- 1~ O Z 0050/50546 Reaction of an.organic conpound with a hydroperoxide
"5, The present invention relates to a process for reacting an organic
compound with a hydroperoxide using a heterogeneous catal yst wherein both
the pH and the tenperature of the reaction nmedium are changed during the
reaction. In a further enbodi nent, the‘dresent i nvent i onOr p9§@§0?%9a
process in which the pressure under 10 which the reaction occurs is changed
in addition to the pH and the tenperature of the reaction nedium In
reacti ons of organi c conpounds with a hydroperoxide in the presence of a
het er ogeneous catal yst, the activity of the heterogeneous catal yst
generally 15 decreas 0 rpl onged,use. To be able to reuse the catal yst,
it is in these cases ﬁ@‘@éﬁgﬁf’gq89?@%9@2%"%&1@?%#“?%& he reactors in
whi ch the reactions are carried out and regenerate it outside the
reactors. In the case of heterogeneous titaniumsilicalite catal ysts which
are 20 usefl, for exanple, for the reaction of olefins with hydroperoxide
sol utions, su regeneratj on processes arg carried out,, for ex %ﬁ,_by
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| i kewi se described in this publication, is to wash the catalyst with

sui t abl e sol vdemperai@isobtheagantionanédium aye changed duttingy the reagtionn iy a fartxg
carried out after .the catalyst .has.,.been repoved fromith eactor, these
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exanple, in WO 98/55228 and the prior art cited therein. 30 To counter the
gradual deact ithferetipromediler ogeneous catal ysts which are used in the

reaction of organic conpounds with a hydroperoxide, it is also possible to
-2- '

In reactions of organic compounds with a hydroperoxide in the presence of a
heterogeneous catalyst, the activity of the heterogeneous catalyst generally

15  decreases on prolonged use.

To be able to reuse the catalyst, it is in these cases necessary to remove the catalyst
from the reactors in which the reactions are carried out and regenerate it outside
the reactors. In the case of heterogeneous titanium silicalite catalysts which are

20 used, for example, for the reaction of olefins with hydroperoxide solutions, such
regeneration processes are carried out, for example, by calcination of the catalyst at
elevated temperature, as described, for example, in J. Catal. 129 (1991) 159-166.
Another possibility, which is likewise described in this publication, is to wash the
catalyst with suitable solvents. Since regeneration by these methods can only be

25 carried out after the catalyst has been removed from the reactor, these processes
are complicated and therefore undesirable from the point of view of process
economics. Further regeneration methods are described, for example, in WO
98/55228 and the prior art cited therein. |

30 To counter the gradual deactivation of heterogeneous catalysts which are used in

the reaction of organic compounds with a hydroperoxide, it is also possible to



regul ate the tenperature during the reaction so as to conpensate for the
“deactivation. It is |ikew se conceivable for tenperature and pressure to be
changed during the reaction in order to conpensate for the deactivation of
the catalysts. This nmethod is described,, for exanple, in WO 99/01445,
where tenperature and 5 pressure are si rﬁﬁ'taneously I ncreased during the
reaction of propene with an active oxygen species in the liquid phase over
a het er ogeneousgulate athes templrdturet daring othei iehetionayo ods itof canspeniatg fobethe
selectivity of, for exanple, titaniym silicalites is described in J.

Catal . 140 (wbswwmﬁt Iy fkepisereqnpevatie o t4imparatiig %‘ﬂdﬁ?ssmf@g’%h?‘?&e&t ive
results being duﬁﬂggh@ achiOf iR Qe 16 RoRiperdatePfor (HEUBACRMEHOSE HfRScatd) a]b.e
epoxi dation of lower olefins in |ow concentrations iIncreases the y?,e d, but
does not i nf | Thisoethodeis slebaribed,vfor exarbplacineWO 99/01 445 twheed tenipiepturiecemd

trati th tiyit f .the titani I | .cal jt | et el
Suppr esseds Tt RSty idased fithe e Seagipt ot popdzatt pE e e
sane docunment ,oxygerbép@bies ircB ligiid phasd 6vef a hétektigehdbas asldlyst. on of neutral

salts such as LiCl when using a titaniumsilicalite, while the addition of
HCl inproved the activity of the catalyst. In contrast, the addition o
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15 by the addition of neutral salts such as LiCl when using a titanium silicalite, while
the addition of HCl improved the activity of the catalyst. In contrast, the addition
of the neutral salt LiCl in the epoxidation of 1-butene does not adversely affect the

activity of the catalyst.

20 EP-A 0712 852 discloses the use of a nonbasic salt to improve the selectivity of a
titanium silicalite catalyst which is used for the epoxidation of olefinic compounds
by means of hydrogen peroxide. The experiments were carried out in the batch

mode at constant temperatures.

25 EP-B 0230 949 discloses a process for the epoxidation of olefinic compounds by
means of hydrogen peroxide, in which the selectivity of the catalysts used, viz.
synthetic zeolites, can be significantly improved by adding, either before or during
the reaction, compounds which neutralize the acid groups on the catalyst surface.
The process described was carried out under isothermal conditions.

30
EP-A 0757 043 describes a process for preparing epoxides from olefins and

hydrogen peroxide in the presence of a titanium-containing zeolite as catalyst, in



EP- A0 757 043 describes a process for preparing epoxides fromolefins and
‘hydrogen peroxide in the presence of a titaniumcontaining zeolite as
catalyst, in -3- which neutral or acidic salts are added to the catal yst
before or during the reaction. The tenperatures in the reaction of the

ol efins with hydrogen peroxide were kept™“Constant. 5 It is found in
practice that the deactivation of the catal yst often does not occur
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decreases very quickly. This is followed by a relatively slow deactivation
whi ch can ext efe Emeperatissn Fusrfeaetios oiithm elefias With hydrogen pisfaxide wererkept
present invent h&% provide a process which allows a flexible 10 response
to these different deactivation rates of heterogeneous catal ysts which
occur in reactions of organic conpounds w th hydroperoxi des. W have found

that this opject, is achieved by a process for act | ap organic conpound
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continuous stream of hydroperoxi de being fed into the reaction nmediumin
whi ch the ¥ eactv'llé) Ea\t'ea 0?1?1(1 tﬁalltatﬁles' object is achieved by a process for reacting an organic
compound with a hydroperoxide using at least one heterogeneous catalyst, wherein
15  both the pH and the temperature of the reaction medium are changed during the

reaction.

As far as the way in which the process is carried out is concerned, all conceivable
embodiments are possible. In particular, the reaction can be carried out either in the
20  batch mode or continuously. Of course, mixed forms are also conceivable, for
example when the reaction is cai‘ried out in two or more stages. In this case, it is
conceivable for the reaction in at least one stage to be carried out batchwise and the

reaction in at least one further stage to be carried out continuously.

25 In a preferred embodiment, the reaction of the hydroperoxide with the organic
compound is carried out continuously, with, in particular, a continuous stream of
hydroperoxide being fed into the reaction medium in which the reaction takes

place.

30  Accordingly, the present invention also provides a process as described above in

which a hydroperoxide solution is added continuously to the reaction medium.



30 Accordingly, the present invention also provides a process as described
‘above in which a hydroperoxide solution is added continuously to the
"réaction medium -4- It is of course also conceivable for two or nore

di fferent hydroperoxide solutions which pay, for exanple, differ in

hydr oper oxi de concentration, pH or tenpe?ﬁfure to be added to the reaction
medium 5 The pH of the reaction nedium which in the process of the
present i nvent tds of soursdalsg ecnodivablefof two oemotd diffefent hidropsrdxidpaolutione Wi t h

the organi c conmpound, can be changed by all conceivabl e neans. Thus, for
exanpl e, it " o Wishwa, £ examples delfenin hudroperaide §R9EPEat BH AT dCIBPETARIG east
10 one basic CRRAIHALS] & the réictibth@dffn. t Wo or nore thereof directly to the
reaction medium The acidic or basic conpound or the m xture of two or

nore thereof nmay be dissolved in a suitable solvent or solvent m xture
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al so concei vabbechanged by alkponceivible meaps.or nore i dentical or different
conpounds or m xtures or solutions to be added separately from one anot her,
with the additions being able to be carried out continuously or
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the present | nTRREbedEmEa e foIfBh SnEhes Pe AETrP U ook mRGUHTIGPng t he
reaction by al fiRrddaitionF titHacific bhBasic compound or the mixture of two or more thereof
15  and the addition of the solution can be carried out continuously or discontinuously,
and it is also conceivable, for example, for two or more identical or different
compounds or mixtures or solutions to be added separately from one another, with

the additions being able to be carried out continuously or discontinuously.

20  The pH of the reaction medium can of course also be changed via the feed streams
which flow continuously into the reaction medium during the process. Thus, it is
conceivable for the pH of a solvent stream or a feed stream comprising the organic
compound or else a feed stream comprising both solvent and organic compound to
be changed prior to addition to the reaction medium and for the pH of the reaction

25 medium to be influenced in this way.

In a preferred embodiment of the process of the present invention, the pH of the
reaction medium is changed during the reaction by altering the pH of the

hydroperoxide solution which is added continuously to the reaction medium.
30



hydr oper oxi de sol uti on which is added continuously to the reaction medi um
3Q -5- The present invention therefore also provides a process as descri bed
above in which the change in the pH of the reaction nediumis achieved by
changing the pH of the hydroperoxide soldtion which is added to the
reaction medium 5 The control of the pH by neans of the hydroperoxide
streamcan in principle be carried out by all conceivabl e nethods. For
exanple, it i sThQ)prﬂséntainh/mﬁomlrﬂnrdﬁgidraimpmvidts & proeasy mh'dmnbed aﬁdmhrt o the
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the reaction ne
two substreams, in any appropriate combination. The pH of the reaction medium

15  can be set either by changing the pH of at least one substream or by appropriate

metering of amounts of substreams or by a combination of these methods.

