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HEM HYDROGENATI ON OF DI NI TRILES I N ORDER TO FORM AM NONI Tﬂﬂummlmmmﬂmmmsent
i nvention relates to the hem hydrogenation of dinitriles ing 5
amnonitriles. The hydrogenation of dinitriles is generally casgijsed out in
order to prepare the correspondi ng diam nes; thus, particularly, the

hydr ogenat i oyoofo3gqoesa ril e resul ts i nphexanet hyl enegicayrrd.2 /iopalaf 10
one of the two base compounds for the preparation of polyam de-6, 6.

However, it can sonetines prove necessary to prepare not the diam ne but
the internediate amnonitrile. This is the case, for exanple but not 15
limtingly, |IMETH@DhEORNYHEOCHEMIEYDROGENATIONNOF M DINITRIRESNINAORDERIII | €,
whi ch is capabl e of subsequently being converted to caprolactam the base
conpound for polyam de-6, or dTPcEORM AMINONYERIEEBS6. Thus, Patent US 4 389
348 discloses a process 20 for the hydrogenation of dinitrile to
cc~-anminonitrile by hydRy@resertimigienEmn aplates sod vidie mediumin the
presence of rhodium deposited on a_basic support. Patent US 5 151 543

di scl oses a prefidssinegenatd Purds Aimyidrofhate diroresRendiigdes to 25
amnonitriles in a solvent in nolar excess of at least 2/1 wth respect to
the dinitPil &GP 10 qui d ammoni a or an al kanol conprising an

i norgani ¢ base

The hydrogenation of dinitriles is generally
carried out in order to prepare the corresponding
diamines; thus, particularly, the hydrogenation of
adiponitrile results in hexamethylenediamine, itself

10 one of the two base compounds for the preparation of
polyamide-6,6.

However, it can sometimes prove necessary to
prepare not the diamine but the intermediate
aminonitrile. This is the case, for example but not

15 limitingly, in the hemihydrogenation of adiponitrile to
aminocapronitrile, which is capable of subsequently
being converted to caprolactam, the base compound for
polyamide-6, or directly to polyamide-6.

Thus, Patent US 4 389 348 discloses a process

20 for the hydrogenation of dinitrile to w-aminonitrile by
hydrogen in ammonia and aprotic solvent medium in the
presence of rhodium deposited on a basic support.

Patent US 5 151 543 discloses a process for
the partial hydrogenation of dinitriles to

25 aminonitriles in a solvent in molar excess of at least
2/1 with respect to the dinitrile, comprising liquid

ammonia or an alkanol comprising an inorganic base
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2 which is soluble in the said al kanol, in the presence of a catal yst of
Raney cobalt or nickel type. Patent US 5 981 790 relates to a process for
the partial hydrogenation of dinitriles to 5 amnonitriles in the presence
of a catal yst based on Raney nickel or Raney cobalt in the presence of at

| east 0.5~ by weight of water in the reaction nmedium conprising the
products to be hydrogenated and the hydrdgenated conpounds. The catalyst is
used in 10 conjunction with a base. These various processes nake it

possi bl e to jwWsiimh yi spresdudd earirariheoriaid |alkanbla dirartihe presesic i vel y -
high ratios and with relatively high production of by-products which are
difficult toofsa&ahedvet Sfudiaaeyaraekadiit iqruatigkeeitPearri ed out to

nodi fy this ratio in order inanrticuI ar to increase the production of

aminonitrile at the exgé@t&&tl% RS Mhmsietat M o RPIRFuden he

2 brocess T or @A E AR AT o K AGd 1% for the. product on
o Al it semee e, BRSPS B B58d Prpacsi bl e o
brbducti o of SieeacRa1 qp MR ] e I U o R ] et o of

the present i ti S 4 rQvi v Gﬁﬁﬁﬁﬁ r e _sel ective
hydr ogenat i or}ré\(??%a O(s)'irsr?sglbe%( r‘ﬁ%tlig?llbg c{‘ivur‘i%tet:iegfnar}]q1 gt!rhoegp of a Jd'?rll?ét&rll e (referred
to in the presafrildXy ahdPAJHMHQRIMAHOMydr Yyttt RIPA R

predom nantly the 5 corresponding amnonitrile and only to a m nor extent
the di am ne, Widdogenatel doapraindsn afhdyeagyaadunt S.s Mye3 sipecifically, the
invention relates to a process for the hem hydrogenation of aliphatic
dinitril é9 t ccogurnespendiwighar@ masd.ril es using 10 hydrogen in the presence
of a hydrogenation catal yst, for exanple based on nickel, on cobalt, on
Raney ni ckel or on Ran&hesghatar,icopst iroraldssenmplissiing wostojiley ted enent
chosen fromthe elenents from Goups 3 to 12 of the Periodic Table of the
El enents accdidinig vt @raseices arnupRAd nesdd 1a wrel putsliiagstigw iim t he Handbook
of Chem stry and Physics, 80th edition, 1999-2000, and of a strong

i nor gani ¢ bad& @&HMALYy Hiedmrat o and weth mlahivglnmdiadrth netal or

content of AP TRRGEImS o DY SRR ARSI ete 5 LALHE o [quid
conpound f t sai d di di_,am ne .and/aor,. aminonitrile capahl e of being
f or ned f?LOS(r)n tsr?g)%(ﬁa%et'r {gtél#ggsnealrﬁy(frogl eny ang'L,y ed'ri%cccﬁ‘ﬁféﬁ(g(f“& %‘} rile,

t he content ' : c [ ' of 1 t.hr ompounds in the
nmedi um bei ng%&%@%%&@g@) I%nrlg'ogg?g%écrgg&} _r‘ngazrf{c';Lcjt?ﬁZa% nt\r#eﬁt%}cgrrﬁrg)st%e

hem hydr 0genate0pARRA 19 Io¥ Galirded QU1 d e e expense of that

C

of diamine and also to reduce the formation of by-
products.

