WD 00/ 17178 PCTI EP99/ 06956 | MPROVED EPOXI DATI ON PROCESS FI ELD OF THE

| NVENTI ON This invention relates to nethods whereby the selectivity of an
olefin 5 epoxidation reaction may be enhanced. In particular, the

i nvention YWOrWAYI8 to an epoxi dati on process wherein a ti tREWERPIOEAI ai ni ng
zeolite is utilized in the presence of hydrogen peroxide and | ow
concentrations of a tertiary amne or tertiary am ne oxide such as a
pyridine derivative to catalyze the formation of the epoxide correspondi ng
to the starting olefin while mnimzing 10 the production of ring-opening
products derived fromthe epoxi de. BACKGROUND OF THE INVENTION It is well

known t hat the epoxidation ?ﬂ(ﬁ\flE i@P@%@RV PbHREdydrogen peroxide
may be effectively catal yzegm'—gy—ca‘pm—rr—sy'nrh'@immﬂﬂsrye' s 15 containing
titanium atons (see, for exanple, U S. Pat. No. 4,833,260). Wile

selectivity to RIEeDIOFi TIHE INWENTION s general ly high, U S. Pat. No.
4,824,976 proposes that the non-selective ring-opening reactions which take
pl ace when epoxi dat i O inveption fiateg tp methpde winerelydha selastivitnef anolgfinor

al cohol be : t ' a [ ; : ctJ on or
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neutral i zing dgeamepoxidaiod procassuvhereirza titaniumgoatgising zeblite is attitize in
surface which tend to ronnt € by-product formation. ut.rali zation,
according to ﬁEepE@éﬁw?e PhVaEREert pEFA %ﬁeeqamww'“ﬁ@"egf @Eet%ewc k
subst ances cho infer i dage At a
bases such as iﬁ'&&%ﬂ@%&ﬁé H,.aul%m Ngszamdg%d analtggoas pol aslts'?tﬁm and

| i Ei /hi um sal ts foroaiien efghezpogide cpaespondpeivsthe|stating olefinvikizHPDIMizingal i
| kal i | t.s. Of : ' ' ing f , 10 b
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carbon atons. Mrre recently, as described in U S. Pat. Nos. 5,646,314, and

30 5,675,026 it 0 tEa\ sence of certain nonbasic (i.e.,
neutral or aci | oride, sodiumsulfate, |ithium

SUBSTI TUTE SHEET (RkEs 28Il known that the epoxidation of olefinic compounds with
hydrogen peroxide may be effectively cataiyzed by certain synthetic zeolites

15 containing titanium atoms (see, for example, U.S. Pat. No. 4,833,260).
While selectivity to the desired epoxide is generally high, U.S. Pat. No.
4,824,976 proposes that the non-selective ring-opening reactions which take
place when epoxidation is performed in a protic medium such as water or
alcohol may be suppressed by treating the catalyst prior to the reaction or

20 during the reaction with a suitable acid neutralizing agent. The neutralizing
agent is said to neutralize acid groups on the catalyst surface which tend to
promote by-product formation. Neutralization, according to the patent, may
be accomplished with water soluble basic substances chosen from among
strong bases such as NaOH and KOH and weak bases such as NH,OH,

25 Na,CO,, NaHCO,, Na,HPO, and analogous potassium and lithium salts
including K,CO,, Li,CO,, KHCO,, LIHCO,, and K,HPO,, alkali and/or alkaline
earth salts of carboxylic acids having from 1 to 10 carbon atoms and alkal
and/or alkaline earth aicoholates having from 1 to 10 carbon atoms.

More recently, as described in U.S. Pat. Nos. 5,646,314, and

30 5,675,026 it has been found that the presence of certain nonbasic (i.e.,

neutral or acidic) saits such as lithium chloride, sodium suifate, lithium
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WO 00/ 17178 PCT/ EP99/ 06956 2 nitrate, nmagnesium acetate and ammoni um
acetate also inproves the selectivity of an epoxidation catalyzed by a
titaniumcontaining zeolite. In the aforenentioned patents, however, all of
t he subst aWYW1EH8d to be effective in enhancing the yiel dPEFERYWLIEe are
ionic in character. That 5 is, the selectivity-inproving additives nust be
capabl e of dissociation into cationic and anionic species when dissolved in
water. There is no teaching or suggestion that any non-ionic conpounds

m ght be capable of providing simlar berpefits when present in an olefin
epoxi dation system catal yzed by a titaniumcontaining zeolite. 10 SUMVARY

OF THE | NVENTI Qitrie, hdgnesivim AesRes thd Mnﬁﬁ&ﬁ@#ﬁé@éta‘t@aélsé)yrfnﬁrd\ié@ fife out a
ow

titanium silicalite-catalyzed epoxidation in the presence o .
concentr at i ons Sgfegfivity &f @ngpoxigatioa catalyzed by attitaniymaapniaining deolite.

selectivity to epoxi s gni f.ican LOPrQV. I ases, no
detrinental effect Jﬂqugé@%qgé@f&{%%%%g%hhééﬁg%é’g @gﬂ‘\?gﬂg%ﬁ%ﬁ‘g B30
obsgr ved.OI Thi s tgméffeoﬁae irs enpaégdm%mg yielg\df@pfgmﬁetggg ichﬁdr:1 irEéhérlacfeheTﬁét , as
evi denced by U.S., Pat. s. 4,824,976 an 5, 675, ,, that only jonic
speci es | d é?*f%?@@%'@ﬁﬁﬁ@\é’“@ﬁggitlyés rggsthe capakle dlissactationveift i on

provides a met hggofic éﬁboéri\ishi%i PRBcRR e diSs APl watdY. THeR RGtd R%c?\ﬁ'l

olefin with hydrogen peroxide In a reaction zone in the presence o

titani um cont aiatistiggestinr that aay abpdoniacdmpouads mightbe apable afrprovidingne or
oxi de thereof effective to inprove selectiVvity to epoxide 25 SUBSTI TUTE
SHEET (RULE 26)% oot HER B! b cueleln EppTARRSR shteniE AAVER Y THE
| NVENTI ON The hyttaaasn-coetaningezcoli02) utilized as the oxidant in the

pr esent

SUMMARY OF THE INVENTION

We have now unexpectedly discovered that by carrying out a titanium

silicalite-catalyzed epoxidation in the presence of low concentrations of a
tertiary amine and/or tertiary amine oxide, selectivity to epoxide may be

15 significantly improved. In many cases, no detrimental effect on the rate of
hydrogen peroxide conversion is observed. This result was surprising in
view of the belief in the art, as evidenced by U.S. Pat. Nos. 4,824,976 and
5,675,026, that only ionic species would effectively enhance epoxide
selectivity.

20 This invention provides a method of epoxidizing an olefin comprising
contacting said olefin with hydrogen peroxide in a reaction zone in the
presence of a titanium-containing zeolite catalyst and an amount of a tertiary

amine or oxide thereof effective to improve selectivity to epoxide.

25
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I nvention may be obtained fromany suitable source, including, for exanple,
from aut oxi dati on of secondary al cohols using air or other source of 5

nol ecul ar ox&gen. Sui t abl e secondary al cohol s i nclude both aliphatic

al cohol s SYRRYH478 sopropanol and cycl ohexanol as wel|l as aPEXEPP¥0645&Cohol s
such as al pha net hyl benzyl al cohol and ant hrahydroqui nones (i ncl uding

al kyl -substituted ant hrahydroqui nones). The crude reaction product thereby
generated may be either used directly in the epoxidation process of this 10
invention or, if so desired, purified, frgctionated, concentrated, ion
exchanged, or otherw se processed prior to such use. For exanple, the

ket one gener at gEH§)1 -@s@ﬂﬁﬁﬁbﬂ%ﬁ%ﬁ’émv@qmﬂ be separated, in whole
or in part, fromthe g§%'ogen peroxrde py aistritation (where the ketone is
relatively vol ati | e)Therhysrogen partdden(hiyQ,hutiliteer ag tteeoxdahiinkbe pnesert 15

bstantial l'y imuiscible wit insolubl e in water). Vhen hyd
per ot de. per s IVEETR BtP.EE Bialied BT s siipPle e nliong. WesramBe 1 o

enpl oy  hydr ogaanmp e AsXidaticP e doMdafn aledhdis ABIRP Bt of e Solptd
percent in the liquid phase within the reaction zone. The hydrogen

peroxi de fay Hlaleewar iaxypgnbeSyiakieasespridarsialephs)s ingudextathl @iphatinbi ni ng

oxygen, 20 hyd | S P | .C L ed
into or ot her\%\n%gg'elssu%pcﬁr e'goé)pébsh%l %ﬁ%{]%ﬁfolﬂ%%éﬂgasl nﬁﬁggfgﬁr%@@%gﬁ&éfl n,
zeolite and teuth @syalphamecthyl benzit aldotioe ahd wnitivanydrdRAtdiedn(idshigingnder
conditions effective to acconplish contenporaneous hydrogen peroxide
product i on anda&MQ'%‘F@W"@EQ%PHH?FHS%PCIWFI@”%?)esTé}ﬂC"Pﬁ@é iR Rraducttasreby

