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COMPOUND USI NG THE CATALYST Technical Field The present invention relates
to a procesECTERO0NIWducing a titani umcontaining silicon oxide catalyst,
said catalyst 10 and a process for produci ng an oxirane conpound using the
catalyst. More particularly, the present invention rel ates cess
for producing a titanium containing sil'i don oxi de cata&”ﬁwmmmmammmﬁ an
oxi rane conpound can be obtained under high selectivit y _
reacting an olefin and a 15 hydr opSPECIFICATIONUND i Nn the preveice of said
catalyst, said catalyst and a process for producing an oxirane conpound
using the catalyst. Background Art 20 Methods of obtaining an oxirane
conpound by reacting an olef in and a hydroperoxi de conpound in the
presence of PROCESS| YOR PROPUGING @ITANTUM-.CONTA BKENG | 11, 1&GN Rak evt:
No. 4, 367, 342 di scl oses a process for using a titani umsupported silica
cat al yst. HOMFRBNSTGOSAED: ICATAL VSTt ANLs RROCESS WO GrsBud e @21k ARE
standpoi nts of selectivity to a oxirane conmpound as an

5 COMPOUND USING THE CATALYST

Technical Field

The present invention relates to a process for producing
a titanium-containing silicon oxide catalyst, said catalyst
10 and a process for producing an oxirane compound using the
catalyst. More partiéularly, the present invention relates
to a process for producing a titanium-containing silicon oxide
catalyst by which an oxirane compound can be obtained under
high selectivity and yield by reacting an olefin and a
16 hydroperoxide compound in the presence of said catalyst, said
catalyst and a process for producing an oxirane compound using

the catalyst.

Background Art

20 . Methods of obtaining an oxirane compound by réacting an
olefin and a hydroperoxide compound in the presence of acatalyst
are publicly known. For example, U.S.Patent No.4,367,342
discloses a process for using a titanium-supported silica
catalyst. However, conventionalmethods are insufficient from

25 the standpoints of selectivity to a oxirane compound as an

I
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PCT/ JPOQ 07767 2 objective conmpound and yield thereof. Disclosure of the

I nvention An object of the present invention is to provide a process 5 for
producing a titani umcontaining silicon oxide catalyst by which an oxirane
conpound canf®&TF8HPHFhed with high selectivity and yield by reacting an
olefin and a hydroperoxi de conpound in the presence of said catalyst, said
catal yst and a process for producing an oxirane conpound using the

catal yst. 10 Nanely, the present inventiof relates to a process for
producing a titaniumcontaining silicon oxide catalyst having a silicon-
carbon- silicbpedbbidescomponndonydenieddl thepebgnd and
silicon-oxygen-titanium bond, which conprises causing a silicon conpound of
the following fornmula (1) and a titanium 15 al koxi de conpound to a gel in
a water and/or alcohol solvent and renobving the solvent in the resulted
gel by extrazisohosmtd ofi shpelfivehit@ah fluid: OR OR6 R20 -Si-R7-Si-0 R 5
(1) OR3 .0 R4 (wherein, Rl to R7 each independently represent a
hydrocarbon 20 granwpbia¢itngf thieOpPds 6@t BaReatadh 1s tpt&eide APLHEESS
invention relates to a process for producing an oxirane conpound,

conpri si Bg rémeproghing af t Dtanibh- 8ohyai APRE Bd TEcSRRAWY chRaihe t by
presence of a catalyst PCT/JP0O0/ 07767

which an oxirane compound can be obtained with high selectivity

and yield by reacting an olefin and a hydroperoxide compound
in the presence of said catalyst, said catalyst and a process
for producing an oxirane compound using the catalyst.

10 Namely, the present invention relates to a process for
producing a titanium-containing silicon oxide catalyst having
asilicon-carbon-siliconbond, silicon-oxygen-siliconbond and
silicon-oxygen-titanium bond, which comprises causing a
silicon compound of the following formula (1) and a titanium

15 alkoxide compound to a gel in a water and/or alcohol solvent
and removing the solvént in the resulted gel by extraction with

a supercritical fluid:

0 RI oR®
| |
R20 —Si—R7—§j__ g5 @)
: | [ '
oR?d 0R4

(wherein, R! to R’ each independently repfesent a hydrocarbon
20 group having 1 to 20 carbon atoms.).
Further, another invention relates to a process for
producing an oxirane compound, comprising reacting an olefin

with a hydroperoxide compound in the presence of a catalyst



3 obtained by the above-nmentioned process. BEST MODE FOR CARRYI NG OUT THE
- INVENTION I n the process for producing a titaniumcontaining 5 silicon
oxi de catal yst of the present invention, silicon conpounds of the
fol | ow ng f oPGUABLO01%67(herei nafter, referred to as silicon conpound (1))
are used: ORI 0 R6 R20 -Si-R7-Si-0 R5 (1) O R3 0 R4 (wherein, Rl to R7
each independently represent a hydrocarbon 10 group having 1 to 20 carbon
atoms.). Preferably, Rl to R6 represent ai@ al kyl group, and a nethyl
group, ethyl group, propyl group, butyl group, isopropyl group, isobutyl
group and thebtatedr ®yexarplabbvedmedtd ddld igldddy, preferable are a
met hyl group and an ethyl group which are easily 15 available

i ndustrially. R7 represents a dival ent hydrocarbon group having 1 to 20
carbon atons, and exanpl es thereof include al kyl ene groups such as a

et hyl ene gr emBT. GbRY FORS CHERYINGD LRRY IEe WiVEIPITOPUL VI enes group and the
| i ke, aromati C hydrocarbon groups sucit 200as a pl ene group, _

