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DERI VATI VES The invention relates to the preparat T ONsg;50s
of 2-o0xo0-4- 5 rrethylthl obutyri¢ acid (here| ‘nafter

its salts and of its derivatives and '
%S’“ﬁhi?fs&@é@ APPLIGATIONS PR 2-QX0+eMETHYLTHIOBUTYRIC ACID,
Met hi oni ne is an IESSHALTSIANDI ITSUDERIVATIVESIg ami no

aci d whi ch |s i nvol ved i n nunerous netabolic

sses, cl udi ng,.mai nl protein syntheS|s
Pnre?ﬁleonl ne i E € ot ﬁf' E%ﬁf?@neﬁ? othepr dreparation100fn 2-oxo-4-

metkylthiolutyry aaki (Heeemafter denbied KMBJSof tw%aﬂg %;hdt &eits derivatives
H‘té‘%é}%g’eéﬂhﬁ @Emc@\gééﬁ ﬁ'}"arﬂﬁ” rocess of protein

synt hesi s, rs %% nore essential;
|'i pid met abm@wlnﬁéﬁmmﬁswﬂ% sulelIrJzzemprlsmwammo acid which is

lm%ﬂeﬁlrﬁmﬁmhb%etﬁ@aﬁé bltdé%%é %clﬁ&irnﬁ%élhﬂppr oteins

TR T S AL g L - ——

int thei sare weay as dhe iotherhamirics acids, bﬁEalEorth@%hBYaCId which initiates
th@ﬁﬁrgg:@{,% Bfw‘o‘i«?l Hﬁﬁ%@? ﬁtcﬁ%@@m%rg?t qql ﬁ%S rgoreI ?ﬁstqqlﬁlal
ami no aci d R4 HMetadaismg ¢n hqunmprledmuoﬁved inl the synthesis of the
cardditiers, oﬁEﬁdﬂUﬁﬂpr@préttefn%Vﬁjfgg?!I Bé:dn@%&béfr\?ﬂi& @%H‘ a role in the
"%f“’%#df*éf'éﬁﬁﬂﬁvf? ﬁ#%%ﬁ&%?h%muswa theindeapsifion imthe dgsues.
general cdmefi podtryofmetbinsirer & ahussentiali dinicecilyadd has to be

addef RPhedk&g met hi onine diet. M1k -production can even

ncr eas j ncreasing the nethionine content in
?ﬁel di et . %ﬁeé@w GV fit e aolimitiog aming @eidevitts regard to milk

Prodpétitiry Ideadditios echdipionire idasicirasly hvekadiiA ?*Jé fertility and the
héﬁ?%rf At oM %ﬁ@ only a very small “fraction of the
Ri Ny e 0i ns the blood circulation. Solutions
have been (féiffl@@dt troilko peeduction laind dicadgemérallg #ybetter general
copditin bfllcoR@, af@&htﬁ?tc'&hegioﬁé FHnOtaSgFo%g aﬁ%t ] Eclapr}r?é diet. Milk

prﬁéﬁﬁﬁaﬁ%gv enb% H“‘"é)éﬁﬁ%‘i’ by '%‘Ffeaamsgthag'@eib@mne content in the diet.
bi oavai | abiHowevenf theeed formi BEmathibRes 988kdly &lékﬁorg@osed by the

oA BT ol AIATY o Pt o

joigs £ R Gl cirzulgtionoxy- 4- et hyl t hi obutyric acid (HVB)
and the | soRigRs REVE b HYBisclNic CBvBIBnithis disadvantage by
substituting, for methionine, a protected methionine, protected chemically or by
coating, or a modified methionine, which exhibits an advantageous bioavailability of
methionine in the blood. Thus, a protected 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 particuiar,
The authors of the present invention have discovered that 2-oxo-4-
methylthiobutyric acid (KMB) constitutes an advantageous analogue for
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affected to any great extent by deconposition in the
rumen, are known in particular. The authors of the
present invention have discovered that 2-oxo-4-

met hyl t hi obutyric acid (KMB) constitutes an

advant ageous anal ogue for ------------- ---------- I
N T T A A A I I
[TETITTErrll ooooz* 2 substitution of methioni ne by
exhi biting a high nethionine bioavailability, the
sai d anal ogue bei ng capabl e of ,being obtained by a
sinple synthetic route which can be carried out on

L emibistilsioh dRnetiohme BE GRhibify by 8 Fobability, the
RS ) Sl S e R . e

4(Vhicgcgn ds=carred, gut an tbe industriaisosleri c acid i s
prepar ed ofcdongingaba aMéEMac?rCé{ 8. P¥nzydie %Ham"étﬁ%l Technology,
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d%?gtg ?hg °6P'§aﬂ\¢&'h\f HueRutyrip @cishis rrepargd ometiedabaratory scale by
plﬂomwtlcmlnhm t&lﬁe.cqfﬁré;l @ﬁthé’s@fcahh@t however be adapted to

| phe ﬁﬁﬁfsﬂfa‘i Wr&ductdn i 4 d Egttfﬁs:ﬂ) ﬁgtqg&ﬁdnherent in

IFer ikt of mcro | 0og |ca con
r eactibRiy RIcasRest hé”‘F"bs%%sﬂTfh S»q"élP'GXlaYt of btheabinéraswuctures

t Recessapnfarotheireiptiplemeytationt kee msur&omeb@m I%ﬁ\%ﬂmnanon
(the SioRBN rictn tu:ﬁ%Er %h@dr , |o§s£89‘?% axe’ld RSEH Bng}em to the

9
%%‘ %@@“‘”gé °B§83 "§°'°°i@'bsm@§P°A@7<Hd§§mn ptgl.1 hetrahedron,
sﬂﬂrﬁ 4% Ngr. 48, BOL2A9ABENy| t hi obutyric acid in six

stages frBmRabbyb@eXy) Nébe¢h(|:9r'h'p9§ Re}d?oér'ﬂdrﬁu J¥8bURPYLE 36, No. 5,

t c IS adde
mp= h?or‘g‘%& ?ﬁ%‘% 85 e Qesugeqt o$ “oxg-methylthighutyric acid in six
hﬁfﬁg?ﬁj@'ﬁﬁl EHyloxyhd Qhﬂ’ﬂ'ﬁﬂ' dnithisesytehedinpmdtisyl pthecestn is added
f?remhMﬂhmp&Baéx@B bﬁft?rﬁ&lﬂe B?@{@%%%ﬁ@ﬂy@ﬁdg@né%m
stages a ndj ti ons whi_c
p035| Bf%éjlé g mgﬁvt hgg‘feg‘g%ﬂ BnPFRRS fam ahe iPheparation of the
ARgveMERtioped Pﬁ'ﬂr'ﬂ\ﬁé’q flagea god|under sp¢aitit icondigionT lwtich makes

at ppssblesuobljnarttthaa'bheuiorofm{dsead&Viﬁ?%Uﬁﬁm‘ Soanipr&6F e reaction
fsRlectitgpari ng 2- oxo-4-net hyl t hi obutyric acid,

correspo |ng to the followng formula (I): 25 S R
first subject-matter of the invention is a process for

preparing 2-oxo0-4-methylthiobutyric acid, corresponding to the following
formuila (l):

/S\/\”/R
o)
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 oxidized to give
2-oxobut-3-enoic acid (Il), according to the following reaction scheme (i):



10

15

20

25

O in which Rrepresents a carboxyl group, and its
salts, the said process conprising the follow ng
stages: but-3-ene-1,2-diol (Il) is catalytically and
selectively oxidized to give 30 2-oxobut-3-enoic acid
(I'11), according to the follow ng reaction schene (i):
30 02 OHOH rHCatalyst O (11) (Il1l) and nethyl
nmercaptan is selectively condensed with 2-oxobut-3
enoic acid (I11), according to the follow ng reaction
schenme (ii): 5 OOH + CH3SH S3CO2H OO0 (II1) (1)
This process al so nmakes it possible to prepare
derivatives of 2-oxo- 10 4-nethylthiobutyric acid a
the salts of these derivatives, the said derivative
cor ondi to the folldvng formula (1): Q

