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“relates to a process for producing an oxirane corrpound M HIWWHW larly,
the present invention relates to a process for producing
conmpound in which the oxirane conpound gan be obtained w th *megh . .
selectivity and 10 high yield by E§§§j§5n2R$nA?Iefln f alnlﬁrOXIde
t he resence of a catal yst. BACK rocess for
oxXi raP\e conmpound by reacting 15 afPBFEFICATEONh a hydropﬂ@%’)ﬂﬂ”’wlmd 9

presence of a catalyst is known. For exanple, in USP 436
using a titaniumsupported silica cat al yst i's descrl(fed In '@!ﬂv?;}]e

- conventional nethod, r,FQmF [ ﬁ%éﬁ oxXi

“conpound as the intengg ﬁgﬁérla mere |ns #%?%%ﬁ? %?SCLCSURE OF THE
| NVENTI ON Under such conditi ons, the present inventors have intensively
studi ed regarding a process for producing an oxirane conpound havi ng no

pr obl embas TRGHNIQELH EDBLR, and resultantly 25 found that an oxirane

conmpound can be obtained under high selectivity and high yield by reacting
an olefin with a The present invention relates to a process for producing

8

an oxirane compound. More particularly, the present invention
relates to a process for producing an oxirane compound in which
the oxirane compound can be obtained with high selectivity and
10 high yield by reacting an olefin with a hydroperoxide in the

Presence of a catalyst.

BACKGROUND ART

A process for obtaining an oxirane compound by reacting
15 an olefin with a hydroperoxide in the presence of a catalyst
is known. For example, in USP 4367342, a method of using a
titanium-supported silica catalyst is described. 1In the
convéntional method, however, the selectivity and yield of
oxirane compound as the intended material, were insufficient.
20

DISCLOSURE OF THE INVENTION

Under such conditions., the present inventors have
intensively studiedregardingaprocess for producing an oxirane
compound having no problem as described above, and resultantly

25 found that an oxirane compound can be obtained under high
selectivity and high yield by reacting an olefin with a

hydroperoxide using a catalyst obtained by a specific method,



- hydr operoxi de .using a catal yst obtained by a specific nethod,

PCT/ JP0O0/ 0503 2 |eading to conpletion of the invention. Nanely, the
present i ngeniro@iscizel ates to a process for producing an oxirane conpound
"by reacting an olefin with a hydroperoxide in the presence of a catalyst,
wherein the catalyst 5 is obtained by gelling a silicon conpound of the
followng formula (1) (silicon conmpound2 (1)) , a silicon conmpound of the
following fornmula (2) (silicon conpound (2)) and a titanium conpound in
water, alc hoI solvent or £1 ed so nt of yat er and al cohol, renoving the

solvent in a é%JFféﬂ”" °ﬂo ex r8c ?%%nmn?ﬂ supercrltlcal fluid,

then, drying and ??att'h Tr%%e&&st.ihk;@ﬂtmoﬁhé kes(1b a(FR €%£%4m
(2) (Rl R2 and epende t y represent a rocarbon group having 15 1

- to 20 Carb%&dﬁd&ﬂhgﬂﬁhrBifiﬁﬁﬁe@6ﬁ?@@nd”B?gﬁéaétlﬁgohn2oheflﬁESItMCBE FOR
“CARRYI NG QUT THE I NVENTION As the olefin to be subjected to reaction,

. ethylene, hydmpearexide bntthiegresdndeot a dstohiyyt enberbihatiestetaPPst
.1-pentene, isoprene, 1-hexene, 1-octane, 1l-decene, cyclopentene,
cyclohe&en@s:ﬂhﬁ&ﬂﬂ?debegek#4@m|@e51hi¢9n campohoH aﬁdthnefpﬂﬂgwamg

exenplified. As the hydro eroxide to be subjected to reaction, é
or gani ¢ hyd?Hﬁ%FBkﬁdés ghd1CRBr gaMPEURGdf b rdkﬁdéé‘%ﬁhcﬁ@P°?§du9 d?hﬁs t he

organic hYQg¥¥%%¥%ék%o§%Jygbﬁffq%lllcon compound (2)) and a titanium

compound in water, alcohol solvent or mixed solvent of water
and alcohol, removing the solvent in the resulted gel by
10 extraction with supercritical fluid, then, drying and
silylating the resultant:
Si(OR'), (1)
(R*)mSi(OR’) 4-m (2)
(R', R?and R® independently represent a hydrocarbon group having

15 1 to 20 carbon atoms and m represents an integer of 1 or 2.).

