METHOD FOR THE CATALYTI C CONVERSI ON OF 2- HYDROXY-4- METHYLTHI OBUTANENI TRI LE
(HMIBN) | NTO 2- HYDROXY- 4- METHYLTH OBUTANAM DE (HMIBM) 5The present
invention relates to the catal ytic conversion of

2- hydr oxy-4- nmet nyi t hi obut anenitrile (HMIBN) to

2- hydr oxy- 4- met hy 1t hi obut anani de (HMTBM), illustrated bel ow. The
HMTBM t hus obkAaTHeD Foh THE UXeThLYTIC examuEs1dornt e qumedust-izon of

2- hydr oxy- 4- ne i 2Rat id r.0 ue of

met hi oni ne, rrel%I ?%%#1% el ng %@%ﬁ%@% F@%ﬁd%}%ea%ﬁ%s?ed as a food
additive in ani mal nutri ¥ESRILAILaPHEANGHBEE oFEMEBBLUNMENt s descri be the

catal yti c conversi onof 2- hydr oxy-4-net hyl t hi obutyronitrile (HMIBN) to

2- hydr oxy- 4- et hyl t hi obut yranm de (HMIBM 20 and/ or ,

2- hydr oRy- 4- met hyi% hpaﬁﬁ'?éﬁoijcn‘éecl%dlc(ri—ll\/rﬁé&)a.tes Eo ThRR, dahiad v&dfiver si on
has been desupridiedidrn t hevist oi chilgnitaiec- Drmesiiperzisichahirenetiyiic epr esence
of strong m aci ds, _gggp sul i d.. .maj or ack of the
use of str?ﬁwﬁrﬁlﬁdﬁera‘lodac% |"Lsogzt§/h% F%%E{yhlﬁﬁ%ggt%%eﬁ*@act(iH\E;{T%}OQS whi ch do
not make it ST5I€St §2éBhtrol the selectivity for HMIBM |eading, in
addition, to the coproduction of a very |large anount of inorganic products
that are not easy to exploit. Specifically, the cat@I ytic activity of
strong mneral 30 acjds vvit@Nresp t.to HMIBN is sugh that all the HMIBN
introduced is conver e rapi > The uced can in particular
react with water to form HMIBA and adueou o he case of

sul phuric acid, for exa B, It amyikeact with t aqueous 35 ammoni a

rel eased so as to form anmoni um sul phate, which = 2 - will then have to be
processed. For Mg Nnnent al reasons, orEppPfBRIHe proposed
altermatives to this acid hydration is an enzymatic process in which a
nitrile hydratase, such as 5 Rhodococcus (according to Patents US 6 900 037

E2 and WO 2002/ 0%07&itTAR, choE exaaphe), cean monverd, HVEBN.1o.IBM The
mej or drawpack y icg&polﬁs t.his Eﬁrgoc SS ?t a_di sadvania}ge lies in the
difficulty"Ph syhthedi ) Yig ehzymés andYPREAY T A BREFAct FhgPE HEIR T om t he

reacti on acigd {EMTRLZ) , a  hydroxy analogue ¢f methionine,

15 methionine being an essential aminc acid widely used as
a food additive in animal nutrition.

A large number of documents describe the catalytic
conversgion of 2-hydroxy-4-methylthiobutyronitrile
{HM'TBN) toe 2-hydroxy-4-methylthicbutyramide (HMTBM)

20 and/or Z-hydroxy-4-methylthiocbutancic acid (EMTRA).

Thus, this conversion has been described in the
stoichiometric or super-stoichiometric regence of
strong mineral acids, such as sulphuric acid. The major
rawback o©of the use of strong mineral acids iz their

25  high catalytic activities which do not make it possible
to contrel the selectivity for HMIBM, leading, in
addition, to the coproduction of a very large amount of
inorganic products that are not easy to exploit.
Specifically, the catalytic activity of strong mineral

30  acids with respect to HMTBN is such that all the HMTEN
introduced 1is converted very rapidly. The  HMTBM
produced can in particular react with water to Fform
HMTBZ and agueous ammonia. In the case of sulphuric
acid, for example, 1t may react with <the agueous

35 ammonia released so as to form ammonium sulphate, which



10 nedium after the HMIBM has been obtai ned. A solution provided by patent
WO 2002/ 00869 for extracting the enzynmes fromthe reaction nediumis the
use of water-insoluble granules containing the enzyne. However, the process
for obtaining these granules is conplicated and 15 the catalytic activity
of the enzynes in the granules is very2greatly reduced. The weak catal ytic
activity nmakes._it possible to be very selective for HMIBM but the duration
of the reaction Fﬁgnc%%%r%%th@o?rw% HMIBM nust be ext ended.
20Processes by heber ageneausiceatdl yskasane, al S8 known nAccgedhpge4 0 pat ent
US 5 386 056; atign of . HMIBN is.carried out_ in the presence of a
manganese nggé?ﬁﬁg%%é%mt% cg%‘é ys%\il h %Y\%ﬁ é%?gcé%ngrm KEAY8 450/ 150) .
The anount BECABAGanéSe olidd used iwi25 1E 75hpetapese]l nefucef cyanohydrin.
I't has beconecappar@mt thatothisgreactdon s diskfiscubt bgvf%%f oglice since
it is stron%y Io' nZed to7th% nature of the manganese oxide used. For

exanpl e, in"thé Hréedéhée” of2pyrdfusttd Py hyBrat FeRVEEACEREREN ssappar ent .

I n 30 addi t#8nEMt hehe onglj ¢+ oasabact hehhydr ati-en cofi sHYEBNa2GCcarding to this

patent do ngt 0 asy,to,optijize in _order to obtain a

r epr oduci bl & i el ﬁ i r‘?tet hggg se%%e or?éabﬁ?ﬁgﬁlgtt{ Pat en{FR 24731 987
descri bes t®eZyw®ectFoh FBEL3Srhyiaiavnind HMIBNLoprofthe reaction
met hyl propimedd menkt£ét e cepyanahyds i Azk0 1eeE espondidg. ani de. At :l.ow
tenperature 1gbely\ﬁ/?ijgn 0oC ancd 60Q), i

n ter in the presence of a
si | i ca- suppoTe e Frhnganese BXi d Pbagé%&?%ﬁ,stfpr& thotikCahyo appéar ance of

product s fromwmddation ome redctiotheesilphurs atioim vAscerdivRgeto this
patent, the; N1O24HMTBN.Qf,;M102/ et hyl £ hi opr opi I nonitril e cyanohydrin
nolar ratio is bet m?#agf05 and 1:5_51]:&% t\%geél)gh%%%ll oh(c))?‘]e‘r?ﬁﬁga §e oxide to
silica is pre&fEsahlapts FeowEei B RiwTd W Ylesapseacypliigatike exdnpl es of
this pabentcdeR 2a 50,8987, adhiaki sppper tihag dheBnganess. 0xide,9a.silica
makes it poisssigée to i npéove t(?e Scffleer%him\/i tey of the reaction, but the small
anounts of “dct|ve' pHaS§8 -dépasitEd rean thalFA ong? reatton 2CEA®¥S 10 and/ or
very | ow cyeicisydit rocoriceld rati oas vary recessare for EMPBM| SbkBown to
those skilled i the-art-that &Qgcﬁqeﬁntfoegc%%&%&%ygggo';nngNr action

u at, v

medi umis not essential for the reaction, the reactfon 15 tine
is too | ongdRY/ BrSEheSt BRpRFEEYre is too high, some of the HWIBM for med
can react with phecwates obytheecteactbnBoiedi 4L S0, 88:t 0f0r m HMIBA and/ or
to Produce M condensation by-products thernmore, in_the case of the
f ormati on g‘ﬁ%&B&F?Pﬁelgaqggusgaa%%’nil{éé 20 {% eaded FRYuBEEraRi PRer ease in
t he hydrogei p¥TENt iigl cepriedf aufe yredchd @ramdiasm athi £hpaayamedasi ¢ pH,
causes deceppesithonsof,tihe HMIBN that; hag et Jeacte %@@Lﬁ?

