Storage-stable 2-hydroxy-4-(methylthio)butyronitrile nventicn relates to a..(methyl.thio) hr nit ..le
(MMP-CN) having very good storage stability was produced from 3-(metnyithic)propanal (=
methylmercaptbpropionaldehyde, MMP) and hydrogen cyanide. (HCN) and also the method for
production thereof. In particular, the invention describges a process for synthesizing storage stable
MMPMBN,product containing superstoichionie)tric amount.C acids in relation to the unreabted MMP.
-(methylthio) butapenitrile (MMP-cyanobdrin) is an intermediate for the synthesis of 13),b-methioniine
and t.h.e metn:onine RFdtBRYIHE0S: 2RyaroRy*HichutiFIe b (ViHAa) Ssonidesid 4f essential
aminol acid which is used, inter alia, as supplement in feedstuffs MBA is a liquid methibnine substitute
haying low bioayailabili Prior art From AMP, by reaction with hydrogen cyanidec acid) .~
MMP-cyanchydxin ?giﬁi@”c'ir‘giyﬂtzprthrgﬁiyft’higl){iut‘?rdhitﬂl‘éj“rﬁéyf be pfné‘ %Céﬁqligfﬁg stitable catalysts.
Suitable catalysts 70-are, 8¢5 pytidiné ov triethytaminesBydydrotysis; of IIMPoyanchydrinwith, e.qg.,
mineral. acids, MBA is_optained. Metnprahlne. is, formed by reaction of MMP-cyanohydrin with
ammonium hy&%g'g?]&c%%t?ﬁé%e,V%?ﬁ?d?méﬁ%ﬁ%fﬁﬁdgﬁfoﬁ% ,Lf/vgﬁWEﬁricaﬁ 'bé%‘é’pbﬁ'iﬁ‘%‘% with a base, e.q9
potassium carbonatp-orssodidmdvd.roxide. Methipy liberated wittkcarbon diokide ersulfuricsacid. ep,

byaddmon0ft%¥“t%@@nguagg?eq&9§guction thereocf. In particular, the

invention describes a process for synthesizing storage-

stable MMP-CN, the product containing superstolichiometric
amounts of prugsic acid, in relation to the unreacted MMP,

10 2-Hydroxy-4- (methylthiclbutanenitrile (MMP-cyanohydring is
an intermediate for the synthesis of D, L-methionine and the

methionine hydroxyl analog 2-hydroxy-4-methylthiobutyric
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iz an esgential amine acid which is

acid (MHEA) . Methionin

it

used, inter alia, ag supplement in feedstuffs. MHA 15 2

[5  liguid methionine substitute having low bicavailability.

From ¥MP, by reaction with hydrogen cyvanide {(prussic acid),
MMP-cyanohydrin (Z-hydroxy-4-{methylthio)butyronitrile) may

be produced using suitable catalysts. Suitable catalvsts
20 are, e.g., pyridine or triethylamine. By hydrolysis of MMP-
cyanchydrin with, e.g., wmineral acids, MHA iz obtained.
Methionine is formed by reaction of MMP-cyvanohydrin with

ammonium  hydrogencarbenate, with formation of hydantoin,

which can be gzponified with a base, .. potassium
o2 marbonate or aodium hvdrosde S . g g
] CATDONAats OF SO01um J.“,ai/ roxiae . Methionine is liberated wi [
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It 1g known, for example, from the patent US A 4 460 932,

to produce methionine by a four-stage method. In the first



trietlyiamine, the MMP-cyanohydrin is produced. The amount of HON used corresponds to 1.05 mol in
relation to the amount of MMH used. Then, the). MMP-cyanohydrin2 in a second step, is reacted with
ammonia, whereby. 2-amino-4- mathylthiobutyroniarile is formed which, in a third step,  than
hydrolyzed in the presence of a ketone and an alkali-metal hydroxide, forming methylthiobutyramida
which is finallysaponified to form an alkali metal mathioninateg In the case of production of 2-hydroxy
4-methylthhebuty acid (AMA), the 2-hydrchy-4-methylthiobutyronithile is obtained by reacting MMP
and HON in a‘thelium that dﬁﬁ?&iﬁ%fﬁ?ridﬁﬁ% oriaf arhine @BE... patent!§S A 2745745, c6lumn 2,
lines 52 to SS)-ExeessiHEN.is merely distilled off,ar5in a vaguum, Fhe resultant.2-hydroxy-42-
mathylthiobutyronitrile is then hydrolyzed with sulfuric acid, whereby ti.ie amide of -
2-hydroxy-4-methylttiobtityric adid is directiy-fornied, and findii: 2-hjdréhy-a: mathyfiihobityhic acid
is formed. A similat-method s alse-20 desaribed inEP A1330.527 Al-orin US 4 912 257 Jn.addition,
in WO 96/406131 Al, the product on of MMP- cyanehydrhn by reacting NM? with hydrogen cyanide in
presence of a suitable atidition feactioh catdiyStis dESEHBed* Therd twatound: thigt 1 Do -4~
triisopropanoclamine; nhcotinamede:, imigiazole; banzimhdazala: 2-fluoragyrddihan poly-4-vipylpyridine,
4-dimethylaminopyrjdine,e anci pyrazine can serve as addition, reaction catalysts for producing
MMP-cyanohfia’rinééﬁﬁhe?%%f’e,i KyTaminé E4 Ravidy thigd (S eighteeh cArbon dtomt A e4ch of the
alkyl substituerits bound¢e the nitragen atem aric tertiary arainesin which.at least ane efithen
non-hydrogenigubfsitlr'tlléj‘iamtgs that are P??Q{j 50 the nltrogen _e};(irg f\l(:cﬁordlr}%;o %3%%%%\4%}%§ggflptlon

containsgroup can also serve Tor )(T:lajtélyzmgttﬁeifgggi iol..Getween NiNP

10 In the case of production of 2-hydroxy-4-methylthicbutyric
acid (MHA), the Z-hydroxy-4-methvithicobutyronitrile is
obtained by reacting MMP and HCN in a medium that contains

pyridine or an amine {(gee patent U8 A 2 74% 745, column 2

r

lines 52 to 5%5). Excess HCN ls merely distilled off, =.qg.

15 in a vacuum. The resultant Z-hydroxy-4-

methylthiobutyronitrile is then hydrolyzed with sulfuric

i

acid, whereby the amide of Z-hydroxy-4-methylthichutyric
acid is directly formed, and finally 2-hydroxy-4-

T T T LT A A formed . A 2imilar metbied e oo T e
MELOVITDIODULY YIS acia i ftormed. A zimidar metChod 1s alsoc

20 descriped in EP A 330 527 A1 or in U8 4 512 257.

In addition, im WO 96/40631 A1, the production of MMP-
cyanchydrin by reacting MMP with hvdrogen cyanide in the
presence of a suitable addition reaction catalyst is
dezcribed. There it was found that triiscpropanclamine,

midazole, Z-Tluorepvridine,

[

foed

25 nicotinamide, imidazole, heng

poly-4-vinylpyridine, 4-dimethylaminopyridine, picoline and

pyrazine can serve asg addition r

I

action catalysts  for

-

producing MME-Ccyanohydrin. Furthermore, triallkviamines
having three to eighteen carbon atoms in each of the alkyl
iim-i
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in which at least one of the non-hydrogen substituents that



ILILcetc. Preferabcase, the hydrogen cyanide is used in a molar excess of about 2%, based on MMP
WO )006/015684: Afinally discloses a method for,in  particular, continuous production of MMPof
MMP- flyanohydrin in whi chin each case heterogenbbbb amine 10 catalysts are used for the addition
reabtion. In additaihi, it. is known from t.he patent US 5 756 803 to react an aldehyde with hydrogen
cyanide in the presence of a buffer, by means of which the pH of the solution can be set. above 4,
amines being excluded_guito generally, as ii buffer, mixtures of alkali met ml salts of acids and acids,
or mixtures ofaéids 4nd Alkali tefaléan be UsE ThebisUse d 77 brdetd i retlv fo dvoidfie’
decomposition:of the starting matetialsrand ef.the:des re produyct and-secondly ta neytralize the acids
used for

catalyzing the reaction between MMP and hydrogen cvanide to

form MMP-cyanohydrin.

Wo 20067015684 A2 finally dizcloseg a methoed for, in
particular, continueus production  of  MMP or  of  MMP-
cyanohvdrin  in which in each case amine

10 catalysts are used for the additicon reaction.
In addition, it 1s known from the patent U8 5 756 803 to
react an aldehyde with hydrogen cyanide in the presance of

a buifer, by weans of which the pH of the solution can be

set above 4, amines being excluded. Quite generally, as

uitfer, mixtures of alkali metal salts of acides and acids,

o
o
a

or mixtures of acids and alkali wmetal hydroxides can be

uged. The buifer is used in order firstly to avoid the

decomposition of the starting materials and of the desired
product  and secondly to neutralize the acids used for

3,

stabilizing hydrogen cyanide. Likewise, here, HCON iz added

e
fow

in & molar excess to the MMP, the molay ewcess preferably
being in the range from 2 to 5%. In the reacticn of MMP
with HON in the presence of the customarily used bases,

although these increase the rsaction rate under the

[
s

conditions specified, they rapidly lead to a decomposition
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20 stabilizing hydrogen cyanide. Likewise, here, :ICl is added

a molar excess to the MMP, the molar

excess preferably being in tho range from 2 to 5%. In the reaction of MMP with 11-(3N in. the
presenbe of tho customarily used bases, although these increase the reaction rate under the

conditions specifie” they rapidly lead to a decomposztzon

h8Rbe6ofH7innstabili 4 In order to

recover the residual amounts of unreacted. HCN and MMP contained inexhaust gas of the reactive

absorber, and fox aygithg problem of forn:ati.on b
aected. downgtreant With large' amounts of grubbi

yprodgets, in US 5 756 803, a water scrubber is oca
fig Water pa&SiHginto the Prodiict Whikh Firdtly, for

production of methidnitte, need to:be-at least partially-removed and which secandly-again-premote the
decomposition }ggmperl\ﬂ/lw.pM.ngz{ipolgmrin which in each case is a notinconsiderable.: disadvantage.

The water coot ant in'the' product is approxima.tely48% by Wwéight. *Fherféfore, thé produtt described in
US patent 5 758:803-s@lso notrstorage stableand, for storage andinjpaticutar connectad

5 downstream, with large amounts of scrubbing water passing
intoe the product which firvstly, for production of
methionine, need to be at least partially removed and which
secondly again promote the decompesition of the MMP-
cyanohydrin which in each case ig a not inconsiderable

[0 disadvantage. The water content in  the product is
approximately 48% by weight
Therefore, the product described in US patent 5 756 803 is

also not storage stable and,

storage and in particular

for transport, must be processed in a complex mannsr by

13 means of removal of the water by distillation, which is a
greast economic disadvantags of the method
JP2002-105048 finally disclosgses a method for producing
storage-stable 2-hydroxy-4-{methyithic)lbutanenitrile. In
this case the Z-hydroxy-4- {methylthiclbutanenitrile is

20 produced from MMP by reaction with hydrogen cyvanide
(prussic acid] using suitable catalysts. Suitable catalysts
are, 2.g., pyridine, triethylamine or an inorganic base
such as potassium carbonate or ammonia. The amount of
hydrogen cyanide used 1s 1 to 1.1, preferably 1.02 to 1.08

25 per mole of MMP. The veaction proceeds at 5°C to 40°C at
residence times between 0.5 and 3 hours. For stabilizing
the hydrogen cyanide, 30 to 20 parts by weight (23 to 44%
by weight) of water, based on the amount used of 100 parts
by weight of MMP are added to the mixture. For further

M product stabilization, an acid is also added to the product



for transport, must be processed in a complex manner by means of removal of the water by distillation,
whiph is a great economic disadvantage of the. method. JP2002-105048 finally discloses 6 method for
producing storage-stble 2-hydroxy-4-(methylthio)butai uaitrile In this case the
2-hydroxy-4-(methylthio)butaneritrile is 70 produced from MMP by reaction. with hydrogen cyanide
(prussic acid) using suitable catelysts. Suitable catalyp axe, e.g., pyridines triethylaminp or an
inorganic base such as potassium carbonate or ammonia. The amount of hydrogen cyani.de
use3.is...1 to T'1 "preférably L3 46 1508 par mole of > THe réactidiprotésds aE5C0 40C at
residence times:-between: 05-and 3 hours.far-stabilizing hydregengle. 30 to 84 parts by weight (23 to
44% by' of water, based on the amount used of 100 parts by weight of MMP are added to the mixture.
For further stabilization, an acid is also' to the product after any downstream workup step, the pH
being set to bétwieerilzand 6] bF prefeiably bétwednwt ands.  enhandR0002-205048; for thé
enhanced stability. of hydrogen cyanide, descr.es tI eq gitignr J:‘tvma'gﬁe\_r in\;hewre ction,. preferably up to
a content.of 22 o ﬁ&?}k{)y \%/géiélﬁﬂy%g’sedl %iﬁl\(/gl Mglfyl%gedq,g\?vhibﬁ eads to the sarﬁgl disadvantages. For
the MMP-tyariohyefinovidedrimn=JR2002-T05048, storabo stability: merely ohithe-basisé of: célor values,

was welaght, bassd on MMF used, which leads to the same

disadvantages.

