; e3el FLb 6T03ZWD 02/ 48125 PCT/ EP01/14748 PREPARATI ON OF OXI RANE COVPOUNDS.
The present invention relates to a process for the preparation of oxirane -
conpound¥O0 ®BtEsses fommmmﬂm ' Xi rane conpounds suchPEGHFEp¢IsFHsene

oxi de, have been known mwwmumrre 5 US-A-3, 350, 422 descri bes a nethod
conprising reacting ol efini¢glhy unsaturated conpounds, preferably

propyl ene, with an organi c hydroperoxide in the presence of an effective

di ssol ved catal ytic anbunt of a sol ubl e vanadi um conpound. It is described
that during the 10 epoxi dZREGARAGION OF OKERANGamOMPRYHDSper oxi de i s
converted al nost quantitatively to the correspondi ng al cohol. The al cohol
can be recovered as co-product, or reconverted to the hydroperoxide by
dehydration to ollfd pragaerogematniviofrdldad efd g @nocexs datd arhé o 15

hydr oper oxi d [ hydr ogenol] ysi s tq hydrocarbon foll owed by oxidation to
hydr oper oxi dgj.re%i_a-%/?g%lr&% %%%%%‘?%ecsoqnf% r%)éc)se'ss conprising reacting propene

‘wi th et hyl benzene thymrsopes aixoé xi ep tepanhitray roxanemed ersmxirttes aggkH -pdhenyl

et hanol . The 1_<iph%23/| 20 e&ha ol i sub§$ uent de%drat ed to obtain
styrene, whi &R Tt it APtV RPTHHE ePH F101F R MR Ehetial reacti ons.
NL- G- 5012749 mpge+3 850 1 B2 Nilé 6 r I5OE €8 d Thoi EdhF DPERE FSadeaeied with
cunenehydr oper.oxi de, t o obtai n propene oxide and 2-phenyl -2-propanol. The
latter 25 is q}ées‘ct?ﬂltf@&]% WS 3tipeeRE P AR RERE¢FBLY propylene,

al phanet hyl styirenesn Wi gdnis wesespdatk i bg athd nsusidnad | ye appl i cabl e
conpound. Suitable outlets can often be found for 'many of the products

co- produced iSfEafE i il el prdcerlyy gy anam treriufact MR oxi r ane
conpounds. HaMBMELiunt teSipolied. 1WQ DUesBldsed BhatPThERD /hid7- -8

beneficial to be able to produce solely the oxiraneconpound such as
propyLene oxiSRO¥A Eeds sEIRGEE HoM Bre P YA ik drprrkeside Possibl et o

prepare oxXir ang-commaundsnyd h@&gnﬁfﬁaﬂe«f@w %&@P@@é&%&%ﬁ&pounds at

the sane tinme..sThe present Invention relates to a proces
t hepr epar at i eilasthalki B zbegehdsan e cre priocess cohpro-sesedudt oxédat i on

of an al kyl ary. ! kyl oxld tacting at
| east part ofre!t%&ergfa%%p%f?hnty}gér o%%‘?%%ﬁ%g&%%egﬁﬁéd&%%?%{ée%i?ﬁ??pw th olefin
in thepresencdedfirg datdtystnaoiobtef e obdffiane aohpoundk andal tky| ar yl

hydr exyl , 15( i e {109 [ und from reaction productof step
(i1 ),@(@i V) corﬁb)ac C?pnémﬁ Clllécg’as %pkéfp? %@Pﬁee ({rlg'ascjtsl on ;e)l} u%cf?lg%oﬂ whi ch the
oxi rane conpdioid dveesd Beenosiepat aved;o vibtdinyrkogeinde o obt ai n al kyl aryl at

| east part of whigh i I to..step (i), . in which process the al kyl aryl
is an al kyl aryl cl\o&rrpdoﬁlﬁg{c(gr?rypgi %?Sn%&r]r%erse % tPal)ndcleSasf k'fﬁmps]%bssﬁlq USRS 1 Ras
been found t hatogdres usiet tof e aimy Hbdyt ey | oohpepesch :codprisislgtaoi e t han 1

