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COVPOUNDS FI ELD [00011 The present invention relates to a process for

oxi di zi ng al 3hd@iBbi,C conmpounds and optionally convep, offordodne product
to phenol s an‘g ketones BACKGROUND 100021 Phenol and su ?Ls[?gl}t ut eﬁghphenol S

are inportant products in the chemcal industry and are useful in, for
exanpl e, the production of phenolic resins, bisphenol A c-caprolactam
adipic acid, and plasticizers. (00031 Currently, the nbst comon route for
the production of phenol is the Hock process. This is a three-step process
in which the first step involves al kylation of benzene with propylene to

produce curene, ' f OlpROIGRSPFORORAIANCALKVEARBMATIE COMPOUNDESPONdi ng
hydr oper oxi de and €en cl eavage o € hydr oper oxi de t o produce equi nol ar
amounts of phenol and acetone. However, the world demand for phenol is
gr ow ng rmr%mféoi dly hhan that for acetone. In addition, the cost of
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devel opi ng
or hi gher adpﬁanﬁsmmsﬂsmacbfdkppuduwbphmohsndh&mmand coproduces net hyl et hyl
ket one (MEK) or higher ketones, such as cycl ohexanone, rather than acetone
may be an attractive alternative route to the production of phenols. For
exanpl e, t BACGKGROUNBrowi ng nmarket for MEK, which is useful as a lacquer; a

sol vent ande#a} dwaaenasa SbstituttPhestld &€ iRpdriant bxed&mntmaehenﬁwmwﬁne i's
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oxi e, caprdcﬁchﬂrﬁlaamdzdwl on 6. [0005] It is known that phenol and MEK can be
produced fr ec- nz
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Econom cs Report . entitled "Phenol™, published ord
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j0D04) Thus, a brocess that uses butenes or higher alkenes instead of propylene as feed amd
coproduces methyl ethyl ketone (MEK) or higher ketones, such as cyclohexanone, rather than
acetone may be an attractive alternative route to the production of phenols. For example, there is
a growing market for MEK, which is useful as a lacquer, a solvent and for dewaxing of
lubricating oils. In addition, cyclohexanone is used as an industrial solvent, as an activator in
oxidation reactions and in the production of adipic acid, cyclohexanone resins, cyclohexanone =
oxime, caprolactam and nylon 6. '

[0005] It is known that phenol and MEK can be produced from sec-butylbenzene, in a
process where sec-butylbenzene is oxidized to obtain sec-butylbenzene hydroperoxide and the
peroxide decomposed to the desired phenol and methyl ethyl ketone. An overview of such a
process is described in pages 113-121 and 261-263 of Process Economics Report No. 22B
entitled “Phenol”, published by the Stanford Research Institute in December 1977.

[0006]) However, in comparison to cumene, oxidation of aromatic compounds substituted by
branched alkyl groups having 4 or more carbon atoms, such as sec-butylbenzene, to the
corresponding hydroperoxide requires higher temperatures and is very sensitive to the presence

of impuritics. For example, in the case of sec-butylbenzene containing 1% by weight of
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correspondi ng hydroperoxi de requires higher tenperatures and is very
sensitive to the presence of inpurities. For exanple, in the case of

sec- but yl benzgpeosmndosd Ni Ng 1% by wei ght of -1 WO 2008k0#8&4@ /016042
PCT/ US2007/ 016042 i sobutyl benzene, the rate of formation of

sec- butyl benzene hydroper oxi de decreases to about 91% of that when the
sec- butyl benzene is free of isobutylbenzene. Simlarly, when the

i sobutyl benzene content is 1.65% by weight, the rate of oxidation decreases
to about 86% when the isobutylbenzene content is 2% by weight, the rate of
oxi dation decreases to about 84% and when the isobutyl benzene content is
3. 5% by wei igittutylehzene athe rete of fpukatiow of dechuylbmgenechydsopemuida slecraisenito R4

0007] Thu 1b elR n i s c r i n
Cas al kyl ot kWL I oG bthatie B 0, OF P baliol S5 SRR 10

hydr oper oxi igebutyltenzene sontent fis 1.65% by g@@r.mmtetoéommwrdemsam@bomﬁm where s
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scal e production of phenol hi gher ket ones. 460008 U.S. Patent No.

