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1 SYNTHESI S AND APPLI CATI ONS OF

2- OXO- 4- METHYLTHI OBUTYRI C ACID, I TS SALTS AND I TS

DERI VATI VES The invention relates to the preparation

of 2-o0xo0-4- 5 nethylthiobutyric acid (hereinafter

denoted KMB), of its salts and pf its derivatives and

to their uses, in particular in animal nutrition.

VEYNTHESIS ANDARRIJEGATIONS OFp2-0XQeMETHYIGTHIOBUTYRIC ACID,
acid which is inJZSVSALTS ANDHTS.BERIVATIVES

processes, including mainly: protein synthesis:

nmet hi oni ne |§_ not .only a conponent of protel ns, 10 in
the same way 18€ t VeStiRBr £@IRIES ado dst heputprepasatione of 2-oxo-4-

amet?yltraobutymbladd {ereinaftes dehb@dmme&;sesf o sans)thﬁu of its derivatives
e nore essenti al

%Y\B tg%ﬁé'f UB&%T if %aﬁﬁ?@?ﬁj grﬂ’\%{ggﬂ ’iUtf'E%| ved in the

synt hesi s of Meﬁlalon@@n@tan essentiad Sulpbuceomppisingoamints acid which is

#vdived lﬁmmﬁﬁtrhé’taabﬁdéro%e% §|h6|u8|RS ain Iy
transportation,of Ii e elrr use and

their deposi PSRN |§Y'€'F\%s'§ | 08 %”'"?LSS P@F °ﬁb’u?t°n°?"P°nent of proteins,
irethel sameevay aarthe thert amincmacids, bo dlsartﬂe tamsind Qadiee which initiates

ftdsdckss gf‘ égcftﬁﬁ%gnﬁ%ds ?%ﬁ:&i\ Eémﬁars alf tﬁgjn&ﬂlerg sendal:

am no acl Gl
addi ti on, mid JRefabaligny. am@thi%ﬂjﬂ? i ninwolved lrlnthaweyntheSIS of the

tenstitiénts ohdséram Ipopestets lﬂﬂﬁt o EoREe ORIy a role in the

I I
SH A 8 G S BB e b B
appropri at e et ppulttynamethionineMsl &n gssedtiait aminccacideard has to be
bdded s heFeddby i ncreasi ng t he nethionine content in

the diet. Hgs_l\eg thefr forlgpf met hionine is
rapi dly deconpo @Hyb‘ip“ﬁre a8t UPiting amine, acid with regard to mllk
Produatiorn. roadditind, omethiomineeiiy favairhblirincbived iafthehfertiity and the

mepdticqih&fon éPcdwd.Ns the bl ood circulation. Solutions
have been dguf?gpnm verconme, t hi s di sadvant age by

substitutin dfPduction gngd: araredgererally @ rt@tter general
cpmmhtm el comsTarslthys wonbitionedaby 26y approprids!ihé®ibnine diet. Milk

UG 85 el BB &Rkt By HRer@RRE 1B Bioning cantept in the diet

pr ot ect ed rréiW@\rﬁrnme fsaerfomnmﬁe(ertl)npnmmsfraprdlyrmbo’ﬂﬁposed by the
beoteridl fldrdin ¢
: Hr?er%b4 ITE'%WOIOU': rc aﬁlgbmg methlomne

jgﬁgltﬁgg’?qsdgoz_%@? Oester of HI\/B whi ch” are not

affected to Saniyncmseaavei@@en d@)IlsédeTD?ﬁtdoh@ thig a:aadvantage by
r LI ors
SUBEOAng] Sol RN S WrEHcBly GRS hSeb hemicaly or by

sent °i nventi on
cpﬁ’é?ﬂ% *HA reified metioginecviich exhibits ancadvantageous bioavailability of
raethiorting froth@ sloed oTEs, f0protected methionine, Smartamine®, manufactured

and sold by the Applicant Company, and two methionine analogues, 2-hydroxy-4-
methyithiobutyric 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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2 substitution of nethionine by exhibiting a high
nmet hi oni ne bioavailability, the said anal ogue being
capabl e of being obtained by a sinple synthetic route
whi ch can be carried out on the industrial scale.
According to K. Msbach et at., Enzyne and M crobia
Technol ogy, 5 (1982) 4, No. 6, 409-413, and K J.
Cl enetson et al., Toxicon, (2002) 40, 659-665,
2- 0x0-4-net hyl t hi obutyric acid is prepared on the

- laboratory scale by an enzymatihc synthetic route.
Thi s synthesis cannot, however, "be adapted to the

i nchuﬁxtsfltmionpéiomé@ﬁlbﬁfr‘leq;y Ehﬁlbftmgda Q'ﬁ#ﬁj n%{ﬁlo%%et B%&V&Ilablllty, the

roce

h
suc P&’%ﬂ%ﬁgﬁé ﬁnliiaea?)t?blgf oft {trgmlgnp‘t:tgg}e‘dug Lﬁégngl@ synthetic route
ne¥kig P?”bercﬂfH%d put ap tharinduatriabscalé.he ri sk of :

m cr obi ol oAavarding b MBbbah et ANCEAAND bAAMiLOBial Technology,
t table t he
8, USRS T o T, (2000 50
%g? §€ raf-0xo-femegmdihiohutyrig gng; preparedh on4Be laboratory scale by
901'9 Q&sm)axchynlﬂmupr&e ThisLsfmthesiscoamitt, hBaiveRsd BHapted to
( 199! Indv@trial %ﬁodd}gronsof tlﬁ 5?1!1 a%@l?& {o tHS %Crald?griﬁages inherent in

y%rpn%s i of 2-oxo-4- e acid
st agee IR e‘f'ﬁ??iﬁ?ﬁf y?”crfhl i e Q°H‘R'WF'§/ s9ht thesiirfrastructures
%ef‘h%ssnm tapthelr implerddmtation othed higk of microbiological contamination,

éh‘ryg’(ﬂ Olofig 3 T8actiodr b%gflogfr'\g ﬁg%; g@e?r (l)ri'jlf gférd Lﬁnb%table to the

AT Tl e e
ngeq e} AR-9034).condi ti ons whi ch nakes 20

|t possi bI H. Rapbpdtit} J.t hbel.c@sthp&d) Hdd’&ﬁmaﬁﬂdﬂg%) Vol 36, No. 5,

15ad|5“ EDINEY S Odbgpﬁ&‘éethteh%r{tﬁ%% oﬁ&eﬂ{?ﬁ? g%%tp étkébg&g% acid in six

lrst su

foft Esr k8ot Fﬁlj’ ?‘nixéc?hﬁmﬁ’ér A [thisi BgReAis. cnadivl mercaptan is added

c dor &t hhgo—Booxdaé-humdme I’tgafofeomrmﬂtér itd blydraﬁeﬁtloﬂ

1 e BaS s 4SRY ol f, b o o
ha%o%@h%nﬂ?ﬁ%? g glm ?tw) sthe%g?%|u99FrC%RqVI%ﬁq1dl ions which makes

SéT 88?‘?'9’&? limit the éﬂathﬂgt"vles a0, In eddivioh; 3o dmpraveathiedreaction
(Iselectiviegcording to the follow ng reaction schene (i):
3

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

S R
~ \/\I(
0]
in which R represents a carboxyl group, and its salts, the said
process comprising the following stages: '

but-3- ene-1,2-diol (ll) is catalytically and selectlvely oxndlzed to give
30 2-oxobut-3-enoic acid (IlI), according to the following reaction scheme (i):

25



O 02 OHOH rH Catalyst O (I1) (I11) and nethyl

. mercaptan is selectively condensed with 2-oxobut - 3-

enoic acid. (1I11), according to the follow ng reaction
scherme (ii): 50+ CHBSHC®2H H OO (IIl) (1) This
process al so nmakes it possible to prepare derivatives
of 2-oxo 10 4-nethylthiobutyric acid and the salts of
these derivatives, the said derivatives correspondi ng
to the following formula (I): ~S R O 15 in which R
represents a group chosen from gOOR , CONH2, CONHR or
CONR R', where R and R' are chosen, independently of
one another, fromthe group of linear alkyl radica
such as, for exanple, the nethyl, ethyl, n-propyl,
n- bu entyl radi caPs, branched al ky

I

radfcal s, T such @d, f-er—exanple —the jsopr , .
i sobutyl, {sec-butyl, te”ﬂ?ﬁlﬁt’ i sopentyl 20 an

I sohexyl icals, the said alkyl radicals having@from
1 to 12 cgpbon atonms, and cycloal kyl radicals having
from3 to™2 carbon atonms, according to which gHBcess

