is carried out in a hydrothiolation reaction zone. Generally, the metallo-sili-
cate catalyzed step is carried out in a metallo-silicate catalyzed reaction zone. Advantageously
the MeSH produced in the demethylation reaction zone may be recirculated to the metallo-sili-
cate catalyzed reaction zone or the hydrothiolation reaction zone. According to an embodiment
of the present invention the methane thiol recovered from the demethylation reaction zone is re-
circulated to the hydrothiolation reaction zone (a1) or the metallo-silicate catalyzed reaction
zone (a2). This is particularly advantageous when both steps are conducted as continuous pro-

cesses.

The demethylation product may be recovered after the demethylation step in the form of the car-

boxylic acid or a carboxylate salt thereof.

The hydrothiolation step and the demethylation step may be combined into a single process

step.

According to an aspect of the present invention, a process is provided of producing a demethyl-
ation product of the formula (II):
‘OCO-CHR-CH2-CH2-S-CHs (1
wherein R is —OH or —NHj,
comprising:
¢) an integrated step of reacting a compound of the formula (l11):
CH3-OCO-CHR-CH=CH, (1,
Wherein R has the same meaning as above,
in the presence of methane thiol and a hydrogen sulfide anion to obtain the demethyla-

tion product of the formula (lI).

In addition to the previous advantages, the integrated step has the further advantage of combin-
ing in one pot both a demethylation step and a hydrothiolation step, producing the demethyla-
tion product of the formula (). Furthermore, in this aspect of the invention, the methane thiol
produced in the demethylation step is consumed in the hydrothiolation step, thereby avoiding

the need for recovering and transporting (such as recirculating) the methane thiol.
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c
In the context of the present invention the individual steps on the figure above are referred to
as:
Step a1 is referred to as the hydrothiolation step.
Step a2 is referred to as the metallo-silicate catalyzed step.
Step b is referred to as the demethylation step.

Step c is referred to as the integrated step

DETAILED DESCRIPTION OF THE INVENTION

Definitions

In the context of the present invention, the following terms are used:

Abbr. Also named as Systematic name Structure
2-amino-4-methyl- 0
Methionine Me- ) s
Me-MET sulfanyl-butyric 0 K:Af ~
thyl Ester NH,

acid methyl ester

2-hydroxy-4-me-
Methionine Hy- o
thylsulfanyl-bu-
Me-MHA droxy Analog \O)LT/“M/S\
tyric acid methyl
Methyl Ester
ester
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7
Methyl mercap- . HS.
MeSH Methane thiol “CHs
tan
2-amino-4-methyl- 0
MET Methionine sulfanyl-butyric HQJLT/“\fS\
acid NH,
2-hydroxy-4-me- 0
Methionine Hy-
MHA thylsulfanyl-bu- HOJLT/NN”S\
droxy Analog OH
tyric acid
Methyl Vinyl  Methyl 2-hydroxy- Q
MVG ~0 =
Glycolate but-3-enocate OH
. . O
MVG Amino Ana- Methyl 2-amino-
MVG-AA \‘QM
log but-3-enoate NH,
Sodium 2-amino-4- o
Sodium salt of s
Na-MET methylsulfanyl- ngQO)LT/N“’ .
Methionine NH
butyrate 2
Sodium salt of Sodium 2-hydroxy- 0
Na-MHA Methionine Hy- 4-methylsulfanyl- . @€q S
droxy Analog butyrate OH
(Metal) 2-amino- X o
Metal salt of @
X=-MET 4-methylsulfanyl- @GJ\(\/S»\
Methionine NH
butyrate 2
Metal salt of (Metal) 2-hy- X 0
&
X-MHA Methionine Hy- droxy-4-methyl- = S..
OH

droxy Analog

sulfanyl-butyrate

The term “methionine product” is meant to refer to either of MET, MHA and the salts thereof (X-
MET or X-MHA).