S tgy%tacr”%?ﬁﬁ\/#@ hus, in

consequent | y n_over all decrease in_the production o .

patent EP 0 8611195 Al TEhi TRCERSscr PhesTanpr e s $6k9r derred ngtsHMIBA i n
three Zlccessbveost gpsy themdlr stf of cvhahehy®oirpri ses ties catalad ¢
conversi on_of . HMIBN, 1 9. HM[BM Ilneat[@fjkcga}i[ ie§gn%g 9—%6%%8?%{% o%eneo S ecat al yst,

pref er abl y TTenganese oxi de or an all et a e (Sudi
tetraborat 8}1C¢t i's A€coRREROIEdYt ol5ubsti tunt e thar t nefuthe afounte of wat er

of the reagii@indmdi s ¢t hsaavatmel- soluble organig.salyvent, . sych as
acetone or_met hanol, and t%la%gacsucla{)huri c acid in order to inprove the

sel ecti vi t5Y of ' tHe Teadty oMY Btordi ng- 35 1S pdt eMPPEPhur i7&@ acid i s
added3$0 asdd:igmpr ovbet heopdiformancer evied s hotirbhe oheast | amrslRut in very

limted anput i er,t i.d .t formation_of .agueous_anmmnia. In the
exanpl es, r%)yh?%ielsr{é ;‘féejl Elh%% %}é%g%tq&f%i ﬁéﬁ %‘P?’S%% tﬁo&% of°Yeattion at 60C
in the - WP:iTEssdic@Br idifyase o dermmdusibphuriieldaciid thea

wat er / acetisers@ Wentyi-$rBhlucts .
Patent FR 2 750 987 describes the reaction for
35  hydration of HMTBN or of methylpropicaminonitrile
cyanohydrin te corresponding amide at low temperature
(between 0°C and 60°C) in water in the presence of a
silica-supportad manganess oxide-based catalyst,

without any appearance of products from oxidation on



In summary, the prior art shows that it is difficult to reconcile a strong
catalytic activity for 5 the hydration of HMIBN and good sel ectivity for
HMIBM The best perfornance | evels are described for manganese oxi de-based

catalysts. In particular, the best
sel ectivitiesareobtai nedforsilica-suppbrted manganese oxi de. The | ow
anese oxides inply long reaction tines or

contents of supporied 10 mang _
A cONLRIAT ng2Vely | 6GFEERLRAL r &0 o it MBS,  the One of

reaction nedi
t he obj ectiNes,/6MIENe present i nvembioneisylonhpepybdecani dbielnatd ve to the

processes d i;hed. .abo u ich does.n have. it he dr acks thereof.
15Thus, a f?f%%é%%%ég? %gl?ﬁe&ﬁﬁggenEgi%ééﬁ%%ganén%oa%$o§¥ge §5§%Iid
cat al yst t h&g: Rt siFFiciehttangaitdsre andiseltact $ Vbt wr producetardroxy - 4-

met hy t bi obsiaypasm de( AMEBMJY oni- hygreaxy 4-; Jrethy| Lhiabutanenibril € (HMTBN)
in short reactiagn &jﬂE? %0 SQ gs t9'|ln1t the formation of unwanted

by- pr oduct EHd Wi thout t'RE afditi biPof SRR Aerdl® adivdga96s8s not to
produce i norgais c omaste land soaBsst olpr evesd i decomposidnanwef the HMVIBN.
The aut hor f Jpre t.iovepntLon_hav 5 discovered_that fornulating an
active pha?ggfgﬁnﬁﬁg&ézﬁgc%$€e§ﬁ%g?g%$bn%8 ﬁ%&% ?%iﬁmﬁﬁﬁPﬁﬁﬁeS*it
possi bl e t G4eiderPihee sorPraséatrdl yseractive under geseniconditiesns naki ng

it possbbl erdaydhi ni vepeaction tismmanditio | MEGY & ndaaddition, the
selectivit e%f tg% 30 reaction. The formulating of the catalyst is carried
out in a dilfUeRe>*Y" It has al so been found that fornul ating the active

phase for the séktectsi verdwdriati oncsd ENIBN=tio iHMEBM idra dhdtieshemakes it
possibl e tarbncrease the amolnls of 35 a0t hue phase gcgessible and eff ective
for the reaction and nakes it possible tohi mprove the nechani c%? strength
properti es ®6f°Phé2catafystie reacti@infBrei igathe ectizmi cahcstorngt h of
the catml ystimankes ddo posagblead/ed ivid thepkessuel ix %o high,

some of the HMTBM formed can react with the water of

the reaction medium so as to form HMTBA and/or to

produce HMTBM condensation by-products. PFurthermore, in

the case of the formation of HMTBA, the aguecus ammonia

20 released induces an increase in the hydrogen potential
(pE} of the reaction medium which, at a bagic PH,

causes decomposition of the HMTBN that has not vet

(Y

reacted and, consequently, an overall decrease in th
production of HMTEM.

25 Thus, in patent EP 0 601 195 21, which describes a
process for producing HEMTBA in three successive steps,
the first of which comprises the catalytic conversion
of HMIBN tc HMIBM in the presence of a heterogeneous
catalyst, preferably manganese oxide or an alkali metsl

30 borate (sodium tetraborate}, it is recommended to
substitute part of the amount of water of the reaction
medium with a water-soluble organic solvent, such acs
acetone or methancl, and to add sulphuric acid in order
to improve the selectivity of the reaction. According

to this patent, sulphuric acid is added so as to

()
[#3]

improve the performance levels of the reaction, but in
very limited amounts in order to avoid the formation of

agueous ammonia. In the examples, the best vyield of

HMTBM obtained after 6 hours of reaction at 60°C in the



activity of the catalyst over tine due to lixiviation of the active phase
of the catalyst in the reaction nedium The present invention therefore

al so nakes it possible to inprove the lifetime of the catalyst. 5 Finally,
anot her advantage of having a formulated solid catal yst makes it possible
to carry out the reaction in a continubus reactor. The reaction tine may
then be very readily controlled. The separation of the catalyst fromthe

reaction URTTSE f &Ci ITIHBIR S 0°REGenet 't | GIBRUERE @i ysP may al so be
envi saged dduamlq/catmnehezorlemzttonsum&r a streamof air at tenperature, for

