SELECTI VE OXI DATI ON OF ALKYLBENZENES FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to a
w@e@ces®16 or produci ng phenol and a ketone of BENEPEN6/012323

formula RICOCH2R2 (1), in which RL and R2 each

i ndependently represents an al kyl group having from1

to 4 carbon atons, from an al kyl benzene feedst ock.

BACKGROUND OF THE INVENTION [0002] Phenol and ket ones

of gener al SEMEGQ] TR0 Y B ‘

each |ndependently represents an al kyl group havi ng

froml1l to 4 carbon atons, such as nethyl ethyl ketone,

are i mportant products in the chenmical industry. For
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th@kﬂPEBﬁﬁi {98 produced by the acid-catal yzed
hydration of butenes. Commercial scal e SBA manufacture
by hydratlon of but | ene with sulfuric acid has been
105c BAGHGROLIND O : ENYLHON 5 gas absorption/liquid
extraction. InprovenEnts to this hydration process
include a process configuration that utilizes a uni ue
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methyl ethyl ketone is widely used as a lacquer, a solvent and for dewaxing of

lubricating oils.
[0003] A common route for the production of methyl ethyl ketone (MEK) is
20 by dehydrogenation of sec-butyl alcohol (SBA), with the alcohol being produced
by the acid-catalyzed hydration of butenes. Commercial scale SBA manufacture
by hydration of butylene with sulfuric acid has been accomplished for many years
via gas absorption/liquid extraction. Improvements to this hydration process
include a process configuration that utilizes a unique combination of plug flow,
25 bubble column, and CSTR (Stirred Tank Reactor) reaction sections to achieve
high conversion of butylene. Other improved processes use spargers, custom-
designed for butylene/sulfuric acid absorption/extraction. Also, loop reactors may
be preferred to improve mixing intensity. In sec-butyl alcohol dehydrogenation,
crude sec-butyl alcohol is recovered in absorption or extraction sections using
30 several towers, preferably, a single tower, to separate sec-butyl alcohol from sec-

butyl ether.



crude sec-butyl alcohol is recovered in absorption or

extraction sections using several towers, preferably,
wW@2@i707i%e6 t ower, to separate sec-butyl al cohol P€T/8P2006/012323

secbutyl ether.[0004] Currently, the nost common route

for the production of phenol is the Hock process. This

is a three-step process in which the first step

i nvol ves al kyl ati on of benzene with propylene to
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20 [0007] U.S. 5,298,667 and EP-A-548,986 disclose a process for producing
phenol and MEK which comprises the steps of (I) oxidizing one material selected
from (A) sec-butylbenzene substantially free from ethyl hydroperoxide,
carboxylic acids and phenol, (B) sec-butylbenzene substantially free from
styrenes, and (C) sec-butylbenzene substantially free from methylbenzyl alcohol,

25 to obtain sec-butylbenzene hydroperoxide, with an oxygen-containing gas and in
the absence of a catalyst, and (II) decomposing the sec-butylbenzene
hydroperoxide to obtain phenol and MEK with an acidic catalyst.

[0008] EP-A-1,088,809 discloses a process for producing phenol, MEK and
acetone by the oxidation of a mixture containing cumene and up to 25 wt% sec-

30 butylbenzene and the subsequent Hock cleavage of the hydroperoxides, so that the

ratio of the phenol:acetone:MEK in the product can be controlled via the

composition of the feed mixture. The feed mixture is produced directly by the



carboxylic acids and phenol, (B) sec-butyl benzene
substantially free fromstyrenes, and (O
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20 [0011} US 6,852,893 and US 6,720,462 describe methods for producing

phenol by catalytic oxidation of alkyl aromatic hydrocarbons to the corresponding
hydroperoxide, and subsequent cleavage of the hydroperoxide to give phenol and
a ketone. Catalytic oxidation takes place with oxygen, in the presence of a free
radical initiator and a catalyst that does not comprise a metal, typically an N-
25 hydroxycarbodiimide catalyst, such as N-hydroxyphthalimide. Preferred
substrates that may be oxidized by this process include cumene,
cyclohexylbenzene, cyclododecylbenzene and sec-butylbenzene. According to
US 6,720,462 the catalyst system does not contain a metal. In the Examples,
laboratory scale (30 mmol) amounts of the substrate (such as cumene) are
30 oxidized in the presence of less than 10 mol % of catalyst. There is nothing to
suggest that anything other than pure substrates have been used with the specified

catalyst systems.



contai n cunmene hydroperoxide as initiator, but does
not contain any catal yst. According to these
waolomanete, the addition of a neutralizing baseCci/EPioh€012323

oxi dation m xture inproves 4he yield in hydroperoxide
and reduces the formation of undesired side products.
[0011] US 6,852,893 and US 6, 720, 462 descri be net hods
for produci ng phenol by catal ytic oxidation of alkyl
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adical chain propagatlon and preventing oxidation to take place.

20 [0015] Furthermore, certain by-products formed during alkylbenzene
manufacture typically present in alkylbenzenes where the alkyl group has 4
carbon atoms or more also inhibit alkylbenzene oxidation.

[0016] These drawbacks have, up to now, limited the use of the Hock reaction
to make phenol from alkylbenzenes in which the alkyl chain has 4 or more carbon

25 atoms. There thus remains a need to find new alkylbenzene oxidation conditions
that are much less sensitive to the presence of impurities than the existing
oxidation processes, and that allow selective and efficient commercial scale

production of phenol and ketones of formula (I) by the Hock process.