5, 298, 667 (%@WMWCAH‘S%S@) 8% by StrightghpmteRt oxidaucn decrepics tsdoy as
produci ng pdwem®2vand MEK whi ch corrprl ses the steps of (1) oxidizing a
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deconposi ngfisient semmersial sqalsamodustionnf ahensbaneh B of bighwkaioncsphenol and MEK

with an aci Idml catabymem{ RO089 9807/ tmitBRo M EPPeF, 986cBumjtodlbl GkA6RSa a

process for n en etone by the oxidation of a mxture
cont ai ni ng ﬁ‘gi %Bg %@éwmﬁtwmiﬁe&?ﬁc& O pxrdgipe 8 RS Hock
cl eavage ofseletted h'ynhr(apetcebmximzersaubsmnalwmrfmm @ﬂhydﬂopempﬁenubma@emdze. VEK
in the pro c t f waiig=p
The feed mdﬂﬁd’r g@s@r%ﬁ %ﬁ@eh&qec tﬁﬁgﬁytﬁwﬂﬁlk tlg’n es(rg\gg‘ﬁ[gi tﬁeea
cor r espondi substantialiyifree from methylhenzyl Mﬂl—tb@b@we/ewatbelmm hvd!dperqmdes'eiﬂ!:@ of a

comrer ci al gkl Qi agsﬁlax&t.nsmembeém Ris Gl 3atalySD QR F152deebmPoshigOlte! Sec-
Oxi dati on takes pl ace In the gresence of air _or_ oxygen and in the absence

of a catal y@'ﬁy benerpe By diepergade ipebtayphepqland, MEK with aeacids etaltes a process for
produci ng pioeospl ERAMG88,809 (Phenolchemie) discloses a process for producing phenol, MEK and

acetone by the oxidation of a mixture containing cumene and up to 25 wt% sec-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 comﬁosition of the feed mixture.
The feed mixture is produced directly by the alkylation of benzene with a corresponding mixture
of propene and 1-butene/2-butene in the presence of a commercial alkylation catalyst such as
AICl3, H3P04/SiO: or a zeolite. Oxidation takes place in the presence of air or oxygen and in the
absence of a catalyst.

[0010] FR-A-2,182,802 (Union Carbide) discloses a process for producing phenol and MEK
by oxidation of sec-butylbenzene, in which sec-butylbenzene is oxidized to sec-butylbenzene
hydroperoxide in the presence of air and optionally in the presence of sec-butylbenzene
hydroperoxide, followed by peroxide decomposition. According to this document, the sec-
butylbenzene must not contain more than 1 wit% isobutylbenzene, since the presence of
isobutylbenzene significantly reduces the overall process efficiency and hence the yield of phenol
and MEK.



by oxi dation of sec-butyl benzene, in which sec-butyl benzene is oxidized to
sec- butyl benzene hydroperoxide in the presence of air and optionally in the
presence of s@grhdsloydeenzene hydroperoxide, followed bypcPREMAG:2
deconposition. According to this docunent, the sec- butyl benzene nust not
contain nore than I w % i sobutyl benzene, since the presence of

| sobut yl benzene significantly reduces the overall process efficiency and
hence the yield of phenol and MEK -2 WD 2 018/ 01 997 2 PCTI US2017/ 016042
100111 Japanese- Patent Application Publication No. 62/114922, published My
26, 1987, discloses that sec-butyl benzene can be oxidized wth a gas
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cyclododecylbenzene and sec-butylbenzene.
[0014] U.S. Patent No. 4,136,123 (Goodyear) discloses a process for oxidizing alkylaromatic
compounds to the comresponding hydroperoxides in the presence of a sulfonated metallo
phthalocyanine catalyst and a free radical initiator sclected from the group consisting of alkyl
hydroperoxides having from 4 to 6 carbon atoms and aralkyl hydroperoxides having from B to 14
carbon atoms.
[0015] U.S. Patent No. 4,282,383 (Upjohn) describes a process for making
cyclohexylbenzene hydroperoxide useful as am intermediate in the formation of phenol and
cyclohexanone. The process involves heating cyclohexylbenzene at a temperature in the range of
about 80°C te about 105°C in the presence of oxygen and from about 2 to 6 percent by weight,
based on cyclohexylbenzene, of a hydroperoxide selected from the group consisting of tertiary-
butyl hydroperoxide, cumene hydroperoxide and p-diisopropylbenzene dihydroperoxide, and
from about 0.1 to S percent by weight, based on cyclohexylbenzene, of a free radical initiator
selected from the group consisting of azabisisobutyronitrile, t-butylperbenzoate and dicumy!

peroxide.
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carbon atons. [00151 U. S. Patent No. 4,282,383 (Upjohn) describes a process
for maki ng cycl ohexyl benzene hydroperoxi de useful as an internediate in the
formati on of phenol and cycl ohexanone. The process involves heating
cycl ohexyl benzene at a tenperature in the range of about 80C to about 105C

i n the pregenemnpdorpxygen and from about 2 to 6 percentpciyystb@ithsz based on
cycl ohexyl benzene, of a hydroperoxide selected fromthe group consisting of

tertiary- butyl hydroperoxi de, cunmene hydroperoxi de and p-dii sopropyl benzene
di hydr operoxi de, and fromabout 0.1 to 5 percent by weight, based on

