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plus ring-opening products that derive from POQ) to about 91% at 50°C.
Selectivity deteriorates as temperature increases. In addition to sacrificing
valuable epoxide product, ring opening introduces impurities that must be
removed. U.S. Pat. No. 6,037,484 teaches to add 2,4-lutidine or another
substituted pyridine compound to the hydrogen peroxide feed to suppress ring

opening. Soluble pyridines such as these must be continually replenished in



Recently, we discovered that pol yner-encapsul ated
titanium zeolites are valuable oxidation catalysts
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zeolite. Preferably, the vinylpyridine polymer encapsulates the titanium zeolite,

but a simple admixture of the vinylpyridine polymer and titanium zeolite can also
be used. In epoxidations with hydrogen peroxide, the catalysts provide
exceptional epoxide selectivity over a wide temperature range while minimizing
ring-opening side reactions. Thus, the invention includes olefin epoxidation

processes performed with the catalysts. The catalysts can include a transition



10

15

20

25

30

is generated "in situ” from hydrogen and oxygen. In
addition, the invention includes a process in which

whgasogen and oxygen react in the presence of BCT/US2005/014059
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zeol i teh@Rthnfim zeolites are preferably encapsulated within a vinylpyridine

polymer. By "encapsulated," we mean that the zeolite particles are contained
within and are surrounded by a thin layer of the polymer. Thus, encapsulation
involves entrapping the zeolite particle within a polymeric coating. To interact
with the titanium atoms, reactants must penetrate the vinylpyridine polymer

coating.
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vinyl pyridine polymer. In this case, it is convenient
to just mx titanium zeolite powder wth the finely
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divinylpyridine, divinylbenzene, or other diethylenic crosslinking agent can be
included in the polymerization reaction to achieve the desired level of
crosslinking (see, e.g., J. Polym. Sci., C 26 (1988) 347). Crosslinking can also

be achieved by quaternizing the pyridine nitrogens with a difunctional crosslinker
such as 1,4-dibromobutane, 1,6-dibromohexane, p-xylylene dichloride, or the
like (see, e.g., Makromol. Chem. 177 (1976) 2295 and J. Polym. Sci. A-2 7




(1969) 1101). Poly(vinylpyridine)s that are 2% or 25%
crosslinked are commercially available fromAldrich.
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WD 2006/ 007007 PCT/ US2005/ 014059 5, Pd on TS-1, Pt on
TS-1, Pd-Pt on TS-1, Pdd 2, PtCl 2, Pd(NH3)2Cl 2, PdBr2,

woa(oboG»27 pal | adiunm(l1) acetate, PCT/US2005/014059

tetrakis(acetonitrile)palladiun(ll) bis-

LD 1 P Bhs( b KR op b0 CpRACE) PICHANH:Cl, P

Mﬂ@B)ZRthémadlunQu? ae@taiehe hét}%ms éébt@mﬁﬂ@bam.umfu) bis-

cat al ysts he i nventio ansitio

ét%@ﬂ@@ﬂoap@aem tetiaigis @ﬁ%towtﬁgﬂ wxaﬂwn?{a ;ﬁﬁ(i)ﬁﬁﬂUOWéphate)v
HARUCRM,BYi ﬁzﬁ@ngelr@@ya%dttﬁe AREnS Wrébled bé@Ws%f)the invention,

zeolites (and optionally, transition

whe eRsition mejal s encspaelalssl \{Vlﬁ’é'ﬁ thesgrdpyidinehpalgmer.

technhgugs a'ﬂé“éﬁar%ﬁ%ﬂntérlﬁ&%é;% ‘f‘d%%éﬂé@ét@ fitanium zeolites (and

phar rmceutl cals to age

siptibhaliyt yhe dansitiorysetal) udthied |erldmhmI$maav§mnf these
1

g%lé‘rﬁxa@%e Be ;Eﬁ%gﬁ gl.és%ltd(nec %bh&\o%%‘?aﬁé eﬁﬂa‘?ﬁaeéut fdafd € 'mask taste,

smpast- stoyageg stabityayerc targéti dgig spliayy; cowermglavphm used to

AP R e BaoE BalRles S B By BeL RS Ry qramoe

@pi"diyalénymg,, spkaqamnlnt@e rspmyt-ddalting [ pshasetsepacﬂtwﬁeemdzmasoervatuon
neri, zat |

