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,
t he PROWUESS POROIHFING ALSSVDARGMSOTRNUOMPCUNDS
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

aggéiggggghﬁﬁ 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 higher alkenes instead of propyl ene as

findustranand e usefl odudes examhlel the mypducsivonel phERglicofesins,
i.agher ket ones uch . cyc] ohex n rat her than
i Ehol S Ro1a R n e, AR F AN % 00 1o g

[0oeR]Ct i CurrehtiphBoeicst chimodXatte! for tHehgrbéudt®dnaofphenbing the
mar ket for MEK, which is useful as a I_acguer a )
digckeprocasrd NS deRatiiergsten Pporessin i which e Jitsts steppinvolves
fon : g e o
b SHELAL IR0 R, Kol AL by gidyion
tdfethpr achenei onthef catispowdiag i iy drapeodxidee xadchen 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
35&2’%?‘38&‘“%8%‘2 STPROBIRET1 AND 261- 263 of Process

00N CThiREPAT probless #aB eS| bltewts” Ghafigher MkbhdsS gtead of
by the Stanford Research Institute in Decenber 1977.

[FoemdsndoakYend, ant thas rearadsises msthsirathid, kesone) SMEF o higher
"J}Jei’o'?i%é,' guc%ogpow&%exanone, 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



substituted by branched al kyl groups having 4 or nore
carbon atons, such as secbutyl benzene, to the

w@eooosasgeedi ng hydr oper oxi de requi res hi gher PCT/EP2008/002753
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tenperatures and is very sengitive to the presence of
impurities. For exanple, in the case of

sec- butyl benzene contai ning 1% by wei ght of

i sobutyl benzene, the rate of formation of

Si9G- 1t 3 DRAZReE of Pt b Eodidigics Repeaes 228 ahiidd FHi¥nol”,
of that when the sec-butyl benzene is free of

|F§;’@b§h%¢l byethe §F?@f0r§|RﬁS¢aa?h Instiipiein Perembgr 1977.

tyl

] 4 PRARSEE i 0 S LB, B e i o
|sabhnmystl tbgrizahed alklyk ptoups havimpy onenarhicarboh eatomt 8udf as sec-
Q@%ﬂﬁt%ﬂ% 5ch ga%gfﬁfr%ﬁ@%%(s)ﬁ%drg&?w ndﬁélhﬁfeeg ligler, tgmpepsfures
S S N S Qﬁe bfésé\ﬁ:e' @i@é’ UlEof E{am£190917ﬂh‘émé§e of

there is a need to find an oxidation process f
peotutylregzéner cQBtaamangll"/é mwagkty lof alsolmiylibcnzene the rate of

dr gper oxi de ul arl.y sec-buty] benz 0
o Er 8% sirebuyatedie' hndinbititie SEfienrisllo BEAFNG % of that
RIIRNE e s&d- bht'S‘Hiéhtédeeﬁs tReNot o 1BdzBRk. OSintifirlyd'when the
processes, and that allows efficient commercial scal e

p$thdb¢r@ﬂnQ)ﬁorpimtn@|1 6a lewetght,hﬂlg trate de@idetion decreases to
Pat e
65990 80165 L ipBapre® Sac oAl B PRl toe e of

[ixédation ¢ creaded Ity ibout ®4L4l aind Orhedf thahé@)bh@nmmeccontent is 3 5%
hydraocarbons tq the .correspondin hydroperOX|de and

dypeaghtethe rateod pxisdation degieasgy iy asgavaRisbeuttds g ve

I t.al
00T, iRl RS BB 1 gy R0 Ol e o o
iemamplet Gu+ allg] arcrabtid hgdroperpgides| and particularly sec-butylbenzene

Nhydr oxycar dllnld catal t, such as . ..
SRR AL FYED. 1S3 Ve 0 Bie mrroes of duppritigs thay the
Qﬁlsﬂﬁ%dbiﬁgtl&i/ ﬁﬂ%b@ss@sr Oﬁﬁéstﬂaﬂ ChIuARs Céfﬂ@l@ﬁt commercial scale
cycl ohexyl benzene, cl ododecyl benzene and
W@waﬁphﬁmh@ld MF%@Q![ higherdetariesn, the article by

t ocat n .
TGEL? o By TP oNey: S FRERCRERT I T AT descrve
2K Hods340r pAWRSing0 PheAdl7 Ibydi sfthl9tes okidation of alkylaromatic
cyclohexylbenzene (CHB) can be oxidized to the 30

hydypgrdeas tmhs éommnémgd%iscmemqlw ianq syhsequent elgpyage of the
OBBERIS Bl OBl b BAGRET R0l ofaaoh 1l e wit
[x@ges tin Inbejpmp@rce xaf cmfrees raalidal emtlamd |and1Ia oatalyst,atyprcally an N-

: 08&&%&%&’,@/‘{?{9"%1‘?@ be §P¥d|r %y dl I@QPE‘&% fq%n ofreferred

LN B0 MhE C nRYTPRENGjdifed NBYT tﬁgr r sl%e@s@dl #@lude cumene,
hydr oper oxi des, "they suffer fromthe problens inherent

|cmclah§xyhlmmgmﬁwedmﬂlb?@en¢ and mﬂbmﬂbynzeend to be
o) .
R cr I, RAREER B Sis R SR aP et f i PR pgdposatavti

Qi)a‘laeumb Médiated by Nitiexaf Radicab0mh fABasynintCi@st 2003, 346,
devel o %Ha heter;&sneous oxi dation catalyst for

PRERSU Sﬁgl lidjschosspihat eyelpbeopeanasnedds i) ean brepxidized to the
S8 b AREITRL WA €AB Sl oorc n e

Iﬁt&sbn@abf 015 NMol% D Qﬁﬁ-hﬁ%ﬁyMﬁhhaﬂﬂeI@taﬂﬂ candbZand% of the
ﬁYJ r.Qduci pQﬁ ? .and nmet hyl ethyl ketone,

PH’ rgpareide apadiee L2diep! iH9Re and a C4 al kyl ati ng

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 Angstromto produce an al kyl ati on effl uent
conpr|3|ng 15 sec- butylbenzene The ‘sec- butylbenzene



catal ysts, including oxidation catalysts, are
pol yoxonet al ates ("POM s"), which are described in

weope/ 1263l ., Heteropoly and | sopoly Oxonet al aREBFEP2008/002753
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I norgani ¢ Chem stry 25 Concepts, Springer-Verlag, New
York (1983), incorporated herein by reference. Pope et
al . and others have descri bed nunerous uses of POM s
in catal ysis such as oxidation of propylene and
010t Y| eRevch &, afkld NehpddxPREbRERNbES st Bhown activity and
oxi dation of aromatic hydr ocar bons; ol efin
pselegtivity it the rpxidaienyafrlkylatemagigi @mnpogpdsio their corresponding
y 0 t e y.dr
S5 RhARRLAREY o LI BTN BB 1) B Ghencous
hﬁta@s@ dry eHae Sheyetﬁﬁd( itel e Irémovealnﬂoxhytﬂé @e&auh fzoné ZZ\&thi tha.product
[ 0013] According to the invention, it has now_be
fedtlpet apd 150 JauY dqerﬁepﬁﬁ‘ﬁféit %Wnctbﬁtpa?qﬂch 5fﬂuent There is therefore
t t
e B e Ui 2 PO 8 Kb er O SRR i B producing
sﬂlt;dammanedhydmmar(medaesprowded adéquaseactivity yxhbesalcetmt)anm still
cl ahex benzene, to the correspondi ng
ﬁ%d?%ﬁ @58 des. SUMMARY 5 100141 n one aspect, the

qOEEgNt I8P ThfhatiBRildPsetNPEHIRAASE No. T WO ©%/13i1826 RGe have
an al kyl aromatic conpound to the correspondi ng

rgsirthed maxpebss faripeogucingephenobansy insthybetblesens, ingwhish a feed

%llgﬂﬂ%lﬂéﬁu on%{zc Con‘@ :At?p \%ﬁﬁ)’ l?lgur gglgﬁ qrﬁgz%lg%(g%d) under alﬁylatlon

|06ﬂ@1ﬁ6ﬁ§%h|cﬁtaly%pb&ﬁﬁﬁ§1ﬁg Byclito e oph Iﬂaeailkrydle@rmumg an X-
having from1 to 4 carbon atons, provided that R and

rd; ragHon opatiean tigcluding d-spgeing cmaxisid ahald 4P -23.0m920.15,
0 S 4L OUP A b Y byl RS0 o A lihprlsing

a;b&(-}ahtygfeaum haviheg séc‘-bimy]behf)ené darthen akididedorto aproduce a

' Ohe @%ﬁghygpﬁgwglx%% 9&%435 2rd es%%ﬁ%ﬁ@?%glml and

Cc S at
el e

rsebstituted Omﬁd_hrmdme asndsdiosehas tshidalle doe dke wkidatien reaction,

I nven n further ri
pre errté ocatal)l"lstst W sad 8o l:ic’ee%eterogeneous 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



converting the hydroperoxide into a phenol and an
al dehyde or ketone of the general fornula R COCH2R2

w@ doB)286B8 whi ch Rl and R2 have the sane neani nBCEHEPD08/002753
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in formula (1). Accordingly, ,in a further preferred
aspect, the present i nventioff resides in a process for
produci ng a phenol, said process conprising: (a)
contacting an al kyl aromati c conpound of genera

fine ouidatiéd pf sdddnddeitaiklyt butlsiRiiiéd denzbnesy rcludlingyd Sudibutyibenzene
having from4 to 10 carbon atoms, said cyclic group

mdwgcl@b@mb@zme suthsrcorrgsramdinghydreperesidessent s
hydrogen, one or nore al kyl groups having from1 to 4
carbon atonms or a cyclohexyl group, with oxygen in the
BEMMMARYf a catal yst conprising a polyoxonetalate to
r ce h dr oper oxi de of general rmul a

