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5 Technical Field The present invention relates to a
met hod of oxidizing a carbon-carbon double bond of a
compound having at least two or nore functiona
groups with at 10 | east one functional group being a
car bon-carbon double bond (hereinafter, sonetines
sinmply referred to as "CbnpoDnh'A"), using a
titanosilicate catalyst, and a process for producing
an oxidi zed conpound utilipEsgraualon an oxi di zi ng

nmet hod. 15 More specifically, the present invention
rel ates 'nephod of OXId“ZIno a carbon carbon
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20 the presence of a titanosilicate catalyst, and also

relates to a process for producing an oxidized compound
(preferably an epoxy compound) utilizing the oxidizing
method.

25 Background Art

In general, "zeolite" has been used as a generic
term for crystalline and porous aluminosilicates, and the
basic unit of the structure of the "zeolite" has been
(510,)* or (Al0,)* having a tetrahedral structure.

30 However, it has recently been clarified that a structure
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peculiar to or analogous to such a "zeolite" is also
present in many other oxides such as aluminophosphate.

In addition, the International Zeolite Association
(hereinafter, simply referred to as "IZA") summarizes the
definition of the zeolite in W. Meier, D.H. Meier,

D.H. Olxon and Ch. Baerlocher, Atlas of Zeolite Structure
Types, 4™ Edition, Elsevier (1996) (hereinafter, simply



referred to as the "Atlas"). According to this Atlas,
substances having a simlar structure other than

alum nosilicate, are described as an object substance
in prescribing the structure, and these substances
are 5 called as a "zeolite-like material" in the

Atlas (Wth respect to the details of the history
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structure thereof. The structural codes include those
contained in Atlas and those approved in the 4" edition,
et seq.

In the present specification, the terms
"aluminosilicate” and "titanosilicate" are not limited at
all by the properties and/or states thereof (such as
crystalline or amorphous, or porous or not porous).
Therefore, in the present specification, these terms
denote "aluminosilicates" and "titanosilicates" of all
properties, unless otherwise indicated specifically.

In the present specification, the term "molecular
sieve" means an activity or operation for classifying
the molecules by the size thereof, and the term also
means a substance having such a function. Zeolite is



3 also included in the definition of this nolecul ar

sieve (Wth respect to the details thereon, the

portion relating to "nolecul ar sieve" in Hvoiun

Kagaku Yogo Jiten (Standard chemnical d ossary),

edited by the Chemical 5 Society of Japan, published

by Maruzen (March 30, 1991) may be referred to). The

"meso- porous body" as used in the present

specification is a porous substiance havi ng a pore
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containing no aluminum, as the catalyst, and using
25 hydrogen peroxide or an organic peroxide as the oxidizing
agent.

In the oxidizing reaction of compounds having a
carbon-carbon double bond such as an olefin compound,
using a titanosilicate catalyst, a ring-opening reaction

30 of the epoxy group is liable to occur on the resultant
product of the epoxy compound and, as a result, the
selectivity of the epoxy compound is disadvantageously
decreased. Further, as the catalytic activity decreasing
rate is large in such a reaction, the catalyst must be

35 used in a large amount, or the catalyst must be
regenerated very often. Thus, it is difficult in many
cases to industrially use the titanosilicate catalyst.
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cases to industrially use the titanosilicate
catalyst. 4 On the other hand, JP-A-10-25285

di scl oses a nethod wherein a m xture of al cohol and
ketone is co-present in the reaction for epoxidizing
an ol efin conpound with hydrogen peroxide by using a
crystalline titanosilicate 5 (TS-1) catal yst having a
structure code of ZSM5. The addition of the m xture
of al cohol and ketone was conducted because, in the
oxi di zing reaction of an ol efin conpound using
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and ammonium carbonate is used as the co-catalyst in the
epoxidation of an allyl halide with a titanosilicate
catalyst and hydrogen peroxide. In the specification of
this patent publication, there is described an example
wherein when the reaction is performed while being
irradiated with ultrasound in the co-presence of ammonium
carbonate, the ring-opening reaction of the epoxy
compound can be suppressed. However, the ammonium
carbonate must be added in a large amount, and the
recovery of ammonium carbonate is difficult. Thus, it is
problematic to use this method industrially. Further,
when ultrasound is irradiated, the catalyst is seriously
pulverized into fine powder and it becomes more difficult
to separate the catalyst from the reaction mixture and to



pul verized into fine powder and it becones nore
difficult to separate the catalyst fromthe reaction

m xture and to - 5 - recover the catalyst. As

descri bed above, although various proposal s have

been nmade regarding the oxidizing reaction of an

ol efin conpound using a titanosilicate as the

catal yst and a 5 peroxide as the oxidizing agent, the
industrially practicable techn?que is rather
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have found that in the case of an oxidizing reaction of a
carbon-carbon double bond of Compound A using a peroxide
25 as the oxidizing agent in the presence of a
titanosilicate catalyst, it is extremely effective in
attaining the above object to suppress the conversion of
Compound A to a certain degree and to again use at least
a portion of the unreacted Compound A (which has been
30 separated from the reaction product) in the oxidation
reaction so as to prevent the loss of Compound A; and as
a result, the intended oxidizing reaction can be
performed more efficiently with high selectivity.
More specifically, the present invention (I) is a
35 method of oxidizing a carbon-carbon double bond of
Compound A, comprising the following first to third
steps:



Compound A, conprising the following first to third
steps: 6 - First Step: a step of oxidizing a

car bon-carbon doubl e bond of Conpound A using a
peroxi de as an oxidizing agent in the presence of a
titanosilicate catalyst at a conversion of 5 Conmpound
A of 50 nold or less to obtain an oxidation reaction
m xture; Second Step: a step of separating Conpound A
fromthe oxidation reaction Ti®xfure obtained in the
first step; and 10 Third Step: a step of returning
ConpaundtAsedpai ned in the second step to the first

step. In gdditlofk Lhe; present.lpventl on may inchude o
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as dggrcl:élofe% Icgmltagt?ncf‘%%vﬁegg'g ’haVJ.%[;ewo or more functional
groups with at least one functional group being a carbon-
carbon double bond (hereinafter, sometimes simply
referred to as "Compound A"); the oxidizing method
comprising the following first to third steps:
First Step:

a step of oxidizing a carbon—carbbn double bond of
Compound A using a peroxide as an oxidizing agent in the
presence of a titanosilicate catalyst at a conversion of
Compound A of 50 mol% or less to obtain an oxidation
reaction mixture;

Second Step:

a step of separating Compound A from the oxidation
reaction mixture obtained in the first step; and
Third Step:

a step of returning Compound A obtained in the
second step to the first step.

[2] A method of oxidizing a carbon-carbon double
bond of Compound A as described in the above [1], wherein
the conversion of Compound A in the first step is 30 mol%
or less.

[3] A method of oxidizing a carbon-carbon double



35 the conversion of Conpound Ain the first step is
30 nold or less. [3] A nethod of oxidizing a

car bon-carbon double - 7 bond of Conpound A as
described in the above [1], wherein the conversion
of Compound A in the first step is 15 nol % or |ess.
[4] A nmethod of oxidizing a carbon-carbon double 5
bond of Conpound A as described in any one of the
above [1] to [3], wherein the peroxide in the first

stepis a limting reaction conponent, the per oxi de
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20 sel eberdl 9t GempRenGriows desst idtedngnothdyaliaygen6], wherein
the crystal structure of the crystalline titanosilicate
is at least one member selected from the group consisting
of MFI-type, AEL-type, EUO-type, FER-type, MEL~-type,
AFI-type, MWW-type, ATO-type, *BEA-type, MOR-type and

25 -CLO-type, and the composition thereof is represented by
the following compositional formula (1):
Compositional Formula (1)

XTi0, (1-x)Si0,

(wherein x is from 0.0001 to 0.2).

30 [8] A method of oxidizing a carbon-carbon double
bond of Compound A as described in any one of the above
[1] to [7], wherein the oxidizing agent is at least one
compound selected from the group consisting of hydrogen
peroxide, tert-butyl hydroperoxide, tert-amyl

35 hydroperoxide, cumene hydroperoxide, ethylbenzene
hydroperoxide, cyclohexyl hydroperoxide, methylcyclohexyl
hydroperoxide, isobutylbenzene hydroperoxide,



peroxide, tert-butyl hydroperoxide, tert-anyl 35
hydr oper oxi de, cumene hydroperoxide, ethyl benzene
hydr oper oxi de, cycl ohexyl hydroperoxi de,

met hyl cycl ohexyl  hydroperoxi de, isobutyl benzene
hydroperoxi de, - 8 ethyl napht hal ene hydroperoxi de
and peracetic acid. [9] A nethod of oxidizing a
carbon-carbon double bond of Conpound A as descri bed
in any one of the above [1] t®[8], wherein the
functional group other than the 5 carbon-carbon
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ond of Compound A as described in the above [10},
wherein the allyl ethers are at least one compound
selected from the group consisting of an allyl methyl
ether, an allyl ethyl ether, an allyl propyl ether, an
allyl butyl ether, an allyl vinyl ether and a diallyl
ether.