Furthermore, it is likewise conceivable to vary the pH of the reaction medium by
cometering of hydroperoxide solution and at least one suitable basic compound or
20  at least one acidic compound or a mixture of two or more thereof or as described
above, if desired a solution of at least one of these compounds in a suitable solvent.
In such a case, hydroperoxide solution and the acidic or basic compound or
compounds or a solution thereof can be combined in appropriate proportions
before the addition to the reaction medium. It is likewise conceivable for the
25  hydroperoxide solution and the acidic or basic compound or compounds or a
solution thereof to be introduced as separate, appropriately metered streams into

the reaction medium.

The reaction of the organic compound with hydroperoxide can in principle be
30 carried out in one or more steps. In particular, it is conceivable for the organic
compound to be reacted with hydroperoxide in a first step, unreacted

hydroperoxide to be separated off from the mixture obtained as a result of the



The reaction of the organic conpound w th hydroperoxide can in principle be
"30 carried out in one or nore steps. In particular, it is conceivable for
the organic conpound to be reacted with hydroperoxide in a first step,
unreacted hydroperoxide to be separated off fromthe m xture obtained as a
result of the -6- reaction and, in a second step which is carried out in a
different reactor fromthat in which the first reaction is carried out,

t he hydr oper oxeabtionhndlin hascond stepsdyich itcenied oif int andifferentreacterifromcthatdgai n
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m xture conprising the reacted organi c conpound and unreacted
hydr operoxi de, 10 (ii) separating the unreacted hydroperoxide fromthe
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t he reacti ons dompsiseyut ldas) thaswdps (i) to)(ii)r e carried out in at |east two
separate reactors and both the pH and the tenperature of the reaction
medi um are changed-in at |east one of the reactors used in steps (i) and

(iii1). I'n the groc i i : er-oxide: be
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hydr oper oxi de is prsgdpaiybl y separated off by distillation in the separation

step. 25 Depending on the requirenents of the process, it can be separated
of f in one or (iibr e reatingithe hydroperewidavhich bescbeencseparated off irestep diiL%iithg one

distillation colu | lon step for separating off the
hydr oper oxi de. m}hégrgtaﬂl%cﬁﬁﬁ%ﬁr?&,
15  where the reactions in steps (i) and (iii) are carried out in at least two separate reactors and
both the pH and the temperature of the reaction medium are changed in at least one of the
reactors used in steps (i) and (jii).

In the process of the present invention, the hydroperoxide can be separated off in the

20 abovementioned separation step (ii) by all customary methods known from the prior art.
Should a plurality of separation steps (ii) be provided, it is also possible for different
separation methods to be used in different separation steps.

The hydroperoxide is preferably separated off by distillation in the separation step.
25 Depending on the requirements of the process, it can be separated off in one or more
distillation columns. Preference is given to using one distillation column in the separation

step for separating off the hydroperoxide.

In the process of the present invention, it is possible for not only the hydroperoxide but also
30 the reacted organic compound to be separated off in one separation apparatus from the
mixture resulting from the first reaction step (i) in which the organic compound is reacted
with the hydroperoxide. It is naturally also possible for the reaction product remaining after



In the process of the present invention, it is possible for not only the
"hydr operoxi de but also 30 the reacted organic conpound to be separated off
in one separation.apparatus fromthe mixture resulting fromthe first
reaction step (i) in which the organic coppound is reacted wth the
hydroperoxide. It is naturally also possible for the reaction product
remai ni ng after -7- the hydroperoxi de has been separated off to be

transferred tahahydopeioside bayimemseparated pff & bt trepsfersadde a firthert depargion appheadusf or
this purpose and. fhe react r.gani c coppound t.o be, separated, fromthe
reactPonptheréT“%é?ﬁYEBWﬂﬂggg S ppose and, fhespagted orgagic cg 0 be seramtede ¢
the reacted organiherasiva@erd in the separation apparatuses and separate it

off after the reactions of the organic conpound with the hydroperoxide are
conpl ete. However, the reacted organic conpound is preferably separated off

in addition to th 10 hydr L QX i h t ratj .
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possi bl e, for epasohappddustodd seiatatd 0 off et alicrdacticgaiiie cegafeomgowid witke t op
and to separate the hydropenxide fromthe mxture as a side ofi}ake. \Wen a
di stillation uhehydmpeipxidgargsomplelear ati on apparatus in the process of the
present 15 invention, it is naturally |Iikew se possible to separate off

t he hydroperoxide fromthe mxture not via a side offlake but at the

bottom |f theHowebenple reactett organié compdvad rie areferablyo separated offoimpasiditicn 4o dhe s
taken of f jn istillatign unit, it i.s possjible,  in the process of the
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t he hydroperoxide tdg’ be Ig)epagat ed o fe’at the beot_tom t is also conédeﬂi vabl e
to reduce the andéngsparate thedydroperoxiderfiom thembiure ds@side efiieks. e, addi tion of

preferably gaseous, |owboiling conponents, e.g. the organic conpound
itself, preferably propene. 25 Exanples of such | ow boiling conponents are

hydrocar bons hehemg distillatoh it ¥ wed ko BepadtionBppaiatas i€ Xleplocessref lt@npresept hane,
propane, butane, ethene or butenes. It is |ikewise possible to use, for
exanpl e, nkX r oestion, tiynappally likewise possible to separate off the hydroperoxide m the mixture

not via a side offtake but at the bottom.

If the hydroperoxide and/or the reacted organic compound are/is taken off in a distillation
unit, it is possible, in the process of the present invention, for any high-boiling components

20  of the mixture which are formed as by-products from the reaction of the organic compound
with the hydroperoxide to be separated off at the bottom. It is also conceivable to reduce the
temperature at the bottom by, for example, addition of preferably gaseous, low-boiling
components, e.g. the organic compound itself, preferably propene.

25  Examples of such low-boiling components are hydrocarbons having from 1 to 4 carbon
atoms, for example methane, ethane, propane, butane, ethene or butenes. It is likewise
possible to use, for example, nitrogen or argon.

Of course, it is also possible to react a plurality of organic compounds with the
30  hydroperoxide in the process of the present invention.



OfF course, it is also possible to react a plurality of organic conpounds
‘wWth the 30 hydroperoxide in the process of the present invention. -8- |f
a plurality of organic conpounds are reacted with the hydroperoxide in step
(i), various products resulting fromthg_reactions can be present in the
m xtures. |If these are in turn separated off by distillation in the
separation step (i), it may be necessary to provide a plurality of
distillation &fﬁplm&tyfoﬁprgamieommndstar@mct@l Wittethe bydreperdxisic i steps (i pariaus ) i s

preferably carri.ed out,. so th uid mxture J1974 Si t he
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conprise, in addition to the hydroperoxide, for exanpl e smal | annunts of
unr eact ed org@Wﬁ@BﬁﬁﬁE@%ﬁ@n%ﬂamﬁﬁmﬁ@%ﬁﬁﬁﬂm@rgan|c conpound. 10 Li kewi se,
solvents ngy be present in the mxture conprising the hydroperoxide which
has been Separated off. |If the reacted organi c conpound is al so separated
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course possi bipgertsepanii® .| concei vabl e reactors Whl ch are best suited to
the respective reactions. In the process of the present invention, a
reactor is not restricted to a single vessel. Rather, it is also possible
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the unreacted organic compound and/or small amounts of solvents.

After the steps (i) and (i) have been carried out in the process of the present invention, the
hydroperoxide which has been separated off is reacted once again with the organic
20  compound in step (iii) in a reactor which is different from the reactor used in step (i).

As reactors, it is of course possible to use all conceivable reactors which are best suited to the

respective reactions. In the process of the present invention, a reactor is not restricted to a

single vessel. Rather, it is also possible to use a cascade of stirred vessels, for example as
25  reactor which is used in step (i) or (ii).

The reactors used in the process of the present invention are preferably fixed-bed reactors.
Further preference is given to fixed-bed tube reactors as fixed-bed reactors.

30  Ashydroperoxides to be used in the process of the present invention, it is possible to employ
all hydroperoxides which are known from the prior art and are suitable for the reaction of the
organic compound.



30 As hydroperoxides to be used in the process of the present invention, it
‘is possible to enploy all hydroperoxides which are knowmn fromthe prior
afrt and are suitable for the reaction of the organic conpound. -9-
Exanpl es of such hydroperoxi des are t-butyl hydroperoxi de and et hyl benzene
hydr oper oxi de, which can be prepared fromisobutane and oxygen or

et hyl benzene and oxygen 5 As hydroperoxide solution, preference is given
to using a hydrogen peroxide solution, in particular an agueous hydrogen

peroxi de solutjon, in fhe present pr.ocess. To_ ptepare hydrogen r oxi de,
recourse can H%QWBhﬁ,Oédwdgxﬁﬁﬁmgp tdfe Hard %¥8q§F§¥és _ﬂ@ﬁ ¥sed to
produce Vi rt Ugiyibpérbkidd, RehidhOdah the Hirdidd toRisGHutnl Ghd® 6RfheR Of eiyBéhzeneddS
process is baséd on the catal ytic hydrogenation of an anthraqui none
conpound to foxygent he correspondi ng ant hr ahydr oqui none conpound, subsequent

reaction o% this with oxygen to form hydrogen peroxi de and subsequent
separation~of the resulting hydrogen peroxide fromthe reaction m xture by

extraction. Thas RydePedide s6litidng preferefibelis @ileh Yo tditgy £ RfdropRfl perogide soldtonc@npound
whi ch has been obtai ned back belng hydrogenated again. An overview of the
ant hr aqui none Rertisalasan agueoys Rdrpgemperoxyge;splition, i e pessent pi9eess-a of | ndustri al
Chem stry", 5th Edition, Volunme 13, pages 447 to 456. 20 It is |likew se
concei vabl e to obtain hydrogen peroxide by conversion of sulfuric acid into

per oxodi sul f urTepreysre hyairogen pelioide) recdarse can tecraadep fon iexaingisy te thewahtheaqeioere
evolution of hydro at the cat hode. . T eroxodi sul furic,acid is.then
hydr ol yzeol%t 0 ‘gﬁ’}é{sl“ﬁ‘iﬂtﬂﬂ@@s p‘iﬂ'gé’i"ﬁf& of ; e PeRidE-ogen
peroxi de and spiid ptbdeSs idBased or/¥hé &dhlytie hidibgenatioR & uiend donipurifito for Se
al so possible to prepare hydrogen peroxide fromthe el ements. The pH of the
hydr oper oxi de tbetasmesponding anthralnidroguinene compoundisubspauenprsacion afthisorithdxygen can
'n. to form hydrogen peroxide and subsequent separation of the resulting hydrogen peroxide

from the reaction mixture by extraction. The catalysis cycle is closed by the anthraquinone

15 compound which has been obtained back being hydrogenated again.

