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| METHOD FOR PREPARING
2-HYDROXY-4-METHYLSELENOBUTYRIC ACID, ALONE OR AS
MIXTURE WITH ITS SULPHUR-CONTAINING ANALOGUE, AND USES
THEREOF IN NUTRITION, IN PARTICULAR IN ANIMAL NUTRITION
The present invention relates to a method for preparing
2-hydroxy-4-met..ylselen.obutyric acid, plone or as a mixture with its
sulphur-containing analogue, as well as uses thereof in nutrition, in
particular in 5 animal nutrition. Selenium is an essential micronutrient for
mammals and notably for humans. It is involved, as L(+)- selenocysteine
or selenomethionine, in the biosynthesis of selenoproteins such as
glutathione 10 peroxidase, thioredoxin reductase and selenoprotein P.
According to the FDA-RDAs, the daily selenium needs in, humans vary
from 10-30ua for children, to 40-70pg for adolescents-adults, these levels
being particularly high in women during pregnancy (65pg/day) and
lactation 15 (75ug/day). L(+)-selenomethionine complementation 2.7pmol
of selenium equivalent) in nursing women 2 substantially increases
selenium concentration in their milk.

METHOD FCR PREPARING Z2-HYDROXY-4-METHYLSELENCBUTYRIC
ACID, ALONE OR AS MIXTURE WITH ITS SULPHUR-CONTATINING
ANALGCGUE, AND USES THEREOF TN NUTRITION, IN PARTICULAR IN

ANIMAL NUTRITION

The present invention relates to a method fo
vreparing Z-hydroxv-4-methylselenobutyric acid, alone or
as a mixture with its sulphur-containing analogue, as
well as uses thereof in nutrition, in particular in

animal nutrition.

Selenium 1s an essentilal micronutrient for mammals

and notably for Thumans. Tt is involved, as  Li{+)~-
selenocysteline or L{+)-selenomethionine, in the
Liosynthesis of selenoproteins such as glutathicne

paroxidase, thioredoxin reductase and selenoprotein P.
According to the FFDA-RDAs, the daily zelenium n=seds i1in
humans wvary from 10-30uwg for children, to 40-70pg for
adolescents-adults, these levels being particularly high
in women during pregnancy (65ug/day) and lactation
(75ug/day) . L{+)=-selencmethionine complementation

(Z.7pmel of selenium  equivalent) in  nursing women
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In a certain number of situations such as deficiencies, diseases or

exposure to radiations, a 5 nutritional selenium complementation has

proved to be very beneficial. This is most particularly true in the case of
children affected by genetic diseases, such as phenylketonuria or
hyperphenylalaninemia, which are subject to diets with low protein levels.

In another 10 field, selenium associated with vitamins, in organic form

such as L(+)-selenomethionine has protective effects towards UV

radiations in humans. Finally L(+)- selenomethionine protects from
deleterious biological effects of high energy ionizing radiations. 15 A

French patent application in the name of the applicant (FR 2 873376)
rePOTs B thetfirst timé “2-fydroxy-2EmetrylSelériobtiyiic dcidHhd its  “he=*
derivatives as well as their syntheses. Moreover, its sulphur- containing
analog, 2-hydroxy-4-methylthiobutyric acid, 20 also called liquid

methionine, is known as a precursor of methionine for animal feeding

(WO 96365981t is prade industraliydor this pplication alaseale pfch  as
severalc hundredsthousand fens:pepyearexposure  to radiations, a
2-hydroxys4-methylselenabutyric acid, 8 plecUtsorol 22, o oveg w0 pe

L(+)-selenomethionine, as well as 2-hydroxy-4- methylthiobutyric acid, a
m%%a%opspﬁé_Clal. This is most "particltlarly "true in the

case of children affected by genetic diseases, such as
phenyiketonuria or hyperphenylalaninemia, which are
subject to diets with low protein levels. In another
field, selenium asscciated with wvitamins, in organic form
such as L{+)-selenomathionine has protective effects
towards UV radiations in humans. Finally L4y~
selenomethicnine protects from deleterious Dbiclogical

effects of high energy ionizing radiations.

A Frencn patent applicaticon in the name of the
.

applicant (¥R 2 B873376) reports for h first time

@

Z-hvdroxy-4-methylselenobutyric acld and its derivatives
as weil as their syntheses. Moreover, 1ts sulphur-
containing analog, Z2-hydroxy-4d-methylithicobhutyric acid,
also called liguid methicnine, is known as a precursor of
methionine for animal feeding (WO 2€365%98). It 1s made
industrially for this appilication at z =cale 0of several

hundred thousand ftons per vyear,

Z-hyvdroxy-4-methylselencbutyric acid, a precursor of

L(+}-seienomethionine, as well as 2-hydroxy-4-
methylthichutyric acid, a Drecursor of L{+)-
selenomethionine, are therefore compounds of major

interest in animal nutrition. Tt is therefore important
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selenomethionine, are therefore compounds of major interest in animal
nutrition. It is therefore important 3 to be able to have easily
industrializable synthesis methods available, i.e. which may be carried
out at a large scale, in the simplest way, the application and cost of
which do not represent major handicaps. 5 The applicant has developed a
synthesis method which meets these ctiteria and which has many
advantages over the existing methods. Thus, in a first aspect, the present
invention relates to a method for preparing 2-hydroxy-4- 1.0
methylselenobutyric acid, characterized in that it comprises the steps of:
reactin 3-m%thglse+[eno%ro ionaldeD%ie of formyla_ ):130(} 0 15 .
witl? arPalkafifie tyanide of TormAa M CN-, et ablyin tHE Préserce of &5 -3
amamkalide bisiAphited salt of fofmuldMTHSOaYM brepresentiag avut at a
alkaling-metat atom, in a palar efaticiselveniay, the application and

cost of which do not represent major handicaps.

The applicant has developed a synthesis method which
meats these criteria and which has many advantagss over

the existing methods.