13527710 3P rECAEGNS Y B e B N S SN R 538 e
19600709,10W0 9invention, or.aifd SWOdesirdd 3gaurifiede feadtidnated,aldopcemtsatedr aibad

substyave ePort AL & RSNBLIES B Raneb it B B, PR AL D

et hyl eni cal | y kétoabWenetstet w8 Gin ANaXidatich 'éo-piadeel mbyie séfdrdtedRidwhaie) WO
00/ 17178 PCT/ EP99/ 06956 4 ) o ,
or in part, from the hydrogen peroxide by distillation (where the ketone is

relatively volatile) or by extraction with water (where the ketone is
15 substantially immiscible with or insoluble in water). When hydrogen
peroxide per se is used as a reactant, it will be generally desirable to employ
hydrogen peroxide concentrations of from about 1 to 20 weight percent in
the liquid phase within the reaction zone. The hydrogen peroxide may

alternatively be generated in situ by, for example, combining oxygen,

20 hydrogen, a noble metal such as Pd (which can be impregnated into or
otherwise supported on the titanium-containing zeolite), olefin, zeolite and
tertiary amine or oxide thereof within a reaction zone under conditions
effective to accomplish contemporaneous hydrogen peroxide production and
olefin epoxidation. The present invention thus may be readily adapted for

25 use in the epoxidation processes described in JP 4-352771, JP H8-269029,
JP H8-269030, WO 96/02323, WO 97/25143, DE 19600709, WO 97/31711,
and WO 97/47386.

The ethylenically unsaturated substrate epoxidized in the process of
this invention is preferably an organic compound having from two to ten

30 carbon atoms and at least one ethylenically unsaturated functional group
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a carbon-carbon doubl e bond) and may be a cyclic, branched or straight
chain aliphatic olefin. Mire than one carbon-carbon double bond my be
present in the olefin; dienes, trienes, and other polyunsaturated

substrat es"PHlL Ry be used. Methods of producing ol efi ns ICEERIPPRAoWn 5
in the art. For exanple, the olefin to be used in the process of this

I nvention may be generated by dehydrogenation of the correspondi ng
saturated conpound. Exenplary olefins suitable for use in the process of
this invention include ethylene, propylenge, the butenes, butadiene, the
pent enes, isoprene, 10 1-hexene, 3-hexene, 1-heptene, 1-octene,

di i sobutyl ene, (lenaneafori-84rbohi ABSe A56hd) AR bef a FHe/EF??’,' 5f¥hched or
cycl opentene, cycl ohexene, cycl oheptene, "cycl ooctene, cycl ooctadi ene,

di cycl opent adi SH@ightghaiy alinhatizcolefin.oplore thamohe lcaneey-cadymmdautse bond

t hyl | Yy _vinyl h 15 M xt
ool ot ns” ey 587 S Se AR RBR R e bn ShELBR OBl
enpl oyed i n m sebstratestions seyadrcatsel. | Methdds®f @rddueiryélefie® BROWRMNkneRAX i des.

The proce of .this inyention is especially useful for the epoxidation of
C2- C10 ol ?i ns'%&\ﬁ% ié%e’@eéﬂ‘élﬁathes‘i"ﬁﬁ!&%?%uﬁﬁﬂ mthgprogess ofctﬁts invewtiors 25

wherein Rl, RZmdi3berfen&tatéd Byt B8 il & from
t he group consi sét?ng (a)f ﬁ;é(firog n aﬁm?@@'ﬂ‘l I?f{/ﬁﬁ%?argéc% ggagpsghgﬁ&t%ﬁe
total nunber 6PMpRUIdns in the ol efin does not exceed 10). The process of
this invention is al suitable for.use in epaxidizin 30_qglefins

contai ni ng functi ongagg}pgﬁrﬁfsaSﬁﬂ%rsu{tﬂ@ﬁ fg( i“ﬁEdE‘itge Wag%isd%ﬁws IRYAndioNes
For exanpl e, t e dthylens! fropyleadbthe do@eibsC BitalRneUit ddritb Rk, idMdrbngr Oups
such as -SOZH, -CRR, -CN, or -OR wherein R'is an alkyl,

1 1-hexene, 3-hexene, 1-heptene, 1-octene, diisobutylene, 1-nonene, the
trimers and tetramers of propylene, cyclopentene, cyclohexene,
cycloheptene, cyclooctene, cyclooctadiene, dicyclopentadiene,
methylenecyclopropane, methylenecyclopentane, methylenecyclohexane,
vinylcyclohexane, and vinyl cyclohexene.

16 Mixtures of olefins may be epoxidized and resulting mixture of
epoxides either employed in mixed form or separated into the different
component epoxides. 4

The process of this invention is especially useful for the epoxidation

of C,-C,, olefins having the general structure

20 R1 RS
\ /
C =2C
/ \
R? R*
25

wherein R', R? R® and R* are the same or different and are selected from

the group consisting of hydrogen and C,-C, alky! (selected so that the total
number of carbons in the olefin does not exceed 10).

The process of this invention is also suitable for use in epoxidizing

30 olefins containing functional groups other than aliphatic hydrocarbyl

moieties. For example, the carbon-carbon double bond can be substituted

with groups such as -CO,H, -CO,R, -CN, or -OR wherein R is an alkyl,
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SUBSTI TUTE SHEET (RULE 26) WO 00/ 17178 PCT/ EP99/ 06956 5 cycl oal kyl, aryl
or aral kyl substituent. The radicals R, R2, R3, and R4 in the structural
formul a shown herei nabove may contain aryl, aral kyl, halo, nitro,

sul foni c, BPME7178ar bonyl (e.g., ketone, al dehyde), hydr oxyRCT/ERIN695¢|
(e.g., ester, acid) or ether groups. Exanples of such olefins include
allyl alcohol, 5 styrene, allyl chloride, allyl nethyl ether, allyl phenyl
ether, methyl nethacrylate, acrylic acid, nethyl acrylate, stilbene, and
the |like. The anpbunt of hydrogen peroxide&elative to the amount of olefin
Is not critical, but nost suitably the nolar ratio of olefin: hydrogen
peroxi de is f royoloabljtanti@d atalky subsGtushenThbeadicakiR', R3nRAj ared RMih the

ethylenically 10 upsaturated group. The nolar ratjo of ethylenicall
insat urat ed g SYSETA OTHUEGH I hetsARTSJEAY SERiE BB/ ol B avipabl y
in the range ofsiifbA dyaho tc%_rﬁ&iylée.éh%e?érﬁﬁ@ld’éﬁa@gz,tH’Vd?b ,Eéer%h%l?%]dz’sef“'

as catalysts in the epoxi dat1 on tep o e pr s ‘conprise t ass of
zeol i tic subst @sters agidgpeether gpoupst drxamples ofrsuctr elefinbsindiude atlylfadcohwl,

portion ofz the gilicon o) Ln the lattjce frane k .of | ecul i eve.
Such jsubst5ance_s§¥fﬁt'8m?lm kﬁﬁ%d?’naﬁwe"ﬁtbyl eHRy i Fa‘?rl“ipyirgt?’&f'r gaeathyls
titani um cont aimethachgatel heylit Beidu ffethiitact)laks stibenBDhAE theliks! eves _
cormonly referred tQ as titaniumsilicalites, particularly "TS- 1" (having

