1 PROCESS FOR OXI DI ZI NG ALKYLAROVATI C COVPOUNDS FI ELD
[ 0001] The present invention relates to a process for

w@xioditzd6sg) al kyl aromati ¢ 5 conpounds, and i n OPEI/EP2008/002753
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enbodi nent i ncludes a procesi for producing phenol s
fromthe oxidation product. BACKGROUND [0002]Pheno
and substituted phenols are inportant products in the
chem cal 10 industry and are useful in, for exanple,
the PROITESS PORDIHIMING ALGSVDARGMSPIRNOCMPGUNDS
E-caprolactam adipic acid, and plasticlzers.

[0003] Currently, the nbst common route for the

tion of phenol is the Hock process. This is a

ﬁﬁigégstep process in which the first step involves
goag1)at i The presbrnineastion fehat¢y Wy prwesst for pkidizing alkylaromatic
cunene, foll owed by oxidation 15 of the cunene to th%
COMPOYRETH AA gnhORSr 6@39%@&5 inglades o Rracpsalps guodicing phenols
W%%ﬁ%&ﬁ&&&hﬂﬁ. 94t oduce equi nol ar anounts of pheno
and acet one. wever, the world demand for phenol is
grow ng nore rapidly than that for acetone. In
aﬁ@é&égggghﬁﬁ cost of propylene relative to that of
¢ kely to increase, due to a devel opi ng
q00¢1j29e PREnIY AR ¥LiBsHRuted ?hérQ@Qéﬂe-ﬁ rta® R6@ERS & thBahemical
uses butenes or hi gher al kenes instead of propylene as.
finduptranand kae usefwl coludes examplel the mypducsionnel Phenglicoresins,

i.gher ket ones uch_as. cyc] ohex n rat her than
DS e Blotaly p B BAF PG ot e Lot he
[ooeB]ct i CarrehtlRhBaeicst chramoaxanie! for tHehsroéudtidnaofgphenbing the
mar ket for MEK, which is useful as a |acquer, a )
ddrckentocassd flbps dedathrergster Process bR i which ﬂge ditsts steppinvolves

Chon . i nd o o

A @or SALATHRANGYER: HERDIR Snbdls KNG by gridation
tdfethpr amhenei onthef caekispondiag i iy drapeodxidee aadchen rcéeavage, of the

| ohexapone oxi me, capfol actam ny] on, 6. [0005] It
T et 4 PRSP SRRy eSSl ki Blever,
Qe WoPRNESREd foP pRemtfl G §PowitB &hére S8FidRU I RRAZRP %cétglée. In

oxi di zed to obtain sec- 30 butyl benzerie hydr oper oxi
additionetheeostxafdeopid enmmstativg to that o€ butesés isdikglyetodncrgase, due

t hyl .ethyl. ket one. An.overview of such a process is
3§§g¥y?}8@néﬁh%‘i soefpi(’pﬂ 121 and 261-263 of Process
004" CThiRE PR’ probless #dB @Rk | Bultets” Bhafigher, alkeidsi $ii@Ad of

by the Stanford Research Institute in Decenber 1977.
propylene as feed and that coproduces methyl ethyl ketone (MEK) or higher

ketones, such as cyclohexanone, rather than acetone may be an attractive
alternative route to the production of phenols. For example, there is a growing
market for MEK, which is useful as a lacquer, a solvent and for dewaxing of
lubricating oils. In addition, cyclohexanone is used as an industrial solvent, as an
activator in oxidation reactions and in the production of adipic acid,
cyclohexanone resins, cyclohexanone oxime, caprolactam and nylon 6.

[0005] It is known that phenol and MEK can be produced from sec-
butylbenzene, in a process where sec-butylbenzene is oxidized to obtain sec-
butylbenzene hydroperoxide and the peroxide decomposed to the desired phenol

and methyl ethyl ketone. An overview of such a process is described on pages



[ 0006] However, in conparison to cunene, oxidation of
aromati ¢ conpounds substituted by branched al kyl

w@emspssebavi ng 4 or nore carbon atons, such asPCT/EP2008/002753
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secbut yl benzene, to the corrgsponding hydr oper oxi de

requi res higher tenperatures©and is very sensitive to
the presence of inpurities. For exanple, in the case

of sec-butyl benzene containing 1% by wei ght of

| 9gbpyiddenaienes of Pecdead Eceforhios rlﬁbbﬂrN@fZZB entitled “Phenol”,
sec- butyl benzene hég!OpEfOdee decreases to about 91%

drublished byrthe Stanford Researek Inst e HeDeaeniber 9B

tyl t .
18801 PERSSAE n S phhto PUIER: Ly o i compound
clbsiituted by dmardthed ekyb groups hiwmg 486 Yorefeerboh eoms, such as sec-

i.sohut yl benzene cont ent ate of
EE?I}ZGHC dacthe £oE€srand H’@o@fd/ 8&%@%‘3%‘1&3& I temperatures
'a%@tikltvl‘,t)b%%i%@@ 16 M fgseﬂc% (?f Yie¥e 'Fgmexarﬁ €, fna{h% dﬁge of
oxi dati on decreases o as about 82% [0007]T
tshebetyillsanaerreeedntamlmg rﬂd/oably ovxelghtt iod nlsplpujylbsszehe,r the rate of
C|n for 5.exa + a aronat 0
e 05 s GebaRAATR, By dariige cieBleais, fopahpis 1% of that

Wnoﬂ%r QXd-Bfftyl¥einel & Méehof §ScbubAP&izbhe/ €Sinfildriye when the
presence of inpurities than the existing oxi dat i on

Qb@édb@geman@nt@miats h63%viy weighti hatralsopmexidatidn decsgases to

R K Qr _.hi.g eok Long

[%ﬁﬁ%?ﬁﬁs. o BT PR uBTEndl Bl CBCon B 0 the rate of
@x?&ﬁoﬂ%cr@@eeaﬂbbdutmfanﬁawl% tﬁeﬁ:twd@rltﬁmenw Euhitksit 1§3.5%
phenal catal ytic oxidation of al kylaromatic

rh,vdmslafr fatetod oxidatien decaegsen %dowy*a PBpErExt-de, and
gﬁ&f’@que@ ud 'ttE:i’é’ 0§ ri%(éatt!?%llb’ g QRRIA%A gﬁoéeg BorV gﬁoducmg for
en a t one. talytic oxidati

wixainplex e ralkyil rarorhatiq hgzeh@penexqfes aarffd pmlx:ahirlyadec butylbenzene
mlgﬁﬁpg%%? Elgaa% %?qtﬂ:gll %:s’gp%\égl all}ll%prggence of impurities than the
NXEY d5 063(@3&&9' Ir&:ég@.es Pagd efhag dalfgvss UWhtieat Sntdétkial®ycale

be oxidi zed is process include cunmene,

eyedushex pf phﬂmémi poligherdietaneszene and

SHRPR Y LESTARUT NS O8R5 RO O DB Ly cere

Iketh@dse doby phddutigy | phidasll Cli@l Scatalpti@dvxidaen hof Calkglaromatic
2004, 346, pages 1051-1071 di scl gses that

dydrasadeps Ble‘ihﬁ SpEesnondng dydrapsroxide and subsgqyang clgavage of the
BRI 5 bty Uy SIS Y Rl R it
Nxhgedf dx yiphpiesdricaiafen fre¢ eddycal imitidto? andla%acdlysthgpically an N-

duct eroxi e as free cal .initigtor.
oo CBRLe GADSL N HGr aiyééﬁlﬁjaaaﬁm (i Preferred
%ﬁ@é’éﬁté%a ihyi t Yn dpselggedibed t By ! hist NroR¥dsdainkbRRe Of cumene,
al kyl aromati ¢ conpounds to their correspondi ng

ey dobpret benzeres cydlbdydesyiberaené MQCHwtﬂb@Meews i nher ent

(R0 o B BHTERE. M Rl BhonBei T i ol B RanSeatalvi

S itatnk Me&iaﬁzﬂ letrbﬁylskﬂcﬂ&ﬁﬁ’e@lnf/fd@msﬁz% [DA6ILUCI004, 346,
effluent. There is therefore S|gn|f|cant interest in

@agss BBilngd7a mml@ﬁeég@taéwghw paeensn((daBhrapsbe pyidized to the
q dl@%’(géeg&(ég&%l Vlhféf’@‘? eFecP%‘?% 99?%%)@(:12%5 So@b?r\éi & 100°C in the
msaesahcad of2d.5 frﬁl}’/l.lc}ﬂ a Mhydﬂon;rﬁrthaitmxdaadatd?ﬁt eantd 2 mol% of the

%Jé\SEgY‘JFBPerB’fiHBB%P%@/ %?fé??gl"\’/}f{ﬁha\r/rgt ﬁ& d:ts ﬁ;: bEgt gne,

|n whi ch a feed conprising benzene and a C4 al kyl ating
agent is contacted under al kylation conditions with
catal yst conprising zeolite beta or a nol ecul ar sieve
having an X-ray diffraction pattern including

d- spaci ng maxi ma at 12.40.25, 6.90.15, 3.570.07 and

3. 420 07 Amgstron1to produce an al kyl ati on effl uent




15 sec-butyl benzene. The sec-butyl benzene is then
oxi di zed to produce a hydroperoxi de and the

whyasopsssoOxi de is cleaved to produce the desi red/pPangi02753
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and net hyl ethyl ketone. Although honpbgeneous

catal ysts, such as N—hydroxy3substituted cyclic

i mdes, are disclosed as suitable for the oxidation
reaction, preferred catalysts are said to be

heb |y} 0ge BRS¢ akEily N-8ydSHedBdiflli@eP 1ave BhOda@Kaly and
bridged tetranucl ear manganese conpl exes described in
\elsetigy &1t thpxidptiog Dfcalkylarematic Sonmeuagds taygheir corresponding
: [ t a f
TulARsT Bl 208,k BLoSRI N USSPl Fcous
@4tatigt ii10 that diedl t¢ad o barempaddyfixanhe atation zone@hsthg product
which are described in ngge et al., Het erogol and
|e§ Byt pndyse ravs | g separatedogarihe prerbist stffupnbs Iéewclépsb%r?fore
. - . r r .
S0 B el OGBARR G180 R i
ralipparomatic hydropbroRidds provided hddqpaiesacsiviti aad sebecttety can still
ﬁ{ggﬁr'o Iﬁne and i sobutylene to acrylic and
%e@%# c acids, oxidation of aromatic hydrocarbons;
qoefi|" P WIBThieAatioRal PABRXPERHcAS NI W i08/158D6 we have

crot onal dehyde or butadiene to furan; dehydration of
aleswrthsd o; prosessl faripredusingopheng! 36! méthyl &thyl ketonee ewhish a feed

SRRt A P M 20 G

feaHditioh1¥ith afalydt Borhprigag 2€u1ROBE@IOR aMGolecular sieve having an X-
pol yoxonet al ates show activity and sel ecti vi

t
day adiffsaction npattern Haclydingadrspaciag . mawiaeh @hr v-g%si 6.9+0.15,
SRR 87 T B OSSR MG ORRRR: Brising
hycboytvenxérdes. TRIMMRMVutyIEAKDe1lin thoe asideet, t6 hproduce a

TR hE PdiRpeaR e be ERE0 Pratist s drgired phehol and
S0t A REARRE RO, S 604 My
Gubstitted dxeli¢ linides, are disclosed as suitable for the oxidation reaction,
preferred catalysts are said to be heterogeneous catalysts, such as the oxo
(hydroxo) bridged tetranuclear manganese complexes described in U.S. Patent No.
5,183,945 and U.S. Patent No. 5,922,920.

[0012] Another class of compounds that have been widely described as
catalysts, including oxidation catalysts, are polyoxometalates ("POM's"), which are
described in Pope et al., Heteropoly and Isopoly Oxometalates: Inorganic Chemistry
Concepts, Springer-Verlag, New York (1983), incorporated herein by reference.
Pope et al. and others have described numerous uses of POM's in catalysis such as
oxidation of propylene and isobutylene to acrylic and methacrylic acids, oxidation
of aromatic hydrocarbons; olefin polymerization; ammoxidation; oxidation of
crotonaldehyde or butadiene to furan; dehydration of alcohols; oxidative coupling
of alkyl benzenes or heterocycles; epoxidation; and hydrodesulfurization.

