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i mportant oxidation reactions, including olefin

epoxi dation and al kane oxi dati on. BACKGROUND OF THE

I NVENTI ON Ti ' ites, | , ' cul ar
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thi oet hede Qieibh ORblatBaeMeatalfsts iLgEful Gt %atvbﬁé‘ty of industrially
reactions, and other inportant transformations s we

k nigyrertang pxigaiiasyieaationrse éngrudinguatefin @poxidationsynd alkane oxidation.
(1995) 289. Despi bACKrGkEURRYbRUEY AlYENTRS OXI dat | on

chem stry, titani umzeolites have apparently not been
encaps ulitenddn geolites, i. mynjhedic npolecelat sevdscthat inserpbate titanium
ca X L.O I Q ece or.of essor g
conQyE & elBh e eREl, MR SCHld vt F R icative
t eciganpueactidrise d Henwersatdincafiidariam zeolitess partiCiieny TS-1, for arene
Co n. (.2003) 449 and. references.cited therein; ..
AP, Akl oRtchg oS5 oRosaer. Hiotn iiation. Baeyer-
Sovilligh? @x(db868 re2QdD},; aMidtferpaippn@nt eacSpSEtRNE A8 WiliSknown.

been used for rs by the pharmaceutical industry to
ToER” BoBVIEY: FRbdi RuTSF 8h8. SSUNER F$05f Buac PR obvious
| ryalt@t foPNexid@icde lcheglidtier itaniom ceslites! har! epparedtly not been
drugs, benefits of the technique for catalysis are

j ustcansiatrd WihineapqlyBar PrgSHajhaihiseiorstialyseaerddationgeactions.
hi ghly ﬁééérﬁlg,exr?%i%%&l $§ESK8@£¥£§% adswLd ef hmw%mﬁﬁ' 8f catalyst

are envel oped v a thin po yrene fi

M easpsherpdaciniaur eallpdsmicronneansalationt HepsEherangomaym. (2003)
t°4£@%%dtﬂéfé%ﬁéé‘s gn &M IaRgbRe CHARN lrﬁEOEHPgQ (2001) 3469; J.
article referenced above. T fror

et Apy. | Ghemt Son., 1380 €fPAS)IRBFDr oXVhilet palimealehgapsulation has been
su [ Lyt Ki [ . e i C.

vr Sead Bt 3 B bt B8 JAIS) B bl 886 impart storage
m stabiity; apsudeastontachr iaitaiidn, darget tdeligerf 0or control release of drugs,

benefits of the technique for catalysis are just now being realized. Kobayashi

demonstrated that highly efficient catalysts can be made if the metals are
enveloped within a thin polystyrene film. Microencapsulated transition metal
catalysts and ways to make them are described in the Chem. Commun. article

referenced above. These have been used for etherification, olefin
dihydroxylation, allylic substitution, Suzuki coupling, and other organic
transformations. [n sum, the value of microencapsulating transition metals for
many organic reactions has been demonstrated, but polymer-encapsulated
titanium zeolites have apparently not been made or used in catalysis.
SUMMARY OF THE INVENTION
The invention is a catalyst useful for oxidation reactions. The catalyst

comprises a polymer-encapsulated titanium zeolite. The zeolite particles are
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I NVENTI ON The invention is a catal yst useful for
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\Nevelll dlasacieized] zeystatingstgjnthietie sylnaﬂaet icc sldmicasibsates that