20 Thus, Patent Application WO 00/64862
discloses a process for the partial hydrogenation of a
dinitrile for the production of aminonitriles in the
presence of a hydrogenation catalyst, of an alkanol or
a liquid ammonia solvent and of a compound which makes

25 it possible to improve the selectivity of the reaction
for aminonitriles. However, the production of
undesirable by-products remains high.

One of the objects of the present invention



4 presence of at |east one additive which increases the selectivity for
amnonitrile with respect to that obtained with the additive-free system
descri bed above, while nmaintaining the overall selectivity for 5
aminonitrile and dianmine at a |l evel at |east substantially equivalent to

t hat obtained wthout the additive. The term"selectivity for a product” is
understood to nean the yield of this praduct obtained, 10 calculated with
respect to the amount of dinitrile converted at the end of the reaction.
Thi s additi vesi soapeonpdend abeeénpioermsishdogr atle celsicstimeg of 1 - a
conpound conprising at | east one cyanide 15 radical not bonded to a carbon
atom - an ohydmogenstapnr pife ac snpgiednitra leetfuaslthipnaimgmioum of a

tetraal kyl phosphoni um hydroxi de or fluoride conpound, - a conplex conpound
from coor di nginédxr2depdraEenred teadn She Presendt 6@x&n@sat | east car bonyl
radicals, - an alkali nmetal or alkaline earth nmetal fluoride_conpound.
Mention may BETABYET OFENEEARHINd S Oc 8FptPs PRGPAS Sa PTISEREL neme 1ay &fiede

radi cal nqot bonded to _a carbon atom, of inor %nic cyani.des,

or gani ¢/ i nor GRAFESPYRAGEs A RRtEE 1dEnBP Qg &r EOaPt T1NOFC FXEEMNy dr ogen
cyani de, llt@h%nhi%%gh%q]wgg a%ﬁhg%g rf%%%%%&o%Y%%l%@Lproducts.

More specifically, the invention relates to a
process for the hemihydrogenation of aliphatic
dinitriles to corresponding aminonitriles using

10 hydrogen in the presence of a hydrogenation catalyst,
for example based on nickel, on cobalt, on Raney nickel
or on Raney cobalt, optionally comprising a doping
element chosen from the elements from Groups 3 to 12 of
the Periodic Table of the Elements according to the

15 IUPAC nomenclature published in the Handbook of
Chemistry and Physics, 80th edition, 1999-2000, and of
a strong inorganic base deriving from an alkali metal
or alkaline earth metal or from an ammonium. The
starting hydrogenation medium comprises water at a

20 content of at least 0.5% by weight with respect to all
of the liquid compounds of the said medium, diamine
and/or aminonitrile capable of being formed from the
dinitrile to be hydrogenated, and unconverted
dinitrile, the content by weight of the combination of

25 these three compounds in the medium being between 80%
and 99.5%.

According to the invention, the

hemihydrogenation reaction is carried out in the



5 the cyani de conpl exes K3[Fe(CN) 6], K4[Fe(CN)4], K3 [Co (CN) 6] , Kz [Pt
(CN) 6] or KQ[Ru (CN) 6] , or ammonium or al kali netal thiocyanides.
Mention may be nade, as organic/inorganic cyanide, of tetraal kyl ammoni um 5
cyani des, such as tetrabutyl ammoni um cyani de, tetranet hyl anmoni um

t hi ocyani de or tetrapropyl ammoni um t hi ocyani de. Mention nmay be nade, as
organic isonitrile conpounds suitable fot the invention, of tert 10
octylisonitrile, tert-butylisonitrile, n-butylisonitrile,

i sopropyl i sopiresienee lodEnay ileastt onee adetitiivies aiitah ligcreidad itdenitril e
and anylisonitrile. Mention may be nmade, as coordination conplex 15
conpounds, ofsefliestdonplyees eovimonditng,leasicdnplesgeary denpdwtds, or gani c
conpounds conprising carbonyl, phosphine, arsine or nercapto functional
groups conne ined we tirettdle adshittivefapehevsdds desaiibegbladpawst,al s, of
in particular the nmetals from20 Goups 7, 8, 9 and 10 of the Periodic
Tabl e of t heVBiidfeMed Nfedtiisge Fhepoveraddc medectiion taxdigsl e, iron,

rut henium_ cobalt, .osmi.um rhenium iridiumor rhodium Mention nay be

made, as Or g@AFEPeTaddiSk FPohi A E &b de 16V @St ild@Stonpounds, of 25
tetraal kyl ammponi uns _aqr_.tetraal.kyl.phosphoniuns conpri sj ng hydroxyl groups or
fl uorine at ofs 5%35’&&51& %gquﬁé%&ﬁ?%n&@mt&a%ﬁg’ﬁﬁ%%m.%e al kyl
radical s are_pr fte_;L%bl y hydrocar bonaceous groups 6 conprising froml to 8
carbon atons. ese radicals can be linear or branched. By way of exanpl es,

t et r amet hyl anmoni um t%rea‘i’:tef})‘fLﬁt ; ’éithE’I‘vittﬁz.t rer %pﬂr%%b’{linuq‘fsor t he

tetrabutyl anmoniumand 5 tetra phosphoni um are “sul e

i nvention. Age@iedisR@olo td Meakeiihed WhRapdehtd ¢ adde 5; t‘é%téd),“’ the

ratio by weight of the selectivating agent with respect t e wel ght of

catal yti qcel egariula®ed a5%ed raspeitdhtlo ehamiuntSWih @siftgkel , is 10
between 0.001:1 and 2:1, advantageously between 0.005:1 and 1:1. This ratio