For the MMP-cyanchydrin provided in  JP2002-105048, &
storage stability, merely on the basis of color values, was
10 algo shown for a period of only 11 davs (264 h). A long-
Cerm stability in the range of sgeveral weeks was not shown

and 1s alsc not achieved using a pro

o8

uct  according to
JP2002-105048, as the inventors have discovered. However, a
long-term stability 1in the range of several weeks is
L5 especially desirable because only in this manner can long-
e and loss-frse stovage be achieved, and the
product  can only  tChen, even after =several weeks of
intermediate storage or transport time advantageously be
uged in  the production of the abovementioned valuable
20 materials methionine or MHA.
The  substantial disadvantages o©f the MMP-cvanohydrin
products previously described in the literature and of the

1

associated production wmethods are that the products are

sufficiently storage stable for only a relatively short

the
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It ds a further disadvantage that fovr achieving a high

MMP-CN yield in the production wmethod, previously high



10 also shown for a period of only 11 days (264 h). A longterm stability 3.n the range of. several weeks
was not shown and is also not achieved using a product according to JP2002- 35048, as the invonters
have discovered. However, a long-term stability in the range of several weeks especiallyftrable
heca.use only in. this manhhr can lonb- tohm safe angd loss-storage be achieved, and the product can
only then, even aft..er several weeks of intermediate storage or transpotime advantageously be used
in. the production of the abovementioned valuable 20 materials methionbne or MHA. The substantial
disadvantageS'of-five MRIBZORG i prodafts prédiodsly B8scibed in e literatGresand oF tHe
associated preductiom methods.are that the.produets-are sufficiently.storage, stable far oply-a..relatively
short timpe that is Ito say in the range of some days, or the methods p. rovide p ducts 1-doat are only
static.. for a sh)tif&™ Molar Exces8es BFHON have to be used. The excess amounts of HON are lost

in the methods described and are a great economic disadvantage. rmore, the atalysts used in the
methods desciibed alsg promote the formatian.of unwanted.byproducts from the aldehydes used,

R AWk N MESTI it . S ¥ L
which lead to contamination or the product which cannot be tolerated. f)cbject of the invention
5 also promote the formation of wnwanted byproducts from the

aldehydes used, which lead to contamination of the product

which cannot be tolerated.
Obdect of ths invention
It was the object of this invention tc prepare a

Wi cyanchydrin that is storage stable for a relatively long

B

cime, in particular at least 4 weeks, preferably MMP-

cyanohydrin, and to provide a method which catalyzes the
veaction of aldehydes, in particular of MMP with hydrogen
cyanide. The wmethod should at the same time show marked

i

{i

Pa improvements with regard to vields with respect to the
aldehyde wused and hydrogen cyanide. In particular, the
method should provide a product having a very low molar
residual MMP content. PFurthermore, the methoed, 1in contrast

to the methods described in the literature, should succesad

20 ap tar as possible without further addition of water.

Description of the invention

Thasge and further ob

mixibure containing 86 to 97% by weight of 2-hydroxy-4

nethylthicbutyronitrile, 2 to 14% by weight of ater, O.0&
25 to 0.5% by weight of HCN and having 2 pH of 1 to 4

measursed using a pH electrode at 23°C, and a method for

production thereof .



It: was the object.this invention to prepare 10 cyanohydrin that is storage stable for a relatively long

in particular at least 4 weekos preferably MMPcyanohydrin, and to provide a method which catalyzes
the reaction of aldehydes, in particular of MMP with hydrogen cyanide. The method should at the
same time show marked li improvements with regardo yields with, respect to the aldehyde used and
hydrogen cyanide. In ticulare the method should provide a product having a very low molar residual
MMP content. Furthermore, the method, in contrast to the methods described in the literature, should
succeed as far 4§ possibEmithodttarther addition BF WAt DeSRiptich 6fthe invehtion further ohjects
are achieve.d mixtre:comtail8ewehae of 2. Arexy-domeothvithiebutyrehd 4ird.].e;2.t0-1-4Q byight of
water, 0 06 2510 Q.51 by weof HON she’ ha vino a. H of 1 to 4, measured using ci pHectrode at 3C,
and a method 151 production’ théreot.” 7-Tie Stordge stability*of & Product ebhtaiming 2+ ydroxy-4-
methylthdobutytorii liezhaving.the HON and water eoRtentss o show. The setting of

5 the pH to a preferred range of 2-3 additionally supports

the storage gstability of the product (examples 3a and 5al.

aast 128 days are

et

In this manner storage stabilities of at

achieved in which less than 1% losg of 2-hvdroxy-4 -

[

methrylthichbutyronitrile, in particular at most §.01 to

H 0.73% losgsg

]

8, are observable. This is a marked improvemeant
in comparison with the prior art, as the comparative
example 5C not according to the invention with a 2-hydroxy-
d-methylithicbutyronitrile-containing mixture having 0. 01%

by weight of HCN and 18.12% by weight of water at pH 4

1> shows, in which 3.28% loss of 2-hydroxy-4-methylthiobutyro-

nitrile occurred. Likewise, Iin comparative example 4b not
according to the invention, deapite acid stabilization art
pH 2 with a mixture containing 2-hydroxy-4-methyvlithio-

butyronitrile with 0.04% by weight of HCN and 17.2

20 weight of water, 1.70% logs of 2-hydroxy-4-methylthio-

Therefore, preference is given to a mixture characterized

in that 1t contains 88 tc 92% by weight of 2-hydroxy-4-

methylthicbutyronityrile, 3 to 12% by weight of water and/or
25 0.1 to 0.3% by weight of HON and/or has a pH of 2 to 3,

h

The mixture containing 2-hydroxy-4-{methylthiocibutyro-
nitrile is preferably produced according to the invention

OYOa meCnod L wihinon



and pH range according to the invent ion. is pamMidulbaMly high, as examples 3a, 3c, Ca and Oh
show. The setting of the ph to a preferred range of 2-3 additionailly supports the storage stability of the
product (examples 3a and ha). In this manner storage sta(ies of at least. 128 days are achieved in
which. less than 1% lops of 2-hydroxy-43- methmiithigbutyronitrile, in pa.rticular at most 0.01 tO 10
0.73% losses, are observe-ie. Thih is a marked improvement in comparison with the prior arty as the
comparative example Sc not according to the invention with a 2-hydroxy4-methylthiobut-rile-containing
mixture having 0.01% BYAWEIGHY B HON SRy ABLEI% KiAheight oPwatst &t it 4 ShBws, in which
3.28% loss of 2 aydrexy-A-methyithiobutyronitribe aceurred kikewise; in ggmsarathme:example Ib not
accord.ing to theion, despite acid s bilization at OH 2 withmixture conning 2-hydroxy-4 flethylthio-
butyronitrile with 0’041 by Weight of FION and T7723% by 26 Weight df Watsr 1570% loss of
2-hydroxy-4-methylthio- _yronitrile occurred. Therefore, preference ir given to a mixture. characterized
in that it contq'gr-}s 8819 gz&@ yve(i%lfiqﬁgfigghy oxy-4- . E_gphcbgtygorgitrg% BN Etﬁot%%% by weight. of

T Bel

water an pr 0.1to 0.3% by weight. of HCN and/or has a OH ‘of 2 to
5 o addition to 2 to 14% by welght, preferably 3 to 12% by
welght, the HCN content if desived is set by HON addition
to 0.05 to 0.5% by welght of HCON, preferably 0.1 to 0.3% by

weilght of HCN, and therveafter

c the pH, if desirved, 1s seb by acid addition to pH 1-4,
W preferably to pH 2 to 2

ECN to cobtain the desired water content or HCN content by

means of water already present in the starting materials or

che appropriately supplied amount of HON.

T

Fl

h jater content and HON

[§)]
o

15 It is egually possibles to set

content subseguently to the rea

0

tion. A mixture containing

3]

Z-hydroxy-4- {methylthio)buryronitrile prepared in such a

manrer 1s particulavly preferred here because of its
particular storage stability and particular suitability as
20 feedstock for the production method for methionine. The
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suse, in particular, in the faverable molar

breference is given here t£o a production method, in which

= or e = T N A N T i e g e -y B N S | R g oy e e oo e
in ostep a), Z-methylmercaptopropionaldehyde is reacted with

35 hvdroosn owvanz (ji =3 11 he mresence of 2 hao e R e A e
. Nyarcgen cyanide 111 Tho pregence Oof a pase ag catalyst in a
main reacticn zone to form the nitriles and residual amounts
= to form the nitrils and regidual amounts

of gasecus hydrogen cyanide (HON), which leave the main

reaction zone are absorbed in an absorpticon and post-



511jphydroxy-igmethylthio)butys. n.it.r :Fla is preferably produced according to the inmention thhd in
a)3-methylmercaptoploplonaldehyde is reacted with hydrogen cyanide in the presence of a base as
catalyst to form. the iii .rile and during which and/or thereafter Ic)the water content, i.fdesired, is set. by
water addition to 2 to 14% by weight, preferably 3 to 42% by weight, the HCN content if desired is set
by HCN addition to 0.05 to 0.5% by weight of HCN, preferably 0.1 to 0.3% by weight of HCN, and

thereafter c,the pH, if de .rired, is set by acid addition to pH 1-4 10 preferably to pH 2 to 3. It is possible
hereduring the Fedction bf MNP vith HEN o Bbtaift e desiref water contert o HEN eontent by

means of water-alfeady-presentinng materals o dhe appropriatelyd amount;of HCN. It ispossible to
set the water content and HCN conter]t subseguently co the reaction. - muxture contra:hi:Meg
2-hydroxy-4-(méthyithic)Butyronttrite prepared in 8lich & ranner is particttarhy preferred here because

of its particular storage stability and particular suitability
Particular preference is also given fto the mixtures
3 containing 2-hydroxy-4-(methylthiojbutyronitrile that are
produced by the preferred method according to the
invention, since these wmixtures have a particularly good

storage stability as examples 3a) and 3¢) according Lo the

Iy In this manner, storage stabilities of at least 128 davys
are achieved in which a loss of 2-hydrowy-4-methylthio-
butyronitrile of a maximum of only 0.01 to 0.54% can be
obgerved. Production of the mixture according to the
invention using the preferred method cited therefore

15 completely surprigingly achieves a great improvement in

storage atability,

The residual content of HCN in the gas phase reacts, in the
preferred method, owing to the absorption or condensation
predominantly with the aldehyde to form the cyanchydrin.

2 Owing to the effective resmoval of the HCN from the gas

phase, 1t is possible, in contrast to the methods known in
the literature to use a mclar ratio of hydrogen cyanide to
aldehyde of 0.9% fo 1.01, which 48 a great economic

advantage for the method.