cycl ohexyl benzene, of a free radical initiator selected fromthe group
consi sting of azabisisobutyronitrile, t-butylperbenzoate and di cunyl

peroxi de. -3 WD 2008/ 018972 PCT/U82007/016042 [0016] U S. Patent No.
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[0018) U.S. Patent No. 3,959,381 (Texaco) discloses a method of preparing phencl and
cyclohexanone by contacting a mixture of cyclohexylbenzene and cumene or cumene
hydroperoxide at a mole ratio of 1:99 and 99:1 with an oxygen containing gas at a temperature
between about 90 and 140°C and a mole ratio of oxygen to cyclohexylbenzene of at least 3:1 to
form a second mixture of l-phenylcyclohexyl hydroperoxide and cumyl hydroperoxide, and
subsequently removing excess cumene and at least a portion of excess cyclohexylbenzene from the
second mixture followed by contacting the second mixture with an atkanone of from 3 to 6 carbons
and an acid cleavage catalyst selected from hydrocarbyl sulfonic acid and mineral acid at a
temperature between about 20 and 50°C and rccovcriﬁg phenol and cyclohexanone from the final
product. -

[6019] According to the invention, it has now been found that certain secondary alkyl
substituted benzenes, including sec-butylbenzene and cyclohexylbenzene, can be oxidized to the
corresponding hydroperoxide in the presence of tert-butyl hydroperoxide, but in the absence of
other catalysts. ‘



bet ween about 90 and 140C and a nole ratio of oxygen to cycl ohexyl benzene of
at least 3:1 to forma second m xture of 1-phenyl cycl ohexyl hydroperoxide
and cunyl hyd&ggmﬁﬂe, and subsequently renoving excg, TR 2Nd at

| east a portion of excess cycl ohexyl benzene fromthe second m xture

foll owed by contacting the second m xture with an al kanone of from3 to 6
carbons and an acid cl eavage catal yst selected from hydrocarbyl sulfonic
acid and mneral acid at a tenperature between about 20 and 50C and
recovering phenol and cycl ohexanone fromthe final product. 10019]
According to the invention, it has now been found that certain secondary

al kyl  subsduanigth benzenes, including sec-butyl benzene and

cycl ohexyl bénzene, can be oxidi zed. to the |, co_rres%%gsdti ng . _drgtPeiLﬁxi de.in
the presend® t Jpeogpsat B BFEBLISANGR residet Djapr 2b B8 & slkyjprpaphic
catal ysts. cothpod® 20 Olé OdciespbnBing/ hydvajietbkide,l (thel ZprodaislMbktiprikiflf) 2 Edntacting) Nnan
aspect, the esent invention resides |, a process for oxidizing an

al kyl aronatafl@li"%%(gmuf%oﬁ%.em@b’r r'“gggg'ndi ng hydroperoxi de, thé process
conprising contacting an al kyl aeas tic corpound of general formula (1): Rl
Q 3a\ H2'-R2 in which R and i ndgpendently represents an al kyl
group having froml to 4 carb§ 5 ovi ded thafPR and R2 may be
joined to forma cyclic group-Ra J fromM to JO carbon atons, said cyclic
group being optionally substRtuted, and B8CrepResents hydrogen, one or nore

axygen - ERQHEHLROnk! R Eﬁd°§3§§%@%@?%§fm°£%§ﬁ%ﬁﬁéﬁ%% a0 bl
in the abseateres, provided that Remnd B raay\betioinedyo formriexslic gronp brviamfrom fde 1Qsarbpmner al
formula (I1akomdRdaid tfelic Grdip(Uelnk opBbnallg Gnifdtuted, 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 an added tert-butyl hydroperoxide catalyst, and in the absence of any other catalyst, to produce

a hydroperoxide of general formula (II):

— R
\ C—OOH amn
RsX / H}(:—R2

in which R', R? and R? have the same meaning as in formula (I).
[0021] In a further aspect, the present invention resides in a process for producing a phenol,
said process comprising:

(a) contacting an alkylaromatic compound of general formula (I):

— R!
\ / CI-{\ ()]
R3K H,C—R?

in which R' and R? each independently represents 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 cyclohexy! group, with oxygen in the presence
of an added tert-buty! hydroperoxide catalyst, and in the absence of any other catalyst, to produce
a hydroperoxide of general formula (II):
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in which RL, R2 and R3 have the sane neaning as in formula (lI). [00211 In a
further aspect, the present invention resides in a process for producing a
phenol ,  sai d conprising: (a) contacting an alk conpound
of general for W‘?ﬁf RlL c\ m 33 H2ZGR2 in which R"yé &9@%{6&2

