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PCT/ JP2004/ 013584 DESCRI PTI ON 5 PROCESS FOR PRODUCI NG
FETFRANPAALEGNTAI NI NG SI LI CON  OXI DE CATALYST, SAID
CATALYST AND PROCESS FOR PRODUCI NG OXI RANE COVPOUND
USI NG THE SAVE TECHNI CAL FI ELD The present invention
relates to a process for 10 producing oxirane
conpounds. Mre particularly, the invention relates to
a process for producing oxirane conpounds such as

propyl ene oxide by subj geid¢@rsiricgwefin type conpound
such as propylene to reaction with a hydroperoxi de by

applying a titaniumcontaining 15 silicon oxide

catal yst prepared by non-hydrolytic condensation in

tMRQmESSc@@m W@QﬂUCBﬂG«}IIWIBHH'&@Nﬂk&NéN§I&®hﬁCON
y those skilled in the art that 20 oxirane conpou

@MW%§P¢?%bylsél‘n-e Sé‘xﬁm&PaT%LBﬁJdAHéUPB@%%?e‘%QR@RODUCING
ol efin type conpounds such as_pro n ction

M th a hydr dberBA PRMERIRPLERE O s ARE o

As catal ysts used for such nethods, for exanple, a
specific titaniumcontaining silicon oxide 25 catal yst

is disclosed in U S. Patent No. 4 367 342, but this
catalyst is insufficient in view of the yield of the

obj ective product. |nrgewNetanf BMEBDUl ar Catal ysis

PCT/ JP2004/ 013584 A: Chem cal 182-183 (2002) 81-88, a

net hodTbofe present invention relates to a process for
producing oxirane compounds. More particularly, the
invention relates to a process for producing oxirane
compounds such as propylene oxide by subjecting an
olefin type compound such as propylene to reaction with
a hydroperoxide by applying a titanium-containing

silicon oxide catalyst prepared by non-hydrolytic

condensation in the absence of water.

BACKGROUND ART

Methods are known by those skilled in the art that
oxirane compounds such as propylene oxide are produced
by subjecting olefin type compounds such as propylene
to reaction with a hydroperoxide in the presence of a
catalyst. As catalysts used for such methods, for
example, a specific titanium-containing silicon oxide
catalyst is disclosed in U.S. Patent No.4,367,342, but
this catalyst is insufficient in view of the yield of

the objective product. In Journal of Molecular Catalysis
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epoxi dating cycl ohexene by using a catal yst prepared
fTHBHWﬁ9H$%%ytic condensation in a liquid phase is
di scl osed, but this disclosure has no description
about 5 epoxidating another olefin type conpounds

ot her than cycl ohexene and the catal yst perfornmance
di sclosed is wunsatisfied in view of abilities
exerting high activity and selectivity as an

ePOXi daldndicsat alyess - 183G DI SEbESYRE £F-BlE | NVENe@Wod  of
An obj ect of the present invention is to provide a
pEperidator ngr educi ogesdr@neycagpouwnda thadta et prepared
produce oxirane conpounds in high yield by subjecting

& ohehihygpe lovohpousdndepsaction vin hagliquid phase is

hydr operoxide 15 with usin%_a catal%st which is ,
berdes e Hryithisdisrlosersframeomesardgtion about

USSR SEEPRREH D o0, DR A SR RAE cnan
L PHBIEIL n ENY AR 1LY @thiﬁ%g@ﬁffgﬁagggf 8isclosed is

pr oduci ng a titani umcontaln I con OXl

G 8h ¥Sts £ WBECIN GAIBW SEaibieGld §&Perting high activity
titani um contai ning silicon oxide prepared by

reond hgerlod o/t i @ icondess ain oappeprdsthbed dytalgst .
followwng formula ( I ) in a liquid phase in the
absence 25 of water, to silylation, and al so a process
for producing _an_oxirane compound, _which conprises

subj ecting an THIRELRSUBR O&ndifRd INYERILLMNoNn with a
ggidgogarnglxc;)/lgffa@g/o‘]fztokgé/8%%%%%%niﬁt}%rpﬂ'fgﬁngg %fo provide
a process for producing oxirane compounds that can
produce oxirane compounds in high yield by subjecting
an oclefin type compound to reaction with a hydroperoxide
with using a catalyst which is provided by silylation
of a titanium-containing silicon oxide prepared by
non-hydrolytic condensation in a liquid phase in the
absence of water.

Namely, the present invention provides a process
for producing a titanium-containing silicon oxide
catalyst, which comprises subjecting a
titanium-containing silicon oxide prepared by
non-hydrolytic condensation represented by the
following formula (I) in a ligquid phase in the absence
of water, tosilylation, andalso aprocess for producing
an oxirane compound, which comprises subjecting an

olefin type compound to reaction with a hydroperoxide
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L1L2L3M X + L4L5L6M OR -' L1L2L3M O M4L5L6 + RX ( | )
WHErEEM I ¥58br esents Si or Ti, X represents a hal ogen
5 group or carboxy group, R represents a hydrogen atom
or hydrocarbon group, and L1 to L6 independently
represent an al koxy group, hal ogen group, carboxy
group, hydrogen atom or hydrocarbon group. Another

obj ect of the present invention is to 10 provide a

PLOCeRS T9FeBROMIC BE RIDY! eaa HXyde that can
produce propyl ene oxide in high yield by subjecting

proyiempe—t0 feagri;apMwt bik a hydroper oxi de with using

a titaniumcontaining silicon oxide catalyst prepared

by Indn-Lhytirdd ytNME. GeohdensBEi on i 6Id |iquid phase in

the 15 absence of water. Nanely, the present

i earedm mw@gsgrﬁr%e%ssorf%r- 'pFod8R TRYS BRdy 1 logen
oxi de, which conprises subjectin ropyl ene to

BER BP0 i € AER I SREFR b TPRHTRCPFsehdil gFogen aton
tifapi c inin ilico xi-de at al

b?/}' ngﬁ’ﬁ%%(%%?ﬁrhc gg?ﬂ'ﬂl n'saglngn Ly e%t?egén?éygs%gg?ﬁ%q{@ﬂy

S0 £ LA {1} ol 1 g AR Loy ozoue.

