
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 describes 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 hydroxyl analog: 2-hydroxy- hicbuty ic acid (MHA). Methnonine is an essential
amino1 acid which is used, inter alia, as supplement in feedstuffs MBA is a liquid methibnine substitute
haying low bioavailabili Prior art From AMP, by reaction with hydrogen cyanidec acid)
MMP-cyanchydxin (2-hydroxy-4=Pmet.hylthiolbutyronitrile) may be produced using suitable catalysts.
Suitable catalysts 70 are, e.g., pyridine or triethylamine. By hydrolysis of lIMPcyanohydrin with, e.g.,
mineral. acids, MBA is obtained. Metnprahlne is. formed by reaction of MMP-cyanohydrin with
ammonium hydrogencarbonste, with formation of hydantoin, which can be saponified with a base, e.q9
potassium carbonatp or sodium hvd.roxid.e. Methip_ liberated with carbon dioxide or sulfuric acid.  ep,
by addition of HON to MMPthe presence of 



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 medium that contains pyridine or. an amine (see... patent. US A 2 745 745, column 2,
lines 52 to SS). Excess HON is merely distilled off,a. 15 in a vacuum. The resultant 2-hydroxy-42-
mathylthiobutyronitrile is then hydrolyzed with sulfuric acid, whereby ti.ie amide of
2-hydroxy-4-methylthiobutyric acid is directly formed, and finally. 2-hydrohy-4- mathylthhobutyhic acid
is formed. A similar method is also 20 described in. EP A 330 527 Al or in US 4 912 257. In. addition,
in WO 96/406131 Al, the product on of MMP- cyanehydrhn by reacting NM? with hydrogen cyanide in
presence of a suitable addition reaction catalyst is described. There it was found. that
triisopropanolamine, nhcotinamdde, imid.azole, banzimhdazole, 2-fluoracyrddihan poly-4-vinylpyridine,
4-dimethylaminopyridine,e anci pyrazine can serve as addition, reaction catalysts for producing
MMP-cyanohydringFurthermore,ialkylamine E4 having three to eighteen carbon atoms in each of the
alkyl substituents bound to the nitrogen atom aric tertiary amines in which at least one of the
non-hydrogen substituants that  are bound to the nitrogen atom according to the above description
containsgroup can also serve for catalyzing the react io1..between MMP andcyanide to 



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_ Quito generally, as ii buffer, mixtures of alkali met ml salts of acids and acids,
or mixtures of acids and alkali metalcan be used. The bis use.d in order f i rct.lv to avoid the
decomposition of the starting materials and of the des re product and secondly to neutralize the acids
used for 



20 stabilizing hydrogen cyanide. Likewise, here, :ICI 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 qas of the reactive
absorber, and fox avoithe problem of forn:at i.on byprodgets, in US 5 756 803, a water scrubber is oca
aected. downstream, with large amounts of grubbing water passing into the product which firstly,for
production of methionine, need to be at least partially removed and which secondly again promote the
decomposition of the M.M.Pcyanohydrin which in each case is a notinconsiderable.: disadvantage.
The water coot ant in the product is approxima.tely 48% by weight. Therefore, the product described in
US patent 5 756 803 is also not storage stable and, for storage and in particular 



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 1.1, preferably 1.02 to 1.08 per mole ofP The reaction proceeds at 5C to 40C at
residence times between. 0.5 and 3 hours. For stabilizing hydrogengle. 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 between 1 and 6, or preferably between 1 and 5.               TP0002-105048, for the
enhanced stability. of hydrogen cyanide, descr es the addition of water in the reaction, preferably up to
a content.of 23 to 44% by weight, based on MMP used, which leads to the same disadvantages. For
the MMP-cyanonycrinovided in. JP2002-T05048, storabo stability, merely on the basis of. color values,
was 



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 and 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 the MMP-iohydiin produhts previously described in the literature and of the
associated production methods are that the products are sufficiently storage stable for only 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) time.  molar excesses of HON 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 described also promote the formation of unwanted byproducts from the aldehydes used,
which lead to contamination or the product which cannot be tolerated. Object of the invention 



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 Ii improvements with regard to 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 as possible without further addition of water. Description of the invention further ohjects
are achieve.d mixt.ure comtail86wehoe of 2...Aroxy-4. mothvithiobutyrchd t:r:i. ].e, 2 to 1.40.byight of
water, 0 06 25to 0.51 by weof HON she" ha vi no a. H of 1 to 4, measured using ci pHectrode at 3C,
and a method for production. thereof.  7 The storage stability of a product containing 2- ydroxy-4-
methylthdobutyroni :lie having the HON and water contents 



