SEP 2004 Renoval of an Azepine Derivative froma M xture Conprising an
"Amine and an Azepine Derivative 5 Description The present invention 7 SEP 2004
relates to a process for distillative renoval of part or all of an azepine
derivative (I11) selected fromthe group consisting of tetrahydroazepine,
2-am noazepan, 10 N-(2-azepano)-1, 6-di am nohexane and N-(2-azepano)- 6-

am nocapronitrile froma m xture (I ) conprising an azepine derivative
(I'1'1) and an amine (1) selected fromthe group consisting of
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conprising an am ne and an azepine derivative are customarily obtained in
t he hydro%enat ion of nitriles to am nes. 20 The conpl ete hydrogenati on of
adi porn t98 IcélPRﬁQ)‘ to hexa- nethyl enedi anine (HVD), and also the parti al
hydr ogenati on with coproduction of HVD and 6-am nocapronitrile (ACN), in
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i rrpurllst f“@é"el‘hh?’hel erﬁ:nes which are customarily used for nmanufacturing
fibers, are difficult to separate fromthe am nes. 40 For instance,

GB- A 89BiRE@rel sminpsésingsimldning andesmyaddpTee uesseitive kbe reflux |ine
of a di ghbtbmdtiay cekhiMed!S8f thel hydrogenation of nitriles to amines.

20 The complete hydrogenation of adiponitrile (ADN) to hexa-
methylenediamine (HMD), and also the partial hydrogenation with
coproduction of EMD and 6-aminocapronitrile (ACN), in the
presence of a catalyst based on a metal such as nickel, cobalt,
iron, rhodium or ruthenium is commonly known, for example from:

25 K.Weissermel, H.-J.Arpe, Industrielle Organische Chemie, 3rd
edition, VCH Verlagsgesellschaft mbH, Weinheim, 1988, page 266,
Us-A 4 601 859, US-A 2 762 835, US-A 2 208 598, DE-A 848 654,
DE-A 954 416, DE-A 42 35 466, US-A 3 696 153, DE-A 19500222,
WO-A-92/21650 and DE-A-19548289.

30
By-products formed include azepine derivatives such as
N-(2-azepano)-1,6-diaminohexane and N-(2-azepano)-6-amino-
capronitrile, especially 2-aminocazepan and tetrahydroazepine.

35 These azepine derivatives, which, because of their color and
deleterious effect on product properties, constitute undesirable
impurities in the amines, which are customarily used for
manufacturing fibers, are difficult to separate from the amines.

40 For instance, GB~A-893 709 discloses installing a delay time
vessel in the reflux line of a distillation column used for
purifying HMD.

GB-A-1 238 351 describes the removal of HMD from mixtures
45 comprising HMD and azepine derivatives, by addition of alkali
metal hydroxide mixtures.



purifying HVD. GB-A-1 238 351 describes the renoval of HVD from m xtures 45
conpri sing HVD and azepi ne derivatives, by addition of alkali netal 7 SEP 2004
hydr oxi de m xtures. 2 WO A-99/48872 discloses distillatively renoving
azepine derivatives fromam nes at overhead tenperatures of from 160 to
250C. The di sadvantage with this prgcess is unsatisfactory separation. 5
Di sadvant ages wi.th_t he processes nefiti oned are the use of |arge vessels,
whi ch miiEsS-PS/ 4 PR L TOTER LB LIRS 10PIY | Fomav i agepinms, and the
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i nventi Qaph@aRilyide a process for renoving an azepine derivative from

m xturges conprising an anmne and an azepine derivative in a technically
sinpl € and econoni cal _ manner. 15 W have found that this object is
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For instance, HVD can be obtained by partial or conplete catalytic
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consi st iyg@n@&f . ruthenium rhodium nickel, cobalt, preferably iron, in

whi cqscase the catal ysts may include further elenents as pronoters. In the

case

25

We have found that this object is achieved by the process defined
at the beginning.

Suitable amines I include aromatic amines such as benzylamine,
20 aliphatic amines such as cyclic amines, for example isophorone-

diamine, or preferably acyclic amines, for example 1,4-diamino-

butane, especially HMD or ACN, and also mixtures thereof.

Such amines can be prepared in a conventional manner.

25
For instance, HMD can be obtained by partial or complete
catalytic hydrogenation with a gas comprising molecular hydrogen,
of ADN to HMD or mixtures comprising HMD and ACN.

30 Catalysts used for this hydrogenation can advantageously be those
based on a metal selected from the group consisting of ruthenium,
rhodium, nickel, cobalt, preferably iron, in which case the
catalysts may include further elements as promoters. In the case
of iron-based catalysts, suitable promoters include especially

35 one or more, such as two, three, four or five, elements selected
from the group consisting of aluminum, silicon, zirconium,
titanium and vanadium.

