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 wighB:Ns 2eydioxyzmglthylthioutyronitle (MMP1eyiane hydrn)is Andntefgediate for
the synthesis of B,L-methionine and the methionine nvdroxyl analog 2-hydroxy-4-methylthiobutyric 15
acid. Methionine is ah&¥8eAtidMARAGHchd FHRFORaGS, IR r BVE 98T ekt 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-(methylthig)butyronitrile) may be
produced usind %uitaﬁg%étégé)is. Stitdble gC/ata“r)?sts are,'ea’ P{/¥id|”he 8}%%8%/@%%@. By
hydrolysisof mmich: cevanohydti. withymdmeral acids;: NRA iswobtainedy MetlionHne is fommed by

reaction of MM\%—cyanoik}ygIrr!n WItI’E _ (methylth: .

thio)propanal (= methvimercapto-
propionaidehyde, MMP ) and hydrogen cyanide (HCINY . in
warticular, the invention describes a ProCcaess for
synthesizing storage-stable MMP-CN using siocichiometric

amounts of Drussic acid, the product contalning
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10 superstoichiometric amounts of prussic acid, in relation to

the unreacted MMP or to the MMP in eguilibrium with MMP-CN.
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liguid methionine substitute having low bhicavailability.
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25 ammonium. hvdrogencarbonate, with formation of hydantoin, which can be saponified wzth - base,
e.g. potassium carbonate or sodium Irvdroxide. 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 to1.05 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.methylthobutysgpitrilesis.formedwhich., in- g third.stepls then hydrelyzedin thespresence of
a ketone and an. 10 alkali metal hydroxide, forming methylthiobutyramide which finallyis saponified to
form an alkalFmetaf Miothioniiaté:~ Othé tase ofproduétion 6 2:by Foxy24---méthyffiobutyfic-acid
(MHA), the 2:hvdroxy-4-methylt-iebutyronitrile is.ebtained 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- ¥ a ¥acliim. The réstitant sHydroky=4 methvithiobtifyrohitrife'is théh’hydrolyzed
with sulfuric acid, whereby: the amide of 2-hygroxy4-methylthiobutyric 20-acid isdireetly 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 IR addifion WO 96/20631 AT, the proatttion 6t iSe: cyanphydiii by reacting
MMP with hydrogen cyanide in-the-presenceiofia suitable.addition reastien catalystis described. There
it was found that triisopropanaglamine, nicatinamide, imidazole, henzimidazolE 2-fluoropyridine,
poly-4-vinylpyHdine, 4-ditrethyranindpyridine, picolins And pyrazing cah' sefve as additionTFeaction
catalysts for pgroducing:MMP<evanehydrini kurtheemare steialicydamirtes havinp: thtee taxeighteen carbon
atoms in (.Faot .ttyg_,qll%yl.Tnsgbs,titljjmjerg_g b}?g dto t“hevgy\!tr?1 erilnatgphm ggg ;tertia[)(,gmri_ﬂr]:ed?win wmhjchr at least
one of the nonhvdrogen Substituents that are bound to the i rogen atom according to the above
description cortainsraniaryl gequtcan also servédorcatalyhing:the reaction hetween:MMEP 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, confinuotfs prodtction BF MM br- 61 PT45- cyafsRydfirtinT which infedch-dage’ ©
heterogeneo%@@in@ﬁ@@!‘)"‘lystish%re“zuﬁ%fﬁﬁg}e—@d%ggﬁﬁ%@&alziyroni trile is
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of & suitable addition reaction catalyst is
described. Therse it was found that rtriiscopropanciamine,

nicotinamide, imidazole, benzimidazole, Z-fluoropvridine,

poly-4-vinvipyridine, 4-dimechylaminopvridine, pilcoline and
pyrazine can serve ag addition reactlion catalvsts for
30 producing MMEPE-ovanohydrin Furthermore, trialkylamines



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;Reing in.the.range from 296 t9-5%.,In the reagtion.of MMP, with, HUN. in the
presence of the customarlly used bases, although these increase the reaction rate under the
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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 meéthods described also promote the formation of
unwanted byproducts from the aldehydes used, which lead to contamination of the product which
cannot be 1.5-toleated. One, approach to selving this problem.of formatj,on of byproducts is-gescribed
in US 5 756 809: with, of course, large amounts of water passing into the product, which firstly, for
production of f&thidAine, resd o Beeat least paftiallyrehioved andhwhich secoridly atain-promote. 20
Therefore, the product described in US patent 5 756 803 is not storage stable and, for storage and in
particular for trarnsport, fitst BeProcessed ind: compléX mathef by migdris-ofremovalof thewater
distillation, whigh-is. & greatiecongmis-disadvantage of the-method..Object otthe,inventiondt was the
object of n to proyid_e a cat,al.qytkic storage-stable cyanohyawhich the method should the same time
show marked gfrﬁﬁrd%rﬁﬁﬁ’t%\iith regard yfefeshb5ect. 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
ychogen cyane i he preLBHCeLof & bos ot SRSt s Mt Neatte s B i e it
and residua’ amsounts o gaseousihydrogencyanide (HCN)whAch feavethe evaingeaction gzone are
absorbed in ap,absarption and poste. reaction zone, containing. a mixture of 3-(methylmercapto)-
ProPionaIdeh;%E agé cgté@%?énoé?%%ﬁo?%egiﬁfﬁ-h;?oﬁg%f%!%mge)tﬁyﬁﬁ?g) &?y?énit?ﬁe ér(?gi Eiée%?ﬁfther
reacted i! The excess amounts of HCON are lost in the metheds described

and are & great economic disadvantage. Furthermore, the
catalysts used in the methods described also promote the
formation of unwanted byproducts from the aldehvdes used,
which lead to contamination of the product which cannot be

I colerated. Cne approach  to  solving  thizs  problem  of

formation of byproducts is descoribed in US 5 736 BOZ with,
of course, large amounts 0f 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-cvanohvdrin which in each case
i & not  inconsiderable disadvantage. Therefore, rhe
product described in US patent 5 756 803 is not storage

stable and, for storage and in particular {for transpor:s,

must bDe processed In a complex manner by means of removal

25 of the water by distvillation, which 1s a great economic
disadvantage o the method
Object of the invention
It was the obiject of this invention Lo provide a cavalyviic
method which both catalyvzes the resciion of aldehvde, in
30 particular of MMP with hydrogen cyvanide, and prepares a