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- methmithicbutyronitrile, 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% by weight of HON and 18.12% by weight of water at pH 4 shows, in which
3.28% loss of 2-hydroxy-4-methylthiobutyronitribe occurred Likewise, in comsaratbme example lb 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 HON and 17.23% by 20 weight of water, 1.70% loss of
2-hydroxy-4-methylthio- _yronitrile occurred. Therefore, preference ir given to a mixture. characterized
in that it contains 88 to 92% by weight of 2-hy oxy-4-          nhcbutyronitrile, 3 to 12% by weight. of
water an pr 0.1 to 0.3% by weight. of HCN and/or has a OH of 2 to 



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 lc)the water content, i.fdesired, is set. by
water addition to 2 to 14% by weight, preferably 3 to 12% 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 reaction of MMP with HCN to obtain the desired water content or HCN content by
means of water already present inng materials or the appropriatelyd amount of HCN. It ispossible to
set the water content and HCN content subseguently co the reaction. - muxture contra:hi:Meg
2-hydroxy-4-(methylthio)butyronitrile prepared in such a manner is particularly preferred here because
of its particular storage stability and particular suitability 



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- (methylthio)bolayronitriie and
are further reacted. Particlar preference is also given to containing
2-hydroxy-4-(methylthio)butyronitrile that are produced by the preferred method according to the
invention, since these mixtures have a particularly good storage stability as examples 3a) and 3c
according to the invention. show. 10 In this manner, storage stabilities of at least 128 days are
achieved in which a loss of 2-hydroxy-4-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 improvement storage , ThesIdual content of HEN in.
the gam phase reacts, in the 



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 the method. 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 about 0C to 25C into a liquid mixture of the aldehyde MMP and the reaction product
from MMT with hydrogen cyanide and catalyst 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 substituted with alkyl, alitcxy or alkyithio, 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 contrast to US 5,756,803. The main re action zone can contain either a stlactor or a loop
reactor. Both. embodiments lean tO a rapid and good mixture and a rapid conversion of MMP and
HCV. The main reaction zone can. also additionally contain a jet pumpk This leads to a further
intensification of mixing of the compon and can be used concomitantly particular'. 20 advantageously
for drawing RCN. into the main reaction zone. The post. reaction can proceed as 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 device for contacting a gas with a liquid, in particular. a column such
as, for example, a tray column, a packed-bon column, a. bubble-column reactor, a droplet column or
optionally a reactor ing a mechanically agitated container, or a submerged j at reactor.. 



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 hydroqe.n
cyanidecontent. of the gas Thrmr from 1 to 99%. by weight, preferably from. S to 75% by weight,
particularly preferably 6-22% by weight The hydrogen cyanide is produced, in particular, by the
Andruesow method ae per DE 102007034715A1 or else by what is termed the BMA method. in
German ("Elaueantra aus Methan und Ammonik" [prussic acid from methane 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 ammonia present is removed in each case from the product gas. The product gas
from the Andrussow method. (Andrussow gas) contains, after the removal of ammonia, typically about
10% by we ight of hydrogen cyanide, in. contrast, the product gas from the BMA method (BMA gas)
contains about 70% by weight of hydrogen cyanide. Thus, the typical product gas compositions of the
Andrussow method have approximately the following contents: 10.3% by weight of BEN, 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  weight of HCN, 6.7% by weight of H20, 17.3% by weight of H2, 3.6% by weight of N2,
4% by weight of CH,. The direct use of the product gas has the considerable. advantage that no
upstream. and energy-intensive liquefactionthe hydrogen cyanide need proceed and we corresponding
coupling to a plant for producing hydrogen cyanide gas, considerable capital costs in corresponding
process steps for the absorption and distillation of HCN are saved The further gas fractions in additiod
to 13,11234 surprisingly do not have a disadvantageous effect on the cyanohydrin yield. The residual
gas of the MMP-cyanohydrin production 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 freedom an.d a considerable economic advantage. 



