WD 2010/ 042273PCT/ US2009/ 054000 OXI DATI ON OF HYDROCARBONS CROSS REFERENCE
TO RELATED APPLI CATIONS [0001] This application clains the benefit of prior
U.S. provisi I gcation Serial No. 561/104,301 fil y 10, 2008,
which is hereﬁ%Z“ﬁBgéhorated by reference inits entlreﬁgﬁﬁﬁ%ﬁﬁ%“) 0002] The
present invention relates to a process for oxidizing hydrocarbons and, in
particul ar, al kyl aromatic hydrocarbons to produce phenol and substituted
phenol s. BACKGROUND 10[ 0003] The oxi dati on of hydrocarbons is an inportant
reaction in industrial organi QXIDAFIGNGE HYRROCARBONSxanpl e, the oxidation
of cyclohexane is used comrercially to produce cycl ohexanol and

cycl ohexanone, mhlch ar e i -ortant Dr ecur sor s in the production of nylon,
wher eas oxi dat g ‘ EARLRADPEI G RIO used to produce phenol,
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hydr ocar bon. d t1on s, however, organic nolec es can
al so act as fr%éeWﬁ@W%ﬁNFPﬁﬁwﬂapﬁﬂg* [0007]FDMFever it is a dlsadvantage
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cycl ohexane t oatmospheric oxygen.  However, oxygen itself is usually unsuitable for 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
25 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 O, 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
30 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 thercfore the processes must be operated at a very low

level of conversion. Thus, for cxample, the oxidation of c¢yclohexanc to
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WO 2010/ 042273PCMLS2009/ 054000 2008EM244- PCT cycl ohexanol i cycl ohexanone is
carried out at a conversion of 10 to 12% so that the selectivity is 80 to
85% ("I ndust riel ni sche Chemie" [Industrial Organig ] 1994,
261, VCH- Ver|gg’2h@"g§%§1 i nhei m). [0008] An al ternative tgg?r@%’aﬁt"w
catalysts is the use of organic nediators, for exanple 5
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catal yzes the exotherm ¢ deconposition of hydr oper oxi de products, which can
result in dand®&198iE etbaiepet e FPEoRREdFSi ons as wel | as produci ng oxi dation
poi sons. 5[ 00adion Owa&@rpﬂmﬂWﬂ@nUM&PmﬂﬂmﬁmtMﬁ@@hm@amkﬁmymﬁﬂwﬁﬂh&ﬁﬂ 271,
LLLg?nog;ogg¥égéﬂ%%mgﬁ%tﬁﬁmg"ﬁe q@@“@@°¥%@é§3 %?ﬁ8?ﬁl %Ong ﬁmg&gcarbons
in the presencenbfmaumy@hp@onﬂmdécaaﬁedWﬁwrm$ﬂwmhﬁth$mempngbk@mﬂamm

catal yst decomﬁ%tﬂe%@né]ﬁed@lb S¥nBh ‘BQ pg}{ucq\ﬂoﬁttﬁcoa Rale H&@c\{ eRilhan Lﬁ’\ga’dl tions
so as to maintain the concentration of water and organic acids in

reaction medi UHBERERIERpAPON-RGOTRPY SeissigicEgsFabyeapERraD] Al w}atpr ocess
at | ow pressurgn aRid whthWky@Xyg &imGan GeRAlIcAdin fBpaaiin Byl PaBSI UdgesRabid drgapRI N gas
through the reaction nediumto strip water and organic acids fromthe
reaction products as they are formed. [-0012]1n accordance with the present
invention, an alternative nmethod of alleviating the problem of catalyst
deconposition is proposed in which a slip streamof the contents of the 15
oxi dation reaction nmediumis renoved fromthe oxidation reactor and is then
stripped of water and organic acids before being returned to the reactor.
Typically, this is achieved by reducing the pressure of the reaction nmedi um
portion to flash off the water and organic acid inpurities. In this way,
the overall concentration of water and organic acids can be controlled even
when the oxidation reaction is run at relatively high pressures so as to



20i ncrease the oxidation rate. SUMVARY [0013]1n one aspect, the present
invention resides in a process for oxidizing a hydrocarbon to the

correspondi ng xi de, al cohol, ketone, carboxylig,
Ao %9%530 Sc@)shoPhsnao

di carboxylic acid,

e process conprising; 25(a)contacting a reaction

medi um conprising a hydrocarbon with an oxygen-containing gas in a reaction

zone and in theypepenperof a catalyst conprising a cyclic imde of the
gener al

groups SOH, NH2

forml a 1): WD 2010/ 042273PCT/ US2009/ 054000 2008EM244- PCT
wherei n each ofac »“%ﬁd*REHF§mﬁn@é@@%@@ﬁﬂ%?w§éﬂeéﬁé@YﬁK6W¥%yU¢©bs$b9N and

substit ut ed hyqtg&@@wwddnm@u G&l Ssoh@uiyag tle mth&qn@a&m\ﬁbmshy&r emfu@én t he
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ro
2007, the entire contents of Wthh are moorpmatud herein by reference, we have described a

process for oxidizing hydrocarbons in the presence of a cyclic imide catalyst, in which the
problem of catalyst decomposition is alleviated by controlling the reaction conditions so as to
maintain the concentration of water and organic acids in the reaction medium below 50 ppm.
This is achicved by operating the process at low pressure and low oxygen concentration and
by passing a stripping gas through the reaction medium to strip water and organic acids from
the reaction products as they are formed.

[0012] In accordance with the present invention, an alternative method of alleviating the

problem of catalyst decomposition is proposed in which a slip strcam of the contents of the

oxidation rcaction mcdium is removed from the oxidation rcactor and is then stripped of

water and organic acids before being returned to the reactor. Typically, this is achicved by
reducing the pressure of the reaction medium portion to flash off the water and organic acid
impurities. In this way, the overall concentration of water and organic acids can be
controlled even when the oxidation reaction is run at relatively high pressures so as to
increase the oxidation rate.

SUMMARY

[0013] In one aspect, the present invention resides in a process for oxidizing a
hydrocarbon to the corresponding hydroperoxide, alcohol, ketone, carboxylic acid or
dicarboxylic acid, the process comprising;

(a) contacting a reaction medium comprising a hydrocarbon with an oxygen-containing
gas in a reaction zone and in the presence of a catalyst comprising a cyclic imide of the

general formula (1)

each of



mis Ito 3; and R3 can be any of the entities (radicals, groups, or atomns)
listed for RI; (b) renmoving a portion of said reaction nediumfromsaid
reaction zone o%ﬁh%4£?90tion 15nmedi um portion containipqwﬂﬁk%%m:ygmorganic
acids; (c) serpplng at | east part of water and organic acids fromsaid
reaction nmedium portion; and then (d) returning at |east part of the
stripped reactigscpdi pm-portion to said reaction zone. [00141in one

enbodi ment, the stripping (c) includes reducing the pressure of said
20reaction medium portion to facilitdfe flashing of water and organi c acids
therefrom [0015] I n another enbodi nenf|, the stripping (c) includes passing
a stripping gas, conveniently air, thijjough said reaction nmedi um portion.

[ 0016] Conveni ently, the stripp égyxis condgcted in a plurality of

stages. [0017] Conveni ently, the Jus ces§\{urth r conprises drying at |east
part of the stripped 25refction |medi um before [said returding (d).

[ 0018] Conveniently, said ontqctkmg\ig is conducted at a tenperature of
130C. WD 2010/ 042273PCT/ US2009/05400Q| 2008EME44- PCT [ 0019] Conveni ent 1y,
said contacting (a) is conducted at alpressure of about 100 kPa to about
[0020]1n one. eqhadh et or Rakf RY AT RERLRORT 2180 B NGO FY6] ARLKARP. Such
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO:H, NH,, OH and

about 20C to about 150C, su q enper atjure of about 70C to about
7000kPa, such as at a pressure of gre Jer than 500 kPa to about 5000kPa.
NO3, or from the atoms H, F, Cl, Br and [, provided that R! and R? can be linked to one
5 another via a covalent bond;
cach of Q' and Q? is independently sclected from C, CH, N, and CR’;
cach of X and Z is independently selected from C, S, CHy, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
10 kis0, 1, or2;
1is0, 1, or2;
mis 1 to 3; and
R® can be any of the entities (radicals, groups, or atoms) listed for R';
(b) removing a portion of said reaction medium from said reaction zone, said reaction
15 medium portion containing water and organic acids;
(c) stripping at least part of water and organic acids from said reaction medium portion;
and then
(d) returning at least part of the stripped reaction medium portion to said reaction zone.
[0014] In one embodiment, the stripping (c) includes reducing the pressure of said
20 reaction medium portion to facilitate flashing of water and organic acids therefrom.
[0015] In another embodiment, the stripping (¢) includes passing a stripping gas,
conveniently air, through said reaction medium portion.
[0016] Conveniently, the stripping (¢) is conducted in a plurality of stages.
[0017] Conveniently, the process further comprises drying at least part of the stripped
25 reaction medium before said returning (d).
[0018] Conveniently, said contacting (a) is conducted at a temperature of about 20°C to

about 150°C, such as at a temperature of about 70°C to about 130°C.
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i sobut ane or cycl ohexane. 5[ 0021]1n anot her enbodi ment, said hydrocarbon is
an al kyl aromati ¢ conpound of general formula (11): R4 CH\ H2C-R5 wherein
R4 and R5 eac dently represents hydrogen or an haV|ng
from1l 10 to Qoggfraﬁ%g%atorrs provi ded that R4 and R5 naqlcﬁéj&@?/%ﬁ)oto for

a cyclic group having from4 to 10 carbon atons, said cyclic group being
optionally subsb&&mbggPC@nd R6 represents hydrogen one or nore al kyl
groups having from1 to 4 carbon atons or a cyclohexyl group, and said
contacting prodifdtls aChyehiapersosicaeactfg (@eineyrdictfdot pptessule] of pbouRIOOCPAAH( | V)

