;uve3e[ HXI "6TH; J(5, >s, Reduci ng the content of an unsaturated amne in a
m xture cB@BAVALAG7an anine and a nitrile 5 The present invention relates
to a process for reducing of a m)nounsaturmm ' i c am ne
(I'1'1) in a mxture (1V) cwuﬁuumﬂrmmmm]am nonitrile (I)I mmmmm (rry,

or m xtures thereof, and the %%0&@ (I'T1), wherein 10 a) thgeggxture (1V) is
reacted with an ani onic nucl eophile (V), which contains a nucl eophilic atom
sel ect ed Reduririe theoopnioartpoifSanguisatpeatedi smagerinaadmsxtdne , 15 which is

capabl e ofohekidiGigURnafnite 208 honfoFimean acid with a pKa ranging from7 to
11, neasured in water at 25C, and which has a relative nucl eophilicity,

measured in nmethyl perchlorate/petfhanol at 25C, 20 ranging from 3.4 to 4.7
when oxgggﬂei%rﬁ%é‘tnﬁw%rbﬁ)‘mq FET%{'%% % 2n8FRGEYS o%ﬁ?ggl’ﬁg%‘? ¢fhen nitrogen
i s the nuEPRBH: [9fc 2alePRUNBIGUF AR iyl MNGHLS. amine d IFIhheh ZJMARFUIRS t he
nucl eophi KI¢) atwrhaibng remardmonitr Fkndingofr andianGihet ¢I1D, 3t per nol e of
am ne (Il hixtirdhehersdfy eand Yhe &limgs aI1a)m wherreein(VI), and b) the
amnonitrile (1) or the diamne (Il), or mxtures thereof, are distilled
fromt | xt ; t enper r angi 70 nd a

pr essu?g 3 ng?%% %Qcﬁunrg. E?Y}o %%egggégl\i%hu%gs agg?\%%cfﬁu%geéﬁh%lrﬁ f\io i'trile
or a diamne, or mxtures thereof, and an unsaturated am ne - an

unsat ur at ed awpheh RENgiBs yYelersbelin atemMmsedecterk fro@sEhe 9FRMNLI on as
meani ng a cyctompwisingneaygeonpatmndgenmral rsulguat | east one carbon-nitrogen
doubl e bond or a conpound capable of form ng at |east one carbon-nitrogen
doubl e ;8ond, £pfcieXaMRhgabYe &F @hkThgalh Oh BAEhh Ab fohCak QVERNLI @RI | Y
obt ai ned in tge parti al 40frkc1)¥‘dr709g [ %réag{lrgclim t eraItee§ Lo amhonitri | es or
a mxture of &nftofirteiTes ‘and’ dram Hes, or rn the corrp?ete hydrogenati on
of dinitriles to diamnes. The partial hydrogenation of adipodinitrile
(ADN) with thwhigh dlagyet sRddtisep nsaLeePhl ish thexapIysAdedddirarye (HVD) and
6- am nocapr onperchloriaAEXhetizantl e 26Nl et e hydrogenation of ADN to HVD, in
the pregence ehn@inptrabpst.based .onwheled:dlgenieh tfe nudl20phifhd atoh,

ni ckel . cobal bangf/N.exbROGL DT BULHERT 1iRr dgen0gRCEA IngoliBBYR; P50 Trom K
wei sser el , Ha'b]m rpe, Industrielle O ganische Cheme (Industrial Oganic
Chem stry), 37§ edition, VCH Ver| agsgesel | schaft nbH, Wi nhei, 1988, page
266, US-A 4 653NHHESTONR w0 F£O7 &2 8guBen gty 268“5%}“%@%“8?180 654™/ DE- A
954 416, DE-A 42 35 466, US-A 3 696 153, DE- A 19500222, WO A-92/21650 and
DE- A- 12548289inTae dmppnoduanginfooifmed ar@] tontlér malipgr awdpi n€ aeine/ati ves
such 10 as N (2rayefmrag-hidcyliaaNiInghexdngive a mixture (VI), and

N- ( 2- azepano) - 6- ami nocapronitrile and, in particul ar, 2-am noazepan and
tet rahydr ggzep] e, (;Thak « Ibees%;%ﬁpms FlvAl¥es, ahighcgause col oration
and inpair‘the 15 oduc roperties and are theréfore unwanted inpurities
"n the am nonfBFTTYy AT GTSITIES EBRUCHS OHATEFe L6Bt) T o RETRRFAIEEE ur o
of synt¥etic FRREIRI Fromng? e ri’AgCpradta dresenke veanddpgr Al ¢ roh he
amnonitrileslodikBa.nes or m xtures thereof only at considerabl e expense.
20 EP- A-497333 descri bes the separation of aliphatic amnonitriles or

al'i phati cygiafidieToht 8Th A W BRiAORLGHNINGrad @ldmihali eramdaids il e or
al i phati c. dipml e aRda2 GVl G BRN LU Gfl AUARAL Gn PR NSy LI

phati c di _
addi ti %% oﬂ gases, t.he base in, ol chionetri,c excess .rel ative
y

el use

Co t he 38, BRAEEStasi dRe SETIR 20 AP | BFGRTE ARVRBELGh AR MERREMEAFOR 61 ¢ hi s

separ at i ORT a} ENGAL SOMPARAG CORNFAiBk Yt 1884l PRe arboR-RRERPISH dovkilges,

t et r aal kybandioen leamclopgoand d@pableadf fostmingabkokéasss omed al kal i ne earth

metal al kexiB6s-nit@ogbe @huAdvBBhAPELE duaindlprbEess dlimanstivd t aneous

pol ymeri zaphopi §f vakuabd&,dadhal 1yl ineddsnt hdibazRBEECI abl e | oss of

val uablyg RLOINCL, AN O UHIARL S EROS S o ek DEe ARNALARNRES £k MRChi nes

used for C r,rg ngr,(?lufl ecP,roc;ess. i .
aminonitriles and diamines, or in the complete hydrogenation of

dinitriles to diamines.

