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OXI DATI ON OF HYDROCARBONS PRI ORI TY CLAI M [0001] This

application clains the benefit of U S. Provisiona
wOo\REbiosss8i on Serial No. 60/984,271 fil ed Oct obRCT/BI2008/079172

2007 and U.S. Provisional Serial No. 61/045,819 filed

April 17, 2008, which is hereby incorporated by

reference in its entirety. FIELD OF THE | NVENTI ON

[ 0002] The present invention relates to a process for

oxi di zi ng hydr ocQ@XbRATIQNOF BONS

al kyl aromati c hydrocarbons to produce for exanple

phenol and substituted phenols. BACKGROUND OF THE

PRIGRERN KM IM)003] The oxi dation of hydrocarbons is an
[00#_‘!:?p or tl"ﬁlrs]t apéﬁ@a‘fltof O&all‘nﬁ eﬂhg j&l‘ég%fétl giln Ug% 98 s Cﬁ &gﬁ)e(ghéﬁcragon Serial No.

60/9&%Ulcfdindré}cmba1 31y 2007 pmchLS: @royodmh Sxatdo. &h@45,819 filed April 17,
yC xan n are ortant recursors in the
200% hlcfll ere flﬂcogﬂora era bmgfrereegse 18)%%8 8nt%r88n 0 f
IHEEM(HHFHEHNVENmMmmcarbons such as cunmene, is used to
rec in the nroduction, o

d h .
008y P Grar s RS  r Bs 0o Bolap Ml dat bpeegons nd i
parﬁMﬂirpﬂlaﬂbl@msnccmrdwrbcm peddack 18 txagnpredtend ROWKUbStituted phenols.

A2 | LN M ﬁ,KNhO Crg 3 and HNGCS.

B éﬁiﬁiﬁﬁ#ﬁé—agents have t he di sadvant age

[0003] beirhg dxladbi UgL! Ny dRRIBI €, andREpHRKE @keTiord Rl ihdud&RI organic
is acconpani ed by the production of unwanted coupl i

chegrgiuctuswir chemdlp the ﬁi“é%té)ﬁlt offiyglobeane 5 ¢ed éﬁ%mamﬂly yo produce
cycBARkR8] &Rl cRAIhkbAN Wi GORelimPh@fne hallders tifl €FEhBlotion of nylon,

oxi di zi ng agents based on peroxides or N20 are used.
wharges Qg;p-@g% 8 albggﬁr@mgpq@ydé@:@mons, leehedpeumenes isyicd éqprgduce phenol, a
pre%y&%{‘the %Hdn@tfon' of P&%a@bd‘ngfegrhrﬁf cpBoy ALigPSpheri c oxygen.

However, gen | I's usually unsuitable for
[0084]; di gxw@umﬂwé@mm cas bevadudiesl ysegordliinoywn ekidiziee agents, such

as ﬁRfln%‘i,%& aWH Pﬁ% OCﬁH\KlecVe QhJsQ %xﬁﬁﬁ‘[gg%%fg% %E\Leythr: %}’SQ&\%H gge of being

pl'et Torm I 'S not su ‘ficren usi ng
relatmt:lal exoatsazley&tcbmloteova tp@sgsdoiseaqcompanuddl laethmbredmhan of unwanted
Q en f di zin Qun
cougﬁ%%]?m%lbc? W}ILIC ocf‘an I'?Pd‘gse{l cﬁsgpsa? Proogesgélg %croe gbcah%ogl%gon
[000%}t al Eefaibty etlcrafot @xidilang @gencsfbdsgcdbm@alrobﬁias or ]NIaOsa,re used The

for, ex | e, the oxidati cl ohexane W t.h to
chea! SRR GG e Pen e ke PR S e iy mospheric
oxygse Gfowrobalokygeal itsslf id IﬂaﬁlﬁyIUﬁﬁu&blrel fal oxidizing hydrocarbons, since the

reactivity of the O, molecule, which occurs in the energetically favorable triplet form, is not
sufficient.

[0006] By using redox metal catalysts it is possible to utilize molecular oxygen for oxidizing
organic compounds and hence a great number of industrial processes are based on the metal-
catalyzed autooxidation of hydrocarbons. Thus, for example, the oxidation of cyclohexane with
0, to cyclohexanol and/or cyclohexanone proceeds with the use of cobalt salts. These industrial
processes are based on a free-radical chain mechanism, in which the bi-radical oxygen reacts
with a hydrocarbon free radical, with formation of a peroxy radical and subsequent chain
propagation by abstraction of an H atom from a further hydrocarbon. In addition to metal salts,
however, organic molecules can also act as free-radical initiators.

[0007] However, it is a disadvantage of these processes that the selectivity decreases very

greatly with increasing conversion and therefore the processes must be operated at a very low
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processes are based on a free-radical chain nechani sm

in which the bi-radical oxygen reacts with a
whyapossasbon free radical, with formati on of aPEBEUS2098/079172

radi cal and subsequent chai n propagati on by

abstraction of an Hatomfroma further hydrocarbon.

levIn @ﬂdEGHV@&oﬁO MetrRls, Sabt SexddPieVeahe UxURHOE TP @GUMbRSane to
can al so act as free radical initiators.

cyclabgranel cyclohejagons igl caysed aiteh g eomyrrsidnedd O be L%é% gt thegelectivity is
80 1J1€598 %"Iﬁ&fsin\éhé Y)r %%Eﬁeaéﬁe?nlﬁem{dlg{rﬁﬁb!@ém\eﬂ éﬂénhs@f?yﬁ §654 PE1, VCH-

conversion and therefore the processes nust
Vé@%EDaﬂédl&knéﬁm@ry | ol evel of conversion. Thus for

[006§]C| o e altgljﬂFt}\%xtb ;iiﬁthﬁl A Qgtal%)fsc is Qﬁeeﬁ(s%rl)g o%j(%l{nc I?edlators for example N-

xano exanone’1's car
hydrovnyypbthalimoide ()TﬂHRI) Tous] 2R6. Petehhibos. H1362,8¢1 @l G, WA0t4H2 idssc8Be methods

for%&cc)ldgzgrll/0 yékg%%g{l %lll réltgsgt% cqajlgalffc' e h C:hbsfn t& w1%|_agl$j_;§%ernl caolntalmng gas,
in mmlﬁl&' ojygeif Gﬁﬂcﬂﬂt iAfroml § &r DA% be Vtohln’ﬂéeflr&lheslﬁbstence of a free radical

taI ts i s medi at.ors a
inifigra By Bt Rt delpr Ry TR0k et 2B as -
hycﬁo;%ﬁth&ﬁﬁlda(miHﬁL) 726 ﬂiﬁaesd asohdkedreh kagerabes bawee ®ongd 500°C

drocarbon substr tes in e subs e )
PIGSSHFF tefkwaﬁt%%ﬁ i Crﬁﬂﬁd0§§ 35@ w% H 0% Iefe)- i% giqlar ratio of the
catﬂ?&ft‘&@ﬂl‘é hiy8robdrBR Subktfutcl Yoty M Wimo 9, th hQn&r%S\@lM&s the molar
a free radical initiator and a cat al yst,

ratig q{l_fwyﬂiz%ggg,gg‘paggdqol the aga]agtc&p)bgﬁ 81 kess, égch as Y to O 5: }/ Suitable

subNeelr QX PRkPabd naxaiezaNBR! this TH6cc A6&8R IcimeRN e BExyIbenzene,
at a tenperature between 00C and 5000C and a preéessureé

cyolpdpdessiverrenoyties-betyhprren@0 bar (100 and 10, 000 kPa).
[OOB']e Pl AMpafeft NG ’P()38t(ﬁ9 cﬁs%fo@ésyasﬁoféégg tf(t}gp «gb}éﬂﬁ? Q%Sf@l%ﬂeromde from a
% t mol %

substrate can range roml
hydrprarben selpdies fiorh argroupt ¢00816ifngqu eamagdinsladcaibais, segpdaryt hydrocarbons

and Hﬁxtﬁl%% %éfec‘qbst r a %ﬁdl %a? cégud ﬁ)&ﬁOpelso%@EZ\ggic%;/c%Fhﬁsseg' c%h&ucting the

e Su e OoXl
OXIMKDG ad $alldricyldmdabmu n’em eqmp;cymurg hle)tlyal Begzbetecen 130 and 160°C with an

Oxyﬁal% 80n qunga?kflae)gge’% g)él%ggtur contalm saf%lrflgzg ocarl?({n an8 a]catqus% comprising

i scloses
a cyclibyrdide pen@xihdiend anmﬂkaa nieyed e @opruba nSuatable chyﬁﬂcafrlmnmm said to include

C. Ry BePhaNE ARtk vt Pl Eo N Rt “CBP ARG ARGk 6 Co (o)

aromafichyliystaopar it 06 GvirombtiCOm ol 8% CH NEMBLIKAY altohtic hydrocarbons
xi dation of said hy rocar% na ate gature i.n th
withahgdd bt HOBATL IPeAN & 605E i (HTEH 055 Yozt %efSﬁPrﬁ@ylbenzene

cycBAsxylFtnZent €RE4hy @dndPhitfaléhe (t@tﬁHﬂfh@l [h!dﬁkﬂ: %t@l) danhmﬂé ﬁk‘e’if 'leEf‘amount of
and, a catal yst co risin

C
the giclig ipaigle COPPBP%H i hel %O@Lﬂ (@M% l%yaﬁef? &‘H’% 0&9%5 o 5%, by
weisfi $hsddorl M6 rdadGonCmixRuirCAMRES thalahoBhtkARRSalk i Hetal compo%%d may be

I so- but ane, i so-pentane, iso-hexane, and the Iike)
fromd).QEPO0 ! (p<9][‘>j) preferably from 0.00001 to 0.005%, by weight based on the reaction
mixture.

[0010] However, while N-hydroxycarbodiimides have shown activity and selectivity for the
oxidation of hydrocarbons to products such as hydroperoxides, they suffer from the problem that
they are readily hydrolyzed to non-catalytic species in the presence of the water and organic
acids that tend to be generated as common by-products of the oxidation process. Moreover,

under oxidation conditions, carbon-carbon bond scission reactions can generate alkyl radicals

that can react with oxygen to terminate radical chain propagation and produce undesirable

0.
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aromati ¢ hydrocarbons with 1 to 6 aromatic rings or C9
to C20 (cycl oal kyl) aromatic hydrocarbons with 1 to 6
wW@e@oaassssl ri ngs (e.g., xylene, cunene, ethyl beP@ZBENg2008/079172
di i sopropyl benzene, cycl ohexyl benzene,
tetrahydronapht hal ene (tetraline), indane, etc.), and
or Ellﬂ@ a&l:lsk@ ch oA AR 1aPveibiCorEtd dkds! i1 cRtamAEROY N 4%§1%@n atoms,
g ?on10 0001 to 1@% preferabl;%}ron10 0005 t
SuCD s@%acw weidghtFopag@mplsn achic rasc mploronty yaciitates vhﬁ’é’foééé§ of N-
hycfr&grcm(ﬂﬂﬁld&f tub &l Ba%élyzeﬁf%@' exGRERAY %C@Eﬁyos}ﬁﬁ‘)nf b 'Hgdroperomde
00005 to 0.01% preferably from0.00001 to 0.005% =~
prOId\}ctwhgqht cahaswlt ipdangderoup emrterature wkeuruens . as [V@dila@]producmg oxidation
pever whi | e N-hydr oxycarbodii m des have shown
O3e ivity and selectivity for the oxidation of
[00ﬂ1y]d r odacdnding tdt the prvedtiont g hammﬂw bessn Higohid olees rthquxmtmapn bihalylaromatic
corﬁ@of L rlnftﬁegprp?%gcﬁeoﬁr 1\2 §¥c?r tcarC océunélﬁg ca%al?stsr ?8?1'1 e cheﬂSl’t'éltﬁe(c:l é)y anductlng
thetrbvenwatuﬁrer aasmﬂnmng amhcasac |m:hmt:t1h aie domthtrbiGondel \g:&aematceganic acids,

duct f th dat
enpp BT o R PSR R is i & SR, B BB R Regp 5 pom. 1t has
beebOii’@dn(SﬁlaSSIhlﬁJl’cbalﬁ ®acichional befudiaastabgeradngyihe racieeakbisone or more

t hat n react wth oxygen to t nate radica
CO“&P‘&B%@E{ M3, Hlep‘%i-‘ﬂfd% ?Cﬂfg?bﬁ%’% &b?rf?%““&&?dd@gwn gfexample
sel@fed! M [HR (BEddhiRd Tan dVRILGREly O xBinSer@iitcthd @Gy 697k b@ﬁc&graaon and by
3 or 4 carbon atons, such as acetic acid. For exa

strippipg ates @ndy opggpic d]ﬁ]d9 frogp thej reactigy pWHQtﬁ) Ry g}eg A formgy The organic

acilNY ALY E aPadid B GfSainy Bel@lvsj@ ppif A YZ&Rrsk M6t the target acids in the
exot herm ¢ deconposition of X roper oxi de products,
13

casqyihers 1B reacdauamiopca g SEISES ‘éﬁﬁéﬂ@tt@ﬁg@ et & pFpdatively high

mo%%ul‘i\pkvlelgﬁtscﬁf)%}ig'a@ﬂ GlXJhE’é}Bé;&ﬂc pat@fds R fher [1@9 LH the unwanted lower
According to the invention, has now beenh found that

mOEWéwdxﬁéapﬁﬁnw@ﬁﬂalkylaronatlc compounds in the

SURIMRRICEFAT CVER¥oRar bodi i m de catal ysts can be

‘—ggtrgfrareéﬂgé—ccngucr ng the reaction under

[00¢Z)]ndi tn orsszat Ithea)sseSBm 1mmm>ralresld¢5he apoweeior aidiong ohydrocarbon to

nd organi c, aci ds,. .especi al
an OXIdIZ?ﬂ g c&ocgab%n produat comﬁrlslfl%e er ceoelirg IEIYOS% %él& rogﬁr%m?eo alcgla)ol ketone,
carlprpnsrhc Iatldhtarsdlbﬁb@(yho wad, tteaprotdys omprisibe camhntmg@d rdagtion medium

udi Ci er the process at .one o
cortgffinger S Sbe R e e e AR £ ThAR P Gicsiots Serhyy comprising
a cyudic owide bethegatcronachulagyiel s, for exanpl e sel ected from

| ow pressure and relatlvgbg hi gh tenperature and | ow
oxygen concentration and stripping water and
organic acids fromthe r actlon products as they are
formed. The organic aC|d in question that are to be
mai nt ai ned belewl5p pp e of cogrse not the target
acids in the case e th reactlon conponents are
sel ected sof that the target proetugt is a rel afnyvely
hi gh

(0)1
wherein each of R' and R? is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO;H, NH,, OH and NO,,
or from the atoms H, F, CI, Br and I, provided that (ie in certain embodiments) R' and R? can be

linked to one another via a covalent bond;
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nol ecul ar wei ght carboxylic acid or dicarboxylic acid.