RGO b s dinge RO A B ot T Goabie, BEL e Esion.

aapofesddpdagidn] n nﬁ%ﬂhl NS dlPHEGLRI0N, Chlﬁkﬂ@@hg of in-situ  interfacial
M crocapsul es and no%grtl cles |n i Cl ne
Fﬂ%)f‘ﬂ%f&%

tiogy ang, ese gRd c{thqqml%{ﬂ@ﬁqa@‘sgkag% dechniques

Clrb st @ tﬁe lrﬂ%ubﬁrﬁchﬁﬁ&sémﬁsmcapsules and Nanoparticles in
"M croencapsul ati on of Solid Particles,” Controlled-

Rdedigiae ard Rharmacy, sMe Rornew pESk.i BP- dés14( 1arghyefepgnces cited
Qﬁ%%fén fAﬁ,g in @Sogﬂ'naﬁ‘fl "Mﬁ‘?@end’é}o&ﬂaﬁb@gf §<"5‘1Ld PMcles,” Controlled-

yner encapsul ati on ase
aase Delivary Systemeafor Basticidesnd 998}, &i. eSQ’n@d Edchpi 3jlie4. See

t s illustrated by Kobayashi et al.
Aélédjb %ﬁia‘? ﬁ%o %24%'2003) 449 and references cited

therelﬁulyrﬂﬂgee/mcaﬁ:smmqn |yt . phdsee.  skEpaf@tddicoa8d@9atign is one

et e e, s ARE Anatorel) is sl o EPETRgREt . (see

(G198hH) CAM@ENq2003)Ad and Pefefepicgsncitéd |ther8@n (A2@e®) Chem., Int.

ﬁ?&'&#ﬁg%é' MMI Sgt(ﬂégﬁé i zi‘/\h’(:h polystyrene as

Kabayawher efcaisiidnpy r$el BROSEZAIFE BueRpg! BB5) 28, and J. Appl.

di ssol ved LN tetrahydrofuran Titani um zeolite is
R 8P #2Q0% 18Pt ure. Hexane is added to the

sus peflﬁ'a%rﬁ@lér%&n@erﬂéﬁt%dé‘sb@rt\/bﬁ&h 8bprBach, a mOdIerd version of
pol ymer - encapsul’'ated TS-1 (see 30 Exanpl es B and

b opthadn oh keba¥ashi.api YaylBY idiRgratysens p@@olgmgbéﬁmﬁﬁlved in

r
SeaFrphiad, FRRS-E0RG R o CIRSAE. LR, i ccced
ftpdhetsmepamswrutcelndwm orecipitagon qérﬁas@y@éban@ansuiat%m}és 1 (see

BRHibiEs B ?ﬁd'r&t bgl%%”ﬁien fither ﬁ\ﬁtlgﬁgwgtigrﬁﬁtee dsusdogggon in THF

mcrocapsu es ca e I Sol ate
Bz prgparedthe same way, but hexane is not added. Instead, THF is allowed to

evaporate slowly from the mixture, which allows phase separation and capsule

formation to occur. The resulting microcapsules can then be isolated and dried

(see Example A).



