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1 SYNTHESIS AND APPLICATIONS OF
2-OX0O-4-METHYLTHIOBUTYRIC ACID, ITS SALTS AND ITS.
DERIVATIVES The invention relates to the preparation of 2-oxo-4- 5
methylthiobutyric acid (hereinafter denoted KMB), of its salts and of its
derivatives and to their uses, in particular in animal nutrition, Methionine
Is an essential sulphur-comprising amino acid which is involved in
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of protein synthesis, which renders it all the more essential; lipid
metabolism meghioniedtisivolvedbizéhe gynthesis opibpar@MsHtuests 0f-oxo-4-
me?rﬁf Q%%%@ gﬂgﬂéﬁ%‘?ﬁeer%ﬁ&é@% i il tgbfi érgﬂapé’{g#__ocfénvatives
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theipeseasingftpeotedilsgninesisntenicin ieddiel itiivirgandhe dese ftian of

methionine I3 APALERGOBADSELINANR DA BRI 1 RGOS of the

e methionine 25 joins th
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trangpataismnuanip it indbsidioed dipbtusecdndditbrdepopitieeciedhe tissues.

chemically oy sealing. Methbafiicd mateioningayvhipihexaiisal has to be
ada%%vﬂﬂ" Adegy bioavailability of methionine in the blood. Thus, a protected
methionine, Smartamine(r), manufactured 30 and sold by the Applicant

Company, afPEWBaREHR e hrifiRyUEBItNg, ARAR A2RkMjihiseaRiAc to milk
produmii(JHMiB) addition jsoEtipyhesteisofdybBablichwvarieenbtiraffeetddrtdignand the
ﬁﬁigﬁ@,t,b_ygg%mposition in the rumen, are known in particular. The

authors of thgupﬁe csigtq nt'r?rnoguc chsg% rr%%rtgag;%n%raiiy a better general

condition of cows are thus conditioned by an appropriate methionine diet. Milk
production can even be increased by increasing the methionine content in the diet.

However, the free form of methionine is rapidly decomposed by the
bacterial flora in the rumen of cows and only a very small fraction of the methionine
joins the blood circulation.

Solutions have been devised to overcome this disadvantage by
substituting, for methionine, a protected methionine, protected chemically or by
coating, or a modified methionine, which exhibits an advantageous bicavailability of
methionine in the blood. Thus, a protected methionine, Smartamine®, manufactured
and sold by the Applicant Company, and two methionine analogues, 2-hydroxy-4-
methylthiobutyric acid (HMB) and the isopropyl ester of HMB, which are not
affected to any great extent by decomposition in the rumen, are known in particular.

The authors of the present invention have discovered that 2-oxo-4-
methylthiobutyric acid (KMB) constitutes an advantageous analogue for
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methylthiobutyric acid (KMB) constitutes an advantageous analogue for 2
substitution of methionine by exhibiting a high methionine bioavailability,
the said analogue being capable of being obtained by a simple synthetic
route which can be carried out on the industrial scale. According to K.
Mosbach at al., Enzyme and Microbial Technology, 5 (1982) 4, No. 6,
409-413, and K.J. Clemetson at al., Toxicon, (2002) 40, 659-665,
2-0x0-4-methylthiobutyric acid is prepared on the laboratory scale by an
enzymatic synthetic route. This synthesid cannot, however, be adapted to
the industrial gﬁ?duc ion of the said aC|d due to the disadvantages

iTHEPERE TP TP BHRLRIBRIBR RY s2XIbLRG 3shigh (BRThieRIRRoPIpRYVailability, the

Ak rosloase lepintcanatisoptnbrinaprirtrinestidty, iesitgklef synthetic route

mnarbiobioksytEatemitdnomadionhdliedosgisbactrn times and the losses in

yield att”bUW@fc%fr@iﬁBetc?Ra'm%E&ﬂ'\z‘iyaﬁ @%ngoég{ggmémﬁﬁ’eﬁé%qnoiogy,
o el € S n (0]

%%%'Ei A, alg8! 6, HBB 9{% Isggg%oﬁar?nl r('ri 1;52 Ve% ajé 3TAO)ngon_,L,__)(2002) 40,

%%é é Label Compds:.

P B ERE HIW%EVHF?S%'%WH%@BJM &aaemtl?lr‘élfcate by
ﬁﬁg@?mﬂ@tﬁmwccm@ﬁmequms@mmemnmppmmmm aslapted to
atdeddisethiybdedhiior3edxih3-dultbnontajetareher dffaditantages inherent in
yeRgRRabAN plbseaskRorSshane devealapedaryiesass oF (e PreRaR¥AR tures
We%s%ﬂﬁ‘f‘émﬁ%lf’%%l id %%Stﬁ%e? NG HnAer S cg;%lccgpndlt!t%%nanon

OSSI e to mlt the reaction times an

ich m
\?’hﬁro(?é’ﬂ'uer?@&@t? g@?@étlvﬁ? THOE, af?ﬁgf’%ubrbcfﬂﬁggtte?t&f‘%ab[e to the
|?%Nﬁ%?ﬁf§féibﬁ*dcéé§hér”b¢§mmﬁg'Q%Wﬂqmﬁwrﬁ@mmyr% abidTetrahedron,
¢dE8EpaTdiNg tdtheadlBvdiag4formula (1): 25 O in which R represents a

carboxyl grenfRasthia Salts a8, SeitnpHRCeRRILINRARING tiesfolewing, No. 5,

stages: byt 3- %é%énae@'%gl)s elxt'SP 5&?92*?-!??%11{ M,%e CS'L%.d in six

give 30, 2-0x or o the tlo
%rﬁ%es fr fl.?'x tlox rzd n t ?s syn es:ts, methy mercaptan is added

to ethyi ~chloro 3-0x0- 3 butenoate, before or after its hydrogenation.

The authors have developed a process for the preparation of the
abovementioned acid in two stages and under specific conditions which makes
it possible to limit the reaction times and, in addition, to improve the reaction
selectivity.

Thus, a first subject-matter of the invention is a process for
preparing 2-oxo-4-methylthiobutyric acid, corresponding to the following
formula {):

S R
~ W
O
in which R represents a carboxyl group, and its salts, the said
process comprising the following stages:

but-3-ene-1,2-diol {il} is catalyticaily and seiebtively oxidized to give
2-oxobut-3-enoic acid {lli}, according to the following reaction scheme (i):
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O Op OH r HOH Catalyst O (ll) (Ill) and methyl mercaptan is selectively
condensed with 2-oxobut-3 enoic acid (111), according to the following
reaction scheme (ii): 5O OH + CH3SH /COZH O O (lli) () This process
also makes it possible to prepare derivatives of 2-oxo- 10
4-methylthiobutyric acid and the salts of these derivatives, the said
derivatives corresponding to the following formula (I): R ,S O 15 in which
R represents a group chosen from COQR', CONH2, CONHR' or
CONR'R", where R' and R" are chosen, independently of one another,
from the group of linear alkyl radicals, such as, for example, the metpyl,
ethyl, n-propyl, n-butyl and n-pentyl radicals, branched alkyl radicals
suc for ple, the isoprop$k isobutyl, sec-butyl, t tyl, | ntyl
and isghexyl radidals, the-saic-allegd-radieals-aving from 1 td{12 carb
atoms, amd cycloalkyl radicals igaiigsfrom 3 to 12 carbon atons,
accordingdBd which process the preparation of 2-oxo-4-methyltﬁ?obutyric
acid (1) afppve is supplemented by an esterification or amidatigy stage,

that th illed. | : : _
e g
59&%-%%%@&1?%8 %;if:"af & IlPBine rasHan ashemeiistood to

mean the salts such as those of calcium, sodium, magnesium,

manganese ofjzinc. 4 :
+ CH,;SH - /S\/YCOZH
. 0

{n

This process also makes it possible to prepare derivatives of 2-oxo-
4-methylthiobutyric acid and the salts of these derivatives, the said derivatives
corresponding to the following formula (I): ‘

/S\/YR
O

in which R represents a group chosen from COOR’, CONH,,
CONHR’ or CONR‘R", where R’ and R’’ are chosen, independently of one
another, from the group of linear alkyl radicals, such as, for example, the
methyl, ethyl, n-propyl, n-butyl and n-pentyl radicals, branched alkyl radicals,
such as, for example, the isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl
and isohexyl radicals, the said alkyl radicals having from 1 to 12 carboh atoms,
and cycloalkyl radicals having from 3 to 12 carbon atoms, according to which
process the preparation of 2-oxo-4-methyithiobutyric acid () above is
supplemented by an esterification or amidation stage, that those skilled in the
art can carry out based on their general knowledge.

According to the invention, the term “salts of 2-oxo-4-methyl-
thiobutyric acid and of its derivatives” is understood to mean the salts such as
those of calcium, sodium, magnesium, manganese or zinc.
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Preferred alternative forms and implementations of the process of the

invention are set out below and, in the context of the present invention,

their characteristics can be considered alone or in combination. For the

stage of catalytic oxidation of but-3-ene-1,2-diol (11) to give 5
2-oxobut-3-enoic acid (lIl), the catalyst advantageously corresponds to the
following characteristics: The said catalyst comprises at least one noble

metal chosen from palladium, platinum,guthenium, iridium, rhodium and

their mixtures. The catalyst based on noble metals comprises at least one
promoter 1(Pt¢fesetd fadtarbisinatiotewd aadtimegmint stiobiimf tdkipuosess of
intanygatiom arzinet COPPeBIRIEkaldc dhath g dlsh Bikesf g PRIBent invention,
RALIPER BT Bar BE AT IOTBHE SPGB REnlERY and their

mixtures. The cqptent of th Pbﬁ etal rmetal twee %)1 a
10% by We?g%t%\ﬁﬁﬂs {58 & taf§/ c%ﬂ%poor ﬁrr}-ﬁe OIHH) to give

b%%’é’h’fo%e*fsiana%%/ofﬂi)wﬂ?shﬁarﬂéf%ata%fﬁwesﬁmr&%gegﬁqnéﬂ to the
siabpuringheBarattemissitanina, silica, active charcoals, graphite, titanium
oxide, zircorae sslite ncatdlvisie cHHah X KIE fe RIS OH & MBBICORILIEI AEKbOBN from

SEB A, B38DERS, BIRREnTHE, SUBIGHL OF BAROIGHIS HBMIASAAA05 and
00 P R L R0 el S e

the noble an can reac

WBRFROTE Ripaydh- éddéﬁGWOF'ﬂrerﬂP&‘HmeF@MH@bdM gallium,

Faed epPrebletiviells pohalitvagridectibipreattiodsten byrinipbegnatinn dfenium,

thispdamotenamthercatalytianagpppon 2p A Prgfarrgueasalyst comprises

a noble metphghasierdtos tﬁ%@”ﬁl}gﬂi'é“m%?%lhn&%tgiéh%%m%%ﬁ%% and 10%

n IS u ead .a elr mixwur a

P Jiht A RS e RN S e A gan 03
%ﬁdﬁ BYe A\ ftageously as follows: it is carried out in an alkaline or

neutral meditith catalysl akineamedisse batweesh supndrl thoesfertibly alumina,

bidiveeanth/b ahdrédald, aytiaishivad taanakikal e dg emntcents exliiso m ealsiden mixed
bydexisesspdivmraydrardmdstpssiiim hireddgedihivgpidhydroxide,
magnes'uml’h)édﬁ%ge%ta@nﬁ]&ﬁo%}dfg rg (;carbonzs ?é?c %a%’é’&% 'preferably

Qgeane ec elr mixtures s € reaction’is
,6, by weight of the weight of the nob[e metal or

metals, and/or it can reach 100% by weight of the weight of the catalyst, The
deposition of the promoter on the catalyst based on noble metals is
advantageously carried out by impregnation of this promoter on the catalytic
support,

A preferred catalyst comprises a noble metal chosen from
palladium, platinum and their mixtures, a promoter chosen from bismuth, lead
and their mixtures, and a support chosen from active charcoal and graphite.