Rat her they are the unwanted | ower nol ecul ar wei ght
W@e@anssssaci ds. SUVMMARY OF THE | NVENTI ON [ 0012pCT/HS2908079172

aspect, the present invention resides in a process for

oxi di zing a hydrocarbon to an oxi di zed hydrocarbon

cacRPAUSEHd GO deSdn0chifyRBI&8] 68 ROTH, RYahyEikOper oxi de,

al cohol , ketone, carfboxylic acid or dicarboxylic acid,
cach 19 Xpind dels dndependentlyi selpcied mtoacti md-th. NeBend elsmgts pfigroup 4 of the
PerfAMPFipR: NG a hydrocarbon with an oxygen-containing gas

In the presence of a catalyst conprising a cyclic
Y i Ricd®Hof the general fornmula (1): wherein each of Rl
kkﬁpq(g%-is i ndependently sel ected from hydrocar byl and

substituted hydrocarbyl radicals having 1 to 20 carbon
lis@t brs 2; or fromthe groups SG8H, NH2, OH and NO, or

f the atonms H F, C, Br and I, provided that (ie
ml?%gg%FPgin enbodi nents) Rl and R2 can be |inked to one

R’ amdichey ofthac@titeoyradiesd, glvapd peaoins dfste@ForeRidanz i s

i ndependently selected fromC..CH N, and CR . each of .
whigBlR SRR Rk S SRR 1A B p b maip 7 CideSpgarion of
wa@hih thé ea@iihsnafiuntbeup 50 pph Byheeiglaran® tiecod@tretion Yfiosealic acids in

or OH k.is O, or 2; 1.is O 1, or 2; mis 1 to 3;
ﬂwéﬁﬁuﬁﬁmﬁgﬂnﬁ@ogﬁvF@Fﬂpﬁgﬂgﬂtities (radical s, groups,

[0003] at CBBenlch¥, adidl BdrdaiboRNd aiagegd Or sAlIchIGART @Gk lafGsobutane or

i s conducted under conditions such as to maintain the
cylIRE@Rt rati on of water in the reacti on medi um bel ow 50
[00RPM DY iwab@Rly, ald HylRcHBHE BRhERLE aN1ealt Rk 3dIFodIcdSmpound of

in the reaction nedi um bel ow 50 ppm by wei ght. [0013]
genersh{smpleitl):y, said hydrocarbon is an al kane or

cycl oal kane, such as isobutane or cycl ohexane. [0014]

Alternatively, said hydrocarbon conprises at |east one

al kyl aromati c conp f genemdl formula (11):

wherein R4 and R5 iodepepdent |y represents

hydr ogen or an al @i ng from1 @0 4

RO H,C—R>

wherein R* and R® each independently represents hydrogen or an alkyl group having from 1 to 4
carbon atoms, provided that (ie in certain embodiments) 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.

[0015] Conveniently, said alkylaromatic compound of general formula (II) is selected from
cthyl benzene, cumene, sec-butylbenzene, sec-pentylbenzene, p-methyl-sec-butylbenzene, 1,4-
diphenylcyclohexane, sec-hexylbenzene, cyclohexylbenzene and mixtures thereof. Typically,
said alkylaromatic compound of general formula (II) is selected from cumene, sec-butylbenzene,

cyclohexylbenzene and mixtures thereof.

[0016] Conveniently, said cyclic imide obeys the general formula (III):
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carbon atons, provided that (ie in certain

enbodi nents) R4 and R5 may be joined to forma cyclic
w@e@apsdsavi ng from4 to 10 carbon atons, sai d RPYDUS2908/079172

group being optionally substituted, and R6 represents

hydr ogen, one or nore al kyl groups having from1l to 4

carbon atons or a,eycloqQ%yl group. [0015]

Conveni ently, said alkyl1 omati c compound of genera

formula (I1) is se¢lected [fromethyl benzene, cunene,

sec- but yl bgfzene, (vl benzene,

p- met hyl - sec™¥% 2_z€ne, \, 4- di phenyl cycl ohexane,

sec- hexyl benze dl ohexyl bgnzere and nixtuaﬁﬁ

t hereof. Typi Ccf aid éL5y aromati ¢ conpound of

general forpu cted from cunene,

sec- butyl bggezene, [cycl ohexyl benzene and m xtures

thereof. [0016] Conveniently, said cyclic imde obeys

t he general fornuha)(lll) wherein each of R7, R3, RO,

and R10 is independently &®| ected from hydrocarbyl and

substltuted hydrocar(y radi cals having 1 to 20 carbon
whgpmrﬁ@ch off Rf, RSkt hed gr o8l p@e@g@ﬂtlyrﬂe@ctemomﬁdfdr@rbykﬁnd substituted

hyc{r%%g; en enliS I(?I)r)q\(;’1 g%' &6t e%r Ornoa;tr?%? %‘s!&%ﬁ@?gﬂ? SF’S)&&%IQ R, Off and No»

or fiedre theratansaf, K3Ch Ry aAd bf t he Periodic Table; Y is O or

eacgﬂg Xk aﬁlg?dlls ﬁ%q%?en%glg%faseg c’%fl fré)m %C% é’%zoﬁn%? an%él%r%%r?tl 01‘ 8r0up 4 of the

PerdityThbtexypht hal i m de (NHPI) [0018] In a further
Yi &peg) the present invention resides in a process for
Hrdductng a phenol, said process conprising: (a)
kuupmt@ciamg a reaction medi um conprising at | east one
kyl aromati ¢ conpound of general formula (11):
lmﬂhbﬁésn R4 and R5 each independently represents

[oomwd I 09 he@nbdlinR2hK¥did &fct Pnid@¥éieistd Nnnggarokppmlaﬁaﬁ&qmmn
ons, provided t hat (ie in certain enbodi nments

lOO&ﬂd Rb! #rthEiaspest.fBYIDIEENf BRYARTION GYeR AN 3 PEGESS ﬁ@r\nr?@cmg a phenol,

said pBRs¢ cdrfprikthecar bon atoms, said cyclic group being
optionally substltuted and R6 represents hydrogen,

one@b Eorgstiag &l u@wtlogrrmdp@n ravbrgng ebkeast qug adkydaepeis compound of

gerfLRmBl (A):CYcl ohexyl group, with oxygen in the
presence o% a catalyst conprising a cyclic imde of

the general fornula
— R*

/
CH 1D
X /N

H,C—R’
wherein R* and R® each independently represents hydrogen or an alkyl group having from 1 to 4
carbon atoms, provided that (ie in certain embodiments) R* and R> may be joined to form a cyclic
group having from 4 to 10 carbon atoms, said cyclic group being optionally substituted, and R®
represents hydrogen, one or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl

group, with oxygen in the presence of a catalyst comprising a cyclic imide of the general formula

(D:
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(1):(O1 wherein each of Rl and R2 is independently
sel ected from hydrocarbyl and substituted hydrocar byl
WO 200038531 having 1 to 20 carbon atons, or fronP€TES2008/079172
groups SOBH, NH2, OH and NO, or fromthe atons H, F,
A, Br and I, provided that (ie in certain
enbodi nents) Rl and R2 gaf be |linked to one another
via a coval ent bond; eaclfof QL and Q is
i ndependent |y sel ected f:”om C, CH, N, and CR3; each of
X and Z is independentlyllselected fromC S, CH2, N, P
and el enents uEJ/AI/é(f the Periodic Table; Yis O
or OH kisfO 1, o2'2; | is O 1| or 2; mis 1 to 3;
and R3 can e any pfl the Sﬂ?ﬁ‘ﬂ_& (radicals, gtoups,
or atonms) | Nsted foQ’ erein gaid contacting is
conduct ed underRconpditio such ag to maintain the
concentration of ter irl[the reacfj on medi um bel ow 50
ppm by wei ght and the corlcentrati on of organic acids
in the reaction nedi um b&)yw 50 ppm by wei ght and said
contacting produces a hydroperoxide of general fornula
wherpiy) eachnofii’ c4ndRR,  iRSIndapdndRetih evplected efreya ny drsanhy h gnd substituted

- C r i
hydsfhaf8 Rl bt 1 2020 EQ-ERIKE S HOR B g YIRS O ana O,
or fk@h tvetafs Hhe ePeardll, provide hatRECOCEHHRS cihib)dimems \MHiapt R* can be
i3 200 SRabRYe, L faRmeaning as in formila (11).
]T (50151] Conveni ent y, Sald contacting is conducted at a
cach ef @t andeQ¥is irspapriasiyuclected Homex i NeakeC R 300 kPa,

u a etween about 50 kPa oyt 200 kPa.
cacpPERPgT§ HREERRBSHER SO e PingeP 3P FIEBRIt 8T Gipun 4 of the
Peridd@ KiBa; nore preferably from80 to 130 kPa. The

tenperature of the contacting is conveniently
Ylﬁ@ioﬁ 'ned at a value, for exanple within the range of
kif0,0Mr200C t o 3000C, such as from 500C to 1300C or

. 1500C_ Preferably the tenperature is nmaintained at a
lisPel.#f el y high val ue such as in excess of 1000C. Mbst
miPi el eraply the tenperature is between about 1050C and

about 1300C. ' ' .
R’ can be any of the entities (radicals, groups, or atoms) listed for R’,

wherein said contacting is conducted under conditions such as to maintain the concentration of
water in the reaction medium below 50 ppm by weight and the concentration of organic acids in
the reaction medium below 50 ppm by weight and said contacting produces a hydroperoxide of

general formula (IV):

— R*
\ C—OOH 1v)
R6X / H}C—RS

in which R*, R® and R have the same meaning as in formula (II), and

(b) converting the hydroperoxide of formula (I'V) into a phenol and an aldehyde or ketone
of the general formula R*COCH,R> (V), in which R* and R’ have the same meaning as in
formula (II).
[0019] Conveniently, said contacting is conducted at a relatively low pressure, for example

below 300 kPa, such as between about 50 kPa and about 200 kPa. Preferably the pressure is in

-6 -
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[ 0020] Conveniently, said oxygen-containing gas
conprises up to 2 1 volunme % for exanple from about
w@22@9nsssabout 2 1 vol ume % oxygen. [0021] PCT/US2008/079172
Conveniently, a stripping gas is passed through said
reaction nediumduring said contacting. In one
the @ERRUrMRML 75 RAL D il kPRI HOLERT frSm 0G0 ﬁgﬂﬁP@STHeh@mperature of the
oxygen-contai ning gas. |n another embodi nent, said
congcHng isi Gepvaiatly eaiiiFines & gtvaucofor erenmbsyibin-thomngs pf figm 20°C to
30985 o &As] Ronh BHTC 1 P30 beorree% | QPR MO AR i€ Whiifined at a
imde catalyst. [0 In all the above cases the
rel@lpglygmg}ngalgmmhta}s @1;1] gxc@@e of tﬁﬁ"@r Mostupreferahlygthe temperature is between
abo%ﬁfﬂ%eé%#‘ﬁb%u §pp| ng gas are selected to as to keep
t | ev er and organic acid i ndependently
[00B&l oWCBvepientlyb yaidvekygeh-coBhiEE cDESGRIrFEIY WNoQF vDHRe %, for example
upe 1 is a graph plotting acetic
frOD%O twcﬁ klgﬁ%cg%lglglnt/reaoﬁl%n agai nst time on stream
[00@1]]. O Bopvenienthyher Owppdad gasmsqfasséahlbuglybhémzaenm (IfB)n thiring said

the injtial resence. wt % (1100
conggfing it raBoRERRS Sl kPaiTe gs fenams po BBk contiing gas. In
anoltheR Biab&lithent| fﬁﬁﬂs‘ﬂﬂippﬁi%iﬁ & d@fférentdrog! P bx e btiiging@et dnd is inert to
aci d and NHPI @gn%%g % |on against tinme on streamin

the reagtigjingfliy apd °CHalMhitial presence of 0.11

[0022]%0 (Il A0 ehePdidle MR thatopdRnk E’@hdﬁtﬂﬁlmg Pl | préssﬁlreeﬁ@:i rt@ﬁperature
according to the praocess of Exanple 2. [0025]. Fig

SripRing, SHrApIFICEAPART 1odoehBe dpBlsd sy SPberepnie ofid g@sperﬁe?nﬂy below
50 Igrﬁrgyg,@l'gﬁ{ ream for the processes of Exanples 1 and 2.
26

x , [2F e (SBBHP) selectivity
[OOQXYt 0/‘) F%g%' 1ni§ta géﬁﬁpﬁ)@tﬁ%%%@t coaeld(a\ﬁ'& ?@HP‘I QBHC%H@JIIB{I 9%@1%% fifhe on stream

gur e IS a
(T. @ISo)t muthﬁg owonﬁ rsefelmtylé@nzemﬁ (SB[B) pp ml)e iatial n@ﬁent:er pe0.0h wt% (1100

o GRG0 EPRLOH B et SRRk ngy Pbb s gy o

[002¢]c or Higng X ip atghaph pkouugsasetwfacmm@EomutrMn a@nsk Pae on stream
in %;%;O%Cfag 0% Fg%ZEI]S&lErlg%l?lgg &:Inge ggé)rlgp\itxqftb/e I(ﬂtr()?icpﬁéﬁ é%lf—BTPI at 100 kPa
(atmmphe‘rcajresnur(e)mtc%rdmgm ths procesyef Bramgtle 2am i n t he

TR T TN e
thepraeegesSofWxamp@aphed 3 and at 100 kPa (at nospheric

[009r eSSHI, e? %Ccoadflgrg tc%mtp!;rmg the sec-butylbenzene hydroperoxide (SBBHP)
selectivity (wt%) against SBB conversion (wt%) for the processes of Examples 1 and 2.

[0027] Figure 5 is a graph plotting NHPI concentration (wt ppm) against time on stream in
the oxidation of SBB in the initial presence of 0.05 wt% (500 ppm) NHPI at 690 kPag (100 psig)
according to the process of Example 3 and at 100 kPa (atmospheric pressure) according to the
process of Example 4.

[0028] Figure 6 is a graph plotting SBB conversion (wt%) against time on stream in the
oxidation of SBB in the initial presence of 0.05 wt% (500 ppm) NHPI at 690 kPag (100 psig)
according to the process of Example 3 and at 100 kPa (atmospheric pressure) according to the
process of Example 4.