1,4-bis(nethylene)pheeuéeﬁﬁoaéggpforlpéaﬁh%ﬁﬁgg%L%ﬁﬂkﬁgﬁﬂylé%ﬁ#é%#&Rﬂa”d

the like, further, hydrocarbon groups obtain y conbi ni ng and

parts of 5theseibydr 8%a6R0Ba%RYRE ¥BY the PHRuldditar, i d{oet 595858
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compounds of the following formula (1) (hereinafter, referred

to as silicon compound (1)) are used:

0 R! ORS
| |
R20 —S|—R7—Si__ g5 a)
| |
K oR4

(wherein, R! to R’ each independently represent a hydrocarbon
10 group having 1 to 20 carbon atoms.).

Preferably, R' to R® represent an alkyl group, énd amethyl
group, ethyl group, propyl group, butyl group, isopropyl group,
isobutyl group and the like are exemplified, and particularly
preferable are amethyl group and an ethyl group which are easily

15 available industrially.

R’ represents a divalent hydrocarbon group having 1 to
20 carbon atoms, and examples therg_of include alkylen_e groups
such as a methylene group, ethylene group, prdpyléhe groué,
butylenes group and tbe like, aromatic hydrocarbon groups such

20 as a phenylene group, 1,4-bis(methylene)phenylene group,
1,4-bis(ethylene)phenylene group and the like, further,
hydrocarbon groups obtained by combining them, and parts of

these hydrocarbon groups may be substituted with hetero atoms.



Préeferabl e specific exanples of the silicon conpound (1) include

+ bis(triethoxysilyl)ethane, bis(triethoxysilyl)nethane,

bi s(trinethoxysilyl)ethane, bis(trinmethoxysilyl)nethane,

bi s(tri nmet h@xggbsoyrjdiexane, 5 1,4-bis(trinethoxysilylethyl)benzene and the
like. I'n the present invention, it is preferable to use a silicon conpound
of the following formula (2) (hereinafter, referred to as silicon conpound
(2)) and/or a silicon conmpound of the fdllomﬁng_fornula (3) (hereinafter,
referred to as silicon 10 conpound (3)) in addition to the silicon conpound

(1) fromthe stapdpgierable 988101 LMUdnd VeLbsS ; SRAY

hydr ophobi city to any degreé?? Si (GR),EEZE(FB)E%#?%%?&?&gﬂgg?)fgﬁffé)2§9
and R10 eaclh nigidrieemdentiny ef st carbon group avi ng o]

car bon atorrs.ndr::% represgntrsez:l:ﬁﬁir nt e(t:]lefrl)(a)ef 1 o‘Fp 2. Wen a plurality of R38's,

R9's or Rlo'bisﬂﬂ:&ilé&%@;%,iltyﬁq%e%é)e B 1€ %eﬁﬂ%ggfgéggfgﬁ%}%ane

Preferably, exanples of "'the hydro on group Tnclu groups

having 1 tOb&Q(Qﬂi&%&h@&%ﬁ)}?ﬁ%&%é}@Etﬁi ( ﬁ%@tgﬁ%@él}gggg}éﬁtaﬁ opyl

group, isopropyl group, group and ) | aV|thup_to
20 carbop au0us pIdqhrimeinoR)S Iy U Akhidife |4k§ AL ANKYL of oups having

o
up to 20 carbon atonms such as a“benzyl ‘group an and parts of

these 25 hydrocakfRqhedfRePen FR%RvVRG SUS! i%q.tseﬁlrgyeP%fé%oaﬁggBd silicon
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compound of the following formula (2) (hereinafter, referred
to as silicon compound (2)) and/or a silicon compound of the
following formula (3) (hereinafter, referred to as silicon
10 compound (3)) in addition to the silicon compound (1) £from the
standpoint of controllability of skeleton strength and
hydrophobicity to any degrees.
Si(OR%), (2)
(R®)nS1(OR™) 4 p (3)
15 (RS, R9 and R1? eaéh independently represents a hydrocarbon group
having 1 to 20 carbon atoms. m represents an integer of 1 or
2. When a plurality of R%'s, R’’'s or R!°'s are present, they
may be the same or different.).
Preferably, examples of the hydroca;r:bqn group inclu_de
20 alkyl gr:oups having_l. to 20 carbon atoms Such as a methyl group,
ethyl group, propyl group, isopropyl group, butyl group and
the like, aryl groups having up to 20 carbon atoms such as a
phenyl group and the like, aralkyl groups having up to 20 carbon
atoms such as a benzyl group an the like, and parts of these

25 hydrocarbon groups may be substituted by hetero atoms.