vari es accor diongyetre eidhatnather endf ofhehselresidtdain.ng agent. The process of
the invention nmakes it possible to obtain, for degrees of conversion of the
15 dinitrile of greateMhtisamrdditive sel ecidonipopnfdrchasemofirtorn Itheof greater
than 65~ and an overall selectivity for amnonitrile and di am ne of greater
group consisting of:
- a compound comprising at least one cyanide
15 radical not bonded to a carbon atom,
- an organic isonitrile compound,
- a tetraalkylammonium or tetraalkyl-
phosphonium hydroxide or fluoride compound,
- a complex compound from coordination
20 Dbetween at least one metal atom and at least carbonyl
radicals,
- an alkali metal or alkaline earth metal
fluoride compound.
Mention may be made, as compounds comprising
25 at least one cyanide radical not bonded to a carbon
atom, of inorganic cyanides, organic/inorganic

cyanides, cyanide complexes or salts, such as hydrogen

cyanide, lithium, sodium, potassium or copper cyanide,



than 90~. The aliphatic dinitriles which can be 20 enployed in the process
of the invention are nore particularly the dinitriles of general fornula
(I): NGRCN (I) in which Rrepresents a linear or branched al kyl ene or

al kenyl ene group having from1l to 12 carbon atons. 25 Use is preferably
made, in the process of the invention, of the dinitriles of formula (1) in
which R represents a |inear or branched =l kyl ene radical having from2 to 6
carbon atons. Mention may in particular be nade, as exanpl es of such

dinitriles, aheadiyponider idomp(lacs, KIEFEYCE) LT ArKyTiFd (NS, 1, '
et hyl succinonitrile, malononitrile, succinonitrile, glutaronitrile and
their 5 m xt Bs€8¢ (CN) plar tKdWtAICN) e orxKufRs(@f) ddi paniantridrd wwnd/xor  of

met hyl glutaronitrile and/or of ethylsuccinonitrile capable of originating
fromthe samalipddesetidr thieocypmikiesi.s Mehtddinpoaivt iid enaden @rsactice, the
case where R = (CHZ)4 wll be 10 the comopnest, as this corresponds to the

use of adi pofrganie/(AONPaNG ¢t ls&apricsento iptetaaalkplamsondmg i nor gani ¢ base
is general |y conposed of alkali netal or alkaline earth nmetal or ammoni um
hydr oxi des, ~ EXPPdR&Bes SHFH &Sk Seitdedutlamponium cyanide,

tetramethylammonium thiocyanide or tetrapropylammonium
thiocyanide.

Mention may be made, as organic isonitrile
compounds suitable for the invention, of tert-

10 octylisonitrile, tert-butylisonitrile,
n-butylisonitrile, isopropylisonitrile,
benzylisonitrile, ethylisonitrile, methylisonitrile and
amylisonitrile.

Mention may be made, as coordination complex

15 compounds, of the complexes comprising, as complexing
compounds, organic compounds comprising carbonyl,
phosphine, arsine or mercapto functional groups
connected to the metal. Mention may be made, as
suitable metals, of in particular the metals from

20 Groups 7, 8, 9 and 10 of the Periodic Table of the
Elements mentioned above, such as, for example, iron,
ruthenium, cobalt, osmium, rhenium, iridium or rhodium.

Mention may be made, as organic
tetraalkylonium hydroxide or fluoride compounds, of

25 tetraalkylammoniums or tetraalkylphosphoniums
comprising hydroxyl groups or fluorine atoms connected
to the ammonium or phosphonium groups. The alkyl

radicals are preferably hydrocarbonaceous groups



15 preferably chosen from al kali netal hydroxides, carbonates and

al koxi des. Preferably, the strong inorganic base enployed is chosen from
the foll owi ng conmpounds: LiCOH NaOH KOH RbOH CsOH and their m xtures. 20
I'n practice, NaOH and KOH are generally used, although RoOH and CsCH can
give very good results. Water is usually present in the reaction nediumin
an anount of |ess than or equal to 200 by weight. Preferably, the content
of water in the 25 reaction nmediumis between 20 and 150 by weight with
respect to therponsimed droguild worssicenbent swind hertsaial retlicans Tden overal |
concentration of targeted 8 amnonitrile and/or of the corresponding

di am ne and dfe tlherasarc anvémteedhdidhi By veayi o ft hexamgeeds ,on nmedi umi s

general ly between 85~ and 99~ by weight with respect to the conbi ned

|'i qui ds i ncl udddame thiyd agniadh irvaac tiedir &6 thadiammorfha anount  of st rong

i norgani c base is advantageously greater than or equal to 0.05 nol/kg of
cat al yst. Préfesramneryianmoryame dietrabunylaamprpiumlanser kg of catal yst

and nore preferably still between 10 0.15 and 2 nol/kg of catalyst. The
cat al yst usedSHFAMEYIRRASEFENDHELF Heitaklhdiar BRITReEHiIRE! or a

paney cobell The | 2L Tanm el saml e, WAl LGN Lo Lhe ek
ctarting ol Surlno i Prateiall e o iR Yole AL seY

general |y al ummni'um ~one dr Trore o

dopants, suc far egfaé%% ] gl ' I t yngsten,
iron, zinc, cc%gqé:r ,“Hr ho u eecztocélyr &m&uﬁelcdg%t:ﬁya@r?ﬁyﬁ%gfgﬁE%eﬁé’t hese
dopi ng el emend.g,r LYLMUM AN df Ge@nd/ Qi dy tanidimane rggarded as the
nost advant ageous. These dopants usually represent, as Wei g]ht by wei ght of

ni ckel , fromditveenl @~ cd preaferabl y darmQddusry teatediapayss: 25 are
al so used with the catal ysts based on nickel and/or on cobalt. The anount

of catal yst ema dydd can s arativersaniaielaecaeetnd i ivhedatdduxd asf to the
met hod of
the selectivating agent.
The process of the invention makes it
possible to obtain, for degrees of conversion of the
15 dinitrile of greater than 70%, a selectivity for
aminonitrile of greater than 65% and an overall
selectivity for aminonitrile and diamine of greater
than 90%.
The aliphatic dinitriles which can be
20 employed in the process of the invention are more
particularly the dinitriles of general formula (I):
NC-R-CN (I)
in which R represents a linear or branched alkylene or
alkenylene group having from 1 to 12 carbon atoms.
25 Use 1is preferably made, in the process of the
invention, of the dinitriles of formula (I) in which R

represents a linear or branched alkylene radical having

from 2 to 6 carbon atoms.