I ndependently represents an al kyl group having froml to 4 carbon atons,
provided that RlL and R2 may be joined to forma cyclic group having from4
to 10 carbon atons, said cyclic group being optionally substituted, and R3
represents hydrogen, one or nore alkyl groups having froml to 4 carbon
atons or a cycl ohexyl group, with oxygen in the presence of an added
tert-butyl hydroperoxide catal and i n,f he absence of any other catalyst,
to produce a hydroperoxide g R f}arrml a(ll): -5 WD 2(08/018972

PCT/ 1182007/ 016042 RI ~ / Q cRa—dgy R2 in@hich R, R2 and Rr
have the sane neaning as in M (ry, \and (b) converting the

hydr oper oxi de of fornula (Ig3 “tntd phenﬂzCa'nd(’a ketone of the general
formul a R COCH2R2 (III) in which R and R2 have the same neaning as in
fornul a (1)nwhidoR2R? WMWMQMWIIEMW @érrpound is selected from

sec-butyl benze ) corfvertin ?d&@ufﬂ:rﬂﬁfa ) it thﬁhli%ﬁ%%fthk,geneml
4- di phenyl cycl 0 xane Ms)ec hexxl Rgzene2 an cyc ohexyl benzene nd nost

preferably 9’5‘“!&&9 andi Ryhays the samie peaning @ prfpropyla (1), rabI y, said
contacti ngjou2d ORWEREbIY, sw&mﬂw}&&uatcoapa@ﬂpﬁrﬁwm fam 28 hitAbenkfeC secthe

oxi dation may be with ox se or th.a |5| | ecul ar
oxygen, CBﬁ‘éﬁlR‘?“éfﬂﬁ W‘E’F%gleﬁﬁl%ﬁw gﬁ%{f @g‘ g %ﬂ’ﬁﬂc F8ure |
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150°C. The oxidation may be with oxygen per se or with a gas comprising molecular oxygen,

conveniently air.

DES ONO S
[0024] Figure | is a graph of sec-butylbenzene conversion against concentration of added
tert-butyl hydfopemxide (TBHP) catalyst in the oxidation process of Example 1.
[0025] Figure 2 is a graph of sec-butylbenzene hydroperoxide selectivity against time on
stream, with the addition of various amounts of TBHP catalyst in the oxidation process of
Example 1.
[0026) Figure 3 is a graph of sec-butylbenzene conversion against time on stream, with and
without the addition of a cumene hydroperoxide catalyst, in the oxidation process of Exampie 2.
{0027)  Figure 4 is a graph of sec-butylbenzene hydroperoxide sclectivity against time on
stream, with and without the addition of a cumene hydroperoxide catalyst, in the oxidation
process of Example 2.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] The present invention provides a process for oxidizing an alkylaromatic compound of

general formula (I):
—— R!
\ / CH/ )
Rax H,C—R?



[0025] Figure 2 is a graph of see-butyl benzene hydroperoxi de selectivity
against time on stream wth the addition of various amounts of TBHP

catal yst i n tRemkhidshi on process of Exanple 1. [0026]pd¥alin@nked2S @ graph
of sec-butyl bcnzene conversion against tine on stream with and wthout the

addi tion of a cunene hydroperoxide catalyst, in the oxidation process of
Exanple 2. (0027] Figure 4 is a graph of sec-butyl benzene hydroperoxi de
selectivity against time on stream wth and without the addition of a
cunene hydroperoxi de catalyst, in the oxidation process of Exanple 2.
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the presence of an added catalyst compnsmg tert-butyl hydroperoxide and in the absence of any
other catalyst. By “added catalyst” is meant a catalyst that is deliberately added to the oxidation
reaction rather than being generated in-situ as part of the reaction. Typically, the tert-butyl
hydroperoxide is present in an amount between 0.05 and 5 mole %, such as between 0.5 and 3
mole %, preferably between 0.7 and 2 mole %, more preferably between 0.8 and 1.5 mole %, of
the combination of the alkylaromatic compound and the tert-butyl hydroperoxide.
{0030] The present invention is based on the observation that, in comparison to cumene,
oxidation of aromatic compounds substituted by branched alkyl groups having 4 or more carbon
atoms, such as, sec-butylbenzene, to the cormresponding hydroperoxide requires higher

. temperatures; or in other words, they have a lower oxidation rate. Without wishing to be bound
by theory, it is believed that the low oxidation reaction rate of sec-butylbenzene may be
attributed to a P scission reaction mechanism. f scission with sec-butylbenzene creates an ethy)
radical at a much faster rate than P scission involving cumene (which forms a methy] radical),
and terminates the radical reaction at a much faster rate. The rate constants for hydrogen atom
abstraction from aralkanes by initiators do not seem to be significantly affected by the araikane
structure (e.g., sec-butylbenzene vs. cumene vs. cyclohexylbenzene). However the aralkane
peroxy radicals play vital roles in the termination step. The self-reaction of tertiary peroxy

radicals is shown in the following scheme:
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[0032])  The alkoxy radical (RO") can undergo P scission, resulting in a ketone and an alkyl
radical which reacts with oxygen to give a primary peroxy radical. For example, the alkoxy
radical from sec-butylbenzene will yicld the ethylperoxy radical and acetophenone. Primary
peroxy radicals are generally about 3-5 times more reactive than tertiary peroxy radicals, e.g., in
the oxidation of sec-butylbenzene the 2-phenylbutyl-2-peroxy radical will react faster with an
ethylperoxy radical than another 2-phenylbutyl radical or abstract a benzylic hydrogen. Also, the
stability of the incipient ketone and alky! radical determine the mode of B scission.