USSRl BRI AR oh B TR G I7E BPleR S Ralyim zeote

d&pedd&pamumnmaiﬁgcfaﬂms pa)lacmlaﬁw’ld'@rtWe oherdayjpereattion that it
or reactiop t cat,a
P et Aol el of'the, BRUAS ¢ 08 Py snpaidafigps. for

emmlpea tﬁiehehdib@bﬁﬁedﬂe d@@énd& endrperdanarshabe ofitieoldnd to be
shape the ole oxidized. It i.s preferred

t c?p8§‘9'Z§dr di i5th r%fréfrﬁd §?ré’FP SIaQV?'Y 0l pere dsniune zeel E‘h such as

a&ltédllﬁrﬁ@llléﬁ]lt%' if tl"féaéléﬁrﬁls' 4 Idwee o@flﬁféueh'a% éh&l@ﬁ@rprgbﬁéﬁé‘ or 1-
such as et hyl ene, propyl ene, or 1-

olbetene. | Whep 8 plefie is rrgpyYlens, Tl tis @@mtlaullagly ﬁfeéeréﬁ:cﬂ eaor a bulky
FQJieffm, B4 ¥s CHy@Ifthxe?L'écrh Pa?g&yﬁdrgnﬁéﬁﬂ‘l‘ﬁ %é?oll tREg&S aQoéf fitanium

titanium zeolrte suc titanium zeolite havin
staeolttemeylngsa)aﬂi:q@wgusompmhou%wlth geoliwbataiis ptﬁfen"red r ed

Parti C?faﬂwgraé@r ﬁﬁe?éﬁ&d dtd i@ 240 %‘#ncﬁﬁ@ d’ch'gcyégg difolecular

cl ass ar sieves conmpn
sidieveal bmremonp'alcailemItmmlymTShdah(e&mpmtldwarlya'ﬁSeﬂ)oqwb\g;h has a

bt oLt ST YD 25, B dBRT bR AR, o
z€r8-8t eAlsdaduitabiee afe aitmviomk zadlitasc thatesave framework structures
isomorphous to zeolite beta, mordenite, ZSM-48, ZSM-12, and MCM-41.
Preferred titanium zeolites contain no elements other than titanium, silicon, and
oxygen in the lattice framework, although minor amounts of boron, iron,
aluminum, or the like may be present. Titanium silicalites, such as TS-1, are
most preferred. TS-1 can be made by any known method. See, e.g., U.S. Pat.

No. 4,410,501, and J. Chem. Soc., Chem. Commun. (1995) 155.
The titanium zeolites are polymer-encapsulated. By "encapsulated,"” we

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

penetrate the polymer coating.



i sonor phous to zeolite beta, nordenite, ZSM 48,
ZSM 12, and MCM 41 . Preferred titanium zeolites

w@omwsapasono el enents ot her than titanium siliPORUSZN§003204

10

15

20

30

oxygen in the lattice framework, although m nor
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SRR b PR B Er SR Gor Ymdblfs e BBiystyrenics
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drkat ang nﬁ?ﬂﬂuyéﬁsmréaﬂ tl%dl’tl@ﬂérwr prefred drakiongtyrenics, polyolefins,
mer - enca su at ed .EHL’ um zeo
ARG Rer ) B Va0 T R TS S50 B GrETatop Ryl ceolution,

byusheesismdios aémuisini @olydieriegivnd infedHoais. prmdlyméwso@an be
3& one or nor e I mer.i zabl e n?nomsrs CGener al |

ARREFRONSy P N dRcagRRfite qwtma}ﬁ%pngb@s hydroxyl,

athelink| @Ho@éhlﬁé’nﬁl%b?ﬁtdeoﬂx@@' WP, Z8LIRGN SulfEX @%eS S fluoroalkyl,
i ncl ude pol ystyreni cs, polyolefins, polyureas,