WAPE" R o b aficrahe, rsouB  SReB TR thgs BLocrdy for oxidizing
f r [ e t I
i y%;%%’%%ﬁ?? TPORLE D, P e BURE PBRpELORRRD the Socess
fagnipmisingtcontasiing amalkplasimatizredmpound of generaf fyrmula (I):
converting the hydroperoxide of formula (I1) into a
phenol and an 10 al dehyde or ketone of the genera
formul a RLCOCH2R2 in wh h Rl and R2 have the
sane neaning as iy ul a (I%r [ 0016] Conveniently,

j general fogpula (1) is
sel ected frometl nene sec- but'yl benzene,

p- met hyl - sec- Rul ' %1 dlepenylcyclohexane
sec- pentyl benzene, sec- hexylb zene,

ly z
YEASEEN i i iy BBy o o o

dwingrfeomllbe Hzarnosoms, mpeﬂed tlst p@@RJI}l@orrhnemredttd) ﬁqrm a
o5l BippdRvinganimAdod St Min R SRIE sk BEfgcspionally
GaB§ R, Mﬂkﬁpb@eﬁ@ thydRIgehf Ohe 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 polyoxometalate, wherein 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



[ 0018] Conveni ently, said pol yoxotungstate al so
contains at | east one elenent 20 from G oups 13 to 15

wo@bkoosheseBeri odi ¢ Tabl e of El enments, such as aneCTBP3008/002753
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arsenic, bismuth, silicon, bqron and phosphorus.

[ 0019] Conveniently, said contacting is conducted at a
tenperature of about 50C to about 200C, such as about

90C to about 125C. The contacting is conveniently

C@@ﬂbl et mling MEBSiSli® @fbortierhs, saiddRiit @ralpBing opiionaily
1000kPa, 25 preferably about 151cPa to about 500kPa,
nsalbetltsteéf eficth yepessnts hydkaesn: enepfomerealisklgroupghaviag from 1

b

BaET R HafPBbb e EIHGE BEBORMh oRGHSTR the presgncg;of a ctalys
mommmmgaa(pcdgoio@n@ﬂmmd) proddcaa hpdrdpérpgizlef gkmdralinfermula (1I):
[ hydr oper oxi de converting step (b) in the preferred
aspect detail ed is conBlcted in the presence of
a catalyst, suclf as a \6 horﬁoR eneous catal yst, for
exanpl e at |ea €Coreoat d, peKHhIorlc
aci d, phosphori hydroﬁplorlc aC|d
p-t ol uenesul f o , ferH,E—chRdride, boron
trifluoride, sulfur dioxide and sulfur trioxide.
[1AGHiEART naidiRdaye thidwanieydeoner &xinhdernesla e ahi Mdersiythe
be conducted in the 5 presence of a heterogeneous
dmlmxygteta @9 epmpiEses a @ﬁpmgfémayubspw@zmg atlenst ene fupther

ﬁ i de converting [step (b) in the above

aspect 'S conducted at a tenperature of about 40C to
about 120QK) congéwingah hy&mpemxmfe afforrhula Q) timoadphinol and an

oAbl e Erenn ot heoestsial oupta S RRTER! UL oy fonk T hna

rH.ewk helnRRhEnidERGR (G GRI(HF THE DRAW NGS

023]F| ure 1 i's a graph conparing sec-butyl benzene _
([33135] coﬁlpewgncmly( ogpid alkglaramsatict ¢omepound sxfrgsaenal ifierordg (1) is

%ﬁ%? % hI{ZElgl IKlmﬁl(%Teler%gl HI:)Ie)c bu?ylgeﬁ/zsé}le us%dmet'ﬂyl -sec-

BudNeEhe 4 (1}4L h YRR ) Seciiddbdibzen@bbéckd31tRshz
as CuZOP8V\48}/ S% ial%(E%‘ai:at al yst of Exanpl eeSO N e
[cryemfwgq@néenz, i gy dohgxaihenemes eandp T@éﬁi@%ene with  sec-

Elé‘)a ﬁl‘?@?};cﬁ]&{ex§%ﬁ2§}g ?)an@?ﬁgf@,fq?% 2% dr oper oxi de

C[(M DASW 8lohiddnidiiilyg atndl ajskéasotf)ndﬂxlﬂimi ear3@icandethhs selected from
recycl ed Cu20P8Vﬂ8/ éiatalys of Exanple 31. 20
[498D%} PAREANESR 1P, 69 aIBﬁk F?%l%e'u MoK ABErEury-

qO0YH" S| ConPEHeRBL sa1d 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



but yl benzene hydroperoxi de selectivity (sel) for the
N- hydr oxypht hal i m de (NHPI) catal yst used in Exanple

wWQ@081128838Cu20P8WIB/ SBA- 15 (abbrevi ated in t he PFCYEP®O#G02753
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Cu20/ SBA) cat al yst of Exanpl% 30 and the
Cu20P8WA8/ Al 203 (abbreviated™ n the Figure as Cu
20/ Al 203) catal yst of Exanple 32. 25 [0026]Figure 4 is
a graph of sec-butyl benzene conversi on agai nst sec-
Méinyd RaarAs Netdtyr R ek@mbReaiSedse Oht o k)i Tlu@¢ atidEperchioric acid,
Cu20P8WA8/ SBA-15 cat al yst of Exampl e 30 and the
urhosphssict asid, dydoochinnirgacid, tmrql%qneaflf%ﬁ%fiefemc chloride, boron
tP%ZJIEé Qe cﬁoklﬁ? é{x@élﬂﬂ[} tl%mﬁ%( dr ocar bon (HC)

onversron a ream (hours) for the
qﬂour;]t [ omlefnawel@n; tleuhydrbperaride/cotvarting mayt by eondiicted in the

the 30 N:hydroxypht hal i Pl) catalyst used in
T AL K%Iﬁr&gF’PFé’uﬁﬁéthﬁbﬂ“é’oasﬁm§ WA -cat al yst of

l e t
e e soraer e ThARERrRige By (e (@l h the above
vdspeat] G'—Ebm“’dsatf10'temp&lﬂ\lﬁrﬁeOﬁylﬁomwm(tajebomgmmé?t and/or a

time on stream for the oxjdation
ééeasam %s ey 198 toahonk 199&@8?@1 §ifr?ghﬂlﬁé hqurly space velocity

i f‘pw Exanpl e 34
and g&gid;%{pgl?rl‘?ﬁ &%%%%%pf:oaﬁlgsss? Hrof Exanpl e

35 [abbreV| ated in the Figure as Cu20]. [0029]Figure 7

. \ | B) conversion
Lﬁ%ﬂ&&&%‘x. de ( CHBHP)
02Nt i VF@hré \I\'tls g@rd(pﬁrcohﬁﬁnﬁgmﬁeﬁ%é éSBB) 46 ekrabn (%)

two tenperatures in 6. 10
DESOR tRTE ON smrarrrH@lgmwhvmwr%mgbglmd@s@aiﬂi)e%alﬁst used

RERERRRLT A s T TR AR 50 B BhyEoRST 2tk

((aB635yiatell QO T FRW PYSBAALS daitpsdbf BRarpple\d0des a process
for oxidizing an al kyl aromati ¢ conpound of general
1803411 a Figure 1% iRp graph of sec-butylbenzene conversion against sec-

butylbenzene hydroperoxide (SBBHP) selectivity (wt%) for the fresh
CuyoPsW4g/SBA-15 catalyst of Example 30 and the recycled CuyoPsW43/SBA-15

catalyst of Example 31.

[0025] Figure 3 is a graph comparing sec-butylbenzene conversion and sec-
butylbenzene hydroperoxide selectivity (sel) for the N-hydroxyphthalimide
(NHPI) catalyst used in Example 29, the Cu;0PsW43/SBA-15 (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.



