
Method for producing 2-hydroxy-4-(methylthio)butanenitrile from 3-(methylthio)propanal and hydrogen
cyanide The invention relates to a catalytic method for the reduction of 2-hydroxv-4-(met
ithio)butyronitrile (MMP-          from 3-(methylthio)Propanal (= methvimercaptopropionaidehyde, MMP)
and hydrogen cyanide (HON). In particular, the invention describes a process for synthesizing
storage-stable MMP-ON using stoichiometric amounts of Prussic acid, the product containing 10
superstoichiometric amounts of prussic acid, in relation to unreacted MMP or to the MMP in
equilibrium withP-CN. 2-Hydroxy-4-(meLthylthio)butyronitrile (MMP-cyanohydrin) is an intermediate for
the synthesis of B,L-methionine and the methionine nvdroxyl analog 2-hydroxy-4-methylthiobutyric 15
acid. Methionine is an essential amino acid which. is used, inter alia, as supplement in feedstuffs.
ME.A. is a liquid methionine substitute having low bioavailab-lity. Prior art From MMP, by reaction. with
hydrogen cyanide (prussic acid), 20 MMP-cyanohydrin (2-hydroxy-4-(methylthio)butyronitrile) may be
produced usina suitable catalysts. Suitable catalysts are, e.a., Pyridine or triethviamine. By
hydrolysisof mmicp_ cvanohydri. with, mdmeral acids, NRA is obtained_ MetlionHne is formed by
reaction of MMP-cyanohydrin with 



25 ammonium. hvdrogencarbonate, with formation of hydantoin, which can be saponified wzth - base,
e.g. potassium carbonate or sodium lrvdroxide. Methionine is liberated with carbon dioxide or ric acid_
It is known, for example, from the patent US A 4 960 932, to produce methionine four-stage method. In
the fircPc, step, by addition of RCN to MbA in the presence of triethyiamine, the MMP-cvanohydri
produced. The amount of HCN used corresponds to 1.05 mol in relatibn. to the amount of MMP used.
Then, the MMP-cyanohydrin, in a second stem is reacted with ammonia, whereby
2-amino-4.methylthobutyronitrile is formed which., in a third step, Is then hydrolyzed in the presence of
a ketone and an. 10 alkali metal hydroxide, forming methylthiobutyramide which finallyis saponified to
form an alkali metal mothioninate.     the case of production of 2-by roxy-4---methylthiobutyfic acid
(MHA), the 2-hvdroxy-4-methylt-iobutyronitrile is obtained by reacting MMP and HCN in a medium that
contains pyridine or an amine (see patent US A. 2 745 745, column ' tines 52 to 55). Excess HUN is
merely distilled. off, In a vacuum. The resultant -hydroxy-4- methvithiobutyronitrile is then hydrolyzed
with sulfuric acid, whereby the amide of 2-hydroxy-4-methylthiobutyric 20 acid is directly formed, and
finally 2-hydroxv-4- methylthiobutyric acid is formed. A similar method is also described in PP A 330
527 Al or in US 4 912 In addition, in WO 96/40631 Al, the production of lISP cyanphydrin by reacting
MMP with hydrogen cyanide in the presence of a suitable addition reaction catalyst is described. There
it was found that triisopropanolamine, nicotinamide, imidazole, benzimidazolE 2-fluoropyridine,
poly-4-vinylpyridine, 4-dimethylaminopyridine, picoline and pyrazine can serve as addition reaction
catalysts for producing MMP-cvanohydrin. Furthermore, trialkylamines havinp three to eighteen carbon
atoms in eaof the alkyl.  substituents bound to the nitrogen atom and tertiary amines in which at least
one of the nonhvdrogen substituents that are bound to the iii rogen atom according to the above
description contains an aryl grout can also serve for catalyhtng the reaction between MMP and
hydrogen cyanide to form MMP-cyanohydrin. Preferably, in this case, the hydrogen cyanide is used in
a molar excess of about 2%, based on MMP. WO 2006/015684 A2 finally discloses a method for, in 10
particular, continuous production of MMP or of 11145- cyanohydrin in. which in each case
heterogeneous amine catalysts are used for the addition reaction. 