[0029] Figure 7 is a graph plotting SBBHP selectivity (wt%) against SBB conversion (wt%)
in the oxidation of SBB in the presence of 0.05 wt% (500 ppm) NHPI at 690 kPag (100 psig)

-7-
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process of Exanple 4. [0029] Figure 7 is a graph
plotting SBBHP selectivity (w% agai nst SBB
W@ v9esesson (W% in the oxidation of SBB in tP&I/US2008/079172
presence of 0.05 wt % (500 ppm) NHPI at 690 kPag (100
psi g)according to the process of Exanple 3 and at 100

acc&%ﬁag(t@ttﬁ@ﬁﬂ%&%ﬁ lof ERERSS U8l A ¢ePkEl @%6s9hérﬁ%r&%ﬁ€ﬁ§c%oﬂfng to the
|e 4. [0030] Figure 8 is a graph plotting the

PTOF@&Q Femniet-e (wt % per hour) agai nst stirrer agitation
[OﬂgﬂeedF%{lredS fsf eérglgﬁ pSlB{tlﬁé Y 1?§ctloﬂ it B X b%dugrhgglfnst stirrer agitation

sec- but'yl benzene he presence of 0.
speg¢d @0 fiprsng privksPies altd@rqxudagom of sdeupillpnews (SBBExaﬂnplpeesalce of 0.1

wt"é k@gﬁégﬁz@% g&Rﬁgﬁ tg% Cp?c@eSS ([f%%‘}l le %'(%%x%m?%%%?SB and 5C).

concentration against
[008t]r eafigure 9 he aogﬁapllatpﬂ@mng)NPE’écsobcmyhﬂumnzmt (iBBBYn atream in the

0x1&'§1%nk0|?aseé ?‘h@gs rzgrgere s oaf SI@GI %ﬁ%\f /m?sf %&6]%%?%(15%%&4 %‘togbg kPag (100
pmg?l 1h Hldﬂ]esenc&alﬂ()l lowt%sreldD pplb)‘:‘NH@I agi walt e régtian ﬁlb(ifhmlnéf:mg agitated
by ifhsraisty SRR ERES bohT ot ub LERRRGE L i ng. ses

[OOGIJ]nV eFi‘qunl oaigaigiuph pldttife; SBB 8éiiveRoni aaihdt@in@Xdndkaichr@in G oxidation

of L hebhE A 60 Lk (LB eyl AL GV FBigRpse) in th

pre@ncOoflo. W, (16100 pRH M HINHRE v@ﬂﬂdhé/\teh&ohh@adhﬁlﬂﬁémg)ﬁ‘gnated by a stirrer
nmedi um bei ng agitated by a stirrer rotating at 1300

rot%ﬁqﬁb@@em‘flﬁmdm Héhemreﬁeé%%f Isempleanpl e 5. [ 0033]
[00B319UT Eighd |6 i@ a WA pRIRL SESTSBEERI V6! £6inkVEBY conversion in the

agai nst” SBB conversi on in the oxidation of
oxigatonmftspe-betvitbervenq S8 ait108 dFapaosrherp pmeielcand at 690 kPa (100

psiPl iR SRLnRial ?Egen@é 0@@ Q véﬁ‘? 1()6(99p19)5NH)>1 by Wie tﬁe%atc'n@h medium being

presence o ' and w th
agm@écbma@hrrmrdiamg %éﬁ%rpagmqﬁ@@ t%ghe ar®pﬂs roif Eﬁarm@i@ ét i ng
L.Na: t :
08 R GO0 LI GRSl PXATRLE i i
on styaaholhekg/bhémmemé (HEHB) tha graiid preseicaef 0 w6 € ippmp hEIPI at 100

e b P AT ) RIBETIOR 8l Bbul g 000
rpnk&agrd(zlo peipg)ceand Ea@bplkRag § 100 pSI g) and with

oo, P25 902 R ARSRIG 480 URRERE R Bhpapte g mre
sel@ﬁcl!t;odrgamyd GieB zemersiyndbofe prstsde of EkiBhiil}s selsect i vity

003G " F st o hd S D e S asach e 4 hours

rea@t%&ﬁ[bt ih @tel RN2BGRMSHB REREBM © tlaf frédesds BORKaplR AL BON
in the oxidation of CHB according to the
[OOBF]OCE\E%@ 19f1s 2 gﬁpblpg)gmg (B gonversion against time on stream in the oxidation

of cyclohexylbenzene (CHB) at 100 kPa (atmospheric pressure) in the initial presence of 0.1 wt%
(1000 ppm) and 1 wt% (10 000 ppm) NHPI according to the processes of Examples 6 and 9.
[0038] Figure 16 is a graph plotting CHBHP selectivity against CHB conversion in the
oxidation of cyclohexylbenzene (CHB) at 100 kPa (atmospheric pressure) in the initial presence
0f 0.1 wt% (1000 ppm) and 1 wt% (10 000 ppm) NHPI according to the processes of Examples 6
and 9.

[0039] Figure 17 is a graph plotting cumene conversion against time on stream in the

oxidation of cumene at 100 kPa (atmospheric pressure) both with an initial presence of 0.11 wt%
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[0037] Figure 15 is a graph plotting CHB conversion
against tine on streamin the oxidation of
W@ ywhosssiy| benzene (CHB) at 100 kPa (at nospherPCI/US2008/079172
pressure) in the initial presence of 0.1 w % (1000
ppm and 1wt % (10 000 ppm) NHPI according to the
(1106 Bﬁrﬁfﬁﬁ?I ofd ‘R Iax%sNﬁPﬁ@Qco%mi R0BS8}robdsger Exallqplé $0 @e Examples
ggmsgﬁglottlng CHBHP sel ectivity agal nst
ion in the oxidation of cyclohexylbenzene ( CHB)
10
[003?]es eﬁlcglgpegi sigh %Bﬁﬁ’?ﬁ)’& % cQﬁlg&slﬂ)rdgo)rl]ogllledte t@?/lo-ﬂ(’fl‘égte'cﬂlty ag%nst cumene
conNPion de dlor @md@lon of mh@elpar @clé)gslé’g (atimoEEenp Ipesssuge)alpndh With an initial
Fh QU '
pregeggg’ ﬁ% %) 1{1 %E/egﬁ@o #)ﬁmg%ﬂﬁﬁpﬁg 8’!’1%15%?11 deﬂ}& lgﬁpggg%og&iﬂ% & gdteoﬂ}ocess of
EXﬂmﬂeMPa (atnospheric pressure) both with an initial
[00& es ek e{:eo{, O éljﬁp f/ tl:lfl]g%}q%lg eegﬂ N&@@%%F%@a%?eﬁi\éi%n%gainst time on
streEmamIiieeLSﬂdhﬁén aﬁcdmie(ﬁB)it lqowéQétmEs;glﬂriepﬂ:&u'res aad greaphPag (100 psig)

in B e PR DO A QT BOLRP T URE- G BT Bl Rireusdample 1 Ge

Exa#iplds0Q Akdnd 1 BJ.nospheric pressure) both with an |n|t|a

esence of .0.11 w % (1100 NHPI out.
[00%—1 R d 'ﬁéraP]bplo?% gﬁP‘&‘E‘g%‘?dB%per@%%@ﬁ'z&é‘%ﬁ C‘[‘Yﬂlﬂ"‘ﬁ inst cumene
conErb@Mhen 1R dxSdaBo) bRQMAk @t 100N aGUIRI[ShcRY @f@ﬁ@@%u de690 kPag (100
selectivity nst time on streamin

pSI@xlpd ngil eqesee%@%%?a‘ﬁ%l@BOQM%{n)(%H%%ﬁrémgéo &eepggwwf Example
11.and at 690 kPag (100 psig) in the initial presence of

0.1 wt% (1000 ppm) NHPI according to the process of
[008arpFigurel2l(is @ ngarﬁb@t@%g aickhgpdbenrey hyfippaoyide(GhBEP pgplectivity
aga'nﬁt @/C%@Bhbeﬂk&tet(bﬁg EHRRENNY qfe%%ﬁfaﬁ& giea ﬁl%)ﬁ of CHB and cumene

sel ecti vi ty agal nst “cunmene conversion I n the oxidation
at 160 kPa tatmespherid possiirRa aidietriy8 ke { 100 peigs suthe Jnitsh ¢reaencg 960.1 wt%

BT S0 RS DB ey B S DR Och W
[0024]. | E'@A@]ﬂﬁﬁ ggragh Qlominggume@@pmpmogtdp i(@igP) selectivity against cumene
coanr%iog hl? S og}ednﬁ erp(?f xtu%) Gf ?%ﬁ%?‘d (ccrggrlépa?t 18§ kﬁa Hﬁ&s‘bﬂerle pressure)

yC exyl enzene conversi on
ancba( |6ﬁ®kPa:g(100 psig)nh Xtelin@algfre Chid &ridl IHEINO0 @pmlN(BIPIK Baording to the

pressure) and at 690 kPag (100 psig) in
prog‘ﬁ%rﬁ’? gﬁ resence of 0.1 wt % (1000 ppm) NHPI

[003{;]00!‘ digag 130is tafggapﬂil‘pll@&ﬁ@cﬁfoha(}albﬂﬁlz@ellgldl(obﬁoiﬁlia(IﬁHBHP) selectivity
12A an ure 22 p ottin
oo er AN P seR oD CeEpyionah dis Pyl o HOt e B and sc-

butylbenzene (SBB) at 100 kPa (atmospheric pressure) and at 690 kPag (100 psig) in the initial

presence of 0.1 wt% (1000 ppm) NHPI according to the process of Example 13 (ie Examples
13A and 13B).
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0046] The terms "group”, "radical", and "substituent" are used interchangeably in this
document. For purposes of this disclosure, "hydrocarbyl radical” is defined to be a radical which
contains hydrogen atoms and up to 20 carbon atoms and which may be linear, branched, or
cyclic, and when cyclic, aromatic or non-aromatic. “Substituted hydrocarbyl radicals” are
radicals in which at least one hydrogen atom in a hydrocarbyl radical has been substituted with at
least one functional group or where at least one non-hydrocarbon atom or group has been

inserted within the hydrocarbyl radical. Conveniently, each of R' and R” is independently
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conversion in the oxidation of a mxture of CHB and
cunene at 100 kPa (atnospheric pressure) and at 690

W RRg/0$8500 psig) in the initial presence of 0.HBCTMS$2008/079172
(1000 ppm NHPI according to the process of Exanple
12. [0045] Figure 23 is a graph plotting

sel&¥e@ll PR %YHIREI0 ZBRRy Y ArARAE O S rbdHRHR bS8} Bffidali hi¥oxy-carbonyl
agai nst cycl ohex Ybenzene (CHB) convérsion in the

radisgls gad Iestiocgfbog rafdicelsuash of winkcBragdirgls dablitod0serbes sME SBB)

[0085] 109 kPa:cAl IRSRRGT hovREESS Bfo%%ss afb‘ij @&dlﬁﬁg KMRGrotaA0% to the
psig) in‘the initial presence of 0.1 wt% (1000 ppm

coriqrrRIndiag hpdrdpatgxide alcplel, ﬁﬁmgwrt@ﬁylmmrei@@%yl@ acid. The process

.13 : T .

oo EBLAEAY S00uI Bl P SRR T conn
gas'is thegrdstnee ot 4 caalpst ysmplriging aecrytchcamgétabﬂ the gametahfosmula (I):

docunent. For pur poses 36 thi s disclosure,

"hydr ocar byl radical" a%flned to be a radical which

cont ai ns hydr ogen atons nd up to 20 carbon atons and

whi ch may be Ilnear bra ched, or cyclic, and when

cyclic, aro no ~a&romati c.7" Substituted

hydr ocar byl radlca are\%adlcal in which at | east

one hydrogejn atom m a hyd Marbyl| radi cal ha8) been

substituted\with a d2east ne fungtional group or

where at |ea non- rocarbo atom or group has

been inserted wi thin the ydrocar XJ radi cal .

Conveniently, each of Rl nd R2 is

i ndependent | ysel ected fram al i phatic al koxy or

aromati c al koxy radical s, carboxy radi cal s,
whatino Xachcafr hxé nytld Radis clah@emdﬂﬁ ydreoear fan Hyadjce@!yls and substituted

ac h ra icals has 1 to 20 carb s
hygr Qfﬁ r&?‘ﬁé PEle fo SAERAN NS P 15? a@gpsasoﬁf%gg OH gpd NO,, or the

atoﬁK IHJIFZ 01 B Randyid pRERIED @fat RO ah R 68 bERRARAAD BFe another via a covalent
ydr o erQX|de al cohol , ket one, carboggllc aci d

bo Iﬂlr %P@é%&/m Qad ladep?w@nw SRl feprr CEled 6%@%0@?@90f§( and Z is

1nd51§e§§én|tl9 RelBREH H5h CORPEIS N1 Ad RKALRS F BRI Jf I?heq‘brlodlc Table; Y is
en-containing gas in the presence of a catal yst

ki Bithd. o Byt .l ionde inf 1o Reangdhesa|beragy ofifhs cptiyies (radicals,
bEIOMm SR Wr L TROCorfBeetih is! BAGRRYIGME Y t‘?d BCh@Gs ¢ t

810 on1hyd§ocarbf| and s%bsfl gfe%ﬁﬁ grocafb@ ﬁ%d?casgnnmnam
the hepuéantyationt of @ter air Ei(@nrea‘ttt@nsmerlith@éWg POups STEHC ¢gagentration of
org%;l 9(9%1 10{1: g%dlglhl%for\]x{zkeo ptr% goﬂﬁg%gd%gﬁlesro’f{[}l% 9ylﬁcqﬁﬁjde catalyst
is ngio\nakeint bond each of QL and @ is |ndependently
[Oﬂlﬁgllj:gie)rﬁeg Tably i glle S‘,Ve %?Fon&bl%tfag%l geF agh ré)ahlcxa]sla %g%r {h3n target acids
in tht eamminanetﬁurﬁsrmeqah 4ndaf)ertdblﬁlyFiﬁamtadlled:, blateleetionYofi Boddssotonditions, at

40 mfr blo 2y e Spidh eiedn rudpriiee: 3o b dvpiim 20

[0049] As used herein, the numbering scheme for the Periodic Table Groups is employed as
disclosed in Chemical and Engineering News, 63(5), 27 (1985).

Hydrocarbon Feed

[0050] Using the present process a wide group of substituted or unsubstituted saturated or
unsaturated hydrocarbons, such as alkanes, cycloalkanes, alkenes, cycloalkenes, and aromatics,
can be selectively oxidized. In particular, however, the process has utility in the selective

oxidation of isobutane to tertiary butyl hydroperoxide and tertiary butanol, the selective oxidation
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groups, or atons) listed for RL. The contacting is
conducted under conditions such as to maintain the
W@ oweestssat i on of water in the reaction nmedi unPGEUSA0HE79172
ppm and the concentration of organic acids in the
reaction nmedi um bel ow 50 ppm so that hydrolysis of the
of Qﬁ&blﬁ&aﬁemtéjecy@@héia)(@lt ahd JLIBhdRakGE- alPQSlsclRERLChARNN to the
e wei ght concentration o0f water and organi c acids
cortﬁ@mﬁmg&laﬁmp@@gé@s o4 elkalargnpntic semp@ies pighe gragialiforingla €Ak h
I ndependent |y nalntalned by se),ection of process
conditions, at 40 bel o, for exanple in the
range 10 to 40 wp to 30 mppmm%[0049] As
used herein, the A g schenme for th eri odic
Tabl e G oups i S,¢ ‘ i @d in Chem cal and
Engi neeri ng News, 63(5), 27 (1@85) Hydr ocar bon Feed

in WINOPRT addst’ngct ﬁi@eﬁéﬁ&iﬁ??ep@és@ﬁ@ﬁﬁir@geﬂﬂoﬂﬁl Ak@AUWPofhaving from 1 to 4
substituted or un§ubstgtuted saturated or unsaturated

carpicfteypaPEYHEd thay BnarkR anpabraigined j- oy riexdisssrow hagpmpgdrom 4 to 10
carbHCHORL, KBARSolicChipHHIBIptiESally GAbk tiRRdS B LR dep@letits hydrogen, one or
oxi di zed. I'n particular, however, the process has
mogg llyl ggpupﬁwhatvwé fecan bet4 crabamaitates ¢roreyglphaxgbeawma ap gmbodiment, R*
and RY LieBhde® W Ydrnhly @&818%9&9 gﬁ/ﬂf’gnﬁioﬁl@f td a8 Xar’%ﬁ %Qlk ’ c&nb@mently a
sel ect’i ve oxi dati onof Tycl ohexane to cycl ohexanol”
cycdahexyd lgeovanorbetitatad thlhebns ef sotd alkyl grdvgdaviog fioo t et carbon atoms or

Lol resp [ f I I -

i BGESIERIN AR BLRETES R SRR ompyngs g e
benRSee achmanpd espehdgﬂwmz;ner, epeepaitisenhgdr ogerthyt-s@rbugllbopkene, 1,4-
hav 1 1.9 4. carhbon_ at rovi ded, t hat
o SRR, Skl e A TRl LR e, e

butf ibeammcde, bya:ldl@xydhasﬂzafe aatl atistures diecboC yaihg @efgrredip bei ng

tio aII substi t.ut.ed epr.esents roge .
100§, ORF s SRRt s S ol o Rl R g YL R Formuta (1) i
curidn® niﬁd O pradgyd Ib h?éy}dtmg fb@ltt[allne {Vﬂh anleasthodigy Ezuﬂlifylatlﬁgr agdid normally

