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WD 2004/ 037774 PCT/ |1 B2003/ 004557 1 Process for the
Production of 3-nethylthionronanal The present

WO pooaf08i7en rel ates to a process for the produck@€DIB2063/004557

3-nmethylthio 5 propanal and in particular to a
process for the production of 3-nethylthiopropana
using a N-al kyl norpholine based catal yst.

3:-met hyl t hi opropanal , hereinafter referred to as
MIPA, is a well known internediate in the production
of et hi oni ar 5ol X o elhi oni ne,
2- hydr oxy- 4-X2f R -OF TR TO e aeH e Hef-eraf t er
referred to as HNWBN Met hi onine in partlcular is an
essential am no acid used in 10 ani mal feed

conposi tions. The hydroxy anal ogue of nethionine
provi dhe peesewsiinvantion relgies o) opropss dpicthe @rqgﬁugtéqryoﬁﬁ;g@ﬂyéthm

ro BBl AHdom dlfjﬁtuﬁﬂ’di‘%% NEBbesh 'To:a!hb fﬁédu%ﬁ&g of 34RRhAHSrSpanal

d‘é’tngl aﬁ relko! megn %Bgen beEd RSt Q}Ygtﬁ@pwpéwﬁmmgﬁer referred

rr@h@ aglm islanwelDRivent infurmbdiaterimalicc pratlugiion af anehionine and the
Ul or acl | n G & .
Bt <Hioe SRR REE Sl bt P RRSRE herinter
cefatred ti agHMTRN d Methivaineliepaiculanissi essential ampige adid used in
bl I ?y%%lﬁoﬁ’ss ﬁ{% hy ok} 'aﬁélHE\{eQﬁ'%eﬂﬁ?lﬂﬂ@' fo'vﬂﬁs a source of
r eact 1 ONn Ca y

e"reaction takes

imeghipaine pangs ds “widelye Meadonn 2 drgihignine bﬁ@eﬁ%tanps%@% feed
tshﬁ)lélﬁgﬁﬁl on between acrol ein and 20 nmet hyl mercaptan

i ncl ude ami nes such as pyri di ne,

hexanet hyl enetetraniine, triethylam ne,

N- met IMTRIA g6 pmdubﬂﬁl @ng camdwrclal scale by the catalytic reaction between

I%cﬁ?é?ﬂ'anﬁ ' meth B@Fe | h YonbEioRa- coﬁﬁﬁermal processes, liquid or
I n/"mer capt an a |t|on reaction cataly

tSFPROBARFTY etq)qﬁgll ljquid o g_appogﬁm@fhg WEetcapian are m-:%{gmto a reactor
Q@ﬁﬁahﬁngﬂQiqdad @hasshMTPA fand ya‘remltaiﬁ?elt iopganizf bAgEPAhivhdacts as an

e | r

P U ol A R e o
Zﬁaselrmmmmybpmg@n lmy%mﬂtahrsts rfot e ppaeticanbeiween acrolem and
St AP nfer t'nﬁ’dludee dihedN stk Ak Y pfridine) h&an{¥diylenctetramine,

FERER e e
I\&éﬂﬂlmetcaptaﬁrac}dlﬁm ruaibncetdlystis tercdlyrogmbiMEBNithi anfprganic acid
z‘{(@?n%g’ g@%ﬁo ﬁe@ I fnt I)BB g?}lé% ?(?ff%ﬁ@Apéﬁgu glgmueél}]d mprove
Iyortust yqud;gHMHB rSomb&qqu@ml)In@méuwﬂ e the additign tf?i‘cflé'i‘ ﬂ?ﬁtween
@A%ﬂél bdr 0Bt ﬁﬁdbaﬁll tl{@klﬁésexﬁ@bi‘a QultabR amamda&eacuon catalyst
e S e i SR CERRRNRLS i
fa‘.&‘ldambmyh murdaptan. Mbalsienihe rhayr be rmoducemlbryereaﬁmy BMTBN with
AELL I &Hfia TR W HEssiRYo BRodAb@ 9 YhRMb-#Ymethylthio)butanenitrile
and subsequently hydrolyzing the product using a mineral acid to form methionine.
Alternatively, methionine may be produced by reacting HMTBN with ammonium
carbonate to form a hydantoin and subsequently hydrolyzing the hydantoin with a
base to form methionine. Hydroxy analogue of methionine may be produced by
hydrolyzing HMTBN using a mineral acid.