An overview of the anthraquinone process is given in “Ullmann’s Encyclopedia of Industrial
Chemistry”, 5th Edition, Volume 13, pages 447 to 456.

20 It is likewise conceivable to obtain hydrogen peroxide by conversion of sulfuric acid into
peroxodisulfuric acid by anodic oxidation accompanied by simultaneous evolution of
hydrogen at the cathode. The peroxodisulfuric acid is then hydrolyzed to form firstly
peroxosulfuric acid and subsequently hydrogen peroxide and sulfuric acid, which is thus
recovered.

25
It is of course also possible to prepare hydrogen peroxide from the elements.

The pH of the hydroperoxide solution, in particular the hydrogen peroxide solution, can in
principle be adjusted by all customary methods. Care merely has to be taken to ensure that
30 the addition of acidic or basic compounds or addition of a solution comprising acidic or
basic compounds to the hydroperoxide solution does not have an adverse effect on the



principle be adjusted by all customary nmethods. Care nerely has to be taken
"t.0 ensure that 30 the addition of acidic or basic conpounds or addition of
a solution conprising acidic or basic conpounds to the hydroperoxide

sol ution does not have an adverse effect,pon the -10- subsequent reaction of
t he organi c conmpound wi th hydroperoxi de and the pH does not go outside the
stability range of the hydroperoxi de used. Accordingly, the present

i nvention al seubsequentdesstion ofriscmgamicaconpescdrwithdyydriperoxide andsthe pH doesenot géi of t he
hydr oper oxi de sol.ution..s change a) . tyeatment of the hydroperoxide
sol ution mﬁth°Q§ﬂ?@%§@m@ﬁ§mgﬂﬁ%@§EaQ (b) by addition of (a.) an

aci di ¢ conpou ingl{; vesti b prod&ls b described SBHvE #l wigHHROUNd Or

A SR PGS
(dd) a mixture of two or nore thereof ° to the hydroperoxide solution or (c)

by a comnbi nat ipBirof the hpdropeoaxddeselptionvisichemged 15 1t is in principle possible to

use both strongly basi k. i r t gly acidic

and meaklygaczaic @8&%@%%@gfmgﬁW%%Fgﬁ@ﬁﬁﬁﬁgﬂgﬁgaﬁ cg@gﬁﬁﬁggﬁ%gggre ‘

concei vabl e: 2 Anbpaddion®gl ts, alkali metal salts, especially lithium

sodi um and potassiumsalts, and alkaline earth nmetal salts. The anions of

these salts include, for exanple, halides such as chloride and brom de,

nitrate, sulfate a%g'hyq5g§hg&) dnddrSO the anions of phosphorus-,

arseni c- antinony- a%d tin-contdlining acids, e.g. perchlorate, phosphate,

hydr ogenphosphat e, (bi)i hpdasicmpoagipnat e, arsenate and stannate. O her

ani ons su as for e, acetate, 25 hydrogencarbonate or carbonate are al so
18 (%" o ] comipoid

concei vab Exanpl ¥t hi umchloride, |ithium bromi de,
sodi um bromi de, |i {d@fumamiikiRloiwoi? tHokhéedr at e, potassiumnitrate, |ithium
| to the hydroperoxide solution or

(©)  byacombination of methods (a) and (b).

15 '
It is in principle possible to use both strongly basic and weakly basic compounds or both
strongly acidic and weakly acidic compounds. In particular, the following salts are

conceivable:

20 Ammonium salts, alkali metal salts, especially lithium, sodium and potassium salts, and
alkaline earth metal salts. The anions of these salts include, for example, halides such as
chloride and bromide, nitrate, sulfate and hydroxide and also the anions of phosphorus-,
arsenic- antimony- and tin-containing acids, e.g. perchlorate, phosphate, hydrogenphosphate,
dihydrogenphosphate, arsenate and stannate. Other anions such as formate, acetate,

25  hydrogencarbonate or carbonate are also conceivable. Examples of salts are lithium chloride,
lithium bromide, sodium bromide, lithium nitrate, sodium nitrate, potassium nitrate, lithium
sulfate, sodium sulfate, potassium sulfate, sodium hydroxide, potassium hydroxide,
ammonium hydroxide, sodium carbonate, sodium hydrogencarbonate, potassium carbonate,
lithium carbonate, potassium hydrogencarbonate, lithium hydrogencarbonate and potassium

30  hydrogenphosphate and also lithium acetate, magnesium acetate, calcium acetate, barium
acetate or ammonium acetate. Mention may also be made of carboxylates derived from
carboxylic acids, in particular carboxylic acids having from 1 to 10 carbon atoms, and also



sul fate, sodium sul fate, potassium sulfate, sodium hydroxide, potassium
hydr oxi de, amoni um hydr oxi de, sodi um car bonate, sodi um hydrogencarbonat e,
pot assi um carbonat.e, |ithium carbonate, potassi um hydrogencarbonat e,

| i t hi um hydr ogencar bonate and potassi um hydr ogenphosphate and al so
lithium acetate, nmgnesium acetate, cal cium acetate, barium acetate or
anmoni um acetate. Mention may al so be nade of carboxyl ates derived from

car boxylic aci elkoxides dervedi fbarh atcohals having fram eciodt) baibonngorhs. Furthert éxathfles ar bon

atonms, and alsp -11- alkoxrd er|ved from Icohols havi ng fronrl to 10
carbon at ons. e?mE?HWBI ﬂ%?

sodi um di hydr ogig M &gﬁa@ h%?ﬂdﬁé'

di hydr ogenpyr ophospha tetrasod|un1pyr phosp até. 5 As en or the

basic or acidic conpounds preference S grven to using an aqueous sol vent
m xture, pagtigyl mxture. W th the, solvent used in the
reacti on, ag AX s?’hano gy?“ildd%fio%% ge i glYsn B USING 9B AUPPOUR ¢ he
pH of t he _hydr mmommee,muna@rpr&mb&emtmrﬁe RvesitiBed I WeHLRKION ie
solution with at | east one ion exchanger. In the process of the present

i nvention, it lprrncrple possi bl e to use cation exchangers and ani on
exchangers. |f only one type of ion exchanger is used, use of at |east one
ani on exchanger is preferred. If a plurality of ion exchangers are used,
they can be uséAs desmbﬁdtabowusisyalmrposmblstmmslw pHi .of e hydroptdagidp wolpREEy Of

t he presen nvent i s n..princ oss bl e se_all ion
exchgnger sfo anv n?‘g #fﬂ B gﬁ’ll‘ft'ﬂ‘ll ?aFt"lnF%?Pee‘;"a‘Fﬁﬂu BIRPﬁSél of th,
exchanger s SUCﬁe@ﬁtﬁﬁéﬂﬁ&;ﬁﬁﬁﬁﬂu{é@ RSBl %ﬁ%neﬂ%h%%&ﬁ%&néﬁﬁhnﬁéﬁhangers

such as hydrotal cites and ot her sheet silicates may cont
exchangeabl e carbonate, hydrogencarbonate or hydroxide groups. 20 Exanples

of _.basic ion e ar e cul referred.for the ses
of the presen?ﬁﬂﬁven oﬁﬁa&gmgggvp W?% @%&%ﬁﬁ'ﬁ@ﬂpﬁﬁﬁ*ﬂﬁﬁfﬁ n ne
groups, for i nsplamlig of o exchanpeRatiuddd, theyosd b alell Smaltinesusi o R8sk,
Lematrt(r)IAWPGZ and Lewatit(r) MP 63 and al so

For the purposes of the present invention, it is in principle possible to use all jon exchangers
lmowntﬂhmedﬂkﬂhmmcmtﬁnamnmboﬁmmckmemmmgmsmxhasmuwbwwdon
polystyrene, or inorganic jon exchangers such as hydrotalcites and other sheet silicates
which may contain exchangeable carbonate, hydrogencarbonate or hydroxide groups.