H2C - R5 15 'na&ﬁkﬁﬁmﬁ%mwﬁ@s%QQmBﬁmﬂﬁw%mﬁhﬁm%@ﬂﬁmm?ﬁBMQ@mﬁ§a'n formul a
(ET). [0022]Cbnven|entl sai d al kyl aromati c conpound of qeneral formul a
ba

(11) is selectéﬁ)?roﬁPé@ﬁymmﬁﬁﬁﬁéﬂémjéﬂW§HQM1§e€1Hﬁf?ﬁbéﬁ &ffane. such as

sec- pentylbenzamammpoﬂguaykmﬁecbutyIbenzene 1, 4-di phenyl cycl ohexane,

sec- hexyl benze n cl oh exy benzen 3 nveni ent
processyfurgheﬁﬁnﬂc d% [m%%n$% gmwnt“ﬁglﬁgﬁﬁgﬁgﬁck?cﬁ'ﬁpn?m:Cm%km?$\6 into
phenol and an atdehfpdelofl:ket one of the general fornula RACOCH2ZRS (V), in
which R4 and R5 have the sanme neaning as in forrmula (I). WD

2010/ 042273PCT/ US2009/ 054000 2008. EM244- PCT

— R4
\ / C}{ 1y
R«//< fgb———RS

wherein R* and R’ each independently represents hydrogen or an alkyl group having from 1
10 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,

and said contacting produces a hydroperoxide of general formula (IV):

— R*
\ C—OOH (Iv)
§?4( // $>>——R5

in which R*, R® and R® have the same meaning as in formula (17).
[0022] Conveniently, said alkylaromatic compound of general formula (I1) is selected
from cthyl benzene, cumene, scc-butylbenzene, scc-pentylbenzene, p-methyl-sec-
butylbenzene, 1, 4-diphenylcyclohexane, sec-hexylbenzene, and cyclohexylbenzene.

20 10023} Conveniently, the process further includes converting the hydroperoxide of
formula (IV) into 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 (I).



BRI EF DESCRI PTI ON OF THE DRAW NGS [0024]Figure 1 is a flow diagram of a
hydr ocar bon oxi dati on process according to a first enbodi nent of the

invention. [OQ %%Lfogﬁg 2 is a flow diagram of a hydroc F@ggg?élon

process accordi'ng to a 5second enbodi nent of the |nvent|on igure 3

is a graph plotting acetic acid and NHPI concentrations against time on

streamin the g &&%@g pg pf sec-butyl benzene (SBB) in the presence of 0.11
wt % NHPI at 790 % % psig) according to the process of Exanple 1.

[0027]F|gure 4 BRAEBR DESGRIPTAONIO RE BDRAWINCGSci d and NHPI concentrati ons

agai nst tine ogoo%gstrﬁ b 0 otRG d@tadadeh Qi Qb aBRidalod & RMLES RS0 OFirsd: 11
wt % NHP1 at 10 a (af nospheric pressure) according to the process of

Exanpl e 2. [002@%@F&UP@”§‘W§M§“graph conparing the SBB conversion agai nst
time on streamfoes] t hBgpE 0GESFI8S d@lzrabX@nphy@scdkbangidiion] R0R8)] Lt @ungtba i S a
graph conparlngxthe See- uﬁ%{hbenzgne hydr oper oxi de (SBBHP) 15sel ectivity

agai nst SBB conv%%g?on e'"processes of Exanples 1 and 2. DETAI LED

DESCRIPTICN OF [0PB#E ENB@[HNENESmhm0m®@P@hea@@ammﬂH@m@upﬂmﬂﬁﬁaﬁmmahMemand

"substituent” @&%m@éﬁgoh@£ﬁﬁSFQPQRﬁﬁk%mb@ﬁﬁﬂéﬁ@&@%ﬂ%%Eo1FQLGRHPPQ$Q§ of
this disclosure %¥ drocarbyl radical” i1s defined be a radical, which
It

contains hydr o |9 RSk acseiding 9 thepraess AR BBRICAt oms and whi ch may be Iinear,
20 Er anched, or[oomcl mgmam avga@n PR a€utic adi@ ARRITNICPTQEnCOMM i@ @gmm @mc on

" Su stltute h i

nydr ogen atidm P8 hyarseaPbyr S BuferiS Hauh LEAP! FloBlrd R PR east
one functlonalpg%@mpmonmwneMepammbeﬁ@@mdné non- hydr ocar bon at om or group

has been inser E@QB]W' tfj?&upe § h% glf%ﬁl[' Fnl@lljlle §§1§|E&1@él<1or[ %Qﬁsjt]né% OHWmhﬁrtﬁé n, the

new numbering schene f or the Perio able G oups i's 25enpl oyed as
di scl osed in Cheéffrwar! FaAEPiEngithéer i ng News, 63(5), 27 (1985). [0032] The
present invent oo pr QVdEes ida HiHP6 esSSpdiag tlQX‘lcd—letle@zc&le hytiopeaideosBBaPT he

15 sclectivity against SBB conversion for the processes of Examples 1 and 2.
DETAILED DESCRIPTION OF THE EMBODIMENTS
[0030] The terms "group", "radical", and "substituent” arc 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,
20 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.
[0031] As used herein, the new numbering scheme for the Periodic Table Groups is
25 employed as disclosed in Chemical and Engineering News, 63(5), 27 (1985).
[0032] The present invention provides a process for oxidizing a hydrocarbon to the
corresponding hydroperoxide, alcohol, ketone, carboxylic acid or dicarboxylic acid. The
process comprises contacting a reaction medium comprising a hydrocarbon with an oxygen-

containing gas in a reaction zone and in the presence of a catalyst comprising a cyclic imide

(o8]

of the general formula (1):



correspondi ng hydroperoxi de, al cohol, ketone, carboxylic acid or

di carboxylic acid. The process conprises contacting a reaction medi um
conprising a n wth an oxygen- containing gas Fj.0n zone
and in the prgégg@@%%?pa catal yst conprising a cyclic |&¥§g%§%%ﬁﬁ@he
general formula (lI): WO 2010/042273PCT/IJ82009/054000 2008EM244-PCT (21
1/NY (0) 1 whesRinypaeh of Rt and R2 is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or the groups SO8H, NH2, OH ar)NO-), or the atons H, F, C, Br and
1, provided that Rl and R2 can be |inked to one another via a 5 coval ent
bond; each of @ and @ is |ndependen ly selected fromC, CH N, and CRS;

each of X and Z is indepen S$Leakg? fromC S, CH2, N, P and elenents
Q! or , kis 0, 1, or 2; 11is 0, 1,

of Goup 4 of the Peri odi
or 2; mis Ito 3; and R3 tan be [any of sentlities (radiéal s, groups, or
ns in the reaction zone, the

atoms) listed for Rt. 100331Und QiIL\ onditi

hydr ocarbon is oxidized to 10 desjired prqduct, such as a
hydr oper oxi de, but in addition water d organnc acids tend to be generated
as by-products. Since water and organl acids can hydrolyze the cyclic

i mde catal yst, during the contactlngcalportlon of the reaction nediumis

removed fromt Qﬁm&ﬁ‘%%h‘ &nRzQﬂeRaBdin %cdd&@l?t\clgéédt errB hglgl@ca%; %ﬁd %Qltﬁllacgam c

acids contained therein is strip romfeaction med um port

stripped react wam %ﬁ‘ﬁabéﬂ?‘tﬂigdrfo é%P?ILtOHémeél fhe eepMSYs ftl’d\”tbh@H and MO, or

the atoms H, F, Cl, Br and I, provided that R! and R’ can be linked to one another via a

5 covalent bond; each of Q' and Q7 is independently selected from C, CH, N, and CR?; each of
X and Z is independently selected from C, S, CH,, N, P and clements of Group 4 of the
Pecriodic Table; Y is O or OH; kis 0, 1, 0r 2;1is 0, 1, or 2; mis 1 to 3: and R® can be any of
the cntitics (radicals, groups, or atoms) listed for R
[0033] Under the conditions in the rcaction zone, the hydrocarbon is oxidized to the

10 desired product, such as a hydroperoxide, but in addition water and organic acids tend to be
generated as by-products. Since water and organic acids can hydrolyze the cyclic imide
catalyst, during the contacting a portion of the reaction medium is removed from the reaction
zone and at least part of the water and organic acids contained therein is stripped from
reaction medium portion. The stripped reaction medium portion can then be returned to the

15  reaction zone. In this way, the amount of water and organic acids in the reaction medium can
be maintained at relatively low levels, typically below 50 ppm, so as to minimize loss of the
cyclic imide.