al kyl substituent 1 n a25process describ above kes that the anount

of al kyl aryl c?alr?poyelesnnealcf’gjré)? h%%d?i B esIW% Iegffqlaﬁlroo 'esq‘gp‘i(? ﬁg\/{ﬁ%%{lbéi hyl benzene
or cdfene ar etusathl W4 howib s evnsdén by tadieydoitret ttoo askyt d heostyyrére) s t hought
t hat an al kyl ar.yl.substituen ont ai nin re than_1 al kyl substjtuent
does30not onl“@‘%elst e Optidn ot Tart %eemtagarﬁclﬁﬁﬁ%%’ér%rﬂ’ec oup, but
that further mea-tivwnsal kyl-schs0l2ventde s ideare present @recsanvekt ed
faster intoa hydroperoxide grou measured as nunber of hydr oper oxi de groups
bor 11tro of UG HVIDHE Hour Skt dh S TR G Rl oAl g S 3

PCTI EPO1/ 1- 4 6htRen adiopbaiey | oD oargl BN anied-2 4o £ diea b DCEBISACLHF € Ag t O

the present invention . is an al kylaryl conpound conprising, nore than 1 al kyl
substPt uent . 3% %ﬁ%%}?eedo?oaﬁ’?y?‘éﬁ’ q‘t%ﬁﬁﬂdﬁrﬁﬁw Hred el te mipRa-

processSacconig It fhend) egeiéh i Ny edd @bddadind W Dhakdytasyly
conpounds is to have on wei ght average norethan 1 al kyl substituent.
Preferably, taRPHIRLE FUBRDOMAd for use in the present invention

conpri ses noret hagik M kY ostbst § t ugdto Fadn RaSto0e Bbr WRALH &8 the
alObranched al kyl substituent conprising from3 to 10 carbonatons. An

al kyl aryl corfFRFeDMATITPUSed et i RT e Bt HRBCEPHESQYVEPE age that it

can gont ai nseyaata by r@%iﬂsngr@é&pﬁoumv}%weér@ryifﬂveixpgégnti al

side-reactions, it is preferred that there arel5no nore than

substituents. The al kyl aryl conpound orm xture of al kylaryl conpounds
preferably has, on wei ghtaverage, to 2.5 substituents.

Most preferably, the al kyl aryl cowmﬂmmmm,m%@fs about 2 al kyl substituents.
Most preferably, the alkylaryl conpoung,d,s20di (i so-propyl)benzene. Although
m xtures of differental kyl aryl conpounds can be enpl oyed, a single type

of conpound is preferred in order to be able to optim se theprocess
conditions for this specific conmpound. Preferably, the alkylaryl for use in
the present 25invention is prepared in a process for preparing cumenein

whi ch process propene is reacted with benzene in thepresence of a suitable

T . g p g e g emmy g g



- 4 PCT/EPIl1/1~7~8 second colum is sent to a third distillation

col uimwher e di-i sopropyl benzene is separated off. Conventionally,

di -i sopr oy@bbes12zene is sent to atransal kyl ati on unit wher @ T/EPO1/14748

di -1 sopropyl benzene is reacted5with benzene in the presence of a

transal kyl ati oncatal yst to obtain cunene” Zhe process according to

t hepresent invention, preferably uses part of the di-isopropyl benzene
prepared in tHeepebbessl dfo remcdh hgprtopenedand behebnet HOThel pxhdat i on of

t he al kyl aryl rried out_b sui tabl e process known in the art.
The oxi dation %%ﬁ%@%%%%%% ao%tpﬁ?gfﬂ%n?i% phase in the presence of

adi l uent. This di lAigntodess priafenabh Yoot ofpawd dyh Wt cla ks | gui shswdere t he
reaction condigé ans, and does not reactl5with the starting materials and
product obt ai ned. HovweVetr ,CHHE R | (EROUAR af LR Pet atkenpetmdto prepare
necessari | ypr eBerthaitirédpdieis eaction. sdms €xaepl e, if thealkylaryl is