20
Examples of basic jon exchangers which are particularly preferred for the purposes of the
present invention are polystyrene resins containing tertiary amine groups, for instance the
commercially available anion exchangers Lewatit® MP62 and Lewatit® MP 63 and also
Dowex® MWA/1 and Dowex® AMW-500. The use of polystyrene resins containing, for

25  example, quaternary ammonium groups and having hydroxide counterions is also
conceivable. Examples of such resins are the commercially available ion exchangers
Lewatit® OC-1950 and also Dowex® 1, Dowex® 2, Dowex® 11, Dowex® 21K and
Dowex® 550A. |

30 Inthe preferred embodiment of the process of the present invention, which comprises steps
() and (iii), it is possible to adjust the pH of the hydroperoxide solution with which the
organic compound is reacted in step (i) and also the pH of the hydroperoxide solution which



Dowex(r) MMV 1 and Dowex(r) AMW500. The use of polystyrene resins
“containing, for 25 exanple, quaternary ammoni um groups and havi ng hydroxi de
counterions is also conceivable. Exanples of such resins are the
commercially avail able ion exchangers Lgwatit(r) OC 1950 and al so
Dowex(r) 1, Dowex(r) 2, Dowex(r)11, Ebme&?*? 21K and Dowex(r) 550A. 30 In
the preferred enbodi nent of the process of the present invention, which

conpri ses st emsepa(rhtbd aﬂ'dn(st'ej)i(il) Thais, itds pasrblekib&hﬂngeaﬂjlanshe pHef [id wictivhe
hydr oper oxi de ut| with ani ¢, conpound | s reacfed j.n step
(i) and al so ﬂ%&ﬁ@%@ﬂ% regetion %%@p( at ed

off in step ('loe ﬁ‘ boﬂ‘n}eabtﬁ) Hﬁ&@@l&g‘ﬂ%@lﬁaﬁ%f Jnf_‘lﬁfo?dd@%ﬂi"ﬁl%
reacti on nedi um|n ?ﬁe react(I)lr of ste 1) or thgj'p he reactlon
medi umin t hecorepmndr of step (iii) or the pH of both reaction nedia

during thecreaction of hydroperoxide with the organic conpound. 5
Concei vablg het er ogeneous catal ysts are in principle all catalysts which

are suitabl e ihceivable hé@%gﬁﬁbus\bﬁtalyﬁ.él% iiPprincipleiilRbBISS whith Gfe\sBihbleCfot/tht NJ

catal ysts which caonprise porous oxidic _material such as a zeolite.
Particul ar pr @qsm@evﬂ:@aqhgn g}?r%f@ﬁm@ds giyeig using seiglystsswhiph eomprised ppuus exidic

titanium, va lite
as porous 10 oxidicC materlt{ej Rslﬁér novvng ||§ ?arg cryg theg

al um nosi | i catiesiulrgy vangdiomne esheminomhg miskiunanok mmgmmnsbmamhmgrmhtand poous
openi ngs |§ t he, mcro re range below 0.9 rim The network of such
zeolites il "SI O4 and AlO4 tetrahedra which are joined by common
oxygen 15 bri dges. An overvi ew of the known structures may be found, for
exanple, in M W Mier, DH dson, Ch. Baerlocher, "Atlas of Zeolite
Structure Typds'is knowin, Egolitesoare cisisiaBing eluminositicatis havieg erdefed dhannehans cage

CiTcate 20 PR 20t et 1 AR ire e b0 D R oAk B oLt o

cations of sogkdhss iPAaSap B0, and AlO; tetrahedra which are joined by common oxygen
15  bridges. An overview of the known structures may be found, for example, in M. W. Meier,
DH. Olson, Ch. Baerlocher, “Aflas of Zeolite Structure Types”, 4th Edition, Elsevier,

London, 1996.

To balance the negative charge resulting from incorporation of Al(III) into the Si(IV) silicate

20 lattice, zeolites contain exchangeable cations, in particular cations of sodium, potassium,
lithium or cesium, depending on the method of preparation. If these cations are replaced by
protons, for example by ion exchange, the corresponding acidic solid having a zeolite
structure, known as the H form, is obtained.

25  Zeolites which do not contain any aluminum and in which the Si(IV) in the silicate lattice is
partly replaced by titanium as Ti(IV) are also known. These titanium zeolites, in particular
those having a crystal structure of the MFI type, and possible ways of preparing them are
described, for example, in EP-A 0311983 and EP-A 405978. Apart from silicon and
titanium, such materials may further comprise additional elements such as aluminum,

30  zirconium, tin, iron, cobalt, nickel, gallium, boron or small amounts of fluorine. In the zeolite
catalysts used in the process of the present invention, some or all of the titanium of the
zeolite can be replaced by vanadium, zirconium, chromium or niobium or a mixture of two



lithiumor cesium depending on the nmethod of preparation. If these cations
“are replaced by protons, for exanple by ion exchange, the corresponding
acidic solid having a zeolite structure, known as the Hform is obtained.
25 Zeolites which do not contain any aIuH%pun1and in which the Si(IV) in
the silicate lattice is partly replaced by titaniumas Ti(IV) are also
known. These titanium zeolites, in particular those having a crystal
structure of mhathﬂmmg®§heanﬁrpﬁbsﬁhhmkmmpomﬁmpﬁﬁpamﬁugmmhehumﬁmn(n

descri bed, for . in 83 and, EPA 978. art fr

silicon and t“f‘ﬁ es%hw &iﬁ Mﬂe@‘@%ﬂb@%@r 8:8

el ements such cﬁl%nﬂhh'mmobﬁﬁlﬂgdh&ﬁw:ﬂmeddgeﬁommm;l t0pal t, nickel,

gal lium boron or small anounts of fluorine. In the zeoli te catal ysts used

in the process of the present i nvention, sone or all of the titaniumof the

£eol 4 575, Do Ak RO o B0 VW DS MRy S

vanadi um zi rmmmmmmmbymmmmmmmnﬁabdmmmm
titani um and/ %ho ﬁ@adl #gm and/or zirconiumand/or chrom um and/or ni obi um
I's generally i ®nge from0.01:1 to 0.1:1. 5 Titanium zeolites having
an MFl structure can, as is known, be identified by a particular X ray
diffraction pattern and al so by neans of a lattice vibration in the

i nfrared regi doefgréncs ginen teaising 11, 980Te; Wy Cr, Nbgrepdlitesgn partigilar Fizeolifesisi ng Ti
Ge, Te, Nb, Zr zeolites, in particular Ti zeolites. 10 Specific
exanpl es ;][Pe Ti, G, Te, V, C, No or Zr zeolites of the structural types

ABW  ACO, AE'Spe&Ed—exaﬂxENs 2O, Gé"—i‘é; VAL NVAGY: A0 TR sl G ABS), ACY.
AHT. ANA. APC APD, AST ATN ATO, é ATT ATV, AVO, Bl K,
BPH BRE, CANA! @R,GEES,AEZ%?M@Y B, 15

o HEU IFR M@W@?@D ?Sx, e Mﬁ" bTS’E@‘/T AP ofpe R B, 2
MAZ, MEl, MEL BRHBREYERANNEAS, CASCGFONGSMCRA, WHD CMOFCONT BZPMDAC, DDR,
15 DFO, DFT, DOH, DON, EAB, EDI, EMT, EPI, ERI, ESV, EUO, FAU, FER, GIS, GME,
GOO, HEU, IFR, ISV, ITE, JBW, KFL, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN,
MAZ, MEl, MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MTF, MIN, MTT,
MTW, MWW, NAT, NES, NON, OFF, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE,
RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO,
20 TON, TSC, VET, VF], VNI, VSV, WEL WEN, YUG, ZON and ITQ-4 or mixed structures
derived from two or more of these structures or mixtures of two or more thereof, with
particular preference being given to those having an MFI structure, a BEA structure, an
MEL structure, an ITQ-4 structure or an MFI/MEL mixed structure. Zeolites of this type are
described, for example, in the abovementioned reference by W.M. Meier et al.

25
Particularly preferred catalysts are the Ti-containing zeolite catalysts generally known as
“TS-17, “TS-2”, “TS-3”, “ZSM-48” and “ZMS-12”, in each case with Ti, TTM-1, Ti-RUT,
titanium-containing zeolites of the types “UTD-1", “CIT-5", CIT-1” and “SSZ-24” and also
Ti zeolites having a lattice structure isomorphous with beta-zeolite.

30

For example, titanium zeolites as are known from, for example, US 3 329 481 are used. In
such titanium zeolites, part of the Si(TV) originally present in the silicate lattice is replaced by



MIW = MAW  NAT, NES, NON, OFF, OSI, PAR, PAU, PER RHO, RON, RSN, RTE, RTH,
‘RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGI, SOD, STF, STI, STT, TER, THO 20
TON, TSC, VET, VFI, VN, VSV, VWE, VWEN, YUG ZON and ITQ 4 or m xed
structures derived fromtwo or nore of these structures or m xtures of two
or nore thereof, wth particular preferéﬂce bei ng given to those having an
MFI structure, a BEA structure, an MEL structure, an I TQ 4 structure or an

MEML mi xed st rﬁtﬁﬁ&ﬁ%n&m'ﬁ&&&%ﬁﬂ%&n&gwﬂ@éwmw e, in

t he abovenentioned referénce by WM Meier et al. 25 Particularly preferred
catal ysts ar e thadFli typsandiplse pgssnbbcwwfmm%@ng@r@mbp@ T ARpigs In

TleAi i R 2US4.4;‘§§M€@0%‘5§? ‘%J%%Pges A d“?@%&?‘iﬁ?}‘%ﬁ“ L

5, AT 1 andh "incdfsdratddSy reférente dihtol 6 phedstit repplicatiori. tuether stitaniah-ur e
I sonor phous wi th eta zeolite. 30 For exar’rg)g titani ym zeolifes as e
known from35 f oo the puyppses @ @ﬁP’EeFet“EW‘EWPQ ites,

part of the Siﬁa'(,y) W‘?‘@)%ﬁ%“ﬂtﬁé‘? Qﬁu&&gl&@t&s&ﬁalﬁp @’ph.pced

by -14- titanium as tltanlumzeolltes I n parti ar those
having a crystBP-A1405678r Apat ﬁomshddﬁlmﬂymﬂnmnmhlwdltqu| futthervmmsﬁ

th bed, f |
oAt 10507, EpARAon Seamnash s s Krbrs Rt smpssin R 3 41 255 el
fully incor por@pe omsﬁbmpwsmemﬁﬁn@ﬂbwmﬂmem-Amhm

titanium5 con ning zeolites which can readi | y be used for the_ purposes

of the preubntmqmmmmmm&ean the abevemetioged dosytaents are berehyrptsopfirlly
structure are descri ar EE’Ai 0 405 978. Apart fromsilicon
and titanium %W%%ﬁ‘t‘%‘m rpiﬁem{rtg@orrprl se additional elenents such
as alum num (described, for exanple, in DE-A 3141283), gallium (EP-A 0 266
825), boron (US 4 666 692) or small anounts gfﬁ fl uor| (EPA Q0 292 363). 10

The di scl osur eEurthsy W@éﬂ'ﬂ €8 beqused, i %mwmsama_re
hereby al so f Uhés&ibea,%%&%@}iﬁ%sbxs,&@é,&foeaﬂ&%mb,%mmw I on.

