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K. Weissermel, H.-J. Arpe, Industrielle Organische Chemie

{(Industrial Organic Chemistry), 4th edition, VCH Weinheim, p. 266
et seq., describes four fundamentally different routes for the
25 production of adipodinitrile:

eliquid

1. the dehydrating amination of adipic acid with ammonia in the
liquid or gas phase via intermediate diamide;

30 2. the indirect hydrocyanation of 1,3-butadiene via intermediate
1,4-dichlsrobutenes;
3. the hydrodimerization of acrylonitrile in an electrochemical
process; and

35 4. the direct hydrocyanation of 1,3-butadiene with hydroaen
cyanide.

In a first stage, the last of these processes yields, by
monoaddition, a mixture of isomeric pentene nitriles such as

40 trans-2-pentene nitrile, cis-2-pentene nitrile, trans-3-pentene
nitrile, cis-3-pentene nitrile, 4-pentene nitrile,
(E)-2-methyl-2-butene nitrile, (2)-2-methyl-2-butene nitrile and
2-methyl-3-butene nitrile.

45 In a subsequent stage, adipodinitrile is then formed by an
anti-Markownikow hydrogen cyanide addition onto 4-pentene
nitrile. The reaction takes place in the liguid phase in a
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WO 99/13983 describes the hydrocyanation of butadiene or a
hydrocarbon mixture containing 1,3-butadiene to give monoolefinic

25 Cs mononitriles and/or adipodinitrile in the presence of nickel
phosphonite complexes. Mixtures of pentene nitrile isomers are
again obtained here.

Before the second hydrogen cyanide addition, it is desirable to

30 separate off those pentene nitrile isomers which cannot easily be
converted to adipodinitrile or which form by-products. It is
also desirable to separate the mixture of pentene nitrile isomers
which is obtained as a by-product in the adipodinitrile
synthesis.

35
The distillative separation of this isomer mixture creates
considerable problems because the relative volatility alpha of
certain pentene nitrile isomers ranges from 1.0 to 1.3 in the 1
to 500 kPa range. The relative volatility alpha is understood as

40 meaning the ratio of the vapor pressures of two substances, the
vapor pressure of the substance with the higher vapor pressure
forming the numerator of the ratio.

Particularly suitable mixtures for this purpose are those which
45 contain the pentene nitrile combinations trans-3-pentene

nitrile/4-pentene nitrile, trans-3-pentene

nitrile/trans-2-pentene nitrile, trans-2-pentene
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at the outset.

25 The process according to the invention can advantageously be
applied to the separation of pentene nitrile isomers which have a
relative volatility alpha ranging from 1.0 to 1.3, preferably
from 1.0 to 1.2 and particularly preferably from 1.0 to 1.15, in
the pressure range from 1 to 500 kPa. Particularly suitable

30 mixtures are those which contain the abovementioned combinations
of pentene nitkrile isomers.

In one preferred embodiment of the process, a mixture containing
trans-3-pentene nitrile and trans-2-pentene nitrile yields a

35 mixture in which the ratio of trans-2-pentene nitrile to
trans-3-pentene nitrile is higher than in the starting mixture,
and a mixture in which the ratio of trans-2-pentene nitrile to
trans-3-pentene nitrile is lower than in the starting mixture.

40 In another preferred embodiment of the process, a mixture
containing trans-3-pentene nitrile and 4-pentene nitrile yields a
mixture in which the ratio of trans-3-pentene nitrile to
4-pentene nitrile is higher than in the starting mixture, and a
mixture in which the ratio of trans-3-pentene nitrile to

45 4-pentene nitrile is lower than in the starting mixture.



trans 3-pentene nitrile is higher than in the starting mxture, and a

. mxture in which the ratio of trans-2-pentene nitrile to trans-3-peBtMARE0N"
nitrile is lower than in the starting m xture. 40 In another preferred
enbodi mrent of the process, a mxture gontaining trans-3- pentene nitrile

and 4- pent epeaididd Skt As Eémb@dﬁngﬁgé ﬁ\m geot he rat'o gu{

trans- 3- pepf e 1I‘B.Intr||ent0 ed_&en ene Nl % the
starting m xt (e, Snd STl 3R M\F’c]ne t"ﬁ"éi FaP%t%’fe tnllﬁﬁél% Yerddena
nitrile t o™ uEsdm @Héchl'%frq |ratiie Pémanmﬁpentem reittaidengo m xture. 2 8
MAR 2005 44-pentemet hétrpiefir mdgherbonament tok 5heriImRLeSReue MaHURE

cont ai ni agmixAanNe dnPRALENEHY takhie éﬁdkfkd%eatﬁgﬁtéﬂé'Hlt?lXée §s a mxture
1 uhich Uhepdals ol cLsps 2 RealelRy T TINE Loy AATIEIE WL e 1s

hi gher than in the starting mXxture,

trans-2-pentene nitrile to 4-pentene n|tr|Ie Is lower than in the starting
m xture. |f @Afether preferreasy eabbdihemntofofthehprorexsgsa, maxtird ur e

con\tAﬁl mb ngrchgtamlmngemmemﬂehe ﬁﬂﬂrﬂté)%lﬁhhel@epéﬁiédé %Mﬁiéi%@elﬁ@, g ﬁt ur e
i n whi chothscdidlel 9n0fn & e pidy nten Ltyile is higher
than in the st gLtin h{r%??u%eo%% ga}h{]n%(lguraep%gte vé:%lﬁ'rtlﬁg ? J"’é’e&ft

