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1 DESCRI PTI ON METHOD FOR PRODUCI NG UNSATURATED
VICINAL DIOL COVWOUND 5 Technical Field The present
invention relates to a nmethod for producing an
unsaturated vicinal diol conpound. Background Art 10
Unsat urated vicinal diol conmpounds are inportant
conpounds as raw materials ofl bi oactive substance
such as pharnaceuticals and agrichem cals, and
nmonomers for production of functional polyners as
described in US 5336815. As net hods for producing the
unsat urated vici nal di ol DEegpde@dONa net hod conpri si ng
a 15 reaction of an unsaturated epoxy conpound with
water in the presence of a sulfuric acid catalyst is
described in US 5250743. A nethod conprising a

r eMETHDD GfORAIPROTSES INGUUNE 22[0RA/T EID IOLITNATL, Vi TJT. WEIMHEOUND
in the presence of an acidic resin is described in WO
91/ 15469. A nethod conprising a reaction of an

unsat urated 20 epoxy conpound with water in the
pEesrNeg1LofFiengni um oxi de catalyst is described in DE
4429700. A nmethod conprising a reaction of an

unsat ghat e PRKYi £PEROUNE M Iyt d melthea BbeSER6Bucing
of titaniumsilicate or zirconiumsilicate is

86S6hLReArhPeBE 44206991189 domPbaghosure of the

I nventi on

Background Art

Unsaturated vicinal diol compounds are important compounds
as raw materials of bicactive substance such as pharmaceuticals
and agrichemicals, and monomers for production of functicnal
polymers as described in US 5336815. As methods for producing
the unsaturated vicinal diol compound, a method comprising a
reaction of an unsaturated epoxy compound with water in the
presence of a sulfuric acid catalyst is described in US 5250743.
A method comprising a reaction of an unsaturated epoxy compound
with water in the presence of an acidic resin is described in
WO 91/15469. A method comprising a reaction of an unsaturated
epoxy compound with water in the presence of rhenium oxide
catalyst is described in DE 4429700. A method comprising a
reaction of an unsaturated epoxy compound with water in the
presence of titanium silicate oxr zirconium silicate is

described in DE 4429699,
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The present invention provides a nethod for producing

an unsaturated vicinal diol conpound represented by

the formula (2): RLOHR3 HOR (2) 5 R4 R6 wherein

Rl, R2, R3, R4, R5 and R6 are the sane or different

and each independently represent a hydrogen atom a

Cl1- C20 al kyl group which may2be substituted with a

hal ogen atom or atoms, a Cl-C6 al koxy group or

groups, a C2-C7 al koxycabonyl group or 10 groups, a

C6- C10 aryl group or groups, or a carboxyl group or
IgrseUpssury of @6reCI0amtiicgr oup whi ch may be

substituted with a halogen atomor atons, a Cl1-C6_

al koxpheg iR edit ghodpsion CheCldes ar yletgrogufogrproducing an
groups, or a carboxyl group or groups, which conprises
JdrRashifor & wiksatay atied epopypuadnpepndsehbedepy etkattermula
by the formula (1): O R~ R3 R5 (1) R4 R wherein R1,

RA,. R3, R4, RS and R6 are the sane as defined above,

with water in the presence of a silicate containing at

| east' oH

(2

wherein R', R?, R®, R', R® and R® are the same or different and
each independently represent a hydrogen atom; a Cl1-C20 alkyl
group which may be substituted with a halogen atom or atoms,
a C1-C6 alkoxy group or groups, a C2-C7 alkoxycabonyl group or
groups, a C6-Cl0 aryl group or groups, or a carboxyl group OTr
groups; or a C6-Cl0 aryl group which may be substituted with
a halogen atom or atoms, a C1-Cé alkoxy group or groups, a C6-C10
aryl group or groups, or a carboxyl group or Jgroups,

which comprises reacting an unsaturated epoxy compound

represented by the formula (1):

wherein R', R*, R?, R*, R® and R® are the same as defined above,
with water in the presence of a silicate containing at least
oneelementselectedfromeagroupfielementandaigroupfielement

of the long periodic table as a constituent.
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one el enent selected froma group 5 elenent and a
group 6 elenent 20 of the long periodic table as a
constituent. 3 Best Mdde for Carrying Qut the Present
Invention In the present invention, the silicate
containing at |least one elenent selected froma group
5 elenent and a group 6 elener® of the |ong periodic
table as a constituent (hereinafter, 5 sinply referred
to as the netal-containing silicate) is not
particularly limted as far as it is a silicate

BO8t aMpasgrbhecagrpupg Soet enrat Poésthe Iongnpeonodi ¢
table, the group 6 elenent of the long periodic table

or thenhotdpetearbtinvdiarienf, 8Beailcisdd tuabhinlfg at least
Exanpl es of the group 5 elenent of the |ong periodic

68018 el ggfe&aaacﬁwfa ajrekigiBle Teadrad dARaNGrbhp 6 element
i ke. Exanples of the group 6 elenment of the | ong

peTERdi Eoﬁgbbsrw&wd@aw@g%ea cofBtYRdeAYM hehE QAR ,
and the Preferred are vanadium nol ybdenum and

LUp9st eP.raPd.A0LS RLeiRLI ROt Rl ec¥ARadhUAYaRd1idAte) is not
nol'ybdenum The netal -containing silicate can be

ﬂéf’gf&gﬁapy 3 Rtod 2 CPRPrisiing 1 6L NG A IRGAtaining the

OXI de contalnlng at | east one elenment selected from

§uy9'=0 gﬁeg\eﬁltegﬁ rgheaﬁ].anhﬁeﬂIQ&’Pc Q:aere”%HE OLtl & element

perlo Ic table as a“constituent wth a 2 i con

d°‘15€ DAL PI S ANGA Pl ANHY G o tlgm@l@tse,themf as a

ng or ca cining the obtalined solid as

%ggg{ifgggtn EP 1473275 A, Applied Catalysis A

ner a
Examples of the group 5 element of the long periodic table

include vanadium, niobium, tantalum and the like. Examples of
the group 6 element of the long periodic table include tungsten,
molybdenum, chromium and the like. Preferred are vanadium,
molybdenum and tungsten, and more preferred are vanadium and
molybdenum.

The metal-containing silicate can be produced by a method
comprising reacting a metal oxide containing at least one
element selected from the group 5 element and the group 6
element of the long periodic table as a constituent with a
silicon compound in the presence of an organic template,
followed by washing or calcining the obtained solid as
described in EP 1473275 A, Applied Catalysis A: General 179,
11 (1999), and J. Chem. Soc., Chem. Commun., 2231 {1995). Among
them, a metal-containing silicate produced by using a metal

oxide which is obtained by reacting at least one compound
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11 (1999), and J. Chem Soc. , Chem Conmmun. , 2231

(1995). Anbng them a netal-containing silicate

produced by using a netal 25 oxide which is obtained

by reacting at | east one conpound 4 selected froma

group 5 netal of the long periodic table, a group 6

nmetal of the long periodic tall e, a conpound

containing the group 5 elenent of the |ong periodic

tabl e and a conmpound containing the group 6 el ement

of the long periodic table with 5 hydrogen peroxide is
peeterablfrasatdwuebate toxli d€ tdonlengi periatid éadblleone group
el enent selected fromthe group 5 el enment and the

griodpab &f eentloely pheibang pevledia dalpjmires cwntaining the
constituent. The nethod for producing the

gebab- 6081 8nBhAYosi kheallenpr pdueediby tublaganheanebalpound
oxi de which is obtained by reacting 10 at | east one

g6npaingngeties iRy 8M: Befé @t H iRt abngfpéhtodDNgable with
periodic table, a group 6 netal of the long periodic

ﬁ@k@geﬁ pELEPOENT £ QHeFHaRA et HE EhOUR: R BloXTRIM cOhtaining
e long periodic table and a conpound containing the

¥ OLP, St %rﬁa’r%ﬁtem@htt E@lé@@gd £86rh QA€ grabpes element and the
(hereinafter, sinply referred to as the netal 15 or

%PHHBUQdéleéHth&ﬁrﬁﬁgﬂldﬁﬂ*ﬁéﬂ¥%de|téﬁié|dsU%I66h§Qltuent
el ow. Exanples of the group 5 netal of the |ong