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 amainteaction zone at temperatures.of about 0C 1a.256 into.a liaudd
mixture of the aldehvde MMP and the reaction product from MMP with hydrogen cyanide and catalyst
and then furthef feaétedwith MWMP. By iledid of the méthod akesrdhng to-the inveRtior; in general,
aldehydes containing 1 to:6-carbon-atems which it-desired are-substituted with.alkyl, alkoxy ox
alkyithio, are advantageously reacted with hydrogen cyanide. It is preferred here that the mixture
contained in th& absefption atid pést-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

575&80% Description of the invention
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gasecous hyvdrogen cyvanide {(HCN), which leave the main
reaction zone are absorbed in an absorption and post-
reaction zone containing a mixture of 3~ (methyvlimercapto) -

propionaldehyde and catalyst and optionally 2-hydroxy-4-

i35 (methylthiolbutvyronitrile and are further reacred
The residual content of HCN reacts, owing to the absorption
or condensation with the aldehvde to form the covanohvdrin.
Owing o the eiffective removal of the HCN from the gas
vhase, it 18 possible, in contrast ©o the methods known in

20 the literature to use a molar ratico of hvdrogen cyvanide to
alcehvde of 0.%% o 1.01, which is & great eCconomic
advantage for tChe metnod.
The invention relates, in particulay, to a method for the
addition reaction of hydrogen cyanide to MMP in the

25 presence 0f a base, in particular an amine, wherein the
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method 1s arrvanged in such a manner that residual contents
of gaseous hydrogen ¢vanide are absorbed outside a main

reaction zone at temperartures of about 0°C te ZE59C into a

liguid mixture o0f the aldehvde MMP and the reaction product



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 gasith@-licTuid, in.particular a column.suchsas, for.example, a tray.column,
.packed-bed column, a e-column reactor, a droplet column or optionally a. reactor having a.
mechanically agitated’contdiner>or 4 subnférged 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. gl thg method ;ac?g.kgrdin% 1o the inyengion,hsubistam_tj‘qji g@}seogws.hg{grogen cyanide is
introduced into thé Fin réaction zone, preferably’ a%"‘y‘d(f"fog”eon-éffatni e-¢ontaining product gas from a
hydrogen cyanigdespreductionipiocéss. Therhydrogen cyanidescontentof the gas mikture:used ranges.
from | to 99% bgsvy%iggt, aprr%fetrs%t%lx from 5 to 75% by 10 weight, A{\)iarticularvly pt‘jei%rggyﬁ%ZZ% by

1 s Tl Lo

weight. The hydrogen cyanide is prod/iced:, in particufar, By the Andrussow method as per DE
102007034715A¢ orelserbyswhatiis termed thHeeBMA. metiodiincGerman afiBlaasaure aus Methan. und
Anmonik" [prussic acid from methane and ammonia]) as IS per DE 1041476 (reactor). Both methods

are also described

It is preferred hnere that the mixture contained in ©h
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absorption and post-reaction zone originates at  leas

partially from the main reaction zone. A dilution with

10 foreign materials or foreign solvents 1s thereby prevented,

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

good mixture and a rapid conversion of MMP and HCN.

5 The main reaction zone can aliso additionally contain a jet
pump. This leads to a further intensification of mixing of

Tne components and can be used concomitantly particularly

advantageously for drawing HCN into the main reaction zone.

The post reacrion can procead as stated above between an
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20 HCH-ceontaining gas and a liguid. It then takes place in an

absorption and post-reaction zone which preferably contains

column, a Dbubble-columm reactor, a droplet column  or
25 oprtionally & reactor having a mechanically  agitated

container, or a submerged Jjet reactor.



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 ydrogen. cyanide. Thus, theai product gas
compositions of the Andrussow method have approximately the following contents: 10.3% by weight of
ECG, 3.79% by.weight of H20, 1.3% by weight of 75.89%. by weight of NB, 0.4% hy weight 9f 02, 6.3%
by weight of CD, n.6% by weight or CO2, 0.4% by Welght of CH4, 1.3% $0 by weight of Ar, those of
the BMA methigtirabadiit 68.3% By T eaf HEON, 677 B weight©f H20! 47 3% by Weightlof3:8% by
weight of N2, 4%,y weight.of GH.. 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 stepiscfor the-ahsorption and whistillatiem -of HCN-are saved.- Ehe further gas

fractions in add|t|on to HCN su grsm y do not have a dlsadvant%geous eff? ct on the cyanohydrin
yleld gaseous ny valil 18 lnTroduce 1NTo e Inarn
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eaction zone, preferably a hvarogen-cyvanide-containing
product gas from a hydrogen covanide productlon process.

The hydrogen cyanide content of the gas mixture used rangss
Irom 1 o 99% by weight, preferably from 5 to 75% by

[0 weight, particularly preferably 6-22% by welght. The
hydrogen ¢vanide lg produced, in particular, by the
Andrussow method as per DE 1020070347152 or else by what
ig termed the BMA method in German {(“Blausdure aus Methan
und Ammonik” [prussic acid from methane and ammonial) as

15 per DE 1041476 (reactor). Both methods are also described

in Ullmann ¢ Encyclopedia of Industrial Chemistry, 1987

20 ftrom the Andrussow method (Andrussow gas) contains, alter
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hydrogen cyvanide, in contrast, the product gas from the BMA

method (BMA gas) contains about 70% by weight of hvdrogen

cyanide
23 Thus, the tvpical product gas compositions of the andrussow

method have approximately the following contents: 10.3% by

weight of HCN, 3.7% by weight of H.0, 1.3% by welght of H.,

T5.8% by weight of N, (0.4% by weight of 0., 6.3% by welght
of CO, 0.8% by weight of C0., 0.4% by weight of CH,, 1.3%



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,f;the columa¢) o 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-colufin is'3etVia &hedtexchangeér (€). The Bottdhiphase (1-) and the column
(©), in particular, serve as ghg, gain reaction zone, the column C meing able to be heated/cooled
separately by means of a_heat exchanger (Ig . In this case the temperature of the streams (7) is
selected in such a fanner that thé heat of reactior car’b& réfmbaed W.i R tooling Watér corresponding
to the ambient femperature-and the-reaction betweenialdehydg-and Hivd in-eolumn part (C) is 80 to
99.9% camplete.. The algeh¥de can he fed separately or to%]ether with the

