28 March 2005 5 - 1 - DESCRI PTI ON CRYSTALLI NE MAW TYPE Tl TANGCSI LI CATE

| TS- PREPARATI ON. AND USE THEREOF FOR PRODUCI NG EPOXI DES Thi s application
clainms the benefit of an application based on U S. Provisional
Application Serial No. 60/247,963 (filed on Novenber 14, 2000). 10
Technical Field The present invention relates to a cryst28 Mansh 2005
titanosilicate catalyst having a structural (or framework type) code of
MAW which is usable as a catalyst in an - dxi-dati on reaction of the

car bon-carbon doubl e bond of a 15 conpound havi ng a carbon-carbon doubl e
bond and at |east one other functlonahEggéEg%Io§he present invention also
relates to a process for producing such a catalyst and a process for
produci ng an oxi di zed conpound u5|ng thls catalyst 20 Nbre ) eC|f|caIIy,
t he present inventcosTRelale MHR: Sy e ABB S SR

having a structural code ofg%Qw&E&Q%ggxggg%%gghgggggg&ggﬁaIyst in an

oxi dation reaction of the carbon-carbon double bond of a conpound havi ng
a carbon-carbon doubl e bond and at |east 25 one other functional group
usi ng a peroxi de as anTioid dippilhgatipeniclaimprideebsnebirt §follici ng such a
catalyst; and a pR§ess:{A bALEMUS By sanpxiidiizadl camlduation Serial
(particularly, an _epo n rfer an oxi dation
reaction of the céVboﬁg %ﬁﬁgﬁgdg%bfe bong&ﬂ%u%% ggcgﬁggdnd havi ng a

car bon-car bon doubl e bond and at |east one other functional group in the
presence of {he cal-ahysdr Baekground Art 35 In general, "zeolite" is a

generic termfor crys ne and. éjlrgtr&gs%l&%t tgphneand t he
basi c un|t of the stru%?ur%f%? i l£¥%ﬂ%ﬁana£ (S r£¥1&Q@g§k
titanosilicate catalyst having a st uctur (or a

type) code of MWW, which is usable as a catalyst in an

oxidation reaction of the carbon-carbon double bond of a
15 compound having a carbon-carbon double bond and at least

one other functional group. The present invention alsp

relates to a process for producing such a catalyst and a

process for producing an oxidized compound using this
catalyst.

20 More specifically, the present invention relates to
a crystalline titanosilicate catalyst having a structural
code of MWW, which is usable as a catalyst in an
oxidation reaction of the carbon-carbon double bond of a
compound having a carbon-carbon double bond and at least

25 one other functional group using a peroxide as an _
oxidizing agent; a process for producing such a catalyst;
and a process for producing an oxidized compound
(particularly, an epoxy compound} comprising performing
an oxidation reaction of the carbon-carbon double bond of

30 a compound having a carbon-carbon double bond and at
least one other functional group in the presence of the

catalyst.

Background Art
35 In general, "zeolite" is a generic term for .
crystalline and porous aluminosilicates for, and the

’ ] . e
basic unit of the structure of a zeolite is (S1i0,}  or



(A104)5- having a tetrahedral structure. However, it has recently been
clarified that a structure peculiar to or analogous to such a zeolite is
al so present in nmany other oxides such as al um nophosphate. 5 In
addition, according to the International Zeolite Association
(hereinafter, sinply referred to as "I ZA") who defines 28Mardo2(i05e in W
Meier, D.H Meier, D.H dxon and Ch. Baerlocher, Atlas of Zeolite
Structure Types, 4th Edition, Elsevier (496) (hereinafter, sinply 10
referred to as "Atlas"), substances having the sane structure, other than

al um nosilicate, tﬁ(e descnr k}gg% gstetqghg%)ﬁlaelctstjﬁggglaenceHb@e&rlesqw j%g\g the

structure, and se sub es are ca zeolite-1ike Eraterlals in

the Atlas. 15 The IfcePsFY R§Fent RLar Hefdnftbibrf SSTHBEEYS BEG I H*" dét &1 in
Yoshi 0 Ono and Takeallbg¥as ittasuzkod izeelnoe agdka poeskegakn I(lr'sai efber and
Engi neering of Zec%l;!ﬂd%%)such RR- aiurﬁ?mo@%lsbﬁ{@d by Kodansha (July 10,

2000). In the present iFt ltgg'glldgg Orgéag?%g os n. ol at%gn f_r?.%?ltﬂta:e

foll ows the above defi IO oan eakl
Yajima, Zeolite nirstagakticm (hkwghiafteSei ehuelvandfeErghéer phg B2 2eol i te),
publ i shed by Kodapghaetdtdy th@, z200Q)k, inher adibe, t erum ‘Megek| teH.my

i ncl ude not only a({hum nosstruc%ggr%gh I sgtﬂgo%tfag QESSQ%QQH@S .

titanosilicate) ha ure Icate. .in the

present specifi cat!iim_ t hie @#W@Pur%lss%ﬂ‘lerzéb?%)e(aﬁﬁelz‘badqtetre PR Y
mat eri al s ar gy denoted@r¥d ato sisr uat Lusl) ,cedestamsienghahiree thkpbhatret i ¢

capital letters, Q;é%gl rs%(e%ttl)%rl d‘?%quﬁﬁhcgélrlqtcgge' nar.teh%eg:?:-ﬂﬂ'-ﬂf Gs

substance which ha been used for the, cl arlhl cai_:tlon of il
structure thereof .2MTREI8EF (RUNFFAPCR Ode PLEACT tRISY ERBSE-TUSSHE &I neé1 in Atlas
and t hose approvedtHaset hebditdncedi aromallet! Smp.llss ~like Watpréabyt in

speci fication, thepdens,s.al um nosilicat e and “titanosilicate" are not
limted at aII by the ggo erties gnq{ th%eé)ésc(ﬁﬂgﬁ as 28 March

2005 1story e} is de lnl 1on
detall in Yoshio Ono and Takeaki Yajima, Zeolite no
Kagaku to Kogaku (Science and Engineering of Zeolites),
pp. 1-2, published by Kodansha (July 10, 2000).
In the present specification, the definition of

20 nzeolite" follows the above definition as described in
Yoshio Ono and Takeaki Yajima, Zeolite no Kagaku to
Kogaku (Science and Engineering of Zeolite), published by
Kodansha (July 10, 2000), where the term "zeolite" may
include not only aluminosilicates but also substances

25 (such as titanosilicate) having a structure analogous to

aluminosilicate.
In the present specification, the structures of
zeolite and zeolite-like materials are denoted by a
structural code, using three alphabetic capital letters,
30 approved by 1ZA and originated in the standard substance
which had first been used for the clarification of the
strucﬁure thereof. The structural codes includes those
contained in Atlas and those approved in the 4™ edition,
et seq.
35 In the present specification, the terms
raluminosilicate” and "titanosilicate" are not limited at

all by the properties and/or states thereof {such as



- 3 crystalline or anorphous, or porous or not porous). Therefore, in
the present specification, these terns denote "alumnosilicates" and
"titanosilicates" of all properties, unless specifically indicated
otherwise. 5 In the present specification, the term"nol ecular sieve"
means an activity or operation for classifying nolecul @8 Myurdh20Si ze
thereof, and the termal so neans a substance having such a function.
Zeolite is also included in the definiti-ors ef a nol ecul ar sieve. The 10
details thereon are descri bed in the porti on relating to "nolecul ar

sieve" in Hyojun Kagak o Jl ten ab+G9ssay) ., edited
by the Chem cal 8859 p%“horp ?l scheg’olg r’gr]:ﬁzen I\/arch) 30, 1991).

In recent years, \Taﬁl-'@t@res;t i Blze lﬁ@eeb*‘ee??ﬁ?éééc%wcnﬁ tPRE® S5GFAt i on
reacti ons of orgaRiefccoMmMAURGodY itaikeg" aand i"tanasidildareeshicvhals a

zeolite, as a catal and | I digé ent. Anon
these, a catal ysP~ égﬁ%ﬁleﬁs_ﬁfé s%eﬁ?EP&‘alﬂ i‘%dfcr!at% dLgé NG RY g

%{l ine tjt aPOSI gl cate,

has been foursd to shovﬁfaﬁ:h@c?m?‘%%ﬁ |Sﬁ95hfl°2(?18 9 & Pealtion Usi ng

various per oxi des,Slaffeermetdme apraodsd tioor s:;petrhesormfmg thes sk "das

di sclosed in US. e% '}!9 téel%’lioaéggler@ép -Egdltﬁ'@&eli@.eﬂlﬁppddaﬁd a0
eC|

various reactions™ I c exa reof. i ncl y ellt %gpd di scl osed
in JP-B-4-5028 (" ﬁPbB‘la%&e lf’ééfa“ﬁesruéi 2OBUNEARE  an“*EXam ned Japanese

Pat ent publicati on'hplutdbrie t¥S-defiigigden of sameieed st SERVE he ©foxi dati on
of an ol efip CO”%‘&Q@léJSﬂH&eBMdéﬂgeﬁsaﬂ@eﬁ de eneatomariganielatgegoxpde as

an oxi di zi ng agent, tructural . i il kga Jraakai s 30
“NFI", which is th&° 5ﬁ‘éf fod&®48 t 8100 Aald LagPlbRaL S ;iﬁt ative

. al code, 0 re
synthetic zeolite Wcﬂ%ﬁﬁsﬂf &hei ﬁﬁe‘%’t"‘rﬂ&c%ﬁ?b?’g‘bﬁt ai ni ng
ten (10) oxygen atmmen(asubldesssibediarnz¥pshiarc®ndt anddtakeaki Yajima,

Zeolite no Kagaku to @ggggntpy%a%s Pt shed oy Kodanahben AadESob 35 has

arelatively small porée size of nmto 56 nm nuter %%
cal cul ated vEl ue tHer @T‘bﬁ‘at%cﬁ‘er%é%ﬁo’é’”&f 5| %lfqar?lcc‘o'%%%ﬁlgs an be

epoxi di zed by usi ngthBodilscate which is a zeolite, as a catalyst, and

using a peroxide as an oxidizing agent. Among these, a
catalyst named "TS-1", which is a c¢rystalline
titanosilicate, has been found to show an activity in an

20 oxidation reaction using various peroxides, after the
process for synthesizing the same was disclosed in U.S.
Patent No. 4,410,501, and TS-1 has been applied to
various reactions. Specific examples thereof include the
method disclosed in JP-B-4-5028 ("JP-B" as used herein

25 means an "examined Japanese Patent publication”), where
Ts-1 is used as a catalyst in the epoxidation of an
olefin compound using hydrogen peroxide or an organic¢
peroxide as an oxidizing agent.

The structural code of the titanosilicate TS-1 is

30 "MFI", which is the same code as the structural code of a
representative synthetic zeolite ZsSM-5, and TS~1 contains
a ring structure containing ten (10) oxygen atoms (as
described in Yoshio Ono and Takeaki Yajima, Zeolite no
Kagaku to Kogaku, p. 4, published by Kodansha). As Ts8-1

is5 has a relatively small pore size of 0.51 nm to 0.56 nm in
terms of a calculated value therefor, the scope of olefin

compounds which can be epoxidized by using TS-1 is



28 March 2005 - 4 Ilimted. Further, both of the rate of the diffusion of
an olefin conpound as a reaction starting material into the inside of a
pore and the rate of the effusion of an epoxy conpound as a reaction
product fromthe pore are 5 low, so that a reaction activity which is
sufficiently high, in view of the industrial use of TS28Maemh2805be
achieved in many cases. Furthernore, there is a problem such that a

ri ng-openi ng reaction of the epoxy group -of4 -an epoxy conpound as a
reaction product is liable to 10 occur, and the resultant selectivity is

di sadvantageous! y ,, Jegspased, QA ! 8. Q1HLTHIANG e 1F And- 2020 IP A" as

used herein means " uhéxam ne apanese Pat ent Eubl i,cati o?") di.sgl oses a

met hod of per f or nRAGO KR Eh GBI R5r 8 2ER3%GT 0155 b1+ R IoF_T T ForB5lnd by

using a crystallineetiddiRieunt sqnirai ahagtiolretel af tdiceeéfpiam@iaan
structure simlar gngyaé 'oﬂﬁmg &€ 280 14 pBBLAC{ StrioHCEHE 3oxe0dee * BEA)

as a catalyst an y" usi ng hydrogen peroxide or._an arganig. peroxi de as
an oxi di zi ng Sagent-oW205%5iHHEE B heP SPBEARN nAELY 1Y YR pbrE E!Fgér:ﬁa 1eerntgl
conpared with thatigbf irheiswroftuhealindosteriofl Meé dTSthe canneanbsilicate

TS-1, an effect of.gnabld ng ﬁaﬁf%{siegn Ofurthesh6Fé Calnkyebus ky preppennd or
an effect of el evatlgg?the dif

usion rate to the i V. e
resul tant reactiof®$8 THi% a\/\één%ﬁ&‘fg&r‘?arftégﬁeoge%g%pfegg%gfg%otﬁg Sbove-
menti oned Patent pobkpeat iconpoant GipsureRHioBhPESBC AP 1+3R%& "Bven in the
case using tihe titanesjldmatee TSeshilcant delaetivaty yisoxiidadeshtadenesdy ,

there are caused %gpégsrgsd that the conversion of an oxidizing agent is

| ow when 30 hydrogen peroxide is used as the oxidizing agent for .the
epoxi dation reaction, @hdhengther Mang- oprhtg2réstt i‘o"%Pé " $he'%&Foxi de i s
caused to produce haréoi mespendungkaliped| JapamegeaBatentepublicatienr' ¢sul t ant
selectivity is de%%gg§§ s aFHELR&S of BelPSrideaRfegdi@ daRies Waktibrve as
described 35 in thi's Patent publication, the decrea |1n%er§{@ar8.fum§0tl\”ty
is rather hilgh. TRAt 2Ps214He E&‘P%‘?V@I Fipetqdg e crystattd -ar
containing molecular sieve having a structure similar to
aluminum-free zeolite Beta (structural code: *BEA) as a
catalyst and by using hydrogen peroxide or an organic
peroxide as an oxidizing agent.

20 Since the *BEA has a large pore diameter as compared
with that of the structural code of MFI for the
titanosilicate TS-1, an effect of enabling a reaction of
a sterically bulky compound or an effect of elevating the
diffusion rate to thereby improve the resultant reaction

25 rate was expected. In some examples of the above-
mentioned Patent publication, a compound which does not
react even in the case using the titanosilicate TS-1 can
be actually oxidized. However, there are caused problems
that the conversion of an oxidizing agent is low when

30 hydrogen peroxide is used as the oxidizing agent for the
epoxidation reaction, and that a ring-opening reaction of
the epoxide is caused to produce a corresponding glycol,
and as a result, the resultant selectivity is decreased.
Further, in the case of the molecular sieve as described

35 in this Patent publication, the decreasing rate of
activity is rather high. That is, the catalyst life is
short, and therefore it is necessary to repeat the



short, and therefore it is necessary to repeat the 28 March 2005 - 5
regeneration of the catalyst frequently, whereby this point seriously

hi nders the inplenmentation of such a nolecular sieve on an industrial
scale. On the other hand, in recent years, synthetic 5 zeolites having a
structural code of MW which is different fromthose @8 N&icha2005BEA, are
attracting attention. The process for producing the sanme is disclosed,
for exanple, in JP-A-63-297210. Further, -ascerding to Peng Wi, Takashi
Tatsum and 10 Takayuki Komatsu Chem stry Letters, 774 (2000), it has
been reported that when a crys ine. t nQsi t

structural code OFGW%"}BOH% a'ihr? fgtay i at %5ﬁq‘ﬂ%1r%a]1 Q?%l:?ﬂye tl(g‘(rg‘f/stal
structure thereof ppént praadgsety l"&ﬁ@%??ct%é—%‘@ﬁ@“‘?%“%ﬁoal EFHP dsing this
15 crystalline ti tnam@@uaxcatlevasora a@aﬁﬁdhyﬁ:trlamdsdﬂg/lmSI ng hydrogen

per oxi de, cycl ohexene e c rod Renyd&l d of the
i ntended product is ra ql 16‘lﬁlmbemll%e byr?ﬁrdqfe t he resuls%ﬁnt epoxi de and

diol are pr c5ducedephl@%&‘?ﬁﬂ’ér%tﬂqué‘F@@ &PA6NPE H¥ifer ¥BYCY t endency
of selectively pr @\ilfﬁlbf@tal’fy'oﬂftﬁdmefcmﬂmmmdSEAl sansotobsetied.

Therefore, there i wagn Ilydg ho@d ksméniended to be
utilized industri éil%tgngg%sdesgéfﬁég hgrel nabovgi%%}%us proposal s have

been made for cond‘&éﬂﬁbedcfhéoﬁx?’bad‘tﬁ &n Foattio 25 ol efin conpound
by using a ti tan05| | i crirethes, aaocaira;llyxgt tarkkngy Wusi PakaghdeTaksee 48dan

oxi di zi ng agl - Ryl s Kdm@gyét Hakli ¥+ B¢ atdtceabl e714qhoboyesitanesr at her
limted, furt her, 1 n any above n@nﬂgggdcb&%%ggilg 6 an

oxi dat i on reactl orreh 5el§?rrjfﬁfiet5%‘hﬁ‘§‘ﬁﬁdah%’{/y a-car on doubl e
bond is di scl osed.haVhey ecrastnottyml geda of éﬁ%‘r ged epytiaiahBEid i cate which
is usable as a Catt@'tXﬁium'd%othnoﬁqiéj%EyQBaI eatlceurefti@reofipbaind not only

having a carbon- Carg andecggqgké%gqebyé 5?1%92@@”5{“&5@59'@%@3 one
ot her functi onal

crystalllne titanosilicate as a catalyst and by using
hydrogen peroxide, cyclohexene oxide can be produced.
However, the yield of the intended product is rather
low, while both of the resultant epoxide and diol are
produced in a considerably large amount, whereby a
20 tendency of selectively providing any of these compounds
is not observed. Therefore, there is a caused problem
when this method is intended to be utilized industrially.
As described hereinabove, various proposals have
been made for conducting the oxidation reaction of an
25 olefin compound by using a titanosilicate as a catalyst
and by using a peroxide as an oxidizing agent. However,
industrially practicable techniques are rather limited,
and further, in any of the above-mentioned cases, only an
oxidation reaction of a simple compound having a carbon-
30 carbon double bond is disclosed. There has not yet been
reported a titanosilicate which is usable as a catalyst
in the oxidation reaction of a compound not only having a
carbon-carbon double bond and but also having at least
one other functicnal group.
35
Disclosure of Invention
An object of the present invention 1s to provide a



Di scl osure of Invention An object of the present invention is to provide a
28 March 2005 - 6 crystalline titanosilicate catalyst which is usable as
a catalyst in a selective oxidation reaction of the carbon- carbon double
bond of a compound having a carbon-carbon double bond and at | east one

ot her functional group. 5 Another object of the present 2BMarthi2005is to
provi de a process for producing such a titanosilicate catalyst, and to
provi de a process for producing an oxidi-z&d-conmpound by an oxi dation
reaction using the catalyst. 10 As a result of earnest study for solving

t he above- nentioned hl ens, the, resent a a
crystalline ti tan8§¥?'?"€§-tl e hitd §‘t" care catQYfé‘é Qrfhﬁ.cﬂ Y& Jﬂ!ﬂ@ Lhat

ructur.al cjHe Q/WN can
effectively functicenalista l@a@a$§/1§t0tﬂe)? ‘a?‘ldtaéaE’E‘l]Eﬁ?‘\HJré’Pe?ﬁ e car
car bon- car bon doubkepdon@udleandd eanpotibohati ngviaacar bark@ardsshotoubl e

bond and at |east 610u£'fe U ar aLc‘.ilrEQ:t 'lgggﬂc cg{eo%ﬁhé§ %&'léﬁgl b}’rdi@l ng a

peroxide, so as t e an ox1 di zed corLF th
sel ectively. 5The prese%ﬁo‘:ihﬁ\‘ieﬂ‘ﬂ% RistBR&TeS§RE ot ﬁeE’u Jbased on this

di scovery. 20 Mor @rspedd fa pabbyss the prederimngi ﬁv@ntq Gitanesbhicaispect, is
a crystalline MWNLype, t%ﬂﬁ%&';ﬁ@v@decﬁtﬁlo)é%fss foy proadotignginan oxidi zed

conmpound, which is usastb% eln i ng Qx| di ean
oxi dation reacti G¥iBtzef &8%8@%‘8%&\7%%" célLrO o%g%ca %gﬁgggﬁ%lb&eﬁ bond 25

and.- at | east one ekheiydtuncti onal group wherein the carbon-carbon double
bond of the gonmpound i gy Xidisgzed W eafibsi@ saguagrewdze)larsngntMmbpzeﬁg

RIS e R P o o Mols (1

xTiQ  (1-x) S i0a cwperalline i:st@qmr#bé@t%fcadiaé@@‘i Iiad(1@92? SHHETHF8Sent

invention, in a segRUoAIRBCLani &f Fectikybf atuncheoMAN tay petalysndirl Rcat e

catalyst for reaction wherein the carbon-carbon double bond of a

15 compound having a carbon-carbon double bond and at least
one other functional group is oxidized by using a
peroxide, s8¢ as to provide an intended oxidized compound
highly selectively. The present invention has been
accomplished based on this discovery.