The term “Recovering” is meant to refer either to collecting the product or to directing the prod-

uct to a subsequent step or recirculating it to a previous step.
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The term “yield” is in the present context meant to refer to moles of product formed per moles of
reactant added to the reaction mixture (e.g. moles of compound (II) formed per moles of com-

pound (1) present initially).

The terms “reactant” and “substrate” are used interchangeably to refer to the (unreacted) com-

pounds fed to the reaction in question (e.g. demethylation or hydrothiolation).

The term “conversion” is in the present context meant to refer to the molar fraction of substrate

which has reacted.

The term “continuous conditions” or “continuous process” is meant to refer to truly continuous
process conditions with continuous feeding of substrate and continuous recovery of product
(such as in a fluid bed reactor or packed bed reactor, optionally with recycle of excess second
compound to the feed stream or to the reactor inlet) but it is also meant to refer to semi-continu-
ous process conditions such as repeatedly feeding small portions to the reaction zone and re-

peatedly recovering small portions of the product from the reaction zone.

In the present context, a “reaction zone” is meant to refer to the area wherein the reaction takes
place. In certain embodiments the reaction zone may be defined by the walls of a chemical re-
actor. In a continuous reactor, the reaction zone may be defined by the reactor walls and the in-
let and the outlet. The reaction zone may be defined by the reaction mixture contained within

the reactor.

The “reaction mixture” is meant to refer to the mixture present in the reaction zone, including
both unreacted compounds and the products formed and any cdatalysts, by-products or sol-
vents or diluents present.

Where nothing else is stated, the group R is -OH or —NH..

The term “hydrogen sulfide anion” is meant to refer to the anion HS™ which is the sulfur analog of
the hydroxide anion. It is implicit that a counter ion is also present whenever the hydrogen sul-

fide anion is present so that an overall charge neutrality is maintained.

The demethylation step
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An advantage of the present invention is that under ambient reaction conditions the side product
MeSH is volatile and may be recovered easily from the demethylation reaction mixture, since
the other reaction products are in liquid or solid phase. This can be achieved by stripping the re-
action mixture with a gas to drive out dissolved gaseous methane thiol and collecting methane
thiol from the gas by condensing it out. Suitable gases for stripping include N2, CH4, H,O
(steam), CH3OH (methanol vapor), CO2 and H.. Alternatively, methane thiol may be recovered
by reducing the pressure to allow gaseous methane thiol to be released and collecting it by con-
densation or compressing it out to a liquid. Optionally, the collected methane thiol may be puri-
fied by e.g. distillation to remove hydrogen sulfide and other gaseous contaminants prior to fur-

ther use.

The hydrogen sulfide anion

According to an embodiment of the present invention the hydrogen sulfide anion is provided in
the form of a hydrogen sulfide salt, such as a hydrogen sulfide metal salt. In an embodiment of
the present invention the hydrogen sulfide salt is a metal salt, wherein the metal is an alkali
metal or an earth alkali metal. The anion may be formed by dissolving a salt of the formula XSH
(where X = Li, Na, K) or the formula X(SH), (where X = Ca, Mg) in one of the reactants orin a
solvent such as a demethylation solvent to obtain a solvated hydrogen sulfide anion. In an em-
bodiment of the present invention the hydrogen sulfide metal salt is selected from the group
consisting of LiSH, NaSH, KSH, Ca(SH)., Mg(SH); or combinations thereof. In a preferred em-
bodiment of the process the source of the hydrogen sulfide anion is NaSH or KSH due to the

lower price, better availability and ease of handling of these hydrogen sulfide anion sources.

Alternatively, the hydrogen sulfide anion may be formed by reacting hydrogen sulfide H2S in situ
in the demethylation reaction zone in the presence of an appropriate base such as, but not lim-
ited to, NaOH or KOH.

In an embodiment of the present invention, the two above methods of providing the hydrogen
sulfide anion may be combined, such that a hydrogen sulfide salt is added to the demethylation

reaction mixture and hydrogen sulfide is bubbled through the demethylation reaction mixture.