15  hereby incorporated by reference into the present application.

Further titanium-containing zeolites which may be mentioned are those having the ferrierite
or B-zeolite structure or the mordenite structure.

20 In addition, the following zeolite catalysts can be used in the process of the present

invention:

Catalysts having a zeolite structure as described in DE-A 196 23 611.8, whose contents
relating to the catalysts are hereby fully incorporated by reference into the present
25  application.

These are oxidation catalysts based on titanium silicates or vanadium silicates having a

zeolite structure, with preferred zeolite structures being as listed above. These catalysts are

shaped by consolidating shaping processes, as described in detail in the above patent
30 application.



Further zeolite catal ysts which can be used in the process of the present
“invention are described, for exanple, in US-A 5,430,000 and WO 94129408,
whose rel evant contents are 15 hereby incorporated by reference into the
present application. Further titaniumcontaining zeolites which nay be
mentioned are those having the ferrieritdd-or (3-zeolite structure or the
nordenite structure. 20 In addition, the following zeolite catal ysts can be

used in the prigR&moRy itisHRssibled B8 oxidatiotfiatalyots basedbrpfitafiin sificitds'od vahadin@l i t €
structure as described in DE-A 196 23 611.8, whose contents relating to

the catal yst s siicatehbavisigya zeglite wtrichee anskrontaivingifon 8.0 te3®e by rweight BEoRer @sent
25 application. These | | C . L ' ||l cates
or vanadi um sim?%gg@gn%%%&gfh?&%ﬁ %%%%%&%We lite
structures beiggidg itidisheplatiny thenihine §6ld aad silvies inhichlcatalysth apedikbyise been

consol i dating shaping processes, as, described in detajl in the aboye, patent
30 appl i cadi orfhapeds by fopsQl eshaping prasesses; pPychy d’a‘ﬁii'gsoﬂedégﬁ‘ﬁ'ge‘ka{“al ysts

based on titan 6ot Sthe " coM@me B Uolicks rdidinat '
structure andr]g%nm}%r%:gﬁgg?’r%?n 0.01 Si(gqg%%}fg%ﬁ:ﬁ/\lgitgmlgo %seaa(l)erzﬁ%rril’)}i glmgobl e

met al s sel ect encdipopated Hyacigreneeinte the presant appliaafion. ut heni um  rhodi um pal | adi um
osmum iridium platinum rhenium gold and silver, which catal ysts have
| i kewi se been 5 shaped by consolidating shapi ng processes. Such catal ysts

are described Adireghlis fhel@RA%RARR sapirgltoaRs, S Bindihs Wk 048 dirlidties id g t he

catal ysts are hereby fully incorporated by reference into the present

appl i cati dff. Mtuetagaf the oxidation eatalysts BEA 19§ 2310018 isderghyibeospomaied hynefetsnagder s
and the auxiliaries and the 10 structure of the oxidation catal ysts, DE-A
196 23 611.8 is hereby incorporated by reference. The oxidation catalyst
descri bed i n Dihefoxidifior? 3atfi(s .desceibed il DB-Af 196128 G094 chistaitd) fofay0.0 W& 3%, byl n

particular from, Q.05 tg 15% by i ght, especially fromO.1 to 8% py wei ght,
in~ each case Weightdnpat @%%é\ﬁemgﬁ%byew?glﬁmbm%@ié{ﬁp& Bs of

the specified [APLRe based on the amount of the titanium or vanadium zeolites, of the specified noble
15  metals. Particular preference is given to palladium. The noble metals can be applied to the
catalyst in the form of suitable noble metal components, for example in the form of water-

soluble salts, before, during or after the consolidating shaping step.

Furthermore, it is possible to use the following catalysts for the purposes of the present

20  invention:

A shaped body which comprises at least one porous oxidic material and is obtainable by a
process which comprises the following steps:

25 @ admixing a mixture comprising a porous oxidic material or a mixture of two or
more thereof with a mixture comprising at least one alcohol and water, and

() kneading, shaping, drying and calcining the mixture obtained from step (1.

30  Details regarding this catalyst may be found in DE-A 197 23 751.7, which is hereby fully
incorporated by reference into the present application.



15 netal s. Particular preference is given to palladium The noble netals
‘can be applied to the catalyst in the formof suitable noble netal
conponents, for exanple in the formof water- soluble salts, before, during
or of ter the consolidating shaping step. Furthernore, it is possible to
use the follow ng catalysts for the purpbl{:’e's of the present 20 invention:
A shaped body which conprises at |east one porous oxidic material and is
obtai nabl e by &ccdif; @,%ﬁewit%@asa&emttetdmmm&%mn
adm xing a m xture conprising a porous oxidic material or a m Xture of two
or nore theredbmdctrﬂmnhmwedbyapwswhghmﬂefoﬁmwfﬁl and wat er,
and (I1) kneadi ng, shaping, drying and cal cining the m xture obtained from
step (lI). 30 Details regarding this catalyst nay be found in DE-A 197 23

751.7, which igyher Bgigih dglhdhéastbﬂ@ preBiior e dilikin digfidy RRCENtRE With belepst @gent
appli cat lon. -16- Accor to the esent I nvention, it is also possible
to use soli®s whi chsteushis jfgmnes| inj éo rasdiv, W@aﬂlebgr‘}%@pé'?r&}?rb‘? 2

process which conpr QQ 59 g’ﬁi ¢ Bringing at |east one
precursor of sili coh&gélgi e |n4to contact wi east one 5 structure
former in a liquid medium V\/nerern t he structure former is a

pol yethyl enim pe gr a Xt yre or Detail § regardi.ng
this solid nay Eﬂﬂ%ﬂﬂb@h oy é‘?mée}%bgﬂ&woﬁg@@r el SW%C’“@H‘F%'S

hereby fully igg § fhobtborhted By 1effod ifih thelpheGert? %bnapphcatlon
Furt her cat al ysts \AE*%H can readrly be used are s%%ged bodi es whi ch

conprise ahO0inert support and at |east one sil | cate, pref erably a
crystalline si and.are t.ai.nab b I ' a

m xture conpri ?P’r%@f’%%gg"h““g @&ﬁcgﬁ sed are eté’gt %’f@g&c aﬂ'gré
ester or a hydigipsfahe af st 8¢ sifiéate) pRefiblyna ciystlling siliditen ed tHefbtee adesrs and
hydr ol ysate theréeof 15 to an inert suppor}ftq as are desc?lrngled in DE-A_ 197 54

924. 1 whose r elobkinshle biapplinga miKtare cpmprsigsbleashons silisataand gt dgst onemastalisagid i nt o
the present ap%&t&co?ah%}olysateﬂlereoforaoombmahonofmetahcacidestersandhydrolysatetheleof

15 to an inert support, as are described in DE-A 197 54 924.1 whose relevant contents are
likewise incorporated by reference into the present application.

Furthermore, it is possible, according to the present invention, to use shaped bodies which
comprise at least one silicate and at least one metal oxide and can be prepared by a process
20  which comprises the following step (i):

(§)) mixing the silicate or silicates with at least one metal oxide sol which has a low
content of alkali metal ions and alkaline earth metal ions,

25  asdescribed in DE-A 198 15 879.3.
The relevant contents of that patent application are likewise incorporated by reference into

the present application.

According to the present invention, it is also possible to use titanium silicalites which have
30 anRUT structure and can be prepared by a process which comprises steps (i) and (it):

@ preparation of a mixture of at least one SiO, source and at least one titanium source;



~Furthernore, it is possible, according to the present invention, to use
shaped bodi es which conprise at |east one silicate and at | east one netal
oxi de and can be prepared by a process 20 which conprises the follow ng
step (i): (i) mxing the silicate or siligcates with at |east one netal

oxi de sol which has a low content of arkari metal ions and al kaline earth
metal ions, 25 as described in DE-A 19815 879.3. The relevant contents of

i hat patent application are |likew se incorporated by reference into the
present application. According to the present invention, it is also

possible to ud® ti teavstallization|of T mixes figm Ghiniperressurg yessol witypddition ef 4 degstand
can be prepared by %@ﬁ&? “}Mb{'-l&fp cggg) L iS58, Sk P o
preparation of a nf%?ur 0 &a eagk oﬁ%héﬁ%ﬂ&éource an afgkgggpgg%g
titani um source; - hreanfinés)or amnyehiml saltsavthichrareduitdblecforgtabilizing clgesaf the gilicate a
pressure vessel wth addjjsls OI sl;east one tenplate conpound to give a
suspensi on; mhereiﬁm?@ﬂﬁbgﬁgﬁ gﬁ%gi used are am nes or ammoni um salts
which are suitable for stabilizing cages of the silicate 5 structure

[ 445462] and [44566581]. Details regarding these catal ysts may be found in
DE- A 198 39 7Jtdls repanding éhesanatalysis may be foundin BiFeA 1983%57%85ng .t 0 the present

invention, to use the silicon dioxides 10 containing nmesopores and
m cropores as described in DE-A 198 47 630.2, which preferably have one or

nore of the f dHuthetinog, ftaapassible, dcbording td the ipjesent inverition, w5 1ues the Riticarpdiokiliésc
surface areas of the nesopores and m cropores of at |east 30’211 n2/g; 15

(ii) a surkOof conaingmeseporesAadmisroppresasdesaprstin DEah 498F793030whish prefembly| east

0.2 nmug; (iii ' g?-!% i .er distribution of the
nmesopor es at g%“%%as% @ ?Fﬁ%ﬁg% ?%ﬁg%(ﬁgﬁgﬁls regardi ng these catal ysts
may be found in the abovenenti oned application, whose relevant contents

are fully i ncod)poragglgng%(ﬂlgefer cnc into E)P&e%ggent aggpr)llﬁ‘l:rgatl ngatlmst

300 m%g;
15 _
(i) ammufﬂépmewdmmxoﬂmnqumnsmﬂnﬂmqmnsaﬁﬁkaﬂ&ang

(i) amaximum of'the pore diameter distribution of the mesopores at at least 3 nm.