[0013] According to the invention, it has now been found that certain

tungsten-containing polyoxometalates show activity and selectivity as catalysts in



10 in which RI and R2 each independently represents
hydrogen or an al kyl group having from1l to 4 carbon

w@r@aa286p8 ovi ded that RI and R2 may be j oi ned POI/EP2008/€02753
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cyclic group having from4 tq 10 carbon atons, said
cyclic group being optionally substituted, and R3
represents hydrogen, one or nore al kyl groups having
from1l to 4 carbon atons or a cycl ohexyl group, with
aky geidaiioh bN&cohdf¢alke] odbsdited Bdnysies] mch@Y $e8iti@yiBenzene
pol yoxonet al ate, wherein the pol yoxonetal ate conpri ses
2andsvglehenibrnzeng, &o hesoresnandmatiydronstoNidesst one
further transition netal. 1001511 n one enbodi nent the
process of the invention further conprises converting
tSEMMARYDer oxi de into a phenol and an al dehyde or

e of the general fornul a H(II}%RZ (F1r) in_which,
ﬁﬁbgﬁd R;“ RA% 85ReRk tg%\ﬁéesﬁ'ﬁdﬁwﬁlo&s‘e% MR BF‘??G‘FSafOE Pj‘!‘ﬁzmg
AhrC Al 1aGthMtic icBmPolitd] 46 Sthe PEGH SR Tfperokit, the process
present 1 nvention resides in a process for producing a
ploerpoisingsan@cimparealkylammuticsompouidyf gooatah farmudp )
al kyl aromati ¢ conpound of general formula (1): R3 CH
I-1,CR2 (I) 5 cyclic group having from4 to 10 carbon
atoms, said cyclic_group beinggaptionally substituted,
and R3 represents/hydrogen, o or nore al kyl groups
or a cycl ghexyl group,
wi th oxygen in tl nce Ok a catalyst conprising a
pol yoxonet al at g3 pr oduce a roegroxide of genera
formula (I1): R i n which RI,}P and R3 have the sane
NRamhies FiSarid'R? QL hrﬂe&éﬁdeﬂﬂ? rUfestNhidt8een or an alkyl group
pol yoxonet al at e conpri Ses a polyoxotungst%te
shalbigi frarn d do i darbeat atbmagirovided that Rhend Rf amayi biei joined to form a

met al an . b) .converting the hydraoperoxide
G55 breP deying fram  do A0 ShereB (G SA Sy fc ki PatpecsbuoRay
k@banetedf addR® ApRaERS hiyaFdFeh,2oR1SFRbRRAK ! drblps haVing from 1
whi ch Rl and R2 have the sanme neaning as in fornul a

(tp ¥+ caf oo Iagran A e AY dohdxy] groapawih kyygandrdke presenep ofi agatalyst

%fonﬂ)?‘@ﬁ{gala f;%l%ﬂo%e@ellgte,i Swherein the polyoxometalate comprises a

polyoxotungstate substituted with at least one further transition metal.

[0015] In one embodiment the process of the invention further comprises
converting the hydroperoxide into a phenol and an aldehyde or ketone of the
general formula R'"COCH,R? (III) in which R! and R? have the same meaning as
in formula (I). Accordingly, in a further preferred aspect, the present invention
resides in a process for producing a phenol, said process comprising:

(a) contacting an alkylaromatic compound of general formula (I):

Rl
CH D
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



sel ected from et hyl benzene, cunene, sec-butyl benzene,
p- met hyl - sec- butyl benzene, 1, 4-di phenyl cycl ohexane,

w@eemspesssy/ | benzene, sec- hexyl benzene, 15 PCT/EP2008/002753
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cycl opentyl benzene, cycl ohexyl benzene and

cycl ooctyl benzene, wi th secbutyl benzene and

cycl ohexyl benzene being preferred. [0017] Conveniently,

said at |east one further transition nmetal is selected

fdyeit eERPEHavinFoREAAEBE,0 daFisth, ai6@Eald cyieii€ kedup EirlCopiionaily

cadm um_rutheni um and nmercury. [0018] Conveniently,

sabefitgtsdy anch Ru Fepsessnts hydeqgen oprepmmorg alkyagroupyaving from 1
: - Per Ladi |

P Dbt ioht S QMR Erau, Wi R P RS e LY cltalyst

Siompei3ing Hpslpoxcnnedalple as piodncsa hjdiopéprie\of gemertl fprmula (11):

said contacting is conducted at a tenperature of about

50C to about 200¢; h as abBlit 90C to about 125C.

The contacting /s conv nient/y conducted at a pressure

of about 15 kP OokP=OB5 pref dHAbl y about

151cPa to about , nnre\preferably about 40kPa to

about 250kPa pr ef eHaBHy—®&Bout 100kPa to about

200kPa. [0020] Conveni ently, the optional converting of

tileviisER O I aadi RPehalve thithwanel médthg@ds ialfoeiyld €) and kdkiethe

[ hydr operoxi de converting step (b) in the preferred

(b) i .
metalale cempEEss paPhioxowngete sekstifvied with gt lsas gae fusther

arodlah Ysda) Sigch as a 6 honogeneous catal yst, for

exanﬁle at 1east one of sulfuric acid, perchloric

acid, pliosanvertingahe tydiopetoridel afrformalai (i) into a phenol and an

p-t ol yenesul foni.c acid, ferric _ghlaride, horon..

taidehyile oF betong af fhss Senlski Gl & 59%% (iDoi? bich R' and R”

[0 Heaber Al in (bRGIRYT oper oxi de convert i ng may

be conducted in the 5 presence of a heterogeneous _

d@otdly st Copuertiently, saiinalkylataenaticagomijonnd 2if @enenah ifermula (1) is

th dr gper oxi convertin step (;b) ..n the above

el BBRLC A GRRE o Piser afbarigblhght, *BtEpysec-
benzéRE; andiiphery1Oycisienase, 0 1béif2end, 0 séPReKylb ,

?ggjg EI:<Pa and/ or@aelﬁ g}rji d hourl yec?p?ahc% vel rcl)ci tsy (LIYIS,\?)Ilzene

aslopertylbeneensy devpehasylbsazee andutcysloogtyspgeneso with  sec-

I'Hu't)ll'lbelgzgne and cyclohexylbenzene being preferred.

[0017] Conveniently, said at least one further transition metal is selected from
copper, manganese, iron, cobalt, nickel, zinc, cadmium, ruthenium and mercury.
[0018] Conveniently, said polyoxotungstate also contains at least one element
from Groups 13 to 15 of the Periodic Table of Elements, such as antimony, arsenic,
bismuth, silicon, boron and phosphorus.

[0019] Conveniently, said contacting is conducted at a temperature of about
50°C to about 200°C, such as about 90°C to about 125°C. The contacting is
conveniently conducted at a pressure of about 15 kPa to about 1000kPa,
preferably about 15kPa to about 500kPa, more preferably about 40kPa to about
250kPa and most preferably about 100kPa to about 200kPa.

[0020] Conveniently, the optional converting of the hydroperoxide to phenol
and an aldehyde or ketone [hydroperoxide converting step (b) in the preferred

aspect detailed above] is conducted in the presence of a catalyst, such as a



BRI EF DESCRI PTI ON OF THE DRAWNGS [0023]Figure 1 is a
graph conpari ng sec-butyl benzene (SBB) conversion (%

w@asnsg63g i me on stream (hours) for the PCT/EP2008/002753
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N- hydr oxypht hal i mi de ( NHPI) %at al yst used in Exanple

29 and for the Ki2Li 13

[ CUNCROH) 24(}120) 12( PsW80184) ] - 22H20 15 (abbrevi at ed

as Cu20P8WB)/ SBA- 15 cat al yst of Exanpl e 30.

[kt agraitalysisfod ghdple aficseondul ¥lillene ed, perchioric acid,

conversion_a |nst sec- butyl benzene hydroper oxj de
(Pheepioricsacid diydyeahjoriapaid, p—%;qluqqq@llqu@‘shcld erric chloride, boron

. le 30 and th
e SR ot of Exanple 3L 20
[[0028] Fi guteenadively, sheghydrbperoxidarcongerirg nuyt yd bemdveted in the

conversi on, and sec- but Iben ene hydro r oxi de
JEFEBET N %'S}Et%@éF‘}eoPéFatP &L R M- de (NHPI)
yst cEANADR,
%g%ir]ew gté égg}l%&%}ﬁéﬁg}{guré%é% 13&920/ SBA‘)%Aiat glqé%t]i éothe above
E»speqn] & Géhdmortdt dtea @ﬁﬁ)d?&\MaBbNaB&ﬁ 4Qi’ﬁbtceub<mte1120°ﬁ drléor a
gure Cu 20/ Al 2Q03) cata
[mweqeméab%ltdop tha%uaéﬂO%ﬁ %&tayﬁ%‘é‘ﬁi&ﬁ‘éy space velocity
er oxi de
R B e RS A ol ST
Exanpl e 30 and t he unsupported Cu20138W8 catal yst of

L 002 mm of hydrocar bon
(ﬁiﬁﬁm K%%I:é NG tream (hours) for
tlog23)xi dgt 1@@1% ColtipatihP 8EZBR§IbeRIEE s R %
U[SI ngé theg:i agfao%gytpht hallgm de ({NHPI) Q I'H%St Lrjssl?en( )

Q

iagaiBRiipe en:stre%m &hqm@ hﬁ@ﬁﬁbyd@e{ymm@m@m ) eatglyst used

0 P BER 7 e 0 R B R e GReERyy id) 22v:0

thﬁbrshaﬁd&smaommﬁmhyltir@my@&fﬂﬁmp@amst tinme on
stream for the oxidatiqgn of a sec-butyl benzene/ cunene

P34 e bgugy 2 He Ngrmpéxgﬁﬁrhuwdwwe% CORMPFION against sec-

S I 5
BB " BelPel R B R B0y e oo
RElngs@V@/SSHAJrZ S]cata[l)&@bﬁ]ERagnpteewf and tle gragbd 6huyPsW4g/SBA-15

@hOheﬁ Ibe&féﬁe (CHB) conversion agai nst
é{? é e hydroperoxi de (CHBHP) selectivity
(00250 f eigukds [SU2HRBNGS Xé&-bﬁ’t Ridn#dnet Waversi d sec-
e o B o e el ngese

Ty I RvRen: mrdr@er{amd@o;edectwged (3¢Br dpm, the hA-Pedrpxyphthalimide
T(ﬁ]kﬂﬁ) cataE'sP uselat xamprfe 29 e{h%:l((l)uzolg%v }QSIB lfg (abbreviated in the

Figure as Cu20/SBA) catalyst of Example 30 and the CuyPsWis/AL,05
(abbreviated in the Figure as Cu 20/A1203) catalyst of Example 32.

[0026] Figure 4 is a graph of sec-butylbenzene conversion against sec-
butylbenzene hydroperoxide selectivity for the CuyoPsWa4s/SBA-15 catalyst of
Example 30 and the unsupported Cu,oPsWys catalyst of Example 33.

[0027] Figure 5 is a graph of hydrocarbon (HC) conversion against time on
stream (hours) for the oxidation of a sec-butylbenzene/cumene mixture using the
N-hydroxyphthalimide (NHPI) catalyst used in Example 34 and the unsupported
CuyoP3Wyg catalyst of Example 35.



in Chem cal and Engi neering News, 63(5), 27 (1985).
[ 0031] The present invention provides a process for

woziodilzseBgy an al kyl aromati ¢ conpound of gener abCT/BPIU0O$/602753
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(1): 15 RB3 R1 CHA H2C R2 (I in which Rl and R2 each

i ndependently represents hydrogen or an al kyl group
having from1l to 4 carbon atons, provided that R and

R2 may be joined to forma cyclic group having from4
tioodd] CarFh@re & G8Ba d&apifl oFY edihiC hgdreperoRRieN S PPEPORAd | IHP)
20 substituted, and R3 represents hydrogen, one or .
rieleetivifk (sel)g mdgpss ORER, piagds fasrsumeng hydeeperpidetagainsbiimg on
C hgxy, . The phr . ' hat. ’ :
RS of e Shdon 06 aEle R BRI AGfede Rl B0l he N

dsdeoxyphthelimidei (¢HPD easifstofiseRl inaPxhnifle (32 mgd @he unsupported
("mongval ent") al kyl group, the two "alkyl" entities
deenRsiu sefalysd of Bxample:3s [ahbaevigipdmythe higirg as Cu20].
(rofHoial epis y.dr.o Y, ' ' : .
SO =Pl TV A ERRIP0r SR RHEcHBEYRD (CLE] Pnfetpion asainst
"ogtthohégribénzedmahydroparoxide i@ KBHR)selehevi€§ ewtdYsy for the CuyoPsWag
speci fi C%||¥ shown in formul a fe% to forma ring.

