WD 02/ 48127 PCT/ EP01/ 14751 PREPARATI ON OF OXI RANE COMPOUNDS The present
invention relates to a process for the preparation of oxirane conpounds.
Processesvd orv4agieepari ng oxi rane conpounds such as propyl paRERXI/E251 have
been known for a long tinme. 5 US-A-3, 350,422 describes a nmethod conprising
reacting olefinically unsaturated conpounds, preferably propylene, wth
an organi ¢ hydroperoxide in the presence of_ an _effective dissolved

catal ytic amount of a sol Agéiﬁﬁﬁlﬂﬁ COMPQW Rfescri bed t hat
during the 10 epoxidation reaction the organic hydroperoxide is converted

al nost quantitatively to the ¢orresp ondlng al cohol . The al cohol can be
recovered as co- prBEUBESSERt LB¥BRVEPRedciBtERct AyArBPRFBRF dEOBythe

dehydrati on t@regg@gt@onhggrgg@gghéoeoggogﬂgsolefin and oxidation to 15
hydr oper oxi de, or by hydrogenol ysis to hydrocarbon followed by oxidation

t o hydroperoxi de. FRPc€5%2830872 B&serrbeg axb¥@%@s§°%@©%$@§|ﬁgcheaétlng

propene with gt-Bylbenzeng:ydr gperoxidg kHoQHtEbP apigﬁg eng oxi de and
1- phenyl ethanol. The 1- phenyl 20 ethanol is subsequent ﬁydrated to

obt ai ° styren€ ~AqRi 8807 423 G@éﬂ@ﬂbgﬁaﬁtmﬁéhﬂﬁt@©m9¥l$bﬁgorﬁ@¢t¢henlcal
reactions. NLo§é%9$§Zé919€§ﬁ5596§aéeé'thﬁBuR&QC fef@r%M@gcgrBﬁ9E8H8 I's

reacted with cunenehydroperoxide to obtaln prop e oxl
2- phenyl - 2- pr8pahokn Theanact bydespesodéder ibethe opbesenpseqgliieat| y

dehydr at ed 'nre@fapz&@ AeLhyh SLYr gaga ;ﬂgtgg 5%9&@%@5(’%% an

industrially app i cabl e conpound rocess in
hydroperOX|degaaadlumedomppsnd prcessdEﬁcmmbed Phahotfluandgatkeone are

b SRS S0 ki 8 D Bk PR S PLAHS3: RECL LY £ar oes
PCT/ EPO1/ 1475¢0onverted almost quantitatively to the corresponding
alcohol. The alcohol can be recovered as co-product, or
reconverted to the hydroperoxide by dehydration to
olefin, hydrogenation of the olefin, and oxidation to
15 hydroperoxide, or by hydrogenolysis to hydrocarbon
followed by oxidation to hydroperoxide.

NL-C-1010372 describes a process comprising reacting
propene with ethylbenzene hydroperoxide to obtain
propylene oxide and l-phenyl ethanol. The l-phenyl

20 ethanol is subsequently dehydrated to obtain styrene,
which is a useful starting material for other chemical
reactions. NL-C-1012749 describes a similar process in
which propene is reacted with cumenehydroperoxide to
obtain propene oxide and 2-phenyl-2-propanol. The latter

25 is described to be subsequently dehydrated into alpha-
methylstyrene which is described to be an industrially
applicable compound.

A further process in which hydroperoxides are used,
is a process in which phenol and acetone are prepared

30 with the help of cumene. Such process generally comprises

oxidizing cumene into cumene hydroperoxide, and



converting cunene hydroperoxide into phenol and acetone, preferably with
the help of an acidic catalyst. Such process has been described in

EP- A- 361703 02/4812has now been found that it i s advant ageouBCT/@8P&/i4milegr at e
the process for preparing oxirane conpounds and the process for preparing
ket one and/or al dehyde and phenol. In such integrated process, there is
not only an auvadBEged rcunfene dymompesfoxsica dnt tdheduldrepe hedtda e,

manuf act ur e, t Jdt s further surprisingly been found.10 that undesirable
by- pr oduct s o%%oer#eerpar%gl es"qsli"cha(ralt ee%e(@é)n\?gggé% 0 UES Srod in the
ot her process.promatddrasadesnt agpescafibielhe imntregizatlIquys®, t he processes