The partial hydrogenation of adipodinitrile (ADN) with the

45 simultaneous production of hexamethylenediamine (HMD) and
6-aminocapronitrile (ACN), and the complete hydrogenation of ADN
to HMD, in the presence of a catalyst based on a metal such as



351t is of the present invention to provide a process for
r-educi ng t%ﬁgg?gﬁ'?gr?t of a nonounsaturated aliphatic amne in a mxture
containing an amnonitrile or a diamne, or mxtures thereof, and a
nonounsat urated aliphatic amne, in a technically 40 sinple and econoni ¢
manner whi ch avoi ds sai d di sadvant aggs. We have found that this object is
achi eved byjckék, mawdss dedn nethogitiumher oumtdbenivmp Suidealeirel fyrikronint ri | es
(1) are cenpoufutsn anwaissegnelne HoFJApe ,STabugsrietde Diyeeisthd our,
nitrile gtaaﬂ§e Prhutabhy GRGarlict ChbRi H8YR, 388 PEFi EldnY v@moounds

contai ni ng,.a fés‘ 1‘1’§Shaf90r?r{r{5jvv%§zh§uﬁ“ t19'slae ﬁéc&’é’ e ¢l Asi at ed

adj acent tI.C I'n r tVo, “pre Ly two,
hydroger‘? %88 f?u?gg oqs'&%hggﬁla#go% P |f*e§4é)565§m PEpf e Sgl{n%rjrém triles
(1) are c@ﬁpéuﬁ%léfbdﬁ@al APy Drf@ b0 SAorRE-AJER0832E mATO-PPRE2HR5T ¢BE, ani no
groups, pDeFa+EM4B828%e am no group, especially conpounds containing at

| east one am no group which is |ocated adjacent to an aliphatic carbon atom

carrying aqpg 9:{9 d&bct@r ebenédl i d V‘@Lnt@:)’dafl%enaééﬁm R i LS dh such 10
am noni torl I e % | %% ‘i‘riysP&lam ggxgm nonitriles are those containing a
[

term na P located at,  the end of an al kyl

chai n. Thé‘ é?n"h a[qq)rg S‘F}n‘?%a P@FEgh{ﬁ VPaseB B HiFUPEyl skel eton. 15 In
a pref err étanhteananant andheetrahysapereping I(FHAAs from 4 to 12 carbon atons.
Suitable am nonitriles (1) are preferably selected fromthe group 20

conpri si ngnhdsa@ni iy HeRivatl s, SwAlkNMEIser eBLbratn and impair the
2- met hyls %588%@9‘@0%9@&&&'&&1 a@earl]:th) P&reoﬁh%éhkéd afhurities in the
12-am nodo ecani t [é\ghc dnesr%% convgntl%ml&gcagré)@ trl)z_ée. Such

am noni tI’I ES

6- Ani nocaﬁ‘PBHF?‘fWr@ 8§n g%t%%*ilaﬁ feé8ehs ??\«?“ﬁ&f‘??g’rn%é{]ﬁsﬁ% H5RR &enat i on
of ADN wi tkpargted daerathe nrinsindsuides hytingdanst oF grivdureRt theeafont ai ni ng
HVD and AGNly3&t Catnaligetrsbiwieipenar.advant ageously be used in this

hydr ogaeapati on are those based on a netal selected fromthe group conprising

rut heni U%Prﬁoﬂéﬁ% ReGKeipe & tseﬁ?ijatﬁnefo‘%r Q?iﬂhaﬂf@%mh&n?ﬁfﬂ%sposs' bl'e

for the cata %(;jéhsattlc %ggrtn?;% g er _e ﬁ%{es con%agrom)ters IH e case of

11 tic
i ron- base( Sul ers dre - es E%CI aII PORE %r nor e,

such as t\%‘ln?%’r%rellef 8ar aHPlﬁ"v‘é’ déF”@h%‘T’ltas“dsé‘l E¥¢ 'ft“tﬂ‘?PPﬁEa BGtRsd

conpri si nglapnﬁmmmlgel b ovhe AdddsapmrRt thasasi u‘ﬁ‘i‘%trkﬁs\ﬁaﬁéélpﬂmﬂs%éﬁ

cat al ysaS sandichimngirdcesscesmdidliagnsef vs Ha d¢yctact inmmommead@ratestri bed for

exanpl e i R1YehAc06/ad1h66, Bisds ]r%ﬁaﬁﬁéﬁdw(fo%tl‘hé%%&@:mﬁu&f@bl e

]9' am nes (allkllﬁrlﬁe&qWBQHﬂgﬁufémt ARENGnd Wu 1R ﬂEE@l x@ﬁﬁi""o thr eedor
our, ani O a r y nds

cont ai ni n% ?5: § a“&\gxfé %arl??ta/m&%e namgjg ]}%' gﬁrégg?ocat&gl%gj gcen ﬁ%ﬁ&%@

al i phatic EéFBdhe%?t i 8?‘%‘?‘71‘9 one or two, preferably two, hydrogen atons,

and par¥Q cularly preferably 0050/51967 4 di ami nes contai ni ng terninal

am no gro@ps, disadvaariage of oups Ipvoaees & a sémehthndousn pall kyér tietiion or
m Xt ures of sarthanliecamrbatct Svhlitdh deads e (dnl hppsePiadley abky 6ased on an
al kyl skeh@ti@fwle product and to unwanted deposits in the apparatuses and
machines used for carrying out the process.
35
It is an object of the present invention to provide a process for
reducing the content of a monounsaturated aliphatic amine in a
mixture containing an aminonitrile or a diamine, or mixtures
thereof, and a monounsaturated aliphatic amine, in a technically
40 simple and economic manner which avoids said disadvantages.