CONH2, HR or CONR R'cgphese R and R' are c
i ndependbrt|ly of one anofhe , fromthe group ofg
l'i near qhyyl radi cal s, such as, for exanple, the
met hyl , ‘ethyl, n-propyl, n-butyl and n-pentyl (I

radi cal s, 2pd dneH¥Y mplopbtanadl calestivelpucdndehsed Glith 2-oxobut-3-
exrgiplaeid UIheatSsHATRPY thel 150 - . .
tert-butyl, isopentyl 20 angwpﬁtﬁ?§§§"?§ﬁ¥%%ﬁ@: t he

said al kyl padicals having from1l to 12 carbon atons,

and cycl oal lyl radicals having from 3 to 12 carbon

ato ding to process the prgparation of CO,H

t hyMohi obutyurﬁi:3 acto—H—=aPove”l s
suppl enefpted by an esterification or am dation stage,
that tho8e skilled in the art can carry out basedoon

t heir gggneral know edge. )

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 (1):

- S\/\u/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 alky! 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 carbon atoms,
and cycloalky! radicals having from 3 to 12 carbon atoms, according to which
process the preparation of 2-oxo-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 salts such as
those of calcium, sodium, magnesium, manganese or zinc.
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25 According to the invention, the term"salts of

2- 0X0-4-net hyl - thiobutyric acid and of its
derivatives" is understood to nean the salts such as
t hose of cal cium sodium nagnesium manganese or
zinc. 4 Preferred alternative forns and

i npl ementati ons 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
oxi dation of but-3-ene-1,2-diol (lIl) to give 5

2- oxobut - Prefwwied Acdrflafivd Fdrmd EﬁdclﬂﬁéMéﬁtatnons of the process of

a S sponds_tp .th

U RBERS SUATT ol e oL e i,
ofREIT 67 ’éc??é'lSHFs éﬁ@é’@rﬁoﬂﬁ@me%@lbha@r impombiattionim

r ut heni umFor rthelistage dsheéilawl‘ific%}ddét"tﬁ-l bf Bhfiéléhgsl ,2H8 (1) to give

Cat@lobart- Sb@r?tﬁg z%nd Wﬂpf ShELALS ?ﬁ r3\3/ gegl?éh{ rﬁ%ﬁ%tsp&? to the

om biSa

?‘8 ter osen
Bl cf’éﬁcﬁﬁ'i'ﬁﬁ'l‘ff indium gallium zinc, copper,
ni ckel c dbel $aid gatalyststdmpti sestalﬂﬂfatsﬁrtbnefﬂﬂb}ébﬂ\%‘@é!%hosen from

rbﬁﬂidﬂmi pl‘éﬁﬂ@ﬁia' r@heﬁmﬁpmléﬁﬂh} Wﬁﬁgﬁne% tl'{rﬁrgon x%.brres

their Er es. conten
metals s St“\ﬁéaé}ﬁs Pased i Nedp "Wa\ﬁeﬁl’wﬂs\ﬁﬁtah lgass pae tpromoter
tehasea framabigmuth slepgoantimndy ptiaf efobhiny, tAlM@AN ikkiém, gallium,

15 ng 0 h t 0
ng oﬁgz)h Ynié'gélgg’%or?a;ﬁr ggrrdﬁg as'ﬂVé’lI ﬁjn?g}e% nﬂ%l‘g‘%ﬁgn@m, rhenium,
rco"ﬁ‘Lil ST frbangtap?%‘?nl"lﬁ’f?\%ﬂ ﬂ'@" BERi a, silicon
car bi de, ?‘?h%é’@ntetb‘btlcée@ebméejnm’talzmr ownalsiis bewvasn 0.1 and 10%
ETghto kvitkC edspleB €0 Itha Cdar
S T LR s o
an 0 ght of the weight of the noble netal
net al § ne &ﬁ'&ﬁ'\tﬁt 3lso camprises AN1iDEAL Huppuei cfitsenffrahealumina,
\wlcghiacm’?e bhaooalsabﬁfihatte'r’ﬂfanudﬁmdé A Mok, §lh@on carblde mixed
fo%@!%seerbrf Rfeoritindlabato t@%ﬁ.ﬁin & pegﬁ 38|g thl S

advant age_&hes carrl &d ou
pr onot er RBte41of |F§f1°m9terst§pbe?weer29 Q0D endl HOQYW, preferably

MWB?MO ©08pand D086 N iyl Wei‘gﬂtabf ¢heS@ight 8fMthe noble metal or
@ﬁétb&maHmorﬁJc ghh 'Fé’é@ha%% Izn(tt & ﬁ'nse w lggggpg(lﬁ]aatglyst The

i smut h hel r
g F? n ghe fRTOMoLet QR t&’ﬁar"@&%h’“arﬂ?s&? aphi pebleTimetals is
@énmtagewsslv)fcarm&ﬂ out dxtimpmegrestizin 0f i romoter on the catalytic

adwpdrtageously as follows: it is carried out in an
al kal i ne um at a pH nmaintained 30

bet ween ﬁaﬁf%irfegpfg?ag‘fsébﬁ?%ts\ﬁéeﬁ gneblenppetal 5 chpgen  from
Palladigng Plagipum laaditheir 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 95°C, preferably between 20
and 95°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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agent chosen from cal ci um hydr oxi de, sodi um hydr oxi de,
pot assi um hydroxi de, |ithium hydroxide, magnesi um
hydr oxi de, amoni a, sodi um carbonate, zinc carbonate,
manganese carbonate and their mxtures is added. The
reaction is carried out at a tenperature 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 m nutes and 15
hours. 5 The oxidation stage gan be initiated by
starting to flush with a gas m xture conpri sing
oxygen, f dheexddqtion stage cBiebe MiflaleloBs stting ?ﬁ flush with a gas

C afigheins 8bmpRsing L4/ LeR R quﬁ{lyé nercaptan  w

2- oxobut - q. enoic. acid are a an?'é’geousl y as follows:

methyl merC8ptaditans tr thejcandenpatiom seantiont of meghyli mercaptan

t Wath 2@upbuﬂ~%1e@n;ic;ao¢d penativanageolshy b fano?wg: rh&#&hﬁ.ercaptan is
uSSEMChea ; ] st..is. chosen

Pﬁ,%g}@éé B(t;ja;i% iafndgﬁ‘gem%bﬁéi'ﬁﬁUé%-taﬁ’eﬁf.ﬂtty?a%a%téqn is ca.arned‘ out in the

et h)('1 am ne,” propytafYAk, BatSAta¥shés cheseryifeam nadiphatic amines,

h¥GN fi Heethiiapyeardthgaenine, - proyylamines, baty®dMineC pentylamine,

almexyésmingH BpHSaniink | 4 oLfylarkink! giirrn&ﬁgtic amines, such as aniline or

hyl ram ne, triethyl .

N ?mr;}'o)r; I'\%gg 'I%’)%?fha}'i?qweé?fri@"}ﬂ' az%ﬂ?@laﬂr‘Q?rZ. Aliisepeanylethylamine,

I\?'E\F?&'%?[ﬁy?-l?r@?PZ?’I‘%\rfi‘rhédimth’ﬂfbhyt\démh&mw-ﬂi&fﬁ\ﬂdiphbnylamine, N-
eathyl 3,3 SipheénplagirybyladirPy | 81 NGn O NABIkyImorpholi h

_ vl Ih (”) ine suc as

V-2 e b 1R, ?_ﬁ%]lsn'eef‘%r tr‘?’t%?uhB.a’FnQ sN'Sg%tgp' garrrgHéF g)ﬁg}nge’?pt(isénally, indeed

triton. B. . organi ¢ am
ieHSB&PVHBV&ﬁOB%IVaﬁ?IaewGsWh o atgdanéx oniridngartic GicERNhe organic
mid ﬂmm?dle'rat}l)amih_dseﬁ ff_ﬂ)rﬁr@)aﬁ:itic? acif;| zg:e'té Beigf %_'i'@&lr%jcd acid and
esvic f ael , aci ropanol ¢ acl
g, dedio but g]noiggdnaﬁé:l;gﬁhgwgﬂffeé@ﬁofsgaﬂ?‘ganggq‘?ﬂ“ﬁsg’ chosen from
VERT K314 B)d sHipbWHe Aacin  phosphoric acid and
E ul phuri (f«'?nthetai'éstmjmithaatter]t;lbf € inVBhti6h iVthd PRcess for preparing
ROSI Bt B o O5RP PHERA; - :
Groanis s 58 K fy ks TN gy i compone
artt cul e oas Of it 8 trdamathyItioRsBYriel acicy eerordipat tresvisich but-
gferg:b)godlm itk 8y [catalpticatlyr and aselectiveNe axidipgd té%cwmiﬁ@ to the
teactidl 3Icherae 1(2- dhddr GnY) dne Gt Qh%t b drferdld] iti
i oxidi zed.according to the 7 eact]siedc fopgditions,
?%ﬁﬁ%%éfél%ﬁy&dﬂecogfq"?ﬁéorhboverrent i oned condi ti ons,
consi der &8 &t¥ge gbovqr Goeki-denpthylthibusyrid esti@bane, its salts
Corgstivute- metHiyhih8iadblellies wiich ha38% high 5iBhdsiability in
i t.hi oni anal ogues I ch have a RI g¥1 cows and
%?lggghﬁ'l'iﬁ : \f@l?t%}olﬂ%!r%gb ecg-ﬁlaaqt%g\r)o%%ﬁ lf]Y?f.ltIO'n«]lasﬁ fgp“q supplement
SHBISES b rerPound pad/asfits: $aits, thesaidocormsound odgesponding to

thefpllewing formoki 8):i ng of a conpound and/or its salts,
the said conpound corresponding to the follow ng

formula (1)

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-penty! radicals, branched alky! radicals,
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SR 0 30 in which Rrepresents a group chosen from
COOR , CONH2, CONHR or CONR R', where R and R' are
chosen, independently of one another, fromthe group
of linear alkyl radicals, such as, for exanple, the
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 tg 12 carbon atons, and
cycl oal kyl radicals having from3 to 12 carbon atons.