R5 are j oi o forma cyc rou rom4 to
PropYyfeRes fify E‘é’gﬂﬁn CQSHPan PR ¢ 8 eé%?BE%X‘?ﬁel%éFlﬁﬁbs catalyst, such as
zeoBittsehd Siuh&d pPAdTEAbIORE 1Akt dﬁ@h@l@hiﬁyhle@d Sftkpe eNIIQ f&mqm(als defined

to 4 _carbon atons or with one or nore phenyl rou

belgylanphealkpliptiqy pendfioas spryrisitlnieiude eéﬁ%eu%@ HEnb bt 10°C to

aboRe Qg(?@e forcézkﬁi%gﬁ be%@ééh bubv! Reozgo eaboﬁelcSOF@ Ntphk REQZRIBE pressure is
p- net hyl - sec- but yl benzene, 1, 4- di phenyl cycl ohexane,

cor@@@ernbfx%ﬁp%thae@réeSSaﬁa exapllofien b rl% msabow 1090dEre ke alkylation
is c%ﬁx‘;élﬂ}é'hw/ BRAZEAR at &M&Jz%e&ﬂd Q&?ﬁﬁ@a&ﬁgmmaﬁa%% ®Pabout 1 to about 10

her eof” beli ng preferred. one ngCtlca
ande@rrﬁ@eliltrmmly snah«ewéwtyl(‘é’r&ﬁi@tb@@d@@rbpmn@o tigren @bait 5 and about 250

b R B bk S8 480 s B pr oduced by al kyl ating

benze one al kyl ati ng agent,
[0062)r mald a/further practical embodiment, the alkylaromatic compound of general formula (II)

is sec-butylbenzene and is produced by alkylating benzene with at least one C,4 alkylating agent
under alkylation conditions and in the presence of a heterogeneous catalyst, such as zeolite beta
or more preferably at least one molecular sieve of the MCM-22 family (as defined below). The
alkylation conditions conveniently include a temperature of from about 60°C to about 260°C, for
example between about 100°C and about 200°C. The alkylation pressure is conveniently 7000
kPa or less, for example from about 1000 to about 3500 kPa. The alkylation is conveniently
carried out at a molar ratio of benzene to C, alkylating agent of from about 1 to about 50, for

example from about 2 to about 10, and a weight hourly space velocity (WHSV) based on C4
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propyl ene, under al kyl ation conditions and in the
presence of a heterogeneous catal yst, such as zeolite
wheia/osss3nore preferably at | east one nol ecul aPCHUS20688/079172
of the MCM 22 fam |y (as defined below). The
al kyl ati on conditions conveniently include a
alk}18IREIRA WD Heck AIYM BRAUE a3t 96°nE 0 f3RQAMNPIZ BHREen 41t 1 and about
exanpl e between about 100C and about 15d%C. The
10 kyl ati on pressure is conveniently 25000 kPa or |ess,

[Oﬂg{r’]rkyﬁafmh %]ljy[a@lﬂé %g&&'tcoﬁggieﬁt%/ @@Qﬁﬁses?’ 00Ra K Rae 11708 butene, namely

atron 1S Co_nvenl ent y carri ed_out at a benzene to ]
but@®- k| kydnat2i piga agetwre thsireod. rBlic dlkpihtinghegent tan elsadwuan oBfinic Cu

i LV | 0Cit .
BRGSO, i i o
cth@cappipendy éiuVmanLB@mm lighaptdplahﬂﬂutatsl@tih rcragking [c@Oﬁ@ﬂlthﬂtsn and other
e T T RO T
exaaipik, i the pobauiag dC.oyydbéaybat nigulee nze renastltyh agdilableasit any refinery

emitiSipia S Sedhb RGBSt fus P GER PR agont

crude€atdnt eadlell Buletic LA, Rifahas-alphy palduiteasiiniag eftdrebrentleatiaction or

i eve. of the 2 fam| as define el ow). The
hycpgepptianity W%ﬁ/g}y{aé&%f?% %@h@ﬁ{%@ qr%g?ﬂﬁ%}’éeng ircabn) and Raffinate-2
(thd PIFRESt R Mifin@ bt oML A QP bu@die 41 iddMatthe 2600Ge cFudE steam cracked

exanpl e between about 1000C and about 2000C. The

butghelfF4Pk on pressure is conveniently 7000 kPa or |ess,
[0059 XA h SurtHcPPraRAMEMPAR ek, Qhd rom@okPBundld¥&eneral formula

al kyl ation is conveniently carried out at a nolar _
(Myigeydohery bemereriad ivpredege i(w &PNtAGing Gerrene vith hydroggsointhe presence

of 10 RRAUMENRYs FifincEB M1y ARiaD OlMmpfisdsC 1200t dR n%H having
a wei ght hourly space velocity (WHSV) based on '

hy doagenityenaactivigy, dyeieally ofelebled viean thebgyaep ontisting] o ballpdivgg ruthenium,

il s 5 TP SR SR 2ORHL PO R i, sty

at laast beagblecone didvaed theoMCdhE?) famatyelay dbfited helo). Bht evrsacing step is
or. . ' re.t f | k [ a c 0.

ol TR Dk IDS BVARE 00 REPF oA AR RE s

mabp ti¢, doesampla cfiforasbaa hO(be abbitZDOEkPab yT'hs beasnctodgkiogen wblar ratio in

the Sl B0 SRR RGP ioghO LD nt B PE BT RGiripe the contacing
steff B @etgtralstic $n o ehnRy o L0V Gl toRb@ft 10XYgenat es, such as

0085 P st o 7 JFBYY drerln el a e A1 Go1 SCMEE L ity or
“mbledulf1Qlcye BMMAL OYIMP2ShAAN G ARNITY hAilPEQUUCE a0LRl IhB@in, includes

and are_ suitable for use as the C4 alkylating agent: a
OnceGriRAEC 8% eam cracked butene stream Raffinate-1 (the

R OfYELu 1A SRENAE BELSS codfhdeRkt 8tk deAGdt@inPBuilding block unit cell,
hydr ogenation to renove butadi ene Trom the crude st eam

cr aelkeluitiedinkas her MY feamepwirdls fobplagye(2 unit cell is a spatial arrangement

of atoms which if tiled in three-dimensional space describes the crystal structure. Such
crystal structures are discussed in the "Atlas of Zeolite Framework Types", Fifth edition,
2001, the entire content of which is incorporated as reference);

e molecular sieves made from a common second degree building block, being a 2-
dimensional tiling of such MWW framework topology unit cells, forming a monolayer of
one unit cell thickness, preferably one c-unit cell thickness;

¢ molecular sieves made from common second degree building blocks, being layers of one
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(the product remaining after renoval of butadi ene and
i sobutene fromthe crude steam cracked butene strean).
w(Q 0®34385Bn yet a further practical enbodi ment, P€TES2008/079172
al kyl aromati ¢ conpound of general forrmula (I1) is
cycl ohexyl benzene and i s produced by contacting

benzefgreWhid ofy JhRARN thikiRE PRESENRE 1QEr 8f more than one unit cell
het er ogeneous bi functional catal yst which conprises at

| eatbickepspisraadgifromayadkehparkingerrahinding ddeast/moymonolayers of one unit
t ypdeﬁathlcynéselﬁgts%gklflé %%ﬁﬁ%e&fnﬁ%gfé@ bai lcﬁhé Bﬂ)c%f can be in a regular
pal | adi um rutheniuny nickel and cobalt, and

cr ylgshadn, pmircigpler @ﬁn@m a amdd@ fwéttoer pregny h@mbln@loaltlkeﬁm andn

qct i V. iC at v% C [ Sieve
R}ﬁ&%ﬂézg %\pes clez/ g aéagf belr%n o% #hem%nosho aalc 3 d1mens10nal
st ecmmbmaumnm‘enmt&nnsl lyavmgn]mELMt\W faahne&zotletnpxﬂo@t ure of

0038 SSah i B 1 s Aablotn s TR ARk B e e Frs an X

raybéiffztien tpattdiy dhﬂ@dﬁﬂg ridpacging atidxémd mt tih @iO oft 60t0.ny B5P.07 and

LS ferably f t .0.01 to abot 100 HSV .
3 g O S et R e fe pRg RS P2 (4o BetE ] e obtained
by @tﬁn(ﬁhptét:htﬂq&g- sﬁdh a@h@iﬁg tHOR-alfhd Q& et TdTe op St A% 1IMQ¥ht2r3d1at10n and a
famly material” (or "material of the MCM 22 fa

diffgpetonngir&gupad yiﬂwescaxﬂﬂﬁt%l WeReD o aypgigied 69mp1wmszhe collection
Sysfeg{n ly zeolite"), as used herein, includes one or nore
nol ecul ar sieves made froma common first degree

[00§7].yst Matarigs ofithe MGY-1 BerlyuinFlnde MGM-2Zhdessripgs tn Ele. Patent No.
4,958 4 h@mésamvm Ks L ORQ) RQY 4 4@94\4693' éssz Qk '(de'sénb%d in U.S. Patent

spatial arrangenent of atons
Nog ‘hB%Qﬁ@D iRl ddesicrilgd ain € vaeps ey Pﬁ@lﬁ Nch @2%309%); éTQ 1 (described in U.S.

I [ I |
PN oD, SN SN PG BRI R o0
MQOG, (desesbainini UeS. Parehehip. GQSMWOhM@/IMﬁddquobfaﬂt @mdUas Patent No.
5 25@%%‘23&%@ 56 Crl%igdl g gl%’a?e ?ﬁogg%%‘g@)g}.ﬁé%ﬁ%ﬁ%eﬁg? U.S. Patent
Not 6 1756’@30@fan6 mktuM\Wefd‘oﬁnMManlat gapek (ogghe UIMCM-22efalndly are preferred as

thes PPy AR CY B e8P TR Indidua SEIEERRng producion ofsc-

but$]ib6ﬁk€ﬁe ﬁﬁd&nﬁaﬁdﬂﬁ%@ﬂﬁﬁ@fheﬁlﬁﬁﬁhﬁz&&@ﬂc&&r@ uprefdiably, tle@ad&ular sieve

s SR RS S84l MeNTRG abo B e r B ephMEM-56. such s

Teel | thlckness is made from stacking, packing, or
binding at | east two nonol ayers of one unit cel
cid stacking of such second degree building

[oobi;]oc K $16 8RBl FepBin[BIHcan hASRE ANefr@fkd by RAMedTe the h drocarbon
fashi on, a random fashion, or any conbination thereo
subsfgaie with ‘an oxygen-containing gas, such as air, in the presence of a catalyst comprlslng a

cyclic imide of the general formula (I):

(O

(Rl TN
| N—Y @
/S
o Q\Z
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nol ecul ar sieves nmade by any regul ar or random
2-di mensi onal or 3-di nensional conbination of unit
W@ elbssdsavi ng t he MAW franmewor k topol ogy. [ 005B(T/US2008/079172
Mol ecul ar sieves of the MCM 22 fam |y include those
nol ecul ar sieves having an Xray diffraction pattern
whér@ﬁil bhNEr @ SRAC RAGs MaddpaRcAily 1€let@d ZPom OnydfbcdByl and substituted
570. 07 and 3.420.07 Angstrom The X-ray diffraction
hydd@ﬁaaoywé&aks bavinat Hcilegerbo afqies, pigthe Bioaps $p4l. dbhaPHerd Yo, or the
ato§1§ @f“#ab‘fj ﬂreacflﬁﬁ'p%’l@(fedsth& |a1661§ cé&%n{] Qmﬁ&ﬁm&t@ll?ha%dq@qpbe&e linked to

copper as incident rad |at|on and di ffractoneter
onequlmhplp‘e@l agpvatenpbad; erch f @t #skQcio urd@mndaﬁld splsgtotiraméd CH, N, and

CrR® %Q&'\}Eﬁ %12:{9% ‘shﬁ?e@&lde t?}’ %?%]\/%5‘2 S &a éf ,][)Pe%ﬁite%r{tﬁ%sofﬁroup 4 of

the FPan@hd; Talde; V4 is9Bdr GPI5K jis (P$H9132 (l@Ee(sdr P isnl t0.3Sand &t @ntbe any of

SS7- 5 1 aten 1
ey (8o pynR o, B3 BRET Iy SoliopRefith R ena R s
indORABOBR ) seleti®Dfton{ digaric biadxy ror Lalr(ﬁnati@a:ﬂbmdy Mdicals, carboxyl radicals,

077,49 T escrlbe i.n | nat i onal . Pate
SRRyl SR TR c o o, ABELFROEY T Lios20 carbon
atofdat ent No. 5, 250, 277), N{m449 (described in U S

Patent No. 5,236,575), MCM 56 (described in U S
Patent No. 5,362,697), UZM 8 (described in U S. Patent
No. 6, 756,030), and m xtures thereof. Mol ecul ar sieves
of the MCM 22 family are preferred as the al kyl ation
catal yst since they have been found to be highly

sel ective to the production of secbutyl benzene, as
conpared with the other butyl benzene isoners.
Preferably, the nolecular sieve is selected from(a)
MCM 49, (b) MCM56 and (c) isotypes of MCM 49 and

MCM 56, such as I TQ 2. Hydrocarbon Oxi dation [0058]
The oxidation step in the present process is effected
by contacting the hydrocarbon substrate with an
oxygen-contai ni ng gas, such as air, in the presence of
a catalyst conprising a cyclic imde of the genera
formula (1): (O 1wherein each of RL and Ris

i ndependent|y sel ected from hydrocar byl and
substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or the groups SO8H, NH2, OH and NO, or the
atons H F, O, Br and | provided that (ie in certain
enbodi nents) RL and R2 may be linked to one anot her
via a coval ent bond; each of QL and Q is

i ndependently selected fromC, CH N, and
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CR3; each of X and Z is independently selected from C

S, CH2, N, P and elenents of Goup 4 of the Periodic
waawbesssytis Oor OH k is 0, 1, or 2; 1lis 0, HCT/U82088/079172

mis 1 to 3, and R3 can be any of the entities

(radicals, groups, or atons) |isted for .
[0059NV € G RMilyY 'thee%%lﬁc Qfni Rl e By diasi t%e'o&gﬁﬁ@ﬂ"gﬁ &.Jstyobeys the general

sel ected from al’i phatic alkoxy or aromatic al koxy
forjgldi cal s, carboxyl radicals, alkoxy-carbonyl radicals

and hydrocarbon r%glcals )each of which radicals has 1

to 20 carbon atong [0059f)%bnerally, the cyclic imde

enpl oyed as the o i dati o cat al yst obeys the genera

formul a whggein each of , R8, R9, and R10 is

i ndependent [ }\se hydr ocar byl and

substi tut ed hyc rad IscﬁﬁV|ng lto @ﬁ)carbon
atons, or the j ﬁg}ﬁ, and NO, or the

ch of Xand Z is
mC S, CH2, N P and
Periodic Table; Y is Oor
OH, k is 0, 1, orp2 and is 0, 1, or 2.
Conveni ently, each of R7,(d#8, R9, and R10 is
I ndependent |y sel ected from al i phatic al koxy or
whaeinmath of R, IX%,XB(() pediRCab $ndepadobyysklectad froml tydrocarbyl and substituted

by e e AR R e R i 3R S S SRR b Rand NO,, or the
ato{n@?ﬁl@ﬂ, Ctl r%rgame Ipeaat tof cxadndez):i:saddapglftltently beeotdctréne C, 31 G8,, N, P and
el obRtotbc] R cTNAY HgBFobat Dot QUbEet Ot b G HIGA 0. 1, or 2.