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

45 Suitable aminonitriles (I) are compounds containing one or more,
such as two, three or four, nitrile groups, preferably one
nitrile group, especially compounds containing at least one



In a prefﬁégg? m diment, the diamne (1l) has from4 to 12 carbon atons.
10 Suitab 3 fnes (I1) are preferably selected fromthe group conprising
1, 4-di am nobut ane, 1, 5-di am nopentane, 2-nmnethyl -1, 5-di am nopent ane,

1, 6-di am nohexane (HVD) and 1, 12-di ani nododecane. 15 Such di am nes can be
prepared in manner known per se. HVD3can be obt ai ned by the parti al

cat al yt i cnhydilgaraupowhidh ABNlofated agdecenht &9 im@liphatid aarbpdr ogen to
gi ve m Xt HE@s Eilydingi 6ge YD tab( P er@blytibpe Waifolgeneatymy,ogenati on of

ADN 20 wi fh.@,085 308hah i ometectdar hydrogen. Catal ysts which can
advant ageously be used in this hydrogenati on are those based on a netal

sel ected fromthe gr conprising ruthenium, rhodi yum, nickel, cobalt and,

Loup,
pref er aBl §UIFIRAE AEPIBIHAIGF $04sFHT FFEPUPHE CRAWIPY PR InfQF R’ ot her
el enment s &8Chramomer sthIee tdfe feuse LN GHOBRS e PIEfCIRPSY SONS I@AMLAB| e
pr onot er sgasep egEpeicakbl yy cremponndsrepntsticlingsat Wgastthoee, ahir groupi ve,
el ements griestad located i iceup €6 Ia1lipgasléntdrboR aSohi €ityigr coni um
titani um gpd Hﬁ%,ugkeﬁ&aﬁiﬁh&éﬁ ahYBloyeANde LS, RIOGRSSurONdid isaR for
sai d “igcg' ons, Gan 08 fog’”‘ ic%rla%fagg’éeefe'r@et he,publGahLons, alneady cited
above. “SufTaBrE am nes § 1 are c}fl i ¢ Of Tinear cofmpounds contai.ni ng 35
at |east GABLEHHIGhAnFE 3BUBP IBVW drCa TOrATYMTD IEIPRLIE ALYt BF ni ng
at | east bthe end fnani atkyjerrhddnbl e bond, for exanple by an elimnation
reaction, or mxtures of such conpounds. The amine (lI11) used can

advant ageens! i teompound iaf pt8ge Abiyobadka & -diCddkp1 Cricdtee?) m R2 in
whi ch pRgand mindependently of one another are 1, 2, 3, 45 4, 5, 6, 7, 8,

9, 10, I1_or 12 referahly. .4, or. 6,_and_. 0050/51967 5_Bl and RZ
independeﬁf’lg %’?efc%ﬁgegn%‘[t&hgeq‘mgpg’- o"‘}ml-"ﬂﬁfﬁrbfe o‘fSI])t g STt B3 1 |
(CH = N T8*P?P @Hi9%¥%-R3 is an al kenyl radical having 3, 4, 5, 6, 7, 8, 9,
10 or 11 carbon atons belonging to the ring system In a preferred
enbodi mensuitdielearmmieofittilassed) i srsgrecfeedbly ose lErtiekde f gorowhec @pupSi Ng
di hydr @Ry EbRbeis iR 1ahmdhssitvirdhner i Be MRk hev s pdvuhriepyLédi ne,
tetrahydr gagepiye sand; beE2ied Q%ahadRdsEd ATIAES angr M XL UTES
t her eof . Qese. at{ﬁ?gles | I.lcgn. i prsese%nt n e .mo%turg %l\%l as 20
i ndi vi dual*cOMIBIASEE CBP LI eqdGeE s 7 e‘s?&%iﬂ “HPCAPAPRI I ) |
especially an aminonitrile, said adducts also being referred to as am nes
(1'11) in Peehsaminonisrpiesaan paverepared in a manner known per se.
25

6-Aminocapronitrile can be obtained by the partial catalytic

hydrogenation of ADN with a gas containing molecular hydrogen to

give mixtures containing HMD and ACN.

30 Catalysts which can advantageously be used in this hydrogenation
are those based on a metal selected from the group comprising
ruthenium, rhodium, nickel, cobalt and, preferably, iron, it
being possible for the catalysts to contain other elements as
promoters. In the case of iron-based catalysts, suitable

35 promoters are especially one or more, such as two, three, four or
five, elements selected from the group comprising aluminum,
silicon, zirconium, titanium and vanadium.

Such catalysts and the process conditions for said reaction are
40 described for example in WO-A-96/20166, DE-A-19636768 and
DE-A-19646436.