* the prepar &'doMediyl 2mesegptianeishysetektivtivt goridenaed dvith)2-oxobut-3-

abeveiciacid HlpmceomiiEeth the ﬁnow%efdat:tisﬁkbﬁéhg'ﬁi):

sam dation stage, that those skilled in the art can
carry out baged on their general know edge. 25
According to|the invention, the term"salts of

thi gbutyg g acid and of it co
ndeﬁst%%gﬁto mean ThE s t_w. 2H

deri
those of ¢al cium sodium nagnesium nanganese or

zinc. 4 Preferred alternative forns and : o
i mpl enghiati ons of the process of the invention af e
set out below and, in the context of the present

i nvention,_ . .
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

15

© 20
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corresponding to the following formula (I):
S
e \/\H/R
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, isbpentyl
and isohexyl radicals, the said alkyl radicals having from 1 to 12 carbon atoms,
and cycloalky! radicals having from 3 to 12 carbon atoms, according to which
process the preparation of 2-0x0-4-methylthiobutyric acid (I) 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 saits such as
those of calcium, sodium, magnesium, manganese or zinc.



their characteristics can be considered alone or in
conbi nation. For the stage of catal ytic oxidation of
but - 3-ene-1,2-diol (Il) to give 5 2-oxobut-3-enoic
acid (I1l1), the catalyst advantageously corresponds to
the follow ng characteristics: The said catalyst
conprises at | east one noble netal chosen from
pal | adium platinum ruthenium iridium rhodium and
their m xtures. The catal yst based on noble netals
conprises at |east one pronoter 4 10 chosen from

bi smuth, |ead, antinony, tin, niobium tellurium

i ndi um  gal Piefierred altematiooFBaAS aﬁUCﬂﬁﬁilemSﬁ’@ﬂbﬁs 08hé process of

S' |fh€rlnvéd{W§L%nsetnPutypgng% ﬁe&euﬁé%%f gg sI-nLesent invention,

anese, .iron an el't
co ntf'gﬁ tc%?acf?fgt'ﬁﬁ 5PR beeonsidsy eq‘rélpap orjin; combimetion.0. 1
and 10% %th?magu oh camtyricoxitiatibh of Gat- alastsmz diol (ll) to give
SU@BO%dbutiBleRd
e b S o 50 con s AR Blgappns o

chosen silica, active charcoal s,
graphite, tTheaﬂ#ldma@adVdepombnsmha]east lone arobte Etalechosen from

?cgfm?dé‘:? B T e i At T80 i Bl Fhales
mo aé g ?&%}h p?’& era?@ ‘2@ SE?R?ED?P'ED'WS al lgpst @pe Promoter
y

il Fﬁé'thelegﬁt aaflmtone, tiob nisbinrn atellgriumprénditm, gallium,
andingy cdppeannrckabhch/o Ho1dV\ilght, - ingshm, \A@.bﬁ)?aheﬁum, rhenium,

thea,qﬁ,@hﬁgﬁmn;rng, n@%ﬁh% q{;) ;not{},e rormter on th

- cat al yst on no ously :
carried out nthe; ’E)‘?P'?)f“qtﬁi er meé#atl%betmeqm@ 1 and 10%

cabw|weipht vgttppemect 26 thepcatbigtic eslippatabi ipréferadly Botween 0.5

15a aubb® BRtvidighfiosen from pal |l adi um platinum and
not er chosen from bi snmuth, | ead

their mxtpres., taq!ﬁ eﬂso c i 1 I
and,.their, m xture aelspy Al IPRGSHPPPFFhAgeR; fiem alumina,
c hEllica, Active ghaicaals: Q@Phﬂqet'mtqm zirboniaesitizord asrbide, mixed
r exddésobasedeoraeiveumiurg @ndsdry cérium f & écﬁwené blalcﬁ carried

out 1n an daohitn Ur ASMdEl BIWL, B
d a% aﬂgt%%% preferably
ST UL b g A A N i
f rfbﬁﬁa!ﬁalaodmn ihpam cedatie] 08 %dbyi wdiytslr of<thdeweight a6 $hdlBatalyst. The

h}débex'ltldﬂ of| R prahiaxel B dfe %%?ﬁoﬁga dBrQthng JQnetals is

o IR ahos S0l RicH SR By imibeqaiagaeti haimsomesar omine satalyti
25 cs?f“fP%'ablo;i ba:e; ta:gpéeégt, ura a%g'bet \Aaegﬁ;tt? andE9|5|0C
prefera ptofee atilystN Corrised N éarm% al chosen from
b 2 Lon of t he
A T L T
' ctive charcoal and graphlte.
The conditions of the oxidation reaction are advantageously as
follows: it is carried out in an alkaline or neutral medium, at a pH maintained
30 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 95°C, preferably between 20
35 and 95°C, and bestter still between 25 and 70°C; 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 m xture conprising oxygen, for
exanple air. The conditions for the condensation
reaction of nmethyl nmercaptan wth 2-oxobut-3-enoic
acid are advantageously as follows: nethyl nercaptan
is 5 used in the gaseous formor in the liquid form
the reaction is carried out in the presence of a basic
catal yst. The catalyst is chosen fromaliphatic

am nes, such as nethyl am ne, eghyl am ne, propyl am ne,
butyl am ne, pentylam ne, hexylam ne, heptylam ne and
- oct yl ani neTheapxidatior seagenesh bs eitiasy ?ﬂiskémﬁg @b fiush with a gas

PY Irhisttuire . covibr iRy gwggn’e;@rt%émﬂ%airf ri ethyl am ne,

di i sopropylgt hylam.ne, 10 di-aZabi cyl o[ 2. 2. 2] oct ane,

N, N- di net hy eﬁgwﬁm%&?' taengendangatior mgactionnef mathyl mercaptan

S?IE aP{'Y/’Isih l@,‘@‘a-bngl'mm deig Lanp)aﬂa;gtagecgjﬂyaas fElOLWS: methyl mercaptan is
&Sy inTeHDG A0S fofhl oF i the K l"gtf TTHerd fi(ﬂf is Cdrried out in the

tri h rgapni c _am nes bel ng optionally,

i ngg%%ngeevo-el;ngzt%\fg%gg%éyﬁﬁsl 8 caialyshdd qhiosen drerorgfiphatic amines,

or sF%r@%n’i“EtW&?’ﬂmet hethglagiine,c prapyldmirss, pbatytdraitey pentylamine,

Chbexylairten HeptyladirRCan od6fihed drémalik WHAAGL s s aniline or
Byrldinbu a Cﬁ%@glg?]et?prgmm hogﬁﬁ&wragnigei d dijgppropylethylamine,

advant ageously rom
10 uﬁﬁﬁfﬁ'?@°&c?tﬁ]°%ﬁa?h@r'\"§m ylbenaylamine N-trieehyldiphenylamine, N-
i2 anéwmo’ﬁhgmmw impvh&ﬁnél or opf epari Malkylmorpholine, - such s
- I Relife, ! : ic>8mings being opti i
paé‘;zéncgj:%r trgs ilrrﬂe{ Eeefr%et i afée*ggér)rsp%{#?g"c.?’H"{eﬁé’eé%?ﬂfé%'i’%ly' indeed
of ~ 2- 0X0- A TSy FPBYRIRGHA Withagn g@raanie er dnarganio agid;the organic
buqc@qs yrgfgéaq_y xhtiseh ffom) farmic aictd, yadeti! byidapopanoic acid and
15 s ehuratoiv elagido X iaHil Z @K amery4Hid 9adid Fi@ead\yag'ﬁ‘g%cﬂ;yzg&%%n from

(1 PhodpHSic a8 e the abovenentioned con
consi ger (lecd aﬁéﬁ‘g sé’?gquﬁ'ccaocﬁ‘gi nati on. As stated above,

2- 0X0- 4- MWPFhF%E‘?WPEeaéf theainyvention dsilthes process for preparing

g@ﬁg¥¢hi§£elm: keicizh il ared itk walie,sinV\bﬁrﬁtBuIEﬁ\é$_ ri]ﬁ‘tet;l"i'ngﬁ‘itate compound
limanal hedi I §_~GQV ry. us,,. ye ]

20 a%RLer zs-a.%t‘jlﬁ)gf"gto? g\r@g%q%ﬂter&?%@gﬁ%i% 4, gccprlighto which bur-

suppl enen 'S 154gvHeally epppetinetivaid axidized acgbeding to the

t iRAcSiend sebamouril voderespyndineg dfo thé habbwrhémiidied conditions,

f eonsitiere@ll loneSoRn dbmMRatish.Whi ch R represents a group
where R

chosen fr , H2, HR or CONR R',
and R' ar gmc %gﬁ, ﬁgﬁogl%'pegiﬂg??yr meliviGigbutyin:: #cid | and ojts  salts
t ARSIyt mMsthipnineanalagues whidh dwve, a bighhbieavaifabllity in cows and
25 eprouiplye Thubeyet another subject-matter of the invention is a food supplement
consisting of a compound and/o_r its salts, the said compound corresponding to
the following formula (l):

/S\/\”/R
0

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,
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met hyl, ethyl, n-propyl, n-butyl and n-pentyl

radi cal s, branched al kyl radicals, 6 such as, for

exanpl e, the isopropyl, isobutyl, sec-butyl,

tert-butyl, isopentyl and isohexyl radicals, the said

al kyl radicals having from1 to 12 carbon atons, and

cycl oal kyl radicals having from3 to 12 carbon atons.