30 SUMMARY OF THE INVENTION
[0017] The present invention is directed to a process for producing phenol and

a ketone of general formula R'COCH,R® (I), in which R' and R® each




and is very sensitive to the presence of inpurities.
For exanple, at about 110 OC cunene easily undergoes
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Hock “process. E | NVENTI ON [ 0017] The
p resent(b} W@h‘@mg Welaﬂ(}’(meﬂ@ﬂ? &edsteckdto giigaaenscongitions in the
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2 AL 0Pt BeDe it aE s ool g
represents an al kyl group having from1 to 4 carbon
at ons, which process conpri ses:

N—OR*
(111

(R

in which X represents a carbonyl (CO) group or a sulfonyl (SO;) groupn is 0, 1,
2, 3 or 4, R? is one or several atom(s) or group(s) selected from hydrogen atoms,
halogen atoms, alkyl groups, alkoxy groups, amino groups and R* is a hydrogen
atom, an alkali metal cation or an alkaline earth metal cation, or in the presence of
(b2) N,N',N"-trihydroxyisocyanuric acid (THICA),

to produce a product comprising a hydroperoxide of general formula (IV)



(a) providing an al kyl benzene feedstock conprising (i)
an al kyl benzene of general formula (11) in which RL

ware7@239%9@ve the sane nmeaning as in formula (1PCEHER2006/012323

(ii) at least one structurad isoner of said

al kyl benzene of formula (I1) in an anmpbunt of at | east
0.7 % preferably at least 1.0 % nore preferably at
least 1.5 % of the weight of al kyl benzene of fornula
(1), (b) submtting the al kyl benzene feedstock to
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 shows cumene and SBB conversion during oxidation with air

under atmospheric pressure at 110°C.

[0021] Figure 2 shows SBB conversion during oxidation with air under
atmospheric pressure at 110°C, 125°C, 130°C and 140°C.

[0022] Figure 3 shows selectivity to sec-butylbenzene hydroperoxide
(SBBHP) during oxidation with air under atmospheric pressure at 110°C, 125°C,
130°C and 140°C.

[0023] Figure 4 shows SBB conversion during oxidation with air under
atmospheric pressure, in the presence of NHPI, at 90°C, 100°C, 110°C, 120°C,
125°C and 140°C.



the ketane product is MEK. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0020] Figure 1 shows cunene and SBB
w@owver®ion during oxidation with air under atPOBFPPINéG/E12323

pressure at 1100C. [0021] Figure 2 shows SBB

conversion during oxidation with air under atnospheric

pressure at 1100C, 125C, 1300C and 1400C. [0022]

Figure 3 shows selectivity to sec-butyl benzene
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115C, in the absence of any structural isoners of SBB
and in the presence of structural isoner inpurities.
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[0028] The present invention is directed to a process for producing phenol and
a ketone of general formula R'COCH,R? (I), in which R' and R? each
independently represent an alkyl group having from 1 to 4 carbon atoms, said
20 process comprising:
(a) providing an alkylbenzene feedstock comprising

(i) an alkylbenzene of general formula (II)

R1
CH (D

CHZ—R2

25  in which R! and R? have the same meaning as in formula (I) and
(ii) at least one structural isomer of said alkylbenzene of formula (II) in an amount

of at least 0.7 % of the weight of alkylbenzene of formula (II),



[0028] The present invention is directed to a process
for produci ng phenol and a ketone of general fornula
wWRIOOCHRR?2 (1), in which RL and R2 each i ndepepciERP10¢6/012323
represent an al kyl group having from1l to 4 carbon
atons, said process conprising: (a) providing an
al kyl benzene feedstock conprising (i) an al kyl benzene
of gener al fornulazéll) in which RL and R2 have the
same nednbubitiog ihe allodbankene (ftedstagkdto(oxidatien candigions imrthe
st r Il
 PHUEEE B oy BRI i]nc TR s oFY RIRFALE o horklt? (1)
al kyl benzene of formula (I1),(b) submtting the
al kyl benzene feedstock to oxidation conditions in the
presence of oxygen and in phe presence of a cyclic
imde of formula (I11): inf/which X represents a
carbonyl (CO grg | fonyl (SO ) group n is O,
1, 2, 3 or 4, [ or\several aton{(s) or group(s)
sel ected from g hydroglen at awaA—artal ogen atom an
al kyl group, ansa)kox royb an am no gKHDp and R4 is
a hydrogen atom al kal'kne netal cation or an
al kal i ne earth(®gtal cation, or in the presence of
N, N, N'-trihydroxyi socyanuric acid (TH CA) to produce
a product conprising a hydroperoxide of genera
fornmul a % in which RL and R2 have_ t he sane nean|n9
Sasin whielhKrepresepis y carbapy! (€4)) gioHp &t 3 M@nﬁzlr@%) groupnis 0
hy drpgey, Riiscb%e of sefv@rram,tb,a(s§ bMrohpth) Qe RbBA Bbmat dibgk R hioRe
of formila (1). [0029] In particular, the inventjon is
bas Belogs ata anally! S‘ﬁ&?a af [3HKOxY SFoEPEtAIRROW RYd BelS2ene
f epelRtRakidnAn gﬁﬁhrke)’m@lﬁllctaﬁ&mf%'a%hhé/ edMRddt8l Ration, or in the
oxidation to ﬁkeno and a ketone of formula (1),
depssanee ofii Ns N sritydeoxyisoeyanria asiTHIS  riorireducaB praduste s
|n presence of a
locycrﬂﬁwﬂ%%ﬁggﬁﬁé?g@ﬁﬁrg %?? ’uEQR/ THICA, in the
reaction m xture, optionally coupled with a particul ar
sel ection R!

C—OOH (IV)

CH,—R?

in which R' and R? have the same meaning as in formula (I), and
(c) converting the hydroperoxide of formula (IV) into phenol and a ketone
of formula (I).

15 [0029] In particular, the invention is based on the fact that the aforementioned
alkylbenzene feedstock can easily and conveniently undergo oxidation to phenol
and a ketone of formula (I), despite the presence of structural isomeric impurities
in the alkylbenzene feedstock. The presence of a cyclic imide of formula (III), or
of THICA, in the reaction mixture, optionally coupled with a particular selection

20 of oxidation conditions, unexpectedly suppresses the inhibiting effect of the

structural isomeric impurities during oxidation.



