OXI DATI ON OF HYDROCARBONS CROSS REFERENCE TO RELATED

APPLI CATI ONS [0001] This application clains the
whewehr393nf prior U. S. provisional applicati onPGEUB208/069779

no. 60/957,250 filed on August 22, 2007 which is

hereby incorporated by reference inits entirety.

FI ELD [0002] TheoXTpA&MON OMEADROCARBONSt 0 a

process for oxidizing hydrocarbons and, 1 n particular,

al kyl aromati ¢ hydrocarbons to produce for exanple

CHRISESks AR RIS DR B RS AG T ERRRLND [0003] The

[Oﬂﬂlﬂ u S t Thl@ hplﬂfo@,ﬁm claihettie Sengfit ofpuidr UL irprevisiondlepplition Serial no.
i on of cycl ohexane is used commercially ta
60/;9?6&9@ eﬁl€‘§/ Ao RhEgaT 03 2: 297 CXY@lCBh’éx]%Fﬁ%We inggproEdfe by reference in its
en&ggprtant precursors in the production of nylon,
reas oxidation of alkylaromatic hydrocarbons is
used to produce phenol, a precursor in the production
Lnﬁolycarbonates and epoxy resins. [0004] Oxidation
FH ydr ocarbons can be conducted using wel |l -known

[OGM] di ZTHEQ?%Q&ﬂtlﬁvetﬁféﬁhreﬁﬁesWhQ oé@’spf&ngxﬂa'ugg hydrocarbons and, in
However hese oxi di zi ng agents have the di sadvant age

patmlfculbel ml@y}aeirmtlw bliygroexpems itw enroduvd  fror exwmnic tilenel asé substituted
s,acconpani ed by the production of unwanted coupling
ducts which can represent disposal problens and
ecologlcal pol lution. [0005] Preferably, therefore,

oxi di zi ng agents based on peroxides or N O are used.
Eéﬁilﬂﬂlﬁgﬁkt oxi di zi ng agent however, is nol ecul ar
[O(E% g\e/nlr“hee 'o%ﬂ&%ﬁoﬂ %{ Hl&rdfocargt{o% 9qf lags nﬁ& {) Ii]%{cltl&% Vil & ktrial organic

I'S uSua

chaxistly z Thgs, iﬁMddx@ﬁl@ld;) titSoxiddtioa @ chﬂdoh@@ﬁé isvisty c@fhnie'r’t&al@ to produce
nol ecul e, which occurs in the eneagetlcally favorabl e

cyqlphqypae! and cirelohexangne, Virieh i dmportym per ey wshagradeetipn of nylon,
whiRh&bx ?%@Ill X?B la}orhétloogscﬁb&lr@orfsqs hd fo lﬁrgﬁﬁéeﬁﬁ‘&l@f a precursor in

oxygen r oxi Z|ng or I ¢ compounds
thegrreductmu Kb‘ﬁpolyoetrbomﬂusandiepbxpresmes ses are based on the

[O(gléi at a Z?eﬂl@%gt oax! dg%lll gg cco)Ifldurye rl?s%%gr vk&)/ell ?mown oxidizing agents,

such as KMnO4, CrO; and HNO;. However, these oxidizing agents have the disadvantage of
being relatively expensive, and moreover their use is accompanied by the production of
unwanted coupling products which can represent disposal problems and ecological pollution.

[0005] Preferably, therefore, oxidizing agents based on peroxides or N,O are used. The
cheapest oxidizing agent, however, is molecular oxygen, ecither in pure form or as
atmospheric 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
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



cycl ohexane with @2 to cycl ohexanol and/or

cycl ohexanone proceeds with the use of cobalt salts.
wabege2iosust ri al processes are based on a freRCT/HSI008069779
2005 P25 ﬁﬁphanlsnl in which the bi-radical oxygen reacts

wth a hydrocarbon free radical, with formation of a

and® SHR¥YuchBehLiR A §ENn2Ep a@&ﬁc@&ﬂoﬁ&kp sesufNromhafuither hydrocarbon.
propagati on by abstraction of an Hatomfroma further

In #@ﬁdﬁi@b@r@@hl saltp) hesigien erganis rdeeilessantatso aﬁb%efv@rradlcal initiators.
[O(fl-(’ﬁfam ﬁox%’ve?og{i%%l a’?i’(\)lar?tl é o@tﬁ%se%%oées%% i gvan ect1v1(‘5¥ decreases very

trators I Sa

grdafig sthinaesssesonvbiont dnd thatfed theipryceses hRRsBSopeityd at a very low
greatly with increasi ng conver SI on and therefore the
16V5¥oeés§e%V%@% be Bpér atd aEMRIGerthe | G dadoR| ot cyclohexane  to

cyég%\ﬁgﬁe g@lohg—}wﬂﬁne {s‘%ﬁrr?e)& €3 ccfnlili rsfoh 80181294 so that Jhe selectivity

he to cyc ohexa cycC exanone 1S carrie
is 8luto &5%a("biovecde Ongofisch® Glﬁnﬁé!%lﬁ@sﬁimitOrghmc Chemistry] 1994, 261,

ct 0. to 85% ("Industrielle O ganische
VC%RI}F lélg 1%16§é%§ﬁqllﬁ}elr@‘gam C Chgm slt ry] 199?'r I261
(0048t VeAﬁ @E@mgi&glﬂ%etweéaﬂ%'t sts {sqgé)ﬁ;e S orhili€ tAtdtd8, for example

to nmetal salt catal ysts Is the use of organi c
N-ttoetpbtheinfidy (lﬁﬁawm Ehu, i8r BatythNbsal 6, $ﬁ2@@3(MdP6)720 462 describe

Th Nos. 6,852, 893 720, 462 .
el QR b iz o B P URO SR T G Ty AP b S St ayighy an oxygen-
co¥infifgEa8Ciivitdch R oxyB&t Eddliéht W £rBma toOPOPIERE OdMiReNinNGe presence of
gas, in which the oxygen content is from5 to 100% b

a figgIrighigal inifatohandy é@@lﬁ&tet}’@icaaym Sehydekycarbadimidegaslyst, such as N-

hy%?%@ﬁt tn‘ﬁdé( zﬁHPtIS)y NEB %&chep EM@&%’&;X% %ﬁ?&rhﬂ}h dﬁetween 0°C and

50@oeeb s plr@sm@ ﬁﬁméeﬁ%tﬂlbslﬂlehe ﬂiné ra0 Wae (e wkle no Oﬁlﬁszn)d The molar
5000C and a pressure between atnospheric_and 10

ratio1@lothg gt 6o dhacdrocarrn HSHRLS R Fangst Frpe! Q:afné?ﬂ )/Stto 1 mol %,
wheRal iR IFXQF RERI AR e%?l%ﬁlrlﬁ fatdr a8 y%t Qb Q. d16 #T%LS Qich as 1:1
to 1 nol % reas

e ar ratio o ree-ra
to iOnS ﬂj atSartaltlo substrated ahatstnagabe baidzed by lhesssprocsssc fncsde cumene,

% 0.5:1. g%lot abhzef subst r at eg E)t may be oxi di zed
cy 9/hetXPf SIEIGCRS 87578 cc- By IOSRERYT benzene,
[008913' Oqg’@ePéhleﬁ’cW enBga’g d%%]?o‘s&“é Mlob&s ¥@Irl§epaﬁlggggﬂydfép§fox1de from a

ent . 8,089 di scl oses a process f pr épari ng
hydroparbero p@h@t@dd é‘rOfmt ofn grobp dcorsitingn o§ eplemta@d ifydtmﬂldvons secondary

ro e B B s Bt B P o RCBiBRGT RS arhich comprises

corﬁﬁbtﬂngmdmi@ﬁro@md ﬁz&&ﬁbﬁbor@@t@%ﬂn@@rﬁuﬁ@ﬁﬂﬁ@ tdnBgbetween 130 and 160°C
oxi dation of said hydrocarbon at a tenperature in th

With 2R Y BRI CREENNINB GBI TEBHIOT MKIURE eantadxifg s4id élw@noaarh@m@id a catalyst
corgﬁgslfég' A gx{cgﬁé %@ide%n@oéﬁ&gn% SR AL Aot Y SLRER R bcarbons are

said to include C4 to Cy tertiary alkanes (e.g., iso-butane, iso-pentane, iso-hexane, and the like),
C7 to Cy (alkyl) aromatic hydrocarbons with 1 to 6 aromatic rings or Co to Cy (cycloalkyl)
aromatic hydrocarbons with 1 to 6 aromatic rings (e.g., Xylene, cumene, cymene, ethylbenzene,
diisopropylbenzene, cyclohexylbenzene, tetrahydronaphthalene (tetraline), indan, etc.), and the
like. The amount of the cyclic imide compound used may be from 0.0001 to 1%, preferably
from 0.0005 to 0.5%, by weight based on the reaction mixture, whereas the amount of the alkali
metal compound may be from 0.000005 to 0.01%, preferably from 0.00001 to 0.005%, by

weight based on the reaction mixture



conprising a cyclic imde conmpound and an al kali netal
conpound. Suitable hydrocarbons are said to include C
wae o000ats9serti ary al kanes (e.g., iso-butane, PCT/US2008/069779

20'§M79§§hane, i so- hexane, and the like), Cto C20
(?alkyl aromati c hydrocarbons with 1 to 6 aromatic

[OUIDPQS H&w&%r,taﬂ’th% &Lﬁ%ﬁ?ﬂ RakiKyds) coﬁfiﬂm%(‘deﬁ%ﬂﬁt@@@ﬂﬁ‘lﬂﬁiw of cyclic
~wWth 1to 6 aromatic rlnqs (e.g., xylene, cunene, T
1m1(§19$1@ﬁ él,ydmchlshobe@?g@ﬁ@p ehta g@jﬁ)r @plws (022 83v4 éh@)’vn that their application in a
e n I . ht ha t | ]
cof NGLANSHLESTEGNGS b 216 AN GRRRT REhNG FLORL LA suh s -
hydriak gshtieoimpaei nde wspehsimryardeart rroadil. BaRdlyk&l dider the conditions of the
preferably from0.0005 to 0,5% by weight based on the
oxidatien reeRtieH- x MRTeovVeRnwHesrded Haidg eaidhistsodnd: their gleggmposition products