{0033} The higher activation energy of the overall termination process reflects the greater
rate of alkoxy radical f scission at higher temperature and the greater ease of diffusion of the two
alkoxy radicals out from the cage in which they are made. The table below shows the kinetic
termination (k,) and propagation (k) constants for sec-butylbenzene and cumene oxidation. The
propagation kinetic constants for both substrates are similar. However, the termination kinetic
constant for sec-butylbenzene is 10 times higher than that for cumene.

Cumene SBB
2k *10° (M 'sY) 1.8 18
M'sh) 0.14 0.16

[0034) A substance that would minimize the B scission termination reaction will decrease the
termination rate constant and as a consequence will improve the reaction rate. Addition of a
catalytic amount of initiator is one way to overcome this problem, an elegant and possibly
economical solution being the use of tert-butyl hydroperoxide (TBHP). Thus, the rate constant
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in which R', R? and R? have the same meaning as in formula (I). Preferably, the hydropetoxide
is sec-butylbenzene hydroperoxide or cyclohexylbenzene hydroperoxide. This hydroperoxide
can then converted by acid cleavage to phenol or a substituted phenol and a ketone of the general
formula R'COCH;R? (III), in which R' and R” have the same meaning as in formula (J).

[0037] The cleavage reaction is conveniently effected by contacting the hydroperoxide with a
catalyst in the liquid phase at a temperature of 20°C-to 150°C, such as 40°C to 120°C, and/or a
pressure of 50 to 2500 kPa, such as 100 to 1000 kPa and/or a liquid hourly space velocity
(LHSV) based on the hydroperoxide of 0.1 to 100 hr', preferably | to 50 hr'. The
hydroperoxide is preferably diluted in an organic solvent inert to the cleavage reaction, such as
methyl ethyl ketone, phenol or scc-butylbenzene, to assist in heat removal. The cleavage
reaction is conveniently conducted i ina catalytlc distillation unit.

[0038] The catalyst employed in the cleavage step can be a homogencous catalyst or a

heterogeneous catalyst.



100351 Suitable conditions for the present oxidation step include a

t enperature between 20C and 150C, such as 70Cto 130C and/ or a pressure of
100 to 3000 Kﬁﬁ aodb@yk 1 to 30 atnospheres), such as @§%m%9g9nkpa (about
1 to 10 atnospheres). A basic buffering agent nmay be a to react with
acidic by-products that may formduring the oxidation. In addition, an
aqueous phase may be introduced, which can hel p dissol ve basi c conpounds,
such as sodium carbonate. The per-pass conversion in the oxidation step is
preferably kept below 50% to mnimze the formati on of byproducts. The
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The flask was heated using a temperaturc-contmlled heating mantle. The reaction temperature
was 90°C and the reaction pressure was approximately atmospheric. The air flow rate was

rmined amount of

approximately 220 cc/min. Every 45 minutes, a small aliquot of the reaction mixture was
removed from the flask and analyzed by gas chromatography (GC). The test was run for 6 hrs.
The test was repeated with amounts of TBHP varying between 0 and 3 mole % based on the total
number of moles of sec-butylbenzene and TBHP and the results are shown in Figures 1 and 2. It
will be seen from Figure 1 that the uncatalyzed SBB oxidation showed no conversion and that the
highest SBB conversion was obtained at a TBHP concentration was about 1.25 mol%. It will be
seen from Figure 2 that the selectivity to sec-butylbenzene hydroperoxide at the end of the 6 hour
test was essentially the same, at 85-90 wt%, at all levels of TBHP tested.