[12] A method of oxidizing a carbon-carbon double
bond of Compound A as described in the above [10],
wherein Compound A is a diallyl ether or an allyl alcohol
and the oxidizing agent is hydrogen peroxide.

[13] A method of oxidizing a carbon-carbon double
bond of Compound A as described in the above [10],
wherein the polyhydric alcohol ethers are at least one
compound selected from the group consisting of an
ethylene glycol monoalkenyl ether, an ethylene glycol



[13] A nethod of oxidizing a carbon-carbon doubl e

bond of Conpound A as described in the above [10], 35
wherei n the pol yhydric al cohol ethers are at | east

one conpound selected fromthe group consisting of

an ethylene glycol nonoal kenyl ether, an ethyl ene
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nonoal kenyl ether, a 1, 2- propanedlol di al kenyl
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allyl chloride, an acrolein, a methacrolein and an
25 acrylic acid.
[16] A method of oxidizing a carbon-carbon double
bond of Compound A as described in any one of the above
[1] to [15], wherein the oxidation reaction is performed
in the presence of at least one solvent selected from the
30 group consisting of alcohols, ketones, nitriles and
water.
[17] A method of oxidizing a carbon-carbon double
bond of Compound A as described in any one of the above
[1] to [16], wherein the product obtained by the
35 oxidation reaction is a compound resulting from the
epoxidation of the carbon-carbon double bond site of the
raw material Compound A.



[17] A nethod of oxidizing a carbon-carbon doubl e
bond of Conpound A as described in any one of the
above [1] to [16], wherein the product obtained by
the 35 oxidation reaction is a conpound resulting
fromthe epoxidation of the carbon-carbon double
bond site of the raw material Conpound A. 10 [18] A
process for producing an oxi di zed conpound of
Conpound A, conprising usi ng~th® oxi dati on nethod of
a carbon-carbon doubl e bond of Conpound A descri bed
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15al sookegPyeifdgkAct he tank C. 25 2: Tank A} A tank

for storing di aIIyI ether as a raw material. 3: Tank

B, A tank for storing aqueous hydrogen peroxide
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20 Respectlve reference numerals in the figure denote

have the following meanings: 7

l: Tank C; A tank for storing diallyl ether and
methanol, as raw materials. Unreacted diallyl ether and
methanol are also recovered to the tank C.

25 2: Tank A; A tank for storing diallyl ether as a

30

35

raw material.

3: Tank B; A tank for storing aqueous hydrogen
peroxide solution of 60 mass%.

4: Mixer; A device for mixing the methanol solution
of diallyl ether supplied from the tank C, the diallyl
ether supplied from the tank A, and the aqueous hydrogen
peroxide solution of 60 mass% supplied from the tank B,
so as to prepare a homogeneous solution.

5: Oxidation reactor; A reactor which is filled
with titanosilicate catalyst and is to be used to oxidize
diallyl ether.

6: Distilling column (or tower) A; A distilling



per oxi de sol ution of 60 nmass% supplied fromthe tank
B, so as to prepare a honogeneous solution. 5:

Oxi dation reactor; A reactor which is filled 35 with
titanosilicate catalyst and is to be used to oxidize
diallyl ether. 6: Distilling colum (or tower) A A
distilling - 11 colum into which the reaction

m xture flow ng out of the oxidation reactor is
feed. Fromthe colum top, unféacted diallyl ether
and net hanol are collected. 7: Distilling colum B; A
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step to tHaerst ;SHepstep. 30 At first, the first step
i's descrihegkep OF ban@siindLat Baswdrldttobn double bond of

Compound A by using a peroxide as the oxidizing agent in
20 the presence of a titanosilicate catalyst so as to

provide a conversion of Compound A in the range of

50 mols or less to thereby obtain an oxidation reaction

mixture;

Second Step:

25 a step of separating Compound A from the oxidation

reaction mixture obtained in the first step; and

Third Step:

a step of returning Compound A obtained in the
second step to the first step.

30 At first, the first step is described.

(Titanosilicate catalyst)

The titanosilicate catalyst to be usable in the
first step of the present invention is not limited.
Specific examples thereof may include crystalline

35 titanosilicate and porous titanosilicate represented by

the following compositional formula (1):
Compositional Formula (1)



The titanosilicate catalyst to be usable in the

first step of the present invention is not limted.
Speci fic exanpl es thereof may include crystalline 35
titanosilicate and porous titanosilicate represented
by the follow ng conpositional formula (1):
Conpositional Fornmula (1) - 12 - xTi@' (1-x)S 02
(wherein x is from0.0001 to 0.2). Herein, "x" in the
above formula means the mol ar 14atio of T 02 present
in the titanosilicate and (1-x) is 5 the nolar ratio
of S 02 pg@wnﬁlj,ﬂ@l@l n. In other words, x/(1-Xx)
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skeletons. However, in the case where titanium is
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present outside the skeleton in addition to titanium
inside the skeleton, it is actually difficult to

25 precisely determine the titanium contained inside the
skeleton. Generally, for example, on the ultraviolet-
visible absorption spectrum, the absorption in the
vicinity of 210 nm is assigned to titanium inside the
skeleton, the absorption in the vicinity of 260 nm is

30 assigned to 6-coordination titanium species outside the
skeleton, and the absorption in the vicinity of 330 nm is
assigned to anatase-like titanium species. Accordingly,
when an absorption is present in the vicinity of 210 nm,
it is recognized that the titanosilicate contains

35 titanium inside the skeleton. 1In fact, the
titanosilicate catalyst in the present invention (I) has
an absorption in the vicinity of 220 nm and this reveals



skel eton, and the absorption in the vicinity of 330
nmis assigned to anatase-like titanium species.
Accordi ngly, when an absorption is present in the
vicinity of 210 nm it is recognized that the
titanosilicate contains 35 titaniuminside the
skeleton. In fact, the titanosilicate catalyst in
the present invention (1) has an absorption in the
vicinity of 220 nmand this Teleals - 13 that
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nmeso- orous titanosi | g
MOMSAETPRERE 28, CsHes 6 1 negA tpnosh l?atGSBAlaS ipglgide those
having a crystal structure of MFI-type, AEL-type,

25 EUO-type, FER-type, MEL-type, AFI-type, MWW-type,
ATO-type, *BEA-type, MOR-type and CLO-type. On the other
hand, specific examples of the meso-porous titanosilicate
may include meso-porous titanosilicates having a code of
FSM-16, MCM-41, MCM-48, MCM-50, SBA-1, SBA-2, SBA-3, HMS,

30 MSU-1, MSU-2, SBA-15 and SBA-16.

Preferred examples of the titanosilicate as a
catalyst may include crystalline titanosilicates of
MFI-type, MEL-type, MWW-type and EUO-type, and meso-
porous titanosilicates MCM-41 and MCN-48. Among these,

35 more preferred are crystalline titanosilicates of
MFI-type and MWW-type and meso-porous titanosilicate
MCM-41. Of course, these titanosilicates can be used as
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30 MBU-1, MSU 2, SBA-15 and SBA-16. Preferred
exanples of the titanosilicate as a catalyst nay
include crystalline titanosilicates of MI-type,
MEL-type, MAWWtype and EUO-type, and neso- porous
titanosilicates MCM 41 and MCN-48. Anong these, 35
nore preferred are crystalline titanosilicates of

MFl -type and MAWMtype and neso-porous titanosilicate
MCM 41. OF course, these titanbkidicates can be used
as - 14 a mxture of two or nore species thereof.
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non-acidic or weakly acidic substance which does not
accelerate the decomposition reaction of the peroxide or
the decomposition reaction of the intended oxidized
compound.
(Oxidizing reaction)

In the oxidizing reaction at the first step of the
present invention, only the oxidizing reaction of the
carbon-carbon double bond of Compound A can be
selectively performed without affecting other functional
group excluding the carbon-carbon double bond. Of
course, the other functional group excluding the carbon-
carbon double bond can be reacted to obtain an utterly
different intended product, and such a case is also
included in the present invention.