The conditions of the oxidation reaction are advantageously as
follows: it is carried out in an alkaline or neutral medium, at a pH maintained
between 4 and 11, preferably between 5.5 and 7.5, To this end, an alkaline
agent chosen from calcium hydroxide, sodium hydroxide, potassium hydroxide,
lithium hydroxide, magnesium hydroxide, ammonia, sodium carbonate, zinc
carbonate, manganese carbonate and their mixtures is added. The reaction is
carried out at a temperature of between 10 and 85°C, preferably between 20
and 85°C, and better still between 25 and 70°C; the duration of the oxidation
is generally between 20 minutes and 15 hours. ‘
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carried out at a temperature of between 10 and 95C, preferably between

20 35 and 95C, and better still between 25 and 70C; the duration of the

oxidation is generally between 20 minutes and 15 hours. 5 The oxidation

stage can be initiated by starting to flush with a gas mixture comprising

oxygen, for example air. The conditions for the condensation reaction of

methyl mercaptan with 2-oxobut-3-enoic acid are advantageously as

follows: methyl mercaptan is 5 used in4he gaseous form or in the liquid

form; the reaction is carried out in the presence of a basic catalyst. The

catalyst is chtsexiigtipaliptegsc canihe dnitiasedabyrrtgiylagnteefiush with a gas

et icenpropytaoxgeebufgamiaeppeatylamine, hexylamine,

heptylaminq@@%@ﬁa{{%ﬁm@oﬂ&@x@%é@ﬁggﬁaﬁ%@@o@ﬂﬂm%&yl mercaptan
IQ%)J& éﬂ%ﬂ%ﬂgg%ﬂ' &];ggglén‘? Iam ne dygk?@\frvospyrlneetmy"flmercaptan is

octane ylamine

za
Nﬁﬁﬁ’e?m %%%ﬂaﬁ]fﬁéwféﬂm edigy| Jﬁéﬁyléfﬁdﬁﬁﬁmﬂw@&raé{ﬁed out in the
Rr%ﬁﬁyﬁﬁoeéh@nh@s@u@ﬁta@m mathyataipolimechmsenoff @n THigdwtic amines,
sughniesanireesyatnigeptisthalymindcedrawdarathanthggoasiyiecopdaingdmine,
mé&vmgaw@p@wwg@%a%tmga@%ﬁqad'sa%ﬁi‘@éabﬁf&m%eamnne or
J‘&aFPJm'C %%'Pe PJﬁPaé‘O'C%‘ m}?d iR putang .'3%8 'dﬁ”}ﬂ 1eine,

ChOSGI’] ro (0N ’hOI‘IC acl

or nIC eqQus
Mﬁs f%ceaaé? N Rea At BF g Ak TRy Shebegy pgpine, N-
ﬁ%\da?nﬁgdzpbﬁawlﬁtet@mwem (lI9randars salsaikviaatoielings - such  as
Meettediatedertipeund tiitdheBsyTiibesis gkpioxodaxc uithiobtibtigigcithdeed
SERTEINAA IR IDUABIRBE-Mitndip dPyisetalViialyaRtheriectkediganic
9&%&&"&? AP Cpgéﬁo@@n rﬁ%ﬁ%‘%g‘él} d@ 641 YndsL any, R n&gg,;n ic acid and

a ovementlone lons, considered alone or in co atjon

RS SR 2505 4. %th’ﬂ%ﬂ?&ﬁyrﬁcg&d‘%n@ﬁ't%a%ﬁge%ﬂgtltﬁ@ose“ from
Pﬁéﬂ%ﬁﬂ?e%l@@%éé"ﬂh‘r&ﬁm a high bioavailability in cows and 25
poultry. Thasoyeeanotierisuaaet-ofatter oivibretiondatibe isradesd for preparing

Supplemenbaersissing o 260 BN andissalasthe said sameresgound
iﬁo{F%SQQH%gigoom%IBQBngé%m%miQ’icB%cid, according to which but-
3-ene-1,2-diol (I} is catalytically and selectively oxidized according to the
reaction scheme (i) under any one of the abovementioned conditions,
considered alone or in combination.

As stated above, 2-oxo-4-methylthiobutyric acid and its salts
constitute methionine analogues which have a high bioavailability in cows and
poultry. Thus, yet another subject-matter of the invention is a food supplement
consisting of a compound and/or its salts, the said compound corresponding to
the following formula (1}

/SWR
o

in which R represents a group chosen from COOR’, CONH,,
CONHR’ or CONR'R’, where R’ and R"” are chosen, independently of one
another, from the group of linear alkyl radicals, such as, for example, the
methyl, ethyl, n-propyl, n-butyl and n-pentyl radicals, branched alky! radicals,
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in which R represents a group chosen from COOR', CONH2, CONHR' or
CONR'R", where R' and R" are chosen, independently of one another,
from the group of linear alkyl radicals, such as, for example, the methyl,
ethyl, n-propyl, n-butyl and n-pentyl radicals, branched alkyl radicals, 6
such as, for example, the isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl
and isohexyl radicals, the said alkyl radicals having from 1 to 12 carbon
atoms, and cycloalkyl radicals having from 3 to 12 carbon atoms.
Preferably, the supplement of the invention consists of
2-o0x0-4-methylthiobutyric acid (I) 5 and/or its salts. The invention also

8RR 16K AIRRIF c SRR IRIREPR e rEa RSk, SaceBbnieisR Bl isopentyl
pRive dsphare pprinsint bletseith e sadicatie hasthaiove. 10ehdR carbon atoms,
seiijeciyohadteyd ohdhealavisating afie pBotess Prcdrearmiomyatfrefetably, the

@Qéﬁﬁ#ﬁl@}ﬁ A tRINIRQIH B SOVL JrRB R ISIRg ﬁhéxé-qmmﬁﬁ%%yﬁ%thgcsd {1
COVY A %?Qﬂge supplement, and the use, as food supplement for animal

nutrition, of @ compound and/or of its salts, the said compound

corresponduFB%"t‘ﬁ%%?ﬁwHlaO(I?'ﬂESJS a W@f@.ﬁ%&ﬁ'w a cereals part,
ré et et dept ReseAFoRSEPBRIeTON e iDENI9R & defingRiRbove.
where R' anttRérareuthasemandeparidahtdy ohvimgicanaiher sfrpnodass for the
Qf@Mﬂw%ftJW alkyl ragiealtistieh asedQbR¥APIS, th gsihy! c%tmﬂnsmg the

ARG AR Hpdicals ianehed Al adicalingOtich e ood

or example, the 1sopr |sobu? sec-b ﬁ/ erttbu?r‘ |sopen

T S e R St et L
Wé%lbﬁlk?f’i%ﬁﬁ@él@'mﬁm@‘\#d@f By AY carbon atoms. The present
invention is set out below in more detail and is then illustrated from

examples de }rueﬁ rating-ts.advanfdges. 25 1) Oxidation stage (i): 1.a)
Preparation”of but-3-€ne-1,2-dol (I1): The diol (11) can be obtained from
butadiene (IV) bymon of the latter to give 3,4-epoxy- 1
-butene (V), which is converte@d to

in which R represents a group chosen from COOR’, CONH,,
CONHR’ or CONR'R", where R’ and R’’ are chosen, independently of one
another, from the group of linear alkyl radicals, such as, for example, the
methyl, ethyl, n-propyl, n-butyl and n-penty! radicals, branched alky! radicals,
such as, for example, the isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl
and isohexyl radicals, the said alkyl radicals having from 1 to 12 carbon atoms,
and cycloalkyl radicals having from 3 to 12 carbon atoms.

The present invention is set out below in more detail and is then
illustrated from examples demonstrating its advantages.

1) Oxidation stage {i):

1.a) Preparation of but-3-ene-1,2-diol {ll):

The diol (I} can be obtained from butadiene (IV) by mono-
epoxidation of the latter to give 3,4-epoxy-1-butene {V), which is converted to
the diol {ll) by chemical opening of the epoxide functional group.

This preparation is illustrated by the reaction schemes (iii) and (iv)
below:
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the diol (11) by chemical opening of the epoxide functional group. 30 This
preparation is illustrated by the reaction schemes (iii) and (iv) below: 7
(i) 0 (IV) (V) 5 The monoepoxidation reaction is carried out by
heterogeneous catalysis from supported silver-based catalysts activated
by a promoter chosen from alkali metals, such as potassium, caesium

-and rubidium, as disclosed, for example, in the document US-5 081 096,

or activated by thallium, as disclosed in the document US-5 138 077.
These catalysts are prepared by conventfonal 10 methods, such as
impregnation and coprecipitation. The selectivity of this reaction for

3,4-epoxy-1-butene (V) upder the abovditonditions can exceed 95% and
the conversionM osciates—between2 and M
industrial stage, unconverted butadiene (IV) can be at least partiglly
recycled. 15 The ¢ R/rvical opening of the epoxide functional group
illustrated below is carried out conventionally in an aqueOL(Jg medium: (iv)
\' I COH 20 (V) (Il) This opening is advantageously acid-catalysed, in the
presence, fof rexanqsiegpbacidtioresinsctionleiscoratitions alisclogetidterogeneous
pastislylsis ifrdhe sUppOMENtSINERARY Eaddil At WY 247 0% rdRbter chosen
CH A Bt o sy PR OGNS T e, o
ISR e U AT S e
i %98%!5&“1.‘&%9\/@%\9&%5Tf6¢ﬁﬁ grizlteaRr DO {RRAIas rbYgfoyentional
tiheethesiytisuoiidationw resmatontauivedbre cigieatiacid (111).
AdvantageoUisly stecaiigosis tiie seddtion \MaHE) 4essiizyrorBuRe OReNinader the
ohboLrexiladYd Wihbedised gty in the %We@fo%lgﬁf@%qf Hz‘i? 9'59:.Iiﬁates
(H)étwean 12 and 15%. At the industrial stage, unconverted butadiene {IV) can
| be at least partially recycled.
The chemical opening of the epoxide functional group iliustrated
below is carried out conventionally in an aqueous medium:

{iv)

/\<I . /\]/\OH
[»)
OH
(V) {i))

This opening is advantageously acid-catalysed, in the presence, for
example, of acidic resins, under conditions disclosed in particular in the
documents WO-A-91/15471 or WO-A-00/24702.