The reaction between acrolein and methy! mercaptan may be conducted in
either a continuous or batchwise fashion.
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fashi on. SUBSTI TUTE SHEET (RULE 26) WD 2004/ 037774
PCT/ 1 B2003/ 004557 2 In a batch process, acrolein.
vapor or liquid may be added to nethyl nercaptan in
substantially nol ar equival ent quantities.

Al ternatively, acrolein and nethyl nmercaptan may be
si mul taneously introduced at substantially

2 11 qui S DA Pissebpeasibih (B ot LR Syl B4R ' Hioaptan
reantsubstamtmﬂyumpfameqmvglené quigdition Adtexpotivadyyi eovolein and methyl
Ahgaﬁo@anf 9:{ e ?rsgﬁ]ﬁlgagg&rué& Brod @e@v hp qu%tajﬁﬁﬁlll %foiMcP trically

e ‘reac ous
r eaaqumlenmyesmf addisiontintg 4 hquid gwtmre sedivay s@mpw&eM'lPP A. The

:"ﬂ'tr%gtt EE Sraéﬂlﬁﬁﬂ'f@x‘ Qbs n@%'co&ﬁ%ﬁ&ﬁ&g@é@fot a given batch by
e

si geAvinEcabre BEMT P woflonfong R,fﬁ“ewaécth Thes fhsebateh reastor

fe&ﬁ%y 68 dpéfaCBdCIn b Ssepficostiiuoad moded inhwhislmthé raoroldilnennd methyl

react or

conrrttms PitoRted el e ialy ) rREbEY  slptilalne pgtion of
5, 362 b@8H cydlss ané tliealmacﬁwﬁ paorhicUs periadically7withdrmen from the reactor,

Co%%v%ggéjﬁee[ﬁﬁ%é %hcar ried out by introducing

acro yapor . an nmer, capt
MIPA r eddl V@ﬁntﬁ%‘ﬁp%l’ﬁof"?fs@laf%é‘fscr %a‘nébé %&2? éiﬁ?wg 352,837, US
COFNIRY, G4 dnd WS §320J076\UTHE cvatihisis réqion isbdriédaiti byeinytoducing

th A al b d
e e SRS, 1 B Y i
t ha ceaotremnomicodniereurient gas/bighidt enaitact fzond eAlft@ra@tNeb’n the initial
hot, ?&Qﬁgﬂ ln?aiyﬁ% caftie bt inf ﬁ‘iﬂn@ﬁ ik rEéc”i@" lﬁ%graﬁ’ %Qtehﬁl éd%?er through
initral ga

I, qul Q contac one, reactl
me dvid £oretioh gniice ctEw el If é‘i‘% re&ﬁtaom RSt completed in the
Werx‘éﬁﬂérﬁe tinge hffsrded dedhd itial %Qs/iiqmdrkdmtaeazmr&; teeMTPA reaction

fl ow reactor q h f
corfpt o ASg ol her oyl it 4t e Blaed o o
t ergeeorsk reactord.gt, helugdior regetou«areasbaﬁ@th nse@ak)aﬁ@o eampletinn of the
' n 2o plefe lﬂf Bt ?@a@u@r% eratdr€ o M RAGRRLRBs not exceed about