In addition, it is known from the 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. Quite generally, as buffer, mixtures of aikan metal salts of acids and acids, or mixtures of
acids and alkali metal hydroxides can be used. The buffer is used in order firstly to avoid the 20
decomposition. of the start materiar ..s and of the desired product and secondly to neutralize the acids
used for stabilizing hydrogen cyanide. bi.kwise, here, HUN is added     a molar excess to the MMP, the
molar excess preferably being in the range from 2% to 5%. In the reaction of MMP with HUN in the
presence of the customarily used bases, although these increase the reaction rate under the
conditions specified, they rapidly lead to a decomposit.l.on of the cyanohydrin formed and to
decomposition, of the  4  In order to recover and MMP contained absorber, said unreac  residual
amounts tlhe exhaust gas and MMP are  of unre cred HON of the react:ye scrubbsing a  



water scrubber, the scrubbing water passing into the product_ The water content the product is
approximately 48% by weight. The substantial disadvantages of the methods previously described in
the literature are that for achieving a high TAMP-CN yield, high molar excesses of HON have to be
used. The excess amounts of HON are lost in the methods dose bed and are a great economic
disadvantage. Furthermore, the catalysts used the methods described also promote the formation of
unwanted byproducts from the aldehydes used, which lead to contamination of the product which
cannot be 1.5 tolerated. One approach to solving this problem of formati.on of byproducts is described
in US 5 756 809: with, of course, large amounts of water passing into the product, which firstly, for
production of methionine, need to be at least partially removed and which secondly again promote. 20
the decomposition of the MMP-cyanohydrin which in each case is a not. inconsiderable disadvantage.
Therefore, the product described in US patent 5 756 803 is 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
distillation, which is a. great economic disadvantage of the method. Object of the invention It was the
object of n to provide a catal.ytic  storage-stable cyanohyawhich the method should the same time
show marked improvements with regard yfefesh5ect. to the aldehyde used and to hydrogen cyanide.
Description of the invention These and further objects are achieved by a method for the production of
2-hydroxy-4-methylthiobutyronifrile, in which. 3-(methvfmercaptp)probionaidehyde is reacted with
hydrogen cyanide in the presence of a base as catalyst in a main 10 reaction zone to form the nitrile
and residua' amounts of gaseous hydrogen cyanide (HCN), whAch leave the main reaction zone are
absorbed in an absorption and poste reaction zone containing a mixture of 3-(methylmercapto)-
ProPionaldehyde and catalyst and optionally 2-hydroxy-4- (methylthio)butyronitrile and are further
reacted_ 



The residual content of HCN reacts, owing to the absorption or condensation with the aldehyde to form
the cvanohydrin. Owing to the effect removal of the HON from the gas Phase, it is possible, in contrast
to th.e methods known in 20 the literature to use a molar ratio of hydrogen cyanide to aldehyde of 0.99
to 1.01, which is a great economic advantage for the dethod_ The invention. relates, in. particular, to a.
method for addition reaction of hydrogen cyanide to YEMP in the presence of a base, in particular an
amine,erern 'vie method is arrangedsuch a manner that residual contents of gaseous hydrogen
cyanide are absorbed outside a main reaction zone at temperatures of about 0C to 25C into a liaudd
mixture of the aldehvde MMP and the reaction product  from MMP with hydrogen cyanide and catalyst
and then further reacted with MMP. By means of the method ahcordhng to the invention, in general,
aldehydes containing 1 to 6 carbon atoms which if desired are substituted with alkyl, alkoxy or
alkyithio, are advantageously reacted with hydrogen cyanide. It is preferred here that the mixture
contained in the absorption and post-reaction zone originates at le.ast partially from the main reaction
zone. A dilution with 10 foreign materials or foreign solvents is thereby prevented, in contrast to US
5,756,803. 



The main reaction zone can contain either a stirred reactor or a loop reacter. Both embodiments lead
to a rapid and good mixture and a rapid conversion of MMP and HCN. The main reaction zone can
also additionally contain a jet ,ump. This leads to a further intensification of md.xim of the components
and can. be used. concomitantly particularly advantageously for drawing HUN inho the main reaction
zone. The post reaction can proceed as stated above between an 20 HUN-containing gas and a liouid,
It then takes place in an absorption and post-reaction zone which pheferably contains a device for
contacting a gas with a. iicTuid, in particular a column such as, for example, a tray column,
.packed-bed column, a e-column reactor, a droplet column or optionally a. reactor having a.
mechanically agitated container, or a submerged jet reactor.  The absorption zone and the post
-reaction zone can also be part of a loop reactor, which. effects hmixing and rapid reaction of Me
components. In the method according to the invention, substamtiaii gaseous hydrogen cyanide is
introduced into the main reaction zone, preferably a hydrogen-cyanide-containing product gas from a
hydrogen cyanide production process. The hydrogen cyanide content of the gas mixture used ranges.
from I to 99% be weight, preferably from 5 to 75% by 10 weight, particularly preferably 6-22% by
weight. The hydrogen cyanide is prod/Iced, in particular, by the Andrussow method as per DE
102007034715AI or else by what is termed the BMA method in German. ("Blausaure aus Methan. und
Anmonik" [prussic acid from methane and ammonia]) as IS per DE 1041476 (reactor). Both methods
are also described 



