- METHOD FOR PREPARI NG 2- HYDROXY- 4- METHYLSELENOBUTYRI C
ACI D, ALONE OR AS M XTURE WTH I TS SULPHUR- CONTAI NI NG
ANALOGUE, AND USES THEREOF I N NUTRITION, IN

PARTI CULAR I N - ANI MAL NUTRITION : - The present
invention relates to a nethod for preparing

2- hydr Oxv- 4- net hyl sel enobUt yr1c acid, alone or as a
m xture with its Sul phur-containing anal ogue, as wel |
as uses thereof in nutritiony in particular in 5
animal nutrition. Sel eniumis an essential mc
onutrient for manmals and notably for humans. It is

i nvol ved, as L(+)- selenocysteine O

L() - Sel enon®et hi oni ne, in the biosynthesis of

sel encproteins such.. as glutathione 10 peroxi dase,

t hi oredoxi n reduct ase and sel enoprotein P. According
to the FDA-RDAs, the daily -seleniumneeds in -
humans vary from .10-30pg for children, to 40-701. 1g
for adol escents-adults, these |evels being
particularly high in -wonen during .pregnancy

(65pg/ day) and | actation

15( 75pg/ day) . 1, (+) - sel enonet h3on3neconpl enent ati on
(2. 7pnol of sel enium equi val ent) in nursing wonmen
substantially increases sel enium concentration in
their mlk. Ina  deficiencies, 5 nutritional very

'METHOD FOR PREPARING 2~HYDROXY-4-METHYLSELENOBUTYRIC
ACID, ALONE OR AS MIXTURE WITH ITS SULPHUR-CONTAINTNG
ANALOGUE, AND USES THEREQOF IN NUTRITION, IN PARTICULAR IN
ANIMAL NUTRITION ‘

The present invention relates to a method for
preparing 2-hydroxy-4-methylselencbutyric acid, alone or
as a- mixture with its sulphur-containing analiogue, as
well a2s uses thereof in nutrition, in particular in

4  animal nutrition.

gelenium L1s an essential micrenutrient for mammals
and notably for Thumans. It is involved, as L(+)-
i the

.

s

selenocysteine or Li{+)-selencmethionine, i
biosynthesis of selenoproteins such.  as glutathione
10 peroxidase, thioredoxin reductase and selencoprotein P.
Acéording to the FDA-RDAs, the daily selenium needs in
- humans vary from 10-30pg for children, <o 40—70ug*_for
adolescents-adults, these levels being particularly high
in ~women during pregnanly (65ng/day) and lactation
(75pg/day}. L(%)mselenomethionine complementation

(2.7pmel  of selenium eguivalent) in npursing women



case tertain nunber of situations such as diseases
or exposure to radiations, a selenium conpl enentation
has proved to be This is nost- particularly true in
the affected by genetic di seases, such as
phenyi ket onuria or hyperphenylalanlnen1a whi ch are
subject to diets with [ow protein levels; |In another
10 field, seleniumassociated with vitamns, in
~organic formsuch as L' ()-sel.enonethionine has
protective effects towards radi ati ons in humans.
Finally- h(+)7 sel enonethionine protects from

del eterious 'biological effects of high
energy-ionizing radiations. 15A French patent -

appluseathonaiy t hechame ofsdiheiappldonapht (ER & in their

87337%) reports for the first tine
oxy 4- et hyl sel enebutyric acid and its .
derlvatlves as mell AS their syntheses. Mirreover, its"
sul phur - contal analo oy £ {tustions . such
2- hydr ox¥§- 48 net FHi'eh % acid, 20 FEECal 1B
|'i gieifd cirethioni neiisiegskAownr asexpqsueeur §or Fdiations,

§nﬂﬂyﬂyy*m§néprs@@bﬂ@ﬁmfQﬁﬁhm@méﬂﬁéﬁﬁﬁﬁ5ﬁﬁé phbvk8 to be

made i ndustri al | this application a scal e of
seﬁ@?ﬁl1ﬁﬁﬁﬂﬁ8ﬂ3¥ho§§éﬁleoﬁ§ *beP Yy &ar uPirfy SEAIE O che

case of children affected by geneLlc diseases, such as

phenyiketonuria or hyperphenylalaninemia, which are

subje”* to diets with low protein levels. In another

10 fleld selenium associated with vitamins, in organic form

such as L(+)-selencmethionine has protective effects

" towards UV  radiations ir  humans. Finally L (+)-

selenomethionine protects from deleterious ‘biolecgical

ffecu_ of high energy lOulZlng radiations.

15 A French patent: application in the name of the

appiicant (¥R 2 873376) reports for the first time

- Z2-~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 liguid methionine, is known as a precursor of

methionine for animal feeding (WO $636598). It is made

£

industrially for this application at & scale of

hundred thousand tons per year.

2-hydroxy-4-methylselenobutyric acid, & precurscr of

saveral

L{+)-selenomethionine, as well as 2-hydroxy-4-

megthylthicbutyric acid, a precursor of L(+)-

selenomsthionine, are therefore compounds of major

interes®* in animal nutrition. It iz tTherefore important



3 to be able to have easily-.industrializable
synthesi s nethods available, i.e. which may be

carried out at a large scale, in the sinplest way,
the application and cost of which do not represent
maj or handi caps. - The applicant has devel oped
“a synthesis nethod which neets these criteria and

whi ch has many advant ages over the existing nethods.
Thus, in a first aspect, -there is provided a nethod
for preparing 2-hydroxy-4- 10 nethyl sel enobutyrid
-acid, characterized in that it conprises the steps

of : reactings met hyl sel enopr opi onal dehyde fornul a

(I): 15w th an al kaline cyanide of fornula N 4Cl\7-,
prief ebablapien tchehpyeseneé lof @myuab ki jiFgble synthesis
bl hglalt%%gkiégfeor nil AMHASQE,  fgpriesenitfigdauc at a

alne tal ,ataom |napolar FOLJ i
ot GIGag o3 PhyfFoxy b e Ol sglMant 1891 Bng

ne¢dqﬂ sélﬁ%ﬂﬂ@uﬂyrnwmt¢6Qn§5§@én%%ﬁH¥d6ﬁn¢%ﬁ%ﬁﬂ a (11):

The applicant has devaloped'- svnthesis method which

rmeets these criteria and which has many advaltaqeq gver

the existing methods.’