@ﬁé'ﬁgtﬁo&anf ?k88h5§ﬁgv@H@thﬂhﬂEEéhtaﬂhQBbUBhﬁﬁbﬁ&e
and tantal um ne Exanpl es of the group 6 netal of

bP?dEQQQ tﬁ?ﬁ'sggl' Ctlt)@meecdlng;c.lﬂgg wh H95tePn PBiALd by reacting

denum net al chrom um netal . Exanpl es 20 of

%P%M%‘ﬁ'&dc&;ﬁ?gg#a' wlééll_ee@rf@gﬂl a §EEMEY mekatiNer the long
ong periodic e as constituent include a
ﬂ§P§95981€9gP89r§igroup 6 metal of the long periodic table, a
compound containing the group 5 element of the long periodic
table and a compound containing the group 6 element of the long
periodic table (hereinafter, simply referred to as the metal
or compound) with hydrogen peroxide will be illustrated below.
Examples of the group 5 metal of the long periodic table
include vanadium metal, niobium metal and tantalum metal.
Examples of the group 6 metal of the long periodic table include
tungsten metal, molybdenum metal and chromium metal. Examples
of the compound containing the group 5 element of the long
periodic table as a constituent include a vanadium compound
such as vanadium oxide, ammonium vanadate, vanadium carbonyl
complex, vanadium sulfate and vanadium sulfate ethylene

diamine complex; a niobium compound such as niobium oxide,

niobium chloride and niobium carbonyl complex; and a tantalum
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such as vanadi um oxi de, anmmoni um vanadat e, vanadi um
carbonyl conpl ex, vanadi um sul fate and vanadi um

sul fate ethyl ene diam ne conpl ex; a ni obi um conpound

such as ni obi um oxi de, 25 ni obi um chl ori de and ni obi um
carbonyl conplex; and a tantalum5 conmpound such as
tant al um oxi de and tantal um cH oride. Exanples of the
compound contai ning the group 6 elenment of the 1ong
periodic table as a constituent include a tungsten

conmpound such as tungsten boride, tungsten carbide,
tumgstied Sucki de, tamtreAumnokidgs batle tandaflumgshépride.
carbonyl conpl ex; a nolybdenum conpound such as
Brbybdesunt tord dempennybdentainoxgdehe rodoyipdénebement of the
chl ori de, nol ybdenum carbonyl conplex; and a chrom um
tonpopBdisdch asabthrasi encoxkdetasdtchhemidm a tungsten

chl oride. 10 Anong the netals or compounds, tungsten
gBingbuntiheuch UAg St &y €O Qixeh d Dl hdeisn reiralidel,heungsten
nol ybdenum conpound, vanadi um netal and the vanadi um

gQipeundmabginhetehgbkateandd Fohybdenuanmebakl tbfplex: a
nol ybdenum conpound, vanadi um nmetal and the vanadi um

ﬁ@ﬂ?@ﬂ@ﬂuﬁr@oﬁgbﬁnﬂrEﬁgﬁaEEemol?b&ﬁﬁuﬁebakidéﬁ molybdenum
conpounds may be used al one, or two or nore thereof

BRYaBe H8eGhadHRA %K Ner 1@ alifo Bfb SOTRP WS odIEIRmPI@x; and
netal s or conpounds having hydrates and the hydrates

ARY¥hBEmYSRd coftpoBRAY dheHS 2QNENFBY 1 RS BRedel Ahdl BRromium
present invention. The netal oxide is obtained by

Leaglipd the netal or 20 conpound with hydrogen
per oxi de. As hydrogen peroxi de, an

Among the metals or compounds, tungsten metal, the
tungsten compound, molybdenum metal, the molybdenum compound,
vanadium metal and the vanadium compound are preferable, and
molybdenum metal, the molybdenum compound, vanadium metal and
the vanadium compound are more preferable.

The metals or compounds may be used alone, or two or more
thereof may be used. Among the metals or compounds, there are
metals or compounds having hydrates and the hydrates may be used
or anhydrous one may be used for the present invention.

The metal oxide is obtained by reacting the metal or
compound with hydrogen peroxide. As hydrogen peroxide, an
aqueous solution is usually used. A solution of hydrogen
peroxide in an organic solvent may be used and it is preferred
to use the agueous hydrogen peroxide solution from the
viewpoint of easier handling. The concentration of hydrogen

peroxide in the aqueous hydrogen peroxide solution or in the



10

15

20

25

aqueous solution is usually used. A solution of

hydrogen peroxide in an organic solvent may be used

and it is preferred to use the agueous hydrogen

per oxi de solution fromthe viewpoint of easier

handl i ng. The concentrati on of hydrogen 25 peroxide in

t he aqueous hydrogen peroxideésolution or in the 6

sol ution of hydrogen peroxide in the organic sol vent

is not particularly imted, but in view of volune
efficacy and safety, the practical concentration is 1
50160bohyofiehgitogds phroxddeecdusthgdeogenmipesokyeet is not
solution, a conmmercially available 5 aqueous hydrogen
peroxtdeasdy Utindrtdds, vatiald yiewedf o lumei sffioacyfand safely,
necessary, it may be used after adjusting the
thacpnhcaicab byndehttadbhonrisohceot6@atilon. wdheht. As the
solution of hydrogen peroxide in the organic sol vent

&8l bEs P RBG G6h e r @xideacidlng ildhe aqueamerbydidgeavailable
per oxi de solution with the 10 organic solvent, or

distbht i ngat bges ghaltdoiad sdiier Wresenesvell 1yt heed as it is,
organi c solvent. The amount of hydrogen peroxide to be
ysedri gedsyahly, 3it MRALSHOr usBE Carf PELT £8 7l yibg MOhes

or nore relative to 1 nole of the netal or compound,

aPHcthErHPPEh ﬁ#rﬁil&ﬁléﬂ“bﬁﬂﬂaﬂaedﬁiatE@nHOtThe solution of
particularly defined. The reaction of the netal or

£PEPYYEL ﬁéf@xbagrﬂﬂeﬁhepngéhﬂ§ k§1vishel Eyn CBE I peEpared by
out in an aqueous solution. The reaction may be

ERLLLEHi QYL £hE aau@aslg@nhy‘aﬁa é!ﬁn]%]eréﬂidgxétm.hh@lonaﬁlth the
et her solvent such as diethy nmet hyl tert-butyl
§Lh&kic soivent, or distilling the solution in the presence of
the organic solvent.

The amount of hydrogen peroxide to be used is usually 3
moles or more, preferably 5 moles or more relative to 1 mole
of the metal or compound, and the upper limit of the amount is
not particularly defined.

The reaction of the metal or compound with hydrogen
peroxide is usually carried out in an aqueous solution. The
reaction may be carried out in an organic solvent, for example,
an ether solvent such as diethyl ether, methyl tert-butyl ether
and tetrahydrofuran, an ester solvent such as ethyl acetate,
an alcohol solvent such as methanol, ethanol and tert-butanol,
a nitrile solvent such as acetonitrile and propionitrile, or
in a mixture of the organic solvent and water.

The reaction of the metal or compound with hydrogen

peroxide is usually carried out by contacting both of them, and
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20 and tetrahydrofuran, an ester solvent such as ethyl
acetate, an al cohol solvent such as nethanol, ethano

and tert-butanol, a nitrile solvent such as

acetonitrile and propionitrile, or in a mxture of

the organic solvent and water. The reaction of the

metal or conpound with hydrogén 25 peroxide is usually
carried out by contacting both of them and 7 in

order to inprove efficacy of contact between the netal

or conpound, and hydrogen peroxi de, preferably, the
iractden s ingarrviediitcanyt wiscontiagd betasenothe metal or
sufficiently disperse the netal or conmpound in a

sahpdued, fard pryepargarg gehexieteal poeiféeratd ylTheheegetctaon is
tenperature is usually -10 to 100C. By reacting the

d@t 2l e @rowoO Pt ds i i rhy drcogen tpesoXfdeienh lwatiésperne the
the organic solvent, or in the mxed solvent of water
méttal he ebapbiuedsoh e rioludlionoFoa pespaning htherekaklooxide.
conmpound i s dissolved, whereby, a honbgeneous sol ution

e 1o SELH &Y %H%@t&@ﬁeth§ wetal1pxi g €anibec.

prepared. The netal oxide may be 1solated fromthe
honogep aQus 150l Htth@Nmek as! & rdbmpdud @4amphedrbyen peroxide
concentration or filtration followed to preparing a

et reont gl v oHddriaat @o1dR6itt,herheRpgaaeftised solvent of
solution or slurry may be used as it is for preparing
wd€er lbhdetid YU NS0 il Cal18. oAS at barsl bifC@Ae metal or
conmpound, a tetraal koxysilane such as

ééﬁﬁ@@ﬁ&hP%yéiéﬁ@fve&?F&H@f@@?ysé|ﬁ6ﬁb@@ﬂeous solution or
t et’rai sopropoxysilane is usually used. The silicon

SOMPPYNhntaining the metal oxide can be prepared. The metal
oxide may be isolated from the homogeneous solution or slurry.
for example, by concentration or filtration followed to
preparing a metal-containing silicate, and the homogeneous
solution or slurry may be used as it is for preparing the
metal-containing silicate.

As the silicon compound, a tetraalkoxysilane such as
tetramethoxysilane, tetraethoxysilane and
tetraisopropoxysilane is usually used. The silicon compound
is usually used in such an amount that silicon atoms are 4 moles
or more relative to 1 mole of the metal atom of the
above-mentioned metal oxide, and the upper limit thereof is not
particularly defined.