Ci s- 3- pent €ne nit Fi I tg‘@ﬁlt &R IF 155976 1Pg mPHhe t ABA 2 MNFELSt ARt i ng
m xture. ISR &RhEt Fab 1ok Siscd-eemernamaitrale ttwe 4ppepbese mitmiilet iise

cont ai ni ngteves- 3hpanieneheisttairk éngunali ttamwes- 2- pentene nitrile y| elds a
m xture in which the ratio of cis-3-pentene nitrile to trans-2-pentene

T o8 Sllithol P b e cabBILAD LS Coradld BT | T WAl e

rati o of e trile Rens nitT s .| ower than
in the staéot%l %J{E% 5'15 Ipengﬁo?h’é’rt lﬁér"lje 3d‘|PFrBH?"%fmt°r¥élﬁr ocess, a
mxture oOVRLS nFn’Q“("E)reQ ARePRiFD 2tftﬂ1tr@ﬁé°npf r¢iseJapgneenettitiridebtoene
nitrile yita@s-a-pextence nigrihe chs tiigheat itbanf iR & heElt 2robidiyix2ubyf ene
nitrile td aethytude hitt emechi thé |madis ofi 8her3tfadRehd 4heriSteakbi Ng

M Xt ur €20 afdnd-TLyésEcnd MivRiED 1€ oWedt 'tﬂaf?flr( e s@‘gi't%]l ZuidyLgpe nitrile

‘to 2-methyl -3-butene nitrile is lower than in the startin mxtare. 30 The
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accor di ng 1o 2PREDPRhVRAfGSSAdeEPRFLIGNF: BY ERR PLAESSr of BEXYWEr ogen cyani de
ont o butEuﬁQ§ﬁélB%“%ytﬁkn%5ﬂ§§hY -2-butene nitrile and 2-methyl-3-butene
nitrile yields a mixture in which the ratio of

25 (E)-2-methyl-2-butene nitrile to 2-methyl-3-butene nitrile is
higher than in the starting mixture, and a mixture in which the
ratio of (E)-2-methyl-2-butene nitrile to 2-methyl-3-butene
nitrile is lower than in the starting mixture.

30 The preparation of the mixture of pentene nitrile isomers used in
the process actording to the invention, especially by the
addition of hydrogen cyanide onto butadiene or hydrocarbon
mixtures containing butadiene, can be carried out by processes
known per se, especially by the addition of hydrogen cyanide onto

35 butadiene or hydrocarbon mixtures containing butadiene, for
example as described .. the outset. In principle, according to
previous observations, the application of the process according
to the invention is neither restricted nor excluded by the type
of preparation of the pentene nitrile isomers or by the

40 quantitative composition of the isomer mixture.

According to the invention, the distillation is led [sic) carried
out in the presence of a liquid diluent which forms with the
pentene nitrile isomers, under the same pressure conditions,

45 azeotropes whose relative volatility alpha is higher, preferably
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fractional distillation in one or more, such as 2 or 3,
distillation apparatuses.

25 Suitable apparatuses are those conventionally used for
distillation, for example the ones described in Kirk-Othmer,
Encyclopedia of Chemical Technology, 3rd Ed., Vol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as sieve-plate
columns, bubble-cap columns, packed coiumns, columns with a side

30 discharge or columns with dividing walls.

In one preferred embodiment, the liquid diluent used exhibits a
miscibility gap with pentene nitrile isomers under specific
gquantity conditions, pressure conditions (preferably ranging from

35 10 to 200 kPa and especially atmospheric pressure) and
temperature conditions (preferably rangiag from 0 to 120°C and
especially ambient temperature).

Preferably, the product mixture can be separated into two phases

40 by the choice of a suitable temperature. A further possibility
is the choice of suitable proportions, such as the addition of
ligquid diluent.

45
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20 the invention which can be fed into another economical hydrogen
cyanide addition can then be converted to adipodinitrile in a
manner known per se.

The pentene nitrile isomers obtained in the process according to

25 the invention which cannot be fed into another economical
hydrogen cyanide addition can then be isomerized to other pentene
nitrile isomers in a manner known per se.

Examples
30
Examples according to the invention

A mixture of 800 g of a mixture of pentene nitrile isomers
according to table 1 and 800 g of water was fractionally

35 distilled under atmospheric pressure in a distillation column
(height: 185 c¢m, diameter: 30 mm, packing: Sulzerpack EX, Sulzer
Chemtec AG, Winterthur, Switzerland) with a reflux ratio of 1:5
{discharge : reflux). The samples obtained as the top fraction
were analyzed by gas chromatography.