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 preferably 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 phase of the column is set a he.at. .xchanger (1)The bottom phame W and the colulm uart
icular, serve as the main react ion zone- heing able to Be heated/c pled separately by means of  heat
exchanger (K). in this case the temperature of the streams (7) and, is selected in such a manner that.
the hpht of reaction ca.n be removed with. cooling corresponding to the amhient temperature and ee
react. ion. between aldehyde and HON in column. part (c) is 80 to 99.9%. complete. The aldehyde can
be fed separately or together with the catalyst((2),(3)).Preferably,the aldehyde orthe aidehydeltatalyst
mzxtt(2)  (3) is mixed with a 10 substream (6) from the absorption. and condensation part of the
column which is taken off from an intermedrate bottom phase (D). The catalyst can also Pe. fed, e,g.,
via the pathway (4). In this 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
cyanohydrin. Thereafter, the stream it 



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 stream (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 concentration can he set via corresponding metering from the column. bottom phase
(13), preferably. in the range from 10% by weight to 70% by weight in. stream (5) The purified gases
are advantageously  '4 passed into a combustion unit. The product exiting with stream (9) has a molar
ratio of hydrogen cyanide to unreacted aldehyde of greater than. 1, which c.on.ti-.ibutes substant i.ally
to stahilizind the product. In addition, the product is clear and only sliqhtl.y discolored, which.
underlines the extraordinarily nigh selectivity of this process procedure. After passage thmouch a post
reactor (1), in residual fractions of the aldehyde present are reacted to completion to achieve
equilibrien with, hydrogen oyedyMMT the resulting product stream is. mixed I an For this purpose, a
suitable mixing element (14) is used pH of the product (stream (11)) that is set in this case is between
1 and 4, preferably between 2 and 3. If the aldehydois MMP, as shown in9the MMT starting
materistream of the method described generally has a small content of methylmercaptan (MC), the
predomiant part of which would pass into the exhaust gas stream 



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 manufacturer: Metrohm Schwa AG)  directly in the c anohydrir having a typical water
content of 2-14% by weight_ The measurements are performed at a temperature of about. 23 in a
stirred vessel, the ph measurement being temmerature-combensated. For following one react ion
conAttions close in. time, and for elimination of measurement errors, at intervals of one hour, in each.
case the ph. is measured. 4 times with formation of the mean value, each measurement taking
approximately 30 seconds. The measurement cab., however, also be carried out directly during the
reaction. online.n t.he reaction system at the temperature that is set there and converted to the p14 at
23C, which further simplifies the process control Low-molecular-w ght amines, preferably having 1 to
36 bon atoms, have the particular advantage of virtually                                     -ted miscibility with the
reaction medium, which in turn favors a rapid. reaction Low-mo ecular-weight amines vihich are
preferred . case are tri-(CdSAy-es, preferably triethylamine or tsopropanolami A dialkylaralkylamines,
preferably 20 dimathylbenzylandney dialkylarylamines, preferably N,NY dimetlylabiline, heterocyclic
amines, preferably nicotinamide, imidazole, Penzimidazole, 2-f1Lueropyridgne,
4-dimethylaminopybidine, picolina or pyrazine. 



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. 



It is preferred in this case that the catalv0t a.ccording tc formula I 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 I is ddethylaminoetlyylpolystyrene,
diethylaminomethylpolyyseyrene, dimethylaminomethylpolystyrene,
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 carbonate, preferably Na4CO3 or K4CO3, or alkali metal hydrogencarbonate, preferably
NaNCO3 or KHCOA alone or in mixed form, These have the advantage of particularly. high catalytic
activity which in turn favors a very rapid reaction and also the low potential interference of the low salt
fractions resulting refrom in the subsequent method_ However, here,   good mixing and temperature
control. must be SO that. no saynificantduct fotmatdon  '7 As catalysts, advantageously, also mixtures
of acids and the aboxementioned low-molecular-weight amines can be used, in order to set the pH
more readily in the desired range and to be able to stabilize it by the buffer action_ Particularly
advantageous in this case is the use of organic acids such as short-chain fatty acids, e.g acetic acid,
formic acid, citric acid, and organic sulfonic acids, e.g. trifluoromethhnesulfonic acid or the use of
mineral acids such as, e,g., sulfuric acid or phosphoric acid, in 10 combination with the
low-molecular-weight amines, According topreed embodiment of the invention, the temperature in the
main reaction zone is selected in such a manner that the heat of reaction liberated can be given off to
cooling water in accordance with the ambient temperature, which is a further great economic
advaptage of the- method. 



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 0C 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 point. for the MMP  cyanohydrin is advantageous. This second post-reaction zone is
operated at a. similar temperature to the main reaction zone ofC to 80C, preferably. 40C to 70C,
particularly preferably. 45C to 65C_ In this manner a rapid and quantitative completion. of the reaction.
of HON and MM2 to form MMP-cyanohybrin shortly upstream of the product discharge is ensured. The
method ancbining to the invention is advantageously operated atabsolute pressure of 0.9 to 5 bar, 



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 be 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 which has corrosive properties against various metallic materials, are avoided and
corresponding disadvantageous effects in the downstream method stages to nethionine are avoided
thereby. In the method. according to the invention, prefer weight ratio of catalyst to
3-(methylthio)propanal of 0.00005 to 0.002 is used, par cularly preferably 0.0001 to          This-
haseffect of a particularlybyproduct': formation 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
continuously, tha continuous embodiment 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
the typical following composition: 89)414-CN! 26-27% by weight, 89)47: 0-1% by weight,
10HCI`ai0.05-0.5% by. weight. 