FABRYS P3pdah NEQHFORR HHECS IREXAMBCRY: t oget her constitute

a hydrocarbyl noiety that connects to

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0030] As used herein, the Periodic Table of Elements is the version as set out
in Chemical and Engineering News, 63(5), 27 (1985).

[0031] The present invention provides a process for oxidizing an

alkylaromatic compound of general formula (I):

R]

/

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 begin linked
to the C atoms specifically shown in formula (I) to form a ring. Thus, in an
embodiment, R' and R? together constitute a hydrocarbyl moiety that connects to
the carbon atoms of formula (I) form a cyclic group having from 4 to 10 carbon

atoms, conveniently a cyclohexyl group, which may be substituted with one or



the carbon atons of formula (1) forma cyclic group
having from4 to 10 carbon atons, conveniently a

wa@ymBorss3sy/| group, which may be substituted w pPCT/BP®0£002753

10

15

20

25

30

8 nore al kyl group from1l to,4 carbon atomor with one
or nore phenyl groups. Exanples of suitable

al kyl aromati c conpounds are ethyl benzene, cunene,

sec- butyl benzene, p-nmethyl-sec-butyl benzene,

ndic dillph einyke ietinh evoane, toSE carbpe Atorhdennéherne or more phenyl
sec- hexyl benzene, ﬁglopentylbenzene,

&unshEXymplen pbRitaR alkylagpmatis coppaRRdsaate ethyfbiepzene, cumene,
SECpAINRPARE  inBRY) QLY BIRERE LRSI clohexane | sec-

\WertytbeRkerren deRRherylbenzenele dydlopednoylberezeny; c tyaolgixglbenzdnkeand
nunber of carbons formn he cyclic ring.,s from4 to.
fyclo fene; it | - BHAYIbFRZEF | andy r SYodRliexylbeRgime  being

G trkd UR iR al U LR rsfiH 1Rt ITRRECAL WHer IR OHRERPAIjBifled to
roml to 4 carbon atons or one or nore phenyl groups,

Tormas dyeli¢ lgeoupate wmimigrdof aditpne fgimmg |thh exeivering is from 4 to

032] | .act nbodi nent, the al kyl ti
e et CBE oS pse ARy oy o andeB subi it Aehas one or
3Hste i(e_l;%yg FRQ] 6 AaviRY FRNKY kétht ichidoR QRARNST dMeldt mdrelpBa®fl groups,

one kylati ng agent under al kyl ation conditions
aadn the caseeofpl, esdipeanydtyclohpxangr ogeneous cat al yst, such

olite be [ e prefecab S
TR0 ol QR bl BRERRRELT ROy Blom iR 3lonfiliind Bt genera
Femawh .(I)TResealbayibérizene andds praused dpvakyletiid YehAeat vdeh at
a tenperature of from about 60C to about 260C, for
dsashpneCp alkiating agenfundgnalkylation serditioppendainthe pregence of a

f I
AU o 38 Al T Ve o R Brekqrly PCist one
\npoleaildry sieViHSY) thb €M @3 iyt Kad defimggl hglemt). offhe alkylation
bet ween about .0.1 20 d about 50 hr-1, for ex
SerdBeR 28T HeuBBys WGPrmte '{oHem Fhaf A o abour
3l6ls¥Ct ok RYarAPRMet W &V M1DOIC GRIRbOEED0E nBRTla SeSure of
| i near butene, namely butene-1, butene-2 or a mxture

7969 &Ba or Trss fat kxamnle frgmaghont 10@htoadboyt he0llPansforsd weight

drocarbo ' cont ai i | l.near h
Toufl S8 VoBR MuHSY Fofd R LRt RE nP HE fRRen B8R 0.1
RESABAE, 50 Afoe exdole dBEvdeh @bbutAbantiegbouhBEhr 'Cat al yti c
cracki ng_of naphthas and other refinery feedstocks and

#9033 nvelbs &n KyIglpg agsptesonvepichtly CoprIsehat leas one linear

I ' r | e, i .
AU, AL BB, bR\ LS PALEY N Chging spont o
ratsboi beeanyolefipik @4 hydradagzm raixaureicogtairing tineir dbatenes fsucls as can
nd are itable for use as the C4 al kyl ating nt:
Deabiated ofy Seamk SR 9k %tf%earnm% j Bygne. La‘?‘?h@d Tight
jaBki | 4 fagdry ks and b
PhffHE, cARRTBIOLIAY S hihinl MRTbpeL LR Teedilocks and by

coacksidn ofitoapgenatasesuth asnmetRandlj tratoave? ofefins. prascaxemple, the
of but adi ene and.,

I i.ni n fter renoval . but ene

TR o O Ao RSl RTS8 oY  PUslaie h GhY refinery
employing steam cracking to produce olefins and are suitable for use as the C4
alkylating agent: a crude steam cracked butene stream, Raffinate-1 (the product
remaining after solvent extraction or hydrogenation to remove butadiene from the

crude steam cracked butene stream) and Raffinate-2 (the product remaining after

removal of butadiene and isobutene from the crude steam cracked butene stream).



9 [00341lIn a further practical enbodinment, the
al kyl arnmati c conpound of general fornmula (I) is

wa@ymBorss3s/| benzene and is preferably produced BYT/EP2008/002753
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contacting benzene with hydrggen in the presence of a

het er ogeneous bi functional catalyst which conprises at

| east one netal having hydrogenation activity,

typically 5 selected fromthe group consisting of

nebigdi um o BirbeRidiadtidal Chfodanéht Celea hiicyiaditfaid compound of

crystalline inorganic oxide material having alkylation,
aenergl foymula/(b) is gy ¢lphexylbengene andds prsiferablyprodycsd dyspntacting

5 AR08 5 S ) AL S

atideh ffprises abdedst 3nRCrreedl/ uvirg hiyétpenationl aabatyy typially
to about 7000 kPa and/or a benzene to hydrqgen 10
elegied from thegroymernsisting of pallagiyns ruthsniimdnerel andyeghplt, and

f . . . " MG
R o ORI R
ame 'mulkadal sievesofthe MCM22 MallyAas Hefinddybelow).” WBMcRAtacting

| e or no

sieb 1syrspagnipay bt e msatire. Sh AR PTG o qhgHEas0°C
%lﬁfﬁﬁ 3l ﬂrbﬁﬁrecbb'f LR 0830 aBbRCH0ONH £RVdr a BERRRe ¥hidrogen

ce has t MAWV framewor k topol ogy. (A unit cell is a
gpelai ratio af abow &fnto abbutakt(PrandiciacHSV of abodt 091 to about 100.

t - di nensi ona descri bes .t he gryst.a
J00%; or TR SrBh MR R R O, “HEHAL ot hq o2
tfhiRilyAtdrasmefecdP! Jiéve bF aBVIICMV-DRP &smily ok t fIMENU-DO family

2001, the entire content of which is incorporated as
Zekite Onaeysed horaip|ineludesrongios mose afide from a conmon

second _degree .bui | di ng bl ock, bein -dinmensj.qnal, . ..
1 EnarFSLEE RO b PrccbBT i drefo BRRERIR' buitding
f or m ngock uRi0etIRY®ho®f uineellmas tieMWWWifeknassik topology. (A
preferably one c-unit cell thickness; nplecular .

si evedinitagell fif ginspatittorrraneseisat @ gitams pwhici Hgtilndodk dhree-

25 Dbey; : § f r bt I

e T e QR R BRRE SN st

cel | tand discessd iis thadAtlas ofmZebhekFramewoak Hiypgs", diifth edition,
cel

bi ndi t .l east two nonoJ ayers of one, uni

thi ckridof: th?ﬁ%t}rgtcaetsph@p Sk HRCYBER iferafeé@cs i | di ng

bl og k%nae&laesigoesa?{aagtﬁ&ﬁ 4 2sRhRA: sBnd rcreg&el lﬁﬁlding block,
as on t

fashi on, a random ion, or any conbl nat er eof ;
and 3Meingrn?-donérsional Bliegsohanh MW Wiamegprk dopadegy unit cells,

random 2-.di nensi qnal 3- di nsi onal conbi nati on of,
e T D eI L Bl R Ss  AEEgh1S o7 &-Shit cell
10036;iMekesy ar sieves of the MCM 22 family include

those nol ecul ar sieves having an X-ray diffraction
pat ¢ emolequdarudienes dhaslpafromgcommionasegond 2lege2building blocks,

6. 90. 15 .570.07 and 3.420.07 Angstrom. The X-ra

di 117 Reimeda s eh ond Bt ta Phe HER R0 Whree M h s lover
obt ai RFdnér¢ thhBAeLMitt RUNMIKMEs WThald Romhfadkidd, adking, or
doubl et of copper as incident radiation and a

di f f r Ainding eleleass dup ppanelapersoizongainitdefl| thickagss c Blymstagking of
and a sQci at e._co tio :
10037 PHET Srvarts 26e Rty Bpohdieafiobt ) 4 JRefify BBton. an
( descritrbgdar fasHibif.a random fashion, or any combination thereof; and
e molecular sieves made by any regular or random 2-dimensional or 3-
dimensional combination of unit cells having the MWW framework

topology.



Patent No. 4,954,325), PSH 3 (described in U S. Patent
No. 4,439,409), SSZ-25 (described in U S. Patent No.

W@ 2®262%6%), ERB-1 (described in European Pat ertT/LP20bkI002753
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0293032), ITQ 1 (described |n U. S. Patent No

6,077,498), ITQ 2 (described 1Q n International Patent

Publication No. W97/17290), MCM 36 (described in U S.

Pat ent No. 5, 250,277), MCM 49 (described in U S

Rat 3t NRiciSoudatbsievé) of Vhd/BECHMIES CRanliRd indiudé EhosPameRtuiar

No. 5,362,697), UZM8 (described in U’S. Patent No.

Gieves, OB aan &K-rayx Wiffiastioh cpasiem inglndiag| grpaging ggagma at
I I [

0 SR AR B ELEH BT bHE K Bftaction

Sﬁkeﬁ‘@dd\/t@ dhardctteizp sl Hatdrian aff obtaided blyydtdiriazd rehnigdes using
n&gr ed to the other butyl benzene isoners
rhe Kerlabt goutletof popaer asdpcidensyadiptions andse diffastpmsier gguipped

Y

qlnﬁsf] nt Maeaessof &edﬂ(tj]a(t{fzecfabrylyonﬂudctv[(lhlg[ -2hédea@ibed in U.S.
e
Fei N P eisinP e raftediintes: BogaRebadalipd, ssz2s

rtaés%ﬁ%@nn XY IPRenSNEN4 336 B67), ERB h@emw&@:ueépean Patent
catal yst conprising a pol yoxonetalate ("POM), wherein

the 02080323, H%bl(@@xnb&hgﬁ St BatentifNe 61077 ,él8)MITQ Zafdescribed in

IR RLAly SRR ERaNe- NST e, RASE WEiebae in us.

PRy@eht Aot 81780 lznd) MCMJW r(de%bﬂ’ngedomlwsxpaenmo o, 2396 .57 aMICM-
one prl mry frarrevvor at Ol"ré’él n the pr esent cas

t3@r{gsscaibed whirSeiPatenh Mot $A63687), UL M (dpseribpd in U.S. Patent No.
t (o] r

BTG Ff Ppfihes GBEDE PRFo AN vl 1AL MERLIZ Ry are

I’ﬁié&;ﬁﬁ@% thb(rjamylatiab&htalysnlsmcel t,he)le’(wOeVB wan nﬁogml to be highly

rut heni um and nmercury P can be

sglsativs dedthenprodyeiet oﬁi?gwfﬂi?gnzem éh omassd tether gther
gﬁﬁeﬂz@n ggfnteiso rPrEfv%;];ﬁﬁﬁ RO nfdld B ¥iel E RIRE FERTE) MCM-

and | so yani ons o not contain hetero atons.