inirEncyclopedia of Industrial Chemistry, 1987 VCH-Verlagsgesellschaft mbH, chapter nCyano
Compounds Inorganic", section-1.2.2. The ammonia present is removed in each case from the product
gas. The product gas 20 from the Bndrussow method (Andrussow gas) contains, after the removal of.
ammonia, typically about 10% by weight of hydrogen. cyanide,contrast., the product gas from the BMA
method (BMA gas) contains about 70% by weight of hydrogen. cyanide. Thus, theai product gas
compositions of the Andrussow method have approximately the following contents: 10.3% by weight of
ECG, 3.7% by weight of H2O, 1.3% by weight of 75.8%. by weight of NB, 0.4% by weight of 02, 6.3%
by weight of CD, n.6% by weight or CO2, 0.4% by weight of CH4, 1.3% $0 by weight of Ar, those of
the BMA method about 68.3% by      of HCN, 6.7* by weight of H20, 17.3% by weight of 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 liquefaction of the hydrogen cyanide need proceed and with
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 addition to HCN suaprsingy do not have a disadvantageous effect on the cyanohydrin
yield. 



The residual. gas of the MMP-cyanohydrin production and hydrogen cyanide produ.ction can then be
utilized jointly or burnt. In the latter case, the. resultant energy can be reused for operating both
methods, Which means more degrees of freedom and a considerable eponomic advantage. A
preferred embodiment of the method according to the invention and a corresponding device are
outlined Fig. 1, which is described in. more detail hereinafter: 20 when a txay column or a packed-bed
column is used for the reactive absorption, the gas flow which conta ns the prussic acid is fed into the
bottom phase of the column. (C) or preferably aiready contacted with the aldehyde solution via a gas
blower (B), which aldehyde solution Is circulated (8) by means of a pump (1). The temperature in the
bottom phase of the column is set via a heat exchanger (C). The bottom phase (1-) and the column
(C), in particular, serve as ghg, gain reaction zone, the column C meing able to be heated/cooled
separately by means of a  heat exchanger (K). In this case the temperature of the streams (7) is
selected in such a manner that the heat of reactior can be remoaed w.i. h cooling water corresponding
to the ambient temperature and the reaction between aldehyde and HIMI in column part (C) is 80 to
99.9% complete.. The aldehyde can he fed separately or together with the
catalyst((2),(3)).Preferably,the aldehyde orthe aldehyde/catalyst mixture (2) + (3) is mixed with a 10
substream (6) from the absorption and condensation part (E) of the COlUTM which is taken off from an
intermediate bottom phase The catalyst can also be 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 If residual amounts of
HCN present in stream (6) are reacted. wittl the supplied aldehyde in the dwell time vessel (G), the
(second) post-reaction zone, completely or virtually completely to the cyanohydrin. Thereafter, the
stream is cooled to 0C to 25C in the heat exchanger (H) in order to 20 ensure condensation/absorption
of HCN which is as complete as possiblearticular, the intermediate bottom phase _  (I)), 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
aidehyde, and so no additional scrubbing for recovery of the aldehyde from the residual gas is
required. The cyanohydrin concentration can be 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 



