- 1 - 1 June 2005 PREPARATI ON OF OXI RANE COVPOUNDS The present invention
relates to a process for the preparation of oxirane conpounds. Processes
for preparing oxirane conpounds such as propyl ene oxi de, have been known
for a long time. 5 US-A-3, 350,422 describes a nmethod conprisime sgacti ng
olefinically unsaturated conpounds, preferably propylene, wth an organic
hydr operoxide in the presence of an effective dissolved catal ytic anount
of a soluble vanadium conpound. It is described that during the 10
epoxi dation reaction the organic hydroperoxide is converted al nost
guantitatively to the correspondin al cohol . The al cohol can be recovered
as co-product, or reconve?FgaABBTgﬁg Ry dPEpEPrYRI GEMBYYHERydr ation to
ol efin, hydrogenation of the olefin, and oxidation to 15 hydroperoxide, or
by hydrogenol ysis to hydrocarbon followed by oxidation to hydroperoxide.
NL- C- 1010372 descThge $Tesenbc dsyeainiptl dGtaadta iy PERGhEhel oF t e
et hyl benzene %&g@%%ggygﬂﬂéﬁ(bﬂyyéﬂé1c&mﬁﬁﬁkﬁpe oxi de and 1-phenyl et hanol
0 et

The 1-phenyl anol 1s subsequently dehydréted to obtain styrene,
which is a useful Progesiseg e MREP Ao Iarr adife A OUREH T Phsa s

NL- O 1012749 deseiiRes 2,aldl | el $RsP ddburEeh Dropgne, ide ! eact ed wi th
oxirde to o

cunenehydr ope tai'n propene oxi de and 2-phenyl -2-propanol. The
latter525 i s U&s@r-idhed 0t,d Afe dadysaidesntd ynegddind renrert i sirg af ohat1ng

Compound. | Sut APt ate TGP e TR o ety P TRt
co- produced i witle apr icorgaaritc pryabegsasficte 3t nemifEActagneg okiarane
conpounds. Fb%ﬁ%%%ti%% %%%é%ived catalytic amount of a soluble
vanadium compound. It is described that during the
10 epoxidation reaction the organic hydroperoxide is
converted 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 1-phenyl ethanol. The 1-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 subsgequently dehydrated into alpha-
methylstyrene which is described to be an industrially
applicable compound.

Suitable ocutlets can often be found for many of the
products co-produced in the prior art processes for

30 manufacturing oxirane compounds. However, it can be




- 2 - 1 June 2005 beneficial to be able to produce solely the oxirane
conpound such as propyl ene oxide. In EP-B-609455, a process is described
for producing cresol by (1) oxidation of cynmene to obtain a solution of 5
oxygenation products containing tertiary Rydroperoxide and (o j/Z5005

hydr oper oxi de, (2) reduction of the content of primry hydroperoxide, (3)

deconposition_of the, reaction m.xture to obtain.cresql_and sone

by- product s, bﬁﬁﬁ%f'ﬁ)laéul‘ijoeb?lei ﬁ‘glteh WEESHSE 5T ™ jﬁﬁ EX AT

hydr ogenatloncbmF@qmﬂe@hchabtg Pfroihya e pixAdiect s to  cynmene and/ or cresol .
EP- B- 609455 sol e

relates to the reparation of cresol._A process. has now
been found which grﬁk@?‘?‘t‘%@ééﬁbl & PrECSESpae 58 CJ.ccfrﬁ:')ro|.F?ﬁ]‘§£'§/fifJtr?‘ﬁ)ut
the need to prepabe biS (LUr bRabaeamRO Wl yaieridhe sapt didrea M Lboigh sbne
of the process steps of the process according to the present inveption are

known er se, CKHEPEAL4 ORo PEOAMIRESy CON LML NS [+ atd 57 Sy THP]TP i ne

these processagheps it riNngdrRpeiciil@, WaYy. r2Auths dH esethd nusiddon
relates to a process fof the preparation of oxirane conpounds, which
process conpPEsBEimary bydaspesezdtican @) kfesaafipass GRmkit dhel kyl ary!

hydr oper oxi dere%gtﬁ'b'h) 3 QRLAE! RO Bl 1A A i (el By P adudwlr o-
peroxi de obtained in step (1) with olefin at a tenperature of fromO to
200 C and a peadsufe etbfieeiming tdel G@cem@sUYial iM-AHE Hricdence of a

g)"’(‘it f?’nozt COCO”B%;@%Eﬁgnta}tE%FJ ‘E@l %[c]m el C a%d(o&; £$Hd it%ﬁ-'gﬁc?d&&cé’bé@i n 30 an
npou and al kylary ydroxylt, (1i1) option y reacting at | east
part of the akkyeaeybnd/or crescl. EP-B-609455 solely relates to the
preparation of cresol.
A process has now been found which makes it possible
to prepare oxirane compounds without the need to prepare
15 further compounds at the same time. Although some of the
process steps of the process according to the present
invention are known per se, there is no teaching or hint
in the prior art to combine these process steps in this
particular way.

