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WD 2009/ 010224PCT/ EP2008/ 005627 - 1 - PROCESS FOR
OXI DI ZI NG ALKYLARQOVATI C COMPOUNDS FI ELD [0001] The
wopoexEnt24i nvention relates to a process for OPCATEP2008/005627
al kyl aromati c conpounds, 5 and in one enbodi nent
i ncludes a process for producj.ng phenol and
substituted phenols. BACKGROUND [0002] Phenol and
substituted phenols are inportant products in the
chen BROGESH EOR OXIDIZINGr ALK A MK
the production of phenolic resins, blsphenol A,
c-caprolactam 10 adipic acid, and plasticizers.
FIEL@O03] Currently, the nobst common route for the
~—production of phenol is the Hock process. This is a
[00G14 eeThe presentdevantion aelates déhaprecesy fosoxidiapg ialydargmatic compounds,
and 3 840 hb Rl MERAEN otk o8 B AL ARE phhoRRRE HEStipued phenols.
correspondi ng hydroperoxi de and then cl eavage of the
hydroper oxi de to produce equi nol ar anounts of 15
Iilgﬁéﬂaﬁgaﬂa acet one. However, the world demand for
eno [ .
o0 G5B kR e 08kt B 1SRRG sty and
are bsefelnms fos ekarkldleyt}teopnodmtmasﬁ,‘ plitwelit aesing] ebigphepolng, e-caprolactam,
di shor%é&g ? Frggylene. [ 0004] Thus, a process that uses
adiph H3HFGRSr al kenes instead of propyl ene as feed
[OO(B']‘d CQﬁerﬂ*lryC Qhe riﬁbﬁy&on%hbﬂ | rotit fb‘ﬂethé NEEdu@fonhbOBRENO] is the Hock
ket ones, such as cycl ohexanone, rather 20 than acetone
proagssy Bhiszis aatﬂqueafttcp peocesst ior which the iﬁwtseept imvolves alkylation of benzene
roduct i henols a e is r
witirBRUERS B Rrndt hReR: I8 fre T PG PRicGrigh BEIE sufncig ¥ Bl cBftesponding

hyd®ptroeitde antl tHear clegwgy i oTothefhyldedperHadéd B@ peddue dgitimolar amounts of
addi tion, cycl ohexanone is used as an industria

pheng) |apd cetope” Afpvegyier.\ihe ayor]drdemangafor phenelds tarowmngamare wpldly than
t uc P I
o PO 8y 2 Ly By RYE ORI P00 0 GRS i iy
mcr@a@@&ﬁﬂeltb aidevdloping shdmaetgepif ehglylaied MEK can be produced
ec- butglbenﬁene process ere

[000§ic b l@l&,sl, Baioesse that usey blﬂtgw qrohughgrplkenes instead of propylene as feed

and S65rolie) InRERMA NS AR RBIFRY &%l?ﬁhq kteﬁﬁ)epesru@l’f 'a9€ clohexanone, rather
deconposed t'o thHe desired phenol and methyl §

thanlagttone mabxrbecamatlwoéwe altermaive @upﬁtodhsprngctdes@ﬁplbedlm or example,

ther 54 G i e e B el 55 P RS d e S Bieor dewaxing
of UBBIRSRLCHIlY. MatadtiHion, LytlERKETIR s h&las m&ﬁdtﬂmﬁ%lvent as an activator

However, in conparlson to cumene, oxidation of
in qiidationi Ge@@ﬁpmmls ig Ut iprastuetiomyofhradiniteaFidi leytlohexanone  resins,
cyclgﬂeg(ldﬁcz V ng ﬁrcﬁg%tg%raﬁxd%gfo%%n atoms, such as

orrespondlng hydr oper oxi de

[0005§qui It e§ kho\gh ahatt sHeper aid/MEX @88 beSpruiicsd Sfedifii sec-batyllenzene, in a
the presence of inpurities. For example, in the case
procggs \gléege BeRutybRnEsHs it o¥idized thepbtai, sgg—bmlbenzene hydroperoxide and the

peroggig%e &ﬁé@s‘éﬁ%&l@%ﬁ@%{i %92&%%“? n?etﬁt | ¥ Rﬂ%to‘ﬁfe An overview of such a

I sobutylbenzene
procssscis ilesoritedninepagetd y 3 -0 & raod i 26¢ - 268 cofePrvessst Ecomboids Rdfgdrt No. 22B

.of that when,the sec-hut yl zen s .free qf
entifed SR banBUREFS o Riantord kel g BLBsromns 437
[OOOGP nt eNbwever 1mQ§)14ﬁﬂ%Ms¥Y? ’tcgmmeﬂeh Bxidaliéh 6f ard¥lafidicb@pounds substituted
decreases to about 86% n the i sobut yl benzene
by bgawheheikys srupbhaviegghor n’tohte curgpe agfmsp wudans oer- Duwwenéene to the
COI,resecraelas sdtro abolgé rg L%ﬁ% g? en tthe IS cgutyl ben N€.e 1o th
cOntent PSTRBRDY WaTght ’%?eéa SFesoRididi sy Sensitive to the
presdeeraaﬁmums.asFérOWa@splabQUtheS&Ke df0R0-Butiibénzefie lcéntaining 1% by
remains a need to find an oxidation process for
produci ng for exanple C4+ al kyl aromatic
hydr oper oxi des, and particularly sec-butyl benzene
hydr operoxi de, that is
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much | ess sensitive to the presence of inpurities than

the existing oxidation processes, and 10 that all ows
woebéd/apeat commrer ci al scal e production of phemrolr/EP2ahs/005627

MEK or hi gher ketones. [0008] U. S. Patent Nos.

6,852,893 (Creavis) and 6, 720,462 (Creavis) describe

nmet hods for produci ng phenol by catalytic oxidation of

al kyl aromati ¢ hydrocarbons to the correspondi ng

weighy @f iobrylbedecneathe reglod dommenionsif secrhufylbshzaniedydroperoxide decreases

rAARLr.e%l t Lve enal ~and ket.one. tal viig .
to o9 5P 18 Ru i - BT s et EBu @it Gpitarty, when
the BobutpiBetifdt cahtedSis i1 (8594 By Weighfdharf@bhbyidhtiod dRidadés t about 86%;
an hkg%droxycarbodllnyde catal yst, such as .
whepythelisolyithenasnensantent iy dYeby agiahtibe rateed axidationuleciseses to about
0, : G, . .
84 /og ))%:1? 'gﬁ]'lgg )t/ 13%%“&2]3?&%&% Fgrgglﬁ}g%: ésb/(é ﬁg gﬁ%%g, ntge rate of oxidation decreases
to asleov utbplb&dvsene. [0009] I n addition, the article by
el d et al entitled "Organocatal ytic Oxidations,
mmﬁidi ey i 'ﬁaﬁremmaam needdp dmdsen qxidatiep pregest for rraduging for example
Cr O ar o, DR GRead P P b LGS 1 b Pk, hydroperoxide, that s
much-lbssdsenpisveoxo the piesdncd vf 6Mpsstiec thauithy existiB® VxidhBon processes, and
conversion at 100C.in the presen of 0. %.af . a
that S Bielih Eommetiel el PaeRSEREP s bR MER, prtendt ketones
[OO(HSE)OdUUIS. IPAEin® eSO %1830 883 (@rédvRS dndds, $20 462 (¢He@li8) describe methods
[0010] However, while N-hydroxycarbodiin des have shown
for geeduging phedok diyecwatalytie/ dxddatione ofx plkataremati¢ hydrocarbons to the

. i upds,to their corr ndi n . )
corr B p Ve PR RS Y el 33 G (BRI Hpneiae o give phenol
and hrkesynentCdtalyad yx iatiog ekes piace atitl ¥sigehNint thatprédade of & free radical
tend to be renpved fromthe reaction zone with the

initigppaapd ef satdfeste wmiraly ansN-hedrexyrarkodimide opatelid, such as N-
hydrp%f’;g-}rﬂﬁélin?ifdg.l uﬁfétf?rréﬁqgﬁl%nja s LgC S‘Ia e Tk t%?gl?]lis process include

est 1 n developi ng a heterogeneous oXxI da
cumemr, ayglshexfytirenpened olodpdat Wipdreeneraid echyntylbgrerenxi des

ovi ded, adequate actiyit d selectivity can still .
oo SRS ASkl Y e B EM orEe S Onications
MedBH& by Nitr&ty1 YediddR AR/ ABSEHuHeCchay e dias 936,%%(3% 1 05o lﬁ é071 discloses

process for producing pheriol and met hyl ~et’hy et
that tyeloleixylbenzene ¢ G HEN ropn ibs ioniglitadte dive 1 -duydropeokidel wWith 87 i6h@selectivity

i s_contact ynder, al kyl at i ondjtipn i t h -
at 3PCHe nSEioR R0 CaBh? el 305 Hidhe ol f i Hedyuphinatimide
catalfgtind@ @B1%of th¢ dﬁ‘bcﬁ\fdf ﬁyaﬂogaomteta%rfreb Redibsliifigiator.

d- spaci ng WO 2009/ 010224PCT/ EP2008/ 005627 - 3 -
[001Rbxi rkdowever,2viaie Dshydsoxgantmdiimidepthayy shadn ety @ad selectivity for
16LS! . O ffluent,c [iSin
the QRS AT IGIBHANE S BBoRSKL e RrkhperE pFIBEORIAR they suffer
fromotke gratdeint inherend ke enyahbnidgeneeiindtalgstandhithiBey are tend to be removed

q%groperoxide Lﬁl&%eaved tQ produce the desired ghenol

fromythg reacting zoe myjih themaerdict affiucatiand s Mk Re separated from the product
fiuERY 2MASHeSis HFTORS siPhiRkOYersH AL L Chd idati
© ui m des, SISare ?scflg%snglg as selfiét g@l gé‘#égoﬁ%ﬁé llcl)é%&gg%l}egﬁs oxidation
catalygadoi qmodymieg ealkpldrapadtil yhytipparoxidesi ¢préavdddile adequate activity and

het er oge us cat.al ysts, such as the oxo (hydroxo)

sd&%wﬁagggmﬂgﬁ?gﬁﬂgwgg- manganese conpl exes described in

[001154- S. 1Rajue MhteMRfiondl 2&3at9BoblRAHoNS. Wet 681 5885 we have described a

, 922,920. [0012] Manganese oxide octahedral nolecul ar

proceys d9eBroggInE RICne nsnocidy eibyl beiane,tinnwidth gtfeed cemprsing benzene

I | 50 I tute faml f nol ecul . .
and §1G AW H AR UhtsEu B ool oy Lollygt gomprising
zeoliteo bétaren 4 wsledulat sived Hadfg Gn Xaway i diffratidR . pafie@hincluding d-spacing

mat eri al s have been detected in sanples of terrestria
origin and are al so found i n manganese nodul es
recovered fromthe ocean floor. Manganese nodul es have
been descri bed as useful catalysts in the oxidation of
car bon nonoxi de, nethane and butane (US-A-3, 214, 236
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20 ions are present in the tunnels and coordinated to

t he oxygens of the double chains. The identity of the
wot2e@b22aat i ons determ nes the mineral speci e®PCT/EP2008/005627

Specific hollandite species include hollandite

(BaMn8016), cryptonel ane (K_Nh8016), manjiroite (Na

Wh8016) and coronadite (Pb WMh8016). A hydr ot her nal

nmet hod of sgnthesizing nmanganese oxi de oct ahedra

maxirod 8t 12.430.25.60/250. bo s 580 Woand2k 243:+0.0h Awigstzem de praduse an alkylation
such as .t.hose possessed the natsral | y- rei.
ernptf PorRiofe SFBRRERE, T G ARBRRienki i pllee Yy produce o

SCr1i r
hydrUPél@ﬂfdi@S@d%'b d8Aropetdxiddl in@bavelirts girodee, the idesitahphe®i and methyl
0 Nlcrogorous Materials, Vol. 11, 333, ML. Cccelli,

ethyHkgtonRopitboughokomaegenepissiaais REFhabNcRy drexy spboituted, gyglic imides,
i -t ahedr a r e ' :
ace SRIOREL oF, AEBEICR e BUBEHOT roRUBHR Syt alshR are said 1o be
hetefbgghepuat caalyel[S-sich [ A9 1thg Theo t (hgdrosls) t xsdgetle tetadnuclebl ymanganese
occurring nmanganese oxides with (3x3)_ tunnel 3

complex e dasPRRe BN IPH ntNNQsyPd 8¢ 74P AR iﬁsmt No: 3,922,920

ge- | U | t _directi
[OOIZEeCi Vi a{rng& dggg?!%%%ﬁ@cgy @ggﬁgl’rﬁ g{ﬁ%ﬁa?gﬁsﬁs%ix% f6no-directional tunnel
struchifes] arecitsot lewwnlaresonFmte 3/ fapfilyNeft oplgblyr Geesrwhengin chains of MnOg

ese ,Oxi des", Science, Vol..212, pp. 10Q24-1026.
octafefh F5re PSR, s SEBECTAESY AP TnECRzs: o Uit Relils have been
dete@E® iR kARPlel Q8 A rdsttallRERIS A/ AR &RAANAGHARSNese nodules recovered
cont ai ni ng hi gh concentrations of