For instance, in the case where sodium hydrogen sulfide (NaSH) is solvated, the solvated ions
are HS and Na'. It is also possible to generate hydrogen sulfide anions by reacting hydrogen
sulfide (H>S) with a base such as NaOH. In this case the hydrogen sulfide anion is generated

not by direct solvation of a salt but by acid-base reaction between dissolved H.S and HO" to
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generate HS™ and H»O. Due to the amphoteric nature of the hydrogen sulfide anion in many sol-
vents, the three species H,S, HS  and S% will be present at the same time in the reaction mix-
ture in different relative amounts. This relative distribution can be modified by adding acids or
bases to the demethylation reaction mixture. The term “hydrogen sulfide anion” is therefore also
meant to refer to mixtures of H»S, HS™ and S?% in which HS- constitutes more than 1% of the

three species in solution.

The demethylation product

The demethylation product will mainly be present in the demethylation reaction mixture on ionic
form. In an embodiment of the present invention the demethylation product obtained is recov-
ered in the form of a carboxylic acid (MET or MHA) or a carboxylate salt (X-MET or X-MHA). It
may be recovered from the demethylation reaction mixture by crystallization and separation of
the salt from the depleted reaction mixture. Other options of recovering the demethylation prod-

uct include chromatography, electrodialysis, acidification, distillation and extraction.

The demethylation reaction mixture

According to an embodiment of the present invention, the demethylation reaction is carried out
in a demethylation solvent. In such embodiment, the reaction mixture comprises unreacted hy-
drogen sulfide anion, unreacted methyl ester compound of formula (1), any demethylation prod-
uct and methane thiol formed and a solvent. The preferred solvent is a polar solvent. A polar
solvent is meant to refer to a composition having a dielectric constant exceeding 15, such as,
but not limited to, DMSO, dimethylformamide, HMPA, acetonitrile, acetone, ethanol, methanol,
water or mixtures thereof. An advantage of using polar or slightly polar solvents is that the solu-
bility of the reagents, in particular the ionic compounds, are higher in polar solvents. The de-
methylation reaction mixture should in the demethylation reaction zone provide an environment

which has a polarity favouring the solvated (or dissociated) form of the hydrogen sulfide salt.

In an embodiment of the present invention the demethylation step is carried out in the presence
of a polar solvent having a dielectric constant in the range of from 15 to 100.

In an embodiment of the present invention the solvent is selected from the group consisting of
DMSO, dimethylformamide, HMPA, acetonitrile, acetone, ethanol, methanol, water; or mixtures

thereof.

According to another embodiment of the present invention, the process is performed without

any solvent present. In that particular case the demethylation reaction mixture comprises the
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source of hydrogen sulfide anions and the methyl ester of the formula (1). An advantage of omit-
ting the solvent is that it reduces the need of removing the solvent after the reaction. Further-

more, it enables the process to run at much higher concentrations.

In an embodiment of the present invention the demethylation step is carried out at a tempera-
ture in the range of from 0 °C to 200 °C, such as at a temperature in the range of from 30 °C to
100 °C or 40-70 °C.

In an embodiment of the present invention the demethylation step is carried out in a substan-
tially oxygen free atmosphere, preferably at an oxygen partial pressure in the range of from
0.00001 bar (1 Pa) to 0.1 bar (10 kPa). An advantage of an oxygen free process is that the oxi-
dation of the formed methane thiol is reduced or avoided.

According to an embodiment of the present invention, the demethylation step is carried out at a
pressure in the range of from 0.1 bar (10 kPa) to 10 bar (1000 kPa).

According to an embodiment of the present invention, the initial molar ratio of hydrogen sulfide
anion relative to the methyl ester of the formula (1) is in the range of from 1:100 to 100:1 in the
initial reaction mixture. This is to be understood as the molar ratio between the hydrogen sulfide
anion and the methyl ester of the formula (I) before they start reacting. When the process is car-
ried out as continuous flow, the initial concentration is meant to refer to the concentration in the

combined feed streams.

