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(METHYLTHIO)BUTANENITRILE FROM 3-
(METHYLTHIO)PROPANAL AND HYDROGEN CYANIDE

Abstract:
Abstract method is disclosed for the production
of -hydroxy-4- (methyithio)butyronitrile, in  ‘'which  3-

mathyamercaptor oropionaidehyde 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 containing a
mixture of 3-methylmercaptobrobionaidehyde and catalyst and
optionally 2-hydroxy-4-(methyltheo)butyronitrile and are further
reacted.

This PDF First Page has been artificially created from the Singaporian Absiracts



A

Abpstract

propionaldehyde is reacted with hydrogen cyvanide in the

presence of a base as catalyst in a main reaction zone ©o
form the nitrile and residual amounts of gaseous hydrogen
cvanide which leave the mailn reactlon zone are absorbed

kel
ii

an absorption and post-reaction zone containing a mixture

[

of 3-methvimercaptopropionaldashyde and catalvst and

optionally Z-hydroxy-4-{methyithiolbutyronitrile and are

further reacted.
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Method for producing 2Z-hydroxy-4-(methylthio)butanenitrile

from 3-{methylithio}propanal and hydrogen cyanide

The nvention relates to a catalytic method for the
production of Z-hydroxy-4-{methylilthioibutyronitrile (MMP-
thiolpropanal (= methylmercapto-
propionaldehyde, MMP) and hyvdrogen c¢vanide (HCN) . in

particular, the invention describes a proc
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2]
b
o
b

synthesizing storage-stable MMP-CN using stolchiometric
amounts of prussic acid, the roduct contalning

the unreacted MMP or ©0o the MMP in eguilibrium with MMP-CN.

Z-Hydroxy~4-~ {methylehio)burtyronitrile (MMP-cyanohydrin) 1s

intermediate for the synthesis of D, L-methionine and the
methicnine hyvdroxyl analog Z-hydroxy-4-methylchiocbutyric
aclid (MHAZ). Methionine ig an esgssentlial amine acid which ig
uged, inter alia, as supplement in feedstuffs. MHA 1s &

liguid methionine substitute having low bicavailability.

Prior art
From MMP, by reaction with hydrogen covanide (prussic acid),
MMP-cvanohydrin (2-hvdroxy-4- (methylthio)butyronlicrile} may
be produced using suirable catalysts. Suitable cata

are, e.4.,

cyvanohvdrin with, e.g., mineral acids,
Methionine 1ig formed by reaction of MMP-cyvanohvdrin with
ammonium hydrogencarbonate, with formation of hydantoin,

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

-t
e

& erated with

o

carbonate oy zodium hvdroxide. Merhionine
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It i1s known, for example, from the patent US A 4 %60 937,
co In the first

presence  of

triethylamine, the MMP-cvanohydrin is produced. The amount
»f HCN used corresponds to 1.05 mol in relation to the
ameount of MMP used. Then, the MMP-cyanchydrin, in a second
step, is reacted with  ammonia whereby Z-aming-4-
methylthiobutyronitrile is formed which, in a third step,
iz then hvdrolyzed in the presence of a ketone and an

alkalil metal hyvdroxide, forming methylthiocbhutvramide which

.
%’“h
1

nally saponified to form an all

acid {(MHA}, the Z-hvdroxy-d-methyvlithiobutvronitcrile is

R A PO CRAT TIN5 U A S
ontained by reacting MMP and HCN in & medium that contains

pyridine or an amine (see patent US A 2 745 745, column 2,
lines 52 to 55%). Excess HON ig merely digtilled off, e.g.

in a vacuum. The resultant Z-hvdroxy-4-
methylchiobutyreonitrile is then hydrolvzed with sulfuric
acid, whereby the amide of Z2-hydroxny-d-merhylthiobutyr
acid is directly formed, and finally Z-hydrowy-4-

methylthiobutyric acid 1s formed. A similar method is al

9]
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described in EP A 330 527 &1 or in US 4 817 257,

3

In addition, in WO 96/40631 Al, the production of MMP-

presence (SN & sultabie addrLion  reaction catalysl is

described. There it was found that rtrilisopropanclamine,
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fluoropyridine,
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substituents bound to the nitrogen atom and tertiarvy amines

are bhound to the nitrogen eatom acoor ’ilflg 2o tho aloove

description contalns an aryl group can also serve for

catalvzing the reaction between MMP and hydrogen cyanide to

Preferably, in this case, the hydrogen cyanide is used in

o

about 2%, based on MMP.

wWC 2006/015684 A2 finally discioses a method for, in
particular, continuous production of MMP or of @ MMP-
cyanchydrin in which in each case heterogenecus amine

catalysts are used for the addition reaction.

