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Method for producing 2Z-hydroxy-4- (methylthioc)butanenitrile

from 3-{methyvlthio}propanal and hydrogen cvanide

The inve n relates o & catalytic method for the
production of Z-hvdroxv-4-imethyvithiojpuryronivcrile (MMP-
) from Z-{methylthiolpropanal {= mernyvimercapto-

parcicular, the invention describes a process for
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Lie (MMP-cvanohydri is

vermediare for the svnthesis of D, L-mechionine and the

acid {MEA) Me onine i1s an essential amine acid whiich is
used, ncer alia, as supplement in Ieedstufifs. MHA is &

Prior art

From MMP, by reaction with hydrogen cvanide

o

prussic acid),

@

~

MMP-cyvanohydrin (Z-hydroxy-4-{methylchiojbutyroniorile) may

- Sy e ] ey S e RN oy & T o - Ny e 1 vy 4 T = pa—
he produced using suitable catalyvsts. Suitable catalvsos
are, &.g., pyriding oy triethylamine. By hydrolvsis of MMP-
Cyanohvarin  with, €.g., , MHAL iz obtained.

Methionine 1s formed Dy reaction o0f MMP-cyanohydrin with

Ve W di s
ammonium hydrogencarbonate, with formation of hydantoin,

which can be with &a base, e.g. potassium

carponate or sodium hydroxide. Methionine iz liberared with
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Tt is known, for example, from the patent US A 4 860 832

amount of MMP used. Then, the MMP-cyvanochyvdrin, in a second

sStep, i3 reacoed with ammornia, whereby 2-aming-4-

methyithiobutyronitrile is formed which, in a third step,
ig then hydrolyzed in the presence of & ketone and an

i metal hydroxide, forming methylthicobutyvramide which

is Zinally saponified to form an alkali meitsa

pyridine or an amine (see patent US A 2 745 743, column 2

2 = " g% b3 J < - o 3 A P —~ -
lines 52 Excess HCON 1s merely distillied e.g.

in a vacuur. The resultant Z-hvdroxy-4-

Y I P LB T« e 1 Wd b mng
iobutyronitriie is then hydrolyvzed with su

X

whereby the amide of 2-hvdroxy-d4-merhylchiobutyric

acid L8 directly formed, nydroxy-4-

in WO 9640631

by reacting MMP

a gcuitable add

There 1t was found that triisopropanclaming,
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substicuents bound to the nitrogen atom and terviary amines

in which at least one of the non-hvdrogen substituents that

4 - L g s n FRRNPN oy e =y 34 v - - . -
are oound TO  TOe nATroden atom  accoraing Lo the  albove
description containsg an ary. group can alsce serve for
| zing The "‘P""C"‘“CT h-’DTM7 sy MY ans e = o AN Se F o
Calta.yzZing tne reaction npeitween MMEF and Dyarogen oyaniae o

Preferably, in this case, the hydrogen cyanide is used

)
!
]

molar excess of about 2%, based on MMP.

WO 20067015684 A2 finally disciloses a method for

E‘.! .
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particuiar, continuous production of MMP or of MMP-
cyanchydrin in which in each case heterogsnecus amine

= 5 o

re ueed for the addition reaction.

catalyst

€5}
[$H]

-, by means of which the »% of the soclution can be
set above 4, amines being excluded. Quite generaily, as

acids and acids,
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product and secondly Yo neurralize the acids used £for
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of the cyanohvdrin formed and to decomposi

aidehyde used at the start, forming a highly discolored
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In order to recover the residual amounts of unreacted HCH

and MMP containsd in the exhaust gas o0f the reactive

n ey Ty oy e o D N TSN o~ e SR T - . on ey s Y i . K . -
apsorber, saird unyeacted HCH and MMP are scoruabbsd using a

