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《解 説≫

ANovelMetbod払rthePref〉aration ofa Titaniumand

Boron Containing Zeolitic MaterialwithMFIStructure and

its CatalytlC Properties
●

UlfBarsnick andWol指angF．H61derich＊
Dep訂tmentOfChemicalTechnology andHeterogeneous Catalysis，Universlty OfTechnology，

RWTH AachenWo汀ingerwegl，52074Aachen，Gemany

Anewstraightforwardmethod，払rthepreparationofatitaniumandboroncontaining

MFItypezeoliticmaterialispresented．TherebytheuseofsodiumandHFareavoided．The

ObtainedmaterialwascharacterizedbyXRD，11B，29SiandlH→29Sicross－POladzationMASNMR

aswellasICP－AES，Fr－IRandUV－Visspectroscof〉ies．This（Ti，B）－MFIzeolitecrystallizes

rapidlyandcontainslessunwantedextra血■amewOrktitaniumthanare托rencematerialsynthesized

Viaa kIlOW皿rOute・Tests with respect to tbe catalytic properties showed，that this（Ti，B）－
MFIzeoliteis activein bifunctionalcatalysis・Phenylacetaldehyde was obtained via the

liquid phase epoxidation of styrene followed by epoxide rearrangement of the’’f乃一∫よ紬M

formed styreneoxide．

1．Ⅰ皿trOduction

The synthesis ofintermediates and fine

Chemicdsisd代adywelles也blishedbyuseofzeolites

as acidic catalysts．Since homogeneous catalysts

are obsoletein many cases due to theirinherent

environment血problems，SOlidacids払rheterogeneous

Catalysis are払vorable．Among those zeolites glVe

the adv肌tage Ofshape selectivity to suppress side

reactionsl－5）．

One example ofindustrialsign泊canceis the

gas－Phase rearrangement of epoxides to the

COrreSPOnding aldehydes and／or ketones．Many

Publicationsindicatetheirwidepotentialfbrindustdal

applicationsinthesynthesisofe・ぎ・Pharmaceuticals，

什agrancesand払rfbodanddmgproductsingeneral

aswellas agrochemicals6－10）

＊To whomcorrespondence shouldbe adressed：

tel：＋49－24ト806560；fax：＋49－24ト8888291；

e－mail：hoelderich＠rwth－aaChen．de

Intherea汀angementOfstyreneoxides tothe

COrreSPOnding aldehydes，for example the ZSM－5

ZeOlitesaIldespeciallytbe（8）－M円zeoliteissupedor

toothersolidacidsandtothehomoge皿eOuSCatalysts．

Because ofits extremely weak acidic properties

and the M円1attice the fomation ofby products

aree爪cientlysuppressed・TbeyareaI）Plic血1einthe

gasphaseas wellasin theliquidphase2・1ト13）

Since the striking discovery of TS－1by

Taramasso
e∫αJ・14）evenliquid phase oxidation

reactionsuslngH202arePer払medimtheindustdally

SCale．As aresult，ef払托sintheresearchonzeolitic

OXidationcatalystsgrewtremendously15－20）

Inaddition，TS－1isalsoacapablecatalystin

theliquidphaserea汀a几gementOfepoxides suchas

StyreneOXidestotheco汀eSPOndingaldehydes．This

reactionoccursduetotheLewis－aCidityoftheTS－

1material．Phenylacetaldehyde was reported to be

ObtainedinH202yieldsofupto75％uslngトbutanol

as the solvent and a Bve－bld excess ofstyrene to

gethighestpossibleH202COnVerSion21）・
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TS－1as an applied catalyst forliquidI）hase