6 WO 2006/ 007007 PCT/ US2005/ 014059 In-situ
pol yneri zation is another preferred techni que. The

W@ 2aoandnT zeolite i s suspended in a reaction nMedi/us2005/014059
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containing a vinylpyridine, optional conononer(s), an
initiator, and other conponent d paol [ [
pr ocelbgaitu Q%yr@gg;@tlpﬂés @nq{pgr@;pfc’eaqe,%gtecﬁmqgeneﬂez ?ttaln%rr]n zeolite

%ﬁBéné’ébCQF’?Sw dfboh! hidit 26biniky aSU\hhﬁMr%inﬁa optional

I ques include bul k, erul sion, susp enS|on
pntr@np@i@r(a) apAniiaer, .amtqtbﬁ@,coqune&&tfotaﬂérpq wm%ffztaHOn proceeds

P(? %V@Wh@ﬂ/h?{ﬁ ﬁ&‘lﬁgpb& m%r-\éh@é/ﬂs@}’a"té@'ﬁ’cgnlghﬂ rellitet UrSwtable

I ne an ot her ‘et hyl enic nonomer (s).

peﬂlhlywmweszrmm erbuiiy e&qu@oussuwaggensar&dnm@mP%W\eazatlons
vve

tit anhﬂ?nmzhé%rﬁﬁ i, ‘ﬂ#ﬁ{%e'rlg ({Tfe 1”%/ glgylfp% ﬁ%‘%P%Wﬁ*Qﬁlre ofa
vimytoypdinat mobmdmsemleent monamet(n) i popagrized anen aaqyieous

SHALR, Aulig e ARS8 Bty o sy

@ifardurh Izeolite n dhe desuttimppaliymePaeadcincanpoyats lentzaqmﬂmtad ditanium

2pOBRaNG <iF eHEANT (i oS e eB R eBRet These and.
ot her TaYivirgipyEdink| petyméradaadinoomorate setuariey beaitsof a fluorinated

oo, Saieslayoubipboges Tepinatea TaiuTSrs, BEga) b Esscting

MRb}AAted DRBSIRAS \/@'na’si’c:rylfl:7 eé%@%écnﬂﬁérs amdesdemd &h@ﬁwmltable
(2000) 839.) For exa yneri zati on of

tfupfinated d@pmmwét nB%n éie§$rrh% RESVIRNElY (8851 ChameComumun.
3@6’0 NSZT: G;Pﬁfa%ewsé)zmi)hwég”@@? |2 ( (2000) 393 _Polym,

I nyl'pyri glves a fluorinate erpo

egiad Btabi % ) B8 1t Shem. &GnHAKN, ﬁﬂépk 83%} lfca@qample
PR g o SRR BESRL Y, P e

ﬂoﬂlqmeethan@ Vw/thlaby{bln@ ahdra wiaylayydine gives ga tu@mated terpolymer.
ul arly_o a e
(5AGHLP p UG B! bRk AAREESETRY by pree
\Meipbrd’my)droogmrmmﬂm de and TS-1 |s exerrpl ary. 25 The
i.ncl udes. a

t .

oo TR RUREOR SR 30 WHFARAE R e
ayaflianyd wrda@blmwo@aﬁw readtibres, qoattmnlaumoneeahattae hmdered by
ease Tosn o R « Bt peidaton ot Protdjsme kT tRSg B AR and

(-@q;geﬁé’mglaq, Sci . Tech Catal . (1994) 31) and are
ot herw se known to those skilled in t

Sui t adine 'BV%fftioﬁsin@@dePsnéIRE%@SSfQS’rmPsr%{Wp?%OX' 'ﬂ%lagn‘@ef'” in the
p@r@@%c‘%”@f- gfa%?%hlo% EERipds d vRRIo§AGine Yoyrdteand antflanium

m'xtures thereof. Propylene is preferred.
@swolitenal Syntabdmecoggwsansjafpr Ferfarpiss slafie pepridatiang have been

QQEOH%?E%&% ndy’ ABol, ThyeR n%_?TJIQz%o%%B%ooécus%Mﬁ%aﬁm |994)

31) and are otherwise well known to those skllled in the art. Suitable olefins

include, for example, ethylene, propylene, butenes, 1-hexene, 1-octene, styrene,
and the like, and mixtures thereof. Propylene is preferred.

