: _ ptl.on Themv t] Iatestoaprocessfor the |
a.r_at.l'on of an oxi r ane ‘conpound :}’&‘?gsso% rane conpounds prepared by

rocess. 5 It is known to convert olefinic conpounds into the
respondmgcrluibnane conpounds in that the ol efiniec conpounds are reacted-
h. organic hydr oper oxi des according to the foll owi ng general equation:
ERR] ol ef i niThe mvermwpleqseto@pmess for thg Rfepagation of anpaps AMPfNd py! to oxirane “mQ?‘BﬁFp
I e prg yBEs @posas- U, K. “pat ent. specification 1, 249 079 |t her
:-'novvn t l§at t Hes @'__-.._,__._-.f&ff"“ egz?evfﬂﬁm@éheawaﬁw 9’? F;F' “F!

& het er ogeRUORFYNGS greqparied W eeoxii#s azpqraing tn the Follying geperplsau %’hctlon .
mxture, said-catal yst co “titaniumin chem cal: conbi.nation with a
solid silica and/or-in cate. 20 . The react ion is of special
lrrportance for the simi \F: “;%rﬁu_gn éif_gn @paxg-den of a substituted
1313 unsuffsti t ut ed..al.kene; s or ~fout  carbdon ‘atlons and of a styrene
derl vative in which proce alkene is reacted wi th an al pha-aryl al kyl
hydr opet oxi de. Epi chI ogﬁl"fyﬁl{d Wob&optd;paredrhnem Bydrpkyh| ori de.

- Propyl ene oxi de can be prepar ed m-pr.opyl epfouph wehi.ad@nom sequence of
reactiops wherein the 81F5¥e- rient |o ed reaction Forms a part, is: 25 step |
T'ERR] [ | RR] ethyl benzenehydroperOX| de step I'l: [ERR]

[ERR] propy! eféin UK, patent spécification 0,249,079 it is further |Rficaymythat e amwedﬁ:e of reaction is advan-
aret hyl” phemagbously carried out with & heterogeneous catalyst which is essentially insolasléin thelreaBi@n mixture, said 55 -
2 EP O 34alys? bdinpBdingstitaniumi ih themjcBirRBihbidzfion withtaiselid silieaardiopinorpanicisiicatexanpl e: CH.
& ERR] akbd y| chiherréadtion is of spectatimporiantefbrthecsiroyitaneous prepapegior] GFRREPXEe of a substituted or”
£pi chl or ohyosubstitutedtatkere Havitg:thred o fotipgstion atams sndsf W'@@P‘p’ﬁ!‘@ﬂ ﬁ PReREREN Akeae

§ \t—he pr e fisxeaxted ith anfalphiarylelkyl hydroperoxidepEniahterahydsin ean berpreparegfomgliylchloride. Propylene

oxide can be prepared from propylene.
ECA A well-known sequence of reactions wherem the. above-mentconed reactuon forms a part, is:
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7 “l.seep 1
"-eth)"'].ben'zene i
ethylbenzenehydroperoxide
S A -step 1I1: ' - o o S '
N -CH~ - -CH, —CH—CH
g ) CH CH CH + H CH — CB3 C{{ 2 - 3 |
o o l . 0/ + OH
| o propylene _ propylene oxide methyl phenyl

0" o - carbinel




__Iyst i's used. 30 ‘ The |nvent|on reI ates to a process forthe

prefaratlon of an oxirane compound by Eﬁ n olefinic com pound with
an prgani ¢ hydroperoxi de by the use. of eterogeneous catal yst, which is
essgntially insoluble in the reaction mixture, said catalyst conprising
tit

niumin chem cal gﬁfblnatlon with a solid silica and/or inor- ganic
sil | cate char act €fi®Pe n that a catalyst is used obtainable by a)

i nprégnating the siliciumconpound with a strean1of gaseous titanium-
tetrachloride, 35 . &dLbpi ng the o LEgction product of step
a), and c) %ydrolysis!of.ﬁhe prdﬂuct of sﬂi: : Preﬁerably t he preparation
of the catalyst is pe in th&prese of an inert gad,0f or exanple
nitrogen which is inert under the reacti on eemtknei ons. Qther inert gases
are for exanple carbon dioxide, argon, neon and helium The inert gas has
al so the fypction of a carrier for the gaseous titaniumtetrachl oride. The
titani um 40 tetrachloride may react at rather |ow tenperatures, but '
because of its | ow pa t| pressure.t reactli on will not be so fast.

Ther ef ore hi gher terrpe?"t GF SLaCRITB & 585 TPt 'preferred. | npregnation of
the silicium conpound with vaporlz?u titaniumtetrachl ori de proceeds

snoot hly atrsfor exambg-ducei] + Hliycaomnber_m; t her nocoupl es during the

i npgregnation in thee silicd or the gjlicate the tem perature is neasured
and the reaction hel d under controffsSonetine after t he -br eakt hr ough of the
gadeous 45 titamlpitklorddél or tate . bimylbydppyraxiidet i s stopped. Al though
thg literature is not consistent how far the hydroxyl groups of the

si I .ci um c8fpound have reacted with the titaniumtetrachloride, it is a
fadt that the reaction product of step a) still $mtains to much chlorine
infrelation to titanium Calcagcngcnhanéea@tmqp—p&mmuct of step a) renoves
hydr ogen chloride. Preferred c atio tenperaéyres range fromf[err] to
[enr] . Anpre mefmwedtewmﬂatwe range is from[err] to [err]. so

W tlhout bei'ng bound to any theéptaplorebydsime| texfebitshal- t he titani um
tetjrachl oride reacts as follows with the silica conpound: 55 3 EP 0 345
85¢ Bl [ERR] Or Rppicit fhs Adw stipribiegharosha Bt .umegreamma Sl diPiRe EdnfpBHIR RBHRSe 236
the; surface ofcatalytisiskd.ca, the product can be a m xture of products of the
reactions l || @idnvehtlon redtesitcia fastbds@ored pispathtion btag bxime doimpdlind Bytedctiy ah b com-
[} is substaniousd with a6 @rgahi€hyatopert e bl @@ .usd i@ e @ganbds Retaljst, which R@asbniiafly hévable in
(afit er - cal ci nithepeactienixtutepsairatalyst cahpyiziegltitaridycin cieynivalt combinaterywithe: selidf sitics @d/orlibor-
wi fh st'eam at ganit eiliqatercharagtarizgpt ipthatrazplalystiisrusedabtainablgey of from[err] to
[efr], al t houghaHingragnatingdiresiiciam compounlwith A siream ot gagehus titafimetetrchipridec d

cafal yst méy be Blsakiniog td obipined reacipnlpyduct pistgp ayenst , bef ore bei ng used.