Preferably, the supplenment of the invention consists

of 2-o0xo-4-nmethylthiobutyric.acid (1) 5 and/or its

salts. The invention also relatgs to a food ration

conprising a cereals part, a concentrated feed part

gu;uah ;f&rfoemxatndﬁ, theisbpropyt, i ieabl?sl,dﬁdmﬁ, abAMRityl, isopentyl
; - I Qgess

for he gﬁgﬁﬁd‘%gﬁiagﬁf*Eﬁaéé‘ié?'ﬁa*i%g?‘éﬁﬁoﬁa 12 Gfbop stoms,

cofl c‘b‘f‘FE?"? Yingdioals hawingqffery & tait 12 earken; RtonewPisferably, the

an subrjementipgfl eneritverdion tchesistse of a®-oko-ddmethypplobiytic acid (1)

§ Oand/or i@8lsaitgt rition, of a conpound and/or of its

salts, the.sai.d und corresp to the formul a

co ndi n

(1) ~SR °i%"ff'ﬁ'°\%p%q%w¢@ﬁe§59@s%ﬁ*tisfagorgpsmaﬂeiﬁeﬁwea's part,

f r 8raogeEtrateddppe part GONHRsURRIErGBNR fRhe inkantienfls defitheR'above.

O et oanac SROpderiatn ) o0 o BHISH, o A yfige for e

: hgamh"g{tﬁéf"’q’ bty r‘{?'?fr%g%y|"?°‘cth'-°8m"y|9°aha POt qmPptising  the
10, Jpdrpinistratign, o Hba eawyef @adpleeNes supplemenh and theruse, as food

exsupHlementhéori smifvab piyikritiors 06U YdomBadbEAY/br of its salts, the said

! eédmBitind cor SRABINY o MBYolm@RyY! Tadicals, the sald

al kyl radicals ha g from 2 carbon atons, and
| cal s havi ng %rom 3 to 12 carbon atons.
j ' out below in nore detail
and is then illustrated]from exanples denonstrating
its advantages. 25 1) dation stage (i): 1.a)
Preparation of but-3-en&1,2-diol (11): The diol (11)
15can be obtai ned from butadiene (1V) by nono- _

epoxi dati o QfnitHieR! §§entt9t%ie§{r§iu§i %Pﬁ’e}%%iérﬁb&b‘ﬂﬁr CONH,,

o’ ot BN wiere Rcandr BT areotheseno ndapendently of one
prangthes: ifram i thei tawpt phtlindabalkyhaadiealst isach sash efoe example, the
(irhéthyRBngth{l, \N-prop9l, butyl and n-pentyl radicals, branched alky! radicals,
20 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.

25 1) Oxidation stage (i):

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

The diol (ll) 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 (Il) by chemical opening of the epoxide functional group.

30 This preparation is illustrated by the reaction schemes: (iii) and (iv)
below:

cycl oal kyl ra
The present_+1




%1~ O (1V) (V) 5 The nonoepoxidation reaction is
carried out by heterogeneous catalysis from supported
silver-based catal ysts activated by a pronoter chosen
fromal kali metals, such as potassium caesium* and
rubi dium as disclosed, for exanple, in the docunent
US-5 081 096, or activated by thallium as disclosed
in the docunent US-5 138 077. These catal ysts are
prepared by conventional 10 nethods, such as
I npregnation and coprecipitatiof The selectivity of
this reaction for 3,4-epoxy-1-butene (V) under the
above conditions can exceed 95%jiipnd the conversion
yield for (iii sci#l ates between 12 and t he
i ndustri al stMonverted but adi ehe (IMbe
at least partially recycled. 15 The chem cal openPng
of the epoxide finnctional group illustrated (\p,el ow is
carried out conventionally in an aqueous nedium (iv)
é:OH 20 (V). (I'1) This opening is advantageously
ci d- d?at al ydieg menpapgxidatien creaction ois ceietbloat by heterogeneous
acicatalysie fions supputesd sitvedibabedsatdlyses a&fighted by a promoter chosen
‘PaKidns Gli@l; n A-91/15471 or, .
WO A: 00 24#&§aiﬁsﬁcq%§%€%%ﬁ¥%a P AN, Qubjdiymy ag  disclosed, for
(I [“'??"‘Q - ¥h e aQgurpent) US-R.08 L 0960 oF @etivated byl ihgliiuch, as disclosed
f ofhthe doguraentuBa 888@77.UThusei dataidsst arecpreBire! IS chventional

108 efethieds GUER 4§ idPrdynaBibn faﬂﬁ@og"

IGIREISGUSR 5 i ] ditbiedefor 0 saY of

reaucea pu Vo r. ex e resultin rom e apbove

stage 1.a) ?}fé\ﬁgle&%&w i°? gﬁﬁdﬁﬂ?“%f?’ﬁ&remm-‘béumgdw under the

di PRRME Gonditions,sae sxaped 195 % oaiddttte oonveraiohi yialdt for diily ®scillates

t heetavdeat t2 aaddi §%L 1At thAdMAmtASIESEgS Y uné&fmﬁ%U%ﬁdie&g (IV) can
o

Sobalht R4 L e r fromthe opening e epoxli de
(V) wil S%Béﬁ@”%?%‘wf&?fl y in the stage for oxidation

130t the di of "] |Ghpmiealcoresting \oft theoppersitefiungtiondl groep illustrated

di Rlow|is parrisdpoutsmmvantioredytin @aheaqueolbs engtiml chosen
frompal l adium platinum ruthenium iridium rhodium
and 8 their mxtures. The content of the noble netal

or metals is betyween Q.1 and ‘W :
= . /Y\OH
| ' H

(o]

29 (V) (m

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 (lI):

25 . The diol (Il) can be provided in a liquid form, in the purified or

30

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 (). 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 (Il).

The catalyst for oxidation of the diol (1) comprises at least one
noble metal chosen from palladium, platinum, ruthenium, iridium, rhodium and



10% by weight with respect to the catal ytic support
and preferably between 0.5 and 5% by wei ght. The
catal ytic support is chosen fromalumna, silica,
active 5 charcoals, graphite, titani um oxide,
zirconia, silicon carbide, m xed oxides based on
zirconiumand on cerium or acetylene black. The

catal yst for oxidation of the diol (Il1) based on noble
netals conprises at |east one pronoter chosen from

bi smuth, lead, antinmony, tin, @iobium tellurium
indium gallium zinc, copper, nickel, cobalt, gold,
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chr u D tour
5 g S35 i e s e
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on e a ar e catal

(g ng)!g;réé Shmuq'?ebnr?ilw Haﬁ?ﬂ?’ 219G/ n%°RP§n”yf%3°'f' reabely; gold. silver,
1ot %%P"a"?%%@@b‘ﬁhd@eﬁlyﬂh yangdiusyr shrogiues; ahangangse, iron and
bettheiemidtures. nut es and 2 hours, while keeping stirred

the m xtur erpf ¢ &tﬂhﬁ{ \5? érHBHaQTl% @qu/eg{? S?B%ggsnleagggﬂ%, preferably

cata

o BPEvET 008 Aneb 1 Bdh, B cigioht iof tharWsighe et the nobls metal or
i nﬁ‘reéglﬁat dbe \Mdehosmm sof uthenpmimdtee pnonbé ecatalyklti Ssupport is

lﬁped%ﬁtagemsﬁﬁgajﬁgdtohg b§t,ﬁ,gge§{;,fat,gﬁdu0| ng the catal yst,

whi ch f b
and 400C Ul Rl catflvt fmpliE 58RI mPre Mebls metals chosen

fo erAPﬁ'éaq'%e§ atmmmne dhoil emixtergbumhich aee ectivated thy bismuth

boandpd téadesuppbitdd @neattivb hardvas phgfapHie ACH d, |
e T At Ao Wi e g rom

er nat
I:ep 8u e"‘é seppqést "?rﬁ) %@n’éﬁqrén agnerglly 1od ?ﬂtmﬂeﬁ minutes and
f o? Ihguesj whileakesning dtiged ghe ohixt 3 df qatsigstasippdrtdridithe solution
t h@rﬁﬁﬁélﬁg ”ﬁﬁ@' n&Sle MRiethis: ThE EFl'a s¥ Shaset _on pble metals is