OXidations and（B）－MFIwhich excelsin the

rearrangementofepoxidescaneasilybethoughtof

beingcombinedin onereactionstep．Thereねrethe

COmbination of the bene丘ts ofTS－1and（B）－MFI

inasinglecatalystwouldbeaninterestingchallenge．

Trong OnβfdJ．reported on such a material

CalledTBS－122†23）whichcontainsbothT－atOmS，boron

andtitanium．Itis synthesized via a multistep gel

PreParationin which TiO2is precipitatedin the

凸rst step andbrought back to solutioninthenext．

Neverthelessthematerialscontainratherbigamounts

Of extraframework titanium species．TBS－1was

reported to be activein theliquidphase oxidation

OfcyclohexenewithH202inethanolasthesolvent，

the consecutive ring opening reaction of the

CyClohexene epoxide to the dioIwith water and

with ethanolto fbrm ethers24）．Further methods for

the sy皿thesis ofTBS－125・26）have been reported

Withthegoaltop柁Venttheuseofthecostlytemplate

TPAOH．These methods suf托r什om a verylow

rate ofcrystallization．They have to becarded out

inamultistepsyn也esisuslngPOISOnOuSandco汀OSive

hydrogennuoride．

Now we report on a new and more straight

ねrward syntbesis method foratitaniumandboron

COntainlng materialwitb MFIstructure so called

Ti－BMFI．This method does not use sodium and

hydrogenfhodde．AIsocatalytictestsontheactivity

intheepoxidationofstyrenewitbH202inmetha皿01

as a solvent a皿d tbe consecutive rea汀angement tO

the desirable phenylacetaldehyde were ca汀ied out

inaI’one－POt‖reaction．

2．Experimental

Thesynthesisofthe（Ti，B）－MFImaterialswas

Performed viatwo routes once according to Trong

OneJdJ．22）（SyntbesisI）肌dth¢neWrOute（Synthesis

II）．Bothare carried outusing TEOS（tetraethoxy－

Silicate，FLUKA）as silica source，boric acid as the

boronsourceandTEOT（tetraethoxytitanate，Fluka）

as titanium source．The template was TPAOH

（tetrapropyトammoniumhydroxide，SACHEM）．

2．1SyIlthesisI

Gell：95mmoITEOS was hydrolysed with

35mmo125％TPAOHsolutioninwater．A氏erwards

4．75，9．5，2．38mmolboricacidwereadded，払110Wed

by the residual15mmo125％TPAOH solution．

The ethanolformedin the reaction was removed

under vacuum．

Ge12：3．02mmoITEOTwereprecipitatedas

TiO2Withl・03mmolofwateranddilutedagalnWith

16・7mmolof30％hydrogenperoxide払mlngSOluble

titaniumperoxo－SPeCies．

The ge12was added dropwise to gell，

Stirred overnight and Blledinto a steelautoclave．

The pH wasll．Hydrothermalsynthesis was

Performedfor5daysat175℃underautogeneous

PreSSure．Thecompositionofthegelwas：SiO2：0．03

TiO2：32H20：0．45TPAOH：乃B203With′‡＝

（0．05，0．1，0．025，0．02）．Thesematerialsarenamed

TBS－1．

2．2 SynthesisII

Ina’’onepot‖preparation68．8mmolofTEOS

（nuka）are mixed with2．1mmolofTEOT（Fluka）

under sti汀i皿g．In an argon atmosphere30．8mmol

Of25％TPAOH（Sachem）were added carefully

undervigoroussti汀i皿gatlO℃．A氏erwardsetbanoI

WaS remOVedby evaporationundervacuum．Under

Stirring O．86，1．72，3．44and6．87mmolof boric

acid dilutedinlmoIwater were added．The

COmPOSition of the gelwas：SiO2：0．03TiO2：32

H20：0．45TPAOH：〃B203WithJ‡＝（0．0125，

0．025，0．05，0．1）．伽semated血sarenamedTトBM円

2．3 Calcination

The samples were calcined uslng a gentle

method thatleaves tbe boron T－atOmSin the

什ameworkoftbezeolite．Thetrigonallycoordinated

intra－framework boron whichis formed during

Standardcalcinationinairishydrolyzedbythewater

払rmed by the pyrolysis ofthe template．Ⅰ皿Order

toprotecttheboronsitesinthe什amewo止，theboron

is kept tetrahedrally coordinated untilthe template

isbumedo打completely．Thisisdonebyasequence

Ofion exchanges followed by calcinationsin the

adequateatmospheres．Thetechniquewasdescribed
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T血1el ChemicalCompositionandCrystallinityinPerce山oftheRefbrenceSubstanceTS－10f血eInvestigatedMatedds．
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bydeRuitere∫αJ・27・28）