conpared with a prQcess sol ely preparing.oxirane conpounds is that only
part of the al kyl g&y&laﬁyé’r%’ %eﬁe%%ﬁn(ﬁle%ih?tcdﬁvéﬁ BECRIPRLE Re
al kyl abyl st arifritiegy ratenpoienrdtelsie foit edepiad Y @SESSNANiIcERpORUSRS At

| ess by-produycts are built up conpared with a process _in which alkylaryl
is recycled i %?"f%lpl?ocier?st 1 AEERINI k61 PrroesYey, addshyde endeam i s

general | y necessaiol .t r2Guytevieitie g@%eess ipve dadd,d th 1of iRy nBroduats oA
bl eed stream has the disadvantage that useful conpounds are renoved from

the process adWEMtaR tHoddi® FEPETF Ofhé CorlGe ddls thee Svsitngerexine

present i nventisoM I ROWbREH tSBast Fei@ het RAARAGIHNIE y PRA BlRly i n_the
pri or grt to conbi ne the processes according to the présent invention. The
preseht i nventifGit rEIRSES 3d S DyrpEesEictsr othenep papaestsi 6anobeoxi r ane

conpounds, phenplyeandKatResiesatdOL adehrdes, v %*-Ehl%&og; 3%eGQNPri ses:
30 (i) oxidation of an alkylaryl to obtain an al kylaryl hydroperoxi de,
(ii) contacting afnioddsy se@vEnsRIehefalkkyl anflegmpdrion pér tkiederobeaiseed in
step (i) withQhefdnd Rithe Preseace oofedcatalyst 0 Qhtaln an oxirane
compound and al kylaryl 35 hydroxyl,

compounds is that only part of the alkylaryl hydro-

15 peroxide is converted back into the alkylaryl starting
compound in the integrated process which causes that less
by-products are built up compared with a process in which
alkylaryl is recycled in full. In the latter kind of
processes, a bleed stream is generally necessary to

20 prevent excessive build up of by-products. A bleed stream
has the disadvantage that useful compounds are removed
from the process as well.

Although parts of the process according to the
present invention are known per se, there is no teaching

25 or hint in the prior art to combine the processes
according to the present invention.

The present invention relates to a process for the
preparation of oxirane compounds, phenol and ketones
and/or aldehydes, which process comprises:

30 (1) oxidation of an alkylaryl to obtain an alkylaryl
hydroperoxide,

(1i) contacting at least part of the alkylaryl hydro-
peroxide obtained in step (i) with olefin in the presence
of a catalyst to obtain an oxirane compound and alkylaryl

35 hydroxyl,



2 WO 02/ 48127 PCT/ EPO1/ 14751 (iii) reacting at |east part of the al kyl aryl
hydr o- peroxi de obtained in step (i) to obtain phenol and a ketone and/or
al dehyde w@o¥)81gepar ati ng oxi rane conpound from reacti on peD@Ret/1478 of step
(ii), (v) contacting at |east part of the reaction product from which the
oxi rane conpound has been separated, with hydrogen to obtain al kylaryl at

| east part of mmlthreectl@gyetebeaatspept(oi the wlkhbmgylem%@i@enzene is

t he aIkylarylggggpgggdogp%&ne gﬁl%%%%SQ%Lathgbggfg tIO? of an oxirane

conmpound at resent een process %a be
carried out akehpgheanddnveasidehydad hi gher selectivity if the al kyl aryl

conpound enpl b ne in 15 whigch the al kyl substituent is
a branched aIExfgsu%sgg¥uen%gcggéf?%?nco?$o%?§ %O%OF%%?%%% 56%% 1% nor e
preferfed al kgfasyépcompbund contains 1 or 2 al kyl substituents.

al kylaryl co nd contal ing s substituents has the adv ntage t hat
it can cont ai go SEVe F%? Q%r%gef%ﬁ?ﬁep%¥ u £.€¢%mﬁ%%$tl?% Q?%gb

pot enti al sidefomamhiohsthetoksrahefebmpduhaahaéhbéenasepaﬁ@t@@Iewi@@n 3
substituents refer n 2_substituents. Mre
preferably, tﬂggﬁ?ﬂg?a{9lggg%bﬁuﬁggyfg ﬁn@ﬁel%%ﬂ?oPaHY(?Eow%%%%y}§benzene.
Al though m Xt ueegcodotodstépr eny . al kyl aryl compounds can be enpl oyed, a