Pseéteragblfys ekbnfﬁpleS Upi| Egﬁﬁbypflsém né’e%ntgdtgp &Ptnlﬁitgf Sisopentyl
t d/ or ’

°f”f‘3 E8Hr Blodly v, At dndeel nz;e?r}s PGl falaprbon atoms,

RProvsiankva redicalsl Hayagt froma 3ctmclhtoasiord atarasl Pesferably, the

aaubpiemuppkﬁﬁﬂfd iferitidd coNaSs g APxgaf h@%lﬁ%\(ﬁync acid (I)
C%H@@L get-matters of the invention are a proces
e

for t ganlnlstratlon of bi oavail abl e nmet hi oni ne to a
cow, conpr N&iRNENtiRG alsqrelates 4P @t foadiretion comipeisingva oéreals part,

aa cahocardrateg péehpart andisdgptertes, oﬁ@\eflﬁ%tzo%%o&&mtabove
for ani mibﬂ%r‘t gbf:j’ee{‘ma(?{er@ SPRURd 3 grlw ? are; ﬁe WB‘P‘?‘?“EI for the

salts1 t he sai nd correspon i

(FYmigisyatign jef |H'°\ﬂm'&m methiesmst stoa gr orgw.choswprising  the
f adminGo@=on COHE lcovCChiHRN anso@ouebﬁemewheaﬁd Rhealsk,Ras food
%@pﬂm&ﬂnfor'&ﬁl%@?ﬂqﬁmdny & %%%&E\%t Qr%/? rfqg(n gg‘lfsé the said

cal s
0%1‘90 dhgﬁrresg{oﬂé'pg - tngBW“'aﬁ Dputyl and n- pentyl
radlcals branched aIkyI radi cal s, 20 such as, for

exanpl e, Pbe opr butyl, sec-butyl,

tert-buty i sopéntyl nd i sohexyl radicals, the said

al kyl radicals having oml1l to 12 carbon atons, and

cycl oal kyl radicals hagng from3 to 12 carbon atomns.

The present invention is set out below in nore detai

and is then Il lustrated from exanpl es denonstrating

its advarPayk éi BPresanttat 3 ofrospaghogdn) :framgCOOR’, CONH,,
QNERAtor CRONR Rt vehezaeR'L ald A0l ark | Ehosen, 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,
such as, for example, the isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl
and isohexy! radicals, the said alkyl radicals having from 1 to 12 carbon atoms,
and cycloalky! 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 (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 () by chemical opening of the epoxide functional group.

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



The diol (Il1) can be obtained from butadiene (I1V) by

nono- epoxidation of the latter to give

3, 4-epoxy-1-butene (V), which is converted to the

diol (I1) by chem cal opening of the epoxide

functional group. 30 This preparation is illustrated

by the reaction schenes (iii) and (iv) below 7

(iit) O (IV) (V) 5 The nonoepoxidation reaction is

carried out by heterogeneous catalysis from supported

si |l ver-based catal ysts activated by a pronoter chosen
fromal kali netals, such as potassium caesium and

rubi dium as disclosed, for ¢xpnple, in the docunent

US-5 081 096, ivated by thalli um a clkosed

in the docum 138 077. These cat alm

prepared by conventional 10 nethods, such as o

i npregnati on am)copreci pitation. The sel ecQ )VI ty of

this reaction for 3,4-epoxy-1-butane (V) under t he

above conditions can exceed 95% and the conversion

yield for Thej mongeepxidatien reactiomeis tarrimd ol Yby Abetehmyeneous
i Daltabsis ﬁbmémrtm%ﬁﬁﬁééﬁc% Tﬁ@é %Hﬁvéthd/)bycé‘ﬁrorhgter chosen

 olrorf R B el BB R pli, Ror Y FcH Ll A8 ilosed, for
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Cﬁ’f?’p 3 ec‘éﬂﬁ!*’é'?ﬂﬂtd-l’%l 1 #98n on @ativated hydihatiiur,i as) disclosed
OA theri&ungadt YS9 1381077, onridk ﬂﬂatél?sﬁdé{r%néréﬁ%klsﬂ)w conventional

i t , exanpl e
g ) B8O im bl Rfo B b e ot g | 1
parti cul a? ?ﬁe{eﬁg‘”tﬂ%lﬁhﬁﬁ?%‘:ﬂm far g3, A1enpxy- bbutene (V) under the
VEbNeOCIRUTO R, cdn [Excedd &% Cahdothdd Bbnviereid®- vield- fir qlii) oscillates

T d
bttt b WAL b o
883 %%‘UI Fon form that is to say of
reduced plirg toperrfical epening efr treukboxidef fumatibhae gapeillustrated

Hed@l® id cér)nedWlﬁt&)YﬁBnﬂ&%llfy% B cjﬁféoﬂb%e Gf. be used

directly for the catalytic oxi tion reaction to gi ve
the a-keto acid (111). Advantageously, the aqueous
(iv)

/\<l s /\K\QH
o]
OH
(V) ()

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 (ll):

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 (Ill). 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 (Il) comprises at least one
noble metal chosen from palladium, platinum, ruthenium, iridium, rhodium and




30 solution which results fromthe opening of the
epoxide (V) wll be used directly 1in the stage for

oxi dation of the diol (Il1). The catal yst for oxidation
of the diol (Il) conprises at |east one noble netal
chosen from pal |l adium platinum ruthenium iridium
rhodiumand 8 their mxtures. The content of ‘the
noble nmetal or netals is between 0.1 and 10% by

wei ght 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,

athsin enixtured) aTHe0 8bistent) bﬁﬁhétrﬂ)blé ink Al Hn”h@fblgexs between 0.1 and
Zh HeP "Hyawegiﬁg'\ﬁﬂn rggﬂ’e*% 4§ 1p T & etﬂy% )élnsgj%apgczwde ?Wgerably between

rconi cerium of
cgt%F‘%ts%&’/ WRiBhkt i on of the diol (11) based on noble

net al s C(Tlhipr icaedlyttd $@RRkt 0 dHOREM! RENLNASRIND, F QMca, active
bbﬁaﬂ!&gﬁs ?&xtean{lim oki %Ig zu%og}% sn]cgtgglgla&)ldegn}l'axed oxides

um  ZzI nc

di
s Ts{?gjng" g'@"‘f’h‘l‘fﬂﬁ"@ﬁ’" ﬁ?ﬂ%d@héﬁ?tyleﬁérh'% vanadi um

- chr oni um Thencealgse fori bridagiod of h8é IdidTi M) Wsd dMoble metals
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C&thBhAtesOhit Wém#er pf Vﬁgﬁfgoﬂﬂgbgg ”§Qh(gagf gnfimony, tin,

P S%er ab*éﬁ r%t We %
. Jrellpriy ndB 'E"heq liurg, znqﬁet%gpger TRigk efe8plti opld, silver,
olungpteng rmelybdenusn, rireniuat asapadiuns ughpomiurhs makyanese, iron and

atherthxa@aeys! y carri ed out by inpregnation. A
preferredTﬁat aI Oqcfoaq)rl ses .one or nore noble

chosen fro?‘ncﬁg OMAEE % BFTYRED OHPP af'ﬁdxﬁg?%s p’efe’abW
viatwieenr @-0%5 podt 1P By thi wvaight ofrtté oveibbndf sthppastiedetal or

anetats.i VEheC Wﬁb@ﬁloanfgL@?g'rﬁrgn}o-Eﬁlg &g: ﬁ#eyn ;E?t'agmcatsupport is
[ | varyi