*di (i so-propyl)benzene, the diluent can bedi (i so-propyl)benzene as well. As
wi Il be known toZé@b | T L QTher ek dtesidt @ ra daP RS priaenthe
duringoxi dat i @regdratailcd! dfs duiase .cdifoed el Rielierahlyedsslightly
basic. The water preferably has a pH of betweennore than 7 to 8. The product
obtained in st%‘?i“‘%l)ser?‘dn be used as such25in step (ii), or it can be
preferred to sgpar ated%fifda&qr&p(yﬂ)(gﬂﬁ@sl,kﬂraliﬁ cah hig pref raelq<§loa1§;}ﬂy use
part oé t heprqoduct obtained and to use another part 1 n anotherprocess.
Someoh® skil | VFHPREFO* e mi | | appreciate thata wide range of conpounds
can be present (i) t he Reduet3QofStiep )paf;cs gaGh, al kol lgarrS/u_Lp can be
converted into ahydroperoxide group, into-a yé)roxy grOL}Ip or' can

r emai nunconvert¥HORSUKiids miitainead vas ftamd(ihatitit ¢lsefiod riequilied to
purify the pr [ sg . en (id). WO 02/-4812s - 5
PCT/ EPO1/ 1~7~§ y| E"’tg I{;HSe E’;fg% gdg)ﬁr?g%{%&déooﬁopﬂo%ﬁ‘gsaq}:ooﬁ‘%%lfanr?%gc%?l?% B9 t ut ed
al kyl aryl s ar @llksslaplefherduskyflor use in the process according to the

presepd inventison., |t f @t t._ortho-substjtuted alkylaryls generally
are l'ess 5 rea(lcltq’l Ve s\r@gégﬁggﬁ , ogﬁﬁa%aesikogg&u\&d Yhe 8 U%y° ﬁ%O%feucFrt use
in step (i) ofoft gy dddss of the present invention are neta-substituted or

par a- substit ut al kyl I .\Mor e, pr.ef er.abl at. | east 90% w, nore
specifically a qfl)east C%ééoa\%tt}wgf tthelegislyylpfﬁﬁ &% FPUFEMT HW O Tcess
of the presentframw editiicin téree onetrasuehstantpdiad drapaeers uhsdd tdte®t, with

al kyl aryls. |1 21 (H'rdere t&gpr?%ent b%ﬂr‘?’lrjﬁp of | 8ss reactive alkylaryls in the
process accor ding 36t K€ Sredént 3 i¥dn, 2% d9eSteiddi &7 Wit erf ed t hat
the ptcess lxeagadredi ng tsaephgipr,esent i nvention conprises a further step
by which at |east . part of |ess reactive al kylaryl caonpounds are renoved.
P?/ef erably, SSL w&&&@e&:oscteéﬁ itgles@djké’g‘t%rﬁ’ ydts %gé’as"’tl ALY AP PrBHuct of
step (i) to dicshigdiatingnmokiee thei amaangduciurean dirsritsed in step 20 (ii).
The product distilled off will. contain a relatively |arge anount of |ess
reactive al kyl aryl’&. “#Ri geﬁrnoéﬁ&n iﬁaﬁe thenisep of tar“ar?gahwréﬁ on unit as
descri bed abowemplaunicheompaisahky mtricon hami 1. e ar edinct iGahe gpnyverted

into product_ _cont ai ni ng nore, reacti ve conpounds or can 25 be converted
into %orrpound?ré)&r?tszf’l ﬁ‘isngieécﬁlﬁﬁlde %101273?1 "@H%sst itthddntt héh gy gfati ¢ gr oup.