= S P ] —

catalyst((2),(3)). Preterably the aidehyide orthe atdehydéicatalyst mixture (2§ $(3) & Hix&d with a 10
substream (6} from:thecabsorptiorand candensation pant:(E) af the COIUTMwhichris ¢aken off from an
intermediate bottom phase The catalyst can also be fed, e.g., via the pathway (4). In this case, the
catalyst shoul%s,/%?élt e pgagtﬁ'vva;ff ((féyi s%%r?ﬁe i Bérﬁg ?ﬁg fop cilf(}:%uiﬁ Qr‘h%l(:l %éjéff Ual amounts of
HCN presentin stream (6) are: reacted. wittkthesupplied atldehydeésin the dwelbtimervesssl (G), the
(second) post:teaction zane,completely or virtually completely to, th anohydrin, Thereafter, the
stream is cooTe*d%oDOgCr:} %c? ZSQC?T%T:E; Ewgétg éxcc%%ja%gézr? ﬁ)“ih%ttf}%ef o g\ég §%§Gr%)éco“h%e%§§tion/absorption
of HCN Whicteis asrcemplete asipossibleattivular, the interavediatechottont phase o (1)) the absorption
and condens%q%%%r‘gé@gl@ngggg Swell 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, andse no-additional sefubbing:for teeovenyrof the aldehyde from theresidual gas.is
required. The cyanohydrin concentration can be set via corresponding metering from tpe column
bottom phase (%3] Braterably in tie FArge from 0% By weight t8°70% by Weighe i’ Stfear 5). The
purified gases:ate:advantageously latcer case, the resultant energy can be

E5 reused for operating bhoth methods, which means more degrees

of freedom and a considerable economic advantags.
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the botvom phase ©f the column 1s set via a heat exchanger
(Zy. The Dbottom phage () and the column (C), in
particular, serve as the main reactlon zone, the column O

Deing able to be heated/coolad separatrely by means of a



passed into a combustion unit. The product exiting with stream. (9) has a molar ratio of hydrogen
cyanide to updeacted de of great_ nan | 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 cgmpletion 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 tpraduct {stream (X)) thatis setibetween.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 hasa-$ifialli€ontént 6 iethVimeréaptan tMECthe prédomiafit Part 6fWhich WouldFass into
the exhaust gas stream:(12)-Ihis exeess MG can-also-eptionally hg: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 andthié yiedd thereby furtherthcrédsed: ™t "méttod actording to theSnvention, the catalyst
used. cars be low-otecularaweightok:heterggenequs amines esolutions ofdnerganie bases,sor
mixtures of acids and lowmcilecular-weight amines. These are also needed in order to set the optimum
pH range of appréximately 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
SCNN&ZA&»The aldehyde can be fed separately or together with the
catalyst {2y, (3)). Preferably, the aldehyde or  the
aldehvde/catalyestr mixture (27 + (3) i35 mixed with =&

10  substream (&) from the absorption and condensation part (E)
of the column which is taken off from an intermsdiate
borttom phase (D). The catalyst can also be fed, =.g. via
the pathway {(4). In this case, the catalyst should, via the
pathway (13), alse arrive in part in the top circouit. The

1% residual amounts of HCON present in stream (6) are reacted

with the sgupplied aldehyde in the dwell time vessel (G,

the (second} post-yeactlion zone, completely or virvrtually
completely to the cyancohydrin. Thereafter, the stream 1s
cooled to 0°C to 25%C in fthe heat exchanger (B) in order o

20 ensure condensation/absorption of HCN which is as complete

as possible. In particular, the intermediste bottom phase
(D), the absorption and condensation part (E) and the dwell
time vessel (G} serve as absorprtion and post-reaction zone.

Cwing tTo the amounts o¢f cyanohydrin present in the stream

25 {5y, and the cocling wnich is performed, the residual gases
exiting at the column top also contalin only very low
residual amounts 0f the aldehvde, and so no additional
scrubbing for recovery of the aldehvde from the residual
gas iz required. The cyanchydrin concentravion can be st

30 wvia corresponding metering from the c¢olumn bottom phass

(i3}, preferably in the range from 10% by weight to 70% by

weight in stream (5). The purified gaseg are advantageously



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 appro%hately 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 copygrted ta.the Ok at 236, which further simplifies the pracess
control. Low-molecular-weight amines, preferably having "I to 36 carbon atoms, have the particular
advantage of ¥irfli## 15 unfimiteeFmiscibilify with the Feaction Meditit WHiER in furdTavots a rapid
reaction. Low:moleculatweight amities which are preferred.in this casg:areqtri-(Ci:C12-alkyhamines,

g Lo it

prefers..bly triethylamine or t‘riisopropa‘no‘_lamine,, dialkylaralkviamines, preferably. 20 )
aimethylbenzyianiiné diafkviarylamines?preferabliPN Ntimethyiatiline, Feteroeyclic @minds?®
preferably nicetinamide, imidazele: benzimidazale, 2-flueropyriding, 4-dimethylaminopysiding;:picoline
or pyrazine. iternat sly, heterogeneous amines of the general formula R1 A--(CH2)xN _R2formula

—
LA

20

30

unaer fines The extraocordinarilily nDigh Selectmvm:y‘ Ox Thls

A

Drocess procedurs,

-

Afrer passage Chrough a post reactor (LY, in which any

residual fractions of the aldehvde present are reacted to
compietion o achieve equilibrium with hvdrogen oyvanide,
the resulting product stream is miwed with an acid. For
this purpose, & sultable mixing element (M) is used. The pH

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

Tf the aldehyde 1lg MMP, as shown 1n Fig.

starting material sitream O0I e Method Gescrioed

has a small content of methyvlmercaptan (MO}, nhe
which would pass intc the exhaust gas stream (12) .
MC  can  also optionally be reacted wiih

which can be fed to the method, e.g. via gSstream
{114), to form MMP and in succession with HCN to form MMD-CN

and the yvield thereby further increased.