Wg@?ﬁf@%oﬁ&yecvgv%egggﬁd%ﬁ%prg f’gw"l’rours general ly of

bet ween 14 RrefRifask caialyst xaroprises ahé loe rReepinnblesinietale cchosen

tfroem rpatfadiven, oplatisdral arsd tisaIp Poikturesdwhit® 8@ Hidviled by bismuth

SRR 134 SbF PR Botifd BhdioollS: Gabglyst based on

e metgl s s Sequén
| rrpr egnat V\ﬁ‘tﬁh'sf I'?ep"seGIaERq BM igyPregnatipn dﬁb?eﬂme vahiing from at

tenst aa ifew pecorddet® Bhievs thages, 0fere?8IUC bP BbetWees AR InYiBlites and

mﬁgﬁb%fﬂ@rwﬁsg\ggﬁrg tl%t uctltugtgggé erﬁWs% S?Ipp?ﬁt de R’nezgolution
%0 pg? & o'?‘ﬁ’%ﬁ ?)‘eh , catalyst nbassdrgane, nelieli matals s

§ébmﬂtluedrled1§idd abem, lmhymmhes phiohi @b sallitibn of the promoter.
e aiérﬁﬁon 9?&!&@8@ i sngQle fe@qHﬁP qgﬁgugﬂ? it Ig//\/l\?ch is carried out

t
B B phi 5 KO-l sors o
@%gunr[g, tgpggcdgmgiddgeieof 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 according to the
present invention are set out below and will be illustrated in the examples:



30 inpregnation with the noble netal or netals. The
catal yst is subsequently reduced. Another alternative
for the preparation of the catalyst is to carry out a
single inpregnation with a noble netal or netals and
with a pronoter. The catalyst is subsequently
reduced. 35 The details of the procedure for the

oxi dati-on stage according to the present invention
are set out below and will be illustrated in the
exanples: 9 - an aqueous solutdon of the diol (Il),
the concentration of diol (11) ‘preferably being

between 1 asdl afd¥ by sORItRAL of 5 dil; r(ﬂp%gdﬁn%epgﬁg?n of diol (Il

r ng device
0 A s 04 5t o o e
C(ﬂ?(':’éqq? wiith; Restisring i deicd.i Tlye ddweh mir of eks cﬁtﬁldcéﬁo‘éntratlon is

upiietatdd by cohedBsfob thé‘b@oﬁ’tﬁﬁmﬂnbf Eft@pr%%ké@ é“ti ik L%Iper jimit takes

considerati Q

S OTHaERcdl f?@%?w’ﬁ'é\f Y /B8N i 3fe Maceunger sangjderation and the
f<5\5 Calﬁtﬁ jgationeot 'Eh?c?@'bﬂf the agid difth formenf durirgyitheebetibn;
and acti vatad acajunl yoft aasupissd [
diabpgs %egiisbg gg lrg,ﬂ,ﬁgl ?at%lﬁ - tdh*eaﬁgx?%g}ta :(%'n c}é%{ﬁti g described
e
B

is initiat aneoUst starting to 10 flush
with a gas 'F%‘i' reastifem is dnitintels bai simuftasequdlypfstarting to

10 t Hashewitia igas afcregnﬁsilhgéd))d?gehheuﬁd‘ilst éanTI‘i’é pH! of t e medium is
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akdqlidte8 BgetHe ddBRidN Qagt Earqn e ral n Smég%gétdprhﬁamperature

10C a oF ab"‘\
9%‘&3@%3‘”89 tB’éFWeg‘P] §5®C§ﬁé °Ep@refepbly hetween 20 and 95°C,
{ ARG eyen betweem 230CramU708C, #trda tachioH time &P b&Reen 20 minutes

abh@liBourgent used is advantageously chosen from
cal ci um dr oxi de, potassium

sodi um
hydr oxj dewig ?C]E?'lﬂ% ﬁ%%ﬂSagy's AeNpRdagapyshy gheserddrom calcium
a%\‘ﬁfﬁ?"&e s&edium chydoxides, prtassiorar bywroside, mﬁihﬂﬁtﬂeerg,dmx,de

canboesitie  angdroRRiel NAnikd di he

'dﬁéh% se!darb r’?’até‘le 0 oncgﬁslablédg?% ué]% Ezulqnttéi A Peatbonate,
nese caré)onatag U PPErRSy acrerding: tozwqrﬂhgmes@swed It

Jalg'sq GP”WY@H‘*ttﬁeu%?ms?fomnggnéspdcm'bbdm & @ny other zinc or

obaagalmde isaltsfiol whigh tiaél @bfrbﬁ’ﬁbrﬂfln@ﬂy@tj&?eb e %%'?zﬂrt\%m situ by

i uﬁws é@%nu@limﬂéo’éggﬁtm gHg'gga?SEI Uy ygigcé(llc{qqeorad:‘o@assmm

é}l f;i\ 3 %ent I's al
Y 7Xl ?S'r ﬁcé'c!fa g, agemér ist glspnintended docoestralize the acid (1)
cmpquetdl @n acdarviot maintsie alklkatdane ca@BRic adtitry. THe Ralﬁw% agent

t | ent to ensur t

al?gbg? E{bft@ﬂdf“ﬁaamggﬁ h% %@Iééea i%% ?A‘ iclent to-gfsyre the desorptlon of
SPe @g {s B@ggpmré makegdtpessible tin agditioth tohavoid the
formetiaroof ofindasitakler abbmdoypy, OfbiCeRampier reRSRINY From excessive
loRfdatioh W9 the @fBIexcessi ve

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
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 /n 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 pHis
mai nt ai ned at a val ue of between 4 and 11, preferably
between 5.5 and 7.5. The process according to the

i nvention makes 30 it possible to achieve highly

.advant ageous selectivities exceeding 90% These

performances are not detrinentally affected by a high
recycling and/or reactivation nunber for the

oxi dation catal yst enployed in accordance with the

present invention. This is becguse the catal ysts

enpl oyed have an appreciable lifetine and are easily
regener at efthis nfirst t oxibytiglepags i ienadbarkabeqsdly ddufige ft in an

3%q9&9ur§3580%r9tr Aﬁ’y ol*g{énf'd EB'IVESFUFEW&U?J 6#8@%9@%6!0’&&? Lan also

oX1 dat
ag’\?aﬁ%@a&%s‘r@/ agyeQyséeragnic madigm mum pERye\tarke bemeficial. The
ologganic selvknenbnstitutingrité miediorh iangRithcthe aleuetidrs faradkidation of

akge d.d@?llﬁg@aﬁ’ar&ﬂouﬁ@ &%‘éﬂ%rﬁ% rBt%% %lr%fv&ltsbq the said

pro enef i ci |c sol vent
ORI Bt 0 HEr o 0¥ (PPFAREN G306 anss (TR ofats are chosen
ofiog taliphmatisf, cyctdaéiplltal of ht@mam bydmoicarbamst alkyl chatkenyl esters

f "09r%lﬁ)ﬂﬁtl@tcérS@Nllcpﬁélﬁbalallﬁﬁét‘i’ce nSroﬂ'fathh%rS gt'hgl's, aliphatic,
i nert und ti.ng t| on

Tﬁg 'gmﬂ{}'?ﬁ'f:s oargro%g:eﬁltrlquow Iq?'ﬁﬁgft'?'c cycloa |phat|c ‘or aromatic
cketasesi Meative nyry be orasle; es mpalimismabexamplas kaft or

al kenyl estgtfocaptbor®, iUt nq'fbrxaﬁé,y}wlrfe @é?dedﬁw -octane, n-nonane,

a Qmatlc or o clic . ethers;

C)It/)éﬁ%g] ﬁtﬁl ¢ ’oretﬁ ﬁ%‘% gl\"?rf rr‘l%ﬁa ’%?F‘?'}ﬁﬁat'#oé’mpylbenzene
cH¥e Bﬁﬁ%‘?a‘tfl%f‘@ﬁhHPWﬁmr 10 ketones Mention may be
made, as Restdrsi sutly X athyl edrmeate, butbydbﬁﬁét'éb(i%utyl formate,