Particularly preferable are a nethyl group, ethyl group, propyl group,

- butyl group and phenyl group which are easily available industrially.
Preferabl e specific exanples of the silicon conpound (2) 5 include

t et r amet hox PSITBOMO7787et r aet hoxysi | ane, tetrapropoxysil ane, o
tetrai sopropoxysilane, tetrabutoxysilane and the like. Preferable specific
exanpl es of the silicon conpound (3) include trinethoxymethylsilane,

tri met hoxyphenyl si |l ane, dinethoxydinethyléllane, 10 tri et hoxymnet hyl sil ane,
tri et hoxyphenylsilane and the like. The ratio of the nolar anmount of

hydr ocar bon Pgiraips leyidepreforabse!d €08 rd Y 1 @ W !t ot A l?%:%él%}%,glpg’rgﬁl

anmount of the silicon conpound (1), and sillcon conmpoun

silicon conmpewns, bBkylSgRnes %ﬁ@bﬁeﬁ&@.ﬁ;?o%ﬁ wirben M &g R 8685300 ;Om

20 15 to 80% When the ratio is too sim e catal ytic performance ma

be decreasedngastii@iatyner hand, when too large, gellation may not
progress in catal yst synthesis. As the titani um al koxi de conpound,

tetramet hoxyt| t anbuelrerk®leAsbOXYLb i o €l BREPLIYELA WnifBus? (2)

tetrai sopropoxytitanium tetrabutoxytitani um

diisoprqpoxyhbgaagtxb@g@h@&@gyygfygdgq;{@Efggthkﬁgfﬁggnegxenplified. The

use anount used (nolar anmount) “of the titanium a conmpound i s

preferably EEQEEBIQ%%%§§EIhﬂ§¥*¥Lﬂ¥h££§?£§%€§¥%?}§b 25 amounts of all

silicon conpounds. en the use anount &0 07767 6
tetrabutoxysilane and the 1like. Preferable specific examples

of the silicon compound (3) include trimethoxymethylsilane,
trimethoxyphenylsilane, dimethoxydimethylsilane,
10 triethoxymethylsilane, triethdxyphenylsilane and the like.
Theratioofthemolaramountofhydrocarbongroupsbonded
toasiliconatomto the total siliconmolar amount of the silicon
compound (1), and silicon compound (2) and/or silicon compound
(3) is preferably from 5 to 150%, Ffurther preferably from 20
15 to 80%. When the ratio is too small, the catalytic performance
may be decreased, on the other hand, when too large, gellation
may not progress in catalyst synthesis.
.Asthetitaniumalkoxidecompound,tetramethoxytitanium,
tetraethoxytitanium, tetrapropoxytitanium,
20-_tetraisdpropo#ytitanium, tetrébutoxytitanium,_
diisopropoxybisacety;acetonatotitanium and the like are
exemplified.
The use amount used (molar amount) of the titaniumalkoxide
compound is preferably from 0.0001 to 1 based on the total molar

25 amounts of all silicon compounds. When the use amount of the



titani um al koxi de conpound is too small, the activity nmay beconme | ow

+ because of decrease of active points, on the other hand, when too |arge,
the activity may becone | ow because of production of titania. 5 As the

sol vent al c&REPPOOPETETancl , et hanol, n-propanol, i sopropanol, butanol,

cycl ohexanol, ethylene glycol and the Ilike are exenplified. In the present
invention, a silicon compound and a titanium al koxi de conpound are gelled
in a water and/or al cohol solvent. 10 Asbthe gelling nethod, the follow ng
nmet hods are nentioned. Nanely, hydrolysis and condensation reaction of a

silicon corgidiand uanall k ox 26e COMPOWANE tYEsRELA!, e88E d Y vA9S Mgy balkdey
an acid or alkaline as a pronpoter into an aqueous and/or an "al coholic

sol ution colba besguaesblti aebreasRoBrdashd viel HAINHE 1% ¥MROW S 350V ed.
to obtain gel which is a polyneric condensate having a

si |'i con- car henstdd Lapgborthe 86t i ¢28yMagBBTodne TORbeLANG roduction
silicon-oxygen-titaniumbond. The ge?ling reaction 1is usug?ﬁg conghcted at

from-30 too¥0@Hitafdiang may al so be conducted for growh of gelled solid.
Aging is usually 20 conducted at fromO to 2001 for 180 hours or |less. As

) ! ) . . , an'
t he abov®- nenti ongg ﬂh@n@éﬁeﬁ@ram&ﬁgiY%‘hétﬁﬁgoﬁgng@ﬂﬁfnbianéf)?r@g%qhggé

acid or an alkaline is used, and use of an aci I's preferab

st andpoi nt Qéobbephﬁﬁahtbﬂ&a%%h§|E@dloﬁ%%éﬁ%%?nﬁgayggﬁggb??cgﬁ.%nﬁsgﬁid

i ncl ude i norganic acids such 25 as nitric aci aci uric

acid and theikekarBCEkeRPAAEFF &R, 7
In the present invention, asiliconcompoundandatitanium

alkoxide compound are gelled in a water and/or alcohol solvent.