2．4 C血ara〈：terization

XRD measurements were done on a Siemens

D5000diffractometer using
Cu Kαradiation．

Crystallinitywasdetermi皿edviathemeasurementof

tbeintensityofthed501reneCtion・Chemicalanalysis

Ofthezeoliticmaterialswasobtainedbyinductively

COuPledplasmaatomicemissionspectroscopy（ICP－

AES）usingaICP－AESSpectroFlameD．methemal

analysiswereca汀iedoutuslngaNetzschSTA409・

AllshowmDTG－Plotsweresmoothed．Thepresented

FT－IR spectra were recorded on a Nicolet510P

SP∝t和meteruSlI唱KBrwaverswithlwt・％ofsample・

Di蝕se陀a∝也onUV一Visspectrawe柁Obtained

uslng a Perkim Elmer Lambda7Spectrometer・

MASNMR■SI）∝打oscopywasca血由0山w他aBmker

Avance500Spectrometerim a7mm ZrO2rOtOr・

For29SiandlH→29SICP－MASNMR tetramethyト

silane was used
as a standard whereas the contact

time for the cross－POlarization experiment was5

ms．11B－MASNMRsf〉∝traWereStamdardizedtoBF3・

ET20．A spln eCho pulse program was applied to

SuPPreSS the background signalcaused by the

boronnitrideintheprobehead．

2．5 Test reactions

Testreactionswereper払rmedinroundbottom

凸asks under re伽Ⅹing conditions and stirdr唱・The

SamPle was dried over molec山ar sieve5Åand

analyzedusinggas chromatography（GC）．GC was

Ca汀iedoutuslmgaCSFS－SE－5460mcolumnina

CarloE血aC1200chromatograI）h．Thetemperature

PrOgramuSedwas50℃，6min．isotherm，5℃per

minute to270℃．

3．Results a皿d Discussion

3．1ⅩRDand ChemicalÅnalysis

Powderdi飴actionmeasurementsrevealedMFI

StruCtureS Ofthe samples preparedaccordingtothe

methodofTrongOn（synthesisI）andaccordingto

the new method（synthesisII）．No other phases

SuChasanatase，mtileorbrookithavebeendetected．

Tablelgives a summary on the crystallinity and

Chemicalcomposition ofthe synthesized samples．

The crystallinityis glVenin percent ofthe chosen

re托rence sample TS－1．In case of allsamples no

Slgni爺cantchangesinthecrystallinitywereobserved．

ThechemicalanalysisuslngICP－AESrevealed

di飴rences between tbeincorporation ofboron amd

titaniumspeciesintotheas－Syntbesizedmaterials．As

Seenin Tablel，tbe titanium to silicon ratioin the

Synthesisgelwas foundtobeslightlyincreasedby

approx．10％inthesynthesizedmaterials．Thiscan

beexplaimedwiththehigherreactivityofthetitanium

SPeCies compared to the silicon species as wellin

theaspectofhydrolysis oftheTEOSandTEOTas

in the consec山ive polycondensatiom．The boron to

Silicon ratioin the solid materials was fbund to be

temtimeslessthaninthesynthesisgel．Thisisdue

to the good solubility ofboric acidin the mother

liquor．
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Fig．1Crysta11iz如ion ofTトBMFト5（seeTablel）．