passed into a combustion unit. The product exiting with stream. (9) has a molar ratio of hydrogen
cyanide to updeacted de of great_ nan I which contributes substantially to stabilizing the product. in
addition, the product is clear, and only slightly lored, which underlines the extraordinarily high
selectivity of this process procedure. After passage through a post reactor (L), in. which any resIdual
fractions of the aldehyde present are reacted to 10 completion to achieve egul with hydrocren cyanide,
the resulting product stream is mixed with an acid. For this purpose, a suitable mixing element Rfl is
used. The _pH of tproduct (stream (11)) that is set between 1. and 4, preferably between case is  If.
the aldehyde is MMP, as shown. i.rL Fig. 1, the MMP starting material stream of the method describe
generally has a small content of methvlmercaptan (MC), the predomiant part of which would pass into
the exhaust gas stream (12). This excess MC can also optionally he reacted. with 20 acrolein, which
can be fed to the method, e.g via. stream (14), to form MMP and in succession with HCN to form.
MMP-CN and the yiedd thereby further increased.         method according to the invention, the catalyst
used. can be low-molecular-weight or heterogeneous amines or solutions of inorganic bases, or
mixtures of acids and lowmcilecular-weight amines. These are also needed in order to set the optimum
pH range of approximately 4.5 to 6.0, prelerably 5.0-5.5, that is required for t..he reaction, 'ich is
measured using a pH electrode ("Aduatrode Plus 30 with Pt 1000" type, manufacturer: Metrohm
Schweiz AG) 



directly in the cyanohydr in having a typical water content of 2-14% by weight. The measurements are
performed at a. temperature of aboutin a stirred vessel., the pH: measurement being
hemperature-compensated. For following the reaction conditions 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 can,
however, also be carried out directly 10 during the reaction online in the reaction system at the
temperature that is set there and converted to the -0E at 23C, which further simplifies the process
control. Low-molecular-weight amines, preferably having "I to 36 carbon atoms, have the particular
advantage of virtual 15 unlimited miscibility with the reaction medium, which in tun" favors a rapid
reaction. Low-molecular-weight amities which are preferred in this case are tri-(Ci-C12-alkyl)amines,
prefers..bly triethylamine or triisopropanolamine, dialkylaralkviamines, preferably. 20
aimethylbenzylamine, dialkviarylamines, preferably N,Ndimethylaniline, heterocyclic amines,
preferably nicotinamide, imidazole, benzimidazole, 2-fluoropyridine, 4-dimethylaminopyridine, picoline
or pyrazine. iternat sly, heterogeneous amines of the general formula R1 A--(CH2)xN R2formula 



or polyvin -LnY dine car also be used, wherein  and R2 are hydrogen, alkyl having chain lengths
between and C1 a, aryl or hoteroadd can be clirrere.nc from R2 X is a number between 0 and to 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. 10 It is preferred In this case that the catalyst according f
formula I is a polymer-bound base selected from the group of the homologous
dialkylaminoalkylpolystyrenes or dialkylaminomacroreticular resins. It is bartecularly preferred that the
catalyst accor formula I is diethylaminoethylpolystyren.e, methylpolystyrene,
dimethylaminomethylpolyst.yrene, diethvlaminomethvimacroreticular resin orethylamino-
ethylpolystyrene. The inorganic base used can advantageously be alkali metal 



20 hydroxide, preferably NaOH or KOH, alkali metal cyanide, preferably NaCN or RCN, alkali metal
carbonate, preferably Na2CO3 or 112003, or alkali metal hydrogencarbonate, preferably NaHCOa or
KHCO, 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 therefrom in the subsequent method. However, here, extremely good mixing and temperature
control must be ensured, so that no significant byproduct formation $0 proceeds.  14 cyanohydrin is
advantageous. This second post-reaction zone is operated at=liar tzemperateire to the main reaction
zone. of 20C toSO 0, preferably eparticular rably izC to 65C. In. this manner a rapid and       zliv
quantitative completion of the reaction of EON and MMP to form MMP-cyanohydrim shortly upstream
of product discharge is ensured. The method according to the invention is advantageously operated at
an absolute pressure of 0.9 to 5 bar, ferably 1.0 to J bar, particularly preferably I to       dr. This has the
effect that rapid degassing of the absorbed HON from the solution. and corresponding losses are
prevented thereby. The method according to the invention is, in additionm 



15 characterized in that a molar ratio of prussic acid to 3- (methylthio)propahal of 0.98 to 1.03,
ereferabry 0.99 to 1.01 can be set. Firstly, losses of prussic aced are avoided thereby which,
especially on an industrial scale, are a great economic disadvantage. Secondly, unwanted prussic acid
breaicdowt products such as, e.g., polymeric 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 methionine are avoided thereby. in the
method according to theion, preferably, weight ratio of catalyst to 3-(methio)propanal of    0.00005 to
0.002 is used, particaariv areferab: 0.0001 0.001. This has the effect of a particul.anl.y low byproduct
30 formation at the same time as a hich reaction rate.  15 The method according to the invention ca.i
optionally he carried out hatchwise, semicontinuously, or ontinuouslv, the concinuous embodiment
being particularly economical to operate on an industrial scale of greater than 10 000 tons/a. The
MMP-cyanohydrin produced according to the invention aas the typical following composition:
IMP-ON:97% by weight, MMP: 0-1% by weight, HPN: 0.05-0.5% by weight, H20: 2-14% by- gommica
0.01-0.1% by weight. 