S ABBUSINY g S e O3 S50l G b oviaia o sy gromote,
i n{h@@ﬁsfqt@n RiPeedes theisitagaref rddusingnibeadasalyst whichn isacarried out
25pratna)tmper’a'h.&e ofelveeh 205arsd BBOTEANIAY cﬁ&ﬂk‘:‘i?ﬂedu@ﬁg agents of
l&?%?%'w"l"?%ow&e fbrr%gﬁfgmﬁe,f osE)dlturr]ﬁe %)r(rlng et,I ggdlum q:orohydnde,
rogen, 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
30 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,
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:



present invention are set out below and will be
illustrated in the exanples: 9 - an aqueous sol ution
of the diol (1l1), the concentration of diol (II)
preferably being between 1 and 70% by wei ght, is
introduced into. a reactor equipped with a stirring
device. The lower |imt of the diol concentration is
di ctated by concern for the profitability of the
process and its upper Iimt takes 5 into account the
~solubility of oxygen in the medi@ under consideration
and the risk of crystallization of the salt of the

acid (11 L ) *enrmidus isofutidheof 986 el 1), 1R HEMaHEN of diol (1)
as as_descr.ibe OV E
ARSI 0 il o s
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S e e el
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an ent e reacfion tenperatur HFidesation and the
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95C, and ev&h aneussenf 256uppaitetD @ndf agtivaté® astilpst as described

ti rabowé iddispeead 29 thik BelRdn; and- 15 hours. 15 The
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cagBRERNG IR r ceor di 0 € purpose o
degh&ed.ﬁlb?i gi S glgrg%n?:gnge{qs/da ?e 1’(9'3% aujy r{:@tyylegn 36"and 95°C,
manganeed PERYBEh 40e Cofnd AP ° 6 rira peastion time ofbetyuesrs 20 minutes
saPRd fi§rhastsch the correspondi ng hydroxi des are
150bt ai ned i Thei sikalfie agdfi Ws8g igf LLRE RIS :
SUGY rg§id§odisggmprydho§alade orsgao'tgaas@{bg?néé%%ya&ofﬁ' e Tiean calc_'“m
al kal i ne agent 1's_al ré’xi'q'ﬂ'e_ ST YN n NI Kid9e lithium cihydroxide,
(1 PRIneuq uBkgroxide. orammonia, mesadiunn earbonateantzinc carbonate,
c amahganeseamarbonaty . anththei atLAR, 2B8HYdInd &S th tfdsi
eis IS RohB&ivale b @sevginge rsﬁ NN, tlngeng:ﬁ Lt&ﬁge &s"‘ed. ;
20der?|8r€ti on s‘%&kfz5 the acl ‘Zl aj'\gf%?s‘%%gr 9ate or any other zinc or
precatn 1R Q& which ge, cpirespandingihydronides ane obthinétbin situ by
f wqmmf?x@m redicadinealagent)y puetslugd Ssod‘i@hhmgfméli@e o potassium
r ereudrdxiog. MaR4fRfS S4 Xigt e, dlal: :
e TraMss e 500 Ay W il e geis
and 11 pre %_a (e ?Red foastynt gataytic aghuityp Thecalkaline agent
X ac@8raifagt tomeintainithenphl @t aredles sulitiert toosrasiubd ehd Besorption of
5 ache acidl {ilgtdrsnedd ThI B@RAUSOS ket iV bbi | i
908Pm %fpgﬁéﬁ;gilgggc %g ar deo FOt det'{rllbéréesﬁ?glqﬁ%_%gﬁ ]fdég‘oe%vmd The
b% a hig rgcyg "8G CandP SPUCHSs i PaTRIR fﬁﬂl‘é@g fiam excessive
t RE'93UPRHAfithR diolt al yst enpl oyed in accordance with the
In practice, the pH is maintained at a value of between 4 and 11,
F:referably 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
;')resent invention. This is because the catalysts employed have an appreciable
~ lifetime and are easily regenerated /n situ by deposition of a fresh charge of
35 promoter or by in situ reduction of the deactivated catalyst.



present invention. This is because the catal ysts

enpl oyed have an appreciable lifetinme and are easily
regenerated in situ by deposition of a fresh charge of
35 pronmoter or by in situ reduction of the deactivated
catalyst. 10 This first oxidation stage is

advant ageously carried out in an aqueous solvent. An
organi c solvent or.a mxture of organic solvents can
al so be enpl oyed. An aqueous/organi c nedi um may al so
prove to be beneficial. The orgpanic sol vent
constituting the mediumin which the reaction for

oxi dati on ofhib fig kidhtidh | stahs Eahﬂwﬂ'ﬂagéguslf’ &a‘?r‘i’@cﬁrbut in an
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0
pr 8@&8'&%3@9 ‘\h‘l’]meﬂb\f'eﬁﬂto?rﬁf‘%« ethyl acrylate, butyl
butyrate, resteys, sschusyetiye fornateptbuty!l Poratet &obutyl formate,
15et Bt?‘!’yﬁac&t}ei’fé1 élﬁyl %bét‘alte,eﬁrlaﬁgb’ gégta uliyél acetate, hexyl acetate, ethyl

t r?&g)poghgg%x\ggﬁl %rﬁglonftgt Eﬁpﬁle?%%)t]%t twatxbbutyrate, methyl! isobutyrate
1, - ethvhbudweateane, 20 1, 1- di met hoxypr opane,
1- et hoxybut sthers dsuaowsomsh-%ms(ybuﬂ-ﬁériéOXﬁ‘s}%X%%hoxybut- 1-ene,
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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 is preferably between
0.05 bar and 2 bar. The oxidation of the diol (ll) to give the a-keto acid (Il) can

35 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



The total pressure under which the reaction is carried

out can be greater than, equal to or |less than

at nrospheric pressure; it is generally between 0.5 and

5 bar. The oxygen partial pressure is preferably

between 0.05 bar and 2 bar. The oxidation of the dio

(I'l) to give the a-keto acid (Ill) can 35 be carried

out either by maintaining a constant pressure, or by
circulating the oxygen or the gas conprising it in

the device in which the reactiopis carried 11 out,

or by sparging the oxygen or the gas conprising it

| ntautt loe beapaiding theXoxygen 3Nehe YHsPBBRbrikiig i iftd tHE reaction
Pr Qa&egreaccording to the invention is carried out

may, of coufse, not be specific to the said process. 5
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$r liquid form and one nole of the a-keto acid (I111)

prepared a%ve e .,condensed according to the
reaction sctene ?‘{°P5’9"5f6'°09@9°|-"@}—BSH SC®2H OO
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O3l cohol's. Th can, depending on the catalytic
condi tions empl oyed, add to a, p-unsaturated al dehydes,
a, p-unsaturatjed ketones and a, p-unsaturated acids in
t he 32#2- 1 resul €8y ip—the—» 7 COH
nonohem t , or in the 1,4-position, resultifg
kyl thi o 20 propi onal dehyde. By structura

in the 3-
analogy,“%he acid (I'l1'l') cones fully within the _
Qategor§ f activated olefins. Two catal ytic rout &%
are conventionally recomended for selectively and

. Sf fi ci ent| yheadidiangr tHy p&esgﬁpin@em%%wgiﬂ&t%f%eGﬁérﬁ%é’{ure of the
4y | \CB.. i -pasition  The first is an lonic ——
1 S50 0 0l ol BSRIAARg HLH b s O dis  in
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r JDPVATESREETS: $itHiar to ¥haétQ§oP|‘E8P°é&J hey gam; dieperding on the catalytic

coepditivns. empleyest,, atili t0 oEp-tAshtofatbdi bidhydds, o,B-unsaturated

ga@esds! Yande HBIufishftiratet@labigsURdedd ap,lz-epogﬂt’%r,relr'ess'ulting in the

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,B-unsaturated carbonyl derivatives
in the 4-position. The first is an lonic addition catalysed by bases. The second

25 is a radical addition initiated by azo or peroxide compounds. However, 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 «,B-unsaturated

30 ketones remains the commonest.

The crude starting material comprising the salified or unsalified acid
() is optionally subjected to a first treatment which makes it possible to
remove the impurities coproduced during the oxidation of the diol (Il). This



The prior art gives details of various catal ysts which
maeke it possible to direct the regioselectivity of
the addition in the 1,2- or 1,4-fashion.