A銃ercalcinationviathemethoddescribedby

deRuitereJβJ．27〉，theborontosiliconandtita血um

to silicon ratios didnotchangeevidently．

3．2 Speed orCrystallizatio皿

The crystallizatioIlOfTBS－1was described

to be complete after a minimum of2days23）・

Earlierinvestigations with synthesis times of80r

even14daysdidnotyieldbettercrystallinity26）・In

theexampleofthesynthesisofTi－BMFl－5according

tothenewmethod，tOOurSurPnSethesampleshowed

already80％crystallinity compared to the TS－1

reference afteradurationof2hours（seeTablel）．

100％crystallinity was achieved a銃er4hours as

ShowninFig．1．TheplotshowsamaximumoflO9

％a氏er6h synthesis time．This couldbedueto a

larger amount of very smallcrystallites compared

tothesamplesobtaineda氏er4days．Nodi蝕rences

inthecrystallinitycouldbeobservedinthebatches

Carried outin the time frame of8 hours and4

days．

3．3 ThermalÅndysis

Todete血ne血ena仙∬eOftbeorga血ctemplates

intheas－SynthesizedmatedalsDTGwasca汀iedout．

As shownin Fig．2，the template decomposes at

twodi飴化nttemPeratureSOf380℃肌d440℃．Pa止

βJαJ．29）explainedtheexistenceoftwodecomposition

temperatures with the existence oftwo species of

TPA＋cations．One speciesis the TPA＋OH‾ion

Palr Which decomposes atlower temperatures，the

Otheroneis achargebala皿ClngTPA＋ionattached

totheisomorphouslysubstitutedatominthezeolite

framework．Thelatter decomposes at higher

13

10（1 200 300 4I10 500 ‘00 700 SOO

T【℃】

Fig．2DTG of（Ti，B）MFIMaterials with丘om Tof〉tO

BottomIncreasingBoronContent．Matedds（topto

bottom）：TS－1，TトBMFト4，Ti－BMFI－3，Ti－BMFI－1，

TトBMFト2，B－（MFI）．

temperatures．

In the case ofTS－1the m叫Or SPeCies fbund

istheion－Pair・TheupperplotinFig．2showsonly

a weak shoulder that canbe related to the charge

balancingTPA＋ions．Theplotofthe（B）－MFIsample

（bottom）shows，thatin the case of（B）－ZSM－5the

amount ofcharge－balanclng TPA＋ionsis almost

equaltotheamountoftheion－Pair．Theamountof

thechargebalanclngTPA＋increaseswithincreaslng

boroncontent oftbe samples．It seems thereis no

mutualeffect oftitanium and boron T－atOmSin tbe

framework of the zeolite on the decomposlng

temperatureandtheratioofbothspeciesoftemplate

lOnS．

3．4 In什ared SIIeCtrOSCOPy

me coordination ofboron as a T－atOmin the

Synthesized samples can be examined by FT一IR

SPeCtrOSCOPy．InFig．3，tWOPlotsofthesamematerial

before and after calcination are shown which are

吋pical知血1thediscussedboroncontai血ngm如edds．

The as－Synthesized sample shows a band at910

cm－1whichis attributed to a打amework Sト0＿B

Vibration30〉．The calcined sample shows the same

band and an additionalbroad banded absorption at

1380cm－1whichisattdbutedtotdgonallycoor血nated

什ameworkboron31）・meSe凸n血ngsarealsorelevant

払rtheother synthesized samples．
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1500 M伽 5柵

Fig．3Fr－IR Spectrum ofTトBMFト2Calcined（a）and as

Sy山hesized（b）．

As synthesized TBS samples contain only

tet柑血ed柑11ycoodinated血他一片amewo止boro爪W血ich

ispa拍血1ytransfbmedtotdgonallycoordinatedintra一

片amework boron during calcination．The band at

1380cm‾1isonlyobtainedwithT】iS samplesthat

Were Calcined，払110Wlng the method ofde Ruiter

eJαJ‥Otberwise the trigonally coordinated boron

is readilyhydrolyzed outofthe fねmewo止by the

Waterformeddu血gcalcination28）・

3．5 DR・W Spectroscopy

Diffuse renecta皿Ce ultraviolet spectroscopy

（DR－UV）was used to probe the existence of

framework and non－framework titanium．As an

example two materials with the same B／Siratio

namely TBS－1a2and Ti－BMFト1were compared

（Fig．4）．Theywere calculated using the Kubelka－

Munk function to perform a semトquantitative

弧血ysis32〉．Thebandat47∝沿cm－1hasbeenasslgned

toisolated tetrahedrally coordinated framework

titanium species33）・me broad banded absorption

between40000cm－1and27000cm－1has been

a肘ibutedtoanatase33）・Theshownspectmmofthe

SamPle TI）Sトal，is typical払r materials prepared

ViatherouteofTrongOneJαJ．22）．Theycontaina

rather high amount ofextra什amewo止titanium as

anatase・In comparison to也at，the sf〉eCtra Ofthe

TトBMFIsamples
e．ぎ．the spectmm ofTトBMFト1

（Fig・4）showonlyawe止shodderbetwe飢40∝X〉cm－

1and27柵Ocm－1because they contai皿muChless

anatase・Thesameresultisfbundwithallsyntbesized

SamPles．Thenewmatedals（TトBMFI）containmuch

lessextm蝕lmeWO止d也血umsp∝ies仇en血ematedds

Witb the same B／Siratio synthesized according to

TrongOnβJ8J．（synthesisI）22）．

3．‘1相，29SiamdlI】卜◆ヱ9SiCross・Polarization

MÅSNMR

Fig．5displays thellB－MASNMR spectra of

Ti－BMFI－2before and after calcination．The well

bown slgnalat－4．1ppmin the sI〉eCtmm Ofas－

Synthesized TトBMFI2is attdbutedto teはahedrally

COOrdinated boron as a T－atOmin a MFトtype

ZeOlite（B（OSi）4）34－36）．Thissupports the
Bndings

PreSemtedin the section on FT－IR，tbat boro皿is

incorporatedinto the血■amewOrk．

As expected after calcinatiom the slgnalof

t血e tetrahedrally coordinated boron was found to

beshiftedto－4．7ppmandadoubletsignalat6．4

and－0・40CCu汀edwhichisattributedtotdgonally

COOrdinated boro皿in tbe zeolite framework

（B（OSi）3）34）．Thisshows，aSalreadystatedintheFr－
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Fig．6 29SトMASNMRandlH－29SiCP－MASNMR ofTトBMFI－2．