Thus, 1in a first aspect, the present invention
relates to a method for preparing 2~-hydroxy-4-
methylselenchbutyric acid, characterized 1in that it

comprises the steps of:

s reacting 3-methylselenopropionaldenyde of

formula (1) :

with an alkaline cyanide of formula MCN,
preferably 1in the presence o0f an alkaline
bisulphite salt of formula MTHSO:, M
representing an alkaline metal atom, in a polar

nrotic solvent,

in crder to iead to Z2-hydroxy—-4-
methylselenobutvronitrile, a compound of

formala (II):
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20 in order to lead to 2-hydroxy-4- mehylselenobutyronitrile, a compound
of formula (ll): 4 H3C..- Sc C'T OR a compound of formula (II) which is
hydrolyzed in a hot concentrated strong acid medium, in a polar protic
solvent, in order to lead to the 5 expected compound of formula (IV): tI3C
(IV) OH wh:_c_h may optionally be transformed into one of its salts after
addition with a physiologically acceptable base. In an alternative of the
method described earlier, 10 the compound of formula (ll) is hydrolyzed
in a hot concentrated sulphuric acid medium in a polar protic solvent, in
order to lead to a compound of formula (Ill): SC*' " CC) i"li {rty Oki a
compound of formula (111) whicgﬁis itself hyg{gjyzed in 15 a hot
concentrated strong acigigrup’dimﬁﬁﬁ?b‘?(té’i lead to (ﬁ\)e compound of
formula (1V). Ol ‘

4

= a compound cf formula {I1) which is hydrolyzed
in a hot congentrated strong acid medium, in a
poclar protic szolvent, in order to lead to the

expected compound of formula {IV}:

- - ACO0H
f:‘IEC ‘/\/ (V)

OH

which may optionalilly be transformed into one of its salts

after addiftion with a physiciogically acceptable base.

In an alternative o0f the method described earlier,
the compound of formula (II} 1z hydrolyzed in a hot
concentrated sulphuric acid medium in & polar protic

sclivent, in order to lead to a compound of formula (IIL):

Se . ACONEL
-~ \fﬁ\/ 3
H,C i.

OH

Y

a compound of formula (ITIT) which ig itself hydrolvzed in
a hot concentrated strong acid medium 1n order to lead To

the compound of formula (IV).



5 According to an advantageous embodiment of the method according to
the invention, the alkaline cyanide reagent is selected from sodium

cyanide, potassium cyanide, and lithium cyanide. 5 One operates within a
erotic polar solvent such as for example water. The subsequent

reactions, with which the compound of formula (IV) may be transformed

into its corresponding salts, are carriedsout under standard conditions

known to 10 one skilled in the art. The method according to the present
invention has the advantage of neither requiring complex reagents such

as organometallic compounds, nor toxic agents such as alkylating agents,

as in the methods from the prior art 15 (FR 2 573 376). Further, it may be
cdifiedout afa I%?geagcaPeﬁP‘fﬁ%Bﬁgt‘SQi’ﬁssoI%@ﬁf%os“’ﬁ%ﬁﬁ“&s for exaffpletethod
watero hnladdition ta the feastbilityaspestisthesé&atvantagesnalde reagent
considerahly reducethe application.cpsts. the compound af fermulasl), and

Wliiggﬂslﬂr%ed as angO substrate for applying the method of the invention

is "Known and how fo obtain it is notably described in the publication,
Synthesis, 1988, pages 616-619. The benefit from the sulphur-containing

5 anmogu%gg operates within a protic polar solvent such as

for example water.

The subksequent reactions, with which the compound of
fermula {(IV) may be transformed into its corresponding
salts, are carried out under standard conditions known to

10 one skilled in the art.

The method according toe the present invention has
the advantage of neither reguiring complex reagents such
as rganometallic compounds, nor toxic agents such as
alkylating agents, as in the methods from the prior art

15 {FR 2 573 376). Further, it may be carried out at za large
scale, in non-toxic sclvents such as for example water.
In addition to the feasibility aspect, these advantages

also considerably reduce the application costs.

The compound of formuiaz (I} which 1s used as

jal]

20 substrate for applyving the method of the invention is
knewn and how to obtaln it 1is netably described in the

publication, Synthesis, 1988, pages 616-619.

The benefit from the sulphur-containing analogue of
the compound  of formula (IV) above, 2-nydroxy-4-
25 methylthiobutyric acid, is widely recognized (sse above),

in particular in the same field of nutrition,
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(IV) above, 2-hydroxy-4- the compound of formula 25 methyithiobutyric

acid, is widely recognized (see above), in particular in the same field of
nutrition. 6 Simultaneous administration of this compound and of the
compound of formula (TV) has an unquestionable advantage in terms of
application and efficiency. In order to meet the needs of industrialization,

it is important to be 5 able to simply haye both of these compounds in a
mixture, and further with control over the relative proportion of both of

these derivatives relatively to each other. Their administration, either
simultaneously or separately, within formulations in defined proportions
would also 10 provide a significant advantage. The applicant has shown
thabTHE PraTRfor BAd HcotdiRg 6. the BresSntiRvaRoratl °0 ="
describedrearlidr, raybeaused for Sinfultanecusty: feading: &6 asmixtlire of age
twinsulphufscantaigmg and seteniwmn-coptainingLompoundss kbwhich meet
cqngiderahly impreve;industrial productivity. Thus, in a second aspect, the

present invention relates to a mgthogl for preparing a mixture of o
= @ 1 = - i 1 ! a 3

2 dFoxy” asmithyisdlgnGotyhic atfd &M of 24toxgs 0 & mixture,

mettyIthiobtityric atidindefinedlpropertions,e relative proportion of
both of these derivatives relatively to each other. Their
administration, either simultaneously or separately,
within formulations in defined proportions would also

provide a significant advantage.

The applicani has shown that the preparation method
according to the present invention and described earliier,
may be used for simultanecusly leading tc a mixture of
twoe sulphur-containing and selenium-containing compounds,

wnilch considerakly improve industrial productivity.