Examples of the organic template include an alkylamine,
a quaternary ammonium salt and a nonionic surfactant, and the

alkylamine and the guaternary ammonium salt are preferable.
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Is usually used in such an anount that silicon atons

are 4 noles 20 or nore relative to 1 nole of the neta
atom of the above-nentioned netal oxide, and the

upper limt thereof is not particularly defined.

Exanpl es of the organic tenplate include an

al kyl am ne, a quaternary amm@dhi um salt and a nonionic
surfactant, and the 25 alkylam ne and the quaternary
amonium salt are preferable. 8 Exanples of the

al kyl am ne include a primary am ne wherein a hydrogen

at om Bkxampirenicf the substlidnitredinclhdam prkypbhrgramine wherein
having 8 to 20 carbon atonms such as octyl am ne,
adnydasgere,atadeey aninbe;iaundecybati tetedodeidylamanéyl group
tridecylamne, 5 tetradecyl am ne and ei cosyl am ne; a
s&congas ytantoecubhpsgi AtomBesathhydr ogenl anons , ohohheanine,
am no group of the above-nentioned primary amne is
S&bglahihed WhdBcRLAONEE , abkibcglaupnBavtRgdedylambne ,
carbon atons such as a nethyl group; and a tertiary

B8t Rede &\%ﬁéﬁiﬂe aa Ry dE D888y dhATRe Of at Q@c@ﬂhaﬁggéfﬂﬂﬂe Oftherein
the 10 above-nenti oned secondary amine is substituted

o Rranlawshenal kdths SOHRe MM gEolip & oc@{]ebasoabomsntionea

and the primary amne is preferable. As the

PBHEhLF P i RETH B S thu t 4 9BE L AN T bS8 18K 18 group having
guat ernary anmoni um i on wherein four hydrogen atons of

1he ¢l ABmnituns 8-k %*a)méfﬁgﬁﬁ WRSIdd ULBE Mdd) ST, amine

or different four alkyl groups having 1 to 18 carbon
WORB; ANd RPaAOLOR $HGHs 8Se AndYShOX, d§rb@B: of the

chloride ion and a bromde ion are

above-mentioned secondary amine is substituted with a lower
alkyl group having 1 to 6 carbon atoms, and the primary amine
is preferable.

As the quaternary ammonium salt, those consisting of a
quaternary ammonium ion wherein four hydrogen atoms of the
ammonium ion (NH,') are substituted with same or different four
alkyl groups having 1 to 18 carbon atoms and an anion such as
a hydroxide ion, a chloride ion and é bromide ion are
exemplified. Specific examples thereof include a quaternary
ammonium hydroxide salt such as tetraethylammonium hydroxide,
tetrapropylammonium hydroxide, tetrabutylammonium hydroxide
and trimethyloctylammonium hydroxide; a quaternary ammonium
chloride salt such as tetraethylammonium chloride,
tetrapropylammonium chloride, tetrabutylammonium chloride and

trimethyleoctyvlammonium chloride; and a quaternary ammonium

bromide salt such as tetraethylammonium bromide,
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exenplified. Specific exanples thereof include a

guat ernary anmoni um hydr oxi de salt such as

t et raet hyl ammoni um hydr oxi de, 20 tetrapropyl ammoni um

hydr oxi de, tetrabutyl anmoni um hydroxi de and

trimet hyl octyl anmoni um hydr oxi de; a quaternary

anmmoni um chloride salt such a tetraethyl anmoni um

chl oride, tetrapropylanmoni um chl ori de,

t et rabut yl ammoni um chl ori de and

trimet hyl octyl anmoni um chl ori de; and a quaternary
apeaptipd. abmoriide Salonisesh tas raetiitgatanpoanumnibaonide and
brom de, 9 tetrapropyl anmoni um brom de,

tet makui Y baryoamhenhhenbdemaae , andTehky lgeeityer-amrgn iammon ium
brom de, and the quaternary anmoni um hydroxide is
pyak-ekabke i sEpaepkesndk .t he nonionic surfactant

i ncl ude polyethylene 5 glycol. The organic tenplate

may bexHmededSof trie ndnd oM b ¥t PEct ¥hi i Weth@de PolFethylene
hydrophilic sol vent descri bed bel ow. The anount of
gm?cggganic tenmplate to be used is usually 0.03 to 1

nole relative to 1 nole of the silicon conpound. 10

The reaet [PBalhct PEMBRAYE- MEPIHONELe ABL Al 1 OX JQM ©f mixing
the silicon conpound in the presence of the organic

Lernhal &t §rnéjt§i¥ghflo¥>h§.9.ﬁ@u§$f\¢expﬁ/ d@:séiﬂ%etdhtggfow. The amount

components | presence of a solvent. Exanples of

BgetﬁglMEEEnhgckgﬂﬁlﬁgégg?oﬂetJﬁ%drﬁ@”&&ﬁgii dﬁﬂ?”%g 1 mole

alone or a mxture t and, water and 15 m xtures

9&1&@F% @pd 1t HSI%EV%OFBBH Ls‘ili%la}ﬁe%mﬁﬁaﬁngﬂef erabl e.
Exanpl es of the hydrophilic solvent 1 nclude a
hydro@ﬁé'f&action of the above-mentioned metal oxide with the
silicon compound in the presence of the organic template is
usually conducted by mixing three components in the presence
of a solvent. Examples of the solvent include water or the
hydrophilic solvent alone or a mixture thereof and, water and
mixtures of water and the hydrophilic solvent are preferable.
Examples of the hydrophilic solwvent include a hydrephilic
alcohol solvent such as methanol, ethanol and isopropanol; a
hydrophilic nitrile solvent such as acetnitrile; and a
hydrophilic ether solvent such as dioxane, and the hydrophilic
alcohol solvent is preferable, and methanol or ethancol is more
preferable. The amcunt of the solvent to be used is usually
1 to 1000 parts by weight relative to 1 part by weight of the
organic template.

The reaction temperature is usually 0 to 200°C.

After completion of the reaction, for example, the
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al cohol solvent such as nethanol, ethanol and

i sopropanol ; a hydrophilic nitrile solvent such as
acetnitrile; and a hydrophilic ether solvent such as
di oxane, and the hydrophilic 20 al cohol solvent is
preferable, and nethanol or ethanol is nore
preferable. The anount of the Xolvent to be used is
usually 1 to 1000 parts by weight relative to 1 part
by wei ght of the organic tenplate. The reaction
tenperature is usually 0 to 200C. 25 After conpletion

péatheonepeddant FOIseaanmiled] biyheilOrat actfxom phedwretction
is separated by filtration fromthe reaction |[|iquid,

anguibe arbatheaid vd N dgh adn O & Caitde: padweeprioviuced by
washi ng or cal cining the separated reaction product.

vAsk28g offcamsit g e separated reaction Prodiuct. In case
exanpl es of the 5 washi ng sol vent include an al coho

60l weshifychnassaphbaneh andctebhapebauand vwab@biedhsf the
amount thereof to be used is not particularly

vaShigg sd v dhe i6asaarfaf aleiohiondsd e SER/A 89 methanol and
reacti on product, the calcination tenperature is

senghbY , 300a $9t£P0C, TﬁéeaﬁsamytﬁQQeB@ 600Ge @Bt N8 not
calcinations time 10 is usually O. to 20 hours. The

1§§P@£§Efgrﬁ9a}?$ﬂ1§ﬁ@r0‘}%Ctth€a¥as?eo§%acl&ﬁ{ %teegeparatea

washi ng. The net containing silicate thus obtained

e r a
SeLeL i -0t o2l i b g JELORE vy 20

P@S?ﬁoqp hﬂﬁéﬁ{?%ﬁ %&$QKR¥Cthgna5tﬁltEggsgnatlons time

adsor pti‘o he specific surtace
is usually 0.5 to 20 hours. The separated reaction product may

be calcinated after washing.

The metal-containing silicate thus obtained usually has
pores of which the average micropore diameter is 4 to 100 A
(calculated by BHJ method based on the result measured by the
nitrogen adsorption method) and the specific surface area
thereof is usually 100 m°/g or more {calculated by BET
multipoint methed (p/pe=0.1) based on the result measured by
the nitrogen adsorption method).