9 operation adopted or the reaction conditions chosen. By way of

i ndi cation, use may be made of 0.5~ to 50~ by weight of catalyst with
respect to the total weight of the reaction nediumand generally of 1o to
350. 5 According to a preferred enbodi rent of the invention, the catalyst
is preconditioned before it is introduced into the hem hydrogenation

medi um This preconditioning is advantaggously carried out according to the
process disclosed in the unpublished French 10 Patent Application No. 00
02997. This process consirgtisoorbmasf liyn ipartdaulard e hedtogexat i on cat al yst
with a predeterm ned anount of strong inorganic base and a solvent in which
t he strong i rocteganies s esuch mbiniverilesnl Wl eadidsaoirtdiinige t (AdMe, | nventi on,

t he nmedium 15 conprising the catalyst thus conditioned is fed to the

hydr ogenat i ometdadiadrut aren itydirisye retthivorsuassigtaroit tigieng carri ed out
according to the usual conditions and procedures already disclosed in the
literature. T oEIEEnMdi @%@é’%ﬁm&sﬁlﬁe o nanityel 9 anhdtheir nedi um

separately fromthe catal yst. preferred enbodi nent, the selectivating
agent is add&iRtyusate ci‘é’cé?a;}”sttlod’éfatﬁ é:ft%éml’?ﬁ‘%liﬁﬁjcﬂﬁ Gfligronideri® ter into
t he reaction (fum %'Q’?flt eat the tacgﬁﬂff |t|on|ngthelatter

25 The opti mARTA" ¢ c?qeo at a constant degree

of conversi ert(ﬂ‘ té1ucthr$ ﬂtrlfie dcee}o ar?:)d_L thelgﬁgr'iﬁ e a %%1 t'%lhehcontent of
in 0 e

dopant, on t he &l e Teac

t t t f | ect t
enperature a;égneoga d t fHIE Sﬁg{g}gé‘glso égc;}rg{edl Sel ectivating

agent. The proces I nventl o S genera out at a reaction

tenperature of |ess thaqu1 Yrarequal Jgg; wq{eexf{rfgbly Iev§§11 g or
equal to 120C and nore preferably st|II | ess than or equa to 100C. In

practicalid erdfe ddinforieferad Wig d %é&eﬁt @i enind amergd ure
(approxi mately 20C) and 10 100C. Prior to si mul taneously with or

subsequent t adirieating, (Ade rieachieo prdsgtherptscddpught to the
appropriate hydrogen pressure, that is to say, in practice, between 1 bar
(0.10 MPa) and 100 bar THeO svReond 5irandgagrief dsaads yiheteveralblbar (0.5 MPa)
and 50 bar composed of alkali metal or alkaline earth metal or
ammonium hydroxides, carbonates and alkoxides. It is
15 preferably chosen from alkali metal hydroxides,
carbonates and alkoxides.
Preferably, the strong inorganic base
employed is chosen from the following compounds: LiOH,
NaOH, KOH, RbOH, CsOH and their mixtures.
20 In practice, NaOH and KOH are generally used,
although RbOH and CsOH can give very good results.
Water is usually present in the reaction
medium in an amount of less than or equal to 20% by
weight. Preferably, the content of water in the
25 reaction medium is between 2% and 15% by weight with
respect to the combined ligquid consistuents of the said

medium.

The overall concentration of targeted



( 5 MPa ) . The duration of the reaction can vary as a function of the
reaction conditions and of the catalyst. 20 In a batchw se nethod of
operation, it can vary froma few mnutes to several hours. It should be
noted that a person skilled in the art can vary the order of occurrence of
the stages of the process according to the invention, according to 25 the
operating conditions. The other conditiofs which govern the hydrogenation
(-conti nuous or batchwi se) in accordance with the invention relate to
conventi onal amggctomidalile Bhdararandge e sdmmap@etirge. dibm ex sy esf whi ch
followillustrate the invention. In these exanples, the following 5

abbr evi at i on$ha angsayertesy iniddiigeniity ithe rexoN orametbicaprichi trile -
HVD = hexanet hyl enedi anine - DC - degree of conversion 10 - CY -

sel ectivity W¥RLHRddyeleteahd ot 08¢ Rvamaits ity #AKBREITE the s
i nstance with_respect, to, the AdN).. ARATI VE EXAMPLE 1 15 The fol |l ow ng
are charged &% Hﬂedst]éic?ﬂ]éj@s @%%dﬂ dhedRishe®am P stirrer of

sel f-suction_type, with means for introducing the reactants and hydrogen
and with té?%iglll’gt'ure regul ati on system 20 - hexanethyl enedi anmine 24 g -

water 5.3 g - KOH 0. 33 T‘HEDIaﬁou%EEn%’f Igitl(o%%rrgrniosrigré%ild E%Soef iCér) 0.65 g of N
advantageously greater than or equal to 0.05 mol/kg of
catalyst. Preferably, it is between 0.1 mol and 3 mol
per kg of catalyst and more preferably still between

10 0.15 and 2 mol/kg of catalyst.