1.b} Oxidation of but-3-ene-1,2-diol (il):

The diol (ll) can be provided in a liquid form, in the purified or
unpurified state, or else in a crude aqueous solution form, that is to say of
reduced purity, for example resulting from the above stage 1.a).

‘Whatever its form, the diol can be used directly for the catalytic
oxidation reaction to give the a-keto acid (lll). Advantageously, the aqueous

solution which results from the opening of the epoxide (V) will be used directly
in the stage for oxidation of the diol (if).

The catalyst for oxidation of the diol (I} comprises at least one .
noble metal chosen from palladium, platinum, ruthenium, iridium, rhodium and



The catalyst for oxidation of the diol (II) comprises at least one noble
metal chosen from palladium, platinum, ruthenium, iridium, rhodium and 8
their mixtures. The content of the noble metal or metals is between 0.1
and 10% by weight with respect to the catalytic support and preferably
between 0.5 and 5% by weight. The catalytic support is chosen from
alumina, silica, active 5 charcoals, graphite, titanium oxide, zirconia,
silicon carbide, mixed oxides based on zirconium and on cerium, or
acetylene black. The catalyst for oxidatich of the diol (I based on noble
MRAEHIEROHA EA3EARGP TSR SR UL 18- 88805en 0.1 and
n% tin,, niobium, tellurium, indium, galllum, zinc, copper, nic
§? Do La0E B RTREEh t?nm?oaamwcrﬁaﬁm Fhetaraly between
cﬂrgrﬁmﬁ@%é}‘@m -iron and their mixtures. The content of promoter
is between Or6e5 aathh®id%sppeiambly lkebvean G005 anchifQsha, active

weHgrisdidhegasiae of diasnnahlesnatal of dpRiaISsiTikeAeResitien Alith&l oxides
PRIl i atable §H%e$ﬁn$ 45 Adyaniaggpusly carried out by

impregnation. A preferred catalyst COmprises one or more noble metals

" chosen fro rb%l%?}ﬁ'}ﬁ?tpfﬂﬁn%‘fjﬁﬁmhgfr thaediel inkesare Yl metals
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byABMETIeRR ahFapleanes MIPmesr orhastve frpaTcoisrrthralsivde. ttimony, tin,
caitetbjisin's wridpaued liydmgpregatibion, faire fircepyaryingcken asbal, lepdtia sitver,

feungeeandsminadenunourneariR alyRiAGhYesHdmilHIUIRaRMhede, iron and
q@]légrc,hwmﬁégeepmg stirred the mixture of catalyst support and the

solution comprising the noble metals. The catalyst based on noble meta

is subsequenty UG ENA RERTIAEFE SR RENERA KPR BPE p’ef‘”abw
ﬁ?@ﬁﬂﬁ@fﬂ &R@%@@ﬁét.&ﬁpﬁgcémwmmﬁéb@ réthighigAhetoatanide metal or
wingthl$s catreddapddftiana impéatyseofdietwesn 26andAQ3CwISKEpport s

chiemsifabeliseinehagansuebienialiguingtypes: formaldehyde, sodium
formate, SO%!“H?QQFP&B’%‘?Q y%‘?ﬂﬁﬂs@’po%h%?pﬁx%r%“ﬁfﬁ@ metals chosen

ydrazmﬁ Iucos or other re art

ing sugars lternative
el i S ) Wik, DU ars RS GaEHRBY bismuth
SRR ATHALARITISY SR EEGIVE %@‘Eﬁ’ 8D gAMpPFEthation with the noble
metal or methls . chha catidystdap selkdseyuemtiygnation for a time varying from at

least a few seconds to a few hours, generally of between 15 minutes and
2 hours, while keeping stirred the mixture of catalyst support and the solution
comprising the noble metais. The catalyst based on noble metals is
subsequently dried and then impregnated with the solution of the promoter.
This operation precedes the stage of reducing the catalyst, which is carried out
at a temperature of between 20 and 400°C using chemical reducing agents of
the following types: formaldehyde, sodium formate, sodium borohydride,
hydrogen, hypophosphorous acid, hydrazine, glucose or other reducing sugars.

An alternative for the preparation of the catalyst is to carry out a
first impregnation with the promoter, followed by a second stage of
impregnation with the noble metal or metals. The catalyst is subsequently
reduced.

Another alternative for the preparation of the catalyst is to carry out
a single impregnation with a noble metal or metals and with a promoter. The
catalyst is subsequently reduced.

The details of the procedure for the oxidation stage {iccording to the
present invention are set out below and will be illustrated in the examples:
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reduced. Another alternative for the preparation of the catalyst is to carry

out a single impregnation with a noble metal or metals and with a

promoter. The catalyst is subsequently reduced. 35 The details of the

procedure for the oxidation stage according to the present invention are

set out below and will be illustrated in the examples: 9 an aqueous

solution of the diol (11), the concentration of diol (11) preferably being

between 1 and 70% by weight, is introduced into a reactor equipped with

a stirring device. The lower limit of the diol concentration is dictated by

concern for the profitability of the process and its upper limit takes 5 into

account the solubility of oxygen in the nfedia under consideration and the

risk of crystallization of the salt of the acid (111) formed during the

reaction: - ah iU RUBH e?? AR ‘ﬁ\/é{ﬂé'd%acfﬁé’fsﬁgtﬂ@%ﬂb%f diol (Il

é’ééﬂ%’@@’dlé?%?@eéﬁmﬁ@séllﬁ% 7O loxideriahtreigcitorodupashiatobg reactor

siquifipad owdly stastingrip dd/fbeshThighiavgas e pstsitig: odlpesymieitrasion is

@fsfﬁh@d%@&ﬁ@emﬂ%éspfsg%ﬂﬁ@ﬁ%t% @ﬂg%&@ %El@rﬁ@kfﬁmﬁ limit takes
era n

e Gl R UL ST T o LB NGB chnfeain and the

A o e SN nendd i s

used is advafgEbasRt chbsersiepedatiand reivriad, sothlyat as described
laydnoxidedipotassiuim thyslrexidéodithium hydroxide, magnesium

‘hydroxide, amﬁoaiad%gwrfbﬁé‘fmn@éeﬁi"'é—‘t@@r%?n@tﬁtul@ﬁégﬁgﬁs%tartmg to

SRR, AL el i é?r}%a %g;f?‘&’x“gst Eh%HrPO%%S' Hegs lfhésr@%&um is

COI’]CGIV& tO use zine or ese car onate or any er ZInC O

FRIHERgs Ysaﬁ.hﬁ)r Eﬁ’fheo o%sﬁgﬁaﬁ?g ﬁ‘?&ﬁxd@? aFEa(%'ﬁhéHWerature
ﬁ%‘?ﬁ?“adﬂ'?&bﬁtﬁaﬂ(éﬁﬁe@g’éﬁ,%’é&ﬁ:a@f%@iahhm?ém\}@@é@fo and 85°C,
pothssienmbdtyaseri b Tharalkalie afens issatstomtdmadeditbatewieali26 tidnutes
agl {H)neresuced, in order to maintain a constant catalytic activity. The

Cneure 06 “%%%“ﬁ%?gé‘%ﬁe I35 B Aaaldy HORH fom, catoum
R e e S LD et e BB uchydepice.
g}@ﬂﬁwmsum&rﬁgﬁlﬁexmia sodium carbonate, zinc carbonate,

- manganese carbonate and their mixtures, according to the purpose desired. It

is also conceivable to use zinc or manganese carbonate or any other zinc or
manganese salt for which the corresponding hydroxides are obtained in situ by
addition of an alkaline agent, such as sodium hydroxide or potassium
hydroxide. The alkaline agent is aiso intended to neutralize the acid (ll)
produced, in order to maintain a constant catalytic activity. The alkaline agent
has in fact to maintain the pH at a value sufficient to ensure the desorption of
the acid (lil) formed. This precaution makes it possible in addition to avoid the
formation of undesirable byproducts, for example resulting from excessive

roxidation of the diol.

In practice, the pH is maintained at a value of betwesn 4 and 11,
preferably between 5.5 and 7.5. The process according to the invention makes
it possible to achieve highly advantageous selectivities exceeding 90%. These
performances are not detrimentally affected by a high recycling and/or
reactivation number for the oxidation catalyst employed in accordance with the
present invention. This is because the catalysts employed have an appreciable
lifetime and are easily regenerated in situ by deposition of a fresh charge of
promoter or by in situ reduction of the deactivated catalyst,
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oxidation of the diol. In practice, the pH is maintained at a value of
between 4 and 11, preferably between 5.5 and 7.5. The process
according to the invention makes 30 it possible to achieve highly
advantageous selectivities exceeding 90%. These performances are not
detrimentally affected by a high recycling and/or reactivation number for
the oxidation catalyst employed in accordance with the present invention.
This is because the catalysts employed have an appreciable lifetime and
are easily regenerated in situ by depos&téon of a fresh charge of 35
promoter or by in situ reduction of the deactivated catalyst. 10 This first

oxidation stpgR ispslvasiipGeRHs ¥ EREied OHElRNAGEBIAMIS Vet o in an
%\%‘%.a”'ﬁssgo‘{e&%torﬁn% %‘gﬁ?coé&(% Q'%F%'Vr%ﬂ&gé%enga*ﬁ?ceé‘ei%mx&dcan also

ueous o{ganlc medium ma rove to

icial. . Th ani
keI GBI EYAcs Br@qﬂf‘é’ﬂ? QR %ﬁ?&H’fhE‘Fé{a%'ﬁ&Pf(?P’Sﬁ% FoREBFLGIRD The
arsk(I} iscduené Fons il insshermedivy dn wdiehdivirearian dptmxigation of
chiel Gihivianidb issimiad bndés e spefating aondititest Teetkdiveivigrdaref the said
ahgs@n vvﬁghqlépﬁﬂ'f: Lﬂ(ﬁlpﬂ”@%Q%ﬁ%ﬁﬁ&:ﬁﬁgrmmﬁeﬁikﬁﬂ chosen
'ke“}é\; EPO%%% 89%%%9#8'%@&%%%%%%@9?8{ EHRIG esters

ers, hafIC al Ipf atIC or aromatic nitriles; or a||

Byc *%.i’l‘i]@ﬁ%fn&ﬁ?béﬂ’b\%nﬂc‘fﬁ k@ffﬂ‘?g’%eﬁfﬁ&a%%yoﬁec%%nd:e cthers; aliphatic,
avelhalinhgtixapipleostisy i ckavory, Slithatin-Hexdae! Frhﬂtéﬁtame aromatic
Redsiane Mendnaneabbe rzende Shgr eoeliathiigenmmpletlvéne,