10 As the gelling method, the following methods are mentioned.
Namely, hydrolysis and condensation reaction of a silicon
compound and titanium compound are progressed by adding usually
an acid or alkaline. as a promoter into an agqueous and/or an
alcoholic solution containing a silicon compound and titanium

15 compounddissolved, toobtain gelwhichis apolymericcondensate
having a silicon-carbon-silicon bond, silicon-oxygen-silicon
bond and silicon-oxygen-titanium bond. The gelling reaction
is usually conducted at from -30 to 100T. Aging may also be
conducted for growth qf gelled solid. Aging is usually

20 conducted at from 'o.to 200TC for 150 hours br less.
As the above-mentioned.promote:r for hydrolysis and condensation
reaction, an acid or an aikaline is used, and use of an acid
is preferable from the standpoint of the resulting catalytic
performance. Examples of the acid include inorganic acids such

25 as nitric acid, hydrochloric acid, sulfuric acid and the like



and organic acids such as formc acid, acetic acid and the |like, and

. exanpl es of the alkaline include sodi um hydroxide, potassium hydroxide,
anmoni a and the like. The added anmount of the acid or alkaline can not be
restricted BCTimmoiot7édepends on the kinds 5 and gelling conditions of raw
materi al conpounds, and usually in the range from0.0001 to 100 nol per
nmol of the silicon compound. A solvent in the resulted gel is renoved by
extraction with supercritical fluid. As the fluid, carbon dioxide,

met hanol , et hanol, propanol and the like are exenplified, and 10 use of

.carbon di oxhflg drfgdH £ BlcallLs §EAGEs EQ%tErﬁU §é‘£§gg§céﬁicﬁ%¥da{&?% %h@t ggke,

catal ytic performance is obtained. As e met hod extractl b
carri ed out iaaanor hdlal a1 108 LrRdRHEls A byt Y %B%%f%%?ﬁﬁmhn
o 2utoc aveyeanded \anibhladeha MK Drvhel SIALS SyBeed Leal s edgbon
Famoar e PE TSR UM SD Uil Y REROE")
oo M AP MO e A bR B e,
super o 1 S enbbidibe Bohd DU LEE TR0 Y BSLIK MY Bl B ALELLABLS L8 2
25 extraction opefaldQfent hfnpfﬁg%és&f‘?egeggi'fsd raenn(njox];gc'i tt?}‘rarextraction
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with supercritical fluid. As the fluid, carbon dioxide,
methanol, ethanol, propanol and the like are exemplified, and
10 use of carbon dioxide is preferable since post treatment is
easyandahighcatalyticperformance isobtained. As themethod
of extraction, the foilowing are mentioned. That is, the
supercritical extraction can be carried out under conditions
forformingsupercriticalcarbondioxideinanautoclavecharged
15 with gel, namely, by flowing supercritical carbon dioxide at
a temperature of about 31T or more under a pressure of about
7.3 MPa or more. For example, supercritical carbon dioxide
fluid having a temperature of 31 to 100C and a pressure of
10 to 30 MPa can be_used._ By this procédure, water and/or an-
20 alcoholsolventincorporatedingeicanberemovedeextraction.
In extraction remova;, it 1s necessary to use supercritical
fluid. By this process, porosify which is preferable for a
catalyst can be obtained.

In the present invention, after the supercritical

25 extraction operation, the product can be dried and further



subj ected to silylation treatnent. The drying can be carried out at fromO
+to 200cC under reduced pressure or under a stream of air, nitrogen or the
like. The silylation treatnment is conducted by contacting a dried catalyst
obt ai ned i n edmIPbOOITET 5 Step with a silylating agent in a solvent or gas
phase at a tenperature from20 to 300t to convert a hydroxyl group present
on the surface of a catalyst into a silyl group. By performng this
silylation treatnent, a catalytic perfornmgnce can be inproved. Exanples of
the slylating agent include 10 organosil anes such as chlorotrinmethyl sil ane,

di chl or odi nesyy sétedao Gl %eﬁﬂﬁ ang tegﬁrgrﬁ.lﬁ% can be carried

organosi |l yl am nes such as Ntrinethyl si dazol e,

- [ Y ¥ ln&; - tr] |.silyldimethyl gm ne and the
ke, ot gancay T yabt aned 1 2001 aahhen ttdfook whigAfig P bpdfras S trean
N-trimethyl sbs yd peet i £g @Hdo%h‘ﬁgk' K8 x0F 9ANQS E%iﬁéi%%é.o%uctr}:eaatsment is
hexanet hyl di si | azane, hep?anet yl :SI afare and LI $h ol ve o the

| di &d [ | ent.. e ca :
br esent | nvent SroHEa b SoRERLELAR £ ahued SRLRGYRPR _ﬁﬁ%;&?@% SR ng
Pl - i1 L] i 3..0X -siL.l 1 con bond an
211 con- oxydonctt e i %%%e?gﬁﬂagiébéﬁgﬂiﬁé?% §igsgitgeﬁwsa§2e%qfq e
' | | - an - . For exa :
when Tuo S SRE CRR o Bleb YR T dh o 8v B b AYAT g3ty = cup B¢ SRRber
of a phenyl gy pHR HPREFLLe gk & cggij;ggolrg’ggg?sng.lyl group. By performing

this silylation treatment, a catalytic performance can be

improved. Examples of the silylating agent include

10 organosilanes such as chlorotrimethylsilane,
dichlorodimethylsilane, chlorotriethylsilane and the like,
organosilylamines such as N-trimethylsilylimidazole,
N-t-butyldimethylsilylimidazole,
N—trimethylsilyldimethylamineandthelike,organosilylamides