According to the present inventor's investigation
and knowledge, the reason for providing the above-



car bon- carbon doubl e bond of Conpound A can be 30
sel ectively perfornmed w thout affecting other
functional group excluding the carbon-carbon doubl e
bond. O course, the other functional group

excl udi ng the carbon- carbon doubl e bond can be
reacted to obtain an utterly different intended
product, and such a case is also 35 included in the
present invention. According-té3the present
inventor's investigation and know edge, the reason
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reaction, the perox1de may most preferably be hydrogen
perox1de‘ ‘The hydrogen peroxide can be used in any

25 concentration. For example, an aqueous hydrogen peroxide
solution having a concentration of 30 mass%, 60 mass$ or
90 mass%, which is commercially available in industry,
can be used.

(Compound A)

30 The "Compound A" used in the first step of the
present invention is not particularly limited. Any
compound can be used as long as it is a compound having
at least two or more functional groups within
one molecule thereof and at least one of these functional

35 groups is a carbon-carbon double bond. In this case, the
other functional group of Compound A excluding the
carbon-carbon double bond essential to the Compound A may



can be used. (Conpound A) 30 The "Conpound A" used in
the first step of the present invention is not
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20 (Specific examples of Compound A)

More specific examples of Compound A may include
allyl ethers, ethers of polyhydric alcohol, carboxylic
acid esters and other compounds having 3 to 10 carbon
atoms. Of course, a mixture of two or more thereof may

25 be used.

More specifically, examples of the allyl ethers may
include allyl methyl ether, allyl ethyl ether, allyl
propyl ether, allyl butyl ether, allyl vinyl ether and
diallyl ether.

30 Examples of the ethers of polyhydric alcohol may
include ethylene glycol monoalkenyl ether, ethylene
glycol dialkenyl ether, 1,2-propanediol monoalkenyl
ether, 1,2-propanediol dialkenyl ether, 1,3-propanediol
monoalkenyl ether, 1,3-propanediol dialkenyl ether, 1,2-

35 butanediol monoalkenyl ether, 1,2-butanediol dialkenyl
ether, 1,3-butanediol monoalkenyl ether, 1,3-butanediol
dialkenyl ether, 1,4-butanediol monoalkenyl ether, 1,4-



include allyl nethyl ether, allyl ethyl ether, allyl
propyl ether, allyl butyl ether, allyl vinyl ether
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25 In this case, when diallyl ether is used as
Compound A, allyl glycidyl ether, diglycidyl ether or a
mixture thereof can be obtained as the oxidized compound.
When allyl alcohol is used as Compound A, glycidol can be
obtained as the oxidized compound.
30 The conversion of Compound A in the first step is
50 mol% or less, preferably 30 mol% or less, more
preferably 15 mol% or less. The "conversion of
Compound A" as used herein means a ratio of Compound A
consumed by the reaction to Compound A which has been
35 present before the reaction. 1If the conversion of
Compound A exceeds 50 mol%, the selectivity of Compound A
to the oxidized compound may be worsened and this is not



Compound A, allyl glycidyl ether, diglycidyl ether or
a mxture thereof can be obtained as the oxidized
conmpound. when allyl alcohol is used as Conpound A,
gl ycidol can be obtained as the oxidized conpound.
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Accordlng to the present inventors' investigation and
knowledge, it is presumed that when the oxidizing

25 reaction is performed so as to provide a conversion of
Compound A of 50 mol% or more, the deterioration in the
activity of the catalyst is caused not only by the
clogging of pores due to adhesion of coke but also by the
decrease of the titanium concentration in the catalyst

30 resulting from the flowing out of titanium atoms as the
active site of the catalyst during the reaction. That
is, if the oxidizing reaction is performed so as to
provide a conversion of Compound A of 50 mol% or more,
the titanosilicate catalyst undergoes permanent

35 deterioration of not showing the initial activity even
when regenerated by aeration. Accordingly, the
conversion of Compound A in the first step may preferably



25 reaction is perforned so as to provide a
conversion of Conpound A of 50 nol % or nore, the
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t he conversion of Compound A can be easily controlled by the
material amount of peroxide.

The concentration of the peroxide as a limited
reaction component in the raw material is not
particularly limited but may preferably be 30 mass$% or
less, more preferably 15 mass% or less, still more
preferably 10 mass% or less, based on the mass of total
components to be supplied to the reactor. 1If the
peroxide concentration exceeds 30 mass%, a self
decomposition reaction of the peroxide vigorously occurs
and a danger of explosion disadvantageously arises due to
the generation of oxygen. ,

In the present invention, the conversion of the
oxidizing agent is not particularly limited but is based



conversion of Conpound A can be easily controlled by
the 25 material anobunt of peroxide. The
concentration of the peroxide as a limted reaction
~conmponent in the raw material is not particularly
l[imted but may preferably be 30 mass% or |ess, nore
preferably 15 mass% or less, still nore 30 preferably
10 mass% or | ess, based on the mass of total
conponents to be supplied to-tRe feactor. If the
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slurry system, usually, the amount of the titanosilicate
25 catalyst is, in terms of the concentration in the
reactant mixture, suitably from 0.1 to 20 mass$,
preferably from 0.5 to 10 mass%. In a fixed bed flow
reaction system, the titanosilicate catalyst may
preferably be used in an apparent catalytic amount larger
30 than this range.
(Solvent)
The oxidizing reaction in the first step of the
present invention (I) may be performed without using a
solvent or in the presence of an appropriate solvent.
35 Examples of the appropriate solvent may include
alcohols, ketones, nitriles and water. Specific examples
of the alcohols may include methanol, ethanol, 1-



system or continuous system. In the case of use in a
slurry system usually, the anount of the
titanosilicate 25 catalyst is, in ternms of the
concentration in the reactant m xture, suitably from
0.1 to 20 mass% preferably from0.5 to 10 mass% In
a fixed bed flow reaction system the titanosilicate
catalyst may preferably be used in an apparent
catalytic amount larger 30 tham this range.

(Solvent) The oxidizing reaction in the first step
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temperature is less than 0°C, the reaction rate is low
and not practical, whereas if it exceeds 150°C, the
25 decomposition reaction of the peroxide seriously occurs
and also, the decomposition reaction of the intended
product may be disadvantageously accelerated.
The oxidizing reaction is generally an exothermic
reaction and therefore, the heat of reaction may
30 preferably be removed by an appropriate method so as to
control the reaction temperature in a constant range.
The reaction pressure is not particularly limited.
The oxidizing reaction in the first step of the
present invention may be performed by a batch system, a
35 continuous system or a semi-continuous system using an
appropriate reactor such as fixed bed reactor, moving
layer reactor, fluidized bed reactor, vessel-type reactor
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150C, nore preferably from10 to 100C. If the
reaction tenperature is less than 0OC, the reaction
rate is low and not practical, whereas if it exceeds
150C, the 25 deconposition reaction of the peroxide
seriously occurs and also, the deconposition
reaction of the intended product may be
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second and PHH’%% éi)pg élnf\}'ya‘i‘ om(tﬁ'é‘ded °delzmg
reaction can be performed at a high productivity without
impairing the selectivity of the oxidizing reaction.

The second and third steps are described below.
(Second step)

In the present invention (I), the second step is a
step of separating Compound A from the reaction mixture
obtained in the first step.

The method of separating Compound A from the
reaction mixture in the second step of the present
invention is not particularly limited. In the case where
the reactor used for the oxidizing reaction in the first
step is a stirring vessel-type reactor, Compound A may be
separated from the reaction mixture Using an arbitrary
method after recovering the titanosilicate catalyst by
appropriate means such as filtration or centrifugation or



first step, so that in the oxidizing nmethod of a
carbon- carbon doubl e bond of Conpound A, an intended
oxidizing reaction can be perfornmed at a high
productivity without inpairing the selectivity of

t he oxidizing reaction. 25 The second and third steps
are described below. (Second step) In the present
invention (1), the second step is a step of
separating Conpound A fromthe2feacti on m xture
obtained in the first step. 30 The nethod of
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boiling point of 30 to 150°C under an atmospheric
pressure may include allyl methyl ether, allyl ethyl

25 ether, allyl propyl ether, allyl butyl ether, allyl vinyl

30

35

ether, diallyl ether, allyl bromide, allyl chloride,
methacrolein, allyl formate, allyl acetate, allyl
propionate, allyl tartrate and allyl methacrylate.

In the case where Compound A is a compound having
high solubility in water, such as allyl alcohol,
acrolein, acrylic acid and ethylene glycol monoalkenyl
ether, separation by liquid-liquid extraction using an
organic solvent as an extracting agent is preferred and
the operation temperature therefor may preferably be from
15 to 200°C. If the operation temperature exceeds this
range, the oxidized compound as the product may decompose
and this is not preferred.