It
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invention also relatesg, in particular, to a method for
the addition reaction of hvdrogen coyanide to MMP in the

A1 aminsg, wierein Cne

that residual contents




feedstock for the production method for nethionine. The latter has its caube, in particular, in the
favorable molar HCN/MMP ratio of. z crenceiven here to a production met.hod, in wh.ich, step a),
3-m.et.hylmerr.aptopropionaicienyde is reacted. % hydrogen. cyanide in. the presence oas catalyst in
main react ion tone to form 1-HR Fri t rileresidual mount of gaseous hydrogen cyan_which. leave the
main. reaction zone are absorbed in an absorption and post- reaction zone containing a mixture of
3-met=apto- propionaldehyde and catalyst and optionally 2-hydroxy-4- (methylthlo)bolayronltrue and
are further redctéd Patticlar preféfence 18 alsb ¢iven (& ofitafting ¢ °C to 25°C into a
2-hydroxy-4-(methylthio)butyranitrile that are, produced byvthejreferred methad accardingto.the
invention, smce these mlxtures have a particularly good storage stability as examples 3a) and 3c
according to thé iRvention. shotv. 20 i #his mahner, Stordge stabifitle&ot af18ast’tI8 days are
achieved in which:aless of 2<hydtoxy-d:methylthiobutyronitrile of a maximum of only 0.01 to 0.64%
can be observed. Production of the mixture according to the invention using the preferred method cited
therefore completely surprisingly achieves a great |mprovement storage , Thesldual content of HEN in.
thegan1pha38yemﬂ§thﬁ§ the methed according to the invention, in

general, aldehvdes containing 1 to 6 carbon atoms which 1€
desired ave substituted with alkyl, alkoxy or alkylthio

are advantageously reacted with hyvdrogen ovanide.

it is preferrved here that the mixture contained in the
L0 bsorplticon and pest-reaction zone orviginates at  least
partially from the main reaction zone. A dilution with

foreign wmaterials or foreign solvents is thereby prevented,

in contrast to U8 5,756,803,

The main reaction zone can contain either a stirred reactor
15 or a loop reactor. Both embodiments lead to a rapid and

good mixture and a rapid conversion of MMP and HON.

The main reaction zone can also additionally contain a jet

pump. This leads to a further intens:fication of mixing of

&
[t

the components and can be used concomitantly particulariy

20 advantagecusly for drawing HCN into the wmain reaction zone.

The post reaction can proceed as stated above between an
HON-containing gas and a liguid. It then takes place in an

absorption and post-reaction zone which preferably contains

a device for contacting a gas with a liguid, in particular
25 a column such as, for example, a tray column, a packed-bed
crovlumy . bubble-colum: reactor, a lroplet  column o1
optionally & reactor  Thaving a mechanically agitatad

container, or a submerged et reactor.



preferred method., owing to the absorption or condensation predoninantly with the aldehyde to form
the cyanohydrini 20 Owing to the effective removal of the HON from the gas phase, it is possible, in
contrast to the methods known in the literature to use a molar ratio of hydrogen cyanide to aldehyde of
0.99 to 1.01,ich isagreat economic advantage for theimethod. The inventnion also relates,particular. to
a method for the addition reaction of hvdr.ogen cyanide to MMa In the ptesense of a base, in pbrticular
an amine, wherein the method is arranged in such a manner that. residoal contents reaction zone at
temperatures of Sb6tT0C ¥ 258 iAtd s liGlid mixture ot the aftfiehyde MMP and thetresitidtproduct
from MMT with fiydrogen.cyanide and eatalyst.and-then further-sacted with. MMP. By means or the
method according to the invention, in general, aldehydes containing 1 to 6 carbon atoms which if
desired are substituited With alkyl “alitcky 6P aikythio, are advantageously reacted with hydrogen
cyanide. Itpreferred here that the mixture c.ontained in absorption and post-react-.ion zone originates
at least partially from the main reaction zone A dilution with foreign materials or foreign solventhereby
prevented, in (i:(l)int\r“a@s“f ?E‘)%TJLS?QLS)%S%Céléf'Igheﬁrﬁ%?n r%%ctféﬁ?cﬁe%gﬁ cSﬁIt%i%rf’éyﬁﬁelraag‘gtléctor or a loop
reactor. Both. @ntsodimehtsieant0 a yvapid @ndigoot mixturecant arapid:conversion of MMP and

HCV. The main.reaction, zone can, alse addiianally contain.a et pumpk This leads (g a further

intensification of mixing of the compon and can be used concomltanti'y partlc'iﬂar*;f J26qualfcﬁlf\*}/antageously
for drawing REKCiit6 thélamaint reaction'zoherThie postireactionr can proceedras stated .above
between an HCN-containing. gas and a liquid__ It then takes place in an absorption and post-reaction
zone which preferably contains a devijce for contacting a gas with a liquid, in particular. a column such
as, for example. a tFay &6ldmn, apacked-toncsifnn 4. babblécoldmf reattor S trop@t e6fimn or
optionally a reactaf ing a-mechanically=agitated gentainer-or.a submergedj at:reactor..

0 weight, particularly preferably 6-22% by weight. The
nydrogen cyanide is produced, in particular, by the
Andrussow method as per DE 10200703471581 or else by what
is termed the BMA method in German (*Blausdure aus Methan
und Ammontik” [prussic acid from methane and ammonial) as

I35 per DE 1041476 {(reactor). Both methods are also described
in Ullmann s Encyclopedia of Industriel Chemistry, 1987
VCH-Verlagsgesellschaft mbH, chapter “Cyano Compounds
inorganic”, section L1.2.1-1.2.2. The ammonia present ig

removed in each case from the product gas. The product gas

20 from the Andrussow method (Andrussow gas) contains, after

D

Ity

the removal of ammonia, typically about 10% by weight o
hydrogen cyanide, in contragt, the product gas from the BMA
method (BMA gas) contains about 70% by weight of hydrogen

cyanide.

25 Thus, the typilcal product gas compositions of the Andrussow
method have approximately the following contents: 10.3% by
welght of HCOWN, 2.7% by weight of H.0, 1.3% by weight of H,,

75.8% by weight of Ni, 0.4% by weight of 0., 6.3% by weight

of CO, 6.8% by weight of C0,, 0.4% by weight of CH,, 1.3%
¥ o . o o —~ AT - R S e . - 4= o £
3 by weight of Ar, those of the BMA method about 68.3% by



The absorption zone and the post-reaction zone can also be part of a. loop reactor, which effects high-
mixing and rapid reaction of the components. In" method accorciang to the invention, substantially
gaseous hydrogen cyanid- is introduced into the main reaction zone, preferably a
hydrogen-cyanidecontaining product gas from a hydrogen cyanide production process. The hydroge.n
cyanidecontent. of the gas Thrmr from 1 to 99%. by weight, preferably from. S to 75% by weight,
particularly prefera %2% we| t The hydro en cyanide is produced, in particular, by the
Andruesow m”e“fhjoéi 033’7?151&1 eISE by ivhat- i< tetidd the BMA mEthod. in
German ("Elaaeantraausd\;ﬁethﬁngjnd Ammnikd fprussieacighfroarmethane ang. ammonia] ) as per
DE 1041476 (reactor). Both methods are also described. in Ullmonn-s Encyclopedia of Industrial
Chemistry, 1987 VCE-Veriagsgeselischart mbH, chapter "Cyano Compounds Inorganic”, section
1.2U-1.2.2. THe‘amirioiia presentis rémoved irreach case from thesproductigasr Thé product gas
from the Andrussow method., (Andrussow. gas).contains, after the remayal of. ammonia, typically about
10% by we ight of hydrogen cyanide, in. contrast, the product'gas from the BMA method (BMA gas)
contains about 709 by Weight Of-fhyd?rﬁgéﬁféﬂf&rﬁ@el Thiis; the typical product gasasthpositions of the
Andrussow method:have approximately:the fellowing contents:, 10,3%:by. weight g HBEN, 3.7% by
weight of 1420., 1.3% by weight of 142, 75.8% b. -reight of p2, 0.4% Lyweigft of GA, we (-17.1, 0.6%
bny,ofC).of C wegh%f HewN, 6° 7%%%@@@%% of H20! 17.3% by ieight 6FH238%: ﬁ}lWélght of N2,
4% by weight .of CH, - The direct use of the prioduct.gas has the considerable; advantage that no
upstream. and energy-intensive liquefactionthe hydrogen cyanide need proceed and we corresponding
coupling to a plant for Produciig hytrdgenicyanite gas, consiietabld Eapitaréosts'inCofresponding
process stepssfor-the: absorptiomand distillation of HCN are saved The further gasfractiops in additiod
to 13,11234 surprisingly. do not have a disadvantageous effect on the cyanohydrin yield. The residual
gas of the MME-&yatahydtn prodaction and hydrogen cyanide production can then be utilized jointly
or burnt. In the latter case, the resultant energy can be reused for operating both methods: which

meant more degrees of fraedom an.d a gonsiderablg economic advantage.
hydrogen cyanide producticon can then be utilized fointly or
burnt. In the latter case, the regultant energy can be

153 reused for operating both methods, which means more degrees

of freedom and a considerable economic advantage.
2 preferred embodiment of the method according to the

invention and a corresponding device are cutlined in

Fig. 1, which is described in more detail hereinafter:

20 When a tray column or a packed-bed column is used for the
reactive absorption, the gas flow which contains the
prussic acid is fed into the bottom phase (&) of the column

{C)  or preferably already contacted with the aldehyde

golution via a gas blower (B), which aldehyde solution is

I
LA

circulated (8) by means of a pump (1). The tempevature in

the bottom phase of the column is set via a heat exchanger
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DarTidulialr, seyve as the main reaction = o, ne  column

being able to be heated/cooled separately by means of a



A, preferred embodiment of the method according to the invention and a corresponding device are
outlined in Fig. 1, which is described in more detail hereinafter: 20 When a tray column or a
packbdobed column is used for the reactive absorption, the gas flow which contains prussic acid is fed
into the bottom phase (I) of the column (C) or preferabty already contacted with the aldehyde solution
blower (B), which aldehyde solution. is circulated. (8) by means of a. p-ump (I). The temperature in the
bottom phaselgf the column is set a he.at. .xchanger (1)The bottom phame W and the colulm uart
icular, serve asThe main readEion zone- heifly able To BE hgatbdr pled &7t atehy by Meahd®f heat
exchanger (K)sin-thisseaseithe temperature-of the streams (7) and;is selected in-such-a-mannrer that.
the hpht of reaction ca.n.be removed y}vith;‘ggoliqgﬂcorr_gg bonding to the amhient temperature and ee
react. ion. betweeri aldehydé and HON in column. part (C%’s“gﬁ to §9.9%. conpléte? Thé’aldehyde can
be fed separatety or:togetherwith:the catalyst((2):(3)). Preferably;the aldehyde brthe-aidehydeltatalyst
mzxtt(2) (3) is@m&e@d@with fj’i &L@qu estrgggw Qﬁ()Gro]rg thoabggrptiqn.?ang(_ﬁc,]onjd‘gn%@gtio%n part of the
column which is taken off from &n intermedrate bottont phase (D): The catalyst can afso Pe. téd, e,g.,
via the pathwayo{4).1inatthis case, the catalyst should, via the pathway (13), also arrive in part in the top
circuit.. The. residual amounts of HON present in stream (6) are reacted with the supplied aldehyde in
the dwell time vessel (C5), the (second) post reaction. zone_ completely or virtually completely to th.e

cyanohydﬂn.fﬁ%ﬁeéﬁéﬁﬁﬁé%ﬁeﬁﬁph1“3 fed smeparately or together with the

IRV S P s e M P T - 3 . b
catailyat 2y, 133y Preferably, the aldehvde or  the
aldehyde/catalyst  mixture (2)  + (3} is wmized with a

H) substream (6] from the absorption and condensation part ()

of the column which is taken off from an intermediare
bottom phase (D). The catalyst can also be fed, e.g., via
the pathway {4}. In this case, the catalyst should, via the

pathway (13}, alsc arrive in part in the top circuit. The
15 residual amcunts of HCN present in stream (6) are reacted

5
i

with the supplied aldehyde in the dwell time vessel (3},

the (second} post-reaction zone, completely or virtually

completely to the cyanohydrin. Thereafter, the stream is
cooled to 6°C to 25°C in the heart exchangsr (H) in order to
20 ensure condensation/absorption of HCN which is as complete
as possible. In particular, the intermediate bottom phase
(D), the abscrption and condengation part (FE) and the dwell
time vessel (G] serve as absorption and post-reaction zorne.

