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Storage-stable 2-hydroxy-4-{methylthiojbutyronitrile

~4~{methylthiolbutvro-

rage stability which
wag produced from 3- {methylthic)propanal (= methylmercapto-
propicnaldehyde, MMP} and hydrogen cyanide {(HCN) and also
the method for production thereof. In particular, the

invention describes a procssse

[543

or gynthesizing storage-

gtable MMP-CN, the product containing supsystolchiometyic

EXiulbe id, in relation to the unreacted MMP.

2-Hydroxy-4- (methylthiojbutanenitrile (MMP-cyvanchydrin) is
an intermediate for the synthesis of D, L-methionine and the
methionine hydroxyl analog 2-hydroxy-4-methylthiocbutyric

cid which 1is

88

acid (MHA) . Methionine iz an egssential amino
o

cuffs. MEA is

a

liguid wmethionine substitute having

[

ow Dicavailability.

From MMP, by reaction with hydrogen cyanide [(prussic acidj,
MHMP~cyanchydrin (2-hydrory-4- (methvlthiojbutyronitrile) may
be produced using

Suitable catal

are, ©.¢., pyridine

cyanohydrin with, e.g., wmineral acids, MHA 1s obtained.

;»J -

Methionine i

U)

formed by reaction of MMP-oyvanohydrin with

amnmonium hydrogencarbonate, with formation of hydantoin,
jele!

which can be saponified with a base, e.c potassium
carbonate or scodium hydroxide. Methionine is liberated with

carbon dioxide or sulfuric acid.

it ig known, for example, from the s n 4 880 932

to produce wmethionine by a four-stage method. In the £irst
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step, by addition of HCN to MMP in the presence of
triethylamine, the MMP-cyanohydrin is produced. The amount

of HON used cor Lo 1.05 mol in rvelation to the

ancunt of MMP used. Then, the MMP-cvanchyvdrin, in a second
step, is reacted with amnonia, whereaby Z-amino-4-
methylthiobutyronitrile is formed which, in a third step,
is then hydrolyzed in the presence of a ketone and an

<h

Yol -

alkalli metal hydroxide, forming methylthiobutyvramide wh

ig finally saponified to form an alkali metal methioninate.

In the case ol production of 2-hydroxy-4-methylthiobutyric
acid (MHAZ), the 2Z-hydroxy-4-methyltnicbutyronitrile igs

obtained by rveacting MMP and HCN in medium that contailns

Y

o

see patent UL A 2 745 745, column 2
lines 52 to 85). Excess HCN is merely distilled off, e.qg.

in a vacuum. The resultant 2Z-hydroxy-~4-
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amide of Z-hydroxy-4-mechylthiobutyric

acid is directly formed, and finally 2-hydrony-4-

o~ YR T <y e R £ v e T m e p
methylthichutyric acid s Iformed. A similar method is also

by reacting MMP with hydrogen cyanide i
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reaction catalyst is

deacril trilscopropancolamine,
nicotinamide, imidazeole, benzimidazcle, Z-flucropvridine

poly-4-vinylpyr
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producing  MMP-cyanohydrin, Furthermore, £ lkylamines

having three to eighteen carbon atoms in each of the alkyl

substicusnts bound to the nitrogen atot and tertiary amin
-

in which at least one of the non-hydrogen substituente that
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are bound to the nitrogen atom according to the above

degoription containg an aryl group can also serve for

MME and hydrogen cyvanide to

form MMP-cvanohydrin,

in this case, the hydrogen cyanide is used in &

molar sxcess of about 2%, based on MMP.

WG 2006,015684 A2  finally discloses & wmethed for, in

particalar, production  of  MMP or  of MM -
cyanohydrin in which in each case heterogensous amine

cartalysts or the additicon reaction.
In addition, it 1is known from the patent U8 5 756 803 to
react an aldehyde with hydrogen cvanide in the presence of

a buffer, by means ¢f which the pH of the solution can be

can be
he bufier is used in order firstly to avoid the
decomposition of the starting materials and of the desired

product and secondly to neutralize the acids used for

stabillizing hydrogen cyanide. Likewise, here, HCN ig added
in a wmolay excess to the MMP, the molar excess prefervably

being in the range from 2 tc 5%. In the reaction of MMP
with HCN in the presence of the customarily used baseg,

reaction rate
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In order to recover the residual amounts of unreacted BCN
and MMP contained in the exhaust gas of the reactive

avoiding the probklem of feormation of

756 BO3, & wabter scrubbsr is connect

N2k

ayge amounts of scrubbing water passing
Pag

wiich  firvestliv, for @preduction of

ly removed and which
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promote the decompesition of the MMP-
in each case 1g a not inconsiderable

water content in  the product 1g

Therefore, the product described in US patent 5 756 203 is
also not storage stable and, for storage and in particular
for transport, must be processed in a complex manner by

I5 means of removal of the water by distillation, which is
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great economic dis age of the method.
JP2002-105048 finally discloses a method for producing
storage-stable 2-hydroxy-4-{methylthic)butanenitrile. In

this case the Z-hydroxy-4- {methylthio}butanenitrile is

I sroduced from MMP by reaction with hyvdrogen cyanide
& Y

o

o
t
Sy

¢ - e - P 2 h 1 — T - du Ciay my e e - P oy
{prussic acid] using sSui ie catalysts. Buitable catalysts

ethylamine or an inorganic base

ot

are, =.g9., pyridine, tr

such as potassium carbonate or ammonia. The amount of

hydrogen oyanide used is 1 to 1.1, preferably 1.02 te 1.08
25 per mole of MMP. The reaction proceeds at £°C to 40°C at
residence times between 0.5 and 3 hours. For stabilizing
the hydrogen cyanide, 20 to B0 parts by weight (23 to 44%
v weight) of water, based on the amount used of 100 parts
by weight of MMP are added to the wmixture. For furtherx
A product stabilization, an acid is also added to the product
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after any downstream workup step, the pH bein
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between 1 and 6, or preferably between 1 and