K %c?'ﬂﬂ%c%"‘)x%o‘l?%m?’é’t ﬁéﬁ@é'kepol yesters, pol yani des,
fl uor 'T'P\%Feegrep%Wélﬁtabléo\k/é(y%afbcélﬂfa'ﬂﬁﬂateplﬁwﬂ% Eéélﬁ@@ within a

pol ynucl eoti des, "and the |1 ke, m xt ures thereof

FRAMel aoner &f dhesad tae@mww@awm@%@ yssidy 3P e BNpRpsulate
ppmaYrWéEé( dﬂc%f% tg%gslpgs\(é”lﬁgﬁrt STJ?S QOLYBRAS o‘?%‘rﬁgf druccf; delivery;

generate , solutl SUS ensi on,
pﬁhs«rﬁeha\zeathe@ﬁ Heedhddsenchreulpisl gakes pestividre particles.  Suitable

q@@lﬁrﬁg@ésb%lﬁudeorfotrh&anﬁﬁg npr%grcﬁ’)ghg;g ?ﬁrﬂg%%hlﬁg;al spray-coating,

groups such as 'hydr ox
ptiagde, sepagatinn aeﬂldl tqasceﬁwltlbmr injeqtides, trefatnmenbadolayhg fluid bed

S oo th e o
SR Sy, S | Bl Frbd oS,
Mmemtmmt includangpiotsjtoenterfScatep afr ndreméon, earhnh ittopidlee. These
b se en ul at e harmac uticals to
AR oo BRpofR P50 G T SR Bl CERTBEY, Bk plgpauctor
crlapteer of, Midrbeassulesy end edemopartidiet 0 ireriviagisineatied RHdrmdey, M.
Hsg’rgblrg\;v,d%dea;raé.l Sf—'“l%?'angurle%eargllwges cited therein, and in G. Beestman,
"Microencapsulation of Solid Particles," Controlled-Release Delivery Systems for
Pesticides (1999), H. Scher, Ed., pp. 31-54. Sere also U.S. Pat. No. 6,156,245,
Polymer encapsulation by phase separation/coascervation is one

preferred technique. A suitable approach is illustrated by Kobayashi et al. (see
Chem. Commun. (2003) 449 and references cited therein; Angew. Chem., Int.
Ed. 40 (2001) 3469; J. Am. Chem. Soc. 120 (1998) 2985) with polystyrene as
the polymer encapsulant. See also Zairo Gijutsu 3 (1985) 29, and J. Appl.

Polym. Sci. 89 (2003) 1966.
In a particularly convenient coascervatior approach, a modified version of

the method of Kobayashi, polystyrene is dissolved in warm cyclohexane.
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pa@b?@)uln £47 xn&qurrwehéﬁa%ﬁw@% éo@o@p@maﬁ bhe Breparation of

i'ed version of the method of bayash
pdigpgtroa-eneapsslated é@@lsmea metalgar i dhis| @F?é&%lﬁ,ea"l'l argafiieirahase

Ze@&'t)%ﬁngﬁ) W&QQ[@%%&Q@ %’fﬁé‘(r?ns*y@@ﬂxeﬁl QCOH 4i8Fersed

separ ation an capsu nati on occur.
15 Heithie a5 eatniedus ophasaletiat heontios ocapdsifiers, amdiach stahdlizers.

Lg‘fﬁ@%ﬁ%ﬁ{oﬁ%ccﬂﬂsﬁ%ﬂ i #oe%rm Jﬂ v allésule Jalls, For another

rization I's ano her preferre
t | exanipieno? éokitu polysesipatipenidegenenata mempeﬁeﬂmewd_e

cont ai nj (s), an initiator, and other
cm%%nqglﬁtﬂg,(gg%r%gl ymeri zation proceeds to give the
pol ynerezoafreuiresiedpdlymarizaiion zxamhptes styféree npaongus ofsstyrene
be hydr.ophi ] i e. ., N Ndi.nmet hyl acryl am de .
20 hﬁﬂ% i g%ha/%_n& F%gpmeé@g)ls Relymer 20 %g]ueooys suspension
t hexgerdisyitd a@ll&rbamhuebnmqs;es nrcthedsrdsehke oérubgdpended titanium
sus S and. i nt rfac nmeri zations. .On , :
R réftingep ey bl Bpiié BopSraged Tiapiugn zeolie
Chﬁm arfesdBle for use as an oxidation catalyst according to the process of the

invention.

