- ;] ke3eYW Ebga?g)&ﬂgegener ation of catalysts The present invention relates
to a process for the regeneration 5 of a heterogeneous catal yst used for
t he preparation of conpounds containing NH2 groups by the hydrogenation,
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hydr ogenated i s stopped and b) the heterogeneous catalyst is fqisgted with a
conpound BégémematimnlbfRiatRPLts CO - R3 I1), in which 20 Rl is hydrogen or
Cl-C4 alkyl and R2, R3 independently of one another are each hydrogen or
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] PR T RBR fBEQUR BYohER ORHTO36m BT Gttbs SO BYHSRETy Gar ati on of
conpounds CeBPeHIdH ﬁQnNFEngF%Lﬁis lppst heneh pasageRatedFarRPRhnHyERIRYen, of
conpoundsbond} avheregnat | east one unsaturated carbon-nitrogen bond, in the
presence of a heterogeneous catal yst, are generally known, for exarrpl e from
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di scl ose processes for the hydrogenation of adipodinitrile to
hexanethyBéneHF%n@?ﬁﬁrqﬁPnﬁPRfLﬁ4£§1déﬁtéfrﬁ?ﬁfﬁ@gaﬁ¥ﬁ%dhﬁ¥HWPPP?I%ﬁ40 and
hexanet hyl enefPamiy®e, in the presence of heterogeneous catal ysts based on
iron, cobalt or nickel or conpounds thereof. In such processes, relevant
catal yqts properties, such as activity or selectivity, deteriorate with
operating tine. 45 Al thougiR}aRdr®p- iQ® acRPvity cdél)be conpensated by
raising the reaction tenperature, the di sadvantage here is that the
selectivity of a catal yst conventionally decreases with 2 increasing
reaction ﬂén%%&%ﬁlJre and, in addition, the higher tenperature accel erates
the further drop in activity. Processes are known for the regeneration of a
cat al y=2i0 whose 5 ieluhrdgenr opecii0gsalkyhamis activity or selectivity, have
deteriorated mﬁth operating tine. Regeneration is understood here as

meani ng ayLpr i I i rav again.
Thus WO 9? 2%( o%?lggg 6 %%3}8 é %\jg;gteagﬁl $rb(;ee(?!eslggeg %r t he
regeneration of a rogéﬁgS ﬁdicataF9 %" aé1|vFYy and selectivity
have dropped) used for the preparation of conpounds contai ning NH2 groups
by t he 2%yarogbxtunesn ofwsath [pompoyads ., it compeasdse camgandi fremto 1le48t one
unsat ur at 6d ¥pa ot Bl tenpgerethed rabhying eatomendo wed Booydy ogerh wheer def i ned

process cgpgvis®thatl®he compound of formula (I) is in liquid form during
the treatment.

30 Processes for the preparation of compounds containing NH,; groups
by the hydrogenation, with hydrogen, of compounds containing at
least one unsaturated carbon-nitrogen bond, in the presence of a
heterogeneous catalyst, are generally known, for example from
Houben-~-Weyl, Vol. 11/1 (Nitrogen Compounds II, Amines), pp.

35 545-574, 4th edition, 1957.

WO 97/37963, WO 97/37964, WO 98/04515 and DE-A-198 09 688
disclose processes for the hydrogenation of adipodinitrile to
hexamethylenediamine, or mixtures containing 6-aminocapronitrile

40 and hexamethylenediamine, in the presence of heterogeneous
catalysts based on iron, cobalt or nickel or compounds thereof.
In such processes, relevant catalyst properties, such as activity
or selectivity, deteriorate with operating time.

45 Although a drop in activity can be compensated by raising the
reaction temperature, the disadvantage here is that the
selectivity of a catalyst conventionally decreases with
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- Al t hough bB§39 sh§ggneration processes give a good result in terms of
inproving the Selectivity and activity, it would be desirable to protect
the catal yst by reducing the tenperature and tinme required for the

o regeneration 20 It is an object of the present invention to provide a

process for the regeneration of a het%rogeneous catalyst used for the
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nitriles seghized Foanthevedammemiatiohe and 6-am nocapronitrile. 5 The
nitrilees, dinitriles and amno nitriles can also carry other functional
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1- cyano- Zaagl@g@; Rane aisadsiRelhakly suitable, adipodinitrile being
particularly preferred. In one advantageous embodi rrent adi podinitrile can