Co@é}{gﬁtﬂy C‘e@ﬂf af R, I, gé,s%ﬂanlP ge nmgp&lemgdsafecﬁem e‘ro@% glijh@tic alkoxy or
I m.de_ cata is conducted _under con ns t
arog}ﬁ%@kpveraﬂ%?ls SRpxy radiegle @lkoxpgarheryl r ReCid ﬁffﬁarsPn radicals,

eachnﬁwﬁub%dﬁ@tselapmomc:afbohtatdﬁw ntain the concentration
bot h water and organic acids (e.g., acetic or

IOOﬁQilr m 8 afidd) Pliegficeh e cpbdimenin Wéducuﬁlfcbe}r@slﬁ 502tplyth oSUwRses N-

hwﬁ&ggh&mgﬁ§e@ygpﬁally i ncl ude conducting the oxidation
rel atively | ow pressure, such as bel ow 300 kPa, for

[00é1danprfbe pettyias 0§t§1@mhydwarbp_a sabriraishoith 2P EBY YePpaontaining gas in the
pre%%lgé Efrpt‘gp kychk h@nder %ﬁf?’s‘t{)? lfd}lgtr@nd gfﬂd%r E@Iﬂigt?on fthat 5\? éé]vte Qot only to

,, Tore pre Oto 13_0
effort tﬂqcﬁqgmdtoheia@m ofathe s)lrbsn'am bitealon dlmtt@d tl@v@mceantfgn@aqf both water
: e uch
and (ERAC A0 TEET ARL 9D ARITTH A0 3 RADY R Seif0 00 ppm.  Such
conditipge rypealiy entudacbotctiguthh oaslatio mblatwdhsathpmssum b as below

st P FgRIP S KRR S oS40 FUTG op  ve
rangdief fevny g2 - 160 _rkPalnmm gre@asbly rtve 80 k@ V3 00éPa.

[OOQﬁygeR?tgoug tﬂé g)%dation can be conducted over a broad oxygen concentration range
such as between 0.1 and 100%, it is preferred to operate at relatively low oxygen concentration,
such as no more than 21 volume %, for example from about 0.1 to about 21 volume %, generally
from about 1 to about 10 volume %, oxygen in the oxygen-containing gas. The flow of oxygen-
containing gas can be selected depending on the amount of feed (hydrocarbon substrate) present
in the reaction vessel and the desired oxygen concentration.

[0063] In a preferred embodiment, maintaining the desired low levels of water and organic
acids, is facilitated by passing a stripping gas through the reaction medium during the oxidation

step. In one embodiment, the stripping gas is the same as the oxygen-containing gas and could,
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gas can be sel ected dependi ng on the anount of feed
(hydrocarbon substrate) present in the reaction vesse
waeasss3desi red oxygen concentration. [0063] PEI/EHS2008/079172
preferred enbodi nent, maintaining the desired | ow
| evel s of water and organic acids, is facilitated by
for RASRHIBIbBa SR RIr&Sn g@%eﬁhﬁ%@ﬁc&hﬁnﬂhg%% el t‘ﬁ@ @'xidﬁ@lon step. In
during the oxidation step. I'n one enb nent ,
anogfier e aide FEIPPIRG 2aifdiffesent Frémdkw@/ﬁeltwaamng age g s inert to
the 3 i GP Mk GutnOnd SX2TRIEE 1m1ka§ cé’talk?cc ¥ahthis Ethﬁﬁﬂ% Qfses Rl%ﬂﬁie inert gases,
oxygen-contai ni ng 'gas fromthe oxidation s
suchrohdliam adyegdnrent, the stripping gas is dlfferent
om .
[00%56] tfﬂéategféétlgﬁl?e ﬁ@& ?‘L@% ?9161 ot 1?%1%8% %5 Céae?%}:r{}%c% 1? afsgg feature that to
an Svaelttabteemsm theplevas ghwetsr amrb brgaieic iapids tin gmseactios waddiws Thus the
contach%%{p caolrrf\genf%% oC&I‘I‘l‘LCp ou(é4 The t glnge{ & ! m26e@ # %l’é hu%}hhgs from 50°
ion'reactron’1s S6 a feature
to tx°@nPefirabiyt théetbmpmmes,mtdmmhmv@hm odlativatyeliiglanellue, ic in excess of

Qr.ganj c acj ds ction medium Thus the
1m%§n?5%?ﬁﬂé“ﬁ%n%%%%qﬁ 1% @(; carried out at a
[00b§NPenafuther ebcdss @ﬂﬁcﬁtﬂﬁﬁhﬁﬁh:ﬁ%ﬁ: fowldctd lase fahQﬁ‘ipE@ anwater and
1500C Preferably the te ture is maintained a
orgprif 2610\ ROPSANHRLAT (Palhp doach glé‘}?‘cﬁs‘%h%]?er i]%f‘oélédluglu‘é H‘gé{%ted eg by

stirtifig, tdhﬁng' AP gLiIdddaQkaction. PEAEIGhLy [Sglgﬁg]ls e%rlﬁddrotuh %r eﬁﬁtﬁﬁl@ $4th a stirrer
condi tion that has been found an inp

opeftngrin gcrapgeginfem 889 ¢ LYNCerIvians oFF mﬁmfer{épm)e a»sth. P00 to 1200
rpri B & B fegab E;hﬁiohe i ldmnm{h%lm WighiRQH RIS End RGOy, it is believed that
stirring urin oxi dation reaction. Preferably
agitgtip, cp ﬁ@rrmg, relarmlﬁ@dh%f%matfo@rof eseivp inethqirqaption medivp dat have water,
or 91%%1@5&1@ Lohddnfrdi®né 8P 9@ pph JrTRER. 5lqgre%9er1§@igs bEMAHd BBSagitation
mnute (rpnm, such as 600 to 1200 rpm nore
incpypst dhabiyeer OO0 ﬂprhqquha@thhmhslhl thgy ingredes the rate of the
Vv | : .
0x198f6ﬂq|e%g1’oﬁ %ﬁ%g éxg%egl I%l%é q‘?léérf%a (t%gy enac%nc?eg{gr%tg)trt]lsﬂ Fhe ﬁ%“éd phase) is a
limrtmgstep antheresidetmntreegtiomave wat er, or organi c acid
[00&@2 Bts Lﬁl:ljb 1’?’({6%{005 Oth? Q%oh%(l.ri R>g8£et%n C%@({ ﬁoon\é %uch a{s ﬁ)rg@ure temperature,
OXy@eim Cﬁmbmtﬁmbmrstmppntgmldl dgtjaricn) (pivaisg), rawtiag Hl)eladjusvﬂd o suit the reaction
i ncreas he rate of .the i dat. reacti si.nce
congfin ety SRAPLR (b E5udinE ShitcRt PEEFish e PHEOR: are selceed
suchiagud chaphas ee doncatbiion bf ﬂ@eISinethe irdactidhemediintl aielo®n S0 ppm and the
react.i on 00661 As w | | sto %, the applied
congEEeR SfPreifActds dh @%‘?ﬁ‘&’ﬁona@eﬂﬁ %lﬂYVé PPBhper at ur e,
[ooex]ygennca@aﬁeﬁm fadbdn@ige 08 bpdritRigNBe aidata@igrédebsO low pressure and low
(stirring). rate can be adjusted to suit_ the reaction

OxyEshpUEH g on ARyl Ryatiripring WalRiAng pEsnic aqids,EQR Haieastigh ppdium is that
light Ny didp¥@RIde QB.of, N&hye %%&thﬁn§yc@6&ro%§ie? Clid kSAE ASc.! Methyl ethyl

maintain the concentration of water in the reactlon

ketore light pdshydess@-2ppastaidehydpleand light alcohols (e.g., ethanol) are removed from

the reaction products as they are formed. Thus light hydroperoxides are hazardous and pose a
safety concern if their concentration in the liquid product becomes too high. Also, light
hydroperoxides, alcohols, aldehydes and ketones are precursors for the formation of organic
acids and water so that removing these species from the oxidation medium improves the
oxidation reaction rate and selectivity and the stability of the cyclic imide catalyst. In fact, data
show that when conducting oxidation of sec-butylbenzene with NHPI at 690 kPag (100 psig),

more than 99 mol% of these light species and water remain in the reactor, whereas at
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concentration of organic acids in the reaction nedi um
bel ow 50 ppm [0067] An additional advantage of
W@p®pAasssey t he oxi dation process at | ow pressuPEI/HBIH08/079172
| ow oxygen concentration and by stripping water and
organic acids, fromthe reaction mediumis that |ight
atnfOYSHeAP SF QXIrflem{i@- Ban 9N, O thER! bieh WA RRBYQX HER) the oxidation
l ight ketones (e.g., nmethyl ethyl ketone), |ight
reagipdehydes (e.g., acetal dehyde) and |ight al cohols
Oxidatign Pr&ffignol ) are renoved fromthe reaction products
formed. Thus |ight hydroperoxides are
[00h8]z ar dbepreadvdt pdsidic apreshetopidaeic ergecssf defrpady on the nature of the
t ' .t 1 1quj.d. pr t..b hi;gh.
AR LBRL ol AL PR PSP 0R . sne
carb@ybnesd ar dcqpbeglic sud, ssifcorlly hbydropenatideon of organi ¢
00 B R Y P BRY DR PRERE Bl on oo
comyatses smtihrg elugt thiydiopgrogide (whieh S¢ albdflili sy arofoxidh@oncyeagdne and in the

i.m d talyst.. fact. how, t hat , .
protaf iy e i R Bt b BB € e
(00800 kRagn (tAOBy@stagdon sudKEatd fxa by Dherale Yahof oxid@ise proédabt comprises

eci.es and ter remain in the reactor, erea Do
e ’fﬂu%lﬁ%’re‘iogﬁﬁr gxdoieganohgpd Ctyﬁlﬁﬁe"@’éo%l Qc%lPﬁ‘iXPig dydroperoxide s
rcaGiBEEdcBmp @k t¢ SImmisRel JycRAais BY icdabhcindn8aGther thermally or with the
Oxi datjon Product [0068] The product of the present o
assiytaneeaf| a&ﬁtab’lsb éé’§l§hﬁ’@ﬁ§m§ bg pxiflged Wk ggusogsnifriggcid to produce adipic
acill Wi AGRE BRBurSAHS teal RnQ JTH R 6lb, Zakdrdaltycl e BB @h bk Sonverted
a hydroperoxi de, al cohol, ketone, carboxylic acid or
to WCbﬁﬁwwymecha@:h undeggope a¢idichtglysedhiperrangemet tel @rodugreaprolactam, a
preEREor S IR Rhes @Ry, hydrocarbon substrate is
I sobut ane, the oxidation product conprises tertiary
[00BLit yI Whetr disehakoaddopwivbethatd ¢ an efligilargmatin corpadad | @nthe general
¢ . ' : o y ;
rorp AT PR of U8, RAARUF Kau b RS BRI O Bk formule
(IVaddi tive). [0070] When the hydrocarbon substrate is
cycl ohexane, the oxidation product conprises
cycl ohexyl hydroperoxi de, cycl ohexanol and
cycl ohexanone. xyl hydgoperoxide is readily
cycf ohexanol and
HyrOoH Wi th (i assi st ance
of a catal yst. anol gan be oxidized with
aqueous nitric pr odde@—adt’pi ¢ acid, which is a
precursor in the synthesis of Nylon 6,6, whereas
in wehich RheXand REho@nhdeneamaeint adint formyls (I0h exatakliy e hydroperoxide

. whj ch_undergoes acid-catal yzed rearran nt to :

i sf bR E AL PO rAE. Anshe BUFQsFONdr FRECIaYy Redegs ydroperoxide.
Thibyk @BpBexide can then be converted by acid cleavage to phenol or a substituted phenol and
an aldehyde or ketone of the general formula R*COCH,R’ (V), in which R* and R® have the same

cycl ohexanone,

meaning as in formula (IT).

[0072] 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 velocity (LHSV) based on the hydroperoxide of about 0.1 to
about 1000 hr-1, preferably about 1 to about 50 hr-1. The hydroperoxide is preferably diluted in

an organic solvent inert to the cleavage reaction, such as methyl ethyl ketone, phenol,
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[0071] Where the hydrocarbon substrate is an
al kyl aromati c conpound of the general formula (I1),

wo b@opssssuct of the oxidation reaction includeBCHUS2008/079172
hydr oper oxi de of general formula (I1V): in which R4, RS
and R6 have the sane neaning as in formula (11).

cyc'f’cfh@iﬁﬁ&%ﬁé d;‘clb%eihﬁ@ﬁ@&%@ﬁﬁt?@eﬂz%nes @S aRit MIRANEABAI. The cleavage
droper oxi currene hydr oper oxi de or

rea@m%mxwl%lﬁféwbwmmwé%lwg diillatigqy withy dr oper oxi de
[0093’”‘]n thgn cgglygtoé}ﬂ[ﬁweﬁdmbﬁ{e %E'aga%% s@&vé‘ﬁebet Q %%Q&leoﬁg cflalyst or a

substituted phenol” and an al dehyde or ketone of the
hetgreprarals chglysul a RACOCH'R5 (V), in which R4 and R5 have

[00t7Ji~']e Smb%eﬁ&hg n@(ﬁlsl aeJVQ emﬂlitg tgll}l 1 (ﬁeoggl rcTchd perchloric acid,
o 5 el DS,

cl'eavage reactl 'S conveni ent
phwpintria (atlldnlgvdlrmlolmy dridped pawld@lewlfoh1calcxdatFatrycsihlqr1de thloeon trifluoride,

Sulﬁ]é% 1dep aria Sk ta10§1§ WE%B ts%u reﬁ‘e 1ve%%%g)t§8%%9 C fg?va%g gcla{galysts. The

such as a Hout
pmﬁf@&hmnaxn&nabmmw%EammpmabQMhnaﬁﬂ@ kPa, such as about

00 kPa an liquid,ho space
10072 ot S HPP Il aER o eIRG Ry st far i kvdze” B G B burytbenzene
hyddopkrdx@dedhetdes 2@0QActhe cldy, speledsemabidic a@ombrilonit sBidooulumdi clay, as

desigain S gIRReh R0, AGTLI o e EBeiplloftenthe G e corporacd

her@s b &ayhmethyl ket one, phenol, cyclohexylbenzene
ohexangne or sec- butylbenzene to assi st in heat

IOOPérmthe crfieprefehragehs deeroton way b RusHicd i geparate its components,

or ﬁﬁﬂ&l{ﬁaﬁ@@ td f@)rrﬁ ﬁﬁﬁfef‘ibﬂéﬁh&s etingd il dn@%hl%lhhh@ﬁttwh&@@g 3dmpgR8d (V) is
cat al éﬁ% enpl oyed t he cl eavage step can be

cycdhbeeyg wbycl’f@neéﬂw thgrkegpnp @f@ﬂ@g@ﬁé@ﬁgdec%@hg@mne Accordingly,
the [c%%@yclgh’éxta@tglle &l QHR[Q SRGRY %roﬁ! ﬁé\éﬁg@agg %{eﬁl rﬂfa%/t 53 équ%kt%&i % further

furic acid perc [oric acid p oric acid
purtf;ﬁdti@tm @rqd@ceapurdieén@'ctﬂhpmngwe Iph@n@ﬂ cAawiitgble Parifipagion process