Owing to the amcunts of coyanohydrin present in the stream

23 (%), and the cooling which is performed, the residual gases
exiting at the oolumn top also contain only very low
residual awmounts of the aldehvde, and so no additional
scrubbing for recovery of the aldehyde from the residual
gas is regquired. The c¢yanchydrin concentration can be sat

S0 wia corrvegponding wmetering from the column bottom phase
(13}, preferably in the range fLrom 10% by weight to 70% by

[}

weight in stream (%) . The purified gases are advantageously

p



cooled to 500 to 25C in the heat exchanger (H)to 20 ensure condensation/absorption of HON whichas
complete as possible. In particular, the intermediate bottom phase (D), the absorption and
condensation part (E) and the dwell time vessel (G) serve as absorption and post-reaction. zone.
Owing to the amounts of cyanohydrin present in the stieam (5), and the cooling which is performed,
the residual gases exiting at the column top aLso contain only. very low residual amounts of the
aldehyde,so no additional. scrubbint for recovery of the. aldehyde from the .es pa a- is required. The
cyanohybhin dohtéfitration ¢an he setVidToredpdtdiriy métefing frorithe c6itiin. Bettori phase
(13), preferably: in-the range from 40% by-weight to-20% by weightin..stream (5),The purified.gases
are advantageously '4 passed into a.combustion unit. The product exiting with stream (9) has a molar
ratio of hydrog8n-¢yanide to UNTEALtEd albiéhyde of grdater thah. 1, wHih €.on.ficbutesSubstant i.ally
to stahilizind the product.:lnaddition, thexproduet is.clear-and.only: slightky, disgelored, whichi,
underlines the extraordinarily nigh selectivity of this process procedure. After passage thmouch a post

reactor (1), in résiduAl fractions of fhie aldéh§de Present afe Fekctéd t6'esmpletionto ackisve”
equilibrien withyhydroger oyedyMMT:the sesulting praductistegam ds. mixed-}an For this purpose, a
suitable mixing element 14) is@gsed pH of the product (stream (11)) that is set in this case is between

1 and 4, prefe éfb%?%%ﬁ/v en 2and 3. 1 the aldehydois MMP, as shown in9the MMT starting
materistream of the method described generally has a small content of methylmercaptan (MC), the

predomiant pa{tﬁ@@‘é’h'%Woylddkpa?ﬁ%@&}ﬂe exh?%%fgaségg%@f (LY, in which any

W]

regidusl fractions of the aldehyde present are reacted to
t) completion to achieve eguilibrium with hydrogen cvanide,
the resulting product stream 1is mixed with an acid. For

> mixing element (M) is used. The pH

ol -
i

this purpose, a suitable

[

It

of the product (stream (11)) that is set in this case is

between 1 and 4, preferably between 2 and 3.

I35 If the aldehyde 1s ¥MMP, as shown 4in Fig. i, the MMD
gtarting material stream of the method described generally

. -
nas a gmall

content of methylmercapran {MC), the predomiant
part of which would pass into the exhaust cas stream (12 .

This excess MC can alsc optiocnally be reacted with

b?

acrolein, which can be fed to the method, e.g. via stream
{ldy, to form MMP and in succession with HEON to form MMDP-ON

and the yield thereby further increased.

in the method according to the invention, the catalyst used
can be low-molecular-weight or heterogenecus amines or

25 solutions of inorganic bases, or mixtures of acids and low-
molecular-weight amines. These are also needed in order to
set the optimum pH range of approximately 4.5 to 6.0
preferably 5.0-5.5, that 1s reguired for the reaction (step
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Plug with Pt 10060” type, manufacturer: Metrochm Schweiz AG)



This excess MC can also optionally be reacted with acroleirt which. can be fed to the method, e.g via
stream (14), to form. MMP and in succession with HC14 to form MMT-0.4 and the yield thereby further
increased. In the method according to the invention, the catalyst utao can he low-molecular-weight or
heterogeneous amines or solutions of inorganic bases; or mixtures of acids and lowmoleculam-weight
amines. These are also neemb. d in. ordem- set the optimum pH range of approximately 4.5 to 6.0,
preferably. 5.0-16.E that is required for the reaction which i. s measured using arH electrodePlus with
Pt. 1000n9 manufacturér: Metrotim SChWA G 'dirdetiyy il thé c ahoh§dnr FAVIRG atypical wWater
content of 2-14% by weight, The: measurements ate perfermed at a temperatyre;of.abauyt. 23 in a
stirred vessel, the n[]_”m%evqsmtire_merlt?pe“irJg temmerature-combensated. For following one react ion
conAttions close ifi-time and for elifiination of measurement étrors “atinterval§ df one hour, in each.
case the ph. ismeasured.r4 times:with-formation of the-mean-value; each-measurementtaking
approximately 30 seconds. The measurement cab., however, also be carried out directly during the
reaction. online i t.he reaction system at the temperaturé that'is'set't er%{}a%daéo‘ﬁ%ﬁ’t%g t0'the p14 at
23C, which furthersiamlifiesthe processcontrol Lew<molecular-v ght-amines, pteferably-having 1 to
36 bon atoms, have LQ%paggcglar Iggygnltggg of vf{,rg%ally with Formation o %teg miscibility with the
reaction medium, which irf turn favors a rapid. reaction Low-mo ecular-weight amines vififch are
preferred . case are:tri-(GdSAy-esspreferably triethylaminecertsopropanolami A dialkytaralkylamines,
preferably 20 diathylbengylandney. diakylaylamipes, preferbly N NY dimeiiylatyline, heterocyclic
amines, preferably nicotinamide, imidazole, Penzimidazole, 2-f1Luefopyridgne,
4-dimetﬁwamiﬁ@pyb@iﬁé}@)ig‘@tkﬂgé:'oﬁrcpyrazj,ﬁ]e,_liea in the reaction syvstem at the

cemperature that is set there and convertad te the pH ar

23°C, which further simplifies the process control.

Low-molecular-welght amines,

o

referably having 1 to 356
carbon atoms, have the particular advantage of virtually
15 unlimited miscibility with the reaction medium, which in

turn favors a rapid reaction,

Low-molecular-weight amines which are preferred in this
case are tri-{(C,-Ci-alkyljamines, preferably triethylamine
or triisopropanclamine, dialkylaralkylamines, preferably
20 dimethylbenzylamine, dialkylarylamines, preferably N, N-
dimethylaniline, heterccyclic amines, preferably
nicotinamide, imidazole, benzimidazole, 2-flucropyridine,

4-dimethylaminopyridine, picoline or pyrazine.

Alternatively, heterogenecus amlnes of the general formula
//Ri
A__‘(CH;;}X ““““““ N

or polyvinylpyridine can also be used, wherein



Alternatively, heterogeneous amines of the general formbla A---(CH2), R2 po].yvcnyipyridine can.
also be used, wherein 1() R1 and R2 are hydrogen, alk:" having chain lengths between Ca and Cam
aryl or heteroaryly RI can be different from P4 X is a nsmber between 0 and 6, and A is a natural or
synthetic resin., preferably a polystyrene. These and the advantages associated therewith, such as, for
instance, easier separability, low entrainment in subsequent reaction. stages, are already described in.
WO 2006/015684. , o _ ‘

E; and R, are hydrogen, alkyl having chain lengths between
Cy, and C,, aryl or heteroaryl;

can be different from R

e

iz a numbey between § and 6, and
5 A ig a natural or synthetic resin, preferably =z

polystyrene. These and the advantages associated therewith,
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formula I is a polymer-bound base selected from the group
of the homologous dialkylamincalkyipolvyatyrenes or

dialkylaminomacroreticular resins.

It is particularly preferred that the catalyst according to
5 Formula T ig diethylamincethylpolvstyrene, diethylamino-

methylpolystyrene, dimethylaminomethylpolystyrene,

diethylaminomethylmacrorveticular resin or dimethylamino-

ethylpolystyrens.

The incorganic base used can advantageougly be alkali metal

2 hydroxide, preferably NaOH or KOH, alkali metal cyanide,

%

{

preferably NaCN or KON, alkalil metal carbonate, preferably
Na,C0y or K,C0., or alkali wetal hydrogencarbonate,

preferably NaHlO, or KHCO,:, alone or in mixed form. Thesge

have the advantage of particularly high catalytic activity

g
sl
by
T
o
il -
-y
bt
P
3

turn favors a very rapid reaction and also the low
potential interference of the low =alt fractions resulting

therefirom in the subseguent method. Howsver, heres,

sxtremely good mixing and temperature contral must be
ensured, o that no gignificant bhyproduct foymation



It is preferred in this case that the catalvOt a.ccording tc formula | is a polymer-bound base selected
from the group of the homologous dialkylaminoalkyipolystyrenes or dialkylaminomacroroticular resins.
It is particularly preferred that the catalyst according to formula | is ddethylaminoetlyylpolystyrene,
diethylaminomethylpolyyseyrene, dimethylaminomethyipolystyrene,
diethyla.ninomethylmacrorecylamino- ethylpolysty r The inorganic base used can advantageously be
alkali metal 20 hydroxide, preferably Naafi: or KOH, alkali metal cyanide, preferably. NaCN or KCN,
alkali metal caSorate préférablyNE4c D361 KECO3, of alkali rietar RydrogencarbonateJpreferably
NaNCO3 or KHCOA alonererinimixed form, These-have-the-adyantage of particularly. high gatalytic
activity which in turn favors a very rapid reaction and also the low potential interference of the low salt

fractions resultifig Téfrom i the §ubsetfuent nisthed © Fioweviér, Herehegd6d fiising ant ¥mperature
control. must be Q- that.-nosayniticantduet fotmatdon 7. As gatalysts; advantageously, also mixtures
of acids and the aboxementioned low-molecular-weight amines can be used, in order to set the pH

more readily ifi tHe d&8iret rahge 5 {0’66 abi torstabilize fibythé bufef atfish “Particularly
advantageousdndhis caseds the use f aeganic.acidsiswch as:short-chain fatty.agjds -e.g agetic acid,
formic acid, citric.acid, and organic sulfonjc acids, e.g. trifluoromethhnesulfonic acid or the use of
mineral acids 30t as, € §" sulfliric Acid"or phosphoric acidin 10 EoMbination with the< 24 .
low-molecularsweight amines; Accerding topreed.embodimentef thednvention: the temperature in the
main reaction zone is gevlggte_dbin such a manner that thﬁepgst of reaction liberated can be given off to
cooling water ih accordarice Wwith the ambient temperatiire, WHith g Tirther great économic
advaptage of theximethod.cn with the low-molecular-weight amines.

According to a further preferred embodiment of the
invention, the temperature in the main reaction zone is
selected In such a wmanner that the heat of reaction
liberated can be given off to cocling water in accordance

is with the ambient temperature, which 1is a further great

econcmic advantage of the method.

b

Correspeondingly, the main reaction zone is cperated at a
temperature of 20°0 teo 800, nreferably from 30°0 to TOe0,
particularly preferably from 315°C to 65°C. The reaction

20 also proceeds comparatively rapidly in this range.

In the method according to the invention it is further

preferred that the absorption and post-reaction zone is

cperated at a temperature of 0°C to 30°C, preferably from
4°C to 15°C. This ensures a particularly efficient

25 absorption of the hydrogen cyanide and still makes possible

thorough reacticn of HCN with the MMP to form MMP-

cyvanechydrin,

oy . i e f . - — — -~ - o ey o g b S e e i i e - g A
Furthermore, the use of a second oost-reartion zone Sust

upstream of the product discharge point for the MMP-



Correspond.the PedCtion zone is- opera.te.d at a temperature of 20C to 80C, preferably from 30C to
70Ct particularly preferably. from 35C to 65C. The reaction also proceeds comparatively rapidly in this
range. In the method according to the invention it is further preferred.that the absorption and post-reac
operated at a temperature of OC to 30C, preferably from 4C to 15C. This ensures a particularly
efficient of the hydrogen cyanide and still makes poss  rough reaction of HCN with the MMP to form
MMPcyanohydrin. Futhermore, the use of a second Jost-. act. son zone ie. upstream of the product
discharge poift/ forthe MNP tyanrohifdiintis devantabebis STRISS@coRe oSt reHctiBn z6rE s
operated at a.;similaetemperature 1o the, main reaction.zone.fC.to 80C., preferably,40G tg,70C,
particularly preferably. 45C to 65C__ In this manner a rapid and quantitative completion. of the reaction.
of HON and MNi2 %o fornt MMP &yanohybrir sRorly tipstreah 6f the prodict dischargeis@nsured. The
method ancbipingethe invention is advantagequsly pperated.atabsolyte pressure of 0.9 to 5 bar,

5  wirtually guantitative completion of the reaction of HON

and MMP to form MMP-cyanchydrin shortly upstrsam of tChe

product discharge is ensured.

The method according to the invention is advantageously

cperated at an absclute pressurs of 2.% Lo 5 bar,
) preferably 1.0 to 3 bar, particularly preferably 1 to

1.5 bar. This has the effect that rapid degassing ci the
absorbed HCN from the scolution and corresponding losses arse

prevented thersby.