be 20 hydr.ogenate t.h nedi am ne ot h advant ageaus
enbodi mune SETh AR FRre TP BEIRyH: Dudraieted i M Bare Lo iEaAeg
hexanmetfy PEnb aﬂﬂtﬁ‘@ and 6-ami nocapronitrile. 25 On the basis of previous
observations in respect of the catalytically active conponent, suitable
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active 35 conponent, an elenent selected fromthe group consisting of iron,
cobal t anasncmur@us lxeunals athdeast onpannsetbwated gesbenabitrogeon or
cobal t or bBhdtsuds alshar eafboraind ty6§yn piubleubar tyiglieebenapl & isrson. 40 I n
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and octane dinitrile, particularly preferably terminal C4-Cg
dinitriles such as 1,4-dicyanobutane (“adipodinitrile”),

45 1,5-dicyanopentane, 1,6-dicyanohexane, 1,7-dicyanoheptane and
1,8-dicyanooctane, Cs5-Cg cycloalkyl nitriles or dinitriles such as
cyclopentyl nitrile, cyclohexyl nitrile, cycloheptyl nitrile,



-4 Such catgebsiss 6a be used unsupported, especially for fixed bed or
suspensi on nethods, for exanple in the form of Raney catal ysts or other
unsupported forns (so-called unsupported catal ysts). The unsupported forns
can contain small anounts of auxiliary 5 substances conpared with the high
content of active conmponent. These auxiliary substances can have favorable
ef fects eiYRePOBHYY M tTad gy yEYTLORAMY Rt §1 i ide s EVEtehetly ddpibhitave
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(Ru, Gs, Rnh, Ir, Pd, Pt) of 25 the Periodic Table of the Elenents, and with
copper, ankj@némi‘arﬁoler,héniammoapermdnrfem, of the non-nodifying part of the
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from 0.20 thyd3%géyatvesi giot hepbmetlalenedebminesr al kal i ne earth netal, based on
t he non-nodifying part of the active conmponent. Furthernore, in the case of

catal ysts I‘M“aﬁstﬁéf 'é(ﬁra%@%@&@é‘tenﬁfoﬁlﬂign{:S'é‘dlpt&@ﬁﬁgtf’ﬂé 'R gk an iron
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0 to 3%Dy weight of nodifying agent, based on the 45 iron. 5
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wi th hydrogen, the activation being carried out in a manner known per se
under at nuspbaei prefeaseid embod Fyial,atignsphesdsdbpeessuise and at tenperatures
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90C, the diF®feAT predlfr @rgBARERIGS) tlhsﬁ@@%r fqrrtﬂnvzrvopwamnéar&m erably from
3 to 10 MPxrefedaphy timwl.arly preferably from4 to 9 MPa. The resi dence

ti mes depend essentially on the desired yield and 25 selectivity and the

gﬁﬁ: resgzxfam%me& g;:,fger %éad&mﬁﬂem I&cg“@%@,gaeﬁélw u%@ﬁen so as to
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am nes, consisting of iron, cobalt and nickel or mlxtures thereof,
particularly preferably iron or cobalt or mixtures thereof, and
45 very particularly preferably iron.




-di am nes ayesd/spyHes having from1l to 12 carbon atons, such as

trimethylamne, triethylamne, tripropylamne or tributylamne, or

al cohol s, especially nethanol or ethanol; amonia is particularly

" _preferred. The chosen concentration oé conpound to 35 be hydrogenat ed
ranges appropriately from 10 to 90% by wei ght, preferably from 30 to 80% by

wei ght andSysdy crEalBs s Gatetsr 4BEY YHOIRPRoted: RARSG)ahaY gfRT fixeddbed t he

sum of conpoavgpeosben mahhogenater exahplieqindtil |feam of 4Rafhe caltedpatanount

of cat al ysdr gamhetrabhyuppnges tooms 1(do-caQ¥%ebdyunvdipportefr edeslatltg)irom 5 to

20% by weigfdd unBapserody R maNBEAt st LANBRNDT dnpubeshydr genated. The
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preferably contli nuollrjs and normacu%/ ILn t % |Q%J|rld g%gse. i e
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conpound t o, be 3/* rggena €d/ 17X, especgﬁl V- adi padinttrilell x h. Here

agal . 20 THEORGHIeRLP TSN QEnEHLLCTh EEBRART 9% (AT L ARCH CCARRET | 28I | y

adj ust ed bSURRPAHEANGREREY §tSei §BAcEOR et ofhachiie SoBRARedh normaBdycarri ed

out in a0comgest fonml 3 readSdr byuve pdiite popfehalslypfirposdd &5 945% ble reaction