15 such as N,O—bistrimethylsilylacetamide-,
N-trimethylsilylacetamide and the like, organosilazanes such
as hexamethyldisilazane, heptamethyldisilazane and the like.
Hexamethyldisilazane is a preferable silylating agent.

The catalyst of the present invention is a

20 'titanium-containing silicon oxide catalyst having a
silicon-carbon-silicqnﬂbond, silicon-oxygen-silicon bond and
‘silicon-oxygen-titanium bond. The silicon-carbon-silicon
bond in the catalyst can be confirmed mainly by 2°Si-NMR and
13c-.NMR. For example‘, when two Si atoms are crosslinked through

25 a phenyl group, carbon number of a phenyl group bonded to Si



can be confirmed by two peaks near 145 ppm by 13C-NWMR, and presences of S
-and Si atom bonded to C can be confirmed by three peaks appearing near - 6
O ppmto - 8 0 ppmby 29Si -NVR Details thereof are described in a
l'iterature oPCDaRogloaw7A. Loy, Kenneth J. 5 Shea, et al. (J. Am Chem Soc.
1992, 114, 6700, J. of Non-Crystalline Solids 1993, 160, 234) and the IiKke.
Further, the state of titaniumpresent in the catalyst can be confirned

by a W spectroneter or the like. Existende of an absorption band near 200
to 230 nmindicates a titaniumatom present in 10 highly dispersed

condi tion inc%HBéﬁbnﬁMrﬁ@&U%ﬁ%ﬂp@éﬁgnéﬂ?ﬁhs%#g?@huelﬁﬂgg%%g&%ﬁg%kﬁﬁs

mutual | y condensed to give poorly "dispersed an a

appears charggt e5i 8480 |3t o Hhd&P Y @Eﬁéoggggbﬂfigﬂﬁﬁé?;hﬁufgé %%/?S%%

obtained in the present invention can be In"sele ve “oxi

reacti ons, 1 gppekaTRtneal @ pbh 8PS Y2k B9 PEACKIAN. ARL,RYdI i onally.
ghp g aly%E S

various oxidation reactions of “organic ounds, Sl nce € Ca

large surf age apgaraBddnhghly dianaised e PUHRACY VE.R) ! e;;rg{%*f%{-by

desired, it is also possible to reinforce aci es o

addi tiongof gnghirdecganongnt agic L adum ngg @ iPECL%Zﬁgtﬁgg t he

catal yst can be used also in an alkylation react! on, r& orm ng

reaction andN&Hec}:&];b%alIH‘?xgc%i‘iaét1ﬁs L@ oD 2350 t, 'O&“éggt ':I,I“%; f]JOLPt el Iy

used in a process for producling an oxlTane ‘conpound,

reacting an Qllléféfh'@é‘%@tﬁ¥g§ﬁﬂﬁrBﬂaggn‘fofp%dca@gily‘]sl?:cglag7gg [ irmed

by a UV spectrometer or the like. Existence of an absorption
band near 200 to 230 nm indicates a titanium atom present in
10  highly dispersed condition in silica. On the other harid, when
titanium compounds are mutﬁally condensed to give poorly
'dispersedstate,anabsorptionbandappearscharacteristically
in a region of 300 nm or more.
The catalyst obtained in the present invention can be
15 used in selective oxidation reactions, for example, an olefin
epoxidation reaction, and additionally, various oxidation
reactions of organic compounds, since the catalyst has large
surface area and highly dispersed titanium active sites. If
desired, it is also possible to re;nforqé acid sites of the
20  catalyst by addition of a third component such-as alumina or
the like, and the catalyst can be used also in an alkylation
reaction, catalytic reforming reaction and the 1like.
The catalyst of the present invention is optimally used
in a process for producing an oxirane compound, comprising

25 reacting an olefin and a hydroperoxide compound.