20 More specifically, the present invention, in an
aspect, is a crystalline MWW-type titanosilicate
catalyst, for producing an oxidized compound, which is
usable in producing an oxidized compound by an oxidation
reaction of a compound having a carbon-carbon double bond

25 and at least one other functional. group wherein the
carbon-carbon double bond of the compound is oxidized by
using a peroxide as an oxidizing agent. The catalyst has
an MWW structure and is represented by the following
(chemical)} composition formula (1}:

30 Composition formula (1)

XTi0,+ (1-%)81i0,
(wherein x is a number of 0.0001 to 0.2).
The present invention, in a second aspect, 1is a
crystalline MWW-type titanosilicate catalyst for

35 producing an oxidized compound, which is usable in
producing an oxidized compound by an oxidation reaction
of a compound having a carbon-carbon double bond and at



35 produci ng an oxidi zed conpound, which is usable in producing an

oxi di zed conpound by an oxi dation reaction of a conpound having a

car bon-car bon doubl e bond and at 28 March 2005 - 7 |east one other

functional group wherein the carbon- carbon double bond of the compound is

oxi di zed by using a peroxide as an oxidizing agent. Tha8ddaedy2i05has an

MAV structure and is represented by the follow ng conposition 5 formula

(2): Conposition fornmula (2) xTi02yM203(41-%-2y)Si 02 (wherein M

represents at |east one elenent selected from the group consisting of

al um num boron, chromu al.liumand i1 .S ~0.0001 to
a ndﬁﬁEF Sgéd%%ﬁglk%%égiOng %ﬂ%HEW%ekéléﬂﬂﬂppgibSH.

0.2 and y is resent inventjon in a third

aspect is a procesearbpordpitddudrng ehaher GITRAININAS MAAFGE PY t'H10Si fi cat e
catal yst for produsdfagia® £xisgi 3RddTOMAOEGEnACCahdi ogtdlysiShaheampMeent

invention in the at Orvgagg%ch%g I‘éérsetseg'{:edsﬁp%g 2SPESHirghepspdsicibe

present invention inoa aspect Is a process for producing an
oxi di zed conpdund, fxdWpRi 6#g: performing an oxidation reaction of a
conpound havi ng a 20 cabkposicaribofiodoulsl ¢2bond and at | east one ot her

functional group wherein theg.Garfpg;.qackon, powhl e bond of - the conpound is
oxi di zed by using a peroxide as an OXIdIZIn? %%F%ﬁek%b§'35185§§§ nof the
crystal line MAW tQﬁ@rﬁFPéﬁﬁﬁﬁrﬁéﬁ?EséﬁtéF§§ Or “produci ng an oxi di zed 25
conmpound accor di ngttieo girhep prasdst Ligvaheiloningm i RerPRr sthrofiu8econd
aspect. Bestjbde §0r iGRAr s¥a NGVt xthe d nveBér T Keoednbed w2 bk yriesent
invention wll be described 3% iT etai,ll with reference to the
- 3 Tuger car & 0001 £81¢L1). . tot v on
acconpanyi ng dr awi hd¥' sited. I'n the follow ng description, "% and
"part(s)" representin§he PERSfritt AVSALiH0opBr i HTEr 28T IS &rBFOPASed on
mass, unl ess ot herpés@roatie€thspae Eigeddly indAt Mi1tybe thearprsédénstd nventi on
in the first aSpeCéatalyst for producing an oxidized compound according to
15 the present invention in the above-mentioned first or
second aspect thereof.
The present invention in a fourth aspect is a
process for producing an oxidized compound, comprising:
performing an oxidation reaction of a compound having a
20 carbon-carbon double bond and at least one other
functional group wherein the carbon-carbon double bond of
the compound is oxidized by using a peroxide as an
oxidizing agent in the presence of the crystalline MWW-
N type titanosilicate catalyst for producing an oxidized
25 compound according to the present invention in the first

or second aspect.

Best Mode for Carrying Out the Invention
Hereinbelow, the present invention will be described
30 in detail with reference to the accompanying drawings as
desired. 1In the following description, "%" and "part(s}"
representing a guantitative proportion or a ratio are
based on mass, unless otherwise noted specifically.
At first, the present invention in the first aspect
35 and the present invention in the second aspect will be
described.
The present invention in the first aspect is a



35 and the present invention in the second aspect will be described. The
present invention in the first aspect is a 28 March 2005 - 8 crystalline
MAMtype titanosilicate catalyst for producing an oxidi zed conpound,
which is usable in producing an oxidi zed conpound by an oxi dati on
reaction of a conpound having a carbon-carbon doubl e b@8dMarh 20055 | east
one- ot her functional group wherein the carbon- carbon doubl e bond of the
conmpound i s oxidized by using a peroxide as-an oxidizing agent. The
catal yst has an MWV structure and is represented by the foll ow ng

conposition formula (1): 10 osition fann ( 1341 B 1-x) Si O,
(wherein x is a nﬁﬁﬁ%‘ga]]ﬁfmﬁ.wggfﬁ 5 %?53?0#%28%)\?%3%3 ?Qvefti.on in a

second aspect is arodtsigivabhi peldVARSt GPRPAIFanBRIFh cat BSERtAIYst for 15
produci ng an oxi dipzegu&arpanneidiieahcospdisdbbg am qpriddasomgreartoghdi zed

conpound by an omoga%i reastian, o% B SAMRAUPH. N ARG e an&ad kaa- ear bon
doubl e bond and at easkone ot her

~unctional group wherejn.the carbon-
carbon doubl & bondeast tde eshpbUidcitdonkt A 88 'g}i‘/e{éi“nﬁg_g é%bpcglr oxi de as
an oxi di zi ng agenktarBée dabakysénchas ahe Mihboshd uts wxédaped Y MEpPEsnt ed

by the follow ng id 12QN5n fQEmaYl 2)qer€QMPOsé tdaAA 18 Nhd A Jn2 Jww
xTi 0, yM 03( 1- x- Zy%%?%?fd%gg(% &Eﬂﬂzén@ Qge ¥

erein MTepresen at_ .|l o)
sel ected from t he S§FBEH S REAsES nrgep&es3?€'T’ff%’l¥m§:ﬁ%ogroolr%?’%2h?oﬁl&nﬁ]ﬁ%g{lI i um
and iron, x is a roembelaofl)®. 0001 to 0.2 and y is a nunmber of 0.0001 to

0.1). In thggrystall ié@nﬂmgyﬂpefaﬁmhaaogij icate catalyst 30 for

produci ng an oxi di zed corrpoq,f‘ng g(icogjgli(?g to the present invention in the
first aspect, the ratio of XLEBhstit *units TiO2 and Si2 present in the
catal yst can be dpber¢imc By ehrumasraptrtdi9lt Rer bet-ween.

The present invention in a second aspect is a
crystalline MWW-type titanosilicate catalyst for

15 producing an oxidized compound, which is usable in
producing an oxidized compound by an oxidation reaction
of a compound having a carbon-carbon double bond and at
least one other functional group wherein the carbon-
carbon double bond of the compound is oxidized by using a

20 peroxide as an oxidizing agent. The catalyst has an MWW
structure and is represented by the following composition
formula (2):

Composition formula (2)
XT10,°yM,0,* (1-x-2y)Si0,

25 (wherein M represents at least one element selected from
the group consisting of aluminum, boron, chromium,
gallium and iron, x is a number of 0.0001 to 0.2 and y is
a number of 0.0001 to 0.1).

In the crystalline MWW-type titanosilicate catalyst

30 for producing an oxidized compound according to the
present invention in the first aspect, the ratio of
constituent units Ti0, and Sio, present in the catalyst
can be specified by the molar ratio therebetween.
Therefore, "x" means the molar ratio of TiO, present in

35 +the titanosilicate, and (l-x) means the molar ratio of
510, also present in the titanosilicate. In the other
words, the ratio x/(1l-x) merely shows the molar ratic of



Therefore, "x" neans the nolar ratio of TiO2 present in 35 the
titanosilicate, and (1-x) neans the nolar ratio of Si02 also present in
the titanosilicate. In the other words, the ratio x/(1-x) nerely shows
the nmolar ratio of 28 March 2005 - 9 titaniumsilicon, and this ratio
does not exclude the presence of at |east one other el @3Muardch2008e above-
mentioned crystalline MWtype titanosilicate for producing an oxidized
conmpound. 5 In the conposition fornmula (1},9 the range of x is from 0.0001
to 0.2, preferably fromO0.005 to 0.2, nore preferably from0.01 to 0. 1.

In addition to the titaniyum.. cies L ch e 4heen dintkedugedent o t he
framewor k by subsﬁ’ittaﬂtl}l%}éSlelf%ﬁgéi?I}dc\gﬂ?gargt%\éaﬁi um speg}nes mag(e_be 10
present at a site RAgSERER YhEtcheatialoner ARRRTOAKEPBRET Yk &Pt BRY S For

exanpl e, a 6-coor dididtibaed tdryanh UM nes p@wi- egport iaanasatizgdel FRe titani um

oxi de may be pres oduE?chtJhe%x%l%é Rengb@yE: mentioned titani um species.
However, such a titanium Species outside the franework 15 ge gr}gl-lsy has a
Farmiiod MOSCRE Dares |

tendency suchSthat it PROFRR €STROSTHS™ FREEY 1 ldr WAF FSWE t Re pores in

the titanosilicatefrem as00do tionhi di tpreferdbiy Usioonl of 0% tWuBst at¥ e el ati ng
to the reaction. é@b%%%ﬁiﬁ,fﬁoﬁeotbiadﬂ WM SPeqi @YUdPE 8SERio Aheatitsintien
outside the crystal framework, if present 0. pref.arabl.y be.Ar ggent in
a smal | er amount. ?%Cdgﬁe‘;l’g CE% Eﬁge%%?pneéflﬁoggﬁeﬁi.tlﬁ{égc%{rmosi £ on %gr nul a
(1) shows an esti nattsditating ofithi shhioemr 8okttAYEl FRIHST PAE 1% amewor k.
In practice, jyphen piddenni s4Nd SiReesEIBideUtRe derishalfl feammmork Kor addition
to 25 titanium w thi he fr wor it s diffiqubtid® ciRhastsel y
quantitate the ti t%lﬁ [ PRbht gfggﬁ:eaxv&lqﬁfnat _eégf_r arrevviirk. Ir?bgeneersaeldt for
exanpl e, in the ul3nepies| eF -2 iasnbree a6 pttyh Epaetumast °§ P*
titanosilicate, thegeagorpidiDrhienabdieeakndtad afit2dfummpesiassi gned to

30 titanium wi thi ngfhe ofr agenprk s LAe; APSRERiéONUra 1 bhecnd ifghRblyriof 260
nmis assigned to a 6-coordination  titani um stpeci.%s out si q,,e t Dese
f r amewor Kk, ah?d thegene;ally has a tendency such that 1t promotes a

reaction or narrows the pores in the titanosilicate so as
to inhibit the diffusion of a substance relating to the
reaction. Therefore, the titanium species present at a
site outside the crystal framework, if present, may

20 preferably be present in a smaller amount.

In general, the x specified in the composition
formula (1) shows an estimated ratio of titanium
contained within the framework. In practice, when
titanium is present outside the framework in addition to

25 titanium within the framework, it is difficult to
precisely quantitate the titanium contained within the
framework. In general, for example, in the ultraviolet-
vigible absorption spectrum of a titanosilicate, the
absorption in the vicinity of 210 nm is assigned to

30 titanium within the framework, the absorption in the
vicinity of 260 nm is assigned to a 6-coordination
titanium species outside the framework, and the
absorption in the vicinity of 330 nm is assigned to an
anatase-like titanium species. Therefore, if an

35 absorption is present in the vicinity of 210 nm, this
absorption reveals that the titanosilicate corresponding
to the spectrum contains titanium within the framework.



absorption in the vicinity of 330 nmis assigned to an anatase-like
titani um species. Therefore, if an 35 absorption is present in the
vicinity of 210 nm this absorption reveals that the titanosilicate
corresponding to the spectrumcontains titaniumwthin the franmework. 28
March 2005 - 10 Actually, the titanosilicate catal yst agddasdshZ®0s0 t he
present invention in the first aspect has an absorption in the vicinity
of 220 nm and this absorption reveals thelpresence of titaniumwthin

t he framework. However, 5 when another absorption is present at other

wavel engths, it ig.difificulg tt%tgt{ﬁﬁlititc g:ievgﬁt%'al I$CUSSo L diGf @bl Ohef
these titani um species présent in the titanosilicate, —even.in a case
where ot her neans RERSPNEsIPYRIIEER MRGHER ifd XSk ATIRLHC BAHEAThSRSBFPT 1T ar ed

absorption nmethod is the eosbiingdofi 210 e abovenis bbaviptistn vegedle
absorption spectrimg (aky,onecleat, 1kfRid hale EBEndAMe Oholdige Dl ar

ratio of titaniumto &11icon calcu at e ,?’romthe rat1 o between titanium

and silicon deternffid 2BGth%e SBSRPBRERN 1B5PERETRsiRE SERSF J&VEI BRI

analysis, is the naxiisudidéiadt ¢b thmntdvennrely dlistass uphecortabeld within

me fr?rremorf. A?tﬁjé‘s%ct_t E&Q@Qiﬁb%lééci%& drt%ﬁ_dhizircb%hte EQtéﬂds@.Q_Tiﬁyted,et ernine
e nolar ratio of _titanium containe in the fra : e, in

the present i nvent PO, Th8 3 Worar 2 elromg?n%]i uél:rr]li g%v?%&sela%i g%%(eqﬁ%

cal cul ated by the ressngoaentetdesd 95i snfamred ALSHPEBRPBRIA%AST ormul a (1)

is for convepi encéontieddasitihansohbsvd aflit@adioldti-aikille ahsbapntch W t hi n

the framework. The cr(%stal line titanosilicate catal yst according to 25
. s5pe Tum

t he present i nvention in the first aspect having a structural code of MMV
wherein silicon is parOra¥|9ne siBati fagtedswrbat tiheavprling Rfy tO6nTAAF an
el enent ot her tharatiid @fi uifarSiuhi €6ns dAridoaxygbmlaasd| drgn asesugthian

el enent does not greally CAUSE nagglvsg]rﬁ%ogfggggmg!ﬁehhﬁy3&4%@&{5&&@&)’ of

the catalyst. In a case ere the catalyst according to the, reseritule

i nventi on inl?he f??%ﬁységpéﬁﬁhi%§ element¥al analysis, i5 the maxihum va
of the amount of titanium contained within the framework.

As described above, it is difficult to directly determine
the molar ratio of titanium contained within the
framework. Therefore, in the present invention, the
20 molar ratio of titanium to silicon calculated by the
component analysis as x in the composition formula (1) is
for convenience used as the molar ratioc of titanium
contained within the framework.
The crystalline titanosilicate catalyst according to
25 the present invention in the first aspect having a
structural code of MWW wherein silicon is partially
substituted with titanium may contain an element other
than titanium, silicon and oxygen, as long as such an
element does not greatly cause an adverse effect on the
30 reactivity of the catalyst. In a case where the catalyst
according to the present invention in the first aspect is
produced by a production process using boron as a
structure supporting agent, as described hereinafter, a
slight amount of boron may remain in the catalyst in many
35 cases, even if an operation for removing boron is
performed. However, boron in a small amount does not

have any serious effect on the reactivity of the



produced by a production process using boron as a structure supporting
agent, as described hereinafter, a slight anount of boron may remain in
the catalyst in many 35 cases, even if an operation for renoving boron is
performed. However, boron in a small anobunt does not have any serious
effect on the reactivity of the 28 March 2005 - 11 cat aBMarcha905
therefore, boron can be present in the catalyst in a substantial anount.
In principle, other trivalent netals suchias-alum num gallium iron and
chrom um may al so be used as a structure supporting agent 5 in place of
boron, and in such a case, thes r.emi i thin and

t]
out si de the franmevrielYFhr tHi% tﬁﬁ’é%&rteheﬁgr?% cra(S‘r gédp%escernysf'al e
MAV type titanosidatedretcat & psbstartiplodneitg aﬁnowmczl@éle'c@?ﬁﬂf-und

according to the Wﬁ%ﬁgbnt MYeaRls08udiD dsha1sennid §1aspectirofhatd is, the
present invention in the secon spect is_a. C t
titanosilicate cat%ﬁ?gltmmf%afy S(ri %gﬁsegnasox? d{t)z%ggué %WV\%?%?QM

usable in pr%ducﬁr‘fgPé:ﬁcéx?ﬁjlbﬁéenco?ﬁﬁ)l}ﬁds’é‘ilh a?hC@ﬁPda’ftiecﬁ‘F F%S’@?‘?% mags g
conmpound havi ng a ssdelbofes afdiindeittia kaddowrddat tié freaetvooke ot her

functional group whereif Lig, cacbonegarboncsinhd & bapckah shBewsarpeund is
oxi di zed by using a peéroxi as an, oxi di zi n’lg‘?ﬂ)d%ﬁé‘g he .catalyst has an
c

MAW structure andt%ténPéb}Je‘éaé:r‘?t EatBYEhdoF of TSI EER formul a
(2): 20 Conpositi ororpountdl acd@)ding RO 2pRPOr¢dent 2pyShoon (Iphsheispaand

represents ajgl easisng. e'@f{@@t ssekﬁétp%@séﬁeramielm&leﬁoup t(h@rlﬁbéédd'lg of
al um num boron, chrom um 8: m{and I 3 cate cat lOﬁQl to
0.2 andy is 25 a ?ﬁﬂ?ﬁérlﬁfa r@f@ﬁi HIQOMW' ’{'Ehe £t aﬁ%%ve conposi tion
formula (2), the nimberodxtinhas thidizadecompeundg wbi¢h %%@Sébiﬁ‘)o@ tion
fornula (1) and t;ﬂ%dﬂwﬂgéran Yboxili$z&d SRmBoliRd Ay Lat bei dtieansbadtieni  unit

M203 present in the Cat 3l gound %av:.n aral %atrgo}x hcear%%ncgg;%)lsé tb'oga gx?c[ rHH a (1),
the ratio of x/(1- - f g

least one other functional group wherein the carbon-
carbon double bond of the compound is oxidized by using a
peroxide as an oxidizing agent. The catalyst has an MWW
structure and is represented by the following composition
formula (2):

20 Composition formula (2)

XT10,°yM,0,° {1-x-2y)S10,

(wherein M represents at least one element selected from
the group consisting of aluminum, boron, chromium,
gallium and iron, x is a number of 0.0001 to 0.2 and y is

25 a number of 0.0001 to 0.1).