The substantial disadvantages of the methods previously

described in the literature are that for achieving a high

catalysts used in the methods described alsoc promots the
formation of unwanted byproducts from the alaeshvydes used,

which lead to contamination of zhe product which cannos be

{3 4 . R - ] Ly S - % - o e =
) roieracead. One approach o 8s0iving Thie  probiem 0OI
et G b 1 "\ g 3 - - e 3 S o . =3 [ B R ey e P Py
formation of byproducts 1s described in US S 726 802 with,
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ge amounts of water passing into the product,

which firstly, for production of methionine, need o be av

least parcially removed

200 the decomposition of the

18 & 1ot inconsiaerabie clsacvancage. Thereriore, The

<3 - . 5 - G o ey g i~ PRS-
must bhe processed in & complex manner bhHy means of removal
25 of the water by distvillation, which 18 & Jgreatr economic

B O 3 A T L g gt - [P — P SR
LT was Lhe ophect ©0I ThLE Inventlion T Dprovide a catalyilcd
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storage-stable cyanohydrin in which the method should at
the same time show marked improvements with regard to
yields with respect to the aldehyde wused and to the
hydrogen cyanide.

Summary

In an aspect, there is provided a method for producing 2-
hydroxy-4- (methylthio)butyronitrile, in which 3-
methylmercaptopropionaldehyde is 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
comprising a device for contacting a gas with a liquid and
containing a mixture of 3-methylmercaptopropionaldehyde and
catalyst and optionally 2-hydroxy-4-~

(methylthio)butyronitrile and are further reacted, wherein

the mixture contained in the absorption and post-reaction
zone originates at least partially from the main reaction
zone and wherein the molar ratio of prussic acid to 3-

(methylthio) propanal is 0.99 to 1.01.

Description of the invention

These and further objects are achieved by a method for the
production of 2-hydroxy-4-methylthicbutyronitrile, in which
3- (methylmercapto) propicnaldehyde is 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 (HCN), which leave the main
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reaction zone are absorbed in an absorption and post-
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 condengation with the aldehyde to form the cyanohydrin.
Owing to the effective removal of the HCN from the gas
phase, it is possible, in contrast to the methods known in
the literature to use a molar ratio of hydrogen cyanide to
aldehyde of 0.99 to 1.01, which 1is a great economic

advantage for the method.

The invention relates, in particular, to a method for the
addition reaction of hydrogen cyanide to MMP in the
presence of a base, in particular an amine, wherein the
method is arranged in such a manner that residual contents
of gaseous hydrogen cyanide are absorbed outside a main
reaction zone at temperatures of about 0°C to 25°C into a

liguid mixture of the aldehyde MMP and the reaction product
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from MMP with hydrogen cvanide and catalyst and then

further reacted with MMP.

w

method according to the invention, in

O
53]
i

By meansg

v Cvver 3 £ md s ame which 4 F
general, aidae yies conca I’llng L TOQ o Cgrbhon atoms whlch 1T

desired are substituted wich alkyl, alkoxy or alkvlithio

are advantageously reacted with hvydrogen cyanide.

v from the main reaction zone. A dilution with

= o - T g Exy “ s - 3 - N -
foreign materials or forsign solvents is thersby prevented,

The main reaction zone can contain either a stirred reactor

cr a loop reacrtor. Both embodiments lead to a rapid and

advantagecusly for drawing HCN into the main reaction zone.

& device foy Ccontaciing & gas wiith & liguid, in particu.ar

columnn, &  hubble-column reacror, & droplet column oY
oprionally & reachor having & mechanically agitated

container, roa subm—””ced j*’-’t reactor.
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The absorption zone and the post-reactlion zone can also be

mixing and rapid

In the method according to the invention, substantially
gaseous hydrogen cyanide 1s introduced into the main
reactlion zone, preferably a hvdrogen-cyvanide-containing

procuct gas from & hydrogen cvaz ide production pProcess.

The nydrogen cyanide content of

from 1 to 98% bv weight, pre

I
,_1
i
3
&3

By

welight, particularly preferably

hydrogen cyvanide is produced, in

i)
Andrussow method as per DE 10200
is termed the BMA method in German (“Blausdure aus Methan

und Ammonik” [prussic acid from methane and ammonial) as

TTT Y [ — - ]
in Ullmann s Ency try, 1987
“ k%3 1 Pond “mm — e 3
JOH-Ver agsgese . 185Che nds
Inorganic”, seCt: present 1s

rhe removal of ammoni Typice hout 0% 1 weight of

hydrogen cyanide, from The BMA
method (BMA gas) contains about 70% by weight of hydrogen
cyanide.