Si ljyl ati ng agent © hdralysis e the grodyehof step Br ganosi | anes, or ganosi |l yl ani nes and

. or §anosi | azanes. Piefesablyfhe seepaation efénercata'g% s erformedinthapressnce of afjinef gas. for example nitrogen

hydr ocar byl s Uiy iferhynder the repptionscopqifogs. ther E“Ffé?‘ﬁyﬂ arg for gxgmple garpaq digide. argon, neon
i F-E/t hy } SI | ar?é'd h?!'fﬂ"orh mspt 8?&935 also the function of a carrier fof the gaseous titanium tetrachioride. The titanium

tetrachloride may react at rather low temperatures, but because of its low partial pressure the reachon will not
be so fast. Therefore higher temperatures, above 130 °C are preferred.

Impregnation of the silicium compound with vaporized titanium tetrachloride proceeds smoothly at for
example 180 °C. By a number of thermocouples during the impregnation in the silica or the silicate the tem-
perature is measured and the reaction held under control. SOmetnme after the breakthrough of the gaseous

45 titanium tetrachloride the supply of it is stopped. -
' Although the literature is not consistent how far the hydroxyl groups of the silicium oompound havereacted
o with the titanium tetrachloride, it is a fact that the reaction product of step a) still contains to much chlorine in
! relation to titanium. Calcining the reaction product of step a) removes hydrogen chioride. Preferred calcination
temperatures range from 400 °C to 900 °C. A more preferred temperature range is from 500 °C to 700 °C.
50 Without being bound to any theory, it is believed that the titanium tetrachloride reacts as follows with the
silica compound:

55

. ;-‘._!ﬁw!_-;.-. e errian



k _d| rret hyI si [ ane, ni ‘tro trimet hyl si | ane, chloro triethyl silane, iodo
| et hyl butyl silane and‘chloro di E%%%ﬁ@gnyl .silane. Avery suitable
5ilylating agent i s hexanet hyl di sil i'ng the chem cal formula [ERR]
The [ atter conpound is of special inportance, since it reacts at relatively
| ow tenperatures, nanely be- 55 tween [err] and [err]. Generally the
silylating agents react in gaseous phase. The orgamic hydroperoxi de,
represented by the genelgl_ ferayley R OOP&ilg \AK E héla nonoval ent

‘hydr ocar byl group, reacts Wih an @l efini @ conpoynd %o an oxi rane conpound
and a cohpound R-OH. Preferably, the group R has Fﬂom 3 to 20 carbon atons.
Most- preferably, it ises hydrocarbyl group, in par- 4 EP 0 345 856 Bl
ticular a secondary or tertiary alkyl or aralkyl group, having from3 to 10
carbon atons. Especially,preferred anong thesg groups are the tertiary

al kyl angl secondary & +&it+Qty aral kyI groupSi—oncl uding, e.g., tertiary

butyl, tertiary pentyl, £yclopentyl, 1-phenylfthy\-1, - phenyl propyl -2 and
~ the _varioustetralinyl adi cal s whi ch originate b e’(lmnatlon of a
hydrogen atom from the %l i phatit H¢g-tmiin of the'r etral imZ#®t ecule. 5
- Aral kyl hydroper oxi de, erein the hydroperoXy gr is linked to that 1

carbon asom of an al kyl_ F Hﬁha'n which is atta ed Lrectly to an
aromatic ring, including T -phenylethyl-1 - hydroper oxi‘de and
2- phenyl propyl - 2- hydroperoxi de, are often called after the correspondi ng
hydr ocarbons, e.g. ephyl benzene hydroperoxi de and cunmene hydroperoxide. It
vm'.II be appreciated that, when using ethyl benzene hydroperoxi de, the
ulti & hyd- roxyl conpgund is 1-phenylethanol-1, also to be called

rret | phenyl carbinbl] -whiel@Hmay be dehydrat®-Do 10 styrene, and that,
- wWhen usi ng cunene hydrogy’rom de, the resultigg hydroxyl compound is -

2- phenyl propanol -2, al s¢f to be called dinethyl pha&nyl carbinol, which may
be dehydrated to al pha- Ret hyl styrene. O cofrse, th styrene and
al pha- m8t hyl styrene are \ndustrially useful Yroducds. Tertiary anyl enes,
which are useful as iso eoRr ecHyEsprs, _Jmy bt.ai n ehydratlon of
the al cohol, which is f% jpdcﬁ/nen'lluéfl)ﬁng Tert gi‘rapre ?P é?glperom de.
The organi ¢ hydroperoxidé reactant used as a/start ng material may be |n a
dilute gf concentrated, opurified or unpurifped condition. In principle, any
organi c conmpound haV|ng t | eastone ol efini g doublfe bond may be reacted
with an organi c hydroperxi de. The conpound y acyclic, monocyclic,
bi cyclic or polycyclic ansi~OHey may be nono-e$iefD- nic, di ol efini-c or
polyolefinic. If there afe nore than one oleffinic |i nkages t hese may
either ke conjugated or. 20 non-conj ugated. CGenerally preferred are _
ol ef i ni ¢ conpbepaskingupsti thgrehdtiontirdunistanbds aBRIhb Srfadd dF e silidd, thb prdiet cat Be a mixture of
stituents, prdlugsdoftiecescibnpl, éreyiialtisbelived tratatiér¢atiyation thditage IINBsubBantaliycaRRbtely
facycl iC rmrmcbédefl ni ¢ hydrocarbons hav- ing from2 to 10 carbon atons are
of (parti cul ar Themeraginingt Ti-Slhohd i theln (@bterrchiciniag)iready ode hydenlyged. Hedrélyzattonanay be effected
:pr opyl ene, with sleem ¢ff acteraperatyrg prateraBly indhe range-of fremm 8506 de409-°C. altBwigh tighen tempergptutse