According to an embodiment of the present invention, all or some of the methane thiol recov-
ered from the demethylation reaction zone is recirculated to the to the hydrothiolation reaction
zone or the metallo-silicate catalyzed reaction zone. It may be separated as described previ-

ously by stripping, condensation and/or compression.

The hydrothiolation step

The free radical hydrothiolation of MVG with methane thiol is described in WO 9832735 A1. It
consists of contacting methyl 2-hydroxy-but-3-enoate (MVG) with methanethiol in the presence
of a suitable radical initiator. The MVG substrate can be produced from sugars according to US
2010121096 AA. The described procedure comprises contacting one or more sugars, such as

sucrose, fructose, glucose or glycolaldehyde, with a metallo-silicate in the presence of a solvent.



10

15

20

25

30

35

WO 2019/219597 PCT/EP2019/062194

12

The two steps can be combined in a single metallo-silicate catalyzed step as described in detail
in WO 2016/174231. In brief, a sugar, such as sucrose, xylose, mannose, tagatose, galactose,
glucose, fructose, sugar syrup, threose, erythrose, erythrulose, dihydroxyacetone, glyceralde-
hyde or glycolaldehyde is contacted with a metallo-silicate material in the presence of a solvent.
In an embodiment the metal in the metallo-silicate is selected from group consisting of tin, tita-
nium, zirconium and hafnium, or mixtures thereof. In an embodiment the silicate material has a
beta-zeolite structure. In an embodiment the solvent is methanol, possibly with 0.1-10% water.

The reaction is performed in the presence of MeSH to form Me-MHA.

The formation of MVG from sugar and the subsequent hydrothiolation of MVG to Me-MHA may
take place in a single reaction zone, or the two steps may be conducted in separate reaction

zones. The solvent may be removed prior to the hydrothiolation step.

The continuous process

The process according to the present invention may be conducted as a continuous flow process
or a batch process. In the present context, a continuous flow process is to be understood as a
reaction or process that occurs over a prolonged period of time, and the reactant is continuously
fed through a reaction chamber in a solvent. It is an advantage of a continuous flow process

that it is suitable for large scale production.

According to an embodiment of the present invention, the demethylation step is conducted as a
batch or a fed-batch process. In an embodiment, Me-MET or Me-MHA are contacted with a
source of hydrogen sulfide anions in a reaction zone under conditions suitable to carry out the
demethylation reaction. The reactants are held in the reaction zone until sufficient demethylation
has been achieved. The demethylation step can be carried out under varying different reaction
parameters such as the ratio of hydrogen sulfide anion to Me-MET or Me-MHA, reaction tem-

perature, solvent/no solvent, reaction time, pH, pressure, atmosphere, etc.

According to an embodiment of the present invention, the demethylation step is conducted as a
continuous process and the methyl ester of the formula (I) and the hydrogen sulfide anion are
continuously provided to a demethylation reaction zone; and the methane thiol and the demeth-
ylation product formed in the demethylation reaction zone are continuously recovered from the

demethylation reaction zone.
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Me-MET or Me-MHA may be contacted with a source of hydrogen sulfide anions in a demethyl-
ation reaction zone; this can be done by continuously feeding a feed stream containing Me-MET
or Me-MHA and a feed stream containing a source of sulfide anions or hydrogen sulfide to the
demethylation reaction zone and reacting the reaction mixture in the reaction zone at the de-
sired reaction conditions and continuously recovering a demethylation product stream from the
demethylation reaction zone. The demethylation step can be carried out under varying different
reaction parameters such as the ratio of hydrogen sulfide anion to Me-MET or Me-MHA, reac-
tion temperature, solvent/no solvent, reaction time, pH, pressure, etc. The demethylation prod-
uct stream is exiting the reaction zone at a flow (kg/hr) similar to that which enters the reaction

zone (total of product streams equals total of feed streams).