Such catalysts and the process conditions for the reaction

40 mentioned are described for example in WO-A-96/20166,
DE-A-19636768 and DE-A-19646436.

45



of iron-based catalysts, suitable pronoters include especially 35 one o
more, such as two, three, four or five, elenents selected fromthe grbo&pP 2004
consisting of alum num silicon, zirconium titaniumand vanadium Such
catal ysts and the process conditions for the reaction 40 nentioned are
described for exanple in V[>A—96/20}66, DE- A- 19636768 and DE- A-19646436. 45
3 Cbntggplateg gagpine.derivalives |1l _include especially 2-am noazepan

of the {-OPFIPRIZESD apePine Herinatiyps1 I dingliudeheseeriadlyt he fornmula NH
NH- ( CH2 P6aRipo2zeman PLasbeafeymbaan nocapronitrile 25 NH (CH2)5- CN and THA
of the fornmula 30 QN 35 and m xtures thereof. 40 The azepi ne derivatives
(I'11) can be present in the mxture (Il) as individual conpounds or as

adductgs, for exanpl {th an amne (1), in which case these adducts shal
for the purposes o NHpresent invention |ikew se be ternmed azepine
derivatives (111). uch azepine derivatives and processes for their

preparation are conmmoRly known. 4 For instance, 2-am noazepan,

N (2- azepano) - 1, 6- di am Napexane and N-(2-azepanol 5-am nocapronitrile and
t etrahydroazepi ne can generally be obtained in mxtures (Il) in anmounts
fromg to

N-{2-azepano)-1,6-diaminohexane of the formula

NH
15

NH-(CH;)s-NH>
20 N-(2-azepano)-6-aminocapronitrile

NH
25
NH- (CH;)5-CN

and THA of the formula

30
i

35

and mixtures thereof.

40 The azepine derivatives (III) can be present in the mixture {II)
as individual compounds or as adducts, for example with an amine
(I), in which case these adducts shall for the purposes of the
present invention likewise be termed azepine derivatives {III).

45 Such azepine derivatives and processes for their preparation are
commonly known.



5 10,000 ppm based on the m xture, in the partial catalytic hydroge,?aéi (i)n
of ADN with a gas conprising nol ecul ar hydrogen to form HVD or m xt7u osP 1004
conprising HVD and ACN according to the process described for preparing
the amnes (I). Simlarly, the azepine derivatives nentioned can be forned
by oxidation of 10 am nes, such as KIVD and ACN, for exanple w th gases
contai ning nolecular oxygen. According to the present invention, the
distillation is conducted wth pot tenperatures of not nore t han 120C,
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N ( 2- azepano ﬁocapronl trile and tetrahydroazepi ne as azepine
derivative (I111), then the distillation pressure, as neasured at the

bot t om Afcermdintl 410 that poesemppanyensjoshaiied distitd dtion tilse cobag@ecdd om 1 to
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distillation provides a bottom product (vi) having a hi gher wei ght
fract i oR®feisAddilnEianr Famuthey €arried attarontiirtonsly. | ).

The distillation can be carried out batchwise.
20
When HMD is used as amine (I) and one or more compounds selected
from the group consisting of AHI, HHA, AHHA and THA as azepine
derivative (III), then the distillation pressure, as measured at
the bottom of the distillation apparatus, should be within the
25 range from 1 to 300 mbar, preferably within the range from 5 to
100 mbar, especially within the range from 10 to 60 mbar.

When ACN is used as amine (I) and one or more compounds selected
from the group consisting of 2-aminoazepan,

30 N-(2-azepano)-1,6-diaminohexane and
N-(2-azepano)-6-aminocapronitrile and tetrahydroazepine as
azepine derivative {(III), then the distillation pressure, as
measured at the bottom of the distillation apparatus, should be
within the range from 1 to 200 mbar, preferably within the range

35 from 5 to 100 mbar, especially within the range from 10 to
40 mbar.

Advantageously, amine (I) is obtained above the feed of mixture
(II) to the distillation apparatus, especially at the top of the
40 distillation apparatus.

Advantageously the distillation provides a bottom product (VI)
having a higher weight fraction of azepine derivative {III) than
mixture (II).

