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30 the synthesis as an aqueous mixture. It is possible for such mixtures to be composed
exclusively of water and MGDN. Aqueous mixtures comprising MGDN, however, may
also comprise a series of secondary components. Where, for example, MGDN is
prepared by pH-controlled Strecker reaction, iminodiacetonitrile (IDN) can either be
used as the crystalline raw material or else generated by a pH-controlled reaction of

35 urotropine with HCN in aqueous solution and reacted, without itself being isolated, to
give the MGDN. In that case, secondary components present in the agueous MGDN
mixture include ammonium sulfate, acetaldehyde cyanohydrin, formaldehyde
cyanohydrin, methylenebisiminodiacetonitrile (MBIDN), nitrilotriacetonitrile  (NTN),
dimethylglycineacetonitrile (DMGN), acetaldehyde, hydrocyanic acid, and unconverted

40 reactants.



5 than 5% by wei ght of dissolved MG&N. A conpl ete phase di agram of the
wat er - MG@DN system i s unknown. MGDN has a solidification point, which,
however, W 2oofo4e836st ant but is instead dependent, for exampioag/osnsal | of
t he conponents present in the m xture, such as, for exanple, on the salt

content of .the mxture i i C \ i s present, on the conceptration of
VEDN 1 hd Neclihy SEMERR M oD e MR R B pHe T8 GhdTry TPbduct s
present i nabhe ewe iceat stidnbgalissolvefl ipuwete M SAGRILOUM
t i nabhet 5% uyewelthe of VGEHIN iceat $tidnbe slissolvef teMEDNa d

thC; t hESZQHrﬁBﬁi&rﬁ%ifgt@ Jomitiah. m]f aWGD”C,&Hé‘%@M@iIW % tstin %QOLthSS%QiS}G/Ue%HtK

et ween n.v . tu 2NCY.,,0 e
solubility A%B 9?‘/?%%]%6# (i’:/\ia%ne(%r,ﬁwﬁ)%ﬁl{? @grﬂ%gpl}/l?gn;%@og&% %@nﬁ%gggggﬁ‘g” \)rq}lt&{:nl?[r\ees by
cool i ngScr yRandtoibyaraight chdigsavers MGRMA samplaiel Rhgse diagegia chtiedrateveRNan
aqueous solsystemris ankrexvwn. si on of MEDN is cooled, MGN in solid formis

obt ai ned agydbRenadt SHildcafidry HoftS whithl HawaRy: a9HREndkht bNGs hstédte

problens affecting the crystall|zation of is the inclusion of

rur i 11 ee.depndent e ol EbRgpaponenaesel Brys MiKHe SHObAs BF t he
crude prod@xampiextam éhef salincohtent e@ddhé onixfre HIENvhitlo rivi@Pdle sy gegseahdon the

al a{ll lngmh t Icbh&ertranéh ghMGfDl\Qthﬁé 8bI0ght! zﬁhqﬁorﬁ)ﬂ%:c AdTlr8aind sPh&Pt bithgisedorida -
acet al dehy n - cooling. r i : .
1353025 dodiilbo BT BE Wire hecRMibCRiaRockngr PR baD bl ar’G:
aqueous emiss seffifipatigrprRInt of MCPNaigt 2quReUs treisyiresTisegenshtllynbetyeen or 3 above
to bel ow ts°Golidification point of MaDN in that case takes place very
slowy, with an average cooling rate of less than 5 K/'h, in order to

achi eve_slow crystal ]ization of the MGDN. | t S ject of thi
ovent 16n (BB g e b IRRAEaO ortne SN MERNFT brrbCHeous
crude prodwen be igolated foim @igneelsd orixturgsi bys cpelegacrysiatinationabad restbeeabient
enabl idng hisgi/lyd ued Gépaﬂraﬁrpwvhéﬁ =t élj‘ueU@lNoluﬁorﬁ bF telﬁﬂllsi&mbelﬂ\/!GDN i¥apoled,
provi de a - or,ds. 1re c n al i

b oduct . -aNeDRn pORoR I bAGREE o Khe Mol ERATLS v in A7 SbibaRlat g e
yi el d. The ohBjeseblams afeciingdbs rrys@dizaion ¢f MERNHAD Hhej indwion pidapaBinse,