The method according to the inventlon is, in addition,
I5 charaaterized in that a molar ratio of prussic acid to 3-

(methylthico)propanal of 0.98 to 1.03, preferably 0.99 to

1.

<3

1 can Dbe get. Firstly, losses of prussic acid are
avolded thereby which, esgpecially on an industrial scale,
are a great economic disadvantage. Secondly, unwanted

20 prussic acid breakdown products such as, e.g., poelymeric
prussic acid or the saponification product formic acid
which has corrosive properties against various metallic

terials, are aveided and corresponding disadvantagecus

a
effects in the downstream method stages to methionine are

I
LA

avolded thereby.

In the method according to the invention, preferably, a

welght ratio of catalyst to 3-{methylthio)}propanal of

UG.ubbls to U002 1s used, particulariy preferably 0.0001 to
o0 Thtae hone thoe ofFFfart mf 5 wvoed 511 o] o,
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3 formation at the same Time as a high reaction rate.



10 preferably. 1., to 3 bar, particularly prbferably 1 to 1_5 bar. This has the effect. that rapid degassing
of the absorbed HCN from. the solution and corresponding losses are prevented thereby. The method
abcof ing to the invention. 12 in addition, characterized in that a molax ratio of urussic acid to 3-
(nethylthio)probanal of 0.98 to 1.03, 0.99 to 1.01 can fag set. Firstly, losses of prussic acid are avoided,
there espectally on an industrial scale, are a great economic disadvantage. Secondly, unwanted
prussic acid breakdown products such as, e.g., polymerib prussic acid or the saponification product
formic acid whiet h&& ebfiosive propérties against varioas metallic matenalsoarel avoided and
corresponding-disadvantageoys. effects in. the.downstream, method stages.to nethionine-are avoided
thereby. In the method. according to the invention, prefer weight ratio of catalystto ~ °
3-(methylthio)propanal ef-0:60005 160002 & tised: parcitary preferably 0:0001-to! = & 1 Tiis-
haseffect of a pasticuarlybypreduct:iformation at the same tine-as a hich,react.ion rate. 19 The
method according to the invention can optionally be carried out batchwise, semiconPinuously, or
continuouk’sly, fha COHtintGhE €mbodiment being pamticularly economical to cperaita on an indubtriad
scale of greater Loan 51.0 000 tons/a. The MMP-cyanohydrin produced according to the invention has
o aWina samRostion; RGN R 210 DL YR SO RIS, 1.,

the typical following composition:

MMP-CN: 26-97% by welght

i
MME: 0-1% by weight,
0 HCW: 0.05-0.3% by weight,
H-O: 2-14% by weight,
Oligomers: 0.01-0.1% by weight.
The molar yields based on MMP arve typically 99.50 to
93 .59%

15 The mixture containing a 2-hydroxy-4-{methylthio)butyro-
nitrile according to the invention can, particularly
advantageously, be used directly for producing methionine
and Z-hvdroxy-4-methylthicobutyric acid. For this purpose,
it is sither aminated (aminonitrile pathwav) or reacted

20 with a mixture of ammonia and carbon dioxide (hydantoin
pathway) in order to form methicnine, ocr  hydrolyzed
diractly o form Z-hydroxy-4-methylthichutyric acid

{methiconinehydrowy analogs, MHR) .

It has, furthermore, surprigingly been found that high-

25 boilling MMP oligomers already present in MMP ave for the



H40: 2-14% by weight, Oligomefsm 0.01-0.1% by weight. The molar yields based on MMP are
typically. 99.50 to 15 The mixture containing a 2-hydroxy-4-(methylfhio)butyronitrile according to the
invention can, particularly advantageously, be used directly for producing methionine and
2-hydroxy-4-methylthiobutymic acids For this purpose,it is either aminuted (aminonitrile pathway) or
reacted 20 with a mixture of ammonia and carbon dioxide. (hydantoin pathway), in order to form.
methioninea or hydrolysed directly to rotm 2-hydroxy-4-methylthichutyric acid grathioninehydroxy
analogs, MEAL®#iosP paft réaétedsn the metifodaddording to thelinvention toferm:ithvedesired
MMP-cyanohydrin This isjshoyan.in that, 8.¢.. the,residue formedin. the disfillation.,of: the products
markedly less after the reactism than before the reaction to form the MMPocyanohydrin. In particular,
the use of the*2-Hydroxy-4=(méthylthio}- but§rotitrileféontadfing rAiktlire ‘atebrdimg to-the invention as
a. storage-stable form has proyved advantageous Sterage stah._no.in this.content js tajeento mean
that on storage 10 for at least. 128 days at room, temperature, that. is to say at 20 to 25CI only a loss
of 2-hydrg:by-Ir-methyiHiobttyronitrife Bf eS8 tHAH 1%/’ shanically detectable. Suitable analytical
methods are, in particular, the customary HPLC methods. if The present invention will be described, in

more detail. 'trQ reference to the examples hereingﬁer, Anagl;_n['ical methods used; The H20 .

Aarticluitar Cie ge . of. Th LU roXy e A Lme Gty L T - )
gents. MP-CM Wwas détcrmined By the method titration with lampéerématric indication, 'of the’end. poi
(Karl-Fischer-rationyonitrile-containing mixture according to the invention

ag a storage-stable form has proved advantageous. Storage

stability in this context is taken to mean that on storage

10 for at least 128 days at room temperature, thaf ig to say
at 20 to 25°C, only a loss of 2-hydroxy-4-methylthiobuty-

ronitrile of less than 1% is analytically detectable.

Suitable analytical methods are, in  particular, the

I35 The present inveniion will be described in more detail with

reference to the examplies hereinafter.



For this purpose, 20-30 ml of titration. medium(e.g. Hydranal Solvent 5, Fluka) were charged into the
titration vessel and titrated to dryness using titration agent (a. g. Hydranal TitrantRiuka)A sample
guantity approximately. 500 mg was added to the initial charge that had been titrated to exhaustion.
(plastic disposable syringe) and titrated to the end paimt with titration agent. The exact sample weight
wasd by differential weighing. The procedure of this standard method is known to those shined in the
art (see, FP. A_ Bruttel, R.gink: WasserbestimmungdumbCmcir-Fischbrubitration[Water determination
by Karl-Fischértitratiohf fetFshintAE). ¥RE%reeacid content of the product was determined by the
principle of ion chromatography (IS)using 20 amperometric cyanide detection working electrode, the
sample prepaﬂt;a%i(gnppéa,\(infg ) proceeded by, separating off H}g{[{gg.iprggsi%‘acig?f[}om Lht sample matrix
by means of preparative ¢oTgan chromatography. ‘The pri... anide removal was péfiormed, €.9.,
Citration with biampervometric indicaticn of the end point

{(Karl-Fischer titration) .

3 For this purpose, 20-30 ml of titration wmedium (e.qg.
Hydranal Solvent 5, Fluka) were charged into the titration
vegssel and titrated to dryness using titration agent (e.g.
Hydranal Titrant 5, Flulkai . & zample quantity ot

approximately 500 mg was added to the initial charge that

0 had Dbeen titrated to exhaustion (plastic disposable

syringe) and titrated to the end point with titration

agent . The  exact sample weight was determined by

The procedure of this standard method is known to those

bs shilled in the art {gsee, e.g., P. A. Bruttel, R. Schlink:
Wasserbestimmung durch Karl-Fischer-Titration [Water
determination by Karl-Figcher titration] Metrohm ACQ) .
The free prussic acid content of the product was determined
by  the principle of don  chromatography (1) using

20 amperometric cyanide detection at an Ag working electrode,

the sampl
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the free prussic acid from the sample matrix by means of

cyanide removal was performed, e.g., at

3 - 5 -, Is - e TN l — ~
il ire ., on o oa PRP-X 300 separabtion column, Z50 mm

. -
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Lnternal diameter fyrom Hamilton. The Ml Le

cid. At a flow rate

£ o = I R VLl
of a 5 mmolar sul furic

sl

of 1.0 ml/min, 100 pl of the sample solution (0.1 g of



room t.emperatur e, on a PRP-X 300 separation column, 250 mm diameter from
Hamilton_ The mo phase consisted of a 5 mmolar sulfuric abid. At. a flow of 1.0 mllAmind 100 cl of the
sample solution. (0.1 g of sample in 10 ml of mobile phase) were injected. The column eluate from 4
min. to 8 min was collected in a. 100 ml measuring flagsk, made up to the mark with u.i.tranure, water
and 100 21 were injected. into t.he .rC cyanide determination Similarly to the sample solution, an
NaCN calibration solution of known content was subjected to the preparative separation by means of
column chroni&@dgtaphy and 100 wéie ifjEtted iftd I IC 157 Cyanide=déefmindtien. CThe mn
ionsthrematographis.cyanide.determination,was carried.out at reomdemperature, a- g qma,carbo Pac
PA1 separation column, 250 mm in length x 4.0 mm internal diameter from Pionex. The mobile phase
consisted of a"S6GtbN'6F 13 of sobiititfi chidride ahéi®1 i bF ethyldhediamana iha ] 6F 280
mmoiar sodium-hydraxide solution: At a flow rate of 1.0:mkmin, 100 21 of sample solutjon:orcalisrat
.on. solution were injected. The evaluation was performed by peak area comparison using the external
standard Meth6d: Thepracediire of this standard method is known to those led in the att. The MMPC
and MMP contents of the product were determined by means of isocretic ion exclusion

chromatography,oma, catjon exchanger with subsequant,U-17 detegtion, at,205 nm, The determination
was carried out, e.g., on a PRP-X 300 separation column, 250 rim inigida x 4 1 mm internal diameter
from Hamiltonsatl atemipefature of@; Thermaebile phasesconsistéd of &S rahtolarstifarcadide At a flow

rauaofLo'ndgggk4&9é@ﬁom§§p%ﬁ%éﬁ%sag%ﬂqﬁ9kgﬁp'chromat@gxaphy* and 100 ul

[ A T " | . +— i~ e = - g, - L
wars injected into the IC for cyvanide determination.

i} The icn-chromatographic cyanide determination was carried
cut at roowm temperature, 2.4, on a Carbo Pac PRI separation
column, 250 mm in Jlength X 4.0 mm internal diameter from
Dicnex. The mobile phase congisted of a solution of 1.5 g
of sodium chloride and I ml of ethylenediamine in 1 1 of a

I5 50 mmolar sodium hydroxide solution. AL a flow rate of
1.0 ml/min, 100 pl  of s=sample golution or calibration
golution were injected. The evaluation was performed by
peak area comparizon using the external standard method.
The procedure of this standard wmethod is known to those

20 gkilled in the art.

The MMP-CN and MMP contents of the product were determined
by means of isocratic ion exclusion chromatography on a
cation exchanger with subseguent UV detection at 205 nm.
The determination was carried oubt, =2.g., on a PRP-X 2300

-

separation column, 250 mn in | length X 4.1 mm internal

i
Ay

diameter from Hamiltorn at & temperatures of 25°C. The wmobile
phase consisted of a & mmolar sulfuric acid. At a flow rate

i 1.0 mi/min, 100 ul of the respective sample solution

{0.5 g of sample for MMP determinaticn or 0.06 g of sample



for MMPCN determination in 50 ml of solvent)were injected. The calibrat.ion proceeded by injecting
suitable calibration. solutions (0 5 mg of MMT i..n 50 ml of solvent or 50 mg of MMP-CN in. 50 ml of
solvent). The solvent, consisted of a mixture of 500 yl of 0.5 molar H2S0i and 5 ml of acetonitrile which
was diluted. to 50 ml with ultrapure water. e evaluation prc.ceeded by peak area ..ompari son by
means of t.he external stathod. The procedure of this standard method is known to those skilled in the
art The components in the MCN-containing starting material gas nitrogen. (N2), carbon monoxide
(CO), carbon diokide {E0: S metfahe (@i 2amfionial IMHY,Y, prussie Beid (HONY; Water (#420),
argon3/oxygen(Q2)rther/hydrogen., (Qplyconditionally) and.benzene, as Internal standard were
determined by gas chromatography The gas chromatograph 6890 (Agilent, based on the HP 6890)
was used heréFhe’gas chrontatogranforanlalysisas eqiiipped withthige 207 separation‘columns:

1. HP-CPWAX; 5263 25m*0:32mm>0;2-4m (here,NH3; HON, water and benzene were separated), 2.
molecular. sieve 30m*0.32mmt32um (here H2, N2, Cm CO and. me Shane were separated) and 3
Plot 03 30m*0.32mm*20um (here CO2 and benzeme were separated), two thermal conductivity
detectors{TCD}zaressurermaczsurmreganit arid a mass flonwemeter (NEM) forColume 1uwals: -
connected viaT% @&gkagggpr %opnalckg%ntColqmns and 3 were onnectegjht}hr; frgnt defec})orzim

ACETCONLIITr1IIE WhRICH wWasg

with ultrapure water.

ey, [ I S, o e S TR o o o vt e T 1 A o Y s i iy o
The evaluatlion proceeded by peak area comparigon by means

of the sxternal standard method.