‘N &2 10 MednblLEr +hiPd £ d s aZd ohegeiommpV represents Si

or Ti, X represents a hal ogen group or carboxy group,

R repr ésemtbexr hgtidegeln etfonther pwelsecdr bbnvgmoupon is to
and LI to L6 independently PCT/JP2004/ 013584 )
provide a process for producing propylene oxide that
can produce propylene oxide in high yield by subjecting
propylene to reaction with a hydroperoxide with using
a titanium-containing silicon oxide catalyst prepared
by non-hydrolytic condensation in a liquid phase in the
absence of water.

Namely, the present invention provides a process
for producing propylene oxide, which comprises
subjecting propylene to reaction with a hydroperoxide
in the presence of a titanium-containing silicon oxide
catalyst prepared by non-hydrolytic condensation
represented by the following formula (I) in a liguid
phase in the absence of water.

L,L,L;M—X + L,LsLgsM— OR
—L;L,L;:M—O0—ML,;L;Ls + RX (I)
wherein M represents Si or Ti, X represents a halogen

group or carboxy group, R represents a hydrogen atom

or hydrocarbon group, and L; to L independently
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r%%resent an al koxy group, hal ogen group, carboxy
Jrodp2oMY48hen at om or hydrocar bon group. BEST MODE
FOR CARRYI NG OUT THE INVENTION 5 In the present

i nvention, the catalyst can be obtained by silylation
of a titaniumcontaining silicon oxide prepared by
non- hydrol yti c condensation represented by the
following formula (1) in a liquid phase in the

] %) ¢ ,
PSS L Bl R P Lo R L, gy smoue

TydXolgepi esedlns érhalyapedcagbap gk oaas boxy group, R
represents a hydrogen atom or hydrocarbon group, and
L1 to L6 independently 15 represent an al koxy group,

hal ogeno group, carboxy roqg, hydr ogen at om or
hydr ocaPB&T MODE. EQReL INE (HET pTEEENVENTION

0P 8 LB GRRR od S T ST R g} can no
téﬁﬁ@”!i%@&%@? ?&'1' bt $hln §2M 4 niﬁmQrceé’R{%‘lbrﬂ'é’n silicon
ge aPI ng a silic source and titanium source Yy tﬂe

Wiﬁl&drol%&(%ﬁai%@aden | O o heREPest 94 Y th€ondensation
e

formul a ( scri bed above in a” liquid phase. 25 The
Stépeassoutea wsedthe Ehilsiseaalg GobmylaprEt grabl v liquid
i ncl ude silicon conpounds represented by the

frthaew rign f bheulab $en ceCTo § PR@04A 013584

Ly L,LsM—X + L;LsLgM— OR

—L:LLsM— O0—ML,;LsLg + RX (I)

wherein M represents S5i or Ti, X represents a halogen
group or carboxy group, R represents a hydrogen atom
or hydrocarbon group, and L; to L independently
represent analkoxy group, halogeno group, carboxy group
hydrogen atom or hydrocarbon group.

An example of the process for preparing the
catalyst of the present invention, 1is explained as
follows.

As starting, a wet gel of titanium-containing
silicon oxide is prepared by gelating a silica source
and titanium source by the non-hydrolytic condensation
represented by the formula (I) described above in a
liguid phase.

The silica source used in this reaction may
preferably include silicon compounds represented by the

following formula (1}

-
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SI(X)L(ORL)MR 2)n (1) wherein X1 represents a
HAT6§eN+9 Bt or carboxy group, Rl and R2

i ndependently represents a hydrogen atom or

hydr ocar bon group, and 1, mand n are integers of O to
5 4 respectively, +mn=4 and 1 or mis 1 or nore.
Exanpl es of X1 include a hal ogen group such as a
fluorine, chlorine, bromne and i odine atomand a

car boxys Of Qup. pygh)agran_acet @xy group; of these,
chl ori ne gt obr)nlllss pr)e ergﬁl e. ﬁoijxan'pl es of Rl include

av iy geacaBope pir@iie h Wl 6Mha MYy €O Y B Apao Pt 8EGJBgroup,
such as an oxygen and nitrogen atom such as a nethyl

R owand erRhyli ndeqman dpndpyy gepue,sensepropydgogem aidom or
butyl group; preferable is isopropyl group in view of
d@[%ifpé’@lﬂa@@. greou®, i @atHudesm fgyd exapeelngegers of 0 to
h%drocar bon_%roup may confain a heteroatom

S

whi ch
che g et b¥gden ahd™* it o8@f at off SuchSad £LTefAFe -

gr oup, hyl -grou pro oup,, Lsopropyl_group,
but yl &ﬁ%ﬁ%,pl%ﬁen(% }éroﬁlgghg%ioe b%nrﬁ?/ﬁ%&reorgpgrgﬁ% such as a

Feeb i S1 1 IGPNo £QRROUNYS-if EngX Rkl F168iNe 8itldifOBna a
tetrachl ori de, tetrai sopropoxysil ane,

red My byl chlrennsi kaneh disTehfyl dbehlptpsidred@panthf these,
trimethylchlorosilane. O these silicon conpounds

ddstorbed: abbve, i¢ pyefiSrpbéfeerable to prepare the

gel using as_a main gonponent, a tetrahal ogeno-silane
and/ or EX3mpLesl REx R sihgdd1da a2 \ hedrecaiken ggurd which

of aégel st.ruct Hre throu%h .
may c¢ontain a heteroatom such as an oxygen and nitrogen

atom) suchasa methylgroup, ethyl group, propylgroup,
isopropyl group and butyl group; preferable is isopropyl
group in view of gelation rate.