Ui

l:ikewise, JP2002-105048, for the enhanced stability of

Y L A o G gy : 1ok A e -, A o e gh e e -
hydrogen cyanide, describes the addition of water in the

JP2002-1085048), &
color values, wag

(264 h). A long-

weeks was not shown
achieved using a product according to
inventors have digscovered. However, a
in the range of several weeks 1is

because only in this manner can long-

~Lree gtorage be achieved, and the

product c¢an only  then, even after several weeks of
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interm storage or transport time advantageously b

used in  the producti@m. of the abovementioned wvaluable

materials methionine or MHA.

The substantial disadvantages of the MMP-cyvanohydrin

&

products previocusly described in the literature and of the

associated production methods are that the products arxe

cime.
It i1s a further disadvantace that for achieving a high

MMP-CN  vyield in

or

he production method, previously high
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molar excesses of HCN have to be used. The excess amounts
of HCN are lost in the methods described and are a great

economic disadvantage.

Furthermore, the catalysts used in the wmethods described
also promote the formation of unwanted byproducts from the
aldehydes used, which lead to contamination of the product

which cannot be tolerated.
Object of the invention

It was the object of this invention to prepare a
cyanohydrin that is storage stable for a relatively long
time, 1in particular at least 4 weeks, preferably MMP-
cyanohydrin, and to provide a method which catalyzes the
reaction of aldehydeg, in particular of MMP with hydrogen
cyanide. The wmethod should at the same time ghow marked
improvements with regard to yields with respect to the
aldehyde used and hydrogen c¢yanide. In particular, the
method should provide a product having a very low molar
regsidual MMP content. Furthermore, the method, in contrast
to the methods described in the literature, should succeed

as far as possible without further addition of water.
Description of the invention

In a first aspect, there is provided a mixture containing
86 to 97% by weight of 2-hydroxy-4-methylthiobutyronitrile,
2 to 14% by welght of watexr, 0.05 to 0.5% by weight of HCN
and having a pH of 1 to 4, measured using a pH electrode at

23°C.

In a second aspect, there is provided a method for
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6a
producing a mixture containing 2-hydroxy-4-
(methylthio)butyronitrile as defined herein, characterized
in that a) 3-methylmercaptopropionaldehyde is reacted with
hydrogen c¢yanide in the presence of a base as catalyst to
form the nitrile and during which and/or thereafter b} the
water content, 1f desired, is set by water addition at 2 to
14% by weight, preferably 3 to 12% by weight, the HCN
content if desired is set by HCN addition to 0.05 to 0.5%
by welght of HCN, preferably 0.1 to 0.3% by weight, and
thereafter c¢) the pH, 1f desired, is set by acid addition

to pH 1-4, preferably to pH 2 to 3.

In a third aspect, there is provided a mixture containing
2-hydroxy-4- (methylthio)butyronitrile produced as defined

herein.

In fourth aspect, there is provided the use of a mixture
containing 2-hydroxy-4- (methylthio)butyronitrile as defined
herein for producing D,L-methionine or 2-hydroxy-4-

methylthiobutyronitrile acid.

In a fifth aspect, there is provided the use of a mixture
containing 2-hydroxy-4-{methylthio)butyronitrile as defined

herein as storage-stable form.

These and further objects are achieved by a

mixture containing 86 to 97% by weight of 2-hydroxy-4-
methylthiobutyronitrile, 2 to 14% by weight of water, 0.05
to 0.5% by weight of HCN and having a pH of 1 to 4,
measured using a pH electrode at 23°C, and a method for

production thereof.
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The storage stability of a product containing 2-hydroxy-4-
methylthicobutyronitrile having the HCN and watey contents
and pH rangs according to the invention is particularly
high, as examples 3a, 3¢, bHa and 5h s

the pH to a preferred range of 2-3 additionally supports
the storage stablility of the product (examples 3a and 5al.
In this manner gtorage stabilities of at least 128 days are

achieved in which less than 1% loss of 2-hydroxy-4-

methylthiobutyronitrile, in particular at most §.01 to
G.73% losses, chservable. This is a marked ilmprovemeant
in comparison with the prior art, as the comparative
example Sc¢ not according to the invention with a 2-hydroxy-
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] trile-containing mixture having 0.01%
by weight of HCMN and 18.12% by welght of watesr at pH 4

shows, in which 3.28% loss of 2-hydroxy-4-methylthiobutyro-
in comparative exampls 4b not

despite acid stabilization at

Y
butyronitrile with 0.04% by weight of HC

weight of water, 1.70%
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butyronit

Therefore, preference is given to a mixture characterized
in that it contains 88 to %92% by weight of 2-hydroxy-4-

-y - ! -
warer and/or

The mixture containing Z-hydroxy-4-imethvithic)butyro-

nitrile ig preferably produced according to the invention
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a) 3I-methylmercaptopropiconaldehyde is reacted with

hydrogen cyanide in the presence of a basa

@

s catalyst to

and during which and/or thevea

b} the water content, if desired, ie set by water
addition to 2 to 14% by weight, prefarably 3 to 12% by
welght, the HCN content if desired is set by HCN addition
to 0.05 to 6.5%% by weight of HCN, preferably 0.1 to 0.3% by

weight of HCH, and thereafter

< the pH, if desired, is set by acid addi

ion to pH o 1-4,

ig possible

i

during the reaction of MMP with

i
"i.'}

HCN to obtain the desired water content or HCN content by

means of warer already present in the starting materials or

lui

the appropriately supplied amcunt of HCON.