In the above composition formula (2), the number "x"

has the same meaning as in the composition formula (1)
and the number "y" is also a molar ratio of constituent
unit M,0, present in the catalyst. Similarly to the

30 composition formula (1), the ratio of x/(1-x-2y)
represents merely a molar ratio of "titanium"/"silicon”
and the ratio of y/(l-x-2y) represents merely a ratio of
"at least one element in total selected from the group
consisting of aluminum, boron, chromium, gallium and

35 iron"/"silicon". Accordingly, these ratios do not
exclude the presence of other elements in the catalyst
according to the present invention in the second aspect.



represents nerely a nolar ratio of "titanium'/"silicon" and the ratio of
y/ (1-x-2y) represents nerely a ratio of "at |east one elenent in total
selected fromthe group consisting of alum num boron, chromum gallium
and 35 iron"/"silicon". Accordingly, these ratios do not exclude the
presence of other elenents in the catal yst according tQ8tMardwesnt
invention in the second aspect. 28 March 2005 - 12 1In the conposition
formula (2), y is a nunber of 0.0001 to 0.1k -preferably 0.0001 to 0.05,
nore preferably 0.0001 to 0.03. In the conposition formula (2) according

to the 5 present |Pvetr?_lt| ggml S]}tq% sg?onqaa?g Ct hg ”&' eerro)f §38ho P

det ermi ned from t he" conp GREAT® ang Y& |n 5 manner as in
the case of the nubdér 1)( Pﬁef%blwoﬁpwlt icen? Gt nﬁpée(E’ieLé’é@@F-éh b %03 t he
present inventiontdr.otBe first aspect. The formor state of the 10

presence of MP03 may bg,elhneloniol il b N8 hi BN Ke0hra O Spdend he

framework. Mis at |east one e group consisting
of al umi num éhronﬁ’{ﬁﬁentgé?ﬁ‘lfrﬁoénélnl?l't?n Seﬁﬂﬂd WeétvaT%d’é‘ GRberc%f 3.
As used in the synbdemiterninddMradd, tiae @impahéntreinalysid wickesasn sodi um and

pot assi um can be Oenahak! yafiRSGLedn tthe LUBEISONMS nanBlnGY 8k 2hag agent,
and therefore, the alkali eé% Tay (,Q)ﬁ used Froductl Qn of the
catal yst accor di ngCYPEREIRP AR RN taiCSHr?h“? Pfé’ FPP -5 second aspect
for the purpose oficicaglienatn ridet lior29 asppgstal | Theattioon. oHak@ker of i e

general , the;al kal prerg%ab omfﬁoanegssétu |1:|th ffchnhichiet pgndwdakcat al ytic
functlon of the crLY. ‘:E % anOS]I(|I tn];:Ithereéoerlee,eI;t|s
preferred to rem)v% Al it AEr8r “f r tc’h% C efstaf’f‘l ne i'tanosi|icate
by ion exchange orSewtpﬁkéromﬁh?hermmwyﬂmgeOfmiwq@roﬁéf%m

structure of nol egall1dfamShRY Eisonl, SafkdAHACkEVAZATtd Auhbat dft 3has a pore
conprising a ring S”“‘i&“&?erﬁ%t %hg %}q}t%%sgﬁygfmcﬁt L9Y5 5,8Ng Qg?: fleSHPEr
cage (0.7 x 0.7 x 1.8 nm ure been” app roveg\ A after
t he publlcatﬂé such as sodium and potassium can be generally exp cted to
function as a mineralizing agent, and therefore, the
alkali metal may be used in the production of the
catalyst according to the present invention in the first
or second aspect for the purpose of accelerating the
20 crystallization. However, in general, the alkali metal
has a possibility of inhibiting the catalytic function of
the crystalline titanosilicate, and therefore, it is
preferred to remove the alkali metal from the crystalline
titanosilicate by lon exchange or the like.
25 The MWW structure, which is one known structure of
molecular sieves, is characterized in that it has a pore

comprising a ring structure containing 10 oxygen atoms
and has a super cage (0.7 x 0.7 x 1.8 nm). This
structure has been approved by IZA after the publication
30 of the above-mentioned Atlas. The details of the
structure can be inspected, for example, on the homepage
(http://www.iza-structure.org/) of the IZA Structure
Commission (as of September, 2000). Examples of known
molecular sieves having this structure may include MCM-22
35 (Science, Vol. 264, 1910 (1994)), SSz-25 (European Patent
No. No. 231860), ITQ-1 (Chem. Mater., Vol. 8, 2415 (1996)

and J. Phys. Chem. 8, vol. 102, 44 (1998)}, ERB-1




30 of the above-nentioned Atlas. The details of the structure can be

i nspected, for exanple, on the honepage (http://ww.iza-structure.org/)
of the IZA Structure Commi ssion (as of Septenber, 2000). Exanples of
known nol ecul ar sieves having this structure may include MCM 22 35

(Sci ence, Vol. 264, 1910 (1994)), SSZ-25 (European Pat en28 Mhiech 2005
231860), I1TQ 1 (Chem WMater., Vol. 8, 2415 (1996) and J. Phys. Chem B,
Vol . 102, 44 (1998)), ERB-1 28 March 2005 4313 (European Patent No. No.
203032) and PSH 3 (U.S. Patent No. 449409). The nvol ecul ar si eve having
structural code of MW c nt|f|e h rn ef git
characteristic X- %}‘faP‘F?‘? }&QI 8h {Hersr n gngaﬁggfﬁ (?eserfatc?ntto as
"XRD'). The XRD patx-efhd+R%) -al She tﬁole&VéH a‘b‘leé’ealéa‘é”sq rﬁflraf:f'ﬁﬁa];e)é‘tofj@rn of
| TQ 1, for exanpl &t van &die b@bmu@mrﬁmlteuongdtﬂm@apagm Represent ati ve

| f the djff t sT 1
S’éf‘g\?\/ eio ?Tabl : %haﬁa%?éf %ﬁj‘lc' 361%@9&&‘@&%:1 I?Qé@eﬁﬂm%r' n la{bllye

'On on LLne. G ven by JAN.SLEugE ur e
d/ A0. 1 Rel ative Sti&ffgrRd (© a§tr)i5]?‘f:¢; W ek s
11.00.6 s 8.80.5 ®rai®aBle &sma Blma&lwn samerzl af BICROL .2 ERE exwlz?vs The

present invention éd1thgea$$Ué'%eﬁ§£Eﬂad thbpiﬁ% desgrédatt drelenexabrd es
present i nvention |n

pect is. c LOGHCENG @
crystal line MWWt yPe Fl ?Jaﬂ%ﬁﬁtr‘-eléai n(':aafnﬁyysrfc 51% g?%%“'{ %lr r?g an oxi di zed
conmpound, conprisihdetlhe.followi ng first and second steps: (First step):

10 [Table 1]
Table 1 piffraction Line Given by MWW Structure
d/R+0.1 Relative Strength
(s: strong, m: moderate, Ww: weak)
12.3x0.6 s
11.0%0.6 5
B.8%0.5 s
I6.2t0.4 m
5.5%0.3 4
3.9%0.2 m
3.7%0.2 W
3.4+0.2 s

The present invention in the third aspect will be
described below. The present invention in the third

15 aspect is a process for producing a crystalline MWW-type
titanosilicate catalyst fof'providing an oxidized
compound, comprising the following first and second
steps:

{First step):

20 a step of heating a mixture comprising a template
compound, a titanium-containing compound, a boron-
containing compound, a silicon-containing compound and
water, to thereby obtain a precursor;

{Second step):

25 a step of calcining the precursor obtained in the

first step, to thereby obtain a crystalline

titanosilicate.



20 a step of heating a mxture conprising a tenplate conpound, a
titani um contai ni ng conpound, a boron- containing conpound, a
silicon-containing conpound and water, to thereby obtain a precursor;
(Second step): 25 a step of calcining the precursor obtained in the first
step, to thereby obtain a crystalline titanosilicate. 28 ¥Marei2805 - 14
The crystalline MW type titanosilicate catalyst for providing an
oxi di zed conpound according to the present 14i aventi on can al so be

synt hesi zed by a conventionally known direct synthesis nmethod or a

post-synthesis nethod j, su %s@%lf&@%ﬁ%‘ pb% Langifﬁdat@%BQaIfs%O%‘éE to

the details of the atomp t uaki__Yashi ma

"Sci ence and Engi Wlﬁgn%faTZ@&Fg%%‘%‘i‘ copped PECOsBHRT | t% HhA 2P R5E nsha:
and Peng Wi, Takayﬁknentli(omra:tas:ualiatmakrnt?{asiuemapysmwnvwmtlmwtya and

Hi roshi 10 Shouj | encW@dil A &at i %tﬁ)ém@lingﬁﬂb& eora%' b Y- dph the 9B oS
substitution of trlvalent catlonsm, sites glnghthe

at om pl anti ng® met FPR RE cRDFSPE0RI A EE QFEh (w(l 8975 3
referred to.). |n ddtaidasef ohet heomgrlomephamatigdmel oo ORe &at al yst may

be synt hesi zed, 15r;_ﬁhaﬁgamrﬁmabys@ireeﬁar bAQ Ehgdinketibfrofszewtitwyi ng a
MAW structure con{ﬁl erg bﬁo%r} oL, ﬂzung?Q}l k{rfen%éhngeﬁﬁ a§gkaﬂlkgart of

boron or al um num a wat érFvapdr or an(;l t hen
contacting the resliﬂ“’caéﬁtlr FasFudhié W%W“’&ft??’éfﬂl&ﬁﬂc%ﬂm crﬁ
titani um 20 toichlsidude, Mmodirsecetforcicnimopderdiet aondptr}odvefsst-“abmrnﬂws

MM type titanosi J;db%%&%uf%rﬁl&fsErf@é’lérﬁclcgﬂforﬂ% REOGHE4:AfheRbOR Oikes

according to the present Invention "rd asB Iﬁhg is,. the
process for pr oduc‘iﬁw‘d‘gatﬁ?y%tt%“P}ﬂ’étW% JECEPPATYY MPESE T ardl yst
for providing an oxii7sedsevhpeynbe actierdedgte.o -t hénprles@ase] AGEHE on in

the third aspect jga @59@&@ n@Bn P OG9SS chPL1 A C ki tisd |dynenbii¥dg/pe

titanosili cate categ eﬁamp{elar%ybgep fﬁ% 9x mgqecdqar sieve having a MWW
structure containing boron or aluminum, removing at least
a part of boron or aluminum through a water vapor
'treatment or the like, and then contacting the resultant
residue with a titanium compound such as titanium

20 trichloride.

A more efficient production process for the MWW-type
titanosilicate catalyst may include a production process
according to the present invention in the third aspect.
That is, the process for producing a crystalline MWW-type

25 titanosilicate catalyst for providing an oxidized
compound according to the present invention in the third
aspect is a production process for a crystalline MWW-type
titanosilicate catalyst for providing an oxidized
compound, characterized in that the production process

30 comprises two steps, i.e., a step of heating a mixture
comprising a template compound, a titanium-containing
compound, a boron-containing compound, a silicon-
containing compound and water, to thereby obtain a
precursor; and a step of calcining the resultant

35 precursor, to thereby obtain a crystalline MWW-type
titanosilicate for producing an oxidized compound.

At first, the above first step is described below.



conpound, characterized in that the production process 30 conprises two
steps, i.e., a step of heating a mxture conprising a tenplate conpound,
a titaniumcontaining conpound, a boron-containing conpound, a silicon-
cont ai ni ng conpound and water, to thereby obtain a precursor; and a step
of calcining the resultant 35 precursor, to thereby obt @a8Marchr2f85al | i ne
MAWVtype titanosilicate for producing an oxidi zed conpound. At first, the
above first step is described bel ow. 28 Nateh 2005 - 15 The first step in
the process for producing the crystalline titanosilicate of the present

invention in the Qi £g-ASRREL 15 heShefs B8R hAGR 1RyXErE €  conpri sing
a tenplate conpound, a titaniumcontalni ng_}fS &g ound, a_boron-containi ng
compound, a silicGRYSEBHtEENEMGERTHPGEAT aHd HEt BFSSFS tREFELY obtai n a

precursor. The "t empl ehird aspeund’s asstepdithéreting o aigbwpound having a

function of, in tRenayMd NEFIStOhpZRQ EbfpdiaM, Nd 1thBRNMWKE] TiiakuUr e,
determ ning the structurcia t her eof and .Iﬁarti cularly, otsi?%er{_n‘i ning the
shape of the or e SoFRBINY e ApPRE R ESEBLTNS SORBP P 4 EUT5FTY limited, as
long as it can beoneabview kanpeursy agdl €3 tfimgtoExkensbys obketed nay
general |y incl ude gretupgan- cont ai ni ng conpounds. 15 Specific exanpl es of

such a nitrogen-contaipi ng. . conpound dnclude pineridi 08,5 conpound
hexanet hyl enei mi ne and/or a ﬁlPx%g]urém er eotgl,S it at e corjmgund

usable in the prdSEhRYihEREESPR i ndl theisraghedls %é:[sggg S e
conpounds. 2@ The ani ¥eWistmucontai niatgroompoundewhtofrtivgeusdteofi andg he
first step is not RactiedAR! Yok i dBtelflin Ay [tBIsASpe (e the pore. The
titani umcontaining compound can. provi ge a gel -t pe 4B d(lilcft i %%% |Lé_c
exanpl es of the tltggﬁﬁ?‘g% SSRPP g me n%?ﬂfﬁﬁur]rﬁg Y Hﬁ“ﬁgg tit%ani ur%1 oxi de,
titani um halide ard 28nths reabkgd letehoby temiatiesng butExgpples thereof
titani umcontaini gy gowaRUNY Ysahl® hiciderpeeseainindyebhpoihdss not
limted to f§1ese S%gg%{é Cex%(x%p gs!.mo suc ep ittrf”%agn—éor?mt\élig%é)fcompound
may include piperidine, hexamethyleneimine and/or a
N mixture thereof, but the template compound usable in the
present invention is not limited to these specific
compounds.
20 The titanium-containing compound which is usable in
the first step is not particularly limited, as long as
the titanium-containing compound can provide a gel-type
product. Specific examples of the titanium-containing
compound may include titanium oxide, titanium halide and
25 tetraalkyl orthotitanates, but the titanium-containing
compound usable in the present invention is not limited
to these specific compounds. Among these, in view of
easiness in the handling thereof, titanium halide and
tetraalkyl orthotitanates are preferred. More
30 specifically, titanium tetrafluoride, tetraethyl
orthotitanate, tetrapropyl orthotitanate and tetrabutyl
orthotitanate may suitably be used.
The boron-containing compound which is usable in the
first step is not particularly limited. Preferred
35 specific examples thereof may include boric acid, which
can also be used in the form of a borate such as sodium

borate.



easiness in the handling thereof, titaniumhalide and tetraalkyl
orthotitanates are preferred. More 30 specifically, titanium
tetrafluoride, tetraethyl orthotitanate, tetrapropyl orthotitanate and
tetrabutyl orthotitanate may suitably be used. The boron-containing
conpound which is usable in the first step is not parti28(Nardhy2005m t ed.
Preferred 35 specific exanples thereof may include boric acid, which can
al so be used in the formof a borate such-ad$ sodium borate. 28 March 2005
- 16 The silicon-containing compound which is usable in the first step

i's not particularly |'Q%E6911£3$%Chéh ald%ﬁanp$fﬁﬁdhgeﬁﬁiﬁh @%yubﬂﬁié“¥%

silicic acid, silicic acid i con’oxXl] lico I . funed
silicas, 5 tetraal K84 f&Ff‘Flo%*iem éét E%t FRFELEF 4 Falt 181 FiTa. F’ﬁcé of
t hese cases, a sileéexaplesntinrdaignepnipminde hedding caactd glsipdreicadis

pre]f errgfl hlVbre Sp%lt{( | 64 {don toa%es'alllqeencml@em E&n&f%&@lﬂaﬂs{my .
preerayaeanaa nt en e lt.ata es. o e
al kali 10 net coﬁ%ﬁfﬁé‘hl‘gl @Wﬁ?’?é‘fatteﬁa ghcéoﬂﬁ’llgg otk |taann1lim
preferably 1/ 10 ti peshesel ezsses/he abliepnofortaimdingneompauand ppeingt &l y
1/100 tines or |es§1§m%u@£ﬁ&50]brbféﬂ&dalm Mo ¥T}@ct BeselLlyi,nthBe case of

col loi dal 'sili ca, ong Maving..a smaller ahkal) GQRLen) Sapbelerdatals.

The rati o between Titan unt and
first step may pref@dbrgnbent gugbithar hg toga) fnpe-aﬁu%frn*%hesﬁﬂ—k%}dn), rmre
preferably ©0005 hetdl Eompdne(dtist ani gnallesi thaothe palds el alkynium,

preferably 0. 01 € 0,02 Lol LAY Uhes ¢l 1€08)end Hot 85 e A0 eahi kil debar

rati o t herebet Ween e ween ron an

icong emxture to
be used in the fi r%“fefsetréﬁl}‘ra 190cELPehIoF Hesy. Dq §oips @ flfﬁ
silicon), nore preimmgblkiiede s inothe:cdse Elforahlaideil| stbiva, paﬁtmé@ul@rl y
preferably 1 to 2 ; ghadDefbONQN ii c8h4dix0Nk, pided:@els of the nolar ratio
therebetmeenls The ratio between titanium and silicon in the
mixture to be used in the first step may preferably be
0.001 to 0.3 : 1 (titanium : silicon), more preferably
0.005 to 0.2 : 1 (titanium : silicon), particularly
preferably 0.01 to 0.2:1 (titanium : silicon), in terms
20 of the molar ratic therebetween.
The ratio between boron and silicon in the mixture
to be used in the first step may preferably be 0.3 to 10
: 1 (boren : silicon), more preferably 0.5 to 5 : 1
(boron : silicon), particularly preferably 1 to 2 : 1
25 (boron : silicon), in terms of the molar ratio
therebetween.
The ratio between water and silicon in the mixture
to be used in the first step may preferably be 5 to 200 :
1 (water : silicon), more preferably 15 to 50 : 1 (water
30 : silicon), in terms of the molar ratio therebetween.
The ratio between the template compound and silicon
in the mixture to be used in the first step may
preferably be 0.1 to 5:1 (template compound : silicon),
more preferably 0.3 to 3 : 1 (template compound ;
35 silicon), particularly preferably 0.5 to 2 : 1 (template
compound : silicon), in terms of the molar ratio

therebetween.



The ratio between water and silicon in the mxture to be used in the
first step nmay preferably be 5 to 200 1 (water : silicon), nore
preferably 15 to 50 : 1 (water 30 silicon), in terns of the nolar ratio

t herebetween. The ratio between the tenplate conpound and silicon in the
m xture to be used in the first step may preferably be 28.Match H0%

(tenpl ate conmpound : silicon), nore preferably 0.3 to 3 : 1 (tenplate
compound : 35 silicon), particularly prefernably 0.5 to 2 : 1 (tenplate
conmpound : silicon), in terns of the nolar ratio therebetween. 28 March

2005 - 17 These ratios, of the mxture to.b sed in e, f.ir A are

not particularly Iim ti&?sﬁb{/ﬁ%}é’ﬁokjn&\ﬁ 5‘\%\/’% 2 S:Tof }Dgi ‘Se%id 5{10\%37%1&?0%%& a

hi gh-activity crysstds iage mwweargpestanlandspltedht e Heueeys0f 8<% rodvi di ng
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an element other tRaN Lhe.goeRuks. dSAGNIEe 0o ARNKG: Galy A8 ba Rl psent
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alkali netal or afPBROMARF NRAMLCENERRIAOVESTSRIESERE FHPHSdfflenhat | arge 10
anount, titani um npyefleerpdevent edeheminogheer tiegn itheoetdreentisr daewoibed

Therefore, the amuil,OLaAN Al&aki pPBId: @bgedibAlikathdtiSANLE Bl may
preferably be smaller, Mre ,peC|?| cally, ?