Thus, the tyvpical product gas compositions of the andrussow
T

method have approximatelv the following contents: 10.3% by

weight of HCN, 3.7% by weight of H.C, 1.3% by weigh: of H.




welght of HCN, £.7% Dby weight of H;0, 17.3% by weight of

1 - - - . ny > " T 1 Ty -
H.y, 3.6% bv weight of N., 4% by welght of

The dire

9]

v use of the product gas has the consider

i

advantage that no upstream and energy-intensive

N

liquefaction of the hydrogen cyanide need proceed and wis

corresponding coupling to a plant for producing hvdroger

cyanide gas, considerable capital costs in corresponding
~

process steps for the absorption and distillation of HCN

10 surprisingly do not have z disadvantageous effect on the

The residual gas of the MMP-covanohydrin production and

Durnt In the latter case, the resultant energy can bhe
‘- e NS e . . .
15 reused for coperating both methods, which meansg more degrees
of freedom and & cons:derable economic advantage.
A preferred embodiment o©I the metho according To Tne

20 wWhen & fZray column or a packed-bed column is used for the

— PO Y PR e 1 e Fag . . N -
reartive  absorpiion, the gas flow which contains The
. b ‘ £ ) . e e s D Y o e . P % Fag - ~F . -
Prugssic acid 1g8 Ied 1nte the potvom phase (&) of The column
~ I AN R P BTN T o - e N - . — q = 7}
(T Or preferasly  aiready  conracied wiin the aldenvyde
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The temperature in

vthe bottom phase ¢f the column is set via a heaz exchanger

being able o be heatved/coolad separately by means

mn
]
Py
s
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heat exchanger {(X). In this case the temperature of the
streams (7) and (8) ig selected in guch a manner that the
stion can  De  removed with  gooling water
corresponding to the ampient temperature and the reaction

between alidehyde and HCN in column part (C) is 80 tco 899.9%

aldehvyde/catalyst mixture {2} + (3) is mixzed with a
substream (§) from the absorpticon and condensation parz (E)

cf the column which iz taken off from an intermediate

“he pathway {(4). In this case, the catalyst should, via che
pathway {13}, alsc arrive in part in the wop circuit. The
regidual amounts of HCN present in stream (6) are reacted
with the sup
the {(sescond) post-reactiion zone, completely or virtually
completely to the cyanohvydrin. Thereafter, the stream 1isg
:5°C in the heat exchanger (HY irn order vo

ensure condensation/ab

13
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(D}, the absorption
time vessel (G} serve as absorption and post-reaction zone.

Owing to “he amounts of cyanohydrin present in the sitream

regidual amcuntsg o0f the aldehyde, and so no addivional

ng
gas Lg reguired. The cyanohydrin concentration can bhe set
via corresponding metering Ifrom the column botiom phass

13}, preferably in the range from 10% by weight zo 70% by
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passed into a combustion unit. The product exiting with
stream {(9) has a molar ratio of hydrogen cvanide to

substantially fo stabilizing the product. In addition, the

product ig ciear and only slightliy discolored, which
underlines the extraordinarily high seleczivity of this
process procedurs,

after passage through a post reactor (L), in which any

residual fractions of the aldehyde present are reacted Lo
complerion to achieve eguilibrium with hydrogen c¢yvanide
the resulting product stream 1s nmixed with an acid. For

thiis purpose, & sultable mixing element (M) is used. The pH

= oy I ' o R
between and 4, preferably between 2 and 3.

the aldehyde is MMP, as shown 1n Fig. 1, the MMP
starting nmatverial stream of the method described generally

has a small content of methvlmercaptan (MC), =he predomiant

part of which would pass into tne exhaust gas stream (12).

G
Thig  excegs MC  can alsc oprtionally be reacted with

acrolein, which can be fed to the method, e.g. via stream
(14, to form MMP and in succession with HCN tfo form MMP-CHN

FARILY

and the yield thereby further increased.