It ig egually pessible to set the water

and HCH

content subsequently Lo the rsaction. A mixture containing

2-hydroxy-4- (methylthic)butyronitrile prepared in such a

i

manner is particulariy preferred here because of its
particular storage stability and particular suitability as
feedstock for the production method foxr wmethionine. The

g cause, in particular, in thes favorable molax

Preference is given here o a producti@n merhod, 1in which,

- N
M m mae
QL 2 Das:

of gaseous hydrogen cyanide (HCON), which leave the main

resgotion zone are absorbed in an abscrption and post-
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reaction zone containing & wixture of

propionaldehyde

and catalyst

(methylchiolbutyronity are
Particular preference is also
containing 2-hydroxy-4

produced by

invention,

exampleas

PR
LG

are achieved in

butyronitrile of a wmaximum of only 0

of 2-hydroxy-4-met

<
.01 to 0.64% can be

3-methylmercapto-

ionally 2-hydroxy-4

mixtures

that

according to  the

a particularly good

o the

£ at least 128 davs

observed. Production of the mixture according to the
invention using the preferrved method cited therefore
achieves a great improvement in
HCN in the gas in the
to the absorption or condensation

form the cyanohydrin.

removal of the HCN from the gas
in contrast to the methods known in
the literature to use a nolar ratio of hydrogen covanide to
aldehyde of 0.9% to 1.01, which 18 a great economic
advantage for the method.
in particular, to a mebthod for
hydrogen cyanide to MMP in the
particular an amine, wherein the
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reaction zone at temperatures of about 0°C to 25¢C into a

liquid mixture of the aldehyde MMP and the reaction product

from MMP with hydrogen cvanlde and catalyst and then

further reacted with MMP.

the method according to the invention, in
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general, aldehydes containing 1 to 6 carbon atoms which if
desired ave substituted with alkyl, alkoxy or alkylthio,

are advantagecusly resacted with hyvdrogen covanide.

partially from the main reaction zone. A dilutiocn with

foreign materials or foreign solvents is thereby prevented,

jted

in contragt to US 5,756,803,

The maln reaction zone can conbain either a stirred reactor
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loop reactor. Both embodiments lead to a rapid and

good mixturs and a ion of MMP and HCN.

The main reaction zone can aiso additionally contain a Jjet

®

punp. This leads to a further intensification of mixing of
the components and can be used concomitantly parcicularly

20 advantageously for drawing HCN into the main reaction zone.

The post reaction can proceed as stated above between an

HCN-containing gas and a liguid. It then takes place in an

absorption and post-reaction zone which preferably contains

T
‘S

ceontainer, or & submerged et reactor.
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The absorption zone and the post-reaction zone can also be
parc of a loop reactor, which effects high mixing and rapid

reaction of the components.

In the method according to the invention, substantially
gageousg hydrogen cyanide ie introduced into the main
a hydrogen-cvanide-containing

Y
product gas from a hydrogen cyvanide production process

‘ne hydrogen cyanids conte
from 1 to 28% bv weight,

weight, particularly preferabls

hydrogen cyanide is produ a
Andrussow method as per DE 102007034715A1 or else by what
is termed the BMA method in German (“Blausaurse aus Methan
und ammonik” [prussic acid from methane and ammonial)

a
per DE 1041476 f{reactor). Both methods are also described
7

in Ullmann s Encyclopedia of Industrial Chemistry
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a
VCH-Verlagsgesellschaft mbH, chapter “Cyanc Compounds

’L-

Inorganic’”, ssection 1.2.1-1.2.2. The ammonia pregent is
removeaed in each case from the product gas.
. e ., T, g P v P (". " ’ - x de -
from the Endrussow method (Andrussow gas) contains, after
the rewmoval of ammonia, typically asbout 10% by weight of

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

maethod (BMA gas) con

Q_!

ins about 70% by weight of hydrogen

cyanide.

method have

by weight of Ar, thosge of the BMA method about 68.3% by
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weight of HCW, 6.7% by weight of H,0, 17.23% by wel

e
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E:, 3.6% by weight of N;, 4% by weicght of CH,.
Y g !

The di

ect uge of the product gas has the considerable
advantage that no upstream and ensrgy-intensive
liguefaction ¢f the hydrogen cyanide ne=d procesed and with
corresponding coupling to a plant for producing hydrogen

cyanide gas, considerable capital costs in coxrespanéimg
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for the absorption and distil

saved. The fractions in additicn to HON
- 3 3 oy ™ Y [T S R s P Lo o Y
surprisingly do not have a disadvantagesous effect on the

The residual gas of the MMP-cvanohvdrin roduction and
g D

hydrogen cyanide preduction can then be utilized jointly or

burnt. In the latter case, the resultant energy can be

Il methods, which means more degrees

rzused for operating bc

of freedom and a considerable sconomic advantage.

preferred embodiment of <the mwmethod according to the

el

invention and a corresponding device are outlined in

Fig. 1, which is described in wore detail hereinafter:

When a tray column or a packed-bed column is used for the

reactive absorpticn, the gas flow which contains the

prusgic acid is fed into the bottom phase (A} of the column
i g \ i

. PR ~ e ~ . y - .
serve as the main reaction zone,

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

between aldehyde and HCN in column part (C) is 80 to 92.9%

fed separately ov together with the

Preferably, che azldehyde o the

aldehyde/catalyst wmixture (2} + (3} is mixed with a
substream (6} from the absorption and condensation pavt (&)

of the column which i1s taken off £from an intermediace

bottom phase (D). The catalyst can alsc be fed, e.g., via

ot

the pathway {4}. In this case, the catalyst should, wia ths
pathway (13), also arrive in part in the top circuit.. Ths

rasidual amounts of HCN presen

with the supplied a

the i{second) post-reaction zone, completely or vivtually

-

completely to the cyanohydrin. Thereafter, the stream is

ot
o

cooled to 0°C to 25°C in the heat exchanger (H) in order
ensure condensation/absorption of HCN which is as complets

as possible. In particulsr, the intermediate bottom phase

Owing to the

eyviting at

residual awmounts of and s8¢ no additional
% N Pl 1y e e 5 PP T gopd AT - g e ~ = dre oy |

sorubbing for raecovery of the aldetvyde {rom the residual

gas 1g reguired. The cyanohydrin concentration can be set
wvia corregponding metering from the column bottom phase

(13, preferably in the range from 1U% by weight to 70% by

)

welght in stream (5). The purified gases are advantageously
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passed into a combustion unit. The product exiting with
stream (9) has a molar ratio of hydrogen coyanide to
unreacted aldehvde of greater than 1, which contributes
substantially to stabiliging the product. In addition, the

@roduct is clear and only slightly discolored, which

underlines the extracrdinari! of this
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process procedure.

After through a post reactor {(Lj, in which any
. oy : = i~ - 1 ~ -~ R P o v mgn g A e Py
regidual fracticons of the aldehyde present are raacted to

sguilibrium with hydrogen cyanide,

th regulting product gtream is mixed with an acid. For

this purpcse, a suitable mixing element (M) is used. The pH
of the product f{stream (11}) that is set in this case is

between 1 and 4, preferably between 2 and 3.

If the aldehyde is MMP, as shown in Fig. 1, the MMP
gtarting material stream of the method described generally
has a small content of methylmercaptan (MC), the predomiant

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

This excess MC can alsc opticnally be reacted with

«in, which can be fed to the method, e.g. via stream

(34}, ro form MMP and in succession with HCMN to form MMP-CN

-

can be low-molecular-welight or heterogenaous aminesg or
solutions of inorganic bases, or mixtures of

molecular-weight amines. These are also neseded in order to
set the optimum pH range of approximately 4.5 to 6.0,

5.0-%.5, that 18 reguired for the reaction {(step

R R

Plug witch Pt 10007
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irectly in

23, which
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(1

unlimicted mi

turn favors

Low-molecula

nicotinamide,

4-dimethylam

ow-molecular

arbon atoms,

R
L

the cyanohydrin having a typical w

cart, however, &

saction onlins

that 18 there and converted to
further simplifies the process con
r-weight amines, preferably having

tage of
aoibilicy wi

a rapid

hour,

reaction system at

. medium,

sher content

welght . The measurements are performed at a
of aboutr 23° in & stirred vessel, ths pH
temperazture-compengated. For following

in each

virtually

which 1in

r-welght amines which are preferred in this
- -Cio~alkylyamines, preferably triethylamine

zlkyvliavalkylamines

imidazocle,

inopyridine, picoline or pyrazine.

<  he - K o e E e
v, delerogensOus anlies oL Lhe

uged, whereln

dialkylarylamines, preferably N,

general

formul a
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k. and R; are hydrogen, alkyl having chain lengths between

o

C, and Cyy, aryl or hetercaryl:

¥ is8 a numb stween ¢ and 6, and
5 A is a natural or synthetic resin, prefervably a

such as, for instance, easierx Separability, low entrainment

in subsequent reaction stages, are already described in

My It ig preferved in this case that the catalyst according to
formula I is a polymer-bound base selected from the group

owologous dialkylawmino:
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lialkvliaminomacroreticular resins.

It 1s particularly preferred that the catalyst according to
15 formula I is diethylaminoethylpolystyvene, disthylamino-
methylpolystyrene, dimethylamincmethylpolystyrens,

disthylaminomethylmacroreticular resin or dimethylaminc-

echylpolystyvrene
The inorganic base used can advantageously be alkali metal

20 hydroxide, preferably NaOH or KCH, alkali metal cvanide

preferably NaCN or KCN, alk
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Na:CO: or K.COy, or alkalil metal hydrogsncarbona

preferably NaHCO,; or KHCO;, alone or in mixed form. These

25 which in turn favors a very rapid reaction and also the low
potential interference of the low salt fractions resulting

rom in the subsequent method. Howeveyr, hers,
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As catalysts, advantageously, also mixtures of acids an
the abovementioned low-molecular-weight amines can be used,
in ovder to set the pH wmore readily in the desirved range
and to be able to stabilize it by the buffer action.

Particularly advantagecus 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 gulfonic acids,

e.g. trifluoromethanesulfonic acid or the use of mineral

b

acide such as, =.g., sulfuric acid or phosphoric acid, in

the low-molecular-weight amines.

According to & further preferrsed embodiment of the

invention, the temperature in the main reaction zone

gelaected in such a manner that the heat of reaction
liberated can be given off to cooling water in accordance

with the ambient temperature, which is a further great

econcomic advantage of the method.