CH\ H2C R2 (1) in which RI and R2 each i ndependently
represents hydrogen or an al kyl group having from1 to

wda2mantssss at ons, provided that Rl and R2 nmay beCcT/BP196£002753
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to forma cyclic group havinﬁ from4 to 10 carbon

atons, said cyclic group being optionally 20

substituted, and R3 represents hydrogen, one or nore

al kyl groups having from1l to 4 carbon atons or a

qﬂ@iﬂ]heXFlgu% ®@IAs aNGaphraEs iaip hodogedxideat SHEHRNendRACHP)

ma%/ joined" and so on is used herein to mean that,
egmwaf fsshnatheve CHP stands & qamang hydponsEgHide, against time on

%trggrgo% qgi;l)lda@foﬁy!)f gzs%H &;lg&ztﬁ}g%}cmﬂ%&y hnxt‘ﬁfg luglhgsthe N-

(li'ydtdk@rbﬁtlhhhmld%ydﬂ HEBr &m&lyah@ded ihBxdnigle 34t andB tib unsupported
carbons in that_ chai n) W th respective ends of that
%}zo}’a%npata{yﬁfa?frﬁm #3p |[‘%hbé‘?}’1%t6‘§) imide Eigre as Cu20].
G591f 1 C f .
GBI Dl 738 A eloRp STl ylbernd REMES ohQfsion, gainst
a:yblyoﬁe)qdbarizyﬂxe hydrepgroxide { CHBHRctctivty tvet Yafdrahe &ugyPgWas
rrrula gforma cycb 8% having from4 to 10
W HPESR X (? ohexyl group, which
may be substltuted with one or 8 1 rs-rrslrr. having
fromlt dh nut alkylst om carbon atorrB or wth one or
EDVDESER] ' BT’ | kyI aromatic

ond ar e, et hy en c bu benze
ORI Ao i §¥~o@}$ %@gi faiiﬂed?@%ls Pl ERBRIRER et ou
Sf 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



pentyl benzene, sec-hexyl benzene, cycl opentyl benzene,
cycl ohexyl benzene and 5 cycl ooctyl benzene, with

wae emsheseyd benzene and cycl ohexyl benzene bei ng PCT/EP2008/002753
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preferred. It will also be upderstood that in the case
where RI and R2 are joined t0 forma cyclic group, the
nunber of carbons formng the cyclic ring is from4 to
10. However, that ring may itself carry one or nore
%@@talﬁﬁ%ﬂ&gp hSHESH £R%n AN PEarbidn atcihKyt wirhQiateSor@uienghenyi
from1l to 4 carbon atons or one or nore phenyl groups,
Eoups. Examples ehswitable alkylaromatis coppeyrdsoe giwtbenzene, cumene,

L
SBBEanaR, ChaRh S et RAL . KRR JURIRAE, sec
edtyltenpened eetebylbaldent,atydgpaneyibarrenay t}'cleitexblﬁm&ene and
one C4 al kyl ating_ agent, under al kyl ati on i ons
efafalopﬁyﬁﬁezwes@ﬁ@e 8c-but ﬂlg%%ﬁaae@é@ é@wy@?nze@acmemg
ﬁ% 22041 fSvilslid l%rudyafs?odartﬁgﬁBQf?é YasBiwHeRAR! a®'R dre joined to
Tecu ar sieve of the MUM22 famly (as defined

Heinpw)cyclit graipk yheaurberadroditidne fernting vibacyeelic yng mscfromiet to
gt er at ur%é of fro out 60C to abouB%%G%E far
Larky &5t te’iﬂngaB’&X STOGET A A S YK ?8}” as one or
RRGHS alkyE w‘upZQQ&lngE’ P! td & 2arboh @forBXaaetor & pAB®H tgroups,
1000 to about kPa and/or a weight hourly space

\aeummetoyse(wwdlbmwyswh@a@l kyl ating agent of

ABAACT BRBHR ol BREUAGY InRtpisonie or TR of gencral

a‘bﬂnydlat(l)ng Rgdtylbazven asdtid praivopd byedkyhtihe dofizenaevith at
Ilnear but ene,. nanmely butene-1, butene-2 or.a mxture
depst epg Cs wikylating aeant tﬁ@%@l&maneaﬁoaqhgenwdaw the @rgspRge of a

%tep(y%hg ga?gllygﬂ,eﬁhgf}i/ SsCOIRd HefiD ol I rgl?ﬁ{arﬁfel?sat RYGNone

as ca steam cracking o
malpaia, siowe afethe IMGM28 fanght (&5 dnﬁmﬂd balsw)c aiTae ),etlk)datlon

cracki ng of napht has d ot her ref| dst

EORGROS S T 4B e demBemhie L b SRGR. 858 8 bou
goer, Rk ekimple tebhedastiit 8004 anci ebélavmgc Ghd/or a pressure of
hydr ocarbon m xtures are general |y avail able in any

r7@20 iBe pr tasplfoyexagnple &ram RO%tq aboEt SklePanglf errasweight
PGSl A EaB0 B Sl Bl Ml bS8 o0

pRAAb&t S8thr efsRERdrsle @Etvwenaebmelrandewonam hon or
dgdr ogenation to renove butadi ene fromthe crude steam

Bled bhe dnealkyloting)agahidcomenicAtly omprispt apiegliope linear
STy b he 1AL 20F ol 906208 ARy gent can

[a%&ﬂzldmolaﬁlﬁm rd4Hedrquacton rapdture mbnt:hnmglhnearhmtenes such as can

arn i ¢ _conpound of eral formula (I)
3@ ﬁ&ﬂ e SEafing %r%tg@reaurrypwoom blfG and light

' g
P R O S Lt e et

Icenwrsion©f mygﬂnatmysu@ asynietbgrolatd wweaeléfinist yEor example the

6&&?‘%‘2‘%{]@ %}YL?? qejqunf;ll% l}r{n?(Ste rg%%?og%ggf{fvse{l%h%ng‘n any refinery

@hipdéyahg | lstéﬁml faslgag ite peodude ol dndl arbauitakle Eﬂnkuéea&d the C4
activity, pically at |east one nol ecul ar_sieve

afe! m@n anfruge @mgﬁp@dbtﬁ@mq)mem%afﬁew@dcﬁh% groduct

e t
ShER el P SERER e A G ) S bt LE ARSI RIe ropg the
tcoudelapesim ¢f20Ked Bisteae stteam )aandeRafinatet20(thy graapenrehthining after
nol ar ratio of about 0.01 to about. 100 and/or, a WWHSV
sFmaw o thaélfn? 8rdebteanEom ¢ F@@@éi SteR qragke bytspe sgeam).
famly material” (or "material of the MCM 22 famly"
or "nol ecul ar sieve of the MCM 22 fam |ly" or "MM 22
famly zeolite"), as used herein, includes one or nore
of :




nol ecul ar sieves made froma conmmon first degree
crystalline building 15 block unit cell, whose unit

wa@edoB/1t8a38 t he MAW f ramewor k t opol ogy. (A unit Pel/EP1088/602753
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spatial arrangenent of atonms which if tiled in

t hr ee- di nensi onal space descPi bes the crystal

structure. Such crystal structures are discussed in

the "Atlas of Zeolite Framework Types", Fifth edition,
30034) t he, entirtiRr GRR4RAL eafbodtthéh, tie hIRORDERAARL €8mPSund of
reference); 20 nolecul ar sieves nmade froma_common )
seponbfotmgled@ seyrlehenylbanaene angds pegferablydiradies dygontacting
tiling of., su fya t i | |
RSPHR G TSR b o PRSES creP Bpbeiiiug tinconal catalys
pridtierodiprisenat deasdi dneC fletal t ldvigh égdiogemonc uttdvity, typically
si eves made from common second. degree buil ding bl ocks

sslectsd fyogn theyaseup eansistias 6F PAAdium TaEheiEm. Helel agd pobalt, and
t hi . .ei n: . . i

a7 RERE indtBEHE LRide 1ot oyl JIRUEASE BENARG Oty at least
wina dholgeudar $iewesof theaMEDAR Afumily (e defiedubelowy elThe contacting
t hi ckness. .The stagcking of such second de bui.| di o
SIBCRACCBAFIGET FOSIGA gt (TSRO, SDau S0g G abodt 350°C
faa ok Apre@ufAHEABut 3901t Abo @' 70RO &1 b&chd &8 BPdrogen
and 30 nol ecul ar si eves nmade by any requl ar or

maoldoratio -of abe $i Untalabowt B0 agidfeeasWEkdY ofcabebt 681 ito abayft 100.

186353 Vorrte di "V aUE Yt BTS00 BReREY ppom22
tfhiade” el emdlcatilapi SRS of atié NIYIGM-2%- Fadilgi forr SOMN22 family

pattern including d-spacing maxi ma at 12.40. 25,
geolite'Dsas wsed horairy, inglades opeEr oPraffjst rom The X-ray

di ffract,ion data use o characteri h ial ar.e.
bt &1 iofedad ik 58 SRR AXREHGE IS diFecBhEle Alifting
doubl eflodkf usi0REIEr whésel it deilthas dH MWW famebvdork topology. (A

di ffractonmeter equipped with a scintillation_counter
and arinisseltilatadpatpararceasnt 8 aemsewhichnifstiladen three-

10037 | -&gNk ' ' I ég&%Z
(desc%&%ﬁéﬁl %P%e (yz}tg ent g%r&@%‘ﬂﬁﬁg%?é{%@ Péructures
( descrarbdiscussed).i.thddAdns oRNZeoltedBameddYk TIPZs"2Fifth edition,
(descrjhed. in U S. Patent. No. 4,826,667), ERB-1

( descr%oginthf: ﬁntgarcsat&ahoageﬁngﬁes ipgorRgrat sgzsn, TQ 1
(degcry N . , 2huitdi
{dogor T BEGIATsiphs, melh HRim P olmihoh ¥4 deptSc byiling block,
W97/ beR@D 2-dvipiisBhal tbsg of et MW W. flimdairk topdliogy unit cells,

5,250,277), MCM49 (described in, U S. Patent, No. )
2’ 530 TRTEE aRlaye g el Gell tickessypie Tty one c-unit cell
5, 362 1Ri%ifness;UZM 8 (described in U S. Patent No.