BEST MODE FOR CARRYING OUT THE INVENTION

As the olefin to be subjected to reaction, ethylene,
propylene, l-butene, 2-butene, isobutylene, butadiene,

20 1l-pentene, isoprene, l-hexene, l-octane, l-decene,
cyclopentene, cyclohexene, styrene, allyl chloride, allyl
alcohol and the like are exemplified.

As the hydroperoxide to be subjected to reaction, any
of organic hydroperoxides and inorganic hydroperoxides can be

25 used. As the organic hydroperoxide, ethylbenzene
hydroperoxide, cumene hydroperoxide, t-butyl hydroperoxide and

the like are exemplified. As the inorganic hydroperoxide,



- hydr oper oxi de,. cunenehydr operoxi de, t-butyl hydroperoxide and the like are
exenplified. As the inorgani c hydroperoxide, PCT/JPOO 05603 3 hydrogen
per oxi de andriheodsbske are exenplified. Fromthe industrial standpoint, a
“process for producing propylene oxide from propyl ene and an organic
hydroperoxide is inportant, and the catalyst according to the present
I nvention 5 can be suitably used in thig reaction. In the present
i nvention, there is used a catal yst obtained by gelling a silicon conpound

of the foll.owng formla i L{con.caompound (1)).,. i 1icon conpound of
t he foH(mM9%%r$hﬁ9nﬁ%r?§§&%sﬁﬁacShecg%gguﬁ&e(?fgﬁkgﬁ %§a1taniun1conpound
in 10 water, an S 18 M Ve, r :
al cohol , renovi n?‘f ecysh(ﬁ 8é§1§g}tﬁqﬁe5%fégp?zgkge tpblyceé% g&xf'gno&gmc%ﬂg
- supercriti cgﬁlo yiddle dREle BF¥hNSrép@lehtyhali 88 bPganiE&SkHyabberSkiGeOR ),
(1) 15 (R2 I (OR3)4-m (2) wherein R1, R2 and R3 independently represent a
~hydr ocar boniginpprthaati, rhdthe cakatgshacaimieng to therpasesdst anventegar of
1 or 2. As the hydrocarbon group, a methyl group, ethyl group, propyl
group, Butytagreipsupheabyy ysedpinbshigl rgaskgoand the |ike 20 are
exenplified, and these hydrocarbon groups may be partially substituted

with a hetero atotft tPP&r@saiitelayen bl aRt APPTGricipsed IRt HFtupP i BagH

group, DUt yl., GroHP, 209, PRV Logr QURpBIhE" o sk h e 2 AN AR (1)
(silicon compound (1)), a silicon compound of the following
formula (2) (silicon compound (2)) and a titanium compound in

10 water, an alcohol solvent or a mixed solvent of water and an

alcohol, removing the solvent in the resulted gel by extraction

with supercritical fluid, then, drying and silylating the

resultant:
Si(oRrR'), (1)
15 (R*)nSi(OR?) 4om (2)

whereinR', R? and R® independently represent a hydrocarbon group
having 1 to 20 carbon atoms. m represents an integer of 1 or
2. Asthehydrocarbongroup, amethyl group, ethyl group, propyl
group, butyl group, phenyl group, benzyl group and the like
20 are exemplified, and these hydrocarbon groups may be partially
substituted with a hetero atom. Preferable are a methyl group,
ethyl group, propyl group, butyl group and phenyl group which
are easily available in industrial.
Specific preferable examples of the silicon compound (1)
25 include tetramethyl orthosilicate, tetraethyl orthosilicate,
tetrapropyl orthosilicate, tetraisopropyl orthosilicate,

tetrabutyl orthosilicate and the 1like. Specific preferable



- Specific preferable exanples of the silicon conmpound (1) 25 include
tetranethyl orthosilicate, tetraethyl orthosilicate, tetrapropyl