Correspondingly, the main reaction zone is operated at a
temperature of 20°C to B0¢C, preferably from 30°C to 70°C,
particularly preferably from 25°C to 65°C. The reaction

alsc proceeds comparatively rapidly in this range.

absorption of the hydrogen cyanide and still makes possible

thorough reasction of HCON with the MMP +o form MMP-

cyanchydrin

. .
Furtherrmors, tng use of a second T")’)QT" vEaction zone

upstream of the product discharge point for the MMP-
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cyanohydrin is advantageous. Thig second post-reaction zone

is operated at a similar temperature to the main reaction

rakly 4G°C to 706°C, particularly
this manner a rapid and
ion of the reacticn of HCN
drin shortly upstream of the
is ensured.

The method according to the invention is advantageously
cperated at an absclute pressure of §.% to & bar,
preferably 1.0 to 3 bar, particularly preferably I to
1.5 bar. This has the effect that rapid degassing of the
absorbed HCN from the solution and corresponding losses are

are a great economic disadvantage. Secondly, unwanted

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

14
prussic acid or the saponification product formic acid
which has corrosive properties against wvarious metallic

materials, are avcided an

effects in the downstrean

In the

welght
N~
1,,' i-.u’

formation at the same time as a high reaction rate.
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The method according to the invention can optionally be
carried out batchwise, semicontinucusly, or continuously,

' “

rhe continuous embodiment

g particularliy aconomic
cperate cn an industrial scale of greatey than

10 000 tons/a.

The MMP-cyanohydrin produced according to the invention has

the typical following composition:

MMP: 0-1% by weight,
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Cligomers: 0.01-0.1% by weight.

The molar yields based on MMP are typically %%8.50 to

{methioninehydroxy analogs, MHA) .

found that

boiling MMP oligoners in MMP are for the
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most part reacted in the method according to the invention

o form the desired MMP-cyanohydrin. This is shown in that,

.., the ggidus  formed in  the distillation of the
products 1g markedly lesgs after the reaction than before

the reaction to form the MMP-cyanohydrin.

In particular, the use of the -hydroxy-4- (methylthio) -
butyronitrile-containing mixture according to the invention

1 2

as a storage-stable form has proved advantagecous. StLorage

stability in this context is taken to mean ths
or abt lesast 128 daves at room temperature, that ls to say
at 20 to 25°C, oniy a loss of 2-hydroxy-4-methylthiobuty-

ronitrile of lezs than 1% 1is analytically detectabhle,
¥ ¥

*:J“

Suitable analytical wmethods are, 1in particular, e

customary HPLC methods.

The present inventicn will be described in more detall wirh

reference to the examples hereinafter



A

L

t~J

Analytical methods used:

The H20 content in MMP-CN was determined by the method of

H

®

titratlion wi biamperometric indication of the end point

(Kari-Fi

rationg .

Por this purpose, 20-30 ml of titration medium {e.g.

Hydranal Solvent 5,
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vessel and titrated to dryness using titration agent (e.g.

Hydranal  Titrant 5, Flukaj . A sample guantity of
approximately 500 mg was added to the initial charge that
had been ustion (plastic disposable

gyringe) and itrated to the end point with titration

agent . Th welght was determined by

differential welghing.

The procedure of this standard wmethod is known to those

Wasserbestimmung curch Kari-Fisgchexr-T3

The free prussic acid content of the product was determined
of ion chromatography (IC; using

€
amperometric cyanide detection at an Ag working electzode,

¥
i

the sample preparation having proceeded by separatin

t

(S

e

¥

the free prussic acid frowm the sample matrix by means

preparative column chromatography.

o
=

performed, e.g.,

caration column, 250 mm

sA T P S
DA S GO EE

o - B - o 2] oS T N
phase congisted of a 5 mmelarx
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sample in 10 ml of mobile phase) were injected. The column

eluare from 4 min Lo 8§ min was collected in & 100 wml

measuring flask, ade up to the mark with ultvapure water
and 100 .l were injected into the 1C for  ovanide

:

Similarly to the sample szolutiocn, an NaCN calibration
gsolution of known content was subjected to the preparative

separation by wmeans of column chromatography and 100 ul

3 -~— . _— - - e
were injected inte the IC for cyvanide determination

The ion-chromatographic cyvanlde determination was carried
out at roowm temperature, e.g. on a Carbo Pag PAL separaticon
column, 250 mm in length X 4.0 mm internal diameter from
Dionex. The mobile phase consisted of a golution of 1.5 g
of sodium chloride and 1 ndl of ethyvlienediamine in 1 1 of a

b

50 mmolar sodium hydroxide solutlon. At a flow rate

6
o
F

1.0 ml/min, 106 pl of sample solution  or alibration
solution were injected. The evaluation was performed by

peak area comparison using the external standard method.

The procedure of this standard methoed is known to those

The MME-CN and MMP contents of the product were determined
by means of igocyvatic ion exclusion chromatography on a
cation exchanger with subsequent UV detection at 205 nm.
The determination was carried out, e.g., on a PRP-X 300

"

zmeparation column, 250 mm In  length X 4.1 mm  intermal
diameter from Hamilton at a temperature of 259C. The mobile

ase consisted of a & mmolar sulfuric acid. At a flow rate

e
o

n

1.0 mi/min, 200 pl of the respecutive gample golution

(0.5 g of sample for MMP determination or §.06 g of sample

oy
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MMP-CN determination

in B

0 ml of solvent) were

injescted. The calibration proceeded by injecting suiltable
calibration solutions (0.5 mg of MMP in 50 ml of solwvent,
or 50 mg of MMP-CN in 50 ml of solvent)

The solvent consisted of a mixture of 500 ul of 0.5 molar

H-S0, and &% ml of acetonitrile
with ultrapure water

which

ml

50

wag diluted to

oy e o o~ L En 4 g v
alfca COMparison

8
et

The procedure of this standard method is known to those
skilled in the art.