6, 756, 030), and m xtures thereof. Mlecular sieves of
t hee MDMIRQuldraniclvgs arade 1Hopr edremoedsessend Idegedek huikding rblocks,

catal yst_since they have heen found . highly .

el ecteune U AEORY ermbrs (et gre SBE el bty Sheteinghe tayer
conmparggdnére thixe ofé aft d2ut thidrassses enadeOffBinSstacking, packing, or
Preferably, the nolecular sieve is selected from (a)

MOM  Adnding at lkestitwe monglayess ofsmemitcedfthigkngsaglhmsiacking of
MCM 5 S LT 100381 T i dat.i o . he

or oot R SRS dhdek oGS B B R RE Gy Buthcl an
al ky!| afregmarn fastiompodndor fashsme bakny cnibihatidnl thersbf; land
oxygen, for exanple in the formof a gas cantai ning

nol &cunelecwlary sjeves Bade bysamy regulgy o gandews driimengional or 3-
cat al I SJ . I A ' [

the. PAprTERL ot ¥ SATCER IR e N Wy afiltork
| east tgpdodgyurt her transition netal. As used herein,

the term "pol yoxonetal ate” or "POM' is intended to

mean a conpound 25 conpri sing pol yoxoani on of at | east
one primary framework atom in the present case

tungsten, wherein the tungsten is partially

substituted by at |east one further transition netal.
Suitable further transition netals include copper,

o N S R




11 phosphorus. lviost of the POvis known are isol ated
as salts, with the nost commobn counter cations being

wabdoahizseset al i ons and ammoni um or m xt ures t heCEBP2008/602753
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the rare case that all counterions are exclusively
protons, then the materi al iYreferred to as a free

pol yoxonet al ate. 5 [0039] POMs are known to exist in a
vari ety of structures including the Keggin,

Woh3&- Dawenseddidsibasie b QRe BViams-2st faHﬁtWrrﬁﬁuaeTh&me moiecuiar
di fferent structures correspond to thé specific
g&yﬂ‘étlﬁ%ﬂnﬁ apaPé-rayu dififrapdmn qatiens iin¢ladisg adypacng maxima at

GRS 40 43 gl 294651 MG, B .47 fion

V@Ed uftd tbhhlafacteeizé ahé hatdriahare 6thingd bySthirlan] teéhmigjiey using
subcl ass of POVs 10 useful in the present tﬁrocess IS

dbaralpha dentigt afcggper-asyipeidentivadiationaand ¢ difirastemstes squipped
97T géll‘l%ﬂlé%ﬂ)%%oﬁht%{ ngd f]lf?gsfﬁgﬁw&lﬁgﬂ@} Qé fhg %ﬁgglo%%gftem

oxygen atons synmne y arrange aroun a centr
Heo3o NGO HeMENE 20 familydpelede ME@M-28) (deseribed in U.S.

[}’%Ece:rrll‘f é\? é]% 2§gpsl§§lé 3 Jeggged)ln:[ﬁgoP?t%gn#Jx ﬂg??gﬂb)@gesz 25

zggs{&n%cp"ﬁ? @ Lepgift NB' 1326 %6'7PtEI@]§ 130deQBEd in 'Eui&l&‘ém Patent

of these POV6 consist of dinmeric adducts of

iNe d2PBE2, [Tat lﬂdﬁmybedmadé}SnPatﬁmgNl@ (1037 4880 EBQt 20(glesdmbed in

BhBabt R AR B o SA DR P, 2310k s i Us.

| e NoCls @rso 2319)9 %0%49 ?ﬁ&&%béﬂﬁ%ﬁﬂ SbRatbheN6li 31836,875), MCM-
structural E/J P- -111111 XV\9033212 (X
=S6gescribed jn raarP@ é D BZMe(descaibsd imb % Ratgnt No.

?fnt"fgg(){,(‘)fstogws%dzguitnfes tﬂ@reg t &@uﬂr%@vﬂs% tﬁ% VEMY? famlly are

ransition ne resul ransi t1on
peéfetred lﬂ@sﬂqbtalkﬂdtlmolcymx)csmialeameﬁ l(aV&/E%eia foapd ae et dighly
Sty 5 gl AL O S
RIS IR RY o, S, B mol A 103 sl g 9 MO
A9 6) MNICHE-56 and {q)-isoipme3 D M®W4%ﬂd MQMrSG suchrasgTQR.

et e 1 inked four Fe3+ ion .
4RI 1 b6 6 fER i b Of 5 BSGon @fee B ST Begntacting the
TngdsoRutid Qélﬁp&ﬁ{deoﬁééféraﬂkﬂ)ﬁnﬁlﬁ (BURehidxybén, tbe ekdﬁrﬁ’]!ile -in the
centers in this structure by a |arge nunber of other
]thm o;fnfd gamomammgamqlmﬁasu Q¥ygan.nguchl as gis, i thenpresence of a

0 t
Sellise b oidREr e POSRometale 1 HOREE. Merliilhe POM is o
Spb-lﬁﬁbﬁﬁ@stat@@bﬁ[tut%@ witeat leabt od Airther trBhision metal. As used
interaction of CuCL2 with 1(281 15[ 117P8WA801841 i n
th‘?@"ﬂ’aﬁhP derpy “polypxorpsialatss aredQIVR apEnten efie@dp?@ # Fompeund

BRI s SEME LS Blfong gom. e prse

Toase fungsten, wingen theitungsten is partially substituted by at least one further

other

transition metal. Suitable further transition metals include copper, manganese, iron,
cobalt, nickel, zinc, cadmium, ruthenium and mercury. In general, POMs can be
subdivided into heteropolyanions, which contain hetero atoms in addition to the
primary framework atoms, and isopolyanions, which do not contain hetero atoms.
Suitable hetero atoms include at least one element from Groups 13 to 15 of the

Periodic Table of Elements, such as antimony, arsenic, bismuth, silicon, boron and



Ed. 2005, 44, 3777-3780. Polyanion 1 crystallizes as a
m xed potassiumlithiumsalt in the tetragonal system

w@ saazsess oup |4/ m. Polyanion 1 is unprecedenP@EPI008/002753
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structure, size and conpositjon. This nolecule
represents the first transitilon nmetal 5 substituted
derivative of [H/P8W80184] 33" and it incorporates

nore Cu2+ ions than any other POM known to date. The
ShbsisHorise MbstlofeheWiBRisimbaRack {sh1ARE\M 81343 the most common
precursor is maintained in 1 and the cavity has been
faonnteri cationp beingjatkaliymetahions and ammespise or Rydpepsdhereof. In the
cl us Thi L ze at, t

PRSI S FITRRRS e R alPhly o hE TR e plerifls erred v
sl aviiectpoiioxbietatt®- 10 groups in the cavity of the
tun}ggf]tophosphate precursor, [ H/P8WA80184] 33- act ual |

dB0FHt er ROMsfre kneWR M PXIFtAR 2 Yatigly of suctings inglndingsthe Keggin,

j ti [ [ .

R B SA 0 89, 1RO R SRl omspons
Sol e dpacitfio @eympioy pApartioulpr BOM sanpasitibnsmné xpeycdccordatg to the
other fransition netal. i ons besides. copper(]J!) can

aﬁlglal n?mteo%ﬂlst@arcllli%lomélmweofdﬁg sy dod feferg avoms
e eRTROSRH aQihedéohcentPAibHS ridR! bM i) AURajbY BERIAS of POMSs
copper(Il) itons (8 octahedral, 4 square-pyramdal, 8
sgefat énpthanprepent Apoc@B soperestitusedhthyr Keggm-typé dgfeMlst o These

nei ghbor.i ng co r_ions Vi 3- 0x0, | i gan r [tin
AR e oenSaR of 12 SR meABRHT of Bl okt proms
oReheta¢ AHC ArrahFBdC atdiindahi edtirab| Hetetd BohflOX NghdDANGEREN be
are nonoprotonated. |nter e&t_ny_nlglﬁ/, the center 20 of
trereseanad By thatfpanulaa Mizdicanet Bthoheteiontpar ¥ hay ajlene pair of
Y A @1 CRlIDy r 1.0l
RREHBLER a8 el MR e Rorh SR o A SLBR1 REDEH Wifdhs oy
KHotvad. Bn;fadtadjost of thesd<BOMs cdnsist Mildim&ic &lducts of incomplete
GHiAY) RESEiN BB poinep e By o+t fryevpgl or tergatoms.
S N, Fbr eI ZCrebs ef MO(Ghert IR 12485, 349232; Inorg, Chem.
866-2872 and Liu, G; Liu, T.; M, S &% Kortz, U
19925 F8n 26B&8mM déSodbe 20@6,dih28¢ 10dA8ral Oy, [§MO,)4(OH).(B-

AeaBR" e Tor HI20 Morpast phe iy HEAL® FHIE KL pibsitue

Kl Leldb3 EQ&KQ%&%&&%@QQ % FRMA8Q1 84hdiacd 1htals resulting in
abbrevi ated as (CU20P8W!8 CU20C1L O CU20C1P8WB) ;

NeahsiGos Indtabisubsa@ pCyv8addiREesATMSPs) Hafesbteddyithe fgtmula

TGO B ST ARG ) M AR i x

130 Q QB Qi) AR1RQP2 AP a- S033)21- 1 8 .51-120
abbréviated as (Si2W!gal’s). “ill - , this fornula, "A"
i[8041e cbtoremter,onKbrtdesétgnalt i aepdror onhetetrasubstituted odimeric

f.th ial; Nal2, b2WL. 8 0661 4
RobiosvnERees ek Ssisves yo B Gy £ o X2 ASRR, n =
Wﬁ%@m&w@@iﬁ%qma by four PE420NBRMHEKHAIEIRASO ligands
CK7Na[ Cul( As¥0033) 3] ).