_meta-Xylene hs@RIeRYHeNZenen s¥CloRexane, or-fdpaihy|PemictafBe mnonane,

BRI éhyl dotom ﬁzQHgy | f?ﬁﬂ@% isphuyylforpate, |s%%r‘?}£%benzene,
acetate, ally acetate F&i%% gfetate utyl acetate, hexyl acetate, ethyl

BYBHTBﬁé?é’evﬂﬁyﬁlﬁPS ¥ %acrylate, butyl butyrate, methyl

isobutyrate- BFiPEthyIustiPEtETEHSNatRY B sTRERIRy bR UEHe formate,
trdnys-dcethoxy bl laeatstediipooyhdthest dtés opuogoxgtnatendiexy! acetate, ethyl
Ardpimathiovyaihprépidntdicthayy eibignae, 260ty -Bimpthexyneabaniobutyrate
gl,,q,tgcﬁg P[.Jb Ppath.Isopropyl ether, 1-ethoxyhexane, 2-ethoxypropane,

1-m X 1 ien | vinyl ether f

nltl’l|(:,‘S Osgc'heﬁag%g’;lsg‘r?%ll%uggétqy ?’Ifgegcrl;ﬁ OrFéZ grgglr;it?ylfuregm_.!_ene'
dibutyl ether, 1-isopropoxybutane, 1,1 dsmethoxyethane 1.1-diethoxysthane,
1,1-dimethoxypropane, 1-ethoxybutane, diisopropyl ether, 1-ethoxyhexane,
2-ethoxypropane, 1-methoxybuta-1,3-diene, butyl vinyl ether, furan or
2,5-dimethylfuran;

- nitriles, such as butyronitrile, acetonitrile, acrytonitrile, propionitrile
or tetrahydrobenzonitrile;

- ketones, such as cyclopentanone, dipropyl ketone, heptanone,
methyl isopropy! ketone, B-methylhexan-2-one, 2-pentanone or 4-methylpent-
3-en-2-one.

The oxygen used to initiate the oxidation reaction can be molecular
oxygen, air, air enriched or depleted in oxygen, or any other mixture of oXygen
with an inert gas.

The total pressure under which the reaction is carried out can be
greater than, equal to or less than atmospheric pressure; it is generally
between 0.5 and B bar. The oxygen partial pressure is preferably between
0.05 bar and 2 bar. The oxidation of the diol {ll) to give the a-keto acid ({lil} can
be carried out either by maintaining a constant pressure, or by circulating the
oxygen or the gas comprising it in the device in which the reaction is carried
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or tetrahydrobenzonitrile; 25 - ketones, such as cyclopentanone, dipropyl
ketone, heptanone, methyl isopropyl ketone, 5-methylhexan-2-one,
2-pentanone or 4-methylpent- 3-en-2-one. The oxygen used to initiate the
oxidation reaction can be molecular oxygen, air, air enriched or depleted

in oxygen, or any other mixture of oxygen 30 with an inert gas. The total
pressure under which the reaction is carried out can be greater than,

equal to or less than atmospheric pressure; it is generally between 0.5

and 5 bar. The oxygen partial pressure ﬁ preferably between 0.05 bar

and 2 bar. The oxidation of the diol (II) to give the a-keto acid (111) can 35
escakie dp Wmitaaidotaathitaiingor apasigad EesRHEING! RYiAiCUAENgeaction
thexR¥¥gen or the gas comprising it in the device in which the reaction is
carried 11 t or by sparging the. gxy en or the gas comprisjng. jt into the ,
reaction mlql#bre q"ﬁ rﬁ ugi n'gen w% A WhiehPiss esf%gcaecscsoégc]cg é gth Hventmn is
iRFEiRbAYS eavrad aavfﬁ%yn6$ E&ﬁ@%c'ﬁsms’etasesaﬁh%aﬂf@%a|d

process. 5 2) Condensation stage (ii):. According to this stage, one mole

of methyl mpycaptai ¢hspidatiitn ikSagasgipus or liquid form, and one mole

of the a- ket@.@&dﬁcﬂ#@ %eB%thQgQVSnQ%SfH‘G?'}ﬁgﬁw?P‘ﬁﬁ’éP&B ‘é?w”@ﬁleSHJ in

ﬁsa%té%gosucsh%{'n }O Q OHF mole o? I} a g g ar bove
resent invention 18 that of the Manufactura o?tt?le T md‘i'l'f%s Fna?

6f8m4ﬁﬁ?ﬁ9rm%9r%m reRgticmEFARMSr iols is in many

respects similar to that of alcohols. They can, depending on the catalytic

conditions employed, add to a,(3-unsaturated aldehydes, a,(3-unsaturated

ketones and a/{3-unsaturated acids in the 1,2-position, ggsulting.n the CO.H
= ‘ + CHSH .~

s) O
(1 {n

The field of the present invention is that of the manufacture of the

“acid (1} as final product or intermediate product. The reactivity of thiols is in

many respects similar to that of alcohols. They can, depending on the catalytic
conditions employed, add to o,B-unsaturated aldehydes, o, B-unsaturated
ketones and o, B-unsaturated acids in the 1,2-position, resulting in the
monchemithioacetal, or in the 1,4-position, resulting in the 3-alkylthio-
propionaldehyde. By structural analogy, the acid (lll) comes fully within the
category of activated olefins.

Two catalytic routes are conventionally recommended for
selectively and efficiently adding thiols to a,p-unsaturated carbonyl derivatives
in the 4-position. The first is an ionic addition catalysed by bases. The second
is a radical addition initiated by azo or peroxide compounds. Howsever, this
method of initiation generally results in usually undesirable polymers.

The prior art gives details of various catalysts which make it
possible to direct the regioselectivity of the addition in the 1,2- or 1,4-fashion.
Nevertheless, the 1,4-addition of Michael type of thiols to o,B-unsaturated
ketones remains the commonest.

The crude starting material comprising the salified or unsalified acid
{IN} is optionally subjected to a first treatment which makes it possible to
remove the impurities coproduced during the oxidation of the diol (li). This
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monohemithioacetal, or in the 1,4-position, resulting in the 3-alkylthio 20

propionaldehyde. By structural analogy, the acid (lll) comes fully within the

category of activated olefins. Two catalytic routes are conventionally

recommended for selectively and efficiently adding thiols to

a,(3-unsaturated carbonyl derivatives in the 4-position. The first is an

ionic addition catalysed by bases. The second 25 is a radical addition

initiated by azo or peroxide compounds,4iowever, this method of

initiation generally results in usually undesirable polymers. The prior art

givaddgiadiduatt vaneuskatalystsuljihddake iidpgssiing toTheeaixbess diol (i)

regirsglentivily altheaddifienimibe hes grdedeiasiion. Bleveahalessedisy ve

1r’é1cac eélqcn g/l IgQ: attxgres%)f tgloml%rt%gégn Linsstuqa é%ﬂa‘? an%ﬁ- ehgﬁ'action The
e the common tin ma rial comprisin

eSS IR ReaT o 2y .E'Bp%hm@aﬁfsé@a FOBCHES IR to being

vitnisrohtakdge icpotasiblavith reaseousher ifitpldtiens toprotriceatanriddgimaqueous

axdtlainn of the dicld 11T RisslBsequdatpr dshicictanmisacbataubjedtadysesous or

ARARS TG EhRa Al &Paemareémemn@w&oa% @ipl which has not

reacted can d%/aﬁr)t eousl;&)ﬁa &rked égrtrpeedog)qqmlo%‘st (ﬁge é‘(r)!cr) e of a basic
example by distil 210n OF extadt € aqueous so lUtion e acid

(ﬁitﬂ\@&rf’éﬂfoﬁé’llﬁ?‘ﬁ‘é’%cﬁfo@?ﬁf%t@%‘ﬂﬁéﬁo%@%&%‘BFBW%TB"EM%PW' for
wixargakseoatirhalifuigmieesyl ausitagpramethid aminseustidkméreof Riepylamine,

aﬂhdy(i&ﬂ:)és subsegyianttydroughikiitordoaiact hadtgasdoes orobiguigmine  or
Fﬁﬁf@a’hm&%}ﬁf f(ﬁn’iﬁ%ﬁti@ﬁ@ﬁ ?Qdaﬂ*)ﬂﬁ@isﬁﬂgﬁlé‘«%me or pyridine;

rrie in the ence o a
Qf aS|cc %é!t rg% i EE |c cat%ﬂys?jﬁ)saosé&fg?It %ﬁ@ il @é%&cylo-

S ar exam

ropriate
ditfes, @Jgp i aﬁwﬁ@*aﬁnyua%ms RGN, iihe,  N-ethyl-
@@mw\ﬂémmam‘emexpmﬁne N@mmﬁé\@mwanw@oras N-methyl-
isvptomtiaemineg; araoratiB,anhess, sudheas aptinelyernmitgnicerdrined with an
RFgEIE: chexampitdesstetramingietbyarauiisensepylstiwamiRic acid,
%I@é{i‘? lig @rgtfaL%%aggicj\lﬁmF‘jl@g%%? ﬁéyéaz?g%gylonc acid and sulphuric

N- meth diphenylamine, N-et enyldi amine or an
BN yImorphoIme such as N-methyl- morpholine, or triton B, these

amines optﬂéhalIWB@]H@%OP&blﬁ@thlth”&W%&'ﬁlcTé’r |ﬁ‘6?g§hi€?5b|oﬁf’d‘i’e (i is
tathearitapesfeshbhcabssn fraralfeshidacickample using a catalyst consisting of

a combination of an organic or inorganic acid and an organic or inorganic base.
Acetic acid is preferably used,

On the industrial scale, liquid or gaseous methyl mercaptan is
conveved into a reactor comprising the aqueous solution, concentrated or not
concentrated and degassed or hot degassed beforehand, of the acid (Il).

The condensation between the acid (lll} and methyl mercaptan can
be carried out batchwise or continuously. The acid (lli) and methyl mercaptan
are introduced simultaneously or alternatively, while observing the
stoichiometric ratio. However, it is possible to envisage operatiﬁé with a
deficiency or excess of methyl mercaptan, depending on the reaction pursued.