Suitable diamines (II) are compounds containing two or more, such
as two, three or four, amino groups, preferably two amino groups,
45 especially compounds containing at least two amino groups which
are located adjacent to an aliphatic carbon atom carrying one or
two, preferably two, hydrogen atoms, and particularly preferably



Such am n %5@ Islé nd processes for their preparation are 25 generally
known. Th r1 ﬁ?droazepi ne can be obtained in mxtures (1V) in the
parti al cat aI ytic hydrogenation of ADN with a gas containing nol ecul ar
hydrogen to give m xtures containing HVWOD and ACN, nornmally in amounts of 1
fo 10,000 ppm based on the nixture, %y the processes described for the

pr epar at i gAapingCNor3@iALRY, teyaiidad namibw (drioups ¢ ah. de amdnoedrdyps he

oxi dat i on 1etaasd nas thec bnasoHMn, aflkiy1 exteatpl, e owi hbx @8RS og0BLEH NI NY

nmol ecul ar gQxNgREs. | N a preferred enbodi ment, the m xture (IV) used can be
the 35 reaction product obtained fromthe partial catalytic hydr ogenati on,

such as g phase, hydr ogenat i orn u hase drogenatl on,
dinitril sT?‘ 8 'hefll(); S,\DN5 R4 ﬁrabé)ﬁgb%g(ﬁﬂoé’lnnﬁﬂ ol e skedet ﬂ?drogen in

t he presence of a catal yst such as a suspension catal yst or fixed bed

cat al yst, IsakdpreatrednefBogineoitGt thend tamineg (ACN less tiyemani tonizrile (1),
HVD as t heagdbani dxon(sl.l) and tetrahydroazepine as the amne (Il11) in the
case where ADN is the starting corrpound it being possible, if desired, for

all or [ ADYy50) vent eV|ous ogenati on to be
separ at@(fél1 E)li;?ab ¢ ChraiaSS Bﬁrgr &V oBs %rao §’er$ve5:i??‘6‘h%dfrr°?“ EEﬁ B

advant ageSBE‘PFb?”éF Cafafyapi apR: t hed-diGP4pPBIYEFe: 6 hydrogenatl on to
be separ ate®ebhyl-beffodéamhropantagee {i6Adjaninobexane t (#MDPr evdss accor di ng
to the invenRidieminvdadpeater red enbodi ment, the mxture (1V) used can be
the 5 reaction product obtained fromthe corrpl ete catalytic hydr ogenati on,
such a h i gui S tion,
dinit rlsllﬂ%%cgsgg%? ;h?é yi-:‘,%\fg)Nnﬁé #éﬁ%gebagyc%nﬁg?n?ﬂgwﬁoé%ﬁ%? hydrogen in
the presence of a catal yst such as a suspension catalyst or fixed bed

cat al yst, B¥Bj gap i obsA1e o et PEBH%}rprﬁaﬁgll‘IW dyqnegeaphipney PPN and

t et r ahydr ¥azbp rﬂzaswophelemm@o(mpu}ar nhitdregeasto wiieree mdBKukgst he starting
corrpound cohtbemng; pEps abdl ACN,f odebyr el damplatd Wydfmajenatfioanyf pnvent
previ ous wivged ¢4 tdoatbysingerakicanat otnaoyenarated of f. According to
previ ous observations, it can be advantageous for a 15 catal yst used |n the
hydr ogenat.on.t o be separated, of f befor he use

process atgcgr WhE 9 ec?lhvaedrﬁalnecﬁge%%% r(Ljb §S?§ Trhetqlr'?vvilng?)?lenaa °é1n| on| c
nucl eophi BEE(A ges & doF P feEadi Releeted \#)romze THE QS FPMBRLIHHIZ" i s
under st ooduither Bty roPdine, prickedy robakb: iand, apreterably t haeni nitotal the
nucl eo®s bei{y)pa=ribles fonetlsy caradysssicio aontabn ostHdrr e&emee'gsitaye
charges, piehet&dd.y 1@nenoegald W& ¢RahIaseld chRB1ySEdN "saiehpoghi lic" is
under st Oogrbfﬂo{:@f%&f ebPEc 185 Bhe ! BY GALN 588 ”E@”E %g@ @‘b' LWy off @

Conpound’f§§ed§gfgﬂé%% %%1&%%%8 %?Eho¥he f%u%hﬁam%¥ls%q%” perc pages

1477- 1489 orate in 30
met hanol | &% E)F‘ER‘I cﬁ?’rgf’n?%r@ ttl‘r’fé‘nrleﬁa?’h‘ii NAEHPE group bei ng bonded to the
conpour®® (V) via a nucl eophilic atomof the compound (V). A suitable

nucl eophi ISuchatae lyfstshend cripoprdce®s ¢ondirtianent @S sdldeckedt fomsmdalne gr oup
conpri si n@enEblindefor exygere and thel Hulbliqutdoasall yeduyt cAgen &bowXygen.
According to the invention, the conpound (V) is capable of taking up an H+

ion to fog megbf&'a%l%ghgﬁ@f% @95990 fcgforflz{ag,@ ddmpctaR! &fﬁ{aaf' o roms

to 10.5 aiure I n wat I nvent rron eI ative

nucl eop%? Pc ?@,Sfohnehgaﬁ'awbdmmw Sbig, Boa 9 fordRppound capable of

per chl or af8FRER Atolleatt 2o £AcBPAFPEtTQIeR0SRIRAS |Rendacfar ChssAPISc dd. 23
(1969) pagseselibnintitiondBdactiv,derenixineresae foaupagesnpbd8ds 1488, ranges
from3.4 to 4.7, preferably from3.6 to 4.6, when oxygen is the

nucl eophi lhg ZhaHe (LM dacti tRnd aBvat &I RYYbE F @B Buhl 3£ “the

0050/ 5'4%6%ormula

R1-(CHj;)~CH=N~-(CHj ) n-R2

in which n and m independently of one another are 1, 2, 3,
45 4, 5, 6, 7, 8, 9, 10, 11 or 12, preferably
4, 5 or 6, and