an MFl topol ogy anal Qio@dotipt ehzrdregen peroxsie melativesio fferasspuntefialefin is
zeolites), "TS 2t kflayi : . ] SM1 1
al um nosi |l i cat e&éggﬁﬁ{'e@%,rﬁgﬂ% g&%ﬂg?gélagg@??‘?ﬁggﬁ'}%‘@gﬁgle%ﬁgrgg? él\lo
1,001, 038). Al dmnsuabbautl 00dr tarske1@rwhéhethel biefinuceriarisaionengthytetieallyl ar

si eves hayj ng framework, structyres i somprphous to zeolite beta, nordenite,
Jsvt 45, B 32 Unk TR LB HEe ol e 2 AL S R % MO ARS8 PR bl y
contains no el gr@ oleFinoioBfdréd@ pbidxidd lérﬂ'mﬁa]lc but)éfé’ﬂ&bﬁj‘iﬂ tAS¥ERge P frohl'$:2

| attice framework, although m nor anounts o oron,” 1ron, afum num and
the like may béopgPekent. CQther metals such as tin or vanadium may al so be

present in the |att i'fh% tftéﬁiﬂm’-\%rk‘taf?\fingt Qeeoli%eesolhéetf& ésncaqglgjstgir? ﬂwet gpéxrllgation

titanium as
step of the process comprise the class of zeolitic substances wherein

15 titanium atoms are substituted for a portion of the silicon atoms in the lattice

framework of a molecular sieve. Such substances are well-known in the art.

Particularly preferred titanium-containing zeolites include the class of

molecular sieves commonly referred to as titanium silicalites, particularly

"TS-1" (having an MFI topology analogous to that of the ZSM-5

20 aluminosilicate zeolites), "TS-2" (having an MEL topology analogous to that

of the ZSM-11 aluminosilicate zeolites), and "TS-3" (as described in Belgian

Pat. No. 1,001,038). Also suitable for use are the titanium-containing

molecular sieves having framework structures isomorphous to zeolite beta,

mordenite, ZSM-48, ZSM-12, and MCM-41. The titanium-containing zeolite

25 preferably contains no elements other than titanium, silicon and oxygen in

the lattice framework, although minor amounts of boron, iron, aluminum, and

the like may be present. Other metals such as tin or vanadium may aiso be

present in the lattice framework of the zeolite in addition to the titanium, as
described in U.S. Pat. Nos. 5.780,654 and 5,744,619.

30 Preferred titanium-containing zeolite catalysts suitable for use in the
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described in U S. Pat. Nos. 5.780,654 and 5, 744,619. 30 Preferred
titaniumcontaining zeolite catal ysts suitable for use in the SUBSTI TUTE
SHEET (RULE 26) WD 00/ 17178 PCT/ EP99/ 06956 6 process of this invention

wi |l gener¥PI%1H3¥%e a conposition corresponding to the folRGGHERIOSEDI ri cal
formula xTi 02: (1-x)S102, where x is between 0.0001 and 0.500. Mre
preferably, the value of x is fromO0.01 to 0.125. The nolar ratio of Si:Ti
in the lattice framework of the zeolite is advantageously fromb5 9.5:1 to
99:1 (nost preferably, from9.5:1 to 60:1%6 The use of relatively
titaniumrich zeolites may al so be desirable. The anmount of catal yst

enpl oyfad ihs Rotpéocésd gfathis ibv%nt'&hmdll@eberally hble eicmmhp&itimscl:ctmelspwﬁt@td al | yd
acconplish the desifed epoxidation reactio in.a particular short perio
of time. The opf¢ Vﬂﬁ%ﬁmpc'@):%%or%’ﬂaa%gi &A"F)ﬁ'%ﬁ V@'@b’@ﬁ‘cfsﬁ)&@ﬁ en QRN of
factors incl udigig 6.680¢ 'Mﬁ}egﬁé'@?étﬂ&,‘{ﬁévaﬂb‘%{f'xﬂs frbﬁf"@.tO'thtOﬁfB’!dThe molar

concentration, hydrogen peroxide concentration, type an concentration of
or gani ¢ sol ventratie ofdiiTi irsthedlatticgsftamewoik oftherzediteeist 3ghantdgeaushcfrom or

reaction stemg £l £ aoRalch vs. - cont i puous).. I d.-ln a tch-type or
slurry re?clt i o?,‘é‘ﬂog) 8§§n{ﬂ‘%§t RREeraRlyy 9%95@3&6@@-@‘1? Wp%@l?que}l/yg be
from0.001 to iRagiuAHEciPeiedi®semal aflothé Resirable. i xed or packed bed
system the optinmum_guantity of catalyst will be influenced by the flow

rate of reactants tH@POUNRCF caialysheamploygrcisl Not crifieah Awbhasldbea o 2.0
ki | hyd : i i N .
Sironan holsHERSo s itarfialy SEAMERhEResRE eBtiluatibh reafiion

lr)n' xt ur le_ Wi Idl _ ge'uma\rl\;zédtixculalglmmnamdaﬁdghe.iahbmmwlgﬁgwmm Eflatﬁbﬁsawst may
e utilized in powder, pelilet, micraospheric, extruded, .nonolithic or an
other sui tabl o SEREDAUPSH G RumbRE Of dectars incdiag repclisn, tamperaturey Qilin i 1

conbi nati on Wi tr8adtiatyt AhdRoHERGPAGH, THydfodeP betkid@oRBen A L 1PHE Uttt
Supported or bound catalysts nmay be prepared by the 25 nethods khown in the
art to be effecongeniration ebriganiacselventaswelh agaatalyst actigjy antlitbe dyzempf es of

supported ti tart‘.éé'é’fb?%t %ia%grg s7y§%|r4.1 t(ﬁef%a%léﬁ}s.s c%H'hh&BJJs% employed. In a
batch-type or slurry reaction, for example, the amount of catalyst will typically
15 be from 0.001 to 10 grams per mole of olefin. In a fixed or packed bed
system, the optimum quantity of catalyst will be influenced by the flow rate
of reactants through the fixed bed; typically, from about 0.05 to 2.0 kilograms
hydrogen peroxide per kilogram catalyst per hour will be utilized. The
concentration of titanium in the liquid phase reaction mixture will generally
20 be from about 10 to 10,000 ppm.

The catalyst may be utilized in powder, pellet, microspheric, extruded,
monolithic or any other suitable physical form. The use of a binder (co-gel)
or support in combination with the titanium-containing zeolite may be
advantageous. Supported or bound catalysts may be prepared by the

25 methods known in the art to be effective for zeolite catalysts in general.
Specific examples of supported titanium-containing zeolite catalysts suitable
for use in the present process are described, for example, in 4,954,653,
5,354,875, 5,466,835, and 5,736,479. Preferably, the binder or support is
essentially non-acidic and does not catalyze the non-selective

30 decomposition of hydrogen peroxide or ring-opening of the epoxide.
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for use in the present process are described, for exanple, in 4,954, 653,
5, 354, 875, 5, 466,835, and 5, 736,479. Preferably, the binder or support is
essentially non-acidic and does not catalyze the non-selective 30
deconposi t WOR0aT17Rydr ogen peroxi de or ring-openi ng of the ESTERE/06956
SUBSTI TUTE SHEET (RULE 26) WD 00/17178 PCT/ EP99/06956 7 Illustrative

bi nders and supports include titania, silica, alumna, silica-alumna,
silicatitania, silica-thoria, silica-mgnesia, silica-zironia,
silica-beryllia, and ternary conpositions-of silica with other refractory
oxi des. Also useful are clays such as nmontnorillonites, kaolins,

bentonites, 5 hall oygjdiestivedbfd ' ' af; | t T. i
proportion of zeoli t%:tﬁffﬂ’gepﬁ@?}fﬁﬁ‘gg?‘tﬁbﬁ%@ér'gﬁggefg%ﬁm@gggqcafog@?%?' but
preferably is fsilmaalbnibat cil®atizmia, Asidicatthond, fsidiwatmagoésiahesilivasziesriaof