exanpl e. nvent i on & Pre ocess for the
catal ytic converS| on Lg?r&alflrlﬁ‘ BN ?1(;@ H@%’%&r er|ﬂn thée preseh of® a ¥olid
cat al yst coWpfiisi\Hg afP ab$T¥ec piase, S§§P@9¢z§3taé;|65l3fttll§ela¢g:ﬁvarﬂmlla1md and

sai d COBVErsiOMmP@digi Gards egyost bAcagwed woessentical la,f rgeaf strong
m ner al amﬂ}ﬁeThe term.essentially free of_ strong m neral aci 20 is

i nt ended t AN Y preseRcErser tHers |asl‘or‘ijeescflnlqerdactéﬂaﬁﬁﬂﬁa§1%e nost ,
i.e. a pr op:@ntdeoﬂnayfedl essathaps0s1% bynwei ghtciehbdt ve tund he bte@t—al wei ght

of the nediym, Agcarding to.this iavention, 4he aclive phase for 25 the
sel ective hydreatl on ofe HMTBﬁ to ANTEV consi stcg‘ of Sta 1Easttohne mgtal oxi de.

The propor FiFEFaGESEhi OBt ve PHEse 1QW pr elErtaing atof easurde%tey wei ght

rel ative t@ah@anh@babxﬂﬁk@hhm@ﬂgihﬁxﬁﬁtﬁéaéﬁloﬂhglﬁgéabreE%EﬁnE%n
constituti n t.hese oxi, des e 30, advant a eouslx chosen fromthe group

conpri sing gbLSeFonr‘i éi‘%éflg V?H‘ﬁ L3V r CORT T L FrangEhete AREeri um and
conbi nati ons thérneof The mz:e}fee:me@sm%l tloxi dessane manganese oxi de and

cerium oxide; #ghey: qmy.he present Q,l@ongoor;,hlm goobinati og 28@?)@50 pr onot e
t he selective 25 hydration of HVIBN Accor |ng 0 anot her
feature of 2PRES) n@%ﬁtW%thtql@e%lfF%rﬂa‘f% %s@f‘ﬁ‘ff@@ﬁ% éregresdp conpri si ng

zi r cormium oxi de’I‘ntzlst ani lﬂﬂr@tl Ctﬁajeadwn?bﬂa,th%l |1:bl€easezﬁd %v%*bras bentoni t es,
and attapuldit d conbi t|o s. t her eof r? oportion of said

di l'uent is pr%?er agfy a?o 7096" By \/\E?Eh%sr EPaF%%e %*¥ neCtotal wei ght
of the catahyst. Assmree:ftemeed di | sent of mrheiuawventi ons hyr@nbx:@mnay be nmade

of silica aagnal wm Ag, - a@[gjm%é:onbl nakrsps therggf . fprmulating
of the catal yst col ri ses, eneral at | east flrst }éc’g' ep of fo- ulating

the active™phage ¥ W?ﬁv%fdjlﬁg} @se%%@%teﬁloﬁFhCPﬂéfatr&t&@%ﬁ%rﬁlm% an
exanplee ofsa ker md atien: proeestorid neot ben dmaanli@dnﬁﬁkﬁﬁoédkﬁ:éﬁ ocesses
usi ng wet on e n_the resence of binder. The heat

t r eat ment %@W#gﬁ% %? é&&gﬂ&? O!Et & “FHoW t'Erp érﬁ‘tcdpé) Setdeen 50C and
100C, fol Imvedt@y o Rl naltiiﬂéﬁa%%fépwatsﬁ@ o@l]l@ctspvasof tohipsteventt o reveal

15 the actdy&@@aﬂ&ﬁm%&ew@@g@nd 600C. The term "binder"” is
pol yners, organic

i ntended to nean any der. chosen_fromwater, natural

pol yners and sug"aer aEE PEEt eFized ™ Ph t RESIR™5 | FOTRePE possichl e to -
ensur escohesicaneafed hehact ifcernpliase rgndaof 20-1he dihbyentrsiuri-ag t he
preparati Qi;Qf.4;he 9@%§%¥§En cof HMTBN to HMTBM makes it possible

to render the scolid catalyst active under given
conditions making it possible to limit reaction times
and to improve, in addition, the selectivity of the
30 reaction. The formulating of the catalyst is carried
out in a diluent.
It has also been found that formulating the active
phase for the selective hydration of HMTBN to HMTBM in
a diluent makes it possible to increase the amount of
35 active phase accessible and effective for the reaction
and makes 1t possible to improve the mechanical
gtrength properties of the catalyst.
Reinforcing the mechanical gtrength of the

catalyst wmakes it possible to limit the loss of



The term "natural polyner” is intended to nean any natural polyner, for

i nstance starch, gelatine, alginic acid or sodium al gi nate, and

conbi nati ons thereof  The teim"organic polynmer" is intended to nmean any 25
organi ¢ polyner, for instance polyvinylbyrrolidone, nethylcellul ose or

pol yet hyl ene gl ycol, and conbi nations % hereof. The term "sugar" is
for .instance gl ucose, sucrose or sorbitol, and

i ntended to_nean.any %u%%r, )] ~or sorl
30 conbi nat FonsVthér Bof the catepyisd |96%Y of 1BEndets 5% fivenidyismy of
i ndi cati on afd trs natcexdhapsbby¥e.ofThuse amediiader s mhicgh nakes:id, possi bl e
to inprove certain perties, of. d.nvention .7 follow ng steps: a

m xt ure of @ﬁ%ig%Mdgﬁg’gg%ﬁggfvéj%ﬁﬁggig%d°o?r%f?ﬁen?,?He“%kes 1t

proport i onsePHikiete die dEEEE e8¢ By felie ngesifr ediecoapedivtion of the

Scatal yst fornulatediys piepaned;syaranyl es=of, syall aSiEoelsmdi <L Jgm  of
desired fornulation are generated, and are initiators; a |%Lﬁe sol ution
of binder i¥PrepdredYEs- TRETHI t1at SFFE BTt FEduERBETY nt@Ht gridsul at i ng
di sh, al so wedEdpam gr anutaromust heariodur erref Relde-phase apd dil uent
powder s prewvi e il | y..added sl oWy to _sai
initiatorS?M%%gs%%epifﬁggggiggﬁl%??6%9#gg§inﬁﬁ?aﬁsgﬁgﬁ§g§8rﬁ§e&Pe.
granul es WHidrarsE " 8198ct édenagsaltiprby megritm f ugat ifer’t latetproduced,

sai d granulres;heing ibenoyed FHOMANe 19isth A8yS0QN:@S Y€ cnvisaged

directly in the reactor under a stream of air =

ot

temperature, for example.
Thus, a first subject of the invention iz &
process for the catalytic conversion of HMTBN to HMTEM,
15 in the presence of a solid catalyst comprising an
active phase, said catalyst being formulated and said
conversion being carried out in a medium essentially
free of gtrong wminsral acid.
The term “essentially free of strong mineral acid”
20 is intended to mean a presence, if there is cne, 1in
Crace amounts at most, l1.e. a proportion of lessg than
0.1% Dby weight relative to the total weight of the
medium.
According to this invéntion, the active phase for
25 the selective hydration of HMTBN to HMTBM consists of
at least one metal oxide. The proportion of this active
phase 1s preferably at least 30% by weight relative to
the total weight of the catalyst.
The metal elements constituting these oxides are
30  advantageously chosen from the group comprising copper,
nickel, iron, zirconium, manganese and cerium, and
combinations thereof. The preferred metal oxides are
manganese oxide and cerium oxide; they may be present
alone or in combination so as to promote the sslective

hydration ¢f HMTBN to HMTEM.
According to another feature of the invention, the

[£5]
Ui

diluent is chosen from the group comprising zirconium
oxide, titanium oxide, alumina, silica, clays such as

bentonites, and attapulgite, and combinations thereof.