Tet u for 0] 0 .
o SRR X SO GuBORCR R Dot s, s
hyddoperor@e tclcamagrl. XThurseROOWEdMsAR applichtiph 01 0Yclidamedearto the oxidation of

| t hough current work has, continued to denonstrate the .
hydipriped il TEGRFS eeiirgraiad (BEORgiRs HBYH ‘o ki Bcacted imides and
thefBdc@bMipbsitior prolasts 3hd ar PO, LORY ety Bl re AR HEAE VORabIB unreacted
~a commercial process requires further investigation.
imidas.parti cul ar, cyclic inmdes, such as

00k oSSRt e R oot PR eFocPu B M R imice catalys

and @@ deb&RpoMidie proltcts Wah BRCAtEldast Pattfillg akmbysd $roaNthe effluent of the
their deconposition products (acids and ethers) can

catplytie 0xidghen pliairoqsrlsins dirgroptnany ef thewailuans anthraazgt e solution of a
. oper oxi Y, T sf
oSSR ARSI, ShARKIARy TSI BEHIRRRT N curbonae e
uniycledaaiidons ewirhdted dafoi the hqueatdphbscolcabing axicdgdrni©phase that is
effluent tQ renove unreacted imdes and their

essqeiEdlplss of dhe pridauredcandy puybsprisatly agidifygigotheradugens phase, the
R B o P L B bR e e o
unreacted imde catalyst and its deconposition
SUR& c{,s can be at |east partially renoved fromthe
MMARX: of the catal ytic oxi dation of hydrocarbons by
[mmEat MBNbnOfashfi®, ehd |H@Bht Mhidniieh REUBOUR $0pELINRT oxidizing a
a base and particularly, a weak base, such as netal
hydraedsboratioa cangsponding diy dpperosale bderdiob ketbhe carhowplid @it or dicarboxylic
i gde is extracted into the aqueous phase | eaving an
amgfbgavfﬁgﬁg@@ﬂwﬂgt is essentially free of the imde
spegd)es. cohtagubsehiRedakBonagitlliah YixPgenl fitARME QS i FiRS®esence of a
the im de species can be precipitated and recovered

catplypt qoyisIng & ¢y chip Emigrof Hici g?ﬁergf EpmuBIVARY
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(O)
wherein cach of R' and R’ is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOs;H, NH,, OH and

3



[0012] In one aspect, the present invention resides in
a process for oxidizing a hydrocarbon to a
w@pesandi ng hydr oper oxi de, al cohol, ket one, PCT/US2008/069779
2005811395y ¢ acid or dicarboxylic acid, the process
conprising (a) contacting a hydrocarbon with an
NE@X¥HERdne Hat fabMk M) 1S, B dnbe, ?fcﬁ@dﬂactﬁatofil ané R &ad Ye linked to one
conprising a cyclic imde of the general fornmula (1):
angtlgriviphepeilentdaedi of RL and R2 is i ndependently
eleat o, r [ ydr ocar byl
eac?lao i aal%g C§1<311\g/) :;Hr%i gg%{dt%@?&g%%?‘g%%ﬁﬁZd%,ﬁtc%l?@??‘dm t he
eadr &fUP anS@BiKlind¥pendetly 361d 20 icM €28, CJ, WP andelefnientdof Group 4 of
the atons H F, O, Br and |, provided that Rl and R2
theckeiogie Tabliked t o one anot her via a coval ent bond; each
v R nd Q is independently selected fromC, CH N
and ? each of X and Z is independently sel ected
ki 0.0m0€2; S, CH2, N, P and elenents of Goup 4 of the
.Periodjc Table; Yis Oor OH kis 0, 1, or 2; 1lis O,
lisf, 1695 mis 1 to 3; and R3 can be any of the
m BNtibti gsq (radi cal s, groups, or atons) listed for Ri,;
3and wher ei n said contacting produces an efflluent
R” combpe i sighaentdics diadwdlshgrdnps ar blomsphgdditr Rapehd
unreacted imde catalyst..of said fornmula.(l); (b
WhF’Feé%ﬁ“ﬁw &Oll%cgllnéfpf ‘P‘ﬁ’&ﬁ% XW@HGIE&O%H&% & %}dﬁﬁe)u‘%ﬁ 864‘"‘&?0“ product
andaSRadt@l PRiad vaelybfagidaetsulpBse conprising at | east
part of said unreacted imde catalyst of said fornula
(1) (BAnd HratorefhpicElysabweth @aparsasis nelusan f akpsti teegoduce an aqueous
n_.pfr. ; [ [
ol BB o Rl biraFE AR QPR R RPRREe ) and an
org@ahkahascosoniprBlimpadakbaddizsdibdrasarb&oiuti@ngandr
cycl ohexane. [0014]) Alterpatively, said hydrocarbon is
an Hkyl sconingsa BRIRALSE- general formul a

[0013] Conveniently, said hydrocarbon is an alkane or cycloalkane, such as isobutane or
cyclohexane.

[0014] Alternatively, said hydrocarbon is an alkylaromatic compound of general formula

(1I):

— R4

/
CH (ID)
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 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 ethyl benzene, cumene, sec-butylbenzene, sec-pentylbenzene, p-methyl-sec-
butylbenzene, 1,4-diphenylcyclohexane, sec-hexylbenzene, and cyclohexylbenzene.

[0016] Conveniently, said cyclic imide obeys the general formula (I1I):



(I'1): wherein R4 and R5 each independently represents
hydrogen or an al kyl group having from1l to 4 carbon
W@ e@ae259pr ovi ded that R4 and R5 nay be joi ned RPGI/U82008/669779
200G¥gihb£p@r oup having from4 to 10 carbon atoms, said
cyclic group being optionally substituted, and R6
represents hydroggyy, one @y, nore al kyl groups havi ng
from1l to 4 carbon atons @r a cycl ohexyl group. [0015]
Conveni ently, said al kyl afjomati c conmpound of genera
formula (149 is sglected om et hyl benzene, cunene,
sec- but yl benz 7 swg-pent yNbenzene,
p- met hyl - secbuff yl benzgne, 1, A\di ph yIcycIohex%ﬂ%
sec- hexyl benzepe, and| cycl ohex\Thenzene. [0016]
Conveni ently 'i%z? sli Cc i pAde obeys the genera
formula (I k) : 2009EM 225~PCT wherei n each of R7, RS,
R9, and R18is i ndependent|l y sel ected from hydrocar byl
and substituted h drocarb“l radi cals having 1 to 20
carbon atons, or R'®mthe %ﬁoups SBH, NH2, OH and NO
, or fromthe atons H, F,( , Br and I; each of X and

Z i.s independently,selected fromC, S CH2, N_. P an
Whelreérhéﬁ?g Br R Bupts g1 ﬁ?ﬁe_@é}l %’GP@e'*aé{bi‘eé‘?th‘\J\l figmoTgrocarbyl and
su@in%utéﬁ ysdrgoarﬂyl rRicds heﬁ‘f‘ﬂjg Lis2@carbon Homi; o A5 e érﬁuﬁ’snﬁ)gH, NH,,

odi ment, said cyclic imde conprises
OMNatid/ N Ooxor dromh dici atordeH, FOOL 8 andl,a furt her aspect, the

r nt .invention resides in a process duci n

cagl i And Z3f s SRisad sSiged Sl SesFRahn e REmEntrtroup 4 of
the' ReHIcorbedi um conpri sing an al kyl aromati ¢ conpound

of general formula (I11): wherein R4 and R5 each
Y iskbepeHdent |y represents hydrogen or an al kyl group

.havi froml to 4 carbon atons, provided that R4 and
kl&@]ﬁggzﬁggjoined to forma cyclic group having from4
listQ 116 Zar bon atoms, said cyclic group being optionally

substituted, and R6 represents hydrogen, one or nore
[007ky| lgmasEbRAVISHE Spidgehc ngide comprivss Nehpirgxyhthalimide.

| o XVl i A i . X .

Oy e A P o R SR GE RiRGpor producing 2
phérmoi,rsaidaprodcss 2GR 25 PCT

(a) contacting a reaction medium comprising an alkylaromatic compound of general

formula (I1):

— R4

/
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 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 (I):



(O1 wherein each of R1 and R2 is independently
sel ected from hydrocarbyl and substituted hydrocar byl
WO 200/023939 having 1 to 20 carbon atomns, or fronP@HES2008/069779
H NH, OHand NO, or fromthe atons H, F,
20 @%Qfm%ﬁg I, prOV|ded t hat R and R2 can be linked to
one anot her V|a a covaleny)bond each of QL and @ is
i ndependent |y sel ected fr n1C CH, CR3; each of X and
Z is independently select%d fromC S, CH2, N P and
el enents of G?oup 4 of th Periodic Table; Yis Oor

oH k is O, ; r 3 mis 1to 3; and
R3 can be "of t Ql nt t|\e§ (radl cal s, groups, or
atons) |istled for ; Wher ei jN<sar¥ [contacti ng pfpduces
an effluent\ conpri $i unregéacted i de catal yst of
said fornul a a oper oxi de of general
formula (I1V): in ich R4]| R5 and R6 have the sane
meaning as in formula (I1], (b) tre&8ting the effl uent

wi th an aqueous sol ution Blca metal carbonate or
hydrogen carbonate to pré e an aqueous phase

HERTEIYa1 00110 a1 o ep D Bncr S Gy and subsitred

hy%@ﬁb&l%aﬂ&aﬁ@iadm@ﬂdfooﬂ? eakbs atoRls, 88 ﬁ%ﬁﬁ{hegg?é%w S?Oﬁ{ \ﬂHZ, OH and
nd (c) recovering said organic phas 20

NCECTFY g theratems ithgstGle Bryeaid dp eraoxdadethaif R @ndnBl aca(llbd)hnked to one
anotﬂgrglsal d organ L& phase into a phenol and an al dehyde
ket 3RV o™ The ’general formula RACOCH R5 (V), in

eacm;fc@‘ 4nd eriguia% Haetly fges@MBoMeEaMMATRS in for nrul a
Il [0019] Conveniently, said contacting (a)

dened 1ntindependeptly aelgfted FompEt feleH, and @@@eaﬁwf Group 4 of
JPRPC, such as between about 700C and about
theq%%gl GB)e pressure at which the contacting (a) is
Y s@heiuOHed i s conveniently between about 15 kPa and
apout gOOKPa, such
kis0, 1, or
1is 0, 1, or 2;
mis 1 to 3; and
R’ can be any of the entities (radicals, groups, or atoms) listed for R';
wherein said contacting produces an effluent comprising unreacted imide catalyst of said

formula (I) and a hydroperoxide of general formula (IV):
— R?