Thus, in a second aspect, the present invention
relates to a method for preparing & mixture of Z-hydroxy-
d-methylselenchutyric acid and of Z2-hydroxy—4-
methylthicbutyric acid, in delfined proportions,

characterized 1in that i1f comprises the steps of:

b1y

3

methylselenoproplonaldehyde of formula (I}, and

= reacting a mixture o

of 3~methylthioprionaldehyde of formula (Ia):
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20 characterized in that it comprises the steps of: reacting a mixture of 3-
methy_selenopropionaldehyde of formula (I), and of
3-methylthioprionaldehyde of formula (Is): 5C Ft Sti HM ~ + HNC (1) (Ia)
} 7 with an alkaline cyanide of formula WCN-, preferably in the presence
of an alkaline bisulphate salt of formula M'HSO3, M representing an
alkaline metal atom, in a polar protic selvent, 5 in order to lead to the
mixture of 2-hydroxy-4- met~nylselenobutyronitrile of formula (II) and of
2-hydroxy-4-metny'_thiobutyronitrile of formula (lla): Se C_J + OH OH
(I (IB.) 10 which, by hydrolysis in a hot strongly concentrated acid

medium, i olar protic solvent, leads to the mixture of the two .
ngipan gﬁ%éﬁine cyan?ge o% formula MCN , preferably

in the presence o¢f an alkaline bisuiphite salt of
formula MHSC:, M representing an alkaline metal

atom, in a polar protic solwvent,

in order to lead to the mixture of Z-hydroxy-4-

methyiselencobutyronitrile of formuia (II} and of
2-hydroxy-d-methylthicobutvronitrile o= formula
(Ila):

H,C” . \/YGN +OHCT 3 \/\T/CN

OH OH
(m () ,
= which, by  hydrolysis in a hot strongly
cencentrated acid medium, 1in a polar protic

solvent, leads to the mixture of the fTwo
compounds, the expected compounds of Lformulae
(IV)y and {IVaj:

which may optionally be transformed intc a mixture
of their salts after addition with a physiclogically

acceptable base,
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compounds, the expected compounds of formulae (V) and (IVa): ~..
~C3~S1',-~~t(3Ct Catt+ on 15 (lva) which may optionally be
transformed into a mixture of their salts after addition with a
physiologically acceptable base, 8 it being understood that the relative
proportions of both compounds (IV) and (IVa) are set from the beginning
of the method, by the relative amounts gf compounds (I) and (la) and are
retained all along 5 said preparation method. In an advantageous aspect,
the alkaline cyanide reagent is selected from sodium cyanide, potassium
cyanide and lithium cyanide. One operates within a protic polar solvent
such as 10 for example water. In the method of the invention as

described eatlief “the 1afativetopsrtion of the 1o Tonpodtddst =00 of
formulag> V) andiva)isieontrélfed amelmaybé&adjusted. dependiigronthe
the contemplated.application: Inpartictlaryy the relative amounts of

compounds (I} and (Ia) and are retained all along

said preparation method.

In an advantageous aspect, the alkzline cyanide
reagent is sgelected from sodium cyanide, potassium

cyanide and lithium cyvanide.

One operates within a protic polar sclwvent such as

for example water.

In the method of the invention as described eariier,
the relative proportion of the two compounds of formulae
(IV) and (IVa) is  controlled and may be adjusted
depending on the contemplated application. In particular,
the ratio between the compound (IV) and tThe compound
(IVa) wvaries between 0.01% and 1% by weight, and

preferentially between 0.053% and 0.5% by weight.

By simultaneously obtaining the compoeunds  of
formulae (IV) and (IVa), precursors of selenomethicnine
and of methionine, respectively, 1t 1is also possible to
contemplate the preparation of compositions containing

this mixture, since handliing of them is simplified.

Thus, the obiect c¢f the present inventicon i1s also a
composition, 1n particular a nutriticnal composition
comprising as an aciive lngredient, a mixture of 2-

hydroxy-4d-methyiselenobutyric acid of formula (IV) and of
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15 the ratio between the compound (IV) and the compound (IVa) varies
between 0.01% and 1% by weight, and preferentially between 0.05% and
0.5% by weight. By simultaneously obtaining the compounds of formulae
(IV) and (TVa), precursors of selenomethionine 20 and of methionine,
respectively, is also possible to contemplate the preparation of
compositions containing this mixture, since handling of them is simplified.
Thus, the object of the present invention is also a composition, in
particular a nutritional composition 25 comprising as an active ingredient,
a mixture of 2 hydroxy-4-methylselenobutyric acid of formula (1) and of 9

2-hydroxy-4-methylthiobutyric acid of formula (IVa), and a ph sioLo ically

atg:me}ﬁgggxﬁééiﬁ% t’FFYeij %}ijoo Stween” the ¢ mﬁdun%o(:f\r?ipé d tim\ga? ;~and
compotneAVapwilkin! pariciliarbeebiplised betwe&n©.0196 and po%een
byeweight Grand preferentially betweer@.05%vand O:k)6 byweight. 8y 1 in
physiqlogically agceptaple. medium,in.the. sense o the, presentinyention,

is meant a medium naotably selected from: an aqueous, alcoholic solution

tably alcoh
oA ot FE6 ¥ BWatk /ot or il emdision” A microcemilgion o7t -

By physiologically acceptablie medium in the sense of

the present invention, is meant a medium notably selected

from:

* an agueous, alcohclic soliution or an oil,

* i water/oll or oll/water emulsion, a
micro-emulsion,

* an agueous gel,

* a dispersion of vezicles, microcapsules,
microparticles or nanoparticles,

* & solid medium consilisting o©of one or more

additives and/or exciplents which may be
selected from wvitamins, natural antloxidants,
mineral salts, mono-, di- or poly-saccharides,
notably folic acid, vitaming  Bg, T or O,
lactecse, starch. This solid medium consisting
of one or more additives and/or exciplents as
defined above, and comprising at least cne of
the compounds of general formula (I}, may be

formulated as a gelatin capsule, a tablet or a
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an aqueous gel, a dispersion of vesicles, microcapsules, microparticles or
nanoparticles, 15 * a solid medium consisting of one or more additives
and/or excipients which may be selected from. vitamins, natural
antioxidants, mineral salts, mono-, di- or poly-saccharides, notably folic
acid, vitamins B6, or C, 20 lactose, starch. This solid medium consisting
of one or more additives and/or excipiepts as defined above, and
comprising at least one of the compounds of general formula (I), may be
formulated as a gelatin capsule, a tablet or a 10 powder. The amounts of
the different constituents of these compositions, other than the
compound of formula (1V) and (IVa) are those usually used for the

mentioned 5 applicitions. AS hon-limitifigexdmples simply'Given 88 an==n*

illustration, andwhighitheesfore cahnot:by any aveanst lintitthe seopeof than
the invention, these mediadnay bes putritioral liguids;such=as:for examples re

food milk, fruit 10 juices, sytups, p}gt alsg milk for infants, ora ..o

applications.