H40: 2-14% by weight, Oligomersm 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  most part reacted in the method according to the invention to form the desired
MMP-cyanohydrin. This is shown in that, e.g., the residue formed in. the distillation. 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-(methylthio)- butyronitrilefeontadning mixture according to the invention as
a. storage-stable. form has proved advantageous Storage stab _no in this content is ta]cento 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-hydro:by-Jr-methyl hiobutyronitrile of less than 1% is analytically detectable. Suitable analytical
methods are, in particular, the customary HPLC methods. if The present invention will be described, in
more detail. with reference to the examples hereinafter,  Analytical methods used: The H20
gents_MP-CM was detcrmined by the method titration with lamperometric indication, of the end. poi
(Karl-Fischer-ration). 



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
quantity approximately. 500 mg was added to the initial charge that had been titrated to exhaustion.
(plastic disposable syringe) and titrated to the end point 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-Fischer titration] Metrohm AG). The freeacid content of the product was determined by the
principle of ion chromatography (IS)using  20 amperometric cyanide detection working electrode, the
sample preparation having proceeded by separating off the free. prussic acid from the sample matrix
by means of preparative coTgan chromatography. The pri...'anide removal was periormed, e.g., 



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 flask, 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 chromatography and 100 were inj ected into the IC for cyanide. determination. The
ionsthrematographis cyanide determination was carried out at room temperature, a- g. on a Carbo Pac
PA1 separation column, 250 mm in length x 4.0 mm internal diameter from Pionex. The mobile phase
consisted of a. solution of 1H3 g of sodium chloride and. 1 ml of ethylenediamane in 1 ] of a SO
mmoiar sodium hydroxide solution. At a flow rate of 1.0 ml/min, 100 21 of sample solution or calisrat
.on. solution were injected. The evaluation was performed by peak area comparison using the external
standard method. The procedure 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 on a cation exchanger with subsequent U-17 detection. 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 Hamilton at. a temperature ofC. The mobile phase consisted of a S mmolar sulfuric acid. At a flow
rate of 1.0 md/min, 100 21 ofrespect..ve sample solution.  



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 dioxide (CO:..) methane (J-ni, ammonia. (MH),), prussic acid (HON), water (H20),
argon3/oxygen. (02)rther/hydrogen.  (only conditionally) and benzene as Internal standard were
determined by gas chromatography. The gas chromatograph 6890 (Agilent, based on the HP 6890)
was used here. The gas chromatogranh foran.alysis was equipped with three 20 separation columns:
1. HP-CPWAX 5203 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), aressure mac..surnn.qunit and a mass flow meter (MFM) forColumn 1 was
connected via a back ector toback-tentColumns 2 and 3 were connectedhtthe front defectori  



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
Iig. 1 wab used, having a column of 70 mm in diameter, which was equipped with 2 ordered packinds
(C) and. (E) and which. 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 liters The diadram of this device is attached (see Figure 1) Tiinth the stream 1), 3.98 kg/h
of crude product gas from the production of hydrogen cyanide by the Andrussow method were fed via
the gas blower (B) into the colukn bottom phase A which contained, based weight: HCN: 8.87%, H:(6):
3.88%,1.33%s N2: 76.01%, 02: 1.48%, an 5.67%,  25 



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
1: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 starting materials and the circulation. stream (6) was 40 kg/h in the feed tO the upper
ordered. packing (F) at a temperature of 6C. The molar starting material. ratio MCN/M142
corresponded to The product left the column bottom phase at 4.20 kg/h and had the following
composition, based on weight: MMP-CM6 90.43%, H20: 7.82%, MPMP: 0.14%, HCN: 0.16%, MC:
0.01%. The1st gas left the column top at 8.07 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 the Andrussow method were fed via, the gas blower (E) into the column bottom phase A
conteineg,weight) MGM: 8.9%, H.90: 3.7%, 