Optionally, the epoxidation process is performed in the presence of a
solvent. The choice of solvent will depend on many factors, including the

solubilities of the reactants and products, the reaction conditions, the type of
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solubilities of the reactants and products, the
reaction conditions, the type of 7 WO 2006/ 007007

weEADLEA005/ 014059 equi pnent, and ot her fact oPGT/US2005/014059

Sui tabl e sol vents include, for exanple, wat er
al cohol s, water/al cohol mxtures,

RPOIGAY bR CTISE 8BTS K SUFAB SOliarie Ml Toh&*pmelsy water,

aldoRbat 'v?até\*l'éic&{cﬂ’rmixt&ebyghgkﬁé%nﬁ drbbéﬂﬁbﬁs Qésters ketones,
sup ercritical carbon dioxi ¥

eiherur eisther ke AIPhpieeed dsemalis wwt%ar&wes mléé%ql or @upercr"ﬂcal
%h%ﬂ%éxldé? aa"nla‘:’cﬂe ‘Plké’xdn‘éiemlxﬂﬂgs fﬂéféd*r ‘Fﬁefeﬁ%ﬂ%@fvents are water,

Aqueous met'hanol parti cul ar | ﬁ‘@ ref erred
r

ashelsy e@arbproxﬂ@aldeonarpﬂ owbdyest Heredfef i Aqugmgﬁ o@ytr@wgl is
%gﬂ,chgﬁly %}:gﬁ ge is propyl ene oxide. Suitable

roce S an reaction conditions for making
pr opy Irere peefented fepmxidatiopyprenessyi the elefianisuptopgtenet asd the

%:ngﬁéqéopqg&g %%rdg)(' g@t%ﬁé’ Ep Fc?e éjsegé& djéggtzpéhcondl’bpns for

(fsnél@ig deylelrfe dmderfecm‘n mrbpyllay@lrvmtj[entapmme@htesaand)@ydrogen

h d
FRROHE B bied dborbad RRVPERGH e 4" (250 PAGNGEY88%7.484
lén8 6,Pe2,50Mo. If Glesisy, &&E)hydir@nepélwldatcamlse ajemerated "in situ"
formed at a eaure

r ef er abI n.th

ot G geoubBETSSREh Oy In 1BB Eroyare dhapersitg metal (see,
fe @ muad ot N@%M%Qﬂ@gt T&@@poﬁﬂdtlmérepér@fei‘é@9|p)érfbfrﬁ6d ata
about 50C t o about C. Surprising Jresenc

Jewpriptggrilindnp opgaR o @BRER LT {9 abbusi fstmare Srefarably

FRIrh 'aBMutt w@;eﬂoe@ddumbm PARAHRRE BFerabgPorRdbdet fso‘tmo about
propyl ene and th a mniml proportion of

riong- - openi ng products such as propyl ene glycol and 20

ropyl
?:orrgzl rsglﬁ?r{/sggg(grp& %) %nge aEﬁﬁmTUgﬁ?mé Eaglgmler @nhances the
atalyst's|adility Wmiethelytnromemfoaﬁ@me ox¥de ﬁoan@r@py nateed H20:
h
TP PR A REb SR PRIl gyl and
%@bylmégﬁfcﬂ@tlﬁﬁ $ewhEmel@é RO, |(som}twatwﬁ Bxamples d 1612, and
R 0 al ent * PO I
i1 BTN, BB e B PRI K S g =
ehingayar.of e polpmier (Exatsples PG)J Teﬂ@ctmmem RO |31pd®/es dramatically
ons ar t ! .
i arer diry Ot R PO (he RO &R olas o of PO to
"Fﬁm%qmv@feﬂfsﬂbrhdles bh‘@d’@ha@ﬁeh@t' =0nbles @f ed ermcné@af PBRbased
npl es 8- denonstrate, a nore nodest