X _/

R6 H2C - R5

C——OOH (Iv)

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

(b) treating the effluent with an aqueous solution of a metal carbonate or hydrogen
carbonate to produce an aqueous phase comprising at least part of said unreacted imide
catalyst of said formula (I) and an organic phase comprising said hydroperoxide of general
formula (IV); and

(©) recovering said organic phase; and



as between | OCkPa to about 15CkPa. [0020]

Conveniently, said effluent is treated in (b) with an
wayweoes3sol uti on of a weak base having a pKb RGI/U£2008/069779
2mﬁﬁﬁ%§§ﬁnthan or equal to the pKa of the cyclic imde.

I'n one enbodi ment, the base is a netal carbonate

and{@r hygieesy &@ﬂl@@f@%ﬁyxﬁe%f R¥anR! (ev ol dadd brg@fﬁf‘c%hase into a
carbonate and/or hydrogen carbonate, such as sodium

phenet it an aldehpd2ay ke@mm/@frﬁhe gengral foprmulsREQSHRI(Mhein which R and
RO GPLL S5 8e 5Q|é%£89& (ﬁgueous phase to precipitate
sald uRreacted Pt de ca aIy optionally fol |l owed by

[0019¢ OV eCdrivgnizailyl safdecinpdctiag €4) ivroehrRtetht ianfcpcraaira by Bétween about
and recyclln the catal yst to}é)& BRI EF DESCRI PTI
%@8‘1 2 i

c[h(ﬁgé)g}wqqngﬂ;p g aaglgplﬁo o{l" he ﬁﬁssure at which
OSSP Ao AL OAEN 1 95 B o e
as botivdat 10k Pato sent biikPlabenzene (SBB) in the presence of

%)NHPI at 690 _kPag (100  psi according to the
lﬂﬂ%ﬂbces ORyPRIE R %fﬂuffﬁd%% catel gl @ W Q5o Soljigbn of a weak
baﬁ' ﬁmnﬂg’ S Qfaiueqé’ﬂegelc h{aﬁnat Q(Qfaiil%‘)fheg Bﬁﬁt 6tath‘éf cycll® imide. In one

fluent of the process of
ernéudlmmt, itnbgsFiig amectdd (cayt}onanadmd/for thty@ogclg azrrbcnqml deeexample an alkali

xtraction e effluent with
e FRRLAE ot b iR s eh 8f s G i Ton
[0022NCentdmikhiefkly, Fﬂh@ Wre&es? (fikther Ccdn®rises (201428 ngFbg¢ raqaeous phase to
3(a) to (e) are gh pressure |iquid chromatography
PreCHIFRE) sayb@trf:medoﬁn heatalys!, etienadly fohewert bic sapgvering said precipitated
0 u 3(a)] and of the
umgxﬁggdgmgﬁgéggp dﬁg &m%5¥%%£$|on of the
effluent Wi th aqueous sodi um car bonat e sol uti ons of
Figures 3(b) to (e)]. DETAILED
) i E 1B ORABNNGS 0025] The terms
ou r cal
[OQZQI or o lrllrgeegg}s ya@lgrap Pgttﬁ gﬁ{e‘}ﬁw&%}ld Sste? I;t))g ps o?ne mldroperomde
(SBilBHE) eslactezlty"etgadtso d:larebtyﬂ streea (ﬁ'ﬁlO‘ Si)sndkd oredtidoo obse@butylbenzene

(Sl%:.lg)(,:I e gfe\ghﬁtléc% al an{:E%ldr rlgﬁgé?%%%aqg td?n&zt(o) the process of

Ex%%ﬁk”g’ and mhen cyclic, aromatic or non-aromatic.
"Substituted hydrocarbyl 2007EM 225 PCT radi cal s" are
[0023di cdfiguicn 2@ ite fe) are highpresoure liayur dgematagaphy spegtra of the effluent

of tl¥e E)?O%%gsbx% gx%%'p e I1 %ﬁou?ee%?raction [Figure 2(a)] and of the organic phase

remaining after extraction of the effluent with aqueous sodium carbonate solution of varying
concentration [Figures 2(b) to (¢)].

[0024] Figures 3(a) to (e) are high pressure liquid chromatography (HPLC) spectra of the
effluent of the process of Example 1 without extraction [Figure 3(a)] and of the aqueous
phase produced after extraction of the effluent with aqueous sodium carbonate solutions of

varying concentration [Figures 3(b) to (¢)].

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] 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

7



substituted with at |east one functional group or
where at | east one non-hydrocarbon atom or group has
whe2enor39serted within the hydrocarbyl radical.PCT/US2008/069779

Zmﬁgﬁﬁgpkﬁntly, each of Rl and R2 is independently
sel ect fromaliphatic al koxy or aromatic al koxy

radi@W Caré Padidedd POXNich haftagiadne, hydkdeRy Ytdr i @ My Hrot &8l CAldfal has been
and @ydrocarbon radi cals, each of which radicals has 1

subist g with @bkﬁaﬁt@ﬁsfunqtmalegmtm er phewsenicasnansmandrydrocarbon atom or
grq%g %%gn ﬁlsgﬁfaﬁxgﬁglg tﬁée él étlogér%)éln%d%r Pyégg&e%{ %ﬁy, %a%h Ak R1 and R’ is
1ndép<§rﬁiﬂﬁ‘t,ly selediek fiohcalghiatic atkosly @ﬂﬁhﬁﬂ@ﬁcl alkcﬁ@l Iddlcéﬂb ecarboxyl radicals,
process conprises contacting a reaction ned

alkezs}‘rﬁarbgnﬂgn@cm arbbutBEHL PHical. eiehgd mleﬁh&aéwe\ shgs 449 20 carbon
atohf, the presence of a catalyst conprising a cyclic

I'mde of the general fornmula (1): (O 1 wherein each of
[0(]215] an dTh%anes;enlt lmd»@pamd priviides seprecess dof pxidizmpda dgdmobatbon to at least

substltu rocar byl radicals having 1.to 20 .

on¢3F B RoaTwRE TR Beraw&&;yfém‘g@g 5 ong carbpp B geiny dicgbonylic acid
Thé riﬁoé%%Q%m iscs» cotactif aafbgctﬁon Rlc@Wind %@nfpﬁ@ﬁl Rl h?%cﬁ%on with an

can be Iinked to one another via a coval ent bond each
oxy:gen@pnaimin@as ® the @quem@mfta st pit eompdsihg @nayClic @Hde Nf the general

gH&ES each of X and Z is independently sel ected
S, CH2, N, P and elenents of Goup 4 of the

Periodic Table; Y is OofofpH k is 0, 1, or 2; lis O,

1, or 2, mis 1 to 3; and can be any of the

entities (radicals, grou%t, or atons) listed for RIL.

As used herein, the new nlinbering schenme for the

Peri odi c Tab ps nployed'as di scl osed in

Chem cal and Engi n¢eyli , 63(5), 27 (1985).

[ 0027] The contactlng produc gf fl uent conp() si ng

t he desiread\ oxidiz dro rbon product together with

unreacted im said fgornula (1). The

effluent is then t eated ith an aqueous solution of a

base so as to extract at lleast part Obf said unreacted

i mde catalyst fromthe effluent and produce an

aqueous phase conpr|5|ng( extracted imde catalyst

Whﬁ{lﬁg} %g%h?[? pﬁ%(g E%S ]%anl‘%r Ifi%I}tB’g 'S%al d %{}?é}g rosgepy] ppd substituted

hy &@EEBYISa BRAS Bavihpe 610 %%ﬁ@hdnﬁg @heth%e%tr@\l SO :ERNHIEOH and NO,, or
precipitated and recovered for possible recy cle to the
theostpapathl.ofn Gk &y, and I, provided that R! and R” can be hnked to one another via a

covalent bond; each 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; kis 0, 1, or 2; 1is 0, 1, or 2; m is 1 to 3; and R can be any of
the entities (radicals, groups, or atoms) listed for R'. As used herein, the new numbering
scheme for the Periodic Table Groups are employed as disclosed in Chemical and
Engineering News, 63(5), 27 (1985).