ort hosi | i categpob/&kdsal sopropyl orthosilicate, tetrabutyl orthosilicate and
“the like. Specific preferable PCT/JP00/05603 4 exanples of the silicon
conpound (2) include trimethoxynethylsilane, trimethoxyphenylsilane,

di met hoxydi net hyl si | ane, triethoxynethylsilane, triethoxyphenylsilane and
the like. 5 The ratio of the nol number of the hydrocarbon group R2 to the
total nmol nunber. of n_.co nd.silicon conpound (2) is

pref erabl yefxrafSnrR]Sest ot‘gSE/hefur Jﬁ on %?'8?31%%) (aﬁréfﬁc}bl fo 80% Wien the
ratio is t I| g f he ot her hand,
Q‘}ﬂﬁﬂﬁﬁﬁé@{ﬁéﬂ&% E¥imBBHoRGH ‘éﬁ§§srﬁ%nﬁe

when too | arge, I ng may not progress tn catalysis synthesis. As the

- titanium C@”ﬂh@ﬁ%xidirﬁé‘thﬁﬂl@ik@%é desribtRbx9matBkesilkglr,amet hyl
"orthotitanate, tetraethyl orthotitanate, tetrapropyl orthotitanate,

_tetrai sopr auietthd:hyghdmybd £lané eandbthgl 1akehoti tanate, titani um

di i sopropoxi de 15 bi s(acetyl acetonate) and the |ike can be Exean|f|ed
Exanpl e8 of al colfiles radichefstheenel| mahbere ofbttiwndydrostariegl gneum 8panol |
i sopropanol, butanol, cyclohexanol et hyl ene glycol and the like. The
catal yst i Fa kBepfetahmqlpumbesof £hs éﬁéﬁ&&na%OmEﬁuH‘és(clr)i gad peligen

EIOL’IS)E)UHS er Lln@gqnqrg%%u\ﬁt %l):)efgﬁasolfyl %rom gogBOblglgl (gl?xrglqgr ap%é%eplagﬂ
from 20 to 80%. When the ratio is too small, catalytic ability
may decrease, on the other hand, when too large, gelling may

10 not progress in catalysis synthesis.

As the titanium compound, titaniumalkoxides, for example,
tetramethyl orthotitanate, tetraethyl orthotitanate,
tetrapropyl orthotitanate, tetraisopropyl orthotitanate,
tetrabutyl orthotitanate, titanium diisopropoxide

15 bis(acetylacetonate) and the like can be Exemplified.
Examples of alcohols as the solvent include methanol,
ethanol, n-propanol, isopropanol, butanol, cyclohexanol,
ethylene glycol and the 1like.
The catalyst in the present invention is prepared as
20 described below. First, a silicon compound (1), a silicon
compound (2) and a titanium compound are gelled in water, an
alcohol solvent, or a mixed solvent of water and an alcohol.
It is preferable to adjust so that the ratio of the mol number
ofthehydrocarbongroupR2tothetotalmolnumberofthesilicon
25 compound (1) and silicon compound (2) becomes 5 to 95%. The
silicon compound (1) and silicon compound (2) may each be a

mixture of two or more compounds. Themolar ratio of a titanium



- al cohol solvent, or a m xed solvent of water and an alcohol. It is
preferable to adjust so that the ratio of the nol nunber of the

hydr ocar borpcgimbpsd32 to the total nol nunber of the silicon 25 conmpound (1)
“and silicon conpound (2) becones 5 to 95% The silicon conmpound (1) and
silicon compound (2) may each be a mxture of two or nore compounds. The
nolar ratio of a titanium PCT/JPOQ 0560355 conpound used to the total nol
nunber of the silicon conpound (1) and silicon conpound (2) is preferably

1 ustr at e o ibed s’ Beafarah st S Rartedl Sofbdnmte
grzghglmggﬁ[alhlﬁb%g sqﬁ%con Qﬂhﬁﬁgéﬁh?fnb¥ggfggﬁﬁ o%ﬁgﬁhggb?gfaggdl'