20 may preferably be perforned by a fractional
distillation nethod at an operation tenperature of
30 to 200C under an atnospheric pressure. Exanples
of Compound A having a boiling point of 30 to 150C
under an atnospheric pressure may include allyl
methyl ether, allyl ethyl 25 ether, allyl propyl
ether, allyl butyl ether, allyl vinyl ether, diallyl
ether, allyl bronide, allyl chRértde, nmethacrolein,
allyl formate, allyl acetate, aIIyI proplonate
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25 triallyl ether, pentaerythritol monoalkenyl ether,
pentaerythritol dialkenyl ether, pentaerythritol
trialkenyl ether and pentaerythritol tetraalkenyl ether.
(By-product having hydroxyl group)

In the case where a by-product having a hydroxyl

30 group produced from the peroxide has a possibility of
causing a reaction with Compound A or an oxidized
compound thereof at an arbitrary operation for separating
Compound A from the reaction mixture, the by-product
having a hydroxyl group produced from the peroxide may

35 preferably be removed in advance of the arbitrary
operation for separating Compound A from the reaction
mixture. Examples of the by-product having a hydroxyl
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Kogyo Sha may be referred to).
25 (Removal of water)

When the by-product having a hydroxyl group to be
produced from the oxidizing agent is water, the
nucleophilicity of water is high, and the oxidizing agent
is liable to cause a degradation reaction. Therefore, in

30 such a case, it is preferred to remove water from the
reaction mixture, before any operation for separating the
Compound A from the reaction mixture. The method of
removing water is not particularly limited, but specific
examples of the removing method may include liquid-liquid

35 separation, liquid-liquid extraction, distillation,
membrane separation, etc.

In the removal of water using liquid-liquid



liquid-liquid separation, liquid-liquid extraction,
distillation and nenbrane separation (wWth respect to
the 20 details of the renoving nethods, Tarana

| aboratory of Kyoto University, "Hanno-betsu
Shokubai Bunrui-Hyo 2 (Table 2 of O assification of
Catal ysts Corresponding to Reactions)", pp. 221 -
232, published May 1, 1972, Kagaku Kogyo Sha may be
referred to). 25 (Renoval of -wdber) When the

by- product having a hydroxyl group to be produced
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In the method of removing water by distillation, the
distillation method is not particularly limited but since
much energy is usually necessary for the distillation of
water, the distillation method may preferably be, for

30 example, an azeotropic distillation method. The
preferred compound having an azeotropic composition with
water for use in the azeotropic distillation may be
previously present in the reaction mixture or may be
newly added as an azeotropic agent to the reaction

35 mixture. Also, an azeotropic agent may be further added
to the reaction mixture where the compound having an

azeotropic composition with water is previously present.



factor and selectivity at the tine of the extraction
of water and the oxidized product, the extracting
agent may preferably be a carboxylic acid ester and
specific 20 exanpl es thereof may include nethyl
formate, ethyl formate, propyl formate, butyl
formate, allyl formate, nethyl acetate, ethyl
acetate, propyl acetate, butyl acetate, allyl
acetate, nmethyl propionate, etl®/l - propionate, propyl
propi onate, butyl propionate and aIIyI 25
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Examples of the method of decomposing the peroxide may
include a method of adding an inorganic salt to the
25 reaction mixture and a method of contacting the reaction
mixture with a metal catalyst.

In the method of separating the peroxide, when the
peroxide is hydrogen peroxide or peracetic acid readily
soluble in'water, liquid-liquid extraction using water as

30 the extracting agent is preferred. 1In the case where the
peroxide is difficulty soluble in water such as tert-
butyl hydroperoxide, cumene hydroperoxide and
ethylbenzene hydroperoxide, distillation is preferred.
The temperature at the liquid-liquid extraction may

35 preferably be from 20 to 200°C and the pressure is not
particularly limited. Of course, the peroxide recovered
can be again returned to the first step and reused.



and thereby renoved fromthe reaction m xture. The

separation of the peroxide fromthe reaction m xture

and the deconposition of the peroxide can be

performed by a conventionally known nethod. 20

Exanpl es of the nethod of separating the peroxide

fromthe reaction m xture may include distillation,

liquid-liquid separation and |iquid-liquid
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I nor gaei cesat toraddedurayizd anmetaly dadmiyandambitheeeby
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of an, aqueous sol hl{tl on. At tge tl#m of agdl ng otnréemetal
i nor §&Ri BeEY CATRNEST NP PIEGPERRTY Hgeat leas

selected from the group of iron, copper, nickel,

25 manganese, platinum and palladium, a chloride, an oxide
or a sulfide thereof. This metal may be added in any
form and may be used in the form of a particle as it is
or may be used after dissolving it in a solution or
loading it on a support (with respect to the details of

30 the metal catalysts, Tarama laboratory of Kyoto
University, "Hanno-betsu Shokubai Bunrui-Hyo 2 (Table 2
of Classification of Catalysts Corresponding to
Reactions)", pp. 221 - 232, published May 1, 1972, Kagaku
Kogyo Sha may be referred to).

35 (Third step)

The third step of the present invention (I) is a
step of returning Compound A obtained in the second step



15 reaction mxture is not particularly limted but
since the deconposition reaction of the peroxide is
an exotherm c reaction, the tenperature my
preferably be from 20 to 180C, nore preferably from
30 to 150C. (Metal catalyst) 20 The netal catal yst
used in the nethod of contacting the reaction
mxture with a nmetal catalyst and thereby
deconposi ng the peroxide is not?particularly linted
but the netal catalyst may preferably be at | east

one ngd alhe gggggt@galjromthe group of iron, copper,
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10st ep)(CHirelysit rebisoep of the present invention (1) is
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poi son ?“ The conponent acting as a catal yst poison-o
the SPI'PRNEL ilicate catalyst in the first step is not
20parti cul a¥pecilfiigi exaplldaswedetrhe jqpoxiide opentsing product

may include a diol compound produced from
epichlorohydrin, a diol compound produced from glycidol,
a diol compound produced from glycidyl methacrylate, a
diol compound produced from glycidyl acetate, and a diol

25 compound produced from allyl glycidyl ether. Specific
examples of the alcohol compound may include methanol,
ethanol, propanol, vinyl alcohol, allyl alcohol, ethylene
glycol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol,
trimethylolpropane and pentaerythritol. Specific

30 examples of the aldehyde compound may include
formaldehyde, acetaldehyde, propionaldehyde,
butylaldehyde and acrolein.

The catalytic poison components which are

particularly preferably removed are a diol compound

35 produced from epichlorohydrin, a diol compound produced
from glycidol, a diol compound produced from allyl
glycidyl ether, vinyl alcohol, allyl alcohol, 1,3-



coordi nating force thereof and the affinity thereof
with 15 titanium the conponent acting as a catal yst
poi son may include an epoxi de open-ring product as a
by-product produced in the nmethod of producing an
epoxi de conpound from Conpound A, an al cohol
conpound and an al dehyde conpound. 20 Specific
exanpl es of the epoxide open-ring product my

i ncl ude a diol conmpound produc¥d from

epi chl orohydrin, a diol conmpound produced from

gl %’ﬁ'[ﬂ:@pane@l&l ol QQHBQMEEMlodHEﬁQe‘JHyQ@lQEM}SAQé”
oAl A, dRolaEORAnd AP ITEE 4 P Ao Lein.

gl yci dyl Emml.esspécthe netdydnpf exernsvinige the cmxmwent
corrplcaw&dngaa? i&ﬁa&d@yﬁetﬂa@]@h of ﬁt&ﬂkﬁﬂ:@]tan@é opadee
VI ny CO t n

2 sedpinetin Y s B AR oy WiHiBg Bithtauia
t [ w@@ﬁ?FéPfﬁ‘bpéﬁéuaﬁdl#féﬁ@aé?“]ﬁﬁtilt%lr dspbtl Iatdogoand
exanmbmsrﬁﬁetdupaathhyﬂﬂmﬂ@ﬁﬁﬁuFKhdﬂﬁtebﬁﬁtUﬁhwentlon is

forma'o@ep cuggg&glz fada, Ellﬁé’PééH‘a' GGBY 88rm of

butylalde e e catal ytic poison

conmpGRERPY M EREUFRed fam LB a$95PRG éF@Pa yeeefd v el
10are atdpois corpoendi@blgnlgdltedtdd @mdepaghlb@razﬂyycbrfi a,gas

a d'Qka@@ﬁ?&“ﬂﬂ%u@&0§ﬁﬁﬁﬂjanﬁrQn%&hﬂﬁﬂsqgke a ﬁhéﬂtemperature

conmpgy d_,produced fron1a||y i dyl ether, vinyl
al coﬁolg 5 RACSEPERHDIC "Pt3 Efz'@rqt%‘f':opanedl ol ,