desired particle size is reached, via the speed 200of rotation and the
incline of the dish; the granules are dried and cal ci ned. A second

enbodi ment of the process for obtaining these conpositions by m xer
granulation - |ow or high shear granulator, is used. 25These m xers are

equi pped with one or nore rotors of 'blgade, pi n or ploughshare type, which
make(s) it SSj 0. npve -t pul ve nt .m xture. This enbodi nent

conpri ses tﬁge f%ﬂsggm}rh:}gggt %53: al%rjn éjf%#!égbf lt%epjb%g\n‘e?@%faacﬂc\?é phase and
of 30 diluehtsy the propott ignsgivewhieh dre detterln wedohy tde désired

conposi ti onpfaithe catal yspr-folmdat eds 1isSyPreparedye th%}%&%@% in the
formof a snge;ay i s incorporated, thereby nmaking it possible to 5 ensure
the growt h GFHHE graiul &2 antPi% cont roi+thé paPei clPeugiza, di P€i buti on by

cont r ol Ei ngdrite ramunts ahebiender i ntroduced; the other inportant

granul ati on par teLs.. he: rot ati. speed and contact. time paranmeters.
8 Thegr anul esw ?ﬁ%rw%?)ﬁ@&'?ghﬁg qu%%t Lqgepheéreao"naf‘fla%dtl oy TE&demeEnt gPe
subsequent [9ER¢FPed anll cafFhed Tirst spephiedl eifbodilmringof thhe process

for obtainiaeg:Set hgseseonpesiitbpas byy exkr usbenngonpekses the,Lol | owi ng
steps: - a qjx%ure of theo%%omders of active phase and of diluent, the
propor ti on$*6RMATER ard eMtABASby°t hé® deST 8t 4 3mBosPEPERSBf t he

cat al yst foemikatedmays prepared; cdthe Hiendeprdosetsds oduceey &de m xture
i's kneaded  untih_a;paste is aiped; . p. t he. past e thus obtai ned
is introdu e(Qj’ }ln?ola 15di & 5:?% es?fe Iﬂditélrﬁe\tpelfe;Sm%chega L1 d8* ﬁa“]d'esi red

di anet er aféer8EdveFeH>ANARAr 8C20t LT Nt RPel Hedi fledind| setr i ehigth;

extruded mat@pbabsusep obd@bded; scec and 100°C, followed by a
calcination step, the objective of which is te revezl
15 the active phase, between 200°C and 600°C.

The term "“binder” 1i1s intended to mean any binder
choser from water, natural polymers, organic polymers
and sugars, c¢haracterized in that it will make it
pozgible to ensure cohesion of the active phase and of

20 the diluent during the preparation of the catalyst.

The term “natural poiymer” is intended to mean any
natural polymer, for instance starch, gelatine, alginic
acid or sodium alginate, and combinations thereof.

The term “organic polymer” is intended to mean any

25 organic polymer, for instance polyvinylpvrrolidone,
methylcellulose or polyethylene glycol, and
combinations thereof.

The term “sugar” is intended to mean any sugar,
for instance glucose, sucrose or gorbitel, and

3¢ combinaticng thereof,

This list of binders is given by way of indication
and is not exhaustive. Thus, any binder which makes it
possible tc improve certain properties of the invention
ig suitable, Dbinders which do not generate toxic

35 compounds or which ars net themselves toxic to the
environment or to the catalytic reaction being
preferred.

A first embodiment of the process for obtaining

these compogitions by granulation comprises the



the extruded materials are dried and cal cined. 20 The extruded material s
can be produced continuously with an extruder into which the m xture of
powders, i.e. active phases and diluents, and then the binder are

i ntroduced. A paste is thus generated |n situ, in the screw, for exanple
single or double screw, 25 and then extracted in the formof "spaghetti
strings", t%@iiow; h af mhlch is controlled by the formulation or
nechanlcally, é&éﬁﬁi Wi th a rotary knife. They are subsequently dried
and t hen cal ci ned. aAm%ﬂQﬂw%thoﬁiEh@qmﬁﬁﬂn|qﬁ1&ndﬁdﬁtphaﬁd(ﬂum1HI

activities for thecﬁpQ%ﬂn;ghlyh%ele% e-ydrat i on, of qu%mrto HVITBM at

t enper at ures of between 0C and re particularly stween “20C and 90C.
The reaction time @?ﬁéﬁwgﬁﬁégéﬁﬂsFF»gr%%%b?e@haﬁﬂmw?%ﬁqmmmeglfaﬁ@Epreferably

greater sthan 60 m nuftes.ys35themcatakyli eshydeghi-en;of HMIBN to HMIBM can be

carried out in the |igui.d phase or ip the gas thse . Under .these
conditions, the HMFBRiS in S6l ution, at-2 g8 r é1%at ifFEE6% he tot al
wei ght of the sol utficomulietipay @@elngﬁﬁanauﬁﬁAn andol weat eomlaed- 9 -

m xture of soIventgnnggggrgron1mater and wat er-sol ubl e sol vents such as

acetone or nethanol rding to a varia nt of the process of the
i nvention, the HNWBNdﬁéuﬁerégeﬂFl?% Qf rEetsont e eRa52dr om whi ch it

originates. It naythbor EMEﬂréE@rﬁe chtai necidnedgeact i onnet hydregen
cyanide with 3- nal dehyde (MIPA), or else_from acrolein
and hydr ogen cyan EQ&L&FE eS%isoO!f g ﬁaﬁwr nt®hedF aPBprobuct s, and
then the addition éhelwlﬁévhﬁlﬁér@@b¥%ﬁ ph@$& and dilithetcatedgtsc

hydrati on of HNWBNpggvkgﬂgm@caﬁrggacgar|%groutﬁéﬁkfhﬁg%Ff?irgﬁgggr or
conti nuously. |ndus ﬁlly, the reaction can be carrie ut in a
continuous perfect Py ¥ORt i NOoUSa BT ef Bt et C28S nenti®nedabdverd%he process

ﬁfd 1&2n a?xarzﬁgebusiynUEswmmh%ﬁaﬂﬁg%imﬁpﬁﬁﬁﬁkﬁn ?f E 2?
ydroxy- 4-met nyl w ng t.0 ow ng
oM D 1 ey ot

steps: the convers M i $carTited rScess of the

i nvention as defi ne&@n@boliegation” are produced, said glanules
being removed from the dish as soon as the

desired particle size is reached, vie the speed

20 of rotation and the incline of the dish;

- the granules are dried and calcined.