rrentl oned éﬁe'&’he d8¥pl e of a suitable diolefinic hydrocarbon. Substituents,
if pr esent dcat%!ét 3N bs Gemtaciad wita a siiviating Aget. %fom%m uw ek eﬁsenw
25 phur ) pﬁ'B %’l?s'{a ?‘H@P“"W‘F‘ﬁesa‘l"ﬂwams" g Efﬁ""%? il
particul ar 1 “ﬁl imethyl signey d'%f' silang. chloro b’°"‘°
hal ogenfssut%'f '{}"gf P9R 'B?'B‘e 8'ﬁ§ea“f’ﬂll,‘?'%ﬂ7‘ﬁb"'p'§"ﬁ; ,
allyl al cof6i"® ‘Psﬁ‘/l b s%%'Bq 395 ds f a&?’le Bvinghg ¢ @ﬁ?'g’f’f“ﬂa preferred

are al kenes having from3 to 40 car bon atons, which may or may not be"
substituted with a hydroxy or a hal ogﬁm at orii'3Oxi r ane conpounds are
mat er i a%as of established utili tmugad-smw-a-r&i-ef@gi cals of comrerce, in
particular 30 olefin oxides such®astye. ¢ , &thyl éne oxide and propyl ene
oxi-de. Propyl ene oxide may be converted into dseful pol ynmeric products by
pol ynmeri zati on or copol ynerization. O comrercial interest is also
epi chl or ohydrTHa 1atei cohp&any it sgelibidinp@nde] Sibe &lrdadls afidlafVelyddv @Mpbrdtii¥s, nhrhelybie-
desi redss baweeanorCladl300RC. Gegbrily@iealiylatind agemblfes@ in gdsasGEghase. TRR)brganic hydroperoxide,
represented by the general formula R-O-O-H, in which R is a monovalent hydrocarbyl group, reacts with an
olefinic compound to an oxirane compound and a compound R-OH.
Preferably, the group R has from 3 to 20 carbon atoms. Most preferably, it is a hydrocarbyl group, in par-
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al ’? be ‘made fromthe oxi rane corrpound which is formed when starti ng from
al. | yI al cohol . Now, the present |nve%\ﬂ% Jﬁ% qt es to the use of a speC|f
icglly prepared catal yst conposition 4388081 o ssen- tially insoluble
i nft he epoxi dation reaction m xture, thus providing a het erogeneous system
I't fhas sur priicslanaseporideny or 'feoandllkflihaaral&rherovemt'allmpé@mémfbm gpms Espebially preferred
i nfent i on i samangthesegrqupsare thtgrtipry Al andseqendary o tsrtipeyatig geoups; inelyding p:gy damiacy butyl,
per oxi dieftiaty pemtylicydapertyl. trithenyletvicin2-ghepyirreayt;2 and e varigus tefmlinylradicgigavhich originate
coppound(s) ME‘@PW@G‘*HYH’@S@%f@&“thetﬂ"%"f"?%%‘*%é‘l‘:?}%:ﬂ%‘f‘?‘w@ﬂe%f the rml ar & e

ratios of 8 oxi r ARIYHYABRATR¥IE.hereln thelydrpReroxy orayp iplin

I n general, Wﬂ;ﬂ‘op'% %QW%“’P 3’8?'1;‘:'{2”;: gldOI’II '1' y g 5 ) ,;33
sol vent s and !
pressurs, " %‘Wa el g bf;%

ducts. Th p
avj i "eﬂ'g?%';b \éﬁﬂfay E@déhﬁ%‘&'wg&lp me t%h@ coQu"s@%@d?t

i ded.

t he hydro p D é{ﬂsg,pengg;g"gy Iy usefef jiédud@sl sol vents further to be
a ed are m)no % éteS), mﬁﬁﬁemﬁéﬂﬁéne pRecisors, REytedb@ined by béHydration of the alcohol,

c |OrObenzenﬁmcnhéfam%é@m;gtaﬁérhssﬂtynhbxeﬁea&mazene and al kanes, e.g.
oqt ane, dgcane TapshgshRIGaSRRxidbRUEIEsed 8k sEINQ Fiatefdl by te i0d dnndaeroéﬁ:emkeafuumea
r act ant nayo.alnm.f.sdadoumoas a sol vent toget her W|th t he sol vent rraterl al

used. Thenit.claisfiniaaenotyblefiic. Embwemmqmmmqfuloieﬁuyllmeﬂ esemwttmslbesowtedor
| e of t#e hgnehonipgatedxGenerallypraferred areiolgtini¢ eompouadyhavingfro 83 qarbog atorps. Atheughsuty t
defate tenp@;g!:g;@!! shonld pqsfee%&ta; re@:vveg;rg@;gz% %ﬂ;g;ﬂt&g:g o g;q%@;@mmgr
rgnge of frolfe neatqrs are of PREticuIgy Y '
prleferred. TH® Pﬂ;fé °°te“e‘ P%g‘iﬁ?’@t}g‘ﬁ%“e j’gj‘“" ‘6:[ ? suitable

rs tomsofoxygen sul-

,SA\t ];rfolsgﬁz r %[58 HEE %h E;y% %lg‘]( . r.‘ ﬁréa %@ amcu r{:r%erest oleﬂmcally unsatu-