KGkis2 | Chod k20209 . 7801 0TIE 56 28BUB08S 25074416 bt itathedron

as (K-.CydasSbh2Wi8) : . Na(,NH4) 8. 4.5 ((H2044C10.H .
ChabBo R RETAS b 3B AR T St |2 IS Aoy fiosition
metals (e.g. Mn?*, Co*", Ni¥*, cd**, 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



10 Na(N1-14)8.5 [Cut 5 (H20)4C10.5 (S bw033)2] 11
H20abbr evi at edas(N114- Cu5Sb2W.8) ;

WOKLBRI12BBCU20Br ( OH) 24( H20) 12( P8WIB0184) | *  22H2BCT/EP2008/002753
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abbrevi ated as (Cu20Br);

K41\ 1a4[ Ru2( H20) 6Sb2W20070] . ¥ 2 H20 abbrevi ated as
(Ru2(H20)); K4 [ RU(C6116)(H20) {Ru(C6HB)} (y-GeW
0036)] . 7H20abbrevi at edas 15 (K4Cl2Ru2H28GeWL0044) ;

WﬂuZM@@ég\ﬁplc%l\@)VhR@g&l@e]i 1@‘%1 § SV\I\UILL U. Ai’lZeW pnem ini.
Oabbr evi at edas ([ K4C12Ru2H32S i W0046); and {

c@kﬂ{ﬂﬁér €6\W77713388( Balyanion1l grystadlizes @y amé@pé@pwnalsthlum

36 GRS 0TS0 TF s

mtmeﬁnses sk ahl @ompusitibh. Om“hlsi‘m@lbmﬂs rdphgsents FdﬁE\/ﬁrst transmon metal
identified above,_ can gg as .catalysts in th

pbsiisnted derivativestf [&Ba:‘&s@mh méubws?lfpeaﬁt%mmeo?u orlogs than
Sugp%&ﬁer PONPUBWAYRBO LR, ncﬁ*ﬂéd%uﬁ% CofTBhE" hiHetl-shaped

as al um na, basic materials, such as nmagnesi a,
a[hHPgWuO al’> mtarsalis magtainedim band the.cafyy has bage fofed with a

hEH e e ey it ot Eustet. piGs SRR SRt Pepjeriplate
%3Py S0inor@nTRIlY dgr'n?%:ﬂirfﬁ'aﬁ&l bhe WOMal & sl thatifd oxo-

stirring the solution w the support materi al at, a
tgzonpsriatthe savity, of the wrgstephosplee precaBoCHARsWagO154] > actually

't e R BN LA

Gbdteded. "lf}ferefoé t g, RWie0, 13 d cart hihdsepBs t cmwwl as a
is basic, it may be necessary to initially

fsuperlacunaryipodyanten BIGpWsPR andi e cxResihat qﬁ‘w pgrapgitign factal ions

support and then
ac.‘é‘gfg°pi’gr@wg£§%‘%%§‘?@&t gﬂ)ﬁ%tg ‘onate the am ne groups,
k[0043]e c@hbd |01w2f)@luskm' is Upip @vinposddhoft drdy BGidusturaltyl miiqué types
IS wa

di f f | %
a‘d’PPV)(‘&a ot (& praahcdraly 4) s art&(-)pyegvrﬂl%i A vare-panan AN 20
Sllagpﬁ CQF ﬁ ark %ﬁdgé&p%q{%%ﬂ%éﬁpt dr ?on%osrlg 0§8 q’lgands resulting

Yy nmesopor o € nmesop OUS
rat e rhighlg sylfmhetﬁealb/[avgé-hke Wserhbliys (Exsed idne @ond \ld.le‘ice sum

Pa ept, No. g 9, 684; MCM 48, which is d?SCfI bedl
Y2isulapgpeal iklg BINgXYBNS & moRpRiotateghlptgrestngly, the center
Qﬁstﬁé' bzgﬁﬁ‘} idhh s @Jaﬁﬁ%er N?arcﬁmaeﬂi\? @‘%ccﬁﬂi@d E_bySaB&ﬂ&éde ion.

escri bed i n Zhao,
SBtbcr armel(es de@mb(ng%s)cop}few@‘wnml awmre mlud@ Jtahleowdm Keita,

RR Lo ool Uaaliab st BReGoufer” oty 4403, (PR Alam,

mrsxmgnoﬁmhlvﬂﬁletqﬂlbwmo\pex oxi BRi, 9IS ;8Hussain, F.; Kortz, U.
h dro eroxi de, such as tert- butyl ofroperom de. 10

WQS]C'@QM 2000 or8e28%2 apdLiy.Ha ; M‘bslénM%ide%b iKetz, U. J.
%S Ft‘i)e% lSHQ%O%@t ng,) § b%iﬁu 61 10, all incorporated herein by reference.

[0044] Examples of suitable POMs for use in the present process include:
K5Li13[CuzCl(OH)24(H20)12(PsW430184)]:22H,0O abbreviated as (CuyoPsWas or
CuyoCl or CupoCIPgWag);

Na;;Csy[Cus(H20)2(GeWy034),]C1-:31H,0 abbreviated as (Cus(GeWo),);
Naj2[Cuz(Hy0)3As,W;3046]-:32H,0 abbreviated as (Cuz(AsWy),);



bet ween about 50C and about 200C, such as about 90C to
about 125C, and/or a pressure of about 15 to about

waoel/kdess such as about 40 to about 250 kPa. BCEEP2008/002753

10

15

20

25

30

oxi dation reaction is convenjently conducted in a
catal ytic distillation unit bhd the hydr oper oxi de
produced nay be concentrated by distilling off the
unreacted 15 al kyl aromati ¢ conpound. [0049] The product

Gtiom‘.%\@ﬂ')‘.@'%@ﬁ‘}\-h%@?d(ﬁ J mfﬂg@sawéwawpar @81, W8:0fs). In

general formula (I IR OHOD H2C R2. 20 i n

vﬂ‘ﬂscf‘ilella ﬁé”aﬁdhmohmoﬂﬂed@mtl%iﬁﬁ thy isemeric form of the
géﬁ a (1). Preferably, the hydroperoxide is

sec-but yl benzene hydroperoxi de, cunene hydroper oxi de

Qﬁa@mm@pwu@mmmmm apireixiedas (Thi(SbWyg)y;oper oxi de

can then be caonve acid cl eavage taq_ phenol

(%Nh[%&z(kboép(%wé‘h%&zb#ﬁh@ho|) and 2pbrayigfetyde or 2
agggﬁﬁaﬁlkgp eral formula RICOCHZRZ (I11), in
i’c

and fave the 25 sane meaning as in formula

(K Na, [QQEQ(HR9s mlﬁaua&ﬂwce@m VHPO iabbre viatedrais €t CysSby W is);

ef fected by contacting._t i/droperom de with a

&i@@%&s[@\w sﬂﬁ@)h%@ﬁﬁeﬁ%%s)e rFatiale@ of asaboNHs-
gout 150C, such as about 40C to about 120C,

ancflef Ly pressure of about 50 to about 2500 kPa, such

aSa @D s[ DQ(H)ablp wtS bYW Pl Hy@d/ orabhrdviajed d hasur | (NH,-
spa %g&velocity (LI-1S vr) based on the
H&&%gﬁgi i de of about 0.1 to about 100 hr-1,

K SLAS [@%mrgmgz&ﬁot) g(ﬂmwlséﬁlmmo aﬁmvﬁt&fa@ REupBEple

IS preferab in an organic solvent inert to

théNa [lba(l‘&@sSlaH\bb@mﬂr 1260 Iabblng@ldw I(Rut(hlyD)Xk et one,

el bl o0 B RM ORI T DoaknBaF 60 "comtber B o o o

C(%@kzﬁuquzs@i'ewlhd)h tion unit. [0051] The catal yst

enpl oyed 1 n the cleavage step can be a honpgeneous
déi[aRy(ﬂsH@)(HeOﬁéRef%hsm}évlSsWoﬁaa)139£L0 [ 0052bBgiiatedl e as

R RS phor 1 & aci d. hydr ochl or i ¢ acid
kR A-BL WA NORB),J(OR) F 1 A%)Gh o abbreviated as (CsK4Hz7GeW,;MnOsy).
[0045] The transition metal substituted 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.



10 Ferric chloride, boron trifluoride, sulfur dioxide
and sulfur trioxide are also effective honbgeneous

wa@bmanzsgss cat al ysts. The preferred honbgeneousPCl/Er2oag@2753
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catalyst is sulfuric acid [0053]A suitable

het er ogeneous catal yst for sk in the cl eavage of sec-
but yl benzene hydroperoxi de includes a snectite cl ay,
such as an acidic 15 nontnorillonite silica-al um na

qb@-’%‘ as 1l @5 rduRfdirhéhi ViR bl.PD’HJﬁnltilaMdl 4 %&Q)'ug]ﬂlu’ D(Irh&uanv

entire disclosure of which is i ncor porat ed herein by
Medseperaus . S{u@(bmnpwppms M@akmmcbld@ ACH-#14 whighnas fescribed

GO und. t t he .. t]
SRTESLPIebl SR SRS BT By YS! bl o
@ymsgiwxmidommﬁ) hyleiem P& descrided an . Sh Eatehtemaggm 363, and
product conpri ses, phenol and_cycl ohexanone.