A second embodiment ©f the process for obtaining
these compositions by mixer granulation - low or high
shear granulator, is used.

25 These mixers are eguipped with one or more rotors
of blade, pin or ploughshare type, which make(s! it
pessible  to  move the pulverulent mixture. Thig
embodiment comprises the following steps:

- a mixture of the powders of active phase and of

30 diiuent, the proportions of which are

determined by the desired composition of the
catalyst formulated, is prepared;

- the Dbinder in the form of a spray is

incorporated, thereby making 1t possible to

35 ensure the growth of the granules and to

control the particle size distribution by
controlling the amount of binder introduced;
the other important granulation parameters are

the rotation speed and contact time parameters.



25- the conversion of the HMIBMto HMIBA is carried out. The step
for conversion of the HMIBMto HMIBA can be carried out under conditions
wel | known to those skilled in the art. 30Thus, this step can be carried
out catalytically, in the presence of a catalyst based on one or nore
metal oxides, preferably chosen from t§tani um di oxi de and zirconi um

di oxi de. This CO@\{ersi on Stgg can_al so berperfo)r d by 35 hydrolysis in the
presence of an acid, sTChH As™a mi Hardl dc YT om $REITUFHEPO4 and
HC1. By wayspherwaigsts ot heraeitdeins HaSO4, sandetrhent pact &pnecondid i ons are
those described; iknsapplication EP-A-1 097 730. - 10 - HMIBA can al so be
preparedfrom HMIBM enzymatically, in the presence of an am dase. When
it is obtained ik ttﬁé:’féorembé’ﬁilﬁlﬁn&nn%i (FASs P ¥OYSIITBSPr tdtetaaimionsi um sal t's
opti onalsl y @ise e Scdtipddinte ofist byt he:HiMEBArar @i L6t 8thd O & CARVES Si on
treatnent, advantageously chosen fromneutralization, electrodialysis and
distillation.“The neutralization step can be carried out on resins, or by
aci d neutralizati om migture ofThéeaipmwofertshe fexanples pitiseh afhal kbaw is to

illustrate the presgnt.haventian w thaut, Lipiti ng the %:lgg% theregof. 15
EXAMPLE |: Preparatjion of a _catalyst A. fornul at ed Catalyst having a
conposi tion of 90% By eRBrgRE d1Y célhteurﬁi%%%i af@mPe%s by Oei @fht t6E al uni na
is prepared by wet cgeabukat Eopmulated, isTordfepage this catalyst, a cerium
oxi de 1.1-0111 20 Bplgdk%d%SAig,iggldo n_alumna SE3 from Condea and wat er
as binder are used.”"" nmXxture o p(e)v\blers conposed of 90% by wei ght of

cerium oxi de and 109%&bymiEirghe oflsal uirigwldds prepdred: 168by wesght of
initiators for thigpegnpegition are 25 prepared in a granul ating dish. The
m xture of powders_is then continuously introduced slowy, and the water is
si mul t aneousl y $pr &y8d BT 561 de?f oFPPFReE TG antd atNBRCEBCHE dfftéctive. The
granul®s produced ate SSediectiesd nidamaddy; by centrifugation”, said granul es

bei ng 30 renoved f t .di_sh_as n.as the particle size is reached (4-5
m), via the speedElg%n rsrét%‘alﬁson?énéjsel%%crlel ned%‘—?lm%) e difsh. FeCOVHRey are
recovered, dried ian@raovedit orntp thatdggCeanditiken dangiched for 2 h at

500C. - extruded materials are obtained;
- the extruded materials are dried and calcined.
20 The extruded materials can be roduced
continuously with an extruder into which the mixture of
powders, 1.e. ctive phases and diluents, and then the
binder are introduced. A paste is thus generated in
gitu, in the screw, for example single cor double screw,
25 and then extracted in the form of “spaghetti strings’,
the length of which is controlled by the formulation or
mecnanically, for example with a rotary knife. They are
subsequently dried and then calcined.
A catalyst of the dnvention exhibits strong
30 activities for the very highly sslective hydration of
HMTEN to HMTBM at temperatures of betwesen 0°C zand
100°C, more particularly between 20°C and g0°C,
The reaction time 1g advantageously greater than
45 minutes, and preferably greater than 60 minutes.
35 The catalytic hydration of HMTBN to HMTEM can be
carried out in the liquid phase or in the gas phase.
Under these conditions, the HMIBN is in solution,
at 20% to 80% relative to the tetal weight of the

solution. It may be in solution in a solvent or a



EXAMPLE 2: Preparation of a catalyst B A formul ated catal yst having a
conposition of 90% by wei ght of al pha manganese oxi de and 10% by wei ght of
alumna is prepared by extrusion. To prepare this catal yst, an HSA
al pha manganese oxide from Com | og (batch no. 103514-12) and an al um na 523
from Condea are used. The “ 901~ by weight of al pha nmanganese

oxi de" and 5, "101 by weight of alum na’ powders are_m xed. . .67 g of a
m xture of POWdeYS ar EGTMFVFUCER T o BoBr Ah bRt ek nexdF s peePihe and 32
m of purifsetvawetersware dentaceduced cav e t®amdiut es. The kneading tine after

the introductio y@[E iLs 20 m nutes. The paste_ 10 obtained is then

i ntroduced int on‘zt\??%o T _%rmntﬁul Ti [%%%Jlea%ﬁ?e.o““The“%sepaaﬁgt’FFSst? nds'gener at ed
are snoot h aidEHredk edlst | {MIPheylarerdread iim ah oeertabn60Gdiom 18 hours.
These dey spaghettdicstrings,aresdhens cale ngdat 400C then stages of 2
hours. 15The extruded materials thus obtajned after calcination have

| engt hs whi TN FHIfge BBt weEA 3 1ahd 20 miAYarogen Casarats verERaAVPLE 3:

Pr epar at i on(reftlas lcatial) ysbpCo28 ldetgrdi ng (MOPPpat entofFR 21750 9844 (15. 6
g; 95.9 mml).. s 4 I [ t 1% 0 k) anbient. tenperature in a
1-litre one}-énedclké’g“l%I%glsﬁgﬂgzcgie\g{g c?&q éél" ckm,1 f}%}tg;?’?ﬁes ltsﬁtér? -added*and t he

m xture is ¥EEESsCcarey staded-F.or 2nfoutdenTheiat epd@btignt hed

evapor aged nggtmalla{é@earsggﬁuwgn)a rotary evaporator (bath at 60C) The vi ol et

powder obtained_is then ?fraduall added tg a vi orouslr%lﬁ stirred solution of
0

Mh504- H20 (37. 2 °§® 35021 YIidl " H et Bt $400Mmey . BPndiHiBM uradni 8estirred
for three heursedndo860 the browrilskegol reaicsci | ber edoatfinaveslsi nt er ed

gl ass. Thi (e N S W, r il.th agane i ans

(charact eri%zng1 %Igglﬁép?o%i gtﬁgg}nggprg%{lpiﬁéat gaggggrgeac?&r%ntmw th aqueous
amoni a) h&PetéaRpret EEpcarsaffeat et ¥ac t ReSdwashidegadatssr .oThinsalid i s