R* includes, for example, a hydrocarbon group
(which may contain a heteroatom such as an oxygen and
nitrogen atom) such as a methyl group, ethyl group,
propyl group, isopropyl group, butyl group, phenyl group
and benzyl group.

Specific silicon compounds are exemplified by
silicon tetrachloride, tetraisopropoxysilane,
methyltrichlorosilane, dimethyldichlorosilane and
trimethylchlorosilane.

Of these silicon compounds described above, it is
preferable to prepare the gel using as a main component,
a tetrahalogeno-silane and/or a tetraalkoxy-silane in

view of stabilization of a gel structure through
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PCT/ JP2004/ 013584 strengt hening thereof. The titanium
FEUPEEH8 RS ey preferably include titani um conpounds
re presented by the following fornula (2) 5

Ti (X2)o(OR3)p(R4)q (2) wherein X2 represents hal ogen
group, R3 and R4 independently represents a

hydr ocarbon group, and o, p and q are integers of 0O
to 4 respectively with being o+p+gq=4. 10 Exanpl es of

X2 186l n@nRp OPER Y POUP such as a fluorine,
chlorine, bromne and i odine atom of these, <chlorine

atom i e ef etall fumExem ©s 0f efd3 gl PéeifictdBeyainclude
hydrocarbon group having 1 to 18 of carbon atons

(wht eh iy compgaunds ré&pred endatdobystbb felapwixygdormula
and nitrogen aton) such as a nethyl group, ethyl
drdlp, propyl group, i sopropyl group, butyl group and

phenyl group. Spegific,titani ym conpounds are
exenplﬂ%&%% by(gﬁapaégﬁéﬂtitaz?dnlconpounds such as

geum 2¢:tefcachionde tipgbumalkaaide &° ana R

W (=]
conmpounds such as ani um et hoxi titani

ifﬁ@éﬁ@ﬂﬁé@tlytfﬁﬁﬁgbéﬁ%@”&oﬁvg%@egﬂﬂdﬁnéﬂghp, and o,

t-but oxi de, and titanium diisopropoxide
(Pisdnd, 4-pest anad geakebf thagel dtsspeepiedlPywith being

m xing the silica source 25 and titanium source
desp#gbdd above. The silica source and titanium
source may be used algne or in 2 or nore

Examples of X° includes a halogen group such as
a fluorine, chlorine, bromine and iodine atom; of these,
chlorine atom is preferable.

Examples of R® and R* include a hydrocarbon group
having 1 to 18 of carbon atoms (which may contain a
heteroatom such as an oxygen and nitrogen atom) such
as a methyl group, ethyl greocup, propyl group, isopropyl
group, butyl group and phenyl group.

Specific titanium compounds are exemplified by
halogeno-titanium compounds such as titanium
tetrachloride, titanium alkoxide compounds such as
titanium ethoxide, titanium isopropoxide, titanium
isobutoxide and titanium t-butoxide, and titanium
diisopropoxide (bis-2,4-pentanedionate).

The gel is prepared by mixing the silica source
and titanium source described above. The silica source

and titanium scurce may be used alone or in 2 or more

kinds therecf, respectively.
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ki nds thereof, respectively. PCT/JP2004/013584 In the
FeRCRYWAE81384 ¢ condensati on a non-aqueous sol vent may
be used or not. It is essential that the non-aqueous
solvent is substantially free fromwater, it
specifically includes al cohols, ethers, 5

hydr ocar bons, hal ogenat ed hydrocarbons and the |ike;
and a m xture thereof. The non-aqueous sol vent added

may re::ﬁ{ ﬁ’}dbo\t}légehgdr ?Eﬁﬁ% Cceogéeh'steﬂpigm ?oﬁ'ﬁﬁe a%ueous

descri bed e re-determning agent such

A IBeN 1 GnadOplehid 88Y o8Mi®E, QUALLE NEEY AHPPALUPhat the
ions and surfactants may be used or not in

AT epakaid oduef sbheregel 1 sAsuamtiah tafa 11¢ abr o fawmtevater,
to silica source is wusually 10-5to 1 in ternms of

ot ar rspecifpredédybly 1&&&@@@@3toaacbhaﬁ@rmreethers
preferably 0.01 to 0.1. A gelation tenperature
lkXﬁFPFaQQPP§-ZMPkpgeﬁﬂF?ﬁehQQQRPéﬁQMR$ %Ed the like:

I t.ed by heat b bj
R %rg%nﬁmuésl TP orihe, aBRy SUUPPLSy BELVRRT 2dded
%r?%% e%c.et?’swl r{eéh%taﬁﬂﬁ%seéoﬁilc%‘) (53]\_(0 q.tanlum source
vapori za

fon Of theé 'sili¢ca source, titanlum sour

HWs ReRmAayeaps wol vents. Since the wet gel obtalned
by the process descri bed above contains the RX

representsadruotidie f@emelmni{hinglespsh besluahows pndimary to
t he non-aqueous solvents, a 25 titanium containing
di¢rtommxi danknebtai nedahyernary ammonium ions and

surfactants may be used or not in preparatiocn of the
gel.

An amount of titanium source to silica scurce is
usually 10> to 1 in terms of molar ratio, preferably
0.00008 to 0.4; and more preferably 0.01 to 0.1.

A gelation temperature is usually -30 to 200 C,
and the gelation will be accelerated by heating. When
being subjected to heating, the gelation is preferably
carried out in a sealed pressure-resistant vessel to
avoidvaporizationof thesilica source, titaniumsource
and non-aguecous solvents.