SR ScyhicbHe dspaied dndZiaou dd, ghakof- Mbrﬁflt% %QCeab?ébéOM
yray be subjected to further purification to

gro uce purified cycl ohexanone and phenol . A suitable

0047]i cali addiionctesthei POMudaalysthut may bmtiedliabiet tod add to the

a series of dlst|h%ﬁglon towers to separate

TSGR BUXREH TreR dadifal Aifiator. oxhich FRehyPic P@grox o SGh ggdert-
gﬁﬁn §Efofxa&d of ¥ ﬁy&ilaﬁesaﬁae SubRYs fehttRitf1 Barspipigad ed to

e rogenation in order to convert it to 25 phenol.
$QQ48] dehffuitade oerdidonsfay thopresent exidasbn step mebuelﬁplt@nperature

Riasp ARB Tt rouf 70 o e arput G Rl 1570 Shavor

Agsredsurest aboti1 3 &f &oaN CE0( P4, becH £ dbow AWt Bdut 250 kPAIThe
Exanpl es. 16 [0056] A sanple of Cud 2.2H20 (0.

10 g;
@xahtignseactionds efinyerienibyicondugted ina calyitobstylatipaunit and the

33 utthetidss ilibted a8 el by distling of the unreacted

atld@gomatic sompburid. on was heated to 80C for 1 hour and
after cogling to rgomte erature it s filtered. Th
10080 ot o Th Produchyd e e %wgp{f@ate%l ingl S héd diopstetde of
&G ature. After 1-2 days a blue crystalline
%k Juct startéd to appear. Evaporation was allowed to
continue until the solution |evel had approached the
solid product, which was then ol lected by filtration
and air-dried. Y : g R30%. IR 1137(sh),
1121(s), 1080(s 949(3%%, 951(shﬁ, 932(s),
913(sh), 832(s o8 H70(sh) Mo 523(w),
470(w) cm . (Pe S. S,; Kortz, U Angew.
Chem nt. Ed. 005 %4, 377H:@780Rj Exanple 2:
Preparati on of hbllCSZ[CU4(FQO)2(GEV®034)2]Cl 31H20
@mwnmkatléobmlsla’om(e@hwa@ me]iﬁmgeﬁﬁﬂ]fd'ﬂnmlﬁ ¢I)| Pnéfiarpbly, the
g ents rre dissolved in 8 of,a 0.5 Nlé(glum
i rsegy Ermbe@%ew hprdeoperoxidey quMenR; ByPpparpxide or
angﬂe)%fllgeéggxgé R dﬂer@ﬁd@“ Fhis l%‘d%})er&u@% é&h I\Igl.g%\l) Q)e&%ﬁverted by
'Ehldsdsa)dalc it® phm (Wba:heda)t be 9@@b$t1§ute<1 phewol) andi an rabh:hyde or

HERE e R, AR OGP S TR AGNED Rookid, Py e

QEnEﬂ%aﬁﬁ@%@lﬁﬂhﬁhﬂ@ﬂ?mnth a dilute CsCl solutlon and
sl ow evaporation (yield: 1.8 g, 71%. IR 941 (s),

(8950] 846 They)cleapage (rgaotion7 5 coryenieptly elfgcted; dy ew)tactx;@ the

%%rogét%?uc‘ev%tﬁ g*cllt‘al%ﬁ%]ftﬁé EIH&I ph%&tza tfnyperﬁh@e ha%(ﬁ'n %OOC to

\AboutRH0OC, sudh ak ABOW- 40€hemab&ﬁ040°@3andﬂﬁa\8pre&aﬂe7of) abdat 50 to
about 2500 kPa, such as about 100 to about 1000 kPa and/or a liquid hourly space




Exanpl e 3: Preparation of
Nal21Cu3( H20) 3As2WL80661. 32H20 (abbrevi ated as

WEuBEA968 2) . [0058] A 1.2 g (6.8 mmol) sanpl e pET/EPI0aR002753
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2H20 was di ssolved in 50 nL of 1120, and then, 10.0 g
(4.1 mmol) of Na9[ a- AsV033]1519. 5H20 was added. The 30
solution was refluxed for 1 hour and filtered after it
cooled (pH 6.2). Slow evaporation at roomtenperature

Lefhdi (MDY 955%8”019 S hlidpsidkiRbb R ab&lt 341 rBYabout 160 hr
diffraction.” The potassium salt of the polyanion can

aireforably atwot atte@bout 30 lyfi. yihe| hydraperasidens prefiosably diluted in an

rEniEra%n Bl o BB R BT i hefor, Penol

vdal sde-masglbbisRhat @l @ikt dhr hekit | @ﬂldvm el thggc%avalga re98fon s
904, 873, 785, 750, 735, 503, 472, 405 cm |

(CREYesienibyecongegted in a ratalgfic disilatign tmut K : Savelieff, M

st xR S, SIER PHbbogencns

iélathﬂ;@ﬂG(ﬁrBté(dQBﬁBo&éAaﬁ}y@ﬂ.V\BOSS) 2] 18. 5H20 (abbrevi at ed
as &§,2W8Qus) . [ 0059] A'0. 50 g (0.16 ol ) of.
HPOY2A. a- SpNgieshomagensapr ol mase 16atalysts .lwgu% plfuric  acid,
3)?%1‘1!1669:” aﬁ/la’l\lgh%Bgulg? GQid? %ﬁmhgorﬁ C%J gi% ;ﬁ%ﬂ?tge#evg\lgggu%md
reatie ¢htonid80 Gofoar tlﬁﬂ)ucmde anlfutt [dexidmoahe csulfor rtooxiade are also
t era%ure and flltered Iom1 vag at| n_at room 1
(cRFEYRIP e PER Peerage CarDAEoy e s g fomgeprauE, pleavage
Qﬁbégfsalsssulﬂiﬁé avygre filtered off and air- drl ed. Yield:

% . IR 1008, 945, 915, 885, 810, 768, 698,
E[Q%3]546A smmb&qnhtterwn(m@f eatalyste forBhse in -the clmagq of sec-

43, 7961-

Sropiebne, TOEFORE oo, PRbOFS b o TRBoNS TG Byh %8s an acidi

(rﬂchhmeﬁuaﬁmsma-ﬁlm%ﬁb\é\&)f%s dERE6&] M U.S) Ratérir. No.n1870,217 ,
anpl e of CuCl2.2H20 was dissolved. in 50 nL of 20
11162@1t1ra disclonss of Yhieh i§ ipepraorated ihpreip by reference.

M, U S 0 it 8o

6o He. inGernionay apdokdxyttrenadne; thenxidatipe patduceisl @dldhexylbenzene

| ar re stals. Th otassium.salt aof t
SRS RRCS e e eaake prgp o rres oL g cffexanone. The
re)ml lobA BNl BRABBRRI FohHE Ot e KGNS o

This resulted in 9.8 g of greenish produc

Z@t'thvaspuré'@amrecb anetluge rpuailﬁneéoby(zgﬂhexadlose?%ld phRnolg63, suitable

91, 858, .772, 732. 5 438. T
P isoR paSeasy ineDiey, B i 28} Yoy S Reislatip oy to
Geparfit theglclotd¥xartdne aﬁd%&ﬂd’leﬁorﬁﬂotﬁdﬁ @p&biesCITEB crd@8 br purified
40 4742-4749.) 6: Preparation of

{cyﬂvh@@@nﬂ@emgglé ba swb; w@s@y gehydrogenation in geder to convert it to

GBI sy B AR A VBBRANE T ol BB L0001 S cuch
af plafiaGin, mickkl ohpalladiiéng (1.5 nmol ) of K9[ a- As\W033]

was__added. The sol ut
[0055] The 1nventsxon w1lll nowV\ﬁe 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):



18 reiluxed for 1 hour and filtered afier cooline.
Sl ow evaporation at roomtenperature resulted in 2.9 g

w@booa/1zgeeen, crystalline product which was i soPet/Ep20as1ah2753
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air-dried (yield 73%9. IR 974(sh), 950(s), 907(s),
888(sh), 864(sh), 788(sh), 749(s), 736 (s), 484(w),
465(w) cm1l. (Reference: Kortz, U ; Nellutla, S.;
Stovve 5A C.; Dalai, N S.; van Tol, J.; Bassil, B.

665601 9.A @iﬁﬂ"e mh &ﬁnulé‘hl@‘b 30 Ekh@d'[})k)@s znssowea ina iM
r € aration o

CQM fkeaftepenlationf2d. La asplg83then KasligH7PsWas0154] 92H,0
YT e 0 bl I o

14Fteri2oHngl td Feomtehpgrafure St WB | filtedéd. KA he- DMRO335 allesed to

added. The solution was refluxed for 1 hour and

f¢vaptate] iy fane PPYH Sealy . atsTeom dempeiaBie-onAdier rlognflays a blue
t AR [ :
STREAE e SHLE R bfpcar” Pl follbRE JoREA 14 BN until
| tRe s6Uition 8872] h&b appréddifed the chl&DproGihEt which, wdOthea lepllected by

I
\Blifion Eha] Brdrsgs 198, ﬁgiogs@ﬂs/%é}}ﬂlﬁ(fhboml(s) 1080(s),
(ﬁhb(’ﬁ)é g?ripsﬁﬁa)a%m% ésh){/\ggﬁ(ggﬁ 7353%51) 958(1 &),1370(sh),
siZ3|(WD My 0(w) amsol (qucmn@f I\@al?_S §.;(Korz) lmmngewam Heo Ed.