IS carri edwdight,NbhBed gas yheasappdde. chosen tenperatures conventionally

range from 100 to 250C, preferably from 160 to 200C, the chosen pressure

general ly n fromO,0Ll.t r.ef erabl v, fr. 0.09 D a. Al so,
t he armunt{gf&%‘érﬁéd%ﬁ%n&t}ggag}:ypnor} %eh%lo {’% +%d13%%@rrgf‘€h r!éegtt‘—’g'rs aBP/S 10 to
200 ol , pEOYIVIBE (EomdBund) c8h a?’?ﬁ“r?gvﬁll é%l‘é’t‘oéneRanﬁ’FmPé‘c'eBt) ot

car bon- APt ¥y EerBoddc Taplenefprhe & yamengfhodpdetitth CRBPRYArPg@RREE®N of t he
conpound tand5heaihpdr o rangdnt eshadieanbyp-mod phydingi part eqf ithecartivee out
in the presaiprhedt goem®layasahfend ifpends5di tolead. wmi b féxgk bed catal ysts.
The cat al ystedetrab@gebesmtard tBY 964 S§ WaliQRRI, NFadE cheefle OfhshR GeRpeend to be
hydrogenatgg?pq%%plgm ally adipodinitrile, and the feed of liquid diluent, if

a

used. ng catal yst "and the reaction m xture can advant ageously be
separat8d. The hydrogen feed can al so be stopped, the catal yst 45
advant ageolUis §heFEPRY / r Sife FatAL ¥t $ rFat%@epF‘egbg’c%i &ithyaregprpund based

on an alkali metal or alkaline earth metal such as lithium,
sodium, potassium, rubidium, cesium, magnesium, calcium,
strontium or barium. The chosen weight ratio conventionally

35 ranges from 0 to 5% by weight, preferably from 0.1 to 3% by
weight, of alkali metal or alkaline earth metal, based on the
non-modifying part of the active component.

Furthermore, in the case of catalysts whose active component are
40 [sic) based on iron or an iron compound, the catalysts can be

modified with a compound based on 1, 2, 3, 4 or 5 elements

selected from the group consisting of aluminum, silicon,

zirconium, titanium and vanadium. The chosen weight ratio is

conventionally 0 to 3% by weight of modifying agent, based on the
45 iron.



-7 Accordi y nvention, the catalyst to be regenerated is treated
w.th a co%o%ﬂ’dﬁi(’)‘?]%ornula (I): 5RLR N- C - R3 (lI)r or mxtures of
such conmpounds. In this fornmula, RL is hydrogen or a Cl-C4 al kyl such as
met hyl, 10 ethyl, n-propyl, i-propyl ,5n-butyl , 1-butyl, s-butyl or t-butyl,
preferably hydrogen or nethyl. R2, R37independently of one another are each
hydr ogen drartheelrse kyin dhehcase ik IRAtalEshy | Whaseprspive GAMRORSPE, aFL but yI |
15 i - but yl(sis]bbageéd @on tivgnt 9, amriafosy gbinpolydly ddencetalystis/lcanobet oget her
are a C3- Ghdifiglenttlgra wompbuhdebdgade on( kZyanesd.n Bhé cdhdseman t ake a
\éague of Zharfhanes@ céncditeheisR! ¥s TonvBnthEnLRSL onet@r @ﬂ@@ﬁ%n@?t |

ydr oge s , n 20 ca S | s 'such"as ary

gr oups, nF‘e p%?ieg%Pypp%ﬁlylt!gzag-&Rgeyléggél E?F‘,gd aérf{?fl%lgl Eg{%hnd, if the group
RL, R2 or R3 in question is not nethyl, Cl-C4 alkyl groups. In the case
wher e t heySuthe CASRLY ST Fgeh thehe RfGRFStREN R d®VWR3PS5 %% fearry

funct i onalexpmpldpsfsom WS 7HANBGRNINO 9K 38R6splIWwD 984645 he, arghl ori ne or

brom ne. ToE-2agneepss RIgs.R2 and R3 preferably carry no functional groups. 30
In one pyeferred enbodinent, R2 and R3 together are a C3 al kyl ene group of