In addition, it 1 T101 From the =tent US 5 756 802 to
react at Ldaehyde with hvd 1 cvanide in the presence of
a bufifer, by o »f which the pH I the sociution can be

set above 4, amines being exciuded. Quite generally, as
buffer, mixtures of acids and acids,
or mixtures of acids

used. The buffer is

decomposition of the starting materials and of the degire

product and secondly Lo neutralize the acids used for
stabilizing hydrogen cyvanide. Likewlise, here, HCN i1s added

in a molar excesgs t©o the MMP, the molar excess preferably

being in the range from 2% to 5%. In the reaction of MMP

T

with HCN in the presence of the customarily used bases,

azlithough these increase the reaction rate under the
conditions specified, they rapidly lead to a decomposition

f the cyanohydrin formed and to decomposition of the

aldehyde used at the start, Iforming a

nS
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solution.
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In ordery t¢ recover the rezsidual amounts of unreacred HON

and MMP contzined 1in the exhaust gas of the reactive

water Sscrubber, the scrubbing water

product. The water content in the product 1o approximately

48% by weight.

The substantial disadvantages of the methods previously
that for achieving a high

degscribed in the literature are

MMP-CN yield, high meolar excesses of HCN have to be used.

and are a great economic disadv age. Furthermore, the
caralysts used in the methods described also promote the
formation ¢of unwanted byproducts from the aldehvdes used,

rhe product which cannoit bhe

tolerated. One  apprcach to  solving  thiszs  problem  of

formatrion of byproducts

which firstly, for production of methionine, need to be at
least partially removed and which secondly again promote
the decomposition of the MMP-cvanohvdrin which in sach case
is & not inconsiderabple disadvantage. Therefors, the

not storage

n

product described in US patent 5 756 8(32
stable and, for storage and 1in particular for transport,

must be processed 1n a complex manner by means of removal

of the water Dy distilliartion, which 1s a great economic
disadvantage 0f the method

Object of the invention

It was the object of this invention To provide & catalvitic

- L - - o

method which both catalvzes the reaction of aldehyde, in

particular of MMP with hydrogen cvanide, and prepares &
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storage-stable c¢yvanchydrin in which the method should at

show marked improvements with regard to
vields with respect to the aldehyds used and to  the

nydrogen cvanide.

Description of the invention

These and further objects are achieved by a method for the
production of 2-hydroxy-4-methylthicbutyronitrile, in which
3-(methyimercaptolpropionaldehyde ig reacted with hyvdrogen
cyanide in the presence of a base as catalvet in a main
reaction zone to form the nitrile and residual amounts of
gaseous hvdrogen cvanide (HCN), which leave the main
reaction zone are absorbed in an absorption and post-

reaction zone containing & mixture of 3-{
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propionaldehyde and catalyvst and opticnally Z-hvdroxy-4-

imethylthiorbutvronitrile and are further reacrad.

The residual content of HCN reacts, owing to the absorption
or condensation with the alidehvde To form the coyvanchydrin.
Owing to the effective removal o¢f the HCN from ths gas

pvhase, it is possible, in contrast to the methods known in

O

=

Thne literature to use a molar ratio of

hydrogen cvanide to
aidehyde of (.92 ©wo 1.01, which 18 & great economic

advantage for the method.

The invention relates, 1in parcticular, to a method for

addition reaction of hydrogen cyanide to MMP in the

method 1s arranged in such & manner that residual contents
of gasecus hydrogen cvanide are absorbed outside a main

reaction zone at temperatures oif about 0°C te ZEYC into a

[d

liguid mixture of the aldehvde

P and the reaction product
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from MMP with hvdrogen cvanide and catalyvst and then

further rezcted with MMP.

By meansg oI the method according

general, aldehydes containing 1 to & carbon atoms wnich 1f
desired are substituted with alkyl, alkoxy oy alkylthig,
are advantageously reacted with hvdrogen cyanide.

It is preferred here that the mixture in the

absorption and post-reaction zone originates  at

partially from the main reactiocn zone. A diluticn with
foreign materials or foreign solvents 1s thereby prevented,

o g TYCT o oL oM,y
n contrast to US 5,756,803,

The main reaction zone can contain either a stirred reactor

£}

or & loop reactor. Both embodiments lead to a raplid and

good mixrure and & rapid conversion of MMP and HCON,

The maln reachtion zone can also ad

pump. Thig leads to & further intensification of mixing of

the components and can be used concomitantly particularly

advantageousily for drawing HCN into the main reaciion zone.