VO
fronp g@op R0 CTMEP2BBS? 10d@ey haves beerc dpssaibediag usplk eptalysts in the

.t 1S proobabl e that ch I t ] r £ .
oxichfior & BARRIRFord S e =R% bate 11PRCS ALl 226 io il B o reduction
of nRAE tox@déel with ianirA6s (Abacsphstc Ghvirb@hént] #Flodté,veB09 (789 and in the

tunnel dinensions and their cation-exchange behavi our
demgipllation; of teppad) @pdg i the pressce ddnidregen (tyk Kngy Chgm, Proc. Dev., Vol.
iy e Oxide Cctahedral Mol ecul ar Sieves:
1l}f$%gg?gﬁ”on, Characterization, and 5 Applications",
[001S}i enble, hvdddndite6@re ppturdlyle&chirigl G9&pps mangabdsedoofles with tunnel

synt hesi. zi ng ganese | de octahedr al | ecul ar
sy Sop 58 S I o W e A BEicb A S 048R dg dorm (2x2)
tunnPOSRBRIQI 1 athFa’gB Al ro@lﬂlééée Anmblsit At ABPACkilLS BE, K, Na and Pb

~ described in US- A-5,340, 562 (Texaco). Such synthetic ) )
ions erst prhedt il therbineela hnd canirdinated athic gy @i 8 theidonble chains. The identity

structures are referred to in the artgby.th . .
of e, Bher i T o sy ierie T Smtifafilapdisg sgesies include
holl@@ita (B&AVIAIO B8R kB Wmdlad @& BgOfq) L ignjebie (NaNh;OMPard coronadite (Pb
type have been enpl oyed as acid-base catalysts In a
MnsQgp)i eftyhysirotheimpl yaghod rof asynthesiging emanganesce ¥ide gietahedral molecular

e G0 REnk 12, SRS B SLATL0l RBLENED Dy ccurin

holldndhieelis Besdiibedr i@, "Hediogrrahald SGhfhesds dfavangarese @edes with Tunnel
synt hesi zed and have been propose s CQ.oxi datjon .
Strugiea{ i (nhea oL MIFHRST HpeHoGy Y9B3b {ore MhoyOccali HE. Robson

Eds.g\gﬁflﬁﬂostﬁéglt‘aoﬁghmd} Ryt H992 mS%E’llfx i(ggrgretict odAR AR NEG ar sieves having

ound t manganese’ oxi de no ar sieves show
(2x2aamnel tryctared asetegartaduo irytha artdattbd gesignation OMS-8xi dat i on

O s A I e GO
struct@bd EtRRAMNEipNY ShARE b MifB:Sedee AhAiAIVHEXhddPR 1TddoRol@RE and related

aspect, the present invention resides in_a process for

speciskian desagbahvalkicacoamiil Clwompaigsid thiew anily of Naturally Occurring
orrespondi _g. hyd X] 0 i.Si .

RS SRS k0 58T s
todofokits1hig dfteh: found in BdepGda\mdrigandse nodfles containing high concentrations of
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R3 (1) in which R and R2 each i ndependently
represents hydrogen or an al kyl group having from1 to
WO2R20¢%rib2eA at ons, provided that R and R2 nay PRPET/EM008105627

to forma cyclic group having from4 to 10 carbon
atons, said cyclic group beimg optionally substituted,
and R3 represents hydrogen, one or nore al kyl groups

having from1 to 4 carbon atons or a cycl ohexlxllnzgr.ou ,
copBy anidt nicksly deis iprobahle thab suelc anesdls ssubsitateyfor in the octahedral

B RS S Al AR g Y vty e
tunnehdia@hsiens aridieip caiBsechdngt ehdvicig MiHictisfsihild1@6 that of zeolites (Shen

conprises converting the hydroperoxide into a phenol =
et apn g@e%@@@ Sictabedigh MJeculdre Siguere rBieparafion, | Gharacterization, and
: [ j F .
Ao SCEhld ey 0y 913080 T RN g o mangsnes
oxidproefabedreldmalkepealat sietdpospeseing (Bx3)nunatel souctires swbhsasithose possessed by

the ’g%\?lé ?—épé&{ing rt(?d%lfl&él{‘]ég)lsa égﬁqgggf{ }%églagﬁgﬁ‘lﬁ;ﬁ%és(jﬁmcp}; Such synthetic
ocmxgﬁm%efécﬁa& 9RUES ﬁiwiﬁ%f%') Sutrle) gtrB@turaa/s e Gfetred 4G iffhe art by the

in which R and each 1 ndependently represents
designation@MSdr an al kyl group having from1 10 to 4

100155 SRR et SRR et e o et B e 4DSs! Bnd OMS-2
typeStiivel bei® einldye8WB BRI BiEe @RlalyRRaN! & vty bF hibidehse dffAnfconversion

represents hydrogen, one or nore al kyl grou% havi ng )
reactipnsmsuch @s 4the gopyersignodds alsphels do ckasonesyandgpledips. wManganese oxide

mole%i%ag g%\e/.éssnehatafl}‘?%g Eb?ﬁ?ﬁ) ﬁ[exllglgll s%{uc@llreg@ltgﬂ%zﬁédr @g{ij@éé,‘ lzéx%gals% been synthesized
and hyvdrbepe ppostd a0 fCQ exidatedn datilys, for(ekhihple in EP-A-0710622 (Texaco).

[0016] According to the invention, it has now been found that manganese oxide molecular
sieves show activity and selectivity as catalysts in the oxidation of secondary alkyl substituted
benzenes, including sec-butylbenzene and cyclohexylbenzene, to the corresponding

hydroperoxides.

SUMMARY
[0017] In one aspect, the present invention resides in a process for oxidizing an
alkylaromatic compound to the corresponding hydroperoxide, the process comprising

contacting an alkylaromatic compound of general formula (I):

R]

/

CH @
R3 H,C—R?
in which R' and R? each independently represents hydrogen or an alkyl group having from 1
to 4 carbon atoms, provided that R' and R*> may be joined to form a cyclic group having from
4 to 10 carbon atoms, said cyclic group being optionally substituted, and R*® represents

hydrogen, one or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group,

with oxygen in the presence of a catalyst comprising a manganese oxide molecular sieve.
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RL/ /Q - 00H (1l1) HHC R2 in which R, R2 and R3

have the sane neaning as in fornmula (1), and
wO(2y9/eoenser t i ng t he hydroperoxi de of fornul a (PAOT)ER2008(005627

a phenol and an al dehyde or ketone of the genera

formula RICOCH2R2 (I11), in mhich Rl and R2 have the

same neaning as in formula (1). 20 [0019] Conveniently,

sai d manganese oxi de nol ecul ar sieve conprises MO06
[0018¢ t ahladone cmbqﬂm@mazhe peetgss of thef imvemtiont funthet compnses converting the

struct nese de nDI r
hydBpEOEidhifo, € PRate el na o0 Bh RSREE of thi farthygtntth R'COCH:R?
(IIDGAIRESR' bad Rénﬁnr@ kiR $icmesahg a9 fehald @ AceéRdingly, in a further

potaSS|un1 sodi um cesium barium magnesium silver

prefermesl esspbrthe Aresenh anvontipy resides bus RIPGRSS Rt Peeduciigsa phenol, said

cluded in the synthesis as cationic
proc;%%nw?“aﬁ rh &such as 25 magnesi um cobalt, nickel,

corozne:ronasadngamalkyrahﬁnatmmuﬁ@uﬁghwdl Iﬁmnmdldael)l attice

of the resultant nol ecul ar sieve as substitutions for

t he manganese (see reference Shen et. al. JACS 1994,

116, 11020-11029). WD 2009/ 010224PCT/ EP2008/ 005627 -

6 - [0020] Conveni g sald al,Ryl aromati ¢ conpound of

general fornula ( &ig fron1ethy|§§nzene,
sec-pentyl benzen

cunene, sec-butyl
di phenyl cycl ohexane,
, CycC opentylg%ﬁzeng

p- met hyl - sec-b
sec- hexyl benze
in w%\?/glgh%i(ﬂy b?agc elg ;ﬁan?fg/rﬁ%l %ﬁéer}{% ??@ro nor, %1; ?lé% rou ha}ozing from 1
to 4[cR®3A afoany proveddd that Rahsh Rbﬂiaz(bbljdﬂxgedl o foemdiieyictid g&iu}ﬁhaving from
tenperature of about 20C to about 300C, such as about
4 tosb qadvoalbatetnsa 3@@ cyphie EOHP etnen griienadlyneubsiiwiad, yand R’ represents

hydx‘%ggg l{);‘g% A il o C a 1 %g(gtg{s %Eghgzlfp(?{gtla%o € g%% Etlgﬂﬁo&ta cyclohexyl group,

with] ®@322h Go theepriesarick \of at dagal pgo tcoopailsingenmangamese okide meolecular sieve to
r oxi de t hen al dehyde or ketone
pro‘#‘ﬁ?@?‘@‘g‘@%@?‘ﬂj@ ber %oﬁlﬁugt(glg (b) in the preferred

aspect detail ed above] 10 is nducted in the presence
of a catalyst, sych as\a honD eneous catal yst, for

exanpl e at | easy one of sulf r|c d, pergf}oric

aci d, phosphori N\ // ydro acid, -
t ol uenesul f oni id erri Q§glor fge, boron
trifluoride, sBfur dloxide fur trioxide.

3] Abternatively, the hydroper onverting may
mwghfhl% @Eoﬁ%g?éﬂvqtﬁetsﬁée H}eé%‘éﬁé‘é“bf% kABGeneous

1 and ldehyd

VAR o PorEREH, o Saufita (AR intg o phencl and an atdehyde o

keto(xda))f ite gemera forvelp C@ﬂ}bﬂ #8Peit Which R'oaduRt baveathe same meaning
gg %&bure of about 40C to about 120C and/or a

as“b% Y of about 100 to about 1000 kPa and/or a

[001'9] qUI Qof\RHIeniy SPAG ‘?néﬁ%h@é%k:@ku(e%’ﬁ&@:uﬁ@%&% Qﬁnfgkﬁ@es MnOg octahedra

roperOX|de of about to about 50 hfl.
whlqu$®R|eldg¢m fom Eﬂmnmttmcm Generally, said manganese oxide molecular sieve

may be ion-exchanged with one or more metal cations, for example metal cations selected

from potassium, sodium, cesium, barium, magnesium, silver and copper. Alternatively,
various divalent cations can be included in the synthesis as cationic templates, such as
magnesium, cobalt, nickel, copper and zinc. They can be found within the lattice of the
resultant molecular sieve as substitutions for the manganese (see reference Shen et. al. JACS

1994, 116, 11020-11029).
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[0025] Figure 1 is a graph conparing sec-butyl benzene

(SBB) conversion (% against sec-butyl benzene
woblgaraperoxi de (SBBHP) selectivity (9% for th@CT/EP2008/005627

N- hydr oxypht hal i m de (NHPI) catal yst used in Exanple 8

[upper line] and for the MQgwl ecul ar sieve catal yst

of Exanple 1 [lower line]. 25 [0026]Figure 2 is a

ﬁ’é ph _of sec-butyl benzene conversi on agai nst
[002}4 ¢ - b(;pwe@mzlafn@lw&wlﬂ@@nm epanpoaind of igonergl fogpulah is selected from