can be low-molecular-welgnt or heterogenecus aminss oy
solutions of inorganic bases, oy mixtures of acids and low-

molecular-weight amines. These are also needsd in order to
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which Is measured using a pH electrode (“Aguatrode Plus

with Pt 10007 type, manufactursar: Metrohm Schweiz AG)



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 b?eferred In this case that the catalyst according f
formula | is a polymer-bound base selected from the group of the homologous
dialkylaminoa&g%@x@%eﬂ@s%@i@{;}gjﬂg}{?@ygﬁr%%t\i,qq@ resing, It is, bartecularly. preferred that the
catalyst accor formula [ is diethylaminoethylpolystyren.e, methylpolystyrene, ]
dimethylamin®methylfclystiyréfe Sdiethviatiinbfriethvifiatroretictlar Fesin oféti§lafiing-
ethylpolystyrene. The norganic-bage-used-can advantageously bealkalimetal. 5

=

mesasurement being remperature-compensated. For following

5 rthe reactlon conditlons clogse in cime, and for elimination
of measurement errors, at intervals of one hour, in each
cage the pH i1z measured 4 times with formation of the mean
value, each meazsurament taking approximately 30 seconds.
The measuremant can, however, also be carried out directliv

19 during the reaction online in the reaction system at the
cemperature that is set there and converted to the pE at
23°C, which further simplifies the process control.
Low-motlecular-weight amines, preferably having 1 to 36
carbon atoms, have the particular advanrvage of virtually

15 unlimited miscibilicy with the reaction medium, which in

Turn

favors a rapid reaction.

Low-molecular-weight amines which are preferred in

case are tyi-{C.~Co-~alkyl)amines, preferably triethylamine

frod

or triilsopropanclamine, dialkyiaralkylamines, prefevably

20 dimethyibenzvliamine, dialkviarvlamines, preferably N,N-
dimethnylianiline, heterocyclic amines, preferably
nicotinamide, imidazole, benzimidarzole, Z-fluoropvridine,
d-dimethylaminopyridine, plcoline or pyrazineg.

Alrternatively, heterogeneocus amines of the general formula

R
e
A-—(CH,) —N
(CH,) N

R2

]
LA

tormula I

or polyvinyvipyvridine can alisc be used, wherain



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. Howeveér, here, extremely good mixing and temperature
control must be ensured, so that no significant byproduct formation $0 proceeds. 14 cyanohydrin is
advantageous; This segond post:reaction,zone s operated at=liar tzemperateire tq.the maip reaction
zone. of 20C toSO 0, preferably eparticular rably izC to 65C. In. this manner a rapid and zliv
quantitative cémptétion-of the:isacticn of EON @na:MMP to form MMP-cyanohydrim shortly upstream
of product diseharge is;ensured: The-method.according to the invention is advantageously operated at
an absolute pressure of 0.9 to 5 bar, ferably 1.0 t’bﬂJfbar, particularly preferably | to dr. This has the
effect that rapit dégassifigiofthedbsofied HON frofn th&"Solution. and corresponding losses are
prevented thereby= The.1pethod-aceording to the inveatianis, in-additionm,,

pelystyrene. These and the advantages assocliated therewilth,

such as, for instance, easisr geparability, low entrainment

1 subsequent reaction stages, are already described in

WO 2006/015684.
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10 It is preferred in this case that the cata

formula I is a polymer-bound base selected from the group
of the homologous dialkyvlaminoalkylipolvstyrenes or

dialkvliaminomacroreticular resins.

jd

13 formula I ig diethylaminoethylpolystyvrene, disthylaminoe-
methvlpolystyrene, dimethyviaminomethvipolvatyrens,

diethvliaminomethyimacroreticular resin or dimethviamino-

ethylpolystyrene.

The inorganic base used can advantacgeously be alkalil meval
20 hydroxide, preferably NaOH or KOH, alkall metal cvanide,

preferably HaCN or KON, alkali metal carbonate, preferably
Na,Cl: or KuC0s, or alkali metal hydrogencarbonate,
preferably NaHCO, or XHCOy, alone or in mixed form. These
have the advantage of particulariy high catalyviic activity

vors a very rapid reaction and also the low

[ R]
[

which in fturn f

&k

notential interference of the low salt fractions resulting
therefrom in the subseguent method. Howaver, hare,

extremaely good mixwing and temperature control must be
=

hat no significant byproduct formation



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 metalli¢ materials, are avoided and corresponding
disadvantageous effects in the downstream. method stages to methionine are avoided thereby. in the
method according tothejon,.preferably, weight ratio of-catalyst 1o, 3(methio)propanal gf .0.00005 to
0.002 is used, partlcaarlv areferab: 0.0001 0.001. This has the effect of a particul.anl.y low byproduct
30 formation atth&RBa/TE tifie 85 ahichteaction e 15 THe"method dcdtirding 16 #he invention ca.i
optionally he casried gut hatchwise, semicontinueusly;,orontinuously, the eoncipuous-embodiment
being particularly economical to operate on an industrial “scale of greater than 10 000 tons/a. The
MMP-cyanohydrinpibaticed accordirfy tothe invéhtion aasthetypical fofibwihg“csmposition:

IMP-ON:37% by weight; MMR:0-1% by weight;HPN::0.05-0:5%hy-weight,:H20: 2:24%hy- gommica
00101%bywe ht. ) i )
MMP to form MMP-cvanchydrin shortly upstream of the

product discharge is ensured.

The method according to the invention i1g advantagoously
operated at an absclute pressure of 0.2 to & bar,

i preferably 1.0 to 3 bar, parcticularly preferably 1 o

The method according to the invention isg, in addition,
I3 characrerized in that a molar ratio of prussic acid to 3-
methyithioipropanal of (.98 ©o 1.03, preferably 0.%% to
1.0 can be sget. Firgtly, losses of prussic acid are

avoided thereby which, especially on an industrial scale,

are a great economic disadvantage. Secondly, unwanted
200 prugssic acid breakdown products such as, e.¢., polymeric
prussic acid or the saponification product formic acid
which has corrosive properoisg against various metallic

(f 1

materialg, arve aveided and correspondine dizadvantageou
offects in the downstream method stages to methionine are

25 avoided thershy.

In the method acgording to the invention, prefarably, a
walight ratio of catalvst to Z-imethyvlthic)propanal of

30 formation at the same time as

)

high reaction rate.