20  Further details regarding these catalysts may be found in the abovementioned application,
whose relevant contents are fully incorporated by reference into the present application.

The present invention therefore also provides a process as described above in which the
heterogeneous catalyst comprises a titanium-containing zeolite.

25
Furthermore, the present invention also provides a process as described above in which the
titanium-containing zeolite is a TS-1 zeolite.

As reactions which are possible in the process of the present invention, mention may be
30 madeby way of example of the following:



The ﬁresent I nvention therefore also provides a process as described above
‘in which the heterogeneous catalyst conprises a titaniumcontaining
zeolite. 25 Furthernore, the present invention also provides a process as
descri bed above in which the tltanlun}cqgtaining zeolite is a Th-1
zeolite. As reactions which are possiblé™Pn the process of the present

I nvention, nmention my be 30 nade byway of exanple of the follow ng: -18-

the epoxi dati ofie foxidhtivnl of dlefifts, 6lg. m@?mmbﬁprbpme ofidpfrarn properdnd EL,0; am

propene and H202 or from propene_and _nixtures which supply H202 in situ,
hydr oxyl at i on %8 propepe 6hnﬁﬂﬁbcyclic, bi cyclic or
polycyclic aromatics to 5 form nonosubstituted, disubstituted or nore

hi ghly substituted hydroxyaromatics, for exanple the reaction of phenol

and H202 or of hydroxglations suthrai the hydrexyldtion bf reenmpydic, M@ dici on polgéyelic arorpatips teduce

hydr oqui no e oxi me formatian.fr ketone t ce of H2 or
m xt ur es dBW§“¢EW§E$’5EQ%P iﬁ%@hﬁgﬂvﬁﬁﬁiw C%b

exanpl e the pr&ﬁﬁabﬁtﬂléMBnB %@Hg)}%f@mﬁﬁd ahd Wmaes@ﬂs?rmoz ;nhe
Baeyer-Villiger oxidation. 15 In the process of the present invention,

preference is gimtemoducehyiivoguinongani ¢ conpounds which have at |east one C-C
doubl e bond. As exanpl es @f such organic conpounds having at |east one CC
doubl e bond, nmention may be nade of the foll ow ng al kenes: 20 ethene,

propene, 1- but e fedmaktneR két&@bﬁiiﬁélpmdﬁ&i S3LH or mp@résewkich s@plpGHZSDh ane,

i soprene, _hexenes, hexadlenes he tenes octenes di i sqbu
trimet hyl ptht esit anéarmenia (anypenes P@@?’F‘&d’g e’faﬁmlﬁ%“ene
tripropene andﬁ&ﬁ%ﬁﬁﬁkﬁﬁﬁ&? polybutadlenes pol yi so-

- | ﬂwawmﬁﬁmg&mmhmm.

15  In the process of the present invention, preference is given to using organic compounds
which have at least one C-C double bond.

As examples of such organic compounds having at least one C-C double bond, mention
may be made of the following alkenes:

20
ethene, propene, 1-butene, 2-butene, isobutene, butadiene, pentenes, piperylene, isoprene,
hexenes, hexadienes, heptenes, octenes, diisobutene, trimethylpentene, nonenes, dodecene,
tridecene, tetradecene to eicosene, tripropene and tetrapropene, polybutadienes, polyiso-
butenes, isoprene, terpenes, geraniol, linalool, linalyl acetate, methylenecyclopropane,

25  cyclopentene, cyclohexene, norbomene, cycloheptene, vinylcyclohexane, vinyloxirane,
vinylcyclohexene, styrene, cyclooctene, cyclooctadiene, vinylnorbornene, indene, tetra-
hydroindene, methylstyrene, dicyclopentadiene, divinylbenzene, cyclododecene, cyclo-
dodecatriene, stilbene, diphenylbutadiene, vitamin A, beta-carotene, vinylidene fluoride,
allyl halides, crotyl chloride, methallyl chloride, dichlorobutene, allyl alcohol, methailyl

30 alcohol, butenols, butenediols, cyclopentenediols, pentenols, octadienols, tridecenols,
unsaturated steroids, ethoxyethene, isoeugenol, anethole, unsaturated carboxylic acids such



butenes, isoprene, terpenes, geraniol, linalool, linalyl acetate,

nmet hyl enecycl opr opane, 25 cycl opentene, cycl ohexene, norbornene,

cycl ohept ene, vinyl cycl ohexane, vinyloxirane, vinylcyclohexene, styrene,
cycl ooct ene, cycl ooct adi ene, vinyl norborngne, indene, tetra- hydroi ndene,
met hyi styrene, dicycl opent adi ene, divi nylbenzene, cycl ododecene, cycl o-
dodecatri ene, stil bene, diphenyl butadiene, vitamn A beta-carotene,

vinyl i dene f| uas adylic acidl hmﬂnadiﬂiclaéiﬂscroﬁ)ﬁﬁtaﬂd, mibleiedcide vinyladeRie hdid | unSdr@ied de,

nmet hal Iyl 30_al cohol, butenols, butenediols,

di chl or obut |
Cycl opent encd BHE HRHRhA O gl s acHomial o curgaes b awtaiod

steroids, ethoyy@ts of B8 ol %&&%]‘EE ]sl%?eﬁ 53@ gg]‘ G aC| ds
such -19- as a%&é/ll c acid, ﬁ%ﬁaokﬂ?’g acld, crotonic &r&ﬁ@%(c

vinyl acetic ac 2rtos’: carban atofns. {Particulargprefetance s givarstoataeting aherlé,pxbpdnelaﬂd C
acid, pal m§'cb§%}e[dg na Q%Pé occurrjglg‘gfats and oils In the process of
the present”inv pffﬁ lPE‘?pﬁ’ée al kenes whi ch contain
from2 to 8 carbon atons. Particul ar preference is given to reacting

et hene, propene and 5 butene Very particular pref erer;gﬂeJ is given to
reacting propeﬁéwfd\%@ FIWHTW pmryides mproeass mrwhichstbe prgavé chmspoand
process in whigh the organic conpound is propene. 10 As regards the
alteration of the errperature of the reaction nmediumin which the reaction

of the hydroperOX| de with the organic conpound takes place, essentially
the tenperature of the

al | conceing met hglds are pi:)quSl bl e. For exanpl e,
reaction altczation gf the ipmpergtureif the eeiven ingyhich; the reaetion efie

feed streamvvh I ogmtﬂ ﬁlﬁgmidnlﬁl&_s

cont i nuous ope?hgthllygﬁ) 1%3%\'@%@ ?S:l#e IS pre eél&gly var |yg§1 Wﬁe@% of
sui t abl e t her nosthedst amg)o&ﬁblc h&rrmple,rﬂnrtempmtmfsﬂae hiesctiont madlutnt cdnSbe
possible to e I L sujtabl.e t hods. exa th eact

reactors can ggo‘%ﬁl(@l W%ﬁﬁ@g%% &8’1‘&‘\&%@3{’ HF’OEWS&M%

t here i s passeghe feactionaediinii cofftiahtus gpse tenperature the tenperature of
the reaction nediumin the reactor Is set. It is of course also

concei vabl B to provi de various zones of the reactor or reactors wth

The temperature is preferably varied by means of suitable thermostatting of the reactor or
reactors. Here too, it is possible to employ all suitable methods. For example, the reactor or
reactors can be provided with a double wall through which, for example, there is passed a
liquid by means of whose temperature the temperature of the reaction medium in the reactor

20  isset It is of course also conceivable to provide various zones of the reactor or reactors with
separate double walls and to pass, for example, liquids having differing temperatures around
the various zones. The setting of different temperatures in different zones is of course not
restricted to arrangements in which the reactor is provided with one or more double walls,
but can also be achieved by means of all other suitable methods.

25
It is likewise conceivable, for example, to introduce two or more hydroperoxide streams
having different pH values into various zones of the reactor or reactors in order, for example,
to set pH values which differ from zone to zone in the reaction medium.