t hor oughl y pspiracdni-ed on ke fikbercand i sl aced i pRetiiydi-shes; the
thickness of the layers being 0.5 cm %)r%l ng is.carried out at 110Cin a
venti | at ed “8¥6A"F8F° 2 W <. " rhE ¥ i fie brown povtlePt hGECEHYEF nett wei ghs 248

g. - 12 - pEXAMPLE4; Hydrationof 2- hydroxy-4- nethyl thiobutanenitrile to
2-hydr oxy- 4- mephyLLhtoprtanamde | ndde presenceof. dhe, pouder catal ysts
A, B and C. Thi's exanple gives the results of neasuri ng? e

conver si on<8fF AFECEIFOUSAEL HYE t NiSEBut Bhefiter | PEERarahectpr e§erce of the
conposic i ongasbxt he-pyewions examples angtd Nt mnnes- Wi 6hy f:0l | ows.
the following steps:
- the conversion of HMTBN to HMTBM is carried out
via a process of the invention as defined
above,
25 - the conversion of the HMTBM to HMTBA is carried
out.
The step for conversion of the HMTBM to HMTBA can
be carried out under conditions well known to those
skilled in the art.
30 Thus, this step can be carried out catalytically,
in the presence of a catalyst based on one o©or more
metal oxides, preferably chosen Ifrom titanium dioxide
and zirconium dicxide.
This conversion step can also be performed by
35 hydrolysis in the presence of an acid, such as a
mineral acid chosen from H,80;, H;PO, and HCl. By way of
exampie, the acid is H;80,, and the reaction conditions

are those described in application EP-A-1 097 130.



105 g of conpound according to one of the exanples above are ground and
screened so as to recover the particle size fraction between 100 and 200

um

tube. The reacti on m xture,

0.6 g of this particle size fraction is introduced into a Schott

conposed of a 15 solution of 23% by wei ght of

HVTEN in water, is introduced o the SéRott tube containing the catalyst. A

magneti c bar

is then placed in

the Schott tube and stirred so as to

honogeni ze the rEattd on RXt ur 8-520Th8SSchEFERAHIFE t hiiE ToadedT B t hen
heat ed to 75QzviheidsiXialin eact iporsktine bs eonsirdesed .t o be when the

tenperature of'Q%%pastbgﬁgthggggﬁg?yép

the heating is stopped arn

fter reaction for 60 m nutes,
i%?%&gfgg&éﬁLf?8m%@ﬂ?%%ﬁ&tion 25

medi um by f##t%¥at i BHEShe cOposimice gt toed tfd | tawitieorsd lanalagsed by HPLC.

The conver shof-@fe t Rec HIMEEN atvidAestei &
and the selectivit

such 30 as HVIBM St HOMFBAR 37 7her t 5

initially introduced

Leulat edo T gl ald e 10 Jrhe HUTBN

or _various reaction products,
€A cuF dPed* ¥ 81 VAE %6 he anount

of this prodetcfatimedsdt t bne tdandiioathen anonmd  aofedMEEN zat ithme t.

The catal ytiq perfor

ecol-idie poler gat

Bl RO,

or

Table 1 -

i0

20

25

30

[¥8]
[#3]

13- catal yst tinmeof HMIB

neutralization.

which follow is

present invention without

The aim of the examples

illustrate the limiting

scope thereof.

EXAMPLE 1: Preparation of a catalyst 2

2 formulated catalyst having a composition of 90%

by weight of cerium oxide and 10% by weight of alumina

is prepared by wet granulation.

To prepare this catalyst, a cerium oxide from

Rhodia, HSA-5, and an alumina SB2 from Condea and water

as binder are used.
A mixture of powders composed of 90% by weight of

cerium oxide and 10% by weight of glumina is prepared.

10% by weight of initiators for this composition are
prepared in a granulating dish. The mixture of powders

and the water

is then continuously introduced slowly,
1s simultaneously sprayed in order for the granulation

e The *selacted

naturally by centrifugation”,

to effective. granules produced are

said granuleg being

removed from the dish as soon as the particle size is

reached (4-5% mm), via the speed of rotaticn and incline
of the dish.
They are

50°C and then calcined for Z h at 5000,

recovered, dried in an oven for 12 h atc

EXAMPLE 2: Preparation of a catalyst B
4 formulated catalyst having a composition of 90%
oy weight of alpha manganese oxide and 10% by weight of

alumina 1s prepared by extrusion.



A(i nvention)6090 70 4 (i nvention) 601100 9312 (conparative) 6013 64 2
Itisseen fromthe resultsin tablelthatthe conpositions of the invention(A
and B) have catalytic activities that are greater than the catal yst
described 5 inpatent FR2 750 987(C). Afggrreact i onf or 60

To prepare this catalyst, an HSA alpha manganese
oxide from Cemilog (batch no. 103514-12) and an alumina
SB3 from Condea are used.

The *“20% by weight of alpha manganese oxide” and

5 "10% by weight of alumina” powders are mixed.

67 g of a mixture of powders are intrcduced into a
Brabender kneading machine and 32 ml of purified water
are introduced over 8 minutes. The kneading time after
the introduction of water is 20 minutes. The paste

10  obtained is then introduced into the 1.5 mm multi-hole
die. The spaghettl strings generated are smooth and
break easily. They are dried in an oven at 60°C for 18
hours. These dry spaghetti strings are then calcined at

400°C then stages of 2 hours.
The extruded materials thus  obtained after

-
T

calcination have lengths which range between 3 and

20 mm.

Comparative EXAMPLE 3: Preparation of a catalyst C

20 according to patemt FR 2 750 887
KMnC, (15.6 g; 95.2 mmol) is dissclved in water
(240 mL) at ambient tfemperaturse in a 1-litre one-necked
flask. Silica 60 {(Mexrck, 240 g} is then added and the
mixture is mechanically stirred for 2 hours. The water
25 is then evaporated o¢ff under wvacuum in a rotary
evaporator (bath at 60°C). The violet powder obtained
is then gradually added to a vigorously stirred
solution of MnSO;~H,0 (37.2 ¢g; 220.1 mmol) in water
(400 mL). The mixture is stirred for three hours and
30  the brownish solid 1s filtered coff over sintered glass.
This solid is washed with water until the manganess
ions (characterized by the formation of a precipitate
by treatment with agueous ammonia) have completely
disappeared 1in the washing water. The solid is

thoroughly spin-dried on the filter and is placed in

L
U1

Petri dishes; the thickness of the lavers being 0.5 cm.
Drying 1s carried out at 110°C in 2 ventilated oven for

2 hours. The fine brown powder thus obtained weighs

248 g.



m nut esat 75C, wi t hout t headdi ti onof sul phuric
aci d, t heHMIBNconver si onsar egreat ert han 90% or t heexanpl esoft hei nventi on

and their selectivities for HVIBM are greater than 70% whereas the
conparative 10 catal yst (C)showsonl y13%IMIBNconver si on and63% sel ectivity

for HMTBM  EXAMPLES: Hydr at i onof 2- hydiexy-4- nethylthi obutyronitr
| et 02- hydr oxy-4- 15 nethylthi obutyram de in the presence of catal yst B.