A9, (b)kM@M}étS and (Qtisotgpdsod MO -42 alhdaMQMeﬁﬁe swdhaasdhf)-2.

f G 13 to 15 of. the P di
B SRS qXidatitn SiRp R e Pressnt BtESS 5:attettef] bysrqassie the

bdrytoRRAC cdhpHits o génesal BREIaql) WiE JRGMEn, FBPKardple in the

i solated as salts, wth the nost conmon counter
darmh orfsa Ises egntainieg imalesuldr QMQD,amhafrﬁrr@im imihgr presence of a
es 1 her.eof a .
ST RorhRTfE , PGl e, SR i o e PN
Ilycxbeinpastet wbaturd fwigte ap tdagosmehirtenti@nsifion G:f:341] PAMAised
are known to exist in a variety of structures
iN§EqiRy i Jerh ¢ pﬂ&g@mﬂa olel’ 108 ons awendeddermesn grgRyound
f S d t
SEERE TRIYRB0h of 6 K Sl MM RaROLBRRORE i fhe sen
\asey tungstert, dw]n‘ﬂgemahe ivngsten s q)attlaﬁﬁtsubsfmae(ﬂ by lag least one further
coordi nati gn chebrp' try of the add "1 nd hetero atons
pragsitpp mefal. Ruitole B rANSLTBE d{“? BiHsCOPPER MR sanspp, 1ron,
&oBalt, hiflR Oind HaamAsH, RihdRidk ah@ mu&lry! 1h rgeﬁé}ﬁl POMEBAN be
process is constituted by Keggi n-type” POME. These
pubo}amdcénntonl&ctgen@lvanms, cw.in@h sorjaipf hel@’ZrOfatmm ralddition to the

Tt SnRek 2ot 5 sOhRIT RS TiCH, A8 nps HifiR B atoms.

rSupable dittedsl atynd hrhideranieat ¥ad/ERAHN( $roin GréuﬁshES tteusrdf the
atom X has a |lone pair_ of electrons (e.g

thesiodigr Tabla ofnElemenigcich [as SBUMRRY; FFIFNIgH btsglurbs SHtspn, bpron and
allowed. In fact, nost of these POVs consist of

di neric adducts of i nconpl ete (lacunary) Keggin
fragnments joined together by extra framework or hetero
atons. [0040] For exanple, Krebs et al. (Chem Eur.

J. 1997, 3, 1232; Inorg. Chem 1999, 38, 2688)

descri be the dlnerlc structural type [(vm2)4(cr02(P

|||||| NAAAM NN M1 A~ o



8, X =Telv) noieties |inked by four Fe3+ ions having
termnal H20 ligands (lnorg. Chem 2002, 41, 783).

wd bmsa2ssst hors were al so able to substitute theCT/EP2008/002753
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centers in this structure by a | arge nunber of other
1st, 2nd and 3"I row transitilon netals (e.g. M2+,
CIE+ Ni 2+, cd2+, Hg2+). 30 [0042] Anot her POM
structure useful in the present process is the

Sﬂn%ﬁlohﬁd VieQRIWEHe ﬂ@‘vﬁmﬁﬁlm Sbd M6Tatelais saild) Wsth the most common
i'nteraction of CuCl2 with 1(281,i 5[ 117P8W801841 in

tqegntpa@atwngbemg|adkaézquetgh®nmm ammopiyng pr puxtyreshereof; Ha the

A3 SPEAL IR OB A fon e iy e
Boa ﬁ%re\pBYyoxanefﬁIatd ni. Ed. 2005, 44, 3777-3780.
Pol?t/anl on 1 crystallizes as a m xed potassium]ithium

d99391; n PRMs ue kngn e existdn @ yanety o& srugteigh nclydige the Keggin,
ORI it T o ieBrepond
tto ahesspecidio g&eﬂnairy bf gmhsmlpn POdHcalepositadns \aad ohry according to the
SR b el STeBes S o B s
\ﬂ?@s%ht §£1 MRA%s MP&)ﬁéégﬂa%ﬁé ratmseFHre%@ FAl rﬁaﬂﬁbﬁﬁc@asg 88 POMs

and the cavity has beén fiiled with a highly
sycrﬁmistlm thal prespheprohgsdr isx corstitisede by KegginetyphakOss These

t the tenpl a ef f.ect j r.t ant e

R T e RS sy S Tr T SRob AR M i 2 fyvecpgoms
@ ri¢dllyt Bfragged tayoudt hheexﬁﬂangﬁew@h@@ah@tearm ahuy *@h be
[ H7/P8WI80184] 33- act ual | interact with transition

reprasenfesinky the fagnels s Meénoum Huke Betpie ateny X dgs pdone pair of

e?e%Wolé??e. %T}@n 'll) el[nl_%g %%?aq?l%ﬁﬂf‘gsﬁch %ﬁ)@ed %ggl% &}ﬁts Js not

consi dere as D acunary yani on precu or an

wHoexpedh fhchatno@tl hﬁthgt;ef ROd CMISﬂB‘g allxmemn g%dlg;w_rﬂeﬁgjrgglete
r(ll) SO e i COI‘ te e

éﬁlﬁpe (> Ki)agg(ig ?@gwaﬁtaé@@ 5 Y 8Xt&q tlra@%wpgﬂ 4r \RetEp gloans.

Yo of F6P a;flé | Rreb@RBall %Cﬂé%ﬁ q’f,\;rdﬁ 2y 99743 1232 Inorg. Chem.

square- pyram d 8 squar e- pl anar
déeag er$8 ar2688)) i deyedbd otheeldgimbncl ﬂgunoqapetypeorfgmza;(OH)z(B

§§\y p3pz|lhg ds rnf—‘ Uln& Ieg\f?? ﬁghl yrsz\)&/(enrge s Cb;i‘e to substitute

GRd Oc%aEkt@fh%l 3{[111%3%}1 k%'idrﬁ’éy'tﬂfg fiestHE®Nfrafdifion metals resulting in
nonopr ot onated. Tnterestingly, the center 20 of the

drmsitipn vital shbdtrsted pdlyamneuala@efs (AMRR) répresented by the formula

ﬁﬁ&@g&géﬁ (%)@(B\,\%%d 5@ (luct Lf?(e_ ﬁl - C&E)o %%MQ B , N2 x

KepiiangB.o pdladi @ W2, 3Pt 7z 1Y | 'Va'
El'ectrochem ’Comm 2005, 7, 21- 847: Alam M S.:

[[D(M’lt}v Moredwit,| eKortE’ - etPoalt nirgeort  An Vtetramiistltus:d Sdjmeric

obeoRRettica gt caspist pf B - R P59 N Ast, 5B n =
81322 gam TQ’Y§ MoictRs- lll&g@@?’ f3%8F631@C;IQ}?ha;'Q%X Qrm#dhl HZO hgands

i hcor por at ed” her el n erence anpl es of
z{InotgkﬂllaenP(z()@% 4, 183 Thcsc h&thpmewentalmaiﬂegssumutmdle iron

Li L3[ 24( H20) 12(.P8WI80N184):1241120Q,4 "
AERPIV AT e b AR BT Cp O Of- DR PR Fansition
metals (e.g. Mn?", CoZJr Ni**, Cd2+ Hg®").

[0042] Another POM structure useful in the present process is the so-called

“copper-20 wheel structure”. Thus interaction of CuCl, with KagLis[H7PgW430134]

in the ratio 24:1 in aqueous medium (pH 6) results in the large, wheel-shaped



Nal C s2 [Cu4(H20)2(GeWs034)2] C. 3 1H20 abbrevi ated
as (Cl.14(GeWp)2); 30 Nal 2[Cu3(1-120)3As2W 80661 ' 3

wQ2048028a8%r evi at ed as (Cu3(AsV®) 2) ; PCT/EP2008/002753
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13 KO [Cus (011)4(1120)2 (A, a- S033)21- 1 8 .51-120
abbreviated as (Si2W!gals).!311 - |, this formula, "A"
is the conventional designation for the isoneric form
of the material; Nal2 [CU3 (H20)3 Sb2WL 8 0661 46H20

qu?i&(@l (ﬁt{ﬁg ES le@d%%m)zz)ll)&vlél B]-S?mfll, U Ai’lZeW k,nem H’ll
[ CudK2 5. 514201nabbr evi at edas

(b mpgm{ ,&g\(m@ggg 2]P)olyamon 1 crystalllzes as a mixed potassium-lithium

RIS el P BB A

(shavRes 3)z2 Jand tothpbifiah.b Thisimdleslas fd}slleséﬂts thUBAS #¥sifdri metal
(N1-14)8,5 [ Cut 5 (H20)4C10.5 (S bWo033)2] .11
H?bﬁt%‘ie@\fiieﬂt’@&@é(fmﬁlﬂﬁwgg)ﬁi \Apd)it incorporates moreé Cu™ ions than

Li ol r ( 4(t5|2 Qﬂal]ez( P8I\%8 Q?I%ét)ule 62HAY  wheel- shaped

abbrevi ate
KBRS AORUPE Hﬁ@@tﬁﬁbzy\ﬁﬁﬁﬁﬂhedlﬁi—lzmchm rcavityphascbegs filled with a

dn%%%w%%aﬁ SOBFHGE $Be (ke CISREBHD SN B, emplate

Fﬁfﬁ%ﬂﬁﬁﬁo}%@(}le FdisPforh@tion 8 1 We have shown that the 0X0-
0036) 19H20abbr evi at edas (K4CL2Ru2H32S i WL0046) ;

Gz eufs1iB-thee Wit vilyh 03 e Qi gstophbsphat prepursor H@%%s@tség’ astually
(£ sKAH27CGeW WMhn(CB2) . 45] The transiti.on al
5 DU i SRR rarih o2 8P Pk RSty TRY Bops hesging i
ReQERFS OfTHehefore)V EHIPW,ORKEN @sn t fideed PES considered as a
identified above, can be used as catalysts in the

prpertasunayiRekyanion preewrsarsand waespesh dhat ogher dransision gpetal ions
sucagg&)pé’?ﬂin-? Iy 3 Qggﬂpﬂ%r”éfbré@& ude acidic materials,

erials, such as magnesi a,
qood3jeut Tak G’lﬂ() &ﬂusﬁran 1sig (cbn@Sseill ofl ardy 3Byruciurdllyeurdfue types

the ionic nature of th if the ort is,acidi
APBPFTRE) i9ns Bapctpbrdraly 4 %H@ewﬁﬁa@ﬂcgﬁqwéwmﬂbegﬂl 20
h .
PP b b Pl LR Ak B e Yl D el BKbting
tlﬁna)elﬁg‘tlws@/nﬂfletrlfcﬁi[ cagedhiie easﬁﬁﬂ)ltyo Bised o%f berid valence sum
atl 0 a supported catal yst caqontainin
litiops 2 Wé?ég?ﬁﬂglynw PSGHC MeBopelIna ﬁafgaqsrlyglwethe center
%@ttﬁé B Ky (whtcrpﬁhstmia%te% lof BARAd m?ls%&ﬁﬁrea byRf SilbAde ion.

is basic, it may be necessary to initial
fQthret arGioles ldz?@rrbhg tha pppper-20fwheckstauepire lrqungebbcmrn@ Keita,

r e 30 ] ne. | on,the su rt t be i
351 AR5 o Ko Duplah B soBiseBoaRl e “iohd Bitotitls Alem.
bdf OF Br&asei Nt Miilleh®. SPasaakév, W.0; Mag, OV Hedskini BH Koz, U.
this way, POM | oadi ngs of ug to for exanple 20 wt % can
rlserg |G]zeme 2000, 45, 2866-2872 and Liu, G.; Liu, T.; Mal, S. S.; Kortz, U. J
Am. Chem. Soc. 2006, 128, 10103-10110, all incorporated herein by reference.
[0044] Examples of suitable POMs for use in the present process include:
KlzLil3[CU2()C1(OH)24(H20)12(P8W430184)]'22H20 abbreviated as (CU20P8W43 or
CuyoCl or CupoCIPgWag);
Na, 1C52[Cu4(H20)2(GeW9O34)2]C1-3 1H,0 abbreviated as (CLL;(GCWg)z);

Naj2[Cuz(Hy0)3As,W;3046]-:32H,0 abbreviated as (Cuz(AsWy),);



14 [0046] In one enbodi nent, the support material is
porous and particul arly nesoporous. Suitable

wore@epzssekis materi al s i ncl ude MCM 41, whi ch i SPCT/EP2008/002753
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described in U S. Patent No._ 5,098, 684; MCM 48, which
is described in U S. Patent Nb 5,198, 203 and MCM 50,
which is described in U S. Patent No. 5, 304, 363, and 5
SBA- 15 which is described in Zhao, D., et al., J. Am

G Ty H0m),(H AP0 £.e2%Y m'g%@] 18.5 QD44 bkaviaedli 45 qml?ma@m in
PCA#cataIy“ it my be irable to add to the
ribiscformnlagi A s dhe cpnwtlpadu designation ifex Hhe, ispmerde fpgn of the

ng LG [Iy a peroxide, such as tert- butyl peroxide, or
ydrbperoxide such as tert-butyl hydroperoxide.