Thus, in a first aspect, there is provided a method
for preparlng 2-hydroxy-4-
-methylselenobqurlc acmoq characterized in ~that it

comprises the steps of:

s reacting 3-methyiselenopropiconaldehyde of

formula (I):

O

with an atkaline cyanide of formula MCN,
preferably in the presence of an alkaline
pisuiphite salt of formala M'HS0:", M
representing an alkaline metal atom, in a polar

protic solvent,

in order to lead £0 2-hydroxy—4-
methylselenobutvronitrile, a compound of

formula (ITI):



4

OH a compound of formula (11) which is hydrolyzed

in a hot concentrated strong acid nedium in a polar
protic solvent,- in order to |lead to the expected .
conmpound of formula -(1V):  which may optionally be
transforned into one of its salts after addition with
a physiologically aeceptable base. In an alternative
of the nmethod described earlier, of formula (I1) is
hydrol yzed in a hot sul phurig aci d nedlun1|n a pol ar
protid d of fornula _

10

15

o Se CN

- OH

= a compound of formula (II) which 1is hydrolyzed
in a hot concentrated strong acid medium, in a
polar protic solvent, in order to lead to the

expeéted compound of formula (IV):

_Be e CDOE '
H,.C” ‘/\’ (1V)

OH

which may 0p;101a¢+y be Lransformed into cne of its sa?ts

after addi tion with a Dnyszoioglca¢ly accep*able kbase.

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

solvent, in order to lead to a compound of formula {II1}:

a compound of formula (III) which is itsel:f hydroiyzed in
a hot concentrated strong acid medium in order to lead to

the compound of formula (IV].



a conpound of forrmula (111) which is itself

hydrol yzed in 15 a hot concentrated strong acid
mediumin order to lead to the conpound of fornula
(I'V). 5 According to an advant ageous enbodi nent of

t he nmet hod according to the invention, the alkaline
cyani de reagent is selected from sodi um cyani-de,

pot assi um cyani de, and |ithium cyani de. 50ne operates
within a protic polar solvent. such as for exanple

wat er . - The subsequent reactions, with which the
conpound of formula (IV) may be transfornmed into its
corresponding salts, are carried out under standard
conditions.known to 10 One skilled in the art.

The et-hod; aceorgdi ngad o dheopeesanidinyent bon das thdehod

advantage of. nej.t her reQU|r|n 0 Iq_ t §oSUCh -
asaGFﬁﬁabW%tﬁle??tﬁﬂn§ junds’ %o% o??é’a e ?g §%c £b e

al kyl atdlrgtagedtrsy asdwmt%earhaét%o@é?tﬁﬁéml%héyﬁ%‘%ﬁ "and

art; ;18i(FR-#ma3 . 376). Further, it may be carried out
at a large scale, in non-toxic solvents Such as for

exanple water. In addition to the feasibility aspect,

§:hese ady Qn5§£§§%ég %8¢%Qﬂs'd%ﬁ%ﬁhﬁ eddeesbheent such as
ppllcatlon cost he conmpound of fornmula

(I)Cﬁhﬁéﬁ“P%edgﬁﬁras a 20 substrate for applying the
nmet.hod of the invention 1,

- known and how to obtain it is notably descri bed.
the publfheatiapausSpit FesFisionggga: tﬁaﬁ’é%c%l@%f@mpomd of
Th%xﬁ%MQElHI@BOmm@h&msutﬁhuf<&®@aaumtng:amakaguespﬁ \ding

- he .G nmpound Cgrjég&”%|a(hkge§ emb?dh¥gﬁ&2%&d%s ZRown to
mettAthi 8bUt §7i¢acid, I's Wi del'y recogni zed (see

thcveéSKﬂmL@érﬂléﬁﬁaﬁrkn the sane field of nutrition.

The method accérding tb-the present - invention Has
thé advantage of neither reguiring complex reagents such
as organometalllc compounds, - nor toxic agents such as
alkylatlng agents, as in the methods from the prior art

15 (FR 2 573 376). Further, it may be carried cut at a large
scale, in non-toxic solvents such as'forrexample water.
Tn addition to the feasibility aspect, these advantages

also considerably reduce the application costs.

The compound of formula (I) which is used as &
20 substrate for applying the method of the invention Iis
known and how to obtain it is notably described in the

publiication, Synthesis, 1988, pages 616-619.

=

The benefit from the sulphur-containing ana;ocue of
the compound of formula {IV) above, 2-hydroxy-4-
25 methylthiobutyric acid, is widely recognized (see above),

in particular in  the same field of nutrition.
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6 Sinul taneous adm ni stration of this conmpound and of
the conpound of formula (lvy has an unquesti onabl e
advantage in ternms of application and efficiency. In
order to neet the needs of industrialization, it is
inmportant to be 5 able to .sinply have both of these
conpounds in a mxture, and further wi thcontrol over
the relative proportion of both of these derivatives
relatively to each other. Their adm nistration

-either sinultaneously- or separately, within
formul ations in defined proportions Wuld also - 10

provi de a significant advantage.- The appl i cant
has shown that the preparati on nethod according to
t heRf €581 RveAhl ofrandndescrinbed cempditet , avhy° et He

used for _si taneou Ly, | [ dreuds M xidne ehvhnbage
sGPPREPEE O Hﬁéaazdyse nfﬂﬁ}gghtzlq:n%r npggngng
15nwhechscwm9ﬂuéﬁéﬁryo$H%F%$g'ﬁﬁﬂ%&?%l

productdawist Yor  industThusizduioa,seconid adpewttanthéice 2°

i S provided tho I oRr NGrdolhdt UWe Ofhixture,
ZCﬁQHrBﬁySHH%ﬁé AyT s {g%obu?gg%%acfggndofz c%ﬁréigjre

Fa il
ide

characLer izad iRrtbativds cetptisey theestlpstipi. Their

react i ngam xt UreC § ro@ﬂonﬁﬁgﬁigg )
OﬁﬂﬂéPﬁﬁ%%F%?Pf- Qhe Met.hwlsebenop ¥

'Wlth+n formulauloas in deflnmc. proportlons would aigo

prodee & 51gnLL¢cant aqvan;age.