si ngle type of conPound i S Ere erred in order to be able to optlnlse t he

proceﬁs condi t i onstFiaPughi SLRRLRFRTRNE chRpblimda L ME5R L bk eF @PRMIRE et

al kyl aryl conpogadyiSsegUiBNeher pgéﬁ;as@t%@wf)&enaeﬂeanéoc&ﬁ@oﬂ&yéer yl
for use in the present i nventjon, can be prepared in any v % known to be
abl

suitabl e by sBRE®FRC: skf|Pad PReRhEoWRe . tief RhpEmes %F%@l @Ipriedar at i on
process has bggprfegceibesti Rifhef 364¥8PsBHE 4fd higher selectivity

if the alkylaryl compound employed i1s an alkylbenzene in

15 which the alkyl substituent is a branched alkyl
substituent comprising from 3 to 10 carbon atoms. A more
preferred alkylaryl compound contains 1 or 2 alkyl
substituents. An alkylaryl compound containing several
substituents has the advantage that it can contain

20 several hydroperoxide groups. However, in view of
potential side-reactions, it is preferred that there are
no more than 3 substituents, more preferably no more than
2 substituents. More preferably, the alkylaryl compound
is cumene and/or di(iso-propyl)benzene. Although mixtures

25 of different alkylaryl compounds can be employed, a
single type of compound is preferred in order to be able
to optimise the process conditions for this specific
compound. Most preferably, the alkylaryl compound is
cumene or di (iso-propyl)benzene.

30 The alkylaryl for use in the present invention, can
be prepared in any way known to be suitable by someone
skilled in the art. For cumene, a suitable preparation
process has been described in EP-A-361755 and in
EP-A-371738.



EP- A-371738. 3 WD 02/ 48127 PCT/ EPOL/ 14751 The oxi dation of the al kyl aryl
can be carried out by any suitable process known in the art. The oxidation
can be owodpr/egd2put in the liquid phase in the presence oPCHEP@/14a®INt. Thi s
diluent is preferably a conmpound which is 5 liquid under the reaction
conditions and does not react wth the starting materials and product

obtai ned. Howevefhet pEidptient ofahhal sdkpéanvtoapound necessdrphy bpresent

during the reagtianscEplecxanBLes kholfieinabhyl ary! &ﬁecagﬁastﬁgs diluent
can be cunene as well. 10 The product obtained in step (I') can be used as
such in stepP@i Frramddseep {nithe digpnidcmphabe pnetberptdesencsepdrate of f

some conpoundg; 1Qknkt ?HﬁsbSiEHEB%rEEdP gfeyéslgpgyceggguﬁé L Rg Rr pduct

obtained in the process according to prese i nv ron an o Use
anot hé&r 15 patidbpdanother theoresstibPar tooflithenpraddctioes sbepréaYtis used

in step (iii):+papelLy ANoly! . I hydr roxi.de to obtain
phenol and ke%%ﬁg gﬁ%/8?gggﬁhgh?ggék$ﬁégpEé%gﬁ¥é%F5¥nggggéﬁeQOntain
substi t uent s. H2@eThe, r ehet dohuehtt henakkybabyl a hydmppendxndecsaarhey

attained by c Ln he a | aryl , hydroperoxide with, _ap, acidic catalyst
such as acidi@g%ggérygF%lg n g%nlﬁéCt%éPphE?F %éaTﬁggac?gighgatalyst can be
used sul phuri elkatadylhydr ouhkoei thacdd]lupetchhnrbe achdnesakpheridi oxi de

25 and, sul phur trjoxide; .organj ¢ _acids.such as,benzene- sul phonic acjd,

p-toﬁgénesulphoniéggcpﬁ?dg? s8b§ﬁ?8ﬁ nig ° %Pd(hhdc%%lg?oﬁﬁggi%SaEPak sol i d

aci ds such asisi kitep- (aiunmand, sakpmi(haiandoaciti €ahobeepebangeciesbns;

het ero- pol yaci ds such ?g tungstosilici.c acid tungstophos%horic 30 acid
gﬁ i 8

and mol ybdophdSBRBERFoPEE 8eid. CPFBPEPLBY yOT shif phali RS akF AL S§REEEr tO
cresol sul phonigeachlyaperused. thbeprasaunt ootatatal ystthe peodssd is

usually in thgcgggggngfto the present invention and to use another
15 part in another process.
Part of the product of step (i) is used in

step (iii), namely reaction of the alkylaryl
hydroperoxide to obtain phenol and ketone and/or
aldehyde. The phenol obtained can contain substituents.