5 M 20 NH40Ac buffer (pH 4.8). This
s&"étf%h7%?§ﬁ@'gt ed to 80C for 1 hour and then cool ed
to roomtenperature and filtered. Sl ow evaporation i n

an open vial resulted in 0.23 g@( yield 68% of gree
xample| | Ae rrepprations yjof 3 hNa1{lsr[CratipO)e erWdamzdﬁBleO

904, 862(sh 789(sh
7@3}’%@“9%2%% Wgég 484, 453( cn3 1, 25( Ex?arrpl e 9
HO8®Zr at iTha foflowing reagents were gl\j\%oé\é%d) fzn i(i mL of a 0.5 M sodium
N114 4.411 400.
(az&gﬁFee\’/‘?‘fg‘if BB clisan %S 0{(’60634%% A g%gmpel)fé CuCl,
3 N]ﬂiﬂ:)l @/&%3
g%r?zlrdr |(f1g@z{§oga®sc§l(8ut | onp%? 2%11(1%4 %d% %&& o II\-I&ZOWO4
i2H2D rHbiso$olatign ﬁlaMMteNm(HQ?bedrfbho(ule(ﬂﬂ&)l co'bﬂﬂdsto room
eat e 0.8 1 ho r hen cogl ed
PR e SETS C b B oP PERety B AR, Ar gigined by
alﬂyé?ﬁl‘gnof\/ﬂh@'abo‘lé9 s61866h t8th 4 QilRe2ds@ s;bhltiﬁnezhﬁ‘l §8%) evaporation

green crystalline material suitable for X-ray

c(b’feﬂd de® igor1%).HR: P40 As), $99 (s)8 846 (w)L87757(WSX s7ﬁ51 (s)7318 (s), 509

0 467 B o) 9 (1 B Re RS by EBBIL 35 SRR, . c

(dibi; BV iSatReshvastd, QL2 DiAnguah] W06 Rhdots Bpnsrg0Chém B (042 #2,2308-

(2%114559 0. 60mmol ) was dissolved in a 1M

Example 3: Preparation of Naj;[Cu3(H20)3As5;W13046]-32H,O (abbreviated
as Cu3(AsWo),).

[0058] A 1.2 g (6.8 mmol) sample of CuCl, 2H,0 was dissolved in 50 mL of
H,0, and then, 10.0 g (4.1 mmol) of Nag[a-AsWyO33] 19.5H,0 was added. The
solution was refluxed for 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



Li CH3C00 buffer solution (20nm) at pH 6.0, then
K28Li 5[ H7/P8WI80184] 92H20 (0. 37g, 0.025mmol) was

w@esd2863hi s sol uti on was heated up at 80C f or PAT/RP2908/002753
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and filtered hot. The filtrate was allowed to
evaporate in an open beaker Bt room 10 t enper at ure.
After one day a blue crystalline product started to
appear. Evaporation was allowed to continue until the

SR prbdigRar Vs thd asbwRRhaRmNeEh IR KOl (16 @ oduetequméu @i 0.1
was then collected by filtration and air-dried
1gofigreardstoproductywhighovasgsdated end aigaisicd fxigld 86)- 1512@56 904,

A28 L3, BB Sy oG o N K

Fgazelm)m d.000 i ON. o\ Balkan®OM) I@drg. Chem. 2001, 40, 4742-
(7p cynene) RuCl2] 2 was dissolved with stirring in 20
7489 0.5 M NaAc buffer (pH 6.0). Then 0.5 g (0.08

nmol ) of Nal2[ Sb2We2074( OH) 2] was added. The sol ution
was heated to 90C for 30 mn 20 and filtered after it
Hexchneple| dd. Pridpanations of. K[ QusQ0H)(H095(AHe-SoW@a8:]-18.5H,0
added l;o the filtrate. Sl ow evaporation at room
t(@hbesviated as BeYVubu9:- 12 g (yield 269 of a yellow

al | iang spr s ( ith
SR 00 7 o by PPl oL By 0y s i
Z8rring to a solution of 0.076 g (0.44 mmol) of CuClz 2H20 m 20mL of a0.5 M

AR5 BRSNS RI A PR (8 HE4 RO nen

kb6ledRe2bd Riddd) and| M@H<]. /S 18w2ehvagofabioh 4t mh)temperature
sanmpl e of [ RUCGH6C12] 2 was di ssolved in 20

viegudied after aboned- %ve%k@an gresn cuystals tet ye{eoﬁl@m:e%gﬂ and @fr-drled
T
VK, SR, TRT Pagg D5 L BES R NET68 608 555 348, 204 5

t(BefDénckoBi, L.ihiKoandJ t herg. Cholne2004 4806162 at ur e.
The solution was filtered and then 1.0 nL of 1.0 M
CsCl was added. A snmall anount of orange precipitate

(&l gesj Pre ?a?mpwzﬁﬁ‘l%@ﬁ(ﬁl@)ﬁg{ww& mHzO (abbrevnated
ger nma ot ungstate 20 appeared and

fas|Cwe(BWojf2).. Then, 2.0 mi. of 1.0 M KGCi vvas added to

| . whj ch ||
dfo e nrol B B BindtE Sapteis BERECER T R Hiel B 30 0 L of
G taadshéd, anted 38 lﬂm@@a&f RAJ &SbWRY)- 19551k iadBed. The

was continued until the sol vent approached the solid

pobdiest way irefluked for g2hgur asbfiltered afsq7i (sgpledo(oih 64); Slow

3335 on, 3040 Rimp@ARAC W10 Y38 Gl ARS) 11 BRGESRm salt of
ﬁbﬁi ﬁ):aﬁil\lﬁnlcan( Reb efeeirsolatedan hllgh yrbld Kshq:»bm;ﬁwaon fof tie;above

Nghjtign with F‘thr §C1 (;hSeg) ﬂ%gesultgd ng@-ﬁ5g 8% .gg:eylsli @rocﬁc’c which
%"%@%ggﬁgdeﬁgggga AP RROLE (R] (834, 21933 (s,

KIS 2BRI 203 25{&&%4@)1({)@@63] MK asem, N0.K6 Sawdieff, M. G.; Al

SI&{E?, I\ef Xf, S[zldﬁc 'ﬁl&lﬁorg V@ﬁ'e 238? | IOe gﬂl? 4%)9 {TL

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 K¢[a-AsWyOs3] was added. The solution was



of water followed by addition of 1.0 g (0.36 muol ) of
K8[ y- Si W0036112H20. The pH val ue was adjusted to pH

wQ@2®8hseaidi ti on of 1M HCLl. This sol ution was HGI/RRAD&0)2753
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to 80C for 1 hour, and then é)OI ed to room

tenperature. The solution waS’filtered and then 2.0 nL

of 1.0 M KC1 was added. This solution was allowed to
evaporate in an open beaker at roomtenperature. A
yelibd oy st ablu ARd phiddus taiet agdofidg ! O Shppearapafatioh & room
week. Evaporation was continued until the solvent

dppperatitie desuied v i e i cuereen,( Gryepling pradugt vipel wap fgolated

sifoafhagngpdh s s P UL 277 Sl geEb M

47918(9)0 TIGHER(4BH(@)IBS(WRehEr ¢ReferenBe;, Kbrtz,AU; Neliutiar iy Stowe,

i CaDalsh Nod iy 1ol 14 Bt Besielipore g & @&4 4 144-154)

8575-8583.). Exanpl e 14: Preparation of
{CsK4111- GeW I Mh038(OH)] . 13H20) 25 (abbrevi ated as
CEﬂa(lﬂiilﬁNGeWveﬂﬁﬂi ¢f0 65 Nas] (i K, F10)5.401 piosSh W 33)b]e7H, O
- GeWL003616H20 was added with stirring to a
s(anqume%PS!fﬁmsbz‘Y@ 34 mmol ) of MCl12.2H20 in 20 ni
qboé: KOACO gpg @4: 0%11110]_ ﬁ?@éﬁ’@ﬂl@l@ 2186 Wi cflgs%ljveatm 30GnL of
flor yering above solution wt
Mam(bﬁmht%ﬂ gi(. SCmyﬂ)ﬂ)zad)iSKg[&ESbwa.Ojb].M]aé atlgerd Ihe solutlon was
111 1QU11U WU Lgill 11} 1SK 11 1U WL111 tl

alipieds dar dc oury gy &ltesge jattar fogking. sPlovy &vapgrgtion at room

qgﬁg?ﬁ%é—@%ugeé 4pbes § df rhd seg&%&hﬁﬁlg Sty VJH]chT@QL §solated

a substanti al’l nzene
sanpl;ain—ctmbdt(ylerZVO MEIR 0%4 39'@ %ér?’lS(th); Y30, p&5 c66i3dé95(sh) 445
(9899 supplied by Aldrich and one of the POM catal ysts

duced 5 in Exanples 2 to 14. The flask was heat ed
using a tenperature-controlled heating mantle. The
reaction tenperature was 115C and the pressure was

dixamplaedi Premratignr of | Na(NHes| Gtiss(Hp S ¥i sAS W of):92101 TH,O
%ﬁﬂ?‘ewat’%&?fv}ﬁ &L {Sj,*sfz@%@rmh al i quot of the reaction
e

ure was reno flask and anal yzed by gas

qoboesat ogr aphyg (03&3) mrhbd) ghgiless (Wak).|[APWaDa] Wasr addad hwith
of, the catal ysts 1 in Exanples 2 to 1

SHEMS 1 orspiom el AABUn {56 BmORC B Hebn e P8 8h ofrf0.5 M
RO SEHLMY 418, S RbAPORE SBRKIRORER Hsyr and ten

are shown’in Table 1. SO | ndicate e
Tabled aroemtthap&atwctandl ﬁyzerecﬂ edlow caarwlraytam iro anhepen vial

by- pr oduc

Tl on 21, 3 GiclD AT i ershgly Stlling rgtedal spitgbly fof Xeray
| diffidetion. STRE 1400, 968(sh), 948, 904, 862(sh), 789(sh), 749(sh), 736, 629, 568,
484,453 cm’.