, or _ex | e,..the total | es of
an alkali netal amfhiPaFRaliiHstedredr 4V ey l%rgf’eéja]ﬁqﬁ SE?aL]B Orspnal | er
than the nol es of & taiadime Hegrthoratahdlseprefentannapksgpnevwhdtalasdfd an
al kaline eargf net @,!Eodmyﬁl tp%?{ig%maahy e pké%@ngédwﬁ&oar?ﬂlmfnt;hepfmltg& of 20
titanium nore prefera imes Qr lLess t no . m
The heating tenper ?ﬂ?eé’of%' belelfsrg%Of%' t‘ﬁlg FRPERE sot(:efe;a)'n %]Zka;l&t m%g%?irgcruul arly
limted. However, &m alkelénsecasfth motahasiyzpreferapleche sor2llehe HERS ng
may preferably be spefiffaeaedy Urrder ekyfisiel,henaatotapasblen afordi tlloglsi The
term * hydr o her mal  LEACLLQN., 3843 8o NELAAN IR Sray? BrFedRagr bed I
Hyoi un Kagaku yoga YeR [ standar 1em cal, ]

15 han the moles of titanium. The total moles of

smaller

an alkali metal and an alkaline earth metal may
preferably be 1/10 times or less the moles of titanium,
more preferably 1/100 times or less the moles of
titanium,

20 The heating temperature to be used in the first step
is not particularly limited. However, in the case of
synthesizing a precursor, the heating may preferably be
performed under hydrothermal reaction conditions. The
term "hydrothermal reaction" as used herein means, as

25 described in Hyoijun Kagaku Yogo Jiten (Standard Chemical
Glossary), Item "Hydrothermal Reaction”, edited by the
Chemical Society of Japan, published by Maruzen (March
30, 1991), a synthesis or a modification reaction of a
substance to be performed in the presence of water at

30 high temperature, particularly to be performed in the
presence of water at high temperature and high pressure.
A synthesis reaction utilizing the hydrothermal reaction
is called "hydrothermal synthesis". Therefore, in the
first step, the heating may preferably be performed under

35 hydrothermal synthesis conditions such that a mixture

comprising a template compound, a titanium-containing

compound, a boron-containing compound, a silicon-



G ossary), Item "Hydrothermal Reaction”, edited by the Chem cal Society
of Japan, published by Maruzen (March 30, 1991), a synthesis or a
nodi fication reaction of a substance to be performed in the presence of
wat er at 30 high tenperature, particularly to be perforned in the
presence of water at high tenperature and hi gh pressure28 Magschiohssi s
reaction utilizing the hydrothermal reaction is called "hydrothernal
synthesi s". Therefore, in the first step, jghe heating may preferably be
performed under 35 hydrothermal synthesis conditions such that a m xture
conprising a tenplate conpound, a titani um containing, .conmpoun

bor on- cont ai ni ng cEHPFEERYEI §°§TPPP66rP'§’8W%?Ehlszﬁagrggdlg'n%(?oﬁt%fc?ﬁera‘ilg
conpound and wat ercarsathar gecthi Rtoaatwllasedand dist pressursizel asderut ocl ave

and is pressurized,dnder. heal ihge; dhaigatingd aapesal iurani@ynorief er abl y
be in the range of from1l

10. to 20 nore preferabl rom1l 5 190C.
If the tenperat ur e 1% “2Ag® h%ﬁ&?ﬁe?h%ltoséﬁ?h si“?rﬁspy%t];ﬁrgv%wh?%omr altr%ge, t he
i ntended product ney 136fCbhe obtai ned, or even if obtained, the heating
may take a |ong periodsofnd ivdRpedithsIGh ehdnacedurerns BOhtBesitsalise 10
for a practical purpose he ot ; i f t eLatyLe exceeds
this range, the yiu%%)lé)%’oiph%ega}n Fén lg% lh%rgg%%%tpritolsaﬁ 1|:s,a var?ta eously

decreased in the o3td4Pr8n °F €4eRi bh VRAGeE heeebBR R M3Yt BFYR¢ which is
finally been obtaisedpenisédics mamnaerandlSudhes prdcedinesy Nl neynstidsibdenay

usual Iy be peqformpd of g2 hour st gedd daysindloeherablay, @& &ndiours Lo 10
er

days. |If the hydrot syntheSis tine is less t range

han tgs >, dt pe
crystal lization caiPHRerPRYR fA*CPEAE YUt £ARTCa TegRIDET or FRRACET CAFSry st
may not be obt ai nepkodBat20s tdisadivhetadesuud 1y edsmareiabed hin Hdr ok hdéathign

synthesis is perfoimdo fogsthd kB PeId1dnexenadivag it ch riangenatiie
resul tant catal ytic act hgl t%%dnagngb%subst antially enhanced. In this case,
r

an adverse effect 2§fth°8§2* h WP fhe materials into another phase
or an 15 ‘'The hydrothermal synthesis may usually be performed

for 2 hours to 30 days, preferably for 3 hours to 10
days. If the hydrothermal synthesis time is less than
this range, the crystallization can be insufficient so
that a high-performance catalyst may not be obtained. On

20 the other hand, even if the hydrothermal synthesis is
performed for a time period exceeding this range, the
resultant catalytic activity is not substantially
enhanced. In this case, an adverse effect such as
conversion of the materials into another phase or an

25 ~ increase in the particle size can be caused
disadvantageously.

Next, the second step is described below. The
second step is a step of calcining the precursor obtained
in the first step, to thereby obtain a crystalline MWW-

30 type titanosilicate catalyst for providing an oxidized
compound.

The method of calcining the precursor is not
particularly limited and may be performed under known
conditions in the usual calcination of a catalyst. The

35 calcination may be performed in the closed system or in
the flow system, and if desired, the calcination may be

performed in an inert gas stream, such as nitrogen gas



25 increase in the particle size can be caused disadvantageously. Next,
the second step is described below The second step is a step of
calcining the precursor obtained in the first step, to thereby obtain a
crystalline MWW 30 type titanosilicate catalyst for providing an oxidized
conpound. The nethod of calcining the precursor is not 28aMarchuoes! y
limted and nay be perfornmed under known conditions in the usual
calcination of a catalyst. The 35 cal ci natiijgn-may be perfornmed in the
closed systemor in the flow system and if desired, the calcination may

be perfornmed in an inert gas stream, such as nitro en %ggbgﬁr%h ., 2005 -
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adversely affect deokrssli-aal cateleytiatec perdionmaangratdr&hexpresisess for

producing a cryst i.ne gg/wvlwg I t PRv ding an
oxi di zed corrpoungjolé)cgm in %Y%é J&@%g%tgtﬁ%%ﬁs?o@yy%fe ngtgﬁﬁg‘& aspect
is described in deans Iasbel’EﬁﬁulThetrbﬁfso@@§§r‘f“btrm“pF‘6¥ﬂu%‘f"ﬁgsﬁ fatalS
according to the p&r&seefsulmm:nt:aemlyaﬁd pet hermamced aspect is a process of

converting a;,titanosi Eh&alfx%de%s olaheyﬁg S @E‘?stmlch‘é BT S eSOr
havi ng a Iame? | a phase cal

% Sin er | d| ne_Qr
hexanet hyl enei mi ne*F@ngst Lififtat 63°% §P\ﬁlgpr°6’& or1’e amg as
structure supportismppageat aqdardsng 20 stheppresant F—hé?\n‘@é%f’cllﬁl ﬁbet%rd
precursor (second sdRp), léqslestcmee@yuplateeama:awstaiﬂe e obiaias t e

titanosilicate cat alé%st for co(r§ ﬁ,l% naQ:fca?H%cﬁ 4l 7 efle COMRQUNLT 3 ( JOK Rorl S

descri bed a nore Fi-89 eSS
15~ in the third aspect is a process of convertlng a

tltanOSlllCate in an amorphous state into a precursor
having a lamella phase called MCM-22(P) by using
piperidine or hexamethyleneimine as a template, and using
boron (boric acid) as a structure supporting agent (first

20 step); and then calcining the precursor {(second step), to
thereby obtain a crystalline MWW-type titanosilicate
catalyst for providing an oxidized compound.

There is described a more specific embodiment of the

process for producing a crystalline MWW-type

25 titanosilicate catalyst for providing an oxidized
compound. For example, an aqueous solution of piperidine
or hexamethyleneimine (template) is divided into two
portions, tetraalkyl orthotitanate is added to one of the
two portions and dissolved therein, a boron compound is

30 added to the other of the two portions and dissolved
therein, and silica is further added to each of the two
portions, and then the resultant mixture are stirred, to
prepare two kinds of homogenous gels containing titanium
or boron.

35 These two kinds of gels are mixed with each other
and thoroughly stirred, and thereafter the mixture is
transferred to a closed container such as autoclave and



process for producing a crystalline MWWtype 25 titanosilicate catal yst
for providing an oxidized conpound. For exanple, an aqueous sol ution of
pi peridine or hexanethyleneimne (tenplate) is divided into two
portions, tetraal kyl orthotitanate is added to one of the two portions
and di ssol ved therein, a boron conpound is 30 added to {28&Maidwe008f t he
two portions and dissolved therein, and silica is further added to each
of the two portions, and then the resultam rixture are stirred, to
prepare two ki nds of honpbgenous gels containing titanium or boron. 35

These t wo ki nds Of Slg)e'l 284 maX ddl\l\(n) hherﬁlg tql%lés's.an I‘Fehqglggggétyai%te r red’

t h_ot
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according to the present.,i ' ' i 13 apasPEE e R rB8udtsR} as a
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.The bp
introduced i nsi dePTACSSHt 8FRFLRE F7 aEnBF RS PHesERE T “PELHNOST | cat e
obt ai ned by this pramhedt neyn iy ssedsas ar cathbysindoasen phrs@tdhnch has
resulted fromthe r&prdepsas i1anigfl tirHambushiWisRhf hubikdendaasreatcebd
participate in an oxi.dation rea%tig be [ENDY, st partially by

n ty |
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certain effect My heQLainede Whem Ll 68bot Wicnl GosoMHAct ed Wi th an

acid before or after the , , , )
15 participate in an oxidation reaction may be removed at

least partially by contacting the catalyst with an acid.
By the contact of the catalyst with the acid, the thus
obtained crystalline MWW-type titanosilicate catalyst for
providing an oxidized compound can have a higher

20 performance. '

A certain effect may be obtained, when the catalyst
is contacted with an acid before or after the
calcination, or both before and after the calcination in
the process for producing a crystalline MWW-type

25 titanosilicate catalyst for providing an oxidized
compound. However, a particularly enhanced effect can be
obtained, when the catalyst in the precursor state is
contacted with an acid before the calcination. In the
latter case, the by-product anatase phase due to the

30 calcination can be strongly suppressed.

The "contact with an acid" as used herein
specifically means an operation such that a solution
containing an acid or an acid itself is contacted with
the precursor which has been obtained after the first

35 step, or with the titanosilicate which has been obtained
after the second step. The contacting method is not
particularly limited. The contacting method may be a



calcination, or both before and after the calcination in the process for
producing a crystalline MWtype 25 titanosilicate catal yst for providing
an oxi di zed conpound. However, a particularly enhanced effect can be

obt ai ned, when the catalyst in the precursor state is contacted with an
acid before the calcination. In the latter case, the bypgmagncioognat ase
phase due to the 30 cal cination can be strongly suppressed. The "contact
with an acid" as used herein specifical ky2omeans an operation such that a
solution containing an acid or an acid itself is contacted with the
precursor which has _been obtained after the first 3 tep, with the
titanosilicate V\/ni“@ﬁgﬁgs"%é@ﬁagb‘f%iOﬁeappiaifltne%_ aph%cjfsdz.c?%nggs?cg% The
contacting method soduhben gsathecRdenurgorien ttdganghkl i66hactd iy WELADD may
be a 28 March 200%¢ d2gdpidethedpodciebaydbng itanappl \darg an aciatidroan acid
solution to the precursor_ar titanqQsili e r t |RRL-NG, t he
precursor or ti tar‘?&sf‘?f%astcg‘uitﬁméh %QdngﬁOdaﬁ%ag%%§]8§$oﬁ{e#ﬁgghetg%od of
di ppi ng the precurtsérnoyibicaiteahpstl R6ad 0] PraAchR PIHEIAR BRI BPuti on
is sinple and eawnd ansy ! hexetnss fdtesthid hedhbs {r efrefeeded.The acid to

be used for the above-gent]qned,agl d¢eG0RLACGH MY e AN LiBREPANIG acid, an
organic acid or a salt of these acids. Specific exanples of, preferred 10

i norgani ¢ aci ds mEPREARY URY BEJFOCHNBPRRIAATrsEP RIS ICaRT S, Fifric acid
and phosphoric acisaltSpecifdse exadyp eSpeoifipr efkempbes @fganeéterisidds may
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anples o e salt “of these acids incl.ude sodi ym sa ssium
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contact with an acifdprefeitredierfariedcdisery isefuvde formartafidhe
cal cination as desflhedaDV@ropidnicmayidr&iErablyrhe aeedf ormmshpletor e
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ed ina [ 0
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such as precursor 1S 8I [0]9) n ac S Iron I n an e_;Lm)un 0 .
15 potassium salt, calcium salt, magnesium salt and ammonium

salt of these acids.

The contact with an acid may be performed either
before or after the calcination as described above, but
may preferably be performed before the calcination so as

20 to attain an enhanced effect. A solid substance such as
precursor is dipped in an acid solution in an amount of
approximately from 5 to 100 ml per one gram of the solid
substance, and kept therein for a predetermined time.
Thereafter, the solid is recovered from the acid solution

25 by filtration or the like, and then thoroughly washed
with a solvent. Stirring is not always necessary but may
be performed.

In the case of using the acid in the form of a
solution, the solvent is not particularly limited.

30 Specific examples thereof may include water, alcohols,
ethers, esters and ketones. Aamong these, water is
preferred.

The acid concentration is not particularly limited
but may suitably be on the order of 0.1 to 10 mol/l. The

35 temperature may be in the range of from 0 to 200°C, but
may preferably be from 50 to 180°C, more preferably from
60 to 150°C. The treatment time may be from 0.1 hour to



approximately from5 to 100 m per one gramof the solid substance, and
kept therein for a predetermned tinme. Thereafter, the solid is recovered
fromthe acid solution 25 by filtration or the like, and then thoroughly
washed wth a solvent. Stirring is not always necessary but nmay be
performed. In the case of using the acid in the form of 28 Magdh1008§n, the
solvent is not particularly limted. 30 Specific exanples thereof my

i nclude water, alcohols, ethers, esters -aR@ ketones. Anobng these, water
is preferred. The acid concentration is not particularly limted but may

sui tably be on the; qider ,ef fhyl sti9e il ymRl/ krod Be hodss tREBAYUr € MRy be in
the range of fromO to _200C, na%%{)r,eferably be from 5(2 19 180C, nore

0 but
preferably from 60 toTtS0RESSARE fPEHHERt 1¢i%e WAy " be"H5Gm 0. 1 hour to 28
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reaction of a carbon-car . do onl an be sel ecti elglt%erforned
substantial |y w t hbtHe"taPRett ithG Sthehr @uﬁﬁ%‘?%ﬁ@sPﬁFBUpécﬁf’r%ﬁﬁ% conpound
having a car bon- cardh@rodecbie lpondesmdoat aheasidigrd efmpshér acsapdddonal
group. Needl ess to.sahe prbgsnd URckhonal 130tgs ouRs tRBYsRR:tSi BHét aneous|y
reacted, to &?erebg;%%%%%gg reaction of a carbon-carbon double bond only

can be selectively performed substantially without

affecting other functional groups of the compound having

a carbon-carbon double bond and at least one of other

functional group. Needless to say, other functional

20 groups may be simultaneously reacted, to thereby obtain
an entirely different product. Such a case, of course,
may be included in the scope of the present invention in
the fourth aspect.

Specific examples of the peroxide which is usable in

25 the present invention in the fourth aspect may include
hydrogen peroxide and organic peroxides. Examples of the
organic peroxide may include tert-butyl hydroperoxide,
tert—-amyl hydroperoxide, cumene hydroperoxide,
ethylbenzene hydroperoxide, cyclohexyl hydroperoxide,

30 methylcyclohexyl hydroperoxide, tetralin (i.e.,
tetrahydronaphtalene) hydroperoxide, isobutylbenzene
hydroperoxide, ethylnaphthalene hydroperoxide and
peracetic acid. However, the peroxides usable in the
present invention are not limited to these specific

35 compounds. These peroxides may also be used in
combination of two or more species thereof.

The peroxide to be used for such a purpose may



an entirely different product. Such a case, of course, nmay be included in
the scope of the present invention in the fourth aspect. Specific
exanpl es of the peroxide which is usable in 25 the present invention in
the fourth aspect may include hydrogen peroxide and organi c peroxides.
Exanpl es of the organic peroxide may include tert-butyhsharapmoexi de,
tert-anyl hydroperoxide, cunene hydroperoxi de, ethyl benzene

hydr oper oxi de, cycl ohexyl hydroperoxi de, -3f3 et hyl cycl ohexyl

hydr operoxi de, tetralin (i.e., tetrahydronaphtal ene) hydroperoxi de,

i sobutyl benzene hydroperoxi de, eth h Iene h ro oxide
peracetic acid. HB%/\E $elatfﬁé %’eerc?)?iagle%a% &ﬁ? q' g‘r%%aser}]}&t(iil ﬁ\%enqtsl on
are not limted tbydhesm gpeekide sesu‘emfp@@mleg al‘?Ye@é pe¥oiiides may al so

be used in comnbi eahb&&&fuw@ ncary EBr@se%p.ecE%thﬁr eaf sudlhe peroxide to be
used for such a purpose 0 ui ardy Jaceferably be
hydrogen per oxi de’ %ﬁerécfggﬁﬁgs %afdrlgce?\ ﬁero |de sg'lgﬁ'gl Jf’)n a\[/n:an any of
vari ous condentrd0i ®aes agrbenaidéde - EXEifpPBsURE fuBRTOEHe &Mt Pati ons may
include, e.g., 30a0868 % t60 r@aadr bs Adbtrpast Lodrarilipelinided, Thed anount

of peroxide {0 b, adged t0nkNGd GRGE A edes o Oho RAT €HbaddsbdnlBhissh and

t he anount nay be e ui ent nore to the carbon-carbon %‘ﬁblgub nd of
t he conpound havi ﬁ@u‘al%ahoﬁénof:atr%ﬁoﬂB%‘H}% RaBiRg Bfd RPN TERIRC RS ot her
functi onal group, behd cind stlDeasstr awenaf ertitalr Eondisiongh) ecowry N@l‘a’h is

oxi dation reactio ra@rmétleglﬁwtbe”gﬁfbﬂfct%gu\:&aéﬁQ:Ix:.@éti.@‘ﬁSread&i)&ﬂilﬂ' ng on
the conditions. he conpound having a car on- carPe n dgu Iede%P

| east one of ot heP*f Elﬁ"ctéim(?HBF Boks PEPLIHE TNt heof8 prdcess
produci ng an oxi diceeditiomseund according to the pr esent invention in the
fourth aspect is not ﬂﬁarfcioﬁg&wd makrhﬂi;taed:araad daEbdae danlyle dpduand as

long as it has a ca bé)s GRLPYR qll%lgl?z- ond,and, gl d east wone; piher
functi onal group Vit one nol ecu Flereo{‘ LA THI S
15 process for producing an ox1dlzed compound according to

the present invention in the fourth aspect is not
particularly limited, and may be any compound as long as
it has a carbon-carbon double bond and at least one other
functional group within one molecule thereof. 1In this
20 case, a compound containing two or more carbon-carbon
double bonds, of course, may be included within the
definition of the above "compound having a carbon-carbon
double bond and at least one of other functional group”.
Specific examples of the other functional group may
25 - include an alkenyl group, an alkynyl group, an aryl
group, an arene group, an alceohol group, a phenol group,
an ether group, an epoxide group, a halogen group, an
aldehyde group, a ketone group, a carbonyl group, an
ester group, an amide group, a cyanate group, an
30 isocyanate group, a thiocyanate group, an amine group, a
diazo group, a nitro group, a nitrile group, a nitroso
group, a sulfide group, a sulfoxide group, a sulfone
group, a thiol group, an orthoester group, a urea group
and imine group. However, the "other functional group”
35 usable in the present invention is not limited to these
specific compounds. Two or more of the same functicnal

group may be contained in one molecule, and/or two or



20 case, a compound containing two or nore carbon-carbon double bonds, of
course, may be included within the definition of the above "conpound

havi ng a carbon-carbon double bond and at | east one of other functional
group”. Specific exanples of the other functional group may 25 include an

al kenyl group, an al kynyl group, an aryl group, an areng MhH2008N
al cohol group, a phenol group, an ether group, an epoxide group, a

hal ogen group, an al dehyde group, a ket one4group, a carbonyl group, an
ester group, an am de group, a cyanate group, an 30 |socyanate group, a

t hi ocyanat e group, m ne azo _grou n| tro grou
nitrile group, a rﬂ‘cfrr 6nd§rogjguggtls?ﬂafq1 Héolé%oup be STHFS#GE gI‘r?oup a
sul fone group, a ®iesklgroup, an orthoester group, a urea group and
i mne group. However, wubee"&gdralit Usednipnaal ogridepcodfotisnbbeing 4 he

present invention is gt LeL b 810, thggesndAChELG, CAIpURdS. Tvo or mor e

of the sanme functional & group contal ned i.n one nol ecu and/ or two
or 28 March 2905 -fWWtippee ‘1€°H§s"‘6¥‘ imgAue GHalY 1gPERPE m&P™BRY RGNt ai ned i n
one nol ecul e. Mrieavwspegctfent exanpd esanbbnt Aeonegmpobads evipelyhydric

car bon- carbon doubl g Jagqd @{wc%&bbff\ﬁtc ARSa A Q<5 foncdd.eaal orup may

include allyl ethers, conpounds ving from on_atoms, ethers
of polyhydric al coWGEUD d“aé’ataﬁﬁﬁé?*? é‘gﬁél i Csci"&’tlgatﬂn S5uF¥8, °F NiE&

conpounds may al sosdEsigsethénpodenbi nati on of two or nore species thereof.
10 More specifically, ﬁ&@gm;%%letc&m abkxhpﬁsh%rfstﬂ@yaluyucburd@rsalrdayl

met hyl ether, allyl yl ro et h Il yl b et her,
al Iyl vinyl et her Hif ugél ﬁY& 8{5%%1 Etll—_:fg ‘?ﬂsy tﬁ)ﬁe e%hexcéungsylhaw ng
from3 to 10 car bdrory3d atiris @ayyl rmnydeeamwl aéﬂzbh@lnylapr:pﬁr i de,
allyl chloride, atisdliglnetimi.hacrolein and acrylic acid. Exanples of the

e Eers OI hpf' yhydric ageoholedBY chdWdiBufiMHRI8q9Y5EP!3 TBNER! deayh
ether, ethy ?Qe atoms may include allyl alcohol, allyl bromide, allyl

chloride, acrolein, methacrolein and acrylic acid.