.7 when nitr .S the nucleophilic atom and from5.5 to 6.8, preferably
from5.8 {68%89%%@ 7Zn sul fur is the nucleophilic atom Wen oxygen is the
nucl eophilic atom of (V), phenates are 5 advantageously suitable, it being
possi ble for the aromatic ring system of the phenate to be nonosubstituted
or pol ysubstituted, such as disubstituted or trisubstituted, for exanple by
a Cl- to C4-al kyl grodpasdici? asiné¢pardentiiffybf onregropyheriamr 6eWl orn- but yl
i -butyl, s-butyl or t-butyl, by-sajial ogen such as fluorine, 10 chlorine,
brom ne or iodine, by a nitro group, by an ester group, by a carbonyl group

or by an amipge gﬂdés)%m\é\lggn nitrogen is the nucleophilic atomof (V),

sui t abl e conpoun are advant ageously those containing the structural unit
15 (R4 R5 N) where R4 is the radical of an organic aliphatic,

aryl al i phaki e—e+—aroeratt+e—aci d, preferably a carboxylic acid or 20 sulfonic
acid group, it being possible for the radical R4 to be substituted as

al ready descrihbed alowg £ar phenate, and R5 is the radical of an organic

al i phatic, arylaliphatic 25 or aromatic acid, preferably a carboxylic acid
or sul flcbni c acid group, hydrogen or a Cl- to C4-al kyl groups [sic] such as
met hyl ," et hyl _n-pr3opyl, i -propyl, n-butyl, i,-but%lj, s-butyl or t-butyl, it
bei ng possPbFBEiFh R hesramialliengd’ radirals We¥ing ut d 4305as8 al Freddy 9dedlri bed
above for phenate, it obelhgegdosi btems drelRpgand €5 the brdngospdtedh.t oget her
ot her than by the nitrogen nentioned in the above formula, for exanple via

Em_ 3' kyl ens, aabfdf&rﬂédeeﬁb@ai@wtl,e@ﬁebs:hﬂgf,(Iﬁ&fyf gsadb! i ‘éieieélf‘e&gfz@hb’: ente

ri dge. r i can be a |l actam
ani og o]Td Qﬁg é%ﬁ&gq:&%(g?%ﬁg 40, IOE%&:& %%ﬁgbhﬁ%é%%/ ?gg?’8 in which R6
is an al kyrBREMY At E&WHﬁSP%lgﬁ‘%, gtranydyoagepgne g, mopounsatpated, g

bel ongi ng C¥61PPRASGHGNIPES erRT IMLXFRFAY tRAEEM e for the radical R6 to be

substituted as already described above for phenate. 5 In a preferred
enbodi nenthes&eamircdseqElil ) ec4V)belupedsern e thecapkobmct@wmyaason. | n anot her

Earti cudoalrihuimqﬁiﬁr r&ﬂ\p@ﬁb?é“die%t& aHb@c@,P'f%?pEkhﬁpié/%wi:EQ HSRek cam bet a .
enzenesu n aRHhQN : d ar s r , e
o o 7 oL Lan, ISR Bl B LB T R

t ticularl
pref err ed “@nBB TN C‘?Eé n%l%&ﬁ‘ﬁ"i Plgnhﬁe F%g@‘%gsaﬁn‘f)een g’ﬁate. Eg; ey

conpensation of the negative charge on the anionic nucleophile (V), the
| atter casubb amines dgéfheandindocensesrigmrtheid prepanas:ignetreably sel ected
fromt s geaapahnkrnosinng Thiditsrahpdtecigepinkasah e obthidedmn cesi um
nmagnesi UMpaRduéd Ci1vy i8SPRE| pHrth aCOAREA H}YIE hivHRO§ERatSQA B ARPLASH UM
magnes! umaaggs CAb A UM AR ImEAE I 1GY BT hYoddE ey %glvé{ fBRI e BOn LM Y1y and
pOtaSSIUWhM 5and ACN, normally in amounts of 1 to 10,000 ppm, based on the

mixture, by the processes described for the preparation of ACN.

30
Also, said amines (III) can be formed by the oxidation of amines
such as HMD, for example with gases containing molecular oxygen.

In a preferred embodiment, the mixture (IV) used can be the

35 reaction product obtained from the partial catalytic
hydrogenation, such as gas phase hydrogenation or liquid phase
hydrogenation, of dinitriles, especially ADN, with a gas
containing molecular hydrogen, in the presence of a catalyst such
as a suspension catalyst or fixed bed catalyst, said reaction

40 product containing ACN as the aminonitrile (I), HMD as the
diamine (II) and tetrahydroazepine as the amine (III) in the case
where ADN is the starting compound, it being possible, if
desired, for all or part of any solvent previously used in the
hydrogenation to be separated off. According to previous

45 observations, it can be advantageous for a catalyst used in the



Accordi ng tog tgﬁ i6 vention, the nucleophile (V) is added to the m xture
(Ir'v) in af % £ anging fromO0.01 to 10 nol per nole of amne (IIl) in
the mxture (1V). 30 Advantageously, the anmount of nucl eophile (V) can be
at least 0.05 nol and especially 0.1 nol per nole of amine (Il11) in the
m xture (1V). Advantageously, the ambunt of nucleophile (V) can be at nost
35 1 nol, hedpegeratipnato nustsepabated «ffl bedbrecthamiktpref eTwaplis asedost