\&Wq%ﬁ@d .gw@%@til@r% g Stharwerdsytheding ?@em%ﬁ{y deyspripng are

I r i i
Sélme%rfé?@gg?e@_ly s@p&{es?ecgoqg%te'ﬁmggt&\é PWFWE rﬁ‘uc‘S‘f'Fs greater than

|9ﬁ7 r oot pfgrablyhthenRQ&I P galid is; gf@at@dutmjl as% As )Examples 8-
V1cwérmsraétﬁalt@ ﬁ%rymde% xdéu Trw%?éa‘s%%%e%‘ctnﬁ yer‘é%@from

tenperature, reby expandi ng t e use tenperature
using a snmple admlxture of a crosslinked vinylpyridine polymer and TS-1 (to

about 96% PO/POE at 50°C).

Interestingly, the benefits of including a vinylpyridine polymer extend to
reactions at elevated temperature, thereby expanding the useful temperature
range for the process. With TS-1 alone, ring opening becomes debilitating at
70°C; the molar PO/POE is only about 82% (see Comparative Example 12).
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range for the process. Wth TS-1 al one, ring opening
becones debilitating at 70C, the nolar PO PCE is only

wW@bwenoB2% (see Conparative Exanple 12). 8 WPCT/US2005/014059

2006/ 007007 PCT/ US2005/ 014059 Adm xing t he TS-1 with

a crosslinked vi ng\t pyri di ne pol ymer (Exa 1 (gx
ASFI0e sthenéSsle v |aw0fcgﬁs{+rai<e§bawlpgm SRR 'MmPE ample 10)

WS%VQ@tthgrsé{@t%Ultirlﬂ@ aBHu'E‘)@@/J ri ﬁb@lﬂtso‘aké’ 'B?/én l%%tter when the

encapsul at es (see
9PVPYriging e IViRas amaasu}atﬁy |trrzf.yfrsg’P (ﬁ@e@taﬁw@es ér%xﬁ@'@@l?a 96-
\g?y to keep the pyridine noiety in the reactor, even
t)he process i s operated continuously. Soluble
pyri dirhesiseiaf a winyipgsding polymargrovides aNway & #87p 4184 pyridine
t n e P
@’?oqgtlyplﬁrtp r:?ggtjggl %/\frégrqéh% psu nig %Lé?%tég {o%iﬁﬁéusly Soluble
:p@ocﬂméaasn pooivasiésce WGEB.dthdi No 061987 A8dnmeadds beFeplenished in a
msr enCchDSU| ation nmakes it easy to recover the

op MUMPLE51Pt es. When used in powder form titanium
zeol | t/&fylptyadmbl ||:mlyméri-émwp3ulet’om @f attieaniuneesigaditdsy provides
Gactlo stem V\hleI F.died bsy.
Aape) e t HRtuR? ¥ré‘8f PP%aFESH aggaér%% Breagy to recover

?eiﬁ)é ﬁ}/arﬁtw lz@@htle*s twthlbﬁQIs%aSuﬁ poWder Gben, Ftbﬁ@m ié@lEes can blind

echni ques are cos ner encapsu on. npkes
tﬁﬂt@rgntprumlgfgtezggqqsgrgblﬁdgf f‘%/?CF'%'& é\y%tﬁﬁbyv@ﬂ% hig remecr ied by
fcbh&éraﬁg e ﬁtﬁﬁ.hﬁﬂfeonhéotbe@yare.t of B§ @y@ry%qu.ngutwhrwéagé peticle
pol ymer - encapsul ated titanium zeolites can often

$FEdl SWPR Herftniauesr ameeeostly o cCBaI¥MNGG SnvaRSUIHPENIBERAS the ttanium
'z@SiltlédéésgatooFél%%rs by Wrd{Ma 'ﬂ@@%ﬁ’ﬁﬁ@ﬁ@d@er st&iver, TRRovered

process conprises reactin rogen and oxygen in a

yinypyiidinerpalyreerpenaapnidates tltaaluafat:@nlw@t caivApen Hiengsesl without
pol yner - encapsul ated transition netal to