{0 The procedure of this standard method is known to those

skilled in the art.

The components in the HCN-containing starting material gas
nitrogen (N.), carbon wmonoxide (CCO), carbon dioxide (CG,),
maethane (CH.,), ammonia (NH,}, prussic acid {(HON), water
15 (H;0), argon (Ar)/oxygen (0.; (either/or), hydrogen (H.)

tonly conditicnally] and benzene ags internal standard were

determined by gas chromatography. The gas chromatograph
6820 (Agilent, based on the HP 6890) was used here. The gas
chromatograph for this analysis was equipped with three

20 separation columns: 1. HPE-CPWAX 32CE Z5m*0.32mm+*0.2um {(here
NHZ, HCH, water and benzene were geparated), 2. molecular
sieve 30m*0.32mm*i2um (here H., No, 0., C0 and methane were
separated) and 3. Plot @ 30m*0.32mm*20um (here 0, and
benzene were separated), two thermal conductivity detectors

3

(TCD}, a pressurse measuring unit and a mass flow meter

[
L

(MEM) for heliium. Column 1 was connected wvia 2 back

L e dee e P T Y i g e A, e [ - el = A

L0 eCior (] L DAaCk aetaector. OIS 2 and 5 were
RN TR 1 e f o [ S 2 P, S T ey Fer ot b

connectad by oa fvont injsortor o the front detector.



The procedure of this standard method is known to those skilled in the att. Thecomponentsmet
imercaptan(1)1C)and methylm.ercaptoprop(NMP) and acrolein (AC) of the residual gas exiting from
the column top were determined by means of gas chromatography. In this case the gas
chromatograph 7890A (Aaident) was used. The gas chromatograph was equipped fo. this analysis
with separation column. (14P-INNOWAX (50m*0:32=d0:25um) and a bar' 10detector (FIB). The
procedure of this sta a261 method. - known to those skilled in the art. Example 1 A. setup as shown in
lig. 1 wab usedRavitiga Eolintn 6F70 Thrin aiafhéter, WhikhoWas eduippeeriith 2 Brddrédrackinds
(C) and. (E) arg whichy had. heights-in, each. case of 2500 and 1700 i.nm. Between the ordered
packinds were situated an intermediate bottom _ ase MIP, from a stream (6) can he taken off for
operating a top circuit_ Beneath the column was situated the column bottom phase 2U having a
volume of 4 litérs=The diadramc-ofthis:device is attached:(see &igure 1) Tiinth{the;stream 1);:3:98 kg/h
of crude prodyct gasfrom the production of hydrogen cyanjde by the Andrussow method were fed via
the gas blowelfil%é%%ﬁgn%%@%gigﬁ%fbgﬁéfﬁﬁﬁ%%ﬂ %%icﬁggégfain%ﬁgba%‘é C\)/S\}/“é“léﬁt: HCN:'8.879%, H:(6):
3.88%,1.33%¢s$ N2: 7601961102t 1.48%, arc5.67%,525 from  the column  top  were

determined by means of gas chyomatography. In this case the
gas chromatograph 78202 {Agilent) was  used. The gas
for this analvysis with a

GOmM* 0. 32mm* 0. 25um; and a back

i} detector (FID). The procedure of this standard method is

known to those skilled in the art .

Example 1

A setup as shown in Fig. 1 was used, having a column of
70 mm  in  diameter, which wag eguipped with 2 ordered
15 packings (O} and (E) and which had heightg in each case of
2500 and 1700 mm. Between the ordered packings were

situated an intermediate bottom phas (D}, from which a

stream (6 can be taken off for operating a top circuit.

Beneath the column was situated the column bottom phase

1 having a volume of 4 liters. The diagram of thisz device is
attached (gse Figure 1.
With the stream (1), 8.9%8% kg/h of crude product gas from
the production of hydrogen coyanide by the Andrussow method
weye fed wvia the gas klower (B) into the column bobtonm
25 phase A which contained, based on weight: HON: 8.87%, H.0O:

T oaas .. 07 77 V.. TS AT % S Ane , moaT e Sla
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controlled here




in such a manner that in the column bottom phase (A), at a filling state of 50%, a temperature of 50C
prevailed. The feed stream (7) onto the ordered packine (C), at 40 he-4/h, had a tenperature of .35C
The methylthiopropionaidehyde was introduced into the reactor (a) via the feed (2) at a throughput. of
2.966 kg/h. The reactor contained, based on weight: MMP: 96.46%, N90: 2.77%,0.2%. Via, the feed
l:atsame time 0.211 kg/h of a mixture of 99% byt of MMP in LilC composition described above and 1%
by weight of triethanolamine as catalyst were introduced into the reactor (G). The whole stream (S)
consisting of the stattiflg inatériais antithe cirbulation. Stredrs (S)Was a0 RYATT thé feeddO the upper
ordered. packing:(F).at ademperature-of6C..The-molar starting matedaleratio MCN/M342 -,
corresponded to The product left the column bottom phase at 4.20 kg/h and had the following

composition, Based on weight: MMPEHB 90743954307 8256 MPMP: 6.149% HEN: 0°£6%, MC:
0.01%. Thelstgas left the-calumnstepat 8:0:7 kg/h and. had the following composi t..i on based on
weight: NON: 0.00%, MMP: 0.07%,0.05%, 820: 1.34%,1.48%, N2: 86.02%, .64%, CC: 6.31%,
CCA: 1.CH.:: 0.44%. The gases were fed to a. combustion plant. Example 2 production of hydrogen
cyanide by thé Andnissow methao- were fedlvial thésgas:blower (E)linte thei column-sottom phase A

ConteinEQ’Weigggng:xaEQJWQ?tlagQ:h%?%{%ed (2) at a throughput of 2,966 kg/h.

oL

Lo}

The reactor contained, based on weighf: MMP: 96 .46%, H.O:

I

o

2.T77%, MO 0.2%. Via the feed line {3), at the same tLime
0.211 kg/h of a mixture of 29% by weight of MMP in the
composition described above and 1% by weight of
triethanclamine ag catalyst were introduced intc the

reactor (@) . The whole stream (5) consisting of the
starting materials and the cirvculation stream (6) was
40 kg/h in the feed to the upper ordered packing (B) at a

Cemperature of 6°C.

The molar starting material ratio HCN/MMP corresponded to
1. The product left the column bottom ghase at 4.20 kg/n

-
=

and had the following composition, based on weight:

MMEP-CN: 94 .43%, H0: 7.82%, MMP: 0.14%, HCN: 0.16%, MC:
0.01%. The exhaust gas left the column top at 8.07 kg/h and
had the following compogition based on weight: HCN: 0.00%,
MMP: 0.07%, MC: 0.05%, H,O: 1.34%, Hy: 1.48%, N.,: 86.02%,

C:: 1.64%, CO: 6.31%, CO,: 1.26%, CH:: 0.44%. The gases were

H

fed to a combustion plant.
Example 2
The setup of Byamole 1 waz used.

With the styeam {1}, &.924 kg/h of crude product gas of the



1.3%, N2: 76.3%, 02 CO: 5.6%., 002: 1.1%, CH2: 0.4%. The incoming gas was mixed at the jet pump
(Et) with a. circulating stream (8) of 280 kgbh. The temperature of the circulation stream was controlled
in this case in such a manner that, in the column bottom phase (A), at a. filling state of 50%, a
temperature of 49.8C prevailed. The feed stream (7) gnto the ordered packing did had a empera.t.urc
of 35C at 40 kg/h. The methylthiopropionaidehyde was introduced into the reactor (0) via the feed (2)
at a throughput of 2.976 kg/h. It contained, based on weight: MMP: 95.9%, H20M 2.8%, MC: 150.2%.
Via the feed lifé T8} At id sarhe i, Bi2 kgAY 6F & Fiixttire BR9996 By Wekght ShaiRiirthesbove
described composition.and 1% hy-weight.ef.triethanolamine as cats; Jyst was intraduced into the
reactor (G). In addition, 2 kg/h of the bottom phase product were imtroduced via the pathway (12) into
the reactor (GThe Whol&'stréant’(S) consisted of thie starting Hhateridlsand the circulation. stream (6)
anel the prod:uotstream (13)was 42 kgbhin the feed to thesupperordered;packing (B) at as
temperatyre of 5.5C, The molar starting material ratio NCH/MMP corresponded. to 1. The productthe
column bottom Phase &t 4°25% afd had the f8liotifg cdmpokition, Baséd o weight: MMLP-1IN3
90.05%,M38.81%-016019:10;75%y HON: (:21%: MG:0.03%:. Therexhaust.gas:left.the eglumpdop at
7.88 kg/h and had the following compesiticm based on weight; 11.041 5.50%, MMP0.09%, MC:
0.10%, H20: G653 ,0300%, N2 BS060%, 5717005, GO 54004, CO /£ 20%- CHA 0 50% THe gases

were fed to a cambastiontplant. in the column bottom phase (A), at a filling

state of 50%, a temperature of 49.8°C prevailed. The feed
0 stream (7) onto the ordered packing (U} had a temperature
of 35°C at 40 kag/h.

The methylthiopropionaldehyde was introduced into the

reactor {(G) via the feed (2) at a throughput of 2.976 kg/h.
It contained, based on weight: MMP: 94.0%, H.O: 2.8%, MO
[} 0.2%. Via the feed line (3), at the same time, 0.2 kg/h of

a mixture <f 95% by weight of MMP in the above described

Ny

composition and 1% by weight of triethancolamine as catalyst
was introduced into the reactor (G). In addition, 2 kg/h of
the bottom phase product were introduced via the pathway

20 {13} into the reactor {G). The whole stream (5) consisted
of the starting materials and the circulation stream (6]

and the product stream (13) was 42 kg/h in the feed to the

upper ordered packing (B} at a temperature of 5.5°C.

The molar starting material ratio HCN/MMP corresponded to
25 1. The product left the column bottom phase at 4.25 kg/h
and had the following composition, based on weight :

MMP-CN: 80.06%, H;G: B8.81%, MMP: 0.75%, HCN: 0.21%, MC:

O.01%. The exhaust gas left the column top at 7.88 kg/h and

o
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30 MMP: 0.09%, MC: 0.10%, Hy0: 0.6%, H.: 1.50%, N.: 86.60%, O



Example 3 The setup of Example | was used. With the stream (1), 8.94 kg/h of crude product gas of
the product ion of hydrogen cyanide by the Andrussow method was fed via the gas blower (B) into the

column bottom phase A which contained, based on weight: RCN: 8.9%, 3.7%, 1.3%,76.3%, CI.:

1.5%8

CO: 5.6%, COR: 1.0144:0.4%. IC The incoming gas was mixed at the jet pump (E) with a circulehing
stream. (8) of 2:40/h. The circulation stream was controlled in this case in such a manner that, in the
column bottom phase at a filling state. of 50%, it had a temperature of 52C. The feed stream (7) onto
the ordered packint (C):at 46 ki, had’a tempé@étur€ Bf 35€. The méthylthivpropioraidesyde was
Introduheo int;o-therreagtor {G) via-the-fegd-(2) at a throughput of 2.976 kg/h. The reactor containe.d,
based on weight: MMP: 96.9%, H20: 2.8%, MC: 0.2%. Via the feed. line (3), at the s.ame timer 0.2
kg/h of a mixture of 99% by weight of MNP in the above described composition. and 1% by weight of
triethanolamirezasaedtalyst was introduced into the reecthar KG). In addition, 2 kg/h of the bottom- b
product were introduced mt..e the reactor (G) via the pathway) The whole stream (5). consisting of the
starting materials and the circulation stream. (6) a..nd t.he produbr stream (13) was 42 kg/h at a.
temperature of 355G fiithe febdFto t e tipperfsrdeved:Packing. (E). The molar starting material ratio
HCWEIMP corresponded to 1 The product left the column bottom phase at 4.25/h and had the
following tompasition based oaaveight) 1-414P:CNS,/90.46%; H208.81%,:MM219::0.3596HEN:

0.18%8 PAC: 0 %%’@CIQEI?Xg%u%t)QgS left the colum

I
]

<tOB at 7 88 kg/h and had the

rogen Cyanil the Andrussow method was

fed via the gas blower (B) into the column bottom phase A
which contained, based on welght: HCN: £8.9%, H.G: 3.7%, H.:
1.3%, N VoL 3%, O, 1.8%, {0 5.6%, CO Loi%,  CHy C.4%

The incoming gas was mixed at the et pump (B) with a
civcularing stream (8} of 28O kg/h. The temperature of the

was conty

manner that, in the column bottom phase (A, at a filling
gtate of 50%, it had a temperature of 52°C. The feed strean
{7} eonto the ordered packing (C), at 40 kg/h, had a

5

temperature of 35°C.

