
I  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, alone 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 40-7Opg 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. 



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)
reports for the first time  2-hydroxy-4-methylselenobutyric acid and its
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 9636598) It is made  industrially for this application a' a scale of
several  hundred thousand tons per year.
2-hydroxy-4-methylselenobutyric acid, a precursor of  25
L(+)-selenomethionine, as well as 2-hydroxy-4- methylthiobutyric acid, a
precursor of L(+)  



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 criteria 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:
reacting 3-methylselenopropionaldehyde of  formula (I) : 13 0 (I}  0  15
with an alkaline cyanide of formula M'CN-, preferably in the presence of
an alkaline  bisulphite salt of formula MTHSO,-, M  representing an
alkaline metal atom, in a polar  erotic solvent, 



20 in order to lead to 2-hydroxy-4- me`hylselenobutyronitrile, a compound
of  formula (II): 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 (II) is hydrolyzed
in a hot  concentrated sulphuric acid medium in a polar protic  solvent, in
order to lead to a compound of formula (III):  SC '_" CC) i"Ii {rt y Oki  a
compound of formula (III) which is itself hydrolyzed in  15 a hot
concentrated strong acid medium in 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 carried out 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
carried out at a large  scale, in non-toxic solvents such as for example
water.  In addition to the feast-bility aspect, these advantages  also
considerably reduce the application costs. The compound of formula (I)
which is used as a  20 substrate for applying the method of the invention
is  known and how to obtain it is notably described in the  publication,
Synthesis, 1988, pages 616-619. The benefit from the sulphur-containing
analogue of  



(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 have 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
that the preparation method  according to. the present invention and
described earlier,  may be used for simultaneously leading to a mixture of
two sulphur-containing and selenium-containing compounds,  15 which
considerably improve industrial productivity. Thus, in a second aspect, the
present invention  relates to a method for preparing a mixture of
2-hydroxy- 4-methylselenobutyric acid and of 2-hydroxy-4-
methylthiobutyric acid, in defined proportions,  



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 S ti  H M ` + 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 solvent, 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  (IIa): Se C_ J  + OH OH
(II) (IB.)  10 which, by hydrolysis in a hot strongly  concentrated acid
medium, in a polar protic  solvent, leads to the mixture of the two  



compounds, the expected compounds of formulae  (IV) and (IVa): ~..
~C3~ S 1 ' ,-~~t (3Ct  Cat t + on 15 (Iva)  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 of  compounds (I) and (Ia) 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 earlier,  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, 



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 (IV) and of 9
2-hydroxy-4-methylthiobutyric acid of formula (IVa), and  a physiologically
acceptable medium. The ratio between  the compound (IV) and the
compound (IVa) will in  particular be comprised between 0.01% and 1.0%
by weight 5 and preferentially between 0.05% and 0.5% by weight. By
physiologically acceptable medium in the sense of  the present invention,
is meant a medium notably selected  from: an aqueous, alcoholic solution
or an oil, 10 * a water/oil or oil/water emulsion, a  micro-emulsion, 



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 excipients 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 (IV) and (IVa) are  those usually used for the
mentioned  5 applications. As non-limiting examples simply given as an
illustration, and which therefore cannot by any means  limit the scope of
the invention, these media may be  nutritional liquids, such as for example
food milk, fruit 10 juices, syrups, but also milk for infants, or a  



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,  of formula (II): 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, alkaline or earth alkaline  metal carbonates such as sodium,
lithium, calcium,  potassium, magnesium, ammonium or zinc carbonates
and  bicarbonates, or organic bases such as methylamine, 5 propylamine,
trimethylamine, diethylamine, trieth_vlamine,  N,N-dimethylethanolamine,
tris(hydroxymethyl)aminoethane,  ethanolamine, pyridine, picoline,
dicyclohexylamine,  morpholine, proceine, lysine, arginine, histidine,
N-methylglucamine, or further its phosphonium salts such 



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 (II) 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 selenomethionine. For
example, the object of the invention is also the use of 20 the compound of
formula (II) as defined earlier, or of  its enantiomers, as sources of
selenomethionine, and/or  selenium in humans or in animals. By this, is
notably meant the use of said compound  of formula (II) as: 25 -
precursors of L(+)-selenomethionine either  directly or after enzymatic
hydrolysis, oxidation and  transamination in vivo; 12  or as: sources of
selenium, with the purpose of  compensating partial or total selenium
deficiency; 5 or as 



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 mg (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
min at room temperature, and  then 155 mg (3.16 mmol) of sodium
cyanide are added.  After 2 hrs of stirring at room temperature, 5 mL of 13
dichloromethane are added and the organic phase is  decanted. The
aqueous phase is extracted a second time  with 5 mL of dichloromethane.
The organic phases are  collected, and then after drying (Na3SO4),
filtration and 5 evaporation, the desired compound is obtained as a
colourless oil, which may be used as such in the  



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-(methylseleno)-butyronitrile 0  c 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
temperature. Next, the aqueous phase 14  is extracted with 3x10 mL of
tertbutylmethyl ether. After  drying (Na2SO4) , filtration and evaporation,
the desired  compound is obtained as an oil which cold-crystallizes. Rt
(Si02, cyclohexane/ethyl acetate, 50/50 - 1%  5 CF3COOH) : 0.26.
RMN-'H (CDC13, 300 MHz) 