of oxidation conditions, unexpectedly suppresses the
inhibiting effect of the structural isoneric
w0 pganidies duri ng oxi dation. The al kyl benzene PEPEB100¢|12323
[ 0030] The al kyl benzene feedstock used in this
invention is a feedstock conprising an al kyl benzene of
general fornmula (I1) in which RL and R2 i ndependently
represent an al kyl group having from1l to 4 carbon
atons such as a nethyl group, an ethyl group, a
sggyéym%?e%efeeﬁst%ck propyl group, a 1-butyl group, a
rou an I'sobutyl group or a tertbutyl group.
Pr {iméﬁlabl Fhe Fa]kydibmjzd?az fendbtgeb nebedtih ythise prvergont isaa rfeedsipck
aro Qr_an [ rably, Rl and R2
bof%‘g?résbn eaé'eaﬁiyln}énze% %%'EeneM?onanae(fej? t he al kyl benzene
5o0f fornmula (Il) is sec- butylbenzene [ 0031]
Preferably, the al kyl benzene of fornmula (11),
conveni ently secbutyl benzene, represents at |east 80
wt . % of the al kyl bepzeny feeds %ck nore preferably at
| east 90 wt % of thE N\benzehe feed f ck, even nore
preferably at |east 95 5ot he al k enzene
f eedst ock, and nos _pLeferabIQ\at gast 97 wt % of the
al kyl benzene feedstock. [0032] Whe'%lkylbenzene
feedstock used in the present invention also contains
at | east pne gtructural i somer of the al kyl benzene of
f obmiihigh R| @r)d |ipdaprrdcadnteasesertan alky\2royRAgingdiom hto 4
St E4468rHiéths, Ismra%@ ndthyl |§?ou§| Aﬁyétm g;dapea pbrd‘pyrgffylh@a(zbl)

is a nonoal kyl benzene, g de chain
haBropHesrau P lthH't!) groupsa %hvtwbsfom, ewowr/ &*i@Jpa‘?rI@)}F“We

10° hg;onp Oy ’fe?zﬁal?'li%h@ﬁ“ﬁﬁ@&n@ém ?%ﬂ?@:’sjeﬁt Athdthyl g%up dr R ethyl

de CcHain of . the structural i somer
di grfoep emostdxnﬁffnl@bb'l Ri and R'hbeth tqvéesefarabmﬁhﬁlgm\ﬂﬁ it t}lehe

al 'él)égbéﬁzgnl? &'}@Mhlé’{n)tub yﬂeh%ﬁ%e”e of formula (11).

struc ura mers of sec-butyl benzene
i ntﬂOGtJ]e oﬁ@f@abls,e\ﬂm aillkycblfenml@ bfitfptnndmzdhe, conveniently sec-

tertbutvl b 4- -1
Z_Ghlé lﬁﬁ/z_cwe_e,rp]réfgrgs%\%raé g%ﬁg% v!/t)(? l(l)tf%?eealﬁylgenzene feedstock, more

15 preferably at least 90 wt% of the alkylbenzene feedstock, even more preferably at

least 95 wt% of the alkylbenzene feedstock, and most preferably at least 97 wt%
of the alkylbenzene feedstock.
[0032] The alkylbenzene feedstock used in the present invention also contains
at least one structural isomer of the alkylbenzene of formula (II). In the context of
20 this invention, a structural isomer of the alkylbenzene of formula (II) is a
monoalkylbenzene, in which the alkyl side chain has the same number of carbon
atoms as the alkyl side chain of the alkylbenzene of formula (II), but the alkyl side
chain of the structural isomer has a different connectivity than the carbon atoms of
the alkyl side chain of the alkylbenzene of formula (II). For example, structural
25 isomers of sec-butylbenzene include one or several of iso-butylbenzene, tert-
butylbenzene, 4-phenyl-1-butene and 2-methyl-1-phenylpropene.
[0033] Alkylbenzene feedstocks used in the invention are available

commercially in large industrial scales.  Such feedstocks are ftypically



[ 0033] Al kyl benzene feedstocks used in the invention
are avail able commercially in large industrial scales.

wei/ofwesdst ocks are typical |l ymanuf actured by PCT/EP2006/012323
al kyl ati on of benzene wi thial kene feedstreans, in the
presence of a catal yst. For exanple, the conventi onal
route for the production of secbutyl benzene involves
contacting benzene with an n-butene feedstreamin the
pr esewfegurofl bp aliphtioresfdwosene atithlajkene fesdtioaras inthelpresernce of
| nflt E?a aﬁ{ S%? eg(al% le épe tcgr{vggﬁ&ﬁpltl&ltg %lalt%sgrodﬁ&ﬁ)n &5 sec-
sol'i osp or o] a zeo , for exanple,
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of, al k tion
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distillation. However, structural isomers of
deglkyletionsgorditipes, ard-e eflectiityrof the elkylptieryesitalyst] y have

ve oi\s%gll 0S BoRhKTLERENR! ARPT 1S aliy Rbont %gﬂm Shn _be

Separation fromthe desi re enzene
of separated | feon( the)desisedrreonsialkythiefizene by method B&jwiTingthe art, such

15pr§ %mlll%tﬁ)“enﬂo%vér sﬂﬁ&g‘éFq ofn‘[cﬁz)smoir qgem%génf% %z:’lkﬂgenane of
a:c fofyrhblan(lmrtgpléaékydl:x;tveoterx hiwbe phm;iqal ppbiesh (e Wilmgrp:mne)
] '
BT et eprh (R B e bt Bupe ) ¥y
segidfialte out the isomer inpurities fromthe desired

rS“t @hé}#ltn g @'E%ﬁx%geté}t Elgv\;tgtggr\,]g éirg %ir{/ %essutrpr)]r?smghe ncF ing that it is
20 possible to perform oxidation of alkylbenzene feedstock that contains both
alkylbenzene of formula II and residual amounts of its structural isomers. In other
words, it is not necessary to separate out the isomer impurities from the desired
starting reagent to the purity levels that have hitherto been believed necessary.
Accordingly, structural isomers of the alkylbenzene of formula (II) are present in

25 the alkylbenzene feedstock in an amount of at least 0.7 %, preferably at least 1.0
%, more preferably at least 1.5 %, 2.0 % or 2.5 % of the weight of the
alkylbenzene of formula (II). Conveniently, the amount of structural isomer
present in the alkylbenzene feedstock does not exceed 10%, preferably does not
exceed 5%, more preferably does not exceed 4% and even more preferably does

30 not exceed 3% of the weight of the predominant alkylbenzene of formula (II). In
one embodiment of the invention the process comprises a treatment step that

precedes step (a), wherein a crude alkylbenzene feedstock (eg produced by
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Accordingly, structural isomers of the al kyl benzene of
formula (I1) are present in the al kyl benzene feedstock

1.0 % nore preferably at léast 1.5 % 2.0 %or 2.5 %
of the weight of the al kyl benzene of formula (11).
Conveniently, the anpunt of structural isomer present
in the al kyl benzene feedstock does not exceed 10%
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al kiy bdne BE@@alofsoth&{dyb a {dlle) tha i Aor deRMNtheGhentioned target
structural i somer&éfg1 of _al kiql benzene of formula (I
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pretreatnment (eg by neans of adsorption, nenbrane