Ltl Qn cat a ySts ommer ci al production of
A)°CAn apy ef the prelionA%Pesval uat ed on the basis of
several criteria, including conversion and vyield of

e RS oA RSB Bl et
wei b tpréfgraplyorvabiated omothe desie o€ @e\@ft@@g@qna, mcludmg conversion and
yield of MTPA, reaction kinetics and the tendency to catalyze unwanted side
reactions which produce high molecular weight by-products and decrease product
purity, both during the MTPA reaction and during subsequent storage of the MTPA

reaction product. Furthermore, such catalysts are preferably useful in further

catalyzing the reaction between MTPA and hydrogen cyanide to produce HMTBN so
that the MTPA reaction product mixture containing the addition catalyst can be
directly treated with hydrogen cyanide to produce HMTBN, without intervening
purification. It is therefore always of interest on an industrial scale to improve
conversion and yield, kinetic of reaction and the stability of MTPA obtained for
storage. The catalyst used to produce MTPA should also be able to further catalyse
the reaction between MTPA and hydrogen cyanide to produce HMTBN. Such
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purity, both during the MIPA reaction and during
subsequent storage of the MIPA reaction product.

wao-nothstmor e, such catal ysts are preferably useE¢TiB2068/004557

further 30 catal yzing the r¥action between MIPA and
hydr ogén cyani de to produce HMIBN so that the MIPA
reacti on product m xture containing the addition
catal yst can be directly treated with hydrogen

cyani de t rodquce HMIBN, with ' i .
oiapeEugneah o i Bpisat OB shBLBRY FRPERIRA is propared
i olindtstrigliscdleal e to i nprove conversion and yi el d, '
kinetic of reaction and the stability of MIPA obtai ned

for 35 storage. The catalyst used to produce MIPA
shoul dWalhgve tuewv fouhéd thatthe use dfsertain prgapis dases dichdrd dreyiously

b .
SRS DB ORI pui
PR AS2amBrovids fthe aboviempnioraddvantagss al | ow savi ng

time and noney, especially when MIPA is prepared on
i ndustrial s altﬁ' W have now foun
¥cp B g

d that th .
cer t ai ACWF £ BEesRat {HYFRIPD LGV ?’S@\Rrg'fafg? ?Pr uﬁgg&%glé g 3-
r ertgithivpbpaml wWidtH eonprists rdanting: spattion mediumi comprising methyl
r { t QM .
BBl B8 Rickh 3o 1 Bisgete e LTy oniRish dRatid base
i phesantérisad prthatitheeerganipbase ésasNfageyl tma)%ﬁ iggerrpoyad.of  3-
met hyl t hi opr opanal which conprises reacting reaction
T o Sh0 Gk B o P sG55 i s o
cbib!dﬁ@il goihseth exvelshaft9904) ehio lbgingiacnd{rh&binhpoamtm?bb yield of
mor phol hne conpou : . .
o
pobthaction anddhe stekilityr ofg\@%?Atqmneéefphgoragwm improved due to
| ERNRY SPBR Cath9 sit dBoriing tthe bresdi? ineRildiCth pedpar MEHAL N

t he conventional processes described above.

Furthernore, kinetic ,of reaction and the stability of
MIPA offhaipiedss of th¢ qresgst Eventiins compgirep vibel rdaasionoof methyl
tﬂ%ﬁﬁ?ﬁn%&tﬁ NG okt /i X%ﬁgﬁ&‘? %ﬁiuﬁgiﬁ fhel f}8scREEL L A catalyst. The
invention to prepare .. The process of, the greﬁegt,

i natalyst efithe prepent peosessirompaisesta Nralgd mpsphelipe comgpound. Suitably,

. RS RRHIRINY dotREAP lieian O, NtoaCk efligl | MBrphBkine) npreforablye methyl
presence of a catalyst. The catalyst of the present
mﬂf&é onpri ses a N-al kyl norpholine conpound.

gui t ablThe N-dlky marpipdiink icompaundpoaynb preseat Bl ant apnapdt suffigient to

MDA RGetidh heded the my M YibrcaftRt BRPArEIGin. Preferably, the mole
ratio of N-alkyl morpholine to methyl mercaptan is from 0.0001 to 0.05, preferably
from 0.001 to 0.01.

The reaction medium comprising the methyl mercaptan and acrolein is
contacted with the catalyst. The mole ratio of methyl mercaptan to acrolein is
suitably from 0.9 to 2, preferably from 1 to 1.2. The two reactants may be introduced
into the reaction chamber separately or as a mixture.