The molar yields based on MMP are typ cally 99.50 to 99.99%. 15 The reaction product containing
methyithiopropionaldehyde = ohydrin (MMP-cyanohydrin) obtained in accordance with the method
according to the invention can, particularly advantageously, be used directly for producing met.hionine
and 2-hydroxy-4-methylthiobutyric acid. For thisobse, 70 iteither aminated (aminonitrgie pathway) or
reacted with a mixture of ammonia and carbon dioxide (hydantoin a hway), in order to form methionine
or hydrolyzed directly to form 2-hydroxy-4-methyl .obutyric acid (methioninehydroxv analogs, MHA). It
has, furthermore, s.urprisingly been found that high-boiling MKP oligomers already present in MMP
are for the most part reacted in the  method according to the invention to forme desired MMP- cyanoh
This is shov.m. that, e.g., the residue formed in the disti. nation of the products is markedly less after
ther eaction than before the reaction to form the NMP-cyanohyd au The present invention will be
described. in more detail with reference to the examples hereinafter. Analytical methods used:   The
H20 content in MMP-CN was determined by the method of 10 titration with biam.perometric indication
of the end point (Karl-Fischer titration.). 



For thft purpose, 20-30 ml of titration medium (e.g. Hydranal Solvent 5, Fluka) were charged into the
titrati.on vessel and titrated to dryness using titration agent (eau.. Hydranal Titraut S, Fluka). A sample
quantity of approximately 500 mg was added to th..e initial charge that had been titrated to exhaustion
(plastic disposable syringe) and titrated to the end point with titration agent. The exact sample weight
was determined by 20 differential weighing.  The procedure of this standard    '"od in the art (see, -
Wasserbestimmunadurch determination by Ka                          own to those P. A. Fru, R. mumuunk.
Fischer-Titration ation1 Metrohm AG).  The -noe prussic acid content of the product was determined
principle or ion chromatography (IC)using  17 the sample preparation having proceeded by separa 



the free prussic acid from the sample matrix; of preparative column chro. 5ography. The preparative
cyanide removal was performed., e.a., at room temperature, on a PRP-X 300 separation column, 250
PM length x 4.1 mm internal diameter from Hamilton. The mobile phase consisted of a 5 molar sulfuric
acid. At a flow rate of 1.0 ma/min, 100 ml of the sample solution. (0.1 g of sample in 10 ml of mobile
phase) were injected. The column. 10 eluate from 4 min to 8 min was collected in a 100 ml measuring
flask, made up to the mark with ultrapure water and 100 pa were injected into the IC for cyanide
determination. SimilrIy to the sample solution, an NaCN calbration solution of known content was
subjected to the prepaxative separation. by means of column chromatography and 100 u1 were
injected into the IC cyanide determination. The i.onchromatographic cyanide determination was carried
out at room temperature, e.a. on a Carbo Pac PA1 separation 20 column, 250 mm in ienpth >< 4.0
mm internal diameter from Dionex. The mobile phase consisted of a solution of 1.5 g of sodium
chloride and I ml of ethylenediamine in 1 I. of a 50 mmolar sodium hydroxide solution. a flow rate of
1.0 ml/min, 100 ul ot sample solution or calihrat.ion solution were. injected. The evaluation was
performed by peak area comparison using the external standard method. The procedure ofstandard
method is known to those skilled. in the art_  As catalysts, advantageously, also mixtures of acids and
the aboyementioned low-molecular-weight amines can be used, in. order to set: themore readinhe
desired rande and to be able to stabilit by 