this invention i.s the presence of a tertiar mne or. tertiary am,ne

oxi de. | Such addiICAVREYHRca bl N MRS e o 5 P Ot EYREIhS PREGet he
ionic speci es ggeaseml atet BRYBr §@h add -mYRim&illoRReHr RabRes, TBEARMItES) DY
whi ch the inproved epoxide sel éctivities of the process are realized is
not known5 it inallpypites;edlickiles, t Acritest iand, anamdtesr obhedepropodiaetef in a

favorabl e way ‘%ebgtetst{f\ﬁgér'r %ﬁ%{pﬁ%%ﬁ%@]ﬁa&%rﬁ%” {168t %t@%{eﬁé&yﬁfr{)ﬁ] one

suppress undesiTe rons 'S as epoxide ring-o

enbodi nent, theé:8ataBPR0.is pretreated (i.e., prior to epoxidation) with
the tertiary amne oy oxide. One suitable pretreatnent nethod invol ves
form ng a sl urry of & REIESAGOTtHe BroReoS (G 4118 JNATLGH BEne AEeseieeiot ey
am ne or  oxi dehiar dHink2s! feriglhyV Siinéestide! | 'Suchdaddifivéd aré hatioRic in
tenperature of from 20C to 100C’for a tine effective to incorporate

suf fi ci ertO t er tchargctamimeontrast to the idpici speciasiauggestdad by thenprieraarbl Yhile s

centr1 T ugat | on e Praest e TR o e oS Vbl REie SRR Blee pLiehor 1o
remove all of tdrecésy hiedrealiast e not keawAL is belisledhtat tieptdriag! aminedot ed of

residual solvent, In a preferred enbodi nent, _however, the tertiary am ne
or oxide is i ntiIBIRIartRIDHA faOrakigwaygmthy gditanium-containing zeolite catalyst

so as to suppress undesired side reactions such as epoxide ring-opening.
15 In one embodiment, the catalyst is lpretreated (i.e., prior to epoxidation) with
the tertiary amine or oxide. One suitable pretreatment method involves
forming a slurry of the catalyst in a diluted solution of the tertiary amine or
oxide in a suitable solvent and stirring the slurry at a temperature of from
20°C to 100°C for a time effective to incorporate sufficient tertiary amine or
20 oxide into the zeolite. The catalyst is thereafter separated from the slurry by
suitable means such as filtration, centrifugation, or decantation, washed if
so desired (being careful not to remove all of the tertiary amine or oxide),
and then, optionally, dried of residual solvent. In a preferred embodiment,
however, the tertiary amine or oxide is introduced into the reaction zone
25 separately from the catalyst during epoxidation. For example, the tertiary
amine or oxide may be suitably dissolved in the hydrogen peroxide feed,
which typically will also contain a relatively polar solvent such as water,
alcohol, and/or ketone. In a continuous process, the concentration of tertiary
amine or oxide in the feed entering the reaction zone may be periodically

30 adjusted as desired or necessary in order to optimize the epoxidation results
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25 separately fromthe catal yst during epoxidation. For exanple, the
tertiary amne or oxide may be suitably dissolved in the hydrogen peroxide
feed, which t .PI cally will also contain a relatively polar solvent such as
wat er , aI‘HBWB?/ 17%nd/ or ketone. In a continuous process, tRECTENIGB56 ati on
of tertiary amne or oxide in the feed entering the reaction zone nay be
periodically 30 adjusted as desired or necessary in order to optimze the
epoxi dation results SUBSTI TUTE SHEET (RULE 26) WD 00/ 17178 PCT/ EP99/ 06956
8 attained. It may, for exanple, be advanBageous to use a constant tertiary
am ne or oxide concentration, to introduce portions of the tertiary am ne
or oxide at. iattaingd. tkmay, diorexarhple, be advantageeas ¢o msede constant td1mary

LY o 1 e B R RS PAA S8 B D VPGB ™

dependi ng uponckigie AtiMermtehaikéa, of td ﬁ@ré&ﬁéﬂﬁe&@@é@ﬂfé!&ﬁar@@ﬁiﬁés
whi ch are sel ected, but maé be readi | y determ ned by routine
a

experl ment at i oA OKilegaNceR tiemovertimpoxi dati on process described in U.S.

Pat . 4, 824, 976, Tih ng‘? BHE&?% ﬁﬁ@é Xrtfeﬂf b Bfhidh {E)EIH%QB(?%FR‘Q?BP rseo\?smde 10

thereof to be water-sol Y spe ng,
addi ti ve whi chvasy soimbleati Uepbaddngqupdnrrﬂm Wwihem pafﬁ:mbtérbeof&ﬂhél gRffinon i s

erfornmed is preferred. Wt Shl n 0 boun eor |_t IS
Eel i eved tha? epRYdation Pf%FGSFV‘f ?é?fs '&Pgﬁdgf?f‘ﬁ@aéf%%é%@ Aped Y t he
undesired ri ”gro&ﬁ@éfﬁérﬁﬁé‘ﬁhh&ﬁ‘s Iﬁgoﬁ?ésﬁe%é oXaa68n iptol B Hiehng

epoxi dation is 15 general enhance |ary am ne or oxlde I's
sufficiently simVUiS.iRat NDI é@ﬂ#&r?Ssitzenem@Qessarytfermelterttawamme ot beidpor es

of the tifaniu I Thus,.in the case of a.relatiyely

smal | - por1 zeo %C'%QF g’cﬁé vgat%gl%uqq t SFGRRIY; FReBNG, vagevbeq the U ¥ﬁ95 been
found to be ﬁuebdmé@vmtiﬁ Q@“stﬁlé hfifhe Qqux@-rﬁedmﬁf inbwhith thbréﬁii)(@atloﬂ ist he
sanme tinme, however, will typical desirabl e to have the nitrogen

at om of the teP?ﬁﬁWe%Hﬁ m%f%rﬁdoWHBOWéN'SB'DGrtP bsiboyndibydbpew. ités Beligvedegr ee
in order not t ﬂ‘l?ﬁi% 8B diife RRAXNIGhinRbr Gédd ¥ duppPlsd e GRAINGH ridd an

unaccept abl e de
openlng reactions of the epoxide which is formed during epoxidation is

15 generally enhanced if the tertiary amine or oxide is sufficiently smali in
molecular size so as to be able to enter the pores of the titanium-containing
zeolite. Thus, in the case of a relatively small-pore zeolite such as TS-1
titanium silicalite, 2,6-lutidine has been found to be much more effective than
2, 6-di-tertbutyl pyridine. At the same time, however, it will typically be

20 desirable to have the nitrogen atom of the tertiary amine or oxide be
sterically hindered to some degree in order not to decrease the epoxidation
activity of the catalyst to an unacceptable degree.

In certain embodiments of the invention, the tertiary amine or oxide
thereof contains a single nitrogen atom and/or is a heterocyclic compound

25 where nitrogen is present in a cyclic structural moiety. Two or more nitrogen
atoms may be present, however. Aromatic heterocycles containing nitrogen
are generally suitable for use. Pyridine, substituted pyridines and oxides
thereof have been found to be especially effective in reducing the leveis of
ring-opening side reactions which are observed during olefin epoxidation.