Nalﬁ[mﬁﬂ@izoﬁsﬂﬂzw&(esepwﬂm abbreviaed ab (CuSEWe));

oxi dati on st ea}(nc ude a tenperature between _about 50C
6

Al Bk b e)s (e sV el aboat9bc to abotfbray as

of about 15 to about 1000 kPa, such
qggﬁgg Qﬁ%ﬁaéygﬁzut 250 kPa. The oxi dation reaction
lISsN%Q[G/LﬁKb@ﬁU)%Gl@dﬁd’«BHW&O:bB] aHQ(ahbbmv1atedchs$K+ﬂ:wthr1s)
unit_and the hydrogerOX|de produced

crszp(e@msa@wa@zpm A Bl PR rberaed 15 as  (NH

ﬂBtIC conmpound. [0049]The product of the
OXI dafl reaction includes a hydroperoxi de of general

fNﬁ(NJL% s(Cihg)s(H/ML Clos(SBWHOR:;): RO HRD 20 dbbresmted Rlas R2 (NHa-
35 E%XBSVG the same neaning as in fornula (1).

s t he hydroperoxi de is sec-butyl benzene
WSLH@?@&@J);&W g(ﬁ}%{;@&%‘] O%H a%rewated as (CuzoBr)

cyclo enzene hydr oper oxide. hyd ro%:rom

Mm[kn(lw)e‘ihﬂ\én@md*lblylzfa@bbrema@d\ﬁag&uz(blz@ nol

uﬁﬁéﬁg«%ﬁyxﬁéogéﬁaf%ﬁé}Kw—ﬁ?ﬁ\ﬁloépéﬁﬁéﬁg (1B

B{E’%% vethe 25 sanme neaning as in fornula
(1). 50] The ¢ eavage reaction is conveniently

éRu(éHHb),(H@@ﬁt{RufGai@)}:(heSlWyaﬁs@)c}é?inQu de wabbrewiated as
St | d phase at a tenperature of about
2(3(68!%{“&%65{&’ g‘%‘Lch as about 40C to about 120C,
M@u 658%091‘) QO@O} Pb}@né%@&bg(&@ﬁz}@@v“@ﬁm

o abou a and/or a liquid hourly
qpe4s The transition metal substltuted polyoxotungstate POMs required for the

process of the invention, such as those POMs identified above, can be used as
catalysts in the present oxidation process in unsupported form or on a support.
Suitable supports include acidic materials, such as alumina, basic materials, such as
magnesia, and neutral materials, such as silica. By virtue of the ionic nature of the
POM, if the support is acidic, anchoring the catalyst to the support can readily be
achieved by simply dissolving the POM in water and stirring the solution with the
support material at a temperature of, for example 20°C to 100°C. After filtration
and drying, a supported catalyst containing up to for example 10 wt% of the POM
can readily be obtained. If, on the other hand, the support material is basic, it may
be necessary to initially functionalize the support, for example by providing surface
amine groups on the support and then acidifying the support to protonate the amine
groups, before combining the support with the POM solution. In this way, POM
loadings of up to for example 20 wt% can readily be obtained.



15 velocity (LHSV) based on the hydroperoxide of about
0.1 to about 100 hr-1, preferably about 1 to about 50

wp00s/134s88 hydr oper oxi de is preferably dil uted PeT/AP2008/002753

10

15

20

25

organi c solvent inert to the cleavage reaction, such
as net hyl ethyl ketone, phed& or sec-butyl benzene, to
assist in heat renoval. The cl eavage reaction is 5
conveniently conducted in a catalytic distillation

Y0846y [ 08D bhd henl@iifénts thee ST BVChhalefial e p6luRs im@epati@Rarly
can be a hongg@;eous catal yst or a heterogeneous

daesgpgrons. Pui Ismsqpamus; npierisheineids MEMRS hgwhich is described
t : ric.achd,
Sﬁ&?éyiﬁfe* No. g‘b‘?ﬁ (::lglr?é(:jl\rgl’%lflgel% %g&%%& if$5.8; Patent No.

5, 198,208 &8 MOML- 30, achldh id dedegibed Gn ANSOPh@aL Noo 5;3@4 363, and
trlfluorlde sul fur dioxide and sul fur trioxide ar
By 18 whichi iy depathsgdeincbirs. O-e sl abel cAMal Gham Somelzo 6024
g cfSrred honogeneous cl eavage catal yst is sulfuric

[ 0053] A sui tabl e heterogeneous catal yst for use
i[604T)e c[readdngenab thecPOM batamtbénmnyebdwyldsimbk:r tax adik to the
includes a s such as an. aci dic

FEAFLIAD MK egg qui,éméPtQh‘ﬁlg"l& I‘Sa?'plca y aggm@eauthps tert-
%' ﬁ@ﬁﬁ(‘f&t oMPhy ddro?grgxxagjsuch w@rtecﬁftﬂ'lr Pd tdqgur e of

I's | hcor porated herein by reference [0054] I n
t[ﬂM&] as e Switahle conthtieiskigt ﬁxecpmmntommmmp inplatle agemperature

% dl 225%39 i(ﬁ?d gaI{OﬁQ(ﬁE’ d glllii %pgﬁ%%tc togabout 125°C, and/or

QYTERARXH ABBOZ BN dhodt OO 1ePd, @J@cmohbbbmmtoe@oaggso kPa. The
product conpri ses phenol and cycl ohexanone. The

oxifdpsion yedcope iaennyenignily eendyeted e asatafytisrdisttlatiep élav@gé the
t r OQeet

SV ARRERNART PR EE TR 8 bl ¢4 st B e ycccted
pﬂﬁﬂﬁbﬁﬁht@ﬁnp@nﬁbss i ncl udes, but is not I|n1ted t o,
a_series_of d i on omers to sep h )
d9%49dhex$h6rpéo 0ahtilﬁocrm oM BN é’}?Z‘t‘f"ésa Thwperoide of
%lé é}gffofrﬁ)ﬁﬁ(’flgm ohexanone may itself be subjected to

eﬁ rogenati on in order to convert it to 25 phenol.

Such dehydr ogenati on nay be perforned, for exanple,

over a catalyst such as platlnpn1 ni ckel or palladi um

[ 0055] The i nvent M| 1 nowXe nore particularly
descri bed with feferenge tO/{he followi ng non-limting
Exanpl es. 16 [\Q056] A gamp —or'%aldjz 2+2€) 0. 10 g;
din £_| CH3C00 buffer
sol ution (20 mBd) pH 6. 0, Ht(ﬁerrR

K28Li 5] H7P8V\480184192H20

in which R', R? and R? have the same meaning as in formula (I). Preferably, the

hydroperoxide is sec-butylbenzene hydroperoxide, cumene hydroperoxide or
cyclohexylbenzene hydroperoxide. This hydroperoxide can then be converted by
acid cleavage to phenol (which may be a substituted phenol) and an aldehyde or
ketone of the general formula R'COCH,R? (II), in which R' and R have the
same meaning as in formula (I).

[0050] The cleavage reaction is conveniently effected by contacting the
hydroperoxide with a catalyst in the liquid phase at a temperature of about 20°C to
about 150°C, such as about 40°C to about 120°C, and/or a pressure of about 50 to
about 2500 kPa, such as about 100 to about 1000 kPa and/or a liquid hourly space



(0.37 g 0.025 nmol ) was added. This solution was
heated to 80C for 1 hour and after cooling to room

wo eovpaesastire it was filtered. The filtrate wasPel/EPweg002753
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to 5 evaporate in an open beaker at roomtenperature.
After 1-2 days a blue crystaldine product started to
appear. Evaporation was allowed to continue until the
solution | evel had approached the solid product, which

V\@ﬁ)dlbe@rfglw 84deBdord ¥nd 'hk/&lro%Ex‘oQ[hea@fj aBodi- &4 1 18dabo¥ik 8108 hr!
0%. IR 1137(sh), 1121(s), 1080(s), 1017(m,

@Tﬁ@&%}y al%ll(l 3h pbo@ 3 Iy, me(yslrgpercaecze( isipreferdly dijfuted in an
681 S‘)Ssol (ui;gd'g fo, tiio@? %%20 é%ﬁch?ﬁ?nlleég)(l%‘éé(e{]odlg phenol

3)?7§ecaﬁﬁ§lbénzﬁliém% €asdist Rﬁeﬂélﬁ afehfValf The cleavage reaction is
NallCs2[ Cu4( H20) 2( GeWB034) 2] C1. 31H20 (abbrevi ated as

@anv@fw@byzaondq@eq pobFtalyec distillgignignit eagent s wer e
qu q’hé Qﬁé&smenﬁ;l%}?edomt B}M aQeﬂlggE”s eg%&r%e bau%ng%geneous

rrrirn 1S Or
rmt;lystofa&t?‘rb%eﬁécﬁ@,c??ly@?% g (0. 888 mml% of Gle02
and_2.64 g 00 nmo of Na2wWp4 21120. This. so
dﬁ@leat Shitghle ohemeggriequs, (cleavage £atalysts o andude osur%aﬁw acid,

t
yst a g{;}?a ﬁg/stﬁ\%g?ce%g 6111?’ Hegﬁ%&g% (Faye ?Slﬁeg%s%lﬁog ic acid.
dHeave chhulrmlb; boroni trlnﬂlmrdiel stbuCdkidmoland i smifuartdosﬂdevmre also

SHREg horpaasnfo s cleavsiad cliplvihr Q%lf';ef%%é Mogea%@s(ﬁi%avage
4;3&1}@/}5 Sgﬂh},c a&ﬁef erence: Kortz, U ; Nellutla, S.;
St ovie, A lal, N S.; Rauwal d, U.; Danquah, W;

R0&3, DA Bmﬂbge hetreogengap catalyst fg08se 2B 1he Jclgage of sec-

le 3: Pr aratlono L
DR RS ot ludss oty el fiapegudy o5 an acidic
@hkﬁ{tlﬁ%ﬁ\ﬂ))ﬁi)e sili04aRifind cliyga Besdribedin Usinpdtentfo. Y&AG217 ,
2H20 was_ di ssolved . in 50 nL of 1120, and then, 10.0 g

(tlae qntﬁﬁé}SyIOéweNégxhe\GW\rmeqratfé hereppbyiefersaered. The 30
' 0”1 g %%f\b@éﬂle afly1arofgtE c&gfmﬁlh'tﬁa‘% ‘ise&l&lfzéc%ccb}dmg

ow ev por ation room tenperatu
Ite tthet mvémmges gyeehexytbenraies theuixidatibn pho]iucb(rsrcazylohexylbenzene
The potassi um salt of the pol yaniogn can

i ffraction.
iwéwpsr@w@@mﬁwl qYags grpdystaomprises Phgpoland gypiopexangpe. The

Rludeh§cRRGMRROAM £r00e Phiddl SRk the }égavﬁg'@stéﬁ magr Ipe %ubjected to
resulted in 10.1 g of greenish gm@ duct’, which

|fslﬂheatmmﬁan@brautcr preduse mxyuﬁed ccyebgxanpme a966ph69@|4 AgBaitable
85. 750, 735, .5

@unﬁ%tlo&ggcéeﬁ,? i ?ucﬁgs %uéa%%(gqg?ged t@[ &%erfjes %nc&sgaliat( on&(toWers to
éepmﬁadl@é(@,‘t%he%ndn@ Qi@ - phehdl rom Qhler spébiesd 7Hize cridé 64 Bunified

| e 4: Preparation of
KV@‘BE?I@(‘@@) mayptegld basubieteshtyadphytirogemtion ip QEder & convee it to
%ﬁer%l.zg\ﬁél%drogenatlon may be performed, for example, over a catalyst such
as platinum, nickel or palladium.
[0055] The invention will now be more particularly described with reference

to the following non-limiting Examples.