-~ — L A 3 -~ % Y = oo o = - 3 5

In the method according to the invention, the catalysI used

can be low-moliecular-welgnt Or hetrerogensous amines oy
inorganic nases r mixtures oI aclds and iow-

with Pt 10007 type, manuviacturer: Metrohm Schweiz AG)
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directly in the cyanohydrin having a typilcal water content

of 2-14% bv weight. The measurements are pericrmed at a

measurement beling temperature-compensated. For following

“he reaction conditions close in tire, and for elimination
of meassurement errors, at intervals of one hour, in each
case the pH ilsg measured 4 times with formation of the mean

value, each measurement taking approximately 30 ssaconds.

]

The measurement can, howaver, also be carrie

during cthe reaction online in the reaction
cemperature that is set there and converted to the pH at

23°C, which further simplifles the process control.

Low-molecular-weight aminesg, preiferablyv having 1 to 36

carbon atoms, have tne aarﬁLGuAar advanrage of virtually

unlimited miscibilicy with the reaction medium, which in

ne, dialkviarviamines, preferahly N,N-

heterncyclic amines

o
4
b
§
{1
K
Qs
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b
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nicotinamide, imidazole, benzimidazole, Z-fluoropvridine,

4-dimechyiaminopvridine, picoline or p

- S o . . 3 o~ e PR
ely, NeLLrogenecus amines oI Lthe ganeras

e
A—(CH,) —N]
"R

formul

W
]

or polyvinyvipyridine can also be used, wherein
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R; and R; are hydrogen, alkyl having chain lengths bevweesn

C- and Ci», ary. OY neteroarvi;
sy - oL - R o
R, can be different Ifrom R,

A4 P =1 u.ﬂ:, ot
A LS & naturael oY gynithetlc resi

M
T
t—{
g-a

‘erably a

polystyrens. These and the advantages associated o

1TY, Llow entrainment

such as, for instance, easier separadb
in subseguent reaction stages, are already described in

WO 2006/015684 .,

boef
1

iz preferred in this case that the catalyst according to

fo

o}
d

rmuia I 1s & polvmer-bound base selected from the group

£ the homologous dialkyvlamincalkylpolystyrenes o

alkviaminonacrorericular resgsing.

[N

t is parciculariy preaferred that the catal: VST aCcCcordiny Lo

viaminometh
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The inorganic base used can advantagsously be alkalil metal

nydroxide, preferably NalOH or KOH, alkall metal cvanide

nNa
Na,C0+ or ¥,C04, or alkall metal hyvdrogencarbonate,

extremely ¢ood miwing and tenpsarature control must be

ensured, so that no significant byproduct formation
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The method according to the invention can optionally be

carriad out barchwise, semicontinuou

empodiment being

IO

The MMP-cyanohvdrin produced according to the invention has

rhe typical following composition:

Oligomers: 0.01~0.1% bv weight.

The molar yields based on MMP are 9%.50 to

The reaction product containing methylthiopropionaldehyde

obtained

invention Can, pPaErTiCular.yv
s S e oy e
DLy Gx melnioning

lrhichuoyric acid. pUYDOse,

- 4 At 4 3 ~4 0 o 5
it is either aminated (aminonitrile reacted
: k? ) ¢ g - oy ey Py ¢ R T e P 1 l fon e oF g
with a mixture of ammonia and carbon dioxmide {(hvdantoin
-} kY - o~ o~ s s -~ oy Sye . ot S R — )
pathway), in oxder ©o form or  hydrolyzed
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Z-hydroxy-4d-merhyithiobutyric acid

7 iy -t 1 J e o - 3 h iy - e T . & - s W
(methioninehyodroxy =naliogs,  MHAY ., It has, furthermore,
zound Chat hagh-Hoiiing MMP oligomers

MP are for the most part reacted in the



LA

h

ey

[
LAy

method according o the invention to form the desired MMP-

g ey e 4 = Yo e L. oy 3 L e ey
cyanchydrin. This is shown in that, e.g., the residue
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The present invention will be described in more detail with

= ¢ i oy 3 I S
reference U0 Uthe SXampies nersinairter.

The H-0 content in MMP-CN was
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nethod of

cation with bpiamperometric indication o0f the and point

For this purpose, 20-30 ml of titration medium (e.g.