. . o efl un hygr lyt hol
sditably in Ieo I §:l|§ tl | rly' ike] 59 %
erfoxi dati on FENCITOR LY Fa hlibeh L0 t s're product s

y easily be %ﬁ I§ ebt it gty Sha mgfe|cﬁémlmEQ?cohhﬂMé Gh particular
mixture Ny Lkl ssswaﬁ Lumyléﬁé SXfhe @RpropyIEARIGE. PRApMRIBkiMREY be BaHvEHR Tto useful
i ncluding, e ymen t@EJdSQP ynﬂhz'iﬁdn'ol’&hé iz2%6h. OFdomih@reRMritéraet ks biedlepithidrohydrin which
fifltration. Btrom AIREEhIGRIe andrid Sbsiad, e dhyertéd inBicerol. Orlcadrie)glyerol may

droperOXI de|sHEé/m£Haﬁ6ﬁw¢ok.eﬂemewwhiaeefduhed whea ktaging frohhalylplicolobss of t he
vention can SNeesgresshtinvedlion eiates lo €@ ugk of a spietificallipespared Gataysticomppstivnavhich isessed-
sl urry, s50f tisily ieslibngin the épaxidation fdactiod intxtick, thesiprovidinga\heterogeneduis gyaten; Hhag symptisinglyd
pr ef er r ed béenrfound thyethes catellyst domglasision of atie inypetion fsiveny activh@nglesisdaskighragversions of the
carried out ioryadic liydtopdrexiie(sEintradunedwith high sélectiviies tortheswisang compoungist qoragnad thpse spiger
| ijqui d cont aitivifiesgeitgtiefived asthemelar raties,of exirans compoundigdfogmegiopreagig hygoppraxidels) copyprted.
t th the cat labs‘mal e @poxisiation ractiop fscorsusted i He liguidpiaserysing @3@9‘? 6?1”%%&"”? \thich
ely &r areliigyi§atieactionemperaturq %‘aPﬁe?“fer e*é SP?%'%WF é'te yvell ag o the pro-
eci ficalty dpfe @EFeB‘ét% gipn gi spe’t’f " ﬂ ﬁfm?fé'ﬁ '
mprises: ti tsﬁf‘ﬂ" 'i'?‘FH ‘??“%éfrﬂ‘at?’l?‘é p’e '?‘Feﬂy?'B?F'WdF ' '° e"e

S

| nor»ganl c si dg % ne c lorobenze e nze:the
an e
%:;eg“ '°g;5¢2?"§ e %4 JL m o ied il
i norganl c%sil i (i ﬁ mﬁde&%&h éPddEbd
- ic dm eroxn
the catal yst |Je é;beQP{otzb %@s m@lE of (Rt Hiropbrokide. DY
wei ght of ti a ﬁode?d’t@teﬁ\ﬁerﬁuré#&rﬁ pYeSures, in particular at
satisfactory m.,;ye Atﬂmn& offtJ o=é %5 m Pe4CA41300 o€ Béing Hrekrfed, ThE prédice

same basi g bRl Qﬁ& icki 86 d‘&‘@fé\lﬁ&es tc.srhéulutém th8 FeaiGtion RIKRROK & liquidSoraitior. Afmdsphema
can be used. p%éé&@#ﬂéﬁoe%gésradtoﬁl th bénd1, BrasbuRE aleRAaBIR Mt rérgk bCRinEIB0 ®ON00BIKRa. at

| east 50% but, atke@bRIuBiBA Of the Bpoxidsidh teadtibf/thanglid rmiaere cohtprisifyy el desieb blyducatnai' saiyt
90% by weig htbe@épaﬁdtédlffbmnne Rd ediyat riderials Thehiquid mbiureciagy tihdnadk wiocked iif Using any suitable
Sui t abl y, t heos@htiofial miethbdsaischaiing, eq:, fractionaf)disillgtios iskleativet easactionaand filtratiom The solvent, the
char act er bz ecatalystlaa/ang gnreacteg lotin ardydyopemrigremaytmaechdiest ferirhartlizgionalhe precqss,pf the
ticular a spewiefioncasndcassiichesarier ouwith|tezstalyst inthaferiofa siypryedt & maying ped erigduidized
speci fi ¢ sur fhaddlowevena fixed catalysthed [sarefperedior '#fﬂﬁ?ﬁa@@dﬁ?‘a&wé’af%rwP'Q"esgﬂ?ytbaﬁ‘f"éed
is, e.g., syruhiagibatch-yies menserssemi-eantijupusty of eqntinuoysl Thedigyidgontaiajng e reactants.gay then
f_.rm conS|st| ng of particles 5




5 of anorphous silica flocculated or |inked together, including silica
el and precipitated silica. The preparation and properties of such
terials are descri bed by R G || ereER0345886 Book "The Coll oid Chem stry of
5ilica and Silicates”, Cornell University Press, New York, 1955, Chapter VI :
pnd in U S bpaésséatmrsm%fchﬁ@;twsgmm leftSnt FORRAGedoli z5reid Efirel} R &t alfYalelpradr € |
avaj | abl e cogiiprdeifdmlctalydth@egawi th a specific surface area in the range of - -
1 OMT'25 t 0 700k Sekiidally iéired cabilyseenpitlyst RcdrdingibtRe fresREfvettior dompRisds tRankuh inaham-
rri /g, and withicbmbigetion @ith 4 salidsilick @fddr ifdk¥niOYilicd@. The BRhigH Wil @lring ithel réRtioncdssume the
general | y t aavalestistats,aridadreferably combined viith hle @olid sifica aldor@id@anic siligaté in @iat axidatioh stata. -
powder s con3hegdropadionéf titaaiod inthecatalyst composiidnouas besvatieds But prometivus efhdehst 011% by weight
o penpacked, oftizaidincgiculitetian the dioxidecate as ayols eéry sdtisfadtorp goypatipms offrom 8.2%!lto 508 by ereight,
fumed pyr ogeamutateg ioh the sarvbbagis teilg brpferrad Howeviu stilfilanger prbportipay of Gtanium cah bexgegen
M th silicon tSeitableshlidsilicag@ndier inorganiesilicetes jodtein atdeastH0%y twti preferblrableasbth% and, most
merci al |9 pregablsct lepd 9% pyiwdight Yaficapucsiculate asihe dioxidenthat ischliery Suitably, the solihalicas
Cor por ti on prigs ingyaapie silicatggere fusther cha edshy havinges '6'31"’#'?)3’99(%"’ 398 area, in par-
"Degussa" aPfgylar %\éﬂeé@? purfag areq of gf leask wHio. Profesbintie R%ef'f'c %‘F?ga"tahéﬁ dhesanga gtirom