I
eth@ékn%ﬂ%ﬁ&ﬁo %d?l!lg}lgur 4 %égq{aemé)l a\égerge?&)%gtﬁg'l-&c-butylbenzene, 1,4-
diplraglcihelbydxanz ene-leapibensinen agabpettylbémwn sydlél@xylbenzene and
usin threeﬁplfferent anpunts of th
CYCIBQ?W&’ME eRbdy Woeebytvihengens Cdsloaﬁwber@fsne
[ooﬁlaﬂpbsnfqge Byl 9028 fthGiHeSs folddRcRd Mt Q%@J & of about 20°C to about

nz ne conversi-on agal nst sec enzene
300%(y, siu'fﬁ;as Lalhbutl 5I)°£étoealbom|1t39°(f: 0oTh¢ bentacting is convemently conducted at a

presél/ggé%9 1 %qtﬂ(f'gbo \p:orslllljchrggla 81l1Jt| éa)kPglt(? about 250kPa.
[0022909/ @3@&%@3 @;/ %@Q%&W%zemn ¢ of 1HROREbGbkiRe 5(0' phefiol and an

e%ra ph conpari hg sec-butyl benzene conver’si on agai nst
aldehydreord¢eterter [éladnopgnoxtdqaecomwg@ng ateg (b)guythb ggeferred aspect detailed above]

is C(%ag{élﬁ%g}elgéﬁ g‘gﬁe’:ﬁ’p 3, F%tagrcfj ssu(élh élf g\éﬁ)ng al ag(%/ cgat'cﬁyst for example at

1eas§etﬁrebt&°ylsthanzde%1cpoamhwrﬁn adidai ptidspBric 4o,y hbererldgic acid, p-
hydr oper oxi de select|V|ty for the fresh and recycl ed

tolugnesplfenie aeif disgicchiprnle batandeflpenides selfur diaxide gard sulf trioxide.

anp 3 1.0
00 B{2 DA Ragh 0RO RrDhe ol mB AL ORI e preenc
ofa hwérogaﬁeomicdﬁl}s;elsedt as/a sryedting clbjne copper - exc hanged l\/hO

| ecyl ar si atal yst of, Exanpl e and for, th

10024 i UrPmveRieR @eahwﬁwimp@étﬂea%‘fe% §sieR) Ghringthe above preferred
oreE R Ry 0 RRELEL O Bl A ABREC o s rssre o st
100 hepdabgqer b000d &Pa ehelién i llgulﬁohoﬂiﬂbe spb]@(@hhnggd(ﬂwﬂ)/) based on the

nol ecu |eve c taI § of Exanple 6. [0033]Figure 9
hymmgmgxﬁk @Bﬁﬂg H@tg W& sec- but yl benzene conversi on

agai nst sec- butyl benzene hydroperoxi de selectivity

for the magnesi um exchanged MO nol ecul ar si eve
BRIEd&HEﬁQRIBfFI%@@EHE BRAWINGShe bari um exchanged MO

[OOZ%E l ar I eve géh 1ﬁél§%ébll§f?%g%ﬁen?ﬁ@8%l€cgﬁgrsmn (%) against

sec- bﬁtzlfbeﬁieﬂe ]ﬁ’}‘di’él}béi‘&ﬁdé‘ (IS'BEH%%S sd186tivaryl (¥ 1188 tRE N-hydroxyphthalimide
| aromat’i ¢ conpound
(NHPI) catalyst used in Example 8 [upper line] and for the MnO molecular sieve catalyst of

Example 1 [lower line].

[0026] Figure 2 is a graph of sec-butylbenzene conversion against sec-butylbenzene
hydroperoxide selectivity for the barium-exchanged MnO molecular sieve catalyst of
Example 2.

[0027] Figure 3 is a graph of sec-butylbenzene conversion against time on stream using
three different amounts of the barium-exchanged MnO molecular sieve catalyst of Example 4.

[0028] Figure 4 is a graph of sec-butylbenzene conversion against sec-butylbenzene
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of general fornula (1): 20 R3 /R CHA H2ZC R2 (I) in

which RI and R2 each independently represents hydrogen
woa0oenozitkyl group having from1 to 4 carbon &CEMP2008/005627

provided that Rl and R2 may be joined to forma cyclic

group having from4 to 10 caprbon atons, said cyclic

group being optionally substituted, and R3 represents

25 hydrogen, one or nore al kyl groups having from1l to
[0029] ¢ arfiguredtis ﬁrgr«'mh @r@mngﬁ nty, e cpnéerpwneﬁgémst time on stream

for ﬂﬁeoé%gﬁh ?dewc % br?enan ?%c%ggygﬁ e} Ee@%a tT Ve ?a‘?ys%‘o{]ﬁxq,mple 4

[0038) arFgk? Beiidth agraphrosansdridgt ‘s¢c- Bﬁﬂy}ﬂengefrﬁu r&ontrd‘iﬁth\@gamst sec-
"al kyl"™ entities designated "RI" and "R2" are join

butylbeeesne RydeRReEedt SSiestapoRa kS freshans rewdnamwm@xghanged MnO
Inokﬁg%ggg ?ﬁm%% %f%8e|ﬁ% ‘Wwith respective ends of that

ain inked to the C 30 atons
[003s$peciHigwal 7 Vis sh@uaph pofparing ahe Is&c bmtyfh}mmrm comgrsion against sec-

hus, nmbadi
butyBgbae AP ORR B o7 the o gopp?roa@bﬁ%%edcm ihelpgular sieve
catalg?thyo Fz(uﬁﬁx?@/ l5 mm W the BhriGAAERArgel %be ERERRL L@ Ratalyst of

forma cyclic group having from4
Exaripledar bon atons convenlently a cyclohexyl group

ousBf B 5 % B G S B8 T G a5 By toenene

hydrBﬂ')lﬁGMUe gé1604tRsty EX aRRInetcHahg& Mn@h6lcahlky siavosmily&s of Example 6.
onpounds are 5 et hyl benzene, cunene,

[0033,]9 C- tfugly‘p b2 rig eth @raphe eopparing b]@en g@chbutylbenzene conversion against sec-
th
buty%gnzei;'lgﬁn%lﬁ g)%rcg(li'ctlé/ Léfgcg&zﬁgeff)r é‘f ?%legﬁﬁp&c%é%]%@ friolecular sieve

nzene enzene
catal§&CoP Bxyhpenzensd dod tigsy (bhﬁihﬁky(bhxﬁigé& neneimdecular sieve catalyst of
preferred. It will also be understood that in the case

Exarjplede RI and R2 are joined to forma cyclic group, the
nunber of carbons formng the cyclic ring is from4 to
10. However, that ring may itself carry one or nore

DETAILED DESCRIPEION OF Téle EMBODIMENTSl 10 gr oups

havi roml to 4 carbon atons or one,.ar henyl
10038 o o rrESenfiny Rt aVEles & PRt RGN :ADE R AL Faritic compound
of g ddy%$§hhﬁﬂ@99 practi cal enbodi nent, the al kylaromatic

compound of " general fornula (1) is sec- butyl benzene

and is produced by al kyl ati ng benzene with at | east

one 4 al kyl ati ng agent Rl

cH @
R} H,C—R?
in which R and R? each independently represents hydrogen or an alkyl group having from 1
to 4 carbon atoms, provided that R' and R? may be joined to form a cyclic group having from
4 to 10 carbon atoms, said cyclic group being optionally substituted, and R? represents
hydrogen, one or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group.
The phrase “provided that R! and R? may be joined” and so on is used herein to mean that, as
an alternative to each of R' and R? being a (“monovalent”) alkyl group, the two “alkyl”
entities designated “R'” and “R*” are joined into a (“divalent”) hydrocarbyl chain (having 2 to
8 carbons in that chain), with respective ends of that “divalent” chain being linked to the C

atoms specifically shown in formula (I) to form a ring. Thus, in an embodiment, R! and R?
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under al kyl ation conditions and in the presence of a

het er ogeneous catal yst, such as zeolite 15 beta or
wormesnipr2ef er abl y at | east one nol ecul ar si eve Pofi/HPR@8/005627

MCM 22 fam |y (as defined below). The al kyl ati on

condi tions conveniently incligde a tenperature of from

about 60C to about 260C, for exanple between about

100C and about 200C and/or a pressure of 7000 kPa or
togeﬂt@s songtigte @xlafdm@rbyl Gmlab/otb@t c_mm@cts @0 ghsoearb@saomsr formula (I) to

and ht. hour | p
] s Rt e e LTS SnsiiY ol e R R G Bt grov,
whldli’ mhy b Q[xbéi@utedfwmi @neb@xt M@Hlalﬁ?logﬁ)uﬁ h@ﬁdF Fromitl 1804 bdrben atoms or

[0036]The C4 al kyl ati ng agent conveni ent &.conprlses

withy png e@fs Mase ephenpb Lrownst dr@mpesmof ysuablen alkylarqspaticn éompounds  are
g | -
e S LRSGRA b THE AL S 08 B e, 1.4
diphbuyleyudshexanks he&&et}dberbﬁn@ kindi d’}eli)hbyyllsérﬂaﬂ& owile kédibuttbenzene and

A O TN TN R T A

R afe ng%ﬂéacqg 'fém{iQ @yayc grepy he haﬂlbelf ope%&ﬁ{g%ﬁlt%%% P@% rhngg is from 4

hano I'ower~ ol efins. For ex
to 1(E4wadvelc&1abnng miay titself sarzy engenmowd Sujvstauamtb,adulch a$ on@erymore alkyl

ner oyi ng steam cracking to produce ol ef
grous e Yioff T b feaian G108° 25 Sfner SprepRyLENgSipdnbe gase of 1.4-
dlphgﬁ}q 1@5&@,5@ cracked butene stream Raffinate-1 (the
remai ni ng after solvent extraction or

[003ﬁizdr dgmatnrmﬁlcakﬁm@ﬂwembme@dk)émmh@ pempeungrafgenerabiomnula (1) is
sec-%ﬁ%k%ng %& ?sg?r%aﬁce%rg ng}’l%Elg% Eaangghnat léa Eul%é) géa yfatlng agent

nin rean

undér racurylzﬁthm coniditeons tadd th ah@ ks endeud fen Het&fdgéﬂé‘@us &Ws?]duﬁh as zeolite
a further practical enbodi nent, the al kyl aromatic

betac%n*ﬁ@{fnﬁfe&fa'@lé‘n%rISPStf(B’feni!i‘IOk?C(‘iaJ sjeye §fcths NI 12ntaghly (as defined

st TS SRS RIS eI 0 1

aboup268¥0\cfer ekamapla éieavmeerbeou $0051CF amcabomn aD0 YA ad/gsh pressure of 7000

whi ch t t al ' ,
kPa gy Lﬁ%agéﬁg%ﬁleei%?mbps? o g 3505 bebcmdior gnveigdt hourly space
veloQE}D(JWHSV)SBa%Ed Bf &f alﬁ?‘llajuﬁ‘éj hidht of WeRedtinWhoun baka&ld ﬁﬁﬁilt 50 hr'', for

cobalt, and a cryst alline |norgan|c oxi de materi al

exmvbctgveannwmtha@daaguumm, typically at |east one

[003EE \(;’\511 aqﬁékglvglagffl%eb? %ﬂlg\pegﬁeéxgly-cgng)é%gﬁeﬂﬁgﬁ |09e ‘Ia’mear butene, namely

butei@NdbgitRsl2 air A nliRAIPE Hdrette The alkgUitind MgehO cabalsh B olefinic Cq
and/ or a pressure of about 100 to about 7000 kPa

hydragagben maxtyeercontpining lingar enesnsichias can bo obteingd dyt stgrnp gracking of

e g TP 0 i o o

refinefy febdstddkban@ bl &ﬁh%}tsmﬁ fof oxygenﬁtéb esudh as nsitlemel, @b 16w olefins. For
or "MCM 22 famly zeolite as . u

%&Ehﬁ fO?lg]W:lf\i{gc Cadlpxdrenebasy mpsueesofre g%raééfuﬁ\éaﬂableewegny refinery
emplg?ﬁilg Sl BackETRN Lfo'dE ofd&dE %ﬁfl Caﬁé’ §ﬁ1?%ylé W ééjfh@g&k alkylating

unit ce Unlt ce ranmewor
agent: @mhd@gtear(l,é_rasnked buteh¢ streang &qfﬁnata-ll (aher ]angmterdmamﬂlng after solvent
extraaégxb pE %togqﬁlé ian rt%g}olvg th,lEiEl{eeS}F TO c%;gqir? cracked butene stream)

and Rhffitatel? @the HrBdibt Srgllﬁﬁﬁl hftert ﬂ@:ﬁiovﬁi bﬂ%u@fheK@ @hil tiSobutene from the
Framewor k 15Types”, Fifth edition, 2001, the entire

m“d%ﬁﬂﬂéﬁﬁwgﬁ*Wﬁﬁﬂh“ﬁ§m1ncorporated as reference);
l e 0 n S8 nd _deqr ee
[003ZE gH %.Bﬁél‘ C%ggbéalg'l@n? 1S %cplmlgag%(f ofé ecxﬁ:ral formula

di'nensy ona
() 1sMMdhEﬂﬁB&m7fehe hﬁxptd mrgferably pratilctd by contattig Benremohalieiydrogen in
of one unit cell thickness, preferably one c-unit cel
t hi ckness; nol ecul ar sieves nade from conmon second
degree buil ding bl ocks, being |layers of 20 one or
nore than one unit cell thickness, wherein the |ayer
of nore. than one unlt ceII thlckness IS nade from

I oy N o o o
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X-ray diffraction pattern including d-spaci ng maxi ma

at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrom
woObay/{oz2ay di ffracti on data used to charact er ipra/mHP2e08/005627

material are 30 obtained by standard techni ques using

the K-al pha doubl et of coppel_as incident radiation

and diffractonctter equipped with a scintillation

counter and associ ated conputer as the collection
the prgsansenof a/\@e@mnmzlziﬁmp@mmwﬁgn comfpdises at least one metal

havi%ggé?ghgsg rqlrﬁla ng, ﬁg{ﬁe(éw f\% t%ﬁ %EY é]éeg)%lrolil]%gﬁ:_gr?lstmg of palladium,

ruthdr#@aC hicRedand) cbbak, aﬁdtﬁﬁiysfﬂ%nedfmﬂ)@%n £08xide 3%135] having alkylation
(descrl bed in U S. Patent No 667), ERB

activiyetypidale @t leastone @gfémulma@mof tles N@é@@afzmllyl(a@qﬁned below). The
cont%cg%gcgtépg?sdcé&efﬁe tel nca%:g\?ctte tgx%%erég%%l L gﬁ%t 5(?\63 to about 350°C

escri I Ona aten Ion

andlmﬁ{eiiﬁé OF abdut MDA ebdull 9600 kPeshd/or A bénzematoeiidrdfen molar ratio of
277), MCM49 (described in U S. Patent No.
abouwé)jéoel? o3t 100ranrion a (MBS ofiabgus )0 Utasabomsd @t No.