1, 4- &BF%W@%HQQ) trlnethylolpropane fornaldehyde,
acet al dehyithouptopi sialidely de &yl sacbaliestep JIMNFTHLESbe

150f t gtMJHJQOO‘:h ef%é gtgﬁ Ica?gﬂgeéctf%% ?L.Sm " of

cat al yst p0|son 0 cat'al
the FPfSEReiSBlnBOFeR D@ P?%ﬁﬁr@bllﬁ’q’aﬁdes*saér}&lsﬁﬁﬁow
| i qurethrmngd iexéfiaet inewlydaddirdd @bmpoumdda therbtane In

;foggﬁ?gaﬁ Iaom@msd th‘adeiﬁéq{gw 'cB}ﬁEB&ﬁ&’h '1%1 aﬂosmount
| CU

ot L AP Tl Ret S it AmRPED 0 CERROTT d SRVBEERY | eo
20 not phae texddizeyconpaunddinntherwyridéziny xfackigasor in an
st at emound ia@Uildast alargeRdtivars had shat ﬁ'aenTh:%turnlng these

tenpeg afyy & -8R {d]F 1RM RSSY S A9t |1 m ted.

If new Compound A is not added, the concentration of

U‘I

Compound A in the first step decreases and a sufficiently
25 high reaction rate is disadvantageously difficult to
obtain. On the other hand, when new Compound A is added
in an amount at least larger than the amount of
Compound A converted into the oxidized compound and these
are returned to the first step, Compound A in the first
30 step can be kept at a constant concentration or more and
the oxidizing reaction can be stable performed.
(Process for producing oxidized compound)
The present invention (II) is described below. The
present invention (II) is a process for producing an
35 oxidized compound of Compound A, comprising using the
oxidizing method of the present invention (I).
As long as the first to third step described in the



(Recycling) Conmpound A obtained in the second step
only can be 15 returned to the first step but
so-called "recycling” of the chenical process my
preferably be established by returning it after
newl y addi ng Conpound A thereto. In general, a

nmet hod of addi ng new Conpound A in an anount
corresponding to the anmobunt of Conpound A converted
into 20 the oxidized conpound 3¥nthe oxi di zi ng
reaction or in an anount at |east |arger than that
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Method of Calculating Conversion of Diallvl Ether:

The conversion of diallyl ether is shown by a molar
ratio of diallyl ether consumed in the reaction to the
diallyl ether charged before the reaction. The diallyl
ether consumed in the reaction was calculated from the
increase or decrease of diallyl ether between before and
after the reaction.

Method of Calculating Selectivity of Allyl Glycidyl
Ether:
The selectivity of allyl glycidyl ether is shown by

a molar ratio of the amount of the allyl glycidyl ether
produced, which was calculated from the analysis results
of the filtrate after the reaction, to the diallyl ether
consumed in the reaction.



to the production process of the present invention
(1) all are the sane as those used in the oxidizing
nmet hod of the present invention (lI). The product is
also the sane 15 as in the present invention (I).
Exanpl es The present invention is described in
greater detail below by referring to Exanpl es,
however, these Exanples only show the outline of the
present invention and the 20~ p¥®sent invention is not
particularly limted, to these Exanples.
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conp d, base ogen per oxi de, after
conpr e ST PQSinﬁ%nqﬂﬁsﬂgﬁgtlon usi ng hydrogen
20 [Analyzers in Examples and Comparative Examples]

Method of Analyzing Titanosilicate Element

About 100 mg of a sample of titanosilicate, which
had been dried at 90°C for 6 hours, was accurately
weighed in a Teflon (polytetrafluoroethylene; PTFE)

25 beaker, and about 10 ml of hydrofluoric acid
(concentration: 50% by mass) was added to the beaker
containing the titanosilicate therein. Then, the Teflon
beaker to which the hydrofluoric acid had been added was
placed on a hot-plate, and was heated at 150°C for

30 3 hours. After the heating for 3 hours, after the
disappearance of the liquid component was confirmed,
about 10 ml of a 1:1 hydrochloric acid solution (a
mixture obtained by mixing 35%-hydrochloric acid and
distilled water at a 1:1 ratio) was added to the beaker.

35 Then, the beaker was placed on a hot-plate, and was
heated at 150°C for 3 hours. The thus obtained
hydrochloric acid solution was placed in a 100 ml-



per oxi de and shown by a nolar ratio of the anount of
the epoxy conpound produced to the hydrogen peroxide
charged. Calculation of Efficiency of Hydrogen
Per oxi de: The efficiency of hydrogen peroxide is
shown by a 15 ratio of hydrogen peroxide consuned in
the reaction excluding the hydrogen peroxide
consuned in the deconposition into oxygen, nanely, a
ratio of hydrogen peroxide tohsuned in the
epoxi di zing reaction out of the hydrogen peroxide
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wavel 410 nm the silicon
Gas chromatograp y:

U'l

GC~-14B manufactured by Shimadzu Corporation
Column: '

25 capillary column TC-WAX (length: 30m, inner
diameter: 0.25 mm, membrane thickness: 0.25 um)
Carrier gas:

nitrogen (split ratio: 20, column flow rate:

2 ml/min)

30 Temperature conditions:

The detector and the vaporization chamber were at a
temperature of 200°C, and the column temperature was kept
at 50°C for 5 minutes from the start of analysis, then
elevated to 150°C at a temperature rising rate of

35 10°C/min, kept at 150°C for 10 minutes, thereafter
elevated to 200°C at a temperature rising rate of



10 concentration was neasured by using a wavel ength
of 251.611 nm and the boron concentration was
nmeasured by using a wavel ength of 249.7730 nm

Anal ysis of Organic Conpound Concentration in
Filtrate of Reaction Mxture: 15 The concentration
was nmeasured by the foll ow ng gas chromat ography
anal yzer under the follow ng conditions. The

anal ysis was perforned accordify to an internal
standard nmethod by injecting a 0.4 | portion of the

anal m3i°%/ﬁ@hutam KeBicChopess aithakped by adding 1 m
of O A-di oxane as the internal standard to 10 m

of t Fégﬁtl on solution. Gas chronmatography: GC 14B
manuf actuFéB Bl Bhesmtas C3PpbPat iadw pCekewwe: 2500 kPa)
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di am%lﬁ raPe 25 WL, FEObr NS LA ckness: 0.25 m)

atio: 20, columm flow
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aquepuasentsigimgitirdn contaiingngpfied{dtvs ag aléwly alddang to
reagent bddker a 0.1 mol/l-aqueous solution which had been
prepared by using tetraammonium cerium sulfate dihydrate
20 (produced by Wako Pure Chemical Industries, Ltd.). The

hydrogen peroxide concentration was calculated from the

U'l

amount of the above 0.1 mol/l-aqueous tetraammonium
cerium sulfate solution which had been required for the
potentiometric titration until the end point thereof, and

25 the weight of the filtrate of the reaction mixture which
had been used for the analysis.

Reference Example: Preparation method of MFI-Type
Crystalline Titanosilicate Catalyst

In a 500 ml-volume beaker equipped with a magnetic

30 stirrer, 62.5g of tetraethyl orthosilicate (produced by
Wako Pure Chemical Industries, Ltd.) was added and then
107g of an aqueous 20 mass% tetrapropylammonium hydroxide
solution (produced by Tokyo Kasei Kogyo) was added at a
temperature of 30°C over 10 minutes.

35 After stirring for 1.0 hour, a mixture containing
38g of isopropyl alcohol (produced by Wako Pure Chemical
Industries, Ltd.) and 1l4g of tetra-orhtotitanate



10 thereby neasure the hydrogen peroxide
concentration in the filtrate of a reaction m xture.
More specifically, 40 m of ion-exchanged water was
added to a 100 m -glass beaker, and then about 0.3g
of a sanple of the filtrate of the reaction m xture
to be neasured was accurately 15 weighed out in the
beaker. Thereafter, potentiometric titration was
perforned by neans of the abové&5 automatic
potentionmetric titrating apparatus by slowy adding
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at Example 1: Production of Oxidized Compound Usin
25 Crystalline MFI-Type Titanosilicate Catalyst 1
In a 20 ml-volume three-neck flask equipped with a

Ul

thermometer, a reflux condenser and a magnetic stirrer,
8.0g (81.5 mmol) of diallyl ether was added and then
MFI-Type Titanosilicate Catalyst 1 (100 mg) prepared in
30 Reference Example was charged. The mixture was heated in
a hot bath at 60°C and vigorously stirred. Immediately
after the temperature of the reaction mixture reached
57°C, 2.0g (35.3 mmol as hydrogen peroxide) of an aqueous
60 wt% hydrogen peroxide solution was added to the
35 system. By setting the reaction start time to this
point, the stirring was continued until the passing of
60 minutes from the start of reaction.