0.5 nol peh oW GrdfcedBi A6cdddiny kB the iHvéhuien(lV). The nucl eophile (V)
can be added to the m xture (IV) in a manner known per se, for exanple in

conventi ogal _m xi appar.at uses such 40 as _tan sicl, product |ines and

m xi ng de Pc%s?ret%egéﬁgee%b e f )H}l%éen&}é}’{eo“pﬁ'ﬁ]dl (‘-fgf’\ﬁ"e cHIf be added to
t he m xPuF8agfipgn RIPGPEL t PREGHNRAUFECR \ANe comphete fintédYitAfo a distillation
devi ce fohydsogsnrdriani opue ashgagi phase hyidropenatidme ori dtignid (PHase Peri ods
of 5 to 1R9drddeiaasonespadialityidés 10edpecf@lm;nabes vikve gaoved

advant agegufit A5n AL BIBcE LAY aGlrbh8Es fetengeBridendd HrubhechiMyst QQefR/ 51967
0 and the,gug! GABUHSSof Ya BAARE of NELQ HlOBa LT 02 Sl Loty devi ce,
sui t abl 3 tenperatures, advan lﬁieous&%/téan Iing iro to 170C. not her
possi bit% PYOTESY FIWEFBUE Mh&snt BIRG) (ShY 3He SREEPBBHIIGAEPAT

separ at el #5i BR® A 4THEV e tARdCR®e cHar® ABY iheheesterbidf the mixture
(1'V) wi t hcompounst| déphelieg (PPssabdet hif shgsdradi ofowfalilhernpart taf @@y from
the m xt usBl(dMY prievabespPy QoSS 14t EPe Nydrbgengt PO idbe bepatdwedieekeophile
(V) to beadfo}idLAUCBHePIBl (Bl PReiNEr ikhEafMd rRvRAGLAN Nt 0ge Of
e sl BhLoly S Aes oF LU QuhDBolOLLOI % bOCaaitahibr P TR ne
ccording T0 the invention,. the g rite (I I's distillTed Tromthe m Xture
(VI) at a™t8HpEs difPelfattfithd ™ £8f BEPIES 51 26ECT JRd dPabP§ 1BV§MIMAR70 to |50
[sic), and a pressure ranging fromO0.5 to 100 kPa, preferably fromO0.5 to
10 kPa. Sactabdinaqppathe usesndient has earciomienhioleddhiles¢d) f iy added

di still atienthd akix@xagp(evi.he ones described in Kirk-CQ hmer, 20

Encycl ggedi a of Chem cal Technol ogy, 3rd ed., vol. 7, John Wley & Sons,

New Yor K, 7 )7 | - I bubbl e-
col ums. BhEkEerEORIoRIEy HE unBlESk A SPUELR BE éggg%?t varj ant s of

acked. ,
such appagﬁY%%fe’soq A5t BPARI TS tﬁ‘raficé’ést?teﬁt}hr’fgﬁogk’i‘?i% V515395 %n can be
carri ed o@peiPr NAFEraFUED| MY Stichh%Re 2 NgPaBlyey| dhfTgesankr ekfralageous| y
in a singbeaecetgativeAnhaxgetril es and dianmines are precursors for the
prepar @&si on of 30 industrially inportant polyam des such as nylon 6 or

i BRI AR L e e L
not % bas , Bof.assi um t%i i an Istill H86c*and 0.5
kPa (bottgﬁf”?é Ot AFER 1%*&"1'1%&?@% dTaggl)iP?%ﬁﬁ §ﬁ786 gﬁﬁ % in 40
| engt h coRi8PIAGRy PheAPGF FRelafatiee 9F PRy ErofF perhybPerchiggatf st | | ed over,
t he di S0i hebkhanmligasodvbippedt @5Hpm tdfe Temaheirg frakhali arove htiiewi | | ate. 45
0050/ 5196BoAfed to the compound (V) via a nucleophilic atom of the

compound (V).

A suitable nucleophilic atom of the compound (V) is an atom
35 selected from the group comprising nitrogen, oxygen and sulfur,
preferably nitrogen or oxygen.,

According to the invention, the compound (V) is capable of taking
up an H* ion to form an acid with a pKy ranging from 7 to 11,
40 preferably from 8 to 10.5, measured in water at 25°C.

According to the invention, the relative nucleophilicity of the
compound (V), measured in methyl perchlorate/methanol at 25°C
according to Koskikallo, Acta Chem. Scand. 23 (1969) pages

45 1477-1489, and determined as on pages 1487-1488, ranges from 3.4
to 4.7, preferably from 3.6 to 4.6, when oxygen is the
nucleophilic atom, from 4.5 to 5.8, preferably from 4.8 to 5.7,



Exanpl e 2 gggo\ﬂ 82 6-am nocapronitrile with a THA content of 1~ by weight
were trea? PLR%%0 nol 0, based on THA, of potassium phthalimde 5 and
distilled at 96C and 0.5 kPa (bottom tenperature 110-115C) over a
distillation colum 1 min Iength containing V2A wire-gauze rings. After
450 M had distilled over, the distiFPlation was stopped. 0.09 by wei ght of
THA was fwherd riinrbbendistiid aneledfhifdanptem3 et firbe BohttaeaBs separati on

of THA frgieferaib1§oeash Oid il 6.7 5-HEMRGAPEAN S rdhle nWkb1bophiiHd aeshent of
300 ppm by wei ght was 15 punped continuously into a 750 ml tank in which a

suspensi op, of potassium.phthalimde in 6-am pocapronitrjile with a THA
content of -3b xgﬁ%nblsvﬁlfe ﬁ’tucj‘ gplblglrlﬁ:g agf’]“r?gd@’ @%&.na e a}‘ré‘n's_ul ting

pot assi GnfPHRTHAIEAPELY cH @R eof 11 REDG BPFBHP YL OFeBhe 78X RISy ThBE ght . 20
Thi s sol usystremwaed phepekensdet trubeshonasubsbituted oankolnswbst iXsBed

di still at s@¢h fdsaghi subsoMudsdc brt bei ABNtiaatdd stidd esampld byrlarc,antb a

bot t om t eFReNALYT §r&ip Lidh Q¥ehethyR0! BERYBO fiprbByh eNSLd-iRAt ahDhig,1V2A