The catalyst used in the process can be
nickel, cobalt, a Raney nickel or a Raney cobalt. The
latter Raney metals comprise, in addition to the nickel
or the cobalt and the residual amounts of the metal

15 removed from the starting alloy during the preparation
of the catalyst, that is to say generally aluminium,
one or more other elements, often referred to as
dopants, such as, for example, chromium, titanium,
molybdenum, tungsten, iron, zinc, copper, rhodium,

20 diridium, cobalt and nickel. Among these doping
elements, chromium and/or iron and/or titanium are
regarded as the most advantageous. These dopants
usually represent, as weight by weight of nickel, from
0% to 10% and preferably from 0% to 5%. These dopants

25 are also used with the catalysts based on nickel and/or
on cobalt.

The amount of catalyst employed can vary very

widely according in particular to the method of



In this exanple, there is 0.5 nol KOH kg Ni. 25 After having purged the
reactor with nitrogen and then with hydrogen, the pressure is adjusted to 2
MPa of hydrogen. The reaction mxture is heated to 50C. 12 24 g of

adi ponitrile are subsequently introduced instantaneously via a dropping
funnel pressurized to 2.5 MPa by a pressure reducer placed on a hydrogen
supply at 5 MPa. The tine is taken as eqfal 5 to O at this point. The
progress of the reaction is nonitored by the consunption of hydrogen in the
supply, the pressarion rddptedant dthderearctidept condt @ivnatclRosen/PaBy and by
the anal ysis by gas chromatography (GC) of a w thdrawn sanple of the

reacti on mi xtwWe. ofNierdidrt 1an optserumatecezde of t0id% 50 F@R iky r eached,
the reaction is halted by halting the stirring, cooling the reaction

m xture and tfRiPemlesEiia Ty Wit TR0 neP ridiil tetak avelahl refl: -
duration of the reaction 33 min 15 - DC of the AAN. 79.6 - CY for ACN. 70.1
- CY for HVD B spactdpsh dreqitt AR AR Hr oA RE st% 05432 Exanple 1 is

repeated but charging the followi hg reactants: _ - hexanet hyl enedi am ne 24 g
O ater 5.5 o KOH 0. LGS 1O 1 i R b A TEEAE 70F ofien) 0. 68 o
of Ni - Selectivating agent AN+HF- H20 1. 09, nmol . 162 .In, this
exanpl e, therleméer%tlocg% gn%fe K(G%{i?ﬁ HhdP A e Czlc Jf?/%?(ig %&eéﬁﬁ%@%iﬁiel ratio
equal to 0.25; i f DA ration of
tﬁe reacti on%rn?%l;% e% cg‘\tsiﬂl‘eé }d%pﬂ%&%%&{% %_ornq%A : 81T.‘ 5 - CY for

| ~717.8 - CHhddony@d Qs hed MRl Foolls AP Jdi 5 d&Sbu S Novso 1 en

i nprovenent in the selectivity for ACNand a stability I1n the sel ec%ivity

for by-producis.the 2344 Q60Ic 1lds KETI A RAZE 0202 3H EMMP French

10 Patent Application No. 00 02997. This process consists
briefly in mixing the hydrogenation catalyst with a
predetermined amount of strong inorganic base and a
solvent in which the strong inorganic base is not very
soluble. According to the invention, the medium

15 comprising the catalyst thus conditioned is fed to the
hydrogenation reactor, the hydrogenation reaction being
carried out according to the usual conditions and
procedures already disclosed in the literature.

The selectivating agent can be added to the

20 reaction medium separately from the catalyst. In a
preferred embodiment, the selectivating agent is added
to the catalyst before the introduction of the latter
into the reaction medium, for example at the stage of
conditioning the latter.

25 The optimum for the selectivity for
aminonitrile, at a constant degree of conversion of the
dinitrile, depends on the nature and on the content of

dopant, on the amount of water in the reaction medium,



1. Process for the hem hydrogenation of dinitriles to correspondi ng

am nonitriles using hydrogen in the presence of a catalyst based on nickel,
5 on cobalt, on Raney nickel or on Raney cobalt, optionally conprising a
dopi ng el enent chosen fromthe elenents from Goups 3 to 12 of the Periodic
Tabl e of the Elenments according to the | UPAC nonencl ature published in the
Handbook of Chem stry and Physics, 10 8Qtth edition, 1999-2000, and of a
strong i norganic base deriving froman alkali metal or alkaline earth netal
or ammoni a, tdre tdteartampprdatdnogeral ion tledinabwopEndicntwatterofat a
concentration by weight of at |east 0.50 by weight with respect to all of
the liquid 1®asEpodndy cfelant iswtdinediagnt di ani ne and/or amnonitrile
capabl e of being formed fromthe dinitrile to be hydrogenated, and
unconverted dinitrile, Thfe REAREER f i BRWRIIGAD ofs (FRNGHbIat | on of

t hese three conmpounds being from 800 to 99.5k characterized 20 in that the
heni hydr ogen&a6iH e R4 Gt 1% XeaTh N RAMRSF A Hrels iREs ofhat I%east one

sel ectivating agent chasen fromthe group consisting of: - conpound
conpri si ng at® tt%ﬁes%oﬁniﬁfeeé%‘iﬂk%ﬁ Cﬁ%tl%m P LHDborFAt om 25 -

an organic i (J1ile conpound,. - t et r.aal kyl ni or

t et raal kyl ph(s)]%guno({]ialﬂﬂ ﬁ&‘/o eoﬁraéefeorraq?]%osl’ﬁ ! coofﬁgt;%%%gaﬂ?l: ee";tq‘ta'ozlrrpl ex
conpound fror‘gocq_qfdﬁ@ati on between at | east one nmetal atom and at | east
carbonyl radical’'s, - an alkali netal or alkaline earth nmetal fluoride