conpri g0ng cool i ng the aqueous, MEDN-conprising mxture in one or nore

steps, in qneydk subhese, éia‘?ﬁﬁetﬂ?ﬁ\ﬂ@bNtiE\r/cgys?ﬁliiﬂQ &RQJfS‘tiﬁ’ef lud@. rOfd: MexiLAL € of

at least 2Q K'h froma te ratur b 40s0l . cat.ion pojnt., of M3DN

to a tenper@iLiG BEFIN PHaCSofarieiieRids crd rnite Bt evkich i SeRERIOEN i ng

i npl erent edreliorindryusdes liry situ from acetaldehyde, HCN and ammonia - by cooling of the
product mixture.

25
EP 1883623 describes a method for isolating MGDN that involves cooling an aqueous
emulsion of MGDN in at least two steps. The cooling step from above to below the
solidification point of MGDN in that case takes place very slowly, with an average
cooling rate of less than 5 K/h, in order to achieve slow crystallization of the MGDN.

30

It was an object of this invention to provide an improved method for removing MGDN

from the agueous crude product mixtures obtained during its preparation, said method

enabling high yields and purities of MGDN. A further intention was to provide a method

that affords an extremely consistent quality of the product. A further objective was to
35 achieve an extremely high space/time yield.

The object has been achieved by the method identified above, comprising cooling the
aqueous, MGDN-comprising mixture in one or more steps, in one of these steps the
mixture being cooled at a cooling rate of at least 20 K/h from a temperature above the

40  solidification point of MGDN to a temperature below the solidification point of MGDN,
the method being implemented continuously.
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Generally speaking, the final temperature of the last cooling step is from -10°C to
40  50°C, preferably from 0°C to 30°C, and more preferably from 5°C to 15°C.
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introduction of mechanical energy by means of the method of the invention means that
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I nvent i3gn fT‘% iriuﬁ\%@élic'agliMS can be carried out in different types of crystallizers. Their
nature is not critical to the method. Possible types of crystallizer are, for example,
forced-circulation, guide-tube or stirred-tank crystallizers. The latter may have internals,
though it is preferred to use them free from internals.

In one preferred embodiment, the method of the invention is performed such that each
40 cooling step is carried out in a stirred tank as crystallizer, into which a continuous flow
of crude MGDN mixture is added and a continuous flow of cooled, MGDN-depleted
mixture is taken off. With very particular preference, the method of the invention is
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The purity of the isolated MG@N is generally nore than 98% by wei ght.

25 The method of the invention is suitable for isolating MGDN from an agqueous mixture,
irrespective of the way in which said mixture has been produced. It is possible to
provide the agqueous mixture by mixing solid MGDN with water. The aqueous mixture is
preferably obtained by preparing MGDN in situ in an agueous medium, adjusting, if
desired, the proportion of MGDN to solvent, and using this agueous mixture to perform

30 the method of the invention for isolating MGDN.

The aqueous, MGDN-comprising mixture from which MGDN is isolated with the
method of the invention may be obtained, for example, by

35 1. reacting iminodiacetonitrile (IDN) with HCN and acetaldehyde in aqueous solution
- iminodiacetonitrile can be obtained in a preceding stage from urotropine and
hydrocyanic acid or from formaldehyde cyanohydrin and ammonia in the form of
an aqueous emulsion; or

40 2. reacting alaninenitrile with  HCN and formaldehyde in aqueous solution -
alaninenitrile can be obtained in a preceding stage from acetaldehyde, HCN, and
ammonia, or acetaldehyde cyanohydrin and ammonia.
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of at least 70%. It is preferred to isolate at least 85%, more preferably 90%, and very
preferably 95% of the MGDN used, based on the amount of MGDN in the aqueous
mixture prior to the first cooling step.
Following isolation, solid or redissolved MGDN may be subjected to further purification
25 steps. It is possible to lower the color number of the MGDN by adsorption on activated
carbon or by means of bleaching operations. Possible bleaching operations include, for
example, photobleaching, photooxidation or ozonolysis. Bleaching operations of this
kind are known per se to the skilled worker.
The purity of the isolated MGDN is generally more than 98% by weight.
30
A particular advantage of the method of the invention is a very high space/time yield.