Hydrocarbon Feed

[0034] Using the present process a wide group of substituted or unsubstituted saturated or
20 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 of cyclohexane to cyclohexanol and cyclohexanone and the selective
oxidation of alkylaromatic compounds of the general formula (IT) to the corresponding

25 hydroperoxides:



15 reaction zone. In this way, the amobunt of water and organic acids in the
reacti on nedi um can be nmaintained at relatively | ow | evel s, typically bel ow
50 ppm so as ze loss of the cyclic imde. Hydr

10034] Usi ng tﬁ@gp@@géﬂ% process a wi de group of substitut 359%90
unsubstituted saturated or 20 unsaturated hydrocarbons, such as al kanes,
cycl oal kanes, ahkenesspeycl oal kenes, and aromatics, can be selectively

oxi dized. In particular, however, the process has ut|I|ty in the selective
oxi dation of isobutane to tertia tyl hyﬂ?operOX|de and tertiary

but anol, the sel ective oxidatiof of cycl ohéxane to CX | ohexanol and

cycl ohexanone and the sel ective\aoxid Eéé al kyl ar Mati c conpounds of the

general formula (I11) to the cQ di ng soper oxi des: WD
2010/ 042273PCT/ US2009/ 054000 R4 CH \ in which R4 and R5 each

i ndependent |y rne\amaﬂe*rhﬁ]& Ry ng@@nd@ﬁtlyaébl@J:dﬁyllyd@)g@“@ alhavy Rebub mmolﬁom

car bon at ons, vi ded t hat ned to forma,cy rou
raving from 4 RGPGE b drostonEn i e PRI Bt e it 5 O P
substituted, aﬁdoRBcn$pre®$HDQM<5dhygv@gﬁm% @rienally substitated | 4oy IR°groespss havi ng
from1l to 4 Cagl &rcﬁtogm n?Jrc Q’kﬁéﬁ) fé}lfh%)(i ﬁ%ﬁ (?lt{pét ca %n@%m@@%@’cﬁﬁ& I 015% and RS

are joined to avi nt car

conveni ently ahb%ﬁ(ﬁ“&’ﬁ@%l?‘}t %ra@uﬁ dféufb@tll“t fred thﬁ [§rogin Bavég f’f?ﬁ’r‘btoall()l@?ﬂbmgr oup
having from 1 tomé c@@rehx@lmyaat ets) Jweelq] Mbttphblﬂﬂﬁut@r wﬂfﬂ)ér@ R RRY hik @ re@ip Savikxanpl es
of suitable alﬁé ag |& nggunds are ethg ene %%neqe, itab]

sec- but yl benzef&? pRIEY HOBE % HE one1 gy BT °§¥%‘ PO BetizwiEle 1

4- diphenylcycIdhﬂ%@n@mc@mmthwyi®mm2@magcamdmcye%mhbwy@bewzeﬂafbmhmh
sec-butyl b ehze P%ueﬁ‘l?f%]g X&;l%ﬁ%\f\%l qenzéﬂﬂ{%nﬁ@cﬂgexgx{eef &L E&gl‘oedzgr%ew a!n!i 9}Jc§>9 be

under st ood tha a cyclic
group, the nunbefberence Fithsradutytheireirgnd ﬁaélqlﬁlwlhe@;zel?q h?glomschﬂieé)n{tmlﬂ alsoLr.
However, that [idd@toh®@adii &Ebdse GREE X' QDR B jIIREQ SHPSEYcliMIBDS the RGH: 85 ONe
or more alkyl grt%lfllgforrgxgc\r/{hg%y flE %ng f1§ ﬁtogl 44t0Cl{6Ir ?IO\I;]vevaLE (t)l{arltsl1190 maoynlteself carry one or

more substituents, such as one or more alkyl groups having from | to 4 carbon atoms or one

15 or more phenyl groups, as in the case of 1, 4- diphenylcyclohexane.

[0035] In one practical embodiment, the alkylaromatic compound of general formula (II)
is sec-butylbenzene and is produced by alkylating benzene with at least 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

20 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, a pressure of 7000 kPa or
less, for example from about 1000 to about 3500 kPa, and a weight hourly space velocity
(WHSV) based on C, alkylating agent of between about 0.1 and about 50 hr', for example
between about 1 and about 10 hr'.

25 [0036] The C, alkylating agent conveniently comprises at least one linear butene, namely
butcne-1, butene-2 or a mixture thercof. The alkylating agent can also be an olefinic Cy
hydrocarbon mixturc containing lincar butenes, such as can be obtained by stcam cracking of
cthane, propane, butanc, LPG and light naphthas, catalytic cracking of naphthas and other
refinery feedstocks and by conversion of oxygenates, such as methanol, to lower olcfins. For

30 example, the following C, hydrocarbon mixtures arc generally available in any refinery

employing steam cracking to produce olefins and are suitable for use as the Cy4 alkylating

-



150r nore phenyl groups, as in the case of 1, 4- diphenyl cycl ohexane.

[ 0035] I n one practical enbodinent, the al kylaromati c conpound of general
formula (I11) yl benzene and is produced by al k ene with
at least 4 P%yﬁgﬁfﬁggagent under al kyl ati on condltlonﬁkzﬁ}%gwaﬁﬂ%
presence of a heterogeneous catalyst, such as zeolite beta or nore
preferably at lgaghnanpgcfol ecul ar sieve of the MCM 22 famly (as defined

20 below). The al kyl ation conditions conveniently include a tenperature of
from about 60C28W" d#hBute PBOGckyl bussaanfsieen. Batfijgeh (Gp epduct o Craginsatisut

200C, a pressungvef otR0nkiPay@logdnsn, toftélﬁ()v@)qﬁmle& fusmnea&@w stdaB08kadkeq about

3500 kPa, and wei ght hour Clt base 4. al kyl atin
agent of bet V\eg’ﬁtel}fbg'ﬁf‘mb?r% 1%\% “agag?oqu “a‘ éﬁ?ﬁvé Be?‘ﬁﬁdéeﬁ“ é‘ﬁ%ut 1g
and about 10 hrisobutcnzﬁ{oﬁiﬁl&@}uﬂheea@m@kédynlumaqnganagent conveniently conprises
at least ong | ipegr bMta%ﬂ%F S;P?cg?ah Xm&ldfnﬁpfiet‘h}alk)g%&ﬁﬂg c&q%ﬁ%c?of%?éia&’foﬁn&ll‘ere°f

The al kyl ating agent can a an o ni c rocarbon™"m xture
cont ai ni ng | i nédr s pueleitedbenzae indg l@}afhw‘b*eb}t)mllﬁlc%dbebvl%t\@érhYéIr)éf@kﬂlﬁbe of

et hane, pr Opan%yebéa&»bt AR Betelo PR AR Diflok AL ARRHRNNRS cobs] dY Tdaft ohd AGKIHRENOT
napht has and oﬁj er refi nery feeqﬁt ocks and by conversi 41 f oxygenat es,
such as net hand¥$ OUtC'E)a“P‘b@%Y‘ Yo YR} Hgeloqigyfr a‘x A L0y ipeotra|ldaw %‘Cé&m

hydr ocar bon m xickut esd asteltgeides alybilliaviablgail mldmmamxyal rhefing elkylatipdcoyiiyng

2yt et ng vor3Be Ba850uB LBo 38T 080 WhoR TR RO IF T g

st eam cracked bt sepriewnycnRatyf jopdicied 3t A teheergsye diadputgph° Ci'@rﬁhq?%ﬁ?fgcadf ter

sol vent extrachicQhrcQF addM o0 gemad: i76dd 1o, arlﬁfﬂél\[eetolﬂ'ﬁi r&dh 8RR faliO0Y DA 001 Wsle
steam cracked butene stream and Raffinate e product renmaining after

renoval of but &8 24V HSYBLAPAHE- O Pt R cr ude st eam cracked but ene
strean). 5100310381 a ThundrineMqN ae tfind gl meabodbmentcrial ffehaMp-ar GmalyT or

conpound of ,general,.f o lhvrru&fghc( ng b3 ofixeh BNXDBNAEAP . ANf | 3, BLOGUERD bY

cont acting benzene w t in thé presence o et ogeneous
bi f uncti onal caltfla‘ﬂo;?ml@%mo@h)fcorrprl ses at |east one netal haV| ng

hydrogenation acti Yﬂo‘i&uldrt%% [ﬂéde%m%?& @&ﬁrﬁ&k ﬁx’étod&xte@%y%lﬁx%pbu‘}l@lﬂé bREd (g Of
pal I adi um rut heni ug] ni ckel cobal and a crystalline inarganic oxide

mat erial having al K éi‘thicérimééfl {}‘i‘t%}" M‘W ‘E‘V‘Bi“’&‘él Wl%%t/ {ewdt clrie aprtidul ar
si eve of the MC. M 2fankandnt yf a(t@& viedhi ingidd behowlimelhRalcpat aakilivg tsicaptal S
convenlentIX conduct e ure

pressure of about 1‘(‘.’)159%00%5 ou \@bt%&lk“?’ a“OJ’bebécﬁlz[élr%gc t% tfahOf’iPCOWC FSamﬁw,ork ratio
of about 0.01 to aBewrs". TOO céineh, Z00WHB\enofe catiaut! vOudh is ln@)r@k?@ldtas m@@snca[)0038lThe

t erm “MOM 22 fanjl )élopgﬁhﬁrqlleQ qnmgogrf onl'R tc@rlflﬁlgrl %eg%ndtcrégr é\@&d%% hiaw +e he 4
15" nol ecul ar sieve o \% y zeolite"), as
used herein, includgsngne! sHngref eU%*r M Wolf‘é’@?}‘f%ﬂ? tyolge sSIraeds-f g conmon
first degree cryst alhdifier Whd GitRQ1 BicREK, Mﬂﬂcﬁabl(} ehd crunwabichickirist cel | has the
M/\Wfrarremork topol ogy. (A unit cell is spat.i al arlraanerrent 01; atof
which 11 tRTed | b CHEGRrORHSE b RaT cupiee-abldi st foiany iay e
20structure. Such otieyshale thdnrade tir @8 tadkeesdivdendmsiedayenofthee thAt bresinotellZeol i t e
Framewor k thickness is made from stacking, packing, or binding at least two monolayers of one
unit cell thickness. The stacking of such second degree building blocks can be in a
regular fashion, an irregular fashion, a random fashion, or any combination thereof;
30 and
s molecular sieves made by any regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW framework topology
[0039] Molecular sieves of the MCM-22 family include those molecular sieves having an