The catalyst used in the process of the present invention may be present in the
reaction chamber in isolation or may be combined with at least one additional
component, It is preferred to add to the catalyst, an organic acid. Svitable organic
acids include formic acid, acetic acid, propanocic acid and butanoic acid. The
preferred acid is acetic acid. When an organic acid is present, the amount of acid is
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nole ratio of N-alkyl norpholine to nmethyl nercaptan

is fromO0.0001 to 0.05, preferably from0.001 to

0.01. The reaction nedi um conprising the nethyl

nmer captan and acrolein is contacted with the

catalyst. The nole ratio of nethyl nercaptan to

acr glilebly ins male rstiv ofidl-glkyirmenpholinet to a2id of brartably2, preferably
fromyh ¢ Pwly, 2. The two reactants may be introduced

into the reaction chanber separately or as a m xture.

The cat diyasiditiondd the twh eeaptanisethe toctioh engties ety also comprise a
I nv. ' \ [FTaWA | ti ]

ool BofiRor o RoeAGl protly NAFA 108 b b6 WHIRAL bt recyoted
addiei PTOdE‘Eﬁ%?ﬂ%nﬁ.MT?Ail%P'fﬁﬁ@ﬂém eqnceragignl is witahle from 5 to
cated%sw/w. an organi c acid. Suitable organic 35 acids

i ncl ude 40rm c acj acetic acjd, propanqgi¢ acid and

but anoi Cﬁgcgrac_:essl—ﬂtﬂie&rgspgr %ﬁ‘%&i‘ﬂ"gﬁ Eé)%? guteatiagtemperature of
W efiorar20otogZ0IC prefiirably sropr 86 €n50°C. h®herduidn Mby 36 ictkried out at

SUBS S 034774 .. . .

SCT R RO otle SEre el \PERR 8 Teagtiop iy camied out at
N- aAtregsphetie prestire to acid of fromo0.1 to 2,

preferably from0.2 to 1, In addition to the two

react antg, the reta tion nmedium may al so conprise a

smal | anBlyiroqsss ¢ ﬁﬁe PiEseat ingentiondedyche camied mut inpay spiggple reactor
be aepaaysicarperntat baehyddecebntibudusiyor she-cpa@duSY, St ream

If MIPA is present, the concentration is suitable from
5to 99%w w. The process of the present invention

may be cler predudsistream of the fetcmentianedfprodes mo@Prites. MTPA and

(oKt oo A | PR A DY Sy
pr ST e b snentinlac A pastclor advntaap e the resenigprocess is that the
at ryeguve sireanpdas siot seed Thbe pediekssepirateike g&tﬁ?ﬁ Rbmposition. The
L n ' ' ' .suit.able reacto
R A e A AR, Sl
sem contlibysasearding o afesther aspee of Siernsesentdhventien there is provided a
af QregERe for ASFtoMic6R DB 2 H9IRK|-3 f i ‘cofapri
Tﬂgi\]/rrﬁA r{a@ﬁiggecz. . be ,uged , oe(gﬂreo u_cg%%ﬁ%‘eg@‘ggw%h compns:ss
(PR HEh? B B FEAHER O3l Lmediug, FOpIPESNE e msecadien aad acrolein
t hénphe pemsencprafce saalyst dobptisingean organic base characterised in that the
organic base is a N-alkyl morpholine compoundto produce a product stream
comprising 3-methylthiopropanal and said catalyst; and (b) a second step of reacting
said product stream with hydrogen cyanide in the presence of a catlyst thereby
producing 2-hydroxy-4-(methylthio)butanenitrile.