20 The reaction of the alkylaryl hydroperoxide can be
attained by contacting the alkylaryl hydroperoxide with
an acidic catalyst such as acidic catalysts containing
sulphur. As the acidic catalyst can be used sulphuric
acid, hydrochloric acid, perchloric acid, sulphur dioxide

25 and sulphur trioxide; organic acids such as benzene-
sulphonic acid, p-toluenesulphonic acid, cresolsulphonic
acid and chloroacetic acid; solid acids such as silica-
alumina, alumina and acidic ion exchange resins; hetero-
polyacids such as tungstosilicic acid, tungstophosphoric

30 acid and molybdophosphosphoric acid. Preferably,
sulphuric acid and/or cresolsulphonic acid are used. The
amount of catalyst to be used is usually in the range of
from 0.0001 to 1 Swt, based on the reaction mixture to be
treated. The reaction temperature is usually in the range

35 of from 30 to 150 °cC. ‘



fromO0.0001 to 1 %, based on the reaction mxture to be treated. The
reaction tenperature is usually in the range 35 of from30 to 150 C. 4 WO
02/ 48127 VRe02/EROL/ 14751 The al kyl aryl hydr oper oxi de can ber/gn@jrciied to
the reaction of step (iii) after other conpounds have been separated off
fromthe reaction product of step (i). However, it is preferred to subject
part of the reactilte B3lpvdduyi bydsppprEk)ddi ceot by sobthetddctopobition

reaction step. (ijld).~The I tien:in WH| | r es by-
br oduct s. " By. BrOGuArE uh Shehr dortbaaonery otk 3Bktal AHHENBeRY an
1- met hyl styr espariatecr @6 ttoofuthkeread@tinor pasdutheoyi skdpof(ifhe present

process, the i oduc | d .one and/or .al dehyde can _be
separ at ed fro%ﬁ?ﬁ&%&éagﬁig% ggggggggf%gtggg%gfﬁ)?agFt8; t i%ﬁaggﬁﬁgr al
or pari of thercemmitniofgsteact(ipndiprodiet tbsthabpecbagosattba
hydr ogenat i on %Bc%&%% %%%B %5.T erefore, the process according to the

b

present invention “prefer %l% nprises separating at |east part of the

phenol and ket oneTaerdkierncaldehydestepm(tihe)r eackionp ppoaduet bf-step (iii),
and contacting eith of thﬁ renaininﬁﬁégiction roduct with

er a%l_or gar%
hydrogen in 28SEESTEv) BYCRABEHRES WREER aF8 &hed YnTeHBH: (AFP) and
whi ch are pretehghbynsent- badstepetuyl argrehbyl banzenaer andrirrathyl
Styrﬁﬂf' Therefore, an fract'an gf he reac%ion product of step (iii)
whi chis sent H'6TSEES %@F yﬁ?é ePibF)ScBRESPRS BERGPBENzERE dRELS6FI1- et hyl
styrene. 25 Rpaetiuemrsppaducl ehdskepohki bhd¢ar Bedspphet @agtBR (V) as
such, or the reaction product . of stegﬁ(iii) is combined wth reaction

product of st 8FPEFF oy SAPRNFRR BRPFLABY BERPBGRACKagtBRenidbpar aEERTOf T,
bef ore being gBAtht @itskePal¥)or3Bathecdesheed-pReN9hgandaketgne and/ or

al dehyde can be , ,
product is subjected to the hydrogenation of step (v).

15 Therefore, the process according to the present invention
preferably comprises separating at least part of the
phenol and ketone and/or aldehyde from the reaction
product of step (iii), and contacting either all or part
of the remaining reaction product with hydrogen in

20 step (v). Compounds which are obtained in step (iii) and
which are preferably sent -to step (v), are ethylbenzene
and l-methyl styrene. Therefore, any fraction of the
reaction product of step (iii) which is sent to step (v)
preferably contains ethylbenzene and/or l-methyl styrene.

25 Reaction product of step (iii) can be sent to step (v) as
such, or the reaction product of step (iii) is combined
with reaction product of step (iv) from which oxirane
compound has been separated off, before being sent to
step (v).