Example 2 (Comparative): SBB oxidation in the presence of Cumene Hydroperoxide (CHP)
[0043] To a 250-ml round bottom flask fitted with a condenser, stirrer and an air sparger, was
charged 100 g of sec-butylbenzene (as supplied by TCI) and 1.5 g of cumene hydroperoxide.
The flask was heated using a temperature-controlled heating mantle. The reaction temperature
was 115°C and the reaction pressure was approximately atmospheric. The air flow rate was
approximately 220 cc/min. Every 45 minutes, a small aliquot of the reaction mixture was
removed from the flask and analyzed by GC. The test was run for 6 hrs (*time on stream”or
T.0.S.). The test was repeated without the CHP addition and the results of both tests are shown
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phosphoric acid, hydrochloric acid and p-toluenesul fonic acid. Ferric
chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also
effective honqg; | eavage catal ysts. The preferre S

cl eavage catalys?ﬁﬁgﬁgglfurlc acid [00401 A suitable he?%?gggﬁ@@us cat al yst
for use in the cleavage of sec-butyl benzene hydroperoxide includes a
snectite clay, such as an acidic nontnorillonite silica-alumna clay, as
described in U S. Patent No. 4,870,217 (Texaco), the entire disclosure of
which is incorporated herein by reference. [0041] The invention will now be
nor e particularly described wth reference to the foll ow ng non limting
Exanpl es. B y x%“?

Hydr oper oxi E TBHP gmf§0462wnf|i'gé b&g%&n{ﬂrﬁrg%gﬁﬁﬁ'ﬁ%ﬁft’?— I tteésmn ulhthe
condenser ; ﬁ!‘FW'é?f  added waspboulel% ayghe end-ofthe)@ hourp of the dgst, whereas the sec-

sec- butyl beB m@nzéﬁesco%\!&ﬂbhﬁdmb%b&ﬂe)oﬁﬂda&e@'@ﬂﬁ%ﬁrdﬂlﬁ%uﬁmuﬁiwﬁfbérﬁbl?
The fl ask S heat eg usin a e eraéﬂ cont | ed heat i ng gﬂ g The
reaction tefPBFABEF & thapthe 6@"5?’1 pswoxife at the &n 5};‘&6 Ryrtest
at nospheri Cwaiﬂﬁuw(l‘wﬂ% ow rate was approxi matel y 220 cc/ mn. Every 45

m nut es, als t [ e flask
and anal yze@im{./i gas é‘ogr?sgl%%?wgle?he%gt XE\/\/'Zos run grg %’p%{raéé PO ?f'ue
test was rep@mﬂ@ﬂym@lh mtmt $o dhe hpdipperoxigd mopnpthe WEBHP O thensigGificantly Mghsased
on the tot abon,BlsHaR @ bgﬂ'k@%orotile TRHPIMNE REIEHed el BT amclbneaﬂeﬁ;euéts

are shown in Flgures wll be seen fromFigure 1 that
uncat al yzed b¥ssepemsidsdy |"Eﬁfd§ﬁ'8weﬁm’5 aberresd aith by °¥’W&Fd brtbe “M‘MF}@BB
conver si on Yeedspobt While cthé tpréserk Binbertion QRE thead |des&n"wsa.&bawsu~ate£5ymfe%cd o Wi | |

bé seen from.Fiqur t hat .t he sel. ectivit tos

hydr oper oxi B@"é‘f"gt Hﬁ“tS'fd‘?sﬁé’fB'Jf\m ’hlk 5%?‘ g ﬁma ngﬁ’éﬂg’ﬁﬁé"“d%lt
85-90 wt % iselfatb [vatigines sotofecebBirily ilnstratall hereimnporcthid re¢dSompbeng véference skl be

oxi dation i fie 0]

round bottoﬁ% asﬁ{'?agtte vvlt QEA(}?RE% Bg?%%éé'%ﬁ%%‘%sg?%l%fggrger P
charged 100yemPnsec- but yl benzene (as suppl ied by TCl) and 1.5 g of currene
hydr operoxi de. The flask was heated using a tenperature-controlled heating
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T.0.S.). The test was repeated without the CHP addition and the results of
both tests are shown
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-10 WD 2008/ 018972 PCTI US2007/ 016042 in Figures 3 and 4. It will be seen
fromFigure 3 that the sec-butyl benzene conversion in the presence of the
added CLIP was about 7% at the end of the 6 hours of the test, whereas the
sec- butyl benzene conversion in the absence of the added CHP was only about
1% 1t will be seen fromFigure 4 that the selectivity to sec-butyl benzene
hydr operoxi de at the end of the 6 hour test was about 90 wt % [0044)
Conmparing the results of Exanples | and 2, although the CHP appeared to be
margi nally nore selective to the hydroperoxide than the TBHP, the

si gni fi cant CkAIMfher conversation rate obtained for the TBHP neant an

i nproved overall yield of sec-butyl benzene hydroperoxide by the addition of
TBHP as conpared with that obtained by the addition of CHP. 10045) While