40
Comparative Examples

The comparative examples were carried out in the same way as the
examples according to the invention except that 1600 g of mixture

45 of pentene nitrile isomers according to table 1 were used without
any water.
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Ex. 3nitrile 45 2 8 MAR 2005 s W claim 5 1. A process for the
distillative separation of pentene nitrile isoners which have a r ell 8tNAREI0S
volatility alpha ranging from 1.0 to 1.3 in the pressure range from1l to
500 kPa, wherein the distillation is garried out in the presence of a
liquid diluent which forms with the pentene nitrile isoners, under 10 the
sane pressure conditions, azeotropes whose relative volatility alpha is

hi gher than that of the pentene nitrile isoners to be separated. 2. A
process asWel alaie:4+n claim 1 wherein the liquid diluent 15 exhibits a
mscibility gap with pentene nitrile isoners under specific quantity,
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claim2 or 3 whA
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contains the hhghdistpridpaibhobs hyarmeieghbuefid ithel drdbém@dtod & '1%1)(9.4! ed 25
into the procegsi@nthaiioBd tbpng! @R Lned e&&ieo%‘ighi‘é L Hered Fd&“y of
clainms Jq4t0 4 ph grs_eg“g;1 %regisxggr&%)qilai ni %Ztrans ent ene ni trirl'e and
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trans- 2- pent enEeHt i F&PPF‘ai'% h.ghent éhén nhat oé the prngieme phtniler t he

starting m xtut@omersd t® bexseparatedshich the ratio of trans-2-pentene
nitrile to trans-3-pentene nitrile is lower than in the starting m xture.

35 6. A procesg gfoddsal gﬁdciﬂlﬁﬁﬁlfﬂz gk?hnf wnelr® i %@grfi&ﬁf% thXéHre

cont ai nipRg tr ente r a mxture
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hi gher than i ?ip‘?‘ifefolé:t 5PPPﬁbt¥n ﬁﬁﬁséuranﬂn% YFMPRYREUT S GgfiddisioRe-ratio of
40 trans-3-pentene nitrile to 4-pentene nitrile is lower than in the
starting nBxtukeprotesA psocksimend it allged i pranywabreélmivie 1igeid wherein a

diluent used is water.
20
4. A process as claimed in claim 2 or 3 wherein the mixture
obtained in the distillation is transferred to the
miscibility gap and that phase of the two which contains the
higher proportion by weight of liquid diluent is recycled
25 into the process as claimed in claim 1.

5. A process as claimed in any of claims 1 to 4 wherein a
mixture containing trans-3-pentene nitrile and
trans-2-pentene nitrile yields a mixture in which the ratio

30 of trans-2-pentene nitrile to trans-3-pentene nitrile is
higher than in the starting mixture, and a mixture in which
the ratio of trans-2-pentene nitrile to trans-3-pentene
nitrile is lower than in the starting mixture.

35 6. A process as claimed in any of claims 1 to 4 wherein a
mixture containing trans-3-pentene nitrile and 4-pentene
nitrile yields a mixture in which the ratio of
trans-3-pentene nitrile to 4-pentene nitrile is higher than
in the starting mixture, and a mixture in which the ratio of

40 trans-3-pentene nitrile to 4-pentene nitrile is lower than in
the starting mixture.

7. A process as claimed in any of claims 1 to 4 wherein a
mixture containing trans-2-pentene nitrile and 4-pentene
45 nitrile yields a mixture in which the ratio of
trans-2-pentene nitrile to 4-pentene nitrile is higher than
in the starting mixture, and a mixture in which the ratio of



m xture contai ni ng trans-2-pentene nitrile and 4-pentene 45 nitrile yields
a mxture in which the ratio of trans-2-pentene nitrile to 4-pentehé& MAR 2005
nitrile is higher than in the starting m xture, and a m xture in which the
ratio of 2 8 MAR 2005 9 trans-2-pentefie nitrile to 4-pentene nitrile is

| ower than in sfarting mxture. 8. A process as clainmed in any of
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20 10. fnprocerﬁ}t%sreclal med in any of claims 1 to 4 wherein a e
containing (E)-Z-nmethyl-2-butene nitrile and 2-nethyl-3-butene nitrile

yields a mxture in which the ratio of (E)-2-nethyl-2-butene nitrile to
2- net hyl - R buteRrogessi pe claingdghier anhawf ialatihe Stes td ngepkxhus e, and a
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15 nitrile to trans-2-pentene.nitrile is higher .han in the

starting mixture, and a mixture in which the ratio of

cis-3-pentene nitrile to trans-2-pentene nitrile is lower

than in the starting mixture.
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20 10. A process as claimed in any of claims 1 to 4 wherein a
mixture cqntaining (E})-2-methyl-2-butene nitrile and
2-methyl-3-butene nitrile yields a mixture in which the ratio
of (E)-2-methyl-2-butene nitrile to 2-methyl-3-butene nitrile
is higher than in the starting mixture, and a mixture in

25 which the ratio of (E)-2-methyl-2-butene nitrile to
2-methyl-3-butene nitrile is lower than in the starting
mixture.
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