- titanium CQIH)Q%@dgéliiﬁbeﬁéthB&drﬂﬁé/&'oilaﬂﬁ.ﬁ%%Q@ﬁd!ﬂaréeﬁﬁiﬁgﬂréfe&he
“silicon conmpounds and titani um conpound can e progressed, and finally, a

. gel which iThet pel,yopuatagdensaidni) ancathd imelaadii- & H plromd teaniheo
.obtained. The gelling reaction is usually conducted at tenperatures from
-30 to 2000Gtenyi righe mahcaliah ssd wntecedeongxest gellveatsoffi watgrneandi ng
I's usually conducted at 0 to 200-. Cwithin 180 hours. An acid or alkali
is used as %ﬁ?ﬂ@ﬁ&n?ﬁn¥ﬁl%%%ﬂa%oﬁ%#%ﬁﬁﬁ|?ﬁ@ﬂpﬁ9@r61§5|%1%ﬁG°ESC€%HﬂEH§|ng

reaction, agg) of, an.acid is éerab e f.r e S st and 0|nt of th
aoul timg qrane bR o €551 See STl £AER kb gBhe A e
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be progressed, and finally, a gel which is a polymer condensate
10 containingaSi-O-Tibondcanbeobtained. Thegellingreaction
is usually conducted at temperatures from -30 to 100C. Aging
may also be effected to grow gelled solid. The aging is usually
conducted at 0 to 200°C within 180 hours. An acid or alkali
is used as a promoter of the above-mentioned hydrolysis and
15 condensing reaction, and use of an acid is preferable from the
standpoint of the resulting catalytic ability. Examples of
the acid include inorganic acids such as nitric acid,
hydrochloric acid, sulfuric acid and the like and organic acids
such as formic acid, acetic acid and the like, and examples
20 of the alkali include sodium hydroxide, potassium hydroxide,
ammonia and the 1ike. The addition amount of this acidoralkali
cannot be 1limited since it depends on the kinds of raw material
compounds and gelling conditions, and it is preferable that
the addition amoﬁnt is generally in the range from 0.0001 to
25 100 mol based on 1 mol of silicon compounds.

The solvent in the resulted gel is removed by extraction

with supercritical fluid. As the fluid, carbon dioxide,



- 20 .0of the alkali include sodi um hydroxi de, potassium hydroxi de, amonia
and the like. The addition amunt of this acid or alkali cannot be limted
since it dependsosed the kinds of raw material conpounds and gelling
conditions, and it is preferable that the addition anount is generally in
the range from0.0001 to 25 100 nol based on 1 nol of silicon conpounds.
The solvent in the resulted gel is renowed by extraction wth
supercritical fluid. As the fluid, carbon dioxide, PCT/JPOQ 05603 6
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carried oUlegly, RAFSIHIGh THQIIGFH £d G i LR PO v deed hr QU mdkisd ave
"charged with "the gel under conditions for formng supercritical carbon
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.of about 7.3 MPa or nore. For exanple, supercritical 10 carbon di oxide
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can be used. By this operation, water, the alcohol solvent or m_xed
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pressure of about 7.3 MPa or more. For example, supercritical
10 carbon dioxide fluid having a temperature of 31 to 100C and
a pressure of 10 to 30 MPa can be used. By this operation,
water, the alcohol solvent or mixed solvent of water and the
alcohol incorporated into the gel éan be removed by extraction.
After the above-mentioned extraction removal operation,
15 drying and silylation are performed.
The drying is preferably conducted under reduced pressure
or under gas flow of air, nitrogen or the like at 0 to 200C.
The silylation is preferably conducted by contacting a
dried catalyst obtained in the former step with a silylating
20 agent in a solvent or gas phase at temperatures from 20 to 300,
to convert a hydroxyl group existing on the surface of the
catalyst into a silyl group. By performing this silylation
treatment, the catalytic ability can be improved. Examples
of the silylating agent include organic silanes such as
25 chlorotrimethylsilane, dichlorodimethylsilane,
chlorotriethylsilane and the like, organic silylamines such