IR section，that the trigonally coordinated boron

WaSnOthydrolyzedandthusnotremoved杜omthe

StmCture．These results can be generalized for all

Synthesized，boroncontaining materials．

29SトMASNMRofTトBMFI2isshowninFig・6

revealedastrong slgnalat－115．8ppmandavery

Weak one at－105．7．The凸rstis attributed to e4

Silicon（Si（OSi）4）inaMFトtypezeoliteandthelatter

15

One tO e3silicon．BylH－29Sicross－POlarization

technique，the weak signalat－105．7is asslg皿ed

to silanoIwith extremely weak acidic terminalOH

訂OuPS姐肛hed（Si（OSi）30H）37）．¶leCrOSS－POladzation

tecbniqueenhancesselectivelytbesig皿dsofsilicon

atoms which arecoupled withprotons ofhydroxyl

groups by dipolarlH－29Siinteraction・Again no

Slg血色cantdi飽和nCebetweenallsynthesizedmat血血s
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was fbund．

The examined materials do not contain

PerCeivableamountsoflattice払ults，Sinceonlyvery

lowamountsofe3siliconwere払undinthespectra

肌dno e2silicon．

3．7 CatalyticTest

The materials were tested fortheir ability to

epoxidizestyreneto styreneoxideandtorea汀ange

the∫乃一∫fJ〃ねrmed epoxide to phenylacetaldehyde

by means ofbifunctionalcatalysis・

Conditionsin ourexperiment werechosen to

be close to stochiometric for the epoxidation．

Neverthelesswithaslightexcessofstyrenewasused

that H202does notlimit the reaction．Residual

H202WaSdetecteda氏ereverytestreaction．MethanoI

WaS uSed as a solvent to explore the nucleophilic

nng openlng reaCtion ofthe epoxide
to the ethers

Which occurs parallelto the rearrangement to the

aldehyde．

Theresultsofthecatalytictestsareshownin

T血1e2．meTBS－1amated血stumedouttobepoody

activein the conversion of styrene，SO that the

yieldofphenylacetaldehydewasnever払undtobe

higher them3％and the yield on dimethoxy－

Phenyletbanol（DMPE）払rmed
by仇e addition of

methanolto the epoxide wasIlOt higherthan5％．

T址scanbeexplainedwith血ehighamountofanatase

ねundinthese samples by DR－UV becauseanatase

isnotactiveinepoxidationreactions withH20238）・

The Ti－BMFImaterials showed a higher

COnVerSion of styrene of approximately50％in

average．meselectivitiestophenylacetaldehydewere

Very POOr With Ti－BMFト1．However the highest

Selectivityof18％tophenylacetaldeyhdewasobtained

WithTi－BMFト4．TakimglnCOnSiderationtheresults

払und with Ti－BMFト3，a trendis obvious：Small

amounts of boronimprove the selectivity to

PhenylacetaldehydeincompadsontoTS－1butbigher

amounts seem to be counterpro血ctive．On the

Otherhand the selectivities
to benzaldehyde which

is払rmed via a decarboxylation reactionin small

amounts，areVerylowbutascendingwithincreaslng

boron content ofthe samples．

Table2Reaction Data from（Ti，B）－MFISamples a爪d

Re托rences．

Sample Sty化爪e SeIect・ SeIect． Select．

Conversion Phenylacetald．DMPE Benzaldehyde

（％） （％） （％） （％）

TS－1

BS－1

TBS－1al

TBS－1a2

Ti－BMF【1

TトBMF【3

Tl－BMFI4

4

1

5

7

4

0

‘U

7

つJ

O

Oノ

Qノ

4

ハ
ノ
一

つJ

2

3

つ一

∠U

3

∧U

史じ

つJ

3

1

5

4

‘J

22

伽

刈

朋

0
8
ぷ

朋

L

o

7

8

L

4

7

1

1

1－

69

叫
郎
朋
2
1

89

別

0ノ

0

1

‘U

つJ

7

5

1

1

▲
J
J

1

2

朋

伽

別
0
4
8
7
此

朋

2

0

5

L
一
L

3

5

2

Reactiomconditions：200mgcatalyst，13，4mmoIstyre皿e，12mmoI

H20230％，10gme血姐Olrenuxing，6hreacdon time．

Somesideproductsarefbrm由．Watercanreact

With the epoxidein the same way as methanol，

払mlng the f〉henylethanedioIwhichis払und only

insmallamounts（selectivitiesonstyreneofapprox．

1％）．Itwas therefore notlistedin Table2．As

reportedfortheliquidphaserea汀肌gementOfstyrene