Neverthel ess, the 1,4-addition of M chael type of
thiols to cc, P-unsatu rated 30 ketones remains the
comonest. The crude starting material conprising the
salified or unsalified acid (Ill) is optionally
subjected to a first treatnment which nmakes it possible
to rempve the inpurities coprogyced during the
oxidation of the diol (lIl). This 12 crude product can
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he%ﬁe&]bwaaaet &L, Nadiinaehylbdriz9taiyihé11 Nemethyldiphenylamine, N-ethyi-
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N-%‘Igﬁwcrrﬁf PRIOPRIS, agidr thedattemnis Ipyéferatly pihoisem efrorar formic acid,

t radetiec &cid! bespraneld BEId R ibRtdHoie abRY, %&Sml@%@d"‘%ﬁ&‘ sulphuric
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25 u&ﬁﬁhveﬁ‘d e ét PeHess b@ﬂnpﬁ&ﬁb &he (fq@%gs QBIL@@ﬁGEUﬁcentrated or not
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ofbet éarriadiolit (Hatthwise or continuously. The acid (Ill) and methyl mercaptan

are introduced simultaneously or alternatively, while observing the

30 stoichiometric ratio. However, it is possible to envisage operating with a

deficiency or excess of methyl mercaptan, depending on the reaction pursued.
The reaction can be carried out by continuous introduction between

the aqueous solution of the acid (lll) and gaseous methyl mercaptan into a

gas/liquid reactor. In this case, the methyl mercaptan can be added

35 cocurrentwise or countercurrentwise. Alternatively, the reaction can be carried

out by continuous introduction of the aqueous solution of the acid (Ill) and of



The condensation between the acid (111) and nethyl
nmercaptan can be carried out batchw se or
continuously. The acid (l111) and nethyl nercaptan are
i ntroduced sinultaneously or alternatively, while
observing the 30 stoichionetric ratio. However, it is
possi bl e to envisage operating with a deficiency or
excess of nethyl nercaptan, depending on the reaction:
pursued. The reaction can be carried out by

conti nuous introduction betweeni3 he agqueous sol ution
of the acid élll) and gaseous nethyl nercaptan into a
gadiauidyumethyk apetsaptam intohias betahe ort hkigrftdvayteactor. The reaction
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f rom si déhe pesipentyrofzatabitizisg dhe progluch dudygitegsolsnged storage.

al so duri nghehequapreddm Whidhene bFbd881dcRErdMiP 4 Ghe invention is
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of effectlv)%ness of dI msthl on| ne and of KI\/B as a
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di e Ay erptase it %pwreéwqeoﬁf Freidy-andg gberyglrying and

25 bycalaining! Abesegbeads exhibit a specific surface of 100 m?/g and a total pore
volume of 0.90 cm®g composed of macropores having a diameter of greater
than 100 nm.

These beads are subsequently impregnated with 90 cm?® of a

bismuth nitrate solution comprising 1 gram of bismuth.
30 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 90 cm?® of a chloroplatinic
acid solution comprising 5 grams of platinum.
After being in contact for 30 minutes, the beads are dried at 150°C
35 and then activated for 3 hours at 300°C in a stream of hydrogen moving at
200 litres per hour.



active alum na agglonerates in the presence of acid
and then drying and 25 cal cining. These beads exhibit
a specific surface of 100 n2/g and a total pore

vol une of 0.90 cnB/g conposed of macropores having a
di anmeter of greater than 100 nm These beads are
subsequently inpregnated with 90 cnB8 of a bisnuth
nitrate solution conprising 1 gram of bismuth. 30
After being in contact for 30 mnutes, the beads are
dried at 150C and then cal ci ned4under air at 600C for
3 hours. They are subsequently inpregnated with 90 cnB
of a chl or opihgtqatalyst &i thus oraparerhcampyiséss ibygwBight &ith respect to

of phasiumina sdbpt, DR plktinura Hnacto% @ bi nut es,
the beads are dried at@&i’%oc 35 and theng,rgcﬁ vated for

3 hours at SOOCILn a stream of hydrogen rmV| ng at 200
alt 596 :

litres per Ke® 2: Prepara
donpharceal, by weight with respect fo the al um na

support, 5% [ % t E 2:

L .
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hyoumm:noad 6vél¢btj1§@bétfbﬁ?4%9r§u pletnl gst hThgeISSBIp Sft o

pater to reppye teg@t
subse uently carP ?ﬁ'%ﬁ%%ﬁéweatv1@9(991'@Fed24vlﬂbartysmuth nitrate
Sﬂ‘fgéﬂél pRMPEsing & @ of bissmuthent | y i npregnated with a

b| snmut h ni t Aftee begl it E6HtaSOFR 4 Hots, Ot R
Af tng oB&iigsi N contact for 4 hours, thehgp‘g{qegét %F@ahnec‘ at 120°C

dried at 12?)C for 24 hours. They are subsequently
i mpr egnat ed MYt 19r& §'i‘lll’§?|q59mé\t i imntegratdd withsd wehilgnoplatinic  acid
13T owplutisinrepniprisineg® gramsl oftplatiium Af t er bei ng i n cont act
for 4 hour %ﬁémﬁelﬁﬁllheéo%t%tef QTA ﬂGUPst tt’ig %"P shngr&t g@eeq,] at 120°C
aCt"““a“‘gﬁ A3kt L3 thurs RbgO e b ey of (Rt
gl agy o (I'B}:I Qgensmoving at
BeescRAfhiouses, by wei ght with respect to .20 the
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2001 g LJYEF gpgﬁeg% gt pt%tmum and’ gt%alay Blsmu
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EXAMPLE 3: Preparation _of a catalyst (C): 5%Pt/5%Bi on_active

100 grams of active charcoal sold by Ceca under the name Ceca 3S
25 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 5 g of platinum.
30 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

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

charcoal



charcoal 100 grans of active charcoal sold by Ceca

under the nane Ceca 3S 25 are washed successively

with a hydrochloric acid solution and then with

dei oni zed water to renove the soluble inpurities. The

support is subsequently dried in an oven at 120C for

24 hours. These pellets are subsequently inpregnated

with a hexachl oroplatinic acid solution conprising 5

g of platinum 30 After being in contact for 4 hours,

the pellets are dried at 120C ffsor 24 hours. They are
subsequently inpregnated with a bisnuth nitrate

sol ution clhepeatalysty(® thuspeepared cemptises, Afyt weighe iwith respect to
| N tR@BEAGS charttodl s'i!@Hbﬁ:; SWSf BRI Rh S2na"8% Wt fistidim 120C

35 and then activated 1 hours at 300C in a stream

of hydrogen rmV|n at 200 I|tres per hour 15 The
cat al yst (GAAMULE 4t Brepass ufir & seatalysty (D %6 Biyd %6F

¥ eaptivé charcblle actlve charcoal support 5% of bi snuth

and 5% of I agion of

cat al yst %@/g{;}% %é/“ %CO&E '@%ﬁy {:F?ﬁeuﬂﬂ%’a%‘gd'fame Ceca 35
106’9gr"¥ﬁﬁs"e€f S%f‘aeﬁwe'dhaﬁtfbal hydraghlpyicCeeid aelytiont Aed then with
nadeioGized B&ter a0 eemesd elle SULBLES MpitiesWThB siipport is subsequently

hydried i 8 bledat qi éeb%P %Q st hen with  dei oni zed

jgrater to repove the soluble Impurities The support is
subsequent | F}ES%PF'&&S iafe Sybgeently imnsegnated Zﬁ'tfl‘]@uP'§mU"h nitrate

10sdlHtige cpmiprieing fag of didrsettuent | y i npregnated with a

bi smut h ni \f@k SeirkP i EbSAcE 3P G KdHE, ﬁwégpglietp'aﬁ*mrléd at 120°C

Af;og ‘pﬁ&r}g in contact for 4 hours, the .pellets are

dri ed2 Y3oc for 24 hours. They are subsequently

i mpr egnat e&hey take subsequantiynimpregnatedawith aSpalladium nitrate and
15c httdomplainioniacidasoidtion | ¢bn@isind 0 Igr&rh8 Sof4 pAlla¥Bm Odnd 1 gram of

pahibagliHm and 1 gram of  platinum After Bel ng i n

.contact fo ours, the Eelle&s are dried at 12
and t hen aéftie(/ 99 inorontagt, fors4 housgothe; He'lft%taf%é’ﬁ'ﬁéfat 120°C

hyandothen activated dior 3 0qurs iat rIBO @ 1in laostreard b f Tiyedrogen moving at
ca209 litks pY hédrus prepared conprises, by weight with .

20" espect 't %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
25 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

30 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 5 grams of platinum.



the active charcoal support, 4% of palladium 1% of
pl ati num and 5% of bisnmuth. EXAMPLE 5: Preparation of
a catalyst (E): 19Bi/5%t on graphite 25 carbon 100
grans of graphite carbon sold by SN2A under the nane Y
200 (acetylene black) are used as is to synthesize
~the catalyst (E). The support is dried beforehand in
an oven at 120C for 24 hours. This powdered support is
subsequently inpregnated with a bismuth 30 nitrate
solution conprising 1 g of bismygh. After being in
contact for 4 hours, the inpregnated support is dried
at 1200C f orAfzer beingsn cbineaqiofiors¥ hoursattld watalyst is dried at 120°C

SUb%ﬁ& YREW btV 4TRH qgﬁgth%@ré’vbf 5?@%)%1 laQy t%@é# n{l{‘r ggnja gnovmg at 20

sol n’prl sing 5 grans O atinum 1
bei wgk‘?ﬁegg tfact for 4 hours, the catalyst is dried at.