105 epyith tep &M of theypEacssst i zation or distillation) in order

to{doswsr OfoHURL aRl1b8 Ak REASK W aldo BRI Binch® iftan
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bugmerat thaedesynprexcersnkl Gniraferabhyibet dopninatgxcepi@ %, and more
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step (a) of the process. [0036] Optionally, the

]52%&‘1%’5}’%?'%":'{%%fd%ﬁ’%ﬁtogﬁgﬁ‘r’r'?y al so contain cunene, in an

0es not exceed 10 % preferably that does
nof008%c e e ThS8prfgesantithminventoomafxédizes ithe alkydivendoredequstock to the
exceed 5 9% .of the i\ﬁm pt olf al kyl benzene of fornmul a
(1 Fes R {Re B roRAEX 2ot oxi dat i on [0037] The
process of the invention oxidizes the al kyl benzene
feedstock to the c pondi ngrthydr oper oxi de of
formul a

c—O00H (V)

CH,—R?

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

20 process can take place in one or more oxidation reactor(s). The oxidation

25

reactor(s) may be batch reactor(s) or continuous reactor(s).

[0038] The alkylbenzene feedstock is oxidized in the presence of an oxygen-
containing gas, such as air. While a solvent may be added to the alkylbenzene
feedstock, oxidation is typically carried out in the absence of any solvent, other
than the alkylbenzene feedstock itself.

[0039] Alkylbenzene feedstock oxidation also takes place in the presence of at

least one substituted cyclic imide of formula

| east 0.7 % preferably atPtEBEB1006/012323



in which RL and R2 have the sanme neaning as in formula
(I'). This oxidation process can take place in one or
worenog/omielat i on reactor(s). The oxi dation reacPGF/EB006/012323
may be batch reactor(s) or 1zonti nuous reactor(s).
[ 0038] The al kyl benzene feedstock is oxidized in the
presence of an oxygencontai ning gas, such as air.
While a solvent may be added to the al kyl benzene
feedstock, oxidation is typically carried out in the
absence of any solvent, otgier than the al kyl benzene
feedstock itself. kyl benzene feedstock
oxi dation al so in the presence of at | east
one substitute fqrnulaln whi ch X
represents a c rbonyl roug or a suldipnyl (S2)
group, nis 0, x4, R3 is one or severa
gr oups selecteg@ rom a hydrogen atom a hal ogen atom
an al kyl group, 4dn al koxy group, an ami no group and R4
is a hydrogen atom an al kaline netal cation or an
al kaline earth netal cation. R3 is preferably H, but

| tinByich® regresdntsqr caEBonle(hE))égk(Mﬂ or @rsulbigd XSO feedipsn R, 1,
naé contain, for exanple, 1 to %arbqg at ons

FEPibI R 15 oA OF SReTat efopsiseicsteds drqgpy ajom, a halogen
sehisfmt el afk?l'? obBeargﬁlQ £00S, &t drfilo @foup and R* is a hydrogen

N- hydr ox |n1de - am no- Nhy droxy?hthal i;m de
53 gﬁqnn@n alI‘WdP‘if?(‘)FﬁH?’h af qtrhqllb@me earth metal cation is preferably

t ef-lr BiriP %% M&y&f@%bﬁpbt h@i‘lé H‘)I((?le@r JIRSNy BG BRI hhy contain, for

dr ox pht hal i m de, ﬁ%saccharln and m xXtures
e, IM9st carbert é‘PE’é{ yPreﬁe Iye thel ¢yelic inide oSffompyanity is
(1 S e ,of NRI eyl.ah .
NH*pe:'%cté oY P TR NS of PRHEURR R BRAL DA RN
oxh)diawyohthalak@s, pl deminerN-he pbtbalgnide,  tetrabromo-N-

N, ivdq- (THI .

o R BRSNS b 0
[ smmds |threraxﬁ afvmshprezﬁralﬂy,omeOC)@wlinmd ofoformuls (HDI| isUN-
ngﬁ)fedﬁg I\t%arllzlibj hfelrr or%]ﬁiebg{)%revn?ed ]}1/?1?10 10 mol % relative

ROt enzene o ormula (I1).
[0040] Altematlvely, alkylbenzene feedstock oxidation takes place in the

presence of N,N',N"-trihydroxyisocyanuric acid (THICA).
15 [0041] Preferably, the cyclic imide of formula (III) or THICA is used in an
amount of from 0.0001 mol % to 15 mol %, more preferably from 0.001 mol % to
10 mol %, relative to the amount of alkylbenzene of formula (II).
[0042] In a separate embodiment, the cyclic imide of formula (III) or THICA
is used in a form in which it has been deposited or fixed chemically on a support,
20 for example, silica, alumina, a zeolite, a polymer (e.g. polystyrene resin) or a
mixture thereof.
[0043] The oxidation mixture may also optionally comprise a free radical
initiator, such as a peroxy compound or azo compound. Examples of such
compounds are cumene hydroperoxide and sec-butylbenzene hydroperoxide. If
25 used, the free radical initiator is usually present in an amount that is less than the

amount of cyclic imide of formula (III).



[0042] In a separate enbodi nent, the cyclic imde of
formula (I11) or THHCA is used in a formin which it
wha®7ioessme deposited or fixed chemically on a Se@pP8P1006/012323

for exanple, silica, alumnd, a zeolite, a polyner

(e.g. polystyrene resin) or a mxture thereof. [0043]

The oxidation m xture may al so optionally conprise a

free radical initiator, such as a peroxy conpound or
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al plgéeb @n then presdncé @if allt@ngition) metal oro-datalytshefoe | examplge cobalt,

st r%gﬁganese or copper. However, it is preferred that no transition metal co-catalyst

20 is used, especially when the catalyst is a cyclic imide of formula (III) in which X
represents a carbonyl (CO) group.

[0047] Oxidation is an exothermic reaction, and the heat of reaction is

removed from the oxidation reaction mixture during the reaction. For example,

heat is removed by vaporization of hydrocarbon, product and water, if water is

25 present in the oxidation mixture, into the air passing through the reactor(s). If

necessary, external heat exchangers can be used to cool the vaporized products

and recirculate them to the oxidation reactor(s).