as N-trimethylsilylimidazole,



- The silylation is preferably conducted by contacting a dried catal yst
obtained in the former step with a silylating 20 agent in a solvent or gas
phase at teppebaksses from 20 to 3000C, to convert a hydroxyl group
“existing on the surface of the catalyst into a silyl group. By performng
this silylation treatnent, the catalytic ability can be inproved. Exanples
of the silylating agent include organic 7%ilanes such as 25

chl orotrimet hyl silane, dichlorodinmethylsilane, chlorotriethylsilane and

the |ike, g@rgani i J.yl ami_nes. h . as rimethylsilylimdazol e,
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N-trimethylsil i ARF=Teq é¥H¥¥§HE L k. Ny Si kdes such as
N,C)bistri#ZFE%#%F?@?%%@'Oéﬂﬁne, tr+%e%%§?g??y}g%gfogﬁégghgnd the liKke,
organi ¢ sils333NemiAeTnds NGBS € shé eEpnei 1 Peatatehiybdi si | azane and
‘the 1like. Hexanethyldisilazane is a preferable silylating agent. Thus,
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_.process of the present invention is a process for 10 produci nhg an oxirane
compound i susin els hexemefthy lditsilazana drntanatdh vkdl siekazane and e

presence of the above-nentioned_ catalyst. This epoxidation reaction can be
conduct ed BykeconHaxamgghyA ddisdil aaanend s Br6heraPilGesiw i Ating A9kt .
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can be obtained.
The process of the present invention is a process for

10 producing an oxirane compound in which an olefin with a
hydroperoxide are reacted in the presence of the above-mentioned
catalyst. This epoxidation reaction can be conducted by
contacting an olefin and hydroperoxides with a catalyst. This
reaction can be carried out in liquid phase in the presence

15 or absence of a suitable solvent. As the solvent, compounds
inert to the reaction and excellent in solubility of an olefin
and/or a hydroperoxide can be used. As specific examples of
the solvent in the case of use of an organic hydroperoxide,
hydrocarbons such as butane, octane, benzene, toluene,

20 ethylbenzene, cumene and the like are listed. On the other
hand, as specific examples of the solvent in the case of use
of an inorganic hydroperoxide, methanol, ethanol, isopropanol,
t-butanol, water and the like are listed.

The epoxidation reaction can be conducted usually at

25 temperaturesoffromotoZOOTL The pressuremay advantageously

be a pressure for maintaining a reaction mixture at liquid

condition, and generally from 0.1 to 10 MPa. The epoxidation



-inert to the reaction and excellent in solubility of an olefin and/or a
hydr oper oxi de can be used. As specific exanples of the solvent in the case
of use of @ @E@adek C hydroperoxi de, hydrocarbons such as butane, octane,
“benzene, toluene, 20 ethyl benzene, cunene and the like are listed. On the
other hand, as specific exanples of the solvent in the case of use of an
I nor gani ¢ hydroper oxi de, nethanol, ethamol, isopropanol, t-butanol, water
and the like are listed. The epoxidation reaction can be conducted usually

t 25t f 0 t . Th ta |y

be o o cooBPRCEIPathEs rkni s BBy ol THY pIHETaeE ety SRR Y
generally fro g } %?1 JaOSP(B%ryTB‘% RRLldelg0R LGV 6}1'3?15_%5%0% cH-8AGd on
can be carrle powder “cat al yst or cata yst ina

slurry or ﬁ\b’éﬁ@dbe@eﬂﬁ‘l@dﬂt'ﬁddhsa A wsz_secomms SREtnh6@Nt i nuous
-met hod or contindous nethod. 5 EXAMPLES The present invention is