120C and t hdhezatalyst & thues p@phoag sorapri@B0 By iweight with respect to
St r eany@bhity 8upp6H, S%VbNBlaBhurdtand 1 %' SBpiRGLHIour . The
catalyst (E) thus prepared conprises, by weight with
respect to 5 the rahl te support 5% of platinum and

1 %of bis AMPLENG 8 P L fl

2 dgmuc(abig)(luzonghu@r&eau@bmhe%camg{_pcI d (111) in
the presence of the catalyst (D) Catalyst D OH/ CO2H

OH H2O Air (or 02) O 10 (II) (I'l'1) Aqueous sol utions
conprising 0.1 to 50% w w of betkaygoene- 1, 2- diol (I1)

are oxi di zed=rn g Tultop st i+trediackated gl gt or
with a capacity ad 500 mi. TheHgir is |n%d%m€gminto

the reaction mediumvia a di P AR(PE,Optional ly ILS

1equi pped with a @ntered glass. The pHis reguﬁ ated by
controll ed addition of dilute sodi um hydr oxi H@ usi ng

a punp cont oI led by a pH neter. The pH, the "'Sodi um

hydr oxi de “LﬂiﬁtFQJHt'mi%@f"@ﬁ'ﬁ'@ﬂa@dr &0 (55196) whm ot het-3-ene-1,2-

oxyHelnllih &re pxidizegr insa dully stirrédh fackateelogiass esattarpaith a capacity of
(USBOWMANTIOX a8 fHttodlicEd GRBlthBYeNSHoh 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 (50°C) and the oxygen partial
pressure in the gaseous head space (using an oximeter) are continuously
recorded.

20 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
25 temperature under a stream of nitrogen, so as to drive off the dissolved

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
30 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 (ll),



recorded. 20 Sanples of the reaction nmedium are
regularly withdrawn and the reaction products are :
anal ysed by high pressure |liquid chromatography (HPLC)
and gas chromat ography (GC). The catal yst, reduced

bef orehand, and the water are introduced into the
reactor and the suspension is heated, with stirring,
to the desired reaction 25 tenperature under a stream
of. nitrogen, so as to drive off the dissol ved oxygen.
The but-3-ene-1,2-diol (Il) is gmtroduced and, at tine
zero, the nitrogen is replaced with air, the pHis

adj usted to tamoultsifr sublivral airexide tneeessdryabikeBpithe pH constant

begie-to the f&r@r%tféﬁ‘m S’Fth‘égpﬂ:;{l [ifj,on of the

but - 3- ene- l‘, ned as the 30 percentage of
but - 3- ene- 1“29 (ﬂxarnp 3 FRsed avE ipi they psesencprefite qasalyst (D)
t h@bty@eq;@hﬁ)mg@plgﬂ ithe -opeaationlheingl cadriedmut ot @dimabd 12 hours in

3 hiap fmedpisdre dEPRtERBRY 'cQHtroiféd“Withr% Qﬁﬁtob i tored

by the: disappearance of the but- 3- e ol (1),

17 anount of sodi um hydr oxi de necessary to keep the
pH constant, due to the formation of the acid (I111),

Thi s exagf e Cargui-ed out iFP¥hHR presence he-c0H
catalyst (D) |obtained |,_{1 p’(pg Je THe ope/it\t\ﬂfr

bei ng carriedowut for I me ours in 5 a

at nosphere depl eted and cont |56|°? ed with regard to
oxygen. OH catalyst D CO2H pH=6.5-7 T=50 C, RO OH O

' 5% 02 The Thé |follbwihgaase eha,rggadtot a B0OG@ I&:kbﬁ@kl%taefbr rendered

1

O

re th.nl trogen a
ﬁ@hobefo?mde%nlg'ém{rg ale Irg;ag&)p\éﬁd Uvigw nggpgpﬁpl stirrer, a
qgeﬂg&é?ltd" iﬂqep?'lﬁjo%p °Qﬁt of catalyst introduced:

O 302 g Reactants Purity Ml ar Wi ght Nunber Nunber of

meAsBighit tof @etihast iRfro AT RS (ﬁﬂ@iz\éa' ents (/mol) (9)
3-Butene-1,2-diol 99% 88.11 4.1093 0.05 1.00 Water

. Eeaoctan'c:sj 001667 olgulnty 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

15 The reaction medium is brought to 50°C. The air flow rate is. set at 2.6 I/h and

20

25

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 disappearance of
the but-3-ene-1,2-diol is measured by gas chromatography. The appearance of
the a-keto acid (lIl) is determined by high pressure liquid chromatography. The
results are:

- Degree of conversion (diol ll) = 38% after 6 hours
- Degree of conversion (diol Il) = 64% after 12 hours

EXAMPLE 7: Oxidation of but-3-ene-1,2-diol (ll) to 2-oxo-but-3-
enoic acid (lll) in the presence of the catalyst (D)



15 The reaction nediumis brought to 50C. The air flow

rate is- set at 2.6 I/h and the nitrogen flowrate is

set at 8 I/h. The %92, neasured via an oxineter,

di spl ays approximately 5 vol% The stirring rate is

set at 300 revolutions/mn. The pH of the reaction
mediumis regulated in the range 6-7 by addition of

di | ute aqueous sodi um hydroxi de (0.15% w w). The rate

of di sappearance of 20 the but-3-ene-1,2-diol is

nmeasur ed by gas chromat ography. 1§he appearance of the
a-keto acid (Ill) is determ ned by high pressure

l'i qui d chr ofhisogxample. isTicarriedesut tirs theepresedixg oé ethef catalyst (D)
CO”BBfa?rhémln(Eiéaﬁllplé |4) the $§a@tﬁf1tb°eﬁn§c£}?i% Yor & éﬂﬁe&%ﬁ $hours in the

con rsion 64% after 12 hours

Biesgnee 8&‘“6(’ Bhlt Lol 8ne.1 2-di of (11) to
2 0x0-but-3- enoic acid (I1l) in the presence of the
catalyst (D) 18 This exanple is carried. out in the

presence of the catal Xaﬁmq'@% s@bﬂdamearam&xanpl e 4, co
the re ei Jfarried a peri of 0

the presence of alr afe. Pt | % Bi Aan
4% active chewcoal "Hg—l'rﬁg é& pH7.5 T=25 C ,0 H20O

. I~y 0 AT/ I\I2 5 (11) ¢riN2)  The following are

charged to a 100 m jacketed reactor rendered iﬂﬁ)rt

Bef or ehand Wi h nitrogen and equi pped with a ]

mechani cal stirrer, a tenperature pr obe and a 'pH
probe: 10 Catalyst (D: 0.5 Dol (11):

reacti on nedhfeliewing ﬁﬁeap?@ée%tm%doom‘é qulqetqq 69@“0" rendered

r atieerts beferehantd WitH Initrageth tdnd  aquippert nwith osv hatiearical stirrer, a
Setteﬁ{pe%tué‘lpro'ﬁ@%n%té H‘.‘Id} pé:ate is set at 1300

evoI ut g:oné m7(re13 %he reaction nmediumis

egul at yst by 15 ado‘? i%n of dilute aqueous

sodi um Beirbki de (O 5%30w) . The rate of

di sappear am:ma ffactibh nediih®-id ndaifiafed(dtl 309 6. TRAGHFRW rate is set
by tﬁ h@ﬁ%@éa f{q}qq’f?eo %eé\ t ar]tcﬁllfl')Jc J‘I'E stlg]rrlnﬂ rate is set at

2- ox - enol ¢ et er
1300 revolutlons/mln The pH of the reaction medium |s regulated at 7.5 by

15 addition of dilute aqueous sodium hydroxide (0.5% w/w). The rate of
disappearance of but-3-ene-1,2-diol (ll) is measured by gas chromatography.
The appearance of the 2-oxo-but-3-enoic acid (lll) is determined by high
pressure liquid chromatography.

The performance levels measured are:
20 - Degree of conversion (diol Il) = 75% after 1 h
- Degree of conversion (diol Il) > 99% after 4.5 h
- Yield of 2-oxo-but-3-enoic acid (1il) > 85%

EXAMPLE 8: lllustration of the nutritional value of 2-0xo0-4-
25 methylthiobutyric 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 desired to observe a
30 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



pressure |iquid chromatography. The perfornmance | evels
neasured are: 20 - Degree of conversion (diol Il) =

75% after 1 h - Degree of conversion (diol 1) > 99%

after 4.5 h - Yield of 2-oxo-but-3-enoic acid (I1l) >

85% EXAMPLE 8: Illustration of the nutritional value

of 2-o0x0-4- 25 nmethylthiobutyric acid (KMB) in the

chicken. as a source of nethionine 8.1) Experinental
principle: A "dose-response" experinental nodel was
~used. The starting material is gfood base that is

deficient in nethionine, nethionine being the

nut apRlicemtatindsr ehe manfeoRhodimel™ IATES) adesidirfitd syé?thﬁ\enz @nd in the
a  foPml 66 PRRGU-nRARy IEISE JW@ da%?d ﬂ%lﬂlﬁs ][alc%r(&nr%l toelss fEnt R3, at the

th lacking is 1.ptro I n

aéaé;‘éSQ“"ZF r?é'g h E‘HF'B manes jeyelsyeligined ipraaghcefithe systems
by Q"H é‘o!l!'!Pa" eth Wﬁtﬂ‘mﬁ1MEﬂspbhéing aomoRhtrdd aetionVoAm@8ionine.
&ccording to systemR2 and in the form of
2- 0X0- 4- rretg#thl xbut ric acgd KMB) according to
system R3 t he *PEIMENMPALEEReME Ny t hen t he
performance“' Fhigkens partcAgecateitestedch of the systens

are c;n‘par éﬂ)resystremd?ﬁntﬁmﬂﬂslooﬂmm'lﬂlttOaBQe? met lonlne) R2
|n 0 i QnipRe eri nent a
ApoRHekLRe PATERY U B3 (et el et a8 were esch