Next, the method for producing the unsaturated wvicinal
diol compound represented by the formula (2} (hereinafter,
simply referred to as the unsaturated vicinal diol compound
(2})) by reacting the unsaturated epoxy compound represented by
the formula (1) (hereinafter, simply referred to as the
unsaturated epoxy compound (1}) with water in the presence of

the metal-containing silicate.
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thereof is usually 100 nR/g or nore (cal cul ated by BET
mul ti point et hod (p/po=0.1) based on the result
nmeasured by the nitrogen adsorption nethod). Next,
the nethod for producing the unsaturated vicinal 20
di ol conpound represented by the fornula (2)
(hereinafter, sinply referredto as the unsaturated
vi ci nal diol conpound (2)) by reacting the
unsat ur at ed epoxy conpound represented by the formula
(1) (hereinafter, sinply referred to as the

unsat dnatlee feponyl £ afpobiedir(sguwa tdd watoery compbend (1),
presence of 25 the metal-containing silicate. 11 1In

Rhe ®br mil, arof ahderUnaat what edinepoty didfpawit @hd &Ach
R2, R3, R R5 and R6 are the sane or different and

eadhpehﬁdap&yd;e@pwséx@p@:ﬁ@ﬂ&o@dmyategena apog2@alkyl group
Cl-C20 al kyl group which may be substituted with a

Bl 0B &fla A tHEMseib &t @il e daw $ih B h2 13 JeIX W tBMOUP Hfoms, a C1-C6
groups, a C2-C7 al koxycabonyl group or groups, a

95138 @f&&pQﬁﬂ@?oﬁbs9QQ@@Sc70&1ﬁoﬁ§EEBXM§19§£&ﬁb<Hr groups,
groups; or a Cb6-Cl0 aryl group which nmay be

§UDSL ¢ 1 otBe, Wb G&IQQSBEBaté&n&Wcéﬂﬁﬂﬁylf@ﬂguﬂ]ér groups;

al koxy group or groups, aryl group or

8RS - Qo & r@ﬁ&)ﬂﬁ veH A QUP géoé'@@stﬂ-gugé@mﬁ Hhalogen
t he hal ogen atominclude a fluorine, chlorine

brom o8 Atom  Exampl@s Ak e ShEP 3 kevupd, OHDCG €10 aryl
i ncl ude a methoxy, ethoxy, "n-propoxy, ~i sopr opoxy,

B S4p 0¥, gf@ﬁ% sbubpxy é@ﬁb@x{??xﬂ:&?ﬁ{ ﬂfO&PouﬂJQ.the
present 1 nvention, car bon nunber of the

Examples of the halogen atom include a £luorine, chlorine
and bromine atom. Examples of the C1l-C6 alkoxy group include
a methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
tert-butoxy and n-hexyloxy group.

In the present invention, carbon number of the
alkoxycarbonyl group means carbon number of whole
alkoxycarbonyl group containing carbonyl carbon. Examples of
the C2-C7 alkoxycabonyl group include a methoxycarbonyl,
ethoxycarbonyl and isopropoxycarbonyl group.

Examples of the C6TC10 aryl group include a phenyl,
2-methylphenyl, 4-methylphenyl and naphthyl group.

Examples of the C1-C20 alkyl group which may be
substituted with a halogen atom or atoms, a C1-Cé6 alkoxy group
or groups, a C2-C7 alkoxycabonyl group or groups, a C6-Cl0 aryl

group or groups, or a carboxyl group or groups include a methyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
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15 al koxycar bonyl group nmeans carbon nunber of whole
al koxycar bonyl group containi ng carbonyl carbon.
Exanpl es of the C2-C7 al koxycabonyl group include a
met hoxycar bonyl, et hoxycarbonyl and

i sopr opoxycar bonyl group. Exanples of the C6-Cl0 aryl
group include a phenyl, 20 2inmethyl phenyl,

4- et hyl phenyl and napht hyl group. Exanples of the
Cl- C20 al kyl group which nay be substituted with a
hal ogen atom or atons, a Cl-C6 al koxy group or

Fotsat ¥l Con Germt-KoX ycabadyl , o pepo@rogy DUPS, a
C6-C10 aryl group or groups, or a carboxyl group or

Erﬂuﬂﬁnéﬁﬁ§lﬁ¥? pyl, GrcripertyD; pE@PYdhexyl, menthyl,
i sopr opyl |sobutyl sec-butyl, 12

éﬁﬁdr&%ﬁﬁﬁylr1ﬁ&ﬁﬁﬁ@meihfﬁmyixlﬁyﬁﬁﬁﬁm 1, methoxymethyl,
2, 2- dlnethylcyclopropyl cycl opentyl, cycl ohexyl,

deM:Reth |9ﬁﬁﬁﬁ&@ﬂth?ﬁ!U%%Qﬂﬁkﬁﬁbrbbhyﬁh@thqeEBMJbenzyl
met hoxynet et hoxynet hyl oxyet hyl ,

%gg¢§xycarbonylnethyl and benzyl 5 group. Exanples of
he "C6- C10 aryl group which may be substituted with a

hal O%Ehnﬂ;ﬁfg %5? Ao A 0 A {P AKBYhIERAYRPhe substituted

gr oups, 0 aryl group or "groups, or a carboxyl

| | .
008 B e i o L

et hegy
grgﬁﬁhqéighgﬂ% of° t u §gturate f&ﬁggﬁé%und (1 roups

jp;?e Xyn% € 2_methylphenyl, 4-chlorophenyl,
Jf[LgLepoxy - 3- @e yLpheny pheny

4-methylphenyl, 4-methoxyphenyl, 4-phenoxyphenyl and
4-carboxyphenyl group.

Examples of the unsaturated epoxy compound (1) include
1,2-epoxy-3-butene, 1,2-epoxy-2-methyl-3-butene,
1.2-epoxy-1l-phenyl-3-butene, 2,3-epoxy-2-methyl-4-pentene,
2,3-epoxy-1l-phenyl-4-pentene, 2,3-epoxy-4-pentene,
2,3-epoxy-2,5-dimethyl-4-hexene and 2,3-epoxy-4-hexene.

Among the unsaturated epoxy compcund (1), there are
those having an asymmetric carbon atom within the molecule and
having an optical isomer. Each of the optical isomer alone and
a mixture thereof can be used in the present jinvention.

The unsaturated epoxy compound (1) can be produced
according to a known method such as a method for oxidizing a
diene compound with oxygen in the presence of a
silver-containing catalyst (e.g. US 4897498 and US 4950773).

The amount of the metal-containing silicate to be used is
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1, 2- epoxy- | - phenyl - 3- but ene,

2, 3- epoxy- 2- net hyl - 4- pentene, 15

2, 3-epoxy-1| - phenyl - 4- pent ene, 2, 3-epoxy-4-pent ene,

2, 3-epoxy- 2, 5-di net hyl - 4- hexene and

2, 3-epoxy-4- hexene. Anong the unsaturated epoxy
conpound (1), there are those fmving an asynmetric
carbon atomw thin the nolecule and having an optica
i somer. Each of the optical isoner alone and 20 a

m xture thereof can be used in the present invention.

tReaungabubatedaepoRy FOIFRENG (Mdré&apedel PWLHMARH weight of

according to a known nethod such as a nethod for

XkdhZd HeuBatdh %ﬂ%x‘i}o%ﬂﬁagnw ¢ty Oxygehe ik hBespecific upper
presence of a | ver-containing catalyst (e.g. US

4:%%149.%1@'39: 123 15‘1%%3311}?% JQiﬁtérﬂi}J%l%tt be _'Lesls per 1 part

metal -containing silicate to be uséd is 13 wusually

gKOQélaﬂ%tOQYtH%'tha@hrgﬁéa Q%Bx% BQEBOQMGMQHQhEOQ%lderlng

e unsat ur at ed epoxy conpound hére is no

gegﬁhﬁhgagpgggwg t and it is practlcally 5 parts by

wel ght | ess ‘part by weight of the

:mw%wwww%%%#ﬁwwﬁwwwmm
s ) oixao%éth hoteefehe S A (1F,  Thexe
ggg?rsgecééd%ﬂgPéar%E FVea&gq%%%%ﬁ&ﬂg%ﬁgﬂbungrthereof, for

Bpatl gy o' %%ﬁﬁ%#?$&ﬁ%&ﬁ%?§%%m%“
§§§§333g0§cénngvgﬁ ?lFﬂ %SUQEL ecggrkﬁd %o&v%%tthe

The reaction of the unsaturated epoxy compound (1) and
water is usually carried out in the absence of a solvent or in
water solvent, and the reaction may be carried out in the
presence of an organic solvent. Examples of the organic solvent
include an ether solvent such as diethyl ether, methyl
tert-butyl ether and tetrahydrofuran; an ester solvent such as
ethyl acetate; a tertiary alcohol solvent such as tert-butanol;
and a nitrile solvent such as acetonitrile and propionitrile,
The amount of the organic solvent to be used is not particularly
limited, and it is practically 100 parts by weight or less per
1 part by weight of the unsaturated epoxy compound (1)
considering volume efficacy.