~illustrated by the following exanples. Exanple 1 Into a 300 ml flask were
.charged 18.26 g of tetranethyl 10 orthosilicate, 7.00 g of
tri net HoxyBEAMPLES| ane, 2.31 g of tetra-n-butyl orthotitanate and 65 nl of
n-propanol. To this solution was added a m xed solution of 30 m of 70%
nitric acid andTBs BFesent- ppygatdrn Asmid lpsspsiteg Phidie iallevsmg ri ng
t he solutloga%%IZSCC over about 1 hour. This solution was |eft
Example 1
Into a 300 ml flask were charged 18.26 g of tetramethyl
10 orthosilicate, 7.00 g of trimethoxymethylsilane, 2.31 g of
tetra-n-butyl orthotitanate and 65 ml of n-propanol. To this
solution was added a mixed solution of 30 ml of 70% nitric acid
and 35 ml of n-propanol from a dropping funnel while stirring
the solution at 25C over about 1 hour. This solution was left
15 over night and day at 25C to obtain a gel. The resulted gel
was transferred to an autoclave, and a solvent in the gel was
removed by extraction by passing supercriti'cal carbon dioxide
of 45C and 24 MPa at a rate of 8 g/min. for about 12 hours.
Subsequently, the gel was dried under reduced pressure of about
20 100 Pa at 25C for 10 hours. This dried solid was filied in
a flow apparatus made of glass, heated at 200C, and a mixed
gas prepared by diluting a vapor of hexamethyldisilazane with
an excess nitrogen gas was passed for 3 hours, to conduct
silylation treatment, obtaining about 12 g of a catalyst.
25 The epoxidation reaction test was conducted according

to the following conditions. In an autoclave was charged 1

g of the catalyst, 17 g of propylene, and 24 g of a 35% solution



- 15.0over night and day at 25t to obtain a gel. The resulted gel was
transferred to an autoclave, and a solvent in the gel was renoved by
extracti onpBypRAs&sNg supercritical carbon dioxide of 451C and 24 MPa at a
“rate of 8 g/mn. for about 12 hours. Subsequently, the gel was dried under
r-educed pressure of about 20 100 Pa at 25CC for 10 hours. This dried solid
was filled in a flow apparatus nmade of gyl ass, heated at 200t, and a m xed
gas prepared by diluting a vapor of hexamnet hyI di silazane with an excess

ni trogen ga ssed fo hours, .t.o conduct .. silylation eat ment

obt ai ni ng ng\é\?ﬁiggﬁnéfan %Xﬁéf’ysfmé@em& %g&ﬁﬂﬁ??éﬁer e3Re; %rhe}'e‘%‘?r\émas

duct ed h |
charged 1 taagtei Bt gl Mok ), SThAR: ORI B mrihdy MEPTSATIE uti on

PCT/ JPOO 0%@@%%@@5&1&&9%@6 NehdWHE Q@%Q@odﬁpéflf@irhaﬁeé%@%em t hey
-were reacted at 80- Cf 1.5 hours with stirring. The reaction solution
~was anal yzete aeddilns ra&m:tgrmwrpeixi arapneel was checked. The results are
.shown in Table 1. 5 Exanples 2 to 4 The sane procedure as in Exanple 1 was
conduct®d Exasptliersg 2 ttle £harging ratio of trinet hoxynet hyl si | ane in
silicon conmpounds was changed. The results are shown in Table 1.

Conpar ati ve Exanphé Sam@PTRECSHTE ¥ SOIHATP b iR ERQRFHE tehRECRIRR L ed

excepting {1 RLNOTELIN 81 | APC e A0S AiSEy1 109ahES th! 813580 11
compounds was changed. The results are shown in Table 1.
Comparative Example 1

10 The same procedure as in Example 1 was conducted excepting

trimethoxymethylsilane was not added. The results are shown
in Table 2. |
Comparative Example 2
The silylation treatment was not conducted in Example
15 1. The results are shown in Table 2.
Comparative Example 3
The silylation treatment was not conducted in Example

2. The results are shown in Table 2.



. Copparative Exanple 2 The silylation treatnent was not conducted in Exanple
15 1. The results are shown in Table 2. Conparative Exanple 3 The

silyl ati onptF.eeddEat was not conducted in Exanple 2. The results are shown
“in Table 2. PCI/JPOO 05603 10 Table 1 Exanple 1 2 3 4 Ratio (% of

MeSi (OMe)3 30 40 50 10 Presence or absence of Presence Presence Presence
Presence silylation treatnent Reactionigerformnce EBHP conversion (%
98.7 98.4 96.1 97.3 PO selectivity (% 94.0 94.5 96.4 94.1 Table 2
Oorrparativgi‘ Eﬁanme 123 Ratio ( %) of MeSi (Owve) 3 0 30 40 Presence or
absence of e Absence Absence silylation treatnent Reaction
performan¢ce EBHP conversion (% 9{1.8 94.6 96.5 P ivity (%9 95.0
88.1 89.0| 5 Explanation of tablep %}éa%pel%t