Bydranal Solvent 5, Fluka) were charged inte the titration
vessel and ritrated to dryness using Titration agent (&.g

o N Ao oy . = b S YR e e i " —

Hydranal Titrant 5, Fiuxga) A samplie GuaniiTy (o)

had been titrated {0 exhaustion (o

. 4 anny 3 A pact ~ P P 3 . . v e
syringe; and titrated to the end point with

agent. The exact sanmple  weight WES determined Dby

W vy

differential welghing.

The procedure of thisg standard method is known t© Those

T 3 e T PR { o P . k) 7 e ™ FagPtrn Puns SE AUV U
skilled in the art {(see, e.g., P. 4. Brutitel, R. Schlink:
Wasserbestimmung durch Eari-Fischer-Titracion

determinacion by Kari-Figcher «<itratvion! Metrohm aG;

faal S 5 S el - £ =5 G g ey . o ]

nNe free prussic acid CconTent Or The product was determined
% - o~ 2 o & - T - ~—— p A { - -
by the principlie of ion chromatography (IC; LS Ing
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the sampie preparation having proceeded by separating off
rhe free prussic acid from the sample matrix by means of
oreparative column chromatography

The preparatlive cyanide removal was periormed, e.¢., at

room temperature, on a PRP-X 300 separation column, 250 mm

phase consisted of a2 5 mmolar sulfuric acid. At a flow rate

of 1.0 ml/min, 1006 pl of the sample soclution

,\
o
Loa

©Q
~
Ry
=

in 10 ml of mobile phase) were injected. The column
eluate from 4 min to £ min was ccollected 1in & 100 mi
measuring fiask, made up to the mark with ultrapure water

3 D aval Y - N - i 3 - g - R o
anc 100 ul  were intected i1nto thea ic for

Similarly to the sample solution, n NaCN calibration

solution of kxnown content was subjecred to the preparative

N

geparation by means of column chromatography and 1060 uo

ware iniecoed

into t

ES
o

e IC for cyanide determination.

The ion-chromatographic oyanide dertermination was carried

oUtT &t Yoom temperarture, €.¢. on & Carbe Pac
c i X 4,0 mm internal diameter Ifrom
Dionex. The mobile phase consisted of a solution of 1.

of sodium chioride and 1 ml of ethyvienadiamine in 1 1 of a




as catalysts, advantageously, alsc mixtures of acids and

the abovementioned low-molecular-welght amines can be used,

: T ~ o e p - SR
1Y OoYraer o sen more resdi.y in thne

and o bhe aple to stapklililize Lt LY Lhe Duller agciion.

~ e 5 - o - 2 P TR .y o e .- % o
5 Particularly advantageous in this case is the use of

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

<5 N

acid, formic acid, citric acid, and organic sulfoni
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acids such as, e.g., sulfuric 2.4

u
)

i or phosphoric acid, in

I's}

10 combination with the low-molecular-weight amines.

sccording to a further preferred embodiment of the

4

invention, the temperature in the main reaction zone is

5

selected inm such & manner that the heat of reaction

liberated can be given o to cooling water in accordance

h
s
i_) -
T
&y
o
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©@

ambient temperacure, which is a further greac

economic advantage of the method.

Correspondingly, the main reaction zone is operated at a

. . PR . s e el DA Ge e A
temperature of ZO%C o B804C, preferably from 30°C to 70%
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20 alsc proceeds comparatively rapidly in this range.
In the method according to tfhe invention it is further

preferred tThat tThe absorption and pOST-reaCltlion zone 18
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makes possible

\AVVOU”” reaction of HCHN the MMP To form MMP-

upstream of the product discharge point for the MMP-
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The MMP~CN and MMP contents of the product were determined

by means of Ilsocratic lon exclusion hromatogr apnhy on a

cation exchanger with subsequent UV detection at 203

The determination was carried out, e.¢g., on a PRP-X 300
separation column, 250 mm  in  iength X 4.1 mm  internal

diameter from Hamilton at a temperature of 259C. The mobils

(:.'