S H{:I'ﬂll ad%eﬂﬂ@ e@fi% eaceﬂat P %&F‘ ’accgta?e't-C oﬁlﬂgr ag,]e‘cgg‘a{1 y| acetate, ethyl

benzene,
i IS wemkem'on%cw@b{bﬁaw@tw butvh@yﬁwwenvet@yéwebutvrate
- oegteging busyrate;as et hyl fornmate, butyl fornmate,

i sobutyl f@fﬁmge’sucﬂS Sidh &ﬁ@*ﬁtﬁ 31-Ghe yltraﬁgqt&hg ybut-1-ene,

et a acet at acet at e
pf’%ﬁ%ﬁn‘%ﬁ "?ﬂﬂr°‘b‘¥’8';5’f"m e1e 1e‘f W)‘? h%,eypaaee Blﬂl?,qhoxyethane,
butkdmﬁhommyana sOkethygxwigangr disdprppbybtherat @:ethoxyhexane,
eﬂé@ﬁ&xyp?%eas ﬁh!%‘thdxy‘bﬁulq)@ﬁméhe b&RE: Vidy®N%ther, furan or
g 3 i ene, dibutyl ether

1= ls \f# BYJ SUt ane, 1,1-dinet hoxyet hane,

1,1-diet hoﬁ?@bﬁaﬁ@h aQOU!yrQndlllneamymlI@panw,lomtnle propionitrile
1o.etdmmybwb@n@omﬂnésopropyl ether, 1-et hoxyhexane

2 o oo gaaie, SulF BBt il oy fbanone,
ameti! yiseripeyli ketonac Btroathyiiexen-2aene;| 3rmentdriope or 4-methylpent-
pBeptdohérile or tetrahydrobenzonitrile;

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 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 (lll) 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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25 - ketones, such as cycl opentanone, dipropyl ketone,

hept anone, nethyl isopropyl ketone,

5- met hyl hexan- 2- one, 2-pentanone or 4-nethyl pent -
3-en-2-one. The oxygen used to initiate the oxidation
reaction can be nol ecul ar oxygen, air, air enriched

or depleted in oxygen, or any other m xture of oxygen
30.with an inert gas. The total pressure under which

the reaction is carried out can be greater than,

equal to or l|ess than atnospheyjic pressure; it is

generally between 0.5 and 5 bar. The oxygen partia

poessar ey spaigiice tBd| dkyigeh Were he 425 i ? iRE - i
Thex@fé dati on of the s (1) tf)bgi cORpriaRd £ 1N the reaction
(1'11) can ig be carried out either by maintaining a

const ant sSqHRMeRy imyvhich ¢he aroersst éncording genther invention is
t herrigd ut omqy, i ofi dogirsd, rio belgpediid @ethesapideetdle

reaction is carried I1 out, or by sparging the oxygen

or the gas,conprising it into the reaction mxture.

The equi pfent i HODRESItiPAStagetidss according to the

i nventi onAcsording to ehis Githgereane Afol€ @8 néthyNRler&ptan (MeSH), in
Seghiddust et iidifd F6int] MLEES Tnol® of knSRIKIG0SAN LD, §fePafed above

(Li).. According to th s stage, one nole
néechcé)pfjgﬂse(*@gﬁQ??'“PW t}‘?ée?ﬁwo%‘é‘eare fil:qui d form and
one nole of the a-keto acid (I11) prepared above are
condensed akcording to the reaction schenme (ii): 10 O
+ CH3SH CO2jf OH 0O O (IIl) (1) The field of the
pr e hgn its tamS$Hof_the manyfa
acid (l)]jas fihdl product or internediate product.
reactivigfy of thiols is in many respects simlar
t hat of al cohols. They can, depending on the catal ytic
condi t fiBhs enpl oyed, add to a,-unsaturated al dehyes,

‘a, (3-unsaturated ketones and a, 13-unsaturated aci ds

in the 1,8 it | ) ting Jin th
e B oaeehdtthe S5 idh i o rosartepg of e
i ) A PEWG 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 a,B-unsaturated aldehydes, o,B-unsaturated
ketones and o,B-unsaturated acids in the 1,2-position, resulting in the
monohemithioacetal, 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 «,B-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. 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
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 (). This



20 propi onai dehyde. By structural analogy, the acid
(111) comes fully within the category of activated
olefins. Two catalytic routes are conventionally
recormended for selectively and efficiently adding
thiols to a, (3-unsaturated carbonyl derivatives in
the 4-position. The first is an ionic addition

catal ysed by bases. The second 25 is a radica
addition initiated by azo or peroxi de conpounds.
However, this nethod of initigion generally results
in usuaIIy undesi rabl e polyners. The prior art gives

defradd SprofusardanUaiseatal )é%b,%cml CtB H@&é’s(f Rﬂéség%(%s diol (Il)

‘ion jn
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(etm%écp tbﬁ,@g:dﬁtlophﬁ@gg, fo exampladat drsallletibn 80 extraction. The
k@hoaess selotbnoftthe Mn%‘éﬁ op-fﬁﬁalw Bgecloﬁlg:éﬁ{ébtrég prior to being
m%'i'&fdi‘ﬁ" Inﬁpg.BHa%:t plglﬂtl Eggasggltls ol qlgugf @\?\ rlpplg%lpit@'ht his aqueous

V\ﬁP '°IF}§9<‘2 & Fcid JURip |sebsenuenslypireughieintonmentadtesith gaseous or

c ipuidduetby! chercargan lireomer datresut ﬁhfthtetha(indllilpI dé | Lls Thi s
ected to

%ﬁe Crugig‘“ésf’g P oBlGRINTLE UBES S ko GRSGpERT o basi

"i’é’éd"l ‘Fl °§d’@3ﬁ‘t %&}é‘dﬁ&ﬁ )Amoprnaieymsmcat@lmtmare, for
ogx@apﬁeomlmha'ge arfhioresp)sach| @s bMemwéminbatdtﬁWaﬁi“ne, ropylamine,
eunfw&ﬁinen Bty |a?ﬁH@0UShé9{nHHu§H“ theﬁ)mgﬁfl ¢ Ldckfiamine  or

&5 y. _be concentrate | i

bro qﬁ) "1"?1'{18 SoPTaLe Wﬂ"?sgé‘é‘@fiu%s (ﬂ”'l’!eqm@zbf@ﬂhw or pyridine;
ngg)@pémtgmlenmtsanaqgeomethglahume,ondn(sfopt'd}ﬂ/léihyldn(uhé | ) diagabicylo-
sih2ex)oeahky Nﬂwm%tﬂﬂﬁﬁﬁpd?ﬁlﬁﬁt Nﬁgtlﬁﬁtﬁﬁﬁé&lﬁ%me JV-ethyt-
I Kl ‘g f tan in or N thl.
? d?‘h ls?%(rogyc? f o8I 1 'EBF olige.outUSn e N-methy
p'?‘@%??é'@e'op"a“ﬁam tgaﬁ%tlammeeromorta"m kéingecohblv@si ovith an
cargahigsbs mdkgBmeéd:laI eh&asatter Q@t;ﬂéﬁéﬁbﬁ %k%sef‘n %romlPormic acid,

. Gt IRIRELS 8 052 gy Ml S At ana s

| am ne, heptyl am ne, octylam ne or
I sopr opyl‘ﬁime nadditiom ned |meﬁml NBercadptsm &S tABI bl acid () is

et Uﬁycgcn:gl Eééj Egt%iyse é\“@ia%le rll,les&"%t é amfaé)ﬁt consisting of

triet am n 1 SO am ne

azccémgi{\gyf:g % an\prigap Cngt |ﬁ9fq9é\|f‘z§q:lgrﬁr\dean organic or inorganic base.
mcwétcmdldjnqommgﬂaam ueed. N- et hyl 15

3,3 -di pr@ﬁ‘y{l’@ M&M.é}”&@ﬁeomqﬁl& N %g\%o {?{%thllln%ercaptan is

I ne, or tri
Z‘#’RE 1 BFPoanaﬁyﬂCF’b%‘?‘ﬁB“%!Bﬂt#’ﬁ&ﬂU\ﬂP% sgltionr ganeenteated or not
iGROFeatRated aniddiegalsed at her degassedibefabhand; hdaRa akrdom).

formc acrig cor@d‘éﬁshﬁoﬁcﬂegwegﬁ Q %QIQC(IFI‘)CE%:{ <’ilrpéihpluﬁ'u%rcap‘%an can
%‘é' c.darngcg]% éhcw%gloq caor}'ntmuou he acid (lll) and methyl mercaptan
are lntroduced simultaneously or alternatlvely, while observing the
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
cocurrentwise or countercurrentwise. Alternatively, the reaction can be carried
out by continuous introduction of the aqueous solution of the acid (lil) and of
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20 The addition of nmethyl nmercaptan to the a-keto acid