30 The desired phenol and ketone and/or aldehyde can be
separated from the reaction product of step (iii) in any
way known to someone skilled in the art. Preferably, the
phenol and ketone and/or aldehyde are substantially
removed from the reaction product of step (iii), while at

35 least part of the reaction products other than phenol and



separated fromthe reaction product of step (iii) in any way known to
soneone skilled in the art. Preferably, the phenol and ketone and/or

al dehyde ve0 €2/¢81bst anti al |y renoved fromthe reaction prodeCT/EBI/BIBP (iii),
while at 35 |east part of the reaction products other than phenol and 5
WO 02/ 48127 PCT/ EPO1/ 14751 ketone and/or al dehyde is sent back to the
integrated pketess.atddarlgldabytieavy bynprioaduktsoneed iotderdesaved from
t he integrat r&‘:gggss according to the present invention 5 as sufficient
heavy by-producis aré renoved by process step (iii). However, if it is
preferred to renoVeuahildj t honadaheavy-hyodt ot chsed thb Sod Srém®f&d apbym done

by renoving heav -prodycts fromthe reaction product of step (iii)
after the pheJ?r‘:kNE %ng‘ﬁg‘?%ﬁg %ﬁﬁ?%?sa?%%ﬂﬁgénﬁot‘ﬂa e REFS bt e R Bl ¢F
removéd and befosefaicleasthpavy bpiptbeusesvhpderembvideny 36dtofs product
is sent back to the, process. | ht by-products are to %e removed from

f 1ight by
the integrat®CBrbtEis- ale¥rERhy ’tg thelpreseherieRere i 69MOvVas this is

preferably donedbeienglresyelibg-pLaeicen, PERISICLS PfetdCalPl £S8Mhe PEPCESS
to step (1) of the, present process. The |ight by-products are preferably

renoved from¥EBRYI% PRRdvchy Rretdeptt viraRdree  Feartion PERGHetoBf step
(iii) fromwhiebpatilepsirparttind phenzD phenpbesnd kejpne andigrqal dehyde

has been removed. Preferably, the al kylaryl used in the process according
to tHe presemM2YRVRRRR ofPSt ekl Bsr ¢rpeed pR@sPefrre creled ot | part

attractive cogpounds, ahenehe angs %@t%@c{&fox)%tﬁlpo&&é& )is ZéeA@tkﬁArgFe§éi )

al kyl aryl hydr operoxi de obtained in step (1) 1s contacted w Inin

t he presence *%ﬁeapr‘é%@%ﬁ_yst to obtain an oxirane conpound and hydroxy-
al kylaryl. A catatysi; g by Cab UL 20 Yo Usedd N-SHALG from the

integrated process according to the present invention,

15 this is preferably done before recycling reaction
products of the present process to step (i) of the
present process. The light by-products are preferably
removed from reaction product of step (v) and/or reaction
product of step (iii) from which at least part of the

20 phenol and ketone and/or aldehyde has been removed.

Preferably, the alkylaryl used in the process
according to the present invention is cumene as this
gives the commercially attractive compounds phenol and
acetone in step (iii).

25 In step (ii), alkylaryl hydroperoxide obtained in
step (i) is contacted with olefin in the presence of a
catalyst to obtain an oxirane compound and hydroxy-
alkylaryl. A catalyst which can suitably used in such
process comprises titanium on silica and/or silicate. A

30 preferred catalyst is described in EP-B-345856. Such
catalyst comprises titanium in chemical combination with
a solid silica and/or inorganic silicalite which catalyst
is obtainable by a) impregnating the silicium compound
with a stream of gaseous titanium tetrachloride,

35 b) calcining the obtained reaction product of step a) and



process conprises titaniumon silica and/or silicate. A 30 preferred

catal yst is described in EP-B-345856. Such catalyst conprises titaniumin
chem cal wonbisiation with a solid silica and/or inorgani BCBEPIICEIFIt e which
catalyst is obtainable by a) inpregnating the siliciumconpound wth a
stream of gaseous titaniumtetrachloride, 35 b) calcining the obtained
reacti on prodyot hafdmrlepsisy ahdhes PO DR 81D B HRET/ABR0 Thi 7Sk ctd)on

hydrol ysi's of ddige.niodycly fle HER OhnodtiB LAl kA 980 Ay Proceeds at

noderate tenperatures "and pressures, in partic rat ‘tenpératures in the
range of frommeiond) Gn paferablar iat tteperrgeidfasom2Ehteo B0 & The

preci se pressune. s nof 44 ticalo as-l.ang s, id Suifiges A g mal otai n the
reaction mxture in aliquid cdndition, At'mospheri ¢ pr essur € 'nay be
satisfactory. 200 @geneThk, ppeessarpesesanrdeis mobecrabeadfadroomd 49 100 x