t hose vvlthé’l5 Qc surface arealntheraneof from5 to Jn&
and whi ch t(E)f %?‘;? ‘Elaﬁ'?,‘%(e'y E‘{‘Eﬁq@i éﬁj‘? y %‘{d"a icl
sui t abl €® FRAME -t e
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S' l ' Cat es, 2%7 ore Vo u e’i tﬁé rf:rb ﬁﬂlg nogﬂhmh%gr[sggtg t 99% b
dr,o mwmbﬁmél 'Ielgg "&g nera ectorite mag- nesi um
| ' t Um sill Cﬂs%&makl@gtle'ﬂaﬁevféphi n:ts% g4 ﬁo@ﬁers %gistmb Gﬁgﬂaé&fm\rﬂﬁ{oﬂ silica floctulated
hl ogopi t e (RPénackbd! FeabRJisinfgRted TbGHel A Ughidhaids) LeRh€ b.g 2RRhed YrdbeMitlbiich Bbthifed
hydr ous MagpaRé sibEéton SrMyddgen BAEdxGden Ml SicBn tePRWBNGR or teSaféraE Sueh GbaUED BR\E8m-
olid silicaercialydréducéd1SNd0RI 1y VatiousCadinpdnies] icifitig] .6 Catot CHR6AON\IEALO-SiI") and
ssent i als| yDegusi(PemsiDf (ThelWGirObgaEd" Hnd B ErBsiSirk tegistere® Trgde Marks). AR thé¥s Phoducts
i lica. 35 those withta spegficlaerfare dra ircthe finge df Grorm 5C koLude mP/g @ndWich3o atieakt 3% consist of
at al yst s t silichmreigeperatyciteonadt suflatled t he i nvention, in par- ticular, conpounds
f al kal i ne e&uttirermere.abitaple solid kilicks angl/or Borganic silipgesdwiudethe o pdtaliing alymipg-silivates winich
nd bar i um arPkrownfrghe asthsanoleculdrgievssi abaell ssTatusally-becurdngroystatige migeralisiicatesankiiuding,
onvert i 3| eed-neshestos rojpssals, Bgr. serpénting (hyrsous friagnesium sitisateish flaymiperals.rea theeterite (gfag-
he i niti al nepiumyiitum sligatela kagfigssand benipnies. endicasepusiminersls, .g- PRIAgOPHR(PiRssium mag-
esirabl e. TesWMAUSINKM Silispie) agf varmisuliln @ hysireup magnepiim filinete) Srefarred arachowaver, F!E'H'Ff'c
ut proport F'B‘H%“lé&%?&‘bﬂl "i’@%%@#"\ﬁé‘l"@‘ﬁ? n R?é‘PE'&ﬂ"%?P%H‘"&M‘P&X wbﬁ?%s“bﬁ'ﬁ@'a y
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Ielslsctahéejl ’ r,'éﬁ' heo 'Eez 0 su com sds r{g’ onveﬁ EE I;nli‘oo ?s &}’ecn |sco rsmn
e m ned b%en e mif y m‘ {Ysé orm |on nor d rate. The r ons
n nthe o ©5 8 cdtaltk sup :uafh@a@ta%é kg %.9 gegﬁ y e nﬁ% e

atent  SPecCimpidying ik icalharof inétGéhi tes%h strongly dc sﬁé Vi nlﬂ@-Mm

N any convgaq 8Nthe MhSE scithty, beHeRly rbstbseRR @ K8, usdeﬂerﬂ'm &:Jyeﬁam, fthénﬁ@ﬁéi@d’ncerﬁéd
Il as of §itrrdaeppropriReasin@le pRikhc@lobdye Jsl-:asa%closedﬁ“ﬁﬁﬂ&ﬁﬂé S Qfatelt Epeci-
I t ani um caficationNo. 2,868.6p8.0f dried silica was charged into a quartz reactor
ind. heat®#d i n Tae cetdlysOg&ybeimplogedirDdny 26hveni¢he phySiceliforrh, for @xsndiEie tha fdmhef Hpowlder ds|
- Ti t ani um weltasatfidkes, spherevrpelietait ed in a 3-neckflask to the boiling point
of [err] and the resulting [err] vapour 55 was distilled over the silica
ed, using EXAMRMEen as a carrier gas for TiC4. Wien the titanium

etrachl ori de vapour came into contact with the silica, at the spot of the
eact i orfot hBrepasafi petitanium cglalysthe silica bed increased with [err] . This
eature was used to detect the nonent that the reaction zone reached the
nd of the bed2¢ef dHedslisawasrhergesinte p apaEl Feacterand peatad in W%W"E"‘B“ﬁ&b?ﬂ bouy ton

err] was chfgmpggature of 180 °C.
Titanium tetrachioride was heated in a 3-neck flask to the boiling point of TiCl; and the resulting TiCl, vapour

55  was distilled over the silica bed, using nitrogen as a carrier gas for TiCl,.
When the titanium tetrachioride vapour came into contact with the silica, at the spot of the reactuon the tem-
perature of the silica bed increased with 20 °C. This feature was used to detect the moment that the reaction
zone reached the end of the bed and a breakthrough of TiCl, occurred. During 1.5 hour 220 ml TiCl; was con-