T

he methylthiopropionaldehyde was introduced into the
reactor {(G) via the feed (2} at a throughput of 2.976 kg/h.
The reactor contained, based on weicht: MMP: 96.9%, H.O
2.8%, MC: 0.2%. Via the feed line (3}, at the same fime,
0.2 kg/h of a mixture of 99% by weight of MMP in the above
described composition and 1% by weight of triethanclamine
ag cabtalyst was introduced into the reactor (G L1l
addition, 2 kg/h of the bottom-phase product were
introduced int the reactor (G} via the pathway (13) The
whole stream (5) consisting of the starting materials and
the circulation ream (6] and the product gtream {13) was
42 kg/h at a temperature of 5.5°C in the feed to the uppe)
orderad packing (Ej}.



following composition based on weight: HCN: 0.00%, MMP: 0.09%, MC0.10%, H20: 0.6%, H2:
1.50%,86.60%, 02: 1.70%, CO 6.40%, CC8: 1.20%8 CH5: 0.50%. The oases were fed to a
combustion plant. From Mhe product. thus obtained, for determining the sthdhh: stability in further
dependence on the water content and the pH, furthergamples listed in Table 1 were produced by
corresponding addition of water and sulfuric acid and stored at 20C for up to 128 days. The samples
having a water cont.of 18.36 and 8.35% by weight, respectively- (Examples 3b and 3d) do not
correspond tothf prodiddt cidcordingd. olthesavention: biPsév A8 Gomparnsoit o deTable 1 product
of Example 3 with-futher-variationjofpH 1Qand water.con(ent(96 by weight), content, Example 3a 7

8.73

20

and had the following composition based on weight: MMP-ON:

20.46%, H.0: B8.81%, MME: 0.35%%, HON: 0.18%, MC: 0.00%. The

exhaust gas left the column top at 7.88 kg/h and had the
foliowing composition based on weight: HON: 0.00%, MMP.

0.08%, MC: 0.10%, H.O0: 06.8%, Hy: 1.50%, No: 86.680%, O,

1.70%, CO: 6.40%, CO.: 1.20%, CHs: 0.50%. The gases were
fed to a combustion plant.

From the product thus obtained, for determining the storage
stability in further dependence on the water content and
the pH, further samples listed in Table 1 were produced by
corresponding addition of water and sulfuric acid and

stored at 20°C for up to 128 dayg.

The sawples having a water content of 18.26 and 18.35% by
weight, respectively (Bxamples 3b and 3d) do not correspond
to the product according to the invention, bub =zerve as

COMPET LSO .

Table 1: Product of Example 3 with further wvariation of pH

and water content (% by weight) .

Bl Water HCH

content content
Example 3a 2 3.73 0.18
Example 3b 2 18.26 0.1e
Example 2c 4 B.78 0.18
EX&WPEEMEG 4 118.38 0.6




)1- 18.26 Example 3c 4 8.73 Example 3d r -y9 Example 4 The setup of Example | was used, but
without hottomphase product feed (13) in the top product circuit. With the stream (1), 8.95 kg/h of
crude product gas of the production of hydrogen cyanide by the Andrussow method is fed via the gas
blower (B) into the column bottom. phase A which. cegtains the following based on. weight: HON:
8.9%, HMO:3.9%,3%,91:76.21,02:1.49s,C0:5.61, 1.1%u CHG: 0.4%. The incoming aas was mixed.

at. the jet. pum
P Egample 4

The setup of Example 1 was used, but without borttom-phase

product feed (13} in the top product circuit,

With the stream {1}, B8.95 kg/h of crude product gas of the
5> production of hydrogen cyanide by the Andrussow method is
fed via the gas blower (B} into the column bottom phase A

which contains the following based on weight: HON: £8.9%,

4

HoOr o 3.9%, He: 1.3%, N,: 76.2%, C

= 1.4%, U0 B 6% 0

1.1%, CH.: 0.4%. The incoming gas was mixed at the jet pump

H [B) with a circulating stream {(8) of 280 kg/h.
-

temperature cf the circulation stream was controlled in

this case in such a manner that, in the column bottom phase

o
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50%, 1t had a temperature of
65.0°C. The feed stream (7) onto the ordered packing (C),
IS5 at 40 ko/h, had a temperature of 40°C,

L

I'ne methylthioproplonaldehyde was introduced into th

0}

o

reactor (G) via the feed (2) at a throughput of ko /.

=1y
B

L
o3
3]

1L:

%

The reactor contalned, based on weight: MMP: g7,

:E:

;O I

[

,

L.2%, MC: $0.3%. Via the feed line (3, at the game time,

o\

20 0.2 kg/h of a mixture of 99% by weight of MMP in the
composition described above and 1% by weight of
triethanclamine as catalyst were introduced into the

actor (G) . The whole

starting materials and the circulation stream (&), in tChe

At

4 fesd to the upper ordered packing (E), was 29 kg/h at a

o3

temperature of ..

Eaal)

I L e e T i T S A P S | g e UTTRT S BERATY e e mn ey o py g s o e o -
e molary starting material vabilo HUON/MME corresponded to

oG e v Ee 5
[ o - vy Voo B e e Pt IR e g N
0.997. The product left the column borteom phass at

4.21 kg/h and had the following composgition, based on



10 (E) with a circulating stream (8) of 280 kg/h. The temperature of the circulation stream was
controlled in this case in such a manner that, in the column bottom phase (A), at a filling state of 50%,
it had a temperature of 65.0C. The feed stream (7) onto the ordered packing. (C), at 40 ny had a
temperature of 40C. The methylthiopropionaldeh2wasntroduced into the reactorvia the feed. (2) at a
throughput of 2.965 ksGh The reactor contained, based on weight: MMP: 97.0%, H208 1.9%u MC:
0.3%. Via the feed line (3), at the same time, 20 0.2 kp/h of a mixture99% by weight of MMP in toe
composition d&scribéd:abbie aht 19¢ by Weight:6f tridtHaholartiiie :as’catalyst Weke introddded into the
reactor- (G). Theav(5)consisting of the-start,ing-materials and the girculation stream (6),,ip tine feed to
the upper- ordered temperaof 5.9Ct ing (E), was 39 kg/h at a a.Jrial ratio MON/MMP co ..esponde-d.

to 0.997. The product feftthercaluimfFbotiom Phaseat 42 PRg/Mcapthad théfollswirigicomposition,
basedon  mmp: 0.11%, MC: 5.09%, H.0: 1.1%, H.: 1.40%, N.: 86.30%, 07

L
O
H b
B
[
[

1.60%, CO: 6.20%, COy: %, THy: 0.40%. The gases wore

fed te a combustion plant.

From the product thus obtained, for determining the storage

stability in further dependence on the water content and

Q.

the pH, further samples listed in Table 2 were produced by

Iy appropriate addition of water and sulfuric acid and stored

at 20°C for up to 128 davs.

The samples Examples 4b and 4d in Table 2 do not correspond
to the produch according to the invention, but serve ag

CoOmparlson.

15 Table 2: pProduct of Example 4 with further variation of oH
and water content.
pH Water HON
content content
Exanple 4a 2 7.45 0.04
Example 4b 2 17.23 0.04
Ewample 4¢ 4 7.53 0.04
Bxample 4d 4 17.32 0.04
During the storage experiments, over 128 days, the mass
o b e {8 Yy et ey P MR LR e v A v Aram T crmprae o on
el RS =i o wd ¥ WL LAl i (N PASY L5 ay M da L S A i PER AR N R N A S - 2 ;;xc::.ﬁl&.f.}.;: =

20 was determined by HPLC. The results are shown in Table 3.



30 weight: MMP-ON: 90.56%, 1140: 7.55%,0.16%, RCN: 0.04%. The exhaust gas left the column top
at 8.04 kg/h and had followcompos it: ion,-ed on we0,05%8 MMP: 0 111, 1100.09%, 1-20: 1.1%, H7:
1.40%,85.30%a CO: 5.20%, CCim 1.20%, CHH: 0.40%. The gases Wa:re o a combustion plant. From
the product thus obtained, for determining the storagejstahl. 1 ity in. further dependence on the water
content dad the pH, furt her samples listed in Table 2 were produced. by app opriate addition of water
and sulfuric acid and store at 2.0C for up to 128 days. The samples Examples 4b and 4d. in Table 2
do not correspérit-fo the prodictdctordifigto tHe iHFentoN ButLenié 48 omparisdh CTatie 2;
Product of Examdewith furthervwariation of n and:water-gontent. .ample pH WaterIHTN

By . B . B, Ex. Ex. Ex. B . B,
Day Ta 3k 3c 3d 4a 4b de 4d :

18]
o
N
b
[t
&
.
N
£
.
-

B.73 8.26 B.,78 18.35 Joasy 17,23 ToRE) 1733
HCON
content G018 .16 0.1 0.i8 0,04 0.04 0.404 0.04
MMP-CHN
llcontent ) BO.66| 80.30| 90,141 80,68 89,75 B0.30 90.24] B0.89

2 89.64 | 80.20| 950.14! 80.67| 86.75| 80.28] 90.22| 80.69

4 89.67] 80.28]| 90.12] 80.65] 89.731 86 .24] 50.279| 80.58

g 83651 BU.2A| 90.09! B80.61| 89 .68 80.14| 90.13| 80,44
16 A9.641 BO.23| S0.08| 80.52] BG.67. 80.05| 90,131 86.25
32 895.68) BD.17| 89.93| 80.42| 89.47| 79.85| 289.98] 75.60
64 26,671 79.96| 89.86| 79.%4| 89.22 79.42) 89.48| 78.76
128 R9.65] 79.61| #9.50] 79.23] 88.75| 78.60| 8,91 77.29




contentlcontent. 7.490.04 , Example 4h 2 23 0.04 7 1 47.53 0.04 Examp e 4d4 0.04

According to US A 4 G560 932, MMP-CN was produced first from
digtilled MMP and distilled and subseguently condensed HCN

in a stirred vesgel that was adjusted to and maintained at
5 40°C, and stabilized by addition of 0.01 g of sulfuric acid
(10%) per g of MMPCN. This MME-CN was fine distilled by
means of molecular distillation at 1 mbar and 80°C, all
impurities except for water, and residues of MMP and HCN
tf. The product contained MMP-CN at

14 28% by weight and was cocled in a vessel t£o (0°C. From the

resultant product, for determining the storage stability in
further dependence on water content, on HCN content and on

-

the pH, further samples listed in Table 2 were produced by

addition cof water and sulfurilic acid and additrion of

LA

distilled HCN and stored at 20°C for up to 130 days.