Examples of the ethers of polyhydric alcchol may
include ethylene glycol moncalkenyl ether, ethylene
glycol dialkenyl ether, 1,2-propanediol moncalkenyl

20 ether, 1,2-propanediol dialkenyl ether, 1,3-propanediol
monoalkenyl ether, 1,3-propanediol dialkenyl ether, 1,2-
butanediol monoalkenyl ether, 1,2-butanediol dialkenyl
ether, 1,3-butanediocl monocalkenyl ether, 1,3-butanediol
dialkenyl ether, 1,4-butanediol monoalkenyl ether, 1,4-

25 butanediol dialkenyl ether, and pentaerythritol
monoalkenyl ether, pentaerythritol dialkenyl ether,
pentaerythritol trialkenyl ether and pentaerythritol
tetraalkenyl ether, trimethylolpropane monocalkenyl ether,
trimethylolpropane dialkenyl ether, and

30 trimethylolpropane trialkenyl ether.

Examples of the carboxyllic acid esters may include
allyl'formate, allyl acetate, allyl tartrate, allyl
propionate and allyl methacrylate.

Examples of particularly preferred combination may

35 include a combination such that the compound having a
carbeon-carbon double bond and at least one of other
functional group is diallyl ether, allyl acetate, allyl



gl ycol dial kenyl ether, 1,2-propanedi ol nonoal kenyl 20 ether,

1, 2- propanedi ol di al kenyl ether, 1,3-propanedi ol nonoal kenyl ether,

1, 3- propanedi ol di al kenyl ether, 1,2- butanedi ol nonoal kenyl ether,

1, 2- but anedi ol di al kenyl ether, 1, 3-butanediol nonoal kenyl ether,

1, 3- but anedi ol di al kenyl ether, 1, 4-butanedi ol nonoal kgsWamh805 1, 4- 25
but anedi ol di al kenyl ether, and pentaerythritol nonoal kenyl ether,
pentaerythritol dial kenyl ether, pentaerythr+tol trial kenyl ether and
pent aerythritol tetraalkenyl et her, trinethyl ol propane nonoal kenyl ether,

Ly} methyl ol propang, Gla. K %trf'aeflyam 3% L oURLAY AL OPAN S iy keny

et her. Exanpl es of"% Yers may inclu or mat e,
allyl acetate, allhydregen r%tf@ﬁléﬂ yl propionate and allyl met hacryl ate.
Exanpl es of particul artye pihaered «henbipetd10inaayww-3ypencl ude a

conbi nati on such ttﬁ%n&?ﬁ;c%@%‘?@al{}@é' PY, %cﬂOQ’?PPﬁQ&eﬁm%lel e bond and

at | east one of ot unctiona al l%L‘ etate,
allyl 28 March 2006®mpoprd W@haErV}eatPéOB?S%ﬁ% Pé?%}«}&lg SRCEIH26%i di zi ng
agent is hydrogeroppboxd decofhén@maunhe oprdseatciysimtlilonnén MAY ttppeth

titanosilicate cata%ﬁggg for, Ogr Bgfgl&gagmy%lln@tégd SO pRadss-dis@enkd the
process for produci

an oxidi zed ound ding to the esent
invention in the f%‘l?lr?ﬂf S EBEY | %EH‘? B%r?‘} {‘HFP mof‘e% fe preferred
range thereof mayeaatyoulepdrdiagsioipnt hemmmuc;ﬁ:ot(hajeﬂeﬁ@ﬁw*@aéﬁﬂon t he
reaction tenperat WelipebdEureedgt tivd taubandadd drewpeeeddy,etaé the substrate

or reactant, "the congentiabhon ol enax deie LR L0 ARd.nonsany gkl on of

sol vent , and t he "CAEET BT orm orPs ype tem caontinuous
syst en). In a cas@qméflbr taet éé?a‘?%’clopsf%‘bd’ﬁ RYRE s(leuﬂry R3%em the
anmount of the cat alypsen 1 ooy nusudldystee) i n trhe casgehefref tioen datlyet 20

mass %  nore’ %heﬁggﬁ leoghgr (9 s10n SR Yol I MheObatdig st
concentration of the cat a ]}/St n the reacf ant m xture.
15 may usually be in the range of from 0.1 to 20 mass %,

more 'preferably from 0.5 to 10 mass %, in terms of the

concentration of the catalyst in the reactant mixture.

In the case of a fixed-bed flow reaction system, the

apparent amount of the catalyst may preferably be larger
20 than the above-mentioned range.

The shape or form of the crystalline MWW-type
titanosilicate catalyst for providing an oxidized
compound is not particularly limited. The form may be a
powder, microspheres, pellets or extrusion-molded

25 articles, or the catalyst may also be in a form such that
it is supported on a support or carrier. 1In the molding
of the catalyst, a binder may be used. The binder or
support for such a purpose may preferably be a substance
which is substantially non-acidic or weakly acidic, and

30 which does not accelerate the decomposition reaction of
the peroxide or the decomposition reaction of the
intended oxidized compound.

The oxidation reaction in the process for producing
an oxidized compound according to the present invention

35 in the fourth aspect may be performed without using a
solvent or in the presence of an appropriate solvent.
Examples of the appropriate solvent may include alcohols,



In the case of a fixed-bed flow reaction system the apparent anmount of
the catal yst may preferably be larger 20 than the above-nenti oned range.
The shape or formof the crystalline MWWtype titanosilicate catalyst for
provi di ng an oxidized conpound is not particularly limted. The form may
be a powder, mcrospheres, pellets or extrusion-nol ded28Mardh 2008s, or
the catalyst may also be in a formsuch that it is supported on a support
or carrier. In the nolding of the catal ys2¢ -a binder nay be used. The

bi nder or support for such a purpose nmay preferably be a substance which

s substantially nansacl dig 0t eakly,aclol Cspande 20 Mbhghedloss not

accel erate the deconposition reaction Q t he gerom de or the

deconposition readtiFehobt e intHitnBBERPG i 2682 UM dTRBCPHIRY /0% dat i on

reaction in the prpgrepssclorl-puosiugli,ng-batrarexi,dkeed-maapolndagcicor di ng to

the present i nventall_gghoﬁ,S ét@g&@ﬁe fgql,jl,(?];_)kﬂ' a&&%g,tleg_@y%l%ogegﬁ@rﬁpgi Wi t hout
in a

using a sol vent or the présence of an approgrl € solvent. 12‘gxarrpl es of
the appropriate sé™F@Redifly i ARPUHE CartomRISS, Cogk A G BBYH5 L8 ket ones,
nitriles and wat eraceBpee| fiiethgX asmpivéskefonalapdhdisthydy kehetaide net hanol

elt haRO: : 1{ Erlopan%lpracgfjl.d)re%aﬁﬂg%s o HF!EQD{ES “‘ﬁi’b”'%ﬁgﬁ%’ ?&@E%inigw . ?_rryl
al cohol ,. et hyl ene col, prop e col . an ut anedi o ._.Specific
exanpl es of ket oné’goﬁﬁ?“ﬁfgllﬁd%mfg’@&%ﬁ&“ﬁ&'hyljm%st%%aykg? ohe aﬁéng?%t hyl

ket one. Speci fi c caxadpt asixghirai thegrees . neAmangckhejge FEEVOnts r jpreferred

propionitrilg and Jkenzeeiddd,! 8cetdiiseilBYake wdsetl, sdndghyre Ofreaferaedi Xt ure
t hereof. Anpng thel eaggil__é/eiq__trgiepreferred 10 are acetone, acetonitrile and
wat er, and nore preferrecP S acetonitrile, I.n the progess for praqducing
an oxi di zed conpound IR ERIPRECIT ERE PFEEHNT] ﬁ?/é?ﬁ’idéﬁe?nc‘?‘?%’uf‘gurt h
aspect, the reactacenrdanpeabathe ep@Etsenheimwanddbnoin rid@ctponth vilupekltl5 i s

not particularly ldh@ feghe RY  BfSdLHAREYa D He 81 Qadi®n L8Rk idWN @hich

preferably f{éﬂﬂ 1%stgo%£§§%ti£ngr(§ &?%g%égqlmay preferably be from 0 to

150°C, more preferably from 10 to 100°C. If the reaction
temperature is less than 0°C, the reactiqn rate is low
and this temperature is not suitable for practical
purposes. On the other hand, if the temperature exceeds
20 150°C, a decomposition reaction of the peroxide may
seriously proceed and, further, a decomposition reaction
of the intended product may disadvantageously be
accelerated.
The oxidation reaction is generally an exothermic
25 reaction, and therefore, the heat of reaction may
preferably be removed by a suitable method so as to
control the reaction temperature to a constant range.
The reaction pressure is not particularly limited.
The oxidation reaction in the process for producing
30 an oxidized compound according to the present invention
in the fourth aspect may be performed by any method in a
batch system, a continuous system or a semi-continuous
system, e.g., by using a suitable reactor or reaction
apparatus such as fixed bed reactor, fludized-bed
35 reactor, moving-bed reactor, tank reactor, stirring
slurry-type reactor, continuous stirred tank reactor
(CSTR). With respect to the mixture containing a



tenperature is less than 0OC, the reaction rate is low and this
tenperature is not suitable for practical purposes. On the other hand, if
the tenperature exceeds 20 150C, a deconposition reaction of the peroxide
may seriously proceed and, further, a deconposition reaction of the

i nt ended product may di sadvant ageously be accel erat ed. 28Mafeh 2085i on
reaction is generally an exothermc 25 reaction, and therefore, the heat
of reaction may preferably be renoved by a7suitable nethod so as to
control the reaction tenperature to a constant range. The reaction

pressure i s not partsgujgﬁr IeyMqu tedél;rglgos%)ﬁ_l gggéo‘pﬂt gagltipn in the

process for prodUC| an’ OXT i ound accor g to. the present
invention in the W@MF@W%%@FW%@OWW‘M' dCWC‘é}W PRt & n a batch
system a conti nu@a&bsusdaa:moard&:}ﬂ%oﬁ@r&ndﬂu@%ea&ymen@tm@ , by using a

sui tabl e reactor qf gggfg&a{logrro éia g%lts&?ﬂi l&ég%e@ogggnérﬁ?‘sct or,

fl udi zed-bed 35 rea react stirr

slurry-type react (ﬂons‘ébﬁ?ﬂ‘ilﬁlﬁoﬁges‘ﬂxﬂ‘léﬁ It‘aa'!hIPer @éﬁ?%rpar('@# ORMa;LiH *espect
to the mxture Co%alanbflgna@ B8 Mhterh i208&6quen2é ocrirstoabkei ne MMt wpeo

titanosilicate catglyshd Qo pLOMIdIE 80 H0b2e GAMROLAAA ogROUN

having a carbon- doubl'e bond and | east one ot ctional

group and a perox@@é“?%é%‘%téﬁﬁﬁdﬁé‘}?f’gegt%dﬁsﬁ tu‘fti‘%ﬁaf’ﬁgyﬁﬁ(t e may be
m xed partially orcoabbumt hagrnoe ®@rcarbynbeartiotedoinlesdgudnerd gt ilgadk der.

It is also ppssibg Lo &Eﬁért @Qnémn%@egfﬁﬁp S%acaﬁﬁ pfeﬁ:emaél)e, tadheee
speci es of these c onen

Boiks L0%nERTDAMNGARY NT 2
car bon- car bon douﬁl &™bBHt t}ﬁdrﬁrf'a]r’b"é@t 03?) TS8P Ot HOP FURSIE DAl gr oup,
and t he ‘per oxi de) ,ingadsugthenmikikutehe remni ni ng one species of these
conponents into such 8nnMisUrBactd ibrtl, htBe rAaRindea, otiva zeat esmsoindxi di zed
R L e
15 separatlon/purlflcatlon method used’in an ordinary
purlflcatlon procedure. More specifically, for example,
when the reaction is performed in a batch system, when
the amount of the oxidized compound which has been
produced reaches a value in the desired region, the
20 oxidized compound may be separated and recovered from the
reaction mixture by using any known method such as
fractional distillation, extract distillation or liquid-
ligquid extraction.
In the case of a slurry~type reactor, the
25 crystalline MWW-type titanosilicate catalyst for
providing an oxidized compound can be recovered by a
suitable method such as filtration or centrifugation, and
the thus recovered catalyst can be reused as a catalyst
for oxidation reaction.,
30 In the case of a fixed bed-type reactor, the
crystalline MWW-type titanosilicate catalyst for
providing an oxidized compound can be easily separated
from the product (oxidized compound), the solvent, the
unreacted compound having a carbon-carbon double bond and
35 at least one of other functional group and the peroxide,
while the catalyst remains being held in the reactor.
In the process for producing an oxidized compound



purification procedure. Mirre specifically, for exanple, when the reaction
is performed in a batch system when the anount of the oxidized conpound
whi ch has been produced reaches a value in the desired region, the 20
oxi di zed conmpound may be separated and recovered fromthe reaction

m xture by using any known nethod such as fractional di2gtMatei 2008,

extract distillation or liquid- liquid extraction. In the case of a
slurry-type reactor, the 25 crystalline-MMtype titanosilicate catal yst
for providing an oxidized conpound can be recovered by a suitable nethod

such as filtrati ondRbL GeRt rid Yogst hlkendnNthvdfig ohhyls NRCQ¥EEEH LAkaLYSt can
be reused as a catal yst or oxi dation reag}kgn case of a fixed

_.30.1n

bed-type reactor, 3he®2&F y%art h¥® MRRPY §1H% tlrtyﬁﬁag}ﬁqecgﬁ_%%l yst for
provi di ng an oxi ditZédnesihboate carelustefsr |yrovéganatad okidhrethe product
(oxibdi zed gowpgungaompbbﬁcéﬁcﬂh\éeuggeaiﬁld usrgmﬁmeaacglt@cauafdrb@v;mban

car bon- car bon_ doub] e, bond a ast_ o r..f i rou
and the peroQ‘? de, J\%PF% }i’%neyc?élfiaﬁ/?tearsgnﬁ?enso é)?haph%%&tfﬁﬁg%e&iaggc?or. P
In the process forangr §HECRITPraAe 053 HibLeteeththbodAgeRPUWHELR2DERS PY 2B
according to the p@septidty aethod o wibRodtOwulrh f dspeicin, thatedast one of
the recovered crystallype MMELype. LitAnos! Lioghe falahysbodor, RAAViding

an oxi di zed conpound, the unreacted conpound having, a carbon-carbon 5

doubl e bond and at*Sce¥eredfFystabt g Mffﬂn&lfk?eoﬁ&rca@?gk}ﬁcaaﬁdcwewﬁér oxi de

can be reusemi aftfer pnovidicat eonobidized eppampdi gémemmEliyodanra wi t hout

purification ther en;%“nde%%%%h%ﬁé@“éhe' a}lsmi@n thBride if-oHbtPefsddeehent he
ne MWy typ

recovered crystall i Y e titanosi|icate catal yst 10 ;or pravi di ng
an oxi di zed conpouridegthetsiisgdnrereptedhie iy §88h°¥’??a{'tystth@ e %Iet y
t hereof is decreasegpeebneh ude rBnnot iexhibed rtepeatethl acandithe dat al yst
after the repeatadcHse &aH0kneXAidivierbl Scdtiillykal nagtdeVirbyendutegueh a
case, the reﬁPver€¥%p%gégéé§¥ %EX EE%JG% ggegfga ysgrmay be regenerated by
a conventionally known method. More specifically, the
catalyst may be regenerated so that it has an initial
activity, for example, by calcining the catalyst in air
at a temperature of 100 to 600°C.
20 Examples
‘ Hereinbelow, the present invention will be described
in further detail by referring to the Examples. However,
these Examples are set forth only to show the outline of
the present invention and the present invention should

25 not be construed as being limited to these. specific
Examples.
[Description of Terms in Examples and Comparative
Examples]
Method of Calculating Conversion of Allyl Alcohol:
30 The molar ratio of allyl alcohol which has been

consumed in the reaction, based on the allyl alcohol
which has been charged prior to the reaction. The allyl
alcohol consumed in the reaction was calculated from the
increase and decrease of allyl alcohol between the

35 amounts thereof before and after the reaction.

Method of Calculating Selectivity for Glycidepl:
The molar ratio between glycidol and glycerin which



15 reproduced. The recovered catal yst may be regenerated by a
conventionally known nethod. Mre specifically, the catalyst may be
regenerated so that it has an initial activity, for exanple, by calcining
the catalyst in air at a tenperature of 100 to 600C. 20 Exanpl es

Her ei nbel ow, the present invention will be described i nghMaidel0detail by
referring to the Exanples. However, these Exanples are set forth only to
show the outline of the present inventioenzand the present invention
shoul d 25 not be construed as being limted to these specific Exanples.

[ Description of Termnms,in EX e Coppar at od of
Cal cul ati ng Conver¥i®oR®8? S q@‘haiﬁﬁgﬂ_ JJP%O‘;&PH‘(%E%D%%'EB%?I&%S ol\é?ft gl |yl
al cohol whi ch has f3dénatecifdgrmetihe radséirkact i on, based on the allyl

al cohol whi ch haudigen eharged1peiny coavéheidneatt ipdrogEheratdnilde:al cohol
consuned in the reacti .ca r i decr ease of
2 V1% k%%g&ﬁeﬁ 196%?0%{2.?9 NG RsE Bekh

al Iyl al cohol between anount er eo ore and after the

reaction. M hod GMSERed Uim g r SRFtEOr BPESA Por toe e  HRF KoP&r ratio
bet ween gl yci dol andcgl yeerieenwhhaehg2B pvbioxhe2@B8 2Eactins . be®re cal cul at ed

fromthe results of, 20gbySierc3fiad cddduinedt £n afilCtelibeidneast i @dlcuVatbed of
Cal cul ati ng Conversi on”of droggn Pcﬁroxi de: }hg éact)ie% oLrQ%/dJeogen

per oxi de whi ch has¥8efS JJ(%‘H?G d®1% CRESFERCSE B¥IBaELdPGh T HE hydr ogen
peroxi de whi ch hastiyeen timregednps itdrereof thrforeaand Gfterheeadyidrogen

peroxi de congyned di L8t {SAGH g8f¥@S veaket] atedduyfrejar Perbritdeease and

decrease of hydrogen pejoxi bet ween t he anpunt é’ﬁ gean
after reaction. 10 Cal Eh?a?' (?ﬁt&VeE‘f%el@t Fgeh’%toﬁgﬁoé xg(ra%ggﬁé or gxi %e:

The effective ratizptdp bfdinsyegepepesaxddei victabas beer #8184 Ydr ogen
per oxi de whi ch hassiireacobiq@ivnedabyunts Wit tRetliyRigotbe wmmuxitie ofortsmaed
hydrogen peroxide ﬁPQigngékomposition into oxygen, from the amount of the
15 hydrogen peroxide consumed in the reaction. That is, the
effective ratio of hydrogen peroxide is the ratio of
hydrogen peroxide consumed in the epoxidation reaction,
based on the total amount of the consumed hydrogen
peroxide.