1 hi ck ens. per cage are
Ctvm eRAGE Htﬂ’&édnﬁ%tqwefﬁ'%}o Trble | belrModi net TM ATSS)
and R3 (+ KMB) were carried out, and were each 10
repeated nine tines, accordi n%)bepﬁabl e 1 below Table
1 Food base over 0-7 days 0.45%total Met Food base

0 724 uayo Mai-ze—so—a—growt h-0.32% taotal Mt
SSM.@VM -7|daym |- - - - Rhodi mot4BA6AGER MMB Dose
| | @bl Base over 7% 08ays P9 '\Mg%rﬁ%vé&g@tﬁ% 339, ?—oqgll lele?
bel ow gl vgs ne results ompﬂ e the—periot
7F2——ays: t?%: e—2
y
Item _ — Rhodlmet“"' 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
Systems R1 R2 R3
Item —— Rhodimet™ AT88 KMB
. — Dose Met (%) 0 0.09 0.09
"~ Weight indiv Means 134.8 135.1 134.9
D7 Standard deviation 1.85 . 0.93 1.82
(g) cv 1.37 0.69 1.35
: _ Number of animals 36 36 36
Weight indiv Means 641 a 744 b 730 b
D21 Standard deviation 56.6 28.0 28.5
(g) cv 8.84 3.76 3.80
Number of animals 36 36 36
_ : Delta (%) 16.1 14.0
Weight gain Means 506 a 609 b 596 b
D7-D21 Standard deviation 55.8 27.9 27.1
(g) Ccv 11.02 4.58 4.54
Delta (%) 20.4 17.7



Systens RL R2 R3 Item--- RhodinetTM AT88 KMB Dose

Met (9% O 0.09 0.09 Weight indiv Means 134.8 135.1

134.9 D7 Standard deviation 1.85 0.93 1.82 (g) CV

1.37 0.69 1.35 Nunber of aninmals 36 36 36 Wi ght

indiv Means 641 a 744 b 730 b D21 Standard devi ati on

56.6 28.0 28.5 (g) Cv 8.84 3.76 3.90 Nunber of

animals 36 36 36 Delta (% 16.1 14.0 Wight gain

Means 506 a 609 b 596 b D7-D21 Standard deviation 55.8

27.9 27.1 (g) CV 11.02 4.58 4.5 Delta (% 20.4 17.7

20 Ingest ed Means 971 a 1036 b 1044 b Dr-D21

St ahdar ati qn, 80. Meaps3 68.[2 B) Cy 8.203§ gy | 1044 b
7 %cms 1405 4 | 68.2

6. 54 % §. : idioRpt i

1.7p2 b 1{ 52 i E¥. D21 Stfan devi aBi&h 6.54
0. 1B —0423—0-4836 eita (56 1 46 7 /1 4 7870 t _ 7.5

(9 B -9 : Themahsjes gl vem@éette'f 7oa wr 1.752 b

i %
are Bt % ) vlc?tloal g ‘E@ ' es of 8%, 0836
- ! 4.77
, over_&'tl S S e 9.2

per| oo which—cott espotas—to—t Fre—aretht b—eod

redﬂﬁreahpovqilkﬁsagn/ea Aclegter -ajzirnb oﬁrelslgglflcilhnb/ different from the
i ntthasgdhold afr6®f net hi onine in the formof KMB (RS)

al | ows %fl coﬁp&,ﬂ%{ﬁ&fﬂfde& Jene ﬁ? b Her 38l + V?%ﬁ;]g PE food ingested

period O r ox PeHRE 2452
coﬁguWB'lg ﬂaffho%@f dh'sggemmqswdarvwﬁ'btcosregan%@mtthy amount of
3li ffbed esduired 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
10 from those obtained with the hydroxy analogue of methionine
(Rhodimet™ ATS88, R2). .
KMB therefore has a nutritional value equivalent to that of the
hydroxy analogue of methionine.

EXAMPLE 9: Another illustration of the nutritional value of 2-0x0-4-
15 methylthiobutyric acid (KMB) in _a chicken, as a source of methionine

9.1) Experimental prihciple:
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 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 combared, system R1 corresponding to no
introduction of methionine.
Two chickens per cage are tested, with controlled randomization by
25 chance.
Seven treatments were carried out:
R1: without added methionine,
R2 and R3: + Rhodimet™ NP99 (D,L-methionine powder sold by
the applicant) at two different doses,



10 fromthose . obtained with the hydroxy anal ogue of
nmet hi oni ne (Rhodi neTM AT88, R2). KMB therefore has a
nutritional value equivalent to that of the hydroxy
anal ogue of nethionine. EXAVPLE 9: Anot her
illustration of the nutritional value of 2-oxo0-4- 15
nmet hyl t hi obutyric acid (KMB) in a chicken, as a source
of nmethionine 9.1) Experinental principle: The
starting product is a food base that is deficient in
met hi oni ne, nethionine being tge nutritional elenment
for which it is desired to observe a 20 response, and
the sai d nuR4iand®REal of BhedimétPBATES, hetko RiFférant B6ses
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random zati on by 25 chance. Seven treatnents were
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+ RhodinetT'' NP99 (D, L-nmethioni ne powder sold by the

appl i cant) Tale revultdi bbairRAl aftogRen il TaBfb_ QndTH%S res"i.llts obtained

y at—two UI ff erent UUDCD R6 allt.r R

Kl\’g Bled Mt bf £rant dddeize sqYR§tafier §5Q%cNPPS sadiaQle AT8S,
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Tabl egd EQEe FoSUhhgs Ot ained are gyven dn . Tabl e 4. The

rgsults ralr neda FEEU OdSE U=7 uaéli arzZe
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Weight of experimental
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Numbers in the
experiment
show that addition of 0.1% of methionine in the form of NP99 makes it
10 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
15 and not sngmflcantly different from those obtained with DL-methionine (NP99).
KMB therefore, like AT88 has a nutritional value equivalent to that of
DL-methionine.
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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-respon'se
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 biollogical 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 efficiency values show
that KMB exhibits better efficiency than DL-methionine, respectively 118.5 and
111.5% for the doses 0.1 and 0. 2%.
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In conclusion, Exanples 8 and 9 denonstrate that KWMB
introduced into the food is assimlated by the ani ma
in the intestines and that it is used as a source of
nmet hi onine in a manner at |east equivalent to

DL- net hionine for 5 growh. 24 CLAIMS 1. Process for
preparing 2-oxo-4-nethylthiobutyric acid and its 5
salts, the said acid corresponding to the formula (1) -
~S R



O in which Rrepresents a carboxyl group, and its
salts, the said 10 process being characterized in that
it conprises the follow ng stages: but-3-ene-1, 2-diol
(I'l') is catalytically and selectively oxidized to give
2-oxobut-3-enoic acid (I1l1), according to the

follow ng reaction schene (i): O 02 OHOH Catalyst H
O 15 (Il) (I11) and nmethyl nercaptan is selectively
condensed wth 2-oxobut-3 enoic acid (I11), according
to the follow ng reaction schemg (ii): OH+ CH3SH S
C2H OO 20 (IV) (lI) 2. Process for preparing a
compound corresponding to the formula 25 (I) SR O
in which Rrepresents a grougiaiggen from COOR

CONH2, 5 CONHR or CONR R', where R and R' are
chosen, independently of one another, fromthe group .
of linear ot Brogesshddr apreparingid2-oab<t-mathyitpidhudynicl dcid and its
5.2 sakg thersart 8618 cordsoridifdtdk e fafitalis having from 3
to 12 carbon atons, characterized in that

2- 0X0-4-net hyl t hi obutyric @acid (1) is oRt ai ned
according to the process”deN I'm 1 and then
an esterification or 10 am dation age is carried
out. 3. Process according to Caimllor 2,
characterized in that the catalyst cEorrplri ses at | east
one nobl e netal chosen from palladium platinum

rutheni um jd R e R Fe%%!erQ aNdatbdRl ghiul, UARP its?salts, the said

r rding.to G.ai characteri I.n that
o B3R BYRS Hebadfiod B8k HERESH e e pitee
chosen froRMbBemeth2-dielad) impatahtieplly ahd selectively oxidized to give
2-oxobut-3-enoic acid (lll), according to the following reaction scheme (i):

o]

0.