the type - 2).S r efer [ t e s nd toget her, are a
C3 al kyl enéaqur%u}gég?gpﬁ%%ﬁ E):gg%%l—i{z Fgggggligeei%sd%%n‘é%%yj&r 83‘%‘3‘*’ % lTyn

anot her pr’e“'fegxtf“é t by PIe R aﬁ?&?&%‘b&?l&?nﬁ?ﬁ%@ﬁ%%l&nﬂ R3 is
hydr ogen. MRIOErdKRGWR (Perhéei HRdeX jasmospher hetRiyas§ameoes catal yst is treated
40 wi t h a superatimdsplierfior poreasdte and latt hempexatiuwzest Aadves@od°conpound is in
liquid f9rmduring the treatnment. Treatnent is understood as neaning the

bat chwi se ' : 0 ctd . ok Lyt 1w 0
pationut e e SORELOUIS FORLACH Wbl Bue a0 S ULl RRIROPIEl,
into corrpound:‘ 6Pefon continuously or 8 is a suspension catalyst, it can

advant ageously a conpound of fornmula (I), which can be the catal yst
cont i nuoustf the budeegfnatiomhds heALried) ocuhnibesuspeasieed fheomhpRencat al yst
bat chwi 2@. tdnfpetrbeéuces atorstentsonaflxethngedfrearh a0y sio, 1b0°Tapriederabwed from
t he react ofrdaf i50r & 010EYCAQHabAPculAr0PEpPEfEhaAgEe OLsm BRI JBNd; tHae
regener at i?ﬂas%%nppssﬂxfee%te%qrsnl,} headyedr e96RaS 14 280up 82 UMb UL
removing t é%n?%t%oyfs'MPa and particularly preferably from 4 to 9 MPa.

The residence times depend essentially on the desired yield and

25 selectivity and the desired conversion; the residence time is
conventionally chosen so as to achieve the maximum yield, ranging
for example from 50 to 275 min, preferably from 70 to 200 min.

In the suspension method, a liquid diluent can also be added,

30 suitable liquid diluents preferably being ammonia, amines,
diamines and triamines having from 1 to 12 carbon atoms, such as
trimethylamine, triethylamine, tripropylamine or tributylamine,
or alcohols, especially methanol or ethanol; ammonia is
particularly preferred. The chosen concentration of compound to

35 be hydrogenated ranges appropriately from 10 to 90% by weight,
preferably from 30 to 80% by weight and particularly preferably
from 40 to 70% by weight, based on the sum of compound to be
hydrogenated and liquid diluent.

40 The chosen amount of catalyst generally ranges from 1 to 50% by
weight, preferably from 5 to 20% by weight, based on the amount
of compound to be hydrogenated.

The suspension hydrogenation can be carried out batchwise or
45 continuously, preferably continuously, and normally in the liquid
phase.



If the catgdyepsip7a fixed bed catal yst, a conpound of fornmula (I) can
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carbon-nitrogen bond.

In one preferred embodiment, the hydrogenation of the compound to

35 be hydrogenated, especially adipodinitrile, is carried out in the
presence of ammonia as the liquid diluent with fixed bed
catalysts.

The catalyst is regenerated by first stopping the feed of

40 compound to be hydrogenated, especially adipodinitrile, and the
feed of liquid diluent, if used. The catalyst and the reaction
mixture can advantageously be separated.

The hydrogen feed can also be stopped, the catalyst
45 advantageously being regenerated in the presence of hydrogen.



I n a contigyeessyspperated tubular reactor, adipodinitrile was 35

hydr ogenated to a m xture of 6-am nocapronitrile and hexanet hyl enedi am ne
at. 70 bar and at a loading of 0.22 kg/1 x h of Cr-doped Raney Co chi ps
having a size of 1-3 nm in the presepce of ammpnia as solvent. 40 After an
operating tinme of 80 h, the adipodinitrile conversion was 92.8 at a nean

t enper at urAFErIIRIOLO okhe IMNENE&PRt HEIGY cakalysacdiolbe AfgeRreratespdfat i ng