Example 1: Preparation of KlzLiu[CllzoCl(OH)24(H20)12(PsW480184)]'22H20
(abbreviated as CuygPgW4g or CuzCl or CuzgCIPgWs):



[0059] A 0.50 g (0.16 mml ) sanple of Kio[ A-a-Si W034]
was added with 10 stirring to a solution of 0.076 ¢

w@ ogd280l ) of CuCl2 2H20 in 20 nL of a 0.5 MCERE2008/002753
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buffer (pH 4.8). This solutlgn was heated to 80C for
30 mn and then cooled to ro ﬁwtenperature and

filtered. Sl ow evaporation at roomtenperature

resulted after about 1-2 weeks in green crystals that
V\ﬁﬁ)Soif i tﬁﬁ%ﬁﬂm@fcfr @, QHGudOh@dg UY(S(Ehﬂan“%S dks6R88%in a iM
| R 1008, 945, 915, 885, 810, 768, 698, 595, 546, 524
chCH;COO prifpesalnéen (28 mL) at pL; 6. Roth?lz KatLiis[HrBs W s Qapd A2H0

il 0ea SRR SR a0Ns TERoS PapshERRAPAI O for 1 hour and

Qftr Jo¥an2 o rbOa6RInpPeratite dt Wasilered.) Henflt@toivas allowed to
CuCl2. 2H20 was dissolved in 50 nL of 20 1120, and
t¥BROTAYR) 11D 4§ PRETS bRAKAT) atoFoomp JpRPEIEB33Alien bPpdaysag blue

?&,q??tgl 1ng Ibg?cﬁf& E‘lta{‘tQ(lP tﬂ‘?@pdara% f lrl_-#fgﬁ%a{l&gvﬂas I?iﬁUeve@ I%i contmue until

|
tere ter 1t co | ow evaporati on
rthosolutiop devel had apprdadhed|the gaidypedocte Mxmha\WSS théh e:ollected by

gt s VA5 BL 305 T2 39558 LD SHosocs)
W G1h RS 9@(5&3,1 9(51@\1;%_) 932@ So 1R3¢, tsgﬁ’&shﬁ ’%325)9 681‘1 (5), 570(sh),
uct , ich 25 a

greeni sh pro was | sol
(SR36WY TP%y) o, Fadereners MA9 S, Sg5iSortz A2, A7@ay, (Elam Int Ed

Ref erence: Kortz, U.; Al -Kassem N.
@70%552%25]7?2{3?780 G; A Kadi, N A ; Sadakane, M
I norg. Chem 2001, 40, 4742-4749.) Exanpl e 6:
Preparation of

{Examplecy akz(lhzv)ua{tm \ndi 0 3N 2 s Cua DGRV 9034):] C1-31H, 0

4( A5SWD033) 21). [0061] A 0. 51
(@Bﬁm&?{’%d’s (R 5 000 aas di soo ved i n 0 nt

00087]20, TandollbwingdreBganty Weke dismdlyedin 4O ek AFADO3M sodium

was added. The solution.was .18 refluxed f 1 houyr

eﬂ?atafq b'ffgerre(ap'a? fowi obiing In Wigrdet; dheihe i( b96 pmphHH CuCl
r t | 16

TR Rho7iee Ot fidif of (e, Ahd 2. G180 0F BHROR. e NE WO,

| 2R 7 Ahsh $Qluder0 sty , heg@d(to) 90°€83(rsh)lpu186ﬁt( glien, cooled to room

(7%@4)%1? %eﬁgr}é% F?’Z%% s(ul%kg.lleﬁtgf &an EE%M%EPTYE;WGRC (@talned by

Dayeting Y thS.aboVélBolllbn wlth: a aﬂﬁﬁ:' CsClBsohfmonl & dowH@Pdration
2004 43 144-154. . Preparation of

Keieid [ 181 8K 3 L %2 0Rs 9’4@1@) @@fa@bmm JHISTeE 734 (s), 718 (s), 509

b € 2 3
QAR P i RS less KB Balt 573w 4. €
]IQalh-IZN SnR duweild, 47.1 DanduahS WitRlayotoD. Kedrg- ShyMORAM, ¥8,s2308-
addeS The solution was refluxed for 1 hour and
f43l¥ered after cool i ng. Slow evaporation at room
tenperature resulted in 2.9 g of a green, crystalline
product which was isolated and air-dried (yield 70 9.
| EXan@glé, 3:8Biepadstion T Nab)CusHID):ALPW 1883 32408 {Abbreviated

445 1 | ePreparation of
((Nhi‘}%n&4 5(11 20) 4C10. 5( AsW0211, 111H20
( evi at
(0Pt 12 35 M AR CLO) e e o

shIzQ rang gherp 18. 05@ I(ébtl |r@m06fof0\1 @W'@SM@ﬂ WO eacrdded20The
olu%%nnévas reﬂauxgd 5fol'vI 1 hour and filtered after it cooled (pH 6.2). Slow

evaporation at room temperature led to large green crystals suitable for X-ray

diffraction. The potassium salt of the polyanion can also be isolated in high yield



20 NH40Ac buffer (pH 4.8). This solution was heated to
80C for 1 hour and then cooled to roomtenperature and

wo 2doaessal Sl ow evaporation in an open vial reBCl/ERH0$/002753
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0.23 g (yield 68% of green crystalline nmateri al

suitabl e for X-ray diffractibh. IR 1400, 968(sh),

948, 904, 862(sh), 789(sh), 749(sh), 736, 629, 568,

484, 453 cm 1. 25 Exanple 9: Preparation of

NA( N difinionldiufte 48ch200ARNILBP MARBRI 2L 151412 0This requltea in 10.1
(abbrevi ated as NH4- Cu5Sh2W18) . [0064] A 13

ol Greenistpprodad, WIThaySSHVB0 3] Sikelsicd ekl $4% IR; 936, 904,

) AR .
Lo, 0L M Sl e QoI PHGR 0 k.
SSaveli¢f) MV ; Ag K edl, No B)Saddkiand, MoUkrorgnCHee200D0¥@d742-
to roomtenperature and filtered. Sl ow evaporation in
4813en vial 19 resulted in 0.24 g 1,1yield 69% of
green crystalline material suitable for X-ray
diffraction. IR 1402, 944, 897, 848, 773(sh), 731,

ARGmEI6S8 4: AP fepatdtion s KoFa(OED(HR0)RApSi WyDos),]dB.5H,0
1211 131 uzgBr ( g)@?(llzo) 12( P8\WI80184) ] - 22H20 5
(abbrexiated a3 SkdVieli¥e)Br ) . [ 0065] A sanpl e of CuBr2. 2H20

(| @0%59 A0088 )16%50}3 ségfgléésg Idlii[r/g%@}%bg]%@added with

buffer sol ution (20nL) at
mz&mgtwmmampmmgeqrﬁm@mg)f @2 3Hn0lik 20asl of a 0.5 M

TR etk BT A T radRar 8 bt o B 30 iRt then

Q‘é@&@rtétlﬁoinnteﬁfpeﬂi@ﬁ@ dndafilesredt SI6@0ENapOratiBATAE rGdrH témperature
After one day bl ue crystalline product _started to

dppeiad afta/@hwt étz weekads gegen shstpls Bat wierd filirsed, atfiand piedried.
d
SPEHE KO L, TR GRS s ESTEES, B dygsqqtBa o

ted on and al
YRZ2fbrenkd/Bi, Ll-(D]].JKoﬂE,CU Rty (Yo, 2886 43 7B11-BE2,) 525,
471 cnr 15 Exanple 11: Preparation of
K4Na4[ Ru2( H20) 6Sb2W20070] . 12H20 (abbrevi ated as

@)3: g’{'ﬁgﬁﬂlpn ot lq?jl(sztgﬁlmbﬂ) WﬁsO“] -46H,0 (abl%l(')ewated

nene 5sol ved wi t Irring in
mS(Exis(SbW9M NaAc buffer (pH 6.0). Then O 5 g (0.08

TS Qle o AT GarFER stmle ot SHRIAG rios PO RRY 8 S L of
hgﬂ)e%alm@h 1“6@%(;9 és?gm@ gOéf Nadla MbMGD 5101 WS H AN wa added. The

dto the fi | ow evaporation at room

tsehppionaway ecfluxgdtfor 0. hourgand ifilterpdoaiigr ibfcoglegde(ntbg.2). Slow

SedpRon BBt GayB15g85REn SplS g ROyt of

4be polyanion can also be isolated in high yield by precipitatlon of the above

R R GG L T MGG

KO R Rt el R VEA04 Hield 97%). IR: 965, 944, 891, 858, 772, 732, 504,
475, 438 em’l. (Reference: Kortz, U.; Al-Kassem, N. K.; Savelieff, M. G.; Al
Kadi, N. A.; Sadakane, M. Inorg. Chem. 2001, 40, 4742-4749.)

Example 6: Preparation of {[K;Na[CusK;(H,0)s(a-AsW033):]:5.5H,0},
(abbreviated as K;Na[Cus(AsWo033),]).

[0061] A 0.51 g (3.0 mmol) sample of CuCl; 2H,0 was dissolved in 40 mL of
H,0, and then 4.0 g (1.5 mmol) of Kg[a-AsW¢O33] was added. The solution was



[0067] A 0.27 g (0.54 mol ) sanple of [RUC6H6C12] 2 was
di ssolved in 20 nL of water, followed by addition of

wa2®8/128689. 54 nmol ) of K8[y- GeWi3036] . 6H20. TheCPEP2008/002753
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val ue was adjusted to pH 2.5 %y addi tion of 1M HC1.

This sol ution was 30 heated 1% 80C for 1 hour and then

cooled to roomtenperature. The solution was filtered

and then 1.0 nL of 1.0 M CsCl was added. A snall

Fe0Wdd Gbr Qr AO@e afd eRligrtd alfer (dRlingvedidw cb@pamuuu at rooim

benzene- Ru(11) - cont ai ni ng ger manot ungst at e)

dppeerabie seryltadhdn 2hedfa ategns ¢rystalling p@?«#uct ?ﬂlé?h was gsolated
d 0 f

oS M o ISR 05, B AR,

t By "aiéu(sg?, 4@(w)wl6ﬁee)3ld:m smapmhmeyﬁbat UsNeiludal S.0Stowe,

1d d
RS Debt. it hoin LR Bofi otk Sdigen 2D deald-b 4
g, 48%. IR 3072(vv) 2924(w), 2848(w), 2361(w),
2333(w), 1435(w), 948(s), 872(sh), 844(s), 795(s),

BXample 87 4Pl(eli)1ratﬁihl(<w) KeNai[GuyK.@58))s) Clg sotSbWy0s33),]- TH,0
(Ref er ence: L.-H ; Chubarova, E. V.; Nsouli, N

H{abb ﬁ"é‘?@ﬁ‘éﬁs qup“#ﬁl”%}t z, U ; Keita, B.; Nadjo, L.

I___[Q@Grﬁ Chegns | gQ@@ mfh%g Fﬂ_’e }_% was dissolved i in 40 mL of
anpl el3: Prepar at 1 onof K4[ { Ru( C6Ho) ( 120)}{Ru(061 6) }(
\HZCSéMdl.ﬂﬁﬁ@l)]l qHZ0mrebbofel [at W s(333] was added. The solution was

daiipied élrlf’% espgen el atis Soplisd BwaARoraRon.At cfoom

QAHJ) uﬁgdj lid Q‘mg Qlff al IQelg {rgstgl(lsin J)duc?fwhlch was isolated
Si \/\10036112H20 e was ‘adjusted to pH

28 alrydradddiyield R0 &§). Ilml94(41897|' t8’|5§ THI(sh) ?ﬁO WS, S5, heHsleg445
to .80C for 1 hour, and then cooled to room

tShperature. The solution was filtered and then 2.0 nL
of 1.0 M KCl1 was added. This solution was all owed to
evaporate in an open beaker at room tenperature.

yviexangile c8y dtrgpanationp pb NaiNH Qe Cugs( fbowwﬁﬂﬁ‘f%ﬂvlal 1H,0

tinued until the sol vent
pgiéléega@&g ﬁ&*‘éoF{V%’%pr' duct (yield 0.18 g, 32%. IR

gggﬁ’]?) %gSZ(g\’Xg éggﬁﬁlﬁi)esssag?ﬁ?%(@m&@#‘ggg)sl vE314dRied , with
£Yging to aﬁgfwnc% 992(@& 30 anmal) @eélwﬁ{z%ln gQ:I{@Io:ﬁf 45 M

'%IH%()AC gﬁﬁtﬁl I\gyé—l Blg) H.Thl%(?gﬁ@{‘d\#a%ed'%% %&%JCZ for hour and then

}53ked 8s8Kom _tempelﬁtmcrpind fidere@®r eplamaeivaporatfon in an open vial
e 1D AT Ph B TR rxszfélhﬁl%%gﬁéﬁ%ﬁt%eﬁn&r oray

Gy 1362629, 568,
gﬁfﬁt%fl%% Q@674 ! Eo 349m( ggl}g ) B n 20 m
dr84;lM3r<QIAc (pH 4. 8) This solution was sti rred at 50C

for 30 min. Layering of the above solution with 1M
CsCl resulted in crystals. 30

Example 9: Preparation of Na(NHy)ss[Cuss(H20)4Clos(SbWoOs3),]-11H,0
(abbreviated as NH4-CusSb,Wis).