30 For example, the substance to be added for such purpose may be a pyridine
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In certain enbodi nents of the invention, the tertiary am ne or oxide
thereof contains a single nitrogen atomand/or is a heterocyclic conmpound
25 where nitrogen is present in a cyclic structural noiety. Two or nore

ni trogen d?8ﬁ99Hﬁ§ be present, however. Aromatic heterocycﬂ@gﬂ@ﬁﬁ@%ﬁﬁlng
nitrogen are generally suitable for use. Pyridine, substituted pyridines
and oxi des thereof have been found to be especially effective in reducing
the levels of ring-opening side reactions which are observed during olefin
epoxi dation. 30 For exanple, the substancg to be added for such purpose may
be a pyridine SUBSTITUTE SHEET (RULE 26) WO 00/17178 PCT/EP99/ 06956 9

derivative s Ub%felrf&/dﬂ\ﬁéjs@stlﬁﬂéd @f oﬁé’bh b@fh 6ﬂﬁe'éh§r:?dj 6 dRafIrs ke ‘E)fyrlaﬁh%

pyridine ring with an al }: Cyano-
al koxy- subst i t GiNGaVitth3h iadivhesg. n&yca) glbhaig anewnl. Cyane- %nc{/)algnxmgbstrtum ch

the nitrogen a%}&m:lln%s rﬁé)tl afshask &Qetg'h ﬁlaﬁépﬁﬂe?ﬁ%ﬁlcﬁr’tﬁe (NF"Q‘%%Q%%@'E%

useful in the esent process. <] sses of tertia

tertiary am ne attaictied teuthtedcarforr atonss arealisedgendratly arsefuldh therpreséntt o:
trimethyl pyridines 10 2-hal opyridines (chloro, brono, iodo)

di hal opyrisgl ne®'PEEF:, 2, 6-difluoropyridine) cyanopyridines (esp.
nonosubsti t ut ed corrpounds such as 3- cyanopyridine) nethyl pyrimdines 15
hal opyri ni di nes pyrQifenelgsses ofitrifiant aminasi and tertiaty aming;oxdies suitablafory |

thersof) N N drarRyrudhy bR TR AL "y ano. hal o and al kyl " deri vati ves
20 thereof) hal o- N, Keinliethyk pyriginesi nes
10 2-halopyridines (chloro, bromo, iodo)
dihalopyridines (e.g., 2,6-difluoropyridine)
cyanopyridines (esp. monosubstituted compounds such as 3-
cyanopyridine)
methylpyrimidines
15 halopyrimidines
pyrazines
1-alky! triazoles (including halo and alkyl derivatives thereof)
triazines (including halo and alky! derivatives thereof)
N,N-dialkyl anilines (including cyano, halo and alky! derivatives
20 thereof)
halo-N,N-dialky! anilines
alkyl-N,N-dialky! anilines
alkyl dimethyl amines (esp. where alkyl = C,-C,, hydrocarbon)
phenyl pyridines
25 2 or 4 dimethylamino pyridines (including alkyl and halo derivatives
thereof)
1-alkyl imidazoles (including alkyi and halo derivatives thereof)
1-alky! piperidines
1-alkyl morpholines
30 and oxides thereof. Mixtures of tertiary amines and tertiary amine oxides

may be utilized. lllustrative tertiary amines and oxides thereof which may be

SUBSTITUTE SHEET (RULE 26)



al kyl - N, N-di al kyl anilines al kyl dinmethyl am nes (esp. where al kyl = C1-C18
hydr ocarbon) phenyl pyridines 25 2 or 4 dinethylam no pyridines (including
al kyl and hal o derivatives thereof) 1-alkyl im dazoles (including alkyl
and hal o d¥PWhti7¥es thereof) 1-alkyl piperidines 1-a|ky|’ﬁ§ﬁ§ﬁ8&?ﬁbs 30
and oxides thereof. Mxtures of tertiary amnes and tertiary am ne oxides
may be utilized. Illustrative tertiary am nes and oxi des thereof which may
be SUBSTI TUTE SHEET (RULE 26) WD 00/ 17178 PCTI EP99/ 06956 10 utilized in
the present process include, but are not fgnmted to, the follow ng am nes
and their correspondi ng oxi des and isoners, anal ogs and honol ogs thereof:

pyridine 5 2-uotiized inthei stesent(Fropéswinchrle, bataronet limed €3ithe fbiltkving
2-met hyl pyrazine 3-nethyl pyridine (3-picoline) 10 4-npethyl pyridine
(4-picoline) AMR&H A KRN edifasparding oxidestang isemers, Anplags ngdhomologs
3,4-lutidine 1f2-8diethyl pyridine 2,6-dipropyl pyridine 2-ethyl
pyridine 2- propy? pyri di ne

pyridine

5 2-methyl pyridine (2-picoline)

quinoxaline
quinoline
2-methyl pyrazine
3-methyl pyridine (3-picoline)

10 4-methyl pyridine (4-picoline)
N,N-dimethyl aniline
2,6-lutidine
2,4-|utidine
3,4-lutidine

15 2,6-diethyl pyridine
2,6-dipropyl pyridine
2-ethyl pyridine
2-propyl pyridine
2,3-diethyl pyrazine

20 2-methyl quinoline
1,2,5-trimethyl pyrrole
2-methoxypyridine
9-methyl carbazole
phenanthridine

25 acridine
2,2'-bipyridine
1-methyl indole
pyrimidine
2-fluoropyridine

30 2-chloropyridine
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2,3-diethyl pyrazine 20 2-nmethyl quinoline 1,2,5-trinethyl pyrrole

2- met hoxypyridine 9-nethyl carbazole phenanthridine 25 acridine

2,2 -bipyridine 1-methyl indole pyrimdine 2-fluoropyridine 30

2- chl or opyVPAPAE78 SUBSTI TUTE SHEET (RULE 26) WO 00/ 17178 PCHTARISNEGEO56 11
2- bromopyri di ne 2-iodopyridine 1,6-difluoropyridine 3-cyanopyridine 5
1-nmethyl triazide 1-nethyl imdazole 2-dinmethyl amno pyridine 1-nethyl
pi peri di ne The optimum concentration of tertiary am ne or oxide which is
utilized 10 will vary dependi ng upon a ntifrber of factors, including, for
exanple, the chemcal identity of the tertiary am ne or oxide,

t enper at ure, sol vent2-brypaomyridied ocity, the type of titani um containing
zeolite selected and,the li ke, but may be readily determ ned by routine
experimentation. CerfsldPPYdiBBaki ng, the Ievel of tertiary anine or oxide

in the liquid phase ﬁ@@md@geﬂgﬁﬁgact ion 15 m xture is desirably maintained
at a level sufficient to provide a tertiary amne (or oxide): Ti nolar
ratio in the range dércyarmpy@idifel to 50: 1.

5 1-methyl triazide
1-methyl imidazole
2-dimethyl amino pyridine
1-methyl piperidine
The optimum concentration of tertiary amine or oxide which is utilized
10 will vary depending upon a number of factors, including, for example, the
chemical identity of the tertiary amine or oxide, temperature, solvent, space
velocity, the type of titanium-containing zeolite selected and the like, but may
be readily determined by routine experimentation. Generally speaking, the
level of tertiary amine or oxide in the liquid phase epoxidation reaction
15 mixture is desirably maintained at a level sufficient to provide a tertiary
amine (or oxide): Ti molar ratio in the range of from 0.5:1 to 50:1.
The epoxidation reaction temperature is preferably from 0°C to 100°C
(more preferably from 30°C to 80°C), but should be selected such that
selective conversion of the olefin to epoxide within a reasonably short period
20 of time with minimal non-selective decomposition of the hydrogen peroxide
is achieved. It is generally advantageous to carry out the reaction to achieve
as high a hydrogen peroxide conversion as possible, preferably at least
50%, more preferably at least 90%, most preferably at least 99%, consistent
with reasonable selectivities. The optimum reaction temperature will be
25 influenced by catalyst concentration and activity, substrate reactivity,
reactant concentrations, and type of solvent employed, among other factors.
Reaction or residence times of from about 10 minutes to 48 hours will
typically be appropriate, depending upon the above-identified variables. The
reaction is preferably performed at atmospheric pressure or at elevated

30 pressure (typically, between 1 and 100 atmospheres). Generally, it will be
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The epoxi dation reaction tenperature is preferably fromOC to 100C (nore
preferably from 30C to 80C), but should be selected such that selective
conversion of the olefin to epoxide within a reasonably short period 20 of
time with WOHPRA78nhon- sel ective deconposition of the hydr o RGT/ERMEKISEe s
achieved. It is generally advantageous to carry out the reaction to achieve
as high a hydrogen peroxi de conversion as possible, preferably at |east
50% nore preferably at |east 90% nost preferably at |east 99% consi stent
wi th reasonable selectivities. The optinugpreaction tenperature will be 25
I nfl uenced by catal yst concentration and activity, substrate reactivity,

reactant concenfdsabRo r’r?éiﬂaw&fé Phacton’EdthpSAENS YR 1%@%&{11?@ ﬁ@ﬂor&

Reacti on or residence tines of from about 10 m nutes to hours wi |
typically be a@(ﬁﬁ'ﬂﬂ@ avken ae plaii m@hmfopwenalmmd biaving &i badlingepdiabaes.