time of 200zeated: Witkaa adompouhddot ofrimuleusIy: 45 | ost activity to give an
adi podinitrile conversion of only 59.9 at a nmean tenperature of 48.5C over
the I ength of the reactor. 10 The catal yst was regenerated by stopping
t he feed$ of adi podinitril eRAnNRR arwoaDa-ard fl ushihg the catal yst for 4
hours with N nethyl-al pha-pyrrolidone at a | oading of 2 kg/1 x h and at
150C, the hydrogen feed being maintained at 500 N1/1 x h and the 5 pressure
bei ng mai M4i uges 79f pHch SPPRPURYRe regeneration, the reactor was cool ed
and started up again as with a fresh catalyst. After a total operating tine
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15 20 25 5045 T clai 1. A process for the regeneration of a
het er ogeneous catal yst 5 used for the preparati on of conpounds contai ning
NH2 gr oupsRby RE hindgrengdgahdy i oh onki BROEReR Gyencash kynneendsr centCai ni ng at
| east one akigdt suaheds gerthgn- nethyvhe m-poogyl wherpsiopyad) tHemutiyded of t he
conpoungst D-iftyhy ds ogendl @3 itsbatpppedei@rablly hydrogen or methyl, or
together are a C3-Cgs alkylene group of the type -(CH;)n~, in which
n can take a value of 3, 4, 5 or 6, preferably 3.

In the case where they are not hydrogen, the groups R!, R2 and R3

20 can be substituents such as aryl groups, especially phenyl, Cs-~Cg
cycloalkyl, aminoalkyl and, if the group Rl, R2 or R3 in question
is not methyl, C;-C4 alkyl groups.

In the case where they are not hydrogen, the groups R!, R? and R3
25 can carry functional groups such as halogens, for example
fluorine, chlorine or bromine.

The groups R!, R2 and R3 preferably carry no functional groups.

30 In one preferred embodiment, R2 and R3 together are a C3 alkylene
group of the type -(CHz)3~-.

In another preferred embodiment, R2 and R3 together are a C3
alkylene group of the type -(CHy)3- and R! is a methyl group.

35
In another preferred embodiment, R! and R2 are each a methyl group
and R3 is hydrogen.

According to the invention, the heterogeneous catalyst is treated
40 with a compound of formula (I) with the proviso that said
compound is in liquid form during the treatment.

Treatment is understood as meaning the batchwise or continuous
contacting of the catalyst with a compound of formula (I).
45



b) the het aeppp catalyst is treated with a conpound of formula (I): 15
R1R2N-(%§tg R3 (1), in which 20 RL is hydrogen or ClL-C4 al kyl and R2, R3
i ndependent|ly of one anot her are each hydrogen or Cl-C4 al kyl or toget her

are a C3-C6 al kyl ene group, 25 or m'xéures of such conpounds, at a pressure
ranging from0.1 to 30 MPa and a te rature ranging from 100 to 300C, with

t he provi s {48t CF’ﬁélYﬁfrrﬂéuﬁdsB?P?‘B’rlrﬂﬁ’l §3FR}YSy it FRRURIVFTAPCQUEIYg the
t r eat ment .be3Guzpepded ode s compevnrd rafd fiommulai ()1, wharhi ean He het er ogeneous
cat al yst riegenduatedimas theenatskyst eonthpubysiiyogenabtomwide.adirpedinitrile.

3. A processmpdanal 8k "Bskniul aCl( ) Nedn WesebArhfea Halar egenesus yde cat al yst
regener ag ecqmtlgﬁuggg li%ﬂ%&ft%wi?& hydrogenation of adipodinitrile to

hexanet hyl enedi am ne. rocess as clainmed in claim1 wherein the
het er ogeneous catal yst regenerated has been used for the hydrogenation of
40 adi podi ¥ tthel satdlesthidet ar E1tehtRachicagahexaneithgrenkei EaRaYedafigom
6- am nocaprlenireacter prioX pooregenarntdloai. neln igneapdvehtadenus 1 to 4
wher ei n, idndodifkhe, (1he rdJensdaflon egat bereffydted €3 BhkHyI@©gghet N 45

12 6. Al@r%%ra§19$@tiMmb01ﬁQYt}fg leanpsel to 4 wherein, in formula (1),
R2 and R3 together are a C3 alkylene group and Rl is a rrethyl group. 5 7. A

rocess as_cl ai ned | any. of cl ai 6. wherein, in for R1 and
R are. cacht 4 oAy ol Andises et SaFBLERL: @ CRMBPBRLED 4OTBhkS mod | n
any of cl ais cent advapirgesusly hee Mﬁ@@@er‘-b@@ﬁlﬂbus‘— €anhigaqusddnesi ns, as the
cat al yti catdtchwdiseve Tionpomentind aof dloemehs 62) exnethef intwrddueegr dopo
consi st 190Ky dat@ys€ adsitin@Bds DY CdeelbahWi ¥é RS caheb@0fepdtatBdPELERSS as
claimed i ntr?ef%a(&%lgjs@'é'@nt]mhguhw Yakchiiesd D> heterogeneous catal yst