The features of the first step of this process are as disclosed previously. The

. product stream may then be used directly without additional treatment to remove the
catalyst. The catalytic reaction between MTPA and hydrogen cyanide to produce
HMTBN is well-known and, in the practice of the present invention, this reaction can
be carried out in any suitable fashion without particular limitation to the various
process conditions employed. The MTPA product may be reacted with hydrogen
cyanide in either a continuous or batchwise reaction system. Preferably, hydrogen
cyanide is present in a slight molar excess of 2% relative to MTPA. The reaction is
suitably carried out at a temperature of from 30 to 70°C., preferably from 50 to 70°C.
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product stream does not need to be treated to separate
the catal yst conposition. The product stream may

weonwtastred with hydrogen cyani de wit hout pre-tPEHRIBRBIR004557

20 . Thus, according to a faurther aspect of the
present invention there is provided a process for the
production of 2-hydroxy-4-(nethylthio)butanenitrile
whi ch conprises (a) -a first step of reacting

r eacl ,,on i um conpr,i Si n t hyl nercapt an,and

b SR e TR o 4 BN Y 5 Bl PP efated
0Py ahnasphnmq:reﬂsaneacﬂt ég prefedreil rto tolperatet the second) atep cat latmmespheric
[ re@d}bal kyl morphol i ne conpoundto produce a product

stream 25 CTJSE“ si ng 3-nethyl t hiopropanal and said
cat al y$he MIRA ()l kydmgen reanidepust be geantddnin theaprgsence of a

IO E%Hﬁht q?ﬁ&tﬁ@ éﬁ‘taiﬁt i&%‘ﬂfe&%@r ;erﬁ‘xB’cedcﬁe teBotfol STIR GBRAE fequired

a_ cat er €b produ
2f?¥yté? és@yn stepeatifhe pmcgﬁf BX!PfYa**e %}et some catalsbused 4n fhe Eirs sstep,

t hanéllyfaSN-aﬂéyEﬂmﬁfhoﬁﬁH ndREPte TataBkEused intkhs ﬁéc@ﬁ@ﬁe may be the

t th
GFREE BHSh s vgin Ao R of ifnéﬁ?q%qs”? 50 S S, o
c gteatey spantifh eof catabisy tiag beeanploypsl &frtngahe rddEkén dlmch is present

HEHRER AP b REEMORS MRl DA Bty

r esae;spd &hbeththe fist @draemé stem an exogspyofdln @%y% may dgiiptoduced
Wirdth ke rdddiol i€ Uégﬁmﬁg B HRt ﬂe@dhohonénﬁlﬂy &t 1he lf&st sﬂépa GE 8fder to

condt se he ML roduct. ma ere ed
(s, D 8 ORI Syanibn ot FTvalist 1t iresent. G the atgtRRedgs Feaction
b ptotdhw memure ac telfﬁacm&lbstmiyseﬁlhefrwcablh Petwieprd MERA and hydrogen

|
PUPENEG BRI i s Wl BSR4 o o
oBmely immedigedy priante therinfredyatigpof ydpgen qumd@ft@ firtliey promote

f aem Quﬂﬁloﬁogeactl&UBﬁTtE&hﬂ@ FEET atﬁcBHJL Gatd9dt Wy comprise a
2004/ 037774 PCT/ ] B2 03/ 00455 in the.first sthﬁg‘mne

¢ REVERUYRY S QLB ¢ BRSO pr SRIBLS ma§ﬁ fe cBYMNS ot

uhdamediymratetrdmimretca)t nmospheric pressure. It is
pref erppd xf?ﬁu&%ﬁ %ﬁ%b %d ﬁP{ﬁg fﬁétes&lp ay’ uml‘%qﬁ‘gflll ¢.001to 1

pressure. en cyantde mis
r Wgieht gerpent; Préfe&b@séw@b t% 75W§1ahfmeeqeeh@f taﬁr@%tw@patalyst
C aichafys lthet Al drfoh&Giioued of cBEBRPLs SnttddacddantetthOmterthbdiate reaction

B bR FASaEP I R S 25588 o
n&ﬁ@lty lawiight lpgicentp prefrodtilyyefroth fb@e th 0 heweightapeyeent of eddition