25 In another preferred approach, the polymer incorporates recurring units of
a fluorinated monomer. Particularly suitable are fluorinated monomers made by
reacting fluorinated alcohols with acrylic ester precursors. These and other
suitable fluorinated monomers have been described previously (see Chem.
Commun. (2002) 788; Tetrahedron 58 (2002) 3889, Org. Letters 2 (2000) 393,

30 Polym. Degrad. Stab. 67 (2000) 461; and Chem. Commun. (2000) 839.) For

example, polymerization of trifluoroethylmethacrylate (from methacryloyl chloride

and frifluoroethanol) with styrene gives a flurorinated copolymer. Polymer
encapsulation can be effected either in-situ or later by phase

separation/coascervation.
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sualkaid exitationuse cxggenatek ipdaductn seet ab yedtohatsc andiikag)rtee (Sci.
t
ofedl 2tae (fod ) | DK ncégﬁ%%f&”e@bﬂﬁa@%% 101)63; Soi.
?I Téahl_o Oatﬁﬂfj (GQQMDnﬁnoet}ﬁérerahbal( ynist tii(t 9&13)_@89) e:élclohexanone
uor i nat nomer.s y ti.n ri na .y
L S8sRE iRy 24 2 (oBRE bbb, SesyBRYfifper oxiation
gt rléebtlcgml (Caltd| €l dtteyis eLefttelﬂfﬂD OBl 47D @ﬁﬂ?toﬁerhmp@rgézlggiza)ns?gnéatlons For
escri bed previou nmun
Tet PRI r&ﬁ'e@’ss?égdé-be—@@@g] %% Letters 2 (2000) 393,
Pol vm CﬁﬁWnaﬂiy tﬁé&ﬁda@@n (@@&&)seé@le peﬁﬁ@né@hﬁﬂlhe@@g@rﬁbe of a

(2090931 839.) For ex ynmerization
39Yebr dBe WPW@%&@'N@HW%d@Pwﬂwm%é@gwréyuncwﬁmsrth@a/pe of

angkiddtioh! procesy, hﬁ@céo)ubmnteb ot thE &B8ctEhiéemP products, the reaction
flurorinated copoly Pol ymer encapsul ati on can be

ef $@itions elherxpe pﬁegwp{mea’f gngtdhenfaciopfaseuitable solvents include,
SOBALRAMBIR] GRRRC 8IUALISONaRALIARE FREAES Ughethibd ?mo%g}bons

zeolites are valu for catalyzing vari e

or GaleTs ketenssi @ﬂi@rs pvarﬂ‘ne hﬂiﬁ)a@lwab&adétarmaﬂfdm¢@ﬁl@0ns liquid
Thé‘rss Zﬁej?@rltfcgi"@é%bﬂrhléi‘&é %@89 Qfl%%%%§ SRATRd ﬁk(—?gand mixtures

X1 di an organic co resence
hytdje@g:én Rrefecmseldd@olws arepwayafenaloeholapsman estioxtide, samdumixtures
etg Idp- Suitable oxidation processes include arene
hy roxyl ation to phenols or phenol
In one preferred oxidation process, the organic compound is an olefin and

the oxidation product is an epoxide. In a particularly preferred process, the
olefin is propylene and the epoxide is propylene oxide. Suitable procedures and
reaction conditions for making propylene oxide from propylene with titanium
zeolites and hydrogen peroxide have been described previously; see, e.g., U.S.
Pat. Nos. 6,037,484 and 6,194,591. If desired, the hydrogen peroxide can be
generated in-situ from gaseous hydrogen and oxygen (see, e.g., U.S. Pat. No.
6,403,815). Surprisingly, polymer-encapsulation of the titanium zeolite does not
interfere with the catalyst's ability to selectively produce propylene oxide with a
minimal proportion of ring-opening products such as propylene glycol and
propylene glycol ethers (see Examples 1-5, Comparative Example 6, and Table