20 Yield of Epoxide:
The yield of the epoxide compound (intended oxidized

product) based on hydrogen peroxide after the completion
of the oxidation reaction using the hydrogen peroxide.
This yield indicates a molar ratio of the amount of
25 epoxide compound produced to the amount of the hydrogen
peroxide charged into the reaction.
Reduction Ratio of Catalytic Activity:
This ratio indicates a decrement in the molar amount
of the epoxide compound which has been produced by using
30 a repeatedly used catalyst, based on the molar amount of
the epoxide compound which has been produced by using an
unused catalyst. '
[Apparatuses for Analysis in Examples and Comparative
Examples]
35 Method of Elemental Analysis for Titanosilicate:
A sample of titanosilicate was accurately weighed in
a Teflon (polytetrafluoroethylene) beaker, and 1 ml of




in the deconposition into oxygen, fromthe anount of the 15 hydrogen
peroxi de consuned in the reaction. That is, the effective ratio of

hydr ogen peroxide is the ratio of hydrogen peroxide consuned in the

epoxi dation reaction, based on the total anount of the consumed hydrogen
peroxi de. 20 Yield of Epoxide: The yield of the epoxi de 28ivasth)06i nt ended
oxi di zed product) based on hydrogen peroxide after the conpletion of the
oxi dation reaction using the hydrogen perospde. This yield indicates a
nolar ratio of the anobunt of 25 epoxide conmpound produced to the anmount of

the hydrogen per gyjdeccharged tat . Lhe, [eactdonso RagGLEQN Bal a4k

Catal ytic Activity i nd cates ecrenent anount

of the epoxide corﬁ&bﬁhﬂ Wﬁk{% ﬁasa?t)éé’ndﬁ?ffa]u’ dhpytiisinegilapate repeat edly

used catal yst, bass@rennt herheal, apummmbroﬁast hedepoxd dhecbapioemadnntilch has

been produced by n S HsesebotoApal ysis in
Usle Qoﬁ‘é‘erg(f%‘diﬁ 3%‘}% E%sp[(féﬁg%aé Rtk Oto

Exanpl es and Conparative El enent al naI ysis for
Ti tanosi | i cat®: ATEIFpred gfene; t‘énﬁéfi Ira@ge s 18cerft at &l Yhed in a

Tefl on (pol yt et r afdraloed hadlenédn beek esnp jentkdl to aocfon@@nwatc&m@@'(BES- 30

hydrofluoric acid {GORCEIM NAL,T 001 1 RAV0RY m bwa§sﬁf§d%ddes@t$;mygeaker SO
as to dissolve the titanosjli,cate therein ﬁ%gjgﬁ % added to
5e& éne

the beaker until RHREVRHLETPE FUHY SoF ?%%arraé:é’ Yo be 5
measured were in tdsdkpabepshdf KOgi® HpFm) - Then tthds a%kﬁllﬁedtféﬁltwtlaéhu%s
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by Sei ko Denshi tanium
concentration was Yea9u? Sttt hPa 2rave Jeri‘@‘t hapd the3po8330 nm the
silicon concent r atdonnenssa tipas wae dndisurasi ng & ingvelvevgilkngth 2%1. 611 nm
and the boron 249.7730 nm.

15 ABnalvsis of Organic Compound Concentration in Filtrate of

Reaction Mixture:

The organic compound concentration was measured by
using the following gas chromatography analyzing
apparatus under the following analyzing conditions.

20 In this analysis, an internal standard method was
used, More specifically, 1 ml of 1,4-dioxane as an
internal standard was added to 10 ml of a reaction
solution to prepare a solution to be analyzed and 0.4 ul

of the resultant analysis solution was injected into the
25 gas chromatograph.

Gas chromatograph:
GC-14B mfd. by Shimadzu Seisakusho

Column: capillary column TC-WAX {length: 30 m,
internal diameter: 0.25 mm, column wall
thickness: 0.25 um)

Carrier gas: nitrogen (split ratio: 20, column flow rate:
2 ml/min)

Temperature condition:



concentration was neasured by using a wavel ength of 249.7730 nm 15

Anal ysi s of Organic Conpound Concentration in Filtrate of Reaction

M xture: The organi c conpound concentration was nmeasured by wusing the
foll owi ng gas chromat ography anal yzing apparatus under the foll ow ng

anal yzing conditions. 20 in this analysis, an internal audahopgt hod was
used. More specifically, 1 m of 1,4-dioxane as an internal standard was
added to 10 ml of a reaction solution to- prepare a solution to be
analyzed and 0.4 it of the resultant analysis solution was injected into

the 25 gas chromatograph. Gas gﬁ% %qug B Yy 2581 zu
Sei sakusho Columm: capillary cﬁ{%unn 4 I en &% d%&té} al ntgfe?]al
di ameter: 0.25 nm col um wal | VaPRFéRpeED c@a‘QIBelf i"ige %%Qr -er T§acolumn
nitrogen (split ratio: 20, col wampkkewnrateas keptriatnbnjC Fenpér atnutes

condi tion: 28 March 2005 - 31 Qg Eﬁéfpﬁ{ﬁtlld'&%n e %Hglﬁ'@is‘?c%ﬂén%the
vapori zation chanber were 200C. The ¢ eratu at 50C

for 5 minutes fromthe initi at‘?lc?r’faﬁ?ga‘ifhll;?gl ttl‘?eﬁe%%ratéﬂrgvgf%’dlgc o 150C
at a tenperature-rising rate ofate0Gfni,C/ept ' kept1BOCLIBIC FOr B8 nut es,

thereafter elevated to 200C at @ pukespermiddhecs Sdi1RGatad PR 0b0L 44 and
kept at this tenperature for

Det. ect or D, re r 70
kPa, air pressure: 100 kPa) A%W?F%E%?EWE?B%eﬂatﬁePkméjJeiz/ nc%?l kee i“on
in Filtrate of Reaction M xtura Ahpstesnresabure cari 2p arimiteras perfor med
by usi ng an 5 autpyvatiér pot entri@mell igiekktirad i7Tgkappatiat pseddudt2100f d.

kPa)

Analysis of Hydrogen Peroxide Concentration in Filtrate
of Reaction Mixture

A potentiometric titration was performed by using an
5 automatic potentiometric titrating apparatus AT-012 (mfd.
by Kyoto Denshi Kagaku Kogyosha) and by using an aqueous
solution containing Ce(IV) as a titration reagent, to
thereby measure the hydrogen peroxide concentration in
the filtrate of a reaction mixture. More specifically,
10 40 ml of ion-exchanged water was added to a 100 ml-glass
beaker, and then about 0.3 g of a sample of the filtrate
of the reaction mixture to be measured was accurately
weighed out in the beaker. Thereafter, potentiometric
titration was performed by means .of the above automatic
15 potentiometric titrating apparatus by slowly adding to
the beaker a 0.1 mol/l-agueous solution which had been
prepared by using tetraammonium cerium sulfate dihydrate
{produced by Wako Pure Chemical Industries, Ltd.). The
hydrogen peroxide concentration was calculated from the
20 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
the weight of the filtrate of the reaction mixture which
had been used for the analysis.

25 Example 1: Production of Catalyst 1
182.5 g of piperidine {purity: 98%, produced by Wwako



by Kyoto Denshi Kagaku Kogyosha) and by using an aqueous sol ution
containing Ce(lV) as a titration reagent, to thereby neasure the hydrogen
peroxi de concentration in the filtrate of a reaction mxture. Mre
specifically, 10 40 m of ion-exchanged water was added to a 100 m -gl ass
beaker, and then about 0.3 g of a sanple of the filtrategmMhrddmoseacti on
m xture to be nmeasured was accurately weighed out in the beaker.
Thereafter, potentionetric titration was perfornmed by neans of the above
automatic 15 potentionetric titrating apparatus by slowy adding to the

beaker a 0.1 nol/ u I C r
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until the end poi e filtrate
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Production of Cat aingst digk82u8 gtifripgpets di ge of ptetinaput98% pr oduced by
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513 g of ion-exch C%ﬂa&éﬁ“i?‘ﬁc L& r‘éaﬁ"arag EL aqueous ftﬁpe“ i ne
solution. This aquestsoss piapdr i e gs@lfulwlblrﬂ: wasddirided:i it ot wo equal
portions. Under r@&ﬁ@é’& Bt Wakb %rel&thgcalf Thet s ahidsyl Ltor | haisi tanat e

(purity: 95% pro %(aegt bcy t\ﬁ% déjr;%f ‘?oa OL:QQ(B@H q,? iqlt/djr&l added

to one of the two ions, BSFic aci d 99.5% 10
produced by Wako F"Glaét@férﬁfcéﬁtﬁﬁj{mlr Pé%hollttﬁn?tﬁd‘éas &&Héﬁdt?the ot her
of the two portl orSmpI&ee hy dirobysd sindeeastinmingf foetItaluinytess tahdt i t anat e
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Cabot Co.) was addd8-t®f %-aag §pb ?thecot \oWas addegato each 0 the M Qo

resultant solutions containing titanium or boron. After
the addition of silica, the solutions were stirred for 1
hour, to thereby obtain two kinds of homogenous gel-like
products. These two kinds of gels were mixed with each
20 other and the resultant mixed gel was continuously
stirred for 1 hour and 30 minutes, to thereby obtain a
mixture having a molar ratio of
1+5i0,:0.033+Ti0,:0.67+B,0,:1.4+PI:19-H,0.
This gel was transferred to 2-liter autoclave
25 equipped with a Teflon-made inner cylinder disposed in
the autoclave, stirred therein at a temperature of 130°cC
and a revolution number of 100 rpm for 24 hours,
subsequently stirred at a temperature of 150°C and at 100
rpm for 24 hours, and further stirred at a temperature of
30 170°C and at 100 rpm for 120 hours. After the completion
of the stirring, the content in the autoclave was cooled
to ZSdC, a solid product was separated from the content
by filtration, and the resultant solid product was washed
by using ion-exchanged water. The washing was repeated
35 until the pH of washing water became % or less. The thus
obtained solid product was dried at a temperature of
50°C. To 1 g of the resultant solid product, 20 ml of 6



resultant solutions containing titaniumor boron. After the addition of
silica, the solutions were stirred for 1 hour, to thereby obtain two

ki nds of honobgenous gel -l1i ke products. These two kinds of gels were m xed
with each 20 other and the resultant m xed gel was continuously stirred
for 1 hour and 30 mnutes, to thereby obtain a m xture28athftth @oso! ar
ratio of 1Si02:0.033Ti 02:0.67B203: 1.4PI:19H, O This gel was transferred
to 2-liter autoclave 25 equi pped with a FefiBon- nade i nner cylinder

di sposed in the autoclave, stirred therein at a tenperature of 130C and
a revol uti on nunber 0.rp r.24 S n t a

t enper at ure of 158?912%&5?%0 Clg wa% aBSg% Y 15)%9%59%% Ekgdﬁfi{tﬁr%gd at a
tenperature of 30 aﬁ?@ct%w*@ttuieml? r}r?lofﬁrf‘ﬁ(?ehﬁaﬁ"ss Af*lfﬁFrt*ﬁlé conpl etion
of the stirring, tdlﬂlp(t@ﬂicﬁﬂtofl Ahé heciautoehavntyashe called wae AfCecsedol i d
broduct was SePar ahod LEAMLRC LM AN nolY,d ol hehbBherands t her esul L ant

solid product was using. 1 on- exc an vvat The shi ng was
repeated 35 uhtil ttq"i‘é’e‘p'ﬁ‘b‘?e Rash? hd werer? ﬁ‘e e|r§§’§ aemt hus

obt ai ned solid prodnet mm‘eemﬂreldedraduca bénww-etwwetatan@@@lcml g of the
resultant solid produglec20 nl of 6 28 March 2005 - 33 nol/1-nitric aC|d

was added to perform aEg%acrl% t&[ gg%gc?nt {__am m/%@?i&%rﬁ a%do%h&qgog aleOr
[ aci

hours. After the conp Fleat € Sso

col lected by fil tragtiponf drtondbeliran iof ‘éﬁtaaltyr?ﬁsbh‘éﬁ@ geagpreding the
tenperature pf 53QpokeLnd®: iRHSnatt.hetrbYrehifianard ishalni Nb cTadhded 2
product of M/\Wtype tel tano 'elr'e(i%e oCat alyst 1. The nolar ratio of
titaniun silicon ar?(? f"ﬁ ratio of boron/5| licon of Catalyst 1 were
measured in the 1BHxagbae ] 2 He—results are shown in Table
2 appearing herei nbel au- @mheaﬁ’osﬂrladuetammfstGatn@lsysbtalmmmnype

titanosilicate Catalystng NAS5,e90LE! NP ap1d NP 5REB: "BINGE1AF 11 Example 1
except for using 1
15 mol/l-sulfuric . acid in place of 6 mol/l-nitric acid in
the acid treatment.
The molar ratio of titanium/silicon and the molar
ratio of boron/silicon of Catalyst 2 were measured. The
results are shown in Table 2 appearing hereinbelow.

20 Example 3: Production of Catalyst 3
MWW-type titanosilicate Catalyst 3 was obtained in

the same manner as in Example 1 except for using 2.0
mol/l-sulfuric acid in place of 6 mol/l-nitric acid in
the acid treatment.

25 The molar ratio of titanium/silicon and the molar
ratio of boron/silicon in Catalyst 3 were measured. The
results obtained are shown in Table 2 appearing
hereinbelow.

Example 4: Production of Catalyst 4

30 182.5 g of PI (purity: 98%, produced by Wako Pure
Chemical Industries, Ltd.) was dissolved in 513 g of ion-
exchanged water at 25°C to prepare an agueous piperidine
solution. This aqueous piperidine water was divided into
two equal portions. Under vigerous stirring, 18.0 g of

35 tetrabutyl orthotitanate (purity: 95%, produced by Wako
Pure Chemical Industries, Ltd.) was added to one of the
two portions and 124.2 g of boric acid (purity: 99.5%,



15 nol/1-sulfuric acid in place of 6 nol/1-nitric acid in the acid
treatnent. The nolar ratio of titanium silicon and the nolar ratio of
boron/silicon of Catalyst 2 were neasured. The results are shown in Table
2 appearing hereinbel ow. 20 Exanple 3: Production of Catalyst 3 MAWWtype
titanosilicate Catalyst 3 was obtained in the same manng8Magch 2008xanpl e 1
except for using 2.0 nol/1-sulfuric acid in place of 6 nol/1-nitric acid
in the acid treatnent. 25 The nolar ratio-o¥4¢tditaniunisilicon and the
nolar ratio of boron/silicon in Catalyst 3 were neasured. The results

obt ai ned are shown i i.hAb a A
Production of Cat al g?a-%b%cgb% gg‘gg%fur?ggb%l%&rml %%581:0%% nﬂcf;cegas Wako
Pure Chemical |ndusfff@sto [thg. ?”\‘ﬁd"s ofi E_%|WeIPPH-IS - g g rof}—&%’n%nged
wat er at 25C to prepapetiam afueeusabuitpérodiimeitsmitd wen. cdidesl aqueous
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portions and 124.2 gooéaﬁomfcthelwq QQiPtWHSQQPS%l@@gNﬁFEW%OBr 34
produced by Wako PU'b%rgﬂemAQQErlﬂCHJ%HHEE:SQn ldrde) 1 9, taddesh it chbewetdier

of the two portions. Theeyyf%ro&y un'der @xﬁér%’% ogb#aeitnr gggtmn&yt{)@otl tanate

was caused to conpl etlefy procee N m nut es, and 5
thereafter 45 g of MARRERRAYS gal(ICHE: BredtctwrD) THese d¥Red®!t Fe&cRL¥R t he
two sol utions 1@ont aivikRgeddnt aBheimrd therossulAbhernided gdtiwdson of silica,

the sol utions were %&L%J&%slgﬁélmﬁr £oL 0, HAGE Sl OB GufLa ends of

honogenous gel -1i ke ucts S were mxe each ot her
and the resul tant nitR8EeReIOBRALD %WFHE‘BJEP\")}“?WW%W 5#%4° Wur and 30
m nutes, to thereby-ebt,a0N033 1Hi0L Ur.67nEV,NY. & RIBLArELat i o of

1Si02:0'033TiCQ:O'67BZO%&$£4€E1L%ﬁPQEansferred to a 2~liter autoclave

15 equipped with a Teflon inner cylinder disposed therein,
stirred at a temperature of 130°C and at 100 rpm for 24
hours, subsequently stirred at a temperature of 150°C and
a revolution number of 100 rpm for 24 hours, and further
stirred at a temperature of 170°C and at 100 rpm for 120

20 hours. After the completion of the stirring, the content
in the autoclave was cooled to 25°C, a solid product was
separated from the content by filtration, and the solid
product was washed by using ion-exchanged water. The
washing was repeated until the pH of washing water became

25 9 or less. The thus obtained solid product was calcined
at a temperature of 530°C for 10 hours, to thereby obtain
final intended product of MWW-type titanosilicate

Catalyst 4.
The molar ratio of titanium/silicon and the molar
30 ratio of boron/silicon of Catalyst 4 were measured. The

results are shown in Table 2 appearing hereinbelow.
Example 5: Production of Catalyst 5
182.5 g of PI (purity: 98%, produced by Wako Pure
Chemical Industries, Ltd.) was dissolved in 513 g of ion-
35 exchanged water at 25°C to prepare an aqueous piperidine
solution. This agueous piperidine water was divided into
two equal portions. Under vigorous stirring, 18.0 g of



This gel was transferred to a 2-liter autoclave 15 equipped with a Tefl on
i nner cylinder disposed therein, stirred at a tenperature of 130C and at
100 rpm for 24 hours, subsequently stirred at a tenperature of 150C and
a revol ution nunber of 100 rpmfor 24 hours, and further stirred at a
tenperature of 170C and at 100 rpmfor 120 20 hours. Af 2g&mMhia 2p08P! etion
of the stirring, the content in the autoclave was cooled to 25C, a solid
product was separated fromthe content by figltration, and the solid
product was washed by using ion-exchanged water. The washing was repeated

until the pH of washing water becape 25 9 or_less,_.The t [ solid
product was cal ci né trgf’u‘élylt é’rFﬁ}SP'éi‘Eef'rif_‘tﬁf (B or> 10 %Sggé?gt)éfkﬁgrgeby
obtain final interklee phedictl dhdnswieppeltd t)amdsi pidast &0 €2t Afydtes. " The

mol ar ratio of titanjdiphstid@ornandzd e gk asorid0atad i @uatithor /s, i con
of Catalyst 4 were neasured,. I LN.cTablg. ? aRpearing
her ei nbel ow. Exanpié® :Ce%rjbolﬁyé f)o%]g%%] @?2{5}3?&&“’%%'{2&55&0& f’l (Ryrity:
98% produced by Wsidsiebuke tiehewhesl of f8stre SCTELPES) YLEYIREd i n
513 g of ion- 35 exghangef yAtwerrabuRBCorehptaparecavanquesas Pt peri di ne

sol ution. This aqueggf%lgwf - %@e&?&ﬂer\/\@%mh\ﬂgdegrim%inw@sﬁqmlg of

portions. Under vigorous stirring 28 r.ch 3

3% 8.0 g of 2005 -
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| ndustries, Ltd.) wasluaddes ¢antedeind titenitmmmpdorpons Ararigae 2 g of
lEO(r]I i ;: aci d5(|oge(5]I i é yia&%ﬁﬁ% oprschaesd e %K@tfwﬁw@hg}h@tﬁi@reﬁnfimwi es,
td.) was 5 added to the other the t ortions, i S i
reaction of tet rablﬁ‘iﬂr'o?:?h'ir)&?e?rteg’ﬁa?gt ngu%:ér%fp' St %%%Deﬁtgg?yg%lr oceed
under stirring for Bdvchat esthess gwofdelsunere dHixedavidhRashsPHaw BRdwas
added to each of thgd WasuS@ddd imAAEd COANL &iaBi Bigh diirfuans ynswirbedofnr Af t er
the 10 addition of silica, g(ﬂemi%gltggl o&sg}ng?%tdbrtgg I ixlurBOMvindgOa

t hereby obtain two rf(‘?uﬁ:ds of “honogenolis™ g product s. Theslg ﬁv&o gel s
were m xed with eacrlgirth&rtipPE -8102:0.033-TJ.02:0.67°B203:1.4-PI: «H,0.

This gel was transferred to 2-liter autoclave
equipped with a Teflon inner cylinder disposed therein,
stirred at a temperature of 130°C and at 100 rpm for 24
hours, then stirred at a temperature of 150°C and at 100

20 rpm for 24 hours, further stirred at a temperature of
170°C and at 100 rpm for 120 hours. After the completion
of the stirring, the content in the autoclave was cooled
to 25°C, a solid product was separated from the content
by filtration, and the solid product was washed by using

25 ion-exchanged water. The washing was repeated until the
pH of the washing water became 9 or less. The thus
obtained solid product was dried at a temperature of
50°C., To lg of the resultant solid product, 20 ml of 6
mol/l-nitric acid was added to perform an acid treatment

30 at a temperature of 100°C for 20 hours. After the
completion of the acid treatment, the solid was collected
by filtration. To lg of the resultant solid product, 290
ml of 2 mol/l-nitric acid was further added to perform an
acid treatment at a temperature of 100°C for 20 hours.