The reaction can be carried out by continuous introduction between
Ithe aqueous solution of the acid (lll) and gaseous methyl mercaptan into a
gas/liquid reactor. In this case, the methyl mercaptan can be added
cocurrentwise or countercurrentwise. Alternatively, the reaction can be carried
out by continuous introduction of the aqueous solution of the acid (I} and of
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acetic acid, propanoic acid and butanoic acid, phosphoric acid and
sulphuric acid. 20 The addition of methyl mercaptan to the a-keto acid (I11)
is advantageously acid/base catalysed, for example using a catalyst
consisting of a combination of an organic or inorganic acid and an organic

‘or inorganic base. Acetic acid is preferably used. On the industrial scale,

liquid or gaseous methyl mercaptan is %’5 conveyed into a reactor
comprising the aqueous solution, concentrated or not concentrated and

diegasse’ eiynokfiegassar hatorehandcwf tie prig-flld).réhstor. The reaction
QQF?%’P%@%PQWENQ?&%’Q Qelc;lé and methyl mercaptan can be

carried out ChWIS orc ntlnuo acid mﬁ) methyl ﬁrca}% i
are introduce sRIHR sou%T o(?" &bHE&NAR tf1 3gnd methy
SO HE r&ﬁﬁeﬁBWEOEFeﬁt |§%§8§§!Bﬁe% Wéﬂgﬁ #5krating with a

deficiendhecenvessiol mmethyibldertapidrtl)depending on the reaction
pursued thEhe deastaareambe carried out by continuous introduction

?negiz%?gﬁb?ng(?%%ggitﬁogﬂﬁgtgc&%lﬁln tlﬁ‘jél !égé}%&g‘érﬁgyﬁcﬁ%%me impurities,
S S0 BRAAN D S7BEHE: OGNy DR RAHULTD. fram side

can be afq&t
reaction Q@H%é’tﬁ?i@bﬁo@ﬂ%ﬁc@ﬁlﬁ%ﬂ?ﬁﬁﬁ@&ﬁ(ﬁi% driing dhasdoeage of the
solution @¢shedaprdduti) and of 13 liquid methyl mercaptan into a batch

or plug-flew seastery DRISRGHDY tROPRIUHERIPIYIBYrenierd 896rage.
The catalysfs fop cORARISRHONREIVERR e acd (QQCBF@JEGIIQWM invention is

cr:na?rricé%pé%g %rg esnera{ cho ena ord|n to several criteria: 5 - the
conversion an e?(? ¢ 5&8 ¢ Sa[ prréjgcﬁ’gn kinetics; - the selectivity

and tenden%@eméawefnﬁor@&mr&mmﬂ&ss iR IFaER, NG inyRntion
withes il dinoitiighttbetiiespe stiitrepfioBxaidelgsolyrieiiustions dbeangyitkhesis of
synipesisibuiRise duiagtbe siedaBrphthes B0 slasied piledust tHeenutritional
Qcﬂggﬁ@éé’f éFaQMBSJHSsOW%ﬁ&dw\}égéférp@nlp%%ﬁpfé‘ﬂ%ér ure which
ui mq:ntl WhIC|i1 thecgrog?ss accor mgftodtpe invention is garrie %

& tIvenass methionine an as a
iS no?spem ic 1o the &al pro

function of the application dose in the trials of Example 9.

EXAMPLE 1: Preparation of a catalyst (A): 1%Bi/5%Pt on alumina

100 grams of y-alumina beads are prepared, according to the
process disclosed in French Patent Application FR-A-1 449 904, by autoclaving
active alumina agglomerates in the presence of acid and then drying and
calcining. These beads exhibit a specific surface of 100 m%g and a total pore
volume of 0.80 em?®/g composed of macropores having a diameter of greater
than 100 nm.

These bheads are subsequently impregnated with 90 cm® of a
bismuth nitrate solution comprising 1 gram of bismuth.

After being in contact for 30 minutes, the beads are dried at 150°C
and then calcined under air at 600°C for 3 hours.

They are subsequently impregnated with 80 em?® of a chioroplatinic
acid solution comprising 5 grams of platinum.

After being in contact for 30 minutes, the beads are dried at 150°C
and then activated for 3 hours at 300°C in a stream of hydrogen moving at
200 litres per hour. "
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The purpose of the following examples is to illustrate the invention 15

without limiting the scope thereof. Examples 1-7 illustrate the synthesis of
compounds of the invention and Examples 8 and 9 illustrate the nutritional
advantage of compounds of the invention, in support of the figure which
represents the value of effectiveness of dl-methionine and of KMB as a

function of the application dose in the trials of Example 9. 20 EXAMPLE 1:
Preparation of a catalyst (A): 1 %Bi/5%Pt on alumina 100 grams of

y-alumina beads are prepared, according,to the process disclosed in

French Patent Application FR-A-1 449 904, by autoclaving active alumina
agglomeratesta thedyesenseiasidpundhomprdiag, and weigatcifittdrespect to

TheseiBrads suliblia saeclifiaurane AL09,B2 Gand (otal pore

volume of 0.90 cm3/g composed of macropores having a diameter of
greater than 100 nm. These beads are subsequIentIy |mpre9nated \glth 90

Cm3 Of a ‘-—-“ ' VEA B vy *—-i :-! BT COPYT tala LUnaraaMAL N O \.aalo‘.’
bebagdnatontact for 30 minutes, the beads are dried at 150C and then

calcined undep@igRHEYOE defive i obheyiareysaRsaqueiythe name Ceca 38
igpregnRlec withh30.0R0310 & RRIOLORIAIIEKRAFIE SAUORLAABRTISI Bhen with
grams. .of Iatl um. After being in c9 EtF ct for 30 mlng’é%icthe beads ,
P e e TaNe e SRR VAR, SCAPR B peauenty
h%?&'g'@rﬁﬁ@%iﬂba&t"f&f ftrEy gér BRIIE-14 The catalyst (A) thus

prepared comimésepeligtaeighsulitegesptyt tmpnegsiaradthavithppdrts Bl iofitrate
pd;aﬂmmm aam@r%jrgj Bisnusthidm{AMPLE 2: Preparation of a catalyst (B):
S%Bi/5%Pt %%@F%n%ﬁh%&%!&%rg@Wé&fsa‘iﬂiéep%rﬁ'igoéﬂesﬂaweﬂyat 120°C

r}‘der the name Ceca 3S are washed successively with a
hycfrochlorlc acid solution and then with deionized water to remove the
soluble impUitiss. a'Fe SHBRRAURNYibJEWRIBANG el ithaf oFBiPERPItC acid
fepRAip kEnRisite Segrefistpaaimsrquently impregnated with a
bismuth nitraifter being in contact for 4 hours, the pellets are dried at 120°C

and then activated for 3 hours at 300°C in a stream of hydrogen moving at
200 litres per hour.

The catalyst (B} thus prepared comprises, by weight with respect to
the active charcoal support, 5% of platinum and 5% of bismuth.

EXAMPLE 3: Preparation of a catalyst (C): B%Pt/6%Bi on active

charcoal

100 grams of active charcoal sold by Ceca under the name Ceca 3S
are washed successively with a hydrochloric acid solution and then with
deionized water to remove the soluble impurities. The support is subsequently
dried in an oven at 120°C for 24 hours.

These pellets are subsequently impregnated with a
hexachloroplatinic acid solution comprising § g of platinum. "

After being in contact for 4 hours, the pellets are dried at 120°C
for 24 hours,

They are subsequently impregnated with a bismuth nitrate solution
comprising 5 grams of bismuth.

After being in contact for 4 hours, the pellets are dried at 120°C
and then activated for 3 hours at 300°C in a stream of hydrogen moving at
200 litres per hour.
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solution comprising 5 g of bismuth. After being in contact for 4 hours, the
pellets are dried at 120C for 24 hours. They are subsequently
impregnated with a chloroplatinic acid 15 solution comprising 5 grams of
platinum. After being in contact for 4 hours, the pellets are dried at 120C
and then activated for 3 hours at 300C in a stream of hydrogen moving at
200 litres per hour. The catalyst (B) thus prepared comprises, by weight
with respect to 20 the active charcoal support, 5% of platinum and 5% of
bismuth. EXAMPLE 3: Preparation of a tatalyst (C): 5%Pt/5%Bi on active

CharCOﬁ' 10q grammeRlsRqdyashatsealsol ﬁ@@é’ﬂ%ﬁ%%ﬁ@w&h%%ect to
cSEA,Tar% wﬁshed successwg%wrﬂg}a hY‘] och dog%ac% olution and then

wrtﬁ onlzedrwaﬁ ?iBremové the Sofunle |mpur|t|es e sup port is

subsequently dried in an oven at 120C for 24 hours These pellets are

subsequentirpte AT 2t | b Xl pibdtintc @hid 886 Bidh% Pd/1%Pt on

CatEiRE SiRgrbaaiof pIatlnum 30 After bemg in contact for 4 hours the

pellets are drigg &la1206r ihA IEﬂHFﬁoIih&M@’t?yS@QE‘g%%ﬁXhe name Ceca 35

re wrth a bismuth nitrate splution prising 5
bls%mu hak?ter ué:lcrzféjslrt\"(s,ao“rfttactE For 4& Jroc Fom If’é;[sg are %rlea a?'i‘io en with

sféew%Watﬁrvﬁter&m\sert&%%tpstm@mua%ﬁ%am%ﬁ%%éﬁ AtRARgUently
girigdiniseoper AbUR2A%CThe 24thlysts(C) thus prepared comprises, by
weight with Tesgechéndhie fretivamiricos pUpREy St Birm W hameLbROnitrate

 oRlRR IR R ANE BB brrgRaajion of a catalyst (D): 5%Bi/4%Pd/1 %Pt

on 5 active % al 100 a s of acti echarco soldb Ceca he, .
name Ceca"g a:grﬁevv%sﬂe sn&cc%silve%ywﬁﬁaﬁg/dr%c OSI’ICa f{’cé} qe#orfzo ¢

dRE AR deionized water to remove the soluble impurities. The
support is sﬁjbgéq@r@nwbsequent!y impregnated with a palladium nitrate and

chloroplatinic acid solution comprising 4 grams of palladium and 1 gram of
platinum.

' After being in contact for 4 hours, the pellets are dried at 120°C
and then activated for 3 hours at 300°C in a stream of hydrogen moving at
200 litres per hour. .

The catalyst (D) thus prepared comprises, by weight with respect to
the active charcoal support, 4% of palladium, 1% of platinum and 5% of
bismuth.

EXAMPLE 5: Preparation of a catalyst (E}); 1%Bi/5%Pt on graphite
carbon

100 grams of graphite carbon sold by SN2A under the name Y 200
(acetylene black) are used as is to synthesize the catalyst (E). The support is
dried beforehand in an oven at 120°C for 24 hours,

This powdered support is subsequently impregnated with a bismuth
nitrate solution comprising 1 g of bismuth. '

After being in contact for 4 hours, the impregnated support is dried
at 120°C for 24 hours.