Thi sexanpl egi vest her esul t sof neasuri ngt he _
conver si onaf2aMBict oxy- 44mvet hyl t Biyébatyoani tril eEn 2-hydroxy -4 -

t hepr esenc%é%l%ﬂi%&%‘é@feﬁi@%ﬂgi nt he to 2-hydroxy-4-
methylthiobutanamide in the presence of the powder
5 catalysts A, B and C.
This example gives the results of measuring the
conversion o©f 2-hydroxy-4-methylthicbutanenitrile in
the presence of the compositions of the previous
examples and in the manner which follows.

10 5 g of compound according to one of the examples
above are ground and screened s0 as to recover the
particle gize fraction between 100 and 200 pm.

0.6 g of this particle size fraction is introduced
into a Schott tube. The reaction mixture, composed of a

15 solution of 23% by weight of HMTIBN in water, is
introduced 1into the Schott tube containing the
catalyst. A magnetic bar is then placed in the Schott
tube and stirred sco as to homogenize the reaction
mixture.

20 The 8Schott tube thus loaded is then heated to
75°C. The initial reaction time is considered to be
when the temperature of 75°C has been reached.

After reaction for €0 minutes, the heating is
stopped and the catalyst is extracted from the reaction

25 medium by filtration. The compcositicon of the filtrate
ig analysed by HPLC.

The conversion of the HMTBN at time t is
calculated relative to the HMIBN initially introduced,
and the selectivity for various reaction products, such

30 as HMTBM and HMTBA, at time t is calculated relative to
the amount of this product formed at time t and to the

amount of HMTBN at time t.

The catalytic performances of the powder catalysts

35 are given in table 1.

Table 1

‘ . ; , ,_ ]
Ground Reactlon! Conversion | Selectivity | Selectivity |




foll owi ng way. 20 80 nlLof cat al yst Bdescri bedi nexanpl e2are

i nt roducedi nt oaf i xed- bedbat chreactorwithflow recircul ation. 180

mLof i ndustrial fl onof HMIBN diluted in water so as to have 28% by wei ght of
HMIBN in the reaction flow are introduced into the reactor. 25 The
reaction flowiscirculated in the reaéfor with a circulation flow rate of

12 1/ h. Tmmmmct i on
time iscansi &&dto be?mhé?ﬁmfahet efper it el of 5CIEY béfen HéFhed. Sanpl es
o

of the fl ow aretaken over| thein) (%) (%) (%)
A {inverntion) T 0 90 70 4 f

5 (invention) | 60 | 100 93 2 |

i (comparative) | 50 j 13 | 54 . 2 |

It is seen from the results in table 1 that the
composgitions of the invention (A and B) have catalytic
activities that are greater than the catalyst described

5 1in patent FR 2 730 $87 (C}. After reaction for 60
minutes at 73°C, without the addition of sulphuric
acid, the HMTBN conversions are greater than $0% for
the examples of the i1nvention and their gelectivities

for HMTBM are greater than 70%, whereas the comparative

10 catalyst (C) shows only 13% HMTBN conversion and 63%

selectivity for HMIBM.

EXAMPLE 5: Hydration of 2-hydroxy-4-

methylthiobutyronitrile to 2-hydroxy-4-
15 methylthiobutyramide in the presence of catalyst B.

This example gives the results of measuring the

conversion of 2-hydroxy-4-methylthiobucyronitrile in

the presence of catalyst B over time and in the

following way.

20 80 mL of catalyst B described in example 2 are
introduced into a fixed-bed batch reactor with flow
recirculation. 180 mL of industrial flow of HMTEN
drluted in water so as to have 28% by weight of HMTBN
in the reaction flow are introduced into the reactor.
25 The reactlon flow is circulated in the reacteor with a
circulation flow rate of 12 1/h. The reactor is brought
to the temperature of 75°C. The initial reaction time
iz considered to be when the temperature of 75°C has
been reached. Samples of the flow are taken over the
30 course of the reaction 80 as to monitor the progression
of the reaction. The amounts taken are very small and

it is considered that the flow volume remaing constant



30 course of the reaction so as to nonitor the progression of the
reaction. The anounts taken are very small and it is considered that the
flow vol ume remains constant - 14 - throughout the reaction. The
conposi tion of the sanples taken is determ ned by HPLC The '
conversion of HMIBN at time t is cafclfated relative to the HWIBN initially
introduced, and the 5 selectivity for HMIBM at tine t is calcul ated

rel ative t o tHEHBIMt™ 6 1BV (1e TOTHRE 46 Fheansim s 3P LavTBN
converted atateme d determinkldebgatialytic perfor mances of catal yst B over
time are given if fi I 1.that catalyst Bis
very active wtr?[}lreesg%&gf% %Tg E)Eygirwzsaft%?q(n)n of %ﬁ N afdd Véry“$éi et i ve for
HVTBM  Fur tHerdiore the HMTBRMEBNneditsiadry srabioduwieth time ahe¢ does not

deconpose te: HMEBA: tSkE di; HMTBMS aCLAINS 1. Egoq:as_%man:aah%eqattak%t' c
conver si on of hydro { 4- HM Ith| obutanenitrile (HMIBN) to 2-hydroxy-4-

met hyl t hi obUt arim A&} tﬁE pr-8Sertc &t taosbhﬁdaﬁatl%ﬁy@t_

conpri si ng EMTBaTctcpmarephasteatcbamacterl zed in that the catalyst is

formul ated in thepr of _at. e di ei ng_chosen_from

zi r coni um oxi de%tl tgzggﬁ%éil g fl}?ﬁ%ﬁtl%%g 9 T ca Eggayg Slch g% “Bent oni t es,
and attapulaéet 81VgRd1IBORBIAEEI dns t her eof , and in that said conversion is
carriedoout in acned ugagélﬁeanoff_fgtﬁ&nglm m@rtal _a%pys BPrl%ce§§l§accord| ng
to Aaim1l, characterized in_that éiL“@ Ehase of said catalyst

conpri ses AF I E8st' ofte TREPEl Foxid Tiki & WEEkel oxide,
i ron oxi deSEZEﬂCDVI?ﬁuﬁfDGIXIR}ﬁI:Ban@aJnH%:WEd,e ahd emmmmﬂbﬂm and

combi nat i 00§r9f sthese 9xidesine and does not decompose to HMTBL,

15



3. Process according to either aim1l1 or 2, characterized in that the
proportion of the active phase is at |east 30% (ww relative to the

catal yst. 4. Process according to any one of the preceding clains,
characterized in that the proportion of the diluent is at nost 0% (m W)

relative to the catal yst. 5Process aCCQ{gLng to any one of the preceding
clains, characterized in that the catalyst is formulated by neans of a
first step chosen fromextrusion and wet granulation, and then a second

step of heat treatnent. 6. Process accxxtitang to Claimb5, characterized in
nsur es

that the formy.ati step | arried.out with a binder ich
cohesi on %ét&gggkfﬁg‘a%??ye%g%aséﬂéﬁdggﬁg diqdent S 7 ngce '%Q@ESFHTﬁQ to
Clai m 6, char &Etérizedorn-ahati e e bi ndefMI&N¢hosen tpol ynershandosugar s.