45



45 5 Suitable apparatus for the distillation is any customary
distillation apparatus as described for exanple in Kirk-Q hner, - 7 SEP 2004
Encycl opedi a of Chem cal Technol ogy, 3rd Ed., Vol. 7, John Wley & Sons,
New Yor k, 1979, pages 870-881, such as sieve plate 5 columms, bubble cap

col ums or col ums packed with arragged or dunped packing. The
distillation can be carried out in a plurality of colums, such as 2 or 3,
but is ANEAPIGBRRINAtES, FPEdUEﬁutdlter-léléthmelS BQycohanemazyn a preferred
enbodi nelistilhat #stappageten anmdeerdbedi fdr cataniple MK RiAQRBmezd> The

first stEaggctepeddNSitSthekicap tcnolvgpl 24 WIS, vauchy a%o%n Q;1§y
advant ageggggy ﬁe@ﬁg.lke gﬁbym“bagmegggcggahtéu%g’e game&eon

eousl e colum. 20

pl uraI

Advanta ouIs“Py t%{{m’ resgﬁr%gf‘}m%é’rf FPEP“'%? eﬁegéhﬁ‘e&i‘raﬁgﬁﬁe“pot is at
| east 195MPPAeR lé‘é'ﬁ’em ally at |east double, the pressure in the second
st age, rreasured In the pot. Advantageously not |ess than 20% by wei ght of

the anoane &estillarioRScimend idatiristaget PAY L1lrhl By ice %%EHMHQ from the
POt of &henfhssi ot agenandsd ehvaneblEosenpnd siage, [%Va“ta sy the

over hga uct of the second stag can F&cycPEd 1thio ?ﬁ% %irst stage.
30 Advantageously the distillation mxture has added to it a conpound (I1V)
whose boiling point is above that of said amne (1) under the distillation
condi ti dAs2 EXRfsFredseqvydimsaitul ther distisllamioposean dre darrpad tdwil iy
conpountlso(dfaddsat are inert to the 35 amne (1) under the distillation
condi tions. Useful conpounds (1V) include corrpounds fromthe group

consiy gt [ | i tigs as.c and acyclic
a1 pis: o f%;f S5 G URIAE bE°s HEMAEY 4Rl BBy oBiR g bear 40
subst i t BBnt "ﬁ‘é‘ﬁaﬂg"‘éFJfder G P! ek%‘?Jo“mfbst'I'@P sefeRd stagg| can

consist of a plurality of columns, such as 2 or 3, advantageously

a single column.

20 Advantageously the pressure in the first stage, measured in the
pot, is at least 1.5 times, especially at least double, the
pressure in the second stage, measured in the pot.

Advantageously not less than 20% by weight of the amount fed into
25 the first stage per unit time is removed from the pot of the
first stage and fed to the second stage.

Advantageously the overhead product of the second stage can be
recycled into the first stage.

30
Advantageocusly the distillation mixture has added to it a
compound (IV) whose boiling point is above that of said amine (1)
under the distillation conditions. Compounds (V) useful for this
purpose are in particular compounds (V) that are inert to the

35 amine (I) under the distillation conditions.

Useful compounds (IV) include compounds from the group consisting
of aromatics, aliphatics, such as cyclic and acyclic aliphatics,
and aliphatic-aromatic compounds. These compounds may bear

40 substituents, such as a hydroxyl, keto, ester, alkyl, aryl,
cycloalkyl, arylalkyl group, preferably a nitrile or amino group,
or a plurality of identical or different such groups.

Said compound (IV) can be a single compound or a mixture of such
45 compounds.



cycl oal kyl, arylal kyl group, preferably a nitrile or amno group, or_a
plurality of identical or different such groups. Said conpound (IV) ~chbER#l
a single compound or a mixture of such 45 conpounds. 6 Advantageous
conpounds (1V) are convertible in a sinple nmanner, as by catalytic

hydr ogenati on with a gas contai ni ng.nol ecul ar hydrogen, for exanple, into
a mxture (V) conprising an am ne (f) 5 and an amne (II11) or in particular
a mxture (1l1). The products obtained in this conversion can be

advant agé¥aRt3gequs, SomprHnis el Pilo@aes cofivereibley ént aosimdle Kaendicf f er ence
in the beibynpipdmtic bhgtiveemdtionawinl 4 |dasmrndnthlfis® mOWd16LY) shoul d
be fromidtegedD0GorPeabfpab) YiddP R RikPurd QG MRESEsE aﬂi(%hiik' ag%on

condi fi : G A ded t. . .the ture (I Befote or
ro Gus] %gét%ﬁerkﬁlstl | ?gt&?o‘# %ﬁ%&gﬁ??%ﬂ aofmt’ﬁé’r&o%ghhd (1V) to the

m xture (I1) before the distillation can be carried out in the

convent TBRRTIANTSEr obRained tigrdiytsnehver sigpacanube sadvhintiagebus1pr ocedur e,