[0064] A 0.32 g (0.13 mmol) sample of (NH4)9[SbWO33] was added with
stirring to a solution of 0.22 g (1.30 mmol) CuCl,'H,0O in 20 mL of a 0.5 M
NH;OAc buffer (pH 4.8). This solution was heated to 80°C for 1 hour and then

cooled to room temperature and filtered. Slow evaporation in an open vial



21 11/1/ 1j10 1 LJV-1111 10U11U UULLU111 11i1SK 111.1U
WL111 tl LAJ11L1C11SC1, J1111C1 MAU t111 air sparger,

woer®satsasgied 100 g (unl ess indicated differentPgI/EP2008/002753
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Table 1) of a substantially pure sec-butyl benzene
(SBB) supplied by TC Arrerlc@, 1 gtert- butyl

peroxi de (98% supplied by Aldrich and one of the POM
catal ysts produced 5 in Exanples 2 to 14. The fl ask

Wesi18€ ah auz41si (Geia d9RFP6EF atdehecroQiiing Irhadidleqiibe for X-ray
mant | e. The reaction tenperature was 115C and t he

hillestion Wid 462.R9dp BEF.i838, THkshai 7315 03k Y08 &7Cudd7 cm’

approxi mately 220 cc/mn. After 6 hrs, a snall allquot
of the reaction m xture was renoved fromthe flask and

dhainyple d 00\Prgparationoof i Ad/; (i B ((@H).«(Hi0)p(RWERO:0522H, 0
repeated for _each of the catal ysts 10 produced in

Fﬁ% h'ﬁﬂ"é"ée‘ka%G“l@" ‘The catal yst type and anount, and

t .
5ﬁut y l?l lgP I;Cy g%lgir‘(g ?gg% é)B%OI_rEﬂ‘)o Sgasscliﬁ%%/\%vﬁdnm a IM

Ia(iH@C(DO bﬁﬁfﬂ sohudionaf2@chli) rat tphk 6 Dathien KzshtsH{iH%WuOm] 92H,0

3B 7 Ehintoh i B, Sy hon e BB T4 rC for 1 how
(aﬁg(ﬁwegedg;l@ %h@sﬁlﬁtgte@%s all%zvedlto eUﬁ;Brat@ ifcdn oPerf beakeE4t room

temperature. After one day a blue crystalhne product started to appear.
Evaporation was allowed to continue until the solution level had approached the
solid product, which was then collected by filtration and air-dried. IR: 1120,
1079, 1017, 950, 935, 902, 835, 752, 680, 525, 471 cm’".

Example 11: Preparation of K yNas[Ru(H>0)sSbaW2,07]-12H,0
(abbreviated as Ru,(H>0)).

[0066] 0.05 g (0.08 mmol) of [(p-cymene)RuCl,], was dissolved with stirring
in 20 mL of 0.5 M NaAc buffer (pH 6.0). Then 0.5 g (0.08 mmol) of
Nayp[Sb,W2,074(OH),] was added. The solution was heated to 90°C for 30 min
and filtered after it had cooled. Then 0.5 mL of 1.0 M KCI solution was added to
the filtrate. Slow evaporation at room temperature led to 0.12 g (yield 26%) of a
yellow crystalline product after one week. IR: 950, 885(sh), 863(sh), 836(sh),
806, 769, 703, 655, 453, 413 (cm™).

Example 12: Preparation of Ky[{Ru(C¢Hg)(H20)}{Ru(CsHg)}(y-
GeW1036)]-7H,0 (abbreviated as K4C12RuHzsGeW19044).

[0067] A 0.27 g (0.54 mmol) sample of [RuC¢HsCl,], was dissolved in 20 mL
of water, followed by addition of 1.56 g (0.54 mmol) of Kg[y-GeW0036]}-6H,0.
The pH value was adjusted to pH 2.5 by addition of 1M HCI. This solution was
heated to 80°C for 1 hour and then cooled to room temperature. The solution was
filtered and then 1.0 mL of 1.0 M CsCl was added. A small amount of orange

precipitate (believed to be a benzene-Ru(Il)-containing germanotungstate)
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added to the filtrate, which was allowed to evaporate in an open beaker at room
temperature. Brown needle-shaped crystals started to appear after 1 day.
Evaporation was continued until the solvent approached the solid product (yield
0.82 g, 48%). IR: 3072(w), 2924(w), 2848(w), 2361(w), 2333(w), 1435(w),
948(s), 872(sh), 844(s), 795(s), 725(s), 674 (m), 611(w), 531(m), 463(m) cm™,
(Reference: Bi, L.-H.; Chubarova, E. V.; Nsouli, N. H.; Dickman, M. H.; Kortz,
U.; Keita, B.; Nadjo, L. Inorg. Chem. 2006, 45, 8575-8583.)

Example 13: Preparation of Ky[{Ru(C¢He)(H20)}{Ru(CsHg)}(y-
SiW;9036)]°9H,O (abbreviated as K4C12Ru;H3,SiW9046)

[0068] A 0.18 g (0.36 mmol) sample of [RuC¢HgCl]> was dissolved in 20 mL
of water followed by addition of 1.0 g (0.36 mmol) of Kg[y-SiW0036]:12H,0.
The pH value was adjusted to pH 2.5 by addition of 1M HCI. This solution was
heated to 80°C for 1 hour, and then cooled to room temperature. The solution was
filtered and then 2.0 mL of 1.0 M KCI was added. This solution was allowed to
evaporate in an open beaker at room temperature. A yellow crystalline product
started to appear after a week. Evaporation was continued until the solvent
approached the solid product (yield 0.18 g, 32%). IR: 1435(m), 1152(w), 992(m),
948(s), 904(sh), 881(sh), 868(s), 776(s), 752(s), 685(m), 614(w), 558(m), 498(w),
473(w) cm™, (Reference: Bi, L.-H.; Chubarova, E. V.; Nsouli, N. H.; Dickman,
M. H.; Kortz, U.; Keita, B.; Nadjo, L. Inorg. Chem. 2006, 45, 8575-8583.).

Example 14: Preparation of {CsKy[p-GeW[;;MnO33(0OH)]-13H;0}0
(abbreviated as CsK4H,,GeW;;MnOs;)

[0069] A 0.5 g (0.17 mmol) sample of Kg[y-GeW¢036]-6H20 was added with
stirring to a solution of 0.074 g (0.34 mmol) of MnCl;'2H,0 in 20 mL of 1M
KOAc (pH 4.8). This solution was stirred at 50°C for 30 min. Layering of the

above solution with 1M CsCl resulted in crystals.

Examples 15-27: Oxidation of Sec-Butylbenzene over non-supported

Polyoxometalates
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i To a 250-ml round botton flask fitted with a condenser, stirrer and an
air sparger, was charged 100 g (unless indicated differently in Table 1) of a
substantially pure sec-butylbenzene (SBB) supplied by TCI America, 1 g tert-
butyl peroxide (98%) supplied by Aldrich and one of the POM catalysts produced
in Examples 2 to 14. The flask was heated using a temperature-controlled heating
mantle. The reaction temperature was 115°C and the pressure was atmospheric.
The air flow rate was approximately 220 cc/min. After 6 hrs, a small aliquot of
the reaction mixture was removed from the flask and analyzed by gas
chromatography (GC). The process was repeated for each of the catalysts
produced in Examples 2 to 14. The catalyst type and amount, and the SBB
conversion and the selectivity to sec-butylbenzene hydroperoxide (SBBHP) are
shown in Table 1. Also indicated in the Table 1 are the selectivity of each catalyst

to the by-products acetophenone (AP) and 2-phenyl-2-butylhydroxide (PBOH).
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Example 28: Synthesis of Mesoporous Silica and Immobilization of
Polyoxometalates
[0071] A solution was prepared by stirring a mixture of 1.0 g of the tri-block
copolymer, poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide)
(EO20PO70EO,g) (BASF), 30 ml of 2M hydrochloric acid, and 7.5 ml of water at
40°C for 4 hours. 2.08 g of tetraethylorthosilicate (TEOS) was then added to the
solution to produce a synthesis mixture having the following molar composition:
2(EO,9PO70EO40) : 60HCI : 4.25TEOS : 15H,0
[0072] After stirring for 24 hours at 40°C, the synthesis mixture was
transferred to an autoclave and then heated at 95°C for 3 days. The solid products
were then filtered from the synthesis mixture and calcined at 550°C for 4 hours.
The product was the mesoporous silica material SBA-15 having a BET surface
area of 893 m”/g, a pore volume of 1.37 cc/g and a pore size of 6.6 nm.
[0073] The SBA-15 material was then used as a support for anchoring one or
more POMs, such as those prepared in Examples 1 to 14. This was achieved by
initially refluxing the silica material under a nitrogen blanket with
aminopropyltriethoxysilicate in toluene for 5 hours, whereby the silanol groups on
the SBA-15 reacted with the ethoxy groups on the aminopropyltriethoxysilicate to
produce Si-O-Si bonds. The resultant aminated SBA-15 was then stirred in 200
ml (2M) hydrochloric acid for 12 hours to convert the amine to an ammonium salt
and the product was then stirred with the desired POM. Filtration, washing and
drying at 95°C for 5 hours recovered the POM catalyst supported on mesoporous

silica. The overall anchoring process is indicated below:
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Example 29: Oxidation of Sec-Butylbenzene in the Presence of NHPI

[0074] To a 250-ml round bottom flask fitted with a condenser, stirrer and an
5 air sparger, was charged 100 g of a substantially pure sec-butylbenzene supplied

by TCI America and 0.375 g N-hydroxyphthalimide (NHPI, available from

Aldrich). The flask was heated using a temperature-controlled heating mantle.

The reaction temperature was 115°C and the pressure was atmospheric. The air

flow rate was approximately 220 cc/min. Every 45 minutes, a small aliquot of the
10 reaction mixture was removed from the flask and analyzed by GC. The data are

shown in Figure 1, in which the catalyst is indicated as NHPI.

Example 30: Oxidation of Sec-Butylbenzene in the Presence of
CuyoPsW,s/SBA-15

15 [0075] To a 250-ml round bottom flask fitted with a condenser, stirrer and an
air sparger, was charged 100 g of a substantially pure sec-butylbenzene supplied
by TCI America, 1 g tert-butyl peroxide (98%) supplied by Aldrich and 0.2 g of
the catalyst produced by supporting Cu;oPsWais of Example 1 with the mesoporous
silica material SBA-15 in accordance with Example 28. The flask was heated
20 using a temperature-controlled heating mantle. The reaction temperature was
115°C and the pressure was atmospheric. The air flow rate was approximately

220 cc/min. Every 45 minutes, a small aliquot of the reaction mixture was
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approximately 220 cc/min. Every 45 minutes, a small aliquot of the reaction
mixture was removed from the flask and analyzed by GC. The data are shown in
Figure 3. The data show that lower activity (SBB conversion) and selectivity (to
SBBHP) were obtained when the catalyst was supported on Al,O3 as compared
with SBA-15.

Example 33: Oxidation of Sec-Butylbenzene over non-supported CuzoPsWgg

[0078] To a 250-ml round bottom flask fitted with a condenser, stirrer and an
air sparger, was charged 100 g of a substantially pure sec-butylbenzene supplied
by TCI America, 1 g tert-butyl peroxide (98%) supplied by Aldrich and 0.17 g
unsupported CuyoPsWag of Example 1. The flask was heated using a temperature-
controlled heating mantle. The reaction temperature was 115°C and the pressure
was atmospheric. The air flow rate was approximately 220 cc/min. Every 45

minutes, a small aliquot of the reaction mixture was removed from the flask and
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[0080] To a 250-ml round bottom flask fitted with a condenser, stirrer and an
air sparger, was charged 100 g of a substantially pure sec-butylbenzene and 22.4 g
cumene, both supplied by TCI America, and 0.2 g CuyPsWss from Example 1.
The flask was heated using a temperature-controlled heating mantle. The reaction
temperature was 115°C and the pressure was atmospheric. The air flow rate was
approximately 220 cc/min. Every 45 minutes, a small aliquot of the reaction
mixture was removed from the flask and analyzed by GC. The data are also
shown in Figures 5 and 6. The data show that the CuyPgW,g catalyst shows
similar SBB and cumene conversion levels to the NHPI catalyst (Figure 5) and

(Figure 6) similar final selectivity to SBBHP and cumene hydroperoxide (CHP).