W re-gauze [i.ngs. .2 35 40, \\ adi t f 21 n._ a

t ake- off/?eﬂ‘{}%’rgi%g’g]f %0%58%%3' by & gé%g%’lgrgc%ac?]gggrg%@%fmeio m/h, 30
ppm by 1Ref YT 3  TRECIER® FodRE Py the 2dPSETP I FHBIP TRE 7 3-S5t 9¥OUP,

6- am nocabY chiErPPeY ha3r @B or4by apBu/MR1967udl we claim 1. A process for
reduci ng the content of a nonounsaturated 5 aliphatic anmine (II1) in a

m xture (Wh@n GaRtragshNPs alheafuBOBbpHilie Gtdmost & Wi, aguiCalhld )comPouftixt ur es

thereof, apd 4dvanadhB6udly lhosWhEsRidimdhgt BRe Modudit@rbh Vinis reacted with
an ani gpi ¢ nucl eophile 10 (V), which contains a nucleophilic atom sel ected

fromthe grpup conprising oxygen, nitrogen and sulfur, 15 which is capable
of taking %p%nNi—H ion to forman acid with a pKa ranging from7 to 11,
measured in water at 25C, and which has a rel ative nucleophilicity,

nmeasur ed wineretRlyl 20ipearhehkredata) net hanotgati?BCiphanie ngriyleiighatic 4. 7

when oxygen is the nustenpiiakie & prepeiaely rO®adbbxyDid.d&iwhen nitrogen
i's thejgucl eophilic 25 Al 888" &WHNI:Er ARy Dok@iB18 Menmul fur is the
nucl eophilic atom radical R4 to be substituted as already described

above for phenate, and

R3 is the radical of an organic aliphatic, arylaliphatic
25 or aromatic acid, preferably a carboxylic acid or
sulfonic acid group, hydrogen or a C;- to Cy-alkyl
groups [sic] such as methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s-butyl or t-butyl, it
being possible for the radical R5 to be substituted
30 as already described above for phenate,

it being possible for R% and R> to be coupled together other than

by the nitrogen mentioned in the above formula, for example via

an alkylene, alkylarylene or arylene bridge, preferably via an
35 arylene bridge.

In a preferred embodiment, the nucleophile (V) used can be a
lactam anion of the general formula

|
L (COo) = N-
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in an ano i fromO0.01 to 10 nol per nole of 30 amine (lI1l) in the
g d )

m xture ( e a mxture (VI), and b) the amnonitrile (1) or the
diamine (Il), or mxtures thereof, are distilled fromthe m xture (VI) at
35 a tenperature ranging from 50 to 170C and a pressure ranging from0.5 to
100 kPa. 2. A process as clained in &aim1 wherein the aminonitrile (1)
used is annawhpblatRéc dgi anrdlkyilleeehaadigpl hamidgtd, X2, 6,46, a"l,orm, 93. 18

process as clained inegl @i nearpdiehebis HEL HFIAGNES ridee r(lhloq §9§ m,S idn
al i phatic am nonitri '% Qgé % %QEP o£ QuileZ d%QirBRe»“E&o bQ050 A 96T od2
1

selected fromthe gro yr.on
5-ani noval eronitrile, Y. ge ﬁfh%égiéhwﬁﬁlFPFIQPe %ﬁnlnocapronltrlle

and 12- @i nododecanitril e [sic]. 5 4. A process as clainmed in claim1l
wherei n t Ha di preferyed )emhg@una@.amhal nphigaphideakV heusdedvicag beom 4 to 12 C
atons. 5. cAppbbaesasn ashiiohai ned in claim1 wherein the diamne (l11) used is
an aliphatic diamne having from4 to 12 C atons selected 10 fromthe group

conpri si n%HS ﬁogh@:rm %ﬁ%@f&r#g@&gégﬁg%}%dﬁﬁgna 1ttie2 nalcleoRth]bede(élane

2- met hy |an1n nohexane an
A proced use cF%FrRﬁiﬁ ﬁeﬁﬁ?n%ﬁu%ﬁQ&FW% % ¥ B wherein the 15 anine (111)

used is a conpound selected fromthe group conprising di hydropyrrol e,

t et rahydr duyendithey oathiédt bt maleferopy rembaiimenet ridiey drucdzephis (V)

2- am noaze@ad, chh (B az 9hane) idide dnashnohexane,

N—(2-azepano) 6- am nocapronitrile and nonounsaturated 20

cycl od i of. cl a erein
the nuc eo*hgﬁwg qpartacﬁigéf%ioﬁ%%%#'%ﬂ 8L D TRomi £ Jly

fonam de ahi on. process as
cl ai med |ﬁs§Hy°6 3%€t o 7 wherein the nucleophile (V) used is a

pht hal i m de anion. 9. A process as clainmed in any of clains 1 to 8 wherein
t he nucl eGPl tempafsatsed pf Premegeti®d difargk pnotkssara®ndkai med in any of
clains 1 tnaclevprRiB NM)hetRelClaapi ben (D8 uksRd tbgethédAGiiam 3Rk O Gforiche
gener al 3¢ QF4bA sF$&é¥%r@G§§ FeNbdtrdMrbeh £ iGRB éb%ﬂ%f%%% r adi gk having 3,
T %a procsciing pokaskly) A EARol2boR, URl AL Ak s Ll ELpg System
11. A process as Ry d Fai o s nUcIeophlle
(V) used F?PEC&abBYé¥FWFE§FE? jm, so ium, potass1um, magne51um and

calcium and particularly preferably comprising sodium and
potassium.