515) second step may be the sane catlyst as used in
the | r st StTdﬁ\éOf the process. For sone cataly

syst embhe MM grodpced b tas process okthe areyant uwslvwaénay be directly
esqiveed] witioud gurifivatio a6 thydfdxyalbgus op hkfdHine by conventional

processes such as that disclosed in U.S. Pat. No. 4,524,077 or U.S. Pat. No. 4,912,257
said references incorporated herein by reference. In using the process of the process
of U.S. Pat. No. 4,524,077 HMTBN may be hydrolysed in sulfuric acid, the
hydroxyanalogue product exiracted from the hydrolyzate using a substantially water-
immiscible solvent, and the extract steam-distilled to produce an 85 to 90% by weight
aqueous solution of methionine hydroxyanalogue . In the process of U.S. Pat. No.
4,912,257, the hydrolyzate may be neutralised with ammonia, causing it to separate
into two phases, the organic phase being evaporated and filtered to produce an 85 to
90% aqueous solution of methionine hydroxy analogue.
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be introduced into the reactor at begi nning of the
reaction, nanely for the first step in order to

ensure that a sufficient quantity of catalyst is

present in the internmedi ate reaction product m xture

to effectively catal yse the reaction between MIPA and
hydr ogeiThd presgntimiveietion viltlabertetillystrated avithatfeyaice foothe FélRwing
seqar $ i ntroduced during the second step, nanely

i me a?ély prior to the introduction of hydrogen
cyanide to further pronote the cyanidation reaction.

Al ti6laY .éye‘sﬁlm%fﬁﬂﬂgggmbg{ﬁ@g%s Ry CO”P“ se a
conve g., pyridine,

triethylam ne, .ehexanethylenetet ram ne etc.). 20 The

product Thé rﬁ%ﬁ§te§hﬁﬁg isEé%QésL{Pﬁ JibliSindS kinlti rfgxl*mances of a

....D

con n fromo0.0 percent, pre

{ ¢ it/ percamiangaia x&éwﬂlﬁdnpﬁefpé EnBreant fantian(Cefalyst 1) compared to

caﬂcﬂbwﬁpnormtaajs {a[}@tmjﬂl tional anount of catal yst
is introduced into the i nternedi ate reaction product

m xture, the internedi ate reaction product mxture
sui t abl 910 rmwf AdAPAi (7.0% oxmolD.and ©. élg. ofledcgditinp@ueient97%) were

gt?dl'dggédyl ef aB}eQ rQa%t&%ng%ﬁ%%?\l %ﬁ%&g%&@% pE the reactor was

[ugted;ind0 p?e Yok | %%m@hofﬁwn% amethyl é@rqaptan (hereinafter
c 0 “ﬁe‘&ém a8 Msmmts tl@dﬁfddﬂécp@&ddgﬁ a syﬁngéxﬂ&%/@aétbp QUemPAliquots
gF tg"glf ogg%gﬁeg Vlgglﬁltles? al a pﬁ,ﬁgg 2{3 %@ esufmg anplgg%t tQletermine
4, 9ephe %y of saanotbm &ifter @ncaratior of psidubleabrbleinewas monitored using

r eilﬁﬁiﬁ”&ﬁom&t@gx’dﬁlﬁo}n %ﬁoﬂ}; ﬁm %ﬁ%beﬁ%ﬁi \gr?yzéacﬁ?% Qb different

suPPREEPEAtigNE 4, the hydr oxyanal ogue product  extract ed

- fromthe hydrolyzate using a substantially vvater-

SCibre Sof vent, and the gxtract steanyd gl ted th
p Oqtlég‘&e@go% to 90% by wei ght % SEEAHSHAE! Pt Prgponding

on| e hydr oCptalyat tegted the p Ss| afolddrétio (organic
Pt nl olL2, 257, the hydrc@y bq{i\gﬁ base, MSH)

conhyr At o
to two phas

=]

l II a]_IIIUIII a \J(J._UDT Ilu I L t\J ST PP ATt —oUo

e%‘-mtﬁh merpheline [phase being evaporat ed

Q —

d filtered dl,ucceu@abl@“ to 9@¥saqueolis sobygbipn
of nethionine %; bg ye. SUBSTI TUTE BHEET ( RULE
26) WD 2004/ 0B (h 3/ 004557 6 Thel present
imvention wi | |Pynidinel§Byri)l Aoeticriated with refefence to
the foljl,owi ngl , .10 .