Example 36: Oxidation of Cyclohexylbenzene over non-supported
Polyoxometalate
[0081] The oxidation process described for Examples 15-27 was performed on

substantially pure cyclohexylbenzene (CHB) instead of sec-butylbenzene; and



[0076] The catal yst from Exanple 30 was filtered from
the product m xture and retested at the sane

w@oemdilzsesms as Exanpl e 30. The data are shown PCI/EPIP03/€02753

10

2. The data show that a ninog activity loss is

observed with the recycled c ?alyst; however the
selectivity to the hydroperoxi de has i nproved
dramatically. 10 Exanple 32: xidation of

SedinBuk \thd eptrReneiiic Cr2OPE Yi8iysu FRoCugl; Wi Arotldded by the

[0077] To a 250-ni round bottom flask fitted with a_ .
coiegesssefr Exampler br Hied oxidation reasten dempeiatire pvasgbk°eo@s in

g ) S
o ete YR M S, 357 UALE R BV, sl
%gxgg?t\/&rgfbf?hga Ir|1 Got cases,ad vy 96 mglmmgisai S_Il_ﬂall fa}iquokt of the
0] a e supporired O e as
mgctrf@ameau@s\va*ﬁgre”giqu%ng?hﬁ éasgcﬂﬁ‘ﬁr"é‘laﬁ’éﬁd Rédt¢ndhe data for
e @onvdi€ioh €8kt W) tﬁ@@{zrﬂléﬁégg?lrﬁé@?en%lﬁﬁ@é’rok{a% (CHBHP)

pressure was atnospheric. ow rate was
asmbactixityrfinedt)o)22 thectwyoniempetateesard Shown it Eggurea’7.sthe Hata show

it e e T b et Shrthta Al e et et
Hogste 3. WA thétpRestHO MvelBbn |HAWSeeACdsiibed aBBllustrated by

conversion) and selectivity (to SBBHP) were obtained ]
wiskarendeete pagioptar embodimepisy tthepeonf Ardiodyaskidompahedrt will

with SBA-15..25 EX lie 33: i dati on_ of S
ST b E SO s PP obtenerspoiby Hjuigeted
ahez&idd: NForm thisdadeny, s, frtfasdacé shddd bel hideasalelgde i€ appended
stirrer and an air sparger, was charged 100 g of a
stipigrstar puppses of detesauing the (s ssenseofdhg prese ipxention.
Arerica, 1 g tert-butyl peroxide (98% supplied by

Al drich and 0.17 g unsupported Cu20138W8 of Exanple
1. The flask was heated using a tenperature- 30
controll ed heating mantle. The reaction tenperature
was 115C and the pressure was atnospheric. The air
flow rate was approxi mately 220 cc/mn. Every 45

m nutes, a small aliquot of the reaction mxture was
renmoved fromthe flask and 26 Rrin 'red by C e The
data Are ghnwn in Figure 4 and cnnw that n clight

i nprovenent in the selectivity and an increase in the
activity were observed with the unsupported, versus
the supported catalyst. 5 Exanple 34: Oxidation of
Sec- Butyl benzene/ cunene m xture in the Presence of
NHPI [0079] To a 250-m round bottomflask fitted with
a condenser, stirrer and an air sparger, was charged
100 g of a substantially pure sec-butyl benzene and
22.4 g cunene, both supplied by TCl Anmerica, and 0.05
g N hydroxyphthalimde (NHPI, 10 avail able from

Al drich). The flask was heated using a
tenperature-controlled heating mantle. The reaction
tenperature was 115C and the pressure was at nospheric.
The air flow rate was approxi mately 220 cc/mn. Every
45 m nutes, a small aliquot of the reaction mxture
was renmoved fromthe flask and anal yzed by GC. The
data are shown in Figures 5 and 6. 15 Exanple 35:

Oxi dati on of Sec-Butyl benzene/ cunene m xture over
non- supported Cu20P8WA8



[0080] To a 250-m round bottomflask fitted with a
condenser, stirrer and an air sparger, was charged 100

w@2mB/1286381bst anti al |y pure sec-butyl benzene anelcC2RP200£002753

10

15

20

25

20 cunene, both supplied by TCl America, and 0.2 ¢
Cu20P8WA8 from Exanpl e 1. THS f1 ask was heat ed using a
tenperature-controll ed heating mantle. The reaction
tenperature was 115C and the pressure was at nospheric.
Teagis fl ow rate was approxi mately 220 cc/mn. Every
I5 mnutes, a small aliquot of the reaction mxture
was renoved fromthe flask and anal yzed by GC. The

ata afe_also.25 shown in  Figqures. 5 and 6. T t .
Jhow ehardieRe (& iR Ak LRt tobura i 1 E3iampine
ARIPeroxley EieSpirobess R¥ogipsising doeactibilanCakyhnpgiatiC Fogipoeénd of
g? and (Fi?urep6) siniF?r i nal gtgectig?ty to SBgﬁg
asaeraldesmula{{Xr oper oxi de (CHP). Exanpl e 36:
Oxi dation of Cycl ohexyl benzene over non-supported 30
Pol yoxonet al ate [ 0081] The oxi dati on process descri bed
for Exanples 15-27 performpd on substantially pure
cycl ohexyl benzene i nstegd of sec-butyl benzene;
and 27 using as{the pnlynxpretal ate (PA yl)) catal yst
t heCu, o, P8a, // \
'-'4 8 producef3® ne’/procegp et Rranple 1. The
oxi dation reaction tenperaturé was 115C (as in Exanpl e
5R)whidih R parCR3 eawﬁldePameﬁ@peqﬁe@msbwdrsgmi ey kil Glieyl group
reaction tenperature of 110C. In both cases, ever

45

famingdEom 3 te degarbos ateustpreyidedthabRy and R; maylrh%@@% tqufym a
. | ta..

PR o AR IRud 25 Mo el MRV S Moo et

hybistinped CatiddR’® fePHiSEt) hydiogen,i arietor rhore alkylgrampst ewirtgfrom 1
tenperatures are shown |n Figure 7. The data show_t hat
iR 4tOREROB QMg Oor 3 ﬁ%cq%@"él PP+ YY1t PEYRSEAN S Prgainge of acpialyst
RoffpRinbe PS5 Mool 90821 ke hdephlyextitialfdy &okippR
hagﬂheg“ gg?%r?béﬁ‘%nd 1llust%ated %yylo re?erenceQifs :
pehtoxouhgstate wlzstitutechwith at least enofurthedirarsityongkétal. i n t he
art will appreciate that the invention lends itself to
variations not necessarily illustrated herein. For
hi s rERSROcess BE Blaith af WheRse s£id at/ledsttme Tadier3Rhsitiyn hietal is
t he appended cl ains for purposes of determning the ‘
tselgeted diope cepperhmangagssen fronneabatti sigkel, zgcceagmipns ruthenium
r for oxidizing an al kyl aromatic conpound to
éﬁgn%%§$§Sponding hydr oper oxi de, the process
conprising contacting an allcylaromatic conmpound of 5

eneral formula (1):; R3 / CcdH
%. The process of( cl)aim 1 or cE&m 2, wherein said polyoxotungstate also

contains at least one element from Groups 13 to, 15 of the Periodic Table of

Elements.
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comprises a support.
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sEepbsaroRRMR LD g suf i oG REvibeges. simpie, 3R hsagene. -
%ﬁ&?ﬂ'—s"éc-b‘%’tﬁﬁéﬂz@ne si{ ma%he }Q&&Bhé&ﬁe ph&%ﬁﬁ;‘ﬂf Benzerd  sec-

e process of "any? uirig YAlmLi, vv lici
diekylbengede.cyelopgrtyltenzanseeyciehepylibsrzeng apd r:mleocéﬂppmene
7. The process of claim5 or claim®6, wherein said
support conprises 5 nmesopores. 8. The process of any
¥ eceditecprédess 6F aﬂyhﬁlfeeéding dlatin alvkatbiar safthilk ¢lafodie wWathpound
of general formul a is selected fron1ethy|benzene
of genraal fompulp (1) i %érbyésﬂbenzshwwcl%@éy BeRagnBenzene,
1, 4- di phenyl cycl ohexane, sec-pentyl benzene, sec- 10
hexylbenzene, cycl opentyl benzene, cycl ohexyl benzene
did Cy"lﬁieqnod:qsk b€ agy peecedifig clEim, pheoeas said toatagting is conducted

G  Govesrere i 2070 P08 e but vl benzene or

cyclohexylbenzene 15 10. The process of any preceding

claim wherein said contacting is conducted
11.  The process of claim 10, wherein the contacting is conducted at a

temperature of from 90°C to 125°C.

12.  The process of any preceding claim, wherein said contacting is conducted

at a pressure of from 15 kPa to 500 kPa.

13. The process of claim 12, wherein the contacting is conducted at a pressure

of from 100 kPa to 200 kPa.

14.  The process of any preceding claim and further comprising converting the
hydroperoxide into a phenol and an aldehyde or ketone of the general formula
R'COCH,R? (III), in which R' and R? have the same meaning as in formula (I).

15.  The process of claim 14, wherein the hydroperoxide is sec-butylbenzene

hydroperoxide, cumene hydroperoxide or cyclohexylbenzene hydroperoxide.



at a tenperature of from50C to 200C. 11. The process
of claim 10, wherein the contacting is conducted at a

W@ eooparsassire of from90C to 125C. 20 12. The PCDER2E8/002753
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of any preceding claim mherg@n said contacting is

conducted at a pressure of from 15 kPa to 500 kPa.

13. The process of claim 12, wherein the contacting is

conducted at a pressure 25 of from 100 kPa to 200 kPa.

1%. ThEhprmoess of &aynpriecedi aginel asmwngdeihucbi®diiing said

conprising converting the hydroperoxide into a phenol

aidrensraide isyreadusteday the presenceipd agatadyshl  f or mul a

RI COCH2R2 (I'l11), in which Rl and R2 have the sane

meaning as in formula (I). 30 30 16. 1-he process

al7. clBhempictess of laaly norkb of -cidimk el te Ay evlidreig Saiverting said

hydr operqxi de i s copducted in the presence of

Regexide is cpnductebinghe presencsof g hipmogengous SPtég’ﬁ% 14

to 16, wherein converting said 5 hydroperoxide is

conducted in the presence of a honpbgeneous catal yst.

18. THEhegproces of claiml I, whetein whid heimogsndals ltatatyge neropgses at
at al yst .conpri seg at | east one of  sul furi cid, . .
Bid o8 of SOLERA<, B3 BuphBRE ot PSSt atkh By fbellorig acid. p-

AbRIeHOREBHIC R, eRfd Ehlofid, MBdtor HiMidrilR, sB®irOMoxide and sulfur

trifluoride, sulfur dioxide and sulfur 10 tri oxide.

ttgoxifhe process of any one of clains 14 to 16, wherein
converting said hydroperoxide is conducted in the
presence of a heterogeneous catalyst. 15 20. The
prooceskheobratks 6 Wy oveebfichimai U hetle] ageneiausonverting said
catal yst conprises a snectite clay. 21. The process

diydeeperexide iscondugtedsinthe prgsense ofgdeterogeaspiscatalyiy sai d

hydr operoxi de is conducted at a tenperature of 40C to

120C and/or a pressure 20 of 100 to 1000 kPa and/or a

[20qui dTleoprotess i @atadmVvis], odietain GaiHlB¢jerbgenecusocatdle comprises a

g%g{ogfroxide of 1 to 50 hr-1. 22. The process of any

Bt d%%i ms 14 to 21 wherein the hydroperoxide is

cycl ohexyl benzene hydroperoxide and its conversion

product conprises phenol 25 and cycl ohexanone, which

prloceskhef prachssr of anpronsesf dldimer dgém0; rwherdin converting said

%%lro%lgreg(x?geopsecotnguagg g‘y g ?erfl}l){:rrgtﬁ?er oP E(?"r&lo Jto' 120°C and/or a pressure
of 100 to 1000 kPa and/or a liquid hourly space velocity (LHSV) based on the
hydroperoxide of 1 to 50 hr™.

22. The process of any one of claims 14 to 21 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.