The reaction of the unsaturated epoxy compound (1) and
water is usually conducted by mixing the unsaturated epoxy

compound (1), water and the metal-containing silicate, and the
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wat er solvent, and the reaction may be carried out in
the presence of an organic solvent. Exanples of the
organi ¢ solvent 15 include an ether solvent such as

di ethyl ether, nmethyl tert-butyl ether and
tetrahydrofuran; an ester solvent such as ethyl
acetate; a tertiary al cohol salaent such as
tert-butanol; and a nitrile solvent such as
acetonitrile and propionitrile. The anount of the
organi c solvent to be used is not particularly 20

hit ptihgd oraed ik hstppactiicalby130Qiparks.by wei ght or

| ess per 1 part by weight of the unsaturated epoxy
conpognd fddct LONSIsdeEhAT1 Y ddidfdd 6aa¥r df@inary pressure
reacti on of the unsaturated epoxy conpound (1) and
a@ha&t&§n§saablmaSOBeugbﬁ@uaxeﬁl&hagrtmeduaéat@&ebgqre
epoxy 25 conpound (1), water and the netal -containing
ebhis@t8nsabd bResldriZedl REnALESLNsS NehePREheYLArly
limted. The reaction is usually conducted under

REALBREY L PEESSUL8uaG99dbt kB8NS p@nE, may be conduct ed
under reduced pressure conditions or pressurized

condi %h%%ro}?@s%eé‘ft kAR JE:‘eBE[ERSBaEHBeb%S cHﬁS%?LHn)édobgga

100C. The progress of the reaction can be confirnmed

gﬁnggﬂsfgghggr%a%égi 91%' n@egaéhsﬂ%f:ga??%natography, high

r omat ogr aphy, performance

EESQHE&QQEQPEMQLL?E%Ho%%%%ﬁﬁgﬁgﬁﬁtQEEEQQ%Fﬁ%%H%%@%%fgraphy,

netic resonance spectru ySIS an rare

§9§9%8£i8Q?ﬁ8§93r9§héﬂghééi§geé&%8& GRARLELEOONE 1hBfarea
reacti on, e unsaturated VviClna
adsorption spectrum analysis.

After completion of the reaction, the unsaturated vicinal
diol compound {2) can be isolated by filtering the reaction
ligquid to separate the metal-containing silicate and then
concentrating or crystallizing the filtrate obtained. The
unsaturated vicinal diol compound (2) can be also isolated by,
if necessary, adding water and/or a water-insoluble organic
solvent to the above-mentioned filtrate, followed by
extracting and concentrating the organic layer obtained.
Examples of the water-insoluble crganic solvent include a
halogenated hydrocarbon solvent such as dichloromethane,
chloroform and chlorobenzene; an ether solvent such as diethyl
ether and methyl tert-butyl ether; and an ester solvent such
as ethyl acetate, and the amount thereof to be used is not

particularly limited.

The unsaturated vicinal diol compound (2) obtained may be
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di ol conpound (2) can be isolated by filtering the
reaction liquid to separate the netal -containing
silicate and then concentrating or crystallizing the
filtrate obtai ned. The 15 unsaturated vicinal diol
compound (2) can be also isolated by, if necessary,
addi ng water and/or a water-ins®luble organic solvent
to the above-nentioned filtrate, followed by
extracting and concentrating the organic |ayer
obt ai ned. Exanples of the water-insol uble organic

FolrteRlr ipglivde d nd0 doaheganahned RyaieeRARnS Mlewedt such as
such as di chl oronet hane, chl orof orm and

ehlsarighenzene andh Rlikgh SRk ogeapngs diethyl ether
and nethyl tert-butyl ether; and an ester solvent such

as et bylarRGelal £+ nangh & heu ATPMRL 1 Lh8EA081 & P Raipssed '}@1 thus

not particularly limted. 25 The unsaturated vicina

Bin2la 1 6QAPQNRE yae) 0RLRRRd 1MBY ghe115 further purified

by conventional purification neans such as

G Hkich tmia%u%%‘iixe.‘l‘i!, ‘ém&i%!ir, O'I%g?r#%ggﬁh%-- E)’é%t%ﬁ%ﬁs 29%i01,

the unsaturated vicinal diol d (

bt.al _iynel - Quteng .}, 2-digl _4- -2, 3-di
%-b%?ﬂgﬁ-§-%3#§%8§1?25d?§F%' 1 bﬂeny§ 4-pentene-2,3-diol,

- - 3-,but ene-1, 2- di al. Al _ A4
%-Eggﬁék?4?p§n?g§é!Z%Bgdﬁépfthyl 4-hexene-2,3-diol and

- phenyl - 4- pent.ene- 2, 3-di ol, 4-pentene-2, 3-diol,
%,E?%Fﬁgtéyﬁ-%gﬁgiene-Z,3-dioI and 4- hexene-2, 3-di ol .
When opticaILxcagiive nsaturatedéaetggil()é3

CcQ
ell’ an_o a Yo} e ungatir <ngngﬂlound 1
(1) s sl *an optica y actd ve Unsat ur ate % (1)
chﬁgg ,%ﬁptpgggggﬁgqactive unsaturated vicinal diol compound
(2) is usually obtained.
The metal-containing silicate separated from the reaction

liguid can be used again in the reaction of the unsaturated

epoxy compound (1) and water.

Examples

The present invention will be further illustrated by
Examples in detail below, but the present invention is not
limited by these Examples. The yvield was calculated from the
result of gas chromatography internal standard method.

Each of the specific surface area and the average
micropore diameter of the metal-containing silicate obtained
were measured at 150°C under a degassed condition of 1.35 X 1077
Kg/cm™® (equivalent of 0.013kPa) by the nitrogen adsorption

method using Autosorb-6 manufactured by Quantachrome
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(2) is usually obtained. The netal -containing silicate
separated fromthe reaction |iquid can be used again
in the reaction of the unsaturated epoxy conpound (1)
and water. 15 Exanples The present invention will be
further illustrated by Exanples in detail bel ow, but
the present invention is not 1lgimted by these
Exanpl es. The yield was cal culated fromthe 20 result
of gas chromat ography internal standard nmethod. Each
of the specific surface area and the average

rhstopRELt 8 agRb etn8f shbei Fet abuspatal BL-BY 8hhi EBLCaverage
obtai ned were nmeasured at 150C under a degassed

xﬁﬂﬁﬂbﬁbﬁé‘ 8l anke 88r Xt #Oz S0 £ Kgéﬁg*éaisﬂyavéheﬂglgg BET
0. 013kPa) by the nitrogen adsorption 25 nethod using

ﬁ&'ﬁ@ﬁ%ﬂj@ Iﬂ@ﬂ&'&@cgb‘fﬁg—ob}ﬁ YUAN 3Gl B respectively.
Instrunents, and the specific surface area and %
average mcropore dianeter thereof were cal cul ated
using BET nultipoint nmethod (p/po=0.1) and BHJ net hod

ﬁé%@%gﬁégeég?P%f R?ference Exanple 1 To a 500 niL fl ask

equi pped w't stirrer, 5g of a tungsten netal
wd t ded,
o g Shrk IR Tt s
Iﬁeot/ bolELON, AGeUS . y310880, ger on dstaal' yLion uag,
oI8 ro Wi Se reto 8vEF 36 AU 8s-tand théh

the,n1xt re was nalnta ned
an 1nnerttemperature was adjusted to 40°C. 15 g of a 60% by

weight agueous hydrogen peroxide solution was added dropwise
thereto over 30 minutes, and then the mixture was maintained
at the same temperature for 1 hour to obtain a solution
containing tungsten oxide. To the solution containing tungsten
oxide, 75 g of ion-exchanged water and 80 g of ethanol were added,
and then 41.6 g of tetraethoxysilane was added dropwise thereto
over 10 minutes. Further, 20 g of 40% by weight aqueous
tetrabutylammonium hydroxide solution was added dropwise
thereto at the same temperature over 10 minutes. Then, the
mixture was cooled to an inner temperature of 25°C and stirring
was continued at the same temperature, and solid was
precipitated in about 30 minutes to form slurry. After stirring
and maintaining at the same temperature for 24 hours, solid was
collected by filtration. Solid filtrated was washed twice with
100 g of jion-exchanged water, and then dried at 130°C for 24

hours to obtain 38.0 g of the white solid. The white solid

obtained was calcined at 550°C for 6 hours to obtain 16.5 g of
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at the same tenperature for 1 hour to obtain a
solution containing tungsten oxide. To the solution
cont ai ni ng tungsten oxide, 75 g of ion-exchanged

wat er and 80 g of ethanol were added, and then 41. 6
g of tetraethoxysilane was added dropw se thereto 15
over 10 m nutes. Further, 20 g7of 40% by wei ght
aqueous tetrabutyl ammoni um hydroxi de sol ution was
added dropwi se thereto at the sanme tenperature over
10 m nutes. Then, the mxture was cooled to an inner

taPRRat o euRfs 26 apAtalhingNgilneateont i nued at the
same tenperature, and solid was 20 precipitated in

aboutx3H dPp&tAsni EQBEHSbéélea\P{ﬁc%rarﬁtaipﬁa&i B¢ aah@alue of
mai ntai ning at the sane tenperature tor 24 hours,