20 The present invention relates to a process for the

preparation of oxirane compounds, which process

comprises:
(1) oxidation of an alkylaryl to obtain an alkylaryl
hydroperoxide,

25 (ii) contacting at least part of the alkylaryl hydro-

peroxide obtained in step (i) with olefin at a
temperature of from 0 to 200 °C and a pressure of from 1
to 100 x 10° N/m®? in the presence of a catalyst
comprising titanium or silica and/or silicalite to obtain
30 an oxirane compound and alkylaryl hydroxyl,
(iii) optionally reacting at least part of the alkylaryl
hydroperoxide obtained in step (i) to obtain phenol and a
ketone,

(iv) separating oxirane compound from reaction product

35 of step {ii),




hydr oper oxi de obtained in step (i) to obtain phenol and a ketone, (iv)
separati ng oxirane conpound fromreaction product 35 of step (ii), - 3 - 1
June 2005 (v) contacting at |east part of the reaction product from which
the oxirane conpound has been separated, with hydrogen atﬂ?#g%qgﬁ%ature of
from 100 to 330 C and a pressure of fromO0.1 to 50 x 105 In the

presence of a5 hydrogenatLon catilgst, to obtain al kyl aryl at |east part
of which is ré&&cl eBPEB2SELRI (AT LRARRI BRIENET hPEr §§EFALICEN PE: t is a

catal yst conpgisinNghacBOPPEr ox§eEpeUadmpauzidN &ag0 Heey Gepad saled eagitione
conpound sel ected fromthe group consisting of alumnium 10 zirconium
magnesi um a PRAECEEPt AtaAd CRITREGAEETENEEeSEOM B80ALS 35¢ 452 aTkhtd ons t hat

an al cohol caprbgsukacerverbadotl @ ikbs shydr apenexirde by Hiehdnan 4o a
ol efin, hydrogenatlon of the olefin, and oxidatign to hy roperOX|deaagr by

hydr odenol ysi BY&5CHgBABEARLEAL RS YESI | SRe@PER 1o PdEEileR Yilo Aty ditisidr Ba

However, US-4¢3,350n42¢ ¢eBL@1B% e SReP f(i§ LAl @hiehl @meon how an
al cohol can be reconverted to its hydroperoxide in a technically and

comrerci al | y Averagenatinaycareligs Aswasgaprilyishgloprpadsinsufd GIRReL n t he
20 process of seqt i nyent| h | kyl aryl. hydroxi be
cgﬂﬁgﬁgﬁky ag%ﬁEWFFhBBunB ng’%% ﬁﬁﬁgt YHOH AR o TR

converted into t the help of ydrogen and”in the presence
of a hydrogenaeitentedt rpst thel grpupy coasas tunde sifr ed umirgiugduct s whi ch

‘Q’ﬂ(ellfoor l”ec' 1Dy ?oﬁﬁrﬁéﬁi, l"M@gﬁEEEum‘Q’e ey ?EV%%E‘E% %%%ﬁ@&&%% WS A
ylaryl as well. e'latter 1s attractive I n at It I ncreases the
overal |l yield of VAeApBoB888s42Al mkotghnet hrbbeancnd cohctlheaal lod ar vyl
conpound m)Strecon\rerted to its hydroperoxidé by dehydration to
olefin, hydrogenation of the olefin, and oxidation to
hydroperoxide, or by hydrogenolysis to hydrocarbon
15 followed by oxidation to hydroperoxide. However,
US-A-3,350,422 contains no specific information on how an
alcoheol can be reconverted to its hydroperoxide in a
technically and commercially attractive way.

It has now surprisingly been found that in the

20 procesg of the present invention, the alkylaryl hydroxide
can be converted into the alkylaryl with the help of
hydrogen and in the presence of a hydrogenation catalyst.
In many cases undesired by-products which were formed in
a previous step, were converted into the desired

25 alkylaryl as well. The latter is attractive in that it
increases the overall yield of the process.

Although ethylbenzene is the alkylaryl compound most
widely used in the preparation of an oxirane compound at
present, it has been found that process step (i) can be

30 carried out at higher conversion and higher selectivity
if the alkylaryl compound employed is an alkylbenzene in
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

35 substituents. An alkylaryl compound containing several




wi dely used in the preparation of an oxirane conpound at present, it has
been found that process step (i) can be 30 carried out at higher conversion
and higher selectivity if the alkylaryl conpound enployed is an

al kyl benzene in which the al kyl substitugnt is a branched fﬂqﬂQ2OO
substituent conprising fron13 to 10 carbon atons. A nore pre rre

al kyl aryl conpound, contain 35 substi,tuents. An al kyl aryl
conpound cont AFRPh§tEehERaRaS &Ee igya EagﬁoﬁﬁéﬁbéFlF@@nF?nﬁégjihe

advant age t hageltrednnoarbakRoxsa¥ehabupkdr apeesige igr eups: dfowever, in
view of potential side-reactions, 1t is preferred that there are no nore

than 3 substiPRkRREIakpPedprErerkbPRenoifinié PREASTEES St ithsast &¥avost

preferably, the abkyl éﬁ&h §08REYRY t uks t&UNRBS cARHedl rdiliys PR )iz ene.
Al though m xtures of different alkylaryl conpounds_can be enployed, a

singl & type of evhpbuRHensSpr Mpetr PESERTEPA¥r tHepeliplaryilo COFmaMnsk t he
process condi§ Oeﬁméﬂé 5Ha§o§peel . E:Qo??@g’é?l@engheA@E‘l‘%@l‘?%l@&dﬂ&

al kyl aryl can e carrie any Ssui e process known™in the art. The
oxi dati on canOfb@lﬁﬁerEBé ééleﬁrVﬁeCDm@@M@d§h§§@ e efplevesknée of a