As the olefin subjected to the reaction, exenplified are ethylene,

- propyl ene, 1-butene, 2-butene, isobutylene, butadiene, 1-pentene,

i soprene, 1-hexene, 1-octene, 1-decene, cyclopentene, cycl ohexene,
styrene, al ISATB¥PBtFle, allyl 5 alcohol and the like. As the

hydr oper oxi de conpound subjected to the reaction, any of organic
hydr oper oxi des and i norgani ¢ hydroperoxides can be used.. As the organic
hydr oper oxi de, et hyl benzene hydroperoxidé; curmene hydroperoxide, t -butyl
hydr operoxi de and 10 the |ike are exenplified. As the inorganic

hydr oper oxi de, hyhis denopef brigism pmcitédetd the wsacLxeplebdenpd. i firiatiae

I ndustrial viewpoint, a process for producing propylene oxide from
propyl ene argthybemeéc bydpppenexi lebutenienparbatleneand sobmtsaiee/st of the
present invention can be 15 used suitably in this reaction. The reaction
i's carried dmtadié¢neuild peirteme nisbprpnesendtexéie phsortend, 8-adibakl e
solvent. As the solvent, conpounds which are inert to the reaction an

abundant i n cytldpéntenef cpﬁloheieha,aedbﬁénbyd%QQ@HO&%Q%IQQEHOQﬂﬂﬂﬁﬁn be
used. Specific 20 exanples of a solvent when an organi c hydroperoxide. is
used i nBl udeldphisbcanidotise Sutkeas but ane, octane, benzene, tol uene,

et hyl benzene, cunene and the |like. On the other hand, specific exanples of

a sol vent when an Asiahgaiydrdyeéltopeaexidipdundisa8 jecheques tiet P8Rt ion
et hanol , isopropanol, t-butanol, water and 25 the like. PCI/JPOO 07767 11
any of organic hydroperoxides and inorganic hydroperoxides can
be used. As the organic hydroperoxide, ethylbenzene
hydroperoxide,cumenehydroperoxide,t—butylhydroperoxideand
10 the like are exemplified. As the inorganic hydroperoxide,
hydrogen peroxide and the like are exemplified.

From the industrial viewpoint, a process for producing
propylene oxide from propylene and organic hydroperoxide is
important, and the catalyst of the present invention can be

15 used suitably in this reaction.

Thereactioniscarriedoutinliquidphaseinthepresence
or absence of a suitable solvent. As the solvent, compounds
which are inert to the reaction and abundant in solubility of
an olefin and/or hydroperoxide dompound can be used. Specific

20 examples of a solvent when an organ1c hydroperoxide_i§ uséd_
include hydrocarbons such as butane, octane, benzene, toluene,
ethylbenzene, cumene and the like. On the other hand, specific
examples of a solvent when an inorganic hydroperoxide is used
include methanol, ethanol, isbpropanol, t-butanol, water and

25 the like.



The epoxi dation reaction can be conducted generally at tenperatures fromO
-to 200C C. The pressure nmay be such extent as to keep a reaction m xture
in liquid condition, and generally fromO0.1 to 10 MPa. The epoxi dati on
reacti on us¥9/JRO@YMFer 5 catal yst or nol ded catal yst, and can be carried
out in a slurry or fixed bed according to a batch-w se nethod,

sem -conti nuous nethod or continuous method. EXAMPLES 10 Next, the
present invention are illustrated by Exddples. Exanple 1 Into a 300 ni
flask was charged 32.1 g of 1,4-bis(trinmethoxysilylethyl)benzene, 2.31 g

of tetra-n-butoXyd te@mixirﬂaﬂﬁdarﬁEe@ctqfonncﬁho'ﬁén@bndﬁc%ﬁege érﬁ?l.l'}t Len of
23 M of 70%nitric acid and 35 m of n-propanol was added from a”droppi ng

funnel int adnfiersnitds Erdn e tabybc .1 'i*ﬁggpi‘\%é@rétrﬁ%{ ib’égsﬁép?é%%@i S

solution was allowed to stand at 25t for days to obtain g

resul ted gels vekedy ansfRitiiath hikOu2B i@ﬂi?&{li‘ﬁeqor?d‘:g?foﬁpla‘ﬁﬁ eﬁé‘r%ffyge'
was 20 renoved by extraction by flow ng supercritical carbon dioxide - of

45° C and 24 Al ao/el @R, Ofrh @p¥xiadtQlorBUlc it Ss a oyder
Subsequently, the product was dried under reduced pressure at 7 and

about 180 Radalysioas 2ade eitagis ! bR ihd ERETRA ut A 8 01 B gbou!

12 g of a catalyst. The resulted catal yst had 25 a surface area n2/ g

and a poreo\tomﬁadqfedla@c%&/d%-ngpg/alBQ%HZ%QZe%Eﬂﬁd?MP-%A%A%\%i on

test was carried out under the
method or continuous method.

EXAMPLES

10 Next, the present invention are illustrated by Exa"mples .
Example 1

Into a 300 ml flask was charged 32.1 g of

1,4-bis(trimethoxysilylethyl)benzene, 2.31 g of
tetra-n-butoxytitanium and 65 ml of n-propanol. A mixed

15 solution of 23 ml of 70% nitric acid and 35 ml of n-propanol
was added from a dropping funnel into this solution over about
1 hour while stirring at 25C. This solutio'n was allowed to
stand at 25C for 20 days to obtain gel. The resulted gel was
transferred into. aﬁ aufoclave, and a solvent in the gel was

'20 removed by extraction by:flowing supefcriticél éarbon_dioxide
of 45C and 24 MPa at a velocity of 8 g/min. for about 12 hours.
Subsequently, the product was dried under reduced pressure at
25C andabout 100 Pa for 10 hours toeffect silylationtreatment,
obtaining about 12 g of a catalyst. The resulted catalyst had