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, furthermare, 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.ni2that, &g Sthe FesidueTormedifthe dish | RatiorFof-theProdaets isimarkedly less after

ther eaction thap.before the reactionto form.the NMR-cyanohyd au The present invention will be
described. in more detail with reference to the examples hereinafter. Analytical methods used: The

H20 content i VAVIPEEN Has deterfhiied by thesmétifodof £ fifation with’biam.perometric indication
of the end point (Kart-Fischer titration.).

The MMP-cvanohydrin produced according o the inventlon has

the typical followling composition:

MMP-CN: BH-897% Ly wel

Oligomers: 0.01-0.1% by welght.

The molar vields based on MMP are ftvpicallv 9%2.50 to

15 The reaction product containing methylthiopropionaldehvde
cyvanohydrin (MMP-cyanohvdrin) obtained in accordance with
the method according to the invention can, particulariv
advantageously, be used directly for producing methionine
ang Z-hydroxv-4-methylohicobutyric acid. For shis purpos

20 it is either aminated (aminonitrile pathway) or rea

with a mixture of ammonia and carbon dioxide {(hydantoin

pathway) in  order to  form methionine  or  hyvdrolvzed
Girectly o) form Z-hwvdroxy-4-methyithiobutyric acid

(methioninenydroxy analogs, MHALY, Tt has, furthermors
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found tnat high-boiling MMP oligomers

already present in MMP are for the most part reacred in the



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
guantity 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 proé&dure of this standard ™od in the art (see, -
Wasserbestimmunadurch determination by Ka own to those P. A. Fru, R. mumuunk.
Fischer-Titratign ation1 Metrohm AG). The noe prussic acid.content,of the-product was determined

principle or ion chromatography (I(f)usmg 17 the sample preparation having proceeded by separa

Y 0?10{1“\1’(13? in, This R Nowr in chat, e.g., rhe residue

formed in ©h istallation of the products is markedly less

than before the reaction to form the

The present invention will ke described in more detail with

reference to the examples hereinafter.

Analvitical methods used:

The H.C content in MMP-CN was determined by the method of

10 tcitration with piamperometric indication of the end point

(Kari-Fischer titratiaon.

1% Hydranai Tircrant 5, Fiuka) A sample guant ity of

approximately 500 mg was added to the initial charge that
had Dbeen titrated teo exhaustion {plastic disposable
syrings) an

titrated to fThe end poinzt with ticration

agant. The exact sample weight WaS determined Iy

The procedure of this standard method i1 known to tThose

P 1 3 = e g T . — 7 -
sk:zlled in the art {see, e.g., P. L. Bruttel, R. Schlink
Wasserhest I mmung gurckh Kari-Filscher-Titracion LWarery

25 The free prussic acld content of the product wasz determined
by the principis of ion chromatography (IC3 WS 1ng
amperometric cyanide detection at an Ag working electrode,



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
determinatioa,ngmgg%tq Eéhewsggn le §QEU(§K3n%QUJNIQCNh%aCLQVQEQiQ golu\t/i,oncqfﬁlgqgwq pont%q; was
subjected to the prepaxative Separation. by means of columnp chromatography and 100°ul were
injected into thieslC tyanide determination:: THe ionchremategraphiceyanide determination was carried
out at room tempetature, e.a. on a Carbo P @PAJQ hg,g%%r‘gtion 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 mi/min, 1004l of sample solutionorcalinrat.ionsolution were. injected:,The evalyation was
performed by peak area comparison using the external standard method. The procedure ofstandard

method 7S knowh'to tHoge Killed” T theTarf  R&Tcatalysts, aRkimtagedsuslys aldd Mixtures offcids and

the aboyementioped, low-molecular:weight amings.can be usedrin, order.to,set:-themore readinhe
desired rande and to be able to stabilit by
phase consisted of a 5 mmolar sulfuric acid. 2t a flow rate

of 1.0 ml/min, 100 pnil of the sample solution (0.1 ¢ of
sample in 10 ml of mobile phase) were injected. The column
16 eluate from 4 min to 8 min was collected in a 100 mi
maasuring flask, made up to the mark with ultrapurs water

and 100 pl were injected intce the IC for  oyvanide

Similarly to the sample solution, an NalCN calibration

,__.
L4

solution of known content was subjected to the preparative
separation by means of column chromatoegraphy and 100 pl

were injected into the IC for cyvanide determination.

The Ion-chromatographic cyanide determination was carried

out at room temperature, e.¢. on & Carbe Pac PAL separat

[N

OrL

B

20 column, 250 mm in lengtoh X O mm internal diamerer from

Dionex. The mobile phase congisted of a golution of 1.5 g

0f szodium chioride and 1 ml of ethvienediamine in 1 1 of =a

50 mmolar sodium hydroxide solution. At a flow rate of

1.0 ml/min, 100 ul  of sample solution or celibration
2%  solution were injected. The evaluation was performed by

The procedure of this standard method i1s known Lo those

skilled in the art.



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 $dch 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 adyantage of the me ypggg&rtegpongmgty he majn reaction zone is gperated at a
temperature of 20C to 80C, preferably from 3OC to OC partlcularly preferably from 35C to 65C The

preferred that.the absorption and post .- reggtlgg Zone ts gperated ata, temperature ,of Qg: to 30C,
preferably from 4C to 153C. This ensures a partlcu IarIy efficienr absorptlon of the hydrogen cyanide
and still makes'possiblésncrbugh Féactionof HER viith the miNfe t6:fofm 1\a71Peyanohydrin.
Furthermere, the use.of a second: post-teaction zope justupstream;of the product discharge point for
the bAP- 18

organic aclds such as short-chain fatty acids, e.g. aceti

¥
rt
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acid, formic acid, citric acid, and organic sulfonic acids,
2.g. trifilucromethanesulfonic acid or the use of mineral

acids such as, e.g., sulfuric acid or phosphoric acid, in

10 combination with the low-molecular-welight amines.

hocording 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

J—
A

wlith the ambient temperature, which iz a Tfurther greart

sconomic advantage of the merthod.
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the maln reaction zone 1g operated at a

remperature of 20%C o 80YC, preferably Ifrom 30°C no 70T,

20 also procecds comparatively rapldly 1n this range.