1 2 3 4

Ratio.(%) of MeSi(OMe); 30 40 50 10

Presence or absence of | Presence | Presence | Presence | Presence

silylation treatment

Reaction performance

EBHP conversion (%) 98.7 98.4 96.1 97.3

PO selectivity (%) 94.0 94.5 96.4 94.1
Table 2

Comparative Example
1 2 3

Ratio (%) of MeSi(OMe); 0 30 40
Presence or absence of Presence Absence Absence

silylation treatment
Reaction performance

EBHP conversion (%) 91.8 94.6 96.5

PO selectivity (%) 95.0 88.1 89.0

5 Explanation of tables
Ratio (%) of MeSi(OMe);: ratio of mol number of MeSi(OMe);
to total mol number of Si(OMe), and MeSi(OMe)s; charged
EBHP conversion: [reacted EBHP (ethylbenzene

hydroperoxide)/fed EBHP] X100 (%)



- Ratio (%9 of MeSIi(Owe)3: ratio of nol nunber of MeSi(Owe)3 to total nol
nunber of Si (Owve)4 and MeSi (Owe) 3 charged EBHP conversion: [reacted EBHP
(et hyl benzepgmpobasedsoper oxi de) / f ed EBHP] X100 (% PCT/ JPOO 05603 11 PO
"selectivity: [produced PO (propyl ene oxide) (nmol) /reacted EBHP (nol)Il X100
(o) Exanple 5 5 Into a 300 Ml flask were charged 18.27 g of tetranethyl
orthosilicate, 6.18 g of dinethoxydi nethylsilane, 2.31 g of tetra-n-butyl
orthotitanate and 65 nil of n-propanol. The ratio of the nol nunber of a

(2)) 10 ai PR ARty T 21 | Pt BB oo 2 Sn o MHBLmERT L FTEaRe

conpounds 'Eﬁi;gh' ’F)F,V(i nt o was 60% To this solution were added a m xed
solution o (ﬁqoe% 7&@ nitr)i c acid and 35 nl of n-propanol froma

- dropping funnel while stirring the solution at 25- C over about 1 hour.
-This solution was |left over night and day at 25CC to obtain 15 a gel. The
_resulted gelxamgsid rmnsferred to an autoclave, and a solvent in the gel was
.removed by extraction by passing supercritical carbon dioxide of 450C and
24 MPa at a rate Iofto & goAiml flaskiwvare Tharaed 18S2lisgqoént¢yranechykl was
dried wunder reduced pressure of about 100 Pa at 25CC for 10 hours. 20 This
dri ed sol i PEEPFIIicalte n & ¥§ dv Hpphime thordinethyl adianepedt 4 2t°200~C
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of the mol number of a Me-Si group (corresponding to hydrocarbon
group R? in silicon compound (2)) in dimethoxydimethylsilane

10 to the total mol number of silicon compounds in this experiment
was 60%. To this solution were added a mixed solution of 26
ml of 70% nitric acid and 35 ml of n-propanol from a dropping
funnel while stirring the solution at 25C over about 1 hour.
This solution was left over night and day at 25C to obtain

15 a gel. The resulted gel was transferred to an autoclave, and
a solvent in the gel was removed by extraction by passing
supercritical ca.rbon dioxide of 45C and 24 MPa at a rate of
5 g/min. for about 12 hours. Subsequently, the gel was dried
under reduced pressure of about 100 Pa at 25°C for 10 hours.

20 This dried solid was filled in a flow apparatus made of glass,
heated at 200C, and a mixed gas prepared by diluting a vapor
of hexamethyldisilazane with an excess nitrogen gas was passed
for 3 hours, to conduct silylation treatment, obtaining about
12 g of a catalyst.