E?@J%B%e%ﬁggen per oxi de. Suitabl e vinyl pyridine

pol yndhs, invardinsi inclodesret plosess émdmehhgmysdrwemperoxide The

B oMo LR B e B G ok AL e e ferce of

pieca)baiydte chmpBSIbgemvmgllpsndm@mlwm@wrm:asi;lya‘(esle’eansmon metal to

CcoO n Ser

30E RRSOTE) beai: cxdimpiesdrvpraye PPYTT A el metals,
lamwe@hcmultaTbﬂsmteﬁi@?bl tetel alreédye baeéi cmslchbedamemze Suitable
ma varil atl on a re irit of
SAvERlS aha rgogen Spelato ot Akt TIodERARSIKA have been

Rieabiset pNiovkly (see copending Appl. Ser. No. 10/796,810, filed March 9,
Pol y(4-vinyl pyridi ne-co-styrene)-Encapsul at ed TS-1

_ fene (10 g) and 4-vinylpyridine (10 g) are
di ssohyedolidwih§ exampisOhEFdillustrate the invention. Those skilled in

the art will recognize many variations that are within the spirit of the invention
and scope of the claims.
EXAMPLE A
Preparation of Poly(4-vinylpyridine-co-styrene)-Encapsulated TS-1
Styrene (10 g) and 4-vinylpyridine (10 g) are dissolved in tetrahydrofuran
(THF, 200 mL) in a glass reactor. 2,2'-Azobisisobutyronitrile (AIBN, 0.2 g) is
added, and the stirred mixture is degassed with nitrogen and is heated to 80°C

and held there for about 6 h. The reactor is cooled and the contents are



(THF, 200 nmL) in a glass reactor.
2,2'-Azobi si sobutyronitrile (AIBN, 0.2 g) is 25 added,

wW@rwenbmostirred m xture i s degassed with nitrepgEOSENN014059
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is heated to 80C and held there for about 6 h. The
reactor,i s cool ed an he contents are

D SURPESY 01 RER SRR (3 AP 16 depVPeiandeidsof light pink

a wdl r.-omm cinpk 5abe mbreoJo0t X, 1Y7e! thek thqd?t Biae about
% ; gml\/h 52”80 M : 9250 M . IR T 760 The 0!

p@l%fﬁ%'ﬁ %QFIf"é(i'Wﬁoyﬂ%‘ﬁtun'%Z nol e % of 4-vinyl pyr| di ne
units. A%a?‘ﬁﬂ@'cﬁ #E dpBIyERPARETEY isl alséolgéd '|r$ T‘NISW g)efét room

in THE room "5 tenperature.

ad@@ﬁeraéma tI:R;S ﬂne’e’t@rgé iss agdled.r aad ather mwwre ls stlrred at room
t Q%Eét%&d%ée ASST HTﬁ*Elowlsp‘@'vé{?@r\éf&ortﬁé ‘?ﬁxtuﬁé‘?m déhtsur $he viscous

hi ckens. The vi scous ure Is transterre
vemlmwm svieansiened onavatugn veéaand egmainingr eiatilesi aret removed at

ooy ESERTER ah bR RS oo poluagr.yel T ow
Pol y|(4 vi nyl pyri di ne- co- SE%(MMFQ)E Bncapsul ated TS-1 A

n
R e S
Spr ay - & saapld Bf bo(yl4-1181yga,yrldmetcmsﬁ;eeflé)— Repatedn BExdmgla A (1.0
20 denop e SH P b SRraGR Tt TEEUDUP Bripiabine!5-20 wt%

r%mbtw&h midxéryers- etdeD It diveed BILBYUCHeXand Ss catddeactoednduce
f||trat|on dri ed under vac um at 60C, and

td’r%c'l?‘ fatien polwkier POlyRieE| oThe resylfingeRalvmeEeaceR F%tﬁr%“d is

Ofcoﬁ’é’été!& By \ﬂt@ybﬁydriéa HRtef Fadlivth 8P smﬁwrgﬁahﬁd fa Tﬁe owder.
Pol y(2-vi nyl pyri di ne-co-styrene) (Al drich, M =130, 0