The post reaction can proceed as stated abhove between an
HCN-containing gas and a liguid. It then takes place i an
absorprion and post-reaction zone which preferably contains
a device fory contacting a gas with a licuid, in particular
a column such as, for example, a tray column, a packed-bed
column, & bubble-columnt reactor, a droplet column  or
optionally & reactor having a mechanically agitated

container, or a submerged jet reactor.
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The absorp

tion zone and the post-reaction zone can alsce be

which effects high mixing and rapid

In the method according to the invention, substantially
gaseous hydrogen cyanide ig introduced into the main

reaction zone, preferably a hyvdrogen-cyanide-containing
product gas from a hydrogen cvanide production process.

The hvdrogen cvyanide conte of the gas mixture used rangss

of

from 1 to 99% by weight, preferably from 5 to 75% by
welght, particularly preferably 6-22% by weight. The
hydrogen cyanide 1s produced, in particular, by the
Indrussow method as per DE 102007034715a1 or else by what
is termed the BMA method in German (“Blausidurse aus Methan
und Ammonik” [prussic acid from methane and ammonial) as
per DE 1041476 {(reactor). Both methods are also described
in Ullmann s Encyclopedia of

ndustrial Chemigtry, 1987

VCH-Verlagsgesellschalt mbH, chapter “Cvano Compounds

=
o

I ¥ - = 5 et 3 H ‘“- - ] mi . - R oy -
WOrgenic”, SeCTl0onn L. .Z2.1i-1 0404, 108 ammorniad present 48

hydrogen cyanide, in contrast, the product gas from the BMA

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

Thus, the typical product gas compositions of the andrussow

method nave approximately the following contents: 10.3% by

75.8% by weight of N., 0.4% by weight of 0,, £.3% by welight
of CO, 0.6% by weight of CO;, 0.4% by weight of CH;, 1.3%
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welight of HCN, 6.7% by weight of H:0, 17.3% by welght of

1 R e = N7 ko3 Y TaTey - 4+ hig
He, 3.56% by weight of N>, 4% by welght of CH,

The direct use of the product gas has the considerable
advantage that no upstream and enerdgy-intensive

s}

cticn of the hydrogen cyanide need proceed and wi

SRR

corresponding coupling to & plant for producing hyvdrogen
cyanide gas, considerable capital costs in corresponding
process steps for the absorption and distillation of HCON
are saved. The further gas fractions in addition to HCN

surprisingly do not have a digadvantageous effect on the

cvanchydrin vield.

The resldual gas of the Mv¥P-covanohvydrin production and
hydrogen cyanide production can then be utrilized jointly or

burnt. In the latte case, Che resultant energy can be
reused for coperating both methods, which means more degrees

freedom and a considerable economic ady age.

A preferred embodiment of the method according Lo the

invention and & corrvesponding device are outlined in
Fig. 1, which iz described in more detail hereinafter:

When a tray column or a packed-bed column 1g uged for the
reactive absorption, the
(Cy or preferably already contacted with the aldehvde
solution via a gas blower (B), which aldehyde solution is
circulated (B) by means of a pump (I). The temperature in

the bottom phase of the column 1s set via a heat exchanger

T
O
it

(Ji. The Dbottom phazse (&) an he column (T, in
particular, serve ag fhe main reaction zone, the columm O

being able to be heated/cooled separately by means of a
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heat exchanger (K). In this case the temperafture of the

such a manner that th

i

ed separately or together with the
catalyst {2y, (3. Prreferably, the aldehvde or rhe
aldehvde/catalyst mixture (2} + (3) is mixed with a

substream (&) from the absorption and condensation part (E)

of the column which 13 taken off from an intermediate
bottom phase (D). The catalvst can also be fed, =.g., via

t

the pathwas

B
’._
"4
T
F-

b
le

i
0
o
43}
o)

{4y . In thics the catalvyst should, wvia the
pathway {(13), also arrive in part in the top circuitc. The
regidual amounts of HCN present in stream (6) are reacted

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

the (s=zcond) post-reactlion zone, completely or virtually
completely to the cyanchvdrin. Thereafter, the scream 1s

cocled to 09C to 25%C in the heat exchanger (HY in order o
ensure condensation/absorprion of HCN which 1s as complete
as possible. In particular, the intermediate bottom phase
{0y, the absorption and condensation part (E) and the dwel
time vessel (G} serve ag absorption and post-reaction zone.

Owing tTo The amounts o©of cyanohydrin present in the stream

gas i1z required. The cyanchydrin concentration can be set

via corresponding metering from the column Dbottom phase

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

weight in stream (5). The purified gases are advantageou

{D
i
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passed into a combustion unit. The product exiting with

B I R iy 3 e £ e s e by e
unreacTet aldellyae 0L Jgreater Lhan L which contributes

product 18 clear and only slightly discol
underliines the extraocrdinarily high selectivity of this

process procedure.