[0027] The contacting produces an effluent comprising the desired oxidized hydrocarbon
product together with unreacted imide catalyst of said formula (I). The effluent is then
treated with an aqueous solution of a base so as to extract at least part of said unreacted imide
catalyst from the effluent and produce an aqueous phase comprising the extracted imide

catalyst and an organic phase comprising said oxidized hydrocarbon product. By acidifying



Hydr ocar bon Feed [0028] Using the present process a

w de group of substituted or unsubstituted saturated
woroogmazasur at ed hydrocar bons, such as al kanes, PCT/US2008/069779
2mﬁ%ﬁb%ﬁkﬁanes, al kenes, cycl oal kenes, and aronmati cs,

can be selectively oxidized. In particular, however,
thel d4@edUsPHBSES tHeamrakctddiinydd datdlxe caebepiletipRated hAd@Edc8veréd for possible

i sobutane to tertiary butyl hydroperoxide and tertiary
rechpledpbic, oxidptiosélcpct i ve oxi dation of cycl ohexane to

cycl ohexyl hydroperoxi de, cycl ohexanol and

cycl ohexanone and the sel ective oxidation to the
Hydeo¢abpp®dedg hydr oper oxi des of al kyl aromati c

conmpounds of the general formula in which R4 an

: 1) . d
[0028] e aclisipmEhepBeaBhRIPGess 8 ride avoug 0% yeltsHgier @y unsubsdiingq saturated or
un%ﬁ&%gh%drﬂ&r%&m shch Oaét MARIARON cg&BHEfmeQ! oked thabalkenes, and
an may be’joined to Torma cyclic group having

aroaoies,Lat e l8lecavdip oxali eds , In paitcbuty chaveevgr, ahip ptoeesschas utility in the

optionally substjtuted, and represents. hydrogen,
selghireqpatiosar KYPUBRS a%gerﬂavfﬁwf ?xﬁﬁomerp_éld& 0 iy butanol, the
scl8tRRB oRdaftolt Y 6F CRIAExHOUD- ¢l dlolRRy BRI JRide, Rey@Bkkxanol and

R5 are joined to'forma cyclic group Having from4 to
cydohaxandyen aatoths, scloatinenicxndaltipn a tac ytbe ob@xgsbomyhing phydroperoxides  of

substituted with_.one or re al kyl group having froml
au{?'lér%nact%?r%gwog?%r?é %66? g%efaﬂ%&% ao(:ﬁsm)r e phenyl groups.

Exanpl es of suitabl yl ar omatgsc conpounds are et hyl

benzene, cunene, | benzene, sec-pentyl benzene,

pnet hyl - sec-but y{/benzene éHdiphenyIcyckppexane,

sec- hexyl benzene, ohex¥l benzene, with

sec- butyl benze ohex x%gﬂ; e being

preferred. It 3?1| al so be unﬁ%%stogg that in the case
. 4 . h
i S B Rl S A LSRG SLLE o5 Py e o1
to 4 Garbblowewe! protviiet! thiit R and R’ intaseef jomad ty fovmea oycliogr@ip having from

substituents, such as.one or_nore alk roups havin
4 1oy Hincarbep oy Hiih CHEIHEIWP BiRe &pﬂ%aﬂa %Wé% cdy 28t pg represents
hy@9gtd) ohbBr GRFEaRY1 droflp ﬁ@&%%ﬂ%ﬁPYRJ@Gﬁ%éﬁﬁtn{QQ%QJ | 1 :
yong ﬁféctfcal % o%? %t, the alkylaronatig gonpoaﬁéﬂwxy group
In o egbpeingint, fRoTand| R {rk1jdined tes formbatydlivearaembavang] fiom 4 to 10 carbon

roduced. by al kyl ati ng benzene.w th | east one .
oty GPAETIEG 4 JeeI AT SRy R FPC B OPF GRamSHHIRH eroup having
frohN@ R @SEBén Qlords RELWHIPARBEOU gttt grodps NERfmples of suitable

zeolite Beta or nore preferably at |east one nol ecul ar

alkglagarpatisfcontpeundsvre gthy ldheinkgne( eignadef sosduitibengae, sghpentylbenzene, p-
| lati.on conditions,conveni ent i ncl ude a
P RePhyReSER%:  om HeGIOSBRLEI LS RC  Sefhexytbenzene,  and

cyclohexylbenzene, with sec-butylbenzene and cyclohexylbenzene being preferred. It will

also be understood that in the case where R' and R” are joined to form a cyclic group, the
number of carbons forming the cyclic ring is from 4 to 10. However, that ring may itself
carry one or more substituents, such as one or more alkyl groups having from 1 to 4 carbon
atoms or one or more phenyl groups, as in the case of 1,4- diphenylcyclohexane.

[0029] In one practical embodiment, the alkylaromatic compound of general formula (II)
is sec-butylbenzene and is produced by alkylating benzene with at least one C4 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



600C to about 2600C, for exanple between about 1000C

and about 2000C. The al kyl ati on pressure is
weomgerivent | y 7000 kPa or |ess, for exanpl e freca/aimo8/069779
2mﬁ9&92§§n@b°Ut 3500 kPa. The al kylation is conveniently

carried out at a weight hourly space velocity (VWHSV)

cot@sedban 2608t Kivh 2k hinplcag@Rtenoibddet 08eN aAd abdut20b°@nthe alkylation
about 50 hr 1, for exanpl e between about 1 and about

preggurpis gonvemiontty] 74HEkR e leyd, det g fromcahovuk AY&htol about 3500 kPa.
' | i . t enex
Tof SIRALRESs BhorsSRSLy SR AP 3 p MR P TN (BB HS) bnset

her eo

on Ganliafl&mghzeanofetf cdncatiodt DY dindedOOI0 hi X Faire&ample between about 1
containing linear butenes, such as can be obtained by
and aoyinl @ Pcki ng of et hane, propane, butane, LPG and

[Odgitﬂﬂgt ﬂ?eD@} Q?ila?r‘é%%ngg . I&eﬁ{egﬁ%%/%ggges %ﬁ&ggtr@% 104 butene, namely

r refine S an conversion o
butergrdehaers? @ uc miasrardictrafiol Thet dkylotiwy agdnefdanslsoFer an olefinic Cy

xanpl e, .the fol l.aw hydrocar bon m xtures are :
hy o U YPGB e C_fﬁvt +oHaH 3 @ﬁ_ﬁe&ja%ﬁds?ye%{mm cracking of
cthGhAGKINGc! BuRAQAURS aRl ¢lohNAaithsatRalgHE IRk Bl G ndpBfhas and other
as the C4 alkylating agent: a crude Steam cracked

reflgtyefvedgecke anyl bRaphvangior ofloxstekratpy, sdeicts methaiahi tngower olefins. For

after solvent extracti on or hydrogenation.to r. ve
xRS B R T s og s SEr e SivL Rt B Gpyeny refinery
emplifgadtbim akfkihg( fohgroRi@dsleting @R b figtablet BF ukeaPWR C, alkylating
of but adi ene and i sobutene fromthe crude steam

agentaekede pgemarreacked buiepe sFoos Raffinater If(thetmedugpreraainieglafter solvent
ext?a[g?lggl Je E}?d[r éegl%n&]l kt%{ | 23 tﬂu?ad?eq{gpﬁggldth%f 888 eslie%(kgl cracked butene
ormula 9 i's cycl ohexyl benzene and 1I's produced by

stremmt ack Raffinaen ¢the proddet hy@eogenafidr tchevpl eSboweicad add isobutene
het er ogeneous bi functional catal yst which conprises at
fromeths crugis eteamt Grcked Prisge At Dgenat i on acti vity,

i call : LSt |

AP o PR ah R RE LR PR RIS LiGpihd of goncra formula
(ITcisy sydohaxybenrmegani ¢ proddecdrhy eontictim@\benzenal wigh dtydorgen in the

activity, typically at .[east one ecul ar sieve of .
SN B bRy YADctiR faaDBEPOR COTHE GO SOt PR metal having
hy&bBfhatidn GOMMEN LRl scRBQHFHR tHRlorduf SMALAL BF falfdium, ruthenium,

~about 500C to dbout "3500C. The contacting pressure nmay o
nickel, afidrcobdampidea drysiatiabauargdog axedeabwiariay dogingPalkyThen activity,

benzene to hydrogen nolar ratio, i ge cont act | t.e
GG bRty PR Eboli © oo ot TR, (hs pypetow). The
cortidtingOstéN e €RRt@ehilyBorifueRdi a3 apleBipefadlt YofiaBoliths0°Cargsbout 350°C.

of about 0.01 to about 100.
The contacting pressure may be, for example, from about 100 to about 7000 kPa. The
benzene to hydrogen molar ratio in the contacting step is preferably from about 0.01 to about
100. The WHSV during the contacting step is preferably in the range of about 0.01 to about
100.
[0032] The term “MCM-22 family material” (or “material of the MCM-22 family” or
“molecular sieve of the MCM-22 family” or "MCM-22 family zeolite"), as used herein,
includes one or more of:

¢ molecular sieves made from a common first degree crystalline building block unit

cell, which unit cell has the MWW framework topology. (A 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
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[0032] The term"MCM 22 family material” (or "materia

of the MCM 22 fanily" or "nol ecul ar sieve of the
wo/miwaZsam | y' or "MCM 22 family zeolite"), aRCUBESW08/069779
zmh§@§bp@jﬂncludes one or nore of: nolecular sieves

froma common first degree crystalline building

bl OQ“vaé«!;m tift @l dltion0 0 NthdtintircCc@ntenhaswhith idMAVEipbARRMRMKference);

topology. (A unit cell is a spatial arrangenent of

at om®ledlac idvies ddedfrom 4 kemenodi seeors] degike sbpddmg block, being a 2-

desgri bes th crys

st dvgreethuy 3Eous M W Eim R R ot geetls. forming o

Fra ﬁﬁiﬁ@fa&&QgﬁoﬁMuﬁﬁ 2elPBickhvpe profertiblytdne @diniitl @M thidRikks;
the entire content of which is incorporated as

ref erodesyly sicvapmede fram gineves sqmaé dﬁgmmballd,mmbbnks being layers of
ts Ffrﬂgope Su@ o d{Izlllg ?}2 <|‘ﬁi£16§ n ey ¥erggnln}sorg ﬁlan one unit cell

f or Mitkghess RONAcafy&h sﬁfckﬁl@epwkhﬁg, @E bindh{gl £KBRS Swo monolayers of one
preferably one c-unit cell thickness; nolecular

si evas cathdeickicsm tsnieskingebrehdseensedasicd biiling blocks can be in a
be' P%%ﬂa@ﬁ&{ a&qﬁg%ﬁ[g fﬁ?ﬁf)nt Q?a[%dgﬁlefaglﬁbﬁ c?reeHy contlblnatlon thereof;

ess nore than one-un
celhndhlckness I's made fron1stack|ng, packi ng, or

bi nding at | east two nonol ayers of one unit cel

thi EleheEykr sTgvss ﬂ@@k‘%@nﬁéfm%&'@hﬂséﬁ@éﬁ@ %Légn@@w@a PH 3rdjmensional

bl Ogﬁbﬁlﬁﬁoxpﬁd 15 ﬁ%Hh%Ehefl@lW%m k't

fashion, a ran or any conbi nat thereof
[O(BBH rMbE:cwllaasle@as@\f dise Middd-2Dyfamily imeedd thmeanoheaﬂahom:ves having an