‘The applicant has shéwn that the preparation method
 accoronﬁg to the present :nvenulo "and described earlier,
may be used for sxnulbaneously leadlng to a mizture of
—two_sulpnu: containing and selenLum corta¢ﬂ*nc compotnds,

which considerably improve 1ndustr+al productivity.

Thus, in a second aépéct, there is provided a method
for preparing a mixture of 2-hydroxy-
4~ metﬁylselenobuty%ic Cacid’ and =~ of 2-hydroxy-4-
,methyth1obutyr1c acid, ﬁn- defined proportians,

characterized in Lhat it comDLlsms the steps of:

x reacting a rixture of 3-
methylselencpropionaldehyde of formila (I), and

of 3-methylthioprionaldehyde of formula (Ia):



10

i5

of 3-nmethylthiopriOnai dehyde of formula (la): . 7

wi th an al kaline cyanide of formula MCN, preferably
in the presence of an al kaline bisulphite salt of
formul-a M HS03- M representing an al kaline neta

atom in a polar protic solvent, 5in order to lead to
the m xture of 2-hydroxy-4- nethyl seienobutyronitrile
of formula (I1) and of

2- hydr oky-4net nyl t hi obutyronitrile of fornmula (lla):
10whi ch, by hydrol ysisa hot strongly concentrated
acid nedium in a polar protic solvent, leads to the
m xture of the two conpounds, the expected conpounds
of formulae (I1V) and (IVa): HC,Sc 3 OH

with an alksline cyanide of formula MCN, preferabiy
in the presence of an alkaline bisulphite salt of
formula M'HSO:, M representing an alkaline metal

atom, in a polar protic solvent,

in order  to lead to the mixture of 2-hydroxy-4-

methylselencbutyronitrile of formuia (II} and of
2—hydroxy~Q—methylthiobutyronitrile of formulia
{(IIa): '
St _CN S~ AN
H-‘E-Cf \//\( - H;C( \/Y ,
. OH ' OH
m - | - (Ha) ,
" which, Dby Thydrolysis 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):

oSN COOH S COOH

Ot + ol

vy (f¥a)

b3

which may opticnally be +ransformed into a mixture
of their salts after addition with a physiologically

acceptable base,



(V) 15 (Eva) which may optionally be transformed
into a mxture of their salts after addition with a

. physi ol ogi cal |l y acceptabl e base, it being understood

that the relative proportions of both conpounds (IV)
and (1VO are set fromthe beginning of the nethod,
by the relative anmounts of conpounds (1) and (la) and

are retained all along said. preparation nethod.
I n an advant ageous aspect, the al kaline cyani de ,
"reagent is selected- from Sodi um cyani de, potassi um

cyani de and |ithium Cyani de. One operates
within a' protic polar solvent such as 10 -for exanple
wat er . - I'n the method of the invention as

descri bed, 83kl L.8keréhod almti YRe praparite oprefothiertswof

- conpounds " of fornq%ggé%vzl!%dangr%ﬁvagzésSe%ongg&{lgge

10

15

20

25

and meyCoe SOTRRTY

depending on the contenplated = _
appl i ca¢giominhnopakhe cubarod 190% Héer ABIL-BEHET VI e O*
compQung.{dMisand )t he.ccoppounchd i Ma) madaiiesdbelveedcng
0. 01% and 1% by M@%g?t N preferentially between

0. 05% 2ftf F 58 by JitE°By si mul t aneousl y obt ai ni ng
t he conpounds of formulae (1V) and (IVa), precursors

of sel enonet hi onine - - , : s
in an advantageous aspect, the alkaline cyanide

- remagent is - selscted. from sodium cyanide, potassium

cyanide’ and lithium cyanide.

One operates within a protic polar solvent such as

for example water. -

in:the method of the invention as described‘ear;ierj
tﬁe relative proportionfof the two compounds of fbrmuiae
(IV)” and (IVa) is . controllied and may ‘be adjusted
depending on the contemplated application. In pgrticulark
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.r simultanéously obtaining the compqunds of
formulas (IVY and (IVa), precurscrs of selenomethionine
and of methionine, respecfively, it is alsc possible to
contemplate the preparation of compositions containing
tnis mixture, since handling of them is simpliified.

Thus, in a third -aspect, there ig provided a
composition, in particular a nutritional composition

comprising as an active ingredient, a mixture of 2-

" hydroxy-4-methylselenobutyric acid of formula {IV) and of



20 and of nethionine, respectively, it is also
possible to contenplate the preparation of .
conmpositions containing this mxture, since handling

of themis

sinmplified. Thus, in a third aspect,

there is provided a conposition, in particular a
~hutritional

i ngredi ent,

conposition 25 conprising as an active
a m xture of 2-

hydroxy-4-nethy|se|enobutyrld acid of formula (1V)
and of  2- hydroxy- 4-met hyi t hPobutyric acid of fornmula

(1va), and

a physiologically acceptable nedium The

rati o between the conpound (IV) and the conpound

(Pie) will

in particul ar be conprised between 0.01%

ang ﬁ$& >§¥4ﬂﬁégﬂ§léhfﬁﬂ%teﬁﬁéeé@ﬂiI@*|ﬁo£ﬁbweenwa and

t physiol ogi.cal sen
acéeé¥%ﬁk%l?ﬁ&ﬁ%ﬁﬁﬁIPQé%?Q%?ﬁgenﬁPlgﬂe ﬁ%esen dokwe =en
i neeat | ompdumdrednt) a aedi umaotcablyuse| e¢if® f romt 10
annggug{y%xa%%oQ%ﬁb91§é&L%éﬁuééﬂrOQﬂlglémd 1.0% by weight

awat er

| oroil /waterenul rozenul si
San &g orebrs egéf-a HY§%@?§?@n§f8€25|c gsgn1guocaﬁpules

m croparticies or naneparticles, 15a -solid nedium

consi sting of one or nore additives and/or ex0|p|ents

whi ch ey e ss el egt @l ¥ GRoPPEant ndledigfurgl e sense of
S anthexpdadtrs, ifvagtabn sald sseanone- medfivm grotably selected

O
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pol¥ saccharldes “notably folic acid, vitamns 136, 7

an aqueous, alcoholic solution or an oil,

& water/oil or oil/water  emulsion, a

micro-emulsion,.