In step (ii), adlkdplaaryll candbepenexilde epal ned d &ishiaR  iPrde LontAct ed
with olefin in the presence of a catalyst to obtain an oxirane conpound and

30 hydroxyal kyl CTRAYLIDEREFEE Wi CHIERS Sdier atsied -uSEdhovts wels hgmer: des
conprises titad oo $bl bed aRALN Siild Gat &hAqHefierdied cat t . J.S
descri bed i n EP-B-345856. Sgch _cat gl yét conpri sggl ti téﬁni %rrﬁ %nlqgé)h%rﬁyclal
conbi nati on WAL I&YEPE EPRLEANARY Feriendhganile adkydi ISubaititaentti cves
catalyet is obioai Balhendyeatne WO 18125 v\ mdPETAERLY 1. 17- 18

‘i mpregnating the siliciumconpound with a stréam of gaseous titanium
tetrachl ori de,hyﬁi)roéﬁlr@%ﬁﬁggfﬁépmbﬂoalltné@aﬁeééltﬂtb@rgmm@ﬁleofalécu/ép a) and c)
hydrol ysis of sibatRraduet ohisher D) prifeqeacti e genery lps proceeds at 5
“noderate tenperatures and pressures, "in particular at tenperatures in the
range of fronmP0hvereperexigeefEppl y Neasulredr asgauinbem 25 to 200 C. The
preci se pressukgh$etetiqel Lreabsa$cho [ L] t intain the
reaction m xtur&eri (‘ea Il;Lquig co%gi ?ie(]):n&g' ?%Dgghéﬁikyl%%iér éasqﬁlrhémﬁay be
sati s¥act ory. okadgéAenakimpressures can be in the range of from1l to 100 x
105 NVnR. The olefin to be used in the process in the present invention
depends on the oxirane conpound to be prepared. Preferably, the olefin
contains from2 to 10 carbon




15 atoms, nore preferably from2 to 8 carbon atons. Myst preferably, the
olefin is propene. At the conclusion of the epoxidation reaction, the

i quid nmwawrsi1zsonpri sing the desired products is separat BATEPOIMTIS

catal yst. The oxirane conpound can 20 then be separated fromthe reaction
product in any way known to be sui tabl e 13 Soneone skilled in the art. The
| iquid reaction product nay be worked up by fractional distillation,

sel ective extract '68 ardivépryill compond Fm@landlystthanprscbwent whi ch

m ght be pres ny .2 ral_kyl ar per oxi de may
be recycl ed fEQEnggﬁgr¥8t? |Z§??§%ﬁngé§%§§l§ 3s (%I) ¥§HH§ garrled out
with the cat akpsound kempoimiofy mosleurtihyn dfadkwﬂvsn@sb&du@hta filfuiadi zed
-bed. However, i.xed hed,i e for, . .30 |l arge-scal e industri al

appl i cati on. gkgégcggsg%%§l§%§éarrl QUORE Y grggggﬁ %PsghﬁaﬁﬁgFFSS

sem - dbntinuoasbprdnngombinheugkwseﬁhe1hw@mmdomonthenmﬁgthmé bgact ants may
‘t hen be passed gh&ougg t he catal yst so t hat th% WO 02/.18125 7 _
PCTI EPO1/ 1- 17°48Y&FF eﬁPmPPBHl hés &b@@&ﬁ PEn¥ghsyBICZROPaMAFSf r eef r om
cat al yst. Subsepaantll ylkel babstlﬁ@éthfP&@Qe&%@&?'Oﬂhﬁr@d%QﬁﬁQ@Ha'n'ng
hydroxyalkylar§ froglﬁh i ch an, oxirane5conmpound has been séeparated off, is
subj ect ed t ohGEFBERS: 8. URShIBr 5§ENREESR i dRVRBAE Ofh CORPEAS S ISEE
conpri ses contaghi ugauﬁgqt EQBsphedesat , Watkth 1Rydrogerat rahepperat ure of from
100 to 330 C, ref of from 140 to 330 C, preferably of from180 to 330
C, 10prkf er abl § Spcﬁﬁg %gﬁlt6u§§GlEpe§ﬁdCﬁmﬁﬁé§§ﬁﬁef69mfBoﬁ@ 10t garborx 105
N n2, nore prgtemabl KnOBleQH’lelcbﬁé@uhdl%nwaméln §Ev@F%ﬁerabl y of from
0.1 to 30 x105 NNnR2. The ratio rogen to al kyl aryl hydroxi de
contacted wi t RUPREIEHEREFshapst éﬁeﬁéﬁéﬁﬁ?gﬁtiéﬁéasﬁ 028, cepteipreferably at
| east 1.0, nvgevg&aﬁeh§9&xabrb§§ae brdu Eheﬂ%m%%%genéh'QESMrgﬁtnent s
carried outin the presence of a hydrogenation catal nerally,the