1ncﬁ1ﬁ£: 31? ’nopl%lﬁ’ 1tor b § %ri’ég qgtlk’fﬁﬂ)&lf‘[&l\{lerg kg ?ﬁteatﬂg c}%i'élfeya{none and

e are also effective honp eneous eava
pmmak&bmsmbm'ﬂhee$K@ksnu@ﬂompmdﬁﬂneom@m@heawa@$lmdfbbwsmededto

dehigﬁ]iog%ﬂati i ncoragr tg COLV ?th?]to ﬁﬁ’leﬁ&i gl?é?ll ehgc?r%&eg%?o%”%@ HBe Herformed for

gavage o
:mgmHopﬁmmmm@asudc&qmﬂmum.mubﬂbtmﬁmmhmy, such as an

i di ¢ nont rlll njte .sil na.cl a as D
IOOZ@W G5 TRen? phirg B ST 430 Hlhpu s e iy geidized i o
mixik iof arvcdwmioaﬁdsrcﬁ“ g@lﬁeréllll’fb@ﬂhla QD)) maeftfio cadkeed sNRFGtc dffkct has been

C O 76]. T r r fromth I :
oo RS IR0l The, G rodic LEOmARS 1 SRR e
oxiflatioh E»edceisrc@adlﬁ&lst Such QEher ik SEO@ fop eI, Suhed HéSylRdcABE substrate
, am0|wmnvmaethecmmmmd(ﬂo|s
is a mixture of cumene and cyclohexylbenzene; Or a mixture of sec-butylbenzene and
cyclohexylbenzene. This synergystic effect is demonstrated in Examples 12 and 13 and their
associated Figures 21-23 discussed hereinafter.
[0078] The invention will now be more particularly described with reference to the following
non-limiting Examples, some of the data from which are shown in Table 1.
Example 1 - Oxidation of SBB
[0079] 150 gm of sec-butylbenzene (SBB) supplied by TCI America and 0.16 gm (0.11 wt%,

1100 ppm) of N-hydroxyphthalimide (NHPI) were weighed into a Parr reactor fitted with a

stirrer, thermocouple, gas inlet, sampling port and a condenser containing a Dean Stark trap for

water removal. The reactor and contents were stirred at 700 rpm and sparged with nitrogen at a
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cycl ohexyl benzenehydr oper oxi de, the ketone product

wi Il include cycl ohexanone. Accordingly, the crude
w@ywbossssanone and crude phenol fromthe cl eaveQEUS108$079172

may be subjected to further purification to produce

purified cycl ohexanone and phenol. A suitable

floR ¥atk bf ERLICANNRE AGESHinkRE! HHE Soacttilyad t%erﬂﬁksshhi@dtvﬁfjl tiRogen to 690
a series of distillation towers to separate

kPag\(¢Pbprésiarivlsenzarfaingshiidler @ PRUIGESICIPREE 28HBes hen he@tﬁél tedgef&. When
the %acﬂ&t{ teﬁip@ﬂm?é/ %5@%@811%5‘ ahe gﬁax)/as s‘iv?t%flgd P8 %H@ﬁ@tﬂoeﬂr iR the reactor

dehydrogenation in order fo convert it to phenol
waglgiaygdd ogthinat #toddOregymibete perrd beure dSamples wxangier howle andathe NHPI,
[ I '
acefi@géh XI‘?& n‘%&%{? c&ﬁ‘elﬁtaﬁgﬁsﬂ 1 @%cgl\r/kélnis%% %e?é Pﬁ%hﬁ?)%& gggacr‘t{g%ﬁzgéraphy for
congeis®n r atde sdldvaayity smd>xHEiTL(2 gdlighs Paesmre(tluqla'd ofhromatography) for NHPI
concen%ggrp d%as%ﬁe {ger wfclt%r a% rysw&i %Fl?clher tsf’él Iv&%s %ae d’\f%r 4 hours,
yner g I'C '8ct hi4s ied WHER Co-

the Fgasxmh s‘veeﬂai liaok mntrageh ami the hedtevas peaed ofé dWhark ﬂlleyat‘tor had cooled,
. unﬁer t he gg(g lg X|dat|on process conditions. Such

1 REY GYT-SC &% ec? S RN%, when the hydrocar bon

[0080]bSt Tht Rsils agie mo)évfnl.iﬁ @apit 1cmdenBigard, from which it will be seen that the

cl ohex nze m xt ur f sec-buytyl benz
NHEY RO e gy paanCand 10 i) fie s REire SOfEdRL 1 LS wppm over 4
hol€RASE KalcBdindthExadiel 28l dbdcaiatidhdmam@p ttRg Fero to about 600 wppm.
associ at ed Fi gures 21-23 . discussed herelnafter

Overrbe sampetifes e vl by diensraréderropesnpatian Ruilf wp foebge Pb*@a!n and the

watdt EdhcéRb 8RR it &cther i g non-1imting Exanples,
some of the data fromwhich are shown in Table 1.

Exgmplegdt Pxidatiompf 3BBi on of SBB [ 0079] 150 gm of
[00§ij btﬁlé’ %Q@&% %@%xgéﬁ@l @W%h%a@gi B v;r H mATRE b@lﬁg %ﬂgat atmospherlc

hydr oxypht hal I m de
preQSNHF(IIQO Wéqr)emév@hegh@éts mtSbo‘an Patably éanft wrFigure 2edt wilk be sgen that, at

atm%gﬁh(rgflg resEJ}@ r(fB?)CgP%ﬁ' gcetl 1%‘1dI %{degtﬁersﬁ’t%}?l o 10 vpe% tforﬂfgg o2 very low

Ler 'cont ai Yor wat er
concerimtion andTeae r:@mo;lt:t@bf ramdvedd“rmetht $eammrems<ture, rlmitlr@tthem Onavailable

to Ja%j?rzgn I thgel{%'g%%%f \{nﬁe:]]\kfdli[glls tIE ?%?ﬁ)r %ﬁ ‘r?gt 3q1VXu¥sa%f he9 test %ﬁg acetic acid and

e reactor wa
the patied sydicpedxidk tibveli tvergedow ahd 8QedtBagdiril:)of m. g okinrha@ographic

i nt.ai ned ynder ni trogen ar.ge an s, then. heat e
ooy s Tt o8 e s D abb g SR 6 G Py VR s R g8 bEtvety (n
contla@ vgasthyvas sl 1000 @ﬁmfdbfmﬁd’di ih IFagaple t1) tyithe amidofithe4 hour run time.
i ir at. 250 cc/ m hute for

actor was.sparged.
In ﬁ‘gi&t% 10 SHIRRISsACHRs %Clt{m dieBh bR JEAcion JRguEnat Wpﬁressaréé{l? gir flowing
thr@gh dheaﬁﬁctéreﬂﬁﬁp@ﬂ uCOBGRMNTtALT 8 Svaddr 288 Rn&ABPhea BWRHBduct of the
nmeasur ed % gas chronatography for conversion and

oxidat|oB PFGCG§St §9 2dmes! PRSP BIPBR- Pressure Li quid
[0083y" OMeh OFHRP BdhkerftakioMNRin qupfégmfmtmge 2B ASHERIRNA $igure 2, from

Wh;ig[lb;fv\ﬁhgé] égpggtlpgl(tstlhg céélaci:rlltratllor? Co? ?\IrHPaIms?art%g I0181t \a{\talsloldspepgn and drifted up
slowly during the test as other volatile components were stripped from the reaction mixture.
Thus, at low pressure, with most of the acetic acid and water removed to levels below 50 wppm,
the NHPI catalyst in the reaction vessel was protected from hydrolysis and remained close to its
starting concentration and available for the oxidation reaction.

[0083] The SBB conversion and the selectivity to sec-butylbenzene hydroperoxide (SBBHP)
for Examples 1 and 2 are compared in Figures 3 and 4. It will be seen from Figure 3 that the

SBB conversion was adversely affected by the lower pressure used in Example 2, being 26 wt%
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the gas was switched back to nitrogen and the heat was
turned off. Wien the reactor had cooled, it was
wale@oessser i zed and the contents renoved. [ 0080PCTVK82008/079172
results are shown in Table 1 and in Figure 1, from
which it wll be seen that the NHPI concentration
aftéal r4q1@91% G BRI 180 MAPE R% tExRRB NNHHIRE, ab B Be@3En £ Figure
wppm over 4 hours, during which tine the acetic
4, ta@ |Sa3 ety it YEHSHRR £onygrsingapeacoVEsovesh sigtilapagboth 690 kPag
(100/pRig) afd/ eﬁﬁlogﬂﬁ@n@%uw ﬁﬁhctah?g ﬁ%ME SB)é‘fjerosQféEt@Ny%as set by the SBB
concentration bullt up to about 00 wppm and
conxgitswn seedieseand ves inotrp functiga of nre@snrﬁeeé ghegf reaq®ion cw;dptmns
4 _ QX ' SBB [0081] The process of
finda SKIdibh 3P but with the test being run at
[OOaﬂrmsEheerpirQreq:sme@é upempkS 0l kPd)2 avede trépeatcésul tvsithatie initial NHPI
contc%n(%]\i’\ﬂon ?em a(?ecrea eél?(? g O%’) ; eJé:I gdrﬂ’ eppﬁélacll thgaejsultsa arg tsl?own . Tgble 1 and in
Figaresl 5ad her Ilght acids were forrred at very | ow

oGSCPLEA OB and wekecomletel v remued, (rom Lhe

corichgrakiyl ﬂﬁ)byﬁii Bor 500 bem MHPOO ppri ofvaCthe # <ours e tHel teg tat 890 kPag (100

sof test, the agcetic acid and the efhyl
PSI&VH 18t§2 OP@\%‘PP@GR%@ ‘@8 e %E ‘H%%té‘&"f“?SBfﬁerYiH‘i*?Sﬁ‘ge (100 kPa)
in E;Ianiplhm URSwEBF SHABIr@PIARN MeRDRbEE For the Sdrddioh® oPPkampd3 after 4
and 34 WJ@ m for acetic acid and ethyl hydroperoxide
howr%svs@& 1374 (5 0P Sspeclivelyy ViraCader Brariod dreppyare each <50
tained in Exanple 1), by the end of the 4 hour run
ime. In addition to stripping acetic acid fromthe
l008@act Fierrent xleip ghe BB sVEHEgstgeEst Haeaet sE¢agnjapdy shows that the
corlvB Y glhb&[fl] %xﬁlﬁﬁ‘i@§ ?En(ﬁﬁ Wapps%gltigﬂ}t thtetggmé@ﬂ Abhd 1 \9!?% 5408 the 4 hours
wat er al so generated as a by-product of the oxidation
of the tseless, to a | evel bel ow 50 wpopm [0082] The NHPI

[Oﬂgﬁlgsﬁ pfg%nae}jl Qgtrsgﬁ'crzg f’lggl V\#ﬁlﬁ% gafms'lz‘ﬁﬁ E?cc%lvh%loﬁlaﬁ&) sh%\xés that the

e seen that
SBBHRcelattrvatly ivors scg‘mfNHPly lsittar stedmospherat preskO@ (p@hki2a) dhan at 690 kPag
I s other volatile
(0B BHGERER M8 R oty SRR MG P RbePoact 1 on mixture.
Exﬂ'lhuBs SAJSBmmeﬁsMaagnufsmB nost of the acetic acid

d ter re ed to.l s bel ow.5 m, t he NHPI
008 1 B Shoi® P e o e, Bl B AL TP BRE 2 bt D gy affected by
the NyWokr Pragsirs emprdy & ﬁi&il@ﬁfﬁg f.HlaOS)fQ/gElO n’iﬁﬁsStreﬁltstaf {dxggen concentration in the
BB S L LEOLE 8 e A o i

oxy2eh @6hdeMirdtionti@ (BE Gighidt phlafreRZ@NiAcrbysd b e4te X Agit{iIBRIfiRhe reaction
for Exanples 1 and 2 are conpared in Figures 3 and 4.

methmmpy }nqgésn%té\ﬁ agl’;aélﬁlil ﬁ?eﬁﬁl p%a sfirfeR 4} confpst with the reaction medium. Thus

in Example 5, the effect of stirrer agitation speed was evaluated at different pressures, namely at

690 kPag (100 psig), 207 kPag (30 psig) and atmospheric pressure (100 kPa) in Examples 5A, 5B

and 5C respectively. In particular, the process of Example 1 was repeated but with the reactor
and contents being stirred at various rates between 0 and 1500 rpm at each of the pressures
tested. The results are summarized in Table 1 and in Figures 8 to 11.

[0089] Figure 8 plots the reaction rate (wt%) against agitation speed at different pressures
and shows that the reaction rate at high pressure, 207 kPag and 690 kPag (30 and 100 psig), is
almost not affected by the agitation speed. However, at atmospheric pressure, the reaction rate is

dramatically affected by the agitation speed. This is believed to be because undesirable product
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SBB conversi on was adversely affected by the | ower
pressure used in Exanple 2, being 26 wt%after 4 hours
WO p00BX3s85pl € 1 but only 18 W% in Exanple 2. HOREW/ER2008(679172
can be seen fromFigure 4, the SBBHP selectivity
versus SBB conversion response was very simlar at
miR@t Qo@?&hektp SR@atel 8 &%{n@ acR) Gs REAMS W&bl‘écﬂirevﬁﬁ%ﬁ ®rganic acid such
indicating that th BBHP selectivity was set %
as BRAC @HAY AICSEHAvaselodetekdbadny Makrnibet amoshetis @FPS@}FG and the NHPI
stalﬂﬁ@sisc' Hﬁ;ﬁ"ox%ﬁ (F@ﬁé@g ﬁﬁt‘% %QH@ t‘ﬁﬁ@ﬁl'etok% co@éﬁt’i’moﬁ% e "ﬁaﬁjid phase is
dati on of The processes of Exanples
mcma@dd)yzthwérgé Speq@ie@ztet@bnb Jbe meawrftc}nealuemf@n whtemigfyanic acid and NHPI

R s
[0009] 7. F{g0883D akil Juirsko® t]p}itoctténghh@emnatmm@rehatmmh@nc pressure, not
onlg gsﬁ I(t:heeﬁigllﬂféf[ Hebl RE 1%}5)¥0evgd fb?g %115%88 ré?rtlveis&ﬂl andn§Bo]%}éll? s%lﬁcetivity are
incbagedur s of the test at 690 kPag (100 psig) in Exanple

3 t only.dropped to 420 ppm over 4 hours at
EX??R@%ﬁﬁg??%uwﬁggad.e (100 kPa) in Exanpl e 4.The water
[00and OThE&pioCesAK BxiRES Urvesatpcatcl Mt Witk tixoReti HeingNGn &fith 150 gm of

ey UG PR Yl I ASRUSLS 81T R #14- Frigy Qe B0 o of -

hy @& yWRBANmIKO OBEP1) bkl hRighePin@S SPrPRa SRBEARMEN SitPRyr, thermocouple
agai nst tinme on stream and shows that the convers

gasj lﬁleb SRAPImERHH B 23copdepsar painds e RepnPlatk trefos At éﬁmoval The

read@BOMd bohtcs %A t@ked e odo Ii‘[ﬁhlraﬁd @Ear%elaewﬁ}?féﬁro e[nOQ‘?a7ﬂlow rate of 250
Figure 7 plots the SBBHP sel ect|V|P¥ ﬁalns%

co/ppmiedPe? anwsd Erorectares thenerappiapd with atrogy W9%Bag (100 psig)

whitd Qﬂinftdn%nl;ﬂd)fr D&l En Qﬂar&t IRSWACHEE hPA&ESRUN18°(. 1%&13@% reaction
than at 690 kPag (I00 psig) over the entire range of

ten@tt@@wvfelresc‘rh@d,st ¢ g@tveeé SWIRR g nifAZer5B agfrtld BIE reactor was sparged

witﬁ)éir q{f’lﬁﬂOo&/n(ﬁLutg%% 3@%@88%33@16% %Makéﬂ 1%'1112#J ?1% t:l'?le N‘F{;ﬁ &ﬁ%e reaction

conversion in ver sel ect ed
corhymnerrt Cpncestssuiroas efprloyaahle Wnldlmmsurcrgbst gmtchmmyigmapha@ conversion

andi %e?&fwl%e% gu?dx ﬁg? &P %\10 ?ﬁttsé’ % IL%Q cl ahltolﬂl%t a%H fo%:ﬁ[%%) con%entratlon