TA acid (in a molar ratio 0.015 0.00317
1/2)
Pyridine (Pyr.) /
1A Acetic acid (in a molar 0.5 0.12495
ratio 1/2)

The results are given in Figures 1 and 2.

Figure 1 shows that the use of N-methylmorpholine-acetic acid (Catalyst 1) as
reaction catalyst at 0.015% in weight of MSH increases markedly the acrolein
consumption and the reaction kinetic compare to the use of pyridine-acetic acid
(Catalyst 1A) as reaction catalyst in the same weight percentage of MSH.
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exanpl es. Exanple 1 :-Studies of kinetic performances
5 The foll owi ng exanpl e assesses the yield and kinetic

weeeohostences of a ol ef nl mercaptan catal yst apCDIBMOBH04557

to the present invention (Catalyst 1) conpared to
known prior art catalysts (Catalyst 1A). 10 40 g of
MIPA (7.09 mmol ) and 0.41g of acrolein (purity 97%
were introduced into a closed reactor heated to 40C.

e RS Ul Uy LS R AR, i i o
( renctomentalyst at 0I5% inexkight oM SHStdmpates! to therisa ofl pyridine —acetic
t Qéﬂ légl??a?g&%’ Eegﬂlgﬁ a WSg/o i %e{gﬁ?B# MSH fendairy 13946 él‘geg{ﬁe from a
mkingtie poiainef vmal”l?@s;eorestdts dhave i s 156 ogﬁnegma Iyg4 afcording to the
n%n Igénﬁ 'n‘i’vgnt_mPcdhﬂﬂféﬁ raaédtﬂi’st Rhow Fos ke F: %%Wé@snotable

tored, usi ng QUI

n t ogr ap
drgdpgtiqopf @mtgmygipge MIPA whigh; % aﬂpwé af tlon X\Pthe size of
C RGeatidrAF o\ indusefaep ﬁﬁﬁﬁ‘ Vidw,%hie fresﬁlt:gﬂmal edbaida in the costs of

B r*}%%f ”rPg Il\gﬁ’f} g{]ﬁﬁgc at a@%?ﬁa& 8{3“ al (}att e accm(dmg %A%hgpresent

I\Imvenﬁmi povidbohn nnpmw{mM/pm /thercmvemoacmfdre@ctmtEﬁv@n G@3using a
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E?dr?"egq%@"m{abgto 515 b 00515 (92))Pyri dine (Pyr.)
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2@ xdPld 250biveraaitofie &ant ihd:dllﬁilﬁﬁﬁ the pRelduct obtGnée 1
shows tha he use of N net hyl nor phol i ne- acetl c acld

(Catalyst 1) as reaction catalyst at 0.015%in wei ght
of VBHTheé ccbmm pfinréaethhy ahdahagualitgi of theopreodugst oldmined was

rllyﬁne G861 b ailoRst @f@gﬁﬁq&%@a&éﬁw atalysts 2.1 and

t3a|oy§t the rprqspnsesﬁ 88 WGI%@%W% d %fékﬁomparatwe tests

were carried out using pyradine and imidazoles, again in the absence (Catalysts 2A
and 2C) and in the presence of organic acid (Catalysts 2B and 2D).

‘ The catalyst to be tested was mixed with 0.41g of acrolein (purity 97%) in a
molar ratio of organic base to alkyl mercaptan of 0.00342 and with 40 g of MTPA
(7,09 mmol). This mixture was combined with an excess of methyl mercaptan (5 to
10% by weight compared to acrolein) in a 10 ml reaction vial with septum cap.
Methyl mercaptan was transferred using dry ice cooling of both the mercaptan vial
and the reaction vial.

J

The reaction was conducted at a temperature of 40 degree.C. After
approximately 30 minutes, the reaction vial was removed and the concentration of
residual acrolein was monitored using HPLC . Samples of the reaction mixture
contained in the vial were analyzed by gas chromatography and to determine the
amount of high molecular weight oligomers (impurities) present in the mixture.

The results obtained are provided in Table 1.
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The stability of the MTPA produced with a catalyst according to the present
invention (catalyst 3) was compared to the stability of the MTPA produced with
catalysts known from the prior art (catalysts 3.A and 3.B).