30 It is naturally also conceivable both to set different temperatures in various zones of the
reactor or reactors and to set different pH values of the reaction medium in these zones.



separate double walls and to pass, for exanple, liquids having differing
tenperatures around the various zones. The setting of different
tenperatures in different zones is of course not restricted to
arrangenents in which the reactor is provided with one or nore double

wal | s, but can also be achi eved by nean: %% all other suitable nethods. 25
It is |ikew se conceivable, for exanple, to introduce two or nore

hydr oper oxi de MMWWM@HWWM&WW\%W%@ t he
reactor or reacjors |q rder, for exanple, to set pH values which differ
from zone to zBHSERaRIgl,Eomne angther durang the reagtion of the hydreperaxideywithy the organic
concei vabl e boE&nﬁdﬁn& i éfaﬁ-x? mfzﬁ\rrab. i . act or
or reactors and to set differen Iebh val ues %ﬁot @%g@ﬁ%%&%ﬁ?hese
zonesbI - 20- Fotempertupiingonext ste gndm varyethe pH agrme?hlmmswpt Of sourse, tt(rjik akso pl eh
possi bl e to.vary t.engperatur H separate rom one, gngt her during the
reaction pfsft hm&éﬂgﬂp@r"% tﬁ%&aﬂ WPeﬁtF@ aﬁ&&m%emﬂ%mm& nexh steps.
exanpl e, it isQuitgeiMiy e Vabalichof pHRd Réthperind €inHe Wrried Gutvia ol sﬁiﬁﬁlearéj
tenperature in a next step_and to vary the pH a%?l nin a next step.

course, it is smsgivable genseFuthsmacre,dt isaefycourse ppssiblentoorhange: pb and denipsrame y t he
tenperature i nghoih gISE?I | ener al | .the,variatiaon.of pH
and tenperaturg cane%lte&&égﬁé]ge ou |ﬁ%@?ﬂ$§%ﬂ’mﬂ%ﬁ%§?@¥eps.
Furthernore, i simultanebuslycind sentipasslybl e t o change pH and tenperature

Si rrultaneoiJ&Iy. These paraneters are preferably changed continuously, nore
preferabl y*¥si mul taneously and continuously. 10 pH and tenperature are

preferably cha eﬂd&aﬂpﬂ%ﬂeﬁe\ﬁé&%ﬁy%@g shdy 2L Ensbe

het er ogeneous ggt alyst” i's achieved.” Thi &iioig geneygﬂﬂﬁ%c wve%a of the

i ncreasi ng t heheterngeneous gatalyst isfachiesed r Bhisds gemeralieathieved biytilcréasiag the temypreeatire Ne.
Dependi ng on the,t . of catalyst used, .it is ossiple to_counter ., . .
deacti vation o?FWﬁ%PQ%%%m%' lé?m&g‘&gr ?WPWW?% 15
reaction medi Upbssibleto iobumier eR%iR4tioR Of M8 RARYAT Fm&&sﬁgsrm&%&?ﬂ@fpﬁmhe
present invention, a titaniumcontaining silicalite is used as

het er ogenebls astion yaadium. A ipg-preferred erabadinent et prodess of the present invention, a

' titanium-containing silicalite is used as heterogeneous catalyst, the pH is generally reduced
during the course of the reaction.

The present invention therefore also provides a process as described above in which the pH
20  of'the reaction medium is reduced during the reaction.

It is of course conceivable for one or more temperature reductions or one or more pH
increases to be carried out during the reaction in order, for example, to match the activity and
selectivity of the catalyst to a desired value.

25
A particular advantage of the process of the present invention is that when the pH of the
reaction medium is varied appropriately, significantly smaller temperature changes are
necessary than would be the case if the pH were not changed.

30  Atareaction pressure of 30 bar, the temperatures set in the process of the present invention
are generally in the range from 0 to 120°C, preferably in the range from 10 to 90°C and
more preferably in the range from 20 to 70°C. The pH of the reaction medium is generally in



during the course of the reaction. The present invention therefore also
‘provi des a process as described above in which the pH 20 of the reaction
medi umis reduced .during the reaction. is of course conceivable for one
or nore tenperature reductions or one or re pH increases to be carried
out during the reaction in order, for exaﬂg to match the activity and
selectivity of the catalyst to a desired val ue 25 A particul ar advant age
of the pr ocesmwﬁngefm)maasﬁmdimmaﬂﬁﬂmﬁeﬂeﬁblyhmﬂlew fidae 3 poi60kn Iohgterm

reaction rredlumlsv i ed appropri ter, gni fi ly small er fenperature

ggaz\?es are t &?Wﬁﬁ%&?&e@@’%ﬁ? %’3’ %W’@Hﬁ?”a@ﬁ ged. f

a reacti r ess o0
ﬁ%ﬂlﬁﬁslsﬁ‘bﬁia P lan Hli/prfaiﬁﬁ?lk%ﬁﬁ?ﬁw Sy flesd, olée'('}ﬁcef%ﬁﬁ

the present invention are gener e rangé fromO to

preferably |nby|ﬁem04ﬂge024dayn 10 to 90C and nore preferably in the range
from20 to.70C. The pH of the reaction nediumis generally in -21- the
range fromsz to 6 and particularly preferably in the range from3 to 6. In
| ong-term Op%ﬁﬁidiﬂbﬁmﬂl@mimbéiﬁmaﬁddﬂ{Bfﬁémbhmeﬁﬂ@ﬂﬂ@ﬁ*ewe%ﬁ%iy or

| ess, nore preferably by fromO02 to day, and the pHis preferably
changed by 0. Syhithyheseactiontekes plseecan vasied/in the preqegsaf theaesen inyentiopdiis 5 | n

a0 1,00 o L P T gy Eﬁ%%é%fﬁeiﬂ"@?ﬂ?e o ok Vil SRR O RnFERE, | 0°

pr ocess of th&ewceMWﬂmmmdtbmmmmbéwhmmpHM@tmmm
st eps, ssu H to be varjed while the te erahu I s . kept
const ant EP ﬁl‘é"g g’@? ﬂEFrW?I"B%‘i‘ efpverdh qtﬂ'@ld&ﬁog kept

constant, as jothE iAS the pH and the tenperature of the reaction nedi um

are varied over the total duration ofthe reaction. As far as the variation
of the pressure is concerned recourse can be made, in the process of the
present inventj o all ods Whi. ch are known fraom t I or art cor are
ot her wi se %’ tth vanatlono% cemed, recourse 0be acﬁ 1B

the present invention, to all methods which are known from the prior art or are othervmse
15  suitable. However, preference is given to working at pressures under which no gas phase is
present.

In the process of the present invention, the heterogeneous catalyst can naturally be pretreated
by all suitable methods before use. Pretreatment of heterogeneous titanium silicalite catalysts

20  is described, for example, in the abovementioned EP-B 0 230 949, whose relevant contents
are hereby incorporated by reference into the present application.

It is likewise conceivable for the catalyst to be regenerated by means of all suitable methods
after the reaction. Such regeneration methods are described, for example, in the

25  abovementioned J. Catal. 129 (1991), pp. 159-166, and WO 98/55228, whose relevant
contents are hereby incorporated by reference into the present application.

The following examples illustrate the process of the present invention.
30 Examples

Example 1: Comparative example



15 sui table. However, preference is given to working at pressures under
‘which no gas phase is present In the process of the present invention, the
het er ogeneous catal yst can naturally be pretreated by all suitable nethods
before use. Pnt eatnent of heterogeneoushitaniumsilicalite catalysts 20
I s described, for exanple, in the abovenenti oned EP-B 0 230 949, whose

rel evant contents are hereby incorporated by reference into the present
application. It is |likew se conceivable for the catal yst to be regenerated
by neans of al ui tabl e d f the.r [ uch r ner.atj on
nmet hods are de %ﬁ%?ﬁ@%ﬁ%&?ﬁ%@ﬁ%@%@%@@%%@. 129
(1991), pp. 15QitH&8oubkrwhilfas WingedAth 569/a 0 Catalyst. THEEHalysORas 2T8-5 catalyst gl eby

i ncorporated by reference into the present. application. The foll ow ng

exanpl es i | | usWasawsed ity the fprge ok af 2am. It vos peparpd as

A
Exampl e 1: ' vibse BletdiP | ]%ﬁgﬁeﬁn@iﬁt?%eer of
24 mm and aﬁ%* % 00?; m’gﬂ‘ﬁﬁ@s pr‘g)\l/tl[eggg}eqémw%&%& ubl'e wal' T "was
charged with GSfitsegtapplicational yst. The catal yst was a TS-1 catal yst and was
used in the formof shaped bodies having a dianmeter of 2 mMmm It was
prepared as 5 described in WO 97/31711, whose rel evant contents are

i ncorporat ed bynd dcir WS theh Nbded With niRhASHE The RRBbA Hradsine as S8 IRl the\a s
then flooded with nmethanol, the reaction pressure was set to 30 bar and the

i ntroducti on ofntredvcticnnef methangl at st rate of 156G ghgras commencsdnthegadettspece) of dheet

Cemper ot ur B anS SRS s o ERRERGA b b b ot G el

starting materwadsttges®.then netered in frompressure reservoirs by neans
of HPLC punps: 15 134 g/ h of propene, 99.5% pure,

The following starting materials were then metered in from pressure reservoirs by means of
HPLC pumps:
15

- 134 g/h of propene, 99.5% pure,
- 214 g/h of hydrogen peroxide, aqueous, concentration = 50%, pH=2.

The product leaving the reactor was depressurized and analyzed. The conversion was
20  determined by titration of the unreacted hydrogen peroxide with titanyl sulfate. The

selectivity was determined by means of gas chromatography. During the experiment, the

temperature set at the thermostat was changed so that the hydrogen peroxide conversion at

the outlet from the reactor remained constant at 85 + 3%. The propylene oxide selectivity as

a proportion of the hydrogen peroxide reacted remained essentially constant during the entire
25  experiment and was in the range from 92 to 95%.

The thermostat temperature as a function of time is shown in fig. 1.