conpound. 5 2. Process e Aigig-410 {d.34dn Iontharaglerdggdk iy that the

i norgani ¢ base is chosen fromal kali netal, alkaline earth netal or

anmoni um hy dradyies, s Renat esmpseh Bl kO X | L] 08 md ¥ Q6L SH AEC Hth Ng t o
either of Clainms 1 10 and 2, characterized in that the strong inorganic
base enplnyedigrechosen fromthe foll ow ng conpounds: Li OH NaOH, KOH,
RoCOH, CsCH and their m xtures. 4. Process according to one of Cains 1 to
3, characterized in tharide taopunimd tamssgsy ovith or subsequent
to the heating, the reaction chamber is brought to the
appropriate hydrogen pressure, that is to say, in
practice, between 1 bar (0.10 MPa) and 100 bar (10 MPa)
15 and preferably between 5 bar (0.5 MPa) and 50 bar
(5 MPa) .
The duration of the reaction can vary as a
function of the reaction conditions and of the
catalyst.
20 In a batchwise method of operation, it can
vary from a few minutes to several hours.
It should be noted that a person skilled in
the art can vary the order of occurrence of the stages
of the process according to the invention, according to
25 the operating conditions.
The other conditions which govern the

hydrogenation (continuous or batchwise) in accordance

with the invention relate to conventional technical



15 base present in the reaction nediumis greater than or equal to 0.05 nol
per kil ogramof catalyst. 5. Process according to one of Clains 1 to 4,
characterized in that aliphatic dinitriles are the dinitriles of general
formula (1): 20 NG-R-CN (1) in which Rrepresents a |inear or branched

al kyl ene or al kenyl ene group having from1 to 12 carbon atons and
preferably R represents a |inear or branghed al kyl ene radi cal having from 2
to 6 carbon atons. 25 6. Process according to one of Clainms 1 to 5,

char act er i ze@driranigeaterwat dnows: preasexet. in the reacti on nmediumin an anount
of less than or equal to 16 20~ and preferably of between 2~ and 15~ by
wei ght with respect t o Thise examplesd whigh o oddrest iitliersttsradfe tifee sai d nedi um
7. Process according to one of Clainms 1 5 to 6, characterized in that the
concent r at i oayE e -arget ed ami nonitrile and/ or of the correspondi ng

di am ne and of the unconverted dinitrile in the reaction nediumis between
850 and 99~ by wei ght W%t FhessHERWY 9he BEfirdd®Wingui ds constituting the
said 10 reaction nmedium 8. Process according to one of Clains 1 to 7,

char act er iZze @ FHEAT YR &l ‘used is chosen froma Raney nickel, a
Raney cobalt, a Raney ni _and,.a Raney. .cobalt conprising one or nore

ot her dopi ng 15 elenenfé?&gt6h%$53ﬂﬂ4%' titanium nol ybdenum tungsten

iron, zinc, copper, rhodi Jrjdi l.t_.or_ nickel. 9. Process
according to one of d ai r%sleﬂl tgng,n%(rzer?f%go(?‘tqetﬁl;eed in that the catal yst used

i s chosen - HMD = hexamethylenediamine
- DC = degree of conversion
10 - CY = selectivity with respect to the

converted starting substrate (in this instance with

respect to the AdN).

COMPARATIVE EXAMPLE 1

15 The following are charged to a 100 ml
stainless steel reactor equipped with a stirrer of
self-suction type, with means for introducing the
reactants and hydrogen and with a temperature

regulation system:

20 - hexamethylenediamine 24 g
- water 5.3 ¢
- KOH 0.33 mmol

- Raney Ni (comprising 1.7% of Cr) 0.65 g of Ni
In this example, there is 0.5 mol KOH/kg Ni.
25 After having purged the reactor with nitrogen
and then with hydrogen, the pressure is adjusted to 2
MPa of hydrogen. The reaction mixture is heated to

50°cC.



20 from a Raney nickel conprising at |east one doping el ement chosen from
chrom um and/or iron and/or titanium 10. Process according to one of
Clainms 1 to 9, characterized in that the catal yst used is chosen 25 froma
Raney ni ckel conprising at |east one doping elenent in a proportion of Qo
to 100. 11. Process according to one of Clains 1 17 to 10, characterized
in that the catal yst enpl oyed representd42from 0.5~ to 500 by weight with
respect to the total weight of the reaction nedium 12. Process according
to one of Clainms 1 5 t@4y othadhgtceriitzad e muchatubsequerody i ed out at a
reaction tenperature of Iless than or equal to 150C. 13. Process according
to one of d adinkropuced Anstleatactemisdat i ehalrapping damriedld out at a
hydr ogen pressure of between 1 bar (0.10 MPa) and 10 100 bar (10 MPa). 14.
Process accoidiaf§urd Zsce ter 2tt5e1’{fﬁae dishPrassiune ashraRt ariacafl ian that the
rati o by weigh t he sel ectl vating agent to the catal yst expressed as
wei ght of cataatl'?'tqr@q?é’t SR lyhédt 5 %%Pa15 The \idaie ¢.nFBKeRE 2Pauals,
Process a cordlgp to.one of .the ﬁ(ecedln clalq§ characterized in that the
n

sel ecti vati ngageitt it:E Esiidu IR R Jtﬂ}”_alrﬁscle r adi cal
not bonded t 6,3 GO} N Ch%%%%m% lfornorgé *},e VA SN Yy hydrogen
cyani de, lithirum

the pressure in the reactor being kept constant at

2.5 MPa, and by the analysis by gas chromatography (GC)

of a withdrawn sample of the reaction mixture. When the

10 optimum aminocapronitrile yield is reached, the
reaction is halted by halting the stirring, cooling the

reaction mixture and then depressurizing.