t he present Li nveAlpraRrsdtasokigdihgdasditldieaticbmpoubis to the estrpordiier ence to
particul ar enpodi nents, those of ordinary skill in the art wll appreciate
that the i n¥HeREEMIfc Heprosessemprisie coptagiingrnalinderomatie saapung of pengsdlr at ed
herein. Forgfhig (heason, then, reference should be made solely to the
appended cl al s fgr pur poses of determning the true scope of the present
invention. -11 CLAIMS 1. A process for oxidizing an al kyfnaromati ¢ conpound
to the correspondi ng hydroper ox t heRprocess conprising contacting an
a(l): (1) R/ & R3~ HCGR in
eprgesents an al kyl group having from |
to 4 carbon atons, providedr¥h anghcR2rPay be joined to forma cyclic
group having from 4 to 10 carbon atons, said cyclic group being optionally
subst i t ut edin wiitch RBakERT 8B Mdeperld¥ 0@ Brser® e Akyl Fodup kgl fr@s Oups havi ng
from1l to 4 carbon atons or a cycl ohexyl _grouP, wi th oxygen in the presence
of an addedcaé‘éﬂlhﬂt?@ﬁs Rg@\f;,ﬁqq tgatr{b and & _xwtbyuomed o 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 an added catalyst comprising tert-butyl

hydroperoxide and in the absence of any other catalyst, to produce a hydroperoxide of

— R!
(___>—c/ OOH

A _
Rf/< // }ab—~R?

in which R', R? and R® have the same meaning as in formula (I) wherein the tert-butyl

general formula (II):

uy

hydroperoxide is present in an amount between about 0.5 and about 3 mole % of the

combination of the alkylaromatic compound and the tert-butyl hydroperoxide.

2. The process of claim 1, wherein the tert-butyl hydroperoxide is present in an
amount between about 0.7 and about 2 mole % of the combination of the alkylaromatic

compound and the tert-butyl hydroperoxide.

3. The process of claim 1, wherein said alkylaromatic compound is selected from
sec-butylbenzene, sec-pentylbenzene, p-methyl-sec-butylbenzene, 1,4-

diphenylcyclohexane, sec-hexylbenzene, and cyclohexylbenzene.

-12-



hydr oper oxi de and in the absence of any other catal yst, to produce a

hydr oper oxi de of general formula (I11): (I1l) R / C-0OOH R3~HGCRZ in
which R1, R2 and R3 have the sane nmeaning as in formula (1) wherein the
tert-butyl hydroperoxide is present in an anount between about 0.5 and
about 3 nole % of the conbination of the alkylaromatic conmpound and the
tert-butyl hydroperoxide. 2. The process of claiml, wherein the tert-butyl
hydr operoxi de is present in an anount between about 0.7 and about 2 nole %
of the combination of the al kylaromatic conpound and the tert-butyl

hydr oper oxi4le. 3ThT@pwcersof elesn df whirainmsaid alkpteromatic caipsbuad ksyskear omat i ¢

conpound is ected fro sec- but yl benzene, sec-pentyl benzene,
p-nethyl-se@ﬁﬁh?VFﬂ%ﬂféﬁg%cﬁﬁﬁqm €%henylcyclohexane, sec- hexyl benzene, and
cycl ohexyl benzene. -12 4. The process of claiml, wherein said al kylaromatic
conpound i s sec-_ butyl benzene or cycl ohexyl benzene. 5. The process of claim
1, wherein %ai d Esriraeess plelaim borherrin sid eqntacting ifrondeqiedat gitempgsaute f0C t o

about 150C. r claim1l1, wherein said contacting is conducted
at a tenperg$ﬁ¥%p§f8a§%§3§og%c to about 130C. 7. The process of claiml,

wherein said contacting is conducted at a pressure of about 15 kPa to about

500 kPa. 8. The process of .cl aim 1, ,vmag%ei n sai d contac |ng{ is conducted at
a pressure ®f ab¥iRrogess Rislaipyl, STRID & CWFM@!S%HB% Y2 eperpiitsfiici ng a

phenol , sai g.af APESS 1601MBb&T NY: (a) contacting an al kyl aromati c conpound of
general fornula (lI): O-_ R CH

7. The process of claim 1, wherein said contacting is conducted at a pressure of

about 15 kPa to about 500 kPa.

8. The process of claim 1, wherein said contacting is conducted at a pressure of

about 15 kPa to about 150 kPa.

9. A process for producing a phenol, said process comprising:

(a) contacting an alkylaromatic compound of general formula (I):

M
— R/
\
R3/\ / H}C-—Rz

in which R! and R® each independently represents 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 an added catalyst
comprising tert-butyl hydroperoxide and in the absence of any other catalyst, to

produce a hydroperoxide of general formula (II):