X G ERREOT Rerharisbis Faneatss R HONORy BSHD. 5, 3.57£0.07 and
3. 4&’@) 99 uAﬁésﬁ%hﬁveﬁleoB( taeqiMddiéd éaﬁ‘&ndsé(d It heRtctiPOSRe material are

nol ecul ar si eves having an X-ray diffraction pattern
obfamet Udi stgndird Mnmemwhm asing 2het &-2bha @O@lﬂﬁﬂ.ﬁf copper as incident

. 0 07 . Angst.r.om
racisioh Hnd e e e SRR kPl Salh pbd ATt fy computer
asﬁk@agaﬁ@n@§gaﬁlques such as using the K-al pha doubl et
per as incident radiation and a diffractoneter

[U(Edhu pd\éatem@ltswféh%MGMrZZI faniilynnelgde MEMad?d(dgsestheil an &6S. Patent No.

l.ectico t
1 FRTESLRES, e 09 S PS4 R90RA) WP ol n U
Pafeat Wat 4 Mb 6@7)95RB32®escriB$&h18Eﬁﬂ)@6ﬁf Phed No1 02b3D32Rdrent (described
No, 4, 409), SSZ-25 (described in U S.
in US. Patent No 6,077 498) ITQ-2 (described in International Patent Publication No.
W097/17290), MCM-36 (described in U.S. Patent No. 5,250,277), MCM-49 (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 mixtures therecof. Molecular sieves of the
MCM-22 family are preferred as the alkylation catalyst since they have been found to be
highly selective to the production of sec-butylbenzene, as compared with the other

butylbenzene isomers. Preferably, the molecular sieve is selected from (a) MCM-49, (b)
MCM-56 and (¢) isotypes of MCM-49 and MCM-56, such as ITQ-2.
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Patent No. 4,826,667), ERB-1 (described in European

Pat ent No. 0293032), ITQ |l (described in U S. Patent
WOR00B/OEEPFY 498) , | TQ 2 (described in |nternati oPEI/US2008/069779
20078t18R4 pdRubl i cation No. W097/17290), MCM 36 (descri bed

in US. Patent No. 5,250,277), MCM 49 (described in
ngr&arBaﬁﬂk‘idMn 5,236,575), MM 56 (described in U S.

a 697), UZM 8 (described in U S. Patent
[0035] 6, Tissonidaon awa i sheupr@sentt Hupeass is pebwaplished diyegayacting the

f f. kyd .
ol P Ao T Py BB Bl s i efiil ke comprising
ac§ﬁioa®d1de/@fthegéﬂb@alﬁbﬁﬂwa(ﬂ)on of sec-butyl benzene, as

conpared with the other butyl benzene isoners.

Preferably, the nol ecul afOkieve is sel ected from (a)

MCM 49, (b) MCM 56 and (cf] isotypes of MCM 49 and

MCM 56, such as | TQ 2. 20Q[EM 225 PCT Hydrocar bon

Oxi dation [0035p1T OXI dation stepg in the present

process is ' \{‘nt actijng the hydrocarbon

substrate %&gen containipg gas in the

presence of\ a cat al|yst CONpIA'Si ng cyclic i m dd) of
1 wherg¢in each of Rl and
R2 is indepen sel ectied from hydrocar byl and
substituted hydrocarbyl radicals haying 1 to 20 carbon
atons, or the groups SQ3H|| NH, OH and NO, or the
atons H F, d, Br and | (pnovi ded that RL and R2 can
be Iinked to one another via a coval ent bond; each of

whkeiaRACHRF IR hind®FeRd@népendselyeséleded ram Gydfddarbhl and substituted
each of X and Z is mdegendently selected fromC

CR3:
hycgocasbrzl ramcalp hayige d|te A sedop Rtagpse Ahthe gsguns i8):He NHse O and NO,, or
e?[mng P F (gl ;0 ndq_lprol%ldfa tﬂat R aﬁ& ca?l'bse kel tooc;nfezanother via a

SucC can e an
CO\téﬂEilt éohd; tdaels of Qadnd 6F ss 1ngbpnmﬁ6ntlyoxele&:tddnﬁ()ml(1 fﬂHE,CN fand CR?; cach of

R1l, Conveniently, eac R2 is penden I
X and &cis dndspepdanyly Sﬁﬁes%@acfo %w%x@ %HZ’aN 0 %m%w% Group 4 of the
Peﬁ@(ﬁb ‘?[‘%Bl%» YGROPFFH:; kqQP,Cﬁ'o% 2 smyop@»rrﬁqmlto @%Q&H:éé 3 2or3,and

hydrocar bon radi ca each whi ch radicals
R’ tC@n E@ amaobthn catioeradi @GO3 @IOI@GMraacbmgb listddefor RE Convamemly, each of

R O S5 a8 ek 5Bl 68 Sl SV, SRR By racicrs
carBaRy1iradit 416 emeskgedtiony s Rldeelsethdf Hydm Aydh e ey, ca@REf which radicals

has 1 to 20 carbon atoms.

,Q<‘

[0036] Generally, the cyclic imide employed as the oxidation catalyst obeys the general

formula

R’ (O

\ (11T
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substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or the groups SO3H, NH2, OH and NO, or the
wWaees®29 F, C, Br and |; each of X and Z i s PCT/US2008/069779

rodvpslependent Iy selected fron1C S, CH2, N, P and
ﬁqnents of Goup 4 of the Periodic Table; Y is O or

wheHin keatts o7, R1, RBrR2Z, a@N®R ' i} Snd eﬁden‘tlﬁl gelected from hydrocarbyl and
Cbnvenlently, each of R7, RS, R&

subistitigsbindlspearyl sediedls baving drie apucmbatuatoraﬂ, I@@%yﬁ greups SOzH, NH,, OH
an(?f\]@ga&l e d olﬁ?sx a§1| %?laﬁd IC ’ ﬁg}(% at{d?%on ¢ gpcendetftlgl selected from C,

Xy-car ony cal's™ an ydroca

S, EBGINOF andh¢lcineiitadt Gadup habthd Pebodi0 TablebWris &t @BH; k i 1s 0, 1, or 2, and
[0037] In one practical enbodinept, thg cyclic im

Lig Bt b 952 CnyenisBiy. NaglobR phe hBIi 0ddR . is [lmswdenﬂe elected from
ali g' ;Ro‘%g%r lélscﬁﬁiat{c alﬁigﬁglgélgg?ﬁﬁ&gﬁtré& sS taﬁ&%x %ﬁ%on%l radicals and

I gni ntly wth rocar bon substrat
hycﬂrocehbomvadohatse eachhdtwhgenedehlsyhas litd 2btebeoadnisi ons

a tenperature of between about 20QC and about
1003350 15 ity ARCt wHRDRTE T B0C IRk abBAE Tagbe: Sprises N-

hy&%kﬂﬁﬁhﬁﬁmﬁ&ep is preferably carried out at a pressure
between about 15 kPa and about 50CkPa, such as between

[0088kPa Tle @mdmona 5CkiRa. eff[e@ﬁﬁ@pxmmmwmgaramgnmﬁecanay with the type of

hy%)?[:aag?r? Sybs fltg Ezgn S t gé:ﬁ%ragy ﬁ{)a[%g ucgqtndguons include a temperature

of BRI ad MOMool@ts@dheas Bl &@abbliC7(BCl fhd@bout 130°C. The
di carboxylic acid of the correspondlng hydr ocarbon. In

oxigaden steihis Mefaeabbt carfigbowfat p peassure betveeh abeitilddPagnd about 500kPa,
Su&“%%%ﬁ&mﬁ?gkf gb&ﬂ%%gF%Cted cyclic imde catalyst in
d esire ' '

ion to ydr ocar bon oxi dati on product.