Since thewet gel obtained by the process described
above contains the RX represented in the formula (I)
described above and/or the non-agueocus sc¢lvents, a
titanium-containing silicon oxide 1is obtained by
eliminating them with dryving. The drying can be carried

out at 0 to 200 T under reduced pressure or flow of



10

15

20

25

elimnating themw th drying. The drying can be

&I iPe4/05%84 at 0 to 200 C under reduced pressure or
fl ow of PCT/JP2004/ 013584 a gas such as nitrogen. A
wet gel obtained by subjecting an al koxide to

hydrol yti c condensation in the presence of water has
a drawback of shrinkage thereof due to the strong 5
capillary force of water being generated during

d‘{yégg, sd&suLid ng; ko Jeduction of surface area and
por

I .
vol une Phereo%g 0 overcone this drawback, a

dryi ng piygdte generesLhicala copbanyt O&kde d Sansgditide to
this causes 0Other drawback such as requi renent of
Mpdrpnssisiie ec ol €l ARt . i 6N thhe pibeede@dofawstier has
gel obtained by non-hydrolytic condensation can
g odirdevbackand imghntakdgyg dilérepfoxdve hhei Mghe strong
| arge surface area and pore volunme with a ) .
b éAdiagralf o G e Rt Rt et peing geapisatgdndyring drying,
capillary force ig permtted by the RX represented in
SRS pod NS YT )- 48Ul 100 ShoRBTHR B ar Ranaa, ke Yolume
whid e hei i.m pated ing. T .
TRUERE Comeh: SO PhET BRLY (B UL, '8 B IRE waen

C@&?E)&:triﬁb%aip%benSlﬁiélﬁﬁd@%.35 dfeld @y €0f this causes
preferably 200 n2/g or nore, and nore preferably 400

i gedr ddvbabile speti fas peluidkmenti s fpriei ghalpinessure
0.2 m/g or nore. Propylene oxide can be obtained in
e ghipmerdt by reacting propylene with a hydroperoxide
using Eﬂ? the other hand, a wet gel obtained by
non-hydrolytic condensation can provide
titanium-containing silicon oxide having large surface
area and pore volume with a conventional drying facility
because a weak capillary force is permitted by the RX
represented in the formula (I) described above and/or
non-aqueous solvents while being eliminated by drying.

To use the titanium-containing silicon oxide
obtained as a catalyst, the specific surface area
thereof is preferably 200 mz/g or more, and more
preferably 400 m°/g or more. The specific pore volume
is preferably 0.2 ml/g or more.

Propyvlene oxide can be obtained in high yield by
reacting propylene with a hydroperoxide using the
titanium-containing silicon oxide obtained by the

above-mentioned process as a catalyst.

But, in order to enhance the performance of
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25 titaniumcontaining silicon oxide obtained by the
awa\e24paiatiddhed process as a catal yst. But, in order
to enhance the performance of PCT/JP2004/ 013584

catal yst applied to production of an oxirane conpound
by reacting an olefin type conpound such as propyl ene
Wi th a hydroperoxide, it is preferable to subject the
titaniumcontaining silicon oxide to silylation. 5 The

S&AI’%&?SQIP %ﬁgg rercI tqﬁo O;EI:OBchSLUPI)ﬁCI)Ifngn oxc‘:I_I:XI'@]t IcIIﬂnnpound

agen titani un¥ cont ai ni'ng Si

;B‘_Tq.eeggtt@rﬂ?d Y oﬂeﬁ‘lwqfﬁﬂ)yéSm‘i)m@S@ﬁbﬁnas propylene

| oned by conversion of "a hal ogén group and an
al KOKY aghQdYr ¢8RI NPe ONitthd sl carakrail sutbasaabj¥é Ot the
a silyl group. The silylating agent includes, for
exabphd,uthat ogdra on jagi s 51 liewes, oxddgarie sillylation.
am nes and organic silyl amdes and derivatives
theremTh%néﬁibhﬂtéQﬂléfwﬁ%rrkﬁﬁwpﬂmxﬁfyﬁqkﬂe&éfng a

I t t hyl si | 15 net hoxyt thyl si|
RAKFAEA DR o1 | aZi88ndnd | nE® 11 koo oRIAEE| ) art by ¢
I h I
At en oﬁl%aeggltI/%h 1% DNELG0E | Ml T Ppsdinge vy

tr%WehW@lyQﬂEOI:oﬁﬁiéhﬁﬁIﬁérY féﬂlb%d@)? c'o?nver51on of
preferably in the range of 0 'Cto 200 C 0T

GO atbigich t gL uips @b 80amota RO kiyC W sy hdmafﬂ;ngnﬂn the
is preferably 10 minutes to 10 hours. The silylation

eyt e Yot r s 8df faute afindro oa Isdfloy & gdrouipg Thee wet lgelating
(ggghgughﬂ¥ﬁyggy ?JJIéifm%%; halogen organic silanes,
organic silyl amines and organic silyl amides and
derivatives thereof, and organic silazanes.
Specifically included are chlorotrimethylsilane,
methoxytrimethylsilane, hexamethyldisilazane and the
like. The silylation may be carried out in a gas phase
or liquid phase. In addition, a solvent may be used or
not. The treatment temperature is not particularly
limited, but is preferably in the range of 0 C to 200 T.
The contacting time is also not particularly limited,
but is preferably 10 minutes to 10 hours.

The silylation may be carried out after or before
drying the wet gel or simultaneously with the gel
preparation.