50h 4 & Wason 6oLV 86t ed PYakidddAidaMme @ tdnfbtbhadetde is not
was washed twce with® 100 g of ion-exchanged water,
and.then dried at 130C for 24 hours to obtain 38.0 ¢

of the white solid. The white solid 25 obtai ned was

cal ci ped P o5 hours to obtain 16.5 g of 17
t he |t%ﬁ%ﬁﬁgg§gg-cggtaining silicate. XRD spectrum

A broad peak h@i 8 ae fglgipfu%%aa'§€6°f55§:&%4A I's

observed. A®peak assignha sten okide i S not

b : 781638, <1078,
060, bosnoREsT ARTEVEPE LA R P4 Vs 198040 5,
Si: 39.5%_.Specifi f 2 p43

> Cro%%?"%afjdgg%g?ég fage 8isan: A3 AL gd R Alpore

diameter: 16 A

Reference Example 2

To a 500 mL flask equipped with a stirrexr, 5 g of a tungsten
metal powder and 25 g of ion-exchanged water were added, and
an inner temperature was adjusted to 40°C. 15 g of a 60% by
weight aqueous hydrogen peroxide solution was added dropwise
thereto over 30 minutes, and then the mixture was maintained
at the same temperature for 2 hours to cobtain a solution
containing tungsten oxide. To the solution containing tungsten
oxide, 75 g of ion-exchanged water and 80 g of ethanol were added,
and then 41.6 g of tetraethoxysilane was added thereto at an
inner temperature of 40°C over 10 minutes. Further, 40 g of
a 10% by weight tetrapropylammonium hydroxide scolution was
added dropwise thereto at the same temperature over 10 minutes,
Then, the mixture was cooled to an inner temperature of 25°C

and stirring was continued at the same temperature. Solid was
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10 Reference Exanple 2 To a 500 nL fl ask equi pped wth
a stirrer, 5 g of a tungsten netal powder and 25 g of
i on- exchanged water were added, and an inner
tenperature was adjusted to 40C. 15 g of a 60% by 15
wei ght aqueous hydrogen peroxi de sol ution was added
dropwi se thereto over 30 m nutgs, and then the

m xture was mai ntained at the sane tenperature for 2
hours to obtain a solution containing tungsten oxide.
To the solution containing tungsten oxide, 75 g of

peBceythargadi Mabeh tans m88 ud eaf t &teltanos 1uere, aslidedr 38 rring
and then 41.6 g of tetraethoxysilane was added thereto

ahdaiain tWeh i d @AREL AL W MOk ehPEr@teirel Bo M MUEBS s, solid was
Further, 40 g of a 10% by wei ght tetrapropyl ammoni um

bydiexkds $plruthteR tWas . added 5 9PhseatNel 6henal {Pfce with

same tenperature over 10 minutes. Then, the mxture

Y88 §pgkegoﬁ9e§ghéﬁggg %§P€ﬁr§ﬁ&r§r?£d2§€:f§f%ﬁ%§&i%§ hours

stirfing was contin € Sane tenperature.

¥8SodBai PIRCIPIY BESFhi Pe Wa ?OTH?enHﬁff'eté)?%f& S'Bé)r}:eained was

slurry. After Stirring and maintalining at e
0,24 lid I db )
PETBERBHURE KBb-CediPl Hodl fo MRral I ea o0 ¥ o rypite
i - 1 dried at 130C f 24
B LB LAy R P BP i 1 e sol 1 4. The wni te
sol i dxﬁﬁg_@%@cgéﬂ% Sa Mg)g'togdnggaﬁt 2206191 8 N0UES 10 1 ue of

obtain 1 ungsten-contai ning
§!+é995%'o%?@r%gggtﬁy@haépbﬁggg gggkggggiQQUQQu%%% egfoxide
a d value o :
is slightly observed.
IR spectrum (KBr)
Vmax: 3480, 1638, 1078, 956, 800 cm™’
Elemental analysis value; W: 11.0%, Si: 31.4%

Specific surface area: 573 m2/g, Average micropore

diameter: 22 A

Reference Example 3

To a 500 mL flask equipped with a stirrer, 2 g of a
molybdenum metal powder and 25 g of ion-exchanged water were
added, and an inner temperature was adjusted to 40°C. 15 g of
a 60% by weight aqueous hydrogen peroxide solution was added
dropwise thereto over 1 hour, and then the mixture was
maintained at the same temperature for 1 hour to obtain a
solution containing molybdenum oxide. To the solution

containing molybdenum oxide, 75 g of ion-exchanged water and
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3.76 Ais observed. A sharp peak assignable to
tungsten oxide 10 is slightly observed. IR spectrum
(KBr) Vmax: 3480, 1638, 1078, 956, 800 cm 1l El enental
anal ysis value; W 11.0% Si: 31.4% Specific surface
area: 573 n2/g, Average mcropore 15 dianeter: 22 A
Ref erence Exanple 3 To a 500 nilg fl ask equi pped with a
stirrer, 2 g of a nolybdenum netal powder and 25 g of
i on- exchanged water were 20 added, and an inner
tenperature was adjusted to 40C. 15 g of a 60% by

el ghlr SENEOYS WY 28884 PIIXtHEN SOl W bUIF Wasraddtdxysilane
dropwi se thereto over 1 hour, and then the m xture was

waknharadtakbrbhe sament eRperathgeiatutenBlr sbec over 10
obtain a solution containing nolybdenum oxide. To the

f0hUtiken 2bycenkai NhagdgmBkyRdeBugh axide. wie 9afkd dropwise
i on- exchanged wat er ang 19 80 g of ethanol were

addedoand tﬂ@nsé$e6tgmgars%hkaebpggy§b'a@ﬁutggs addeda was

thereto at an inner tenperature o 0C over 1

] r . f . do | ani was d
hadhen: oy bhatslfafl’ (do0SRK SLoR oo rAd R pare vao

Lnutes. Solid _was imediatel y_preeipitated to for
D RYRS" candn ol ir e aEERRbBr EubFo e iy Liaed Rl

HETRERLULeRL 230 8oL bEEeHhaRtso AL D6y 186024 oy
, Yy rrtration
§9i£gagkgktatEglﬁgsf%@§gggeamﬁgg wggﬁeéogwgcgfwith 100 g of
ion-exchanged water, dried at 110°C for 6 hours and calcined
at 550°C for 6 hours to obtain 15.5 g of a white
molybdenum-containing silicate.

XRD spectrum: A mixed spectrum of a broad peak having an
apex at a d value of 3.8 A and a sharp peak assignable to
molybdenum oxide is observed.

IR spectrum (KBr)

Vmax: 3470, 1640, 1090, 956, 915, 802 cm™’

Elemental analysis wvalue; Mo: 13.9%, Si: 32.4%

Specific surface area: 171 mz/g, Average micropore
diameter: 73 A

It was confirmed that the white molybdenum-containing

silicate obtained had molybdenum coxide from these results.

Reference Example 4
To a 500 mL flask eguipped with a stirrer, 2.5 g of a

molybdenum metal powder and 25 g of ion-exchanged water were
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I on- exchanged water, dried at 110C for 6 hours and
calcined 10 at 550C for 6 hours to obtain 15.5 g of a
white nolybdenum containing silicate. XRD spectrum A
m xed spectrum of a broad peak having an apex at a d
value of 3.8 A and a sharp peak assignable to

nol ybdenum oxi de i s observed. 4% IR spectrum (KBr)
vmax: 3470, 1640, 1090, 956, 915, 802 cm 1l El enental
anal ysis value; Md: 13.9% Si: 32.4% Specific surface
area: 171 nR/g, Average mcropore dianeter: 73 A 20

lHdaders aaaf aﬁnﬁ%épaéen{ﬂ&a%dﬂeeml ¥B9EBYERCEHt AR NT15 g of

silicate obtained had nol ybdenum oxi de from these

%B%@ht%g'wgﬁ ﬁfeﬁﬁﬁegﬁénm%@ 69&@ peOdidd ddBskion was added

equi ppe a stirrer 5 g of a 25 nol ybdenum

RIS ARG 2969 Qf HbQR- exchanged %teanl‘ﬁﬁ;ﬁn%eZ Qas
added, and an inner tenperature was adjusted to C.

1219+ ned Q%R Wai@ht: A %%?%%%IQYQ%ngnhB%&O%'d%btaln a

sol ution was added dropw Se thereto over 1 hour, and

%Qgﬁtﬁgﬁ %b%&% %iwﬁourq?% %bﬂ?%x&h&theTﬁaQEe solution

errperature taln a sol ution

%%ﬂkghﬂ; % thégggﬂﬂﬁ]gﬁi 8 gg %h§§$ﬁgﬁné an ed water and

contal nin enum oxiI I ONn- exc

%@t$etfraggtt1%§glg«z e gagggma dtplegq gaé]ftel%%%e%}no@y%llane

oxyS| ane I nner
hggpg %r%h% e%%ca%V%n 19ner temperature of 40°C over 10

minutes. Further, 20 g of a 40% by weight tetrabutylammonium
hydroxide solution was added dropwise thereto over 10 minutes.
Then, stirring was continued at the same temperature and solid
was precipitated in about 15 minutes to form slurry. 200 g of
ion-exchanged water was added to slurry. The mixture was cooled
to an inner temperature of 25°C and stirred and maintained at
the same temperature for 24 hours. Then, solid was collected
by filtration. Solid filtrated was washed twice with 100 g of
ion-exchanged water, dried at 110°C for 6 hours and calcined
at 550°C for 6 hours to obtain 15.9 g of a white
molybdenum-containing silicate.