X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9£0.15, 3.57£0.07 and

-9 -



Types"”, Fifth edition, 2001, the entire content of which is incorporated as
reference); nolecular sieves made froma common second degree buil ding

bl ock, being gg2n08k sional tiling of such MAWf ramw&&g&g/tjg% uni t
cells, formng a nonolayer of one unit cell thickness, pref erably one
c-unit cell thickness; 25 nolecular sieves nade from comon second degree
bui I di ng bl ocksyode&iRaptpyers of one or nore than one unit cell thickness,
wherein the |ayer of nmore than one unit cell thickness is nmade from

st acki ng, packi3dg0-Gr Apdstia-nglhatX-rag abffragting dad notdaipeshsragprizgribe matetial gt |

thi ckness. The (shiackiyR@ntd SH6Hus 8GQNE AaGhe®ubbtiok eippd aPhaedsragidibolRgg I N a
regul ar fashion, .an irregular fashion, a random fashion, or any conbination
t hereof ; 30and? ﬂ%’la@i’:‘ﬁ‘ft%{r e‘@’ipé‘ifleg”ﬂ?'rﬁd‘“é?mﬂ@nﬁﬁfo't‘“ée@U"I“ ra““BF‘athﬁMe‘ as the

2- di mensi onal osllediadisypensi onal conbi nation of unit cells having the MW
framevork tqpolgy. 10032 IMSEED SlifESuR NS, MOM:ER L 48 Lo fig! ude

t hose nol ecul ar sieves having an X-ray diffraction pattern including

d- spaci ng maxi #@34i251 PSH+0(Rgribe, i9-40S.151ten8 N5 743 9699)a Ad-25 (dagribed in U.S.
2010//042273PCTHLSRAA9, 0B4000: AIOREMRAAPERordudiat AT oAnastrion (i T ay

diffraction data used to characterize the material are obtajined by standard
t echni ques usi fgYthd 2RI PRE todbI ER-2ofiectger BEmMera! detst Pdradrt o8- and a
di ffract onet er wamuil pped MENI-B6 adeseibait inlU.Sithae@nt Mo U@L 77andCsis®oadsated in

conputer as,th | | i 004Q].\at.erjal,s, of 2 ily
"ncl ude Nu\}rozzﬁ(sggé%‘r%f%)e‘ Rl B e iy 9%‘4?%%53’%-%%’( g2l LY
in U S Patent (dsribey 1395408 NSIZLSP83 Q) desoniktyessl tierpol), BolepatreivvesNg. the
4,826, 667) , ERﬁrcM-s’zﬂ%ﬁlpiat%ﬁ@eft&g%rﬂ%pmﬁl?@wmm Nece R2930380%n fduh§rolbe

(described in U S. Patent 6, , 498), IT%Z (described in International
Pat ent Publ i cat’®th RECUvige 7 Pasipstion MEMCSBUY BRG] Bodomridd. 8ith pht oHET No.

5, 250, 277), MChitdibehOent descisi Pederity, 1@ kbiSulaPsitent stiecdF@86) SH)-49, NEM 56
(descri bed ji.n Patent No. 2,069 JIM 8. (descyibed in U S Patent
No. 6,756, 030) @[nag A5 heRBe oPuPREa Rl o Bl R LIBRET Do N B2 famly
are preferred Hudnobprbey Qxidationon cat al yst since they have been found to be

highly sel ecti @40 1€ RILIUGL iR he BlescBffoRUtVIREAZENSnta@iBs HOFRRIEHM th

t he ot her butyl benzene isoners. Preferably, the nolecular sieve is selected
from(a) MCM 4@?“‘@1’5)‘”“’1’3‘“ WEVES B NEHEPS(RY 1 "’sré%CE}?}béon%F“dNﬂt\heW“%{’ﬁﬂOﬁ\ma%t, such
as |1 TQ 2. Hydr oegridade dxiicdatde onthe Q4K (Dxi dation step in the present
process is effected by contacting the.hydrocarbon substrate with an

oxygen-contai ning gas in a reaction O)he and in the presence of a catalyst

conprising a cyclic imde of the geneFraI formula (1): (0)k
R4 X
C - \
| /N_Y D
o2 Q‘\Z
m

wherein each of R' and R” is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or the groups SOsH, NH;, OH and NO», or
the atoms H, F, Cl, Br and T provided that R' and R? can be linked to one another via a
covalent bond; each of Q' and Q is independently selected from C, CH, N, and CR?; each of
25 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; kis 0, 1, 0or2;1is 0, I, or 2: m is | to 3, and R’ can be any of

the entities (radicals, groups, or atoms) listed for R Conveniently, each of R! and R? is

-10 -



20(0)1 wherein each of Rl and R2 is independently sel ected from hydrocar byl
and substituted hydrocarbyl radicals having 1 to 20 carbon atons, or the
groups SQO3H, d NO2, or the atonms H, F, d, Br i ded t hat
Rl and R2 canw§§"W§E%2£ to one another via a coval ent bon ﬁmgggﬁﬂﬁ? Q and
@ is independently selected fromC, CH N, and CR3; each of 25 X and Z is
i ndependent |y sglggbedpdfomC, S, CH?, N, P and elenents of Goup 4 of the
Periodic Table; Yi1s O or OH kis O, 1, or 2; 1is 0, 1, or 2; inis Ito
3, and R3 can yslepsndenthf seichied &pim jatinhetde oz papraatic ghepypadicady cahasnisdidaisst ed
for R . Conveni,ghtldhboRaeicAl addlhy @07 raials, Weh 2OREPARLAIRCT 352089 054000
2008EM244- PCT i ndependently selected fromaliphatic allcoxy or aromatic

al koxy radi cal &°™¢arboxyl radicals, al koxy-carbonyl radicals and

hydr ocar bon r adiogzjl s, Gaaaly, @fe cydlicahide adplcat as hasxilidtion 20alganizenthakaiil

[0042] General l y, the cyclic imde enployed as the oxidation catalyst obeys
t he general 5f or muf a (0)1 wherein each of R7, R8, R9, and Rl is

i ndependent |y sel ected from hydrocar k@), and substituted hydrocar byl
radicals having I to 20 carbon jatons, |pr the groups S031-1, NH, OH and N2,
or the atons H, F, d, Br,and I}, eachibf X and Z is independently sel ected
fromC, 10 S, CH2, N, P 3nd_etéw G oup 4 of the Periodic Table; Y is
Oor OH kis 0, 1, or 2, a , NI 2. Convenien&p , each of R7,

R8, R9, and RE is independe | ect ed omaliphatic alkoxy or aromatic
al koxy radi cal s, carboxyl 2 xy-car bonyl radicals and

hydr ocar bon radi cal s, eagii of icals has Ito 20 carbon atons.
[0043] I n one practical enbodinmgnt, theg cyclic imde catalyst conprises N
15 hydroxyphthalim de (NHPI) amd®is ptleferably present in the reaction zone
in an anount between about 0.0001 wt %&hd about 5 wt% such as between

about 0.1 wt % and.ahout (et gof , theo Ny dlocarhon SURGLER &y o bQRFALINe
%y % [ ted at”a

oxi dation of the hydrocarbon substrate 1s typically conduc
t enper at ur e betupEReddButa RO RIsHH A e dtto Zpadon feme opHE Lioge WhHyNBeORleen
agout ?88061?% 2O, F0hlBfMe fla,mdiépgr #d @;r&awﬁ@nbaggﬁgﬁe@wtsgw&j ﬂégng%aﬂg
about a r articul ar reater than kPa to abqut a
and/ or an d%yg%rﬁ%ﬂﬁfé’ﬁ? Flgfl?“gr?fp%/"(ﬁ‘%flﬁ?%e ?%‘OT(")E%?‘V&I ‘ﬁﬁé’" %%;{; e el 814 §2% r om
about 2 to abouis 010, ordl uGev&fientx egerofiRi, Rh&’.oxy gehis calpeailaniingelgas fiokhese
conditions are ective not f lesi _Ox] ion. t he
substrate but %ﬁg%ﬁﬁ%b éﬁ38§?§92¥3%???é%ﬁ?%3§gﬁ€?§Tg%g fggggﬁhﬁggégkhnd
organi ¢ aci ds perogarbongedqelsceagind fdich pgicplpharil do dededpn #tpmt he reaction nedi um
Thus, to reducgoedspe |[19_S&1eofpraM'dB| anIB&QMQﬁ hyed rediiy Shi®ide Acailyk®d cShp@amef the
[ enove r contjnuou