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 acid. The 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
collected, and  then after drying (Na2504), filtration and evaporation; 48
mg of the desired compound are obtained as a viscous  colourless oil. 15
Rc (Si02, cyclohexane/methanol, 90/10): 0.13.  RMN-.H (CDC13, 300
MHz): 6(ppm) = 2.06 (s, 3H, SeCH3) ; 2.08 (m, 1H); 2.30 (m,  1H); 2.75
(m(sym.), 2H); 3.25 (bs, 1H, OH); 4.36  5 (dd, j= 8Hz, J= 4Hz, 1H, a-H)
5.5 (bs, IH, NH2)  



6.5 (bs, 1H, NH2). MS (IC, NH) : m/z (o)= 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 ,, Sc JCNN 4 Icy i.,4 C  OH OH  15 120 mg (0.8 mmol) of
3-methylseleno-propionaldehyde (R. Dieden 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
temperature, and then 164 mg (3.3 mmo') 16  of sodium cyanide are
added. After 2 hrs of stirring at  room temperature, 5 mL of
dichloromethane are added and  the organic phase is decanted. The
aqueous phase is  extracted a second time in 5 mL of dichloromethane.
The 5 organic phases are collected, and then after drying  (Na2SO4),
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
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- methylselenobutyric acid and of D;L-2-h
ydroxy 4 methyl- thiobutyric acid: iIC 11 Se COOK ' S . "'-^ .COOki  I  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
mixture is heated with reflux  for 5 his, and then the aqueous phase is
extracted with  2X10 mL of tertbutylmethyl ether. After drying (Na2SO4),
17  filtration and evaporation, the mixture of 2-hyd.roxy-4-
(methyltr_io)butyric acid and of 2-hydroxy- 4(methylseleno)butyric acid in
proportions of 3:1, is  



obtained as a yellowish oil. 5 ES (LC-MS) : t" = 1.69 min.: 148.9
(M[C5H1003S]-H')  = 2.24 min.: 196.8 (M[C5H1o03Se}-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 200 mg  Excipients* and
encapsulation** qsp 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 according to the following composition 18
L-2-hydroxy-4-methylselenobutyric acid 0.05 mg
L-2-hydroxy-4-methvlthiobutyric acid 50 mg  5 Excipients* and
encapsulation** qsp a gelatin capsule of '-C00 mg  lactose, magnesium
stearate, sodium lauryl  



(* 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 qsp 1000 mL 19
CLAIMS 1. A method for preparing 2-hydroxy-4- methylseleno-butyric
acid, characterized in that it  comprises the steps of: 5 reacting
3-methylselenoproprionaldehyde of  formula (I): a {Il  with an alkaline
cyanide of formula M-CN-,  preferably in the presence of an alkaline 10
bisulphate salt of formula MTHSO3 , M  representing an alkaline metal
atom, in a polar  protic solvent, in order. to lead to 2-hydroxy-4-
methylselenobutyro-nitrile, a compound of  15 formula (II): 



U Cr,, se, CN y)  OH a compound of formula (I1) 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 (IV): 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 (II) is
hydrolyzed in a hot concentrated sulphuric acid medium 10 a polar protic
solvent, in order to lead to a compound of  formula (III) : Ei~C 7 Se
,-,,,CON 8, (iii)  OH a compound of formula (III) which is itself hydrolyzed
in  a hot strongly concentrated acid medium in order to lead  15 to the
compound of formula (IV). 3. The method according to any of claims 1 or
2,  



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 steps of: reacting a mixture o 3
methylseleno  proprionaldehyde of formula (--),and of 3-methyl- 10
thioproprionaldehyde of formula (Ia) C -1 SC H S f  C 0  (I) a) with an
alkaline cyanide of formula M-CN-, preferably  in the presence of an
alkaline bisulphite salt of  formula M'HS03, M representing an alkaline
metal  15 atom, in a polar protic solvent, in order to lead to the mixture of
2-hydroxy-4- methylselenobutyronitrile of formula (II) and of 2-
hydroxy-4-methylthiobutyronitrile of formula (hIa):  



OH OH (TI) (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 f_r3 C; ,-S YC:OO1I  Off OH  5 (3 V) (Iva) which may optionally be
transformed into a mixture  of their salts after addition with a
physiologically  acceptable base, it being 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 claim 5, characterized  15 in that the alkaline cyanide is
selected from sodium  cyanide, potassium cyanide and lithium cyanide. 7.
The preparation method according to any of  claims 5 or 6, characterized
in that the polar protic  solvent is water. 



20 B. The preparation method according to any of  claims 5 to 7,
characterized. in that the ratio between  the compound (IV) 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 (II): e CN  OH  5 as well
as enanriomers thereof. 10. The use of the compound of formula (II) 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 (IV) and of 2-
hydroxy-4-methylthiobutyric acid of formula (IVa), and a  15
physiologically acceptable medium. 12. The composition. according to
claim 11,  characterized in that the ratio between the compound (IV)  and
the compound (IVa) varies between 0.01% and 1.0% by  



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 (IV) and
of 2 24  hydroxy-4-methylthiobutyric acid of formula (lVa) as a  food
ingredient, complement or additive. 