The catalyst obtainedby themethodmentioned above

can be particularly suitably used for production of an

oxirane compound by subjecting an olefin type compound
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preparation. 25 The catal yst obtained by the nethod
MEATiP8e@ 1 ®Bbve can be particularly suitably used for
production of an oxirane conmpound by subjecting an

ol efin type conpound PCT/JP2004/013584 to reaction

wi th a hydroperoxide. The olefin type conpound may be
a noncyclic-, nonocyclic- or polycyclic-olefin type
conmpound as well as a nono-olefin, di-olefin or

pos v+l {Eogoqployﬂd 2D %kﬁ%e%&ﬁlﬁ%re of doubl e
en

bonds. her'e exi st nore of olefin bonds in

a conpopd, otlf@ﬁfnﬁ&yy£e SORpBeH EdmBeNdLEr a noncyclic-,
non- conj ugat ed bond nmmonly preferable are olefin

tiyPr oeaphiJodsohaybo gy ¢ 0igl e fdar g alcompolhd as well
ol efin type conpounds nmay have a 10 substituent group,
ansl ehansubsboilta@hn, mdimOlgf#nebgrawyyaqiﬂibeimympound

relatlveg% st abl e. les of the nono-olefinty
r@@Vé@Q' rP?rmPE&eQﬁ Bhd e Rﬁ%ﬂ?laﬂ?eﬁ BHP&%;EXlStS 2
i sobut Iene - hexene,

]PHe@ gﬁyhig%éﬁd(ﬂ%aghéﬂyﬁ cﬁ??@ Pgmw ﬁgse may be
@thggsa%athﬁo% golgfi %6}{9%&9]51’88% al "GbH¥e commonly

and 1 soprene. en havi stituent

%Qéﬁeﬂéblé gxanplidt £d bype RAPESAndPHaving 2 to 60 of
furthernore may be various substituent groups having

amapkygenatoad f urher olLefdgentdtpen toggidends tlhiag have a
hydrogen atom 20 and/ or a carbon atom The

pebstulteeptpr grrebl e asgbstihet edudlsdfi huepde group is
conpound i ncludes olefin type unsaturated al cohols
%egpéfqmlyygeoaﬁsm%geaelat1vely stable. Examples of

the monc-olefin type hydrocarbon include ethylene,
propylene, l-butene, isobutylene, l-hexene, 2-hexene,
3-hexene, l-octene, 1-decene, styrene and cyclohexene,
Appropriate examples of the di-olefin type compound
include butadiene and isoprene. When having substituent
group, it is exemplified by a halogen atom, furthermore
may be various substituent groups having an oxygen,
sulfur or nitrogen atom together with a hydrogen atom
and/or a carbon atom. The particularly preferable
substituted olefin type compound includes olefin type
unsaturated alcohols and olefin type unsaturated
hydrocarbons substituted with a halogen, and examples
thereof include allyl alcohol, c¢rotyl alcchol and
allyl chloride. Particularly suitable olefin type
compound is an alkene having 3 to 40 carbon atoms which

may be substituted with a hydroxyl group or a halogen
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hydr ocarbons substituted with a hal ogen, and exanpl es
tdriEefo4i0hépude al |yl al cohol, crotyl al cohol and 25
allyl chloride. Particularly suitable olefin type
conmpound i s an al kene having 3 to 40 carbon atons
which may be substituted with a hydroxyl group or a
hal ogen PCT/ JP2004/ 013584 atom The hydr operoxi de used
for converting an olefin type conpound into an oxirane
cpofpqund may includes organic hydroperoxides and
hydrogen peroxide, and 5 preferable are organic

hydromﬁﬂ%iHg%r&yérg%ﬁﬁﬁcugﬁ@r%%ﬁoébﬂ@%fﬁﬁng an olefin
exenplified cunmene hydroperoxi de, ethyl benzene

hyelp eperanpdand t i httbylahydxdpeansi deompduhi@e hakeincludes
nost preferable is cunene hydroperoxide. 10 The
aryaand dy dryopee peirdex bdelsy drogenhpysloegda t perdyxiyjded and
may be a diluted or concentrated purified or
rﬁmeEGMQW%a &ﬁﬂm@?gaﬂkﬁrB&ﬁﬁQﬂeﬁﬁf%%eémw|ed out
in a|léﬁud hase ecp esencge. or absence o

P

ol ventTHengREro4s PSP ST SRAART y B s A BEATLed BY
I(Plllﬂelnlequ'l% {g@tpeelachi‘dteenpeé *#rl%eaﬂlge réderhf%ff)geroxide,

pressure O e reaction as we as subst ant

i thaghitye h dP8pedY$i4R0aBEOENE 3 i kdhens8hkVpRle fBYable is
be a sudbstance present in a hydroperOX|de sol ution

usede nfeorh edamp ey ovhide a2 cunene hydr oper oxi de 20
solution is constituted with a m xture of cunene _
hydr opdttoxiaieg and « bivalieo pe re ¥ bde nat dr Y ar odek gfeyoxide to

be used may be a diluted or concentrated purified or
non-purified product.

The reaction may be carried out in a liquid phase
in the presence or absence of a solvent. The solvent
is preferably a one present in a liguid state at a
temperature and under a pressure of the reaction as well
as substantially inactive to reactants and products.
The solvent may be a substance present in a hydroperoxide
solution used. For example, when a cumene hydroperoxide
solution is constituted with a mixture of cumene
hydroperoxide and cumene as a raw material therefor,
it can be used as the solvent without addition of any
other solvent.

The reaction temperature is usually 0 to 200 T,
and preferably 25 to 200 C. The pressure may be a level
enough tomaintain the reactionmixtureinaliquidstate.

Commonly advantageous pressure is 100 to 10000 kPa.
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it can be used as the solvent w thout addition of any
JtHeP2@d0¥8ht . The reaction tenperature is usually 0

to 200 C, 25 and preferably 25 to 200 C . The

pressure nay be a |l evel enough to naintain the

reaction mxture in a liquid state. Commonly

advant ageous pressure is 100 to 10000 kPa.