XRD spectrum: A broad peak having an apex at a d value of
3.79 A is observed. A sharp peak assignable to tungsten oxide
is not observed.

IR spectrum (KBr)

Viax: 3470, 1640, 1080, 956, 913, 796 cm '

Elemental analysis value: Mo: 5.22%, Si: 37.0%
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m nutes. Further, 20 g of a 40% by wei ght

t et rabut yl anmoni um 10 hydr oxi de sol uti on was added
dropwi se thereto over 10 minutes. Then, stirring was
continued at the sane tenperature and solid was
precipitated in about 15 mnutes to formslurry. 200 g
of ion-exchanged water was adged to slurry. The

m xture was cooled to an inner tenperature of 25C and
stirred and naintained at 15 the sanme tenperature for
24 hours. Then, solid was collected by filtration.

Sol i d gipeldirralce ut@s caashed .t Wace rrW/%;h A08r8g8f micropore
i on- exchanged water, dried at 110C for 6 hours and
calsgicned. atp 350C for 6 hours to obtain 15.9 g of a

whi te nol ybdenum containing silicate. 20 XRD spectrum
A broad peak having an apex at a d value of 3.79 Ais
observed. A sharp peak assignable to tungsten oxide

RS R neRS ehugg1el B spectrum (KBr) vmax: 3470, 1640,
1080, 956, 913, 796 cm1 25 Elenental analysis val ue;

M 5522% 590 ﬁ%@%%%%%ﬁ;%@%ﬁw faa%%é'L L83, 643 4 of a

n2/ g, Average m cropore r. 22 A erence

L T I ' ] tli
pABepTaR TR 0yRE Iy S oA ROEE AR i ek nacea,
iog—g§chgﬂg§dt&ﬁter wer e added nd an i

Flé]npera P BT wed et Uk ed Y 43_58:‘151 dg _oof 42)'325% 1%y9 of a 30%
7 iAAUGRHS o DAY AU PRLPUL G5O HiL S WBS 89888 aropwsse

thereto over 30 minutes, and then the mixture was maintained
at the same temperature for 1 hour to obtain a solution
containing vanadium oxide. To the solution containing vanadium
oxide, 75 g of ion-exchanged water and 80 g of ethanol were added,
and then 41.6 g of tetraethoxysilane was added thereto at an
inner temperature of 40°C over 10 minutes. Further, 40 g of
a 40% by weight tetra-n-propylamine solution was added dropwisge
thereto over 10 minutes. Then, the mixture was cooled to an
inner temperature of 25°C and stirring was continued and solid
was precipitated in about 30 minutes to form slurry. The slurry
was stirred and maintained at the same temperature for 24 hours.
Then, solid was c¢ollected by filtration. Solid filtrated was
washed twice with 100 g of ion-exchanged water, dried at 130°C
for 8 hours and calcined at 550°C for 6 hours to obtain 16.0
g of a brown vanadium-containing silicate.

XRD spectrum: A broad peak having an apex at a d value of

3.85 A is observed. A sharp peak assignable to vanadium oxide
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thereto over 30 mnutes, and then the m xture was

mai ntai ned 10 at the sanme tenperature for 1 hour to
obtain a solution containing vanadi um oxi de. To the
sol uti on contai ning vanadi um oxide, 75 g of

I on- exchanged water and 80 g of ethanol were added,
and then 41.6 g of tetraethoxyx | ane was added thereto
at an inner tenperature of 40C over 10 m nutes.
Further, 40 g of 15 a 40% by weight tetra - n-
propyl am ne sol uti on was added dropwi se thereto over
19 AbRUbBser¥han, the m xture was cooled to an inner
tenperature of 25C and stirring was conti nued and

sol i dirwapepteanpikagd in about 30 minutes to form
slurry. The slurry was stirred and mai ntai ned at the

same tenperatureskgr g4ghoypg. 299Thar, solid was
collected by filtrafion. "Solid filtrated was washed

twi cepWelBniQ9 n0iyke8- 9¥ehanged watek, dhi:edeatisl30C
for 8 hours and cal cined at 550C for 6 hours to obtain

16.0 SgeEEféchQ%@aﬁénﬁngn}Q@Btﬁpﬁgn9A§éfa§@tﬁlcf$§bre
spectrum A broad peak having an apex at a d val ue of

89aRefrrA h§ gbserved. A sharp peak assignable to
vanadi um oxi de 22 is not observed. IR spectrum (KBr)
vmax: 1050, 956, 794, 629 cm El enental anal ysis val ue;
V. 5.56% Si: 36.1%5 Specific surface area: 708 nR/g,
ﬁ¥g&3gg micropore diameter: 27 A Exanple 1

To a 50 mL flask equipped with a magnetic stirrer and a
reflux condenser, 30 mg of the molybdenum-containing silicate
obtained in the above-mentioned Reference Example 4, 310 mg of
1,2-epoxy-3-butene and 3 g of distilled water were added. The
resultant mixture was stirred at an inner temperature of 25°C
for 5 hours to effect reaction. 10 g of tetrahydrofuran was
added to the reaction liquid obtained to obtain a solution
containing 3-butene-1,2-diol. The yield of 3-butene-1,2-diol

was 93% and the yield of 2-butene-1,4-diol was 5%.

Example 2

According to a similar manner as that of Example 1, the
reaction was conducted except that the vanadium-containing
silicate obtained in the above-mentioned Reference Example 5
was used in place of the molybdenum-containing silicate
obtained in the above-mentioned Reference Example 4 and 300 mg

of 1,2-epoxy-3-butene was used.
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To a 50 nL flask equi pped with a magnetic stirrer and
a 10 ref |ux condenser, 30 ng of the

nol ybdenum containing silicate obtained in the
above-nenti oned Reference Exanple 4, 310 ng of

1, 2- epoxy-3-butene and 3 g of distilled water were
added. The resultant m xture »@s stirred at an inner
tenperature of 25C for 5 hours to effect reaction. 10
g of tetrahydrofuran was 15 added to the reaction
liquid obtained to obtain a solution containing

Bnbuteseqlo2- dislitehbe 1yheld oaf wdsbdugnand, 2ndi 1e1\&a%f
93% and the yield of 2-butene-1,4-diol was 5% anpl e

2-BQtlge0ndihngit,® @a8i gkl ar nmanner as that of Exanple
1, the reaction was conducted except that the

vanadi um containing silicate obtained in the
above-nmenti oned Reference Exanple 5 was used in place
BkahpeeBl ybdenum contai ning silicate obtained in the
above menti oned Reference Exanple 4 and 300 ng 25 of

Heé&igﬁggt @Fe Jiﬁ;%qnm e]_J'I'he é%ﬁd oQEf Example 1, the

3 butene

EeQHfEBS &ag'égﬁﬁu¥f?q6@,e§§?m%a% %hétACEOEQen noflraining

manner as e reac
SRPPLE SRRl R i SR A g oo
i BeEaane cBied %ﬁ%%ca%mW£%WﬂW%ﬂnwm
gl?@é’lnggr}}l %H efg engloneMeefe4reanncde %?{%m%q(e 4 and 330 mg
of 1,2-epoxy-3-butene was used.

The yield of 3-butene-1,2-diol was 95% and the yield of

2-butene-1,4-diol was 4%.

Example 4

According to a similar manner as that of Example 1, the
reaction was conducted except that the tungsten-containing
silicate obtained in the above-mentioned Reference Example 1
was used in place of the molybdenum-containing silicate
obtained in the above-mentioned Reference Example 4.
The yield of 3-butene-1,2-diol was 81% and the yield of

2-butene-1,4-diol was 5%.