di| uent . Thi sdplignt s BECLSrABLY.AA;OMRALRT M G 3k Il dyder the

reacti on conditions a 0es not react e starting materials and
product obtalhedopt&mmﬂeethetDEOdBBaenDndéﬁi@hgofbg ahdenpseerd fatessarily
presgnf durlngo%hguagactlon For exanple, if the alkylaryl is cunene the
dil uent can be“Cumene as wel |. 20 The product obtained in step (i) can be
used as such in ﬁhepoﬁndﬁtlon of the békpﬂeﬁgﬂredntbes@pamawd.@ﬂﬁ:énhe

conmpounds, Or%?ﬁegubgﬁgl rggﬁégﬁgr nown n'thePd! E O%h h%xa%@&ﬂ%ﬁfc:@falned

and to use an
be carried out in the liquid phase in the presence of a

diluent. This diluent is preferably a compound which is

15 liquid under the reaction conditions and does not react
with the starting materials and product obtained.
However, the diluent can also be a compound necéssarily
present during the reaction. For example, if the
alkylaryl is cumene the diluent can be cumene as well.

20 The product obtained in step (i) can be used as such
in step (ii}, or it can be preferred to separate off some
compounds, or it can be preferred to only use part of the
product obtained and to use another part in another
process.

25 Preferably, part of the product of step (i) is used
in step (iii), namely reaction of the alkylaryl hydro-
peroxide to obtain phenol and ketone. The phencl obtained
can contain substituents. The reaction of the alkylaryl
hydroperoxide can be attained by contacting the alkylaryl

30 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 and sulphur trioxide; organic acids
such as benzenesulphonic acid, p-toluenesulphonic acid,

35 cresolsulphonic acid and chlorocacetic acid; solid acids



process. 25 Preferably, part of the product of step (i) is used in step
(iii1), namely reaction of the al kylaryl hydro- peroxide to obtain phenol
and ketone. The phenol obtained can contain substituents. The reaction of
the al kylaryl hydroperoxide can be attained by contacting {b@]@éd@sl aryl 30
hydr operoxi de with an acidic catal yst such as acidic catalysts containing
sul phur. As the acidic catalyst can used sul phuri¢c acid, h rochloric

aci d, perchl ofPER &&; &lléﬁppﬁ}lunﬂlnaxl Wi R3s Atch &S 1o e © < acids

such as benze@@%ﬁhghoﬁle%e%b@lyﬁ'ctl@su%@@ﬂ|al§"Q@irﬁgs&Qﬂ§ilﬁ§LcCraﬂ§ﬁ sul phoni ¢
acid and chloroacetic acid; solid acids - - 1 June 2005 such as

si li ca-al uni naunaﬁ&@pﬁasmr&& &<éq M%MXW@PWW W3t sotSaci ds

such as tUngs@?éf%k@b@yac%@lphﬁ&ﬁ&ﬁ%@ﬁhp$ﬁ$ﬁﬁdﬂ3d%éébﬁﬁﬂiphonlc acid
nol ybdophosphosphoric acid. “Preferably, sulphuric acid and/or

cresolBul phonPEcasrgds The gyeuntTid Sasedysd teatts wied i HergRd Y sin
usual ly in thggr ?'Qg% Ofof]c B0 -00QRb 1t @ ol 178kt b@ﬁa%dad)'bﬂ hﬁ'lé eact d0fbn

mxture to be treate he Teaction tenperature is usually in the range of
from30 to 15@118tu‘r|¢et@| logl é;rrxﬁlat@h Féres HiFasdtion ttemaRratel®® ioh after 10

ot her corpouns, 3G eeR:seRaLAked ol oY e Jpcid on  product of step

(i). However, I'S pre er re ubj ect” part of the reaction product of
step (i) di rect I y The ali@yldmydnw@m ﬁaeorsuriemtledw tof tdteeprgadtion ®feter

reactign | SHRRet Lokl YRIE0dUses diia A B ot oVl acbuste i o

are frequently eth benzene rene. In order to
further i ncr@a@durclteo)fl elttépof :I)heazmmen:t p!toaesssgretmatmi;itr@cbulp):remluct S

phenol and ketane on-be 9epRLaLed LIANANG . 1RAGT A1) RIAUEL PTeS R
decomp051tlon reaction of step (iii).
The reaction in step (iii) usually produces by-

15 products. By-products which are frequently found, are
ethylbenzene and l-methyl styrene. In order to further
increase the yield of the present process, the desired
products phenol and ketone can be separated from the
reaction product of step (iii), after which either all or

20 part of the remaining reaction product is subjected to
the hydrogenation of step (v). Therefore, the process
according to the present invention preferably comprises
separating at least part of the phencl and ketone from
the reaction product of step (iii), and contacting either

25 all or part of the remaining reaction product with
hydrogen in step (v). Compounds which are obtained in
step (iii) and which are preferably sent to step (v) are
ethylbenzene and 1l-methyl styrene. Therefore, any
fraction of the reaction product of step (iii) which is

30 sent to step (v) preferably contains ethylbenzene and/or
1-methyl styrene. 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 separate off, before

35 being sent to step (v).



20 part of the remaining reaction product is subjected to the

hydr ogenation of step (v). Therefore, the process according to the present
i nvention preferably conprises separating at |east part of the phenol and
ketone from the reaction product of step{iii), and contacfi iA=her 25
all or part of the remaining reaction proguct W th hydrogen instep (v).