Afrer vpassage through a post reactor (L), in which any
residual fractions of the aldehyde present are reacted Lo
completion to achieve eguilibrium with hvdrogen coyvanide,
the ulting product stream 1§ mixed with an acid. For
this purpose, a sultable mixing slement (M) is used. The pl

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

[

e o e e o - . < Fad =) ey - 300
Detwsaen 1 and , preIera b ORI between Z and 3.

starting material stream of the method describhed generally

has a small content of methylmercaptan (MC), *he predomiant

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

This excess MC can also optionall

in

=
o
B
H
D
W
O
o
ol

acrolein, which can be fed to the methoed, e.g. via stream
(14, to form MMP and in succession with HCON to form MMP-CN

and the vield thereby further increased.

In the method according to the inventicn, the catalyst used

can be low-molecular-weignt ©r herterogeneous aminss or

g

solutions of inorganic bases, or mixtures of acids and low-

molecular-wel ght amines. These are glsc needed in crder To

000" type, manuiacturer: Metrohm Schweiz AG)
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directly in the cvanohydrin having

of 2-14% by weight. The msasurement

of about

[
T
I_;i!
o
&

3
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o
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it

measurement being temps

the reaction conditions close in time, and for elimination
of measurement errors, at intervals of one hour, in each
case the pH 1s measured 4 times with formation of the mean
value, each measurement taking approximately 30 seconds.
The measurement can, however, also be carried out directly

ine in the reaction system at the

oy

;_V,-

during the reaction on.

temperature that is sef

t
T
=

ere and converted o the pH at

23°C, which further simplifies the process control.

Low-molecular-weight amines, preferably having 1 to 36

carbon atoms, have
unlimited miscibility with the reaction medlium, which in

curn favors a r“D'G reachion.

Low-molecular-welight amines wi

or trilsopropanclamine, dialkyvlaralkylami

I»..

dimethyibenzyviamine, dialkyliarviamines, preferably N,N-
dimethylianiline, heterocyclic amines, preferably
nicotinamide, imidazole, benzimidazole, 2-fluoropvridine,

d-dimethyvlaminopyridine, picoline or pyrazine,

"1\[

Ll ternatively, heterogeneous amines of the general formula

c I
rormiLa .

or polyvinylpyridine can alsc be used, wherein



2

ja.)
N

th

20

17

R, and R, are hydrogen, alkyl having chain lengths between

or heterocaryl;

b=
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preferably a
polystyrene. These and the advantages assoclated therewith,
such as, for instance, easier separability, low entralnment

in subseqguent reaction stages, are already described in

WO 2006/015684.

It iz preferred in this case that the catalyst according oo
formuia I is a polymer-bound base selected from the groupn

of the homcologous dialkylaminoalkylipolystyrenes or

dizlkviaminomacroreticular resins.

Tt ig particularly preferred that the catalvst according o
formula I 1s diethylamincethyvipolystyrene, disthviamino-

methylpolystyrene, dimethyliaminomethyvlipolystivrene,
diethyvlaminomethvimacroreticuiar resin oy dimethyviamino-

erthylpolystyrene.

preferably NaCN or KCN, alkalil metal carbonate, preferably
Na,C0O; or K;C04, or alkall metal hydrogencarbonate,
preferably NaHCO; or KHCO:, alone or in mixed form. These
have the advantage o©of particularly nigh catalvtic activity

which

I

)

in curn favors a very rapid reaction and also the low

r!
I+

potential interference of the low sal ractiong resulting
therefrom in the subseguent method. Howeaver, here,
extremely good miwing and temperature control must be

ensured, so that no significant byproduct formation
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cyanohvdrin is advantageocus. This second post-reaction zone

18 operared at a similar Lemperaturs Lo Che main reactlion

rone of Z0YC o

A~ o s T O o b - 3
preferably 45°C manner a rapid and
5 wirtually guantitative completion of the reaction of HCN

and MMP to form MMP-cyvanohvydrin shortly upstream of the

product discharge is ensured.

The method acceording to the invention 1lg advantageously

O

operated at an absclute pressure of 0.9 to 5 bar,

10  preferably 1.0 to 3 bar, particularly preferably 1 to

1.5 bar. This has the effect that rapid degassing of the

absorbed HCN from the solution and corrvesponding losses are

m

s, in addition,

et e

The method according o the invention
15 characterized 1in that & molar ratico of prussic acid to 3-
methvithiolpropanal of (.98 to 1.03, prefervably 0.99 to
1.017 rcan pe sget. Firgstly, losses of prussic acid are
avpided therebv which, especially on an industrial scale,
are a Jgreat econcmic disadvantage. Secondly, unwant

20 prussic acid breakdown products such as, e.¢g., polymeric

i

prussic acid r the saponification product formic aci

&

ol
ft
et
[l
0

which has corrosive properties against wvarious met

materials, are aveided and corresponding disadvantageou

i

effects in the downstream method stages to methionine are

J
A

avoided thereby.