2.Y62!g)2.04- di ssol ved 20 in THE (10 g). Spray-dried
TS-1 (2.07 g) is added tog§iagfoE 8l urry. Hexane is
added to i nduce preci pltatl on I? t he pol The
resultiFi’fgpfp’@ﬁWT@?POIMGQC‘QMWWU@C%SW&J@ hyngabwla@dﬂeﬁﬂ

by fil ; 6
Py 11 OO A BB S0 o B
T THEH 0Qy)o sShriagrczied FeS-§ (3071 g)yib mgidedito @)veT@sllJrlfyr ortexane is

OB o e eEelrday gy ¥l TR o6 ating polymer

creveapsuiited prédl@t ggolieotedi hyefilmatiomoged eader vamudeat 60°C, and
grouanA’ro A Fne PENE: LE E 30 Preparation of TS-1
EXAMPLE D

Preparation of Admixed TS-1 and Crosslinked Poly(4-vinylpyridine)

TS-1 from Comparative Example E (150 mg) is admixed with crosslinked
poly(4-vinylpyridine) (Aldrich, 2% crosslinked, 300 mg) to give a homogeneous
powder.

COMPARATIVE EXAMPLE E
Preparation of TS-1

A sample of TS-1 obtained from Chemical National Labs of India, a

powder of about 0.2 microns, is calcined at 550°C to remove the template. It

contains 2.2 wt. % Ti.

10



A sanple of TS-1 obtained from Chem cal National Labs
of India, a powder of about 0.2 mcrons, is calcined

W@e00660:00t 0 renove the tenplate. It contai ns PCRUSZO5/0H4059

10

Ti. 10 WD 2006/ 007007 PCT/ US2005/ 014059 PROPYLENE
EPOXI DATI ONS EXAMP VE EXAMPLES
11- 12 A 100-nL Par ﬁ%éXﬂg?'E%&ﬁ%R@Rﬁth a 70:25:5

. % sol uexammfES Pfetdwbpdzbwmmxmw@r@mmmeem cuz (40
g) and one of Catalysts A-D (

Cat al y8t 189-{orhsF Aeacter @aqa@rgfsd Mtﬁaﬁd@z?ﬁ %ytgﬁomutlon of
' 'Fne-’t_ﬁé)r\(ﬁ/\/\ib{erm@rdg%ﬂcéé?bxmlé §@@? %ﬂdéﬁ?ﬁ 61*@5@%@\4\1[51 (Examples

| ene i call stirred

32 APl FG A pRsaT I BApIRS ednd 88) Pegahomenin Table 1.
%Q&t? fs ée'saq)edzggd %?argégga)/ltﬁ Brrofr])glgﬁet@@?@ @d' B ﬁ%gh@tlcally

T bl n cool ed
Tiséired eedationmaixiyes ispheated abthe dasired 2eaction t@ﬁwerature (50, 60 or
Ch,roqgﬂopg{eamfg |qmgé rrc'Tat;lig 13(@%et%r2 b ﬂ? ||§ tHen J&ﬁed to 10°C.
ec dlng ex ar e neant ustrati ons.
Tﬁ'ehe fiqlidi camdngaslmases obeéumlyzhd bm\g@atq:rmmamﬁphy. Results
%EE% q%z) PCT/ US2005/ 014059 NUO Q.. NM-- 00)
0'5 tanOOOOOO(OL6L6M1-NEO
O) d) Ufhe@)edé)dir@)emhwmesﬁ)r)emaarﬁ)onﬁ()asmlluﬁraﬂo@s UheO ' d
N M.CDN OQODNOOSMNNM OEO' t N MNNO
( dollpy¥ing clgims dgHReNg IEHRd d co co d" Mrn E Q Q
co
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a) E N U- NMd Ln Oti 00 CAOUO 0 WO