105 NVnR2. 10 The olefin to be used .nste ii) .of the process of , the
present i nventjihcorF Has ©h I?a}féle[&ﬁr’r Zch]eepééﬁﬁf)&ﬁ?dl Y X P Hrighdr ddquid
Preferably, thermliefidh conindphdriamprdseurk) near en sattanssa v pref er abl y
from2 to 8 carbon _atons. Most preferably, the olefin is propene. 15 At
the concl usi o et éﬁﬁ%q%ﬁ%}& ild%,tﬁenefaqqequd fH% dr &%onpri si ng
the desired profjcts ds N Agpar at ed fromthe catalyst. The oxirane conpound

can then be separated fromthe reaction product in any way known to be
sui t abPe to soneorisskildfich itto tdee vmed iThest2P | (igui ¢ fr édet powgescduwdt may

be worked up r i |, distil]lati el.ective tracti n r
filtration. TE%14 ég’féa%é;’g?,maﬂéynséslé%nv Z%\étp%a}]dlsz hénmpcé}'net QS(SL)%S rn%s et r?t(i)n%zaoﬁﬁé1 q{agcyo
unr eact ed ol efden mrerd ked arBute frepdficdper dMticde )i rbecorrtedyd eédbdmor2 faer t her

il zation. 25 Prosess SR (Lo e B0.E801) S, W Uigngat alvst 17
atoms. Most preferably, the olefin is propene.

15 At the conclusion of the epoxidation reaction, the
liquid mixture comprising the desired products is
separated from the catalyst. The oxirane compound can
then be separated from the reaction product in any way
known to be suitable to someone skilled in the art. The

20 liguid reaction product may be worked up by fractional
distillation, selective extraction and/or filtration. The
catalyst, any solvent which might be present and any
unreacted olefin or alkylaryl hydroperoxide may be
recycled for further utilization.

25 Process step (ii) can be carried out with the
catalyst in the form of a slurry, of a moving bed or a
fluidized bed. However, a fixed bed is preferred for
large-scale industrial application. The process may be
carried out in a batch-wise manner, semi-continuously or

30 continuously. The liquid containing the reactants may
then be passed through the catalyst bed, so that the
effluent from the reaction zone is substantially free

from catalyst.



fluidized bed. However, a fixed bed is preferred for |arge-scale

i ndustrial application. The process may be carried out in a batch-w se
manner, Seon2/¢aati nuously or 30 continuously. The |iquid pOVERIWI4MY t he
reactants may then be passed through the catal yst bed, so that the
effluent fromthe reaction zone is substantially free fromcatalyst. 7 WD
02/ 48127 PCT/ EPOFursuesybeientdast aratteast Peg tresfcitime meaetuan

product contal r Al kyl I ){‘P{/o i | rane. conmpound has
been separat ed of%&%gs%ec%%dﬁ%%la ld?o%ge}élg{l}%o% hoeglsroagleenati on

treat ment whidmramberds usee corprlates] cohfacts neubEactadrtgproduct with
hydr ogen at J%%Tg{ r 0.3 bl.y of .from 140 to
330 C, prefer@f)c?y %%gnﬂ?lg% lE}(I)Cﬁ)llr%%%eq%‘,ttlOpnre ee%a ri?%/ne%s'hairco%%b qeo 320 C,
and adpressurisad domprided conipit nd Oeddnin moredyprtefvertdblhydfodarom 0. 1
to 10 50 x 1 erab of m to., 30 x 105 n2._ The
hydr ogenat i ogasct rl\gear?eﬁ%é?@i%e %r%a%cfr@ l({:di;.%’()l gsdélooufc’i A eerpﬂb eite of a
hydr ogenat i orfmat al4&Gtto ITHMet@ |pyrefidraaiydraafefadm drs Catal3dst i,/ | contain

a netal on asolid rriger_whi drqtal tal yses, 15 hydr ogenati on.
Preferred catdlyesrsare %’it%lf%/r%t coont3aﬁccﬁiﬁ!q farlrbq‘nao.1:’3}/‘?50‘S Q%ﬂf c#]r%t al or
a netal conpaund oM @ %@riO@rN/xﬁﬂ?rﬁoPé%EéEQL?fb% SEOROmSotp 5, %M.
Preferably, the netal present as netal or netal conmpound 1is one or nore