Conmpounds whi ch are ohtained i ep ((iti) and whi are prefe %a_ sent
to step (v) are EPﬁyBSéﬁf@ﬂeP ﬁai REChIECONG: ERS %?h A ed, yrom
fraction of thRer eaebt%npbeeaebtobfsbeep(l i1k Wrilncfadysw%@ semwﬂ astep (V)
preferably contains ethyl benzene and/ or neth styrene. Reaction_product

of step (iii)SeHRCBE Sgéﬁﬂe§01§tébe(ﬁftasP§ﬁ@ﬁra6ﬂi%hé*Féé€F¥6H-ﬁ?ﬁ%uct of

step (iii) i Skéeﬂhenﬁgewshﬁs'&‘éﬁ%tlbc?ﬂ‘ypE:%%%d()ffr%ﬂ&k{é \Weadt iR Whi ch
oxi rane conpound has been separate o] before 35 being sent to step (V).

- 6 - 3 June RBOSUTReodesiteRd (Bhdnol whAd ek éfor@agkn Dee tsfartdi®ed from the
reaction prodyegceioﬁt EE}oQ'ub't)s b'ﬂﬁ@}yt‘ﬂ@ﬁ‘l IGAQARD 1t AndS YBAM S Idesgh Tn the

art. Preferably, the phenol etone arée substantially renmoved fromthe
reaction 5 prbaagkt tof theepntegrpteghbrecgss.east part of the reaction

brocess. 11 part of PRECaPEyFaeyFiAYaRSSs BhoaoPee orie MR oo
and ketone, itnte phehedreddt hetonke 10 dlskpirafgirres clhegndres this gives
ggteg.lqnegnldnacggggf?k?]-l gggg}%&g(&g{ easl @pﬁ_tse 1(Vlels Ipl’lll%ltnf’lal I’ESéa%eceyOO 3 CH(I ae
catal yst to obtapn{amioxirane conpound and hydroxy 15 aIkyIaryI. A cat al yst
whi ch can SUitab|¥nu§ggpiQi%??halkylaryl hydroperoxide obtained in
step (i) is contacted with olefin in the presence of a
catalyst to obtain an oxirane compound and hydroxy-

15 alkylaryl. A catalyst which can suitably used in such
process comprises titanium on silica and/or silicate. A
preferred catalyst is described in EP-B-345856. Such
catalyst comprisesg titanium in chemical combination with
a solid silica and/or inorganic silicalite which catalyst

20 is obtainable by a} impregnating the silicium compound
with a stream of gaseous titanium tetrachloride, b)
calcining the obtained reaction product of step a) and c)
hydreolysis of the preoduct of step b). The reaction
generally proceeds at moderate temperatures and

25 pressures, in particular at temperatures in the range of
from 0 to 200 °C, preferably in the range from 25 to
200 °C. The precise pressure is not critical as long as
it suffices to maintain the reaction mixture in a liquid

condition. Atmospheric pressure may be satisfactory. In
30 general, pressures can be in the range of from 1 to
100 x 10° N/m2.
The olefin to be used in the process in the present
invention depends on the oxirane compound to be prepared.

Preferably, the olefin contains from 2 to 10 carbon




process conprises titaniumon silica and/or silicate. A preferred catal yst
I s described in EP-B-345856. Such catalyst conprises titaniumin chem cal

conbination with a solid silica and/or inorganic silicalite which catalyst
20 is obtainable by a) inpregnating the _si4icium conpound mide Zogst r eam of
gaseous titaniumtetrachloride, b) calcining the obtained reaction product

of step a) and,_c hydr ol ysi s _of ,the Jproduct_ _of At T j on
general ly progggﬁg'a Oﬁdéfgigrtag%ﬁ’erfgtoﬁ‘lr éstté)ng %%%rog%sautr es,’ ﬁﬁ&%dart i cul ar
at tenperaturegeferbbhéy,anpe ofleffinoms0prog2e@.C, preferably in the range

from25 to 200 C,_, The precise pressure.i s not .crit.ical_as_l.on It
suffices to maint éFntF‘ﬁecPélgiPis&ﬁnmo t?ﬂh RO YA dicR rce&ccﬁ]tolrg'n.at%e

At nospheri c pLegsitemikyuke $atipifiadne the @dedl rgeheraduqussesisir es can be
in the range of from1l to 100 x 105 N nR. The olefin to be used in the
process in th8SBRE&ERE frRlehtforateddTls e RF AR nfto be

prepared. Prehehabky sebbeaelkef iffcaohdl teddtamr? grodiwabanhy way 1 June
2005 atonms, nore preferably from2 to 8 carbon_ataqns, Mst prefer y, the

bl
olefin is profBRYN AP PReSEdSERIS & srMamdeeididad df tdietddn, 1

liquid m xture;goqBr ekl itbhe hic@d naf O HeC b rixe D Lg;erw awetdienal he
catal yst. The oxirane conpound can then be separated fromthe reaction

product in an?iﬁéﬁllﬁﬁé\@ﬁlrt@et}@cé:l}i"tea@lxéria&té&?e(%@/% 1Feld-7af 19 aftS The
Sel'oct] v ext FASEIon andlar TrT L rat on orrl o Ee et Mid avhnt whi ch
m ght be presenreastednplefinesat edkalemyd &y EIaBARS: 'dw@mﬁaﬁr oxi de may
be recycled EQEyEEEBh%Eru%hEE%%&i%Qilization.
Process step (ii) can be carried out with the
catalyst in the form of a slurry, of a moving bed or a
15 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
continuously. The liquid containing the reactants may
then be passed through the catalyst bed, so that the
20 effluent from the reaction zone is substantially free
from catalyst.
Subsequently, at least part of the reaction product
containing hydroxyalkylaryl from which an oxirane
compound has been separated off, is subjected to
25 hydrogenation. A hydrogenation treatment which can be
used comprises contacting reaction product with hydrogen
at a temperature of from 100 to 330 °C, preferably of
from 140 to 330 °C, preferably of from 180 to 330 °C,

preferably of from 180 to 320 °C, and a pressure of from
30 0.1 to 100 x 105 N/m?, more preferably of from 0.1 to
50 x 10° N/m?, most preferably of from 0.1 to

30 x 10° N/m2. The ratio (mol/mol) of hydrogen to
alkylaryl hydroxide contacted with the catalyst is
preferably at least 0.5, more preferably at least 1.0,

35 most preferably at least 1.4.