(111) is advantageously acid/base catal ysed, for

exanpl e using a catal yst consisting of a conbination

of an organic or inorganic acid and an organic or

i norgani c base. Acetic acid is preferably used. On

the industrial scale, liquid or gaseous nethyl

nmercaptan is 25 conveyed into a reactor conprising -

t he agqueous sol ution, concentrated or not

concentrated and degassed or ni3t degassed beforehand,

of the acid (Ill1). The condensation between the acid

(fiadif mathwemrerraptanciiean bateh lve plagrfied msctor. The reaction
bagrapudasiere WhooNhdtes@esd 8o othe acid (| II) and net hyl

mer capt an r troduced nmul.t aneous r )

al ter gat i ve% gatv\ﬂ f %rbgg?@?r}?et'f’ﬂ&%W%%oﬁ'@h?%‘ﬁe@'ﬂh and methyl
r Hﬁ’%aptﬁb\ﬂfﬁ/@?"er plly cRogemsariagrding do savershgritetiper at i ng

with a tiseéonieesion apl yexgeFachl (et hyl nercapt an,

dependi %%C§Qﬁkfn%%%’ on pursued. The reaction can
be carri ed continuous i ntroducti on between the

aqueaous '?olstﬂqcé'f'{'tbf angheteqdeacy | 10 )copnatiugas ewdssirabldyimpurities,
mﬁr capt ahichtce msu@jﬂehigmmcﬂeduﬁQCWghﬂ éht'itmssréé%&ﬁvg from side
the met By JorcYol} e reen or

count er %r rrﬂe‘l';‘r:;itgvvl s€ Ki tBeP%a ﬁﬂﬁgg]s ?13% 't’f’]goﬁ" % tﬁ"’l?ée of the
carri ed9giiied kﬁfo W i nuous i ntroductl on of the aqueous

sol ut-i otheatropbrey at istakiliding tiengroaiuct durihd #8iplolBREEY btorage.

mer capt anTh@%u&mbéHtcxh \%.o‘PJ HEE Fl'og:\)%lggegaggérgfgﬁg ;Eethe invention is

apure
caa{%'a??/g%'sf'b&psc%’ﬁm?n@aﬁiie cﬁ@f‘\ﬁééﬁ the acid (111) and
met hyl nEhe aptrosearfethgefodpading erirapies iaae dnkithge tthe invention

?f(srt:d&@d hmﬁtllﬁgi‘lfth@tslcgpe ﬁw@?eo‘?owgﬁﬁ'lé%??;qlle&’éttﬁt/éj Rk %tgems of

ten encf/jtst(gf %:hoe f’nV&UE%" Lﬁ{@egf‘?'aﬂ‘eé grf’&?r%’t |"é'§"at9\ﬁf‘€rf’“t”“°“a’

Advaptagsl pf ‘Wlﬂymwdﬁe@ﬁ,lltm ine¢ngidn, eint Bupmort rafs thd ifiggre which

frﬁmms;rrjﬂiemd)wa}ﬁa?fdfzaffb@ﬂfer?ﬁy 68 &llﬁ%‘etﬁmﬁrtbe%n 'f‘tKMB as a
0 e esired product

qhi&éro%{éﬂ% é%ﬁuﬁ{ é)\'lk;)l% re My figls, ?f XRPPI}ing its

prol onged storage. The eqU|pnent in which the process

accor di ngEXAMPROE 1i: rP¢&pdrafitn io$ a SARIVELL )04, B AP on alumina

f
oL owi po SR EREECLE SPHERRP heblS, B4, ReSing, tfraing to the
RIFGRSG ! ?‘i'?ﬁet%nﬁgtfﬁ'l’\%h Betepk Anmlicatign FiRsGai 48 9047 by autoclaving
artivetalamina hgglomdramesi ih ohe mesgawends sfid tAR then drying and

cB k. OThaRdpRBUHSI 8 ?Jb%lf% Sy s 61 B0 lbte/g and a total pore

nutriti
vofume o?rba 0 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.

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

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




advant age of conpounds of the invention, in support of

the figure which represents the val ue of

ef fecti veness of dl -nethionine and of KMB as a

function of the application dose in the trials of

Exanple 9. 20 EXAMPLE 1: Preparation of a catalyst

(A: 1 9Bi/5%t on alumna 100 grans of y-alum na

beads are prepared, according to the process

di scl osed in French Patent Application FR A-1 449 904,

by autoclaving active alum najgggl onmerates in the

presence of acid and then drying and 25 cal ci ni ng.

These Eead§' he daitddi$t (w\)?pas bfépﬁré‘c}léér&ﬁﬂséh‘, blyQQFJ@ﬂf it dspect to
a : C 0
macr o?o?@? ﬁ%ﬁ/qbg{g Lgal%dcﬁa%'@?n %Eﬁ g%a‘?erﬂr% Qr%?. ﬂ"ein 100 nm
These beads are subsequently inpregnated with 90 cnB
of a bisnaKA At Propr italgEn g 51968

5bi swartbal 3 After ei ng n cont act for m utes, t he

beads are Led at 150 and then cal cined under air

at 600C fo?ib %S’HPSO} aﬁﬁié(ﬁ °§F@°§EB‘%‘Q§1¥eﬁF¢§/“P?ﬁfrt§@ﬁ‘am@oceca 3S
wi @8 S‘G’_Sbﬁ@; gfccasymelur wiithaii hydrochlorid acidusélation and then with
C odgIbhized §vfrelItA BmeVe BhatbiiB@ inﬁf&ﬁ(esp%g%ubggﬁg%%aﬁéequently

f o - 30 1 - head drived at 15
tgéerﬁe%glgﬁncg\%%zatf 5)?83833[1?&1{9?"%802 i ﬁ a stream of

0hydrogen mhhesegpeliets 200 subseauentivrimpoegnatdd wilthe bismuth nitrate

C edadlitycrt cqrAprising S @l Paeethconpri ses, by wei ght with

respect to j N rt, 5% of .platjinum andB()J{ %

of. bis th‘.\hgiﬁ?)ﬁlég'r‘z&%?ggg?'a?i'b°n”'%ft 83‘5%?%‘? dfip§.at 120°C
598 P8RRI active 5 charcoal 100 granms of active

charcoal sbhey bare Cecbsagudetly t mepregn@edewitPSa atilbroplatinic acid

15 WaDNRbrSSHRSsTHhY ©! g,ay,vjst(g Hati Wrochloric acid solution
wa

and t hen \;\Mth deioni ze er to renove the sol uble
i mpuri ti ed T14HReOEIAFANtAG tasd dwEnt the pellste@re driegh at 120°C
oved WenlQiQatas f&43 Hours at IIDOME sre apstréah Sofaiyirogen moving at

S AOTERteebéhdUrPr egnated with a bismuth nitrate

sol ution ri.sin of bismuth. After being in
cont act fgﬁ"rggcﬁahf‘g,(gt%é’sﬁé‘??aé? cOPPriges-cy weighgvith respect to

20 £ ghe agtivg)gharcoditrupparte 59108 elptiowin wnd % @ hitrecthwi t h a

25

30

35

chloroplatinic acid

EXAMPLE 3: Preparation of a catalyst {C): 5%Pt/5%Bi on_active

charcoal

100 grams of active charcoal soid 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 5 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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15 solution conprising 5 grans of platinum After
being in contact for 4 hours, the pellets are dried at
120C and then activated for 3 hours at 300Cin a
stream of hydrogen noving at 200 litres per hour. The
catal yst (B) thus prepared conprises, by weight with
respect to .20 the active charcoal support, 5% of

pl ati num and 5% of bisnuth. EXAMPLE 3: Preparation of
a catalyst (C: 5%t/5%Bi on active charcoal 100
grans of active charcoal soldiby Ceca under the nane

" Ceca 3S 25 are washed successively with a

hydr ochl offhe catalystd6l thusoprepaced bemprisds) bydeéight nth respect to

WeHeedctive dhAFBV4E shifiSors,0b 4404 nik TN | ort is
subsequent |y drslgﬁd‘ol n an ovleﬂiagt atfggﬁ"f :}J%Zt ours.