As non~Llimiting axamples simply gilven as

l1ilustration, and which therefore cannot by any means
limit the scopz ©f the invention, LThese media may be

nutritional liguids, such as for example food milk, fruit

Jjulces, SYrups, but alse milk for dinfants, or

parenteral solution, table salt, or generally any food

complemented with selenium in & conitrcelled way.

The invention also relates to the use of a mixture
cf Z-hydroxy-4-methvlselencbutyric acid of formula {(IV)

and of 2-hydroxy-4-methylthiobutyric acid of formula

(IVa) as a focd lngredient, complement or additive,

The compound, Z-hydroxy-4d-methylselenchbutvronitrile,

cf formula (II}):

is novel, and as such, is part of the invention, as well

s enantiomers thereof.

In the sense of the present inventiocn, mineral bases

such as sodium, lithium, calcium, potassium, magnesium,
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parenteral solution, table salt, or generally any food complemented with
selenium in a controlled way. The invention also relates to the use of a
mixture of 2-hydroxy-4-methylselenohutyric acid of formula (IV) 15 and of
2-hydroxy-4-methylthiobutyric acid of formula (IVa) as a food ingredient,
complement or additive. The compound,
2-hydroxy-4-metrylsel.enobutyronitrile,; pf formula (I1): C..tr ( OH 20 is
novel, and as such, is part of the invention, as well as enantiomers
thereof. In the sense of the present invention, mineral bases such as
sodium, lithium, calcium, potassium, magnesium, 11 ammonium or zinc

hydroxides, alkaling.or earth alkaline metal carbonates such as sodium, . .
.ﬁmmonl$m or ethc. by roxides, “alxaline or.earth a éilne
lithium, calcium, potassium, magnesitm, ammonium or zinc carboriate

aritt Hicarbenates? o dFganicBasesisuchsasi methylamine) 54ropylamise,ar,
trimethylamine, diethylamine,, triethmdamine, dN;N-dimnethylethanelamise, and

trighydroxymethyl)aminoethane,, ethanolamine, pyridine, picoliney, 1 -4 ne,

dic¥cloh?x I@mine, m,orpt%%li (_—:ﬂ,rﬁ)ro%eine,,l si}rlle, argg{;jgine, higtidine, ,

NTFhEtYIgTicatRine” or Rirtheritd pRosphohiur Saftd stigh -r1ethylamine,
N, N-dimethylethanclamine, tris(hydroxymethyl)aminoethane,
ethanolamine, pyridine, picoline, digyclcochexylamine,
morpholine, proceine, lvsine, arginine, histidine,
N-methylglucamine, or further its phosphonium salts such
as alkyliphospheonium salts, arvlphosphonium salts,
aryialkylphosphonium salts, alkenvylarylphosphoniums, or
quaternary ammonium salts such as salts cof tetra-n-butyvi-
ammenium, may  be mentioned as a physiclogically

acceptable base, in a non-limiting way.

The compound of formula (IT) is used within the
scope of the present invention as a synthesis
intermediate in obtaining the compound of formula (IV),
which may be converted into selenomathionine. For
example, the object of the invention is also the use of
the compound cof formula (II) as defined earlier, or of
its enantiomers, as sources of selencomethionine, and/or

selenium in humans or in animals.

2y this, is notably meant the use of said compound
of formula (II) as:
= Precursors of L{+)-selenomethionine either

directly or after enzymatilc hydrolvsis, oxidation and

transamination in vivo;
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10 as alkylphosphonium salts, arylphosphonium salts,
arylalkylphosphonium salts, alkenyla.rylphosphoniums, or quaternary
ammonium salts such as salts of tetra-n-butyl- ammonium, may be
mentioned as a physiologically acceptable base, in a non-limiting way. 15
The compound of formula (ll) is used within the scope of the present
invention as a synthesis intermediate ifpobtaining the compound of
formula (IV), which may be converted into selenomethionine. For
example, the object of the invention is also the use of 20 the compound of
formula (I) as defined earlier, or of its enantiomers, as sources of
selenomethionine, and/or selenium in humans or in animals. By this, is
notably Mieant the use of said compound of formula () as: 25 -
precursors of L(+)-selenomethionine either directly or after enzymatic
hydrolysis, oxidat@olp and tr saminLatiz(Qn in vivot;ﬂ 1%b or as; sources of
selenium, with %ﬁe”lpﬁ?bs)oseéiﬁ] coSFr?peensla%fF\b part:fa or total sel&nium -~ °

OJ‘:

deﬁdency.5op§§pensatlng partial or total selenium

deficiency;

- focd ingredients, complements or additives for

making nutritional compositions for animal feed

(more particularly for cattle, sheep, pigs,

horses, cats and dogs as well as poultry).

The examples which follow are simply provided as an

illustration and cannot by any means limit the scope of

the invention.

Example 1: Preparation of Z-hvdroxy-

4-{methyiseleno)butyro-nitrile

E*iga:”?*"‘e\/\r/m

-

468 mg (3.1 mmol) of 3-methviselenoproplonaldehyde
{R. Dieden et L. Hevesi, Synthesis 1888, £16-619) are

added to & sclution of 2% mg (2.8 mmol) o¢f sodium

bisulphite in 1.2 mL of water. The mixture is

ot

energetically stirred for 10 min at room temperature, and

then 155 mg (3.16 mmol) of sodium cyanide are added.