an aguesous gel,

41}

disparsion of vesicles, microcapsules,

microparticles or nanoparticles,

a solid medium consisting of one or more
additives and/or excipients which may be
solected from vitamins, natural antioxidants,
minerai salts, mono-, di- or poly-saccharides,
notably folic acid, vitamins B, E or C,
iactose, starch. This solid medium consisting
of one or more additives and/or excipients as
defined above, and comprising at least cone of
the compounds of general Zformula (I), may bhe

formulated as a gelatin capsule, =& tablet or a



20 |l actose, starch. This solid .nediumconsisting of
one or nore additives and/or excipients as defined
above, and conprising at |east one of the conpounds
of general fornula (1), may be fornul ated as a
gelatin capsule, a tablet or a 10 the conpound of

t hoseusual | y appli cations. di fferent other
than(lVa) are nentioned As non-limting
exanpl es sinply given as an_jllustration, and which

‘therefore. cannot by. any neéans linmit the saope- of
the invention, these nedia may be nutritiona
i quids, such as for exanple food MIk, fruit 10:
juices, . syrups, -but also mlk for infants; or a
Parenteral sglition, sptabl gnsadds Ororaenenal | yaafierent
food conplenented with selepiumin a trol | ed, e
In a fourt hceEpet " thefe ?g“%ﬁo%?g%ﬁﬁ%2é£€%eggfﬁgwman
mxture  ofh@- hydpoxyd 4ofet fymsdeenObiit yrre déV@ offre
formula (I \Qhése%S and,.0fy . nsed for the mentioned
2-hydroxy-4ane;‘thhiobu¥yric acid of fornula (IVa)
~Sas a food i #gfEFEMC Sconpl enent -or additive. In a
fifth-aspect, there is provided the conmpound, .

_2- hydr oxy- 4- net hyl sel enobutyronitrile,  of fornula
(11): As non—limitiag examples Simpiy given a5  &n

iiiustration, and which therefors cannot by any means
limit the scope of the invention, ,rth'ése' media may be
-nut-ritional _liquids, such as for example food milkf fruit
10" juices, syrups, but Vaisor milk for infants, or a
pa-x‘:enteral sc_:)lut:i,cn,‘ table salt‘,ror generally any food

comolemented with selenium in & controlled way.

In a fourth asepct, there is provided the use of a mixture
of 2-—hydroxy-—!l—méthylSélenbbu?,yric acid of formula (IV}
I3 and of 2—hydroxy—-@—methylthiobutyric- acid of formula

(IVva) as a food ingredient, complement oxr additive.

In a fifth aspect, there is provided the compound,

2-hydroxy-4-methylselenocbutyronitrile, of formula (II):

S ~_ CN
BT Y @

OH

~

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

as enantiomers thereof.



20 is novel, and as such, is part of the invention,
as well as enantioners thereof. 10a _ In a

si xth aspect, there is provided the use of the
conmpound of forrmula (I1) as defined in the fifth
aspect, or one of its enantioners, as sources of

sel enomet hi oni ne and/ or of selenlun1|n humans or . in
ani mal s. In the sense of the present
~invention, mneral bases such as sodium [|ithium

cal cium potassium magnesit?f 11 anmoni umor zinc
hydroxi des, al kaline or earth al kaline netal

carbonates such_.as sodium, lithiu
pot asst = fes i« i BFOURIE daPnoRg: 86 e
ses.such_as

and blcarbonates ani c
et HRCERn et §05W5%§I 'né* FP?ﬁ%?%yfan%%% fifth aspect,

dleth | am ne, triethyla

I}?etqfrylléﬁhgﬁ%]i'n‘a%{ﬁnﬁgsneas sources of selenomethionine
tris dr ox t h oethane et hanol ani ne,
py?rfcyl ng%%]gefrf%g? 18| S 5h &k yt A e =

nor ohol i ne, procei ne, IyS|ne ar gi ni ne, hi sti di ne,
N—wethylgiucanine O further its phosphoniumsalts

zglcP 1gr flllsak}aé{(lgl 2:; g%pll’l%rpeég %Sinveql )_{l Bhoﬁmwlu%ses A

o Ky PP, B iy oo

menti oned as a phyS|oIog|caIIy acceptable base, in a
non-limting way.



., 15The conpound of formula (I11) is used within the
scope of the present invention as a synthesis
internmedi ate in obtaining the compound of formula
(1'V),. which may be converted into sel enOnet hi oni ne.
For exanple, the object. of the invention is also the
use of 20 the conpound of formula (11) as defined
earlier, or of its enanti Orers, as Sources of

sei enonet hi oni ne, and/or selgniumin humans or in

ani mal s. By this, is notably nmeant the use of
sai d conpound’ of fornula (1) as:

25- precursorsof L(+) - sel enonet hi oni ne eit her dlrectly
or after enzymatic hydrolysis, oxidation and

tr apsant At ONzid: ibvXxoxil2=pr ad%al spurceseafth alkaline

selenl m Wit ep se_of compensatiingiparti akicium,
#a|C§ (gﬁﬁ8ﬁ1d§??gle%§y or as food

|ngm§dsemi® ‘CowiR EtEnt SYBROTHA t PYedifEr TRIARGTeS an¢
Nutysicki-9pakEoNPesi t boansifor taskral sdded sEmomethylamine,

particul ar] e har ses, Qab§ ine,
an&wa%aga%u¥v6|Flme%ﬂ%ﬁ?tﬁﬁf %16E59§amh95 Q;le amine

he exa
f eI, dwoaret s iephynptevinfed &St SaWiﬁdFPiﬁ%T r@tﬁ%ﬁr‘%ﬁae*—“ane'
CaQﬁ@anYarﬁﬂy nﬁﬁiﬁhdﬂﬂﬁ t thecskiope ofdidmelohexylamine,
|nvent ya%%%tngvoc 1nJ”ep§%§£h&” O%rglnlne, histidine, -

rse eno)butZrO nitril
ther its phospnonﬂum salts such

/1

W—me;nylglucamlne, or fur
10 as alkyiphosphonium ‘salts, -‘arylpnosphonlum salts,
arylalkylphosphonium salts, alkenylarylphosphoniums, oY
gquaternary ammonium salts such as salts of tetra-n-butyl-
ammonium, may be mentioned as a " physioclogically

acceptable base, in a non—limiting way.