These pellets are subsequent [y i rrpregnat ed wt h a

hexachl or BpAE : 3 $D )
paciviendharcod) After bei ng in cont act for 4 hours, the

pellets a far Th

subsequen! %:H?rrpﬁrge’? g‘ Cﬂf"tcﬁahséfjgﬁ‘uéﬁcqﬁ'i‘ ‘f'%/{ttge name Ceca 35
sYPutvaghed c%&%ﬁ%‘r’ Y) Withr anBydrochiosicuatid #éltton bandighen with
| deiorizdciotatérofo ferh@kd the $d18bREINAritie8! FhélsupPordtis 86equently

?J},e%ni atnh&%na&ttﬁ’@*@qofgﬁg% hours at 300C in a stream

of en nDV|n9 Yres per hour. 15 The
cat aI yst [[eset prile %P&)ﬁ?%ﬁf%ﬁﬁh'megwewlghta Ristiith nitrate
rsobp@nt cdroptidieg &cd by eisehiahcoal support, 5% of bisnuth

and 5% Ofgﬂéﬁbb%ﬁy 4%@%'-&5:‘4 I'Pcfugga{ah%: élfétsg%é?a dried at 120°C

at
Cf Qar ‘of active charcoal sold by Ceca under the
name Cecall838 asr subssjuedtiguicgeeaghatebywitht & galladium nitrate and

hﬂ‘\ﬂfr@ﬁlatlﬁk' &cidCdlufish létthHFlsﬁ’{bdtlt ?;? I dhpa) féﬁgﬁﬁ”%ﬁ? igram of

gﬁl er to renove the soluble I"npurities.
g’é" u'ently dried in an oven at 120C for 24 hours

10 These A¥éer beipg dn econtdrgelnehtHoprs, mpeegpiate dranidtibd at 120°C
ingneeh dvtivefidefors®IHeurL Bt SV Ht A0stPedin U I’Wcﬁagérh moving at
?rfobe, &tebé_&gt?l n contact for 4 hours, the pellets are
rlecf ™ for 24 hours. '
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

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 5 grams of platinum.

carbon



. They are subsequently inpregnated with a pall adi um

5suipsefiiitd YupdBif, e

ol % of bisnuth mEXAMPLE 6. OXi

15

20

25

30

nitrate and 15 chloroplatinic acid solution

conprising 4 grans of palladiumand 1 gram 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 noving at 200

litres per hour. 20 The catalyst (D) thus prepared

conprises, by weight with respect to the active

charcoal support, 4% of palladijgm 1% of plati num and

5% of bismuth. EXAMPLE 5: Preparation of a catalyst

(E;)f;t_81 1 98 A%\;lftbabigl gt aphidce foR% erﬁmée&wf%o&fed at 120°C

gr e _na .

(acet ltrlwe?1 ?LI gﬁf&a:gggﬁrge as&@gﬂg s§§/eﬁ%g€h‘£%m9ﬁré moving at 20

ca té?%%?ﬂ(‘ﬁ‘)r: The support is dried beforehand in an

oven at 120k fcetalygs (Bpthus. prébadpsumisH ts@d, sylpm?ﬁt i,\/&h respect to
nitrate

sol ution conprising 1 Sﬁ%t}m%rﬁsa?r'gt %r%f@serpé%"i ng in

contact for 4 hours, the inpregnated support is dried
at 120C f oEX :PDxidaborp ofuber-Sdereal A-§ist (li)So_give 2-oxobut-3-

s ulweclaaatiily ih MR seaah&dotMidcalsPl@y OP! atini c acid
solution conprising 5 grans of platitnum 16 After

being in contact for 4 hours, the catalyst is dried at
120C and then activated for q.fgﬁg%s at 300Cin a

st ream of bya?‘oaen’mw ng.at Litres per houreg,ulhe

catalyst (E) thegg prepared conpjd ses, b/ﬁa\gf(vvlth

respect to 5 the graphite S%P@P{)zﬁ, 5% of pl i num and
atfon of but-3F ene-1

2-diol (Il) to give 2-oxobut-3- enoic acid (1I11) in
the presence of the catalyst (D) Catalyst D-@H / Co2H
ON H20 Ai rAquzoudZolitionsOcémbyisinhl 0)1 to 50% w/w of but-3-ene-1,2-

diol (I1) 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
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.

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 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
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 (I},
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Aqueous solutions conprising 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
m . The air is introduced into the reaction nediumvia
a dip pipe optionally 15 equi pped with a sintered
glass. The pHis regulated by controlled addition of

di | ute sodi um hydroxi de using a punp controlled by a
pH neter. The pH, the sodi um hydroxi de consunpti on,
the tenperature (50C) and the pgxygen partial pressure
in the gaseous head space (using an oxineter) are

cont i nuous| ymauet af dediurd thydaoxitie hedbsddng tb @ebitAB pH constant

madé lﬂ@*ﬂ%f’orﬁﬁ%h%f'ﬂ‘ne ch fl)aWn and the reaction

product s ?ée ana’péi ?r essure liquid
chr omat ogr AFhF*TBRIEC)S céﬁréecg&é' cdRr BifaPsegeasayof dny catalyst (D)
TﬁbtamﬂdahyESCBWMQééuMw operfatioettmirty cariddidue feph @im& b€ 12 hours in

| &b bady ré BEQle da\'gﬁj(t an is
heat ed, %ﬁth s'tgl ﬁdlﬂlﬁéd gtag{rtgllrﬁae glrrgggl reac |on 25
tenperature under a stream of nitrogen, so as to drive
of f the di ssol ved oxygen. The but-3-ene-1,2-diol (1)
is intr anthgpat tinme Y, Pthe nitro | 5-C0MH
repl aced vv|t air, the %—g 15 adj uysted’ro the defired
val ue and t ha oxi datl an 2guH® The degree o
conversion of the but-3- ene59_’|1°2 diol is defined as the
30 percentage of but-3-ene-1,2-diol consuned. The

yi el d of BregHFoNBiIGIgl Sret Bﬁarg@@rﬁegtﬁﬁ@ an jac eted reggtor rendered

BHL A3 | converted into t

reélré P%F%?etﬂapﬁegl '{g\s RCLRIFL qheayiPeg bV tEh@ mechanica stirrer, a
drPeRsFRUieRieRe dndiaeHmrebe: ene- 1, 2-diol (11), 17

anmount of sodi um hydroxi de necessary to keep the pH

cwe@h@m cag%tq,&,dglfc d%“?%g” of the acid (111). This

exanple i1s carrie presence of the catal yst
(B—obtained—in Exanple 4_ the operation being

?.alctafmz out dfor fftulrilwdomola hounei h? S anuﬁbefpoil Rehfber of
epl eted and congirol il e re 0_pXygen. .
Wb, 1 R bged Vo Bolss Faauivalents

catal yst D COZH |pH=6.5 = '
£ OH-+-ow-Rg—are eh%.r ged—t b{Hmobo gl | acket eld reacto
[BeButened ,2-diol 29% 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 2.6 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 disappearance 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:

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

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




inert beforehand with nitrogen and equi pped with a
mechani cal stirrer, a 10 tenperature probe and a pH
probe: Weight of catalyst introduced: 0.302 g
Reactants Purity Ml ar Weight Nunber Nunber of nass
i ntroduced of noles equivalents (/nol) (g)

- 3-Butene-1, 2-di ol 99%88.11 4.1093 0.05 1.00 Water
100% 18 300 16.67 361 15 The reaction mediumis
brought to 50C. The air flowrate is set at 2.6 I/h
and the. nitrogen flowrate iggset at 8 I/h. The %02,
nmeasured via an oxineter, dlspFays approximately 5

vol % The 'Sltusrékéiﬂpléafsecbﬁle‘aebu@tmm b?éé‘éhé‘é 'd?fnﬁ‘{emcgtalyst (D)
Tr@ot.lﬁ 'qumrggeagft 'tt?é’]oeg%{'ig}lx%ﬁuig rg%r& aftgr o:aﬁrl?ﬁ] of 4 hours in the

tlaon
g?ﬁﬂ"&é’ f@ asoblviFr w)-5- The rate of di sappearance of 20
the but - 3-ene-1, 2-diol is neasured by gas _
chromat ogr aphy. The appearance of the a-keto acid

111) is determned b r essur i d
S:hr o)ngmﬁa(phy ~Jhe 3 e‘ghlg{gsjg e 4§ya°g'5§'§%%aé COH
conver’si on {di ol fl) =38 af ter 6 hour s Degrlgee of
conversion gdiol I1) =PH4BRF @22 hours 25 MPLE

7: Oxidation of but-3-ene-las/diol (11) to 2 oxo but 3
enoic acid (111) in the presence of the catal yst (D)

18 This eflgnple is carried. out in the presencdlipf

the catalyst (D) obtained in Exanple 4, the reacti-on--

being carried for a period of 4 hours in the presence

of air at Tid folloviing cart schdrhedstBi a SPO0ehl 448iatbd tBactor rendered

Ch?é’r?QﬁJf defdih \4/? roi;e-lr; %ﬁcei C%UIFE CWtha f@%céﬁmcalss’arrer a

r

5‘3'}28%'@5“%@58 Ban é‘rﬂélpé%’e ‘i nert beforehand with
10 n| t r og€atalysd (Blui pped w tthSa nechani cal stirrer, a

t enper ploy{if: pr obe ang.5ag pH pr obe:

The reaction medium is maintained at 30°C. 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 of
disappearance of but-3-ene-1,2-diol (ll} is measured by gas chromatography.
The appearance of the 2-oxo-but-3-enocic acid (lll) is determined by high
pressure liquid chromatography.