Examples

35 The examples which follow are intended to illustrate the properties of this invention, but
without restricting it.
‘Parts”, percentages or ppm in this specification are understood as weight fractions
unless indicated otherwise.

40  Example 1: Preparation of an agueous crude MGDN mixture
IDN was prepared by reacting a solution of 173.9 g (1.241 mol) of urotropine in 535 g
of water with 210.9 g (7.814 mol) of hydrocyanic acid. The pH was regulated at
5.8 - 5.9 by metered addition of a total of 188 g of 50% strength by weight sulfuric acid.



20 drain pipe, each opening of the bottomdrain valve and running of the
suspension portion into the second stirred tank was followed by a flushing
cycl e wi twohoti/oseg3er . The flush solution was renoved fr@cTuB®16Y3BEM via a
three-way tap. As a result of this nmeasye, the two-stage plant could be

operated c t| nug e 2: Continuous, two- talli | on of
VEDN AqueodBenBant S 1058 St B SnCaaBruRnae S9B fS ik O
i nt roduced (284 Virlet kabet raformetdehydelr EheoPH5FCGhe Blakution masra;ijum@d S ilBridd with

a propel | eradgtibh I & 6@t g 7@Bosew@I)Ubi B0 RYenghnbY eweilfltt etiefici BEiO, bAY Sits

f
g‘r ’Jg‘”e Co%rjng(%gh'ﬁé fo ¥, Tﬁerli B fhe d oa%faoo;ggrn?ﬁgg 51%@3%@9&”&% ) SRR
st eady 8t att8didd- 6e@s€3a%?4 @H&G’f aqtﬂ@ dalpeieauere meaiergd el hei lpPRERUre CHTREd é{h
hour. Lar gaeraungds8@Cs StifrinyGiibs entiubdratedd°C rfop6l sesutedsnatesTiié belddrappate, t he

aqueous Mgy ﬁ*e%cﬁdut%%f @Jﬁ@éﬁgaﬁé eﬂﬁlﬁd‘ﬁe%hbééq%@nf %@Ktlcﬁﬂ@ PEFREA2 Al a

second, ident ? stirre

i horaget wedr rouba 1490 0! TP ploS ALY TR dEa §é.w'¢1ﬁdwhbve|
35 cont r ol emudgierowbicheDNaitiedtalibeg dNMGHNN (Fd4aanmol; 8 Y%stiell] hased AuGDIN) whze

renovedof r eRadeN@GBAUARUFe Bbisined@alda direBRwWrcdidrl tration and was washed with
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MGDN obt ai fré@mPiesthioss: \@@ytlwséwwsgﬂs@m@a"mw offdsLount of 1DN was | ess
t han 0. 01%Foatie fotlywibg keramplbe, ctedee GO nixtaret wasThsed\t@Nhaaibeinn@dpdrad i pal e
bei ge col or. CCOM\Q]%% %PCT/ 1B2010/ 054382 10 Exanple 3: Conti nuous
t wo- st 38 tallizati on 0 érﬂuleolus g( (g wi.th an I\/GD](N cont ent
of 19.9% b e IRPHHEET Byt 7o FfRRY"gME' Rlaat ¥gstpnatry ﬁ‘géﬁt‘iﬂ“&'stﬂd 6E° The
m xture wa§t|@:ed ta'rﬁel fiotrha atimped peskehveir conditiprad tata teBnpePa@tureedfol0GEI thescrpda
m nULe Metvis BN infktRe tilsS pilich é&%@ntﬁﬂ?bélyu%sthﬁ fFPér‘teétlrl%dttj[aﬁE 'Pt%}h*s@ﬂ t®khear ound
si x hours St r 0 e
aver age re\sglgé%n%géeﬁ%%ngﬁk ?&% Foun Haél e‘?rc)%ttcn ﬁ?agt %ewn @ r}g[%%(}\%-rgp
formed in [ShLﬁ Beitom Aéa"éiéélé‘? ioh&e %b%téredttﬁ@k a{ﬁ r§o mnhﬁmwﬁtét'%sn theroved
from t e stdrain qibd, assich opening of the bottom drain valve and running of the suspension

portion into the second stirred tank was followed by a flushing cycle with hot water. The

flush solution was removed from the system via a three-way tap. As a result of this

measure, the two-stage plant could be operated continuously.