35 The thus treated solid was calcined at a temperature of
530°C for 10 hours, to thereby obtain final intended
product of MWW-type titanosilicate Catalyst 5.



the resultant m xed gel was continuously stirred for 1 hour and 30

m nutes, to thereby obtain a mxture having a 15 nolar ratio of

1Si 02: 0. 033Ti 02: 0. 67B203: 1. 4Pl : 19H20O. This gel was transferred to 2-liter
autocl ave equipped with a Teflon inner cylinder disposed therein,

stirred at a tenperature of 130C and at 100 rpm for 24 2804ach J0b&n
stirred at a tenperature of 150C and at 100 20 rpm for 24 hours, further
stirred at a tenperature of 170C and at 10Ggrpm for 120 hours. After the
conpletion of the stirring, the content in the autoclave was cooled to
25C, a solid product was separated fromthe Co‘ir}'tt/enh' %}/ fidl %Eati n,. and
the solid product was WISREBPAF dérhy o5 oA BRUFANGEY i er € Tite Afashi ng
was repeated until tdxio pH ofrdiieihastt mg Gatekydsebawerd ngaspeed. The t hus

obtai ned solid produed;,Wasadkifduat iR dHTRes aiphRrohg RRGinbe1dg of the
resul tant solid product

.. 20 of 6. not/1-nitric .acLd

performan acid treat ment 38" gagé?rpoefﬁ é:tlﬁ?rél%?@fgﬂ)!&o ‘é@%zgg%grﬁorlg? Af t er
the conpletioh of r#eicaefdbrerwdiEibhton HfeCabrlxpugad £OIT Setanehy "
filtration. To | g ofxddjResesuld anbraodticdmpiadumtile 20appdardg? nol /1-nitric
acid was further adg%de]ihgeg rforman acid treatnent at a tenperature of
100C for 20 hours. e thus treated solid was calcined at a tenperature
of 530C for 10 hours, to thereby obtain final intended product of

MWV type titanosilicate [Cabaéyst 5. 28 March 2005 - 36 The nolar ratio of
titanium silicon apa—the-notgr—TatT o of yIEOREETS T Ghiotal akaSlo 8L Wel ¢
measured. The resllts are sh¥@mn in Tab| & vAndpREE] 1 RGnhEmRrBhes Qvcofhe
nmol ar ratio of titapkdRPpISI i CoAca e[ogzarr 5 ratio gfo.beoon/silicon of
Catalysts 1 to 5 oPfzdrpa@ en|cExaigdtes [[0iai32 are shown |ion0Zabl e 2
appearing herei nbeExamplTablj€aRilMa. Bb] @r00R8ti o of Mpl dr0-RaPE0 of

Ti tani um Si | i conBo[ Bxdmgillei dorpCatalyst 4 [0.0323 0.0910
Example 5 |{Catalyst 5 [10.0074 0.0016
10 Example 6: Production of oxidized compound using MWW-type

titanosilicate Catalyst 1
To a 20 ml-volume three-neck flask equipped with a

thermometer, a reflux condenser and a magnetic stirrer,
0.58 g (10 mmol) of allyl alcohol and 3.9 g (5 ml} of

15 acetonitrile were added, and MWW-type titanosilicate
catalyst 1 (70 mg) obtained in Example 1 was charged into
the flask. The flask was heated in a water bath at 60°C
and the mixture was vigorously stirred. Immediately
after the temperature of the reaction mixture reacted

20 57°C, 1.1 g (10 mmol as hydrogen peroxide) of an aqueous
30 mass %-hydrogen peroxide solution was added to the
reaction system. This point was taken as the reaction
initiation time, and the stirring was continued, until 30
minutes was counted from the reaction initiation. After

25 10 minutes from the reaction initiation, the reaction
mixture was immediately cooled with ice to stop the
reaction. Thereafter, the reaction mikxture was filtered
to separate unreacted allyl alcohol, unreacted hydrogen
peroxide, water, product and solvent from the catalyst.

30 At this time, the concentration of organic substances in
the filtrate was analyzed by gas chromatography and the
concentration of unreacted hydrogen peroxide was



Exanpl elCat al yst 10. 02170. 0204 Exanpl e2Cat al yst 20. 01320. 0244

Exanpl e3Cat al yst 30. 00680. 0294 Exanpl e4Cat al yst 40. 03230. 0910

Exanpl e5Cat al yst 50. 00740. 0016 10 Exanple 6: Production of oxidized
conpound using MW type titanosilicate Catalyst 1 To a 20 m -vol une

t hree-neck flask equipped with a thernoneter, a ref |uxgopgay®es and a
magnetic stirrer, 0.58 g (10 nmmol) of allyl alcohol and 3.9 g (5 nm) of
15 acetonitrile were added, and MWtype ti-tanosilicate Catalyst 1 (70
ng) obtained in Exanple 1 was charged into the flask. The flask was

heat ed Ina water ba ert]:e? ll@eo b angté e_l.Oﬁ;leé}Jl.'g Q‘.l\é@gtl\.%f‘g% QHa|d9(S.LtVI rre’gn%7c

| medi ately after t enpera reaction m xture_reacted

1.1 g (10 mol as hy@ssgen PertdRi H%%Ctdpnaﬁr%cﬁi’é’é‘iﬂsl“ Fpotesd WAFPILBGen
peroxi de sol ution wasradaeeidw thee dopwetsoen sfstebyl Hlicshpbiwds @ds0t aken
as the reaction 1nidkAthondieds, A dbesBldidohngs vt coBkbiuAoraali | SO

m nut es was count ed omthe reaction iniflation. After utes from
the reaction imtiatioBROURhEeddtion FREXERFe t\Rﬁsc?W&ﬁaPeﬁ’@%@Sf’%ﬁ“ with
ice to stop the reasirbeide Weer 8af Yerandt hie reffeckove mattior ef weirbgkter ed
to separate unreacted gkhyd «@lsCeh0hy. unreacted hydrogen peroxide, water,
product and solvent fromthe catalyst. 30 At this tine, the concentration
of organic substances in the filtrate was anal yzed by gas chromat ography
and the concentration ofTakeeddt ed hydrogen peroxi de was 28 March 2005 -
37 determned by potentionetric titration using Ce(lV). The results of
the reaction are shown in Table 3 appearing hereinbelow. The conversion
of allyl alcohol was 87.0% and the selectivity for glycidol as the
product epoxide 5 conpound was 99.9% Further, the conversion of hydrogen
per oxi de was 87.9% and the effective ratio of hydrogen peroxide was

99. 0%
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*] Conversion of allyl alecohol: consumed allyl alcohol
(mol)/raw material allyl alcohol (mol) x 100 (%)

*2 conversion of hydrogen peroxide: consumed hydrogen
peroxide (mol)/raw material hydrogen peroxide (mol)
5 x 100 (%)
*3 Selectivity for glycidol: glycidol (mol)/[glycidol
(mol) + glycerin {(mol)] x 100 (mol%)
Selectivity for glycerin: glycerin (mol)/[glycidol
{mol) + glycerin (mol)] x 100 (mol%)
10 *4 Effective ratio of hydrogen peroxide: [glycidol
(mol} + glycerin (mol))/consumed hydrogen peroxide
(mol) x 100 (%)
*5 Molar ratio {calculated by ICP emission
~ spectroscopic analysis)
15

Example 7: Production of oxidized compound using MWW-type

titanosilicate Catalyst 2
The same operaticn as in Example 6 was performed

except for using the Catalyst 2 obtained in Example 2

20 instead of the Catalyst 1 obtained in Example 1. The
results of the reaction are shown in Table 3 appearing
hereinabove.
Example 8: Production of oxidized compound using MWW-type

titanosilicate Catalvst 3
25 The same operation as in Example 6 was performed

except for using the Catalyst 3 obtained in Example 3
instead of the Catalyst 1 obtained in Example 1. The
results of the reaction are shown in Table 3 appearing
hereinabove.
30 Example 9: Production of oxidized compound using MWW-type

titancsilicate Catalyst 4

The same operation as in Example 6 was performed
except for using the Catalyst 4 prepared in Example 4.
The results of the reaction are shown in Table 3

35 appearing hereinabove.
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mat eri al

consuned hydrogen
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al lyl

10

15

20

25

30

35

al cohol

0 ECFIn HNMCInHH Vit4Jdital JYO (]

(mol) x 100 (9% *2 conversion of 28\Wahe00per oxi de:

peroxide (not)/raw material hydrogen peroxide (mol) 5

Example 10; Production of oxidized compound using MWW-

type titanosilicate Catalyst 5

The same operation as in Example 6 was performed

except for using the Catalyst 5 prepared in Example 5.

The

results of the reaction are shown in Table 3

appearing hereinabove.

Example 11: Examination of reaction golvent

The same operation as in Example 6 was performed

except for adding 5 g (5 ml) of water as a solvent in

place of using acetonitrile as a solvent used in Example

6.

The results of the reaction are shown in Table 3

appearing hereinabove.

Example 12

The same operation as in Example 6 was performed

except for adding 3.9 g (5 ml) of ethanol as a solvent in
plaée of using acetonitrile as a solvent used in Example

6.

The results of the reaction are shown in Table 3

appearing hereinabove.

Comparative Example l: Production of MFI-type

titanosilicate catalyst and production of oxidized

compound

To 500 ml-volume beaker equipped with a magnetic

stirrer, 62.5 g of tetraethyl orthosilicate (produced by
Wako Pure Chemical Industries, Ltd.) was added and
subsequently, 107 g of an aqueous 20 mass % tetrapropyl

ammonium hydroxide solution (produced by Tokyo Kasei
Kogyo Co., Ltd.) was added at a temperature of 30°C over

10 minutes. The resultant mixture was stirred for 1.0

hour and, thereafter, a mixture containing 38 g of

isopropyl alcohol (produced by Wako Pure Chemical
industries, Ltd.) and 14 g of tetra orthotitanate
(produced by Tokyo Kasei Kogyo Co., Ltd.) was added over
30 minutes. The resultant mixture was stirred at 30°C

for

30 minutes, and thereafter the mixture was heated by

using a water bath at 80°C and was continuously stirred

for

2 hours. To the thus obtained mixture, 230 g of

water was added and the resulting solution was



*3 Selectivity for glycidol: glycidol (not)/[glycidol (not) + glycerin
(nol)] x 100 (ol %9 Selectivity for glycerin: glycerin (mol)/[glycidol
(mol) + glycerin (nol)] x 100 (nmol % 10 *4 Effective ratio of hydrogen
peroxide: [glycidol (mol) + glycerin (nol)]/consuned hydrogen peroxide
(mol) x 100 (%9 *5 Molar ratio (calculated by |ICP em ssi28Margh20050SCOpi C
anal ysis) 15 Exanple 7: Production of oxidized conpound usi ng MWW type
titanosilicate Catalyst 2 The sane operationtlas in Exanple 6 was perforned
except for using the Catalyst 2 obtained in Exanple 2 20 instead of the

Catal yst 1 obtai nedtkan@@mheté Eﬂ%oéﬁaﬁw teau%pédﬁ%lwa&twmoar@mmom in

Tabl e 3 appeari ng abov X rod crion.o d npound
usi ng MAW t ype tltﬁﬁs) 41rcéiltl§p%%ﬁda”$§fe§121§ gbjs% do{%r %8@%5‘“%
Exanpl e 6 was perf ospethesggcept 1T0OIC fisr mf theer€at HLEsr gh%moaipﬁéamm of
Exanple 3 instead @fatdienceabdl $fithts08} aintedohferdsatpl €hd aukelavesul ts

Pr oduct | on of Gx d 2B CORBBURIE UGN VAV pec C Ladagi 11 Caba Eat aTyst 4

Producti on of i di 286°c9 ound yst 4
The same operation &8lit PEPéHﬁFe @h%a%hlp%ﬁbéraﬁéﬂd %@éép&’r‘?‘ﬁ’r"tué’?ﬁg the
Cat al yst 4 prepar edwhshdXanphedéstillbe wasid is oie tdhatesact ixdnear ehshown

in Table 3 35 appea{:b@&&%l BANGKR va2B MR R 200%1cc4fas EXAEEa 10:

Producti on of oxidi zed. conpound

titanosi |cate Catal yst 5
The sane operation a8%n %€¥a i‘%"‘r@ vkﬁst‘b%r&%%ﬁa‘ae C>e,\f>a<l('3‘é bt =% or°" WP ng the
Cat al yst 5 prapar edorg\a@(ampbet&cess Thee rpgodics afterhthe etdisat 89 shown
in Table 3 appeari pgshal8ineabPyshed for 12 hours by using 20 ml of an

agueous 1.0 mol/l nitric acid solution per 1 g of the
solid and after the completion of acid washing, the solid
product was separated by filtration. Subsequently, this
15 solid product was calcined at 500°C for 12 hours in the
presence of air, to thereby obtain an intended MFI-type
titanosilicate catalyst having a molar ratio of
titanium/silicon of 0.0222.
The same operation as in Example 6 was performed
20 except for using this MFI-type titanosilicate catalyst
instead of the Catalyst 1 obtained in Example 1. The
results of the reaction are shown in Table 3 appearing

hereinabove.

Example 13: Repeated use
25 To a 20 ml-volume three-neck flask equipped with a

thermometer, a reflux condenser and a magnetic stirrer,
0.23 g (4 mmol) of allyl alcohol and 7.9 g (10 ml) of
acetonitrile were added, and MWW-type titanosilicate
Catalyst 1 (100 mg) obtained in Example 1 was charged

30 into the flask. The resulting mixture was heated in a
water bath at 60°C under vigorous stirring. Immediately
after the temperature of the reaction mixture reached
57°C, 0.14 g (4 mmol as hydrogen peroxide)} of 30 mass %-
hydrogen peroxide was added to the reaction system. This

35 point was taken as the reaction initiation time, and the
stirring was continued until 0.5 hours was counted from
the reaction initiation. After 0.5 hours from the



Exanpl e 11: Exam nation of reaction solvent The sanme operation as in
Exanple 6 was perfornmed except for adding 5 g (5 m) of water as a
solvent in 10 place of using acetonitrile as a solvent used in Exanple 6.
The results of the reaction are shown in Table 3 appearing herei nabove.
Exanpl e 12 The sane operation as in Exanple 6 was perfoR8dadch 2008ept for
adding 3.9 g (5 m) of ethanol as a solvent in place of using
acetonitrile as a solvent used in Exanple- 82 The results of the reaction
are shown in Table 3 appearing herei nabove. Conparative Exanple 1:

Producti.on of NFI-t¥Rg:200 1tia00sthl 0ae EALAlNSlnand.r aduCtieRiglery

oxi di zed conpound ure beaker equi pped ega net}1
stirrer, 62.5 g of Y¥tledetiyh 6Pt ROsTHAPCcARR ’(eﬁFGHEEed Wre PUFE
Chem cal I ndustri esgedctdo) miacuaddetss #idt2bed s egparntey unieFcgdopl anl

aqueous 20 mass %t 0 m}uﬁb YA cdeas Ol whtie@) hRsQ@UCaA] by
Tokyo Kasei  Kogyo %OJO@IBE Qﬁrea@@@@ ed Q L:“Mloggeratureetgfl(’SOC over 10

m nutes. The resul t%veﬁi:xf’iﬂ“bt\%sc%tta}lryrséd R © and, thereafter,
a mxture contai ni ngpr@8nyroficd0 of sopapyl sebouineks (Pt dd’@cébufbyOb\H&R@eqbur e

Chemi cal  Industri eﬁltkhge)wﬁldn&ﬂyge@fbyt §h¢ arbhhbdiahgt end (greoduced by
Tokyo Kasei Kogyo

, Was _a ver 0 ‘gh‘g éesul t ant
m xture was sti rrea‘:oﬁceggf? TOr ogouﬁenaﬁgeg h%&(?g?h éj L%?(tlgr { he n xture was
heated by 35 using 4etraméneddivh pateBUCMRRAL S R i PHUIERYCet i Wred for 2
hours. To theig hus obt anpeér rinet vaeal 230 rgcoferedaber filas aaddedvasndriae

resul ting solution r.gh lhott@NSf ghr £6hdspneradWoOGliayea
equi pped with a Tef on% ?% Miaq-' ﬁ 3f § oo ed ther Ots%nd subj ected to

hydr ot her mal  synt hR§o8 aflr&ersfea%%omg“aﬁoa grorgeflopn ?Fe Snpfeti on of
hydr ot her mal synt hesirslitibes centientise ofirshet i aebayiors C\ﬁéﬁéll?%(ké‘ﬁolﬁat

therefromand centrjfugednt 3Rt 84€ JN@eaction, the mixture was

15 filtered in the same manner as in the first-time reaction
to separate the filtrate from the catalyst. Then, the
filtrate was analyzed and the catalyst was recovered in
the same manner as in the first-time reaction.

Again, the catalyst recovered after the second-time

20 reaction was dried, a third-time reaction was performed
under the same conditions as in the first and second-time
reactions, and after the completion of reaction, the
mixture was separated and analyzed in the same manner as
in the first and second-time reactions. In such a

25 manner, the reaction was performed three times in total.
The results of the reaction are shown in the following
Table 4. The reduction ratic of activity, indicating the
deterioration of catalyst, was 2% in the second-time
reaction and 10% in the third-time reaction.



solid product. The thus obtained solid product was washed with distilled
water in the content. After the conpletion of the washing, the product
was cal cined at 500C for 8 hours in the presence of air to renove 10
organi ¢ substances. The product after the calcination was further washed
for 12 hours by using 20 m of an aqueous 1.0 nol/1 ni RgiMaR® Wosol ution
per 1 g of the solid and after the conpletion of acid washing, the solid
product was separated by filtration. Subsequéhtdy, this 15 solid product
was cal cined at 500C for 12 hours in the presence of air, to thereby
obtain an intended M-t Ean05| | i cate catal yst havi ng a nolar ratio
of titaniun silicon of 3’% 52%1The same operation as i.n Exanple. 6 was
performed 20 except for using th| s MFl-{ype titandsijldigabe catBeysEon
i nstead of the Catdlyst 1 obtdi g ?h Exaﬁgl‘%erl.ofTheslyrcesults . gf
reaction are shownjin Table 3 |& 85 Sfthg 7 ei nabovie(*)Exanpl e y -aﬁepbéat ed
use 25 To a 20 ni - %‘ ‘dfvﬂslé I“ir3c ‘ca'fa éﬂ gs 1§H‘¥:i ed gt i—a thergrometer;
ref lux condenser and a magnetji c stl1rrer Haddaa0 (&gmot ) of [ Tyl

al cohol and 7.9 g ((10 m) of j|acetonitri [grg@iigeaddend,. sand MM Type
titanosilicate CatlgbyphrakivEUHFITLysdt a| ned dimeEXamd.e 1 was |ahar ged 30
into the flask. TheExespld izng [m xture was2neatied | N 20.5wat er baadh at 60C
under vigorous stinring. | nmediately aftérdttheet enper.8t ure ofl Ithe
reaction m xture reached 57C, 0.14 g (4 mvol as hydrogen peroxide) of 30
mass % hydrogen pergxi dejamas oadgBgtidelt NendueachE oflyeyabenprckhiced35 poi nt

was taken as the reacti of, Li/bhali o LIS nANd; LD SLLLLI AOdaseCo] nued

until 0.5 hours was coun rom reaction Irnitiation.” After ours
from_the 28 Marsch 2005 -x 420 l(éactlon initiation, the reaction m xture was
i mrediatel y  cool ed ,yi thyice 5198 51OR L8 £AAG! hQD. - Thergabter, the

reaction mxture was filtere lc() separate unreacted allyl alcohol,

unr eact ed hydrogen per ox¥Heé & %’rl’"cﬁr“oau%'t 244d _
*3  Reduction ratio of activity: [(yield of glycidol at

first-time) - (yield of glycidol at second or third-

)

10 time)/{yield of glycidol at first-time) x 100 (%)

Comparative Example 2
The same operation as in Example 11 was performed

except for using the MFI-structure titanosilicate
catalyst having a molar ratio of titanium/silicon of

15 0.0222 obtained in Comparative Example 1 instead of the
Catalyst 1 obtained in Example 1. The results of the
reaction are shown in Table 4 appearing hereinabove. The
reduction ratio of activity, indicating the deterioration
of catalyst, was 28% at the second-time reaction and 31%

20 at the third-time reaction.
Example 14: Examination of reaction substrate

To a 20 ml-volume three~neck flask equipped with a .

thermometer, a refiux condenser and a magnetic stirrer,
0.98 g (10 mmol) of diallyl ether and 3.9 g (5 ml) of

25 acetonitrile were added, and MWW-type titanosilicate
Catalyst 1 (70 mg) obtained in Example 1 was charged into
the flask. The resulting mixture was heated in a water
bath at 60°C under vigorous stirring. Immediately after
the temperature of the reaction mixture reached 57°C, 1.1




5 solvent fromthe catalyst. At this tine, the
substances in the thus obtained filtrate was anal yzed by gas

chromat ography and the concentration of unreacted hydrogen peroxi de was
determ ned by potentionetric titration using Ce(lV). 10 After the catal yst
recovered by filtration was dried in a dryer at 80C fonRg8d@ur®osn an

at nosphere of air, a second-tine reaction was perfornmed under the sane
conditions as in the first-tine reaction deséfibed above. After the

conpl etion of reaction, the mxture was 15 filtered in the same nmanner as

inthe first-tine regaqtlbol%ﬂolt %ssgp@;@te% bBeofidel T 8F &3 maBLt fienrababy St .