ht er m £ ety FRBITEHENT GIA0T B BGHE TSt Rel SOFIBYEE BrvBIdE | o
conponent s, sughveas about 0.0001 wt% and about 5 wt%, such as between about 0.1 wt% and about |
wt%, of the hydrocarbon substrate.
[0044] The oxidation of the hydrocarbon substrate is typically conducted at a temperature
between about 20°C and about 300°C, more particularly between about 50°C and about
20 130°C and/or a pressure between about 100 kPa and about 7000 kPa, more particularly
greater than 500 kPa to about 5000 kPa and/or an oxygen concentration from 0.1 to 100%
volume %, gencrally from about 2 to about 10 volume %, oxygen in the oxygen-containing
gas. These conditions are effective not only to affect the desired oxidation of the substrate
but also to generate significant quantities of both water and organic acids (e.g., acetic and/or
25 formic acid) in the reaction medium. Thus, to reduce the loss of NHPI through hydrolysis, a
slip strcam of the oxidation reaction mecdium is removed, cither continuously or

intermittently, from the reaction zone and is then stripped of volatile components, such as

-11-



WO 2010/ 042273PCT/ US20091054000 2008. EM244- PCT water and acetic and/or
formc acid. The stripping is conveniently effected by reducing the
pressure of t reamto facilitate flashing of the MRLALIL&
conponents. i t| ona ly, or alternatively, a stripping gas can %e assed
t hrough the sI ip streamto aid in renoval of the volatile corrponents

Sui tabl e stripphngraaspsri ncl ude the oxygen-containing gas used for the 5
oxi dation step, as well as gases inert to the reaction nmedi umand the
cyclic imde cakil ysitacetis gedrordermiredciduhha eprrege ponveimitie pifesisd by rededyieethor  al |

of the flue ga%teﬁsﬁlﬁr@ftﬂaﬁhr‘ﬂ%ﬂegﬁtd PAlithe AhRE omyvmlw&a@lo@atst RadigddaipRE NY
gas. This flue gas | mai nl en- dep %gted air and rises the

Xy
exiting the reé it G akivRg B CEher RORE S ugh e s PR G {EreRgt G 5 1 ng gas
and t he hydr ocasllxteicomphents] S@tabjastripfye daes inchad clodygenr@nmiviiag gﬁh@ﬂf&ﬂdior
aCI dS Pr Ef %r alBJ(IX I%IQthpe dI lv%ll?asg%§m 11?01192@ %h qgac%&!lrrgelﬁl H}ﬁld(tltx]e 4}7 I?C 1mcfé)e c?a,t%pr%or
and/ or a sorbent % ta ve~ ent ralne water and/ or acrds
contacting theﬁghﬂpl@wmewﬁw&@@045?%ypmbaﬁmv<vhé<§ﬁﬁﬂbﬁhﬁgﬁpgt@1¢@¢m@@ as a
nul ti-stage praGasSmayf Rrus&XANR g%latamg gLQVbﬁﬁg g bLhe rpdru%s wbal &bielehgirghd P
stream and t hen aSS|n a strip gas rouzh theB? st eam

15[ 0046] Af ter § H‘b‘ﬁlﬂt‘fg-‘?“b‘f’“tt“ﬁéhcétﬁc ﬂszeweaétﬁﬁ B¢ Cogaﬁélc thaP’fygEﬁ CORB{EE 2ahd

organic acid |mﬂuhdmmaﬁmmmhehshm¢g$hmﬁanmm@dnﬁtmmmedmtﬂmmhaumeaﬁhkﬂmzzone

normal Iy after dr 3 : uard he

this way, i {U i tsh(t:i f%sgl bﬁ pag e I[hI‘(RL'gE % g.llnn %&dunb%f andpor a?mg‘crﬁ?éc% to ?‘c&%é% cngtﬁlin%cld aci dS

in the teactlme@EﬁWQWFdﬁmﬁékapm%@h&mbﬁwshéwels typically beIOM/SO ppm so

as to ninim zeL 95s ofypkhe thltrlPtnpmg by QY St $:- mngLQQAZI]O@@R agdditah ﬁm%y
e

advant age of t outboard strip g process descri bed above is t | i ght
hydr oper oxi de (&Y MepRyeof thr‘re*t‘t’\ytl‘c“ﬁy’&ij SpereRingé)iirpipg Rt Rietenls sire. g.
net hyl et hyl ke&mne) | i ght al dehydes (e.g., acetal dehyde) and Ilght

3y cohol's (850 e AN B8, AL5R.SERKEG, L QML st Lsam.during

stripping procEss %ﬁpr% er 6xi des ar é hazar dous an osega sa ety
concern if t hetrrmueftmdémlmatmcm 1§ qtutria to Bacearion minmmdme@mglrtwbc Wirgh. 25

Al 'so, |ight hydrapeioxidesmpRl CORRIR. AlHeYdess ARGIKRIRMARSN Ak SmBLEGUTr SOr'S
for the formati on of organic acids and water so that renDV|nq t hese speC|es
t

fromthe oxi datHSrinfrEPTInIS R B SLcHREIUMALTIBHCY e kY dn Pty bekey 50
selectivity anﬁmthehat@bhﬁnﬂy%@fmthﬁpnyﬂbmﬁwmnlde cat al yst. [0048]Referring
S?Wt Lg glr ggg ﬁts[()éég(ﬁ datAln 618&1%0naleadvan?¢[gggtqaé/ ouq%arqr ﬁtlp 1%1%10%355 (chcn V\?‘Id dbﬁve lthb odi ment
hydr ocar bon f eledit Itirdparekidg(ca.. cfhel Promdtiml @Eﬂilmtoaidy)s tighd iksts@b Ve thdtlerd efhpnl | s

passed thr OUQhkcﬂ)né’)eﬁttrlﬁtcﬂéehﬁl’_deg'(§«Po§c%ﬂld939d%aﬁddol’fghf SROIRN (12 HRARNGHLLER, W th a
conpressed air streaml stream 13 are introduced into the

reactor 12 neaf™mpted fgRslp sfisam Juiinedhs Yrinpiedrosess siepy lu@ﬁter%%aﬁhw a%d a
flue gas strean bbscar@fews dohdrmaifuthefr lcomtedtgon @aigt odctidiZmadium becdR&T tod h@ht op of
te]t]](?l u\é\:t)t th % g;‘% ilgl%%}%I;{Jeplélsog(%gsgélgglfpgcgdseﬁ (105851 {cltg)nceg;[)glccut ors %01 thfertl g O[il)]:’jloiggs
while the fIueﬁgagmst@eﬁwm15@h5\@d@temwamdtMNEﬂwgasée@1h®ogd@©mdemsmr 16
and a knock- 0%&p%@§%ﬁloh@%oﬁ%ﬁﬂbﬁ%m@%ﬁp&ﬁkug&;%Hh&ﬁhﬁﬁgyﬂﬁhﬁﬂwdQﬂgﬁﬁ'C

aci ds and unreacted hydrocarbon by way of condensed stream 17a. The gaseous
ef fl uent from®H&scondenser 16 is 5a stripping gas 17 conposed of

oxygen- depl et gdo4a r . REGOHAL]Caniol Pigaus|iyaniernveart hecompdnhiag reaetQr a lidstunder

t he controgoof

em%oaltmunt of &16 pr esen?oxdatlgn process is shown in Figure I, in which a hydrocarbon
feed 11 having a cyclic imide catalyst dissolved therein is passed through a vertically
disposed oxidation reactor 12 concurrent with a compressed air stream 13. The feed 11 and
stream 13 are introduced into the reactor 12 near its base and a liquid oxidized effluent stream