Process step (ii) can be carried out with the catalyst in the formof a
slurry, of a noving bed or a 15 fluidized bed. However, a fixed bed is
preferred for |arge-scale industrial application. The process nay be
carried out in a batch-w se manner, sem_-gontinuously or coptddsas! y. The
liquid containing the reactants may then be passed through the catal yst

bed, so that the 20 effluent fromthe reaction zone is substantially free
from catal yst Caéaﬁé’éﬁﬁeﬁflll§?b&te Irpé’é‘_slusﬁarlﬁ'l %Fﬁ@err’@&&ﬂ%r?stpﬁtﬁﬁ% part
contai ni ng hydgoxyal kgbatylonf HedduitC kot a2 i &y R has, befrom
separated off, is subjected to 25 hydrogggﬁg%fn. A hydrogﬁpaﬁ§on treat nent
whi ch can be WHi&H @BnPrigaEec FRIRONRY NASa OSEh SFRFFAGE hjﬁ?%daﬁa at
a tenperaturecatafl-ams18@st9 133 Gn Prefenall M sof. ey k416,330 fze
preferably of from180 to 330 C, preferably of from180 to 320 C, and a
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50 x 105 N n2,,A0gt Reaker abley cohpbi2d Qel @ &30 PrckDT Y Hr-oukhe ratio
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i s preferabl goasiksass Of5alwpviaipre! @lgisopiym.| Spanesigmas fyste _
preferably at Least ;134 nixe8re 1t%%§%o%qogug%t@%f§f§§%§tﬁg%é*Eéﬁnd“%b'n
hydr ogenating at [east part of the reaction product containing

hydr oxyal kyl agyivef gomd wieiseh ten agx inedad ivedyo iy Hespexeat weparkkt etbed f |

are the catalyst sedeser thaddn Uscacds 150, Thesencaial ysts are 5

cat al ysts conprisin C r ounda, a zinc conpo at | east one
conpound sel egre@elkaBINV D@ edr QU a ¢eRPestatigeofofalfHEmingY tzd rxsmiam

magnesium  a %32%ar§%&§? %ﬂ%hﬁ%éi%ﬁ?%t%h%gﬁgkiégﬂg}éﬁuéﬂéﬁﬁEﬁgwﬁé}géﬁ?d to

by weight to about 80 percent by weight, calculated as
the oxide, basis the total weight of the catalyst, of

15 copper. Further, such catalysts preferably contain 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. A preferred catalyst contains from
about 10 percent by weight to about 80 percent by weight,

20 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, calculated as the oxide,
basis the total weight of the catalyst, of zinc, and from
about 0.1 percent by weight to about 20 percent by

25 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,
basis the total weight of the catalyst, of copper, from

30 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

the catalyst, of aluminium. A further preferred catalyst

35 contains from about 10 percent by weight to about




give good results at relatively low tenperature. In step 10 (v) of the
present process, these catalysts are preferably used at a tenperature of
from100 to 250 C. Preferably, such catal ysts conprise from about 10
percent by weight to about 80 percent hygweight, calcul ated;as, oddae oxide,
basis the total weight of the catal yst, of 15 copper. Further, such

catal ysts preferably contain from abqut .10 percent by wejght to, abqut 80
percent by weP§hPETCERfcHYalEFIRS 1t ﬁ’é‘(i(?%ild’é,edbéﬁst é’xtltfiteal Lt?&ﬁjgﬁtt t he

catal yst, of zbegl fecBbBkebiedneai-akhit s&Qntcd RePPedm RRMtadduper cent by
wei ght to about 80 percent by weight, 20 cal cul ated as the oxide, basis the
total wei ght &P PRECSEAt RYy¥RiIIHE &pFErUt BOMPSFGR YL PYp et et by wei ght

to about 80 pgregfhcly el ght osalell ¥aed A He Jvdidqeidiasisr tirge t ot al
wei ght of the catalyst, of zinc, and from about 0.1 percent by wejght to

about 20 per ceatabyss @i ganc. canrdulfacey aouthd -9 RerIway P el
wei ght  of thEOCQB@)LﬁfS%O %C rcéng a1 Al URErE RARS e/died Wwalghy St

contains fromabout 10 pefcent by ight” to about 80 percent by weight,
cal cul at ed asthhecexirdest, bafi sircenisvmal Ansitdier crafrerad fafaly o

copper, from 30.a00uL, FOACLERNE BY Yol 0t ! & ARAIGA0 weragnis by wei ght

cal cul ated as the oxide, basis thet wei g e catalyst, of zinc,

and from abouBOOpeScpatcoyt weyahsi,glerlcaud aglgsua 3¢ hseragdde bypawigHihe basi s
the tofal wei fo_t o L yst,. Qf m nj rt red