-13-



R3 112C Rl in which R and R2 each independently represents an al kyl group
having froml to 4 carbon atons, provided that RL and R2 maybe joined to
forma cyclic group having from4 to 10 carbon atons, said cyclic group
bei ng optionally substituted, and R3 represents hydrogen, one or nore alkyl
groups having from1 to 4 carbon atonms or a cycl ohexyl group, wth oxygen
in the presence of an added catalyst conprising tert-butyl hydroperoxide
and in the absence of any other catalyst, to produce a hydroperoxide of
general formula (I1): -13 (I1) R OOH R3~ H2CR2 in which R, R2 and R3 have
the sanme neaning as in formula (1) wherein the tert- butyl hydroperoxide is
present in an anount between ab about 3 nole % of the

conbi nati on of the al kyl aronati 26k the tert-butyl hydroperoxide,
and (b) converting the hydropg; o/ of Rprnula (I'l) into a phenol and a
ketone of the general fornmul® RTCOCH2REETTR), in which R and R2 have the
sane neaning as in fornmula (I). 10. The process of claim9, wherein the
tert-butyl hydr gpefiiti e RP sn@REEAR!hE AinfincaAlIRURin REMIRSD Whosh 1 tértand
about 2 nole % of the conbination of the al kyl'aromati ¢ conpound and the
tert-butyl hydr dpéyldwilepperozide lsnpresqnt noaswnoght ketweam abouthg prd aboutd thole

al kyl aromatic c nd. i

sec- butyl benzen%g%e Tenty Ifaglgrrll{z)}éﬁlg a[%(y%r?lﬂfiﬂc QECORY dt%"’l‘dbtg%%egn utyl1, 4-
d|phenylcyclohen@ﬂﬁmeﬁﬁﬁkhaxylbenzene and cyclohexylbenzene 12. The
process of claim9, wherein said alkylaromatic, conpou i s sec- butyl benzene

or cyclohexylbed@bne°°¥§”“m%@wﬁy@@é§§xﬁfOEﬁﬁmﬁhén)ﬁﬁ%?@hﬁ“@é%ﬁﬂ%®WFé€t|ng is
conducted at a ttﬁ@E&‘fe?atl Yo R @@@HERQ@S, OWRPRR! adPRGhave the same meaning

as in formula (I).

10.  The process of claim 9, wherein the tert-butyl hydroperoxide is present in an
amount between about 0.7 and about 2 mole % of the combination of the alkylaromatic

compound and the tert-butyl hydroperoxide.
11.  The process of claim 9, wherein said alkylaromatic compound is selected from
sec-butylbenzene, sec-pentylbenzene, p-methyl-sec-butylbenzene, 1,4-

diphenylcyclohexane, sec-hexylbenzene, and cyclohexylbenzene.

12.  The process of claim 9, wherein said alkylaromatic compound is sec-

butylbenzene or cyclohexylbenzene.

13.  The process of claim 9, wherein said contacting is conducted at a temperature of

about 20°C to about 150°C.

14.  The process of claim 9, wherein said contacting is conducted at a temperature of

about 20°C to about 130°C.
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14. The process of claim9, wherein said contacting is conducted at a
tenperature of about 20C to about 130C. -14 15. The process of claim9,
wherein said contacting is conducted at a pressure of about 15 kPa to about
500 kPa. 16. The process of claim9, wherein said contacting is conducted at
a pressure of about 15 kPa to about 150 kPa. 17. The process of claim?9,
wherein the converting (b) is conducted in the presence of a catalyst. 18.
The process of claim9, wherein the converting (b) is conducted in the
presence of _a honngeneous catal yst. 19. The process of claim18, wherein
said hormgel"ﬁeous Repragops of Jepy. ivdhecinpaid epptgcting peconglucied gt@riressurgiod,

perchloric I ﬂk’hqgg ispoqehd, hydrochloric acid, p- tol uenesulfonic
aci d, ferrlc c orlde B@'E)tr%n '?rlfluorlde sul fur di oxi de and sul fur

trioxide. 20. The process of claim9, wherein the converting (b) is
conducted ip th resence etero ou catal 21. The pr.ocess of
cl ai m 20, V\:ﬂ re GS%YP%FSﬁ% @?‘B’b@ E"g‘? r&}%ﬁfm%bﬁfﬁp 'é‘é%d%}apar?ﬁ'érﬁofe cl ay.
22. The pro%ﬁglpﬁpactb%gmq,m\mg_rel n the converting (b) is conducted at a
tenperature of about 40C to about 120C, a pressure of about 100 to about

1000 kPa, and a liquid hourly space velocity (LHSV) based on the
hydr oper oxi F'F OfTI%:bpqgéesg' of cﬁai%PQ l{»\t?he?e(i)n ere cbnve-rt]rnSg (b) is conducted in the presence of

a catalyst.

18.  The process of claim 9, wherein the converting (b} is conducted in the presence of

a homogeneous catalyst.

19.  The process of claim 18, wherein said homogeneous catalyst comprises at least
one of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid, p-

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

20.  The process of claim 9, wherein the converting (b) is conducted in the presence of

a heterogeneous catalyst.

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

smectite clay.
22.  The process of claim 9, wherein the converting (b) is conducted at a temperature

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