2 - v “

\ - i - ) ~ b 3~ - M o =3 < G
phase consisted of a 5 mmolay sulfuric acid. Az & fliow rate

of 2.0 ml/min, 100 ul of the respecti sample solution
(0.2 ¢ of sample for MMP determination or 0.08 ¢ of sample

injected. The calibratvion proceeded by injecting suitable

~

ml of solvent,
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calibration solutions (0.5 mg of MMP in ¢

The solvent censisted of a mixture of 500 pl of 0.5 molar
H.80, and 5 ml of acetonitrile which was diluted to 50 nl

with uitrapure water.

The evaluation procesdsd by peak area Ccomparison by means
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T roncedure of ohnilis standard erhoo
LA procecure OX TRLs sfanaara methc

Lose

The conponents in the HCON-containing starting materiazl gas
nitrogen (N;), carbon moncxide {CQ0), carbon dioxide (T0z),
methane (CH;}, ammonia (NE;), prussic acid (BCN), water
{H20), argon (Ar)/oxvgen (03} ({either/or), hyvdrogen (H:)

(only condivionallvi and benzene asg internal standard were

sy gas chromatography. The gas chromatograph
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NH3, HCN, water and benzene were separated), 2. molecular
gsieve 30m*0 . 32mm*12um {(here H., N:, 0, COC and methane were

o - ~ o " ™% - “ s G aen T g falde
separated) and 3. Piot ¢ I30m*{.3Zmm*20um  (here 0

separated), two thermal conducrivizy detectors

(TCD), & pressure measuring unit and a maszs flow meter

1

(MEM)  for helium. Cclumn 1 was connected wvia bhact

injector to fthe back detector. Columnmzs 2 and 3  were
cormmected by a front injector o the front detector.

The procedure of this standard methoed is known to those
skilied in the art.

.

The COMPONSnts methylnercapran (MC

o
o]
[

methylmercaptopropionaidehyde (MMP) and acrolel (AC) of

Lugta 91

the residual gas exiting from the <cclumn top were
determined by means of gas chromacography. In this case the
gas  chromarcograph 7890a (Agilent); was used The gas

romasograph was eqguipped for this  analysis &

detec-or (FID}. The procedure of this standard method is

knowrn to those skilled in vthe arr.

Fxamplie 1
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1.64%, CO: 6.31%, CO»: 1.26%, CHy: (.44%. The gases were

I

to a combustion plant.

With the stream {1}, 8.94 kg/h of crude product gas of the
production of hydrogen cyanide by the Andrusscow metnod were
fed via the gas biower {B) intco the column bottom phase A

which contained, based on weight: HCN: 8.9%, H:0: 3.7%, H::
el

circulating stream (8) cof 280 kg/h. The temperature of the

circulation stream was controlled 1in thiszs case in such a

>

-
i

maner that, in the column bottom phase (A}, at a Tilling
srate of B50%, a temperature of 4£9%.8°C prevailed. The feed

stream (7% onto the ordered packing () had a temperature

] 3 % 3 . by
was iLntroouced Lnito Lng

reactor {(G) wvia vhe fsed (2} at & throughput of 2.976 kg/hk.

> . 3 . 19 o} v S Eo X003 . 4 -
%, BE,0: 2.8%, MC: 0.2%. ¥Vie the feec line {3}, at

intoe the reacioy

o
o
£
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g
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cemperature of -.5°C.

1. The product left the column bottom phase at 4.2% kg/h

and had the following composition, based on weight:

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

had the following composition based on weight:
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Claims

Method for producing 2-hydroxy-4- (methylthio)butyro-
nitrile, in which 3-methylmercaptopropionaldehyde is
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 compriging a device
for contacting a gas with a liguid and containing a
mixture of 3-methylmercaptopropionaldehyde and catalyst
and optionally 2-hydroxy-4- (methylthio}butyronitrile

and are further reacted, wherein

the mixture contained in the absorption and post-
reaction zone originates at least partially from the
main reaction zone and wherein the molar ratio of

prussic acid to 3-{(methylthio) propanal is 0.99 to 1.01.

Method according to claim 1, characterized in that the
main reaction zone contains a stirred reactor or loop

reactor.

Method according to claim 2, characterized in that the

main reaction zone additionally contains a jet pump.