175C for 48 hours. After the conpletion of
hydr ot hermal 10 synthesis, the contents were taken
out fromthe autoclave and the solid product was
separated by centrifugation. The obtained solid
product was washed with distilled water and after
the conpletion of washing, calcined at 500C for 8
hours in the presence of air to renove 15 organic
materials. The solid matter obf&imed by the.

cal cination was subjected to acid washing for 12
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et hewasu®s emct ed hydrogen peroxi de, water, product
and §Qldgfgt]) fromthe solid conponent (cat al yst).

Thi s Qpnaratlnn was conducted by placing the reactian

Conversion of Diallyl |Selectivity of Allyl

Ether™ (%) Glycidyl Ether™ (%)
Example 1 4.42 83.9
Example 2 9.07 82.7
Example 3 13.2 81.7
Example 4 15.8 79.2

*1 Conversion of diallyl ether:
Diallyl ether consumed (mol)/raw material diallyl

ether (mol) x 100 (%)
*2 Selectivity of allyl glycidyl ether:

| Allyl glycidyl ether (mol)/{diallyl ether consumed
(mol)} x 100 (mol%)



m xture in a 50 m-syringe (Teruno Syringe, nfd. by
Teruno K. K. ) equipped with a filter (Shodex

DTMX- 25K), 10 and applying a pressure to the reaction
m xture so as to effect filtration. At this tine,
the concentration of organic material in the
obtained filtrate was anal yzed by gas chronat ography
and the concentration of unreacted 15 hydrogen
peroxi de was determni ned by pot¥ntionetric titration
using Ce(l1V). The reaction results are shown in

Tabl g,LnoAs :»howouucw&l roefaascaeﬂzé&%é uhB Jable 1.
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of Ogkéd @%&owgﬁg%d&m%gofcﬁyﬁlﬂael RetMidsiliR8te 1.
TltagﬁSI | cat.e Cat al The sane %pgaation as in

Exanpl & ) r?ormed Sho%nftar GSiig 500 ng of

NFI-§¥%@EIE éangggg;¥g¥g§ngse Test Using Crystalline

MFI-Type Titanosilicate
An MFI-type titanosilicate catalyst (molar ratio of
titanium and silicon: 0.0233) prepared in the same
20 manner as in Reference Example was molded into a

U'\

cylindrical pellet having a diameter of 3.0 mm and a
height of 7.0 mm and 15.0g of the pellet was filled in a
glass-made reactor (diameter: 35 mm, height: 300 mm).
The outside of the reaction tube was heated at 60°C and
25 from the bottom of the reaction tube, 25.0g of a mixture
of diallyl ether (concentration: 40.0 wt$%), hydrogen
peroxide (2.84 wt%), water (6.63 wt%) and methanol
(50.53 wt%) was fed using a pump.
The reaction solution outflowed for 1.0 hour from
30 the start of reaction was‘collected, the organic material
concentration was analyzed using gas chromatography and
also the concentration of unreacted hydrogen peroxide was
determined by potentiometric titration using Ce(IV).
This operation was repeated until the passing of 50 hours
35 and the reaction results during this time were recorded.
After the passing of 50 hours, the catalyst was
taken out from the reaction tube and regenerated by



10 The reaction results are shown in Table 1. Exanple
2: Production of Oxidized Conpound Using Crystalline
MFI - TVpe Titanosilicate Catalyst 1 The sane operation
as in Exanple 1 was perfornmed except for using 800
ng of MFI-Type Titanosilicate 1. 15 The reaction
results are shown in Table 1. Exanple 5: Conti nuous
Use Test Using Crystalline M-I-Type Titanosilicate
An MFl-type titanosilicate catalgsyst (nolar ratio of
titaniumand silicon: O. 0233) prepared in the sane 20
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[Table 2]
Conversion [Selectivity|Conversion|Time |AGE
of Diallyl |of Allyl of Used {Produced,
Ether™ Glycidyl Hydrogen g
Ether"? Peroxide™
(%) (%) (%) (hr)
Example 5" 10.5 90 97 600 659
Comparative 26.2 70
Example 1% . 95 300 640
25 *1 Conversion of diallyl ether:

Diallyl ether consumed (mol)/raw material diallyl
ether (mol) x 100 (%)
*2 Selectivity of allyl glycidyl ether:

Allyl glycidyl ether (mol)/{diallyl ether consumed




regenerated by performng a heating treatnent at 300C

10 for 3 hours in an air atnosphere. The 3rd and
| ater reactions were performed by the same operation

as in the 1st and 2nd reactions until the 12th tine

reacti on where 600 hours were cunul atively passed

fromthe start of 1st tinme reaction. 15 The

oxi di zing reaction results in 600 hours until the
12th tinme reaction were such-tBat-the conversion of
di aIIyI ether was from10.1 to 10.8 nol % the

sel ec y al gl ycidyl ether was from89.0 to
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and 100 mg of the catalyst was added to a 20 ml-volume
flask equipped with a thermometer, a reflux condenser and
a magnetic stirrer. Then, 3.14g (32.0 mmol) and 2.5g of
methanol were further added and the mixture was heated in
a hot bath at 60°C and vigorously stirred. Immediately
after the temperature of the reaction mixture reached
57°C, 1.81g (16.0 mmol as hydrogen peroxide) of an
aqueous 30 wt% hydrogen peroxide solution was added to
the system and by setting the reaction start time to this
point, the stirring was continued until the passing of

30 minutes from the start of reaction. After the

30 minutes from the start of reaction, the reaction
mixture was immediately cooled with ice to stop the
reaction.

Thereafter, the reaction mixture was filtered to
separate unreacted diallyl ether, unreacted hydrogen
peroxide, water, product and solvent from the catalyst.
At this time, the concentration of organic material in
the obtained filtrate was analyzed by gas chromatography
and the concentration of unreacted hydrogen peroxide was
determined by potentiometric titration using Ce(IV). The



operations. The conversion of diallyl ether, the
selectivity of 10 allyl glycidyl ether and the
conversion of hydrogen peroxide in Conparative
Exanple 1 each is an average of 1st to 6th
operations. Exanple 6 The catal yst used for 600 hours
in Exanple 5 was 15 heat-treated at 300C for 3 hours
in an air atnosphere and 100 ng of the catal yst was
added to a 20 m -volune flask48quipped with a
thernmonmeter, a ref |ux condenser and a magnetic
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are §ng\_0/51% (}-05 é§°§% [ Tabl e 3] Conversion

Sel ect1 vi rsion Yield of
*3 Conver51on of hydrogen peroxide:

15 Hydrogen peroxide consumed (mol)/raw material

hydrogen peroxide (mol) x 100 (%)
*4 Yield of allyl glycidyl ether:

Allyl glycidyl ether produced (mol)/{amount of raw
material hydrogen peroxide (mol)} x 100 (%)

20 Example 7

25

The catalyst used for 600 hours in Example 5 was
heat-treated at 300°C for 3 hours in an air atmosphere
and subjected to elementary analysis. The results are
shown in Table 3. The titanium concentration in the
catalyst was 2.1 wt% and the titanium/silicon molar ratio
was 0.027. The results are shown in Table 4.



of Diallyl of Allyl of Allyl Ether" dycidyl
Hydrogen d ycidyl Ethers Peroxide' Ether" MMMM
Exanple 6 19.2 86.4 54.1 33.2 Conparative 16.3 87.0
44.3 29.9 Exanple 2 *1 Conversion of diallyl ether:
Diallyl ether consumed (nol)/raw material diallyl 10
ether (nol) x 100 (% *2 selectivity of allyl
glycidyl ether: Allyl glycidyl ether (nol)/{diallyl
et her consuned (nol)} x 100~ (4%l *3 Conversion of
hydrogen per oxi de: 15 Hydrogen peroxi de consuned
(rml) %g rrp}erlal hydr ogen peroxide (nol) x 100 (%
*4 YIP glycidyl ether: Allyl glycidyl

et her |pr oduced (W;lt)aﬁl{tammcajlftrﬁawnnm &atalyst, [si/Ti™
hydrogen peroxi demasistl )} x 100 (% 20 Exanple 7 The

cat al ygkamisied 7f of 600 hours in Bxanple 5 was 37

heat-t{:)eat ed at _BOUC Tor 3 hours in an air at mosppere
and sUBYREET 8| el ementary analiysis. The resul ts| ane
shown [ExemMmillsl 8 3] The titaniumconcentration in the