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 suMfonic acids, e.g. trifluoromethanesulfonic 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 to a further preferred 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 15 witu the ambient temperature, which is a further
great.. economic advantage of the method. Correspondingly, the main reaction zone is operated at a
temperature of 20C to 80C, preferably from 30C to 70C particularly preferably from 35C to 65C. The
reaction 20 also proceeds comparatively rapidws range. In the method according to the invention
preferred that the absorption and post -reaction zone is operated at a. temperature of 0C to 30C,
preferably from 4C to 153C. This ensures a particu.larly efficienr absorption of the hydrogen cyanide
and still makes possible  norough reaction of HCN with the mNie to form 1\471Pcyanohydrin.
Furthermore, the use of a second post-reaction zone just upstream of the product discharge point for
the bAP-  18 



The M4P-CN and MMP contents of the product were determined. by means of isocratic ion exclusion
chromatography on a c.ation exchanger with subsequent: UV detection at. 205 nm. The determination
was carried out, e.g., on a PRP-X 300 separation column, 250 mm in length x internal diameter from
Hamilton at a temperature of 25C. The mobile phase consisted of a 5 'molar sulfuric acid. At a flow
rate of 1.0 ml/min, 100 ul of the respective sample solution (0.5 g of sample for MMP determination or
0.06 g of sample 10 for MMP-CN determination in 50 ml of solvent) were injected. The calibration
proceeded by injecting suitable calibration solutions (0.5 mg of MMP in 50 ml of solvent, or 50 rig of
MMP-ON in 50 ml of solvent). The solvent consisted of a mixture of 500 qI of 0.5 molar H2SO4 and 5
ml ocacetonitrile which was diluted to 50 ml with ultrapure water. The evaluation proceeded by peak
area comparison by means of the external standard method.       The procedure of this standard
method is known to those 20 skilled in The components in the HONccnta.ining starting maLerial gas
nitrogen (N2) carbon monoxide (CO), carbon. dioxide (CO2), methane (CH4) , ammonia (NH.3),
prussic acid (HCN), water (H20), argon (Ar)/oxygen (02) (either/or), hydrogen (ft() (only- conditionally'
and benzene as internal standard were determined by gas chromatography. The gas chromatocraph
6890 (Agilent, based on the HP 6890) was used here. The gas chromatograph for this analysis was
equipped with three separation columns: I. HP-CPWAX 52CE 25m*0.32mm*0..2"m,  NH3, HaN, water
and benzene were separated), 2. molecular sieve 30m.*0.32mm*li2im (here Hg,02, CO and methane
were separated) andxar Q 30m0.32mm*20um (here CO2 and benzene were sebarated), two thermal
conductivity. detectors (TOD), a. pressure measuring unit and a. mass flow meter (MFM.) for helium.
Column 1 was connected via a back injector to the back detector. Columns 2 and 3 were connected by
a front injector to the front detector.         le procedure of this standard method is known to those. I lied
in the art. Thecomponentsmethylmercaptan(MC)and methylmereaptooropionaidehyde (?MP) and
aerolein (AC) of 



the residual gas exiting from the column top were determined by me.ans of gas chromatography. In
this case the gas chromatograoh 7890Ailent) was used. The gas unro atograph wasfor this analysis
with a separation column (HP-INNOWAN 60m*0.32mmac0.2511m) and a back.. detector (BID). The
procedure of this standard method is known to those skilled in the art. 20 Example 1    setup as shown
in Fig. 2. was used, having a column of 70 mm in diameter, wh.ich was eguippe2 ordered packitC)
andand. whi.ch had heights in each case of 2500 and 1700 mm. Between the ordered packings were
situated an intermediate bottom phase FM, from which stream (6) can be taken off for operating a top
circuit. Beneath the column.: was situated the column bottom phase having a volume of 4 r.it.ers. The
di agram of this device is attached (see Figure 1).  With the stream (1), 8.98 kg/h of crude product gas
from the prodtion, of hydroaen cyanide by Whe Andrussow method were fed via the gas blower (B)
into the column bottom phase A which contained, based. on weight6 HCN: 8,87%, H30: 3.88%, H2:
1.83%, NW: 76.01%, 012:1.48%, CO: 5.67%,0&): 1.13%, CH:: 0.39%. The incoming has was mixed at
the 8 DUMP (B) with a circulating stream 8) of 300 kg/h. The temperature of the circulation stream was
conrolled here in such a manner that in the column bottom phase (A), at a 10 filling state of 50%, a
temperature of 50C prevailed, The feed stream (7) onto the ordered packingat 40 had a temperature of
35C. 