The following results are obtained:

- duration of the reaction 33 min
15 - DC of the AdN: 79.6%
- CY for ACN: 70.1%
- CY for HMD 29.5%
- CY for various other products: 0.4%
EXAMPLE 2
20 Example 1 is repeated but charging the

following reactants:

- hexamethylenediamine 24 g
- water 5.3 g
- KOH 0.18 mmol

25

Raney Ni (comprising 1.7% of Cr) 0.65 g of Ni

Selectivating agent (CHs)sN'F -H0 1.09 mmol (0.162 g)
In this example, there are 0.3 mol KOH/kg Ni

and a selectivating agent/nickel ratio equal to 0.25:1.



sodi um potassi um or copper cyani de, the cyanide conplexes K3 [Fe (CN) 6] ,
K4 [Fe (CN) 4] , K3 [Co (CN) 6] , KZ[Pt (CN 6] and K~ [Ru (CN) 6]

anmoni um or al kali netal thiocyanides, tetrabutylamoni um cyanide, 25

t et r amet hyl ammoni um t hi ocyani de and tetrapropyl anmoni um t hi ocyani de. 16.
Process according to one of Clains 1 18 to 14, characterized in that the
sel ectivating agent is an organic isonitidile conpound chosen fromthe group
consisting of tert-octylisonitrile, tert-butylisonitrile,

n-butylisonitrile, isofffepydsdis robteyirfedenzyldsadvliowse,

ethylisonitrile, nmethylisonitrile and anylisonitrile. 17. Process accord| ng
to one of dains t tmrefiaharfadthe iresttiont hat the sel ectGdatimg agent is
a tetraal kyl ammoni um or tetraal kyl phosphoni um hydroxi de 10 or fluoride
conpound chosen from& g:rftm@@bna sting of tetranethyl arfdorfi%um

tetraet hyl amoni um tet raprpfﬁg\gcammm um tetrabutyl ammoni um and

tet rabutyl phosphorii ¥ £ ess according to one of O &% 15 to 14,
characterized in that the selectivating agent is a conplex corrpound from
coor di nat idn bet weerratt 9480 one rret aI atom and at | east ]car%gi)nyl radi cal s

chosen fromthe groyp consistin ani ¢ ounds corrp |ng car bonyl ,
phosphi ne, arsine or crap}faom?%l 05“}%;{)15]35 connect °to a netal

chosen fromthe group S heni u cobal t., osm um
rhenium iridium and rﬁﬁﬁ'é %:tégl}q éﬁov‘zg Qcﬁ’le 1%provem nt’ in the

fég){ | A] 9. As9. L8 ASilv Aly ADARAE HEP- ALK PP 1A Nle AAKBALL, A A9 T WIB
~ytoj e [V] ca] adl-gsaleRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
aJ ca] ca] ca]ca] ca]ca U] c”aU] ca] cal] ca] cRa!
| S$"o*a+Su' 1[ n} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca] ca]ca]ca]cal]c
aJ calca]calcalcalcalcalcalcalcalcalcalcalcalcaljca!8rt\. Dx Au
I'SI'}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]ca]ca]ca]ca]ca]calcalcalcalcaljcal Sttt mf " HYHAAASHI{ SSSSUEL} &
&&& Z(| ()} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]calca]ca]cal)~*++++,.//11112QR2222%$3. 3Z333
304<49g44444%5} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $5[ 55556C6F6779<D=L=R=6>9>
Z?9g7?j ?y???NAVB~DDDDEY&EHEEEZz upkf a\ W | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] ca] ca] ca] ca] ca] ca] ca! EEF: FQFFFF1G
] GGGGHHI TIW I11.J JJJK8KpKKKG.RLzLL} xsni d_Z]]c]ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca! LLM
MKMVIMIVNNANWNINNNA G OO0Cd PPPPQp QQVRRRRTUU~U} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] c
aJ cal cal ca]ca]ca]lca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
~UWM' MKMVMVNNANWNNNNA G OO0Cd PPPPQp QQVRRRRTUU~U} xsni d_Z] ] c] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal cal] caWn-_@O0%& ()-109& ()-fS10%& ()-!.fS10%KK& ()-9nlO%&' () -
@L0%SS&' () - 3f dELO0%&' () - L10%& () @O%&' ()- @10%&' ()- 10%& ()-f10% () - <pdE
(109& () - @109 ()-L $'109& ()-"109%& () -
109%&' ()-yl0%&' ()->I h}"?9T10%&' ()-L-!10% ()- !L-!10%ISdS& () -
FL-110% L& ()- y+Z109%& ()-*ml0%& ()- tb@1 10%& ()-