According to an embodiment of the present invention, methane thiol may be recovered from the
demethylation product stream. This can be achieved by stripping the demethylation product
stream with a gas to drive out dissolved gaseous methane thiol and collecting some or all of the
methane thiol from the gas by condensing it out. Suitable gases for stripping include N>, CHa,
H>O (steam), CHzOH (methanol vapor), CO: or H.. Alternatively, methane thiol may be recov-
ered by reducing the pressure to allow gaseous methane thiol to be released and collecting it by
condensation or compressing it out to a liquid. Optionally, the collected methane thiol may be
purified by e.g. distillation to remove hydrogen sulfide and other gaseous contaminants prior to
further use.

According to an embodiment of the present invention, the demethylation reaction product (Na-

MET or Na-MHA in the case where NaSH was used as hydrogen sulfide anion source) may be
recovered from the methane thiol depleted demethylation product stream by crystallization and
separation of the salt from the methane thiol depleted demethylation product stream. Other op-
tions of recovering the demethylated product include chromatography, electrodialysis, acidifica-

tion, distillation and extraction.

According to an embodiment of the present invention, the hydrothiolation step is conducted as a
continuous process and the compound of formula (Il1) and methane thiol are provided to a hy-
drothiolation reaction zone in one or more feed streams; and the methyl ester product of formula
() formed in the hydrothiolation reaction zone is recovered from the reaction zone in a hydrothi-
olation product stream which is led to the demethylation reaction zone for conversion into a de-
methylation product of formula (II) which product is recovered in a demethylation product

stream.



10

15

20

25

30

WO 2019/219597 PCT/EP2019/062194

14

Animal feed additive

The methionine product of the present invention is useful as animal feed additive and as food
additive as such. Optionally, the demethylation product may be acidified, using e.g. sulfuric acid,
to transform it into the acid form (X-MET or X-MHA to MET or MHA, respectively) or it may be
ion exchanged to transform it into a more desirable salt for feed application, such as Ca(MET).
or Ca(MHA),.

For both uses they may be mixed with one or more animal feed or human food components,
such as a carrier material, a carbohydrate, an adjuvant, an anti-caking agent, an antioxidant,
and/or a surfactant, to form an animal feed or food composition. The additives or compositions

may be formulated into a solution, suspension, pellets, powder etc. as is known in the art.

EXAMPLE

In a Schlenk flask was placed Sodium Hydrogen Sulfide monohydrate and a magnetic stirbar.

The flask was evacuated and purged with nitrogen 3 times to remove any oxygen.

A solution of Me-MHA (methyl ester product of formula (I) with R= -OH) in the solvent DMSO
was added to the flask via a syringe. The flask was lowered into an oil bath and the reaction

mixture was stirred at the desired temperature under a nitrogen atmosphere for 24 hours.

GC analysis of the solution before and after reaction showed up to 100 % conversion of methyl
2-hydroxy-4-methylthio-butanoate after 24 hours. GCMS confirmed the formation of methane
thiol. NMR analysis confirmed the presence of 2-hydroxy-4-methylthio-butanoic acid in up to 93
% vyield.

It appears that the selectivity towards the sodium carboxylate product increases significantly

when the temperature is increased from room temperature to 50 °C.
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Substrate (I), R=-OH | Solvent HS" source T Conv. Yield* MeSH
observ
MMHA 1.00 mmol | DMSO 825l | NaSH  1.34 mmol r.t. 90 % 15 % Y
MMHA 0.96 mmol | DMSO 825l | NaSH  1.69 mmol | 50 °C 100 % 93 % Y
MMHA 0.96 mmol | DMSO 825yl | -- - r.t. 20% 0% N
- --- | DMSO 1000 pl | NaSH  2.05 mmol | 50 °C - - N

*Yield refers to the molar yield of the carboxylate relative to the added methyl ester substrate