4 .Method according to any one of claims 1 to 3,

characterized in that the device for contacting a gas
with a liguid is a column, in particular a tray column,
a packed-bed column, a bubble-column reactor, a droplet
column or optionally a reactor having a mechanically

agitated container, a submerged jet reactor or a jet

pump.
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Method according to any one of claims 1 to 4,
characterized in that the absorption and post-reaction

zones are part of a loop reactor.

Method according to any one of claims 1 to 5,
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 according to c¢laim 6, characterized inm that the
hydrogen cyanide content of the gas used is 1 to 99% by
weight, preferably 5 to 75% by weight, particularly
preferably 6-22% by weight.

Method according to any one of claims 1 to 7,
characterized in that the catalyst used is low-
molecular-weight or heterogeneous amines, solutions of
inorganic bases, or mixtures of acids and low-

molecular-weight amines.

Method according to claim 8, characterized in that the
low-molecular-weight amines are tri- (Ci-Cip-
alkyl)amines, preferably triethylamine or triiso-
propanolamine, dialkylaralkylamines, preferably
dimethylbenzylamine, dialkylarylamines, preferably N,N-
dimethylaniline, heterocyclic amines, preferably
nicotinamide, imidazole, benzimidazole, 2-fluoro-
pyridine, 4-dimethylaminopyridine, picoline ox

pyrazine.

Method according to claim 8, characterized in that

heterogeneous amines of the general formula
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13.

25

R1
e
AM(CHz)X —N\
R2 formula I

or polyvinylpyridine are used, wherein

R; and R, are hydrogen, alkyl having chain lengths
between C; and C;;, aryl or heteroaryil;

R; can be different from R,

X is a number between 0 and 6, and

A is a natural or synthetic resin, preferably a

polystyrene.

Method according to claim 10, characterized in that the
catalyst according to formula I is a polymer-bound base
selected from the group of homologous dialkylamino-

alkylpolygstyrenes or dialkylaminomacroreticular resins.

Method according to claim 11, characterized in that the
catalyst according to formula I is
diethylaminoethylpolystyrene,
diethylaminomethylpolystyrene,
dimethylaminomethylpolystyrene,
diethylaminomethylmacroreticular resin or

dimethylaminoethylpolystyrene.

Method according to claim 8, characterized in that the
inorganic base used is alkali metal hydroxide,
preferably NaOH or KOH, alkali metal cyanide,
preferably NaCN or KCN, alkali metal carbonate,
preferably Na,CO; or K;CO;, or alkali metal
hydrogencarbonate, preferably NaHCO; or KHCO;, alone or

in mixed form.
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17.

18.
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Method according to claim 8, characterized in that the
acid used in the mixtures of acids and low-molecular-
weight amines is organic acids, preferably short-chain
fatty acids, in particular acetic acid, formic acid,
citric acid, or organic sulfonic acids, preferably
trifluoromethanesulfonic acid or mineral acids,

preferably sulfuric acid or phosphoric acid.

Method according to any one of claims 1 to 14,
characterized in that a pH of 4.5 to 6.0 is set,
preferably 5.0-5.5, measured using a 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

zone .,

Method according to any one of claims 1 to 15,
characterized in that the main reaction zone is
operated at a temperature of 20°C to 80°C, preferably
30°C to 70°C, particularly preferably 35°C to 65°C.

Method according to any one of claims 1 to 16,
characterized in that the absorption and post-reaction
zone is operated at a temperature of 0°C to 30°C,

preferably 4°C to 15°C.

Method according to any one of claims 1 to 17,
characterized in that a further post-reaction zone is
operated at a temperature of 20°C to 80°C, preferably
40°C to 70°C, particularly preferably 45°C to 65°C,
upstream of the MMP-cyanohydrin product discharge site
for completing the reaction of HCN and MMP to form the
MMP-cyanohydrin.
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Method according to any one of claims 1 to 18,
characterized in that an absolute pressure of 0.9 to

5 bar, preferably 1.0 to 3 bar, particularly preferably
1 to 1.5 bar, is employed.

Method according to any one of claims 1 to 19,
characterized in that a weight ratio of catalyst to

3- (methylthio)propanal of 0.00005 to 0.002, preferably
0.0001 to 0.001, is used.

. Method according to any of claims 1 to 20,

characterized in that the method is carried out

batchwise, semicontinuously, or continuously.