In the method according to the invention it is further
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Furthermore, the uge oI & second pogt-reacitlon zone just

the product discharge point for the MMP-



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 soliition (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 calipration, solutions (0.5 mg.oft MMP, in 50,ml.of salvent,. or, 50 rig of
MMP-ON in 50 ml of solvent). The solvent consisted of a mixture of 500 gl of 0.5 molar H2SO4 and 5
ml ocacetonitfile whichwas dilutedto 50-mf with tltraplire wdter: The evaiiationgprbteeded by peak
area comparigon by, means of the.extgrnal standard method. ;;, The procedure of this standard
method is known to those 20 skilled in The components in the HONccnta.ining starting malLerial gas
nitrogen (N2) €afbofi théroxide [COY, cafbon.digXide {COZ); methahe (CFA) Zanithidhia (NAC3),
prussic agid (HCN), water (H20), argon (Ar/oxygen (02) (sitherlan), hydragen (0 (on)y: gonditionally
and benzene as’internal standard were determined by gas chromatography. The gas chromatocraph
6890 (Agilentgbased e tHe HP 6830) was:used herexThegas.chromatagraph fotthisranalysis was
equipped with three separation colunmns: 1-HE-GPWAX 52CE 25m70.32mmz0. 2'm, NH3, HaN, water
and benzene were separated), 2. molecular sieve 30m.*0.32mm*li2im (here Hg,02, 80 and methane
were separatéd) ahdkar@ 30m0.32mm*20um-therelGO 2 arvd berizerie werersebarated), twerthermal
conductivity. deteetogs (TOR), @, pressyre measiing it and g, mass flow, meter (MEM, ) for helium.
Column 1 was connected via a back injector to the back detector. Columns 2 and 3 were connected by
a front injectof #6 thelffgnt détectti & er M jagraceture 6f thisstandarg nethod is=kriown totkese. | lied
in the art. Thecomponentsmethyimercaptan(MC)and methyimereaptogrgpionajdehyde: (?MR).and
aerolein (AC) of ) ) -
calibration solutions (0.5 mg of MMP in 50 mi of solvent,

or B0 mg of MMP-CN in 50 ml of solvent).

The golvent consisted ol a mixture of 500 pl of $.% molax
15 H.50, and 5 ml of acetonitrile which was dlluted o 50 ml

with ultrapure water.

The evaluation proceeded Dy peak area comparison by means

of the external standard method.

The procedure of this standard method 15 known to thiose

=
)
iy

killed in the ars.

The components in the BHCON-containing startling material ygas
nitrogen (Ny), carbon monoxide (C0Y, carbon dloxide (OO0,
methane (CH;), ammonia (NHy), prussic acid (HCN), water

(H:0), argon (Ar)/oxygen (0y) (either/cr), hydrogen (H;

b2
LA

(only conditionaily) and benzene as internal standard weare

termined by gas chromatography. The gas chromatograph
> HP 6890) was used here. The gas

rhe
chromatograph for thisg analysis was equipped with three

- g e T R i T YL ITROW LTy R =TT e Y x oy E:
separation columns: 1. HP-CPWAY SZ2CR 25n*0. 22mm* (. 2um (here



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 diatfieter, 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 mﬂﬁrmedl bottgm Eppa%% EMDQQ%WQC@ éﬂga@e@gggn &g taken otggor @g{%tmg atop
circuit. Beneath the colurn. was situated the column bottom phase havmg avolume of 4 T.it.ers. The
di agram of this device isrdttachedi(seeFiguret)e With the stream €D, 8:98 ky#t bficrudepreduct gas
from the prodtion,. Qfgwyd;@aeggyanlde by, Whe Andeussow method,were fqiy ia.the-gas blower (B)
into the column bottom phase A which contame& based. on weight6 HCN: 8, 87/o H30: 3.88%, H2:
1.83%, NW: 78:0E%0124:48% 00" 5.67%,0&)71. 13% FOH: 0:39%: Theiacoming iaswas mixed at
the 8 DUMP (By with a circulating. stream, 8),0f 300, ka/h. Ehe 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 of50C prefailed "The féed sfréam?) ohto tietordered packifigat’4@ had a fé@ﬁri%rature of

35C. injector to the back detector. Columnms 2 and 3 were

connected by & front injector to the front detector.

The procedure of this standard method is known to those

10 skilled in the art.

The components methylmercaptan (M) and

methylmercaptopropionaidehyde (MMP) and acrolein (AC) of

rthe gidual ges exiting from  the column  top  were
determined by means of gas chromatoygraphy. In this case the
15 gas chromatograph 7890A (Agilent} was used. The gas
chromatograph wags eguipped for this analysis with &
separation column (HP-INNOWAX 60m*0.32mm* 0. Z25um) and a back
detector (FID). The procedure of this standard method is
known to thoge skilled In the ar:t.
20 Example 1
A setup as shown i Fig was used, having a column of
i mm In diametey, which was eguipped with 2 ordered
packings {(C; and (£} and which had heights in each case oFf
2500 and 1700 mm. Between the ordered packings were
23 situated an intermediate bhottom phase (DY, from which a

stream (6} can be taken off for operating a2 top circuit.
Beneath the column was situated the column bottom phage
naving a volume of 4 liters. The diagram of this device is

atrached {(see Figures 1),



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 miéterials 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 corre§Eonged fo . Thf pro
following composmon ased on Welght MOP-