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) onto 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 line (3), at the same time, 0.2 kg/h of a mixture of 99% by weight of MP in the above
described composition and 1% by weight of triethanolamine as cats. lyst was introduced into the
reactor (G). In addition, 2 kg/h of the bottom phase product were imtroduced via the pathway (12) into
the reactor (GThe whole stream (S) consisted of the starting materials and the circulation. stream (6)
anel the prod:uot stream (13) was 42 kgbh in the feed to the upper ordered packing (B) at a
temperature of 5.5C. The molar starting material ratio NCH/MMP corresponded. to 1. The productthe
column bottom phase at 4.25 k and had the following composition, based on weight: MM1P-11N3
90.05%,M38.81%, 01019: 0.75%, HON: 0.21%, MC: 0.01%. The exhaust gas left the column top at
7.88 kg/h and had the following compesiticm based on weight: 11.041 5.50%, MMP0.09%, MC:
0.10%, H20: 0.6%,030%, N2: 86060%,  -)7 1.70%, CO: 6.40%, CO2: 1.20%, CH4: 0.50%. The gases
were fed to a combustion plant. 



Example 3 The setup of Example I 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%, Cl.: 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 packing (C), at 40 kg/h, had a temperature of 35C. The methylthiopropionaidesyde was
Introduheo int.o the reactor (G) via the feed. (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
triethanolamine as catalyst 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 5.5C in the feed. to t.he upper ordered 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 composition based on weight: 1-414P-CN8 90.46%, H208.81%, M.M219: 0.35%HCN:
0.18%8 PAC: 0.00%. The exhaust gas left the column top at 7.88 kg/h and had the 



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, further samples 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 to thh product ciccording t.o the invention, but serve as comparison..       Table 1: product
of Example 3 with further variation of pH 10and water con(ent (-96 by weight).  content  Example 3a 7
8.73 



)1-  18.26 Example 3c 4 8.73 Example 3d r  -y9 Example 4 The setup of Example  I 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. contains the following based on. weight: HON:
8.9%, HMO:3.9%,3%,91:76.21,02:1.49s,CO:5.61, 1.1%u CHG: 0.4%. The incoming aas was mixed.
at. the jet. pump 



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 methylthiopropionaldeh2was introduced 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 described above and 1% by weight of triethanolamine as catalyst were introduced into the
reactor- (G). The w(5) consisting of the start..ing materials and the circulation stream (6), in 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 left the columm bottom phase at 4.21 kg/h apd had the following composition,
based on  



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 storage stahl. 1 i ty 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 correspond to the product according to the invention, but serve as comparison. Table 2:
Product of Exam4 with further variation of - and water content.  ample pH Water1HTN 



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



Oaring sne st.orage .xperiments, over 428 days, the mass content (8 by weight) ef MMPal1 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 maintained 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 separated. off. The product contained MMP CM at 98% by weight and was cooled in a vessel to
0C. From the resultant product, for determining the storage 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
serves for comparison. 



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 and RCN 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 according to Examples 3 and 5a and 5b generally show the best stability. In addition, the
products from Examples 3a, 3o, 5a. and 5b age stabilized. by the low water 5 contnit... 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. 10 



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 the presence 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 0.1 to 0.3% by weight, and thereafter c) the ph, if desired, is set by acid addition to pH 1-4,
preferably to pH 2 to 3. Method according to claim 3, in which, in step
methylmercaptopropionaddehyde is r.acted with hydrogen cyanide in the presence of a. base as
catalyst in a main reaction zone to form the n.crile and residual amounts  of gaseous hydrogen
cyanide which leave the main reaction zone are absorbed in an absorption 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,
characterized in that the mixture contained in the absorption and post-reaction zone originates at least
partially from the main reaction. zone. 



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 substantially gaseous hydrogen cyanide: is introduced into the main reaction
zone, preferably a hydrogen-cyanide-containing prodnct gas from a. plant for producing hydrogen
cyanide. Method according tc.clacharacterized in that  37  to 99% by weight, preferably 5 to 75% by
weight, particularly preferably 6-22% by weight.  10. Method accbrdin any one of claims d
characterised in that the catalyst used is lowmolecular-weight or heterogeneous amines, solutions of
inorganic bases, or mixtures of acids and lowmolecular-weight amines. 



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 acid, citric acid., or organic suifonic acids, preferably trifluoromethanesulfonic acid
or mineral acids, preferably sulfuric acid oa phosphoric acid_ 13. Method 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.o 14% by weight.  14. Method according to any one of
claims 3 to 13, characterized in that, in step a), a temperature of 20C to 80C is used., preferably 30C
to 70C, particularly preferably. 35C to 65C. 15. Method according to any one of claims 4 to 14,
characterized in that the absorption andc, ion zone is operated at a. temperature of 0C to 30C,
preferably 4C to 15C, 



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 according 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. 