1, below).
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Viﬁttﬁé Predetab off 3, pavaher-éiedapetiateditibiufreseolie e @ &hixture of
ket ones, ethers, or the like),

h ocar bon ters,
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super chthét S@lneaolfoudtosamglso dal di@ﬁzeoséﬁefdiwe@ﬁfﬁsmgﬁﬁﬁdrogen
t he Ilke and m xtures thereof. Preferred sol vents are

vREeYide Andoh ol mesansapsuiied ittenium reoliiexelutlee IRYeatigRs . Thus,

ItﬂeQﬁ@ern.bﬁfuﬂ&maQs %dgﬁémsoef ere%e% pHMRIOT Ut dls to catechols,
conpound is an ol efin and the oxidation product is an

disiiaseto ppters palactenigsamMpriaptien o afehydss, ok ketones in the
r@gérﬂze' of @H@Wﬂl?rb‘? é}ﬁgﬁlﬁ?t@m‘}’éﬂe‘j@mhﬂ%sp{:ﬁyltﬁ@econvfersmn of

OXI de. Sui procedures and reaction ditions
rm/niqhgxm@}@ytcewclgbt@@@om aipe)o @ride atheni axfci gliansn koewn to be

ST AP RAAR B S e B 28 3% 5 "and

6, 194,Fs0vmer | enchpsutadidn tdfe Hguuogere@igsoxipfevidan brimerous
%agﬁevgh?at %g 'Fnr[sf‘ oW@%roéﬂﬁgsig&%gﬁﬁé%%)@%% u;?g)fllrg NG 3!:@ titanium
prElojitesr -Véh@aps&d laltpawdeofortrh '(atahlmanecnjrheszmi Iotied dbvers aranigrate
SRR 815 rersdBos SR il A ehBbgur sifgring the
rtitangiu P Evlite t aoskliet sr Sy cprasdiyingpy e nergdye Pardae size, such
techniques are costly. Polymer encapsulation makes the titanium zeolite easy to
recover by ordinary filtration methods (see Example 9, C omparative Example
10, and Table 2, below). Moreover, recovered polymer-e ncapsulated titanium
zeolites can often be used without further processing.

For olefin epoxidations with hydrogen peroxide, we found that using a
polymer-encapsulated titanium zeolite provides good selectivity to propylene
oxide with minimal formation of propylene glycol and propylene glycol ethers.
Polymer encapsulation does not appear to interfere with the titanium zeolite's

ability to make epoxide selectively (see Table 1).
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and the oxidation product is a sulfoxide, sulfone, or
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cyEMPREXHFon &St 3P YUY 8% é%aaaﬁaf?eb@wm cloggy, B@WS (100 g) are
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silicalites (see Synlett 1995) 28

o RABAIRTAL Y 17 i i aaior Bk SN, SUHAUOnpsrapaRrdzer (150
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to recover the titani um zeol It Wien used 1n
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tetrahydrofuran (20 g) at room temperature. TS-1 (3 g, prepared as described in
Comparative Example C) is added and the resulting suspension is stirred for 1 h
at 40°C. The THF is slowly evaporated at 40°C to produce polymer-
encapsulated TS-1. The solid is dried under vacuum at 60°C and then ground
to a fine powder. Yield: 5.42 g.
COMPARATIVE EXAMPLE C
A sample of TS-1 obtained from Chemical National Labs of India, a
powder of about 0.2 to 0.3 microns, is calcined in air at 550°C to remove the

template. It contains 2.2 wt. % Ti.



zeolites can often be used wi thout further processing.
For ol efin epoxidations with hydrogen peroxide, we
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zeolite provides good selectivity to propyl ene oxide

with mniml formation of%&m,gp_/ ¢ne glycol and
propyl ene gl ycol ethers encapsul ati on does
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ul trasoni ¢ bat h. il g%’a prepared as described in