In the method according to the invention, preferably, a
welight ratio of catalyst to 3-{methyvlthic)propanal of
0

At [a T W 2 o N . 3 NI T = o T - " V1 -
005 to 0.002 is used, particularly preferably 0.0001 to

0.001L. This has the effect of
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The method according to the invention can optionally be

Carrlec out atchwise,

- P
Y, 0Y CONTINIUOUS LY,

P -
the Continuous

uwiarly economical to

operate on an industrial scale of greater than

The MMP-cyanohydrin produced according o the inventlon has

the typical following composition:

The molay yields based on MMP are typically 2%.50 to

99.99%.

The reaction roduct containing methylihiopropionaldehyvde

cyanconydrin (MMP-cyanohydrin) obtained in accordance with
the method according ¢ the invention can, parcicularly

advantageously, be used directly for producing methionine
and Z-nydroxy-4-methylthiobutvric acid. For this purpose
is either aminated (aminonitrile pathway) or reacted
with a mixture of ammonia and carbon dioxide (hyvdantoin
pathway) , in order to form methionine or  Thydrolyzed
directly Co form Z-hydroxy-4d-methylthicbhutyric acid

{methioninehydroxy analiogs, MHZ) ., It has, furthermore,

€2

nigh-boiling MMP oligomer

the most part reacted in the
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afver the reaction than before the reaction to form the

The present invention will ke described in more detail with

reference to the examples hereinafter.

Analvtical methods used:

The H:O0 content in MMP-CN was determined by the method of
titration with biamperometric indication of the end point

(Kari-Fischer titration).

Hydranal Titrant 5, Fluka) . A sample guantity Of
4 P

approximacely 500 mg was added to the initial charge that

o

had been tTitrated fo exhaustion {plastic disposable
syringe) and titrated to the end point with titration
agent. The exact sample  weight WaS determined by

differential welghing.

The procedure of this standard method iz known to tThose

- bl 3 2 1 . / o~ T " Fm f T -
gkilled in the art (see, e.g., P. A. Bruttel, R. Schiink
T - iy v T v g - J o - Py Py g 7 - I T - . [ VAT oy
Wasserbestimmung durch Kari-Fischer-Titracion [Water

determination by Karl-Fischer titration! Metrohm AG).

xal = N = 3 ~ 4 ! M =g ey — < 3
The free prussic acld content of the product was determined
by  the principls of ion  chromatography (IC) (FE=RRale
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the sample preparation having procesded by separating off

the free prussic acid from the sample matrix by means of
column chromatography

The preparative cyanide vremoval was performed, e.g., at

o

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

ength x 4.1 mm internal diameter from Hamilton. The mobile

[

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

—~

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

Q

sample in 10 ml of moblle phase) were injected. The column
eluate from 4 min to 8 min was collected in & 100 m2

measuring flask, made up o the mark with ultrapure water

and 100 pli  were injected intc the IC  for ovanide

Similarly to the sampie solution, an NaCN calibration
solution of known content was subjected to the preparative
separation Dby means of column chromatography and 100 ul

P!

jected into the IC for cyanide determination.

The ion-chromatographic cvanide determination was carried

[N

Out at room temperature, e.g. o a Carbo Pac PAL separa

T

on

coiumn, 2506 mm in length X 4.0 mm internal diamerer from

Dionex. The mobile phase congigted of a sclution of 1.5 g

athyvienediamine in 1 1 of a

(4]

sodium chloride and 1 ml o
50 mmolar sodium hydroxide solution. At a flow rate of

1.0 mil/min, 100 w1l of sample solution or calibration

peak area comparison using the external standard merthod.

The procedure of this standard method is known to those

skilled in the art.
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As catalysts, advantageously,

rhe abovementioned low-molecular-weight amines can
inn order o set the pH more readily in the desired
and to be able to 2 1t by the

]
o
62}
ol n
]
r“l'

his casg

organic acids such as short-chain

acid, formic acid, citric acid,

trifiuoromethanesulfonic acid or

e.qg.

acids such as,

'3:

e.g., sulfuric acid or

combination with the 1 C—welght

According to a further preferred embodl

invention, the temperature in the main reactl

selected 1in such a manner that the heat

fad:
k™

*
ii

liberated be given off to

with the amblent temperature, which i1z a

economic advantage of the method.