The components in the HCN-containing starting material gas

nitregen (Nij, arbon wonoxide (CO), carbon dioxide (0,0,

wethane (CH.), ammonia INH,), prussic acid (HCN) warer

{H.0), argon (Ar)/

{only benz

condivionally) and

(G4 H{either/or), hydrogen

standard wers

determined by gas chromatography The gas chromatograph
€890 (Agilent, based on the HP 68%0) was used here. The gas
chromatoagraph for this analyvsis was equipped with three
separation columns: 1. HP-CPWAX 52CB Z25m*0.32mm*0.2um {(here

WH3, HCN, water and benzene were

separated), 2. molecular

gieve 30m*0.32mm*12um (here H,, N., C., CO and methane were
separated) and 2. Plet  3C0m*0.32mm*20um  (here (0, and
benzene were geparated), two thermal condu v detectors
(TCD), a pressure maasuring unit and a mass flow meter
{(MFM)  for helium. Coluwnn 1 wag connected vwvia a back
injector  toe  the pack detectc Columns 2 and 3  were
connaected by a front injector to the f detecton
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The procedure of this standard method is known to those

agkilled in the art.

he COMpPOnent s methylmarcaptan (M) ang
methyinercaptopropionalidehyde (MMP) and acrolein (AC) of
the residual gas exiting from the column top wexe

detaermined by means of gas chromatography. In this case the

gas chromatograph 7890A  {(Agilent) was used. The gas
chromatograph was eguipped for thig analysls with =&
separaticn column (HP-INNCWAY 60m*0 . 32mm+0.25%um) and & back

detector (FID}. The procedure of this standard method iz

known to those skilled in the arn.
BExample 1

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

70 mm  in  diameter, which was eguippsd with 2 ordered

packings (¢} and (EB) and which had heights in each case of

2500 and 1700 mm. Bstween the ordered packings were

D

i, from which a
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» top circuit.
Beneath the column was situated the column bottom phase

having & velume of 4 liters. The diagram of this device is

attached (see Figure 1).

hydrogen cyanide by the Andrussow methed
the gas blower (B into the column bottom

phase A which contained, based on weight: HCN: £8.87%, H.O:
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filling state of 50%, a temperature of 50°C prevailed. The
feed stream (7) onto the ordeved packing (), at 40 kg/h,
had a temperature of 35°C.

ionaldehyde was introduced into the
e feed (2) at a throughput of 2.966 kg/h.

The reactor contained, based on weight: MMP: 96 .46%, H,G0:

above and 1% by weight of

amine as catalyst were introduced into the

reactor (G). The whole stream {(5) consisting of the

Fan}
)
i
0

tarting materials and the circulation stream |
] EN

S
40 kg/h in the feed to the upper ordered packing (E} at a

tenperature of &£°C.

The molar starting material yatic HCN/MMP corresponded to

:}f,
3]
k6]
+
O
o
]
ot
Loa
m
h
ot

the column bottom phase at 4.20 kg/h

and had the following composition, based on weight:

0.01%. The exhaust gas left the column top at 8.07 kg/h and
had the following composition based on weight: HCN: 0.00%,
MMP: 0.07%, MC: 0.05%, H,O0: 1.34%, H,: 1.48%, N.: 86.02%,

G, 1.64%, CO: 6.31%, CO,: 31.26%, CH:: 0.44%. The gases were

Example 2

The setup of Exam

6]
i
i

S

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

¢
s
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production of hydrogen cyanide by the Andrussow method were
fed via the gas blower (B) into the column bottom phase &
which contained, based on welght: HCON: 8.9%, H-0: 3.7%, H.:

1.3%

o

. Na.: 76.3%, Os: 1.5%, CO: 5.6%, CO.: 1.1%, CH,: 0.4%.

The incoming gas was mixed at the js2t pump (B) with a

circulating stream (8] of 280 kg/h. The temperature of the
circulation stream was contrelled in this case in such a
manner that, in the column bottom phase (A), at a filling
state of 50%, a Lemperature cf 49.8°C prevailed. The feed

gtrean (7) onto the orderved packing (C) had a

The wethyvlthiopropicnaldehyde was introduced into the
Y

reactor {G) via the feed (2) at a throughput of 2.976 kg/h.
It contained, based on weight: MMP: 96.9%%, H.O:
0.2%. Via the feed line (3), at the same time,
a mixture of %9% by weight of MMP in the above
composition and 1% by weight of triethancolamine asgs catalyst

was introduced into the reactor (Gy. In addition, 2 kg/h of
the bottom phase product were introduced via the pathway
(13) into the reactor (G). The whole stream (5) consisted

of the starting materials and the circulation stream (8]

upper ordered packing (E} at a temperature of 5.5°C.
The molar starting material ratio HCN/MMP corresponded to
1. The product left the column botteom phase at 4.25 kg/h

and had the following composition, based on weight:

™ tes 3 &4 +~% T A " ~t o 73 = 3
5 The exhaust gas left the column top at 7.88 ko/h and
Yoy o o2 P P " b s S N 4 O [P Ty - el o T gm o i - Y SR
had the feolliowing composition bagsed on weight: HCN: 0.080%,

MMP (}09%, MC - G,l‘%, H’)G' 06%, H,. ?_50%, NV: Bo .