25 catalyst was 2.1 wt% and the titanium silicon
nol ar1rpbiaxr neas00. 027. The results are shown in
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8: Prodaxiumrandf sAligdn:d Yeay3) Eivepared in the same

manner as in Reference Example was molded into a
cylindrical pellet having a diameter of 3.0 mm and a

height of 5.0 mm and 100.0g of the pellet was filled in a
glass-made reactor (diameter: 35 mm, height: 800 mm).
The outside of the reaction tube was heated at 60°C and
to the mixer, diallyl ether was fed from Tank A at a flow
rate of 7.0g per hour, an aqueous 60 mass% hydrogen
peroxide solution (hydrogen peroxide concentration:

60 mass%, water concentration: 40 mass%) was fed from
Tank B at a flow rate of 4.15g per hour, and a methanol
solution of diallyl ether (diallyl ether concentration:
72 mass$%, methanol concentration: 28 mass%) was fed from
Tank C at a flow rate of 38.99 per hour. A raw material
mixture comprising diallyl ether: hydrogen peroxide:
water: methanol = 70.0:5.0:3.3:21.7 (by mass), obtained
in the mixer, was fed from the bottom of the reactor at a
flow rate of 50.0g per hour for providing an LHSV (liquid
space velocity) of 0.5 (/hour). The reaction mixture
outflowed from the top of the reactor was passed through
a condenser having a double tube structure and thereby
cooled and then the reaction mixture was collected.

The concentration of organic material in the
reaction mixture collected was analyzed, as a result,
6.92g of allyl glycidyl ether was produced, the
conversion of diallyl ether was 20.0 mol%, and the
selectivity of allyl glycidyl ether based on diallyl



5 An MFl-type titanosilicate catalyst (nolar ratio of
titaniumand silicon: 0.0233) prepared in the sane
manner as in Reference Exanple was nolded into a
cylindrical pellet having a dianmeter of 3.0 nmand a
hei ght of 5.0 mmand 100. Qg of the pellet was filled
in a 10 gl ass-nmade reactor (dianeter: 35 mm height:
800 m). The outside of the reaction tube was heated
at 60C and to the mxer, dial4%l- ether was fed from
Tank A at a flow rate of 7.0g per hour, an aqueous

60 "%%gggwadg %g)eﬁol@e:#%g gl%é%.ol uti on (hydrogen

per oxi de” concentrati o nass, . wat er
concent r at FRFIPIULH Tt h¥is SPhS RESCELRR MigTRUT AR ERGiedy vas
f | owsnhatectodd 4ol Fgapetoneiudisantl & et hanetmosdienticon

of di @EL¥&réﬂéﬂﬁruﬁgé§%ééﬁ d%%ﬁ@§1Qﬁﬂﬁﬁﬁ%hathé%handEZ

seshateiliare, Soncen ot 8 28 el e” T Lo,

mat emiatu® ofi dtialdykoatdeirsing nétdlangl wahernalyzed,

%dg agsm;pﬁr&me@leor Mrﬁnolrrawamiphed m a shortage

1154
vas PRECHELRC FEABPYRAST oS Taubipp BF ATy Stne:
r at ehad %@r@giesermhm# Wepﬁm@cﬁmg daﬁlm\ﬁt(uerrquu d

10 SpaCeoN@érﬁﬁ:iatt)l)mOf 2 massBQuihethadid EeacéhOfatiiont ur e

25 o%foé’é’@sg snaad Lhe éo%t%ntvgaes r%%%?%d"‘@cf §S8dand

thro enser havin
and Fﬁ%%rébiﬁedcéef-'e’ﬂh%lﬁ?fa?ﬁéﬁnt hé["%eeQE’PFéﬁtJFﬁ‘%&duF@mR%%ent
col | esie&d.waEBheoe odtetitIrlaki ont of ronr gaei eopairerthal | n

ﬁgguf%%@fdn% Hhéwffaatﬂaln' =149 %a\é!%s ﬁ@@ki’f&ﬂ un@erfreduced
15 7 BN G SRR B i ) 1o SPRE VR 9850

mol dpbtaihadhérogetetiop.t yThis annaflatgpycwwlre@tehmed every
basesh®mdlirabhi| t¥e opeataliebn Wass Porfiblded U thaws. in
Subsgguent oy ; t@ﬁ rpeaas%tl hgn, %%r‘é.ok%&&t&% WaSrt of

subj ec edto ractiona istillation at nospheric
pr esktrsr £9894R7 2L 1E drU ‘P"&‘/‘}ere‘tallrer The "’fﬂ&uﬂénef diallyl

20 di stethexd consuhedmrithe tbp pessingeobved dtburBh@as 220g and

25

r ecof\_/@g %ouﬁ‘txéﬂrﬁﬁl dhatiydy %k'ﬂ%ﬁ: éﬁgaﬂ:?éci‘%%' 19"@33

anal yzed
" oFE dinsadhS, 1 o GSrRELoT HenaBrafioTs SHRUERER: o
di al TaileetSher
[Table 5]
Results at Outlet of Results of Reaction
Reactor for 30 Hours
Conversion (Selectivity|Amount of |Amount of
of Diallyl |of Allyl Diallyl Allyl
Ether™ Glycidyl Ether Glycidyl
Ether™ Consumed |Ether
Obtained
(%) (%) (9) (9)
Example 8 20 85 220 199.3
Comparative
50 28 458 139.1
Example 4

*1 Conversion of diallyl ether:
Diallyl ether consumed (mol)/raw material diallyl



had a predeterm ned concentration (diallyl ether 10
concentration: 72 mass% nethanol concentration: 28
mass%, and the solution was recycled to Tank C and
again used for the reaction. The concentrated
conponent which was not distilled out fromthe top
inthe fractional distillation was again distilled
under reduced 15 pressure of 13.3 kPa and allyl

gl ycidyl ether was obtained-ftdmthe top. This
operation was repeated every one hour and the

oper er f.ar 30 tines in total until the
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from the bottom of the reaction tube, 25.0g of a mixture
of diallyl ether (concentration: 40.0 wt%), hydrogen
peroxide (5.68 wt%), water (2.84 wt%) and methanol
(51.48 wt%) was fed using a pump. The reaction solution
outflowing for 1.0 hour from the start of reaction was
collected, the organic material concentration was
analyzed using gas chromatography and also the
concentration of unreacted hydrogen peroxide was
determined by potentiometric titration using Ce(IV).
This operation was repeated for 50 hours and the reaction
results during this time were recorded.

After 50 hours, the catalyst was taken out from the
reaction tube and regenerated by performing a heating
treatment at 300°C for 3 hours in an air atmosphere.
After the completion of regeneration treatment, the
catalyst was cooled to 30°C and again filled in the
reaction tube and in the same manner as in the 1lst time
reaction, the reaction of the 2nd time was performed for
50 hours while recording the reaction results every one
hour. Similarly to the first time reaction, this
catalyst was taken out and regenerated by performing a
heating treatment at 300°C for 3 hours in an air
atmosphere. The 3rd and later reactions were performed



Crystalline MFI-Type Titanosilicate An M -type
titanosilicate catalyst (nolar ratio of titanium and
silicon: 0.0233) prepared in the same nmanner as in
Ref erence Exanple was nolded into a 10 cylindrica
pell et having a diameter of 3.0 mm and a hei ght of
7.0 mmand 15.0g of the pellet was filled in a

gl ass-made reactor (dianeter: 35 mm height: 300 nm.
The outside of the reaction tubé was heated at 60C
and, fromthe bottom of the reaction tube, 25. Cg of

a m >gur 15_of d| al | Xl et her (t\%k%r}gegt |o?l r@iéwq%

Pogah° e onr a8
and ric’é’ttﬁén(élgl %15*1 WS‘G\NF%CW Wéanu‘}%ghoalrﬁuﬁﬁd The
r eactduminlael vélprpaseetf Fomh nghef atadt lohawt kine tdwtion.
start of rEacLi ofy M4 r&é’éélgcg{ eds 1@@ 330! fiours until

mat er i al concentrati on was ana SI nNg gas

Schr orfdifo§F AR e a5t 8n HRF e é&ﬁee)ﬁ/waﬁ% cgpversion of

unr eadieéddyhyetlogewasefoon &5 Maso 2dét erimligdthy selectivity

pot enjel QABRYL d}fliﬁdl U bPRe MSIR0 £66h! M .8 Y §50pEhdd ORhe
was re at ed

our s and t e react ults
duri REMTRFEIER e %@Féw%we&é’&l S SE 4 8ol 81 s,
t he @@ldaltystawtt fealbyt dlyveddyheetheraprodncedibiar the