362 | 1%
10038) 2eorBogim MEME2RERE' Rl G Undi @il M B0 Ch20 family” or
“molebhalaiVisieh @ Dff then MCM122 fanafy®r ore tMaM 23 efandilyy kedlite), as used herein,

cat al yst si nce t hey have been found to be highly
md‘@@f’%’& ?r\FQo'EecPthe pr oductl on of sec-butyl benzene as

Pr e Z{CEE‘)II wet“&h ec u adrh%élwe? gg? ?ggl?g :céi% fr oﬂl?g 'il°°k unit cell,
I\/CMhM u(db) ceﬂKZMaS GhanMV(’W frasnﬁqurkstoqnbldg&l\/l-(AQ vaitdcell is a spatial

such 2 .[.QP41] The oxi dat.ion step,in.the
pr egememﬁ%e%g@n}s ‘%‘F’P éﬁf‘g‘é %QH‘EFS mepgigpl shace’ describes the crystal
al KylcAireMBhALE o3P Qtudstdie ma.es@df Arth&*anRb %f'ZkohtheFramework
formof a gas containing nolecul ar oxy suc
ai Typdsi Kiff eért@gea(&l tfe catiraeiéent o€ we cggerm@uwrated as reference);

cata r a oro 15 nan e e

irdlotRler VRS hAden Bl S Ghliiuon sfionikeioec B 5 plock, being a 2-
mamls@hamlmg&)memaww G 0Bl top Bmézamwenb foRAINg a monolayer
edges to forma 3-dinensional frane t unnel

st ¢mrtelmet wﬂﬁhwbn@ﬁmfaf@gaé&bp@e wmlcelé thickaness;pr esent in
tun cat 1 ons

o LV st PRF roBD B0l sot o e SRR Bl dfine tayers of

s hatieCorelBRsSthh® oh® ikt dell lﬁh@kﬂébﬁlvﬂ&relﬁrﬂﬁ’e taher OCiafedaR one unit cell
of the double chains share corners wth adjacent

dothiskacsshigimadefiomstacking, packing, orhipdiag at laasictwer monolayers of one
su ' yr Q!

ma]%lggl gél% (lte}ficr:nlﬂ{ﬁ:gg ZTHehétP(fl&% F@ﬁ th %E&ég é)upgmg lflocks can be in a
st regalatl fashion, @altragulat emhlonpulr@hdw Eashime oalahy cofibitagion thereof;
cross-section pores with the sides of the square being

ab®¥t 4.6A in | ength An alternative tunnel structure

Wi &Blelcelrag SlevBOY §){ tanﬁ r§% aﬁsop ?&?d%ﬁ? rﬁéinﬁﬁgigﬁéﬂl &' 3-dimensional

si eve correspondi ng occurring nmanganese
m etz haticodefnumikti dells hading &W]WfWefrmewm tnpcnggyles e

[003 | di{I@l u%g{qﬁz)l gl\glﬁlgreigﬁ %ﬂygrﬁgﬂp% ; OF!A%%)I%WR% sieves having an
X- ra%ilfﬁa@tlcgf?’}%]ﬁérﬂ ﬁr}aud’%ﬁ)g kapwhg MhaRith& Bl €3, Q@b §5 a6 951!6‘ ns) 3 57+0.07 and

cation that may be inh oxidalion state +1
3.42:d}.0% 5Angsiwom2 0 Odre0 X023 4 8iffradon0 484 064 2p c@ma@m sheamaterlal are

obtalgﬁzs E}Ii_gfte at | %ﬂn}qﬁgg usr{r?é/ th%eK aIPp Xdougfek of cosptp%} &s i;:clfdeﬁ-tz radiation and

a diffractomcter equipped with a sciniiilation counter and associated computer as the

collection system.
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wherein the netal of the cation is a transition netal

(Groups 3-12) other than nanganese; M represents
womaog@Enede; ai s a nunber equal to or greater {PRAYEP2608M05627

and |l ess than 16, preferably in the 5 range of 0.1 to

< 16; and is a nunber equal _tjp-or greater than 1.

[ 0043] The porous manganese oxi de may be hydrated, that

is, it may have one or nore H20 nol ecul es associ at ed

(00481t h Mitsrigsrierthe MEMR dailyjncloleMEM22, (dnsswibodin U hePatent No.
+95TADIRRRFES (LR p TR BT HOMRY 358 20 Tklifkyth U, Patent

No. I41826J667p rﬁmmt(dmndai indBurppead Patent NO08233002), fIIPleemeg@ibed in U.S.
there 1.s nore than one tun

PateﬁtaNP D Gh TR DKL TONE (Hescriey b dmieriatianakd aint Bylicanan NowNG97/17290),
E&F% e g te?ﬁ RS 53736/ 2gr7 %—49 %ngch?&% ?Ill }:JéS. Patent No.

e conposi on conf ai ns an ‘one
5,236,_6f75)) MEUM-S6ddeseaibéd b ThS. BaeﬁthNoS&BEZ BP7iUZM-& i§described in U.S.

Wi r r Xi datio te a d/or net al )
Pat%{% é%ggﬁg%@n JRR&eE %ff Mglegukap sicyefeof H}ea%féqal\ﬁ# family are
pref&RA 44Mhe GRS/ 14BN ?ﬁgl{yé&f@m&%@ﬁhme&' fovRE §d lﬁ%ﬁ?%%lectwe to the

Suitable netal s the lattice cations Minclu
prodweigore sifurspc-butydienzensi caselcoogppelr vaitid the nothet t butiylbentme isomers.

prerfaRy; e b B e Ealegen e S ) MEaMAAS, (ERlEsE 3Ra (o) isotypes of

MCMIoY &1 MOMUS6] ithexgh@npe techni ques. [0045] The
manganese oxi de nol ecul ar si eves enpl oyed in the

[004p} esehhe exidptionoptepr dtethe PBseHn Pisessy agluelertesly tanycoptacting the

h r r
ey B SRR TSR0 iy b ' B3Rl fige moleclr
oxydes, mohchscaexd iyhet freseiiet bOds adésiChidtegericous bb/tdryett &tﬁﬁpﬂiﬁmg a porous
Synt hesi s of l\/hnganese Oxides with Tunnel Structures

Mangcesy iiles molesplagy Sé?V@porQﬁ!i‘é’eWtbﬁ i the smanggnese; ledg 3tgolecular sieve
| St
comifes (RO dejahcla nBROGAR BAlRs (AP BLARMn T Plework tunnel

structmt dvaviak sexchangpable moetalceatioby ptdsentnmtthe denriels (tersel ichtighs). In one
-5, 34 2 and US-A-5,5 09 and -3 (4x4

embodipegy 5%&%{8%0&%912 Vol psbibeie iich Shiie gdees to form

doublld'cHabis et/ the 8édhedrf 6f ﬁh’étdoﬁﬁle Q:ﬁﬁlh? §aPe éﬁmé\ls I\mf?lf adj‘é&bﬁtrﬁouble chains

ar e |ncorporated herein y r ef erence.
to fogh gy x 3 tinnel siywtlheﬁush avls poeseftgn tlnermtlpakm g@ttmmg winganese mineral

X2 At U tructur MhQ nol.egul ar s
nonle ” 568t 1 8 Gt sl Bl SRR el Square cross
secti®€pbrk with ﬂi@ sidd/dF4RO Yduaré beiag a@@ﬁtwsAeiﬁtlbxygttﬂerAaWal&émanve tunnel
(Attorney Docket PM20Q04-262). [0047] Suitable

strucBie oyith lgFEeT gFestif éhﬁpﬁe?gérﬂct@ﬁd@émcdept%qrevev%%qweorsdmg to natural
Iﬁgﬂﬁ qut 20C and about 300C, such as

o &%%ést%gkﬁggou@g?r Ce and/ or a pressure of about 15

[0042] aﬂdmtpoimk@nesﬁmhdamodﬁwlﬁ stPe empddyedthe250 t¥gReaally complies
The ox tion reaction is

Wlthé‘éﬂ)@eﬁsffgwg’ 2008/ 005627 - 12 - conveniently

conducted in a catalytic distillation unit and the
hydr oper oxi de produced may be concentrated by

di BAiskh MaMnef, Osilhe @MW) eact ed al kyl aromati ¢ conmpound.

[ 0048] The product of the oxidation reaction includes a
hydr oper oxi de of general formula (Il1): 5

in which

11 [ PO I ~4
Vi, 10, VUL TO,

wherein the metal of the cation is selected from the transition metals (Groups 3-12) and

metals of Group 1 and Group 2 of the IUPAC Periodic Table of the Elements (1 Nov 2004);
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Cx- OOH/RI (1l) RBH2C R2 in which RI, R2 and R3 have
the sane neaning as in formula (1). Preferably, the
wolpavaperoxi de i s sec-butyl benzene hydr oper oxiPda/EP2008/005627
cycl ohexyl benzene hydroperoxi de. This hydroperoxi de
can then converted by acid cligavage to phenol (which
may be a substituted 10 phenol) and an al dehyde or
ketone of the general formula Rl COCH2ZR2 (I111), in
whiMh RIcpagsgnia lattice catien shatenaygeminmxidationrstgte ridutrd, +3, +4 or +5,
3 [ 9 e clea r.eacti on i vieni an .
whelsh et Ot oo RS O s RogP 3 2B ion manganese;
cahil ysteprésehti@ndrigghésd; phase at a tenperature of about
20C to about 150C, such as about 40C to about 120C, .
and/ or # pmuEber equl ta9sreater than Zereuand e thapyl6, pirfprably in the
O to about 1000 kPa and/or a liquid
ra“gﬁgﬂ?fig%p%égé‘ﬁ@e| ocity (LHSV) based on the
hydr opeissxnaebafeqatlautor @rehtelr thanblout 100 hr-1,

eferably about 1 to apout 5 r-1. The hydroper.oxi de
(0043 pr EeePUBPS MANRRREY Omeaﬂ%g@,gwr@t%ﬂ%ﬁ% if Fiaythayg one or more
H0h8e Ml182%388 | @8, /| T6S; ,
A ] e s OB AT TSy, SOMERS, o mangancse
oxide edehiydmavery sucheass by dwating atentemperbirk pi abledst2088C] befare being used
. thcat alytic, distillation unit. 20 [0050] The catal yst
in thg PESSERIOXGaNOP PEOEF Y avage step can be a honpgeneous

[004aRt aliSthe Qen@ah RIrMRD AV O Whefeathateyis tmodeOfiad boab ithdlll @ation A then
honogeneous cl eavage catal ysts include sul furic acid,

eachpb medy gt the sagiedor ditfptent pitbriegard ¢p @xidajian state and/er metad Similarly,
Whel[%qiﬁl Po'rﬁﬁ(!)sgt?&e 0 lt%igmn réth! 'ong Fa(rgtriéec aﬁﬁh %{I,‘ tﬂgn e %rl\%%ay be the same
rIFUor e, sultur dioxrdeand Suitrar trioxfde are

or diffefent ofithaegdrd o beidagen siatésand/ o2 avage SUptabRimétystfor théMennel cations
. preferred honobgeneous cl eavage catalyst is sulfuric .