The powdered catalyst is subsequently impregnated with a
chloroplatinic acid solution comprising b grams of platinum.
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dried in an oven at 120C for 24 hours. 10 These pellets are subsequently
impregnated with a bismuth nitrate solution comprising 5 g of bismuth.
After being in contact for 4 hours, the pellets are dried at 120C for 24
hours. They are subsequently impregnated with a palladium nitrate and
15 chloroplatinic acid solution comprising 4 grams of palladium and 1
gram of platinum. After being in contact for 4 hours, the pellets are dried
at 120C and then activated for 3 hours gt 300C in a stream of hydrogen
moving at 200 litres per hour. 20 The catalyst (D) thus prepared

comprises, hyryeeigaingithrespesidaothe helive, civrenabsupperdrddd et 120°C

p ladivi, &?&EQ@FW%@SSJP 9hEMH- X AMRERRiBERRFMARg at 20
a catalg/ E): 1 %BIi/5%Pt on graphite 25 carbon 100 grams of

yﬁﬁlfé E\%‘t‘)rn sold by SN2A under the name Y 200 (acetylene black)
are used as [9foAtrEsIE: thuscRIaRAEAETOMRSistRmbY: Y4eight yvith respect to
bife retamindt énsap mve NS 10 din @4 laodrd % ok bjewddhed support is
subsequently impregnated with a bismuth 30 nitrate solution comprising 1

g of blsmutﬁmﬁt@w HS)&&QE%Q tﬂn’é&@%ﬂ&% {he mmpsee

platlnum 16 After being in contact for 4 hours‘ the catalyst is dried at
120C and then activated for 3 hours a&@%m a stream of hydrogen

moving at Zwﬁmgrm& The.catalyst (E) thus pre dc Hses, by
weight with respect# 5 the graphite suaport, 5% of platinuih and 1 % of
bismuth. EXAMPLE 6: Oxidation of bui-@-eme-1 2-diol (II) to}pi

2-oxobut-3- enoic d&id (Il)) in the presence of the catalyst (D)

S

Aqueous solutions comprising 0.1 to 50% w/w of but-3-ene-1,2~
diol {I) are oxidized in a fully stirred jacketed glass reactor with a capacity of
500 mi. The air is introduced into the reaction medium via a dip pipe optionally
equipped with a sintered glass. The pH is regulated by controlled addition of
dilute sodium hydroxide using a pump controlied by a pH meter, The pH, the
sodium hydroxide consumption, the temperature (80°C) and the oxygen partial
pressure in the gaseous head space {using an oximeter) are continuously
recorded.

Samples of the reaction medium are regularly withdrawn and the
reaction products are analysed by high pressure liquid chromatography (HPLC)
and gas chromatography (GC}.

The catalyst, reduced beforehand, and the water are introduced into
the reactor and the suspension is heated, with stirring, to the desired reaction
temperature under a stream of nitrogen, so as to drive off the dissoived
oxygen. The but-3-ene-1,2-diol {ll) is introduced and, at time zero, the nitrogen
is replaced with air, the pH is adjusted to the desired value and the oxidation is
begun.

The degree of conversion of the but-3-ene-1,2-diol is defined as the
percentage of but-3-ene-1,2-diol consumed. The yield of a product is the
percentage of but-3-ene-1,2-diol converted into this product. The reaction
kinetics can be monitored by the:

- disappearance of the but-3-ene-1,2-diol (if},
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Catalyst D OH O2H OH H20O ~ Iul Air (or 02) 0 10 (lll (Ill) Aqueous
solutions comprising 0.1 to 50% w/w of but-3-ene-1,2- diol (Il) are oxidized
in a fully stirred jacketed glass reactor with a capacity of 500 ml. The air is
introduced into the reaction medium via a dip pipe optionally 15 equipped
with a sintered glass. The pH is regulated by controlled addition of dilute
sodium hydroxide using a pump controlled by a pH meter. The pH, the
sodium hydroxide consumption, the temperature (50C) and the oxygen
partial pressure in the gaseous head sp}]afe (using an oximeter) are
continuously recorded. 20 Samples of the reaction medium are regularly

withdrawn and #heotliedafosoanah! tisdrbigBabsRE N IEh INESSHE HAV nstant
chirmata 3R AHEL- 69 tﬁé‘%@iﬁs( m}romatography (GC). The catalyst,

reduced befqrehand an the water r(?re introduced into the reactor and

the suspensmn |s?1ea{¥'é)de WithC&iHRTg SF R dB8irREPRERG 0T e catalyst (D)
ahirnatie Gremple drahe %??T?F&yéﬁegzﬁa%afﬁ%ﬁlwfofﬂmmgmé& hours in

o&?@émdﬁnéejatda@need 2rdi alqifris! antraditic eshant] raictingerero, the

nitrogen is replaced with air, the pH is adjusted to the desired value and

the oxidation is begun. The degree of conversion of the but- 3-ene-1,2-dio|

is defined e rcentage of bi=g=eme-1,2-diol consymed. T
yield of a’produgt is the 'E)ercemage-of-bufrs-eﬁe-i:&-dlol onvelfed |nto
this product. Thgyeaction kifEfieStERYE rHefitored by the:

disappearance of the but-3-ene-1,2-d#P{ll), 17 - amount of sodlum
hydroxide necessary to keep the pH constant due to the formation of the

acid (I11). THihextompleiis carsiesharidd the presrnes ghirecatalystd®?) rendered
Qe Ao EnaEPIR it thRRRRIAIIRPeIRg sRRedWt for A, i QLR stirrer, a
ng{S Phture probe and a pH probe:

We‘_ight of catalyst introduced: 0.302 g

Reactants Purity { Molar Weight Number | Number of
mass introduced | of moles | equivalents
{g/mol) | (g}

3-Butene-1,2-diol 99% 88.11 4.1093 0.05 1.00

Water : 100% [ 18 300 16.67 361

The reaction medium is brought to 50°C. The air flow rate is set at 2.8 I/h and
the nitrogen flow rate is set at 8 I/h. The %0, measured via an oximeter,
displays approximately 5 vol%. The stirring rate is set at 300 revolutions/min.
The pH of the reaction medium is regulated in the range 6-7 by addition of
dilute aqueous sodium hydroxide (0.15% w/w)}. The rate of dlsappearance of
the but-3-ene-1,2-diol is measured by gas chromatography. The appearance of
the a-keto acid (lll) is determined by high pressure liquid chromatography. The
results are: '

38% after 6 hours
64% after 12 hours

- Degree of conversion (diol II)
- Degree of conversion (dic! {l)

EXAMPLE 7: Oxidation of but-3-ene-1,2-diol (II) i:o 2-oxo-but-3-
enoic acid (M1} in the presence of the catalyst (D) |
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5 an atmosphere depleted and controlled with regard to oxygen. Y 'OH
catalyst D ~. /COiH pH=6.5-7 T=50 C, H20 ~, OH 0 5%02 The following
are charged to a 500 ml jacketed reactor rendered inert beforehand with
nitrogen and equipped with a mechanical stirrer, a 10 temperature probe
and a pH probe: Weight of catalyst introduced: 0.302 g Reactants Purity
Molar Weight Number Number of mass introduced of moles equivalents
(/mop (g) 3-Butene-1,2-diol 99% 88.11 4.1093 0.05 1.00 Water 100% 18
300 16.67 361 15 The reaction medium 'k%brought to 50C. The air flow
rate is set at 2.6 I/h and the nitrogen flow rate is set at 8 I/h. The %02,

measured vidras oxiaeisle [HspiadeRroximakelyfReseice ToE shigingtalyst (D)
ralpiaingd 3 ?&%WQ'lzﬂ,'%%"?@é‘cﬁgﬂ%Qﬁdﬁfcg}ﬁéé%ﬁ'@dgﬁ%ig? 'Z hours in the

rggulat%d in Fhe rag% 6-7 by addition of dilute aqueous sodium hydroxide
( P{8%% vc\:/?w3. FRErE of Isappearance of 20 the but-3-ene-1,2-diol is
measured by gas chromatography. The appearance of the a-keto acid
(111) is determined by high pressure liquid chromatography. The results

are: - Degree of coqversions(d bl Hp=s33%nafwt e ¢heurel - Degree ofco,H
conversion ( I) = 8% aftert2-heurs~25-EXAMPLE 72 0xidgtion of
but-3-ene-1 2-diol () to 2-oxeHnst-B=2erwitldtid (111) in the presence of the

catalyst (D) 18 rhis example is carrigdqut in the presence of thé catalyst
(D) obtained in Example 4, the reaction being carried for a period of 4
hours in the flifesence of air at pH = 7.5. cats: Pti%-Bi 5%-Pd 484/hctive
charcoal CO2H OH - _~~y

The following are charged to a 100 ml jacketed reactor rendered
inert beforehand with nitrogen and equipped with a mechanical stirrer, a
temperaiure probe and a pH probe:
Catalyst (D): 0.5¢g
Diol (I): 0.5¢g
The reaction medium is maintained at 30°C. The air flow rate is set
at 12 //h and the nitrogen flow rate is set at 9 l/h. The stirring rate is set at
1300 revolutions/min. The pH of the reaction medium is regulated at 7.5 by
addition of dilute aqueous sodium hydroxide (0.5% w/w). The rate of
disappearance of but-3-ene-1,2-dioi {ll} is measured by gas chromatography.
The appearance of the 2-oxo-but-3-encic acid (lll) is determined by high
pressure liguid chromatography.
The performance levels measured are:
- Degree of conversion (diol ll} = 75% after 1 h
- Degres of conversion (diol ll} > 99% after 4.5 h
- Yield of 2-oxo-but-3-enoic acid (ll) > 85%

EXAMPLE 8: Hlustration of the nutritional value of 2-oxo-4-
methyithiobutvyric acid (KMB) in the chicken, as a source of methionine

8.1} Experimental principle:

A “dose-response” experimental model was used.

The starting material is a food base that is deficient in methionine,

methionine being the nutritional element for which it is desiféd to observe a
response, and then the said nutritional element that is lacking is introduced in
the form of 2-hydroxy-4-methylthiobutyric acid (product produced by the
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pH7.5T-25 C, Hza OH O Air/ N2 5 (I() (Ill) The following are charged to

a 100 ml jacketed reactor rendered inert beforehand with nitrogen and
equipped with a mechanical stirrer, a temperature probe and a pH probe:

10 Catalyst (D): 0.5 g Diol (Il): 0.5 g The reaction medium is maintained

at 30C. The air flow rate is set at 12 I/h and the nitrogen flow rate is set at

9 I/h. The stirring rate is set at 1300 revolutions/min. The pH of the

reaction medium is regulated at 7.5 by 15 addition of dilute aqueous

sodium hydroxide (0.5% w/w). The rate % disappearance of

but-3-ene-1,2-diol (II) is measured by gas chromatography. The
appelcante:oishatizoxorkuRRoanam add-gl) iscdstamainedsh¥tBigR2 and in the

PRSI iBHdichChIRIBALRFARM- FiReRRI T CEIYAIZPEINELAR3, at the
Zgéﬁ)eg%g of é:o(!‘in{ﬁrsu),frlj1 édl%| éc)r: 7?8/(5}) <?tf'5,erE I’h Degree of cgré\éger 10N

diol 1 >3558 ShteraB'h oyiel O Ssko-BuE3-8RGIL gi_c'f](lﬁ")’% ofhe systems
EXRMPTRSESHBPAREHDY ARIrASRARGHAY JIe Htposkistiapgf methionine.
methylthiobutyric acid (KMB) in the chicken, as a source of methionine