OXideoverH－ZSM－5catalysts，POlymerizationofthe

Styrene OCCurSin alltests39）．Suppression ofthe

POlymedzation byinbibitorslike hydroqulnOne Or

4－terトbutylcatecholfails because they are quickly

OXidizedbyH202．There払renoinbibitorswereused．

The polymers represent the strongest血・aCtion of

PrOducts・Anyhow the selectivities to thepolymers

Were nOtlistedin Table2，because they were

determinedby gravimetricmethods．Sincenootber

PrOducts than the mentioned were detected by GC

組dnogaseousproductswe代払und，themassbala肛e

COuldbeclosedwiththeestimation，thatthepolymers

陀PreSent the remalmng maSSeS．

TheblanktestuslngBS－1sbowednoactivity

in the epoxidation and rear柑ngement although

POlymerization of the styrene was observed．TS－1

WaS uSed as a re托rence material．Using ourTS－1

ascatalysttheconversionofstyre皿eWaShigherthan

80％mainlyduetopolymerisation．12％selectivity

tophenylacetaldehydeand20％selectivitytoDMPE

Were found as wellas3％to benzaldehyde（see

Table2）．

ItcanbeconcludedthattheTi－BMFImatedals

glVebettercatdyticres山tsincompadsontotbeTBS－
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1a materials and to the reference substance TS－1．

4．Conclusions

Anewmethodforthesynthesisofatitanium

and boron containing materialwith MFIstmcture，

什ee of sodium and HF has been bund．Itis more

Straightfbrwardthentheknownmethods22，25，26）．The

Synthesis gelcan be preparedin a slngle nask by

adding the titanium source（TEOT）to the silicon

SOurCe（TEOS）insteadoftheinitialprecipitationof

TiO20utOfTEOTfollowedbythedilutionofTiO2

uslng H202．The crystallizationis complete after

the very short time ofless than8h（Ti－BMFI5）．

Allofthe titanium was foundin the solid pbase

and DR－UV revealed muchless extra一什amework

titanium thaninthe samples prepared according to

TrongOneJαJ．22）

FT－IR showed the presence of tetrahedrally

COOrdinatedboronbefbreandtdgonallycoordinated

boron after calcination of allexamined boron

COntaining samples so that the boronis considered

to bein the打amework．

11B－MASNMRstudiesconBmtheseconsidera－

tions．Two dif托rent boron sites were detectedin

thecalcinedmatedals．Oneisdetem血edastdgonally

COOrdinatedboronandthesecondasatetrahedrally

COOrdinated species，thebothinaMFエーtyPeZeOlite

たamework．

29SiandlH→29SiCP－MASNMRmeasurements

Show，血atallexaminedmateddscon血nlowamounts

Oftem血alnon－aCidicsilanolgroupsandnodetectable

de托ct sites．

As mentionedin theintroduction Ned eJαJ．21）

report on high yields ofphenylacetaldehyde based

On H202uSlng TS－1as a bi伽nctionalcatalyst fbr

theliquid phase epoxidation and consec山ive

rea汀angement Of the oxide as described above．

Companngtheresults ofourworkandwithresults

obtainedin re托rence21）however makes no sense as

thereactionconditionsarecompletelydi批rent．Neri

etal．appliedhighexcessesoftheorganicsubstrate

andtherefbrebasedtheyieldsonthemorev血uable

hydrogeneperoxide．

The new TトBMFImaterials were found to

beactiveinthebi血nctionalcatalysisofepoxidation

肌drea汀肌gement Ofstyreneandnucleophilicnng

OPenlngWithmethanol，reSPeCtively．Smallamounts

Ofborongivebetterselectivitiestophenylacetddehyde

and DMPE compared to the samples that contai皿

1argeamountsofboronandcomparedtoTS－1which

isreportedtobeas血tablecatalystfbrthistypeof

reaction21）．

The catalytic performance of the Ti－BMFI

materials was also highercompared with tbeTBS－

1a samI）1es due toless catalytica11yinactive

extra打amework titanium．
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