14 and a flue gas strecam 15 are withdrawn from the reactor 12 at or near the top of the
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stream 21 of the oxidation reaction nedium The slip stream 21 is passed to
the top of a vertically disposed stripping colum 22, while the stripping
gas 17 is inj 1,0 the bottom of the colum 22. Thyg action
medi um f 1 ows ﬁ%&ﬁgghrough the colum 22, the 10 strlpplng gg@ %%5gasses
countercurrent up through the reaction nedlun1to renmove water and organic
aci ds produced gis:zhPy bHe oxidation process. The purified reaction nedi um
is removed fromthe base of the stripping colum 22 and returned by the
punp 18 to the "eeiaict Bie xplizedpffuent stiemykel reovarydpirmgssefa e nexé pegeeef e om t he

top of the col ‘flfwes?-leﬂ@%cp[ﬁfésgﬁdstﬁe%qlﬂg@c@leﬁ%ﬁ& ek pgqeaad@rasc%ﬁdez% fi©ana gnoval
of water and or ic co onentsFPrlor t ventlnggto 15at no phere ho 50] A
c

second enbodi ‘F B YRE' S8t B0 SAUPIE Y PEMHAW T BIGHIFE 2 and
differs fron1thah@hﬁ@@&&m@hﬁwmmmmmﬁngwwHaInw@m&habﬁmmpﬁoMMmmom&mkmm1s
conpressed air pping gas 17 fed to the colum
22. In addlgloﬁ§&é§ﬂ¥%;?gb§8 ense g%QSM%%Sged to renove the water and
organi ¢ aci ds éwmﬂalﬁéﬁﬂmﬁUﬂm@H@W0é0@§§1§¥Weéhm@5ﬂ&ﬁémwh@ﬁU§bél%@§bM1pplng

gas before bot byghrgamncakRa@NtLeon! Qe MOSRNEH @trca@(ZIQ§1Eéb§Ea FHRAYED a
[0051] The product of the present oxidation process depends on thggnature of

t he hydrocarboﬁmgﬁB%Wﬂﬁﬁébﬁ@?ﬁ%“%ﬁ?ﬁ?Z%@”ﬂﬁﬁ“PW“ g §1ped4nin (g PEIREL oxi de,
al cohol , ket onef the asitox g2.i Thack dheokacdorC aeddiox Yibwe d@ai ougspecolahh 92.ahe
hydroperOX| e. 01 . . r

i sobut ane, @he“ﬁ%lQ éggﬁgbcgdﬂg¥(§hMM@1Qgﬁg}mp%gggggfaﬁgt %Rg%Sﬁéggﬁfde
(which is usef olgans acd M%wdétw@mbﬁ@ag%@wman@ﬂxh ﬂh@pmﬂﬁéu@PW@nm@$M@n%pylene

oxi de) and terth@is tou Bk L\sERpihs cdﬁ§ﬁ1f22|an@-l%tlﬂle@§§f% bito ﬁﬂglthfehéé@c))r
[ 0053] When t he hygrocarbon substrate is cyc| ohexane, the_oxjdati Product
conprises cycl Gh&x{ Bhyat Seis:erderemeyrd] GhdSeiot hetguey &7 sHERS bR Eh

Cycl ohexyl hydﬁmpamommdﬁxms3faﬂcmeadbﬂymdem@mng&edmhmmadﬂpﬁmomahmmrm

cycl ohexanol, apd cycl ohexanone, either thernmally or with the assistance of
a catal yst. Cyc ohexanol can be oxidi zed with aqueous nitric acid to
produce adi pi cl04¥d, Avvced cmgodiment eCihe gigyen| axidetis nsgeats hediown af Figyyt dands, 6,
wher eas CyC|Oh&ﬁaﬂﬁaﬁﬂﬁ%ﬂmQEJQQH%ﬁﬁ&ﬁﬁl&@m@y&hﬁh%X@B@&Mﬂ&umﬁhGQmHn@@I9095
aci d-catal yzed rearrangenent to produce caprol actam a precursor in the

synthesis of NyFORF 16° SUINSE 871 0/ forko 5P 3plErr 3528091 55U 0 8 2 BFEERY 42 ISP
[ 0054] Wher e thﬁ:hmdkamawhanmﬂubgmka&ﬁshﬁmamdaimyﬁhé@maManasmn@umdmaﬂ t he

general forju ), uct of th on reaction includes a
hydr oper oxi de O ]gpmé, ﬁ,ésrbeF'm l‘R)gh sngdmb Ci‘e\)f)entec? 1o gt)lgl’{()bp%&]e

Ondatmn Product

[0051] The product of the present oxidation process depends on the nature of the
hydrocarbon substrate being oxidized but in general is a hydroperoxide, alcohol, ketone,
carboxylic acid or dicarboxylic acid, especially a hydroperoxide.

25 [0052] For example, when the hydrocarbon substrate is isobutane, the oxidation product
comprises tertiary butyl hydroperoxide (which is useful as an oxidation reagent and in the
production of propylene oxide) and tertiary butanol (which is useful as a gasoline additive).
10053] When the hydrocarbon substrate is cyclohexane, the oxidation product comprises
cyclohexyl hydroperoxide, cyclohexanol and cyclohexanone. Cyclohexyl hydroperoxide is

30 readily decomposed to additional cyclohexanol and cyclohexanone, either thermally or with
the assistance of a catalyst. Cyclohexanol can be oxidized with aqueous nitric acid to
produce adipic acid, which is a precursor in the synthesis of Nylon 6, 6, whereas
cyclohexanone can be converted to cyclohexanoxime which undergoes acid-catalyzed

rearrangement to produce caprolactam, a precursor in the synthesis of Nylon 6.
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in which R4, R5 and R6 have the sane neaning as in formula (I1).
Preferably, the hydroperoxide is sec-butyl benzene hydroperoxi de or

cycl ohexyl ben oper oxi de. Thi s hydroperoxi de can onverted
by acid cleavgggﬁnggﬁ%nol or a substituted phenol and éﬁﬁgﬁ€§ﬁ$§§ﬂor

ket one of the general fornmula RACOCH2RS (V), in which R4 and R5 have 10t he
same meani ng asghdpnhHpeta (I1). [0055] 1 n one enbodi nent, the

al l cyl aromatic conpound that is oxidized is cycl ohexyl benzene, the

oxi dati on produ®4li s Wyt disehwylotreton epstriy dr pdiodxingéec cemurthel b aengebe
product CO”Drl%ﬁ&m@hﬁﬂQMaaﬂﬂmpxﬁh@hﬁ&@ﬂﬁﬂ%&ﬁ&hﬁmﬁ&&dﬁhﬁﬂ?&@bﬁ@%ﬁ%&@mﬁnd
crude phenol fromthe cl eavage step may be subjected to further
purification t&Pradiee purified I'S cycl ohexanone and phenol. A suitable
purification process includes, but is not l[imted to, a series of
distillation towers to separate the cycl ohexanone and phenol from ot her
species. The crude or purified hexanpne may itself be subjected to
hydr ogenati on in order to conyert Suchab drogenati on nay be
perfornmed, for exanple, over N eat uch as platinum nickel or
pal | adi um 20[ 0056] The cl eavyg \ cti ongjcs—ernveni ently affected by
contacting tthe hydroperoxide wWith a catalyst in the liquid phase at a

t enper at ure of imboit RPOC taod &Bdute hECEne Sueetingiss &b Gurhuld 0. t Preidyalst, tA20C,

and/or a press Y xr?}P Q#Jltsc(:]cgo?:gtlb%nz%pﬁo g/gldsx %9)91(1&—9?%8?1%9}?1{6%‘%9\1}? qgglté)fée:llg(%et 0

f
about 1000 kPa %ﬁﬁggr a our ace ve ased on the
hydr oper oxi de &his Apseperogida cap ghepboeanverQdoy tridicleappse fathaistl gt aybititutetl rhepohbout
50 hr-1. The 2&:dwmdeRas olcAge bShdd-effrabhy rRACOutRd VHNinami g an & ved vent
inert to the cleavage reaqti%n, s@ﬁh as nethyl ethyl ketone, phenol,
cycl ohexyl bénz SREBIBHELLRENE Ghd sec- butyl benzene, to assist in heat
renoval . The clo®ssiagdnr eac tedodimant,C oliy ey eriiaiic congoati e chai nis aoxddital yt i ¢

distillati i T ’ J . . b
ISt ation ugglac%ogfx%%?réye ta'l% tﬁ«Lny gx odt%m?s Q}yCﬁ)(ﬂcﬁg[%&S%&% ﬁ){}%%&%%ge,satlﬁ Qhecan e

t
a honopgeneous or’ a 30het er ogeneous cat
2010/ 042273PCT#esS2809/408 4000152008 EMRW 4y x4 oB5 S Sl deghit ehe kg msgah evls

cl eavage catal yigh8 floRChseieavastl dprhds RGLectRe G @TPuRfi@GHTH pRN&Rheric acid,
hydrochl ori ¢ aC|g and g-tolueneguLagglcs cid. Ferric chloride,. boron
trifiuoridd; sEBCRHFUIBRIGEEhdASUIP G I e s B & 1Bl @
honbgeneous cl edvageliciditeh yeicss. to Kaarqor @t eydieidkahorpge peoolsfrol ehvagecicat al yst
I's sulfuric aClFﬂbcr?JeoogggnlfédscyﬂtEh alngnehnq ellgsglg%glgﬂ%ﬁ;gte& ?Ot %Jd)r{roggnafi(%r in"{)?&r tn the
cl eavage of sec-butyl benzene  hydroperoXide inc es a snectite clay, such
as an aci di ¢ nevaroit i Phewilt Suehi yfipgenatiagrimayae pergmed JorcRaamnls. sel 4 ¢ptalys's,
Patent No. 4, 848h 2bhifuheXR&ALs paliiungntire di sclosure of which is
i ncor porated herein q¥ reference. | ) ) ,
20 [0056] “he cleavage reaction is conveniently affected 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', preferably about 1 to about 50 hr'. The
25  hydroperoxide is preferably diluted in an organic solvent inert to the cleavage reaction, such
as methyl ethyl ketone, phenol, cyclohexylbenzene, cyclohexanone and sec-butylbenzene, to
assist in heat removal. The cleavage reaction is conveniently conducted in a catalytic
distillation unit.
[0057] The catalyst employed in the cleavage step can be a homogeneous catalyst or a

30 heterogeneous catalyst.
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[ 0060] The invention will now be nore particularly described with reference
to the 10follow ng non-limting Exanples and Figures 3 to 6 of the
acconpanyi ng Exanple 1 [0061] 150 gm of sec- but SBB)
suppl i ed by T%Fﬁ r‘%@?ﬁ%?a and 0.16 gm (0.11 W% of I\I—hydragg%%%ﬁgﬂqmr% de
(NHPI') were weighed into a Parr reactor fitted with a stirrer,

t her nocoupl e, g@mﬁh@@wsaml ing port and a condenser containing a
DeanStark trap for water 15 renoval. The reactor and contents were stirred
at 700 rpm and [¥88Ir gethitplhle homnvprre@ge%eda%e gatplygwingladeesulfrico®l, perthérisuacel. f or 5

m nutes. The r%%ﬁl@[lc%@ BW&I}]@E@%&&”%@%QOMén%‘h‘llfﬂh@ ra@lgenFcIn% 40QdBS b&od 790
kPa) while maintal ned under a nltrolggn spar ge an was then heated to 125C.