After 2 hrs o¢f stirring at rocm temperature, 5 mlL o

-

=
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food ingredients, complements or additives for making nutritional
compositions for animal feed (more particularly for cattle, sheep, pigs,
horses, cats and dogs as well as poultry). 10 The examples which follow

are simply provided as an illustration and cannot by any means limit the
scope of the invention. Example 1: Preparation of 2-hvdroxy-
4-(methylseleno)butyro-nitrile 15 F 468-ng (3.1 mmol) of
3-methylselenopropionaldehyde (R. Dieden et L. Hevesi, Synthesis 1988,
616-619) are added to a solution of 29" mg (2.8 mmol) of sodium

bisulphate in 1.2 r,h of water. The mixture is 20 energetically stirred for 13
m(i:p at room temperature, and thep 155 mg (3.16 mmol) of spdium ,
cyanide ar¢' Added Aftet S hrs Bt Stitting &b room femperatireS 5 MLBI13 *°
dightererhéthané zfe adtiedand He6fganie phase i detanted SFnd  time
agueous phase isextracted asecond:time . witths mk of gichloregmethane.are
The organic phases;are, collected, and then after drying (Na3SO4), - ., .ng

filtration and 5 evaporation, the desired compound |s_oqbta|n~ed as a

CcOISARESEGit, Which W&y b8Tset s st itHes 18 obtained as  a

coclourless oil, which may be used as such 1in the

fellowing step.

Re (810, cyclohexane/ethyl acstate, 30/50): 0.Z22.

RMN-"H (CDCls, 300 MHz) :

S{ppm) = 2.06 (s, 3H); 2.27 {m, 2H); 2.73 (m, 2H);
2.20 (bs, 1H, OH)y; 4.74 (t, J= 8Hz, o-H).

M3 e, TleV): m/z (%)= 178(80, M+, 164 (9G);
153(100C)y; 123(50)y; 109(80).

Example 2: Preparation of D,L-Z-hvydroxy-4-
methylselenc-butyric acid by hydrolysis of 2-
hyvdroxy-4- (methyiselenc) -butvronitrile

o
Hﬂa‘S&J\fi\mH
OH

390 mg (2.1 mmol) of the compound described in

-

Example 1 are added to a mixture of 1.7 mL o©

=4

concentrated hydrochlioric acid and 3.6 ml of water. The
mixture 1s heated with refiux for ¢ hrs, and then stirred

for 14 hrs at room temperature. Next, the agqueocus phase
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following step. R- (Si02, cyclohexane/ethyl acetate, 50/50): 0.22. RMN--H
(CDC13, 300 MHz): 10 S (ppm) = 2.06 (s, 3H) ; 2.27 (m, 2H) ; 2.73 (m,

2H) ; 3.20 (bs, 1H, OH); 4.74 (t, J= 8Hz, a-H). MS (1"E, 70eV): m/z(%)=
179(80, M+); 164(90); 153(100); 123(50); 109(80). Example 2:

Preparation of D,L-2-hydrox_y-4- 15 methylseleno-butyric acid by

hydrolysis of 2- hydroxy-4-(methylseleng)-butyronitrile 0 ¢ 390 mg (2.1
mmol) of the compound described in Example are added to a mixture of

1.7 mL of 20 concentrated hydrochloric acid and 3.6 mL of water. The
mixture is heated with -eflux for 6 hrs, and then stirred for 14 hrs at room
tem§eratule. Next, the aqgec?%s IQbase 14 is extracted with_leQﬁmL of .
tertbufyimetiyi ethet: After “drying (Na2SGA) " Hiltr 66 ahdevaporation:* ©5*
thérdeshed (Eempeund i$ bbtdirtd as an il vhieh coid-crystallizes. Resired
(Sio2cyelehexanetethylacetate, 50/20 1 1%, S-EF3CQOHY v 9:26.1 i zes .
RMN-'H (CDC13, 300 MHz)

Ry  (810;, cyciohexane/ethyl acetate, 50/50 + 1%
CF;CQOH) : 0.2¢6.

RMN-YH (CDCls, 300 MHz):

ol{ppm} = 2.02 {s, 3H, SeCHs); 2.08 {m, IH); 2.22 (m,
1HYy; 2.70 f(m{sym.), ZH), 4.41 {dd, J= 8Hz, J= 4Hz,
iH, o-H).
Ixample 2: Preparation of D,L-Z2-hvdroxy-4-methylseleno-
putvric acid amide

. CONH.
E%(ffécm/fx\rf 5

o

262 mg (l1.47 mmol) of Z-~hydroxy-4-{methylseleno)-
butyreonitrile, described in Example 1, are added to a
mixture of (.13 mlL of water and 0.5 mlL of concentrated
sulphuric acid. The mixture is heated to 45°C for 2 hrs,
and then - mL of water and 5 ml of dichloromethane are
added. The organic phase 1z decanted, and the agueous
phase is extracted a second Lime in 5 L of
dichloromethane. The organic phases are collected, and
then after drying (Naz304), filtration and evaporation, 48
mg of the desired compound are obtained as a viscous

colourless oil.
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6 (ppm) = 2.02 (s, 3H, SeCH3) ; 2.08 (m, 1H) ; 2.22 (m, 1H); 2.70

(m(sym.), 2H) ; 4.41 (dd, J= BHz, J= 4Hz, 1H, a-H) . 10 Example 3:

Preparation of D,L-2-hydroxv-4-methylseleno- butyric acid amide r OH

262 mg (1.47 mmcl) of 2-hydroxy-4-(methylseleno)- butyroni.trile,

described in Example 1, are added to a 15 mixture of 0.13 ml of water and

0.5 mL of concentrated sulphuric acidydhe mixture is heated to 45C for 2

hrs, and then 5 mL of water and 5 ruL of dichloromethane are added.