.golumn bottom
E%/I 990} £73%, H20"

hase at.4.20 kg/h; and_ had the
Lo 5 MOP: ogle/o HEN: 0.16%,

Mc: 0.01%. Thhexhaustgas lefttheicolutin topat 807 kgl ahd had@hé#ﬁlmmmnmﬂm based
on weight: HrN;.0,00%, 9.07%, MG; 0. 05%, ENQ: 1.34%48%; N2: 86.0,.1.64%, CO: 6,31%, CO2:
1.26%,0.44%. The gases were fed to a combustion plant

phase & which contained, pased on weight: BCN: §.87%, H.O:
5 2LBB%, Hy: 1.332%, N 7£.01%, O 1.48%, CO: 5.87%, (O
1.13%, CH:: 0.38%%. The incoming gas was mixed at the jet
pump (B} with & circulating stream {8} of 300 kg/h The
temperature of the circulation stream was controlled here
in such a manner that in the column bottom phase (A}, at a
10 £illing state of 50%, a temperature of 509C prevaliled. The
feed ztream (7)) onto the ordered packing (Cy, at 40 kg/h,
had & Tempera of 35°C.
The methyithiopropionaldehyvde was introduced into the
reactor (G) via the feed (Z) at a throughput of 2.966 kg/h.
15 The reactor contalned, based on weight
MMP: 96.46%, H:G0: 2.77%, MC: 0.2%. Via the feed 1line (3},
at the same Time (0.211 kg/h of & mixture of 22% by welght
of MMP in the composition described zbove and 1% by welght
of triethanclamine ag catalysi were incroduced into the
20 reactor (G). The whole stream (5) congisting ol the
srarting materiale and the circulation 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 ratilo HCN/MMP corresponded 0
25 The procuct left the column botiom phase at £.20 kg/n
and had the fcollowing composition, based on weight: MMP-CII:
90 .43%, ®,0: T.82%, MMP: (.14%, BCM: 0.16%, MC: 0.01%. The
exhaust gas left the column top at 8.07 ko/h and had the
toliowing composition based on weight: HCN: 0.00%, MMP
30 0.07%, MC: 0.05%%, H:0: 1.34%, H.: 1.48%, No: B&.02%, O



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 temper%{ure 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 prgvailed: The feed stream £7) onto.ordered:. paeking (had-a femperature of 35C
at 40 kg/h. The methyl% doproplonaldehyde was introduced into the reactor (0) via the feed (2) at a
throughput of 2976 k iEcdiitained: based oifweight: 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 triethanolajlnin% as catwas introduced into t e reactor (G). In addition, 2 kg/h o. the bottom
phase produc}%wg iftréduced 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,

10

26

setup of Example 1 was used.

Ui

With the stream (1), 8.%4 kg/h of crude product gas of the

producticon of hydrogen cyvanide by the Andrussow method were

"

fed via the gas blowser (B) into the column bottom phase A

which contained, bhased on weight: HCN: B.9%, H.C: 3.7%, Ha:

)

1.3%, N:: 76.3%, O:: 1.5%, CO: 5.6%, C0;: 1.1%, CHy: 0.4%.

A

The incoming gas was mixed at the det pump {B) with a
circulating stream (8) of 280 kg/h. The temperature of the
circulaticon stream wag controlled in this case in such &
manner that, in the column bottom phase (A}, at a £ilii

stare of 50%, a temperature of 49.8°C prevaiied. The feed

stream (7} onto the ovdered packing () had a temperaturs

,,,,,,,,

The methylthiopropicnaldehyde was introduced into the

reactor (G via the feed (2) at a throughput of 2.876 kg/h.

It contained, based on welght:

MMP in the above described composgition and 1% by weight

rriethanclamine as catalvst was introduced intoe the reacior

(Gy . In addition, 2 kg/h of the bottom phase product were
introduced via the pathway (13 Iinto the reactoy (G) . The



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=%.20%, CH,: 0.50%. The 10 gases were fed to a
combustion _ Claims Method for Drroxy-d-(m ,_hylthio)ryo- nhtrile, in Mich.
3-methylmerq§%9ggg@@§@egydg 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 anchoptionally -hydrexyr-4=(methylthio)
butyronitrile and are further reacted. Method accqr_c}ir]ﬂg.,ito claim 1, characterized in that the mixture
contained in the ab3Grption aiid pdstireaction 26ne Sriginates 4t 1845t partiall“from thé Main reaction
zone. Method=actarding ta laiml) characterizeddn thatthe maip #eaction.zane eontains a stirred
reactor- or loop reactpr. Method according to claim 3, characterized in that the "lIOmain reaction

zone additionally contains a jet pump.
5 WMMP-CN: 90.06%, H,0: B.81%, MMP: (.75

o

, HCE: 0.21%, MC:

0.01%. The exhaust gas leit the column top at 7.88 kg/h and

nad the following composition based on weight:

HCN: 0.00%, MMP: 0.08%, MC: 0.10%, H,O: 0.6%, Hs: 1.50%, Ny
B6.60%, O, 1.70%, CO: £.40%, CO,: 1.20%, CH;: (0.350%. The

0 gases were fed to a combusticon plant.



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 | to 5, characterized in that the absorpt1dn and post-reaction zones are part.. of a loop
reaceor. Method according to any one of claims | to 6, characterized in that substantially gaseous

hydrogen cyagide; isdntroduced 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 | to 99% by weight, preferably 5 to 75% by Weight,

particularly preferably:6-22% by weight.cing 2-hyvdroxy-4- (met!

Flrhio) VYO

nitrile, in which 3-methylmercapropropionaldehyde i
reacrted with hyvdrogen cvanide in the presence of a base

5 as catalyst in a main reaciion zone to form the nicrile
and regidual amounts of gaseous hydrogen covanide which
leave the main reaction zone are absorbed in an
absorption and poest-reaction zone contalnlng a mixture
of F-mecthyimercaptopropionaldehyde and catalyst and

16 optionally Z-hyvdroxy-d-{methvlithicibutvronitrile and
are further reacted

2. Method according Zo claim 1, characterized in that the
mixture contained in the absgsorption and post-reaction
zone originates at least partially from the main

ba reaction mone.

3. Method according to claim 1, characterized in that the
main Yeachion zone containg a stirrved rsactor or loop
reactor.

4. Method asccording to clalm 3, characterized in that the

20 maln reaction zone additionally contains a jet pump.

5 VMethod according o any one of claims 1 o &,
characterized in that the absorprion and post-reaction
zone contains a device for contacting & gas with &
Liguid, preferably & column, in particular a tray

25 cclumn, & packed-hed column, 2 bubble-column reactor, a
dropietr column or optionally 2 reactor haeving a
mechanically aglitated container, a submerged et
Yeactor oY a jet pumnp



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 dirfethylbenzylamine, dialkylarviamines, preferably
N,N- dimethylaniline, heterocyclic amines, preferably nicotinamide, imidagole, bengimidazole, 2-fluoro-
pyridine, 4-dgmethylaminapw'dine spigaline,or.pyragine. Methed ageordingclaim 9, charac,tergzed in

that heterogeneous amines of the general formula A--(CH2),N\ R2- formuia
characterized in that the CLED‘:Q""OL..L(JF and Dost -1 reaction

rones are part of a loop reactor.
7. Merhod according ro any one of claims 1 to &,

3 characterized in that substantially gaseous hydrogen
cyvanide 1g introduced into the main reaction zone,
preferably a hydrogen-cvanide-contalning product gas
from a pilant for producing hydrogen covanide,

g Merhod according to claim 7, characterized in that ithe

14 hydrogen cyanide content of the gas used is 1 to 99% by
welght, preferably 5 to 75% by weight, particularliy
preferably 6-22% by welght.