Hydroperoxide Cleavage
30 [0048] The oxidation product comprises a hydroperoxide of formula (IV),
preferably, sec-butylbenzene hydroperoxide, that is separated from the reaction

mixture by methods well known in the art, such as vacuum distillation, stripping,



[0046] Optionally, oxidation of the al kyl benzene
feedstock may al so take place in the presence of a

wo ec@nsioion netal co-catal yst, for exanple, coPEl/EP2006/012323
manganese or copper. Howevd#, it is preferred that no
transition nmetal co-catalyst is used, especially when
the catalyst is a cyclic imde of forrmula (I1I11) in
whi ch X represents a carbonyl (CO group. [0047]
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1200C. The, cl eavage reaction pressure is typically
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performed at a liquid hourly space velaocity (LHSV).

baR&ehlerie #9id mp}@ﬂér%‘ﬂ dxdrochloric acid and p-toluenesulfonic acid.

20 Ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also
effective homogeneous cleavage catalysts. The preferred homogeneous cleavage
catalyst is sulfuric acid. Examples of suitable conditions for cleaving sec-
butylbenzene hydroperoxide may be found for example in WO 2004/074227, the
entire disclosure of which is incorporated herein by reference.

25 [0052] A suitable heterogeneous catalyst for use in the cleavage of the
hydroperoxide of formula (IV) includes a smectite clay, such as an acidic
montmorillonite silica-alumina clay, as described in U.S. Patent No. 4,870,217,
the entire disclosure of which is incorporated herein by reference.

[0053] The product of cleavage may then be sent to a recovery zone, in which

30 a phenol crude fraction and a ketone crude fraction are separated by known
methods. Each crude fraction may be further purified by known methods to
produce the desired phenol and ketone of formula (I). Further details of product



of about 0.1 hr 1 to about 100 hr 1, preferably about

1 hr 1 to about 50 hr 1 . The hydroperoxide of fornula
w@ bogy/or®1preferably diluted in an organi ¢ sol VROI/EP2066/012323

to the cl eavage reaction, d8ich as the ketone of

formula (1), phenol or the al kyl benzene of fornula

(1), to assist in heat renmpval. The cleavage reaction
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20 under the same conditions.

Example 2: Effect of temperature on SBB oxidation without catalyst.
[0056] To a 250-ml round bottom flask fitted with a condenser, stirrer and an
air sparger, was charged 100 g of sec-butylbenzene (available from TCI). The
25 flask was heated using a temperature-controlled heating mantle. Different
temperatures were evaluated at 110 °C, 125 °C, 130 °C and 140 °C. The reaction
pressure was atmospheric. The air flow rate was maintained approximately at 220
cc/min. Every 45 minutes, a small aliquot of the reaction mixture was removed
from the flask and analyzed by GC. The results are shown in Figures 2 and 3,
30 which show that SBB conversion takes place at temperatures higher than 110 °C,
but as the temperature gets higher, selectivity to sec-butylbenzene hydroperoxide

(SBBHP) decreases.



EXAMPLES [ 0054] The follow ng non-limting exanples
are provided to illustrate the benefits of the

WO pvetios. Exanpl e 1: Oxidation of cunene andPCT/EP2006/012323
sec- butyl benzene (SBB) withoeut catal yst. [0055] To a
250-m round bottomflask fitted wth a condenser,
stirrer and an air sparger, was charged 100 g of
sec- butyl benzene (99. 9% sec-butyl benzene, avail abl e
fromTCl) or cunene (99.9% cunene, available from

TCL). The. k NG A
{ cEhamitdS; EBS e ERpSRE G SR Widhionwith cotatyst |
t e[0987]at uile avB38-nilrOuibamoch fldsk fived ssthraccondenser, stirrer and an

at nospheric. The airf,.flow rat S i i_ne

BT SRRty & e fpocs el b HGerrat e Pl fram g
5al argueB79E N-hedroeatitiatimide QNHRIE avuilable erony dddrichp mThheflask
flask and, anal yzed by GC. The resul.ts ar ented i.n
Fi it ANed GRE 1 SRR TRAETTIGH SR FBnGor Qb et ton
SBRnipsdeirest wigs evalgdiet, i 9nsC, MDicCe 1 puUrEN20CaNYES &T,00 °C.
was approxi mately 3.4 % per hour, under the sane

co

p ..
NbE FPaGHA PESsseh | waspatmogphediet  She pEnay St &a faipained
oxhRdliteMi dt PO cc/AAh alENEd - 45[ ARARE, al Small ARfrotTbf heudktion

bottomflask fitted wth a condenser, stirrer and ap
10gj mixiyrs e remaysd fiopnihg daski o apalyredslycGlu e BesHie#fg shown

( a}ﬁqi'iklﬂpé £ ahd ONWHIEH dhow 1St SBBSknWRTo&R1SEH MSégerfures as
tenperature-controll ed heati ng mantl e. Different

t eleperaat B9 e¥C wende pearagdedt adthahigh1 elertivity 2% Ges-butgtyenyene
angl o dfhdkide ABBHPFAGEHBLBISISHER IS L MOsPheric. The

air ow rate was’ mal ntal ned approximately at 220
cc/mn. Every 45 minutes, a snmall aliquot of the

reactian ,m r f I .and_.
5L AR P SRR AATR Rl 8Bl o
3, cathiysth show t hat SBB conversi on takes place at

t emgtl;]at Uhr§3 2r§bgnner(r)ur¥dhb%@tor%lﬁ)asi2%’tted with a condenser, stirrer and an

air sparger, was charged 100 g of sec-butylbenzene (SBB, available from TCI).
The flask was heated using a temperature-controlled heating mantle. Reaction
20 temperature was 130°C. The reaction pressure was atmospheric. The air flow
rate was maintained approximately at 220 cc/min. Every 45 minutes, a small
aliquot of the reaction mixture was removed from the flask and analyzed by GC.
[0059] The procedure was repeated, except known amounts of tert-
butylbenzene and iso-butylbenzene were added to the sec-butylbenzene
25 feedstream. The results are shown in Figures 6 and 7, respectively, which show
that without the catalyst required according to the invention, sec-butylbenzene
oxidation is significantly affected by the presence of tert-butylbenzene or iso-

butylbenzene at concentrations above 0.7 wt%.