A ingludeipotagssm ASOdiHm. s FINM, SRIAWIE gEABRSIIING $ilyer and qogpery sitable metals

for the l%ttﬁge N b ix?élu&ee;friagﬂéﬂllugeggﬁil‘te ] gaBEf)é}xérgfazinc. It will be
I'ncludes a snectite clay, such as an acidi

appremattdrthrat theotunbe catibncA; blitumit itkze Iaktaog, catisndieks can lgexkrally be replaced

b H. S. .?F;%Eent . 4,870,217 (Texaco), the entire

Y CivERTiN) i Sehgigedfeiniduec or por at ed herein by

[0045%‘c ergRGRangakéde A RAbReERPSTELEFIAPBY P ROME prestat oxidation process
[0053]In the case where the al kyl aromati c conpound

can herprodicsd byiagy 0é theagyothesiis mgthasdstkine winrin #ret 4ro nForeexample, OMS-2 (2x2

ycl ohexylhhenzen he.oxi datipn product, i . .
tonnly S EREEY B R Eeen it o2 BY AROUEHE ) og, apsthods deseribed in
"Hyde6theied] SyafiiisisS 66 NaiipantseaOdlidey Ghiah eptaneN StrudtiRs C id8ynthesis of
. cycl ohexanone _and crude phenol fromthe cl eavage step )
MicrapgromeMsiasjali Math 1o ¥ouM-hePogii HiFe Robamn Eds. praschiesrand Reinhold,
fi | _ .

NY, 0365 s S EDRSSURE B SRl B Bl by e methods

descdbeierih eHSA-5cHi491362| afid AUIS2054503,509 arpMBE3 t(dR4 tunnel structure)
cycl ohﬁéanone and phenol _from ot her species. The cr

. de .
mategls Ry the iragthed e desprbehiinkP ) 71064¢1 the isatise gonisaisef albof which are
inco,ﬂg%y%r&g&gg% k&GBreh&e, Or der to convert it to phenol. Such

eny

rogenation nay be perforned, for exanple, over a
[0046]at alAsstaltsumbivassypthesiis nonethodi fdee theo prqzhictianli of MOMS-2  (2x2  tunnel
structure) MnO molecular sieves is provided in our co-pending US Patent Application Serial
No. 60/949997, filed concurrently herewith (Attorney Docket PM2004-262).
[0047] Suitable conditions for the present oxidation step includc a temperature between

about 20°C and about 300°C, such as about 50°C to about 130°C, and/or a pressure of about
15 to about 1000 kPa, such as about 40 to about 250 kPa. The oxidation reaction is
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10 [0054] The invention will now be nore particularly
described with reference to the following non-limting
womRxenmpbes. Exanpl e 1 [ 0055] A catal yst was prepamab26ng/005627

conbi ni ng 300 grans of deionized (D) water, 13.3 15
grans of potassi um pernmangangbe, and 1.6 grans of
fumaric acid with stirring at roomtenperature. The
m xture was then allowed to age at roomtenperature

convgniently gorductad; i lngi qataditiodistifationenétcandribie Wadrnperoxide produced may be
din
conGGfitdge® By Rissiife SHERSPERLGIKASOLIER SSREBUALS 10 F1 o

[0048f t thec}ﬁbahotsif tl@ef otidavigal &adndiﬂﬁ@lhﬂesﬁziihﬁdrﬁpéfoﬁfdleM%eneral formula
subj ected to ion exchange using the foll ow ng
(D:procedure: a.a solution was forned by adding 26 grans
of solid bariumnitrate to 100 grans of DI water;
25b. 3 grans of the uncal cined material produced in
Exanpl e 1 was thep—added and tgle sol ution was stirred
for 90 m nutes; g£. the\pH was/ adjusted to 5.6 with the
addi tion of 0.4¢grans q ent pajgd nltrﬁ aci d; and

d. after stirrinNyg or &n addi\ti onal hour the exchanged
sanpl e was theg;ftltefed andy d with DI water
and air-dried. R100571The dri ed sanple was then
. ciged,i | 0) hqur.
in wclﬁl: K" Ck Mnd ?ﬁlg? %ega%e nFé'aSFn& QIR - fo%u?agm\g“ cg%llerably, the

anal ysts showe sample rior'to ca

hydropérbRids e¢lsethutyibemiege hedioperd&itle%r kgcloherydbshzemehydroperoxide. This
remai nder oxygen. WO 2009/ 010224PCT/ EP2008/ 005627
hydreperoxidg £ tgerg c?wstg]i ,byc%ﬁl@ci@yagga@ HF@B]a (\@]alcbynay be a substituted

phen%@'md%ngd e OF 2BBn0 o e %@%&ﬁ ’forf‘rgllzgga(?%@-frzR (11 g\ which R' and

tassi um pér mnganat e, rams o Ic a
R? hawetﬂhesame meagmgtasuroﬁmxmm@)erature The 5 mixture was

vvedtoaea.t roomte u wWith no
ooab {77 fhe F%&ewﬁ%cqm i 0O PrEL e DX 9BfefiBe, thi hydroperoxide
ith{ 4 LS BRI etdien FRE bl dbofi SO to?'%)&ltfl%T h
e tiree&hours n‘gﬁaé 4 [OS%’EA porti 08 o? the catal yst Such as
aboud HOER anpbeut 3| 208C pirel/cred prassire off abast Kuto] botued50®™kPasuch as about
100 to about 1000 kPa and/or a liquid hourly space velocity (LHSV) based on the

hydroperoxide of about 0.1 to about 100 hr’', preferably about 1 to about 50 hr'. The

hydroperoxide is preferably diluted in an organic solvent inert to the cleavage reaction, such
as methyl ethyl ketone, phenol or sec-butylbenzene, to assist in heat removal. The cleavage
reaction is conveniently conducted in a catalytic distillation unit.

[0050] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
heterogeneous catalyst.

[0051] Suitable homogeneous cleavage catalysts include sulfuric acid, perchloric acid,
phosphoric acid, hydrochloric acid and p-toluenesulfonic acid. Ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide are also effective homogeneous cleavage
catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid

[0052] A suitable heterogeneous catalyst for use in the cleavage of sec-butylbenzene
hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina clay,
as described in U.S. Patent No. 4870217 (Texaco), the entire disclosure of which is

incorporated herein by reference.
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10 exchange using the follow ng procedure: a. a

sol ution was formed by adding 26 granms of solid barium
wornewave4t o 200 grans of DI water; b. 3 gramnspofi/HPR@s/005627

uncal ci ned material produced in Exanple 3 was then

added and the solution was stirred for 90 m nutes;

15c.the pHwas 7 wth no adjustnent; and d.after

stirring for an additional hour the exchanged sanple
[0053ks tlhehe ichser whers the dlkpdarhmdtioicomppndithagis aidized according to the

. br-dried. 060] The dri sanpl e . hen | ci [ .

inveffc i) ey PRty s Sl BERG Bl RE ey RiBrobBroide and

the G&RMES ghﬂﬁcﬁ adbiped Rhdll and Oydiehekandhe( | Theveh@et cy¥ohexanone and
Mh - 22.8, K- 0.25, and Ba -, 2062.4. Exanple 5 .

crude plirge] fomithe pleavage steparnydte suhiscied e fyrther prifrsatiap feprgduce purified

10 - a . i .

e SO AR OR RS DASELR bRk o BB i .

seriea?ﬁ 'di“SGllaﬁﬁ)ngbwgts tofsesavhte dlfxe:o)p:ﬂxﬂfexmidne ahé pheno? @fdng bees species. The
of DI water; b.3 grans . o he uncal ci ned mater, al,

crudé,prprrifisd GYRlobRxaRene may kel DR SHIGHIGRL P JEPAIIORENAGIgN i8 Pl to convert

. i . : o i

it o Yien ER Uch Mo hallbf Wit erhfiedplo RSB, UG cAyst such as

plati®fn,mickel onpdiladiuoxi de; and d. after stirring for an

[0052]23i %E%e&ﬁ?@h%ﬁ 15&);\%: QJ?eng}e?ge iﬂ% _cl(ljlfqr]ggaestca%gd fviviltﬁ ?erfggence to the
follom@ﬁ&ﬂﬂ&&ﬁfgfﬁﬁwm 005627 - 15 - [0062] The dri ed

sanple was then calcined in air at 300C for three
hours. Elenental anal ysis showed the cal ci ned sanple

Exaxtp?) gtaln (in weight %9: M1 - 15.8, K- 0.17, and Cu

[0055] A catalyst was prepared by combining 300 grams of deionized (DI) water, 13.3
grams of potassium permanganate, and 1.6 grams of fumaric acid with stirring at room
temperature. The mixture was then allowed to age at room temperature with no stirring then
was filtered and washed. A portion of the dried sample was then calcined in air at 300°C for

three hours.

Example 2

[0056] A portion of the catalyst of Example 1 before calcination was subjected to ion
exchange using the following procedure:
a. a solution was formed by adding 26 grams of solid barium nitrate to 100
grams of DI water;
b. 3 grams of the uncalcined material produced in Example 1 was then added and

the solution was stirred for 90 minutes;

c. the pH was adjusted to 5.6 with the addition of 0.4 grams of concentrated nitric
acid; and
d. after stirring for an additional hour the exchanged sample was then filtered and

washed with DI water and air-dried.
[0057] The dried sample was then calcined in air at 300°C for threc hours. Clemental
analysis showed that the sample, prior to calcination, contained 46wt% manganese, 36wt%

barium and the remainder oxygen.
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5 Exanple 6 [0063] A catal yst was prepared by conbi ni ng
600 grans of DI water, 80 grans of potassium
wopessanpanat e, and 10 granms of fumaric aci d WpCH/EP2008/005627
stirring at roomtenperature. The m xture was then
all onwed to age at roomtenpengature with no stirring
then was filtered and washed. A first portion of the
dried sanple was then calcined in air at 200C for two
10 hours, while a second was calcined in air at 300C
Exafo'ie wo hours and a third portion was calcined in air
P*00C for two hours. Exanpl e 7 [0064] A portion of
[0058€ CRtaakAlpdt Wis debp deaibaifg CUOC phaalsl 6N DIadater, 40 grams of
subjected to ion 15 exchange using the follow ng
potagsiusg @eimaitganate.zangd g gnammf\fwam@mg avidystiriag agrops mpstature. The
. [ [ of.. er .
e S8% D TRADES Rl A AR ol s Fred na
wasHedanpp&rtion Wéthetdid sathgrowas el blcined it aioat 3ESCHbt thicchours.
for 90 m nutes; 20c.the pH was adjusted to 7 with the
addition of 22.5 grans of concentrated anmoni um
xide; and d.after stirring for an additional hour
Exa}tﬁx’ger‘gxchanged sanple was then filtered and washed with
[0059) waA grortaondofitlre- chtalgst. off BRGHPIEHE belfore dalsmatibre waassubjected to ion
t hen calq%i ge? in air gt 300C for three hours.
exchangehispgthe selloying proceduigoed t he cal ci ned sanple to

CORt ai Na (doMutitdl F t3@nedMY adfifig 626 Ksramd -of Isolidbhrivehn mitrate to 200
6.94. Exanple 8: (Conparative): SBB oxidation using

NHPI : [ eod®|ofdlawv@s0- M round bottom flask fitted with

a gondenser., stirrer .and,an.air sparger,-30

chilr ged B8P be SBaIEPY Pl R TPegbin EXAml3 grqsdfen added and
by TCl, trRndliod v stirrefl fo¥odnmayeeht hal i mi deThe fl ask

was heated -sing aheating WO

2009/ 0182 Mbwrs Epdthow) ahespent ang - reaction nixture

was re £r ' T
128, T AR 0 00 L Py Fe e n
conver siwashedgaitinPl wiake anéhalriedi ty t o sec- butyl benzene
hyd id BBHP) . i h in. Fi
[0069]y otr] _ %rﬁ)i(eld s(,earrgp?e Was)thler? cglci?le ixll rglir alltgiyd’O%C]'fo[r l%ﬁl%grhours. Elemental
analysis showed the calcined sample to contain (in weight %): Mn — 22.8, K — 0.25, and Ba —

62.4.