[00Boys, laq&ﬁdﬁgmg thonithe ¢ths Bpdrogirbsesdstrdtbeh®piodadtiodithe oxidation
effluent is treated with an aqueous sol ution of a
stepaBey PARYS OUF £ O Reak hﬁ%reeerﬁé%n@ cahqlkisetpng.ygarboxylic acid or

dlcglrb% l‘f‘cr actléf' WEtl%rcbo%% ndfn ké}?l OfI aﬁﬁltl‘&}f Cﬂdv?ev'ef"tﬁeeefﬂuent from
r cte IS

cata ere dé cat al yst
theeootldeamhqﬂoctem matyh@n'alquemesct@m ayycél,c 1hﬁdnlcmgyﬂnncadgﬂmndo the desired

has h.co i ses, sai d o idiz dr ocar bon
iy P s R BHHE oA ACORIPE . TS PG oBRe dy pridation cffluent
is ﬂré’ﬁt&?wnﬁea!ﬂea[cﬁ%%’ so‘ht’t?oned‘fta[ Badel @zﬁhbﬁaﬂ? RAWSIkEchss %a@iﬁgtaopr value

reduce the level of the imde in the organi c g ase
graates gheuh@meqp@b tcpﬁm plksuof thescyicle gmdeawtggstpwhpre y) |the unreacted imide
ht of the .or

catfS IR Sented kO b fRsBRIbhY. 16RH0Y b el g s M Gcqruprises said

oxididee rh§d1waa1b@ﬁ pRJds6t HEGAISIE chritaiB AR rdtmeed réeéleaferytlmsmde Generally,
ef fects on downstream operations such as hydroperoxi de

thectxgragtiggels cpodurtd sphas tageduse the lgealkoftihe émidg e He organic phase to less
thaﬁxltdoaﬁﬂl,oﬁlcﬁfastlgs% tHEY 38 %tpﬁg ftlme}gﬁnpcl@tl%l Ydn ﬁ@ ppm, by weight of the

organic phase. This is desirable not only because the imide is expensive but also because it
can have deleterious effects on downstream operations such as hydroperoxide cleavage.
[0040] The use of a weak base in the extraction of the unreacted imide catalyst is
generally desirable since a weak base is less likely to catalyze decomposition of the imide
after extraction into the aqueous phase. A suitable weak base includes a metal carbonate
and/or hydrogen carbonate, especially an alkali metal carbonate and/or hydrogen carbonate,
such as sodium carbonate.

[0041] The conditions used in the cyclic imide extraction step need not be closely

controlled but generally include a temperature of about 10°C to about 80°C, such as about
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generally desirable since a weak base is less |ikely
to catal yze deconposition of the imde after
W@2G0p/8298%0n i nt o the aqueous phase. A suitabl ePCEEE2008/069779
2009A%8-4 gl udes a netal carbonate and/or hydrogen
carbonate, especially an alkali netal carbonate and/or
204 & 2@AN76°@T TRPALR, of e frlictR mAHUS: RIRHIB &Fota al P4 hlinute to about
The conditions used in the cyclic imde extraction
30 snispreneweh Apebaé Scnytssyo ebeitrldl mawtasutThgemeauat plybase employed in

theI % %&gogn %%é) ﬁs?%%&% 1;%1% %@%0%5@% ta?lé t 9{) Qcﬁbla%@ %Hantlty of base to

umteacfted drhidexsuchcdsi ot Irayol&xeoff e pyanipleof irgtacahbintidd. Generally, the
m nute to about 30 minutes, such as apbout 5 mnutes to
phagshefe agtiatasl duiag extrgHon pnmeinze (akist Bipyrerydg Phasethe
[O(P)Zjir aCAftQIneX%tagﬁ?ﬂ ntd Qflgghlll%u§ l’ﬂ)fa% gdlﬁﬁ](;n tife Bﬁ&‘é&tg@ c%hc imide can
st ‘an equl nolar quanti'ty of base to unreacte
readity de, reSUtsze@é)yladldlﬁangmhesaqméoub geasqefor rmhmpbf with acetic acid, to

unreac%gd i mde.. I‘%glly, the p aseﬁ are a teq

PregiiPigthe i Hetidmids  Mdler nfRAS itognt ARt h &l or example by

ﬁupalmﬁ%% cer{tgﬁfégilotﬁftﬁ%reﬁﬁtﬁt@& hhl%actbmrﬁldk 'i)&yaffta%m»&i Q@?e%ycled to the
sol uti on, unreacted cyclic imde can'readily

OXK@@@VEﬂed by aC|d|fy|ng t he agqueous phase, for exanple
Wth acetic acid, to precipitate the unreacted i m de.
After separation fromthe agqueous phase, for exanple

Oxidatidn Prodiucen or centrifugation, the precipitated
unreacted 1 mde nag if desired, be recycled to the
¢

[0042] dat Then pEadest. o ATPSSAL Prisdien Mrovasidemngs prode mature of the
hy(?l{pcatr S @ﬁ‘t%? Gl b%%(% dbé) 1 P te&b%%ﬁgﬁ P rhd%y%@p%g%ldg aal%l%l ketone,

rocar tra OXId

CElI@&X}&fCaﬂCIdI & d&afbodyb@ﬁﬁ@kls}ﬁkelallg |ad@hﬂiperokﬁieo ne,
carbox lic aC|d or dj carboxylic acid, especial

Sxepele. [v@@a zﬂle bks@rogggg%p@str%ﬁ ah 1sph1étane tI\lle gxidation product
t .
LS SEET SIS RN 0 REAPEBI g d
prdd&ctﬁmﬁcﬁﬁpromdemmdﬂ) dad tavtiany dagent (vdm:h isustflakbas a gasoline additive).
on of opyl ene. oxi de) and terti.ary .butanol
0GR T RSB GaSh R ihor e Grigin bist comprise
cyél@l?exg)l/ Ay A6 pEBRMA SURKIHRER) 1a8id Y ElbRb&XaRE, CHBBhexyl hydroperox1de is
oxi dation product ‘conprises cycl ohexyl hydfoperoxi de,
readyy [detawpasod t(an@kil‘ggmﬂl ohideberanel. ar@yqy|c xapone, either therrnally or with

the gﬁg{’(g) Ioa[d %%tlﬁg’s{ eg?}’gL%g?deCE%I? % P])él 1z?ﬁ gvlé( | %ﬁ@elo&lp nitric acid to
prd@u&@ ddigic agad,stainge i9fa Ppreatrdry il th&ywhohexagPIN@an 6, whereas

oxi di zed with aqueous nitric acid to
cyclohexanone can be converted to cyclohexanoxime which undergoes acid-catalyzed

rearrangement to produce caprolactam, a precursor in the synthesis of Nylon 6.
[0046] Where the hydrocarbon substrate is an alkylaromatic compound of the general
formula (II), the product of the oxidation reaction includes a hydroperoxide of general

formula (IV):

\ C—O0OO0OH (IV)
X /

R6 H2C_R5
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produce adipic acid, which is a precursor in the

synthesis of Nylon 6,6, whereas cycl ohexanone can be
w@eeanerved to cycl ohexanoxi me whi ch under goes PCT/US2008/069779
»0PE9> $@tal yzed rearrangenent to produce caprolactam a

precursor in the synthesis of Nylon 6. [0046] Were

in tWRCHIT GCaARRPROS HBEL B Sarh$ rdindlok s ah ofRhile QPP RO rably, the
of the general formula (11), the product of the

hydeperaxidgnisr seechutplhenasae oI Mpeexskehgaylbenzgae divalroperoxide.

o QR0 BIEM B3R RETol BRI Yy Byt o

and he ahiyllyeperewndefils g@erafilieR2eneHhRtopar axlciR ‘amd R’ have
cycl ohexyl benzene hydroperoxi de. Thi s hydroperoxi de
thecgmerpranngers dp RrardedDpharql gar phepratsd e isagseb s aggtong to produce

R et R SR

[0047e sdite hEhopargxids cleaviger madteon( sl onvéheanlyl eftaedoby contacting the
ourse, be reacted wi.th acet.one to produce bis no

hy<§r05ﬁ=r8&siﬁsvgs4h Prfathet i Qg moge ot (RTINS Sty 20°C to about

15GRO%YcH §54udat 46@%7%03{‘152@?‘15&9@3@%&%@5?@%@1@ 50 anébout 2500 kPa,

reaction i's convenient eff ect y contacting
sudhyairabpet 1H0i Weabairt H0A lPataklysta liquid heurlyi spatd vgheise(IHSE) based on
tenperature of about 200C t bout 1500C, . such a )
thegbsliopcaviogs pbabBR ! Koeknet 1§ﬂ$’fcrprﬁfletﬂ%é§?ﬁué oo hgytis0 b, The
hy@[%p&gx BQUhreZR D0y KiRtcdSHER cRSandPINenl ARt @ tBOOILYaLRAQaction, such
kPa and/or a liquid hourly space velocity (LHSV) based
as gethyhethlyl Hetopas mbxia er otc-hbtylhengent, tocassisowt hchO@nipvall , The cleavage

ef er abl y . about about 50 hr .1 The. hyd i d
ref S RapRrshiy iibrdckdt Pt SR g brighGien: *fnert ro-

(00488 ClERVagLyiteRagHb R, inSHE RlcASagtRitelY barL b ¥ IhokRieR®us catalyst or a
phenol or sec-butyl benzene, to assist in heat renoval.

hetprpgerdopagatglyst eacti on is conveniently conducted in a

[O(ﬁI?_Lal ygd'&bf%' P?iﬁl&%eﬁ&u%nclgawa%e thQ@é%] inH{'ﬁ %ﬁffﬁllé/ 3kid perchloric acid,
e oned I'n e eavage step can be a ﬁonogeneous

phesphadiy sicidorhyalrdudl@icogeidemus petatughysitfonic0848] Buiricabhleride, boron
_honmpgenequs cl eavage catal ysts i nclude sul furjc acid,

trifhioridiy splfer dioxile prb sl iteoxads dre pingr sidentioei komegegeous cleavage

p ' [ rdi | oFd :nor on

co P L PR e A e S F e e

[005205 0 eAfsmobble ehchvopgeneocgalghtefovage inahalojsivege dheec-butylbenzene
ref erred honpogeneous cl eavage catalyst is sulfuric .. :

yBEPHOE0BORIR € dreHBIeE bt B Bgoriopa e ar Pk giisa-atumina

clayNad B&ADEANAOS . HatSE NP ULYMDANZ§B o), the entire disclosure of which is

incorporated herein by reference.

[0051] The invention will now be more particularly described with reference to the

following non-limiting Examples.