4°C to 15%C. This ensures a particularly effi
abscorprtion of the hvdrogen cvanide and still

thorough reaction of HCN with the MMP to form M
cyanohyvdrin

Furthermcere, the use of a second post-reaction
upstream of the product discharge point for the

vhosphoric

cooling water in

o

amines .

ment

T‘l"

0T

of

Zone

MM

and crganic sulfonic acids,

the use of mineral

cid, in

PTG

makes possible

just

P
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The MMP-CN and MMP contents of the product were determined

by means of iscocratic ion exclusion chromatography on &

7

cation exchanger with subsequent UV detection at 205 nm.
The determination was carried out, e.g., on a PRD-X 300
separation column, 250 mm in length X 4.1 mm internal

diameter from Hamilton at a temperature of 259, The moblle
£

(%}
=
=3
o]
feit
jvii
[
mn
ol
]
h
o
8]
o+
@]
j¢3]
8]
F_! -
Q
T
T
{4

phase consisted of a
of 1.0 mli/min, 100 ul of cthe respective zample solution
(0.5 g of sample for MMP determination or 0.06 ¢ of sa

for MMP-CN determination 1in 50 ml of solvent) WeT e
injected. The calibration proceeded by injecting suitable
calibration sclutions (0.5 mg of MMP in 50 ml of solvent,

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

mola

L

The solvent consisted of a mixture of 500 pl of C.

H-SC, and 5 ml 0f acetonitrile which waszs diluted 50 ml

o
o

with ultrapure water.

The evaluation proceeded by peak ares comparison by means

of the external standard method.

T

omponents in the HCN-containing starting nmaterial gas

=3
Y
D
0

nitrogen (M), carbon monoxide (CO}, carbon dloxide (COu),
methane (CH;), ammonia (NH:), prussic acid (HCN), water
(H20), argon ({Ar)/oxygen (0:;) (either/or), hydrogen (H;)

(only conditicnally) and benzen internal standard were

it

&

631

determined by gas chromatography. The gas chromatograph

s

6890 (Agilent, based on the HP 6£9%0) was used here. The gas

!')

romatograph for this analysis was equipped with three

o oy A ~ Ty e N T T, oD [ s -~ e I,
separation columns: 1. HP-CPWAY SZCEB Z5m*0.22mm* 0. 2um {(here
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NHZ, HCN, water and benrzens were geparated), 2. molecular
sieve 30m*0.32mm*1l2um (here H,, N, O, CC and merhane ware

separated) and 3. Plcet ¢ 30m*0.3Z2nm*20um  {(here (0. and
benzene were separated), two thermal conductivity detectors
(TCDY, & pressure measuring unit and s massz flow meter
(MFM) for helium. Column 1 was connected vwvia a back
injector to the back detector. Columns 2 and 3 were
connected by & front injector to the front detector.

The procedure of this standard method i1s known to those

skilled in the art.

The components methylmercaptan (M) and

methylimercaptoproplionaidehydes (MMP) and acrolein (ACY of

Joad

dua

rhe res gas ewxiting from the column top were

derermined by means of gas chromatography. In thisz case ths

gas chromatograph 782980A (Agilent) was  used. The gas
chromarograph was eguippsad for this analvysis &

separation column (HP-INNOWAX &60m*0.3Z2mm*0.25um) and a back

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

A setup as shown in Fig. 1 was used, having & column of

o el J4 - ] ]

fU o in diameter, Ccrderaed
- o~ 7 5 3 P e

packings {(C) ana (E) case o

2500 and 1700 mm. Between the ordered packings were

gituated an intermediate bottom phase (DY, from which a
stream (6 can be taken off for operating a top circuit.
Beneath the column was situated the column bottom phase
having a volume of 4 liters. The diagram of this device is

igure 1),

™
il

attached {(see
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With the sgstream {1}, 8.9%8 kg/h of crude product gas from

the productiocon of hydrogen cyvanide by the Andrussow method

SRR . T e 3 b wt (o B e R RN we .
2 which contained, hased on weight: HCN: B.87%, H.0:

()

(s

[se)

o (D
I

[

(W9

L2
0

(SR
[aa}
-3
o
9
[

I,AI
F 1]
tad
of
Q
[a=
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O
3
jng
®
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Ho
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O
=
5._1.
Q
0
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6]
o
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=
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5
O
o
o
1
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D
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ilation stream was controlled here

E STy Ty = . = = 7 —
the column bottom phase (A}, at a

cemperature of b5

feed stream (7) onto th

ordered packilne

The methyvlthiopropionaldehvde was introduced into the

reactor (G) via the feed (2) at

j8)]
t
oy
- ‘3
@
r
!{é
o
ot
Q
Fh
B2
Lo
(%2l
)]

kg/h.