Th t | f h
ol evat od- 30" pr CTDEENEHE Brdsdtfe AR o BssERCMECop it rinsTetdenay i 1y,
it will be SUBGpeEtFosPhERTplid8ble Afficiv@ t@%éﬁ‘lﬂa—ﬂ’ﬁ tRECAEEIRSP cORESfratibh

desirable to mai ntalq the reaction conponents as a liquid m xture. For
exanpl e, when & PEPRYIenE Huthe liguid,phase irreferablyddilisgedi ng a boil i ng p0| nt at

at mospheri c pressurq@gﬁ&lhﬁéﬁ? c%é%@nofttlﬂ?s QgﬁflfrﬂHagpebéeéH?ﬁég olftdn 20

super at nospheri c pressure su to nmal n Sr'red conc
5 of propyl ene ha(tch h)@nllnqulusi qﬂm«a omtxpueﬂerrmin;erwslrig amdapﬂ'f@rﬂlﬂ@wwt i on
process of thls contlnuous or

t d tc
sem - cont i nuoué’ n B S%gxaﬁspé'%%ﬁr‘%gv?@géalt ?f? tF‘Hhs(PPMP tigead or

appar at us such sﬁfrryﬁ cfrl GSTRhedctdr KW mdiRbds édrfﬂélctlﬁb Yhéthi-cfaljzetR
reactor. Known nethods for conducting netal -catal yzed 10™ epoxi gatlons usi ng

hydr ogen 1er ox |eﬂéxkﬂ1at'@”§1\é$169 QV@@Q@FWF@@C’% wilt gﬁn@aﬂmlsg@e suit@ihlesfor use.
o o 4SO 18k Bl ey e BB AL B o B, "
reaction zone. eEpmpleiatth@nhy(lmgba perd)ddérEdnd/Ortfhre wlefreng@ayotbea éddédab| e
sol vent incrementally to the reaction zone.
Epoxidation may be performed in the presence of a suitable solvent
16 in order to dissolve or disperse the reactants and to facilitate temperature
control. Suitable solvents include, but are not limited to, water, alcohols
(especially C,-C,, aliphatic alcohols such as methanol and isopropanol),
ethers (especially aliphatic ethers such as THF and MTBE), ketones
(especially C,-C,, ketones such as acetone), and mixtures of such solvents.
20 The reaction may alternatively be carried out using two liquid phases, i.e.,
an organic phase and an aqueous phase. Halogenated solvents such as
dichloromethane, dichloroethane and chlorohenzenes are examples of
solvents suitable for use in such biphasic reaction systems.
Once the epoxidation has been carried out to the desired degree of
25 conversion, the epoxide product may be separated and recovered from the
reaction mixture using any appropriate technique such as fractional
distillation, extractive distillation, liquid-liquid extraction, crystallization, or the
like. After separating from the epoxidation reaction mixture by any suitable
method such as filtration (as when a slurry reactor is utilized, for example),

30 the recovered titanium-containing zeolite catalyst may be economically
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15 in order to dissolve or disperse the reactants and to facilitate
tenperature control. Suitable solvents include, but are not limted to,

wat er, al cohol s gespecially C -C o0 aliphatic al cohols such as nethanol and
i sopr opanoVP 018 kers (especial ly aliphatic ethers such as PAIERSAE6IBE) ,
ketones (especially C3 C o0 ketones such as acetone), and m xtures of such
sol vents. 20 The reaction may alternatively be carried out using two liquid
phases, i.e., an organic phase and an aqueous phase. Hal ogenated sol vents
such as dichi oronet hane, dichl oroethane ggd chl orohenzenes are exanpl es of
solvents suitable for use in such biphasic reaction systens. Once the

epoxi dati on hasehred if 8ubsesLisi epbRidhiichsI OIHeRE te aaRfystls déslofediPihe On

t he epoxi de product n%y be separated and recovered fromthe " reaction

m xture using 40N &b prixpdibedethecepoxidpiionpueduct svithdsawn eaal stresing friom thtei on,

extractive distjl an, - L1iaguidLi gui d,. r i C talli i . or the
like. After se&ngﬁal%@Rf ?J())'#ﬁqwlg bgp eﬂ'&?&ﬁgfaigg%egn x@&r%aztab/sgﬁﬁmg

sui tabl e net hogtasmed vathir ithé leplokielatio fzonee nSimitdrly, rahy’ 8Akiaeted lefini i zed,
for exanple), 30 the recovered titaniumcontaining zeolite catalyst may be

econoni cal 'y  Hydmgenperosigemayrie separptefend racytias ecothepyisesiisprsed: 3
onom ¢ o Ay _ . | o
Lorimet ot el e BRI WO e CBRLS i RE X B LT

formof a fixe on prod rawn as a st romthe
epoxi dati on zompeosuted man assmntinualis yoasi, at ysay beedesirabile ttheperiadidallyt obei ng

ryeropen per b bab YRR ierto bl Beubeg Ria i BEl o Bioh %
I'n certain enmbegtifithSagtivity gnhd %éle’tmit)ﬂr%ﬁ%l@%?éné@ioﬁp%ﬁmd& are

produced on a continuous basis, it may be desirable to periodically or
const ant 'Y r egevaitishewn|andoincludsofor example, ealcisalipr andl salventrireatment: o

Fechni ques. ar e ST PIuh e As5°IrRidat e taayritch T b PRERTRR P they
sol vent treat mtertiary Bedgemer tdrtiany araimeaddde.i ncl ude retreat nent or

rei npregnation with Ftrgr% tr%ee%riegcrn%rl'ngacrigsnc?ip iE)n,t %Fltei s riIYeda m %ee %)Fti (O:Iaeh readily

ascertain the essential characteristics of this invention, and, without

16 departing from the spirit and scope thereof, can make various changes and

modifications of the invention to adapt it to various usages, conditions, and

embodiments.

EXAMPLES
Example 1
20 A 100mL Parr reactor equipped with a magnetic stir bar is charged

with 34 grams of methanol, 200 mg. of 2,6-lutidine and 250 mg. of Ts-1
titanium silicalite containing 2.1 weight % Ti (calcined at 540-550°C before

use). After stirring for several minutes at ambient temperature, 8 grams of

30% aqueous hydrogen peroxide is added. The closed reactor is then

25 charged with 14 grams of propylene from a Hoke pressure vessel using 400
psig of nitrogen. The reactor is heated at 40°C for 30 minutes and cooled

to 20°C using an ice bath. The gasses from the reactor are vented into a

gas bag. The reactor is pressurized to 400 psig with nitrogen and the

_ gasses vented into another gas bag. The gas bags are analyzed by GC for
30 oxygen, propylene oxide, propylene and CO,. The volumes of the bags are
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From the foregoing description, one skilled in the art can readily
ascertain the essential characteristics of this invention, and, w thout 15
departing fromthe spirit and scope thereof, can nake vari ous changes and
modi fi cati BRI 8 he invention to adapt it to various usageRCT/RRINEF6 ons,
and enbodi nents. EXAMPLES Exanple 1 20 A 100nL Parr reactor equipped with
a magnetic stir bar is charged wth 34 grans of nethanol, 200 ng. of
2,6-lutidine and 250 ng. of Ts-1 titaniumsilicalite containing 2.1 weight
% Ti (calcined at 540-550C before wuse). Mter stirring for several mnutes
at anbient tenperature, 8 grams of 30% aqueous hydrogen peroxide is added.
The cl osed readneasyrediusing asvetHesiyoeteari tThelliqud ahesefs analpgédby GC don a