EP (@345 856 Bl ducted over the silica bed. After ternination of the [err]
fllation, dry nitrogen‘was |led oveipddagesdasd ca bed for 0.5 hour at 180
C and at a rate of 20 1 per hour. The I mpregnated silica was then heated in
a niftrogen at r and cal - cined for 4
houris at [err Eo‘i (‘:(e' f'l%" %‘F”é g‘é{'f °"t°ﬁh? Eglt%ﬁ"g?“%f’ Y rSeqR 3@ legioveethg wicp ped for
and “st eam was a a"sm é%%enq‘ :93;& rdlal LN 'ﬂ V\Q ovved at a rate
of 28 | per h ﬁ% it f!; ;B
per hau, B:V o.?.E 0b L3 Bl %ed & i
hours. The,a STHRAG With foeiHou @g‘@ﬁ e
“over the cat alﬁﬁ&ﬁ%fﬁﬁ%&tﬂ%&h%% y¥ight%f Iné brh nt&fﬂnr@g 5‘%
ni trogen and hexaRRdabid wak thin B3IBAE 20056 in@ HAGHHHDF & ¢ nidGEH arld HExaméth dcted
two hours Uusi iGerehe)eataiydt b twefour LSiAg drly AkroghA Bs a Aliridd Y& ReE %stéf was Obs2rved,
observed, i ndiiariting@ réaction dttieksnietyidisiRane With Fydrakil SrouFeZiRihe catbifsh ERLEE & Kdkamethyldisi-
groups i n iohe lgzaiedway Stripded 0SS Sitraen. VétheurBiliy/botlhdsany thHelry, it i .abaiaﬁdwasthsktylameégcuon
W th nitrogenprodéeddagamildpei ng bound any theory, it is believed that the
silylation reaction proceeds as follows: [ERR] Preparation of oxirane
- compound 25 The catalyst performance was tested in a tubular reactor which
cont ai ned a cat al yst—&s—r epar ed abof The epoxn‘p%t‘t‘i' n of propene was -
carfied outb with et h.yl ben2ene hygko.pgf.mgn . A reectlo mxt ug -of about 6
nol{ propene per nol et hyl benze dfoperoxi de Jjn n
continuously |ed ?hrgﬁg‘w‘t‘ﬁ "‘ggcto {"? thal |iquy§ houy y space \3eT oc3ty
of |5.58 [err]. At 208 hourg of opera |on the f ol Powi ng/condi t Fégns appl i ed:
Eth |- 30 Loenzene h-\zg roxi deggQDYELSHON Was kept-at 95.3 nol % by
g\/aﬂon ®of the temperature he” plopene feed rdte was 47,2 g per hour.
et hyl benzene hydr oper oxi de/ et hyl Hlazene feed rate (27% rml | rol ) was
96 16 g per hour. The propene/ et hyl benzene hydroperoxide nolar ratio was:
5. 9l8 The r ea@ldpBtidn@rBFimelchhfouN®s [err] . The selectivity (to propylene
oxXi de) vva52595‘9°g__3‘5_“E)WVPL‘E_("Conpar ative) Atitaniumsilica catalyst,
prepared by i npreg@rabiseperRimantd wasdeswd ik taouf tedétbrihich Eontained a catalyst as prepared above.
t etir ai sopr opy! ortHa@pdxidativa bipropete Wk €ar el dol ith ethgiBényéna Oidrapaxitid) A reaction mixture of about
i sojpr opy! al coléedol mopdndper sbilethlibdnzene hydrdplrokidedia etbjliteyitetie 9ad camnamsly 168 throagtsthe reactor,
test ed. Under witbalimidhbiriy spoedhideityenS 5&i-t 41200 Birsnbepesmtiaf thefplowing copditians appliddhBthyl-
~ tenper at ur @ wsnzene Hydropesrixide odnyersianiveas kephias ©5.3 mol(Py regulative ptite terapevatisse. Therprdpene feed
- Since the act irfewaschi.2gmper pyr. Therethylhenzenediydrorsroxidefettiyibepzpnerfsid rate @273 maymolpwas 96.6 g
t enper at ur e dipprhovrethe eropaneetaylbgnzeng fysraperadaredipr rafiewas 8| Tl regetion tempaiziyre was0 °C.
catal yst used TheselssivitpitorrenyieneRqigr = #3%% o0 our invention is 4.5 times as

actiive as the catalyst used in the prior art process. 45 Claims 1. A .
process foi’s-twﬁgﬁﬁﬁﬁ-ﬁ&—)of an oxirane corrpound by react i ng an ol efinic
conpound with an, anl,c h qs§ erox e bé/ HsE ete neo
; pri nt sncawnhas tlono tha!
catal yst, whi ch Al ﬁ?f‘%ﬂ eJI %h eyla?tinw&hexg é g é"a
rn vi

catal yst conpy gplex °J§t° %ﬁ]‘ 'and 3
l d t
anQ/_p |nogogart\4" gﬁtﬂaa arsgc eri|ze pl n tha a Cg«%}% |s use e on

obtai nabl e by |hmeeagl5@ﬁdn Qgeréyh& the! rdeGdn%oQQHBPJAG Qné@ attgin raﬁlTrJ Mngé of 30 °C was

gaseous tit anm&a&&&tm&t&lugsd isl@at tHa)atGiAdt 6eBin 3 plob&s b rfrﬁ&ﬁ&diémsﬁ?ﬁe@dd&ﬁve

of istep a}, anguekatysibheprbiarigiRedal oduct of step b). 55
process as claimed in claim1l wherein the catalyst before use is brought

into contagt with a silylating agent at elevated tenperature. 3. A process'
casiclainmed incidimem 1 or 2 wherein the preparation of the catalyst is
perfor med in the presence of an inert gas. 7

1. A process for the preparation of an oxirane compound by reactmg ‘an olefinic compound with an organic

hydroperoxide by the use of a heterogeneous catalyst, which is essentially insoluble in the reaction mixture,
50  said catalyst comprising, titanium in chemical combination with a salid silica and/or inorganic silicate charac-
terized in that a catalyst is used obtainable by
a) impregnating the silicium compound with a stream of gaseous titanium tetrachloride,
b) calcining the obtained reaction product of step a), and
¢) hydrolysis of the product of step b).
55 2. A process as claimed in claim 1 wherein the catalyst before use is brought into contact with a silylating
agent at elevated temperature.
3. A process as claimed in claim 1 or 2 wherein the preparation of the catalyst is performed in the presence
of an inert gas.
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EP® 34 856 Bl ducted over the silica bed After term nation of

disgillation, dry nitrogen was | ed over the silica bed for 0. 5 "ﬂ 'm, ﬂ””"’
[erf] and at a rate of 201 per hour. TR® 3M4ABBMmated silica was * hen

in nitrogen atnosphere to 600 C (at a rate of [err]/h) and cal- cined for
4 hours at 6Qfdcted ovéhibe siith bédefter Sirhinatidh bfitheaMTIadistindtiah, AL nithGén vied R4 86br 1he siliG@bbd for
and_st eam wad.Siwdeat 180rCoand atdveteof 200 pbrtoumg ni trogen which flowed at a rate