25 The epoxidation reaction test was conducted according
to the following conditions. In an autoclave were charged 1

g of the catalyst, 17 g of propylene, and 24 g of a 35% solution



. fot 3 hours, to conduct silylation treatnment, obtaining about 12 g of a
catal yst. 25 The epoxi dation reaction test was conducted according to the
fol | owi ng ¢epgikées. | n an autocl ave were charged 1 g of the catalyst, 17
~ g of propylene, and 24 g of a 35% sol uti on PCT/JP00/ 05603 12 of

et hyl benzene hydroperoxide in ethyl benzene, and they were reacted at 80- C
for 1.5 hours under stirring, to obtainigperfornmance of an EBHP conversion
of 98.4% and a PO selectivity of 95.5% 5 Conparative Exanple 4 The

ilylati t t t duct ed., i EX | 5. Th i

per T or manc@ RNV BAR AR PSR T 05 08 Sa0 1 RREAN6e) SBRGERRY! Y5TRr
S0. 7% 10 LADUSTR Al APDE! QAR LI TY s sleSeld hedh ahaue,q ace shpgs o0 the
pr esent | nventl on, It econes possi eto provide a pgocess or pr oduci ng

- an oxi rane p LOIIG-d B Woh @i c8heh rs odNdlr el APshEd 865s&AdcPEvi egct ed
-in the presence of a catalyst to obtain an oxirane conmpound 15 under™ hi gh
~selectivitwmnp y§gel d. PCT/IJPOO 05603 13. CLAIM5S 1. A process for
_produci ng an oxirane conpound by reacting an olefin and a hydroperoxide in
t he pre8end»mfarattiteal Esampibedei n said catal yst is obtained by gelling a
silicon conpound

The silylation treatment was not conducted in Example
5. The reaction performance showed an EBHP conversion of 98.2%

and a PO selectivity of 90.7%.

10 INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
it becomes possible toprovide aprocess for producing an oxirane
compound in which an olefin and hydroperoxides can be reacted
in the presence of a catalyst to obtain an oxirane compound

15 under high selectivity and yield.



.5 of the following formula (1) (silicon conpound (1) ) , a silicon conpound
of the following fornula (2) (silicon conmpound (2) ) and a titanium
conmpound | Bowalo®sscosdl cohol solvent or mixed solvent of water and al cohol,
"renoving a solvent in the resulted gel by extraction with supercritical
fiuid, then, drying and 10 silylating the resultant: Si (ORl)4 (1)

(R2)ni (OR3)4-m (2) (R1, R2 and R3 indepgndently represent a hydrocarbon
group having 1 to 20 carbon atons and mrepresents an integer of 1 or 2.)
15 2. The process according to Clain1% wﬂgreln the ratio of the nol nunber
of the hydrocarbon group R2 to the to QP nunber of the silicon

;ggg‘r’glnﬁ (1) and i %b%%%e%%@gfﬁ%%:)c 35 %nte L?r%@ug’d by]xe a"é@f
gtodarn wher e HCH HCH cm
fluid of CUbNLHOKIAR a hyddbpdF HErdS ﬁ?cﬂié'ﬂﬂeééh& ad,fnal,cmfw the
-olefin is propylene. 5. The process according to Claim1, wherein
. hydr oper oxiwlle rdesi raBa® 808t £1 f&el iepsh bxifled b3bgelling a silicon compound
5 of the following formula (1) (silicon compound (1)), a silicon
compound of the following formula (2) (silicon compound (2))
and a titanium compound in water, alcohol solvent or mixed
solvent of water and alcohol, removing a solvent in the resulted
gel by extraction with supercritical fluid, then, d4rying and
10 silylating the resultant:
Si(OR'), (1)
(R*)nS1(OR%)4.n (2)
(R', R and R? independently represent a hydrocarbon group having
1 to 20 carbon atoms and m represents an integer of 1 or 2.)
15 2. The process according to Claim 1, wherein the ratio
of the mol number of the hydrocarbon group R? to the total mol
number of the silicon compound (1) and silicon compound (2)
is from 5 to 95%.
3. The process according to Claim 1, wherein the
20 supercritical fluid is supercritical fluid of carbon dioxide.
4. The process according to Claim 1, wherein the olefin
is propylene.
5. The process according to Claim 1, wherein the

hydroperoxide is an organic hydroperoxide.

25