Wien the react fgROEEnpEladEe ae SPBECHRYE FRaSgALeHe "ORPERTaY CfrGR
nitrogen to ai katapgh. trhepréfeamtmmogm&uwm@eddtmsthsﬂfunc atid. 250 cc/ mnute for 4
Egﬁ:::n ¢ I’ngjl)ﬁ: %&Sg]gat% k\%@lblc 1c{cro¥cncouq catag’/sttth e%slé"_llr? the ¢ %?%gﬁ%)%‘ as‘gcl 191 aﬂo%g?gg action
conver si on andllstbz¢pec>tqu|lrtcyularﬂj\¢¢i@Lt€ C(aH glhh pY &5 scuhte mlontqml%bndh pldlﬂmhagncaphy)
for NHPI conceghy af iQRidTB &S UeFRG §Jo 91 MRIRLacBN Bk ¥iiirS dabdureFIrSHRE s

anal ysis was used. After 4 hours, the gas was sw tched back to ni trogen and
the heat was t UePHBYE CeiNREACINE r eact or had cooled, it was depressurized
and the cont enmﬁ(r]enumednvc%inO\QﬁZ]oRh& fneﬁbﬂattféulaﬂ}ed@hm “inn Hie@hideeto 3he from

which it WI|| HPI oncetra on dro d, from 1100 ppm at
S e e

acetic acid cohgamtle btion built up from zero to about 600 ppm Exanple 2
[ 0063] The pr OC §1]0]c I%QMtgec]bu{gﬁJ% %@@E?glpplp,&'t)y%f J&mtntft% aﬁ@§§6 Qﬂ'((pgl run at
a) an

at mospheric /pressure he results are shown in Figure 4.
It will be see?"(t PrPAN - hygfox il dpReNFC Dpresssgaighed picooPkpepetor Bideri@ aEV?j and
ot her |ight acindswo¢®pER, gdornlmda@ﬂmg/@cnyanh avwndaRaenditsishd ODcasdkwap &r ¢anpl et el y
renoved f rOI;n t he g2 {‘1(! I(')CnCtOI‘ an& On?dltb Were Stlgcc} Q%H@ur}na;l/n ISli)gl'bJ & 1lf-h lt(I;(%tcr?'!:Hyze t he
hydrol ysis '3t R’ PR act The 'F T St SEUHE YRS e
acetic acid |efey raWaE 2pedeoninithir fleinet.i Ghe fehadrtigs ten mxbﬁeurga<$Wthn1®mn ogr aphi c
anal ysis, risi kg @@Im)&gmewgn%%@a%zz,?@f 4@@%&9@4&@%@9@0 e
In contrast w't m obt ai ned anpl e y
the end of t he“}fﬁﬂh@aredwwﬁ tqPRERTUre) s Agndlict!; %ﬁo@c@o"asm%m figm gidagsndo A8 f r om
the reacti on mhXteudi@, wallpalgdWvitl £S48 DF0cinti@itedbr 4 KouRWSirgpids Re@Ugdan h(hlﬁy r@action
m xture str PS,.0 he majority of the ener ated as pr oduct
of the oxi &gt i on']{’:fg{rpzljic“ésesnsC ‘JC@ &%Tul‘ﬁ o \é\faglggn%eeﬁ %fnip%nwedeufnledﬁme?hé%f“ ‘est of
Exanpl e 2 is athsanagigowhy ifor Faogwsemmndf rsolpatinkty cdnd i HPMI [Hige meeuc thatd t he
concentration Qlflonumplap@) QBIII@QPIO(!&BCG%HIMQQ%QIQM&ndF &i‘r\i/jtttl %gal)'ﬁ!aﬂ I@lrpWsc)ﬁeldur I'ng

the test as other vol atile conponents were str;ﬁg fromthe reaction

m xture. Thus, 214ksit 5t Presaligd howist the o stes svitheedagle Br 1ikossr iy Ahbrainster
removed, the Nufkd et whansie reddtol B co@aCT vaNdeMeSHieded WaShdquoRtRLkRAGVer Om
hydroly5|s nd ined close to its gstar oncentratio n allable
for the OX|2(§:Ilat gﬂéfﬁz??egﬁ% FSHS FOUBET ThE=4RE" (%ﬁlv‘ggrléll on’ 'Qtr'?d b‘Eeheln‘lée eCtivity to
sec- but yl benzewecchyadioopepmRifide 11 BBBIHPIt tedregiEeng] testest taakr¥d pPmare 40h@maar ed in

Figures 5 and cﬁmn(lr &m&{ﬂ 1]1rJr1e tQ@dC@t?cealald cBrBEHn%h(gl%ﬁt u% ﬁtoplazglott(hﬁ)og%% E[Ql[ﬂver sion was

adversely aff ect ed zy | ower pressure used in Exanple 2,
Example
[0063] The process of Example t was repeated, but with the test being run at atmospheric

30 pressure (100 kPa) and the results are shown in Figure 4. Tt will be seen that, at atmospheric
pressure (100 kPa), acetic acid and other light acids were formed at very low concentration
and were completely removed from the reaction mixture, making them unavailable to
catalyze the hydrolysis of the NHPIL. In fact for the first 3 hours of the test, the acetic acid

level was below the detection limits of the gas chromatographic analysis, rising to only 30
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decreasing from26 W% after 4 hours in Exanple 1 to only 18 wt% i n Exanple
2, aloss in 15 conversion of about 30% As can be seen fromFigure 6, the

SBBHP sel ect i \iqt s SBB conversion response was ver W] at both
100 psig and ?ytor%g))é%{ez?#c pressure, indicating that the %@E@%s"% é"():dt%i vity
was set by the SBB conversion selected and was not a function of pressure
at these reactiggegendptions. [0066] Based on the above results, it would
appear to be preferable to operate the 20 oxidation at higher pressures,
especial ly if thihsineanapaitheh ot i inExexeledspyiée gndo§thef hpgapin tipye.
hydrol ysi s. The, @uiiRar@ippint hRRE NG PGS SSctPh ARASE: REr Bl PhOYit Hesinsuch a
met hod of mmintaining the hgdrol ytic ag%antls,_waéglr and acetic acid, at |ow
level s while all'y ‘”ﬁ% PHEHPETAT TIRNPHAR BHOPY 8¢ B8 741 2R SPGRCE fibYh
pressure. [ 0067ptot bihd hxélaprmgsens. | nventi on has been descri bed and

||V ustrated by fEher eEauls oo Rt RRRL|A AL STRRUIIRN Ruh 3G (OF:gldl nary

skill in the art will apprecirate that the invention [ends .
vari ations not fieeediaeharyill e sepr tha tihreapesdntiyaonedt AWHP Egsprect! hitgit | 198 siom and dniged

reference should ke R8s SR @l Yas tothet DO AP BEARRGCREE MBiphRI tr M HROS K S0P
determ ning the true sqoage of the present | nvent i on. VWO
2010/ 042273PCT/ Y8260 054 CUOPEOHBENE 4R PET PET LA RE 1T K Brgc8s S br
oxi di zi ng a hydstogambancdctont aecicas pespeahidinniy drydi apeeaxhdejosato o ating
ketone, carfoxyli.G,, ?o'n%ncPa{vai?ahE—:%r%%xoﬂdat?on?&'ct%n. the process conpri sing;
5(a)contacting a reaction nediumconprising a hydrocarbon with an
oxygen- cont ai nil§gSigasihenSEB rceretion ring dhre sdgstviiyntot fre-bpty bsteensehyaforgroddt al yst
conprising a CYHBHP) e pRE 1 ke SRR a8 ald 3. 1t will be scen (@hIFigphaer €1 n
each of RI and _R2 is independently selected from hydr ocar byl = and
substituted 5 that the SBB conversion was adversely affected by the lower pressure used in Example 2,
decreasing from 26 wt% after 4 hours in Example 1 to only 18 wt% in Example 2, a loss in
15 conversion of about 30%. As can be scen from Figure 6, the SBBHP selectivity versus SBB
conversion response was very similar at both 100 psig and atmospheric pressure, indicating
that the SBBHP selectivity was set by the SBB conversion selected and was not a function of
pressure at these reaction conditions.
[0066] Based on the above results, it would appear to be preferable to operate the
20 oxidation at higher pressures, especially if this can be achieved without excessive loss of
NHPI by hydrolysis. The outboard stripping process proposed herein provides such a method
of maintaining the hydrolytic agents, water and acetic acid, at low levels while allowing the
overall oxidation process to be run at high pressure.
[0067] While the present invention has been described and illustrated by reference to
25 particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference

should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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10 hydrocarbyl radicals having 1 to 20 carbon atons, or fromthe groups
SBH, Ntb, OH and NO2, or fromthe atons H F, O, Br and I, provided that