3
[es)
o
O
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1.70%, CC: €.40%, COy: 1.20%, CH,: 0.50%. The gases were

\

with the stream (1), 8.%4 kg/h of crude product gas of the
production of hydrogen cyanide by the Andrussow method was
fed via the gas blower (B) into the column bottom phase 3

which contained, based

1.3%, Nu: £.3%, O 1.%%, CC. 5.8
The incoming gas was mixed at t
civculating stream (8] of 280 kg/h.

ciyculation stream was contrclled

marney that, in the column bottom
state of 50%, it had a temperature of 52°C. The fesd stream

73 3

ordered packing (C), at 40 kg/h, had a

The methylthiopropionaldehyde was introduced into the
reactor (G via the feed (2) at a throughput of 2.976 kg/h.

The reactor contained, based on weight: MMP: 26 9%, Hy0O:

degcribed composition and 1% by weight of tristhanolamine

was introduced into the rvsachor (G in

kg/n of the bottom-phase produ were
introduced into the reactor (G via the pathway (13) The
whole stream (5} consisting of the arting materials and

the circulation stream (6} and the product stream (13) was

orderad packing !
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The molar starting wmaterial ratio HCN/MMP corresponded to
1. The product left the column bottom phase ab 4.25 kg/h

and had the following composition based on weight: MMP-CN:

3

0\0

90.46%, H:0: 8.81%, MME: 0.35%%, HCN: ©.18%, MT: 0.00%. The
sxhaust gag left the column top at 7.88 kg/h and had the

following composition based on weight: HCN: 0.00%, MMP:

E]

&

£.09%, MC: 0.10%, H.0: 0.6%, H.: 1.50%, N.: 86.60%, O,:

S\

1.70%, CC: 6.40%, CO,: 1.20%, CH:: 0.50%.

fad to a combustion plant
From the product thus obtained, for deterywining the storage

the pH, further samples listed in Table 1 were produced by
corresponding addition of water and sulfuric acid and

stored at 20°C for up to 148 dayvs.

The samples having a water content of 18.26 and 18.35% by
welght, regpectively {(Bxamples 3o and 24d) do not correspond

1

to the product according to the invention, but serve as

TOMpArieon.

Table 1: Product of Example 3 with further wariation of
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Example 32a 2 18.73 0.18
P Example 3b el Fnal26 0.16
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Example 2d 4 18.35 6.6
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The setup of Example 1 was used, but without bottom-phase

With the stream {1}, 8.95 kg/h of crude product gas of the
5 production of hydrogen cyanide by the Andrussow method is
(B

fed wvia the gas blower ) into the column bottom phase A

which contains the following based on weight: HCN: 8.9%,
HoC: 3.9%, Ha: 1.3%, N.: 76.2%, O.: 1.4%, CO: 5.6%, CO-:
1.1%, CH;: G.4%. The incoming gas was mixed at the jet puwp
10 {(B) with a circulating strsam (8] of 280 kg/h. The
temperature of the circulation stream was controlled in

this case in such a manner that, in the column bottom phass
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it had a temperature of

65.0°C. The feed stream (7) onto the ordered packing (C),
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The methylthiopropiconaldehyde was introduced into the

reactor (G} wvia the feed (2) at a throughput of 2.363 kg/h

welght: MMP: 87.0%, H.O:
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ihe
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temperature of 5,990,
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coiumn bottom phase ar

4.21 kg/h and had the following composition, based on
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fed to a combustion plant.

From the product thus obtained, for determining the storage

stability in further dependence on the water content and

Ny e 1 F R S B S . RIS I S G \r s e o o g e 1.
the pH, further samples listed in Table 2 werese produced by

appropriate addition of water and sulfuric acid and st o
PL F

at 20°C for up to 128 days.

The samples Examples 4b and 4d in Table 2 do not correspond

to the product according to fhe invention, but serve as

Comparison.

Table 2: Product of Example 4 with further wvariation of pH

and water content.

el

| pH HCN

content

]
g:
¢t
cr M
~

0
0
=
13
®
]
T

Example 4a 2

7.49 0.04

Example 4¢ 4 P 7.53 1 0.04 i

{Example 44 4 17.32 0.04

During the storage experiments, over 128 days, the mass

e et
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was determinaed by HPLC. The results are shown in Table 3.




crnis of MMP-CH in dependence on storage

bt

Table 3: Mass fract

time

®

., pH, water content and HCN content.

g Ex. [Ex. "Ex. Ex . lEx. [Ex. (B, (Ex. ?
| Day 3 13k i 3¢ 3d ida 4k 14a t4d
! i : i
i ; ;
E pH 2| 2 4 . 2 2 4 4
Water :
: content| 8.73] 18 8.78] 18.35; 7.49] 17 7. 32
; - HCN ! ] ;
1 C.i8) G oo 0 L 0,04 0.04: o
1 89.66| 80.301 S0 8B0O.68 89.75 80.30! 90.24; 80.69
2 L BY.E4| BO.290 S0.14F B80.671 89.75] 80.28] 50.22| 80.69
| 4 POB9.ET 80.28 30,121 80,651 89.731 80 G0, 22
| :
| 8 89,650 80.26] 90.091 80.61| 89.681 §0.14| 50.13] 80.44
16 BY .64 $0.08) BO.S2| BY.67| 8L.0S
Z ' :
32 89.681 BD.17| 89.93] 80.42| B89 [ 79.85! 89.98) 78.60:!
i i ’ : : i
. H } : t
: : f E f
64 89.67: 79 89.86| 79.94| 89.22, $2| 895.48; 78.76,
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S A 4 960 232, MMP-CN was produced first from
listilled MMP and distilled and subseguently condensed HCN

in a stirvred vessel that was adiusted to and maintained at

40°C, and stabilized by addition of 0.01 g of sulfuric acid
(10%) per g of MMPCN. This MMP-CN was fine distilled by

means of melecular distilliati mbar and 90°C, all
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98% by weight and was cooled in a wvessel to (°C., From the

resultant product, for determining the storage stability in
further dependence on water content, on HCN content and on

the pH, further samples listed in Table 2 were preduced by
addition of water and sulfuric acid and addition of

distilled HCN and stored at 20°C for up to 130 days.