> L
2006/ 007007 PCT/ US2005/014059 | claim 1. A catalyst
s ng a vinylpyridine polynmer and a titani um

zeoI ite. A?caté?@t @Rt RsiRta ﬂﬁyl?%ﬂinﬁ@ BolMher 8ha atthignium zeolite.
titaniumzeolite is encapsul a in the

vi nyl pyr i dineecaiystras claim EWh?Fﬂén éhg Btayw geolite 4s gngapsulated
[ lit TS-1. 4. Th t al yst
%ﬁlﬁa’{ﬁ?nw% \B&g@gl@ﬁ%h \?lln Iep;/fl di ne poly ‘ F: Z Yo
copol yRer Toe catalysiyf ghaim auwf@r@ndh%tlgamw@ ze@lte FhES-1.
cat aI t c t
yﬁ (:Tq:ﬁ l:Q’fa[?sﬂ quEIEPr? a8 m%’hv\}nere I){fp:yﬂa‘lﬁb b&Pmer is a

tcamiymemf amn;dloymchnepahd ayran® 10 7. The catal yst of

claimk c {%Zél?sﬁtogﬁlaﬁ‘gmféhr%r co%pgfs”%hé/ rQPf:%lf?qr{ Fn%'tepe

pol ymer— an I"um zeol
claim 8. \Aﬁmeedahalyskt@fmlanyl5pw@rehnrtbe trahgitiem medal is palladlum

g:}oglsle:glnﬁeﬁw (fa}ji%IA?Jtrcgs ﬁ%}? 8Pmprlsmgr§|)1 dsrﬁ&tu%)mf't élwlgyrldme
polymer and the titanium zeolite.

8. The catalyst of claim 1 wherein the vinylpyridine polymer is
crosslinked.

9. A process which comprises epoxidizing an olefin in the presence of
the catalyst of claim 1.

10. The process of claim 9 wherein the olefin is propylene.

11. The process of claim 10 wherein the catalyst comprises a
vinylpyridine polymer-encapsulated TS-1.

12. The process of claim 10 wherein the catalyst comprises an
admixture of a vinylpyridine polymer and TS-1.

13. The process of claim 9 performed in the presence of a solvent
selected from the group consisting of water, alcohols, carbon dioxide, and
mixtures thereof.

14. A process which comprises epoxidizing an olefin in the presence of
hydrogen, oxygen, and the catalyst of claim 5.

15. The process of claim 14 wherein the olefin is propylene and the
transition metal is palladium.

16. A process which comprises epoxidizing propylene in the presence of
hydrogen peroxide and a vinylpyridine polymer-encapsulated titanium zeolite in
the presence of aqueous methanol at a temperature within the range of about
40°C to about 80°C.

17. The process of claim 16 wherein the molar ratio of propylene oxide

to propylene oxide equivalent products is greater than 95%.
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15 the catalyst of claim1. 10. The process of claim?9
wherein the olefin is propylene. 11. The process of

W@ k@is/v7D07 wherei n the catal yst conprises a PCT/US2005/014059
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PCT/ US2005/ 014059 18. The process of claim 17 wherein
the nolar ratio of propylene oxide to propylene oxide
equi val ent products is greater than 98% 19. A process
whi ch conpri ses epoxidi zi ng propyl ene in the presence

of hydrogen peroxide and an adm xture of a

crosslinked vinyl pyridine polyner and 5 a titanium
zeolite in the presence of aqueous nethanol at a
tenperature wwthin the range of about 40C to about

80C. 20. The process of claim 19 wherein the nol ar

rati o of propylene oxide to propylene oxide

equi val ent products is greater than 95% 21. A process
whi ch conprises reacting hydrogen and oxygen in a to
solvent in the presence of a catalyst conprising a
vi nyl pyri di ne polymer- encapsul ated transition netal
to produce hydrogen peroxide. 14
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