25
According to the invention, the nucleophile (V) is added to the
mixture (IV) in an amount ranging from 0.0l to 10 mol per mole of
amine (III) in the mixture (IV).

30 Advantageously, the amount of nucleophile (V) can be at least
0.05 mol and especially 0.1 mol per mole of amine (III) in the
mixture (IV).

Advantageously, the amount of nucleophile (V) can be at most
35 1 mol, especially at most 0.8 mol and particularly preferably at
most 0.5 mol per mole of amine (III) in the mixture (IV).

The nucleophile (V) can be added to the mixture (IV) in a manner
known per se, for example in conventional mixing apparatuses such

40 as tank [sic), product lines and mixing devices, to give a
mixture (VI).

The nucleophile (V) can be added to the mixture (IV) before the
mixture (VI) is introduced into a distillation device for

45 separation of the nitrile (I) from the mixture (VI). Periods of
5 to 120 minutes, especially of 10 to 60 minutes, have proved
advantageous as average contact times between the mixture (IV)



45 12. A ﬁrg i gs, claimed in any of clains 1 to 11 wherein the anionic
nucl eophi 8 P?; |9 used together with a cation selected fromthe group
conpri si ng 0050/ 51967 13 lithium sodium potassium magnesi um and
calcium 10 15 20 25 30 35 40 45
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5 Another possibility is to introduce the mixture (IV) and the
nucleophile (V) separately into such a device and to carry out
the reaction of the mixture (IV) with the nucleophile (V) and the
separation of the nitrile (I) from the mixture (VI) in one
process step, it being possible for the nucleophile (V) to be
10 introduced onto the top, over the entire height onto one of the
separation stages or into the bottom of the distillation device.

According to the invention, the nitrile (I) is distilled from the
mixture (VI) at a temperature ranging from 50 to 170°C, preferably

15 from 70 to 150 [sic], and a pressure ranging from 0.5 to 100 kPa,
preferably from 0.5 to 10 kPa.

Suitable apparatuses are those conventionally used for
distillation, for example the ones described in Kirk-Othmer,

20 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 columns or columns with a
side discharge, or variants of such apparatuses in terms of
process technology.

25
The distillation can be carried out in several columns, such as 2
or 3 columns, and advantageously in a single column,.

Aminonitriles and diamines are precursors for the preparation of
30 industrially important polyamides such as nylon 6 or nylon 6.6.

Examples

Example 1
35
500 ml of 6-aminocapronitrile with a tetrahydroazepine (THA)
content of 300 ppm by weight were treated with 30 mol%, based on
THA, of potassium phthalimide and distilled at 96°C and 0.5 kPa
(bottom temperature 110-115°C) over a distillation column 1 m in
40 length containing V2A wire-gauze rings. After 450 ml had
distilled over, the distillation was stopped. 6 ppm of THA were
found in the distillate.
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With a loading rate of 210 ml/h, a take-off/reflux ratio of 50:50

and a bottom discharge rate of 10 ml/h, 30 ppm by weight of THA

were found in the distillate. The yield of 6-aminocapronitrile

was 95%.

30
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&'()-!#&10%£hch&f@piqmm@qnya@ps a nucleophilic atom selected from the

group comprising oxygen, nitrogen and sulfur,

15 which is capable of taking up an H* ion to form an acid
with a pK, ranging from 7 to 11, measured in water at
25°C, and

which has a relative nucleophilicity, measured in methyl
20 perchlorate/methanol at 25°C,

ranging from 3.4 to 4.7 when oxygen is the nucleophilic

atom,

ranging from 4.5 to 5.8 when nitrogen is the nucleophilic
25 atom, and

ranging from 5.5 to 6.8 when sulfur is the nucleophilic

atom,

in an amount ranging from 0.01 to 10 mol per mole of
30 amine (III) in the mixture (IV), to give a mixture (VI),
and

b) the aminonitrile (I) or the diamine (II), or mixtures
thereof, are distilled from the mixture (VI) at
35 a temperature ranging from 50 to 170°C and a pressure
ranging from 0.5 to 100 kPa.

2. A process as claimed in claim 1 wherein the aminonitrile (I)
used is an aliphatic aminonitrile having from 4 to 12 C

40 atoms.

3. A process as claimed in claim 1 wherein the aminonitrile (I)
used is an aliphatic aminonitrile having from 4 to 12 C atoms
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6. A process as claimed in any of claims 1 to 5 wherein the
15 amine (III) used is a compound selected from the group
comprising dihydropyrrole, tetrahydropyridine,
3-methyltetrahydropyridine, tetrahydroazepine, 2-aminoazepan,
N-(2-azepano)-1, 6-diaminohexane,
N-(2-azepano)-6-aminocapronitrile and monounsaturated
20 cyclododecylamines.

7. A process as claimed in any of claims 1 to 6 wherein the
nucleophile (V) used is a benzenesulfonamide anion.

25 8. A process as claimed in any of claims 1 to 7 wherein the
nucleophile (V) used is a phthalimide anion.

9. A process as claimed in any of claims 1 to 8 wherein the
nucleophile (V) used is phenate.
30
10. A process as claimed in any of claims 1 to 9 wherein the
nucleophile (V) used is a lactam anion of the general formula

R6 |
35
L (CO) = N-
in which R® is an alkylene radical having 3, 4, 5, 6, 7,
40 8, 9, 10 or 11 carbon atoms belonging to the ring system.

11. A process as claimed in any of claims 1 to 10 wherein the
nucleophile (V) used is a capolactm [sic] anion.

45 12. A process as claimed in any of claims 1 to 11 wherein the
anionic nucleophile (V) is used together with a cation
selected from the group comprising
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