hydr ogenat i onPe&eatysl wifp- é@ﬁ?ﬁnﬁnélnetauSopra§etmddcahamethewh|ahenetal
cat alyyses hydpQg | ORr |y ysts contalnlng from
0.5 (5% vt of CHELaF SPa reaPebIrune tahe ARy On SRR ERN e et o
present as nemaktorenefablbphpoyhdicsmppends predemebal bhesennf wermgGtoup
1b, 2b, 3a, 4 b, .6b n o] h i.odi c, Tabl e of the25El enents
described in ?ﬁégﬁg%dbggkfgggcﬁeglg?r% %n%ﬁggéﬁggfngﬁrdME ?tlon Most
preferably, tpeeﬁerablpveSBﬁtaékyéaaylocompbahdcampoamdS|abpatladaumwllt
was foundt hat st n |gh Qnye . Cat al ysts suitable
for use in hyaﬁggg%gﬁ%ﬁk¥ %gsP88¥ ngV 't i8S reac FSﬁY SaﬁéPuggnﬁﬁlnlng
hydréxyalkyIadylﬂsgnpmhpyh)han@gneanélthmpghnmlhasrbeenfsdmafamedtoff are

t he catalysts d_i 475 159. Thesecatalysts are catal ysts
conprising a cgggigk 1 CORH§§naZ|ﬁghc SR Ogﬁg raf” PERYLCohEP Soﬁ%ound

sel ect ed froncbmpounm[n@2pré8é28eBCIhEB®aéi té~8e_aBle gboupti@Askestiheg of
al um ni um 2|rcon|un1 ma e earth.and m xtures thereof. Such
catal ysts wer B PGURS F8ngfgé°88050FeghFFsSBFCFEFStF9@P9upam1tenperature. In
step (iv) of the presemtbpypcess, alkeiargat &bystiscaig bnhprptesabky used at
ate rature.of from 100 to 250 g. Preferably uch catal ysts conprise

f r om“about 10183?8éﬁ9nb§5mgfﬁﬁ?r? éBoﬁtp§ﬁcﬁé?c AT BYSRErghE, CCHFES at ed
as the oxide, ihaghichhprbotak pebgbheofist heaeatal ysth pbneeppefin kukt her,
such catal ysts referabl cont about, 10 percent by weight to

from1 g
about 80 per cBAt® 9Cﬁe96h? SB&?@EFStE&tQ Ve §%F8epr88§ﬁ§thEaW8t§?eWe|ght

of the catal yatscefibzianén Apprefenred aaaahMSEpc@nbanﬂgsfrQHbéeout 10
percent by MEI%ht to about 80 gercent ght, cal cul ated as the oxide,
basi s the totBFOGEFGRE SF"ERE14E EQY&I9§FlS@Pr€8ﬁﬁéﬁnZ?P@nﬁébéupyro per cent
by weigght to pbedtic80 Q@ﬁG@HElQMaW@ygh‘theC@EﬁHEa&%Qc@§oBhBrB&h@% jRasis the
'total weight of the cataly of zinc, and from about 0.1 percent by weight
to about 20 p&RBENFOLF %F@ht dighféhphien soltme whpae, PBAZPESt A6 t ot al