The sample according to Example S¢ in Table 4 does not

correspond fo the product according to the invention, but

Table 4: Product from Exawple 5 with further variation of

200 pH, HCN content and water content.

pH Water HCN

content conbent
Example Sa i 2 6.62 0.13
Examp 4 6.51 Gc.i9

Example 5S¢4

o
%

st
X0
[
fow}

During the storage experiments, the mass content
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S



Oaring sne st.orage .xperiments, over 428 days, the mass content (8 by weight) ef MMPall in. the
inddua] samples was determined by HPLC. The results are shown in Table 3. Example 5 According
distilled MMP _ 4 950 932, 4149-- ON was produced first from tilled and subsea-Gently condeneed
HON in a stirred vessel that was adjusted to and mairjained at 40C, and stabilized by add.ition of
0.01 g of sulfuric acid (10%) per g of MMPCN. This MMP-CN was fine distilled by means of molecular
distillation. at 1 mbar and 90C, all impurities except for water, and residues of MMP and HCN having
been separatetf b The proditict “c%%ﬁéfiﬁe&%\ﬂ?’r@mvét‘qgg% byAReigRtand Wastcooed- iff avessel to
OC. From the resultant-predust dor-determiningsthesstorage stability-further dependente, on water
content, on HON content and on the pH, further samples listed in Table 2 were produced by addition of
water and sulfuric acid’and addition of distilled HCN and stored at 20C for up to 130 days. The sample
.ccording to Example Sc. in raffle 4 d:oes n.ot correspond to the product according to the invention, but

S&VGSRHCOH%&H@QHSI Mass fracticns (% by weight! of MMP-CN in
5 dependence on storage time, pH, water content and HCN

content .

Day Example S5a|Example 5b|Example B5c
otz s i

Wa rocontent &L 62 =7 R.1x

HON content .18 .19 0.01

i MM?MCN'é@nm&nt 51405 G1.80 80.98

4 G 44 1,78 a0, 88

7 G104 91 7E C.E7
L4 31 .48 G163 80,43
21 91 .4 °1.6z1 5.7
35 G148 91,47 7878
5& 1,47 91,43 P 9s
130 37 .44 51.07 77.70

The experimental results are evidence that the stability of
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the product is substant: =cted by the HON and water

[0 contents, as can ke particularly advantageously set by the



Table 4: Product from Example 5 with further variation of 20 pH, HON content and water content.
WaterHIM contentcontent weight) of MMP-ON in the i.ndividuai samples from Example 5 was
determined over 130 days The results are shown in Tothie 5. Table 5: Mractions (E by weight)EP-CN
In dependence on storage time, ph, water content ang4RCN content. The experimental results are
evidence that the stabil the product. is sr&bstantially aft ted by the ECU and contents, as can be
particularly advantageously set by J 34 method described. The products having the highest HCN
content accor8iig 10 EXARTHIES B%hd 54 anH S yeerallFERaw thé Beststapiity. rHddition, the
products fromdzxaraples 3a: 30a5acand-5b age;stabilized; by the lawwater §.£08tnit. 3 Setting the pH
to a value of 2 likewise supports the stabilization of the product, the effect of acid addition or of pH,
however, in cOMpArisott to theinfiliencing fattors' HEN Grid-Water ‘cohtéHt “hEing of stbsidiary
importance. 18xamples 2z, 3¢, Sa and 5b are atabilized by the low wabter

5 content, Setting the pH to a value of 2 likewise supports
the stabilization of the product, the effect of acid
addition or of pH, however, in comparison to the

influencing factors HCN and water content, being of

subsidiary importance.



Claims Mixture contai nin.g 86 to 97% by weight of 2-hydroxy-4- methylthiuboUyronitrilew 2 to 14% by.
weight of water, 0.05 to 0.5% by weight. of HCN and havi.ng a pH of 1. to 4, measured using a pH
electrode at 23C. Mixture according to claim 2, characterized in that it contains 88 to 92% by weight of
hu.tyron.i3 to 12 .by weight of water and/or 0.1 to 0.3%. by weight of RCN and/or has a pH of 2 to
Method for producing a mixture containing. 2-hydroxy-4- Onethylthirobbutyrondtrile according to either
of claims 1 or 2, characterized in that 3-methylmercaptopropionaldehyde is reacted with hydrogen.
cyanide in thec&‘éég‘ﬁce of a base as catalyst to form the nitrile and dHrCil and/or thereafter b) the
water content, if des ired, is set by water addition at 2 to 14% by weight,preferably. 3 to 12% by
weight, the HCN content if desired is set by HON addition to 0.05.to.0.5%_by weight of RCN,
preferably 0.12[0 0.39 o“gy‘Wéig'ﬁifgéﬁ'd ’t‘H’é?%a%gr é)othét}ph, £|>f"‘fde”"s‘iJré%“,“TS set by atid addition to pH 1-4,
preferably to pH 2 te=3.:Meéthod-according to claim.3,4n whicht inlstepicight of water,
methylmercaptopropionaddehyde s r.acted.with hydr cyanide. in the presence.of a. base as
catalyst in a main ?épéét?oﬁ'%onéfef f}oofo%rfn tﬁ%n?%ljﬂey%g%ggid%é amounts’ of g%eg(]-:-gﬁs ﬁydgccfgen
cyanide which leavé the4nainredction. zene: argabsorbed imtan absdfption and post-reaction zone
containing a mext..ure of 3-methylmeinzabtoprosionaidehyde and catalyst and optionally
2-hydintxy4-(methylthiobutyronitrile and are further reacted. Method according to claim 4,
characterizedin that'the Mixtire containgd frPtelabsbrptiors &Ad posEieketion Zone'dfiginates at least

partially from the maim.reactionszone, 923 by weight of 2- hydroxy-4-methylithio-
butyronitrile, 3 to 12% by weight of water and/or ¢.1

IG 3. Method for producing a mixturs containing 2-hydrowxy -4 -
(methylthic)butyronitrile according to either of claims

-

i or 2, characterized in that

al d-methyimercaprtopropionaldehyde ig reacted with

J

hydrogen cyanide in the presence of a base as

[ catalyst to form the nitrile and during which
and/or thereafter
ki the water content, if desired, iz set by water

addition at 2 to 14% by weight, preferably 2 to

12% by weight, the HCW content if desired is set
20 by HCN addition to 0.05 to 0.5% by weight of HCN,
preferably .1 to 0.3% by weight, and thereafter

o the pH, if desired, ig set by acid addition to

pH 1-4, preferably to pH 2 fto 3.

4. Method according to claim 3, in which, in step a}, 3-

¢

Qi

25 methylmercaptopropionaldehyde is reacted with hydrogen

cyanide in the presence of a base asg catalyst in a main

reaction zons to form the nitrile and residual amounts



Method according to claim 4 or 5, char cterized in that the main reaction zone contains a stirred
reactor or loop reactor and, optionally, additionally a let pump. 7. Method according to any one of
claims 4 to 6, characterized In that t..e absorption and post-reaction. zone contains a device for
contacting a gas with a liquid, preferably a column, in;particular a. tray column, a packed-bed coltimn,
a bubble column reactor droplet column or optionally a reactor having a mechanically agitated
container, a submerged jet 70reactor or a jet pump. 8. Method according to any one of claims 4 to 7,
characterized in that'sulbstaritially ‘gase66is Ry dioyen cyarnides is introdacéd-mtd e main reaction
zone, preferably a hydrogen:cyanide-cantaining.pradnct gas from.a-plant for p&%qye!b!l&g Lhydrogen

y

cyanide. Method according tc.clacharacterized in that 37 to 99% by Welght prefera

5 to 75% by

weight, particularly préferably 62225 by Weight.* 18. Metriod d&cbrdin any'6re of Slaims e -

characterised in that:thg catalyst:useds @w;m@gqcuja;gwelghgobgete(g@gﬁnﬁpusaml(@es §9Lut|ons of
morganlc bases or mixtures of acids and lowmolecular-weight amines.

26

1

(6]

4~ methylithicibutyronitrile and are further reacted.

Method according to <¢laim 4, charactesrized in that the
mixture contained in the absorption and post-reaction
zone orilginates at least partially from the main

reagoition zone.

Method according to claim 4 or 5, characterized in that
the main reaction zone contains a stirrved reactor or

loop reactor and, optionally, additionally a jet pump.

Method according to any one of claimg 4 to 6,
characterized 1in that the absorption and post-reaction

for contacting a gas with a

zone contains a dewvice
liguid, preferably a column, in particular a tray
column, a packed-bed column, a bubble-column reachor, a
droplet column or opticnally a reactor having a
mechanically agitated container, a submerged jet

reactor or a jet pump.

Method according to any one of claims 4 to 7,
characterized in that substantially gaseous hydrogen

cyanide is introduced into the main reaction zone,

referably a hydrogen-cyanide- ”Gntaiﬁing product gas




1]..Method according to claim 10, ch rapterized in th low-molecular-weight amines are-(CI-C--
10alkyl)amines, preferably tmiethylamine or trl o propanolamine, dialkylaralkylamines, preferably
dimethylbenzylamine, dialkylarylamines, preferably N,N- dimethylaniline, hetprocyclic aminos,
preferably nicotinamide, imidazole, benzimidabole, 2-flubropyridine, 4-othylaminopyridine, picoline or
azine. 12. Method according to clai.m 10, characterized in that thp acid used in the mixtures of acids
and low-molecularweight amines is organic acids, preferably short-chain. 20fatty acids, in particular
acetic acid, formic &éid “éifricoacid < o# bFgariié sfiifetie acids, preféfablyirifludiaméthanesulfonic acid
or mineral acids, preferably, sulfuric acid-ea phosphoricacid;..13, Methed according to any one or
claims 3 to 12, characterizeda oh of d 5 to 6.0 is set, meferably 5.0-5.5, measured using a ph
electrode at 23C ann d. water content of 2t.0 14% by weight. 14. Method according to any one of
claims 3 to 13, charactérizedsindhat] imstep-a): atemperatire-0£20C ta 80€ is used., preferably 30C
to 70C, particularly(pretgggal;lxy 35C %o 65C. 15, Mfge}thmodﬂagcq_rqmg to any one 9f claims 4 to 14,
characterized in that the absorption andc, ion Zone is operated at a temperattife’of 0C to 30C,
preferably 4C to 15€;1ecular-waight or hetercgeneous amines, solutions of

L
L

inorganic bages, or mixtures of zcids and low-

molacular-weight amines.

}

11. Method according to claim 10, character]

@]

]

ol

low-molecular-waight amines are tri- (-0
I3y alkyl)amines, preferably triethylamine or triiso-

propancolamine, dialkylaralkylamines, preferably
dimethylbenzylamine, dialkylarylamines, preferably N, N-
dimethylaniline, heterccyclic amines, preferably
nicotinamide, imidazole, bkenzimidazole, 2-fluoro-

I3 pyridine, 4-dimethylaminopyridine, picoline or

pDyrazine.

12. Method according to claim 10, chavacterized in that the
acid used in the mixtures of acids and low-molecular-
welght amines is organic acids, preferably short-chain

20 fatty acids, in particulary acetic acid, formic acid,
citric acid, or organic sulfonic acids, preferably
trifluoromethanesulfonic acid or mineral acids,
preferably sulfuric acid cor phosphoric acid.

13. claims 3 ro 12,

25 ), a pH of 4.3 to &.0

measured using & pH
content of 2 to 14% by




16. Method according to any one of claims 4 to 15, cha.:ract ...ized in that the molar ratio of prussic
acrd to 3-(meth t o)propanal is 0.98 to .03 preferably 0.99 to 1.01. 17. Mixture
containingydroxy--(methy7, utyro- rile produced accord.ing to any one of claims 3 to 16. 18. Use of a
mixture conta.hydroxy , (methiplichio)- butyronitrile aggording to any one of claims 1, 2 or 17 for
producing Dninmethionine oroxy-4- methylthiobutyric acid_ 20 19. Use of a mixture containing
2-hydroxy-48(methyl butyronntrile according to any one of claims 1, 2 or as storage-stable form.

14 . Method according to any one of claims 3 to 13,

characterized in that, in step a), a temperaturse of

20°C to 80°C 1s used, preferably 30°C to 70°C,
particularly preferably 35°C to £5°C

5 15 . Method according to any one of claims 4 to 14,
characterized in that the absorption and post-reaction
zone 1s operated at a temperature of 0°C to 30°C,
preferably 4°0 to 15°C,

16, Method according to any one of <¢laims 4 to 15,

H charactrerized in that the molar ratio of prussic acid
to 3-(methylthio)propanal is 0.98 to 1.03, preferably
0.99 o 1.01.

17. Mixture containing z-hydroxy-4-{(methylthicibutyro-
nitrile produced according to any one of claims 3 to

15 16

18, Use of a wmiwture containing 2-hydroxy-4- (methylthio) -
butvronitrile according to any one of claims 1, 2 or 17
for producing D, L-methicnine cor 2-hydroxy-4-
maethylthicbutyyric acid.

20 19. Use of a mixture containing 2-hydroxy-4- (methylthio) -

[
-1

butyronitrile according to any one of claims 1, 2 or

as stovage-stable form.