t he addréwsed 200 atheapprbzéss exfofthel Xhuestidd.) and conpound (1V) into the
distillation apparatus is contenplated. The addition of the conpound (1V)
to t ) Xt AL I dugi t distillation can pe effected by feeding the
corrpggn I%&ie(ﬁ-teu:%y{l h%i%qilﬁﬂgﬂg%lnntaspﬁ&tgfﬁg A5 )ﬂi’nZ‘E“he bott om
regi on. “1he (ﬂpé’f“inﬁl ALY brs et G aht Ay eb St $OBEE ¢ Rreifegably  §1pm the topr esence
of assi $¢&Rr sURBEE LRSSt llpbion Randisipre. separati on of the invention,
especially in the presence of carbon dioxide. 30 The concentration of

azepi neriierdompoiur@ (1¥) ))cdd Heh8a8&d  + HaHRAmi QBuEdIE 7H )X HEEG BT &Sent in the

pot , 1§ Sqhst, he hbap: Draa%dly weight, preferably not nore than 0.2% by
wei ght, esggrcr?al ly no:f %Dfi‘og than 0.15% by wei ght, during the distillation.

35 The ﬁ{fgcess of the invention custonari Ig affords the predom nant
pr opor t agaiLIepi ok e iceaPPYRd ((IV) tasthetmistuseoddd) bafore the

distillation can be carried out in the conventional manner in
customary mixing apparatuses. With this procedure, the addition

20 of a mixture of mixture (II) and compound (IV}) into the
distillation apparatus is contemplated.

The addition of the compound (IV) to the mixture (II) during the
distillation can be effected by feeding the compound (IV) into
25 the distillation apparatus preferably in the bottom region.

The distillation can advantageously be carried out in the
presence of assistants which support the distillative separation
of the invention, especially in the presence of carbon dioxide.

30
The concentration of azepine derivative (III) in the pot, based
on the mixture present in the pot, is not more than 0.5% by
weight, preferably not more than 0.2% by weight, especially not
more than 0.15% by weight, during the distillation.

35
The process of the invention customarily affords the predominant
proportion of azepine derivative (III)} as bottom product (VI).
This bottom product (VI) customarily includes azepine (III) in a
higher weight concentration than the mixture (II) used for

40 distillation according to the process of the invention (II).

Bottom product (VI) can advantageously be subjected in a
conventional manner, for example according to the processes
already mentioned for preparing HMD or mixtures comprising HMD
45 and ACN, to a catalytic hydrogenation to obtain an amine (1),
such as HMD or mixtures comprising HMD and ACN. In the
hydrogenation, azepine derivative (III) can be converted into



This bottom product (VI) customarily includes azepine (lI1l1) in a higher

wei ght concentration than the mxture (Il) used for 40 distillation” SEP 2004
according to the process of the invention (I1). Bottom product (VI) can
advant ageously be subjected in a conventional nmanner, for exanple
according to the processes already7nentioned for preparing HVD or m xtures
conprising HVD 45 and ACN, to a catalytic_ hydrogenation to obtain an am ne
() S ERARAC FRRRUNGS  SPER 5MSHABPAY VIS AGd AGRD MKech@ith

hydr ogeBEN8Nn (I hARGFME gempyal iafe aing) (Ehnihe cenbritally simple 7a/REP 2004
7 or gaeconoohpalimisnesuch as hexanet hylimne, which mixed with amne (I)
permt renoval of amine (I) in a technically sinple and econom cal manner.

5 HVDsagfpALh: intetpedi fQr industrially.inmportant polyam des,
such as ngl ah Kk aﬁbéﬁ?g‘%’%é%t&%pf% 1‘1‘55“%@%8@&%’28’@%&@ wei ght ,

unl ess BPHEFIM LR 515582 Tl ans & o r AKdRRFabepi ne. The product ni xtures
wer e anal yzed by gas chromatography. THA 15 concentrations bel ow 20 ppm

wer e deEsamples] by pol arography. Inventive Exanple 50 kg/h of HWVD having a
THA content of 71 ppmwere fed at a 20 uniformrate to a distillation

colu 1 t regical .plag and 41 kg/h of overhead product and 9
kg/hrigfB oﬁ%%ﬁégﬁgrgggc?§vé§1§hgén5§z%5?r?ﬁ% 58i 2t3%9%¢ti on apparatus at a

ref lux ratio of 1, a base-of-colum pressure of 73 nbar and a pot
t enper al Bf el Hfterrohydroamepime .over head product as well as HVD incl uded 12
ppm of THA, the bottom product 334 ppm of THA. Conparative Exanple 30 The

| nvent i viee silce WRRcERRLWeed 8X&PPied MRt ghBechAGR AT aBhy MruPr essure was
255 mhatoiiht!a®iBRL BETRPRA! Ypk Wetermined by polarography.