Example 5
According to a similar manner as that of Example 1, the

reaction was conducted except that the tungsten-containing
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10 of 1, 2-epoxy-3-butene was used. The yield of
3-butene-1, 2-diol was 95% and the yield of
2-butene-1,4-diol was 4% Exanple 4 15 According to a
simlar manner as that of Exanple 1, the reaction was
conduct ed except that the tungsten-containing

silicate obtained in the abovesjgenti oned Reference
Exanple 1 was used in place of the

nol ybdenum containing silicate obtained in the
above-nenti oned Reference Exanple 4. 20 The yield of

3ributenes %b%th%b.W@StﬁéggﬁggetﬂgnyigﬁgdQﬁeference Example 2
2-butene-1,4-diol was 5% Exanple 5 According t

%d@|d§édmﬁm3fa§§:kﬂakﬂg:ﬂ§i B - é%m%al%énﬁF%qaﬁﬁéte

was conducted except that the tungsten-contal

%'b't'a&%e%l qht ahfae %b‘ t%%n%ki%‘ﬁ "?%@E'e%%%eR%&%ﬁn%ﬂ%e
Exanpl e was used ace o

ot a8 o I g o
FRNERE-S 00 VR S0 S L 2 i grenesnes

Lemained in 9% Exanple 6 Into a 50 nL flask equi pped
with a magnetic stirrer and 10 a ref |ux condenser,

30 ng of the vanadiumcontaining silicate obtained in
t he above-nenti oned Reference Exanple 5, 300 ng of

Example 6

Into a 50 mL flask equipped with a magnetic stirrer and
a reflux condenser, 30 mg of the vanadium-containing silicate
obtained in the above-mentioned Reference Example 5, 300 mg of
1,2-epoxy-3-butene and 3 g of distilled water were charged. The
resultant mixture was stirred at an inner temperature of 25°C
for 5 hours to effect reaction. 10 g of tetrahydrofuran was
added to the reaction liquid obtained, and then the
vanadium-containing silicate was separated by decantation to
obtain a solution containing 3-butene-1,2-diol.
The yield of 3-butene-1,2-diocl was 94% and the yield of

2-butene-1,4-diol was 5%.

Example 7

Into a 50 mL flask equipped with a magnetic stirrer and
a reflux condenser, all amount of the vanadium-containing
silicate separated by decantation in the above-mentioned

Example 6, 300 mg of 1,2-epoxy-3-butene and 3 g of distilled



1, 2- epoxy-3-butene and 3 g of distilled water were

charged. The resultant m xture was stirred at an

i nner tenperature of 25C for 5 hours to effect

reaction. 10 g of tetrahydrofuran was 15 added to the
reaction |iquid obtained, and then the

vanadi um containing silicate was separated by

decantation to obtain a solution containing
3-butene-1,2-diol. The yield of 3-butene-1,2-diol was

94% and the yield of 2-butene-1,4-diol was 5% 20

P Gefel Ehgr@eéo M £ | ﬁégungthfﬁngJfg FafBIEtiLa at an

stirrer and a ref |ux condenser, anount of the

\m@;@ PRRGeMLRALRLNGr SEtd Gale 5Sﬁea£§t gg nygsgaﬂé@étf@@n 10

in the above-nenti oned 25 Exa

11'] 8f 2 %1'% %r@%s a8d8& ‘96 scthl | kggc%gonv@}_(ﬁﬁla\%ﬁ:alned

char ge ant mxture was Stirre
h f.f
R %o%%%fl%%e%r%gﬁy dPasr dn RIS saded 16 e
I d, obt d t bt |_ut
?%%f%’l%?ﬁg'o “'eu%ﬁ%ea'f”i ftols %%2 ety 3 yiela oz

? BURERE-1 4818 1S f-?/f/"? RN AT %8H8 g remained in
nalned in 5 0. 26 CLAIM
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1. A nethod for producing an unsaturated vicinal diol
conpound represented by the formula (2); RL OH R3
Ito R5 (2) 5 R4 R6 wherein Rl, R2, R3, R4, R5 and R6
are the sanme or different and each independently
represent a hydrogen atom a Cl-C20 al kyl group which
may be substituted with a hal ogen atom or atons, a
Cl- C6 al koxy group or groups, a C2-C7 al koxycabonyl
group or 10 groups, a C6-Cl10 aryl group or groups, or
a carboxyl group or groups; or a C6-Cl0 aryl group
whi ch may be substituted w ¢hatmghal ogen at om or
atons, a C -C6 al koxy group or groups, a C6-Cl0 aryl
group or groups, or a carboxyl group or groups, which
conprises reacting an unsaturated epoxy conmpound 15

repr egent eg H¥t539 £8£nﬂfédééin%6 ? t$§§}4ééa LR giol

wherein Rl, R2, and e same as
esabeagdageggeseW%ga.991%56'@0&%%1 qeqnee of a
silrcate containing at | east one e nt sel ected
froma gpoup 5 element and a group 6 elenent 20 of
the | riodic table as a constituent.

2

wherein R', R*, R®, R, R® and R® are the same or different and
each independently represent a hydrogen atom; a C1-C20 alkyl
group which may be substituted with a halcgen atom or atoms,
a Cl-Cé6 alkoxy group or groups, a C2-C7 alkoxycabonyl group or
groups, a C6-C1l0 aryl group or groups, or a carboxyl group or
groups; or a C6-Cl0 aryl group which may be substituted with
a halogen atom or atoms, a C1-C6 alkoxy group or groups, a C6-C10
aryl group or groups, or a carboxyl group or groups,

which comprises reacting an unsaturated epoxy compound

represented by the formula (1):

(0

wherein.Rl, Rz, R3,If, R® and R® are the same as defined abeve,
with water in the presence of a silicate containing at least
one element selected from a group 5 element and a group 6 element
of the long periodic table as a constituent.

2. The method according to claim 1, wherein the silicate
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2. The method according to claim1, wherein the
silicate 27 is a silicate containing at |east one

el enent sel ected from vanadium nolybdenum and
tungsten as a constituent. 3. The nmethod according to
claim1, wherein the wunsaturated epoxy conpound
represented by the fornmula (1)2%¥s 5

1, 2- epoxy- 3-but ene and the unsaturated vicinal diol
conmpound represented by the fornmula (2) is
3-butene-1,2-diol. 4. The nmethod according to claim1,

whereis ke 1 Idotaka nisoNtAl Nidi tlodeastenit. Jlea from
selected froma group 5 elenment and a group 6 el enent

ankla uhioNehRSHERM R 3R & 1A% & FONH id UMs thiddehi td

nmetal -containing silicate obtained by reacting a neta
°X|deG Wh'@ﬂe'%e%%%@'%%%OEﬁAQ%anJQﬂaﬂhlhea%%éygin the

compound selected froma group 5 metal of the | ong

Bﬁ%b%gkﬁthﬁbgﬁoxg gBH Bung PE%§£58Bt&Beb%°9ﬁbF%%fﬁﬁ&% (1) is

bl e, a conpoun ont ail ni ng group 5 ment

hoBg BBk og'%u&@%lGFﬂadFﬁeCQHPQHHQa%é?C@P%fﬂéﬂr%?éﬁ compound

group 6 el enent of ong perlodlc

?X 298 By’ %ﬁ' e Wotthd oS ')C% gso-%%t‘é%% milﬂ 24 Mo

sence O organi c tenp

accor i ng 4 mherel he | - taln n
q tr?xecnllealil{]%;cf_l accorid Inl?gE SI | Cgif 4:hg st:)l_llcate

1
silicate is a contarn taln

?88@‘ gh&ﬁger tﬁh aS%Ct I ggt% emoéjri'ICt b orp rom a tglﬁglqp 5 element

e COﬁp Ion o e reac |on

PRI T e T
is a metal-containing silicate obtained by reacting a metal
oxide, which is obtained by reacting at least one compound
selected from a group 5 metal of the long periocdic table, a group
6 metal of the long periodic table, a compound containing a
group 5 element of the long periodic table and a compound
containing a group 6 element of the long periodic table, with
hydrogen peroxide,
with a silicon compound in the presence of an organic template.

5. The method according to claim 4, wherein the
metal-containing silicate is a metal-containing silicate
obtained by separating the reaction product from the reaction
liquid after the completion of the reaction, and washing or
calcining the separated reaction product.

6. The method according to ¢laim 4 or 5, wherein the
group 5 metal of the long periodic table, the group 6 metal of

the long periodic table, the compound containing a group 5
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group 5 netal of the long periodic table, the group 6
nmetal of 25 the |ong periodic table, the conpound
containing a group 5 28 elenment of the |ong periodic
tabl e and the conmpound containing a group 6 el ement
of the long periodic table is tungsten netal,

nol ybdenum netal , vanadi um netaB, a tungsten conpound,
a nol ybdenum conpound or a vanadi um conpound. 5 7.
The nmet hod according to claim4, wherein the organic
tenplate is an al kyl am ne, a quaternary anmoni um salt
@1emertOBIEOBhE X petrakidiBtabhe dmd hed 8668p58hAXLdPtaining
claim4, wherein the organic tenplate is an

al kybap o 1emeh tquat efdalh APEPRLHALSEAt1e 3@ tungsten metal,
molybdenum metal, vanadium metal, a tungsten compound, a
molybdenum compound or a vanadium compound.

7. The method according to claim 4, wherein the organic
template is an alkylamine, a quaternary ammonium salt or a
nonionic surfactant.

3. The method according to claim 4, wherein the organic

template is an alkylamine or a gquaternary ammonium salt.