10and regesesatethdbpedd Hdlirid washesadd Ng Theer eaid®iyn at

20

25

30

35

300C fg[ll’ésh 10 sshlogmag_} afJ ]t%t gosphere After the

conpl etrron regeneration tréatment, the catalyst
was @Qé&éé—i’e%@@—&‘ﬁél—a%al nfilled in the 30 reaction
t ube and TmetJmaa@ErmamrerasaSni Exannel el st whi;nzeerformed

r ea%&ggﬁttf@r \;d%q]%g PRe Qo Jaﬁ?s%”@séd %rm@ﬁopﬁénfxl‘%r

fOf our s recor reaction res

15cyer §OBRBEAHOMR EXGRRLF o1 y T FARIYS Grer phewn 1n Table 3.

reacConmparathive Exiampyet3 was taken out and regenerated

Ey per f or fhd G e %éehmtdmast &ﬁaﬁ 1eatz 3@9%&%&“
ours |

reactl Sﬁggm?eorreu éflf’ogk}éocafflyﬁg ‘f“he ﬁe?’ggo °a"’tr|soﬁnas

i n t feMRa¥atgiie ZPFGR‘P%}%[C]H ofge H?ﬂql}tst fEeashoyn f@ Table 4.
r eac tbmpawdteive3@atipls st had cumnul atively passed from
the StartAﬁﬁMF&Sk Eén@iﬂéﬁ%%&ﬂggatgwgéégﬁ&gkZtﬁghar ratio of
reactlonresult3|9 ﬁrg %ntl t.he 6hht|rre

r eactibATHET &7 Eh ’r?ﬁ.ﬂ t He €3 {/eﬁrﬁpéﬁefifm the same

manner as in Reference Example was molded into a

cylindrical pellet having a diameter of 3.0 mm and a
height of 5.0 mm and 100.0g of the pellet was filled in a
glass-made reactor (diameter: 35 mm, height: 800 mm).
The outside of the reaction tube was heated at 60°C and
to the mixer, diallyl ether was fed from Tank A at a flow
rate of 15.0g per hour, an aqueous 60 mass% hydrogen
peroxide solution (hydrogen peroxide concentration:

60 mass%, water concentration: 40 mass%) was fed from
Tank B at a flow rate of 9.15g per hour, and a methanol
solution of diallyl ether (diallyl ether concentration:
58 mass%, methanol concentration: 42 mass%) was fed from
Tank C at a flow rate of 25.85g per hour. A raw material
mixture comprising diallyl ether: hydrogen peroxide:
water: methanol = 60.0:11.0:7.3:21.7 (by mass), obtained



diallyl ether was from25.5 to 26.1 nold, the
selectivity of allyl glycidyl ether was from74.8 to
75.5 nol % the conversion of hydrogen peroxi de was
95.0 to 96.0 nol % and the amount of allyl glycidyl
et her produced in the 10 reaction tinme of 300 hours
was 640g. The reaction results are shown in Table 2.
Conparative Exanple 2 The sane operatlon as in
Exanple 6 was perfornmed exced® for using the

catal yst used for 300 hours in 15 Conparative Exanple
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again used for the reaction. The concentrated component
which was not distilled out from the top in the
fractional distillation was again distilled under reduced
pressure of 13.3 kPa and allyl glycidyl ether was
obtained from the top. This operation was repeated every
one hour and the operation was performed 30 times in
total until the passing of 30 hours from the start of
first feeding of the raw material. The amount of diallyl
ether consumed until the passing of 30 hours was 458g and
the amount of allyl glycidyl ether obtained was 139.1g.
The results in the reaction for 30 hours are shown in
Table 5.

Industrial Applicability
As described in the foregoing pages, it is apparent



5 tube structure and thereby cooled and then the
reaction mxture was collected. The concentration of
organic material in the reaction mxture collected
was anal yzed and as a result, 4.88g of allyl

gl yci dyl ether was produced, the 10 conversion of
diallyl ether was 50.0 nol % and the selectivity of
allyl glycidyl ether based on diallyl ether was 28
mol % per hour. Subsequently,~ tRe-reaction m xture
coll ected was subjected to fractional distillation
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mass%ne ar@cthensol ution was recycled to Tank C and
agai n used for the reaction. The concentrated
conmponent which was not distilled out fromthe top
in the 25 fractional distillation was again distilled
under reduced pressure of 13.3 kPa and allyl
gl ycidyl ether was obtained fromthe top. This
operation was repeated every one hour and the
operation was performed 30 tinmes in total until the
passi ng of 30 hours fromthe start of 30 first
feeding of the raw material. The amount of diallyl
et her consunmed until the passing of 30 hours was 458g
and the anmount of allyl glycidyl ether obtained was
139.1g. The results in the reaction for 30 hours are
shown in Table 5. 35 Industrial Applicability As
described in the foregoing pages, it is apparent - 46
that in the production of an oxidized conpound of
Conpound A by using a peroxide as the oxidizing agent
in the presence of a titanosilicate catalyst, a’
producti on



process of suppressing the conversion of raw material
5 Conpound A to 50 nold or | ess and aggressively
- performng recycling is very useful in view of the
"selectivity of the reaction. 47 CLAIMS The
invention clainmed is: 1. A process for producing
ally] glycidyl ether, conpuzsing the follow ng first
to third steps: First Step: a step of oxidizing a
car bon-carbon doubl e bondg;gfméi al lyl ether using a
peroxi de as an oxidizing agent in the presence of a
titanosilicate catal yst at a conversion of the
diallyl ether of 30 nol %or |ess to obtain an
oxi dation reaction m xture; Second Step: a step of
separating the diallyl ether fromthe oxidation
reaction mxture obtained in the first step; and

Thir - .a.step.of returning the diallyl ether
obt a?ﬁﬁ#‘ﬁ%gg’émé ISstep to the first step. 2.
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a step of returning the diallyl ether obtained in the second
step to the first step. -
2. L\ process. fqr producing allyl glycidyl ether according
to claim 1, wherein the conversion of the diallyl ether in the
first step is 15 mol % or less. | |

3. '-\ process for producing allyl glycidyl ether according
to glfum' 1 or 2, wherein the peroxide in the first step is 3
limiting reaction component, the peroxide concentration in
the raw material mixture is from 0 to 50% by mass and the
conversion of the peroxide is from 30 to 100 mol %. |

4. A process for producing ally] glycidy! ether according
to claim 3, wherein the conversion of the peroxide is from
80 to 100 mol %. :

S. A process for producing allyl glycidy] ether according
to claim 3, wherein the titanosilicate catalyst is at least one
x}lember selected from the group consisting of crystalline
titanosilicate and meso-porous titanosilicate.



6. A process of producing al |yl glycidyl ether
according to claimb5, wherein the crystal structure
of the crystalline titanosilicate is at |east one
menber selected fromthe group consisting of .
MFl -type, AEL-type, EUO-type, FER-type, MEL-type,
AFl -type, MWtype, ATOtyme, *BEA-type, MOR-type
and -CLO type, and the conposition thereof is
represented by the follow ng conpositional fornula
(1): xTiR.(1-x)SiA2 . Conpositional Formula (1)
(wherein x is fromO0.0001 to 0.2). 7. A process for
produci ng allyl glycidyl ether according to claimb5b,
wherein the oxidizing agent is at | east one conpound
sel ected fromthe group consisting of hydrogen

peroxi de, tert-butyl hydroperoxide tert-anyl
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(wherem X is from 0.0001 to 0.2).

7. A process for producing allyl glycidyl ether according
to claim 5, wherein the oxidizing agent is at least one
compound se]ected from the group consisting of hydrogen
peroxide, tert-butyl hydroperoxide, tert-amy] hydroperox-
ide, cumene hydroperoxide, ethylbenzene hydroperoxide,
cyclohexylhydroperoxxde methylcyclohexyl hydroperox-

~ide, isobutylbenzene hydroperoxide, ethylnaphthalene
hydroperoxide and peracetic acid.

8. A process. for producing allyl glycidyl ether accordmg
to claim 7, wherein the oxidation reaction is performed in -
the presence of at least one solvent selected from the group
consisting of alcohols, ketones, nitriles and water.

9. The process for producing an allyl glycidyl ether
according to claim 1, wherein hydrogen peroxide is used as
the oxxdlzmv agent.