The reactor contained, based on weight:

MMP: 96.46%, H:O0: 2.77%, MC: 0.2%. Via the feed iine {2},

at the same tfime (0.211 kg/h of a mixtures oi 28% by weight

of MMP in the composition described azbove and 1% by welght

of triethancolamine as catalyst were introduced into the

reactor (G . The whole stream (5) consisting of Che

starting materials and the circulation stream (8) was

b
)
A
e}
o5
-
=
ct
o
M
I+
@3]
b

d to the upper ordered packing (E) at a

The molar starting material ratlo HCN/MMP corresponded o

=

FJ

The product left the column bottom phase at 4.7

-

0 kg/n
and had the following compesition, based on welight: MMP-CN:
90.43%, H,O: 7.82%, MMP: (0.14%, HCN: (0.16%, MC: 0.01%. The

2 3 1 —
kg/h and had the
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1.64%, CO: .31%, CGy:
-~ R —
reG TO a

Example 2

The sstup of

With the stream (1),

production ot
fed via
which contained,

1.3%, Nz 76.3%

O 2
The was

(8)

incoming gas

circulating stream

circulation s

manner that, in the
state of 50%, a temper

Example 1

rthe gas blower
based

1

rthe order

combustion plant.

8.94 kg/h ot

hydrogen cyanide by the

(B)

on

mixed at
of 280 kg/h
rream was cont

column

o Ture

ed

s

o
Ui

weight

The e

s

0
{
i

(D
[oF

crude product

-

Andrussow

N

into the column

HCN: 8.9%, H:0:

the djet pump

6}

Gas

bottom pha

{(B)

The temperature

welle

of the

method were

ase A

T 7w 1

[N @, Llul
5%, CO: 5.6%, CO;: 1.1%, CHy: 0.4%.

wilth a

of the

rolled in this case in such a
bottom phase (A}, at a Ti
of 45 .8°C prevailed. The feed
packing (Ci had a temperature

The methylithiopropionaldehyde was Introduced into the
reactor (G} wvia the fsed (2) at a throughput of 2.876 kg/h.
It contained, based on weight

MMP: S$6.9%, H.0: 2.8%, MC: 0.2%. Via the feesq line (3}, at
the same time, 0.2 ko/h of a mixturs of 28% by welght of
MMP in the above described composition and 1% by weight of
rriethanclamine as catalyst was introduced int¢ the reactor

the circulation

the feed to

the

jo)

e Ttoom phase product
137 into the reachor

£ the s*ar:;ng

marerial

wWere

(G} . The

3

i and the product sirsam (13) was
-~ = o 1 2 [ - et
upper ordered packis (Er at a
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remperature of 5.°

The molar starcing ratio HCN/MMP o
1., The product left the column bottom phasge

and had the following compesition, based on
MMEP-CHN:

0.01%.

20.06%, H,0: 8.81%, MMP: (0.75%, HCN:

The exhaust gas

had the following composition based on weigh

0.09%,

MC: 0.10%,

CO: £.40%, CO.»: 1.

combustion

leftr the column top at

0.21%, MC:

=
L

rresponded to

.

7.88 kg/h and
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Claims

I

to

(ad

[l

o

Met

hod for producing

( 4

itrile, in which 3-m

[

regcted with hvdrogen

as catalyst in a main

ethylmercaptopropionaldehyde

S
ad

Z-hydroxy-4£-{met

cyanide in the presence of a base

reaction zone to form the nitrile

and residual amounts of gaseous hydrogen cvanide which

leave the main reacti
absorption and post-v
of 3-methyimercaptopr

optionally 2-hydroxy

Method according to ¢

mixture contained in

]

one originates at le

=3 CLLI0n Z0one.

b
]

Merhod according to ¢

on zone are absorbed 1n an
eaction zone contalning a mixture

opionaldehyde and catalyst and

-4~ {methylthiolbutvronitrile and

laim 1, characterized in that the

the absorprion and post-reaction

= =
]

H'»

ast partially from the main

ilaim 1, characterized in that the

main reaction zone containg & stirred reactor or loop

Method according to c

laim 3, characterized in that the

main reaction zone additionally contains a jet pump.

3
O
=3
0]
1§
O
ja
w
o1}
B
3
16}
o
Q.x
®
<
O
m
hy
]
4
]
&)
o5
F
jeb
M

Liguid, preferably a
column, a& packed-bed
iroplet column or opt

HR -

taily agitated

ting & gas with a

0
0]
!
[t
=
5
-
i}
o
[
i
:
[
fend
jan
[
}
ot
[
o
W

column, a bubble-column reactor, &

reactor or a jet pump.
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Method according to any one of claims 1 to 5,

CTLON

0
-t
P
(D
bt

characterized in that the absorption and post

zones are part of a loop reactor

Merhod according to any cne of claims 1 to 6,
characterized in that substantially gaseous hydrogen
cvanide is introduced into the main reaction zone,
preferably a hydrogen-cyanide-containing preduct gas

from a plant for producing hydrogen cvanide.