Example 5
[0061] A further portion of the catalyst of Example 3 before calcination was subjected to

ion exchange using the following procedure:

a. a solution was formed by adding 26 grams of solid copper nitrate to 200 grams
of DI water;
b. 3 grams of the uncalcined material produced in Example 3 was then added and

the solution was stirred for 90 minutes;
c. the pH was adjusted to 7 with the addition of 22.5 grams of concentrated

ammonium hydroxide; and

n addition

d. after stirrin

"
D

f

o 10
o -~

washed with DI water and air-dried.
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5 Exanple 9: SBB oxidation using Exanple 1 catal yst
[0067] To a 250-m round bottomflask fitted with a
wooodenxser, stirrer and an air sparger, was cramgErdos®0s627
g of sec-butyl benzene (TCl) and 0.2 g of the catal yst
of Exanple 1. The flask was .hgated using a
tenperature-controll ed heating mantl e. Reaction
nperature was 115C. Reaction pressure was

[006t31(§pr oiiengniesl sanepleyeashiben calcingd iniair 44 H°Cafos thrgs hpors. Elemental
' Ly 22 /mi.n, 45. 1 , | |
ol PR LAARR RIS cor o 8 2 Bl TR 1. and -

63.3fl ask and anal yzed by GC. The test was run for 6
hours. A graph of the SBB conversion agai nst the
selectivity to sec-butyl benzene hydroperoxi de ( SBBHP)
' own in Figure 1 [lower plot]. The catal yst
Exa%@#%@rnance shows a flat selectivity of around 87% at
[0063y corvaealyst omas pfepredndy eoidbiniBBH00X gdatsi ofi DIswagr, 80 grams of
Exanple 2 catal ys 0068] The, prqcess, of Exanpl e 9 was
PotaSuHR ACERAMFNAG) ta zr@m%fo? Thwang arignwidh SHaHRge gt room temperature.
The k@Y #hs %en@ffémhﬁo _%Fe fat YR h.’ebxﬁl%er{itn?e whE foORMHRAS A was filtered
agai nst the selectivity to sec yl ' benzene
and hystredpeA distdpor(iSBBifif)e dged kampleiwasFhguicalcihed 40 aiixatnZl08C for two

11.. SBB oxi dati on usi Exa o atal yst [0069] Th .
hours, YR8 BForide b CECEeldR 3 oHeatist RO Haprd BRgRHGIT portion was
calciAéPHMUiSat(d002C For thothdrand 1.1 g) of the

bari um exchanged catal yst of Exanple 4. A graph of the

SBB conversion against tine on streamis shown in
Exaéiﬂyfe 3 and a graph of the SBB conversi on against the
B selectivity to sec-butyl benzene hydroperoxi de

[0064]SBBHRpottions bR datalitgefl ExdmplE6abgtose dalciniiiéh was subjected to ion
oxi dation using Exanple 4 catalyst [0070] To a 250-m
exchapgeisingdhe {PH11BE RTAPEWED with a condenser, stirrer

angd an ai I : fenls . :
Se%- but ?F%lgﬁé’@%@ fqrg?@s%%ﬁﬁ% %961%9111? ﬁ)g solid magnesium nitrate to 200
bari um greasarfdddvatet al yst of 30 Exanple 4. The fl ask

heaf ed usi at erature-controll heatin
et 1o B otgfle Bafle frleriahEroguesd indGai h wes then added and
pr essur e \WemitiBRAa%1iBd Bdrvoahfmgeheric. The air flow
rate was approximately 220 cc/mn. Every 45 mnutes, a

snal | athecpldtwas adjhgied dach math thiexadditeonnab 22 Sngrass 6fr concentrated

the fl ask %nd aH§L§Z§P-§XICI; The test was run for 6
hours. AMPRE™ F WO
2089/ 0182 4Rt o2 AR 848B6RA hour thé exchfgbd bifpleavaal théd filtered and

was filtered and recycled at the sanme conditions as
nent i onwashgd avith Dhwgies ppd air-drigd SBB conver si on agai nst
[006%I e 194 cﬁ'}erd.(:“s%mp'leS WEQ Qﬁé}} Eaﬁci'r:llat?li'x{ ?irSata‘a‘Ua°@ fof %Qe %Buxtsh ®Elemental
BB conversion agai ns e selectivity to
analyschbuey kHearatdnegl dayrehlo pecomxdinl €in(VaBgiiPRh):iMn stesve) K A 1.71, and Mg —
Figure 6. The data shows no catal yst deactivation was
6.94.0hserved after recycling and the 5 catal yst
sel ectivity was i nproved.

Example 8: (Comparative): SBB oxidation using NHPI:

[0066] To a 250-ml round bottom flask fitted with a condenser, stirrer and an air sparger,
was charged 100 g of sec-butylbenzene (SBB), as supplied by TCI, and 0.2375 g of N-
hydroxyphthalimide (NHPI). The flask was heated using a temperaturc-controlled heating
mantle. Reaction temperature was 115°C. Reaction pressure was approximately atmospheric.

The air flow rate was approximately 220 cc/min. Every 45 minutes, a small aliquot of the
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Exanpl e 13: SBB oxidati on using Exanple 5 catal yst

[ 0071] The process of Exanple 9 was repeated but with
woI®/@oxft t he copper-exchanged catal yst of Ex®epliEP2&)8/085627

graph of the SBB conversion against the selectivity to

sec- 10 butyl benzene hydropengxi de (SBBHP) is shown in

Figure 7, which also plots the data for the

bari um exchanged catal yst of Exanple 4. The data shows

reactipn myKtuek $ia8 AgfaoYede femethe ﬂaskuantisanalyznd drieBCedhaltgst twas run for 6

hou Ctalrr%: g%gﬁ%fsggg %a??%\%%ﬂl@%/ n QE\E{ CH%{: dseeée%% qutf sgc{gutylbenzene

hydlbﬁ&?szﬂd'EMSBBmc) ésshodvn iFIgHt @ [ﬁpmqaldt]zpeat ed but with
.2 g of each of the calcined catal ysts of Exanple 6.
A graph of the SBB conversion against the selectivity
C i BBHP) is shown in
ExalplC 0 S/ AR Gl SaRRET SRy T o
[00617]3n‘peT(ab aﬁésnla'buﬁd)ﬁéltﬁmdlaiiﬂﬁﬁe& &dth‘mamdaasﬂr gitrer and an air sparger,

was s o O e bt Vo o2 o250 rample 1. The

flask'WAE§ 99&9(5&”&&3@ agﬁelnﬁ%}dn\ﬂetdbntrgﬁecﬁﬁ emgéde SRBaction temperature was
oxi dation using Exanple 7 catal yst [g0073 The process

115%]. EResaglon Presawer wpeaamommatalw tatnmsﬂleglcof Thee air ﬂow rate was

aPPf%%l%g}g%n%ﬁgﬁag 3%;% St%:]se%;%p%ggr g,lllqt)})f tﬁ g%{eacl?lon mixture was

rem$&RE-fRiHh YhDBAKEHR! Anatl0 & BCIeTHeSBRNMs fusi fSP8WMduls) A graph of the
Figure 9, which also plots the data for 25 the

SBBU&“N%FW@)@@R%@@G selgetayifysto se¢-betyiheprencsrydroperepdde (SHBHB) is shown

3 0,

in Pl e SEE BRI SRS S0 L ARSEIERUR, Yelround 57 o
any Eonaranicm 16 [0074] A solution was prepared by conbining

wth stirring 600 grans of distilled water, 30 192

grans of an aqueous solution of 50% by wei ght sodi um

%ﬁ’éﬂi" ?ﬁ ﬂi’ahn%% Wi EEI&mi&ie PQ&@Q&& um per nmanganat e

I kn er so t1on was ared b,

[00681/ c Oftlei priooess Gﬁ(E@nmlns 9<Wasdnepeat¢d bult withd).2 gnaf 18e bgrialmrsexchanged

catay; PF FRGMPkRE. o AoBHPTB! S SHHLGe WrUAFyEabths Syt to seo-

butyrueﬁzsetne\hga}b Idx'ide' (SBBHF quﬁﬁ@igu
2009/ 01 PCT/ EP2008/ 005627 - 18 - sol uti on was

all oned to age overnight. The mxture was then

E fihft r,eg]? nd. washed.w f‘# t@ ter and dried at
xamg é‘h oRneae EF‘%'HS %t “4'A gaoduct was t hen
[006apdedmeq)r8&@s of Eﬁﬁnﬂé 90 ad epédtetl batveith fatslingngsuames(00f g, 0.4 g and

bariumnitrate [Ba(NGB)2] wth stirrin or one_ hour.
L1 ghef fi1q bariumrexehapged €2 §t ph&xampicudt eff gigply ofithe SBE conversion
agalr%?j ?ihte'r(g{] s\t/gésan? sgsnlg)fr“ﬁﬁ T R %aﬁgm 9 Iéf%%}mefg{hgﬁ porc?;[gé?sw? against the
seledtlhﬁy oo sedeinitylberszehé hysdmperomilec(SBB@lIH) tis §Hoowd ing-igure 4.

(50cc/mn) for 3 hours to produce a catal yst. Exanple

17 [0075] A sol ution was prepared by combining with
ExalﬁbleIr 12: "B B Qi it foRBusH ﬂkéﬁ:/ble'@é’at‘ﬁ@%fer 10 320 grams of

anh aqueous solution o 0% by wel ght sodi um hydr oxi de,
[0078hd 2B 32 30rmlgbupbbettmn ﬂmlpﬁttcdawghmaaoad[m%emwm]er and an air sparger,

N L T RN

Exalﬁ Er4ah"171@dr ﬁbﬂ( Mﬁé&éﬁa&h aatréﬂmp@?atlﬁe%ﬂﬁ’éll&f héBEAB GRAMI¥! Reaction
| oride 5I\/QC12 with st| rring. The second sol ution

‘empﬁ&% M@ 1y S Hetd Bgagtign pmesshrerwas am*fqa“@@ff‘kvr atmgsphrms. The air flow rate

o) i ght
was SEHIARERIT AR B Berd g tifich s A0 AURISR Pl redip e was
remowad éfonathd fthsk add ahalyPLAbOGEY. Mihg hést w'Eblmefcgréalmmf At ies end of the
product was then added to 200 grans of distilled water
and 26 grans of bariumnitrate [Ba(NG3)2] wth
stirring for one hour. The pH of the m xture was then
adjusted to 7 with the addition of anmoni um hydroxi de.
The mxture was then flltered and alr drled A portlon

o a1 - o " o o
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20 Exanple 18 [0076] A catal yst was prepared by
conbi ning 600 grans of DI water, 80 grans of
WwOopoteEe2dm per manganat e, and 10 granms of fur m@dTEPREISH05627
with stirring at roomtenperature. The m xture was
then allowed to age at room.tjenperature with no
stirring then was filtered 25 and washed. A portion of
the dried sanple was then calcined in air at 300C for
test thy catalyisbwes filtered apd eecyolef @odm]smp @@n@flamawemmed above. A graph
c I e.the ai [ (e}
of o8 ShmicsPh I g dnfielndy MRl £ $A zchHabfSs e sBB

conV@rsérs agdindiahé lsalbﬁi\tlfyatoese[cﬂﬁni}”ﬁ&)zﬁhe Mcﬁﬂbpélbbddei (SBBHP) is shown in
for one hour. The pH of the m xture was then adj ust

ed
Figure, 67 \hhe flatehshoyeidne icginlyst dgastsion wardelseriee. afﬁqlierecychng and the
cata%gge}gc v?ﬁ?@vag nﬁﬁo(,é&tered and air dried. A portion of
d

then air calc:lned in flowng air
(SOcc/mn) for 3 hours.