_wei ght 20 of EEEaga&aHygtf OéubéééuéﬁEﬁ? %hEUBBQ%BmpﬁEBQEE%do?a%%EySt

“cont ai ns fron1a out 10 percent by weight to about 80 percent by weight,

cal cul at ed asfiKetogpdumnpisi gep etPoﬁaﬁeﬁ@ﬁéhﬁoéﬂmﬂh@héaﬁapy§?neoﬂScopper
from about 1oseﬁ5§geedbwffelgha EQné@Qy %ﬁeDQBE%gh §¥o&ﬁb9hbf £he.
cal cul ated as the oxide, basis the total wei ght e 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 alumnium A further preferred

catal yst contains fromabout 10 percent by weight to about 30 80 percent by
wei ght, calculated as the oxide, basis the total weight of the catal yst, of
copper, from about 10 percent by weight to about 80 percent by weight,

cal cul ated as the oxide, basis the total weight of the catal yst, of zinc,
and from about 0.05 percent by wei ght WO | 12/.8125 - 9



PCTI EP01J1. 17~8 to about 30 percent by weight, basis the total weight of
the catal yst, of zirconium Another preferred catal yst contains from about
10 perceWWOBY481@% ght to about 80 percent by wei ght, cal culPergPIasi7dhe

oxi de, basis the 5 total weight of the catalyst, of copper, from about 10
percent by weight to about 80 percent by'ﬁbrght, cal cul ated as the oxide,
basis the total weight of the catalyst, of zinc, fromabout 0.05 percent by
wei ght to aboSECROh&Gemn by \weinghtt,o t@asﬂsrtdﬁ@:lumdlla\m@tcdﬁumme 10
catal yst, of LGRNI4Ym; §%Fﬁff t 05 wei ght to about 30
percent by meﬁghgg 6%S|s qyi QQHl qt 5$£%ﬁ3'c st, of alum nium
And a further prefeonvestiarallyist, daﬁuawm&opdeGNMMME iG pereerto Ry wei ght
‘to about 80 p i.ght I Iated ;28 the 15 oxide, basis the total
wei ght of the(Ecat(?lgf‘ﬂ)%ts?{%’lvéetl‘l%rill ur?g?t rom about® f(‘foﬁé’tlg’gﬁ’tzw weél g2 3 About
80 perent bywikhghtenzealeculnattée aseskacexiodea hasinsatikg lizatialn wei ght  of

*t he catal yst, i fro bout 0. 05 P& cent by weight to about 30
percent by wel %fﬁta yt%%m S t@t%t St SM5E e é]ﬁt PSPTHve @%Fé’l%‘t“g & rfdhesi um
and fron1aboupr@sbnmenm@@mthpnmepghﬁekabagowhe%Opﬁ@wcaﬁttmk wai-ght ,

cal cul ated as.the_ o g$> asi s the total ght of the catalyst, of rare
earth. After Ay 8P588H %ﬁ%enﬁhgrﬁﬁﬁFﬁﬁhﬂéké@epﬁﬁﬁﬁﬁﬁscgﬁ H@aﬂglMébycled in
total or in ppibpehe emldy bearzenef, the hydrogenated product is recycled, the
desired fraction can be separated off in_any way known to be suitable to
somedis skilled i ARERER4CET1oMST1 Theg pAdvLary L cap Ael CRESIRGTOWROYL /1

~7-48 1. Pr ocas@ 6o thipa ePpeRRERE RARh QX taRe aGRTPIURAS, WMY-GN R QLESS
conpri ses: gEOX|dat|on of an al kylaryl to obtain an

al kyl aryl hydr BfeF8%ird€5O1t) 18okbacting sk rhagst ipattheobresence of a

al kyl aryl hydr gpeqexide rohtaignadehi Sﬂs%r@f)e iRy gl %fo olu?l ”‘%ﬁh %)%e’lce of a
catal yst to obtain an oxirane conpound andal kyl 3} roxy

separating oxﬂﬂaﬁédc@ﬁﬁ@ﬁn&hﬁréﬁﬁﬁéa@ﬂl@@nﬁﬂﬁd@®ﬁleoﬁ sioes (ioit) reard( i v)
contaofing atykegsthpals Ea9klhBem%%%§ LeR QEHd B%QI$E%% an oxirane
conpound has been separated, Wt rogen to tarn a ary ‘at | east part
of which |sreH?UE§érbot§€e§l@UPnI5pﬁnwhd@b peoaesgmpbendlmpbasﬁbnxiyﬂl