Merhod according o claim 7, characrerized in that the

hydrogen cyanide content of the gas used is 1 to 99% by
welght, preferably 5 to 75% by weight, parcicularl

preferably 6-22% by welght.

Merthod according to any one of

molecular-wel g"’li"i oY helterogansous amines, sclutiong of

inorganic bases, oy mixtures of acids and low-

molecular-welgnt amines.

to claim 9, characterized in that the

@]
a
o]
"
o
2
o

Method a
low-molecular-weight amines are tri- (T ~Cig-
alkyliamines, preferably triethylamine or triisc-

propancliamine, dialkylaralilkyvliamines, preferably

dimethylibenzyvlamine, dialkyvliarvliamines, preferably N, HN-

P
i e

@
nicotinamide, imidazole, benzimidazole, 2Z2-flucoro-
4

i-dimethylaminopyridine, picoline or

ot

mmmmm P . . v O - A b e
Methoa according to claim ¢, characterized in tha

eterggeneous amines oI the general formulsa

i

K
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Tormula I
or polyvinvipyridine are used, wherein

rR. and R; are hydrogen, alkyl having chain

[
{3
3

e
t
u:

between (. and C.y, arvl or hetercarvl;

R. can be different from R,

¥ is a number between (0 and 6, and

A is & natural or synthetic resin, preferablyv a
polystyrene.

to cliaim 11, characterized in that the

catalyst according to formula I is a polymer-bound base
selected from the group of homologous dialkyvlamino-

alkylipolystyrenes or dialkylaminomacroreticular resins.

Method according to claim 12, chavacterized in that the

diethyvlaminosthylpolvsityvrens,
diethylaminomethylipolystyrenes,
dimethviaminomethyvlpolystyrens,
diethyiaminomethylmacroreticular regin or

dimethyiaminoethylpolysiyrene.

Method according to claim 9, the
inorganic base used is alkali

preferably NaOH or KOH, alkali

[

preferably NaCN or KCN, alkal
preferably Na,COy or K;C0s, or alkali metal
hydrogencarbonate, preferably NaHCO; or KHCG;, alone or

in mixed form.
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1%, Method according to claim 9, characterized in that the

acid used in the mixtures of acids and low-molecular-

welght amines 18 organic acids, preferably shorc-chain
£ o - -~ A 1 S G I =2 e o d F ey 3o - i
fatty acids, in particular acetic acid, formic acid,

ke
w5
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Method according to any one of claims 1 to 158
characterized in that & pH of 4.5 to 6.0 is set,
16 preferably 5.0-5.5, measured using a pH electrode at

23°C and a watey content of

]
[
O
'..!
f1asy
o
g
<
B
1]
!_.J«
e
oy
¢
E_'
]
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M

main reaction zone and the absorpiion and post-reacition

Zone .

17. Method according to any one of claims 1 %

[
}...,.!
o

W
LA

characterized 1in that the malin reaction zon

]
HE
-
6]

cperated at a temperature of 20°C to

30°C o 70°C, particularly preferably 35°C to 6590,

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

characterized in that the absorption and post-resaction
20 zone 15 operated at a temperature of 0°C to 30°C,
preferably 4°C to 15%C.

1%. Method according to any one of claims 1 to 18,
characterized in that a further post-reaction zone is
operated at a temperature of 20°C to B0°C, preferably

25 A0°C to 70°C, particularly p erably 45°C to 65°C,

upstream of the MMP-cvanohyvdrin product discharge site
for completing the reaction of HCN and MMP tce form the

MMP-cyanohydrin
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Method according

acterized in

(‘}.
ny
0
&
W
o)

5 bar, preferabl

[N
Lt

Method according

characterized in that the molar ratio of

0.98 to

to 3~

Method according
characterized in

J-{(methylthioipropanal of 0.0000% vwo 0.002,
G.0001 te §.0031, is used
Method according to any of claims 1 to 22,
characterized in that the method 1s carried
batchwige, gemicontinuougly, or continuous
Use of a reaction product containing 5
roduced according to anyv one of claeims 1 ©
producing U, L-methionine or Z-nydroxy-4-
methyichiobutyric acid

{methylthioc)propanal

27

to any one of claims

that an

1

To

19,

abscolute pressure of (.9

o

w0 ma T e R R Y
CLCuLarliy prelierabdliy

to any one of claims 1 to 20,

.
]

v 8D

to any one of

that a weilght

claims

1

prussic id
03, preferably
1 to 21,

ratic of

catalyst

T

preferably
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