30 Example 5: Effect of SBB isomers on sec-butylbenzene oxidation - with

catalyst



but as the tenperature gets higher, selectivity to
sec- butyl benzene hydroper oxi de ( SBBHP)
walearoa®es. Exanple 3 : Effect of tenperature oPCBBER006/012323
oxi dation-with catalyst [00%57] To a 250-m round
bottomflask fitted with a condenser, stirrer and an
air sparger, was charged 100 g of sec-butyl benzene
(SBB, available fromTC) and 0. 375
N- Wdﬂ]oxy phtar0inml rgend batom, flask i tﬂeéwig af qopAgnAgrel ptiree and an
Th ethausi t I
nedt PPAE AT RIS P b ARREER (L5 S0RIabR 168 1)
evaxidja,ﬁéﬁg Nithy @0xypBthalioideO@HRIL @vailable FREn @@rlcll)ZS m)e: flask
£ %v\all\?clrl%ag eusnrne%cttchﬁ%n a u?]eg-s Sﬁvroﬁ?dggesétlr? ! m%ﬁt’l)eh eﬁ%a%Bo grafure
SEveny 145°0n Mt asactian paskure a»l/asqalmbs;méndi her heezaclﬂlownrate was
m xt ure was 1 enpy the fl d.anal yz b '
Thiteiag o toRmgTE ol 2R ke dEvety SNmERE, 4 5EAN Sligtatof
t hite rSEfBioR QNXAIFS AR rélﬁ@%ﬂrﬁf@in&he tﬂaﬂ@eﬁcatanmﬁ&da@ Gow ke
90 OC nd pr oceedﬁt]j W th sel ecti v'%t,%/ 60
seemb (A BTz EReAt d%ﬁ%tr TSQERISPPT dbO-PUHBEER G 8-
asp mbnzaﬁe W2fheRd-1- EB(QéH@'a%d‘E-mEtfhﬁlepbhéh&lpﬁﬁ»@né SRREiEle®Mo

sec- I benzene oxi dation - without cat al¥ [ 0058]
10Tothg szs Buipiberistin dEeRBteBIm THERuIS 6 GbOWR 1T ksures Ea ant 8b,

Comﬁe%ess%w bt SdcHuryltdlzae SlidatidRah IRE prév@sceCHRNTRY id G
sec- butyl benzéne (SBB, avail abl e from TCl). The

71 ety HeaRressnessphisombubibempemst tsrchusdherzend ed-pheny-I-
h e@&térﬂ:g Bt [cBnceFARLL 99 Pr%g EE vith Ukife 1%§ly]1§$<%o telTI}?fected

react| on pressure was at eric. The arr w rate
waby thaipreserica eti2-apsghybtiphenydpropese. 220 cc/m n. Every 45

m . al ] ] r .

STLAEE P BBlsSafRCRBA L SR

pr ouedligdeinnts ineqman enhmezl)( ctmmthk ofaredacatalysts awsf effective to
tert. nzene ene ver

tre S SRTBOERS e RS EL NERCRES, SRR AUE AP

I nbutihgur legelGofampurity womqmapxtsmeﬂhyg woild bdve daavexpected to have

a negative impact on conversion of the alkylbenzene of formula (II) with good

20 selectivity to the corresponding target hydroperoxide.

[0062] 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
25 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.



that w thout the catalyst required according to the

i nvention, sec-butylbenzene oxidation is significantly
wa@bdoeot®ds by t he presence of tert-butyl benzenePOr/EP2006/012323

i sobutyl benzene at concentnéti ons above 0.7 wt%

Exanpl e 5: Effect of SBB i soners on sec-butyl benzene

oxidation - wth catal yst[0060] To a 250-m round

bottomflask fitted with a condenser, stirrer and an

i {yyiRar ger, was charged 100 g of sec-butyl benzene

g%%BBT“available fromTCl) and 0.375 g

N- hydr oxypht hal i m de (NHPI, available from Al drich).

Lheat AOHENPEPTORLITE PR 2 @GR B Baterd Bl COCH:R’
(h SAGVHI R P h&S RUELhVIAgeRh SR 8preSontsT: malﬁylrgrsigpm\ﬁﬂg from 1 to
very

was mai ntai ned approximately at 220 cc/ mn. 45
5 4rarhonatomsy vanell proggss §aWIPTISFs: t he reaction m xture was

renmoyed. fr.om th y GC. The

pr ocg}ﬁ) 3 Ié“%é@ & %ﬁ@é@?@ggékk%g@ﬁggnﬁoum s of

(i) ap alkyibehberagpencrhefothulayilpenzene, 4-phenyl -1 -1 but ene
and 2-rmet hyl -1 -phenyl propene were added to the
sec-butyl benzene feedstream The results are shown in

Fi gures 8a and 8b. These show that sec-butyl benzene
oxi dation in the presence of :Egl is not affected by

the presence of i | benzede, tert-butyl benzene or
4- phenyl - | but ene, condentratio as high as
3w % and is onl Clf f ect ed @é t he presence
of 2-nethyl -1-phenyl propene. [8061] The foregoi ng
Exanpl es clearly denpnstrate t W2 TeRhni cal effect that
is enbodied in the invention, nanely that the defined
catal ysts are effective to oxidize al kyl benzenes of

10  irf whichiRd aptl R havethewhrie mdaaie arie forotuld () afki r pur e

f.or but have |l evels af .i,nmpurity is rs present that
(Gt st e THEWER] 36 b il 3tk Rratene pl dammyB (T gy amgmt of
aCIeRY 81 B9: T wte%ﬁt &t ziih(}lﬁ@r%ﬁ@@f fbfnn_ﬁ&r(l"ﬁtﬂ a (I'l) with

good selectivity to the corresponding target

hydr penbmittiag the alkylbenzene feedstock to oxidation conditions in the

presence of oxygen and in the presence of (b1) a cyclic imide of formula (III):