The organic phase is decanted, and the aqueous phase is extracted a

second time in 5 mL of 20 dichloromethane. The organic phases are

coIIecte(%g aq% tpen after dr){ln}ga((l\%zsozlr? flltratlog dand ?: ap&r%on 48

mg of the “desired i:o Ound aré o alneaéas a wscous oloufless ail. 15

Rc (Si02, cyclohexane/methanol 90/10): 0.13. RMN-.H (CDC13, 300

MHz): 6(ppm) = g és, 3H, g QJ—}ZC% 2.08 (m, 1H); 2.30 (m, 1H); 2.75

(M(sym.)- 2H): 3.2 ?bs”lH T 5 (dd, j= 8Hz, J= 4Hz, 1H, a-H)

5.5 (bs, IH, NH2)
d{ppm) = 2.06 (s, 3H, SeCHs); 2. (e, 1HY; 2.30 (m,
1Hy; 2.75% (misym.) 2Hy; 3.2% {ks, 1H, OH); 4.36
{da, J= 8Hz, J= 4Hz, 1H, a-H); 5.5 (bs, 1H, NHy);
6.5 (bs, 1H, NH).

MS (IC, NH)Y: m/z (%)= 215(40, M+NHg)"; 198(100, M+H)";
182¢20); 102(25).

= m

Example 4: Preparation of & mixture according to the

invention
Step A: Preparation o¢f the mixture of Z-hydroxy-4-
(methylthio)~butyronitrilie and of Z2-hydrosxy-4-

imethylselenc)~-butyronitrile.

%%Cﬁfgc\yfﬂﬂTfiﬁq + Eﬁsdfgwwz’xxrxﬁkz

2| OH

12C mg (0.8 mmol) of 3-methylseleno-propionaldehvde
{(R. Dieden and L EBevesi, Synthesis 1988, 616-61%) and 273
mg (2.5 mmol) of 3-methylthic-propicnaldehyde are added
to a scolution of 312 mg (3 mmol) of scdium bisulphite in
1.2 mL, of water. The mixture ls energetically stirred for

10 min, at room temperature, and then 164 mg (3.3 mmol)
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6.5 (bs, 1H, NH2). MS (IC, NH) : m/z (0)= 215 (40, M+NH4)*; 198 (100,
M+H) 187_(20); 102(25). Example 4: Preparation of a mixture according
to the 10 invention Step A: Preparation of the mixture of 2-hydroxy-4-
(methyithio)-butyronitriie and of 2-hydroxy-4- (methylseleno) -butyronitriie.
H3C,,ScJCNN 4 Icyi.,4 C OH OH 15 120 mg (0.8 mmol) of
3-methylseleno-propionaldehyde (R. Dijgden and L Haves-'-, Synthesis
1988, 616-619) and 273 mg (2.5 mmol) of 3-methylthio-propionaldehyde
are added to a solution of 312 mg (3 mmol) of sodium bisuiphite in 1.2
mL of water. The mixture is energetically stirred for 20 10 min, at room

mperature, and then 164 mg (3.3 mmo"). 16 of Sleum cyanlde are

ed” Afref D hrd OF stiffingat roonT temperatire 5 MitSofo= Scirfing at

duém@rﬁ"om@fﬁ@ﬁéaetré@deé afl thé ofgariec phase is decaried. Feded and
aqieoussphasa is extracted assecongktimedn 5 mieof digshloromethane is

The.0r9apic phases. are, callggted; @”@ then after diving (NagSP4he . e

f||trat|on and evaporation, the mixture of 2-

h;}ﬂr%%ﬁlhc(m&%ﬁ%) b"’b]f;?ron“r“t?ﬂe‘lﬁr%i}r%dhydr€5§2§7‘Z g.then after drying
(Na,SC,4), filtration and evaporation, the mixture of 2-
hydroxy-4~(methylthio) ~butyronitrile and 2-hydroxy—4-
(methylseleno)butyronitrile is obtained in proportions of
3:1, as a vellowish o0il which may be used as such in the

next step.
RMN~"H (CDCl;, 300 MHz):

o(ppm} = 2.06 (s, SeCHiy); 2.16 (s, 8CH:), 2.10-2.35
(my; 2.50-2.65 (m); Z2.64-2.90 (m}; 3.20 (bhs, OH);:
4.74 {v, J= 8Hz, Z-H, S5Se compound); 4.76 {(t, J= 8Hz,

Z2-H, 5 compound}.

Step B: Preparation of the mixture of D,L-Z-hydroxy-4-
methylselencbutyric acid and of D;L-Z-hydroxy-4d-methyl-

thichutyric acid:

oS¢ COOH  _ __S._~_-COOH
e Y HCT T~ Y
OH oH

105 mg of the product described in step A&, are added
te a2 mixture of 0.% mL of concentrated hydrochloric acid
and 1.3 mL of water. The mixture is heated with reflux
fer 5 hrs, and then the aguecus phase 1s extracted with

2¥X10 mL of tertbutylmethyl ether. After dryving (Na:S04),
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(methylseleno)butyronitrile is obtained in proportions of 3: 1, as a

yellowish oil which may be used as such in the 10 next step. RMN-'H
(CDC-3, 300 MHz): 6(ppm) = 2.06 (s, SeCH3); 2.16 (s, SCH3), 2.10-2.35
(m); 2.50-2.65 (m); 2.64-2.90 (m); 3.20 (bs, OH); 4.74 (t, J= 8Hz, 2-H, Se
compound); 4.76 (t, J= BHz, 15 2-H, S compound). Step B: Preparation of
the mixture of D,L-2-hydroxy-4- methylgelenobutyric acid and of D;L-2-h
ydroxy 4 methyl- thiobutyric acid: iIC 11 Se COOK 'S . ™" .COOki | O

011 20 105 mg of the product described in step A, are added to a mixture

of 0.6 mL of concentrated hydrochloric acid and 1.3 mL of water. The

mixtyre is heated with reflux_for 5 his, and then the agueou p{ul_ seis .,
extFACted Wiy 2X10 i 6 GRB A methy P athat- Ater dyiftg (NA2SOH: Y~
17\ HRFAGOT AhE evapoFation, the Abixfire of 22Ryd.roxy-aL 2-hydroxy-
(methylin ja)butyric-acid andief 2-4ydioxy-4(methylsetenro)butysic acidin  is
prQBQg%dOfa%l&'Syellowish oil.