of “20 | per houFheimprgrated siicitwas thet heaBidgramitogea simaspheraREB00 &C (ai Hxdte @£50 “C/Mj ari 6il-
hours. The arfinedfor éhoussat 60R “FeEhekalviner siligaltitaiia catdiyst was casies in 80001 and steanpiess alided to
over the dat aﬁ' ulatiyig pitrpgep whieh flgeed atfiate ©H20) | @er howr WygtheBatalystaStedm temtment was icyrried
nitrogen and M 'éWEf“PPﬁ Thesgmosintof steamwasciZ oy (eight ob the emeyst.of airpgenyesiovdy ¢ catelyst.
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silylation r SREET O proceeds as foll ovvs [ ERR] Preparation of oxirane

conpound 25 The catal yst performance was tested in a tubular reactor which

coptai ned a catal yst\as s_prepared aboyge. The epox;@,{(ﬁ;@n of propene was
ried oy with ethy bengene hydr operoxi de. A redctioN m xture of about 6

propene per nol °\et hylnéenzené: byofr‘op%*h)m de in\et hylYenzenqd das

conti nuously | ed 2 hegighotdte —+@&hcHOr§H wi t h—thmﬂihémﬂlr%pééeCﬂge#dﬁﬁ3ty

of{ 5.58 h-1. At 200 hours pf operatlbn t he follow(ng %grdltlorm appl i ed:

Ethyl - 30 benzene Prydro roxi de conlersion was k®spt 95.-3 nof % by

% atiom of the t Bture. e pHopEhe feed rat¥Was 47,2 g per hour.
THe et hyl benzene hydf oper oxi de/ et hyldn%nzene feed rate (27% nol / nol) was

96. 6 g per hour. The propene/ et hyl benZene hydroperoxide nmolar ratio was

5.98. The reactlon terrperature was [err] . The sel ectivity (to propylene
oxi de) vvas g S repgsatian; &a-h‘a»'ﬂ-"““ Corrpar at [ ve) A titaniumsilica catalyst,

pr epar ed e%g f

t et rai sopropyl o 5‘“"86" F&?ﬂ g g!(g dl f fatalyst as prepared above.

oI O ﬁ.@*ﬁ’";‘ il . i mmg I
tested. Under&Q pg& 0 thyl-
t enper at uge V@§ze & Blide c¥|’w€rs:oh b/é'sl( G] ﬂ:pene feed
Since the actdy %&%@6&? h&l¥. ThOEthyilka zéneﬁfd‘rép%xfd&e éﬁJJ HEEa &sz B%oﬁwas 26.6¢g
tenperature ief Hol¥, PkipRopeierdiifyibedzend RBropataidénttibr EwasH B! The kddBioh fembblatreWa€60 °C.

catal yst Usedrhk Belédiifity @b plofyidne 36) Wals DEJ9%4.0 our invention is 4.5 times as
active as the catalyst used in the prior art process. 45 Clainms 1. A

process f ey tEXAMPLE [Gompada@) of an oxirane- conpound by reacting an olefinic
conpound wi th. an organi c hydroperoxi de by the use of a heterogeneous

cat al yst, whi chAtienien sitiqatcataly$typréparad by inipeegnation hisilicewitht 4 olution of tetrigpproByior thatilandte,
- catal yst conyroinglexed with 4ceiacetane infisopioevidieshel aadvisityipdion with hesiamiathidisiigzanel was fisadested.
- anglkor i nor gafnder camparabia cenditiens after 2Q0dpyry ef@peration qply the tegrneratupaves fiierent. ¢ the reaction
obt ai nabl & bw%g 2€i ng the siliciumconpound with a stream of

gaseous tltanl u Yﬂ"ﬂ?‘?"&@yf% %F@Pl‘ﬁ"’f‘? ’f‘ﬁ?"ﬁﬁ‘[’%ﬁarfé'ﬁ”f"é‘é?:i"ﬁ%?f‘?!”c?&u%f‘as
of step a), syred th séhabtpe 830 e prgpess ?%:Brdm to oyfinvention is4.5 %esasachve
process as clail taly E‘Tda{ RRFASPEFTSt he catal yst before use is brought

I nto cont act with a silylating agent at el evated tenperature.

Claims

1. A process for the preparation of an oxirane compound by reacting an olefinic compound with an organic
hydroperoxide by the use of a heterogeneous catalyst, which is essentially insoluble in the reaction mixture,
s0  said catalyst comprising, titanium in chemical combination with a solid silica and/or inorganic silicate charac-
terized in that a catalyst is used obtainabie by
a) impregnating the silicium compound with a stream of gaseous titanium tetrachioride,
b) calcining the obtained reaction product of step a), and
¢) hydrolysis of the product of step b).
55 .2, A process as claimed in claim 1 wherein the catalyst before use is brought into contact with a silylating
agent at elevated temperature.
3. Aprocess as claimed in claim 1 or 2 wherein the preparation of the catalyst is performed in the presence
of an inert gas.
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rocess as claimed'in claim1 or "2 wherein the preparat of the

?jat al’ yst is performed in‘the presencg,pj“ggb%pert gas. Eﬁ’ gﬂ"@mﬂﬁu
A process as clained in clal m 3 wherein the |nert gas S ’
rocess as C|64I rred |n o‘gﬁn t he cla| ns 1-4 wherein the terrperat

e ) e R R '%'ST ?ﬂ% Bﬂ"e ﬁ%@? it gﬁggrg %%P%g%ﬁh?% ins @b'sebogﬁﬁw
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or nore gf w,e, 66‘5’clp g?“@ %
2 wherein t%ﬁ&ﬂ%ﬁfﬁﬁaﬁ 184 acrﬁp'a e@ﬁ“n'%h%ﬁﬁﬁ’g'??%{%ﬁ%%g“ i shaftl”

a terrperature,oj\p
process as cl fvnsdoésgagaﬁhm,za%z&hmﬁwopgahbauyiam s W M%@tlon i s
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unl osl i ch | Batentaokmriiicheer Kat al ysat or unfagt titan in chernischer