Hoke pressure v i | g of .ni.trogen. The reactor .is heated at
40C for 30 ni ntﬂﬁégéﬁ%ﬁcgg?ég&s t%?'%@c&g?'ﬂ &, %@eSP?Aﬁ?Fgﬁf@ J’é’ségs?‘?’r om
the reactor areavieotydid acids. aTheahydragen ThsrokigieC EOhverSiod &S Pbdstfsd tt;gy 400
psig with nitrogen. and the gasses vented into another gas bag. The gas

bags are anal yZ€8CHRN &f anvaliguptafytenreceversd bawidoxitiie spdipy iaside and cop.
Th | f 4 - / 78.
L7 o i S S e

anal yzed by GCahdrpropyigge ghcekmpnamietitybetier ispneare iro88.5rdnde0. 8% seledtivtglar d
and by LC for _carbaxylic.acids. The hydrogen peroxide conversion is
measur ed by réﬁ%‘??‘gw\éiﬁ Jﬁ‘eafs?l_ﬁ%‘f'ﬁ?ﬁ %{@g%iegk/epe%bﬁw%ﬁ' ProFYHs LB &di um
i odi de and 5 t iprsfiens biakish TRAhHTobEA Perbidé BonVdrgiPRYS 7usact i on gave
propyl ene oxide ‘and Bropylene gl ycol nononet hyl ether i1soners in 98.5 and
0.8%sel ectivity, ~NYBpRihe astount ghj6dutidine wastredycas by obedwlf, selectiedtyr ved

Prosuchs 180 2 O BRRMIGREoRA e e ASERATONARTH CONIPENE, SRR '
propyl ene oxi deromdersd glytolmobrdrnethlyyethegwas 0Bgévetn I Thehyftoget péloxidel Y t O
conversion was 88%.
By way of comparison, when the same experiment was repeated in
the absence of 2,6-lutidine only 91.6% propylene oxide selectivity was
15 obtained. The selectivity to the undesired propylene glycol monomethyl
ethers was 7.7%. A hydrogen peroxide conversion of 94% was achieved.
Example 2
The procedure of Example 1 was repeated, but using a different
batch of TS-1 titanium silicalite containing 1.3 weight % Ti and a longer
20 reaction time (2.5 hours). In the presence of 2,6-lutidine, 98% propyiene
oxide selectivity, 1.7% propylene glycol monomethyl ether selectivity and 0%
propylene glycol selectivity were observed at a hydrogen peroxide
conversion of 69%. Without the 2,6-lutidine, the propylene oxide selectivity
dropped to 78% while the amount of ring-opening products rose significantly
25 (14% selectivity to propylene glycol monomethyl ether, 4.9% selectivity to
propylene glycol). Hydrogen peroxide conversion was 79%.
Example 3
The procedure of Example 2 was repeated, but using pyridine oxide
instead of 2,6-lutidine. Although 94.7% propylene oxide selectivity and 4.8%
30 propyiene glycol selectivity were observed, the hydrogen peroxide
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propyl ene gl ycol nononethyl ethers was observed. The hydrogen peroxide
conversion was 88% By way of conparison, when the sane experinent was
repeated in the absence of 2,6-1utidine only 91. 6% propyl ene oxi de

sel ectivi tYOM4717§5 obtai ned. The selectivity to the undesiRGEHERPHE ene

gl ycol nononethyl ethers was 7.7% A hydrogen peroxide conversion of 94%
was achi eved. Exanple 2 The procedure of Exanple 1 was repeated, but using
a different batch of TS-1 titaniumsilicalite containing 1.3 weight % Ti
and a longer 20 reaction tinme (2.5 hours}d In the presence of
2,6-lutidine, 98% propyl ene oxide selectivity, 1.7% propyl ene glycol

monomet hyl et hepnyelisian dmppedda@5666 propyl ene gl ycol selectivity were

observed at a Woxi de conversion of 69% Wthout the

2, 6-1utidine, _ e oxide selectivity dropped to 78%while the

anount of ring-openiThg proedygiesoff BgampiedNiwWadsGapeated2extditfor tecasd \WFhy to

propyl ene gl ycol nononethyl ether, 4.9% sel ecti vi té to propylene glycol).
e

Hydr ogen per oxHdiftereshbatcsi einTwat titawymesilicalite apddidefani dediang amineg0mpl e 2
was repeaked, ; J idi axl der, i f = L.di ough
94. 7% pr ogyl en%?%%@e )esgéiltdlgv#fd;}méér?d Ex@&? H%%%%o%y é%’ééﬁélkséc){ca%%@: @gt ivity
wer e observed, atditiveydeserd) Pheoasults oltbp@tl arBRoMERTTAURIE 26) WO

00/ 17178 PCT/ EP99/ 06956 15 conversion dropped to 25% Exanples 4-27 The
procedure of Exanple | was repeated, except for the use of a different
batch of TS-1 titaniumsilicalite and different tertiary amnes or 5
tertiary am ne oxide additives. Exanple 4 is a conparative exanple (no
additive present). The results obtained are shown in Table |I. SUBSTI TUTE
SHEET (RULE 26) WO 00/17178 PCT/ EP99/ 06956
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16 TABLE 1 E4 Pct Ma. of sgl
Additive % ** sel

% sel

PMr) sel

0 cony. 5 4**!

None.

0.7 97 5

DP MB) HBO' Exanple Additive
0 86 12 1

2,4,6-collidine 121 90 8.3 0.4 1 97 6 2-picoline 100 99.7 0 0 0 12 7

2-picoli
9 N, N-di

99.7 0 0 0 12 11 1-nethyl

ne
met hyl

ani ne oxide 75

YWROYYI® 0. 24 0 0 16 8 2-fluoro-pyridine 121 94. BCHEBINISE1 10

aniline 144 99.5 0.4 0 0 53 10 tri methyl
i mdazole 89 99.3 0 0 0 15 12 2,4-lutidine 108

99 0 0 0 11 13 2-nmethoxy-pyridine 108 98 0.8 0 0 78 15 14 3-cyano-pyri di ne
108 98.3 1.6 0 0 74 15 2,6,ditertbutyl-pyridine 190 89.5 8.5 0.8 1.1 97

B.

16 quinuclidine 100 86.4 7.5 3.0 0.8 JABLIE[2-picoline oxide 108 98.3 1.5 0
oyt dirle 20 4 b not hyl ani no 196 95] 33,95 G4B paa | BSedntr) 1o 23 |
ZszanopyEiﬂ'glee 112 9%.@154,,_@4 0.13 {abdisl Z-Q”;[%gopyseo'dl Ak c%ﬁ\?ﬁﬁ,
0.6 0.6 [97 23 p-Thioropyrrarme—t8195—6—0r4—5—0p—8—04-88—=24 e—
2,6-di§| uoropyr { BPe 121°89.3 7.62 1.26 1.p8889 | 2822, B- di chl cxopyri @7 ne
148 87.9 8. (1 1 él? L. 94 20 _I-TE hyt T mpazot 56— 4—0—F 2+
quinol i e 131 9B 6-golifie, " 571 72 121 90 8.3 0.4 1 97
6 2-picoline 100 99.7 0 0 0 12
7 2-picoline 20 99.5 0.24 0 -0 16
8 2-fluoro-pyridine 121 94.5 53 0 0 81
10 9 N,N-dimethyl aniline 144 99.5 0.4 0 0 53
10 trimethyi amine oxide 75 89.7 0 0 0 12
11 1-methyl imidazole 89 99.3 0 0 0 15
12 2,4-lutidine 108 99 0 0 0 11
' 13 2-methoxy-pyridine 108 99 0.8 0 0 78
15| 14 3-cyano-pyridine 108 98.3 16 0 0 74
15 2,6 ditertbutyl-pyridine 190 89.5 8.5 0.8 1.1 97
16 quinuclidine 100 86.4 75 3.0 0.8 93
17 2-picoline oxide 108 98.3 1.5 0 0 73
18 pyridine 80 99.6 0 0 0 19
20 19 2-dimethyiamino 122 99.75 0 0 0 15
-pyridine
20 ﬁiﬁ‘:ﬁﬁ!&?é“m 146 95.3 3.95 0.54 0 %4
21 2-cyanopyridine 112 90.3 6.94 0.13 0.13 91
22 2-bromopyridine 158 94.8 37 0.6 0.6 97
23 2-chloropyridine 118 95.6 0.4 0.05 0.04 88
25 24 2 6-difluoropyridine 121 893 | 762 | 126 | 1.28 89
25 2,6-dichloropyridine 148 87.9 8.71 1.45 1.55 94
26 1-methylimidazole 20 99.5 0 0 0 17
27 quinoline 131 98 1.1 0.2 0.01 72
30 ;Dlyzg = propylene oxide, @ PM = propylene glycol monomethyl ethers, @ PG = propylene