Inventive Example

50 kg/h of EMD having a THA content of 71 ppm were fed at a

20 uniform rate to a distillation column having 50 theoretical
plates and 41 kg/h of overhead product and 9 kg/h of bottom
product were removed from the distillation apparatus at a reflux
ratio of 1, a base-of-column pressure of 73 mbar and a pot
temperature of 119.9°C.

25
The overhead product as well as HMD included 12 ppm of THA, the
bottom product 334 ppm of THA.

Comparative Example

30
The inventive example was repeated except that the base-of-column
pressure was 255 mbar and the pot temperature-153.5°C.
The overhead product as well as HMD included 44 ppm of THA, the
bottom product 172 ppm of THA.

35

40

45



The overhead product as well as HVD included 44 ppm of THA, the bot t70m
product 172 ppmof THA. 35 40 45 8 W claim 1. A process for distifl axfi R/
renoval of part or all of an 5 azepine derivative (lI1l) selected fromthe
group consisting of tetrahydroazepine, 2-am noazepan,

N-(2- azepano) - 1, 6- di am nohexane and, N (2-azepano)-6-amni nocapronitrile from
a mxture (I1) conprising an azepi n® derivative (1) and an amne (1), 10
whi ch conprises conducting the distillation at a pot tenperature of not
more th¥g ¢P@M:2. A process as claimed in claim1, wherein the
distillation is carried out at a pot tenperature of not nore than 110C. 15

5, DESEOR SRSl e ol AL OLedo oGP e gonssngation, o

e der € mxiure rasent in the
pot” 5% ot 5%%#1“% e ds, C1 1SRERd e e GEYP Samaistanaa. A
process as £fd %qyﬁrgﬁﬁeﬁfn%i aQ'r‘FE"‘lIlC’%eBEHMerel namne (1) is
6- am nocaprﬁn(ifaﬁe@ar@)-A:ﬁf@modusxehalam:ﬂ in any of clains 1 to 4,
wher ei n am Re(2-2fzddanoi) s 6haxadidptoanedi B fleom & mf\xp,g,p@e(sls{ as claimed in
any of cl ai g@mgr ﬂél ny afh8Lebiné bR vakive t% Qegp Q feed of
m xt y e(II)li qi yﬁ)éqc app @ &? rocesé zé clainmed in
any OP cl ai T % ?rg:r V\E T GE i Eﬁ‘i& ﬂtﬁ?ﬁt%‘{')ea P2% added to it a
conmpound (I?ﬁm%ﬁ%"é‘rebBFIP?ib ¥enthpg é%%\?e that of said amne (1) under

the distillation conditions.
2. A process as claimed in claim 1, wherein the distillation is

carried out at a pot temperature of not more than 110°C.
15
3. A process as claimed in claim 1 or 2, wherein the
concentration of azepine derivative (III) in the pot, based
on the mixture present in the pot, is not more than 0.5% by
weight during the distillation.
20
4. A process as claimed in any of claims 1 to 3, wherein amine
(I) is 6-aminocapronitrile.

3. A process as claimed in any of claims 1 to 4, wherein amine
25 (I) is hexamethylenediamine.

6. A process as claimed in any of claims 1 to 5, wherein amine
(I) is obtained above the feed of mixture (II) to the
distillation apparatus.

30

7. A process as claimed in any of claims 1 to 5, wherein the
distillation mixture has added to it a compound (IV) whose
boiling point is above that of said amine (I} under the
distillation conditions.

35

8. A process as claimed in any of claims 1 to 6, wherein the
distillation provides said azepine derivative (II1)
predominantly as bottom product (VI) and said bottom product
(VI) is subjected to a hydrogenation.

40

9. A process as claimed in claim 8, wherein said bottom product

(VI) is used in a hydrogenation to prepare an amine (I).

10. A process as claimed in claim 7, wherein compound (IV) is
45 added to said mixture (II) prior to the distillation.



35 8. A process as clained in any of clains 1 to 6, wherein the
distillation provides said azepine derivative (111) predom nantly ad SEP 200k
bott om product (VI) and said bottom product (VI) is subjected to a
hydrogenation. 40 9. A process as clainmed in claim8, wherein said bottom
product (VI) is used in a hydrogenation to prepare an amne (I). 10. A
process as clainmed in claim7, wheré&in conpound (IV) is 45 added to said
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10 12. A process as claimed in any of claims 1 to 11, wherein the
distillation is carried out in the presence of carbon
dioxide.
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