I'ng s {5 on react
meapmmatsh Affeer 4 hntps OIWEI £y whak ewitohyd) Barkao n'megdsrr :aidlthmhaanwhmrned off.

ui d phase is, to. increase th e of itati f
wieh 3 SaB0ES coBlgioin g ST REp g ohd s SR e s Pleagrats are
sho®hn i@ Tbier I &fd inFig@ed axt13winti 4t pedo@antlyel shediduiiter Rhalghat some

in le 5, the effect of stir gitation speed
am Eﬁﬁ%%?&‘t aeyl %ﬂp PERPHET %%‘fha& ess Ffa%dé namel y at
Example 7 - Oxidation of CHB

[0092] The process of Example 6 was repeated but with the test being run at a pressure of
345 kPag (50 psig). Again the results are shown in Figure 12, 13 and 14.
Example 8 - Oxidation of CHB

[0093] The process of Example 6 was repeated but with the test being run at atmospheric
pressure (100 kPa or 0 kPag). Again the results are shown in Figure 12, 13 and 14. It will be
seen from Figures 12, 13 and 14 that the CHB conversion and the selectivity to the
hydroperoxide were not affected by the pressure decrease between Examples 6 to 8. However,
the NHPI concentration was affected by the pressure employed in the test. Thus, at atmospheric
pressure, the NHPI concentration remained substantially the same over the 4 hours of the test, but

at 345 and 690 kPag (50 and 100 psig) the NHPI concentration dropped from 1100 ppm at the
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690 kPag (100 psig), 207 kPag (30 psig) and
at nospheric pressure (100 kPa) in Exanples 5A, 5B and
wGawesssecti vely. I n particular, the process oOPCEKS2008/€79172
1 was repeated but with the reactor and contents being
stirred at various rates between 0 and 1500 rpm at
beghfdl Of thtN&t RS 966 YAE S04 91%&1%'spe&[b%1yf ASHe b8 BF e test. The water and
summarized in Table 1 and in Figures 8 to 11. [0089]
orgpig aié caCptEtion yHeesHeieaMples Patierq vy ingdiln bt
Exadbledtioasheet caig di fferent pressures and shows that
S_Tﬁatfgﬁﬁ_Tarﬁ_a hi gh pressure, 207 kPag and 690
[00RHag [BOPrasass aDExapwiay) was rspakadibyt witlpthe adsf eaingemin pyytht 1wt (10000
NS r e
pmﬁggg?ggﬁara e%ﬁ% 5Q§ﬁ%?#%% Poagffec?géhﬁfﬁ{ﬁ%§%l8 ﬁ%n3landln
Figagh t it poh 16 péen. wWiichsit ivillbed semethat thebeoryesmnsand selectivity were
dramafj caﬁ rlr%brlogf%gp Eo ueCtrrers]eXteug 1 Wﬁﬁlm fn édﬁ%o%r r}gHPI concentratlon
nt ¢ es e% PT ow ol ecul ar “Wwel h
mn&ﬂmdﬂﬁuahea&ﬂﬂmENHEI@moﬂ@mﬁkmtmmgbh&dmﬂ@mhgﬂ@t@ahdeMI
S ealp PLesSsure and the NHPI stability
§ S—A re sane tinme the oxygen
[009@]ncen{ tihatelxpé’hmd’mt MUEgIJamS] of eindnasaesuppli¢d i PaSAlelida dn®.16 grams

h s The neasured. val ues for
©. Q %5(?@ pi¢ 0§ aﬁﬁﬁﬁﬁwe 10511 V61" PERRLB At Heated I day oxidized in a
serﬁlhﬁtcﬁlpfcfc@éfsq{jft inREQRRES ONdinkih ART1oM Br FHOWourk At dddkghedie pressure
h 90] Fi ures 10 and 11 show that, at high speed
(109 4Pt DB %@r&f the FASBheIRsVers dakes everpthon| The Roga was repeated

withbiPkheSli@iRibh bf MHPTTREQYHHE: 1) a”d &0 rdshifs a$5§10‘%91r1ﬂ ?ﬁlﬁb @Mnd in Figures
and SBBHP sel ectivity are increased.

Exa
17 @}éu IFatlt witl h?fsemillsat[thﬁ}@lﬂ]ﬂowéo i %%é@{@fdrH%Wﬂ@@meé the cumene
ax&g@%ﬁgggﬁg%hvﬂytrlthe test being run with 150 gm of
cyc ohexylbenzene (CHB) supplled by TCl Anerica and

8s b and 118 - G KCwneny of Nhydroxypht hal i mi de
[OOQﬁHPI )fhé) %& gss\’\@f %Q IE ”1t0°w§s R chted eo%l?tu?ﬁlﬁfa{ ¥n?tgal Vgogaanﬁatlon of

rrer, e nocoupl’e, gas in et,
0. ld:\@ﬁ/d e(rhlsﬁé)r ppmhtoélhﬁli{hlg aq aDednly St ?aldkwtth asppetr@ue mm éxelng conducted at
atmos pplTl?erlc Bressure %16& Elgt %ﬁd %E?ess?u%‘ foqfe (gbﬁ)iga F@\(l)vStr | 5 rﬁg r%t%%té arc shown in
Tatﬂ@:/lnarrdwhﬁgmes 59 ram¢h lZD,eﬁomT\hlﬁclt @awetlobe waa thhemlthough increasing the

essurlze wWth nitr 690
preRRe e hstrshonrat 198he a0k faretaR et st e 200,
Getie@alll] Sfaprongntht higy digpatvikide Nseleetiper & dioge \l\mporfaﬁﬁtﬂli'@dl,mprovmg the
the. gas was.switched fromnitrogen to.air and th )
Conﬁ’éré’@gostln%%des%‘il@% Cmpcaly progyct xsparation,pyl, £ais¢ genp! vield loss.
Anf194¢ Sf thSRHOMIc@So MRS t& otrake@RoOME Follodittk: t he NHPI and t he
reaction _conponent concentrations of each sanp

(2) rpalStir¥dP by mgHs it GREOST ApHY | @%rppétaﬁvéﬁnwm?ﬂaﬁffssurre but at 690

kp%ﬁdm@&)glgj thi @sH RN n IRkt dnHi@Pp r Bt Wl el B v Blue of 1060 ppm to 286
romat ogr aphy) for NHPI concentration
ppm at the end of the reaction.

(b) At atmospheric pressure most of the oxygenated products made from methyl radical
oxidation are removed from the reactor (hence acid-concentration <50 ppm). However at 690
kPag (100 psig) most of the light oxygenates remain in the reactor (acid concentration > 500
ppm) causing damage to the catalyst and the desired product. Also at the high pressure, the water

concentration was measured at >1000 ppm.
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measurenents. After 4 hours, the gas was sw tched back
to nitrogen and the heat was turned off. Wen the
W0 2@emsss3had cool ed, it was depressurized and PEEUS2008/079172
contents renoved. The results are shown in Table 1 and
in Figures 12, 13 and 14. Product anal yses showed

()l NtBfe @(l)ﬂc@ntialﬂéﬁ o‘fgﬂ?gn(ﬁn@%E Stréh fbf)@ﬂo%décdléivﬁg%g in the oxidation

pent ani oc acid een forned. - Oxidation

efﬂaﬁntwwp@@@hq high S¥0aray st éfghmzwe Ae aﬁm@%ph@pe@rﬁ@are the phenol

con@é&hra‘ﬁ’bﬁﬂn‘é@%ﬂl@ﬁ being run at a pressure of 345 kPag
bs) 9

gal n the resul ts are shown in Figure 12,

Examplgs = ? tumeneof CHB [ 0093] The

ocess

g %na%‘ug?é ??%% ﬁ&?éﬁ%ﬁ@%@%@%@% 6 by Blmone and 0.1

wt%g(a{)(ﬁﬂ phua) roéMRIswalreeWSIgmm initgn aFMﬁ]mlePallz Reaciﬁoraﬁwledlmth a stirrer,

theI ! \6\/1'1 a3 1n§%e 1R Gk B es d%l’l ef Sork aqdl 1% ﬂegr?tStatﬂp%ra for water
‘a‘—%c"mﬁe n° rﬁ’d%ﬁe o Ty ? t'he P

rsio IV
renh)yﬂilr dphe rexiod end/\mn&:nmotferaﬁtireidtae diO(lertﬂmdmp&rg@dm'&h nitrogen at a flow

.t he NHPI )
rat G o P R B TR Sasy T s mRAGLED it Biatio g desired
pretshe ta@Bdsphcrleusr, 69k kdgnoP heixl )Carﬂr@mﬁid.lfrﬁmtdirhﬁg IMHH*‘Irogen sparge the

concentratjon_ re ed substantially same over
reagion ¥t i‘eaé?d onibet fgglfe% ‘B{E‘Pera?lr%@é5§lr?d %}é‘éﬂ Kisalyoqss tS‘ﬁHerature was
readii2Q, B8 icBY whh @Bl fieRNGREtchab la@hndtRpPRedord \Kl@r@plr%@@ WRRMir at the
at thebegi nni ng of the test to 700 and 600

pm
desred et ieireioy fat hone: etannld Yie t%kégthoul‘bhe%f é?ur diprs the gas was

switthS@PAck t@ﬁitl@g&?%@ﬂé hat WaNuVRblWeS Wdn (X AIRbEFad& 0018 the reactor
are shown in Table Exanple 9 - Oxidation of CHB

wayg @wmaurm%alﬁlrtb%w@nﬁfrewwﬁlp |Tée EsWtsere dpwatiedaljed apgd inFigures 21
and 5% "fl%stfatal%ﬁb@g sglh@gl‘é‘ﬁct et Whetb 4 AARR0 PEMB) anh“éﬁllnel?et is oxidized and

at nospheric preSsure and at 1100C The results are
thatsihgmec‘rtmtsr &blhe hydepnerokide i pttereat alrBosphericlgessfiiedhanviiihegh pressure.

e t r ec [

Alsy a%"%gdr éf?rg Ilgeal(l«la&?%d J?ga g&ﬁ& cﬁh&ﬂ}rggbgnglgg = ‘i(bld() 5@9 >500 ppm,
respdieiPyely.l n addi ti on, the NHPI concentration remai ned the

same, with no NHPI deconposition bei ng observed using

HPLC anal ysis. Exanples 1QA and | QB - Oxidation of
Ex&uplent34 60D EIB | Oxidhtien ef@HEBISBBt 150 grans of cunene

suppli by. . TCl Ane and 0.16 0.11 wt
10088100 RmycEEs SHbenal e srERndhthenzete (B or s o1k By benzene
and @1 HA%BC16000ppax)i ofiNterd wdle aveighed mbod 800nfIPaGas@ctdy fitted with a stirrer,
i nt roduci n a 250 cc/m n?ffu r fI ow for .f.our hours

el 1 SERHREPT BT R PaeTShFRIUL BR o Shgh At for wate

ren@@AIt EMhk SeddRE Bnd SHHRMtsBVEE YtirRQUE 100N nPMAGP&EedM@Bh nitrogen at a flow

repeated . , . o .
rate of 250 cc/min for five minutes. The reactor was pressurized with nitrogen to the desired

pressure (atmospheric or 690 kPag [100 psig]) and while maintaining a nitrogen sparge the
reactor was heated to the desired temperature (125°C). When the reaction temperature was
reached, the gas was switched from nitrogen to air and the reactor was sparged with air at the
desired flow rate for four hours. Samples were taken hourly. After four hours the gas was
switched back to nitrogen and the heat was turned off. When the reactor had cooled the reactor
was depressurized and the contents removed. The results are shown in Table 1 and in Figure 23.
The data show a synergistic effect when a mixture of CHB and sec-butylbenzene is oxidized and

that the selectivity to the hydroperoxide is better at atmospheric pressure (when water and
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wi t hout the addition of NHPI (Exanple 10B) and the
results are shown in Table 1 and in Figures 17 and 18.
WO 200%f05453be seen that the addition of 0.11 w YBPEFPS$2008/079172
dramatically inproved the cunene conversion and
selectivity. Exanples HA and HB - Oxidation of
orgfMEBAE WeROR <IN S nPrtRGes Bichipr&EXAIPV R W tMams CeaRAIpRHand organic
gbut usi ng an |n|tﬂgl concéﬁg}atlgﬁbof 0.1 1\/\)t°/6(1]].p%@I s
acihyay >WOPMNMPI as a catal yst and with separate runs
(0096 NITRORAYL! P&‘E’ed% t}f%t]ﬂ@ﬁ?f%? hicGy I%E& _I_%{rtehs(éhqg THEIR), WRe the units
a pressure o psi Q) e results are
ands#hbigmiatipns Fatplayed irathel C@Inmm g@;r\é(stellﬁwanm, A0d =fwppm; i T Alow rate in
I _S I r h rgs — o
corbult SurRP RS ARk AR, REERE Wb TR - -c:
preaSIhfee(@t) s tthegwed Bt valing yerf Fidjeates a.‘tzrﬁc)Sph@@rmmhﬂeW 100 kPa absolute];
NPfP ' ovolurrll tcht%l Stylg rwollﬁer %6'Sd—et1r§1§ Ior? (s:ttrel:a\r/nl by h0|u§s (E ®Invention” indicates
npor tant RER ving the conversron siné
whsthedeher ]ézamtpilam snthmrth)é ingattien ps daiuet! ('S&p9 roahotc(r‘Ndr)ld cause

100P0ic SRS e BT M oo ARl sin gt Brence o

par{icassuibedimeals i oskQF brgiuiy skitl 1rﬁfH&0$tphlﬁralppre@ﬁteSl$dﬂ tie ibutntion lends

: 69Q kPag (100 [ t he, NHPI ncentrat|
“Sﬁ?fItB ﬁﬁaﬂat}%‘ég&tr %eae%%si-ﬁ% %Fati%gl%fe‘ﬁp of s E%‘S%‘pﬂ%eﬁfc re?ﬁ%‘glce should be
ma@NEb1aY té AR dppafded @Rum{ R phtpoddsIFRREhiInfgPhe HS4 K&PEWS tthe present
of . the oxygenated products nade from nethyl radica
invgRtioBat i on are renoved fromthe reactor (hence
aci d-concentration <50 ppn). However at 690 kPag (100
psig) nost of the |ight oxygenates remain in the
reactor (acid concentration > 500 ppnm) causi ng danage
to the catal yst and the desired product. Also at the
hi gh pressure, the water concentrati on was neasured at
>1000 ppm (c) The concentration of phenol (rmade from
hydr oper oxi de cl eavage) in the oxidation effluent is
found to be high (5000 ppm at high pressure. At
at nospheric pressure the phenol concentration is
negli gi bl e. Exanpl es 12A and 12B - Oxi dation of
CHB/ Cunrene [ 0097] A m xture of 116 grans of
cycl ohexyl benzene (CHB), 36 granms of cunene and 0.1
wt % (1000 ppnm) of NHPI were weighed into a 300m Parr
Reactor fitted with a stirrer, thernocouple, gas
inlet, sanpling port and a condenser containing a Dean
Stark Trap for water renoval. The reactor and contents
were stirred at 1000 rpm and sparged with nitrogen at
a flow
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rate of 250 cc/mn for five mnutes. The reactor was
pressurized with nitrogen to the desired pressure