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
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resuited in (.24 g (yield 69%) of green crystaiiine material suiiable for X-ray

diffraction. IR: 1402, 944, 897, 848, 773(sh), 731, 638, 568, 476, 447 cm’".

Example 10: Preparation of j;Li;3[CuzBr(OH)24(H20)12(PsW43O134)] 22H,0
(abbreviated as CuyoBr).

[0065] A sample of CuBr,2H,0 (0.145g, 0.60mmol) was dissolved in a 1M
LiCH3;COO buffer solution (20mL) at pH 6.0, then KysLis{H7PsW430,34] 92H,0
(0.37g, 0.025mmol) was added. This solution was heated up at 80°C for 1 hour
and filtered hot. The filtrate was allowed to evaporate in an open beaker at room
temperature.  After one day a blue crystalline 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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appeared and was immediately fiitered off. Then, 2.0 mL of i.0 M KCi was
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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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stirring a mxture of 1.0 g of the tri-block 5
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Flow east was apprek mptely@2054/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 1, in which the catalyst is indicated as NHPI.

Example 30: Oxidation of Sec-Butylbenzene in the Presence of
CuyoPsW,s/SBA-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
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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250-m round bottom fl ask f|£§ ed with a condenser,
stirrer and an 5 air sparger<’was charged 100 g of a
substantially pure sec-butyl benzene supplied by TC
America and 0.375 g N hydroxyphthalim de (NHPI,
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supporting Cu20 anmple 1 with the mesoporous
silica material SBA-15 in accordance vvlth Exanpl e 28.

FEsamh S ORidhnCSt, SekcBRbiPrikehEEr Rt fil¥ oribanfrd on

tABORr essure was atnospheric. The air flow rate was

dﬁBrOXI mately 220 cc/nmin. Every 45 minutes, a snall
Z{aot do a méa@undobpmﬂasd@ﬁmwnb@ GaBRERsE SFTgFAnd an

e gt ial 609 s ShfIRFIA BL0,H0cI ppi
G/ BBAAmerica, 1 g tert-butyl perox1de (98%) supplied by Aldrich and 0.2 g of a
catalyst comprising CuyoPsWjs of Example 1 supported on Al,O3;. 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 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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m xture and retested at the same conditions as Exanpl e
30. The data are shown in Fia@re 2. The data show t hat
a mnor activity loss is observed with the recycl ed
catal yst; however the selectivity to the hydroperoxide
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[0081] The oxidation process described for Examples 15-27 was performed on

substantially pure cyclohexylbenzene (CHB) instead of sec-butylbenzene; and
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hydr oper oxi de (CHBHP) selectivity (in w% at the two
tenperatures are shown in Figure 7. The data show t hat
in these runs, the selectivity dropped off nore at the
hi gher tenperature. [0082] Wiile the present invention

has been described and illustrated by 10 reference to
particul ar enbodi nents, those of ordinary skill in the
art will appreciate that the invention lends itself to
vari ations not necessarily illustrated herein. For

this reason, then, reference should be nade solely to
t he appended cl ains for purposes of determ ning the
true scope of the present invention. 28 CLAIrviS 1.
A process for oxidizing an al kyl aromati ¢ conpound to
t he correspondi ng hydroperoxi de, the process
conprising contacting an allcylaromatic conmpound of 5
general formula (1): R3 /RL CH\
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to forma 10 cyclic group having from4 to 10 carbon
atons, said cyclic group bei%ﬁ optionally substituted,
and R3 represents hydrogen, one or nore al kyl groups
having from1 to 4 carbon atons or a cycl ohexyl group,
Vi, Rivssygen in the presence of a catal yst conprising a
polyoxonet al ate, wherein the pol yoxonetal ate conpri ses

a pol yoxotungstate substituted with at |east one

further transition.netal. 2. .The proc f clai .
b SRSy P gherdachePriioBiRs B cdudaaine
iy despeRxideyl tHe process RpiprisieN@ARRERg ahl AKylaoaladit tcompound of
ni ckel , zinc, cadm um rutheniumand nercury. 20 3. The
menerakiormpladDai m 1 or claim 2, wherein said

pol yoxot ungstate al so contains at |east one el ement

from Goups 13 to 15 of the Periodic Table of

El ements. 4. The process of claRm 3, wherein said at

| east one el ement/from\Qa oupS/13 25 to 15 of the
Periodi c Table of, El ene i§ysel ected frdn anti nony,
arsenic, bismuth\siliggn, bokon and phosphorus. 29

6. The processpof \a . C% oA g A m Li, vv lici

ciii said catalyst further coﬁprises a porous support.

in Whiéh R ofRISR? @hclt hrileperfletly Géprbdonts, hydies&i br sAiatkyl group
support conprises 5 nesopores. ., The _process of

rhﬁ@@&fmglldp 4 Qﬁbmqal@ﬁ,yprg‘érii@d ﬁla%}l‘ anbRamay tedissd faiform a
BN el BT 1 S8l ST L R oy

Su¥stitipdeamd RY cdpedsenta hgdrogens, - grernirythbrenileyl rowsschavidy from 1
hexyl henzene, cycl gpentyl benzene, cycl.ohexyl benzene
ind SR Ph RYoRexYT groumnpith pyygendn dhe prigyence of a catalyst
i 09 .cl Weliskn g alkyl j 3
P & L S | BTl TROMises o
pplloablemyitite sutsstituted with @t Iest ope Grthsstrafsittamymetakcedi ng
claim wherein said contacting is conducted at a
tenperature of from50C to 200C. 11. The process of

Q. ai MR prvbeas of Blalig, GdRiche bdid At letstCMB dukh@drantition metal is

selected from copper, manganese, iron, cobalt, nickel, zinc, cadmium, ruthenium

and mercury.

3. The process of claim 1 or claim 2, wherein said polyoxotungstate also
contains at least one element from Groups 13 to, 15 of the Periodic Table of

Elements.

4. The process of claim 3, wherein said at least one element from Groups 13
to 15 of the Periodic Table of Elements is selected from antimony, arsenic, bismuth,

silicon, boron and phosphorus.

5. The process of any preceding claim, wherein said catalyst further

comprises a support.



tenperature of from90C to 125C. 20 12. The process
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13. The process of claim 12, wherein the contacting is
conducted at a pressure 25 ot from 100 kPa to 200 kPa.
14. The process of any preceding claimand further

conpri sing converting the hydroperoxide into a phenol

@d ammil gefede o akpt precdifig t feingenieadin f lidWatalyst further
RI COCH2R2 (111), in which Rl and R2 have the sane
rROEPTISES BROTPWS SUPPORtl a (1). 30 30 16. The process of
claim 14 or claim15, wherein converting said

hydr operoxi de is conducted in the presence of a

Clat al yHie. proceds/ of Tdd€inprsooesgainf 6arwheneie efid Suppom coinprises
to 16, wherein converting said 5 hydroperoxide is
dBaBe®d i n t he presence of a honpgeneous catal yst .

18. The process of claim 17, wherein said honbgeneous
catal yst conprises at |east one of sulfuric acid,

Ber chlThei mroeess df aghp=epéding clazwj wherhindraotdlkplaramatici compound

pt.ol uenesul f.oni.c agi erri hl ori de, boron

R el i iis Sfectbe bFtrhufudie. Singte spr-bup henzene, p-
IRethylbRc HuBABETeRd, any-diiRnPlcySbRdxaRe, 1 4sdcOehfylbeMIBAE! Nsec-
converting sai d hydroperoxide is conducted in the
henylberzsnefcyalopentythsgesneoeyslawxplbyrzene agd eyrlagasylbenzene.
process of claim 19, wherein said heterogeneous

catal yst conprises a snectite clay. 21. The process

o anyrhengocdss 6f anypretddih® cRiin, Wwhaemi saidcaRylefomatie cdaipdund
hydr oper oxi de is conducted at a tenperature of 40C to

Ps gencagl dpepula (1) isssegthusy Ibenzene angyclahergbenaeps and/ or a
l'iquid hourly space velocity (LHSV) based on the

hydr operoxide of 1 to 50 hr-1. 22. The process of any
dle ofThelmocsss bfl ahy pRteding chiim, wherelny shid pentastingeisiconducted

cycl ohexyl benzene _hydr operoxi de and its conversion
6¥6§W@F”%Bﬁﬁgﬁ§53Sﬁﬁgﬂb&ﬁgg%and cycl ohexanone, which
process further conprises dehydrogenating the

cycl ohexanone to produce further phenol.
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.
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hydroperoxide is conducted in the presence of a catalyst.

17.  The process of any one of claims 14 to 16, wherein converting said

hydroperoxide is conducted in the presence of a homogeneous catalyst.

18. The process of claim 17, wherein said homogeneous catalyst comprises at
least one of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid, p-
toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur dioxide and sulfur

trioxide.

19. The process of any one of claims 14 to 16, wherein converting said

hydroperoxide is conducted in the presence of a heterogeneous catalyst.

20.  The process of claim 19, wherein said heterogeneous catalyst comprises a

smectite clay.

21. The process of any one of claims 14 to 20, wherein converting said
hydroperoxide is conducted at a temperature of 40°C to 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.