PCT/ JP2004/ 013584 The anmount of the olefin type

compou b I 0 a d r Qx| )

int henlﬁééac;thlng‘relmﬁ% OEnoit:hfgi ?ﬁl%fdﬁﬂbﬁgggs%sﬂgﬁhgydlr@; mole)
DS et hB t! FiTh PrEReFoxidld GbRrNAcRESf bt HelrleadPion is
times by nole.” 5 The process of the present invention

aed't beimperd @y nigdti st hedar byol @rshokkeyior tfidemed of molar
bed. The reaction can be carried out by a batch-w se,

seat icontamdops eof e camlinudbud oned ol i mes EAZMPLEL e The
invention is specifically explained with reference to

the folToRi R EL&HH eSF  BhthpbrasppdpalMoptden can be

BeE SR i B e T B d oarHery o291 800 B, 1ne
t i il Ll t | orj d .
HRAREIV DPRKKS) 8BS WL HEONYE ! B! O (T wise.
tdhenised)PdinTht yebghtc it e S0ot pRIcVEE . 17. 6 g.

This 20 was subjected to gelation by heating in an
oven at 110 C
EXAMPLE
The invention is specifically explained with
reference to the following Examples.

Example 1

Preparation of catalyst

In a pressure-proof ampoule under an inert gas
atmosphere titanium isopropoxide,
tetraisopropoxysilane and silicon tetrachloride were
added in the molar ratio of 1.0 : 4.5 : 5.5 to mix and
then sealed. The weight of the content was 17.6 g. This
was subjected to gelation by heating in an oven at 110 C
for 4 days. After breaking the sealing, a wet gel was
dried under vacuum condition at 150 C for 4 hours to
obtain 6.1 g of a dry gel. The reddish brown dry gel
obtained was c¢rushed in a mortar to obtain a
titanium-containing silicon oxide (powder). This was
used as a catalyst.

Synthesis of propylene oxide

- 12 -
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for 4 days. After breaking the sealing, a wet gel was
dGTeg2em@ers4yacuum condition at 150 C for 4 hours to
obtain 6.1 g of a dry gel. The reddi sh brown dry ge
obt ai ned was crushed in a nortar to obtain a 25
titanium containing silicon oxide (powder). This was
used as a catalyst. Synthesis of propyl ene oxide

PCT/ JP2004/ 013584 Using the catal yst obtained by the

manner [ , [ 0 :

wei ght Lgféggrr%ﬁg °%€§¥§€e¢8§f&3e ?aﬁl%gttg%m%%opy ﬁr??crlbed
et §veubj £CE B8R $636lt M| Bfa Ipagt B (R §ELAVE) cumene
to synthesize 5 propyl ene oxide and the reaction

rregdr o paasofidlelat EHP O )Afdred phangt hgng wexfe caudljestted to
30 g of the cunmene solution of CHPO and 17 g of
propyitdmm i nin as amecsot bow, tllarteedaveh wae cawmitdgesize
out under an autogenous pressure at a reaction

(RFPEFAaRe DFids ercplthe FepGEd off TRV EAcYRSneVifgated.

Abelfasinan et el o 18 efdpd Bunch€ soracion
P i L
R

arébatkor Wadl cahpart Hukdusidezang aad Ho@fs pressure
toluene were mxed therewith, followed by heating at

1HO € fgadtidmwutempedaenrel bectd gt heomresul 5i hpurs of
powder with filtration, 20 it was dried at 110 C under
T eadiderh prigmeut éngflu@ing the time reguired for heating

up). The reaction result is shown in Table 1.

Example 2

Preparation of catalyst

After putting 3 gof powder ocbtained in the catalyst
preparation of Example 1 in a flask, 2 g of
hexamethyldisilazane and 30 g of toluene were mixed
therewith, followed by heating at 110 T for 1.5 hours.
After collecting the resulting powder with filtration,
it was dried at 110 C under a reduced pressure of 10
mmHg for 2 hours to obtain a silylated catalyst.

Synthesis of propylene oxide

Byusingthiscatalystobtained, CHPO and propylene
were subjected toreactiontosynthesize propylene oxide
in the same manner as in the propylene oxide synthesis

of Example 1. The reaction result is shown in Table 1.

- 13 -
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for 2 hours to obtain a silylated catal yst.
RAHWELI491364 pr opyl ene oxi de By using this catal yst
obt ai ned, CHPO and propyl ene were subjected to
reaction to synthesize propylene oxide 25 in the sane
manner as in the propyl ene oxide synthesis of Exanple
1. The reaction result is shown in Table 1.
PCT/ JP2004/ 013584 Tabl e 1 Cat al yst Exanpl e 1Exanple 2
rs‘t.gg hatipnNoYes Reaction Results CHPO

persion48-049 1 R fl fa IOA DN C3' 93697

(o]

%Agﬁtl'?’éﬁy % * 30’ @'Ex%hﬁite'vlty = ”DLeSEQEmple 2

nNEr-a KN\ ano aAnd v\vf\ +

taad
propyt-ene—oxi-de—protduced+—notes—of —reagted—propytrene

Xsi@ﬁ}fatEi(@ﬂpl e 3 Preparationne catalystf Ina ves

pressure-proof anpoufe under am Tnert gag atnosphere
tRé&apitimn SRpEapDKEde, tetrai sopropoxysiljane, silicon
tetrachloride and 10 trimethylchlorosilane were added
i@HPRe nblomvensiemf 1.0 : 8800 7.1 : 7.5, fol l9hed
by addition of 12 ml| of dichloronethanejas a sol vent
%aﬁfb? adn®)t hen being sealed. The weight| of the

clpgt/fé%t. was 26.0 g. This Was g4 97 .9

Selectivity* (%)