5. WMethod according o any one of clailms 1 fo &,
characterired in that the catalyst used is low-

i5 molecular-welght or heterogensous amines, soiutiong of
inorganic bases, or mixtures of aclds and low-

molecular-weslght amines.

10. Method according to claim 8, characterized in that the

low-molecular-weight amines are Tri-{C ~Cis-

20 alkylilamines, preferably triethylamine or tvriiso-
propanclamine, dialkviaralkyiamines, preferably

dimethylibenzylamine, dialkylarvliamines, preferably N, N-

dimethvlaniline, heterocyclic amines, preferably

25 pyvridine, 4-dimethylaminopyridine, picoline o3
pyrazine
11, Method according oo Cclaim 9, characterized in that

mines of the general formula

5
D
¢t
o
H
0
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o
O
o
n
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or polyvinylhyridine axe used, wherel_ and R2 are hydrogen, alkyl having chain lengths between C
andC12, aryl or heteroaryl.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 | is a polymer-bound base selected from the group of homologous
dialkylaminoalk9ipolystyrenes or dialkvlaminomacroréticular resin=. 13. Method according to claim. 12,
character.ized in that the catalyst according to formula | is 15diethylaminoethylpolystyren.e,
diethylaminomethvipolystyrene, dimetylamitomethylpolystyrehe, diethylaminomethylmacroreticular
resin or dimethylarmno@@py ons,{y@ne. 20 14. Method according to claim 9, characterized in that the
inorganic base used is alka;’ll."metal\hydroxide, preferably NaOH or KOH, alkali metal cyanide,
preferably NaCN or Kim, alkali metal %grbmguggef@;rably Na9CO3 or K9CO3, or alkali metal
hydrogencarbonate, preferably NaHCO3 or KHCOS3, alone or in mixed form.

or pelyvinylpyvridine are used, wherein
F. and R; are hydrogen, alkyl having chain lengths

between C; and C.p, aryl or heterocaryl;
) R: can he different from H.
¥ ig a number between (0 and 6, and

A 1s & natural or synthetlc resin, preferably a

13. Method according to claim 12, characterized in that the

catalyst according to formula I is

o
Ay

diethylaminoethylpolystyrens,
diethvlaminomethylpolystyrene,

dimerhvlaminomethylipolystyvrans,

{

diethvliaminomethyvlimacroreticular resin or

dimethyvlamincethvipolysiyrana.

20 14, Methed according to claim 8, characterized in that the

preferably Na.C0y or K00y, or alkali metal

.2
A

hvdrogencarbonate, preferably NaHCO; or KHCGO;, 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 t0 6.0 is set, 10prefé’?rfébly 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 zeney 17, Met:nod aceording.to any;ope 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 162 \iéthod adccsrding toiafy ofie of Eldithsdfo L7 ¢Eharacterizetfin that the
absorption and post:reggtion; 20zone is.operated:at astemperature of 0C 10, 30G, 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 temperafufé-of20C t3'88Eq preferably 40T to”76C Particaarly préferdbly. 45C to
6,5C, upstream of tho-MMP-gyanohygrin, preduct discharge site:for completing-thereaction of HCN
and MMP to form the MMP-cyanohydrin. 27 20. Method according to any one of claims | to 19,
characterized in that an aB8oIUTE predeifd or 0816 5hart preferabii v't.6:8 W, particuaarly preferab
1to 1.5 bar, is empleyerably sulfuric acid or phosphoric acid.

Lo
o

. Method according to any one of claims @ to 195,

characterized in that a pH of 4.5% to 6.0 is set,

10 preferably 5.0-5.5%, measured using & pH electrode at

23°C and a water content of 2 to 14% by weight in the

main reaction zone and the absorption and post-reaction

17, Method according to any one of claimg 1 2o 16,

[} characterized in that the main reaction zone 1s
opaerated at a temperature of 20%C ro B0°C,
A0°C to 70°C, particularly prefesrably 15°C

18, Method according to any one of claims 1 o 17,

characterized in that the abscorption and post-reaction
20 zone is operated at a temperature of 0°C fo 30°C,
preferably 49C to 159C.

1% . Method according o any one of claims 1 to 18,
characterized in that a further post-reaciion zone is
operated ar a temperature 0f Z0%C to BOSC, preferably

25 40%C tTo T0°C, particularly preferably 45%C to £5%C,
upstream of the MMP-cvanohydrin product discharge site
for complering the reactlon of HCN and MMP tce form the

MMP-cyvanohydrin,



> 21. Method according to any one of claims 1 to 20, characterized in that the molar ratio of prussic
acid to 3-(methylthio)propanal 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 | to 23 for

producing D, Lymethioping-or.2-hydroxy-A-methyl.ibutyricacid. 29 1 o 19,

characterized in that an absolute pressure of 0.9 to

Hobar, preferably 1.0 to 3 bar, particularly preferably

1 to 1.5 bar, is emploved.

(4]
&2
%_.

1. Method according to any one of claims 1 to 20,
characterized In that the molar ratio of prussic acid

to I-{methylthio)propanal ig 0.98 te 1.03, preferably

0.99 to 1.01.

22 . Method according to any one 0f claims 1 to 21,
10 characterized in that a welght ratic of catalvst oo
3-{methvliithiolpropanal of C.0000% to 0.002, preferably
0.0001 to 0.001, is used.
23, Merhod according to any of claims 1 to 22,
characterized in that the method i1s carried our
15 batchwise, semicontinuously, or continucusly.
24, Use of & reaction product containing MMP-cyvancohvdrin

produced according to any one of claims 1 to 23 for

producing D, L-maethionine or Z2-hydroxy-4-

methyvithioputvric acid.