The MTPA produced according to the previous example 1 was tested for
storage stability at 50°C. For purposes of comparison, MTPA made using pyridine
and triethylamine combined with acetic acid was also aged at 50°C to assess storage
stability. To test the stability of MTPA during storage, 30 g of the aldehyde product
were placed in a glass bottle which was then transferred to an oven maintained at
50°C. Samples of the product were withdrawn from the bottle at 42 days and 60 days
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The results obtained are provided in Table 1.
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This table shows that MTPA produced with a catalyst according to the present
invention is more stable than MTPA produced with a known prior art catalyst.

Example 4 : Synthesis of HMTBN

The product obtained from Example 1 using N-methyl morpholine combined
with acetic acid (molar ratio 2/1) to catalyse the aldehyde reaction was converted to
HMTBN by reacting the product stream with hydrogen cyanide. 40.5¢g (0.388 mol) of
MTPA and 26.4g of water were loaded with stirring into 150 ml jacketed glass
reactor:

The medium was heterogeneous. The temperature was increased to 20°C and
maintained at this temperature. The pH was from 4.7 to 5.5. 36.60 g of an aqueous
solution of hydrogen cyanide of 30 % by mass was introduced as quickly as possible
with a dropping funnel. The temperature of the reaction medium rose instantaneously
to 68°C. The temperature level was maintained in the reaction mass for a period of 5
minutes by circulating a hot fluid through the jacket. The pH remained at about 5
throughout the reaction. A sample of the cooled nitrile reaction product was analysed
by liquid and gas chromatography for assay and to determine the yield of HMTBN
relative to the MTPA and to determine the amount of high molecular oligomers
present in the mixture. The sample contained only 0.02 % MTPA and 0.4 % high
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pr oces srgafiic baktsis RNPSIKEIthEPheneRoaBbingl t hi opr opanal
whi ch conprises 5 reacting reaction medi um conpri sing

nmet hyl nercaptan and acrolein in the presence of a
cat ad.y $t pwoessrasselaigiedrinorigianil cinbalieh dhacatalystriss€dto 1€ alkyl

that t .gani ¢ base is a N-al kyl norpholine
corrpouﬁ.rplgﬁlg% process as clained in claim1 in which

the catalyst is ClL to C6 al kyl 10 norpholine. 3. A

Pr OCRS 3 @8cdsh & éTRithelifn Sk Mird wihith W GlF R BathA HShbBne or
met hyl E&glgho ine or ethyl norpholine.” 15 4. A ,
proces§ gipPap in any one of the preceding clainms

in which the nole ratio of organic base to nethyl

cl i o proop af S by dhe g d0e poodhaPHBRERR e e moe

base t gtiopfprganichaseda mestyl mergaptamiofran 0.0081 i ©45. 20 6.

A process as clained in any one of the preceding
[ [ [ le. ' hyl m
gIC?u 'eiAln&]o\é\g% r%g a%ﬁ@?loc?%n:{ 2“"11'1 Whsc tﬂg tmo¥e rargl%ré:fa cgtge?n?c %gse to
methyl mercaptan is from 0.001 to 0.01.

6. A process as claimed in any one of the preceding claims in which the mole
ratio of methyl mercaptan to acrolein is from 0.9 to 2.

7. A process as claimed in claim 6 in which the mole ratio of methyl mercaptan
to acrolein is from 1 to 1.2,

8. A process as claimed in any one of the preceding claims in which the catalyst
further comprises an organic acid.

9. A process as claimed in claim 8 in which the organic acid is selected from
formic acid, acetic acid, propanoic acid and butanoic acid.

10. A process as claimed in claim 9 in which the organic acid is acetic acid.

11. A process as claimed in any of the claims 8 to 10 in which the mole ratio of
catalyst to organic acid is from 0.1 to 2.
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said catalyst; and (b) a second step of reacting said product stream with
hydrogen cyanide in the presence of a catlyst thereby producing 2-hydroxy-4-

(methylthio)butanenitrile.
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