9/01 APCT/ EPZOQS/ 562 19 - Exanple 20
Exaf"@&? Tgﬁé HD gjng g‘“d% cptalysbm angml e 18
[007@;Ef Olfhd c@ésrof%la%ﬂ]@b' Wi %éatuﬂ %Ht astdesl t0o 28 ppEPexchanged

distilled water and 26 grans of bariumnitrate
catal[yBa@N@ii)iQﬂplfwﬁ h As tgraphi ng thieo [SBgh eohvousion TageinsHtlaf selnetivity to sec-

bury iehgste fdEhelatics, (RBIEFE SioyR b Eidiut T nBRA Ao BoBihe data for the

baruﬁﬂ@xéﬁd géd béﬁglystpom)fdnhlﬂél 40fTHeNRtD§HOM LU Yhﬂﬁeﬁch&ige&téatment results
cal ci ne owi ng air (50cc/ mn) for hours.

in higherrpgtadysp act[\@wmt almré@egﬂ@ﬁwdmpefmdqoﬁe&m@ttyf rom
Exanpl e 18 before the air cal cination was then 10
added to 200 grans of distilled water and 26 grans of

Exah@lém SBBroxidatidiad b Exhmpld 6 catalyst i ng for one hour.
he pH of the m xture was then adjusted to 8

ith the .
10073hd| tnt?npr@f;esérﬁfolﬁ’l‘%ﬁlﬁfd?"éﬁ .r%rzsrateﬁ*r@t AYith GrQeg seafhé{ﬁl the calcined
t Ir . .
catalE' té ncﬁ; X ?C?ne%dérhﬁflogﬁhﬁgrﬁa% ?3{19%51%?%%&?3@ §<‘—ﬁ@§tlv1ty to sec-
butylbenzene Wﬂrcﬁemmdee(%l[lﬂﬁﬁ&hd’hnémFgmﬁ dhetdata thmuhat calcination
e air cal ci nati on was

ot BT OB by e B CdPdio PE it BV Pr 81 ioah Coleination
at 400BQREDIRY Md Cand1Pst Rexaly Biit@fe@reﬁ%(tmd’%o?&bgﬁk s%éthvny

stirring for one hour. The pH of the m xture was then
adJ usted to 7 with the addition of anmoni um hydroxi de.

X e then filter d r dried. A 20
Exargife (%S b % lBighoiing EraeRL RN Cal ol ned 1n
[0078] OWITHE PidcedsOOE Exiahple 90kvas fepeted baxamtl ®.23F of the magnesium-
exchanged catalyst of Example 7. A graph of the SBB conversion against the selectivity to
sec-butylbenzene hydroperoxide (SBBHP) is shown in Figure 9, which also plots the data for
the barium-exchanged catalyst of Example 4. The data shows Mg ion exchange treatment

results in higher catalyst activity but decreases the hydroperoxide selectivity.

Example 16
[0074] A solution was prepared by combining with stirring 600 grams of distilled water,
192 grams of an aqueous solution of 50% by weight sodium hydroxide, and 25.3 grams of

lnh n wa ormarnd e Anmaliiaia s

otagsiim 5 preparca oy vuxuuuuus 600 grain

nermangan w» ANAVARINS Al
¥ (=4 4]

of distilled water and 90 grams of manganese chloride tetrahydrate [MnCl,4H,0] with

stirring. The second solution was slowly added to the first with stirring. The combined
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[0081] Three grams of the product from Exanple 18

before the air calcination was then added to 200 grans
woabosdiist24l | ed water and 26 grans of nagnesi umPQITIEPG08/005627

hexahydrate 25 [MJ(NOG3)2 .6H20] with stirring for one

hour. The pH of the m xture wgs then adjusted to 6

with the addition of amoni um hydroxi de. The m xture

was then filtered and air dried. A portion of the
soluppm dvast almdt toeageaoveroighti nB mixtifeowiapgheri filtered and washed with

dlstlchg%léegnfag% éleg Iag (]JE@J‘H Py%mgggp hﬁ{eéd'gj:%g% é? gf E%c(? was then added to

200 gainss oRdibiaiedvRstet ARN2A R $f0ba2deh gitRrs[BYNG;B| lwhﬂh@ﬂlrrmg for one
wat er and 26 granms of magnesiumnitrate hex- h¥dr ate

houry Viheiad] »f the-roxture twassthien radipgtadoto dnwitihdhe addiien nf @6 grams of

sl S5 s e P it ah §F ik G and i dri. A potion of th product

was tHenaiifgaivined inytbwing die (50deamit) férld koutas producefd datayed
and air dried. A portion of the product was then air
calcined in flowng air (50cc/mn) for 3 hours.

qqerrp*e 25 5 [0083] Three grans of the product from
Exa@anp e 17 before the air calcination was then added

[0075p 208 sghutios vefs miepred by dombineng it sPifrigy 406 goimsbelr distmbled water,

nltrat Ba( NO3) 2] wit Lrrin or pne hour...The
320 raal b U raloner] Sl it Bk Soin, W aidc," 5080 grams of
potamtﬁeﬁﬁa@fanammmm] hy,%&hérdé%)lut-@ihewﬁ %&y&@d e bink@300 grams of

iltered and air dried. AEortlon of roduct was
dlstltlhiewa@r,r4004hg1@me1f manghhesgichlprigde rtet(HMdtamﬁMI)Cb 4H.Q], and 12.4 grams

hour s. 6 Q Thr.ge f..t he
of st ARsre TRAS T Btk P REBHE e thiSe FaOp AT sded o the
first addesirtiag 200hg tembined sBlusibh |Wa@da11‘0&k& lto apél oﬁ&n@h@.rfﬂ“hefmixture was
bariumnitrate [Ba(NG3)2] with stirri ggofor one hour.

thenfierqshpnst weshedryikh disallohavatercnd shjed st dB0TG operiaht (leee grams of
the @ﬁ&iﬁ&'v&#ttﬂgn mnfo%olgra%gﬂfocﬁgtﬂ%d \-Vryt@r g}rmi(?ﬁ &?aﬁﬁ\@ f barlum nitrate

ere and arr rme ortion product
[Ba(W&s )l méth sa]inrlng': fdronaddut. nThd pMiaf ghainﬁxtﬁ&&aas/ thiem xdjlusted 8o 7 with the

hou 0085] Three grans of. th oduct
ddifigmff m}%ﬂ » Breis o HerBgT Geaes AR b el Apportion of
}ﬁ‘@(ﬂfﬁ@ wha tl%ggugfamdqlh ﬂiﬂvﬁﬁé hir S0MBhRY fH¥hcRs B HIBucfa catalyst.
bariumnitrate [B Wth stirring for one hour.
The pH of the mxture vvas then adjusted to 8 with the
E adﬁj' j on of ammoni um hydr oxi de. The m xture was then
XaPPfGEted and air dried. A portion of the product was

[0075]Wen @'Jatdl}?dtcw&egr Breti' BYMdaghbinihg (600CEfaisNodf DIr water, 80 grams of
hours. 25 Exanpl e 8 0086£Three grans of the product

potamwmp@nn@pg@a@teoan@&ms 08 fyatapiceacichwithi stirdng @ Fram demperature.

The \rl\nq%u{‘e 1as ?1 aqlotw%d?tg Q dhy ??@%@(Rﬁﬁ%{uké &'ﬁh%t &ﬁnﬂ‘@ ghe%6was filtered

assium ni tra
and washed A portlon of the dried sample was then calcined in air at 300°C for three hours.

Example 19

[0077] Three grams of the product from Example 18 before the air calcination was then
added to 200 grams of distilled water and 26 grams of barium nitrate [Ba(NO3);] with stirring
for one hour. The pH of the mixture was then adjusted to 7 with the addition of ammonium

hydroxide. The mixture was then filtered and air dried. A portion of the product was then air

calcined in flowing air (50cc/min) for 3 hours.
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with stirring for one hour. The pH of the m xture was

then adjusted to 7 with the addition of amoni um
wolgavaasizde. The m xture was then filtered andPairmP2008/005627

dried. A portion of the product 30 was then air

calcined in flowng air (50cgpmn) for 3 hours. WO

2009/ 010224PCT/ EP2008/ 005627 - 21 - Exanple 29

[0087] Three grans of the product fromthe repeat of

Exa e 18 before the air calcination was then added
2 rans_ of . gdistill wat-er d [a .o
100786, 2 S BRFoat Bt ERRmBE 1 BB o elsgjon s then

addeliite 2061 gedmd bfdistiddwearerasd 26 eanadifuatiash diga@ [Ba{MOL)bewith stirring
5 addition of ammoni um hydroxide. The m xture was, then

for omie|hour.e dhaphl of the arixge wWas glan adjustest tor 6 avithy the @dditigp of ammonium
bt ! . e ce/ .
R, T SRLFL Sl Dl 08816 R ERAN of bt was e i

calcihed in flbwingepe@0comildanpheurk8 before the air 10
cal cination was then added to 200 grans of distilled
wat er and 26 granms of potassiumnitrate [K(NO3)] wth
Exambpld 31 Ng for one hour. The pH of the m xture was then
Xaag]!lust ed to 8 with the addition of anmoni um hydroxi de.
[007%he riThte gmmsast thigmodudt fimme £xamgleal & befoiecethe alr prdeinatoon was then

f r oduct. s, then ajr_calcined.in f.| ow I . .
addegyn 207 aFi FoIRONPEr ARk o Pan LR 5SE FRAGEOD:] with sting
for dhe¥r.0Thé PEI HF M6 ik tufré WAk G & 1008 wWitholiP la@diti8n of ammonium

before the air cal cination was then added to 200 grans

hydrexiddi dhe npistrrewestheardfttersl apdaarsdugd. cA portinnetthe peoduct was then air
. ] vt ti kL r one hour. The pH of the
CaIC‘L&%E“'\ﬁ@‘)"]&é\s%rt(ﬁog‘:/mgjbu@? 3h80s 0 b e aali ¢ on of

ure en’a
amoni um hydr oxi de. The m xture was then filtered and
air dried. A portion of 20 the product was then air

Example3ded in flowing air (50cc/nmin) for 3 hours.

a 0 Ch o he.
100850 TPt ec Bt A b B S SAHP ERAmbIRE1 £E AN e ORI Gftion was then
addetlhien260l deant of 2dtilipdawatenfandi 36 idrirasl ofamegneanan Aftrate hexahydrate

s esiumnitrate 25 with stirring for.
i T 0T Sl Bitos TEherhont aride il bf e miadys et ijusted to 7
withhé Bddifibn 3¢ Ahini GiuilhydRdRa. UThE Ylkewd Uas tHMCHRRrEd Whe air dried. A

was then filtered and air dried. A portion of the

portipn ofl thetprodist wae theai air eaddin¢diadlawing hwh Peg/min) for 3 hours.
(50cc/ mn) for 3 hours. Exanple 33 30 [0091] Three
grans of the product fromthe repeat of Exanple 18

Exalpiez® the air

[0081] Three grams of the product from Example 18 before the air calcination was then
added to 200 grams of distilled water and 26 grams of magnesium nitrate hexahydrate
[Mg(NO3), 6H,0] with stirring for one hour. The pH of the mixture was then adjusted to 6
with the addition of ammonium hydroxide. The mixture was then filtered and air dried. A

portion of the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 24

[0082] Three grams of the product from Example 18 before the air calcination was then

added to 200 grams of distilled water and 26 grams of magnesium nitrate he

P
)
<

[Mg(NO;); ‘6H,0] with stirring for one hour. The pH of the mixture was then adjusted to 8
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cal cination was then added to 200 grans of distilled
wat er and 26 granms of cesiumnitrate [Cs(NG3)] with
wovewaiparg for one hour. The pH of the m xturePEAEPRINS005627
adjusted to 8 with the addition of amoni um hydr oxi de.
The m xture was then filteredgand air dried. A portion
of WD 2009/ 010224PCT/ EP2008/ 005627 - 22 - the product
was then air calcined in flowwng air (50cc/mn) for 3
withithe additipx afppmen@iumaBRresidel ailhe miwiuré was fthesy Bligredaad air dried. A
cat Sts 00921To.a 250- ound b omitlask,fitted
portGof B et WeS Fehy Poafaped ARG P Lo &pln To63 bl
charged 100 g of sec-butyl benzene (TCl) and 0.2 g of
each of the catalysts of Exanples 16 to 33. The fl ask
Example Heat ed using a tenperature-controlled heating
nt | acti 1 [ o
1008372 e GRS, Sk TREICT s PRk P et DR Hleqirination was then
addedab 200v@sana@f dixti It whiyr 2026 grafisrof bariamaditraw![BaQVO;)gff with stirring
the reaction ni xture was renopved fromthe fl|ask_ and

for ogg droys e dhe pHepisthemmishise sgs dmyadpestsd togh phthy the pddigign of gmmonium
M1.0 : t ‘e S ' j .
hydr Qigg.l g\?vg %gﬁg%& E}%g@}eé&f;B %{)%&SB% 'lﬁgmsden!z&ihé Bro-[ﬁgd Was then air
calcided®hefiywing-abr S Godmigebr 3 Aoatsophenone Set. 16 9. 3%
49.2% 3.5% 44. 4% 17 10. 8% 65. 6% 4. 4% 28. 6% 18

Example 26

[0084] Three grams of the product from Example 17 before the air calcination was then
added to 200 grams of distilled water and 26 grams of barium nitrate [Ba(NO3)] with stirring
for one hour. The pH of the mixture was then adjusted to 6 with the addition of ammonium
hydroxide. The mixture was then filtered and air dried. A portion of the product was then air

calcined in flowing air (50cc/min) for 3 hours.