15
O
/
| /N_OR4 (1)
S
Ry

in which X represents a carbonyl (CO) group or a sulfonyl (SO;) group,nis 0, 1,2, 3
or 4, R? is one or several atom(s) or group(s) selected from hydrogen atoms, halogen

atoms, alkyl groups, alkoxy groups and amino groups and R'isa hydrogen atom, an



10

15

20

25

[0062] Wile the present invention has been descri bed

and illustrated by reference to particular

weniwoarivent s, those of ordinary skill in the apPtCT/®mP1006/012323
appreciate that the inventiidn lends itself to
vari ations not necessarily illustrated herein. For

this reason, then, reference should be nmade solely to
t he appended cl ai ns for purposes of deternmining the
alka i SntARBoPEr ANAKPLRS QN rhéNIAtibR br G MePesknedof (b2?
process for produci ng phenol and a ketone of genera
N‘NTMU&W@WY@N ic acid(TRHCA, R1 and R2 each
i ndependent | resent,s an al k ro avi mn om 1
iq BOREA oSk el EhsFede ehedbhL B g V)
provi di ng an al kyl benzene feedstock conprising (i) an
al kyl benzene of general fornulg (I1) in which Rl and
R2 have the SaﬁE/ iNWg as ip formula (1) and (ii) at
| east one structMral iSwnmer 5{L§ bd ajrigy! benzene of
formula (1) inYn amount of \at Teast 0.7 % of the
wei ght of al kyl be\azene/of forpyl a &JI) (b) submtting
t he al kyl benzene feedstock to 0%i dation conditions in
t he presence of oxygen and in the presence of (bl) a
cyclic i of formula (111): in which X represents a
ucahwbriﬁuan@@%)hag@ thepape nacaningfasiy forpmdp(l),gnd nis O,

so1 o1 EaRlertng [RE thRriaFolc SRR AVANS O%%e%l By RS of

fgtmulpd). al koxy groups and anino groups and Ris a
hydrogen atom anal kali netal cation or an al kaline

earth netal cation, or in the presence of (b2)
2N N g’e [y £ Eé]g okfdafiGh pkésplhéNva b Ip@faﬁghl 6ffrom
a produ gt conprising roper oxi de of genera

90 6Cnull30 ECV) in WhICh R1 and R2 have the sane neaning

as in formula (1), and (c) converting the

hydr operoxi de of forrmula (1V) into phenol and a ketone
30f f angulReéd of cladm 2 RehePsiR ©RRILON takbPplatelat AVERIpEFakure of from

oxi dati on takes place at a tenperature of from
100 °C to 125 °C.

4. The process of claim 3, wherein oxidation takes place at a temperature of from

105 °Cto 120 °C.

5. The process of any one of the preceding claims, wherein oxidation takes place

at a pressure of from 50 kPa to 1000 kPa.

6. The process of claim 5, wherein oxidation takes place at a pressure of from 50
kPa to 500 kPa.
7. The process of claim 6, wherein oxidation takes place at a pressure of from 90

kPa to 150 kPa.
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90 Cto 130 C 3. The process of claim2, wherein
oxi dation takes place at a tenperature of from 100 C
WO 0001A239% 4. The process of claim3, wherein PXI/EP100€012323
takes place at a tenperature of from 105 Cto 120 0OC.
5. The process of any one of the preceding clains,
wherei n oxi dation takes place at a pressure of from 50
kPa to 1000 kPa. 6. The process of claimb5, wherein
oxi dation takes place at a pressure of from50 kPa to
500 kPa. 7. The process of claim6, wherein oxidation
8t ak e Thpipaaressof anypne of theeprededingiaies WiRaein®R ' |50 Repatls.
The ocess,of any one of the preceding clains wherein
r?ﬁ“ﬁﬁ ﬁfﬁﬁ%gﬁnwepresent a nethyl group. 9. The
process of any one of the preceding clains , wherein
the structural isonmers of the al kyl benzene of fornula

9(11) The prosesseftany ohe ofrthermseepdingrleios ivdieraig thef structural

.al ky| Z f formil a.i i ' I g
Bt 0 RS e ene TRl ot e oty il cofisting of
alkytbedzaties befaemulacar bon chain structure, as benzene
substituent R*RCH-CH 2-R2 in formula (I11). 10. The
process of claim9, wherein the structural isoners are
sel ect ed D m-§he group consisting of n-butyl benzene,

i sobut yl bgnzen tertbutyl benzene, 4-phenyl -1 butene,
oropene, and (M) xtures thereof. 11.
The process of any one of the preceding clains wherein
t he al kyl berFene feedstock contains structura
i soner(s) of the al kyl benzene of formula (Il) in an
amount of at least 1.0 % of the weight of the

iPlviieh 3N &R glk?/i of QkERH gro(lf) h)iving the same number of carbon atoms, but

a different carbon chain structure, as benzene substituent R'-CH-CH,-R? in formula

{1).

10. The process of claim 9, wherein the structural isomers are selected from the
group consisting of n-butylbenzene, isobutylbenzene, tertbutylbenzene, 4-phenyl-1-

butene, 2-methyl-1-phenylpropene, and mixtures thereof.

11. The process of any one of the preceding claims wherein the alkylbenzene
feedstock contains structural isomer(s) of the alkylbenzene of formula (IT) in an

amount of at least 1.0 % of the weight of the alkylbenzene of formula (II).

12. The process of claim 11, wherein the alkylbenzene feedstock contains
structural isomer(s) of the alkylbenzene of formula (II) in an amount of at least 1.5 %

of the weight of the alkylbenzene of formula (II).
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12. The process of claim1l, wherein the al kyl benzene
feedst ock contains structural isoner(s) of the
wa@bdylowneene of fornmula (11) in an anbunt of BCT/ERHS6/012323
1.5 % of the weight of the2al kyl benzene of fornul a
(1'1').13. The process of claim 12, wherein the
al kyl benzene feedstock contains structural isoner(s)
of the al kyl benzene of forrmula (I1) in an anount that
RS a % 0 [ :
e U i A T
sthdkylabsnmer(e) dfabel sikgtbenzema tofiiforsnuda (Iliah anamousbilmer ) least

f the al kyl benze of fo la (lL) in an amount that
2i%s% qﬂi‘%‘é@él‘%‘.’tﬂék}ag@z{eﬂ%o rghke (Lé' al kyl benzene of
formula (11). 15. The process of any one of the
precedi ng clainms wherein the al kyl benzene feedstock

1?0 nt dhaprasesuafialainl 13, sderaii S akylbénzend fcydtﬁmﬁqnéaim
PN ' . . 3. %
sreepiL Rpimetthy o1dpe ByRRtns oh Sraieta () E 2pithpt s st