®DPM= dipropyler)e glycol monomethyl ethers ** selectivity based on observed products
on a propylene basis *** comparative example
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O PO = propyl ene oxide, (r) PM= propyl ene glycol nononethyl ethers, (c) PG
= propylene 30 glycol (r) DPM = dipropyl ene gl ycol nononethyl ethers **
selectivity based on observed products on a propylene basis ***
conpar at i WEOSYaHI8 e SUBSTI TUTE SHEET ( RULE 26) WO 00/ 17178 HQTEIRPOIS66956
17 CLAIMS: 1. A nmethod for epoxidizing an olefin conprising contacting
said olefin with hydrogen peroxide in a reaction zone in the presence of a
titaniumcontaining zeolite catalyst and an additive which conprises a
tertiary amne, a tertiary am ne oxide or 1@ m xture thereof. 2. A nethod
according to Claim1l wherein the tertiary amne or tertiary am ne oxide
has a nol ecul arClsAWSsuch that It nay enter the pores of the
titaniun}containing %eO|I netho ccordln to Claim1l 2

t
wherein the tertiary Fahqa ‘?"l %FP?/X' r}QeaBﬂﬁ I‘Fé’é“%’t‘ Sé?t"tﬁﬁté"%f Ot he
carbon atonms Wyl oléfin W.ﬂ?ﬁ% t@é‘rBQﬂietuﬂ d ne%cta%htm{evmnmermganéé 8m

attached t not nore than one drogen atom 4. hod according to any
one of the precaetitarguut-aontannmtgezanhmetclamlyetramfarayl Mﬂmseowhtoé‘rwmpylsam ne
oxi de conprises 1, nitrogen atons at | east .one of whlfchisa

h

tertiary nitrodeff é'FBYna”S'"eAantE o apms oXiIAg IR HiFERNS e precedi ng

clainms wherein the addi t \‘ReffyBaERRirRy EERIRCY Wikerefiime tﬁr%r@brﬁnﬁ@s'f
one ring nitrogen atom 6. A nmethod according to ang one of the previous

clainms wherei mrtﬂeaetladdamuv@oxcﬂmhasesmalecaiarrme sucbrtpetiitdmay. emtenmgbéod
accordlngtoa onel}bthe recedln In the additive is

sel ected fromt ear eURe ‘EPﬁ?d“S?’ ?ﬂ/??ﬁ ca\,{@'ﬁ'zfﬁ , cyano-, al koxy-,
di al kyl am no- and alkyl - AuhgtHdd becomtitiy 46 BIaim NoN-Zidhdrgin @ hémprpy and

oxi des thereof.

: amine or tertiary amine oxide has at least one of the carbon atoms which
is directly attached to the tertiary nitrogen atom attached t not more
than one hydrogen atom.

4, A method according to any one of the preceding claims
wherein the tertiary amine or tertiary amine oxide comprises 1, 2 or 3
nitrogen atoms at least one of which is a tertiary nitrogen atom.

5. A method according to any one of the preceding claims
wherein the additive comprises a heterocycle containing at least ohe ring
nitrogen atom.

6. A method according to any one of the previous claims
wherein the additive comprises an aromatic compound.

7. A method according to any one of the preceding claims,
wherein the additive is selected from the group consisting of pyridine,
halo-, cyano-, alkoxy-, dialkylamino- and alkyl- substituted pyridines,
N,N-dialkyl anilines and oxides thereof.

8. A method according to Claim 7 wherein the additive is a
pyridine derivative substituted at one or both of the 2 and 6 positions of
the pyridine ring with an alkyl or halo group.

9. A method according to Claim 7 or 8 wherein the additive
is selected from the group consisting of 2,6-lutidine, 2-picoline, 2-

fluoropyridine, N,N-dimethylaniline, 2-methoxypyridine, 3-cyanopyridine,



8. A nethod according to Claim7 wherein the additive is a pyridine
derivative substituted at one or both of the 2 and 6 positions of the
pyridine ring with an alkyl or halo group. 9. A nmethod according to C
or 8 whereV@O0/hAE78dditive is selected fromthe group consiFIIVERY9/06956

2, 6-1utidine,
2- met hoxypyri
4- di net hyl am

2-picoline, 2- fluoropyridine, N N-dinethylaniline,
di ne, 3-cyanopyridine, WO 00/17178 PCT/ EP99/ 06956 18
no benzonitrile, 2-hal opyridines, quinoline and oxides

aim7

t hereof. 10. A nethod according to any ongg of the preceding cltains wherein
the titaniumcontaining zeolite catalyst has an MFI, MEL or zeolite b

t opol ogy. 11.

A gehdrpgiarbiner GeRgohitrileny2-tatopfridites, pgaitwdinegantabrides

wherein the titaniumcontaining zeolite conprises TS- 1 titanium

silicalite.

1thergofet hod according to any one of the preceding clains

wherein the titaniu ontaai ni C MR d
to the chem cal forrrmucfa ﬁl@%g?%@lrﬁ? er%g?ngﬁg.i%gsﬂp%oﬁlﬁcg.agﬁd ??)Qg{.}’l
13. A nethod aqgréimghé aitaniuneenedininie zpoliteedatalystl basran Mid; MEBL tdre

amount of additive is sufficient to provide an additive:titaniumnola
rati o of from eeslite befasippplogw A et hod according to any one of the

precedi ng cl ai ns \M:%r_e! 0 Ti&mhegé&rhﬁgagﬁrﬁgn@df%t bfec¥dfid Haitms

nmet hod according to

aim erefn t conprises propyl ene.

eta

I ng
25.

r

A
16. A

met hod accor di aghdreirethg tjitaritedicogtaihimgreofies @mptibes TSybtitgéumsdicatitele i s
generated in situ. 17. A nethod according.to any on f the ptecedi.n
clains wherein sai ﬁ%onﬁaﬂﬁtﬁgdi@%gﬁﬁﬁn& Xrae togntg"@r Bﬁﬁe(%"?g cS’g?'B% to

100C.

wherein the titanium-containing catalyst has a composition
corresponding to the chemical formula xTiO,:(1-x)Si0, wherein x is from
0.01 to 0.125.

13. A method according to any one of the preceding claims
wherein the amount of additive is sufficient to provide an
additive:titanium molar ratio of from 0.5:1 to 50:1.

14. A method according to any one of the preceding claims
wherein the olefin is a C,-C,, aliphatic olefin.

15. A method according to Claim 14 wherein the olefin
comprises propylene.

16. A method according to any preceding claim wherein the
hydrogen peroxide is generated in situ.

17. A method according to any one of the preceding claims
wherein said contacting is performed at a temperature from 0°C to
100°C.

18. A method according to any one of the preceding claims
wherein said reacting is performed in a liquid phase.

19. A method according to Claim 18 wherein the liquid phase
comprises of a solvent selected from the group consisting of water, C,-
C,, alcohols, C;-C,, ketones, aliphatic ethers and mixtures thereof; for
example methanol.

20. A method according to any one of the preceding claims



18. A method according to any one of the preceding clains wherein said
reacting is perforned in a |iquid phase. 19. A nethod according to Caim 18
wherein the liquid phase conprises of a solvent selected fromthe group
consi st i ngVef00NE’&r | C1- C10 al cohols, C3-Cl10 ketones, ali JIIHERII®6%6rs and
m xtures thereof; for exanple nethanol. 20. A nethod according to any one
of the preceding clains WO 00/17178 PCT/ EP99/ 06956 19 wherein the
titaniumcontaining zeolite catalyst is deployed in the form of a fixed
bed within the reaction zone and the ol efl%, hydrogen peroxide, solvent,
and additive are introduced into the reaction zone and a product stream
conpri sed of anvhersih the tisanivgpoaaiaigingzectite eat@lyst is deplgyadiinatie tarem t he
reaction zone. 21, thod according. to t recedi | s
wherein the hy oﬁeﬁxggr?&&d‘@{&ﬁg" 3bﬁeFeaE}Cé%??/ﬁ8§§t%d t}il'% BT, 'h%r&,@ﬁ
peroxide, solvent, and additive are introduced into the reaction zone and

a product stream comprised of an epoxide corresponding to the olefin is

withdrawn from the reaction zone.

21. A method according to any one of the preceding claims

wherein the hydrogen peroxide is generated in situ.