W@ a00m0S§5Ber i ¢ or 690 kPag [ 100 psig]) and whi | BCT/US2008/079172
mai ntai ning a nitrogen sparge the reactor was heated
to the desired tenperature ( 115C). Wen the reaction
tenperature was reached, the gas was switched from
nitrogen to air and the reactor was sparged with air
at the desired flowrate for four hours. Sanples were

t aken—hpturtyr—AHer ot Thotrs—thegaswas—swHtehe
back [t®| nijtrpgen jand tlhe| heat| was [turned pffl. \Wen |t he
reacthE; had cool ed, [t he feactior |was depressuriized gnd
t he cohtent enpved., (The resubt % [ag e .S [ alglle, L
and inszggd?eé zglcz‘?aﬁjdéngz3 %Sweﬁdgtéagsﬁc?ggsgnﬁe% &stgs
ef f ect, Wwhen p m xture [of | ChB and cumeng 15 oxildi zed
and til@at tlhe| sel ectivijty|to the|hydroperoxide |is
bett gr_af |at nBspheY i| T |pf e330r ¥ §| g™ at” |[i gh | pr ieS s Or|eT
Al so,| at 90| kPag t he (water and|orjgahiq aci d __ -
concent tat|i on was| x| £0@)| and 500 |[Bm |respe& i veBy.
Exanpl es 13A and ]%38- ;OKi dat| ongofg CHB/ SBB v.OOCS?B. Ac‘>
m xt urge| @f| L6 | gr e gafe C¥¢loh@x bngerwo%(‘r RS
grams of g6t Buy| BeRzenemaml 9. 1 e v (|FOD8 |ppny | af| v
NHPI |wet é |wej ghed 1 ntlg &) 300 T Par|r T React pif |flitted | |
with |la s8i(&pg|d Bt Bo@Dgl|& | Iag B et|8 38 [BySHE |
and g cpndensten “clont di|ni g |a Dearr (St aPK ~Trap ~floT | wdter
removial | _The| reactor gnd|cantents were |stjrned ai 100D
rpm arfd| Enay pBA W E hnis [ B9en| at A £ | awd pBe HfE 250 &
cc/ m ptof—fveninutes Hhe reactior —-was pressurized
W th niteagehot @ tdhewdes| ped pressus eo(|at hosghes i
690 KPa g[%o‘ﬁpﬁ g$] | Wi - i [t AFrimg ot f g
sparde the reagtor_was heated to the| dgsired
t enper@t urle [ 1250)3 | BHen| t he [ eact|i on tlenperatiure Was
r eaBhesl tihel gas s;*qu' L ehed &1emal brieges 0 4i 5 [ang
t he" r|/dAc8de Way ,cgsgl dad Wet 1B @1 SatS t Be 2eSi| SldB 1 Bl
r at e fFor—four—hours—Sanpltes—wetetaken—hpuity—After
four g o h S=Qf=5 bt d [ 1
t he her% gwéch‘és §uf\he‘%%f§l\§m§e§h§a%a§t§ %a%%ﬁe%
t he reactqr was depressufi zed and |t he gontents
rermve? gltee| Lesul t$_darel shown in Table 1 and jin
Fi gurlex 23.| Thg |¢at@ | Sha 8 %ngrg;l ssle|edf8ch vBes |8
ni xt Ur e| of| aCHB | anldr sec-bltyIbenzéne’ | € |ox| di| 2zeldh and A
that the delctlivity tlo the hydroperoxi|lde| i s bet{er|l at
at mosiphesi|c, p@ee%s@(ag(\r%sg walt en _andosdan| 8 |acid | wer@
bot h |[SPxpEM * 1 Kany aft |KF oR | e3str|ef ( WHeh| YatErs was «
>1000—ppmrand—organicrtactdrwas—>500ppm- 0¢99—Th
data |reporjted iin {the Exapplies| are |at || gast ire|part
listeds|[n (Tapl ¢ 1, where|the units g 8lala
b ol o|lo|lo|S5|5|m|m
w glo|a|a|Q]Q|2|2
n|lo|ln|n|lo|lo|n| ||| E|E|E|E|D|d|d|d
njo|lojo|lmj@|m| || IXT|XLT|S|S5| S| IT|T ||
Nninlunlunln|ln OO0 |OIO|O0O|O0O|OlO|0|0|0O
o
Q.
§
8| afo|e|5|8|8]o|~|o|o]2]E|T|E|3|8]E|E
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and abbrevi ations enployed in the columms are: Water =
wppm Acid = wopm Air = flowrate in cc/mnute;

W®R00P0S8S3IE stirring speed in revolutions per nPEIIUS2008/079172

(rpm; tenperature (T) = 0C, pressure (P) = kPa guage

[the val ue zero indicates atnospheric pressure ie 100

kPa absol ute]; NHPI = anount of catalyst in wppm TGS

= tinme on stream in hours; and "lnvention"” indicates

whet her the Exanple is within the invention as cl ai ned

POCYRSAINGS Not ("No"). [00100] While the present

Thvention has been described and illustrated by

reference to particular enbodi ments, those of ordinary
k||| t [ ' o
PAL LA bRt ) L SRRGAED B SO BRLIGRAT, opmviin

fhe rcelrcspoﬁmg hireperogals palgohioh emtone, edaéioeyimeam ou tlidarb@cylic acid, the

solely to the appe ded Ialns f.or
%I‘G%Gé% %)m I'ISXlg Cﬂnta%tln%e gagoon me luliIl OmBFISIH%Qltﬂy(B'OCHI on Wlth an oxygen-

¢camvednihg gas. 1ﬂ' dtzl gestndd of a cmapsomgmsiﬁagla codlicdindendf the general formula
@%drocarbon to an oxidi zed hydrocarbon product

nprising the correspondi ng hydroperoxi de, al cohol,
ket one, carboxylic acid on)dicarboxylic acid, the
process conprising contaclling a reaction nmedi um
conprising a hydrocarbon @M th an oxygencontaini ng gas
in the presence of a cata yst conprising a cyclic
i mde of the gen a (I) erein each of Rl
and R2 is i depended@iy sele om hydrocar byl and
substi t ut ed \hydroc rbyl r adi aIs h ving 1 to car bon
atonms, or fr t he fgRotps  SCBH, NHR, OH and N2 or
fron1the atons M H d, and |, |provided that Rl
and R2 can be |inked to ofle anot he mVi a a coval ent
bond; each of QL and @ i sl i ndependently sel ected from
C, CH N, and CRB each dﬁ»% and Zis independently
sel ected from and el epent s of

SerE e Ghi € Rbiis ckpnderayofeioeid o shygfocarby o substiuted

hydr@ca tyl tadicaR rhaging mtb 30 taBn gtonfén& fR5%n GRNerBEsAY,HONH,, OH and

he enfities |sted or Ri; . )
NOz or from the atoms H, F, Cl, Br and 1, pr0V1ded that R* and R” can be linked to one

another via a covalent bond;

cach of Q' and Q” is independently selected from C, CH, N, and CR*;

cach of X and Z is independently selected from C, S, CH,, N, P and elements of Group 4 of
the Periodic Table;

Y is O or OH;

kisO, 1, or2;

lis0, 1, or 2;

mis 1 to 3; and

R’ can be any of the entities listed for R'; and

wherein said contacting is conducted under conditions such as to maintain the concentration
of water in the reaction medium below 50 ppm by weight and the concentration of organic

acids in the reaction medium below 50 ppm by weight.
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wherein said contacting is conducted under conditions
such as to maintain the concentration of water in the

w0 e@ensssel medi um bel ow 50 ppm by wei ght and t hBCT/US2008/079172

concentration of organic acids in the reaction nedi um
bel ow 50 ppm by wei ght.2. The process of claim1,
wherein the cyclic imde obeys the general fornula
élll): wherein each of R, R, R, and Ris
?-ndependersessyf slaine & wlprein Ginchisigrioiderabgys thqgeneral formula (T1D):
substituted hydrocapbyl 8 icals having 1 to 20 carbon
atons, or fromthe groups H NH2, OH and NO2 or
fromthe atons H, r and |; each of X and Z is
i ndependentys C S CH2, N P and

el ements of GQu he *@{iodic Table; Yis Oor
oH, k is 0, 1, and | is\NQ 1,, O&2 . 3. Yﬁg
process of clai 2, wherern the cyclic imde
conpri ses Nhyef pFhali m de. 4. The process of any
precedi ng chai m erein Ehe contacting i s conducted

at a pressure bel ov 300 kHa. 5. The process of claim4
wherein the pressupe i s bfgtween 50 kPa and 200 kPa. 6.

The process of any precedi(ag claim wherein the

contacting is conducted at a tenperature of between
5B@Enacadh 1B0RC.R”7 .R’Thed R’'ddessdepéndamtly pelecedifiog bydibearbyl and

RS b D Bt AR BRLL LT SRR B R s, e,
OHaintNOsfoe fremnth@atsing HpPiClgBgas 1j s passed t hrough the
GRS S B B BB o G R EREBLRBE Eorou 4o

thbecioygeamtOnt ai ni ng gas. 10. The process of claim8,
wherein the stripping gas is different fromthe

0¥y 9EeRrO8ht ai ning gas and is inert to the reaction

RA, weranghdt he cyclic imde catalyst. 11. The process
of any preceding claim wherein the reaction nediumis
b@ptbpég during the contacting. 12. The process of any
precedi ng claim wherein the hydrocarbon conprises an

?l kanﬁleorprocess of claim 1 or 2, wherein the cyclic imide comprises N-

hydroxyphthalimide.

4, The process of any preceding claim, wherein the contacting is conducted at a pressure

below 300 kPa.
5. The process of claim 4 wherein the pressure is between 50 kPa and 200 kPa.

6. The process of any preceding claim, wherein the contacting is conducted at a

temperature of between 50°C and 130°C.

7. The process of any preceding claim, wherein the oxygen-containing gas comprises up

to 21 volume % oxygen.

8. The process of any preceding claim, wherein a stripping gas is passed through the

reaction medium during the contacting.
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cycl oal kane. 13. The process of claim 12, wherein the
hydr ocar bon conpri ses isobutane or cycl ohexane. 14.

wab@psssaess of claim 13, wherein the hydrocarbornus2008/079172

conpri ses cycl ohexane, the oxidi zed hydrocarbon

product conprises cycl ohexanol and the process further
conprises converting the cycl ohexanol to adipic acid.

15. The process of claim 13, wherein the hydrocarbon

Q onprihserrogsie |06 H&3iEN, WhersinothF diERRINSh gt Bcliebgme as the oxygen-
QPR o&onpri ses cycl ohexanone and the process

further “conprises converting the cycl ohexanone to

caprol actam 16. The process of claim 13, wherein the

hy dr oRr {reesC @RRIais €855 Mse@enbwﬁ@nappm@%a@@ diﬁzseﬂt from the oxygen-
hydr ocar bon pr.oduct conprises tert-buty groEErOX|de
mnt%gaa@%eéeer?taﬁlf%rs?ctlew&mugle%lda@ qa(@h%lﬁé ¢ BtYshut y|
hydroperOX|de as an OX|dat|on catalyst. 17. The

Pl ar ot SR Puois Bl afnel eSS Billpi€ estorca auring

toopoattidg.of general formula (11): wherein R4 and RS

each i ndependently represents hydrogen or an al kyl

group having from1l to 4 carbon atons, provided that

R4 ankhemBoasssyoflsay prsreven dlamf whereia thg/eydrecathon gpmprase agyalkane or
10 carbon atons, said cyclic group being

%%?%%ﬁ%?ly substituted, and R6 represents hydrogen,

one or nore al kyl groups having from1 to 4 carbon

£ ONMBTHRr ﬁm&%cbphﬁﬁmllgfQ&@mnﬁﬁﬁeW@%ﬁ%m%oﬁh&nﬁ%hgﬂ4§Bumne or

hydrocargon product conprises a hydroperoxide of

@@H@?ﬁmefornula (IV): in which R4, RS and R6 have the

same nmeaning as in fornula (I'1). 18. The process of

Blnerti b iy v B ed i hoa fy o, ehishesane, e

@ﬂ&iﬁé&hy(ﬁ&ﬁr%ﬁtptb@ﬁﬂzwﬁmsw egclpiRbinol badzenBrocess further comprises
neth I-secbutél enzene, .1, 4-di phenyl cycl ohexane,
gEHMNsHRl [AAdIRHSY | benzene and mi xt ur es
thereof 19. The process of claim 18, mherein the
B YL ALOLLS FORIS L AoFL 85 RHSSAD SRR et
bﬁézabhydra@rbofmmqnmomqmsesf C}mloaexmn(hﬁ: umlenhe Ipl’ocbsh.durther comprises

alkglar rmtlcll nd c? rlses a m xture of
convérting the cyclohexan e 0 caprolacta

16.  The process of claim 13, wherein the hydrocarbon comprises iso-butane, the oxidized
hydrocarbon product comprises tert-butyl hydroperoxide and the process further comprises

using the tert-butyl hydroperoxide as an oxidation catalyst.

17. The process of any one of claims 1 to 11, wherein the hydrocarbon comprises at least

one alkylaromatic compound of general formula (II):

— R*

\ CI-{ (II)
X 7N

H,C
wherein 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
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cunmene and cycl ohexyl benzene or a m xture of
sec- butyl benzene and cycl ohexyl benzene. 21. The

w@e@oesss3nf claim 17, 18, 19 or 20 and furt herPCT/US2008/079172

conpri sing converting the hydroperoxide of formula
(1'V) fromthe organic phase into a phenol and an
al dehyde or ketone of the general fornula R4ACOCH2RS
§V), in which R4 and R5 have the same neaning as in,
¢ I geriyon| gtomp paidTepelip reprupslacing opticapiy Subptityedr anch Rt Hepresents
ffﬁﬁf}'%ﬁ, &k of AorUAIRy1 (Yuph BaG¥EHAN9%BAMRon Woinkbr RIQEBRSy1 croup,

er conprises dehydrogenating the cycl ohexandone to
prdowheean fhgoxidened prdrpesirbonaBoduTheonpprisesadty desperokdi f gengral formula
9)22 and further conprising converting the pheno
grdduced into bisphenol A. 24. The process of any
precedi ng claim 0 t he omgani ¢ acids have from 2
to 4 carbon at ons/

\ C——OOH Iv)
R6K / H\QC—R5

in which R*, R’ and R° have the same meaning as in formula (II).

18. The process of claim 17, wherein the alkylaromatic compound of general formula (1)
is selected from ethyl benzene, cumene, sec-butylbenzene, sec-pentylbenzene, p-methyl-sec-
butylbenzene, 1,4-diphenylcyclohexane, sec-hexylbenzene, cyclohexylbenzene and mixtures

thereof.

19. The process of claim 18, wherein the alkylaromatic compound is selected from

cumene, sec-butylbenzene, cyclohexylbenzene and mixtures thereof,

20. The process of claim 19 wherein the alkylaromatic compound comprises a mixture of

cumene and cyclohexylbenzene or a mixture of sec-butylbenzene and cyclohexylbenzene.

21. The process of claim 17, 18, 19 or 20 and further comprising converting the
hydroperoxide of formula (IV) from the organic phase into a phenol and an aldehyde or
ketone of the general formula R*COCH,R® (V), in which R* and R® have the same meaning

as in formula (I1).

22. The process of claim 21 wherein the ketone of formula (V) is cyclohexanone, which

process further comprises dehydrogenating the cyclohexanone to produce further phenol.

23. The process of claim 21 or 22 and further comprising converting the phenol produced

into bisphenol A.

24, The process of any preceding claim wherein the organic acids have from 2 to 4 carbon

atoms.

-29 -