The methylthionropionaidehyde was introduced into the reactor (G.) via the feed (2) at a throughput of
2.966 kg/h. The reactor contained, based on weight: MNIF 96.d, H20: 2.77%h MC: 0.2%. Via the feed
line (3), at the same time 0.211 kg/h of a mixture of 99% by weiaht of MMP in the composition
described above and 1% by weight of triethanolamine as catalyst were introduced into the 20 reactor
(G). The whole stream (5) consisting of the starting materials and the circulation stream (6) was 40
kg/h in the feed to the upper ordered packing (E) at a. temperature of 6C. The molar starting material
ratio HCN/MMP corresponded to I. The productthe column bottom phase at 4.20 kg/h: and had the
following composition, based on weight: MOP-CM: 90.473%, H20: 7.82%, MOP: 0.14%, HCN: 0.16%,
Mc: 0.01%. Th- exhaust gas left the column top at 8.07 kg/h and had the followina composition based
on weight: HrN: 0.00%, 0.07%, MC: 0.05%, ENO: 1.34%,48%, N2: 86.0  1.64%, CO: 6.31%, CO2:
1.26%,0.44%. The gases were fed to a combustion plant, 



Example 2 setup of -is 1 was used. With the stream (1), 8.94 kg/h of crude product gas of the
production of hydrogen cyanide by the Andrussow method were fed via the gas blower (B) into the
column bottom phase A which contained, based on weight: HCN: 8.9%, H20: 3.7%, H2: 1.3%, N2:
76.3%, 02: 1.5%, CO: 5.6%, CO:: 1.1%, 0.4%. 10 The incoming gas was mixed at the jet pump (13)
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%, a
temperature of 49.8C prevailed. The feed stream (7) onto ordered packing ( had. a temperature of 35C
at 40 kg/h. The methyl% doproplonaldehyde was introduced into the reactor (0) via the feed (2) at a
throughput of 2.976 k it contain.ed, based on weight: 20YMP: 96.9%2.8%,0.7%. Via the feed the same
time, 0.2 kp/h of a mixture of 99% bv weagOr MMP in the above described composition and 1% by
weight of triethanolamine as catwas introduced into t e reactor (G). In addition, 2 kg/h o. the bottom
phase product were introduced via the pathway (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  "r)
temperature of 5 



The molar st a.r t lug ma.terlalH r-at.H.o HCN MM2 corresponded. to 1, The product left the columarr
bottom phase at 4.25 kg/h. and had the following composition_ based on weight: MMP-CN: 90.06%,
H20: 8.81%, MMP: 0.75%, HrN: 0.21%, MC: 0.01%. The exhaust gas left the column top at 7.88 kg/h
and had the following composition based on weight RCN: 0.00%, MMP: 0.09%, MC: 0.10%, H20:
0.6%, HN2:      86.60%, 02: 1.7090, CO: 6.40%, CO: 1.20%, CH,: 0.50%. The 10 gases were fed to a
combustion _  Claims Method for Drroxy-d-(m ,_hylthio)ryo- nhtrile, in Mich.
3-methylmercaptopropionaidehyde reacted with hydrogen cyanide in the presence of a base as
catalyst in a main reaction zone to form the nitrile and residual amounts of gaseous hydrogen cyanide
which leave the main reaction zone are absorbed in an absorption and post-reaction zone containing a
mixture of 3-methylmercaptobropionaidehyde and catalyst and optionally -hydroxy-4- (methylthio)
butyronitrile and are further reacted. Method according. to claim 1, characterized in that the mixture
contained in the absorption and post-reaction zone originates at. least partiall  from the main reaction
zone. Method according to claim I, characterized in that the main reaction zone contains a stirred
reactor- or loop reactpr.           Method according to claim 3, characterized in that the "l0main reaction
zone additionally contains a jet pump. 



Method according to any ane of claimsto el, characterized in that the absorption ant-reaction zone
contagns a device for contacting a gas with liquid, preferably a column, in particular a tray column, a
packed-bed column, a bubble-column reactor, a droplet column or optionally a reactor having a
mechanical.ly agitated. container, a submerged jet reactor or a jet bump.  24  Method according to any
one of claims I to 5, characterized in that the absorption and post-reaction zones are part.. of a loop
reaceor. Method according to any one of claims I to 6, characterized in that substantially gaseous
hydrogen cyanide is introduced into the main reaction zone, Preferably a hydrogen-cyanide-containing
product gas from a. plant for producing hydrogen cyanide.  Method accprding. to im 7, characterized
hydrogen cyanide content of the gas used is I to 99% by weight, preferably 5 to 75% by weight,
particularly preferably 6-22% by weight. 