ES (LC-MS): tg

i

1.69 min.: 148.9 (MT_C5H1{)O§S]—H+),‘

It

2.24 min.: 1926.8 (M[CsH:gCs8el~-H).

Example 5: Preparation of compositions according to the

invention

Example 5.A: Gelatine capsules were prepared 1in a

stancdard way according to the following composition

L-2-hydroxy~d-methylselenobutyric acid 0.2 mg

L-Z-nydroxy—4-methylthiobutyric acid ' 200 mo

Excipients* and encapsulaticon**

gsp a gelatin capsule of 1000 mg

{* maize starch, lactose, magnesium  stearate, sodium  lauryl

suliphate,

** gelatin, titanium dioxide, colouring agents) .

Example 5.5: Gelatine capsules were prepared 1in  a

standard way according toe the following composition
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obtained as a yellowish oil. 5 ES (LC-MS) : t" = 1.69 min.: 148.9
(M[C5H1003S]-H") =2.24 min.: 196.8 (M[C5H1003Se}-H Example 5
Preparation of compositions according to the invention Example 5.A:
Gelatine capsules were prepared in a 10 standard way according to the
following composition L-2-hydroxy-4-methylselenobutyric acid 0.2 mg
2-hydroxy-4-metnylth:iobutyric acid 20@gng Excipients* and
encapsulation** gsp a gelatin capsule of " 1000 mg 15 )* maize starch,
lactose, magnesium stearate, sodium lauryl sulphate, ** gelatin, titanium
dioxide, colouring agents) Example 5.8: Gelatine capsules were prepared
in.a standard way acgcording to the following camposition 18
A RO acrs 6 OB g
L-2-hydroxy-4-methvithiobutyric acid 50 mg 5 Excipients* and - 9> m¢
encapsulation** gsp a gelatin capsule of -C00 mg lactose, magnesium
stearate, sodium lauryl

L-2-hydroxy~-4-methyithichutyric acid

5C mg

Excipients* and encapsulation**

gsp a gelatin capsule of 1000 mg

{(* maize starch, lactose, magnesium stearate, sodium  lauryl

suiphate,

** gelatin, titanium dicxide, colouring agents).

Example 5.(: Gelatine capsules were prepared 1n

standard way according to the following composition

L-Z~hydroxy-4~methylselencbhbutyric acid 10 mg

L-Z-nydroxy-4d-methylthicbhutyvric acid 1t g

Water gsp 1000 mL



(* maize starch, sulphate, .- gelatin, titanium dioxide, colouring agents).
10 Example 5.C: Gelatine capsules were prepared in a standard way
according to the following compos-tion
L-2-hydroxy-4-methylselenobutyr.ic acid 10 mg
L-2-hydroxy-4-methylthiobutyric acid 10 g Water gsp 1000 mL 19
CLAIMS 1. A method for preparing 2-hygiroxy-4- methylseleno-butyric
acid, characterized in that it comprises the steps of: 5 reacting
3-methylselenoproprionaldehyde of formula (I): a {ll with an alkaline
cyanide of formula M-CN-, preferably in the presence of an alkaline 10
bisulphate salt of formula MTHSOS3 , M representing an alkaline metal
atom, in a polar protic solvent, in or%‘%fi%ggead to 2-hydroxy-4-
methylselenobutyro-nitrile, a compound of 15 formula (lI):

1. A method for preraring Z~hvdroxy-4-~
methylselenc-butyric acid, characterized in that it

comprises the steps of:

= reacting 3-methvlselencpropriocnaldehyde O

formula (I):

: Se H
e
O

with an alkaline cyvanide of Zformula M CH,

=

preferably in the presence o¢f an alkaline
bisulphite salt of formula MTHSO5, M
representing an alkaline metal atom, in a polar

protic solwvent,

in order to lead to Z-nydroxy-4-
methylselenobutyro-nitrile, a compound of
formula {(IT1):
HCTTTNYTT
OH
B a compound of formula ({(II) which is hydrolvzed

in a hot strongiv concentrated acid medium, in



U Cr,, se, CNy) OH a compound of formula (11) which is hydrolyzed in a
hot strongly concentrated acid medium, in 20 a polar protic solvent, in
order to lead to the expected compound of formula (1V): Se COOH 143 C
which may optionally be transformed into one of 5 its salts after addition
with a physiologically acceptable base. 2. The preparation method
according to claim I, characterized in that the compound of formula (I1) is
hydrolyzed in a hot concentrated sulphuric acid medium 10 a polar protic
solvent, in order to lead to a compound of formula (lll) : Ei~C 7 Se

-, CON 8, (iii) OH a compound of formula (I11) which is itself hydrolyzed
in a hot strongly concentrated acid mgdiur‘g in grdert lead 15 to the

compound of férmula (V)7 37 Thé method according 16 any of claims 18 =8

2, expected compcund of formula (IV):
_Se o~ COOH
H3 C - \/\T/ [‘\i*ﬁf}
O

which may cptionally be transformed into one of
its salts after addition with a physiologically

acceptable base.

2. The preparation method according o c¢laim
characterized in that the compound of fermula (II} is
hydrolvzed in a hot concentrated sulphuric aclid medium in
a polar protic solvent, in order to lead to a compound of

formula (II1I1):

H,

o Se . ~CONH,
|
OH

(1)

a compound of formula (IIT) which is itself hydrolyzed in
a hot strongly concentrated acid medium in order to lead

to the compound of formula (IV).