8.1) Experintedial pribgiptenéntdpsengspanse” experimental model was

used. The staringiaaterdl isgdord Rasgdhat is deficient in methionine,

methionine keing the nutritional element for which it is desjred to ohserve
a, 30 respor?s‘ﬂg;%nd t ’Sﬁ%{H%"?%id n%lﬁitioﬁ’é' \%\%ﬁ!ﬁenﬁf?{? Y L
irfito RS the 1o R oraodhy Brosd ta KNERhy rioB LBRTE sk @ ibroandt were each
pferRAted PintEnes apphettiinanderahle fabsoRhodimet™ AT88)

according to system R2 and in the form of 2-oxo-4-methylthiobutyric acid
(KMB) according to system R3, at thg-gqne doses, and then the

performance levels obtained in each of the systems are compared,

sylgg%g tﬁ%é%ﬁgﬁ%&)_}uﬁlﬂl\?gu no-introduction ktj)fxl‘:ic‘}tgltuc;v;g}cMet
Food base over 7-21 days Maize soya growth 0.32% total Met
System R1 R2 R3
Item — Rhodimet™ AT88 KMB
Dose item (%) ———memee 0.09 0.08
Numbers 36 36 36

Table 2 below gives the results obtained over the period of 7-21

days.
Table 2

Systems R1 R2 R3

ltem ————— Rhodimet™ ATS88 KMB

Dose Met (%) Q 0.09 0.08

- Weight indiv Means 134.8 135.1 134.9
D7 Standard deviation 1.85 0.93 1.82

(g} cv 1.37 0.68 "1.35
Number of animals 36 38 38

Weight indiv Means | 641 a 744 b 730b
D21 Standard deviation 56.6 28.0 28.5

{g) Ccv 8.84 3.76 3.80
Number of animasls 36 36 36

Delta {%) 16.1 14.0

Weight gain Means 506 a 609 b - 596 b
D7-D21 Standard deviation 56.8 27.9 . 27.1

{g) Ccv 11.02 4,58 4.54

Delta (%) 20.4 17.7
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5 8.2) Experimental scheme 4 chickens per cage are tested. Three
treatments R1 (without added methionine), R2 (+ Rhodimett' AT88) and

R3 (+ KMB) were carried out, and were each 10 repeated nine times,
according to Table 1 below. Table 1 Food base over 0-7 days 0.45% total
Met Food base over 7-21 days Maize so a growth 0.32% total Met S stem
R1 R2 R3 Item -------- RhodimetTM AT88 KMB Dose item (%) -------- 0.09
0.09 Numbers 36 36 36 15 Table 2 below gives the results obtained over
the period of 7-21 days. Table 2 Syst \;@@ R1 R2 R3 Item ----- Rhodimet'
AT88 KMB Dose Met (%) 0 0.09 0.09 Weight indiv Means 134.8 135.1
134.9 Ibpestaddard Heviatioddass 0.93 1/.8207geCM 1.371089H.35| 1044 b
NpmbePdtBdimals \>§W96fd/\l@gﬁ$mw V@@ 641 a 74243730 by DBB.2
Standard fviation 56.6 2 0 gﬂ(g) cV 8.847.763.90 beroff ©6:84

ahirals36-36-36—Deita ) HEEA WY Weidht-gain-Means-565-5-609-H-5967-5
b D7 BIIEIEHA | HeviatioWems 27.9 d71.9%9 6\ 11.0270884.54 1.752 b
Delta (%)12924 17.7 P8tandard deviation | 0.1633 0.0423 -0.0836

(a/g) cv 8.46 2.49 4.77

Delta (%) -11.8 -9.2

NB: The values given a letter @ or b are significantly different from the
threshold of 5% _

The consumption index over a given period is the ratio of food ingested
to weight gain, over this same period, which corresponds to the amount of
food required to obtain a weight gain of 1 kg,

The introduction of methionine in the form of KMB (R3) allows an
improvement in the weight gain over the period of approximately 90 g and a
decrease in the consumption index of 9%, which are not significantly different
from those obtained with the hydroxy analogue of methionine
{Rhodimet™ AT88, R2).

KMB therefore has a nutritional value equivalent to that of the
hydroxy analogue of methionine.

EXAMPLE 8: Another illustration of the nutritional value of 2-0x0-4-

methyithiobutyric acid (KMB) in a chicken, as a source of methionine

9.1)  Experimental principle:

The starting product is a food base that is deficient in methionine,
methionine being the nutritional element for which it is desired to observe a
response, and the said nutritional element that is lacking is then introduced in
the reference forms and in the test form, and then the performance levels
obtained in each of the systems are compared, system R1 corresponding to no
introduction of methionine.

Two chickens per cage are tested, with controlled randomization by
chance.

Seven treatments were carried out:

R1: without added methionine,

R2 and R3:  + Rhodimet™ NPS9 {D,L-methionine - powder sold by
the applicant} at two different doses,
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Ingested Means 971 a 1036 b 1044 b D7-D21 Standard deviation 80.3
40.3 68.2 (g) CV 8.27 3.89 6.54 Delta (%) 6.7 7.5 Consumption Means
1.930 a 1.702 b 1.752 b index D7-D21 Standard deviation 0.1633 0.0423
0.0836 (gig) CV 8.46 2.49 4.77 Delta (%) -11.8 -9.2 NB: The values
given a letter a or b are significantly different from the threshold of 5%
The consumption index over a given period is the ratio of food ingested to
weight gain, over this same period, which corresponds to the amount of 5
food required to obtain a weight gain of 1 kg. The introduction of
methionine in the form of KMB (R3) alldlvs an improvement in the weight

gain over the period of approximately 90 d a decregse inth
consumpticf?lq'lr"i'ﬂ’éixﬁ;f’Q%f‘m%mfiﬁ?«?ﬂ%t’%%gﬁﬁ%nﬁwodﬁﬁf it Ed%?rsc?rsr]

those obtaiRBcenitiRitie hydriehdPamhlbyadtferuthiBPR®e- (RhodimetT'

ATS88, R2). KB iheteioserh aspa atatlitichairnvaiueret)aneatept eschigicbfrthbable 3
Bydrexy analogue of methionine. EXAMPLE 9: Another illustration of the
nutritional value of 2-oxo-4- 15 methyémié)gutyric acid (KMB) in a chicken,

as a source of methionine 9.1) Experimental principle: The starting

product is a food base that is deficient in methionine, methionine being

the nutritional element for which it is desired to observe a 20 response,

and the saitiHeutréisoial eletaieetthareisgiaeking isTdide idtrotheedsnltheobtained

reference forms and in theftesi form, and then t gdl%rfﬁ §%9%ISYSQ}’SAT88
otrgsHasoaidie sy e AT ALy COf PSR BE aTas,

cﬁedé[bsanﬂ@ﬁiﬂaﬁan by 25 (.:hance. Sdvieize sana«imAtBre carrie

out: Systems R1 R2 R3 R4 R5 R6 R7
ltem -— NP 99 | NP O9 | ATEB8 | AT88 KiviB KMB
Doses item (%) - 10.10010.200/0.113[0.225/0.1020.204

1 Waeight of meal foodstuff

50 50 50 50 50 50 50
to be treated (kg)

Weight of experimental 40 40 40 40 40 40 40

foodstuff granules {kg)

Numbers in the 28 | 928 28 28 28 28 28

experiment

show that addition of 0.1% of methionine in the form of NP29 makes it
possible to significantly increase the weight gain {(+90 g} and to significantly
decrease the consumption index (-11%)., The absence of effect of the
supplementation dose suggests that the methionine needs were covered from
the dose of 0.1%.

The results obtained with the addition of AT88 or KMB are similar
and not significantly different from those obtained with DL—methionin% {(NPOQ).
KB therefbre, like AT88, has a nutritional value equivalent to that of
DL-methionine,
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131: without added methionine, R2 and R3: + RhodimetTM NP99
(D,L-methionine powder sold by the applicant) at two different doses, 21
R4 and R5: + RhodimetTM AT88, at two different doses R6 and R7: +
KMB, at two different doses. They were each repeated 14 times and are
represented in Table 3 below. 5 Table 3 The results obtained are given in
Table 4. The results obtained Feed base 0-7 days Maize soya starter
(50% NP99 and 50% AT88, for an equivalent of 0.22% of Met added)
Feed base 7-21 days Maize so a rowth Systems R1 R2 R3 R4 R5 R6 R7
Item -- NP 99 NP 99 AT88 AT88 KMB KVMB Doses item (%) -- 0.100
0.200 0.113 0.225 0.102 0.204 Weight of meglifapdstuff 50 50 50 50 50
50 50 to be,freat d ht of exper mental 40 O 40 40 40 40
foodstuff g?agr)]u e§‘ (' ?\)F ﬂ"nanc )fgv?g!? G a ‘98 %%% ﬁ@?gt§8

show that addltlon of 0.1 % of methlonlne in the form of NP99 makes it 10
pOSSIb|e to nnnnn fic~antl roaacothao ¥ lnlnhf n |n /.l. ON A and. tn

nr\
T IIIIIUULII I_y lllululA\J\, I. ™ s A~y L4 \54! CO) "7

significantly degggase %{gpr SL“‘;]_Q'[IOH |ggggx -11“23a TT”ie 2 ence,(gg KMB

effect of the| sypprlementation dasesuggasts thas themethionine HeRCS | o.204e%
weraGapered peaidy NEJHISE (01 8ok V0. 1618 C3UIS SPTAINCHgMITTT 1) % 0.0%
aflanbig daih A T @leart KMiGade [Siigukal 15 s¥a@d NPT dgauricanaye@iieresddiOMsas b
thoserabiair em(gm DL#methjonise (NP9R)e KMBgherefpreglike AT88, | as0
has a nutritipnatvalue egabvdlens 4@ thatiegeDlL-methionines. 22 Tahleist | s23
g} Daita (%) 19.8 16.2 21.0 232 24.1 ] 17.9
°°"5:mpﬁ° Means. 780 832 823 850 846 864 819
Standard
D7-D21 deviation 88.9 113.6 116.5 684.9 65.2 65.4 67.6
cv 12.67 13.64 1415 7.64 7.70 7.68 8.25
{g} Dalta {%} 8.7 5.5 2.0 8.4 10.7 5.0
Cl Means 1.722 a 1.531 b 1.564b | 1.552hb 1.514 b 1.539 b 15331
Standard
B7-D21 de:‘ m?;n 0.1271 0.0562 0.0653 0.0829 | 0.0653 | 0.0895 | D0.0731
cv 7.38 3.67 4.18 5.24 4.31 5.81 a4.77
Number of
values 13 14 14 14 Y4 12 14
Delta {%} -111 3.2 8.9 2.1 ~10.6 -11.0

Biological value o.f KMB:

The results obtained according to Table 4 also make it possible to
calculate an “approximate” biological value for KMB. Since the dose-response
curve is based only on two points, this value cannot be considered to be
definitive, but makes it possible to have a more quantitative approach with
regard to the biological value of KMB without prejudging its value for use.