10%2& ()-9s10%& ()- 10 10 10#Y=10%&' ()-:310%& ()- }[<b@ 10%& ()-f!1$
109 ()-f 10%& ()-f! 10% & ()-f 10% & ()- '#q 10%&' ()- E F GHJ {\:!
109 ()-G 9 10%& ()- 10z 10z 10zS: MIO%& ()-!1s- 10%& ()-9!1s- 10%& ()- 9l
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109 ()-9!10%J& ()-T! (1109 ()-Tsl & 109B& ()-t!,sl & 10%&' ()-t 10%& ()-G
$", 0zl "PL&Is Wy &4 J)oodlés110 10! 9109& () - !1lr z 10%e&’ () - plr/PRORYG2 023 SLS$
10%' ()-g*adE"P1&9s10% 910%&' () - SL10%& ()- Y10%&' ()-y1l0%&k ()-gl0%&' () - 10%&'(
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10988& () - 10%}.}&X)-" 'Brd@888&Edy - t1gd e ¥Jrodéndtion of
10: &10%&f() ZX6~\ sl 109%& ()-Y
dinitriles to corresponding aminonitriles using
hydrogen in the presence of a catalyst based on nickel,
5 on cobalt, on Raney nickel or on Raney cobalt,
optionally comprising a doping element chosen from the
elements from Groups 3 to 12 of the Periodic Table of
the Elements according to the IUPAC nomenclature
published in the Handbook of Chemistry and Physics,
10 80th edition, 1999-2000, and of a strong inorganic base
deriving from an alkali metal or alkaline earth metal
or ammonia, the starting hydrogenation medium
comprising water at a concentration by weight of at
least 0.5% by weight with respect to éll of the liquid
15 compounds of the said medium, diamine and/or
aminonitrile capable of being formed from the dinitrile
to be hydrogenated, and unconverted dinitrile, the
concentration by weight of the combination of these
three compounds being from 80% to 99.5%, characterized
20 in that the hemihydrogenation reaction is carried out
in the presence of at least one selectivating agent
chosen from the group consisting of:
- a compound comprising at least one cyanide
radical not bonded to a carbon atom,
25 - an organic isonitrile compound,

- a tetraalkylammonium or tetraalkylphosphonium

hydroxide or fluoride compound,
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characterized in that the inorganic base is chosen from
alkali metal, alkaline earth metal or ammonium
hydroxides, carbonates and alkoxides.
3. Process according to either of Claims 1
10 and 2, characterized in that the strong inorganic base
employed is chosen from the following compounds: LiOH,
NaOH, KOH, RbOH, CsOH and their mixtures.
4. Process according to one of Claims 1
to 3, characterized in that the amount of inorganic
15 Dbase present in the reaction medium is greater than or
equal to 0.05 mol per kilogram of catalyst.
5. Process according to one of Claims 1
to 4, characterized in that aliphatic dinitriles are
the dinitriles of general formula (I):
20 NC-R-CN (I)
in which R represents a linear or branched alkylene or
alkenylene group having from 1 to 12 carbon atoms and
preferably R represents a linear or branched alkylene
radical having from 2 to 6 carbon atoms.
25 6. Process according to one of Claims 1
to 5, characterized in that water is present in the

reaction medium in an amount of less than or equal to
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10907& ()-109%& ()-"1090& ()-y' 109a& ()- TEOUT& () - S109%& () - 304<4g4444dEr S41
0+ 10907& ()-)10%7& ()-' 109%&" ()-y&L0%W& ()-L$

109%0& () - Y" 10907&' () - 44$5[ 5555dEr S410710%& () -, 5109& () - 93109 & () - Y1' 109
& ()-yl &10%T& ()--109%& () - 56@A6B6C6F6a66_=!, , 109K ()-!#, 109%& () - L10%g&
()- 10T 10T 2UE HOSH &rEfBHIIHE of) HE866RFY PAAIR (15% by weight with
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= 1109 () -3 L0 ol (EORHY QR4 tea dinitrile in the
reaction medium is between 85% and 99% by weight with
respect to the combined ligquids constituting the said
10 reaction medium.
8. Process according to one of Claims 1
to 7, characterized in that the catalyst used is chosen
from a Raney nickel, a Raney cobalt, a Raney nickel and
a Raney cobalt comprising one or more other doping
15 elements, such as chromium, titanium, molybdenum,
tungsten, iron, zinc, copper, rhodium, iridium, cobalt
or nickel.
9. Process according to one of Claims 1
to 8, characterized in that the catalyst used is chosen
20 from a Raney nickel comprising at least one doping
element chosen from chromium and/or iron and/or
titanium.
10. Process according to one of Claims 1
to 9, characterized in that the catalyst used is chosen
25 from a Raney nickel comprising at least one doping
element in a proportion of 0% to 10%.

11. Process according to one of Claims 1
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13. Process according to one of Claims 1
to 12, characterized in that it is carried out at a
hydrogen pressure of between 1 bar (0.10 MPa) and

10 100 bar (10 MPa).

14. Process according to one of the
preceding claims, characterized in that the ratio by
weight of the selectivating agent to the catalyst,
expressed as weight of catalytic metal element, is

15 between 0.001:1 and 2:1.

15. Process according to one of the
preceding claimg, characterized in that the
selectivating agent is a compound comprising at least
one cyanide radical not bonded to a carbon atom chosen

20 from the group consisting of hydrogen cyanide, lithium,
sodium, potassium or copper cyanide, the cyanide
complexes K;3[Fe(CN)g], Kyq[Fe(CN)s], K3[Co(CN)g],

K, [PL(CN)g] and K;[Ru(CN)g]j, ammonium or alkali metal
thiocyanides, tetrabutylammonium cyanide,

25 tetramethylammonium thiocyanide and tetrapropylammonium
thiocyanide.

16. Process according to one of Claims 1
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an organic isonitrile compound chosen from the group
consisting of tert-octylisonitrile, tert-butyl-
isonitrile, n-butylisonitrile, isopropylisonitrile,
5 Dbenzylisonitrile, ethylisonitrile, methylisonitrile and
amylisonitrile.
17. Process according to one of Claims 1
to 14, characterized in that the selectivating agent is
a tetraalkylammonium or tetraalkylphosphonium hydroxide
10 or fluoride compound chosen from the group consisting
of tetramethylammonium, tetraethylammonium,
tetrapropylammonium, tetrabutylammonium and
tetrabutylphosphonium.
18. Process according to one of Claims 1
15 to 14, characterized in that the selectivating agent is
a complex compound from coordination between at least
one metal atom and at least carbonyl radicals chosen
from the group consisting of organic compounds
comprising carbonyl, phosphine, arsine or mercapto
20 functional groups connected to a metal chosen from the
group consisting of iron, ruthenium, cobalt, osmium,

rhenium, iridium and rhodium.