25 a surface area of 384 m?/g and a pore volume of 1.4 ml/g.



follow ng conditions. Into an autoclave was charged about 1 g of the

- above-nentioned catalyst, 17 g of propylene and 24 g of a 35% sol ution of
et hyl benzene hydroperoxi de in ethyl benzene, 5 and they were reacted for 1.5
hours at 800OCWIPQ®7TETI rring. The reaction solution was anal yzed and the
reaction result was determ ned. The results are shown in Table 1. Exanple
2 The sane operation as in Exanple 1 was conducted except 10 that 21.6 ¢
of 1,4-bis(trinmethoxysilylethyl)benzene ahﬂ 5.9 g of

di met hoxydi met hyl sil ane were used as silicon conpounds and 21 m of 70%

nitric acid was usete dpexi@atlibh PELcONMtedt) wE%bbar?me'éX '1ﬁ1é”?§5:hghe
sane operation as in Exanple 1 was conducted except that 16 go

1, 2- bi s(tri mEbhdwyainybpatharenand neo%aRfauthEBAPEXY .gé Lée'd'aac{hﬁ;eé"ﬁre

used as silicon conpounds and 21 m of 70%nitric aci

results are ghe¥nthe apbye- méntigngﬁaﬁﬁltﬁlﬁs-g"e 1SAE o%p%rr%’ﬂﬁ.%n%s drfd 24
Exanpl e 1 was conducted except that 28.

1, 6- bi s(tri mgloFax36% by Qe SE é‘@ﬁyﬂﬁ@ﬂz@ﬁeg’xgﬁiﬂ st Stﬁm?lq g@ﬂy,?u.g%lng'e%e@z 5

of 70% nitric acid was further used The r own i n

Conpar at igve Eﬁaﬁﬁhsylweg/ 1BE0:RA7 861 . sTHS A ORI R LRR185 L 1 R3P € 1

was conducted exce
The reaction solution was analyzed and the reaction result was

determined. The results are shown in Table 1.
Example 2
The same operation as in Example 1 was conducted except
10 that 21.6 g of 1,4-bis(trimethoxysilylethyl)benzene”and_5.9
g of dimethoxydimethylsilane were used as silicon compounds
and 21 ml of 70% nitric acid was used. The results are shown
in Table 1.
Example 3
15 The éame operation as in Example 1 was conducted except
that 16.2 g of 1,2-bis(trimethoxysilyl)ethane and 6.2 g of
dimethoxydimethylsilane were used as silicon compounds and 21
ml of 70% nitric acid was used. The results are shown in Table
1. ' |
20 Example 4
The same operat‘ion as in Example 1 was conducted except
that 28.0 g of l,6-bis(trimethoxysilyl)hexane was used as a
silicon compound and 5.7 ml of 70% nitric acid was further used.
The results are shown in Table 1.

256 Comparative Example 1



that 2 6. 1 g of tetramethoxysilane was used as a silicon conpound and 30
-m of 70%nitric acid was used. The results are showmm in Table 2. 5
Conpar ati ve Exanple 2 The sanme operation as in Exanple 1 was conducted
except thatPCIGPAVYTEE t et ranmet hoxysil ane and 14 g of

trimet hoxynet hyl silane were used as silicon conpounds and 26 m of 70%
nitric acid was used. The results are shown in Table 10 2. The results
indicate the following matters. Al exanplBes satisfying the conditions of
the present invention show satisfactory reaction results. On the ot her

hand, Conpar ati ve Thiexsaplecopeaad iGRNRAN 84 InsgnpI ! Gad ¥bhalcELE 80LeHs
t he S|I|con 15 conmpound (1) of the present invention are poor in reac |on

results. Tahbilmt 2Exampbe t&'ﬂ&dﬂ@étl@o:@}sﬂ@&&é%%%é@@ﬁ%'@Blﬂ.g%kﬁh};cc%péulga' 5
97.4 91.1 EBHP conversion (t) 97.596.297. 697 PO C3" vyie |
and 30 ml of 70% nitric acid was used. The results are shown
in Table 2.
5 Comparative Example 2
The same operation astlExample].was conducted except
that 10.4 g of tetramethoxysilane and 14 g of
trimethoxymethylsilane were used as silicon compounds and 26
ml of 70% nitric acid was used. The results are shown in Table
10 2.
Theresultsindicatethefollowingmatters. All examples
satisfying the conditions of the present invention show
satisfactory reaction results. On the other hand, Comparative

Example 1 and Comparative Example 2 which did not use the silicon

15 compound (1) of the present invention are poor in reaction

results.
Table 1
Example
| 1 2 3 4

Ratio of R (%) 50 95 95 50
Reaction result

EBHP conversion (%)| 97.4 87.5 97.4 91.1"

PO/C3' yield (%) 97.5 96.2 97.6 97.8

20



20 PCT/ JPOQ 07767 14 Table 2 Conparative xanple 12 Ratio of R (% 060
»Reaction result 81.0 38.3 EBHP conversion (% 90.298.0 PO C3' yield (%