cat all;%st 35 cg?’%ﬁgn%’eﬁg’% ?gg&%%l&a%éarl S %ﬁ%ﬁ%ﬂe{ﬂto a%%ﬂ-‘% - 1 June
2005 80 percent pgrwenghby emlighitated adeutthed Oopedwertfadivs waiahtt ot al wei ght
of the catalys rom about .10 .ner. entt

percent by \ABF%F‘F%E%%%E%{SAF § 8L BRdE H%si ?b:{a}%ﬁ‘%t@aqé 3%’?3%& o?ot he

catalyst, of zinc, from about 0.05 percent by weight to
about 30 percent by weight, basis the total weight of the
15 catalyst, of zirconium, and from about 0.05 percent by
weight to about 30 percent by weight, basis the total
weight of the catalyst, of aluminium. And a further
preferred catalyst contains from about 10 percent by
weight to about 80 percent by weight, calculated as the
20 oxide, 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, from about 0.05 percent by
weight to about 30 percent by weight, basis the total
25 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
catalyst, of rare earth.
After hydrogenation, the hydrogenated product can be
30 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 known to be suitable to
gomeone skilled in the art.
The process according to the present invention is

35 illustrated by the following Examples.



5 catal yst, 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
Anot her preferred catalyst contains from about 10 percent by weight to
about 80 percent by weight, calculated as;§he oxide, basis { ke Addst ot al
wei ght of the catal yst, of copper, from about 10 percent by weight to about
80 percent byEvvei Egt cal cul ated as the oxide, basis the total weight of
the catal yst== , from about 0.05 percent by weight to about 30
percent by wei ght TheaspsxihBattionalcateilgt ekt ke chhadatsal ysint adfnizig coni um

and from about 0. 05 percent, _hy i.ght to about 30 percent h I ght,. basis
the total weFghEDdF™ RE SildiCFstRiGH HAGHETSRRAT %@ RS pquéf‘fe*ﬁ ed

cat al yst cont akBsplleoBcabedti nd0 tReteent: by-hite @it Hro palpugss¥). percent by
wei ght, calcul ated as_the 20 oxide, basis the total wei %ht of the catalyst,

of copper, from ABSURYHEORERGEAPTHFARSILYIFE MG Salfo G 8T ity GIME DY IR ght |

cal cul ated as-bpge®Xi 38ncbasiss Aihedmital piRiriiHed tlcddiriiaas alyst, of zinc,
from about 0. 05 percent g_y wei %ht t o about 30 percent by weight, basis the
total 25 wei gE¥eBPlehd &t Syt 5 4/ Smddfesi um and from about 0.1 percent

by wei ght to abOUbfr%th%ﬁ&%% Y Ve le@hic] e C 2hmidRt 8d-Asdda o) de, basis

the total weight of the catalyst, of ‘rare earth. After hydrogenation, the
hydr ogenat ed predtor .cBuriag 30 hoagyol édn is sudkdred fpat .the ke sePart

of t hydr ogenat.e rgfa%@l&t Al rl"eb%)(z%'se%t hie 48} IRd dHACd Lik oL anriRe

d
separated off "in any way known to be suitable to™ soneone skilled in the
art. The processcaccond wgdled durpngsdite inesahiican iThe 32adturated by

the fo'lomjngp%é%ﬁ%ke%bthiggd'd%ﬁgg¥ié§xgé $wt of cumene hydro-

peroxide, 70 %wt of cumene and 2 %wt of further
compounds.

15 A reaction mixture containing about 6 mol of l-octene
per mol of cumene hydroperoxide was fed to a reactor
containing the fresh epoxidation catalyst described above
at a temperature of 40 °C. Octene oxide was separated
off. It was found that 55 %wt of l-octene was converted

20 into octene oxide. |

A mixture containing 17%wt of 2-phenyl-2-propanol and
83 %wt of cumene was contacted with hydrogen in the

presence of the hydrogenation catalyst described above at

a temperature of 140 °C and a pressure of 20 x 105 N/m2
25 during 2 hours. The product obtained contained no

i-propylcyclohexane, 86 %wt of cumene, 10 %wt of

2-phenyl-2-propanol and 4 %wt of l-methyl styrene.

Example 2 (Comparative)

A mixture containing 17 %wt of 2-phenyl-2-propanol

30 and 83 %wt of cumene was contacted with hydrogen in the

presence of a hydrogenation catalyst comprising 5 %wt of

palladium on a charcoal carrier, at a temperature of

225 °C and a pressure of 20 x 10° N/m2 during 2 hours.

The product obtained contained 1 %wt of 2-phenyl-2-




Exanpl e 1 The epoxi dation catal yst was a catal yst containing titaniumon
silica which was prepared as described in the Exanple according to the

t eachi ng of EP-A-345856. 5 The hydrogenation catal yst was a catal yst
contai ning copper, zinc and zirconium prepared according tp Exaspl-e 3 of
US- A-5, 475, 159. Fresh cunene and recycl ed cunene are fed to a reactor.