Method according to any one of claims i to characterized in that. the catalyst used is low-
15molecular-weight or heterogeneous amines, solutions of inorganic bases, or mixtures of acids and
lowmolecular-weight aganes. 10. Method according to claim 9, characterized in that the
low-molecular-weight amines are tri-(Ci-Cgm 20alkyl)amines, preferably triethylamine or triiso-
Pronanolamine, dialicyl aralkylamin.es, preferably dimethylbenzylamine, dialkylarviamines, preferably
N,N- dimethylaniline, heterocyclic amines, preferably nicotinamide, imidagole, bengimidazole, 2-fluoro-
pyridine, 4-dgmethylaminopyr dine, picoline or pyragihe. Method accordingclaim 9, charac,tergzed in
that heterogeneous amines of the general formula  A--(CH2),N\ R2- formuia 



or polyvinylhyridine axe used, wherel_     and R2 are hydrogen, alkyl having chain lengths between C
andC12, aryl or heteroary1.7 Ri can be different from 1k2 number between. 0 and 6, and A is a natural
or synthetic resin, preferably a polystyrene. Method according to claim 11, characterized in timt. the
10catalyst according to formula I is a polymer-bound base selected from the group of homologous
dialkylaminoalk9ipolystyrenes or dialkvlaminomacroreticular resin=. 13. Method according to claim. 12,
character.ized in that the catalyst according to formula I is 15diethylaminoethylpolystyren.e,
diethylaminomethvipolystyrene, dimethylamitomethylpolystyrehe, diethylaminomethylmacroreticular
resin or dimethylaminoehhylpolystyrene. 20 14. Method according to claim 9, characterized in that the
inorganic base used is alkali. metal hydroxide, preferably NaOH or KOH, alkali metal cyanide,
preferably NaCN or Kim, alkali metal carbonate, preferably Na9CO3 or K9CO3, or alkali metal
hydrogencarbonate, preferably NaHCO3 or KHCO3, alone or in mixed form.  



76 15. Method according to claim 9, characterized in that the acid used in the mixtures of acids and
low-molecularweight amines is organic acids, preferablv short-chain fatty acids, in particular acetic
acid, formic a. citric acid, or organic sulfonic acids, prefera: trifluoromethanesulfonic acid or mineral
acids, preferably sulfuric acid or phosphoric. acid. 6. Method according to any one of claims 3 to 15,
characterized in that a pH of 4.5 to 6.0 is set, 10preferably 5.0-5.5, measured using a. pH electrode at
23cC and a water content of 2 to 14% bv weight in the main reaction zone and the absorption and
post-reaction zone. 17. Met:hod according to any one of claims 1 to 16, characterized im that the main
reaction zone is operated at a temperature of 20C to 80C, preferably 30C to 70C, particularly
preferably 35C to 65C. 16. Method according to any one of claims I. to 17, characterized in that the
absorption and post-reaction 20zone is operated at a temperature of 0C to 30C, preferably 4C to 15C.
19. Method according to any one of claims I. to 18, characterized. in. that a further post-reaction zone
is operated at a temperature of 20C to 80Cg preferably 40C to 70C, particularly preferably. 45C to
6,5C, upstream of tho MMP-cyanohydrin. product discharge site for completing the reaction of HCN
and MMP to form the MMP-cyanohydrin.  27 20. Method according to any one of claims I to 19,
characterized in that an absolute pressure of 0.9 to 5 bar, preferably 1.0 t.o 3 bar, particuaarly preferab
1 to 1.5 bar, is employed. 



> 21. Method according to any one of claims 1 to 20, characterized in that the molar ratio of prussic
acid to 3-(methylthio)propana1 is 0.98 to 1.03, preferably 0.99 to 1.01. Method. according to any one
of claims 1 to 21, 10characterized in that a weight ratio of catalyst to 3-(methylthio)propanal of 0.00005
to 0.002, preferably 0.0001 to 0.001_ .used_ 23. Method according to any of claims 1 to 22,
characterized in that the method is carried out batchwise, semicontinuous.ly, or contihuousi y. 24. Use
of a reaction nroduct contai-cyanohydrin produced ac cording to any one of claims I to 23 for
producing D,L-methionine or 2-hydroxy-4- methyl 'iobutyric acid. 20 