al kyl aryl ISkRg r subs ituent. o Process
accordi ng tong?gggﬁ ?H%riwﬁlgﬁgpﬁgéggg #h F%yﬁ t'Lcérrpc% ®'s an

al kyl benzene phkyhbelt he dlikybsubsvpiydébenizena, bmaachédu@hkyba&umﬁaituent
conpri si ng20f ok o] Pro es$ r to,claiml1 or 2,
in which procggg%% gf gyg§EQ8QeﬁEO§%d§F%1an aIk ?& B? k@% oﬁﬁdcontalnlng
about2® al kyl sembeniet g&nilded. iPr tbessraccontieng cleun beapire3enitn dofiieky
process the25 C di.(l ro I)benzene 5. Pr

according to g%éﬁég%géf g?pgéggf ?o Ege?%ﬁﬁ.cﬁﬁ.ntFgﬁ PFeFe§FE§Waﬁﬁ

hydr oper oxi desilsgbbhavabeedwi.t Fhpr optre ptredetrabper abtre pH blfe beange rof
fromO to200 p upe in the range of from1l to WO 02/1812S - 11
PCT/ EPCL/ 1 Cﬁﬁ%§g gBQH Yogghﬁnﬂ in the presence of a catal yst conprising
titani umon silic@hangkodusil bbaténef. iRr eceps (agcenti g n@eanﬁso@@dm
clalg% lto 5 in mhlgh }he hydgogena i on of process steg % is carried 5
out &t a tenpPatlirk offrofifl 86 F673586 BrefRdr§YresSEPatefef Pém o4 o 50
X 105 N nR2. fcoh¥ouAHS, A¥S. Ak, CA&.B&LpAb&ErAQdAQoAbﬁQ A¥N F@@@Q@@ the

o] chal ca cal cRFSATEE] BETCH el eafoaPeapbaaRothes bazt cal cafcalcat cafcau
# $ $- &0& &@BBRocOSs2- Psﬁhééﬂ§6§k911ed in the art will appreciate that

roeea el seheateel sl ealelcal el calcel el ol ol ey el cau ca

@ B. B@B?B8BABUBVBE§§EEﬁ&KHHH|Ea@h alk 1 group can be converted i

nto
3<A<GWK
]caLﬂca]SE?ﬁsﬁ?ag?%g él%?@ﬁ?tiérkgg¥ggxéga§§ CS&ESE%;?%&%&?;E%&SﬁJCa]ca

;'10%}+&T() G tid¥onverted. Surprisingly, it was found that it is not

required to purify the product of step (i) before use in

step (ii).
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for use in step (i) of the process of the present
invention are meta-substituted or para-substituted
alkylaryls. More preferably, at least 90 %wt, more
specifically at least 95 %wt, of the alkylaryls for use
10 in the process of the present invention are meta-
substituted or para-substituted alkylaryls.

In order to prevent build-up of less reactive
alkylaryls in the process according to the present
invention, it is especially preferred that the process

15 according to the present invention comprises a further
step by which at least part of less reactive alkylaryl
compounds are removed. Preferably, such process step is
subjecting at least part of the product of step (i) to
distillation. The bottom product can be used in step

20 (ii) . The product distilled off will contain a relatively
large amount of less reactive alkylaryls. This product
can be sent to a transalkylation unit as described above.
In the transalkylation unit the product can be converted
into a product containing more reactive compounds or can

25 be converted into compounds containing a single alkyl
substituent on the aromatic group.

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

30 hydroxyalkylaryl. 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 comprises titanium in chemical
combination with a solid silica and/or inorganic

35 silicalite which catalyst is obtainable by a)
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‘(1096&f()-2(3@}%é3§%43% step b). The reaction generally proceeds at

5 moderate temperatures and 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

10 pressure may be satisfactory. In general, pressures can

be in the range of from 1 to 100 x 109 N/mZ2.

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

15 atoms, more preferably from 2 to 8 carbon atoms. Most
preferably, the olefin is propene.