Rl and R2 can to one another via a covalent b : Q and
Q@ is |ndepenaent4yné§fected fromC, CH N, and CRS; QQQQEQﬂQQ%&§ and Z

i s independently selected fromC, S, CH7, N, P and elenments of Goup 4 of
15t he Peri odi c d@kh@usdcts 0 or OH kis O, 1, or 2; 1is O, 1, or 2; mis
1 to 3; and 20R3 can be any of the entities (radlcals groups, or atons)
listed for RI; PCUOLAIMPYing a portion of said reaction mediumfrom said
reaction zone said reaction nmedium portion containing water and organic
acids; (c) strippi at | east artgff wat er and organlc acids from said

reaction nedluﬁ1poﬁfgﬂﬁ%‘ Rh@ifipiag @ Sugreppivat [prths AyreseTdngdy froppgdegyicodeli 4
reacti on nedi uhttperdatbotylit idsaiddarb@alid acid thez®sress coidsing;

2010/ 042273RCT} 152009 054000, LOORENR A4, BT 2o TORNARSSS, Aen L,

wherein the 'stripping I nc es re He pressure o reaction
medi um portion %dnﬂae%U@tamedmlaéhimgﬁmf(ﬁﬂﬁ%@WﬁﬁﬁmeWgﬁHH@@htmd@<ﬁhe1efron1
3. The process Qkrafhomidi @: or claim2, wherein the stripping (c) includes
passing a 5stripping gas through sald reaction nediumportion. 4. The
process of claim3, wherein said stri blng gas conprises air. 5. The
process of claim3 or claim4, whereif] said stripping gas conprises at

| east a 10portion of flue gas eX|t|ng the reaction zone. 6. The process of

claim5, wherein the at le flue gas exiting the reaction zone
is treated to renpbve wate and/ Q‘aC|ds erefron1before(?e|ng used as said

stripping gas. 15

(O)l

wherein each of R' and R” is independently sclected from hydrocarbyl and substituted
10 hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOsH, NH;, OH and

NOg, or from the atoms H, F, Cl, Br and I, provided that R' and R® can be linked to one

another via a covalent bond;

ecach of Q! and Q2 is independently selected from C, CH, N, and CR’;

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

Y is O or OH;

kis0, 1, or2;

lis 0, 1, or 2;

mis I to 3; and
20 R’can be any of the entities (radicals, groups, or atoms) listed for R;

(b) removing a portion of said reaction medium from said reaction zone, said reaction

medium portion containing water and organic acids;

(©) stripping at least part of water and organic acids from said reaction medium portion;

and then

25 (d) returning at least part of said reaction medium portion to said reaction zone.
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7. The process of any preceding claim wherein the stripping (c) is
conducted in a plurality of stages. 8. The process of any preceding claim
and further couphipiAg drying at least part of the 20strjRRRYEE3G, ON

medi um bef ore salg returning (d). 9. The process of any preceofl ng claim
wherein said cyclic imde obeys the general fornmula (111): (0)1 25wherein
each of Fe, R8,,)R2npaf-~Rl is independently sel ected from hydrocarbyl and
substituted hydrocarbyl radicals having 1 to 20 carbon atons, or fromthe
groups SOH, NHZ; OHheagindesneRelam F rdarcintike winpimg (H, inqudeCreducpye thegpressare of each
of X and Z is ikp@RREDERRLY pst8Inas taflltale FRMiG of WaterGhiPorgdlic BiddMete@lgment s of
G oup 4 of the Periodic Tabre; Yis Oor OH kis 0, 1, or 2; and | is O,
1, or 2. 10. The process of any preceding claim wherein said cyclic imde
conpri ses NhydBoxypiht padcesiodelaim 1lor cldive 2praeeis shofriging @F ecrdisngsstdgad m
wherein said con Ling. IS, d at a tenperature of 20C to 150C
preferably goCbtgérﬂi?%t‘glO(I%S.a{d?%%&%?ﬁgegégl O%fm'any preceding claim wherein
said contacting (a) is conducted at a pressure of 100 kPa to 7000 kPa,
preferably 5004kPa 11,0 ,0Q00./R8y 3, wherein H1@stRFRAEERScoRbri®D¥y. Pr ecedi ng cl ai m
wherein said hydrocarBon conprises an al kane or cycl oal kane, preferably

i sobut ane or cycl ohexane. 14. The process of any one of clains 1 to 13,
wher ei n sai d hydr odac bonese on@iimses: @dimall kyidrain eibiippioep eunghisef at gawer al
formula (11

1)0: pc;‘réc')n of ﬂljrc6g'as cxit:ll‘nzg'the rea]c‘t%)'n zone.
6. The process of claim 35, wherein the at least portion of flue gas exiting the reaction
zone is treated to remove water and/or acids therefrom before being used as said stripping
gas.

15
7. The process of any prcceding claim, wherein the stripping (c) is conducted in a

plurality of stages.

8. The process of any preceding claim, and further comprising drying at least part of the

20 stripped reaction medium before said returning (d).

9. The process of any preceding claim, wherein said cyclic imide obeys the general
formula (I1D):
R’ (O)x
R X\
/N————Y (111)
R? -
.
(O)

25  whercin cach of R’, R®, R’, and R" is independently sclected from hydrocarby! and
substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO;H, NH5,

OH, and NO or from the atoms H, F, Cl, Br, and I;

S18 -
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R4 CH\ H2C R5 R6

each 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;

kis0,1,or2;and

lis0, 1, or 2.

10. The process of any preceding claim, wherein said cyclic imide comprises N-

hydroxyphthalimide.

11. The process of any preceding claim, wherein said contacting (a) is conducted at a

temperature of 20°C to 150°C, preferably 70°C to 130°C.

12. The process of any preceding claim, wherein said contacting (a) is conducted at a

pressure of 100 kPa to 7000 kPa, preferably 500 kPa to 5000 kPa.

13. The process of any preceding claim, wherein said hydrocarbon comprises an alkane

or cycloalkane, preferably isobutane or cyclohexane.

14. The process of any one of claims 1 to 13, wherein said hydrocarbon comprises an
alkylaromatic compound of general formula (1I):

— R*
\ CH (1)

X J N

R6 HzC'—_R
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
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,

and said contacting produces a hydroperoxide of general formula (IV):

— R4

X/

R6

C——OOH (Iv)

H,C—R’>
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wherein R4 and R5 each independently represents hydrogen or an al kyl group
having from1l to 4 carbon atons, provided that R4 and R5 nay be joined to
forma cyclicugrogp iaving from4 to 10 carbon atoms, sgl g, &YskbhSedroup
bei ng optionally substituted, and R6 represents hydrogen, one or nore al kyl
groups having from1 to 4 carbon atons or a cycl ohexyl group, and said
contacting prodysgsas pydroperoxide of general fornmula (1V): G OO0H /R4
(1V) R6H2C R5 WD 2010/ 042273PCT/ US2009/ 054000 2008EM244- PCT in whi ch R4,
R5 and R6 have it fiticlsRip®’ avg Bnhavgthasaniepmeppgaslinfomula(ID. 15, The process of
claim 14, wherein said al kyl aromati c conpound of general fornmula (I1) is
sel ected from ethyl_benzene, cunene, sec-butyl benzene, sec-pentyl benzene,

p- met hyl 5sec- bfyl bER2EeS ohclim Hy shary ra] elyrapaiteomsurd RERFPBERYRE, and
cycl ohexyl benzemgs selekfad fréifethpr RELES c@fiene,| sed-titylknne, Gdcgichry bmzatadp-methglher

i ncl udi ng canvert, 1h ydroperoxi de of formula (I into phenal and an
al dehyde or%keﬁ%ﬁg®g¥&?%%hé§£gggwwfgfﬁﬂ ﬁmﬁ%ﬁgﬁﬁ?ﬁga%%??ﬁﬁﬁyﬂ'F%e'R4 and R5
have the sane nmeaning as in fornmula (1). 10 17. The process of claim 16
wherein sai d hydropgtoxide bf ceie! @hexylhenzenn RydsionRenaxd denaide S d

ket one i s cycl ohexanone whi ch process further conprises déﬁydropenatlng t he
cycl ohexanone ﬂlbdl‘?ﬂ()l@al&&éf fPWﬂHgY) ‘ffﬁ @hrgpl 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 (I).

10
17. The process of claim 16 wherein said hydroperoxide is cyclohexylbenzene
hydroperoxide and said ketone is cyclohexanone which process further comprises

dehydrogenating the cyclohexanone to produce further phenol.
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