*: PO/C3’ Selectivity = moles of propylene oxide

produced / moles of reacted propylene X 100

Example 3

Preparation of catalyst

In a pressure-proof ampoule under an inert gas
atmosphere titanium isopropoxide,
tetraisopropoxysilane, silicon tetrachloride and
trimethylchlorosilane were added in the molar ratio of
1.0 : 8.0 : 7.1 : 7.5, followed by addition of 12 ml
of dichloromethane as a solvent to mix and then being
sealed. The weight of the content was 26.0 g. This was
subjected to gelation by heating in an oven at 110 C
for 4 days. After breaking the sealing, a wet gel was
dried under vacuum at 150 C for 4 hours to obtain 5.1
gof adry gel. The 1ight red dry gel obtained was crushed
in a mortar to obtain a titanium-containing silicon

oxide (powder).
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subjected to gelation by heating in an oven at 110 C
ICTFE0U/04RGE. After breaking the sealing, a wet gel
was dried under vacuumat 150 C for 4 hours to obtain
5.1 g of a dry gel. The light red dry gel obtained
was crushed in a nortar to obtain a
titaniumcontaining silicon oxide (powder). 20

PCT/ JP2004/ 013584 Synt hesi s of propyl ene oxi de By

:ﬁ;ﬂghtefgeigow}er%pgbyg%gebgggi@e manner descri bed
pyl ene were

subj ectpg t@sE@IC itHe | HEwheICt o fAUhed a¥8) thé® manner
synt hesi ze propyl ene oxide and the reaction result was

edakgatidte d A ber e laay @i rg tla gyeft CaOHPYsind3propflane were
cunene sol ution containing 25 % by wei ght of CHPO and
1suhjefc e dpyW@neeatdiome aot oal aveactive r dadttonlavse) to
carried out under an autogenous pressure at a reaction

1V RERSTREGrRTOPBEERE PELde BT ke FFeredctIBT ¢FHR t was
(including.th I me required fqr heating.,up).

GREMHATTRy, REHF GRRRSFRY o 1 SRl B 0 § of a
sel Vi 1 - e r 3

EPRPD Sy URS ol bt g R IO T D P FRAGHY W Rtro ana
SEfley FBNHLHLpasl éRet N8 teAttd & HuPbefalwé i, oBnef rioed®ien was
3into a flask, 2 g of hexanethyl disilazane and 30 ¢
aofatrelivehe ) wniermxetutbgemwt s, paledswwrdebyt a reaction
heating at 110 C for

temperature of 85 C for 1.5 hours of reaction time
(including the time required for heating up).

Consequently, CHPO conversion was 74.1 % and PO/C3°

selectivity was 92.8 %.

Example 4

Preparation of catalyst

After putting 3 g of powder obtained in the same
manner as in the catalyst preparation of Example 3 into
a flask, 2 g of hexamethyldisilazane and 30 g of toluene
were mixed therewith, followed by heating at 110 T for
1.5 hours. After collecting the powder with filtration,
it was dried at 110 T under a reduced pressure of 10

mmHg for 2 hours to obtain a silylated catalyst.

Synthesis of propylene oxide

Propylene oxide was produced in the same manner

as in the synthesis of propylene oxide of Example 3

- 15 -
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1.5 hours. After collecting the powder withfiltration,
iRCTWAS0M{01 ¥ at 110 C under a reduced pressure of 10
nmmHg for 2 hours to obtain a silylated catal yst. 25
Synt hesi s of propyl ene oxi de Propyl ene oxi de was
produced in the sane manner as in the synthesis of
propyl ene oxi de of Exanple 3 PCT/JP2004/ 013584 except
usi ng the catal yst obtained in the above catal yst
[.Qn. IS %
e B e T U L s PR 0 R b Ve Bttarysr
Beepaaid ©Noal, ¢ ¥ghdt Bypr e8Py & Pi P APOUEs 89.0 3
under an inert gas atnosphere titaniumtetrachloride,
sahdcP®O/cetradlectdeityi watshyy ghortosi | ane, 10
trimethyl chl orosilane and diisopropyl ether were added
in the nolar ratioof 1 .0: 6 .0: 2. 0: 2. 0 :
18.0, followed by addition of 15 m of
di %AP& SheP hane as a solvent to nix and then being
aged. The wei ght of the content was 44.4 g. This
' ' y heating 15 in an oven at

110 C-IﬁvEea£§§§5E@%%%8€?*ﬂﬁﬂguf%Vﬁﬁde@ﬂaﬂﬂiﬁgﬁf gas

dri ed under uum at ( for 4 hours to obtaln
Gh ©hod pHdr8eh.i theiveal |oa $h IH pye idrey, 96k 10k &k ned

was crushed in a nortar to obtain a

tt ¢ amawh tontidieni ngrisid t tph cdxli aeo 6pdvadee ). 20

Synt hesi s of propyl ene oxide
trimethylchlorosilane and diisopropyl ether were added
inthemolarratioofl.0:6.0:2.0:2.0:18.0, followed
by addition of 15 ml of dichloromethane as a solvent
to mix and then being sealed. The weight of the content
was 44.4 g. This was subjected to gelation by heating
in an oven at 110 . After breaking the sealing, a wet
gel was dried under vacuum at 150 C for 4 hours to obtain
5.9 gof a dry gel. The yellowish brown dry gel obtained

was crushed in a mortar to obtain a titanium-containing

silicon oxide (powder).