net allochosen 0 om @DWp/hhmcdy, 3afe4abl0 o4b.From 06h, t8b and 8 of the
Periodic Table of t El ements described in the Handbook of Chenistry and
Physi cs, 63rd%Editib .Nmit TheehEdupyynathenneraftpeesens pasferetlalyor

metal conpound .i,s; Lald.adiym b ESé)gé rd AN oal . 25
Catal ysts further prefer aurfny us? In r%yed%edng{lf%ﬁae?{ e&a}st&géﬁlysgcf' t he
reaction prodifftexontai nilry hydresgration catalyst will contain a

metal on a solid carrier which metal catalyses

15 hydrogenation. Preferred catalysts are catalysts
containing from 0.5 to 8 %wt of metal or a metal compound
on a carrier, more preferably of from 0.5 to 5 %$wt.
Preferably, the metal present as metal or metal compound
is one or more metal chosen from Group 1lb, 2b, 3a, 4a,

20 4b, 5b, 6b, 7b and 8 of the Periodic Table of the
Elements described in the Handbook of Chemistry and
Physics, 63rd Edition. Most preferably, the metal present
as metal or metal compound is palladium. The solid
carrier preferably is charcoal.

25 Catalysts further preferably used in hydrogenating at
least part of the reaction product containing hydroxy-
alkylaryl from which an oxirane compound has been
separated off, are the catalysts described in
US 5,475,159. These catalysts are catalysts comprising a

30 copper compound, a zinc compound and at least one
compound selected from the group consisting of aluminium,
zirconium, magnesium, a rare earth and mixtures thereof.
Such catalysts were found to give good results at

relatively low temperature. In step (v) of the present
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15 about 0.1 percent by weight to about 20 percent by
weight, calculated as the oxide, basis the total weight
of the catalyst, of rare earth. A further preferred
catalyst contains from about 10 percent by weight to
about 80 percent by weight, calculated as the oxide,

20 basis the total weight of the catalyst, of copper, from
about 10 percent by weight to about 80 percent by weight,
calculated as the oxide, basis the total weight of the
catalyst, of zinc, and from about 0.05 percent by weight
to about 30 percent by weight, basis the total weight of

25 the catalyst, of aluminium. A further preferred catalyst
contains from about 10 percent by weight to about
80 percent by weight, calculated as the oxide, basis the
total weight of the catalyst, of copper, from about
10 percent by weight to about 80 percent by weight,

30 calculated as the oxide, basis the total weight of the
catalyst, of zinc, and from about 0.05 percent by weight
to about 30 percent by weight, basis the total weight of
the catalyst, of zirconium. Another preferred catalyst

contains from about 10 percent by weight to about
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hydrogenated product is recycled, the desired fraction can be separated
of f in any wawesdhtabfalculated as the oxide, basis the total weight
15 of the catalyst, of zinc, from about 0.05 percent by
weight to about 30 percent by weight, basis the total
weight of the catalyst, of magnesium, and from about
0.1 percent by weight to about 20 percent by weight,
calculated as the oxide, basis the total weight of the
20 catalyst, of rare earth.

After the reaction with hydrogen in step (v), the
product obtained can be recycled in toto or in part. If
only part of the hydrogenated product is recycled, the
desired fraction can be separated off in any way suitable

25 known to someone skilled in the art.

10



25 known to soneone skilled in the art. 10 WO 02/48127 PCT/EPO1/ 14751 C L
Al MS 1. Process for the preparation of oxirane conpounds, phenol and
ket ones avabopusiat dehydes, which process conprises: (i) oOrRCOaPiiom7aif an

al kylaryl to obtain an al kylaryl 5 hydroperoxide, (ii) contacting at |east
part of the al kylaryl hydro- peroxide obtained in step (i) with olefin in
the presence of a catalyst to obtain an oxirane conpound and al kyl aryl
hydroxyl, 10 (iii) reacting at |eastCparR ©fMtBe al kyl aryl hydro- peroxide
obtained in step (i) to obtain phenol and a ketone and/or al dehyde, (ivV)
separati ng oxirane conmpound fromreaction product of step (ii), and 15 (v)
contacting atlleaBtopass Obrtheerpaepaoatpondoftoxiram whombowrndoxi rane
conmpound has eparated, with drogen to obtain al kylaryl at |east
part of mhichgﬁsgo?ec§%l %g?%eitéﬁd?¥¥.agge?¥§%%5sw %%%r8¥%@e¥% claim1, in
whi ch processcoheri2@sal kyl aryl conmpound is an al kyl benzene in which the