At the conclusion of the epoxidation reaction, the
liquid mixture comprising the desired products is
separated from the catalyst. The oxirane compound can

20 then be separated from the reaction product in any way
known to be suitable to someone skilled in the art. The
liquid reaction product may be worked up by fractional
distillation, selective extraction and/or filtration. The
catalyst, any solvent which might be present and any

25 unreacted olefin or alkylaryl hydroperoxide may be
recycled for further utilization.

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

30 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
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effluent from the reaction zone is substantially free

from catalyst.
Subsequently, at least part of the reaction product

containing hydroxyalkylaryl from which an oxirane

5 compound has been separated off, is subjected to
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,

10 preferably of from 180 to 320 °C, and a pressure of from

0.1 to 100 x 109 N/m2, more preferably of from 0.1 to
50 x 10° N/m?, most preferably of from 0.1 to 30 x

109 N/m?2. The ratio (mol/mol) of hydrogen to alkylaryl
hydroxide contacted with the catalyst is preferably at

15 least 0.5, more preferably at least 1.0, most preferably
at least 1.4. The hydrogenation treatment is carried out
in the presence of a hydrogenation catalyst. Generally,
the hydrogenation catalyst will contain a metal on a
solid carrier, which metal catalyses hydrogenation.

20 Preferred catalysts are catalysts containing from 0.5 to
5 swt of metal or a metal compound on a carrier.
Preferably, the metal present as metal or metal compound
is one or more metal chosen from Group 1lb, 2b, 3a, 4a,
4b, 5b, 6b, 7b and 8 of the Periodic Table of the

25 Elements described in the Handbook of Chemistry and
Physics, 63rd Edition. Most preferably, the metal present
as metal or metal compound is palladium. It was found
that such catalysts can give a high conversion.

Catalysts suitable for use in hydrogenating at least

30 part of the reaction product containing hydroxyalkylaryl
from which an oxirane compound has been separated off,
are the catalysts described in US 5,475,159. These
catalysts are catalysts comprising a copper compound, a

zinc compound and at least one compound selected from the
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rare earth and mixtures thereof. Such catalysts were
found to give good results at relatively low temperature.

In step (iv) of the present process, these catalysts are

5 preferably used at a temperature of from 100 to 250 °C.
Preferably, such catalysts comprise 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. Further, such catalysts preferably contain from

10 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,
calculated as the oxide, basis the total weight of the

15 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
weight, calculated as the oxide, basis the total weight

20 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
about 10 percent by weight to about 80 percent by weight,

25 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
contains from about 10 percent by weight to about

30 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,
calculated as the oxide, basis the total weight of the

catalyst, of zinc, and from about 0.05 percent by weight
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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
80 percent by weight, calculated as the oxide, basis the
5 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 weight of the
10 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
15 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
20 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
25 recycled in total 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

someone skilled in the art.
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CLATIMS

1. Process for the preparation of oxirane compounds,

which process comprises:

(i) oxidation of an alkylaryl to obtain an alkylaryl
hydroperoxide,
5 (1i) contacting at least part of the alkylaryl

hydroperoxide obtained in step (i) with olefin in the
presence of a catalyst to obtain an oxirane compound and

alkylaryl hydroxyl,

(iii) separating oxirane compound from reaction product
10 of step (ii), and
(iv) 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),
15 in which process the alkylaryl is an alkylaryl compound
comprising more than 1 alkyl substituent.
2. Process according to claim 1, in which process the
alkylaryl compound is an alkylbenzene in which the alkyl
substituent is a branched alkyl substituent comprising
20 from 3 to 10 carbon atoms.
3. Process according to claim 1 or 2, in which process
the alkylaryl compound is an alkyl aryl compound

containing about 2 alkyl substituents.

4. Process according to claim 3, in which process the
25 alkylaryl compound is di(iso-propyl)benzene.
5. Process according to any one of claims 1 to 4, in

which in step (ii) alkylaryl hydroperoxide is contacted
with propene at a temperature in the range of from 0 to

200 °C, and a pressure in the range of from 1 to
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