Y

Z OH =4 OH
Catalyst

H o
15 (1) ()

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

0O

= gy tOCGESH ——— . S\/\”/C02H
o) o

20 (V) )

2. Process for preparing a compound corresponding to the formula



niobium tellurium indium gallium zinc, copper

ni ckel, cobalt, gold, silver, tungsten, nolybdenum
rheni um vanadi um chrom um nanganese, iron and

their mxtures. 5. Process according to Claim3 or 4,
characterized in that the 20 catalyst conprises an

i nert support chosen fromalumna, silica, active
charcoal s, graphite, titanium oxide, zirconia, silicon
car bi de, m xed oxi des based on zirconium and on
cerium or acetylene black. 6. Jgrocess according to
Clains 4 and 5, characterized in that the pronoter is
deposited dh the support by inpregnation. 25 7.
Process acgg;ds of Clainms 3 to 6,
characteri zéd i [

nmetal chosen from pal |l adjjum platinumand their

m xtures, a pronoter en from bismuth and | ead and
their m xtures and a support chosen from active
charcoal AND gra hite. 8. Process according to any one
of O ains & twhich Ghaeeresentszad group thaskat frone COOR’, CONH,,

- SCOCONHR'0br ICBNRT, ewhBited IR’ Odnd "B Alafe ichobér VVI?}QJ@pQr'nciently of one
gﬂgm}tﬂéﬁ’ q’y%!nviﬁé %péuaebv\w méa?%p%%rtfthgd aﬂgv C%ﬁ &m&n hf{om 1to 12
Bgfgee é%%ma@e&cemm"% ragigaly havipg famidte 112tcert3>n atoms,
char act er i zkearacterizédhdh thhe 26onu- Metﬂf/lthlbbuﬁ/fri@rTM@Y(l)l & obtained
beéc\ﬁ'ﬁﬁ&r}g &Oﬁh@'}g éé&o/‘ﬂeﬁﬁ&f 4 a(?la%n 2{3 M%F rlanoeg%?ification or

e wel

10 ram '8?'§ gRy's °%F Qut. accordl ng to any one of d ains
4 to 9, chdr Bricess Aedoiding tteaCldithe 1contZ ntharhctietized in that the

Pr eutelyet csﬁlﬁrléﬁﬁﬁh 1dd3¥odme H&ilghﬁetﬁf cﬁg?en"‘ﬁ'bghbalfgdlurﬁ platinum,

ccor, to any one of

t y Proces
h'%tﬁe%%'n ﬁ'd“ﬁn %\?&#‘5‘&6’85 tES'a m'?“ﬁ"?%at t he oxi dati on
i's carri eddofrocess gcerrdingato Glaim| Rarharactesiedrin that the catalyst
15 p Hbomrises aatn ixdisb @ineeprorbtan thdden [Frath etslﬁthh}h brbWE@Atimony, tin,

S. rﬁoﬁﬂ% 7teﬁurlti'rﬁ ercL%e;;hllﬁfﬁa?lqbngokg l{glléobalt gold, silver,

r}ar act eri z

TE i Heniup.g varadiyay &k\r%re'u"pomesﬁme. iron and
h)tbeloxmlmres li th| um hydr oxi de, magnesi um hydr oxi de,

amoni a, SHObdBkERaBeNRAITRy 14 Baim Cé‘f&DQat&:arEE?cQE?ébe%? that the

20 SRR RSk o Rl G ShBas o, i s, sctve
i reheraeals, heraanitqattlt@murrs axide, i zitasmidy sdicem t ¢arhidep mixed oxides

f Ibaséd WhtZircanigas as® BAdeFiLAT or acetylene black.
6. Process according to Claims 4 and 5, characterized in ‘that the

promoter is deposited on the support by impregnation.

25 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 Iéad 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

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




15 oxygen, such as air. 14. Process according to any

one of Clainms 1 to 13, characterized in that the

-oxidation is carried out at a tenperature of between

10 and 95C, preferably between 20 and 95C, or even

between 25 and 70C. 15. Process according to any one

of Clainms 1 to 14, characterized 20 in that the

oxi dation takes place over a period of between 20

m nutes and 15 hours. 16. Process according to any

one of Clainms 1 to 15, characteggzed in that, in

order to condense nethyl nercaptan with

2- chetineen30008 andci@D %, Bt ydightesf o aveigist of @le inoble metal or
t hepgageous formor in the liquid form 25 17 Process
accordi ng tﬁ Céal m 16, characterized in that the

condensat i ohQj Brogsss perprding toranviene,ptClaime 40?0 8- sharpeterized in
catthhy ghe coBtenPrafctbe spraowaerdtarg r¢axhCl @%by Aveight of the weight of
shaha@agdlysted in that the catalyst is chosen from

SR TR TR S ST AT Ry Sp—
hepo ythahithe oxidetion iscearriediowt inag ceutrak onrikaline reedibm, at a pH
as ragintdine Bstwash 4aA@ .11, fbedﬁrmwéﬁvwrﬁs lsaénm ,5

t r2| et hylo?tmaﬂ% ﬂ#:ﬁ_ssdgcr ﬁrﬁhgglar%% erlzety in that an alkaline
(h RIERT F meﬁﬁgmaqﬁ Gigm th p)qlgp, sodlum hydroxide, patassium hydroxide,
3, Jithidimp hgdydxideyr maghesiime hpdroxkideN-ahmphiaprgadinh Nnéarbonate, zinc
S UGRrisbhabh, r@&%&nesﬂﬁ@%ﬂ'&@%@d @ﬁqnlt ﬁ\'i)&gnesﬁs agéeé'g

Process accQ g aracteri ze

the cataly QCess 3ECrHNg ForHWoPhe 8T Waimg Lo 12 Characterized

N- iretthgt the pmxiatne iscinitirted cowstantiay toafiusir gatti @ gas eomprising
15:h@$@g@,f r@,@hfégrgn C aC| d, acetic acid, propan0| c acid

and tangic acid, 2 a(fc [ﬂo‘igsaf?gr na gF %rl)a:msnﬁﬁo {134 Characterized

2- oxobut'- 3-enoi ¢ aci rized
butn that ibe pxjdatiop) 'S(cﬂr)ed s%at altgmpeeatue efrbetween 10 and 95°C,

sepeafeiabbt betweeril 20dnd Q5] ion@veh betwadty 26Endof0 W .ai s
1to 15. 2} 9&&5; Ua%m)ﬁ:m?%tto cb?argsérﬁet b &1dihs 2 %) lWloli:'ﬂlgracterlzed

ound corresp ond

nd/ﬁlﬂ’ﬁhs sa& E ?
P LY 3t'°§ trkepyplagg over g pefipdzof Qﬂ'f"é%%h?g "&'“Utes and 15
gr bawschosen from COOH, COOK' , CONH21

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, heptylamiﬁe and

30 octylamine, aromatic amines, such as - aniline or pyridine,
hexamethylenetetramine, triethylamine, diisopropylethylamine, diazabicylo-
-[2.2.2]octane, N,N-dimethylbenzylamine, .. N-methyldiphenylamine, ~N-ethyl-
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-methylimorpholine, combined with
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CONHR or CONR R', where R and R' are chosen,

i ndependently of one another, fromthe group of

| i near or branched al kyl radicals having from1l to 12
carbon atons and cycl oal kyl radicals having from3 to
12 carbon atons. 15 22. Suppl enment according to Caim
21, consisting of 2-oxo- 4-nethylthiobutyric acid (1)
-and/or its salts. 23. Food ration conprising a cereals
part, a concentrated feed part and a suppl enent
-according to Claim21 or 22. 247 Process for the

adm ni stration of bioavailable nethionine to a 20
cofiN ewapic aridgchoesenadronmiformixt iacid, t aceticeacidw ppbpanoic acid and
supptaeeacigccording to Caim 21 or 22. 25. Use, as

f ood suppl nut a Cco,

and of Plto s @gﬁoée% §é?%a'l!‘8n%&m§“%8ﬁ"&°psﬁ'gp ﬁ'& {Gharacterized
t hi thathutz3-ene-1,3dil (Psisatalytipalyhamd selectivaivitoxidized according
Sgrmjpn¢bnsem Clgiend Cegifls, COOR', CONH21 CONHR  or

CONR R', whqr ??5{1 sa{}:ﬂegen? cGnsi Fﬁﬂqqe of a ' (sl %%nﬁ&-’ S salts, the

one . .anot her rom rou
al Ryl °PHU1°6'8?’§°H&§P?T§"W 6%"'19 fsmuga (IBO car bon at ons
and cycl oal kyI radi cal s havi ng from3 to 12 carbon

at ons. / \/Y

in which R represents a group chosen from COOH, COOR’, CONH,,
CONHR’ or CONR’R"”, where R’ and R’’ 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.

22. Supplement éccording to Claim 21, consisting of 2-oxo-
4-methylthiobutyric acid (1) and/or its salts. o

23. Food ration comprising a cereals part, a concentrated feed part
and a supplement according to Claim 21 or 22.

24, Process for the administration of bioavailable methionine to a
cow, comprising the administration to the cow of a supplement accordmg to
Claim 21 or 22.

25. Use, as food supplement for animal nutrition, of a compound
and of its salts, the said compound corresponding to the formula (1)

/SWR
o)

in which R represents a group chosen from COOH, COOR’, CONH,,
CONHR’ ‘'or CONR’R”’, where R’ and R’’ 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.