Synthesis of propylene oxide

Propylene oxide was produced in the same manner
as inthe synthesis of propylene oxide of Example 3 except
using the catalyst obtained in the above catalyst
preparation. Consequently, CHPO conversion was 43.6 %

and PO/C3' selectivity was 92.4 %.
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ﬁ%%p | ene oxi de was produced in the same manner as in
é?ﬁ%ﬂ@%ﬁé of propyl ene oxi de of Exanple 3 except
usi ng the catal yst obtained in the above catal yst 25
preparation. Consequently, CHPO conversion was 43.6 %
and PO C3' selectivity was 92.4 % PCT/JP2004/ 013584
Exanpl e 6 Preparation of catalyst After putting 3. 3 ¢
of powder obtained by the manner sane as applied to
tﬁgag&; ygt preparation of Exanple 5 5 in a flask

3 g of hexanet hyl di sil azane and 34 g of toluene were
nweg,atf@tewnt ho £ f elaltyegdsy heating at 110 "C for
I'5 hours. After collectihg the powder wth
filtratApnen puwasi g ized ato £ fhwensbt ad meddetthe manner
pressure of 10 nmmHg for 2 hours to obtain a silylated
19awet alsy e p Syatheei $hef catopyyerte poe plerBridpyh emé Example
oxi de was groduced in the sane manner as in the

synthed Fsbnxﬁi%ng & drexameiipl iz ekagpne and 34 g
h t obt t he ab t al 1

SR Bk AL P AP o
L3¢ i 0

Z%gu &5 Llﬁﬁs& g I'Yoﬁ@% N Mﬁ;@'ﬂ'ﬂg the powder

expl ai ned ‘above, "t he present
IpY @Rt FQN ©CPat 14 prioviyiies aa pieeesas 1aro ACOdYdds & reduced
titaniumcontaining silicon oxide catalyst which can
appeyg stur @ 6 €atdi mmHd orf bt 2i hong At ®xbaad rcanpabhylated
in high production
catalyst.

synthesis of propylene oxide

Propylene oxide was produced in the same manner
as in the synthesis of propylene oxide in Example 3 except
using the catalyst obtained in the above catalyst
preparation. Consequently, CHPO conversion was 72.8 %

and PO/C3’' selectivity was 99.6 %.

INDUSTRIAL APPLICARBILITY
As explained above, the present invention can
provide a process for producing a titanium-containing
silicon oxide catalyst which can apply to a reaction
for obtaining an oxirane compound in high production
yvield from an olefin type compound such as propylene
and a hydroperoxide, and a process for efficiently

producing an oxirane compound by using said catalyst.

- 17 -
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yield froman olefin type conpound such as propyl ene
aﬁ@’*ﬁ’gﬂgﬁﬂ’ﬂ%ﬁérom de, and a process for efficiently 25
produci ng an oxirane conmpound by using said catalyst.

PCT/ JP2004/ 013584 CLAIMS 1. A process for producing a
titaniumcontaining silicon oxide catalyst, conprising
subjecting a 5 titaniumcontaining silicon oxide

prepared by non-hydrolytic condensation represented

by the followng fornmula (I ) in aliquid phase in

t he absence of water to silylation. L1L2L3M X +

L4L5L6M OR 10 -' L1L2L3M O Medhahs + RX (1), wherein M
represents Si or Ti, X represents a hal ogen group or

car boxy gr qupocBseepf @seprd dubjdigogentat@ni@mn-containing
hydr ocar bon group, and L1 to L6 independently

repldstn apxdld@oxycgtadiy shal ogomprésgngar bobyjecting a
group, 15 hydrogen atom or hydrocarbon group. 2. A
twéﬁlﬂ}ﬂ%leoﬁtoaﬁﬂlhalmuco?ﬂ k@ catcaacgfgte omzgpaged by

di t 1.
S hIBTEERE AT e ChRsORAT SoBomFRR R by By the
af‘o?'le:fv}{h y?S %ug?ét ?n aol?%?.ﬁ{aoﬂhﬁﬁse i%h the absence

hydr operoxrde in sence 0

t¢fawmﬁoabalgﬁingl@ﬂi@9n oxi de catal yst of C aim 2.
4.. The process according to Caim3, wherein the

ol fl 4L iy peX coniqlnd. (Ms— @POpPYl ene. 5. The process
according to Claim3, wherein the
—L;L;L3;M—-0— ML LsLs + RX (1),

wherein M represents Si or Ti, X represents a halogen
group or carboxy group, R represents a hydrogen atom
or hydrocarbon group, and L; to Ly independently
represent an alkoxy group, halogen group, carboxy group,
hydrogen atom or hydrocarbon group.

2. A titanium-containing silicon oxide catalyst
obtained by the process according to Claim 1.

3. A process for producing an oxirane compound,
comprising subjecting an olefin type compound to
reaction with a hydroperoxide in the presence of the
titanium-containing silicon oxide catalyst of Claim 2.

4. The process according to Claim 3, wherein the
olefin type compound is propylene.

5. The process according to Claim 3, wherein the
hydroperoxide is an organic hydroperoxide.

6. A process for producing propylene oxide,

comprising subjecting propylene to reaction with a



5

10

25 hydroperoxi de is an organi c hydroperoxide. 6. A
p%@%é?gmﬁéﬁsﬁroducing propyl ene oxi de, conprising
subj ecting propylene to reaction with a
PCT/ JP2004/ 013584 hydr operoxi de in the presence of a
titaniumcontaining silicon oxide catal yst prepared
by non-hydrolytic condensation represented by the
following formula (1) in aliquid phase in the

. 4 - Z .
NS R 2 R T o B e sen & S br g E Bhinng
repLesit S cic DAb0JSAt A PHP OprEPABY B PUmoMR-hydrolytic

represents a hydrogen atom or hydrocarbon group, and

ldondeis ahdependgnt g ek e@épbesthe o laldeingrfouppula (I)

hal ogen group, carboxy group, hydrogen atom or

hyRr 8cdrbdnigr qpase. ifhetproddsseacsoraf ngatte Xl ai m

6,_wherein the h¥groBFroxide i s cunene hydroper oxi de.
L;L,L:M— X + L4 sLgM— OR

L)L, LyM— 00— ML4LsLg + RX (I,

wherein M represents Si or Ti, X represents a halogen
group or carboxy group, R represents a hydrogen atom
or hydrocarbon group, and L: to Ls independently
represent an alkoxy group, halogen group, carboxy
group., hydrogen atom or hydrocarbon group.

7. The process according to Claim 6, wherein the

hydroperoxide is cumene hydroperoxide.

- 19 -