Example 27

[0085] Three grams of the product from Example 17 before the air calcination was then
added to 200 grams of distilled water and 26 grams of barium nitrate [Ba(NO3);] with stirring
for one hour. The pH of the mixture was then adjusted to 8 with the addition of ammonium
hydroxide. The mixture was then filtered and air dried. A portion of the product was then air

calcined in flowing air (50cc/min) for 3 hours.

Example 28

[0086] Three grams of the product from a repeat of Example 18 before the air calcination
was then added to 200 grams of distilled water and 26 grams of potassium nitrate [K(NO3)]
with stirring for one hour. The pH of the mixture was then adjusted to 7 with the addition of
ammonium hydroxide. The mixture was then filtered and air dried. A portion of the product

was then air calcined in flowing air (50cc/min) for 3 hours.
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4.5%88.5% 1. 2% 9. 5% 19 6. 0% 81. 2% 1. 9% 15. 9% 20 6. 9%
82.5%1.9% 14. 5% 21 6.3% 81.8% 1. 9% 15. 3% 22 8. 5%
WOBB00H0L247% 29. 6% 23 7. 2% PCT/EP2008/005627

-21-

Example 29

[0087] Three grams of the product from the repeat of Example 18 before the air
calcination was then added to 200 grams of distilled water and 26 grams of potassium nitrate
[K(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 6 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 30

[0088] Three grams of the product from the repeat of Example 18 before the air
calcination was then added to 200 grams of distilled water and 26 grams of potassium nitrate
[K(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 8 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 31

[0089] Three grams of the product from the repeat of Example 18 before the air
calcination was then added to 200 grams of distilled water and 26 grams of cesium nitrate
[Cs(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 7 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 32

[0090] Three grams of the product from the repeat of Example 18 before the air
calcination was then added to 200 grams of distilled water and 26 grams of cesium nitrate
[Cs(NOs3)] with stirring for one hour. The pH of the mixture was then adjusted to 6 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 33

[0091] Three grams of the product from the repeat of Example 18 before the air
calcination was then added to 200 grams of distilled water and 26 grams of cesium nitrate
[Cs(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 8 with the

addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of
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71.1% 0.5% 26. 9% 24 8. 7% 77.9% 2. 6% 18. 4% 25 8. 3%
58.0% 0. 8% 39. 3% 26 7. 2% 66. 0% 0. 7% 31. 5% 27 9. 4%
WO0086102240% 46. 1% 28 4. 9% 88. 2% PCT/EP2008/005627

-2

the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 34: SBB oxidation with different MnO catalysts.

[0092] To a 250-ml round bottom flask fitted with a condenser, stirrer and an air sparger,
was charged 100 g of sec-butylbenzene (TCI) and 0.2 g of each of the catalysts of Examples
16 to 33. The flask was heated using a temperature-controlled heating mantle. Reaction
temperature was 115°C. Reaction pressure was approximately atmospheric. The air flow rate
was approximately 220 cc/min. A small aliquot of the reaction mixture was removed from
the flask and analyzed by Gas Chromotography (GC). Each test was run for 6 hours and the

results are summarized in Table 1 below.

Table 1
Example SBB Conv | SBBHP Sel. | 2-Phenyl-2-butanol Sel. Acetophenone Sel.
16 9.3% 49.2% 3.5% 44.4%
17 10.8% 65.6% 4.4% 28.6%
18 4.5% 88.5% 1.2% 9.5%
19 6.0% 81.2% 1.9% 15.9%
20 6.9% 82.5% 1.9% 14.5%
21 6.3% 81.8% 1.9% 15.3%
22 8.5% 68.0% 0.7% 29.6%
23 7.2% 71.1% 0.5% 26.9%
24 8.7% 77.9% 2.6% 18.4%
25 8.3% 58.0% 0.8% 39.3%
26 7.2% 66.0% 0.7% 31.5%
27 9.4% 50.8% 1.0% 46.1%
28 4.9% 88.2% 1.3% 10.4%
29 0.5% 89.6% 1.0% 9.4%
30 5.8% 83.7% 1.7% 13.6%
31 13.1% 54.1% 0.7% 43.5%
32 10.5% 64.5% 0.5% 33.6%
33 11.3% 39.5% 0.9% 57.4%




5

1.3% 10.4% 29 0.5%89.6% 1.0%9.4% 30 5.8%83. 7% 1. 7%
13.6% 31 13.1% 54. 1% 0. 7% 43. 5% 32 10. 5% 64. 5% 0. 5%
wWO2B00023 11. 3% 39. 5% 0. 9% PCT/EP2008/005627

-23 -

[0093] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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57.4% WO 2009/ 010224PCT/ EP2008/ 005627 -23- 100931
Wil e the present invention has been described and
woi2obauanzat ed by reference to particul ar enbodiPaariP2008/005627
those of ordinary skill in the art will appreciate
that the invention lends itsehf to variations not
necessarily illustrated herein. For this reason, then,
ref erence should be nade solely to the appended cl ai s
for purposes of determn ni (gLARMS rue scope of 5 the
present invention. WD 2009/010224PCT/ EP2008/ 005627 -
24 - CLAIMS 1. A process for oxidizing an al kyl aromatic
1. COmPOpdEessO fbNeoGaIziMS PANJalR@aromdi¢drcppoaxd d&  thBe corresponding
process conprising contacting an al kyl aromatic
hydrepsrpeidedthef Prgeessr eampgising gontact{ng) an Rakylanomatic \ copppogngkoof general
fo Qﬁ&lyin which RI and R2 each independently represents
rn)hydﬁdgen or an al kyl group having from1 to 4 carbon
atons, provided that Rl and R2 nmay be joined to forma
cyclic group having from10 4 to 10 carbon atons, said
cyclic group bei ng/spt=onal ly Rbstituted, and R3
represents hydroggn, one\ or nD(e al kyl groups havi ng
from1l to 4 carbdg @€Hcycl ohexyl qggup, with
oxygen in the prex it a cd\alyst conprising a
manganese oxi d®’moMectt’ar si edgC—R?

in which R' and R? each independently represents hydrogen or an alkyl group having from 1
to 4 carbon atoms, provided that R! and R? may be joined to form a cyclic group having from
4 to 10 carbon atoms, said cyclic group being optionally substituted, and R’ represents
hydrogen, one or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group,

with oxygen in the presence of a catalyst comprising a manganese oxide molecular sieve.

2. The process of claim 1, wherein the manganese oxide molecular sieve comprises

MnQg octahedra which share edges to form a tunnel structure.

3. The process of claim 2, wherein the tunnel structure is of generally rectangular cross-

section in which each side is defined by two or three MnOg octahedra.

4, The process of any preceding claim, wherein the manganese oxide molecular sieve is

ion-exchanged with one or more metal cations.

5. The process of claim 4, wherein said one or more metal cations are selected from

potassium, sodium, cesium, barium, magnesium, silver and copper.

6. The process of any preceding claim, wherein part of the manganese in the manganese

oxide molecular sieve is replaced by one or more other divalent metal(s).

7. The process of claim 6, wherein said other divalent metals are selected from

magnesium, cobalt, nickel, copper and zinc.
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2. The process of claim1, wherein the nmanganese oxi de
nol ecul ar si eve conprises 15 M06 octahedra which
wo=haveordges to forma tunnel structure. 3. PQ&@/EP2008/005627
process of claim2, wherein the tunnel structure is of
general ly rectangul ar cross-section in which each side
is defined by two or three Mh06 octahedra. 20 4. The
process of any preceding claim wherein the nmanganese
8. oxiTHe prasesscefl any pleesding slaimnwhsisinathgedkyliromatip sompound of general

re.metal cations .The process_of, claim 4 erej

form{fY ) G actesr S o8 Ry e dfe PORESET By, WebetMbenzene, p-
methYPE@SBtYIBenZad] UM ¢@sdipRenyRdiclohekangRgnesisedthexsilbenéne, and

and copper. 25 6. The process of any preceding claim
cyclofiseybenzepsr t of the manganese in the manganese oxi de

nol ecul ar sieve is replaced by one or nore other

di val ent netal (s). 7. The process of claim®6
9. wWh&heprocsss ¢f cddihes, whaetainahé¢ alkgiaddmatay @ngwiuad bé dedaralnformula (I) is

30 magnesi um cobalt, nickel, copper and zinc. WO
sec-tJoerene ouexstohepsibeRzenes627 - 25- 8. The process of

any preceding claim wherein the al kylaromatic

conmpound of general fornula (1) is selected from
10. et k¢ heomenef aynpreecdiggcelbim,yivbereresaid contacting is conducted at a

sec- pe en , pnet hyl -sec- butyl benzene,
m"“TFﬁW§F€h§%§Fbé@?ghexane, sec- hexyl benzene, and

cycl ohexyl benzene. 5 9. The process of claimS8,

wherein the al kyl aromati c conpound of general fornula
11. (1 The preress pficlpi etz evlerain sg;kpc@ﬁ@tylgb@mpad@qted at aftegmperature of
5OQC'I'the13§15¢cess of any preceding claim wherein said

contac ing is conducted at a 10 tenperature of 20C to

300C. 11. The process of claim 10, wherein said

contacting i s conducted at a tenpperature of 50C to
12. 1 3blee progesg i AR P{ﬁcé‘élég §laym, \g(h?eg\' %@%tl@g as gqnducted at a pressure

y%?% [ pg contacting is conducted at a pressure of
Ofl1 1§g%921?800 kPa. 13. The process of claim 12

wherein said contacting is conducted at a pressure of

40kPa to 250. kPa. 20 . 14. The process of any precedin
13. ¢l iﬁwgﬁaswﬁceﬂg&l%aﬁlﬁr?@ﬁﬁ OBHFERE ilﬁq@ortdﬁg%d 2t a pressure of 40kPa

to 25oM@poper oxi de into a phenol and an al dehyde or ketone
of the general fornmula RICOCH2R2 (Il1), in which R
and R2 have the sane neaning as in fornula (1). 25

15..The process of cl ai 14, .wher ei,n .canverting .t he .
14. LB EPESF ot § e ks dioigg iy 1and ) UK C gongpHsing® converting  the
hydrédréié tinto LOphbR6] D& aRleRYdcCokdtddof tHaeieabrl fdithula R'COCH,R?

catal yst is a,honngeneous catal yst .
(III), in which R" and R~ have the same meaning as in formula (I).

15. The process of claim 14, wherein converting the hydroperoxide is conducted in the

presence of a catalyst.
16.  The process of claim 15, wherein the catalyst is a homogeneous catalyst.
17.  The process of claim 16, wherein the homogeneous catalyst comprises at least one of

sulfuric acid, perchloric acid, phospheric acid, hydrochloric acid, p-ivluenesuifonic acid,

ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide.
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30 17. The process of claim 16, wherein the honbgeneous
catal yst conprises at | east one of sulfuric acid,
wopeswhbomi ¢ aci d, phosphoric acid, hydrochl oripcTAEPRE)S/005627
p-tol uenesul fonic acid, ferric chloride, boron
trifluoride, sulfur dioxide_and sulfur trioxide. WO
2009/ 010224PCT/ EP2008/ 005627 - 26 - 18. The process
of claim 15, wherein the catalyst is a heterogeneous
18. calle poocess of glaimié, phersasthe ghtabyishisra HeScrogdnesous eatallyst.
het er ogeneous catal yst conprises a snectite clay. 5
20. The process of any one of clains 14 to 19, wherein
19. COMNEptdRE bhelamdIfPeh@¥indRe | Het&ro5dHech$ datalys@comprises a smectite
tenperature of 40C to 120C and/or a pressure of 180 to
clay.1000 kPa and/or a liquid hourly space velocity (LHSV)
based on the hydroperoxide of 1 to 50 hr-1. 10 21. The
process of any one of clains 14 to 20 wherein the
20. hythopricessi steanySorzyef €lhieasy 14 en2enehdipilr @peedingdie Apdroperoxide is
Its conversion product conprises phenol and
condggted gha kemperaturat é@ﬁ%tmbﬁ@@ fngderhaepregswp of 46¢ to 1000 kPa and/or a

iquif RENEY SAEBRL1oR8y LS Y BhQUSSHRONTarb RrBLALHPT o Y6 P

21. The process of any one of claims 14 to 20 wherein the hydroperoxide is
cyclohexylbenzene hydroperoxide and its conversion product comprises phenol and
cyclohexanone, which process further comprises dehydrogenating the cyclohexanone to

produce further phenol.