S. Process accakdhngtkoohesindriiert memtTmtiep s 9% ogess.accordi ng Ef}id
characterized. ~Saims, characterized in that the drying followed
by calcinatioﬁé@agg§{pﬁ§%§%f%ﬁ%gp?éc%ﬁ%hﬁech?ﬁﬁi Fﬁ%ri%h%%%%%%wﬂ?s“%%fried
out at a MCSEQE- telatewpetat hpewhi et riangest romfena 10009; preferab y

diluent being chosen from zirconium oxide, titanium oxide,
alumina, silica, clays such as bentonites, and attapulgite,
and combinations thereof, and in that.said conversion is
carried out in a medium free of strong mineral acid.

Z. Process according to <Claim 1, characterized in that the
active phase of sald catalyst comprises at least one metal
oxide chosen from copper oxide, nickel cxide, iron oxide,
zirconium oxide, manganese oxide and cerium oxide, and
combinations of these oxides.

3. Process according to either Claim 1 or 2, characterized in
that the proportion of the active phase is at least 30%
(w/w) relative to the catalyst.

4. Process according to any one of the preceding claims,
characterized in that the proportion of the diluent is at
most 70% (w/w) relative to the catalyst.

3. Process according to any one of the preceding claims,
characterized in that the catalyst is formulated by means
of a first step chosen from extrusion and wet granulation,
and then a second step of heat treatment.

6. Frocess according to Claim 5, characterized in that the
formulating step is carried out with a binder which ensures
cohesion between the active phase and the diluent.

7. Process according te Claim 6, characterized in +hat the
binder is chosen from water, natural polymers, organic
peolymers and sugars.

8. Process according to Claim 5, characterized in that the
heat treatment step ils drying followed by calcination.

9. Process acceording to any one of the preceding claims,

characterized in that the conversion is carried out at a



from20 to 90C. 10. Process according to any one of the preceding clains,
characterized in that the duration of the conversion is greater than 45

m nut es, preferably greater than 60 m nutes. 11. Process accord @q LB any
one of the preceding clains, characterized in that the HVIBN i ¢ |11
solution, at 20%to 80% by wei ght rel atg%/e to the total weight. 12Process
according to Claim1ll, characterized inthat the HMIBNis in solutionin a
sol vent or a MPGFEtBFesolivigiit s ehesen frommatler tandlnat ef - seldiblran]

sol vents such fasamao;et onesofc et hanol . 13. Process according to any one of

t he precedi ng I acteri dlnthat the HMIBN i s present in a
reaction :ﬁjedl 3%1 rom 415ach 1 Ol’l%él nAtes.” 4. Process %E%‘Eﬁ?ﬂl"ﬁb £o2CFai m
13, char acterlcileéaP“ﬁﬂhmGthé HVIEBN téeob?henartE;Lcsbnbyofea:mtel onowfehyidrogen

cyanide w th 3refoethyltihio) msopmaﬂatgghydgréwggglyw grELOLess. foréij ng
to Caim13, gg pacterized in that the HMIBN i s obtained fromacro n and
hydr ogen cyani W thout the isolation of internediate products, and then
t he addi titen BFO%ﬁ%yIWélﬁﬁan (WBI—%DY 16&nePr ofessh# orpqmrc@ﬁu@ngngmams

2- hydr oxy- 4- mehfy4 &t obutanoi Ctir&&tl dﬂﬁéﬂW@f@?\z h%a%‘i@elr_»léozi%qlo'ﬁ L%?BI\%OL to

conprises the, pII te conver5| on of HMIBN
carried out wg a pr ocg“‘szC a%ﬁaef‘ g Ci %n ‘Ghe "6 Sthe precedi ng cl ai s,

"the convéfsi ofir @Fe3shea HVIBM 1D Iéfl&/l]’@ﬁtéuls1 ciair,n edaoutte Proeessnacearding to

Cl ai m 16, chanaoterized, lsfblti@tont he, st %ﬁx%n@%}/es[% dPE the HMIBM. Lo
HMIBA i s carrl ed out fl nth gr esenc ﬁ cat al yst based on one or nor e
metal oxi des, prerer abl’ )?nqché%a ot r8 ti ‘L“’ﬁ F’un?ﬁ%%%%e i’ &itrscorfivdth dizexi de.

18. Process a’mﬁi@mengrt veChanm 26, characterized in that the step for
conver si pn, ofpvtor&%slglwg%(gpd BA J saqgr ried qut e%ygg ca(lélralq |r1a1irq§’

presence of an amg a Processaccor
16, char act er i 284 *Fhef hat tﬁ@ sﬁ@& f ore cBHVEN sitén Rﬁesteﬁlé HVITBM treaEMIBA i s

carried out pedidydrokysighiofh tie HNEBM:i-rst he presence of a mineral acid,

preferably. C@Q@@@SEr%@bﬁgggﬂg H3PQ4, ang wg}'characterized in that the
HMTBN 1is obtained by reaction of hydrogen cyanide with 3-
(methylthio)propicnaldehyde (MTPAS .

15, Process according to Claim 13, characterized in that the
HMTBN is obtained frem acrolein and hydrogen cyanide,
without the isolation of intermediate products, and then
the additicn of methylmercaptan (MSH).

16. Process for producing Z-hydroxy-4-methylthiobutancic acid
{HMTBA}, characterized in that it comprises the following
steps;:

- the conversion of HMTBN to HMTBM is carried out via a
process as defined in any one of the preceding claims,
- the conversion of the HMTBM to HMTBA is carried out.

17. Process according to Claim 16, characterized in that the
step for conversion of the HMTBM to HMTBA is carried out in
the presence of a catalyst based on one or more metal
oxildes, preferably chosen from titanium dioxide and
zirconium dioxide.

18. Process according to Claim 16, characterized in that the
step for conversion of the HMTBM to HMTBA is carried out

enzymatically, in the presence of an amidase.



20. Process according to Caim19, characterized in that the hydrolysis of
the HMIBM is carried out in an aqueous solution, wth sul phuric acid. 21.
Process according to any one of Clainms 16 to 20, characterized in that the
FD; I TBA is obtained in the formof an ammonium salt, HMIBS. 22{CPRridcess

according to Gaim2l, characterized in fhat the HMIBA is obtained fromthe

anmoni ustaI ts via at |east one step chosenfrom
neutral i Zati of“6Ic6€€r odi &GS rand disti | |GEtEIon. 28. Prbeesstacicordi nght o

daim 22, charaeterizedsicBpt hadr t Benneut 1k i zat | OR: SUBPEVS €8T jeda0ul, on
resins, or byc%%%gegeg££a%§ZQ%éégEysis of the HMTBM in the presence of a
mineral acid, preferably chosen from H;SC4, HiPO,; and HCL.

20. Process according to Claim 19, characterized in that the
hydrolysis of the HMTBM 1s carried out in an agueous
sclution, with sulphuric acid.

21. Process according to any one of Claims 16 to
characterized in that the HMTBA is obtained in the form of

20,

an ammonium salt, HMTRS.
22. Process according to Claim 21, characterized in that the
HMTBA 1s cbtained from the ammonium salts via at least one

step chosen from neutralizaticn, electrodialysis  and

distillation.
23. Process according to Claim 22, characterized in that the

neutralization step is carried out on resins, or by acid

neutralization.