contains, as the catalytically actlve conmponent, a conmpound of an el enent
selected fromthe consi st 89‘ o I ron, cobalt and nickel or m xtures

t hereof . 1%he R%PB%%%S & Eormyife %aﬁ?dcf’%ﬁ%hf FREBLYFteFBPNPE he 20
r egener at i drpdagdeflf et cafivantapeopyaseresyeledyiitogshe qatalussrocess as
cl ai ned20 rowtniynefllygl aftexr purafOcadremmsi n t he hydrogen feed is stopped in
step a). 25 30
According to the invention, the regeneration is effected at a
pressure ranging from 0.1 to 30 MPa. 1If this is done in the
presence of hydrogen, the regeneration can advantageously be
25 effected at the pressure previously applied during the
hydrogenation. If the regeneration is continuous, the
appropriate amount of hydrogen advantageously ranges from 1 to
100 g, preferably from 2 to 50 g, of hydrogen/l of reactor volume
X hour.
30
The regeneration can be effected at temperatures of at least
100°C, preferably of at least 120°C, particularly preferably of at
least 140°C and very particularly preferably of at least 160°C.

35 The appropriate upper temperature limit for the regeneration is
the decomposition point of the compound of formula (I), i.e.
generally 300°C, and is preferably at most 200°C and particularly
preferably at most 180°C.

40 The duration of treatment of the catalyst to be regenerated is
generally 1 to 12 hours, preferably 2 to 4 hours.

After the treatment, the regenerated catalyst and the compound of
formula (I) are separated from one another. The regenerated

45 catalyst can then be re-used, like a freshly prepared catalyst,
in a process for the preparation of compounds containing NH;
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ammonia, after which the original feeds were restarted. The

reactor temperature could be lowered to 94°C in order to achieve

30 the total selectivity obtained prior to regeneration.

Example 2

In a continuously operated tubular reactor, adipodinitrile was

35 hydrogenated to a mixture of 6-aminocapronitrile and
hexamethylenediamine at 70 bar and at a loading of 0.22 kg/l1 x h
of Cr-doped Raney Co chips having a size of 1-3 mm, in the
presence of ammonia as solvent.

40 After an operating time of 80 h, the adipodinitrile conversion
was 92.8% at a mean temperature of 37.0°C over the length of the
reactor.

After an operating time of 2004 h, the catalyst had continuously
45 lost activity to give an adipodinitrile conversion of only 59.9%
at a mean temperature of 48.5°C over the length of the reactor.
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15
Rl RZ N - CO - R3 (I),
in which
20 Rl is hydrogen or C;-C4 alkyl and
RZ, R3 independently of one another are each hydrogen or
C;-C4 alkyl or together are a C3-Cg alkylene group,
25 or mixtures of such compounds, at a pressure ranging from 0.1

to 30 MPa and a temperature ranging from 100 to 300°C, with
the proviso that the compound of formula (I) is in liquid
form during the treatment.

30 2. A process as claimed in claim 1 wherein the heterogeneous
catalyst regenerated has been used for the hydrogenation of
adipodinitrile.

3. A process as claimed in claim 1 wherein the heterogeneous
35 catalyst regenerated has been used for the hydrogenation of
adipodinitrile to hexamethylenediamine.

4. A process as claimed in claim 1 wherein the heterogeneous
catalyst regenerated has been used for the hydrogenation of
40 adipodinitrile to a mixture containing hexamethylenediamine
and 6-aminocapronitrile.

5. A process as claimed in any of claims 1 to 4 wherein, in
formula (I), R? and R3 together form a C3 alkylene group.
45
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8. A process as claimed in any of claims 1 to 7 wherein the
10 heterogeneous catalyst contains, as the catalytically active
component, an element selected from the group consisting of
iron, cobalt and nickel or mixtures thereof.

9. A process as claimed in any of claims 1 to 7 wherein the
15 heterogeneous catalyst contains, as the catalytically active
component, a compound of an element selected from the group
consisting of iron, cobalt and nickel or mixtures thereof.

10. A process as claimed in any of claims 1 to 9 wherein the
20 regeneration is effected in the presence of hydrogen.

11. A process as claimed in any of claims 1 to 9 wherein the
hydrogen feed is stopped in step a).
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