The sample according to Example 5S¢ in Table 4 does not
correspond Lo the product according to the invention, but
serves for comparison.

Table 4: Product from Example 5 with further variation of

pH, HCN content and water content.

pH Water | HCN
content ccontent
| Example 52 |2 6.62 1 0.19
Example 50 4 65.51 G.19 !
e 1 - - :
Example 5¢ 4 Ple.12 0.01
: I '

During the storage sxperiments, the mass content (% by



weight) of MMP-CN in the individual samples from Example 5
0

was determined over 130 days. The results are shown in

Table 5.

B

Table 5: Mass s (% by weighti of MMP-CN in
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dependence on storage tiwme, pH, water content and HCHW
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Example 5b Example 5c
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method described. The products having the highest HCW

content according to Examp

show the best stability.

[t TUPRR T S 2 3 [ g ey g
mxXampies sa, 50, >a ana

influencing factors HCN

subsildiary importance.

34

leg 3 and Sa and 5b generally

In addition, the products from

stabilized by the low water
toe a value of 2 likewise supports
product, the effect of acid

4

addition or of »H, howsver, in cowmparison to the
<

ontent, being of
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Claims

{xd

o

methyl

L
A

containing 86 to 97%

2-hydrony

thiobutyronitrile, 2 to 14% by weaight of wate

o

0.05 to 0.3% by weight of HCN and having a pH cf 1

©

4, measured using a pH eslectrode at 23°C.

Method
(methy

-

1 oor 2

N
for pro

roxy
.

ithio)butyronitrile according to sither of ol

, characterized in that

b3

3-methylmercaptopropionaldehyde is reacted wi

®
o

(e

hydrogen cyanide in the presence of a base as
catalyst to

and/or thereaf:
the water content, if desired, is set by wate
addition at z to 14% by weight,
12% by weight, the HCN content if desired is

0.1 to 0.3% by weight, and

acid addicion ©

methylmercaptopropicnaldehyde is reacted with hydro
[P R . o - £ o . . . T - ¢ K
cyanide in the presence of a bass ag catalyst in a

Y
ion zone to form the nitrile and reaszidual amou

1,

o

-

aims

th

form the nitrile and during which
£
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of gasgeous hydrogen cyanide which leave the main
reaction zone are absorbed in an absorption and post-
reaction zone containing a mixture of 3-methylmercapto-
propionaidehyde and catalyst and optionally 2-hydyoxy-

4- {methyithiojbutyronitrile and are further reacted.

Method according to claim 4, characterized in that the
mixture contained in the absorption and post-reaction
zone originates at  least artially from the main

TEACT LOn EOne .

Method according to claim 4 or 5, characterized in chat

m

.)y

the main reaction zone containsg a stirred reacior oOF

loop reactor and, optiocnally, additionally a

i

jet pump.

Method according to any one of claims 4 to 6,
characterized in that the absorption and post-reaction
zone containg a device

liguid,

!

preferably a column, in parti
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column, & packed-bed column,
droplet column or optionally a reactor having a

mechanically agitated container

[4

reactor ©r & et pump.

characterized in that substantially gaseocus hydrogen

rhe mal

G

o .
- 3 R R ey o
cyanidé 15 introduced int
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Method according ve any ons of claims 4 to 3

characterized in that the catalyst used i1s low-
i}

a
J
h

s amines, sclutions
inorganic bases, or mixtures of acids and low-

molecular-weight amines.

Method according to claim 10, characterized in that

low-molecular-weight amines are tri- (C,~C, .-
alkyl)amines, preferably triethylamine or triiso-
propanclamine, dialkylaralkvlamines, preferably
dimethylbenzylamine, dialkylarylamines, preferably N, N-
dimethylaniline, heterocyclic amineg, preferably
nicotinamide, imidazole, benzimidazole, 2-fluocro-
pyridine, 4-dimethylaminopvridine, picoline or
pyrazine.

Method according to claim 10, characterized in that the

acid used in the mixtures of acids and low-molecular-
welght amines 1s organic acids, preferably short-chain
fatty acids, in particular acetic aclid, formic acid,
citric acid, oy organic sulfonic acids, preferably

trifluoromethanesulfonic acid or mineral acids,

s

preferably sulfuric acid or phosp

oric acid.
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Method according to any one of claims 3 to 13
characterized in that, in step a), a temperature of
20°C to B80°C is used, preferably 30°C to 70°C,

particularly preferably 35°C to &5°C,

Method according to any one of claims 4 to 14,

characterized in that the absorption and post-reaction
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claims 4 to 15,
characterized in that the melar ratio of prussic acid
Y

lthio)propanal is 0.98 to 1.03, praferabl

'

Mixture containing Z-hydroxy-4-{methylthicibutyro-

nitrile produced according to any one of claimg 3 to

Use of a mixture containing 2-hydroxy-4- (methyithio) -
butyronitrile according to any one of claims 1, 2 or L7
for producing D, L-methionine oy Z-hydroxy-4-

methylthicbutyric acid.

Use of a mixture containing 2-hydroxy-4-{methylthio;) -

- -

aims 1, 2 or L7

I.«J

butyronicrile according to any one of ¢l



Storage-stable 2-hydroxy-4- (methylthio)butyronitrile

Abstract
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