15 The compound of formuia (1T} is wused within the
scope of the present invention as a synthesis
intermediate in obtaining the-compound of formula (IV}),
which may be converted  into selenomethicnine. Fox
example, the dbject,of the invention is also the use of

20 the compound of Zormula (II) as defined earlier, or of

its enantiomers, as sources oI selenomethionine, and/or

selenium in humans or in animals.

By this, is notably meant the uss of said compound

of formula (II) as:

23 - precrrsors of L{+}~selenomsthionine either
directly or after enzymatic nydrolysis, oxidation and

transamination in vivo:



15 - 468 ng (3.1 nmol ) of

3- net hyl sel enopr opi onaldehyde (R D eden et L.

Hevesi, 2ynthesis 1988,. 616-619) are added to a
solution of 291 nyg -(2.8 mwbl) of sodium bisul phite

in 1.2 nL of water. The m xture is 20 energetically
stirred for 10 mn at roomtenperature, and then 155

ng (3.16 nmol) of sodium cyani de are added. After 2

hrs of stirring at roomtenperature, 5 m.. of 13

di chl oronet hane are added and t he organic phase is
decanted. The aqueous phase is extracted a second

time with 5 m1| of dichldromethane. The organic

phases are-collected, and then after drying (Na2SOQ4),
filtratdjonsand 5 evaporation, the desired conpound is
obtai ned as a colourless oil;.- which my be used as
such in the follow ng step. Rf(3i02,cycl ohexane/ et hyl
acetate, 50L5Q)ied. 2% RMNerHutCDCL31h 300hdHzpurpose of
108(ppm) - 2.06 (s, 3H); 2.27.(m 2H; 2:Z3.{M 2sniun
3.20 (bs, 1EPTREYSE4DIY (ﬁa%}%ggm,'g%-szgai ;Jd)‘

VB( I E, ' MeV) daf #¢29rc79( 80, Mid; 164 (90); 153(100);
123(50); 109(80). _ -

or as

- . féod ingredients, complements or additives for
making nutritional compositions for animal feed
{more particularly for cattle, sheep, Ppigs,

horses, cats and dogs as well. as poultry) .

10 " The examples which follow are simply provided as an
illéstration and'cannot by "any means limit the scope of

the invention.

Example 1: Preparation of 2-hvdroxy-

é?(methylselenc}butyremnitrile

o
A
15 . oK

468 mg (3.1 mmol) of 3-methylselenopropionaldehyde
(R. Dieden et 'L. Hevesi, ©Synthesis 1888, 616-619) are
added to a solution of 2%1 mg (2.8 mmol} of scdium
bisulphits in 1.2 mL of water. The mixtgre is
20 energétically'stirred for 106 min at room temperature, and

then 155 mg (3.16 mmol) of sodium cyanide are added.
Afrer 2 hrs of stirring at room temperature, 5 mL of

k.



10

15

20

- Exanpl e 2: Preparation of D, L-2-hydroxy-4-

15net hyl sel eno-butyric acid by hydrolysis of 2-

hydr oxy- 4- (net hyl sel eno) -butyronitrile 390 ng (2.1
mol ) of the conmpound described in Exanple 1 are
added to a mi xture of 1.7 nL of 20 concentrated
hydrochloric acid and 3.6 niL of water. The Mxture is
heated with reflux for 6 hrs, and then stirred for 14
hrs at roomtenperature. Next3 the aqueous phase 14
is extracted with 3x10 nL of ‘tertbutyl nethyl ether.
After drying (Na2SO4), filtration and evaporation.
the desired conmpound is obtained as an oil which
cold-crystallizes. Rf (3102, c C|chexane/ethyl

acéi @t rue13ene | 96 TFRIED gt LRV (EDCES 35

is

308=Mt) e 8('ppa) agueil? }@SﬁSEBH}S SegH)st2 08 ¢agond) tine

2. %iFém lrlﬂp 0%97@1&1'{%}5%%%512@) Iﬂe"’]oﬂc%@, c3-p1'§i'a'éc are

collected aha then after drying (Na2;50,), filtration and

evaporation, the desired compound 1§ obtained as

a

“ecelourless oil, " which may be used as ‘such in the

following step.

Re (Si0;, cyclohexane/ethyl acetate, 50/50y: 0.22.

RMN-'H (CDCis, 300 MHz):

S(ppm) = 2.06 (s, 3H); 2.27 (m, 2H); 2.73 (m, 2H];

3.20 (bs, 1H, CH); 4.74 (t, J= 8z, avH).

" MS  (TE, 70eV): m/z(3)= 179(80, Mt); 164(90

153100} ; 123(59); 102(80).

‘Example 2: Preparation. of D,L-2-hydroxy-4-
methylselenc-butyric acid by hydrolysis of 2-
hydroxy—4-{methylselieno} -butyronitrile

G
Se_ Ao,
Hal” el”‘&f“kﬁmﬁ

OH

390 mg (2.1 mmol) of the compound described

|

in
Example 1 are added to a mixture of 1.7 mL of
concentrated hydrochloric acid and 3.6 mlL of water. The

‘mixture is heated with reflux for 6 hrs, and then stirred

for 14 hrs at room temperature. Next, the agueous phase



10 Exanple 3: Preparation of

D, T- 2- hydr oxy- 4- net hyl sel enobutyric acid am de

262 mg.(1.47 mol) of 2-hydroxy-4-(nethylselenc)- .
butyronitrile, describéd in Exanple 1, are added to a
15 mixture of 0.13 mil4 of water and 0.5 nlL of
concentrated sul phuric acid. The m xture is heated to
45C for 2 hrs, and then 5 nL of water and 5 hiL of
dlchloronethane are added. The organic phase is

" decanted, and the -aqueous phase 5 8 extracted a

second tine in 5 nmL of 20 dichl oronethane. The
organi ¢ phases are collected, and then after drying

(Na2sO4), filtration and evaporation; 48 ng of the

5

10

15

20

dest restl-xesTRssuRd tar exbbtdi ved t§§t§uw15%§}§fic@|t BF | ehcer
OI ijvri'g’5 BEL,502), ,Cyﬁiun@taaei/ rﬁ&hhaaMp@vaeﬁaﬂ) tBe 13esired