Then, the filtrate was anav%/ and the catal yst was trecovghed wntthe
same manner as in tRETPEFLE Esnadded & 5he Wg’%ﬁontﬂ@s E8taly

Fecover ed
after the second-ti mes 28kemwast the mEstdenethitdathon d;mﬁrretlﬂ‘éaﬁzttlréhnv\/as
performed Ungerfth%«a%aasnﬁﬂﬂu@ldt LOPSL as hbtir td¥e el €8¢ raad 566 otittibBEon.
reactions, an ter. th | etion reaction xt S
separated and a‘c’ﬁal yf‘ef‘i ?rhmr rgﬁ%m maﬁ2 EFas N lnfglatfﬁmflétyﬂgde@eéé%% time
reactions. in such wleUﬁfarW?@r impediated ¥t Forrt ety i pler ¥ FRASEPR &€Sti mes in
total. The results reacthén’seatkrofttaire shewrachibhenfalleway fiTabled 4.

The reduction ratio gf eLiyid YncLIALE 00 N ende! eli-Akgti@M Rkogen

catal yst, was 2%in The Second-t reacti o olntE?ethlrd%m
reacti on. 28 March REE5*+dQg vatesp| RFOAPCY; 1Y S&ﬂﬁ@ﬂﬁcftr"&n ref B er
of A yci dol Rat i 0 of Gat ahystiise( 8he¢ .ceAcknurdtyionEranpiEni8Catiedyances 150
Ui me88. 30 2nd ti M8, L2, g diiesga MO COUDAA! iuaMded wpedas time28. 40

Exanpl e 22nd tinme20.528 3rd tinel
chromatography an

concentration of organic

t e concentration of unreacted

hydrogen peroxide was determined by potentiometric

titration using Ce(IV).

The results of the reaction are

15 shown in the following Table 5. The yield of allyl
glycidyl ether as an intended epoxide compound was 24.4%.
[Table 5]
Yield of
Substrate Epoxide Product EpOﬁide
(%)
. allyl glycidyl
Example 14 diallyl ether ether 24.4
allyl propyl glycidyl propyl
Example 15 ether ether 42.6
Example 16 allyl chloride !epichlorohydrin 53.1
Example 17 styrene styrene oxide 1.6
Comparative ) allyl glycidyl 16.7
Example 3 diallyl ether ether
Comparative |allyl propyl glycidyl propyl 17.9
Example 4 ether ether
Comparative . . . 20.1
Fxample 5 allyl chleride |epichlorohydrin
Comparative . 1.1
Example 6 styrene styrene oxide
*1 Yield of epoxide:
20 Amount of epoxide produced (mol}/amount of raw
material
hydrogen peroxide (mol) x 100 (%)
Example 15
The same operation as in Example 12 was performed
25 except for using 1.00 g (10 mmol) of allyl propyl ether




*1 Yield of glycidol: amobunt of glycidol produced (nol)/amunt of raw
mat eri al hydrogen peroxide (nmol) 5 x 100 (%9 *2 MFI-type titanosilicate:
nolar ratio of titanium silicon = 0.0222 *3 Reduction ratio of activity:
[(yield of glycidol at first-time) - (yield of glycidol at second or
third- 10 time)/(yield of glycidol at first-tinme) x 10028%iarchaopsr ati ve
Exanpl e 2 The sane operation as in Exanple 11 was perfornmed except for
using the MFl-structure titanosilicate catdPyst having a molar ratio of
titanium silicon of 15 0.0222 obtained in Conparative Exanple 1 instead of

the Catalyst 1 obtaisreddi &t Bxagn! g1doholhgséesiul Esambld he. remetdeanlas e
shown in Table 4 ap ing_her.ei nabove. The CLi ratjo of activity,
i ndi cating the det ec%?%%gt ?%anceugfn ca aﬁ%fé“'fl, l%\aéa%gééa?& agaggcond-ti me
reaction and 31% 20'eeifpectahi r dhei yaeideaét 9 oIt 1Bk aRFARY 11 8N EX Afi ARt i on of
reaction substrate iiead20 ¢goidkus@ndcdindewaneck . .fkask equi pped with a

t her nonet er, refl degpser and a magnetic stirrer, 0.98 g (10 mmol)
of diallyl etﬁser an%égl.ﬁggfgi(]S m) of 25 acefonitri Le re added, a\%g
MW t ype titanosi|icat eTi €%y SPEAAR Af) 1 DBTAMREY 1 “BRaRPT €T Was

charged into the fdasbt Ade usdsgl ¢i1g ami( X6 uwe Mast heldtvddchhowidgat er  bath

at 60C under vigoroystahir & NA1yh "ERARLeLYedfillekxahtie 1@NPerRd WeSuots t he
reaction mxture re mol as

hed 57C,. .1.1 28 rch, 2 - 44 1
hydr ogen per oxi de) tgﬁ ﬁ%%dstl%nhﬁﬂ?p%gﬁn b’é?%%lgeév\%sp%:ggég to the
reaction systéin THierepopbeve wagheakieddastt eriatdasehydrivnpsi af i Brvrenfag,
the stirring was Ciy¥xidesompunl dadiaur 1@fter the reaction initiation. 5

After 1 hour fromt}_:g(f;E ﬁfigci;on initiation, the reaction mxture was

i mredi ately cool ed to stop the reaction. Thereafter, the
reaction mxture was fi Fhereahe pPBesRp@Nafe UhicddePed i FepyPekiddrd
unreact ed hydrogen exqepextee,usdager,0proqduetmarid 6| stentenkr dnstdral of

catal yst. 15 allyl alcohol used in Example 12. The results of the

reaction are shown in Table 5 appearing hereinabove. The
yield of styrene oxide as an intended epoxide compound
was 1l.6%,
Comparative Examples 3 to 6

20 The same operation as in Examples 14 to 17 was
performed except for using the MFI structure
titanosilicate catalyst obtained in Comparative Example 1
instead of the Catalyst 1 obtained in Example 1. The
results of the reaction are shown in Table 5 appearing

25 hereinabove. The yield of allyl glycidyl ether was
16.7%, the vield of glycidyl propyl ether was 17.9%, the
yield of epichlorohydrin was 20.1%, and the yield of
styrene oxide was 1.1%, which were intended epoxide
compounds.

30
Industrial Applicability

As described hereinabove, it is apparent that, as

compared with conventionally known titanosilicate
catalysts, the crystalline titanosilicate catalyst

35 represented by the following the composition formula (1)
or (2) and having a structural code of MWW as described

above may function as a very useful catalyst in the



10 At this tinme, the concentration of organic substances in the thus
obtained filtrate was anal yzed by gas chronmatography and the
concentration of unreacted hydrogen peroxi de was determ ned by
potentionetric titration using Ce(lV). The results of the reaction are 15
shown in the followng Table 5. The yield of allyl glycegdhréat2906 as an

i nt ended epoxi de conpound was 24.4% [Table 5] Yield of SubstrateEpoxide
Product Epoxi de Exanpl e l1l4diallyl etherall §/I4 L. 4 glycidyl ether Exanple
15al 'yl propyl gl yci dyl propyl 42.6 etherether Exanple 16allyl chloridee

i chl oroh drin53.1 EgxasduexibiAstyranestiyleant conpderdd & rGenpacaipovedi kad+iylg

etheral Iyl glycidyl 16 %@@@ksoﬁwgﬁe%ma@aw@q@aﬂ PrORMnaLyci dyl
propyl 17. 9 Exanpl e 3}}1? eret her arati

ve
chl ori deepi chl or ohy dFPFFOP 2L ERERR &Y52 ?fﬁ%aég?ge%ﬁifﬁéﬂ%slfwgng oxide 1.1
11 Exanple 6- *1 Yi ekdoxifdeepoxanerxi2@zmpagentt epoxi de produced

(ol ) /amount of; raw nat@;ngpggl@yg{ qg,@mup@r(qggl de (mol) x 100 (% Exanple
15 The sane operation as in Examp é? )é)rslgas performed 25 except for using
h

1.00 g (10 mmol) of allyl pr&pyte’ March 2005 - 45
{wherein x is a number of 0.0001 to 0.2).

Composition formula (2)
X710, yM, 0, (1-x-2y) 510,

10 (wherein M represents at least one element selected from
the group consisting of aluminum, boron, chromium,
gallium and iron, x is a number of 0.0001 to 0.2 and y is
a number of 0.0001 to 0.1).

It is also clear that according to the process for

15 producing the above-mentioned titanosilicate catalyst
using hydrothermal synthesis described above, a high-
performance crystalline MWW-type titanosilicate catalyst
for providing an oxidized compound can be obtained with

good efficiency.



instead of allyl alcohol used in Exanple 12. The results of the reaction
are shown in Table 5 appearing hereinabove. The yield of glycidyl propyl
ether as an intended epoxi de conpound was 42.6% 5 Exanple 16 The sane
operation as in Exanple 12 was perfornmed except for using 0.77 g (10
mmol) of allyl chloride instead of allyl al cohol used 28 NExeM#308512. The
results of the reaction are shown_in,Table 5 appearing 10 herei nabove.
The yield of epichlorohydrin as an |ntended epoxi de conpound was 53. 1%
Exanpl e 17 The same operation as in Exanple 12 was perforned except for
using 1.04 g (10 nmmol) of styrene iCAg¥8d of 15 allyl al cohol used in
Exanpl e 12. The results of the reaction are shown in Table 5 appearing
her ei nabove. The vyield of styrene oxide as an intended epoxi de conpound
was 1. 6%. EbppacaSSvﬁbfagmqﬁuﬂiﬁQ o 6x20iThe sanpoOPer afdn@tiddngh Exanpl es

14 to erforned, t for ysing_the MFl structure titanosilicate
cata|ys?e“%95P§%8 A ?fﬁé%ﬁ%gﬁ\ﬁ?qg%éﬁﬁlgfla FREP & d12 %49 Eat al yst 1

obt ai nedatrbobxagpbén ldodthiee Wesllahsl ak l@@sﬁeéﬁéléﬁhé¥‘¥ﬁﬂE¥M6d n Table 5
appearing 25 herei nabove. The yield of al C|q5l ether was 16.7%

the yi ePd°8P YPGESHYI ths Wb%twb\ﬂasdwbg%b@m olj el gsmpound is

epi chl opghydrn Mwas,20,d% ﬁgyigla% i€ 1.1% which
wer e i ntended ep%glée %onpoun 5 g Egug%%?g ! E%F%Q%q1lty As descri bed
her ei nabggeence ¢§ @pp%y%ﬁﬁlhﬂwﬂ MWﬁstypenpatedosulinaﬂﬂnaaﬁahymalEyrknomm

titanosi Ebggggngcgﬁaé ZQ& K ry; akllnegal; |I|cq3e catal yst 35

r epr esent he foft omﬁng conp05| ) and
havi ng aeshQUCEpra$entmﬁabj ﬂ%@ME@aldaSQQIbeﬂpoéﬁmn@hlmﬁkﬁ&uQBUuQ@ as a very
useful catalyst in the 28 March 2005

®xT10z. (1-x} 810,

wherein x is a number of 0.0001 to 0.2.

2. A process for producing an oxidized compound according to
claim 1, wherein the oxidizing agent is at least one compound
selected from the group consisting of: hydrogen peroxide,
tert-butyl hydroperoxide, tert-amyl hydroperoxide, cumene
hydroperoxide, ethylbenzene hydroperoxide, cyclohexyl
hydroperoxide, methylcyclohexyl hydroperoxide, tetralin
hydroperoxide, isobutylbenzene hydroperoxide, ethylnaphthalene

hydroperoxide and peracetic add.

3. A process for producing an oxidized compound according to
claim 1, wherein the other functional group in the compound
having a carbon-carbon double bond and at least one of other
functional group is at least one functional group selected
from the group consisting of: an alkenyl group, an alkynyl
group, an aryl group, an arene group, an alcohol group, a

phenol group, an ether group, an epoxide group, a halcgen



- 46 production of an oxidized conpound froma conpound having a

car bon-carbon doubl e bond and at |east one other functional group by an
oxi dation reaction using a peroxide as an oxidizing agent: 5 Conposition
formula (1) xTi2(1-x)Si02 (wherein x is a nunber of 0.0001 to 0.2).
Conposition formula (2) xTi 02yMO, (1-x-2y)Si02 10 (whe8eViardid 200pr esent s
at |east one elenent selected fromtheg group consisting of alum num
boron, chromum galliumand iron, X is a nunber of 0.0001 to 0.2 and y
is a nunber of 0.0001 to 0.1). It is also clear that according to the

pr ocess 9EBEP 180 pr bidrievdry quvaiabev &erenti ghedpt i @ armdidridatoe oogt, abyst

using h h synt hesi s ri hed . above, a high- perfornmance
crystal Ilélgﬁgxr!\/g\g}ér‘?é’peé@iﬁndoesi i%(%:%t’eacgygp%? YU prdt i TG 24 S6xi di zed
conpoungdroan, be obhiacyetitw tdrougoodnehii abegeyup 28 Marty 2005, 47 CLAIMS

1. A process for producing .an oxidi zed conpound, conprising: performng
an oxi dati-of ?5%B$1d% 5kt I o SR ﬁaQFEgBQP %%ﬁ%%mi%é¥ﬁégd&ouble bond

and at geasp, onesoi hetidaingldnala sanedpewgeseh N 4 ha, car herygar han doubl e
bond of the conpound is oxidized by using a peroxide as ‘an oxidi zi ng
agent i ATERESSpresefRieP of2 4Sey SIraUPi ABIMIMY Rpre t9xadsi | i cat e cat al yst
for providing an oxidi zed conpound having a MAW structure and being
represented by the follow ng conposition fornula (1): xTi02.(l-x)Si02
wher ei nédx Rspacpesdefonfpd@dhat en0oRid2zed prmoess farcorddadycicng an

oxi o e, oo 2020y 0 L AL uher sl e g drzng goent s at

| east one conpoun ec omTtThe ¢ Ggen
per oxi depndt endl - but ydadty dirgperdtxird€unt el bnalydr hysiroperoxieder edaene
hydr oper oxi de ethylbenzene hydr oper oxi de, pyc]oheﬁyl
compouhd sefected from the group consisting of: allyl ethers,
compounds having from 3 to 10 carbon atoms, ethers of

polyhydric alcohol, and carboxylic acid esters.

5. A process for producing an oxidized compound according to
claim 4, wherein the allyl ether is at least one compound
selected from the group consisting of: allyl methyl ether,
allyl ethyl ether, allyl propyl ether, allyl butyl ether,
allyl vinyl ether and diallyl ether.

6. A process for producing an oxidized compound according to
claim 4, wherein the compound having a carbon-carbon double
bond and at least one other functicnal group is diallyl ether

or allyl alcohol and the oxidizing agent is hydrogen peroxide.

7. A process for producing an oxidized compound according to
claim 4, wherein the compound having from 3 to 10 carbon atoms
is at least one compound selected from the group consisting
of: allyl alcohol, allyl bromide, an allyl chloride, acrolein,

methacrolein and acrylic acid.



hydr oper oxi de, net hyl cycl ohexyl hydroperoxide, tetralin hydroperoxide,

i sobut yl benzene hydroperoxi de, ethyl napht hal ene hydroperoxi de and
peracetic add. 3. A process for produci ng an oxi di zed conpound accordi ng
to claiml, wherein the other functional group in the conpound having a
car bon-carbon doubl e bond and at |east one of other furdtMendi20@5oup is
at | east one functional group selectgd .fromthe group consisting of: an
al kenyl group, an al kynyl group, an aryl group, an arene group, an

al cohol group, a phenol group, an ether group, an epoxide group, a

hal ogen8282AMRFeRE 20050 HIEPdufiigigp aranxafdahgdechpoupd acdamtdimg group, a
carbonyl.;grQup, @ﬂer@ﬁ%gﬂugkﬂﬂﬁn‘%Q %nbg§ HQQPPC A SY3NALE afoyR., ;an

i socyanate group, a thiocyanate group, an am ne group, a di'azo group, a
nitro geoapcompaindi el ertoahp, frmmithreogoogpoupnsastsing ide «ptoupnea

sul f oxi u ul f one grqup, hi ol group, ,an . orthoester group, a

ur ea grgﬁﬁgégdﬁg%g?%%?ﬁg%ﬁ?ﬁhfr’49t§yBF88eggy?8f D B Mg Shedxi di zed

conpound, aepoodingdiel mdrdaDkenwhereen, t De2copPOAMEH AV IidIG 1&enyl

carbon-cg%bonngogble bond and at | east one other functional group is at
0

| east ofiE™CEonpotnidt LA Mgwalkenyglogphebnst stthrprameddidly| et hers,

conpounds ahayhpy 1088 3 1,040 1GaBAR 18heHBa 1 RIS SeGe POl yhydri ¢ al cohol ,
and carboxylic acid esters. 5. A process for produci ng an oxidi zed

conmpoun@uidedfdphgdidl ket mtherwhdr 8rhuthredi ¢y nedrelkdny laetheast one

conpound as ; - 0 nsisti f.,allyl nethyl ether,
al lyl etﬁylggﬁ %%@légf%25%¥%6 &l%gpﬁgf,héﬁl§gt ?ﬁ?&oinﬂﬁﬂQafgénW§| vi nyl
et her amthdral lyd-ettmreditel Aiprlideayd Bohepy opkmet agr@hixiodi zed conpound

according to,, claim wherein the co und havi ng a carbon-carbon doubl e
bond anﬁgﬁ?aﬁﬁﬁg?id%éﬁ%ﬁmé?”?ﬁﬁ%ﬁ%&ﬁé?ggrahﬁl¥%n fiRAT et her or allyl

al cohol pandathetioxi b Zitng Agemty 1l th¥er 988 NpOeE & Weriko1A process for
producing an oxi di zed conpound according to claim4, wherein the conpound
havi ng FFbRE3IENED *HtWon atons is at | east one conpound sel ected from
the group consisting of: allyl alcohol, allyl brom de, an allyl chloride,

acrolein, nethacrolein and acrylic acid.
9. A process for producing an oxidized compound according to

claim 4, wherein the carboxylic acid ester is at least one
compound selected from the group consisting of: allyl formate,
allyl acetate, allyl propionate, allyl tartrate, allyl
methacrylate, trimethylolpropane monoalkenyl ether,
trimethylolpropane dialkenyl ether, and trimethylolpropane
trialkenyl ether.

10. A process for producing an oxidized compound according to
claim 1, 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.

11. A process for producing an oxidized compound according to
claim 1, wherein the oxidized compound is a compound resulting
from the epoxidation of the carbon-carbon double bond site of

a raw material compound having a carbon-carbon double bond and



28 March 2005 - 49 8. A process for producing an oxidi zed conpound
according to claim4, wherein the ether of a polyhydric al cohol is at
| east one conpound sel ected fromthe group consisting of: ethylene

gl ycol nonoal kenyl ether, ethylene glycol dialkenyl ether,

1, 2- propanedi ol nonoal kenyl ether, 1, 2-propanedi ol dial R8MWhrche2006r ,

1, 3- propanedi ol nonoal kenyl ether, _1¢g3-propanedi ol dial kenyl ether,
1, 2- but anedi ol nonoal kenyl ether, 1,2- butanediol dialkenyl ether,

1, 3- but anedi ol nonoal kenyl ether, 1, 3-butanediol dial kenyl ether,

1, 4- but ahebfd$t mawylfun@ﬁhenallgnomt aawedjucw anaiduadyb:eeuhe:mg

pent aery ﬂgQﬁ%] I er t hr dla
pentaery%ﬁ$|t6% tria eny %gtﬁé? %@n aery ﬁ%% é%ﬁeﬂ | et her

9. A prbhessawomamﬁmxhkncqmeMndxhdvied aoamﬂuﬁdwﬁnﬁmmdwbgbu@ behai m 4,
wherein_the. ¢ ter at | east one conpound sel ected from
the grotpic %a{%?$%é° %QFFy UPBFﬁﬁP%£ IEPYRA R CFt & "AKEYEEpr opi onat e,
allyl tenérede, allyl nethacrylate, trimet hyl ol propane nonoal kenyl et her,
tri nmet hyl ol propane di al kenyl ether, and trinethyl ol propane trial kenyl
ether. 10. A process for producing an oxidi zed conpound according to
claim1, wherein the oxidation reaction is perforned in the presence of
at | east one solvent selected fromthe group consisting of: alcohols,
ketones, nitriles and water. 11. A process for producing an oxidi zed
conpound according to claim1, wherein the oxidized conpound is a
conpound resulting fromthe epoxidation of the carbon-carbon doubl e bond
site of a raw material conpound having a carbon-carbon doubl e bond and 28
March 2005 - 50 at |east one other functional group, a diol conpound
resulting fromthe conversion of the carbon-carbon double bond site of
the raw material conmpound having a carbon-carbon double bond and at |east
one ot her functional group, and/or a mxture thereof.