Konbi nation mt einer festen R esel ssure und/ oder ei nem anorgani schen

Si | i cat, #6daduricYerfgbierpun Herstelung einer@xkanedrbinddag durgpdlmsetzung einer oleéinigbben Yerkirdung mit
erhiltfich eiosneprgaischen Hydrgherdxidamieq Vidreendungchines BitérogenenKatalyisdtorsl dagimiwesenticires iin
Strom von g#em Beaktiopegemisch unidstichrish wobel derdlatalyjataaintapltitan inghentischef ipriingtion mifjeiner
ler hal t enen fef8Rie GEHNF@%"W“@?“‘WE@ stadyreigekanpreickieb slafiein Kealysator -
2. Ver f ahr eNendstyirdyaragifichduren | vvobe| der Kat al ysator_vor der Verwendung mi t

ei nem Si®ylie 5?1“?’? T’erﬁé'f"“'é‘fe 'f‘d on SpsfRrmiaeRJiantRracaridni r d. 25
“eér f ahren r'? a" e"\'/’bﬁﬂ‘g "SHP@"P%?’L"t el l ung des Kat al ysat ors
Ge t f ah

N ";% sgﬁ gf? q{fﬁ'mﬂa°'3%"°'%ﬂﬂrw{ iR sieRriraelrel

Anspr uchg 1 |3svéLa %p

IR R 5@@% TR 2 P R Rt 7 R s e

al ci ni erungét‘;egg; feh Hdch ARdpruch 9, wob i 5;-\ % QQ.ckHPﬁf 000, vorzugswei se

S ui schen 50006 v eObii o ﬂ\QQtAnsJuch 54 8100841 48 3eTpeRuP ABUALS BodPRERETGR der
Anspr Cchie 1 bigSvéianiéR Reth effbrR olidf tHeRrbés Ber KhipricRdPbis b%b&dmcm;msd@wamm
Z Wi S Chergo 156khen A0tecHGHI@00Stordubdwerte Blischéh 506 dnal?o®o, ie@ch Anspruch 2, ‘wobel

fas or gani sche. Werfalieh Rdch BB bder MehrélexdaRidpbiichll Sid 6 Yobei diSkydrdise Mﬁb&ﬁmaramer
1ach Anspr ukihpératekvisclian 180 0ahd 460eC étatmpge.at ur der Silylierung zw schen | 00C -
Ind 4250C 35 8l Verfahren et Angbruz ) wibel dddorganische Bilylibinngsmittelddaniethyldisiagan ist.

bhr epar at i on d'SuVertabrep osob Atisprocp2edend, watiehdle ©empératirsiansilylieGug izwischen $09rQ orgict25°C

bl ef i ni cade Begkc un hydroper oxyde organi que avec utilisation dun catal yseur
jeterogene, qui est essentiellenent insolu- ble dans | e nelange _
.f-eactlonnel ce catal yseur conprenant du titane en conbinai son chimn que
.vec une Ssi RF‘(?@"@M‘W un silicate inorganique solides, caracterise en ce

ju, on utilise un catal yseur pouvant etre obtenu par: 'a) | npregnati on du

."o ose Au si I W) RIPREIRR0Lr Ia Prépastipndivn GaBPasa dy ﬁ&ﬂ*lﬁ"ﬂ?@@ﬁ’“&’ﬁgﬁﬁéwﬂnﬂm

avec un hydroperoxyde organique avec utilisation d’un catalyseur hétérogéne, qui est essentieliement insolu-
ble dans le mélange réactionnel, ce catalyseur comprenant du titane en combinaison chimique avec une silice
etlou un silicate inorganique solides, caractérisé en ce qu'on utilise un catalyseur pouvant étre obtenu par :
a) imprégnation du composé du silicium avec un courant de tétrachlorure de titane gazeux,
435 b) calcination du produit de réaction obtenu dans I'étape a) et
) hydrolyse du produit de I'étape b.
2. Un procédé selon la revendication 1, dans lequel le catalyseur avant utilisation est mis en contact avec
un agent de silylation & température élevée. '
3. Un procédé selonla revendlcatlon 10u2, dans lequetl |a préparation du catalyseur est effectuée en pré-
50 sence d'un gaz inerte.
4. Un procédé selon la revendication 3, dans lequel Ie gaz inerte est de I'azote.
5. Un procédé selon une ou plusieurs des revendications 1-4, dans leque! la température dans I'étape a)
est au-dessus de 130°C.
6. Un procédé selon une ou plusieurs des revendlcatlons 1-5, dans lequel la température de calcination
55  est comprise entre 400°C et 900°C, de préférence entre 500°C et 700°C.
7. Un procédé selon une ou plusieurs des revendications 1-6, dans lequel lhydrolyse alieu avec de la
vapeur d’eau & une température comprise entre 150°C et 400°C.
8. Un procédé selon la revendication 2, dans lequel I'agent de silylation organique est Phexaméthyldisila-
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453 b) cal cination du produi't de reaction obtenu dans Ijmm, “ﬂ”"'m”
hydrol yse du produit de ["etape b. 2. Un procede selon la re c '"
dans | equel le catalyseur avant utiligp@isik$4ke@§t ™M S en contact avec un" *° *
agent de silylation a tenperature el evee. 3. Un procede selon |a

revendi cation | ou 2. dans |lequel |a preparation du catal yseur est

ef f-ectuee en®®e- so. sence d un gagz jnerte, 4. Un procede selon. .
revendi cat i on 3 Unpeerédd selop biyne fgs %‘gﬁéﬁah"@?% 8“%3?“5(!?5“1' %ﬁe&pgfa%?.dgﬂﬁﬂtﬁlr"%g\mw ree
sel on une ou”ﬁPJ?iéﬁP?s s revendi cations 1-4, dans lequel |la tenperature
dans |'Mape a) est au-dessus de 130C. 6. Un procede selon une ou plusieurs
des revenlli cations 1-5, dans | equel- | a tenperature de cal cination 55 est
conprise entre 4000C et 9000C, de preference -entre 5000C et 7000C. 7. Un
procede selon une ou plusieurs des revendications 1-6, dans |equel

| ' hydrolyse a |ieu avec de |a vapeur d eau A une tenperature conprise entre
1500C et 4000C. 8. Un procede selon | a revendication 2, dans |equel |'agent
de silylation organi que est r'hexanethyidisla- 8

S

. A [ *>U Ili Il HI!P 11 11 EP 0 345858 B S zane. 9. Un proc6d6 sel on
| "une des revendications 2 ou 8, dans lequel |la tenperature de silylation

eit conprise entre 1001 C et 4250C. 5 10 15 20 25 30 35 45 50 55 9
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