In the figure:
30 (@ denotes time/h
®) denotes thermostat temperature/°C



214 g/ h of hydrogen peroxide, aqueous, concentration = 50% pH = 2. The

" product |eaving the reactor was depressurized and anal yzed. The conversion
was 20 determined by titration of the unreacted hydrogen peroxide with
titanyl sulfate. The selectivity was degfrm ned by neans of gas

chromat ography. During the experinent, tenperature set at the

t hernost at was changed so that the hydrogen peroxi de conversion at the
outl et from t HExamepleor (Emtniuousl epmﬂalnnn aof 8prop3léneThwithr amtckng ofi de
selectivity as a pr oportlon héd g“ %iOXI d reacted remai ned
essential |y constant durF‘i‘Pge‘E ql’ to aEftraly a3 S vas in the range
from92 to 95% The thernostat terrperature as a function of time is shown
infig.1. In the figure: 30 (a) denotes ti nmeth (b) denotes thernostat

t enper ati me! CTI@:smcEmamps caried Orini avmeunst apalngourntol example 1 with ythe: fdlowingh

vas car i o0 odbEres AL ok 1 ApBisathidt iviied beS HRBAT PR hARY ' "

alterations: |memgam‘eafupmealhasdvemm&eﬁehmnw@aé 50% strength\Wydroyeh Resxide
per oxi de sol utlons hav g di fferent pH V%| ues were netered in. An_agueous

50% st rengt h @W@%WW@W ced

via the fi rst hmﬁe ]ﬂﬁﬂg&g

per oxi de solutio 1a€‘ﬂon%ﬂgmoﬁiméfgo§u&ps [ Qg{g{uép%/ via the secong met eri ng
unit The hydragamrgamﬂﬂehydrbg&mmmmmonﬂmwpgiﬂwplﬂ aﬁeﬁquasmmdlﬂyy 10
treatnment of the co ci al uc h .a basic

Serdol it (r! Bﬁwghqep"%ftﬁ “ﬁ%é’FOd[ ugt g q@gﬁfonoqxclgﬁgqg 3@91&]}'@%‘”@8 from
Rohm & Haas) %m%gan%ewar&h&rﬁ@msmﬁoﬁm& atl@ycrreans of a glass

el ectrode and they were netered in using a ratio regulator in such a way
that any desired pHin the range from2 to 6 could be 15 set. The hydrogen

'Itoﬁ[eOXI de sol utmgﬁmh%@"%%v%ggn ﬁ%ﬁb}&a&é‘%f&é%&g&oay VG %Q?e”m&&%hmo
using a ratio regulator in such a way that any desired pH in the range from 2 to 6 could be
15 set

The hydrogen peroxide solution which had been set to the desired pH was then fed into the
reactor as in example 1. As initial conditions, a temperature of 25°C and a pH of 6.0 was set.

20  The product leaving the reactor was then depressurized and analyzed. The conversion was
determined by titration of the unreacted hydrogen peroxide with titanyl sulfate. The
selectivity was determined by means of gas chromatography. During the experiment, the
temperature sct at the thermostat was increased at a constant rate of 0.2°C/day and the pH of
the hydrogen peroxide solution fed in was reduced so that the hydrogen peroxide conversion

25  at the reactor outlet remained constant at 85 = 3%. The propylene oxide selectivity based on
the hydrogen peroxide reacted remained within the range from 92 to 95% during the entire
expetiment.

The thermostat temperature and the pH of the hydrogen peroxide solution used are shown as
30 functions of time in fig. 2. The temperature curve from example 1 is drawn in as a broken
line for comparison.



reactor as in exanple 1. As initial conditions, a tenperature of 25C and a
"pH of 6.0 was set 20 The product |eaving the reactor was then
depressuri zed and.anal yzed. The conversion was determ ned by titration of

t he unreacted hydrogen peroxide with tit nyI sulfate. The selectivity was
determ ned by neans of gas chronatograph “During the experinent, the
tenperature set at the thernostat was increased at a constant rate of

0.2C day and tiadigi@d of the hydrogen peroxide solution fed in was reduced
so that the hydrogen peroxi de conversion 25 at the reactor outlet renained
constant at 85 3% The propylene oxide selectivity based on the hydrogen
peroxi de react I &iZR %yﬁh thin the range from92 to 95% during the entire
experiment The™t hernos enperature and the pH of the hydrogen peroxide
sol ution usedaﬂeeathmﬂumm@ﬂ&hmmMuﬂﬂE of time in fig. 2. The tenperature

curve fron1ex % i S awn in as a broken |ine for conparison. ti -24-
In 2: (a) éen b) denotes thernostat ternpenturef C 5 (c¢)
denotes pH (dk¢penqkﬁ§ﬂﬁﬁﬁﬂ§ﬁ@§&ﬁﬁacurve (e) denotes pH curve (f) denotes
tenperature curve fron1exanp|e I 10 The experinent was stopped after 950
hours. As can(ﬁb s the tenperature range required and the
required rate éﬁ?ééﬁp q be significantly reduced by
si mul t aneousl chan é%% ure -25- O Z. 0050/50546 W claim

1. A process for reacting an organic conpound wi th a hydroperoxide using at
10  The experiment was stopped after 950 hours. As can be seen from fig. 2, the temperature
range required and the required rate of change of temperature could be significantly reduced
by simultaneously changing temperature and pH.



_Ie-'as'f one het erogeneous catal yst, wherein both the pH and the tenperature
5_of the reaction nmedium are changed during the reaction. 2. A process as
claimed in claiml1, wherein a hydroperoxide solution is added continuously
to the reaction nmedium 10 3. A process clainmed in cl aj in the
change.in the pH of the reaction nedi uh??'s achi eved by ?ﬁ%é."%@@ﬁ%@ pH of
t he hydroperoxide solution which is added to the reaction nedium 4. A
process as cl &Veddim:n any of clains 1 to 3, which conprises at |east the
15 steps (i) to (iii): (i) reacting the hydroperoxide with the organic
conpound to give a mxture conprising the reacted organic conpound and
unreacted —hydr operoxiodess faPrehbting AERBAAL | With 836 bR REIE0KT d°
fromthe m xture resglti ng feroﬁggstep ?’lﬁéb&?ﬁ” reac'?‘?nlgﬁ;t e h;’gr per oxi de
whi ch has been sepdeast eut bétérogeneous eatliyst) whesieinhbath ¢heopld and ¢che tsmperatate 25
where the geactions_n steps (i) and (iii), are rried out in at |east two
separ at e eactors%#&?lﬁ?ﬁﬁnﬁ%@%%‘%ﬂ?#dw ea'ieﬁ‘%@nof the reaction
medi um are changed in at |east one of the reactors used in steps (i) and
(iii). 5. A process as clainmed in any of clainms 2 to 4, wherein _the pH of
the 30 hydr oper oxiAiprosessiasiclaimed inclaimybavherein a hydmoperpxide) solutioniis added| i oj
~~Ms -26- (a) b . f eroxide solution with at | east
@%ﬁ%ﬂx@@& g% erﬁéﬁ%n %@hﬂﬂ

one ion exchanger 1on"o

10 3. A process as claimed in claim 2, wherein the change in the pH of the
reaction medium is achieved by changing the pH of the hydroperoxide

solution which is added to the reaction medium.

4, A process as claimed in any of claims 1 to 3, which comprises at least the
15 steps (1) to (iii):

@ reacting the hydroperoxide with the organic compound to give a
mixture comprising the reacted organic compound and unreacted
hydroperoxide,

20 (ii)  separating the unreacted hydroperoxide from the mixture resulting
from step (i),
(iii) reacting the hydroperoxide which has been separated off in step (ii)

with the organic compound,

25 where the reactions in steps (i) and (iii) are carried out in at least two separate
reactors and both the pH and the temperature of the reaction medium are changed in
at least one of the reactors used in steps (i) and (jii).

5. A process as claimed in any of claims 2 to 4, wherein the pH of the

30 hydroperoxide solution is changed

e ———

My



'(aa)‘an acidic salt or 5 (bb) a basic salt or (cc) a neutral conpound or
(dd) a mxture oftwo or nore thereof to the hydroperroxide solution or (c)
by a conbination of nethods (a) and (b). 10 6. A process as clained in any
of clainms 2 to 5, wherein the hydroperox&ég solution is an aqueous

hydr ogen peroxi de solution. 7. A proces3“ds clainmed in any of clains 1 to
6, wherein the heterogeneous 15 catalyst conprises a titaniunmcontaining
zeolite. 8. A Dproghss 29 ueiiRe thehydbperskideGbRiticiwith it feast ondhvl tangdne
organi ¢ conpound contains at |east one C C double bond. 20 9. A process as
claimed in ang*of clains 1 to 8, wherein the pH of the reaction nmediumis
reduced during the )eac ' i#tiohdf A process as claimed in any of claims 1 to
9, wherein not only“the “tenperature and pH of the reaction nedium but al so
t he pressure under 25 \{#)chahbadicsdtori on is carried out is changed.

fiiiiiiyi %ijii (bb)  abesicsaltor
(cc)  aneutral compound or
(dd) amixture of two or more thereof
to the hydroperoxide solution or

© by a combination of methods (a) and (b).

10
6. A process as claimed in any of claims 2 to 5, wherein the hydroperoxide
solution is an aqueous hydrogen peroxide solution.
7. A process as claimed in any of claims 1 to 6, wherein the heterogeneous
15 catalyst comprises a titanium-containing zeolite.
8. A process as claimed in any of claims 1 to 7, wherein the organic
compound contains at least one C-C double bond.
20 9. A process as claimed in any of claims 1 to 8, wherein the pH of the reaction
medium is reduced during the reaction.
10. A process as claimed in any of claims 1 to 9, wherein not only the
temperature and pH of the reaction medium but also the pressure under
25 which the reaction is carried out is changed.

O