Expl anati on of Tables Ratio. of R (%: Ratio of the total nolar anount of 5
hydr ocar bonP§F/oRAI97R7 bonded to a Si atomto the total nolar anmount of S
EBHP conversion (% : [reacted EBHP (et hyl benzene hydroperoxide)/ fed

EBHP] X100 (%9 PO C3' yield (% : [produced PO (propylene oxide) (mol)/ 10
reacted propyl ene (nol )] X100 (% Industr}él Applicability As described
above, the present invention can provide a titaniumcontaining silicon

oxi de catal fablehch can give 15 an oxirane conpound under high
| ' und,

Zﬁge;tbygzass for producing an oxirane conpdlfePaEakivehsavpiel yst .
1 2
Ratio of R (%) 0 60
Reaction result
EBHP conversion (%) 81.0 38.3
PO/C3' yield (%) 90.2 98.0

Explanation of Tables
Ratio. of R (%): Ratio of the total molar amount of
5 hydrocarbon groups R bonded to a Si atom to the total molar
amount of Si
EBHP conversion (%): [reacted EBHP (ethylbenzene
hydroperoxide)/ fed EBHP] X100 (%)
PO/C3' yield (%): [produced PO (propylene oxide) (mol)/

10 reacted propylene (mol)]X100 (%)

Industrial Applicability

As described'above, the present invention can provide
a titanium containing 31licon oxide catalyst which can give
15 anoxiranecompoundunderhlghselectivityandyleldbyreactlng'
an olefin and a hydroperoxide compound, and a process for

producing an oxirane compound using the catalyst.



PCT/ JPOO) 07767 15 CLAIMS 1. A process for producing a titani umcontaining
-silicon -oxide catalyst having a silicon-carbon-silicon bond, 5
si licon-oxygen-silicon bond and silicon- oxygen- titanium bond, 10 which
conprises caBSTABCOR7H7| i con compound of the following fornula (1) and a
titani um al koxi de conpound to gel in a water and/or al cohol solvent and
renovi ng the -solvent in the resulted gel by extraction with a
supercritical fluid: ORL OR6 R20 -Si-R7-S$80 R 5 (1) OR3 dR4 (wherein, Rl
to R7 each independently represent a hydrocarbon group having 1 to 20
carbon atons.). 2. The process accordi rigLAIME] ai m1, wherein a silicon
conpound of the followng fornmula (2) and/or a silicon conmpound 15 of the
following formula (3) is used in addition to the silicon conpound (1): Si
(OR') 4 (2) (R9)jSI(OR10)4 m. (3) (R8, RO and R10 each independently
represent a hydrocar oprgeesp fc20phadiibgng 4 @ 12QAnA/PUL R LIF1 n B EHENT S
an integer of 1 to 2. Wwen a plurality of R8s, RO's or RLO"s are present
in the silioshdeorptabgsthannfgt Aessihicenn caWRALEd (ion thsYgMayY be the
sane or different.). !

5 silicon-oxygen-silicon bond and silicon-oxygen-titaniumbond,

which comprises causing a silicon compound of the following
formula (1) and a titanium alkoxide compound to gel in a water
and/or alcohol solvent and removing the solvent in the resulted

gel by extraction with a supercritical fluid:

0 R oRS
| |
R0 —Si_R7__§i__g g5 a0
| l
10 oR3 0R4

(wherein, R! to R’ each indépendently represent a hydrocarbon
group having 1 to 20 carbon atoms.).
2. The process according to Claim 1, wherein a siiicon
compound of the following formula (2) and/or a silicon compound
15 of the following formula (3) is used in addition to the silicon
compound (1):
Si(OR®), (2)
(R°)nS1(OR™) 4oy (3)
(R®, R® and R*® each independently represent a hydrocarbon group
20 having 1 to 20 carbon atoms. m represents an integer of 1 to
2. When a plurality of R®'s, R’'s or R!°'s are present in the
silicon compound (2) and thé silicon compound (3), they may

be the same or different.).



PCT/ JPOQ/ 07767 16 3. The process according to Claim?2, wherein the ratio
+of the nolar anpunt of hydrocarbon groups bonded to a silicon atomto the
total silicon nolar anount of the silicon conmpound (1) and silicon
conmpound ( 2)PCakBvodr7esi | i con conpound (3) is 5 fromb5 to 150% 4. A

titani umcontaining silicon oxide catalyst obtained by the process
according to any of Claims 1 to 3. 5. A process for producing an oxirane
conpound, conprising reacting an ol efinl&ith a hydroperoxi de conpound 10
in the presence of the catalyst of C aim4.

3. The process according to Claim 2, wherein the ratio
of the molar amount of hydrocarbon groups bonded to a silicon
atom to the total silicon molar amount of the silicon compound
(1) and silicon compound (2') -and/or silicon compound (3) is

5 from 5 to 150%.
4.Atitanium-containingsi;iconoxidecatalystobtained
by the process according to any of Claims 1 to 3.

5. A process for producing an oxirane compound,

comprising reacting an olefin with a hydroperoxide compound

10 in the presence of the catalyst of Claim 4.