During 8 hours, air is hubbled in at the hbottom 10 of the reactor and
| eaves at t hePFERBPIrhé%r &3¥& G CHIENSeact §vh & do‘lpé'ﬂjﬁﬂrcf Ffeeane

reaction. Thezh@aet kR off Fdc¢heabi-dnprAiadt ai ned 28 % of cunmene hydro-
peroxi de, 70 % of cunmene and 2 %w of further conpounds. 15 A reaction

m xture cont aE¥PAR1&hdut(COMREITaSE VEloct ene per nol of cumene hydroper oxi de

was fed to a reachpe o%pRLaMRNR] dith@xzh@ile ep@ddatdfuntcrt almst wescri bed
above at a tenperature of 40 C. Cctene oxide was separated off._It was

found % hat 55d9kEegrneeothate thes tespaziatere 209 R ol end @RIV
m xture cont abB'ﬁ% ntl_écy%n‘%faiﬁfeﬁh%@’|2'—%T@r3ﬂa@|pr%1§$n@l3, %4 Dft yrene was

contacted with hydrogen in the presence of thé hydrogenation catalyst
descri bed abovumgne,al0efpér stfurie raforyAE G lahexans egvlire Bt 2f x 105 N n2

25 during 2 h h obt ai ned contai ned no i-propylcycl ohexane,
86 9wt of currglrfl%,%hfg %&?ﬂ%%gﬁﬁ%-'phenyl-2-propano| and 4 %t of 1-nethyl

styrene. ExaBpkep2e(@nparative) A mxture containing 17 %t of _
2, Dhefy |2 b obangle g0 s 83 O RIS B SULAGIEL AN Ny g 11
a charcoal catpi er reaictart.ebperiatgurte lafurs, air is bubbled in at the
bottom of the reactor and leaves at the top of the
reactor. The reactor is cooled during the reaction due to
the exothermic nature of the oxidation. The reaction
15 product obtained contained 10 %wt of ethyl benzene
hydroperoxide, 88 %wt of ethylbenzene and 2 %wt of
further compounds.
A reaction mixture containing about 6 mol of l-octene
per mol of ethylbenzene hydroperoxide was fed to a
20 reactor containing the fresh epoxidation catalyst
described in Example 1 at a temperature of 40 °C. Octene
oxide was separated off. It was found that 41 %wt of

l1-octene was converted into octene oxide.

Example 5
25 The feed used in Examples 5-7 had the following
composition:
cumene 74.7%
l-methyl styrene 0.8%
2-phenyl-2-propancl 24.5%
30 ' The feed contained no heavy compounds containing at

least 10 carbon atoms {(Cl0+ material), based on analysis
by gas chromatography.

The hydrogenation catalyst was a catalyst as used in
Example 1 containing copper, zinc and zirconium prepared

35 according to Example 3 of US-A-5,475,159.



225 C and a pressure of 20 x 105 NNnR during 2 hours. The product obtained
contained 1 9w of 2-phenyl-2 - 11 - 1 June 2005 propanol, 94 % of
cunene, 3 % of i-propylcycl ohexane and 2 %w of further conpounds.
Exanpl e 3 (Conparative) The experinent of,fxanple 2 was repeaifdousth the 5
difference that the terrperature was 280 C. The product obt ai ned cont ai ned

no 2-phenyl - 2- propa 10, %t of cycl ohexane
and 1 %t of furtR‘h'rgl 8n%8éw8§ t%?aﬁ%‘ﬁgogefﬁtﬁro&ﬁ y%g)rgzegne and

recycl ed et hykbafaesedangthedthe dead eaclzote iQM ngalﬂchomzsa,cealvelmmbbm ed
in at the bottomof the reactqr and | eaves at the top of the reactor. The
reactor is codWE&Vduplfng tOhélrr dadiditoddge afo fesse E@ébtl’m#rrﬁcc HAWREDT the

dat t t d t d1l I
benzene hydr B8 BETBETES A o U0 Rt bing BAE RRICETL 166 PEEFERAE

conpounds actii Qn 5x {al er nol
of et%l benzen(E %&d%o&?r oxI de \%318'31 2 ?rg)l;éb%? }5’ ogr(-:q’I (}Je'tlgﬁ]c?l% ?!ﬁe fresh
epoxi dati on catahgstyl de@muplamd)ll rfe@ca@plmqﬁbmt a‘Jﬁ agrfperinlkaviolg 40 C.
OCctene oxide was separated o s found that 41 % of 1-octene was
converted i nt §°BEFERE X 3’5‘8 I?x J1 §5 25 The feed used in Exanmpl es 5-7 had
the fol |l ow ngcoorpesi tion: 74. 7% cunefgd.lsnet hyl styrene0.8%

l-methyl styrene 0.7%

10 2-phenyl-2-propanocl 5.9%
Cl0+ material 0.3%
Example &

Example 5 was repeated except that the amount of
hydrogen was 1.6 mole of hydrogen per mole of 2-phenyl-2-

15 propanol fed. The further reaction conditions were a
weight hourly space velocity (WHSV) of 1.0 hr-l (33.64 g
of feed per hour), a reactor bed temperature of 200 °C,

and a reactor operating pressure of 20 x 105 N/m2. The

product obtained had the following composition:

20 cumene 97.3%
l-methyl styrene 0.3%
2-phenyl-2-propanol 0.1%
Cl0+ material 2.3%
Example 7
25 Example 6 was repeated except that the temperature of

the reactor bed was increased to 220 °C. The further
reaction conditions were a hydrogen flow rate of 1.6 mole

of hydrogen per mole of 2-phenyl-2-propancl fed, a WHSV

of 1.0 hr-1 (33.64 g of feed per hour), and a reactor

30 operating pressure of 20 x 105 N/m2. The product obtained
had the following composition:
cumene 57.8%
l-methyl styrene 0.0%