25 Example 2: Continuous two-stage crystallization of MGDN
Aqueous MGDN mixture with an MGDN content of 21.0% by weight was introduced
and heated to a temperature of 55°C. The mixture was stirred with a propeller stirrer at
720 revolutions per minute. Metered into this mixture continuously over a time period of
around six hours was aqueous crude MGDN mixture with a temperature of 70°C. After
30 around five hours, a steady state was established. The average residence time was
around an hour. Large crystals of MGDN were formed in pulses.
As described above, the aqueous MGDN mixture was removed from the stirred tank
and passed into a second, identical stirred tank, which likewise contained aqueous
MGDN mixture and was thermostatted at 13°C. From this vessel, again under level
35 control, agueous MGDN mixture was withdrawn.
Crystallized MGDN was removed from the aqueous mixture by pressure filtration and
was washed with water.
The yield of crystalline MGDN was more than 95%, based on the MGDN present in the
aqueous mixture introduced initially.
40 The crystalline MGDN obtained in this way was analyzed by HPLC. The amount of IDN
was less than 0.01%, and lay below the detection limit. The MGDN obtained had a pale
beige color.



10 and passed into a second, identical stirred tank, which Iikew se
cont ai ned aqueous MGDN m xture and was thernostatted at 12C. Fromthis
vessel , ayeizniumesss | evel control, aqueous MGEDN m xt ur e PGR4BI10/hEIBEN.
Crystallized MGDN was renoved fromthe agueous m xture by pressure
filtration and was washed with water. 15 The yield of crystalline MEN was
nore than 95% based on the MGDN present in the crude mxture. The
crystal | i né&ExXmBDN Jificatineelsi twotstags astalizationodMEEdNl by HPLC. The anount of
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720 revolutions per minute. Metered into this mixture contlnuously over a time period of
around six hours was aqueous crude MGDN mixture with a temperature of 70°C. The
average residence time was around an hour. Large crystals of MGDN were formed in
pulses.
As described above, the aqueous MGDN mixture was removed from the stirred tank
10 and passed into a second, identical stirred tank, which likewise contained aqueous
MGDN mixture and was thermostatted at 12°C. From this vessel, again under level
control, aqueous MGDN mixture was withdrawn.
Crystallized MGDN was removed from the aqueous mixture by pressure filtration and
was washed with water.
15  The yield of crystalline MGDN was more than 95%, based on the MGDN present in the
crude mixture.
The crystalline MGDN obtained in this way was analyzed by HPLC. The amount of
byproduct IDN was less than 0.01%, and lay below the detection limit. The MGDN
obtained had a pale beige color.
20
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. A method for isolating methylglycinenitrile-N,N-diacetonitrile (MGDN) from an

aqueous mixture comprising MGDN, comprising cooling the mixture in one or
more steps, in one of these steps the mixture being cooled at a cooling rate of
at least 20 K/h from a temperature above the solidification point of MGDN to a
temperature below the solidification point of MGDN, the method being
implemented continuously.

. The method according to at least one of the preceding claims, all cooling steps

being carried out at a cooling rate of at least 20 K/h.

. The method according to at least one of the preceding claims, mechanical

energy being introduced with an average specific energy input of at least
0.5 kW/m? into the aqueous mixture during the cooling step from above the
solidification point of MGDN to a temperature below the solidification point of
MGDN.

. The method according to at least one of the preceding claims, at least one

cooling step being performed such that the aqueous, MGDN-comprising
mixture to be cooled is added to colder aqueous, MGDN-comprising mixture
with a temperature below the solidification point of MGDN.

. The method according to at least one of the preceding claims, the temperature

of the aqueous mixture after the last cooling step being from -10°C to 50°C.

. The method according to at least one of the preceding claims, the cooling

taking place in two steps.

. The method according to at least one of the preceding claims, the MGDN

obtained having a purity of at least 90%.