> o OHC%Tﬁf 305, 1) TR (i ,C%ﬁf%@ --

(be, 1H, -OH); 4.36 (dd 3 SFE 3= 4Hz 1H, a-H);
5,5 (bs, I'H,  NH2) \1112

m z( 9 - ‘2lé%thf¥&}Qhéﬁa§§(”%o&ﬁwﬁfe 1 215&%'523)
Exanpl eeBCOP epdt-dtti-on of a m xture according to
invention. Step A: Preparation of the m xture of

2- hydroxy-4- (nethylthip)-butyronitrile and of

2- hydr aey+4r (omtihyl set eio))-:nutyronitril e

&(ppm} = 2.02. (s, 3H, SeCHz); 2.08 {m, 1H); 2.22 (m,
id); 2.70¢ (m(sym.), ZH); 4.41 (dd, J= B8Hz, J= 4Hz,
. 1H, o-H). -

- Example 3: Preparation of D,L-2-hydroxv-4é-methviseleno—
butyric acid amide '

262 mg {1.47 mmcl) of Z2-hydroxy-4-{methylselenc}-
butvronitrile, described in Example 1, are added to a
mizture of (.13 mlL of water and 0.5 mL of concentrated
suiphuric acid. The mixture is heated to 45°C for 2 hrs,
and then 5 mL of water and 5 mL of dichloromethane are
added. The organic phase is decanted, and the -agueous
phase is extracted =z second time in 5 mL of
dichloromethane. The organic phases are collected, and
then after drying (N¥a;S04), filtration and svaporation, 48
mg of the desired compound are obtained as a viscous

colourless oil.



15, 120 ng (0.8 mmol) of 3-nethyl sel eno-broplon

| dehyde (R Dieden and L Fievesi, Synthesis 1988,

616-619) and 273 nmg (2.5 mmol) of

3- et hyl t hi o- br opi onal dehyde are added to a sol ution

of 312 ng (3 mmol ) of sodi um bisul phite in 1.2 nL of

water. The m xture is energetically stirred for 20

10 mn, at roomtenperature, and then 164 ngy (3.3

mol) 16 of sodi um cyani de gre added. After 2 his of

stirring at roomtenperature, 5 nL of dichloronethane

are added and the organic phase is decanted. The

aqueous phase is extracted a second tine in 5 nmL of

di chl or onet hane. -The 5 organi c phases are col | ected,

and thélr aFter GEViARSYIEZBEAP2DPH 7% Or- Cahd-

evaporation, the . mxture of 2-

hydr oxy-4-(met hyl thio)-butyronittile and 2-hydroxy74-

(et hy |R@1-ehojBedier oAV ¥z i s obtai ned in -

proportions of 3:1, as a yellow sh oil which mayl de .

used as such in the 10 next step. RWN1H (CDC13, 300

MHz): &(Rtn) = 2.06 (s, BOCHBLH:zPR: 16 (&, (ngCHB) ; 2.3C0 (m,

2.10-2.88: 2.75 (m(sym.), 2H): 3.25 {bs, 1H, OH); 4.36
(d¢d, J= 8Hz, J= 4H=z, 1H, a-H); 3.5 (bs, 1H, NHa};

6.5 {(bs, 1H, NHz).

MS(TC, NH): m/z (%)= 215(40, M+NH,}"; 198(100, M+H)";
181¢20); 102(25).

Example 4: Preparation of a mixture according to ~the

16  invention

Step A: Preparation of the mnixture of 2-hydroxy—4—
(methylthio)~butyronitriie and of 2-hydroxy—4-

(methylseleno) -bhutyronitrile.

15 120 mg (0.8 mmol) of 3mmethylseleno—propionaldehyée
(R; Diedenrand I Hevesi, Synthesis 1888, 61£-619) and Z73
mg {2.5 mmol) of 3-methylthio-propionaldehyde are added
o a solution of 312 mg (3 mmol} of sodium bisulphite in

1.2 mL of water. The mixture is esnergetically stirred fox

. 20 10 min, at room temperature, and then 164 mg (3.3 mmcl)



(M: 2.50-2.65 (m); 2.64-2.90 (m; 3.20 (bs, OH):

4 74 (t, J= 8Hz, 2-H, Se conmpound); 4.76 (t, .k7=

8Hz, 152-H, S conpound). Step P. Preparation of the

~mxture O D, L-2-hydroxv-4- , nethylsel enobatyric

5

10

15

20

acid and of DjL-2-hydroxy-4-nethylthiobutyric acid:
20105 ng of the product described in step A are

added to a m xture of 0.6 nmL of concentrated
hydrochloric acid and 1.3 nmiyof Water. The m xture is
heated with reflux for 5 hrs, ‘and then the aqueous

phase is extracted with 2X10 nL of tertbutyl nethyl

ether. After drying (Na2SO4), 17 filtration and
evaporation, the mxture of 2-hydroxy-4- o

( met hybehin) eitanddee s doaded - offter hxs of stirring at
2- hydk oxydtamihies elena) bast y&zicmla;czioa&etﬂaﬁé OpO&t kAASE and
eyttt S SSeR HELMED AL RLEC Wil

m AXE chfeecs %MW@O@S@ 49 9 E&Ia e@%@hlqiﬂé]@é‘lamaon’rhe
of cegaRLSI thapssacgns didig 1kotkhe idnenthel after drying

(Na,;S04), filtrationm and evapcration, the mixture of 2-
hydroxy-4~{methylthio) -butyronitrile arnd Z2-hydroxy—4-
(methylseleno}butyronitrile is obtained in proportions of
3:1, as a vellowish cil which may be used as such in the

next step.
RMN~'H {CDCls, 300 MHz):

(ppm} = 2.06 (s, SeCHs); 2.16 (s; SCHi), 2.10-2.35
{(m); 2.50-2.65 (m); 2.64-2.90C {(m); 2.20 (bs, OH):

4.74 (x, J= 8Hz, 2-H, 5= compound); 4.76 (L, J= BHz,

2-H, 5 compound). '

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

thichutyric acid:

- Se ' ' : 1O
ELQ,SﬂwfijﬁﬂﬁﬁH E%cfsxwfﬂx?xﬁ

Ch . i
OH ' o

105 mg ¢f 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 reflu=z
for 5 hrs, and then the agueous phase is extracted with

2¥10 mIL, of tertbutylmethyl ethsz. After_drying {(Naz304) ,



Exanple 5. A: Gelatine capsules were prepared in atO
standard way according to the. follow ng conposition
L- 2- hydr oxy- 4- et hyl sel enobut vri ¢ aci d0. 2 ny

" L.- 2- hydr oxy- 4enet hy1t hi obut yui ¢ aci d200 ma. . Ex

10

pi ent s* and encapsul ati on** asp a gel atin capsul e of
1000 ng 15(* nmize starch, |l actose, magnesi um
stesiate, sodiumlauryi sul phate, ** gelatin,
titani um di oxi de, colouring agents). 18

L- 2- hydr oxy- 4- net hyl sel enobutyric acid 0.05 ng

L- 2- hydr oxy- net hyl t hi Obut Yric acid 50 ng 5-
Exci pi ent s* and encapsul ati on**

filtration and evaporaticn, the mixture of 2Z2-hydroxy-4-
{(methylthio)butyric acid and of  2-hydroxy-
4 (methylseleno}butyric acid in proportions of 3:1, |is

obtainegd as a yellowish oil.

ES {(LC-MS): tx 1.6% min.: 148.9 (M[CsHip03S8]1-8H");

2.24 min.: 196.8 (M[CsHis0:5e]-H").

Fxample 5: Preparation of compositions according to the

invention

‘Example 5.A:. Gelatire Capéulés were prepared in a
standard way according tQ th@_foilowing composition
1-2-hydroxy-4i-methylselenchbutyric acid CG.2 mg
L~2whydr0xy—4—mgtnylihiobutyr;c acid : 200‘@g

. Excipients* and encapsulation**

gsp & gelatin capsule of 1000 mg

(* maize starch, lactcose, magnasivm  stearate, sodium  lauryl

suiphate,
% gelatin, titanium dioxide, coclouring agents).

Example 5.8: Gelatine capsules warg prepared 1in  a

standard way according to the following composition



A

10

gso a gelatin capsule of 1000 ng (* nai ze starch,

| act ose, nmgnesi.um stearate, sodium | auryl sul phate,
** gelatin, titanium dioxide, colouring agents). 10-
Exanpl e 5. 0Cel ati ne capsul es were prepared in a
standard way according to the follow ng conposition
L- E- hydroxy- 4- nmet hyl selenobutyric aci d10 ng .

L- 2- hydr oxy- 4- net hyl t hi obutvric aci d10 g Wat ergap
1000 M 19 CLAIMS 1. 18

Amet hodf or pr epari ng2- hydr oxy-4- net hyl sel-eno-but Yric
acid, characterized in that it conprises the steps
of : 5reacting3-net hyl sel enopropri onal dehyde fornul a

(1):

L*2mhydroxy—4—methylselenobutyric acid
' : ' 0.05 mg

L-2-hydroxy=-4-methylthicbutyric acid

5C mg

Excipients* and encapsulation®*

gsp a gelatin capsulie of 1000 mg

(* maize starch, iacteose, magnesium stearate, sodium  lauryl -

sulphate,
** gelatin, titanium dioxide, colouring agents).

Example 5.C: Gelatine capsules were preparsd in

standard way according to the following composition
L-2~hydroxy-4-methyiselencbutyric acid 10 mg

I-Z-nydroxy-4-methylthicbutyric acid 10 g

Waﬁer gsp 1000 nlL



O with an al kaline cyanide O fornmula WN7,
preferably in the presence of an al kaline 10

bi pul phite salt of forrmula M HS03", Mrepresenting an
al kaline netal atom in a polar protic solvent,

i nordertol eadt 02- bydr oxy-47 ‘et hyl-sel enobut yt o-n
trile,aconpoundof 15formula (11): OH a conpound of
formula (11) which is hydrolyzed in a hot strongly
concentrated acid nedium in 20 a polar protic

solvent, in order to |ead t o't he expect ed conpound of
formula (IV):

CLAIMS

1. . A method for preparing 2~hydroxy-4-
methylselenc-butyric acid, characterized in that 1t

comprises the steps oI:

= reacting 3—methylselenopropriénaldehyde of

fTormala {I):

: Se g |
HC Y @

3

;with an alkaline cyanide of formula . MTCNT,
preferably in the presence of an alkaline
10 bisulphitse salt of formula MTHSO5™, M
representing an alikaline metal atom, -in a peclar

protic solvent,

in orderxr to lead to Z2-hydroxy-4-
methylselenobutyro-nitrile, a compcund of
15 formula {ZII):

o Be AN -
e Y an
CH

b

. a2 compound of formula {II) which is hydrolyzed

in a hot strongly cocncentrated acid medium, in



"which may optionally be transfornmed into one of its
salts after addition with a- physiologically

accept abl e base. 2. . The prepatation nethod
~according' to claiml, ..characterized in that the
- conpound O fo.ula (Il) is hydrol yzed in a hot

18

concentrat ed- Sul phur ¢ acid mediumin 10 a pol ar

protic solvent, in order to lead to a conpound of
formula (I1l): comn, gn) OH a conmpound of

formula (111) which is itsel4 hydrolyzed in a hot
strongly concentrated acid nediumin order.to lead 15
to the compound of formula (1V). 3. The net hod
according to any of clainms 1 or 2, characterized in
that the al kaling,cyanide do3vegl ectriedeemsodiatmes the

cyani de. pot aSSi Ui cyan! de, " apd, [1.{ piumgyani de. 21

B COCH
H,C” N"ﬂ(\\‘T” ' (V)

OH

- which may obtionally be transformed into one-of
ite salts after addition with a physioclogically

acceptable base.

2. The preparation ‘method acédrding' to claim 1,

. characterized in that the Compound of formula (II} is
hydrolyzed in & hoxt concentréted‘sulphmric acid medium in
a2 polar-protic_solveﬁt, in ordsr to lead to a compound of

formula (IIX}:

}%Cfﬁngmﬁﬁ
OH

ACONE,
B )

2 compound of formula (IIl} 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 Z,
characterized in that the alkaline cyanide 1is selected
from sodium cyanide, potassium cyanide, and lithium

cyanide.