2-phenyl-2-propanol 0.0%




2- phenyl - 2- pr opanol 24. 5% 30 The feed contai ned no heavy conpounds
containing at |east 10 carbon atons (Cl0+ material), based on analysis by
gas chromat ography. The hydrogenati on catal yst was a catal yst as used in
Exanpl e 1 contai ni ng copper, zinc and zirfgn[un1prepared 3§J %%%ﬂﬁing to
Exampl e 3 of US-A-5,475,159. - 12 - 1 June 2005 A fixed bed 0O e

hydr ogenati on catal yst was contacted with the feed at a weight hourly
space vel oci t $100WHSYFTéR11.0 hr-1 (38:8% g of feed per hour), a reactor
bed tenperature of 200 C, a reactor operating pressure 5 of 20 x 105 N n?
and 0.8 nol e of hydrogen per nole of 2-phenyl-2-propanol fed. A product of
the following conposition was obtained: 10 cunene93. 1% 1- net hyl

styrene0. 7% 2- phenyl - 2- propanol 5. 9% C10+ materi al 0. 3% Exanple 6 Exanple 5
was repeated except that the anmobunt of hydrogen was 1.6 nole of hydrogen
per nole of 2-phenyl-2 15 propanol fed. The further reaction conditions
were a weight hourly space velocity (WHSV) of 1.0 hr-1 (33.64 g of feed
per hour), a reactor bed tenperature of 200 C, and a reactor operating
pressure of 20 x 105 N nR2. The product obtained had the foll ow ng

conposi tion: 20cunene97. 3% 1- net hyl styrene0. 3% 2- phenyl - 2- pr opanol 0. 1%



C10+ material 2.3% Exanple 7 25 Exanple 6 was repeated except that the
tenperature of the reactor bed was increased to 220 C. The further
reaction conditions were a hydrogen flowrate of 1.6 nole of hydrogen per
nol e of 2-phenyl-2-propanol fed, a WHSV. pf 1.0 hr-1 (33'641§Hﬁ¥2da%ed per
hour), and a reactor 30 operating pressure of 20 x 105 N nR. e product
obtained had the follow ng conposition: cunene97. 8% 1-net hyl stéggﬂfqzowb
2- phenyl - 2- propanol 0. 0% - 13 - 1 June 2005 C10+ material 2.2% - June
2005 TS 1222 CL Al MS 1. Process for the preparation of oxirane
conpounds, which process conprises: (i) _oxidation of an al kylaryl to
obtain an al kyl aryl hydroper oxi de, §L@Lf¥593bﬁhcting at least part of the
al kyl aryl hydro- peroxide obtained in step (i) with olefin in the presence
of a catalyst to obtain an oxirane conmpound and al kylaryl hydroxyl, (iii)
optional |y redcti R§OSESFedSF BREt PFEPREEtAPRY PAr P iTEGEH FRMBIAIBIE de

obtai ned in s{ARPch hrieetbt abRppherel. and a ketone, (iv) separating

oxi rane conpound fromreaction product of step (ii), and (v) contacting at
| east part of (Ehe rexéfpbhopr efuan alkylaryl to obtain an alkylaryl

hydroperoxide,
5 (ii) 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

hydroxyl,

{(iii) optionally reacting at least part of the alkylaryl
10 hydroperoxide cobtained in step (i) to obtain phencl and a

ketone,

(iv) separating oxirane compound from reaction product
of step (ii), and
(v) contacting at least part of the reaction product
15 from which an oxirane compound has been separated, with
hydrogen in the presence of a hydrogenation catalyst 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 at least part of the phenol and ketone are
separated from the reaction product of step (iii}, and

either all or part of the remaining reaction product is

30 contacted with hydrogen in step (v).




15 from whi ch an oxirane conpound has been separated, wth hydrogen in the
presence of a hydrogenation catalyst to obtain alkylaryl at |east part of
which is recycled to step (i). 2. Process according to claim1, in which
process the 20 alkylaryl conmpound is an atkyl benzene in wh ghhd Highsal Kyl
substituent is a branched al kyl substituent conprising fron1% to 10 carbon
atons. 3. Process_according to claim1 or 2, in whi.ch process , the

al kyl aryl conpoun§TPESEENERECINGAG t@ G0 0§ ﬁrfoﬁ%a)lﬁ%nz]eﬁ'eo % Ptocess
according to anYcBnerofstehai (15)1 d1kydaryl Hkirtpeatodiensti pardniictde
phenol and ketgne are separated fromthe reacti on product g; stqg éiii),
and either alitdr DEFRPENSt athé ‘f&MRSHatYHeddt itdf ﬂ%d‘tﬁfctoﬁ &0 cont@ct ed
with hydrogenziop Stepan¥ a pressurk JWeDQRinye R0 acaas ding to any
one of claims 1 to 4, in \M?lch in step (ii) alkylaryl hydroperoxide is
contaci ed wi tihopxop@®e NgimZa iremher aineserice tdfe a ange lofst ramrising00 C,
and a pressur%.i n_the ran%ttg1 af frorgo/l to .‘:‘1.10 x 105 NNn2 in the presence
of a catal yst &Sﬁgﬁugﬁ ﬁ’& E&R Y s iS5 ¢ 3 or silicate. 6. Process
according to any omeceksCla@icasdino th any odd If tdieximgdriogendad i am of in
process step ). Ls. carried out at a tenperature of fro 00, to_ 330. C. and
a 10 pressureg’gﬂc#’r('i eO&W%FS%@%F%B Cﬁ?n@ W%Wv is carried

out at a temperature of from 100 to 330 °C, and a

10 pressure of from 0.1 to 50 x 10° N/m<.

C60/TS1222FF