The performance levels measured are:

20 - Degree of conversion (diol ll) = 75% after 1 h

- Degree of conversion (diol Il) > 99% after 4.5 h
- Yield of 2-oxo-but-3-enoic acid (1ll) > 85%

EXAMPLE 8: lllustration of the nutritional value of 2-ox0-4-
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-methyithiobutyric acid (product produced by the
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10 Catalyst (D): 0.5 g Dol (Il): 0.5 g The reaction
mediumis maintained at 30C. The air flowrate is set
at 12 I/h and the nitrogen flowrate is set at 9 I/h.
The stirring rate is set at 1300 revol utions/mn. The
pH of the reaction nmediumis regulated at 7.5 by 15
addi tion of dilute aqueous sodi um hydroxi de (0.5%

w w). The rate of di sappearance of but-3-ene-1, 2-di ol
(I'l) is measured by gas chromat ography. The

appear ance of the 2-oxo-but-3-gpnoic acid (II1l) is
determ ned by high pressure |liquid chronmatography.

Thepmmnmfadmbhmelmwmﬂeﬂ']g AT 88) @ccaing tlaea;sesmofﬁz and in the
C PP lot ! 22Bxs-A!

conver ion” |’q ﬂ1 |o'buggr§§ 3 { K'\g!BEaECODg%? ® ay%]em R3, at the
25308 IRTES 3¢ 'é%'ﬂ%“ ae'zqumyncze BBoISEOANPEE i8:each of the systems
| Bfeusempéiiedn spstetrhR1 motrespoding to abUstreductiodXéF thetHenine.

met hyl t hi obutvric acid (KMB) in the chicken, as a

source of th| ni ne .1 Experimental principle: A
"dose-resﬁ E &T%ﬂe"ﬂbdel was used. The

starting ﬂmhwkmnls pes cagé(awltémedx that is deficient in

mat hi oni nghredret é}cméﬁgs bej t Uﬁth!% ri ,Qlal g nent
ﬁ i R i 3%&$es ons '°'3'”8) R2
t

h TL esire a
dg Sai d“sgﬁir ppd 'ﬂ%l PJ@'@W@htWﬁwarr@q RUki r#Gdi yvere each
Wpﬁewcr@ae timasyh @c¢erdingotfo Table 1 below.
2 hydr oxy-4-met hyl t hi obutyric acid (product produced
by the 19 applicant under tlh% nzrre Rhodi met TM AT88)
according to system R2 and i form of
2-oxo-4-pethylthiobutyric acid (KMB) according to

doses, ang 48%NotdiMet

DROSPBHRY 6 e 27 dayd L2 1 halzB oG ity 0o32% total

m2 % _total Met
nt rnr‘lllr‘sYS‘tﬁmnf net hioni n&1 5 8 2) EXDBEI nment a

. sclrae
4 chi ckengemer cage afe Lested. ﬁ%@ﬁnéﬂ*@ﬁ%f?ﬁ&w

(with

ney quﬂkg%gret AronTne), RZ [+ Hn8u,

each

and—R3 T N\VD Wet-e—€iat++ cd Ot ahd
epeat pNumbﬂﬁStu nes, laccoléi ng

0 Tabl® 1 below T8 e

Met

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

1 Food base over 0-7 days 0.45%+t ot al

days.
Table 2
Systems R1 R2 R3
item | Rhodimet™ ATS88 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 3.90
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) cv 11.02 4.58 4.54
Deilta (%) 20.4 17.7
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Food base over 7-21 days Maize so a growmh 0.32%t ot al
Met System Rl R2Z R3 Iltem------- - Rhodi net’ AT88 KMB
Dose item (% -------- 0.09 0.09 Nunmbers 36 36 36 15
Tabl e 2 bel ow gives the results obtained over the

period of 7-21 days. Table 2 Systens RL R2 R3 Item
----- Rhodi met TM AT88 KVMB Dose Met (%9 O 0.09 0.09

Wei ght 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 animals 36 36 36 Weight ingjv Means 641 a 744 b

730 b D21 Standard deviation 56.6 28.0 28.5 (g) CV
8./84 dngested 90 NunberMeénsini mal|s 85186 |36 1086tka (%) 1044 b
1. 1 1B7®2\j ghStapdand dexiatiopqs 80609 |b 594018 D7- 021 68.2
Stlandar d9evi at { on 55. €V27. 9 27.18.27y) [CV 13.8®2 4.98 6.54
4154 Delta (9|20 Deta by Ingested|Man$.B71 a 7.5

1036CoNSHPRtioh ~ P7- D2 iy Shandar d |dey Bld 0n 8078403 | 17525
68.2 (dMd®y 8.2f 3.89 6.54 Dellta H 6.7 1

Cnsurfpf Pl MeapStan gﬁ"'ff“%z %%;4.@-#53 b %%q;g&( 0.0838
I dar d} devi at? 0.1633 ©794238 0. (g/ig) «-
Ol o-s62 450 bz " ufh Goby 17 g g -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
food required to obtain a weight gain of 1 kg.

The introduction of méthionine 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 9: Another illustration of the nutritional value of 2-oxo-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™ NP99 (D,L-methionine powder sold by
the applicant) at two different doses,
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experiment
show that addition of 0.1% of methionine in the form of NP99 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 ATS8 or KMB are similar
and not sngmﬁcantly different from those obtained with DL-methionine (NPS9]}.

KMB therefore, like AT88, has a nutritional value equivalent to that of
DL-methionine.
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Biological value of 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 wvalues
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 KMB

introduced into the food is assimlated by the ani nal
in the intestines and that it is used as a source of
met hi onine in a manner at |east equivalent to

DL- net hi onine for 5 growth. 24 CLAIMS 1. Food

suppl enment consi sting of a cofpound and/or its salts,

‘the said conpound corresponding to the formula (1) R

ich Rrepresents a group chosen from COOH,
COOR , CONH2, CONHR or CONR R', where R and R' are _
chosed; i nffepdstenienensiconsistingnelt :epmpoundandies itgsalip the said
of linear or branched al kyl radicals having from1l to
tampauhd norrespomslirgnte the édrowndlal) radi cal s having from 3
to 12 carbon atons. 2. Supplenent according to Caim
1, consistingof 2-0x0-44 10 nethylthiobutyric acid

(1) and for-ts t5w~3. Food ration conprising a

cereals part, a conce ftrat ed feed part and a

suppl enment according to Caim1l or 2. 4. Process for
the adm nistration of bioavailable nethionine to a
cow, _conprising the admnistration to the cow

d f a b

suppl Ehertich R ofeBreRgnto acos YR thFe’E.frO“iSCQQ"Us&O%%' CONH,
food supplenent for animal nutrition, of a conpound
&NIER' of EONRRR{ swhemgR sad]ddRcé??p@iﬂi;G”ctB‘ﬂP%'bQﬁmlWrFé ong another,
the formula (I) r~ RO in which Rrepresents a group
Fi00 &1 Drasm ODIREarouIORraNchENIBky! radispR hasing iR feto 12 carbon
where R and R' are chosen, independently of one
aton$end cpdodlkygmadicelsdraying fofm [Bitnd@rcaoborbatamshed al kyl
radicals having from1 to 12 carbon atons and
cycl o&l kyl Supgletadrd haocording r don Llain 12, c aobeistieg omwf. 2-oxo-4-
methylthiobutyric acid (l) and /or its salts.

3. Food ration comprising a cereals part, a concentrated feed part and a
supplement according to Claim 1 or 2.

4, Process for the administration of bioavailable methionine to a cow,
comprising the administration to the cow of a supplement according to Claim 1 or 2.

5. Use, as food supplement for animal nutrition, of a compound and of

its salts, the said compound corresponding to the formula (1)

/8\/\))/[2 :

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.