2B RGTHE WEighNoT ABAb&izehd6f PrAGRAIMNI cl ai ms wherein the
al kyl benzene of formula (I1) represents at |east 80

wt % of the al kyl benzene feedstock. 17. The process of

1§.| al qqhg'gfoc\é&e&eain O%AQ g&ﬁlv?ﬁ%%%?ﬂéﬁ%ﬁ{ﬂ%&vg}fe@éim&alﬂl&mme

represents at |"eas enzene
fdedstdslt oakaind Bruchinal Romeg scofahe alkgibenzZene offrmmila)(If)He an

al kyl benzene of fornula ) represents at | east 95
apEyfthatiip 8o grepiAr Bt&?z%%eoétg%&@tgg‘g Rl alfgbermtae ﬁ? &b
claim 18, wherein the al kyl benzene of fornmula (I1)
represents at |east 97 wt % of the al kyl benzene
16.eedJhe pkacef afifi@np ob tegsewtingofaiosevhetein e gkpbenrieng of

cl ai wherein the cyclic imd f or mul [I1) is
GuhiganderEs it iy bt dheiiier@hd tecdsbek.
N- hydr oxypht hal i mi de, 4- am no- N hydroxypht hal i m de,
3-am no- N- hydroxypht hal i m de,
17.et r dbe orasesdpiclanyish whgraimthgalkyleenzertheidlogmma (1I) represents

dr t | m, d accharin, and m xtures
a@éa‘q’é%}éxﬁ%{)@%&é ?To@@%%%?é%@%? The process of any one
of clains 1 to 19 wherein the cyclic imde of fornula
18. The process of claim 17, wherein the alkylbenzene of formula (II) represents

at least 95 wt% of the alkylbenzene feedstock.

19. The process of claim 18, wherein the alkylbenzene of formula (II) represents

at least 97 wt% of the alkylbenzene feedstock.

20. The process of any one of the preceding claims wherein the cyclic imide of
formula (III) is selected from the group consisting of N-hydroxyphthalimide, 4-
amino-N-hydroxyphthalimide, 3-amino-N- hydroxyphthalimide, tetrabromo-N-
hydroxyphthalimide, tetrachloro-N- hydroxyphthalimide, N-hydroxysaccharin, and

mixtures of any two or more thereof.
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(1'11) is Nhydroxyphthalimde. 22. The process of any

one of the preceding clains wherein the cyclic imde
woboo7oravwe a (111) or THHCA i s present in anountCDEPIN@M2323

0.0001 mol %to 15 nol % rekative to the amount of

al kyl benzene of formula (I11). 23. The process of claim

22, wherein the cyclic imde of formula (I111) or THH CA

is present in anount of fron10 001 nmol %to 10 mol %

el a d f
[I | )tl"hgﬁrotc%1 (Heanggggg}" o@fr%%y AL o H‘ﬁthg éelgcregjrlh@of formula
(ICII)auNQxydl’m«yphmahimedecycl ic imde of for mJI a (I'l1) or
THICA is present in an anmount of no nore than 5 nmol %
relative to the amount of al kyl benzene of fornmula
28!1'1) Thg?roc&kebf%h9%ﬁ§ of e rt@U C&%lm‘éﬁ%@{e%lﬁ th\&/chY frhide of
imde of formula  (Ill) or THI resent in’ an
famolenIIpor EHI%nepxtehtaw i ammoiintoef| rfeulnamO()@l ol Vhte Hghto
| benzene Qr mu The process of

rShpEohermas opf e anfisear minafh o 0 e cyeri

imde of formula (111) or THI CA has been deposited or
fixed chem cally on a support. 27. The grocess

2% aj he erooamf ilimt e whepsiw the dyslisisnide p ﬁprﬂw&ﬁIHD ps EHICA
is I%gsen n amo g%gm.lfﬁ(% Y%l 9 t%ri% IHM"% %lgﬁveo{o tﬁg){m%m i
one o e

process of

amyﬂﬁﬁﬁme@f&hﬁnmsawhereln step (b) takes pl ace in the
presence of a transition netal.29. The process of
claim 28, wherein the transition netal is selected

5 romrgo Bﬁﬁer e&?ﬂg %g@ﬁ?hhe%&féﬁfng ?H‘vﬁfe%ﬁ%heo(fycﬁﬁgmfd%f

mor e e ‘process any one of
fqmmdze(dllhgr THHCA8s piesent iimars ammpurftof nosnare tighuct mol Voretative to

resence catal yst. 31 _The process of claim 30,
@k of ﬁ&ylgﬁ?zﬁpﬁgﬁqr@ug”eqlgct ed fromthe group
consi sting of sulfuric acid, perchloric acid,

phosphoric acid, hydrochlorlc aci d, ptoluenesulfonlc
25.  The process of claim 24, wherein the cyclic imide of formula (IIT) or THICA

is present in an amount of no more than 4 mol % relative to the amount of

alkylbenzene of formula (II).

26.  The process of any one of the preceding claims wherein the cyclic imide of

formula (IIT) or THICA has been deposited or fixed chemically on a support.

217. The process of claim 26, wherein the support is selected from silica, alumina,

zeolites, polymers and mixtures of any two or more thereof.

28.  The process of any one of the preceding claims wherein step (b) takes place in

the presence of a transition metal.
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acid, ferric chloride, boron trifluoride, sulfur

di oxi de and sul fur trioxide. 32. The process of claim
w@070h@nei n t he catal yst conprises a smectit epCl/ay2006/012323

33. The process of any one2sf the preceding clains

wherein step (c) is conducted at a tenperature of from

40C to 120C and/or a pressure of from 100 to 1000 kPa

and/or a liquid hourly space velocity (LHSV) based on

25.he H‘Ylg rpp(pc%gsog&i c‘iiaGimofS, fv&h%F@il} tﬁecﬁa%gitil% metal is selected from cobalt,

manganese, copper and mixtures of any two or more thereof.

30. The process of any one of the preceding claims wherein step (¢) is conducted

in the presence of a catalyst.

31. The process of claim 30, wherein the catalyst is selected from the group
consisting of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid, p-

toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur dioxide and sulfur

trioxide.
32. The process of claim 30, wherein the catalyst comprises a smectite clay.
33. The process of any one of the preceding claims wherein step (c) is conducted

at a temperature of from 40°C to 120°C and/or a pressure of from 100 to 1000 kPa
and/or a liquid hourly space velocity (LHSV) based on the hydroperoxide of from 1
to 50 hr'.