To compare the two products, the efficiency of methionine
conversion is calculated, which consists in determining the mean amount of
active material {methionine or KMB in mg) required to obtain the additional
grams of weight gain relative to the weight gain with the control having the
deficiency. The smaller the number of grams required to obtain one gram of
weight gain, the greater the efficiency of the product, as illustrated in the
figure.

The ratio of KMB efficiency to DL-methionine efficiency is then
calculated by calculating the ratio of the conversion efficiency values
calculated at the two doses used. Thus, the relative efficien{:y values show
that KMB exhibits better efficiency than DL-methionine, respectively 118.5 and
111.5% for the doses 0.1 and 0. 2%.



Zootechnical performance levels as a function of treatments (period 7-21
days) Systems R1 R2 R3 R4 R5 R6 R7 Item Control NP99 NP99 AT88
AT88 KMB KMB Dose 1 0.100% 0.200% 0.113% 0.225% 0.102%
0.204% Mortality D7-021 3.6% 0.0% 0.0% 0.0% 0.0% 7.1% 0.0% Weight
gain Means 454 a 544 b 527 b 549 b 559 b 563 b 535 b D7-D21
Standard 56.4 73.3 78.6 51.2 49.0 57.4 44.0 deviation CV 12.42 13.48
14.90 9.31 8.76 10.18 8.23 (g) Delta (%) 19.8 16.2 21.0 23.2 24.1 17.9
Consumptio Means. 780 832 823 850 83(3‘ 864 819 n 07-021 Standard
98.9113.5 116.5 64.9 65.2 65.4 67.6 dé&Viation CV 12.67 13.64 14.15
7.64 7.70 7.58 8.25 (g) Delta (%) 6.7 5.59.0 8.4 10.7 5.0 Cl Means

1.722a 1539{1%9}#&@539%'5%23 . éé%%’sgg?o%%%%%pa?gtggg %gﬂr%duced

0.1271110.95% 0.0653 qf 83% _ eviation cv 7.38.

3'BP B 837 7 AT ALT PYNURMBEIBP'18 1081 PS1nes #ad thafitds used as
DeIfeYee- of meghioning. i 3 rogreer1ay IsasioksyibediontutcoPkNBtiinaine for
regakstbbtained according to Table 4 also make it possible to calculate

an "approximate” biological value for KMB. Since the dose-response

curve is based only on two points, this value cannot be considered to be

10 definitive, but makes it possible to have a more quantitative approach

with regard to the biological value of KMB without prejudging its value for

use. To compare the two products, the efficiency of methionine

conversion is calculated, which consists in determining the mean amount

of



active material (methionine or KMB in mg) required to obtain the additional

15 grams of weight gain relative to the weight gain with the control having

the deficiency. The smaller the number of grams required to obtain one

gram of weight gain, the greater the efficiency of the product, as

illustrated in the figure. The ratio of KMB efficiency to DL-methionine MCSLLP

efficiency is then 20 calculated by calculating the ratio of the conversion

efficiency values calculated at the two doses used. Thus, the relative

efficiency values show that KMB exhibits petter efficiency than

DL-methionine, respectively 118.5 and 111.5% for the doses 0.1 and 0.

2%. 23 In conclusion, Examples 8 and 9 demonstrate that KMB

introduced into the food is assimilatedpw ilgganimal in the intestines and

that it is used as a source of methionine in a manner at least equivalent to

DL-methioning for 5 growth. MCSLLP 24 CLAIMS 1. Process for . .

preparing 2-oko-4 RSy tRIoRIBRARGIH ZRE %S B el iipb Uty fgid and its
5 corfiigpdneisyda i serrarenying to-tire OrimAgHIRh R represents a

carboxyl group, and its salts, the said 10 process being characterized in

that it comprises the following{s[a§ b ne-1l-<diol (11) is
catalytically and selectively ofidized to"give 2-gkobut-3-enoic acid (111),
according to the following reaction scheme (i): @ Oz OH OH CH Catalyst

O 15 (Il) (111) and methyl mercaptan is selecti¥ly condensed with
2-oxobut-3

in which R represents a carboxyl group, and its saits, the said
10 process being characterized in that it comprises the following stages:
but-3-ene-1,2-diol {li} is cataiytically and selectively oxidized to give
2-oxobut-3-enoic acid (), according to the following reaction scheme {i):

O

Oz

¥

= OH = OH
Catalyst

H O
15 (1 {Hi)

and methyl mercaptan is selectively condensed with 2-oxobut-3-
enoic acid {lll), according to the following reaction scheme (ii):

0

s CO,H
+ CHSH — 2
0O

20 (IV) {n

2. Process for preparing a compound corresponding to the formula
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enoic acid (Ill), according to the following reaction scheme (ii): O OH v llI(
O O 20 (IV) (I) 2. Process for preparing a compound corresponding to
the formula MCSLLP 25 (1) S,~yR O in which R represents a group
chosen from COOR’, CONH2, 5 CONHR' or CONR'R", where R' and R"MCSLLF
are chosen, independently of one another, from the group of linear or
branched alkyl radicals having from 1 to 12 carbon atoms and cycloalkyl
radicals having from 3 to 12 carbon atoms, characterized in that
2-o0x0-4-methylthiobutyric acid (1) is obtaﬂ'[ ed according to the process
defined in Claim 1 and then an esterification or 10 amidation stage is
carried out. 3pProcess according to Claim 1 or 2, characterized in that the
catalyst comprig ne nobR metal chosen from palladium,
platinum, rutffeniumidium, dium and their mixtures. 4. Process
according to Claim 3, characteiized in that the catalyst 15 comprises at
least one promoter chosen fror® bismuth, lead, antimony, tin, niobium,
tellurium, indium, gallium, zinc, copper, nickel, cobalt, gold, silver,

tungsten, melybdeym g heniu, yanadium, chromium, ”}?‘é‘%a”t%%d‘or.‘cowﬁz,
agg)ﬁtl]h ir mlxt(%lr 5. Process accordinglo Claim 3 or 4, characterized in
th y
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3. Process according to Claim 1 or 2, characterized in that the
catalyst comprises at least one noble metal chosen from palladium, platinum,
ruthenium, iridium, rhodium and their mixtures.

4. Process according to Claim 3, characterized in that the catalyst

comprises at least one promoter chosen from bismuth, lead, antimony, tin,
niobium, telurium, indium, gallium, zinc, copper, nickel, cobalt, gold, silver,
tungsten, molybdenum, rhenium, vanadium, chromium, manganese, iron and
their mixtures,

B. Process according to Claim 3 or 4, characterized in that the
catalyst comprises an inert support chosen from alumina, silica, active
charcoals, graphite, titanium oxide, zirconia, silicon carbide, mixed oxides
based on zirconium and on cerium, or acetylene black.

6. Process according to Claims 4 and 5, characterized in that the
promoter is deposited on the support by impregnation.

7. Process according to any one of Claims 3 to 6, characterized in
that the catalyst comprises a noble metal chosen from palladium, platinum and
their mixtures, a promoter chosen from bismuth and lead and their mixtures
and a support qhosen from active charcoal AND graphite.

8. Process according to any one of Claims 3 to 7, characterized in
that the content of the noble metal or metals is between 0.1 and 10% by
weight with respect to the catalytic support and preferably between 0.5 and
5% by weight.

9. Process according to any one of Claims 4 to 8, characterized in
that the content of the promoter is between 0.005 and 500%, preferably



that the catalyst comprises a noble metal chosen from palladium, platinum
and their mixtures, a promoter chosen from bismuth and lead and their
mixtures and a support chosen from active charcoal AND graphite. 8.
Process according to any one of Claims 3 to 7, characterized in 30 that
the content of the noble metal or metals is between 0.1 and 10% by
weight with respect to the catalytic support and preferably between 0.5
and 5% by weight. 9. Process according to any one of Claims 4 to 8,
characterized in that the content of the promoter is between 0.005 and
500%, preferably MCSLLP 26 between 0.005 and 100%, by weight of the
weight8éthe @dﬂea"ﬁ@takm%“%@'%éﬂgH?f%eﬁﬁeaﬁﬁé?@ﬂiﬂ@ﬁotﬁélm%ﬁe%etai or
CI;H 4 to 9, characterized in that the content of the promoter can reach
10% by weig he weli ht of 5 the catalyst. 11 . Proces
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14. Process according to any one of Claims 1 to 13, characterized

in that the oxidation is carried out at a temperature of between 10 and 95°C,
preferably between 20 and 95°C, or even between 25 and 70°C.
15. Process according to any one of Claims 1 to 14, characterized
20 in that the oxidation takes place over a period of between 20 minutes and 15
hours.

MCSLLP

16. Process according to any one of Claims 1 to 15, characterized
in that, in order to condense methyl mercaptan with 2-oxobut-3-enoic acid,
methyl mercaptan is used in the gaseous form or in the liquid form.

25 17. Process according to Claim 16, characterized in that the
condensation is carried out in the presence of a basic catalyst.

18. Process according to Claim 17, characterized in that the
catalyst is chosen from aliphatic amines, such as methylamine, ethylamine,
propylamine, butylamine, pentylamine, hexylamine, heptylamine and

30 octylamine, aromatic amines, such as aniline or pyridine,
hexamethylenetetramine, triethylamine, diisopropylethylamine, diazabicylo-
-[2.2.2}octane, N,N-dimethylbenzylamine, N-methyldiphenylamine, N-ethyi-
3,3 -diphenyldipropylamine or an N-alkylmorpholine, such as N-methyl-
morpholine, or triton B.

35 19. Process according to Claim 18, characterized in that the
catalyst is an N-alkylmorpholine, such as N-methyimorpholine, combined with
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in that, in order to condense methyl mercaptan with 2-oxobut-3-enoic acid,
methyl mercaptan is used in the gaseous form or in the liquid form. 25 17.
Process according to Claim 16, characterized in that the condensation is
carried out in the presence of a basic catalyst. 18. Process according to MCSLLP
Claim 17, characterized in that the catalyst is chosen from aliphatic

amines, such as methylamine, ethylamine, propylamine, butylamine,
pentylamine, hexylamine, heptylamine and 30 octylamine, aromatic

amines, such as aniline or pyridine, hegamethylenetetramine,

triethylamine, dnsopropylethylamlne diazabicylo- [2.2.210ctane,

R0 NPEHARSh FHEN SN8R%Re T AP thiphRiFly 1 aRfHS Maithypropanoic acid and
Bgarshasigidipropylamine or an N-alkylmorpholine, such as N-methyl-

morpholingtririseads. 85 19-=BroresDancoing L GRim 8 ), characterized
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N- rrgjeth ollne ed with LLP 27 an organic acid chosen
Tfc’o \’1"orm|c acu? acetlc gm , propanoic acid and butanoic acid. 20.
Process for preparing 2- oxobut 3-enoic acid (111), characterized in that
but-3-ene- 1 ,2-diol (Il) is catalytically and selectively oxidized according 5
to any one of Claims 1 to 15.