al kyl  substituent is, ranched_al kyl substituent conpri si from3 to 10
car bon atonB.Eﬁ. Pr%%ﬁ@%gh%%o?gi%@ ?%k%f%f 1t%rg9,a+% %%i%ﬂg ¥cEss the
al kyl a8yl conppdndpésogiuaene and/ or di (i so 25 propyl )benzene. 4. Process
according to any, one of claims 1 to 3, in _ which deconpositiaon by-products
obt ai ned in s?%%) (i FPH 2 Grendent i%aﬁ PO sther ek Bek TR t 0 any
one of clai mepdréRide dBtadledhighstdpstep (ith alkyiarvh hydropssoxide is

contacted wth gropene at a tenEerature in the range of from0 to
of catalyst to obtain an oxirane compound and alkylaryl

hydroxyl,

10 (iii) reacting at least part of the alkylaryl hydro-
peroxide obtained in step (i) to obtain phenol and a
ketone and/or aldehyde,

(iv) separating oxirane compound from reaction product
of step (ii), and

15 (v) contacting at least part of the reaction product
from which an oxirane compound has been separated, with
hydrogen to obtain alkylaryl at least part of which is
recycled to step (i).

2. Process according to claim 1, in which process the

20 alkylaryl compound is an alkylbenzene in which the alkyl
substituent is a branched alkyl substituent comprising
from 3 to 10 carbon atoms.

3. Process according to claim 1 or 2, in which process
the alkylaryl compound is cumene and/or di (iso-

25 propyl)benzene.'

4. Process according to any one of claims 1 to 3, in
which decomposition by-products obtained in step (iii)
are sent to step (v).

5. Process according to any one of claims 1 to 4, in

30 which in step (ii) alkylaryl hydroperoxide is contacted

with propene at a temperature in the range of from 0 to

11



11 WO 02/ 48127 PCT/ EPO1/ 14751 200 C, and a pressure in the range of from1
to 100 x 105 NNnR in the presence of a catalyst conprising titaniumon
silica avddor48eticate. 6. Process according to any one oPCTERIWVE7H to 5,
in 5 which the hydrogenation in process step (v) is carried out at a
tenperature of from140 to 330 C, and a pressure of from0.1 to 50 x 105

Nnm in the p ence of . a hydrogenation catalyst._ 7, Process according to
any one of CI%(?Q:'B Ci’ t%n%,aiﬂ}!eiﬁgﬁﬁijc% © | BARTe pat tE 5™ thetDhenol  and

ket one and/ or I ) 2 p t t e roduct. of step
(iii), and eilt%(gr}ggil]?, g[?%%ar?ﬁo?ﬁ?hég?éeéﬁrg%i% grdgéél%u %‘Pp?%“gﬁj%%s%@
contacted wi thitgirogerni pisiep &nyl/o8.sFeess. according to any one of

br oduct 11 om hi SR Farer bt e T & (CRSuT el hi i n st ep
(iv), S5 s contwcicdd vie hhjwdoggeataod on wat@dyststcamptvsi g @ LopnRer
conpound, a zinc conpound and at |east one conpound sel ected fromthe
group 20 cons‘?‘éﬁi%@r%ft%@%%ﬁﬁﬁ? o r B UM 0 neynetd ur @ndage  earth and
m Xxtures tr“”ﬁ%éSs&%% of from 0.1 to 50 x 10° N/m2 in the presence of
a hydrogenation catalyst.
7. Process according to any one of claims 1 to 6, in
10 which at least part of the phenol and ketone and/or
aldehyde are separated from the reaction product of
step (iii), and either all or part of the remaining
reaction product is contacted with hydrogen in step (v).
8. Process according to any one of claims 1 to 7, in
15 which process step (v) at least part of the reaction
product from which an oxirane compound has been separated
obtained in step (iv), is contacted with hydrogen and a
catalyst comprising a copper compound, a zinc compound
and at least one compound selected from the group
20 consisting of aluminium, zirconium, magnesium, a rare

earth and mixtures thereof.
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