Example 1. SBB oxidation in the presence of NHPI

[0052] 150 gm of sec-butylbenzene (SBB) supplied by TCI America and 0.69 gm (0.46
wt%) 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 flow rate of 250 cc/minute for 5 minutes. The reactor was then pressurized with nitrogen to

690 kPag (100 psig) while maintained under a nitrogen sparge and was then heated to 115°C.
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hydr oper oxi de includes a snmectite clay, such as an
acidic nontnorillonite silica-alumna clay, as
wale®eneived in U S. Patent No. 4,870,217 (TexacR)T/Us1u8/069779
2mﬁ Lk ep@i scl osure of which is incorporated herein by
erence. [0051] The invention will now be nore

Wmfthb GeHclbh Ye%?&tﬁfebﬁﬁis Watied: efcegRneR dwtdhBe ffodd hRMighd to air and
non-limting anpl es fe 1. SBB oxidation in the

thegfp@é,@rn\w S@ﬁra&aﬁimﬁh[ P08 2H0 rg@mgme dor @b@nbusa}mﬂéwmetaken hourly and
| j T d 0.6
i SR SHIE A, T Rn TR Yo RoES AP Mt by s

chIBﬁfatogfzqﬂl@t OAfttt biiparspithd gas Shb sivéchedt bk&iknmcmupg@, aigBthe heat was
nl et, sanpling port and a condenser contai ning a Dean
turegch ol t Wagn ftest Toagtoe had enpleds it Wedqpé%é‘ﬂrﬁed% ®isPRighis removed.

Th%“%s%l@ tairer §H‘°o‘3v H %grer P nTl?enﬁFﬁ’ﬁ) %& W{ ép?nmi_% e C?ii) trh@ oxidation

[ow rate of 2 c/mnute
prodast hemaasiess usingedghviprdssurictiiquge nhttomaﬁigﬂaphl?a@-lﬂlmo The result is

Si whi | i.ntaj ned under .a ni gen sparge and was
R Riiesg 410 Senges o6 TS M Alnen ¢ he Peact | on

t enperature was reached, the gas was switched from

nitrogen to air and the reactor was sparged with air
Exampdsd NHBﬁmmoeaffypnﬁhh@ui@tiosamxtw wer e taken

and he N and ac centra ons

0B3EE 25, 3o (8 b il Bodipof BSihn S ey i, & e Petpmperature
QBChayks 5 FHENGED Wafucsid ta1hesh Raskinimy Mvt¥% 0GR NaATO:. t Mie mixture

heat was turned off. When the reactor had cooled, it

(haygng @ epteosidation grofudt mvduigoweiaht Btip ewfdvb)dwasrﬁé‘red with a magnetic
sl B BT TR S bore DRt o GEICRIIEY chyent oom by

wellShit)nigy the @Fgamceaﬁiua@ebmsqpha@emha@mmdathPLEIPLTB)e datdhere shown in
result is plotted in Figures 2 and 3 as the _spectrum
Figyes i2ghalosginicaphasek aad Faswe Jpplaquesisy alasel o me procedure was

carPiéll %ﬁ{ fh?é% %&%rtﬁné&&?§gng{)&%ﬁg oft A€ oRPfaflaH | g&?l%gtr C@%&Enple 1, but

rom Ex was m xe room t enperat ur
using tShgrb Ignmmmz;ﬁ@hsa@uhffa&ntsbﬂaﬁﬁﬁ)pmqmm ablnﬁcmg; dontdihiog 3wt%, 5 wt%

. e m xture. (hav a wat er/oxid on prQdu .
oG R arGhe e DE TR AR b bzt S 4 5(o), Figures
2(dyegnesdg, std Ft Eest{ ?] faql eﬂé&ﬂ@&ﬁielyThQ"hEV&ta @H&X/ Sthat treatlng the

wer e separated and e NHPI™ cont ent [)m by wei ght
S

oxndh@omp@émtcrmahme a/qthebﬁfsreptrme@ltmgn ima yf adN aaSEQa}sQ 1on is capable
The data a ni.c

of PP HRfFrAR0AD ok et N indioller RS T 3 fbion produc

mixture.

[0054] In each case, the aqueous phase was acidified using acetic acid and the

precipitated NHPI was recovered by filtration.

Example 3: Extraction of NHPI with aqueous sodium carbonate

[0055] Three batch sec-butylbenzene oxidation runs at the following conditions: 150 gr
SBB, 500 ppm NHPI, temperature 125°C, atmospheric pressure, 250 cc/min air flow rate,
were completed using N-hydroxyphalimide (NHPI) as the catalyst. The products were
combined and analyzed for ppm NHPI and found to contain 494 ppm by high pressure liquid
chromatography. The combined product mixtures were extracted with aqueous solutions of
sodium carbonate at three molar ratios of NHPI to sodium carbonate (Carbonate/NHPI= 1 to

I,2to 1 and 3 to 1). The following table indicates the results of these extractions. A second

16



carried out three separate tinmes on 5 gm portions of

t he oxi dati on product of Exanple 1, but using 5 gm
WEarovh2a939 of three different Na2CO aqueous sol RET/GRZ)08/069779
2005PNL3 g 3w % 5 wt % and 10 wt % Of Na2CO3

respectively. The results are shown in Figures 2(c)
wadiilflg 3&:@dactidil)Ovdseifot 2E¢hlire@Nehcd3 (tRd NH dydsi i ldeRcAbR) (<aIUjpprn) in the

3(e) respectively. The data show that treating the
orggricdresorftes thsdfiist washytgure with different concentration

| evel s of a Na2CO3 solution is capable of renoving

substantially all of the NHPI and ot her byproducts
I orwtiigat @i davilBmofs @dYc tMilling 18108 | [HIAF4bdibm ¢achNHPI in
asyxiliiipnaqyeousyppiase (wass@findi fi pd dagdddicaC ¢t0rganic Phase
precipitated NiBhnpes | &AQYS aﬁﬁle@) (ppm)

mb‘?ﬁ‘ﬁ%ﬁﬂ, LN ™ <10

PO - HE PPN\ + o

ucyu O UUT U111 U Tat LI T Uadtl T

c hﬁp\% han-ranaﬁ?(z\'mgdafi b X 6 at ha gn n\M al <10
c—bdty-behtreRe—oxi-aatd f g

ndi ?8dns: 150 %29&52R '-'xﬂﬂor&gé'él\lHD . tgnsrqzr atlre <10

125C, atnospheric pressure, 250 cc/m n air flow rate,

il SOTRLELEn Yo Ao DL yanalatal SRaIERH) (850} W aqueous

OnoY o0

) prod S Were co |ne

somnmwﬁbnaedtsmd to contain 494 ppm by hi gh pr essure
i qui d chromat ogr aphy.. The conbi ned product m xtu

lﬂ%é} e extrabeEhbZERe %za@@msbaéféu IHP:C%H@ fgflowpgi C@miltlons 150 gr SBB,
e L L

corfipletciobi$ioni Nehytladxlyphdlindilc aiNePT) hes thes u:htakystof Theesec-butyl benzene

extractio A sgco d2007EM 225 PCT
CORVELYIQN, #ap ?ﬁ) §?Fo ut weB |Z e ﬁ%@omgwﬁ%ﬁﬂ%@l Hider vacuum to

obﬂﬁ'ﬁ & G&&Qﬁt@atécfs@l@tlcﬁpmntdlﬂmghg 831k §eo°l5\ﬁ§leoe%fz&f‘erh§dp@perox1de The
first washing. Exanple Extraction of " NHPlI from

NIfiroetent weethusBBHPC £ 44 wrﬁ/day\hlghwpra@uwwlé odiognatography. 5 g of the

car bonat t 8C0C [0056] . Asec-butyl benzepe OXi 0
cofi SEHE ifefion e BT ScofuPrRUTTHES! gipgivotile (3 wits)
at $0G0 PR@ NHBWind FREIAfidtS thdatsulLbMBEPRRIrh&GioRr €ASIHeBnd washing

250 cc/mn air flowrate was conpleted usin

(eXREaRQIY OXAPPIPA TP GHiE sermﬂphg NiEP Tt wies edtdgtspipble %héo ppm) in the organic
ph%s%cafpewécﬁ%\a f%gtn \ZV%,Qhel %%hr%ﬂ}a}{%?a&%c wWh 4%%1§\?S§8‘99& ys?c -butyl benzene
hyé@pébRrida (SBEIILH?)ta’tahSCboiieémﬁahOm a0 0t ahivitegpdiztube W Ye dlicrmally and
sec- but yI benzene hydroperoxi de. The NHPI content was
chergigply tteblpe 2144 ppm by high pressure liquid
chromat ography. 5 g of the

NHPI ppm SBBHP wt%
Before extraction 2144 72.44
After extraction <10 72.9

[0057] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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concentrated solution was extracted with 5 g aqueous
sol ution of sodium carbonate (3 wt% at 800C. The
wo 200p/025989 t abl e indicates the result of this PCT/US2008/069779
2@xtihassdon. A second washing (extraction) was not
required since the NHPI was not detectable (< 10 ppm
criAxMm$e organi c phase after the first washing. Gas
chronat ogr aphi ¢ anal ysis showed sec-butyl benzene
hydr oper oxi de (SBBHP) at this concentration and at
is rature to be thermally and chemcally
VV%%&%F%EHFSBS7] Wil e the present invention has been
described and illustrated by reference to particul ar
enbodi nents, thgse of ordinary skill in the art wll
1. appAsratss fanpxidizing a hydresrtben thegnacess eanaprsingg
vari.atio [ Yo A | e e
b 9 cacan g RSN o Sk B ErRER Bk day 57 fhe pyosence of &
catalyst appenthect gichc midet of theurcpaskbformbilad@t er mi ni ng t he
true scope of the presenéainvention.2007EM 225 PCT
CLAIMS What is clainmed i k1. A process for oxidizing
a hydrocarbon, the procesl$ conprising: (a) contacting
a hydrocarbon with an oxylgen-containing gas in the
presence of a _catalyst copprising cyclic imde of
t he general A ornu (BT (821 whergin each of Rl and
R2 is indegendent|y&electe NLam hydr ocar byl aﬁg
substituted hydroc HQyI ragytals hgving 1 to 20 tarbon
atons, or fAQMt ots S5GBH, NH|, OH and NO, or
fromthe atons a, Ef and |, |[provided that Rl

and R2 can be link to ofle anot heryia a coval ent
bond; each of QL and @ i §l i ndependently sel ected from
C, CH N and CR3; each of(OX and Z is independently
selected fromC, S, CH2, N, P and elenents of Goup 4
whefeiit keciPerf iRidand Rabiseinddpender@lyosel@ed Krans hdrotarbgt aBd substituted

hy(}riogargill r%l’dicgfs h?é;ving 1 to 20 carbon atoms, or from the groups SO3;H, NH,, OH and
NO,, 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,

each of Q1 and Q2 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;

kis0,1,0r2;

1is 0, 1, or 2;

mis 1 to 3; and

R’ is any of the entities listed for R';

to produce an effluent comprising an oxidized hydrocarbon product and unreacted imide
catalyst of formula (I);

(b)  treating the effluent with an aqueous solution of a base to produce an aqueous
phase comprising at least part of the unreacted imide catalyst of formula (I) and an organic
phase comprising the oxidized hydrocarbon product; and

() recovering the organic phase.