3. The method according to any of claims 1 or 2,
characterized in that the alkaline cyvanide 1s selected
from sodium cvanide, potassium cyanide, and lithium

cyanide.
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characterized in that the alkaline cyanide is selected from sodium
cyanide, potassium cyanide, and lithium cyaniae. 21 4. The preparation
method according to any of claims 1 to 3, characterized in that the polar
erotic solvent is water. A method for preparing a mixture of 2-hydroxy- 5
4-methy'selenobutyric acid and of 2 hydroxy 4 methylthiobutyric acid,
characterized in that it comprises the sieps of: reacting a mixture o 3
methylseleno proprionaldehyde of formula (--),and of 3-methyl- 10
thioproprionaldehyde of formula (Ila) C-1 SCH Sf C 0 (l) a) with an
alkaline cyanide of formula M-CN-, preferably in the presence of an
alkaline isulphTige salt of formula M'HSO%, M _represen}inwgnan a{kaline
metal 15 atom; it a polar 6%?iblsoorfveﬂ},elnq8r%ier?5 1éad'to the mixture

2-Mydrdxy-4- methylselepbbafyroaiilect fokmulal{fiy ardef 220 lar protic

hydroxy-4=-methylthielutyronitrile of formula (hla):

5. A method for preparing a mixture of Z-hvdroxy-
4-methylselencbutyric acid and of Z-hydroxy-4-
methylthiocbutyric acid, characterized in that

ex
@]
Hh

comprises the step

= reacting a mixture of S-methylselenc-

proprionaldehyvde  of formula (I),and of 3-methyl-

thioproprionaldehyde of formula (Ia):

S H N UH
O S S
0 ' O
(L {la)

with an alkaline cvanide of formula M'CN™, preferably

irn the presence of an alkaline bisulphite salit

formula MHES0;, M representing an alkaline metal

atom, in a pciar protic solwent,

in crder to lead to the mixture of Z-hydroxy-4-

methylseienobutyronitrile of formula (II} and of 2Z-

hydroxy-4-methylthiobutyronitrile of formula (Ila):

e L N HEC“S NP aNgEe,

i ;
OH OH
{n {Tha)

angf of



10

15

20

OH OH (TI1) (ha) 22 which, by hydrolysis in a hot strongly concentrated
acid medium, in a polar protic solvent, leads to the mixture of two
compounds, expected compounds of formulae (IV) and (IVa): fly "Sw

COOH T r3C; ,-S YC:001I Off OH 5 (3 V) (lva) which may optionally be
transformed into a mixture of their salts after addition with a

physiologically acceptable base, it beiftg understood that the relative
proportion of 10 both compounds (IV) and (IVa) are set from the

beginning of the method by the relative amounts of compounds (I) and

(Ia), and are retained all along said preparation method. 6. The method
according to cla'hm 5,§,1 chargcterizéadd 151in that the, alkaline C)Aarllide IS _
selected from $oditinY cyanide, pétasSiui ¢yanide andithium “’cyansl&é:.ofgw
The preparation féthod acebrdifigds dhy of "clainis s of 67 ERafdtterizet:nt .
in that thespalar protic t3alventiswater. of two compounds, expected

compounds of formulae (IV) and (IVa):
e - COOH 5 o AR
HC Y HC” Y
OH N OH
V) {IVa)

which may optionally be transformed into a mixture
of thelr salts after addition with a physiologically

acceptable base,

it being understood that the relative proportion of
both compounds (IV) and (IVa) are set from the
beginning of the method by the relative amounts of
compeounds {(I) and (Iaz), and are retained all along

said preparation method.

6. The method according to claim b, characterized
in that the alkaline c¢yanide is sslected from sodium

cyanide, potassium cvanide and lithium cyanide.

7. The preparation method according tTo any of
claims 5 or 6, characrerized in that the polar protic

solvent 1s water.

8. The preparatlion method according to any of
claims 5 to 7, characterized in that the ratioc between

the compound (IV) and the compound (IVa) wvaries between
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20 B. The preparation method according to any of claims 5to 7,
characterized. in that the ratio between the compound (1V) and the
compound (Iva) varies between 23 0.01% and 1.0% by weight,
preferentially between 0.05% and 0.5% by weight. 9. The compound,
2-hydroxy-4- methylselenobutyronitrile of formula (I1): e CN OH 5 as well

as enanriomers thereof. 10. The use ofthe compound of formula () as
defined in claim 9, or one of its enantiomers, as sources of
selenomethionine and/or of selenium in humans or in 10 animals. ].1. A
nutritional composition comprising as an active ingredient a mixture of
2-hydroxy-4- methylselenobutyric acid of formula (1) and of 2-. .
oy A A c A forraUTa (N e o 5 e teen 0,055
physioldgicallyacéeptable medium. 12. The composition. according to

claim 11, characterized in that the ratio between the compound (IV) and

the comgoundﬁVa) varies between 0.01% and 1.0% by
9. The compound, Z~hydroxny-4-~

methylselenobutyronitrile of formula (II):

Se UN
HC T~ Y an

OH

as well as enantiomers thereof.

10. The use of the compound cof formula (I} as
defined in claim 9, or one of its enantiomers, as sources
of selenomethionine and/or of selenium 1n humans or in

animalg.

1. A nutritional composition comprising as  an
active ingredient a mixture of Z-hvdroxy-4-
nmethylselenobutyric acld of formula {(TV) and of 2-
hydroxy-4-methylthiobutyric acid of formula (IVa), and a

physicologicaelly acceptakble medium.

12. The composition according to claim 11,

characterized in tThat the ratic between the compound (IV)

and the compcund (IVa) varies between 0.01% and 1.0% by
welght, pretferentialiy between 0.05% and (0G.5% by weight.
13, The use of a mixture of 2mnyaArory-4-

~

methylselencbutyvric acid of formula (IV) and of Z2-



weight, preferentially between 0.05% and 0.5% by weight. 20 3. The use
of a mixture of 2-hydroxy-4- methylselenobutyric acid of formula (V) and
of 2 24 hydroxy-4-methylthiobutyric acid of formula (IVa) as a food
ingredient, complement or additive.

24

hydroxy-4-methvlthiobutyric acid of formula (IVa) as a

food ingredient, complement or additive.