4. The preparati on nethod according to any of clains
1 to 3, characterized in that the polar protic
.solvent is water. . 5. A nethod for preparing

~.a mxture of 2Thydrcxy- 5 4- nethylselenobutyrlca0|d

10

‘Andof 27hydr oxy- 4- met hyl t hi obutyric

acid, characterized in that it Conprises the steps of :
reactlngan1xtureof3 net hyl sel eno-

proprional dehyde of fornula (i), and of

3- met hyl 10t hi opr oori onal dehyde of formula (la): O
(hi) with an al kaline cyanide of fornula VWaN',
preferably in the presence of an al kaline blsulphite
salt of formul arepresenting an al kal i ne netal

4. The preparation method according to any

of

claims 1 to 3, characterized in that the polar protic

solvent ls water.

5. A method for preparing a mixture of 2-hydroxy-
4-methylselencbutyric acid - and of Z-hydroxy-4-
methylthicbutyric acid, characterized in that it

tomprises the steps oI:

# reacting a mixture of 3-methylseleno-

propfionald@hyde of formula (I),and of 3-methyl-

_+hicproprionaldehyde oi formula (Ia):

Haf‘:f&g“/\\[{ 4 I{jﬁf \//Y
0 o 0
o {8

with an aLKa ine cvanide of formula M'CN™, prefesrably

in the presence of an alkaline blS“iDQlt@ salt

of

formula M'HSC:, M representlng' an alkaline metal

atom, in a polar protic solvent,

"in order to lead to the mixture of 2-hydroxy-

methyiselencbutyronitrile of formula (II) and of

4 -
2,

hydroxy—é—methylthiobutyronitrilé of formula (ITa):

g 5 UM
e T e me Y

OH OH
ah {Ha)



15atom in a polar protic solvent, in order to |ead

to the m xture of 2-hydroxy-4-

net hyl sel enobutyronitrile of forrmula (I1) and of 2-
hydr oxy- 4- met hyl t hi obutyronitrile of formula (ha):

22 which, by hydrolysis in a hot strongly

concentrated acid nedium in a polar protic solvent,

| eads to the m xture of two conmpounds, expected
conpounds of fornul ae (TV)nggd (I'Va): 5(1V) which
may optionally be transfor into a mxture of their
salts after addition with a physiologically

accept abl e base, it being understood that the

relative proportion of 10 both conpounds (1V) and :
(lva) are §§1C£;onbyhehbagbnﬂnng ofnt he metdtod dnyrongly
the rel ative_anpun

! d ent
are ret%ﬁﬂ%?&“ﬁFre%J%ﬁ%J medé 8“”&? 4 5%l%n pgﬁéic §Hm¥ ;

sai d pteparation net
6. The iﬁeidﬁodt@cé@ledlfﬁgxf‘t@ecl @f MO CHAPRAETERT z et ted

in thanxﬁﬁ%ughgabfnﬁugyaaede¢ vis Sel ecved: from sodi um
cyanlde pot assi um cyani de and I|th|un1cyan|de

H C-f e V/Y,C{}GH ' H3C -5 \/YC{}DH
3 , o .
: | OH N - OH
avy {TVa)

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

acceptavle base,

it béing understood that the relative proéportion of

19 both compounds (Ivy and {iva) are set from the

15

- 20

beginning of the method by the relative amounts of
compounds {I) and (Ia), and are retained all along

said preparation method.

6. The metrhod according to claim 5, characterized
in that the alkaline c¢yanide -is selected from sodium

cyanide, potassium cyanide and lithium cyanide.

7. The preparation method according to any of
claime 5 or 6, characterized in that the polar protic

sclvent is water.

g. The preparation methed according to any of
claims 5 to 7, characterized in that the ratic between

the compound (IV) and the compound (IVa) varies between



7. The preparation nethod according to any of clains
5 or 6, characterized in that the polar protio
solvent is water. 208. The preparation nethod
according to any of clains 5 to 7, characterized in
that the rati o between the conpound (1V) and the
conpound (IVa) varies between 23 0.01% and 1. 0% by
wei ght, preferentially between 0.05% and 0. 5% by

~wei ght . 9. Theconpounqzz t hydr oxy- 4-

met hyl sel enobutyronitrile of- fornula (11): as well
as enantio ers thereof. -. 10. The use of the
compound of forrmula (I1) as defined in claim9, or
one of its enanti Omers, as sources of
sebe@pyeggaopi@g aRdiesigofl, selrefkbuan t e Hymapstveren 0. 05%
10_ani ~11. A nutritiona

ﬁ%%s |oﬁ conp?|3|ng as an active ingredient a -
n1xture of 2-hydroXy-4- nethyl Sel enobutyric acid of
formula (1V), and of 2- hydrg§¥14 nethylthlob§tyghgoyy,ﬁ_

‘acid of*-forfiffa (Iva), and A

10

i5

20

methylSQlenobutyronltrlle of formula (II}):

3

s CN |
HCT Y an

OH

=s well as enantiomers thereol.

10 The use of the compound of formala (II} as
defined in claim %, or one of its enantiomers, as sources
of selenomethidnine and/or of selenium in humans or in

animals.

i1. A nutritional ceomposition comprising  as  an
active ingredient a  mixture of 2-hydroxy-4-
methylselencbutyric acid of formula (1IV) and of 2-
nydroxy-4-methylthicbutyric acid of formula (IVa), and a

physiologically acceptable medium.

12. The composition according Lo claim 11,
* ¢haracterized imn that the ratioc 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.

13. The use of a mixture of 2-hydroxy-i4-

~

‘methylselencbutyric acid of formula (IV)y and of Z-



15 physiologically acceptable nmedium 12.
Theconposition accordingto claim11l, Characterized in
- that the ratio between the conpound (1V) and the
conmpound (IVa) varies betWen 0.01% and 1. 0% by

wei ght, 'preferentially between 0.05% and 0. 5% by

wei ght. 24 hydroxy-4-nethylthiobutyric acid of
formula (IVa) as a food ingredient, conplenent or
addi tive. 24 '

hydroxy—4—methylthiobutyrié acid of formula {(IVa) as a

food ingredient, complement oOr additive.