2. The process of claim 1, wherein said cyclic imide comprises the general formula (I1T):

18



mis 1 to 3; and R3is any of the entities listed for

R1; to produce an effluent conprising an oxidized
whywpoz®8bon product and unreacted i m de cat al BSE/USK008/069779
sod UM g(1); (b) treating the effluent with an aqueous

solution of a base to produce an aqueous phase

conprising at |eag{7 part (@f the unreacted inmnide

catal yst of formulja (1) a an organi ¢ phase

conpri sing the oxildi zed hydrocarbon product; and (c)

recoveringd he ordanic p e. 2. The process of claim

1, wherein sald n1da\§gnprises the genera
formula (I111): PCT Wher ein each of R7HI 3,
dently ected fron1hyd#ocarby|

R9, and R10 is
and substitute osar byl Aadicals having 1 to 20
car bon at ong 2 7dr oups SGBH, NH2, OH and NO
, or from H F ||C, Br and I; each of X and
Z i s independentl selectHd fromC S, CH2, N P and
el ements of GroupRd®of th Seriodic Table; Yis Oor
OH kis 0, 1, or 2, and P& 0, 1, or 2. 3. The

process of clajim1l,or wherein the cyclic jmnide
WhEEsH A TNy g oxééhwﬁﬁlmlaéndep@deﬁﬂg itk drogy hyfgpeartyl and
sul%fiﬁﬁ&%ﬂ&o&a‘r@l %dim%zﬁiiﬂg A AELHADato, d)rséfr&{g ﬂ%ﬁﬁs SO;H, NH,,

a tenperat'ure of between 200C and 1500C.
OhpastNO)s, apfiramh dicrataims WhEr €l Brandlit enperature i s bet ween

0 an 300C. 6 he process af .a recedi cl ai
cacfiias BRS Zgnonspr sty PESE §RELE: 8t X5 PR Bgne! oParoup 4 of
the®\WBRMabRk:; kPa and 50CkPa. 7. The process of claim6,
wherein the pressure is between 15kPa and 15CkPa. 8.
Y FkkoPHecess of any preceding claim wherein the
.effl t.iss treated in (b) with an aqueous sol ution of
k1§6ﬁ%§§9ﬁg§e havi ng a pKb val ue greater than or equa

list® 1t 2. pKa val ue of

3. The process of claim 1 or 2, wherein the cyclic imide comprises N-
hydroxyphthalimide.
4. The process of any preceding claim, wherein contacting (a) is conducted at a

temperature of between 20°C and 150°C.

5. The process of claim 4, wherein the temperature is between 70°C and 130°C.

6. The process of any preceding claim, wherein contacting (a) is conducted at a pressure
between 15 kPa and 500kPa.

7. The process of claim 6, wherein the pressure is between 15kPa and 150kPa.

8. The process of any preceding claim, wherein the effluent is treated in (b) with an
aqueous solution of a weak base having a pKb value greater than or equal to the pKa value of
the cyclic imide.

9. The process of any preceding claim, wherein the effluent is treated in (b) with an
aqueous solution of a metal carbonate and/or hydrogen carbonate.

10. The process of claim 9, wherein the effluent is treated in (b) with an aqueous solution
of an alkali metal carbonate and/or hydrogen carbonate.

11. The process of claim 10, wherein the effluent is treated in (b) with an aqueous

solution of sodium carbonate.
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the cyclic imde. 9. The process of any preceding
claim wherein the effluent is treated in (b) with an
wauweos3sol uti on of a netal carbonate and/ or PYOUS29E81069779
2009?1?199511961‘3- 10. The process of claim9, wherein the
effluent is treated in (b) with an aqueous sol uti on of
122N ghk@récchPbhbny prd2edial & 1AM04 QI fudthdf eQ8prisiag ReaRg the aqueous
11. Th?rpr ocess }g? cl ai %n 10, wherein theﬁréf?% uen%ﬁli ég 1
phase g pesgipitate(thy uncadicdimide oatelyst. sol uti on of sodi um
car e..2007 2 The. pro f .
13 0 o BB e M P T solPC RSO Rl P Wisginipiga wnreacred
imiadlg¢ealst pliaseydiag pheaitdidtas @)t he unreacted i m de
catal yst. 13. The process .of claim 12 and further .
14.c onPPF Brasgss Aedy ersasdingretainy vbpisin e dydipsrdas cagpripgsdge alkane or
cy&@&lﬂﬂé& and recycling the catalyst to (a). 14. The
process of any preceding claim wherein the
15hydiTae aptooessc ofipclames14hn walckeam ethor hgdrobarbdik acvenprikds isobutane or
%Igﬁpﬁgr ocess of claim 14, wherein the hydrocarbon
cy PSes isobutane or cycl ohexane. 16. The process of
16C! 2T Lnocddb egret i N6, Y RGOMATHRORY dBERbSS @8mprises cyclohexane, the
cycl ohexane, the organi c phase recovered in (c)
orgorepplisse seaycted nex@h obmaristst dyslghewmes and uhe hercess further comprises
cogt?rit es golgvert itng the cycl ohexanol to adipic acid.
conpriing e Gyclahexanolto gdigiGaciE  herein the hydr ocar bon
17 CONThE S@EcGY CObR¥ANE, Wh@ciar ﬂl@nhﬁdrﬂﬂﬁﬁﬁl rc@ﬁx?ﬁ@ésedydléhexane, the
(c) conprises cycl ohexanone and the process further ,
orgapiepiliase scconerge i (Hocontuisesy ey dehexartiseandathe apreshatittgy comprises
cor?\%rtin;gqﬁe %cqgﬁe%c%nt?r{e t§ lc%% a%%m.\’\’h.er ein the hydrocarbon
conpri ses’ i so- but ane, € organi c phase recovered in
18( c) Taempsdesest dleint 1 hutlydreinythie apdooacbete canplridel ésdabiaes she organic
further conprises using the tert-butyl hydroperoxide )
phasg re¢pVEseddatfogPrstsss %%butzlghywr%%% %%(gthsmrws Ggher comprises
. i1 j arbon conpri ses
uSlg% tﬁé‘e: tg})} {Bgllt% Eg?ﬁoéé’géir?r%%g %cli B)é%iggoelhn%%g?&f ormula (I1):
19whefTae préresant alkp oea i dlaiohs pled édit Wheremptheslgnlrscarbon comprises an

alk?r}/agornq ?cnco%po%Qd %!F ggnleraq rfgt%PulaE] 8Y)I: ng from1

— R4

/
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 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 wherein the oxidized hydrocarbon product comprises a hydroperoxide of general formula
Iv):
— R*

X _/

R6 H2C_R5

C——OOH (Iv)
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to 4 carbon atons, provided that R4 and RS may be

joined to forma cyclic group having from4 to 10
W@ 20p02593¢ ons, said cyclic group being opti onabd¢TUS2008/069779
ZMﬁFﬁ§F§§éﬂeﬁi and R6 represents hydrogen, one or nore

al kyl groups having from1l to 4 carbon atons or a

cycl ohexyl group, and wherein the oxidi zed hydrocarbon

. product g%grr%ses a hydroperoxi de of general fornula
in whigh R OR7@M BR2ImvPdR $amammeainges, in d(IR6 have the

sa ' Sl rmyl I . T rocess. of -
207 TTSERLA0 o SR B BHARER Maroperovide o

forkyuth AN fix 6 @farfio pAadedntol Mphdnbband frealdelganicr ketvms &f the general
into %ggheno; and an al dehyde or ketone of the genera

formylan EORIGEEY )RS Whiph R andRi’ xverlic saae meanag as tpfgrmula (1D,
218 anﬁhg?gﬂyg%g%faﬁaih{]%%% %ﬁﬁ 26,' \!vﬂﬁei%ari%— lap&lqaciﬁsc%nﬂ;ound of general

claim laim erein the romati c
forambpdiing sadtctge fromadthyfl dienzdna, duniehe) ecdatydlodneend, sampentylbenzene, p-

t hyl benzene, cunene, c- but yl benzene,
BBy iEBsene. * plriBgicnyCetloBiegFoons g exyibenzene,  and
cydtoftexdiRRgR¥! cycl ohexane, sec-hexyl benzene, and

cycl ohexyl benzene. 22. The process of claim 21,

22wherdbe pradaess &l dyina? b vdtaran dangbylaniasic sempburtdyis senrbetybenzene or
qu%%ﬁJohexylbenzene. 23. The process of claim?20, 2 1
yor & Fur t her conpri sing converting the pheno

23pr ogug gflodeRs Of RiSMNEMOL1 Br 224andTRgthRf @ERPEsiAE @hdérfhgd the phenol
wherein each of the QL and the Q is independently

proglapedcintbisphsaelcy. CH, and CR3.
24, The process of claim 1, wherein each of the Q' and the Q* is independently selected

from C, CH, and CR’.
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