Wa‘r”ﬁe}r\)’@c%ﬁb%%) éd and the resul ting
suspension is stirred forgx@aNippt #CO0C. Heating is
di sconti nued, and the mixture cools slowy to room
t enper at ur e. PIRSAEISA 0AEIUOFRPORNE drRcapsdigiassT SHloudy ,
hexan r
pol ymorY ey 308 LR 2L DRI R tRICHRRE (10, 9- 059
u@p gagh dpgnlvachtier ietrahyhialural N76LI) 4D4@ (oarsg eeRcEesT 2 2'-

oSyt ey R SRS B 87 i gna the

aﬂmradhmnxtuvaslhé@atﬂdtﬂo 82€Chfanaboyt7& hg) This rerptdarhie cooled and  the
POURYSDIFE oA K oy TG IALAER By LLESEAS iPMdinanol.

e po rene-encapsu
v@opmlwmat yiBI00L7.7Y§. eTgk91%°84 g. EXAMPLE B Preparati on

o PoL B Y SRR AP 4 St osheserg (100 0
i sndlivesoledetd #0°C. TS-1 (5.0 g, prepared as described in Comparative
Example C) is added and the resulting suspension is stirred for 2 h at 4Q°C.
Heating is discontinued, and the mixture is chilled overnight. Cold hexanes (50
g) are added to further precipitate the polymer-encapsulated TS-1. The mixcture
is decanted. Cold hexanes (100 g) are mixed with the solids, and the mixture is
decanted. More cold hexanes (100 g) are added, and the mixture is
homogenized. The mixture is again decanted, and the solids are recove red,

dried under vacuum at 50°C, and ground t0 a fine powder. Yield: 7.95 g.

EXAMPLE F
Preparation of Terpolymer-Encapsulated TS-1

4-t-Butylstyrene (42 g, 0.26 mol), p-styryldiphenylphosphine (21 g, 0. 073
mol), and N,N-dimethylacrylamide (7.0 g, 0.071 mol) are dissolved in
tetrahydrofuran (89 g) in a glass reactor. 2,2'-Azobisisobutyronitrile (AIBN, 0.5
g) is added, and the stired mixture is heated to 70-80°C for about 5 h. The



tetrahydrofuran (20 g) at roomtenperature. TS-1 (3 g
prepared as descri bed in Conparative Exanple C is
wa@dasdomnd t he resul ting suspension is stirredPdDUSH0$003204
at 400C. The THF is slowy evaporated at 400C to
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un er vacuum at 6 then ground to a fine powd
Vi e0ligh temaiyney. | Yie@vBARAT| 8= EXAﬁﬁQEWG"AoﬁaﬂpMBI/Mm TI'EEJP 3.4
ob\tmeu,/n fgag\m em cal National Labs of India, a
owder ofD out ' 0.2 to 0.3 mcrons, is calcined in air
at 5500k samplee wbitee tdﬁpolyreﬁpl(%ﬂ@ |$td|ssoh/leelnns:ygloﬁemne 0400 g)

N9 ul a
5 TS— bnslfetdﬁoeneq?%sa'géq (§ df é?& r‘ﬂ:% ln b%gnparatlve
cyEkanhpbea@)sls( a@decy pnatthe m@smlttr@nwmhsme |s$mrrgd sfnr 2 h at 40°C.

| . bat d d '
CoHBATRY s S e Moyl R R olg Fexartes (s0
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I sconti nu an m Xture |1 ed. . .
neRatenEoMgR ol hadesr o pitehio B e ffedridym s shaken
10 pohiydrelecaniedpsThateldd Grd recoMeeedriaxttdiferl Lsdeteautigdat 50°C.

More. ¢ hexanes are added (100 g), and the mxture
{(F?Bﬁg g(‘}wgzed The m xture is again decanted, and

nmet hanol (100 g) is adggpATING ERAMIPEESI S agai n
honogeni zed and filtered. The solids are recovered and

dried under vacuum at 5C0CEXAMELE:1 9. 61 g. EXAMPLE E

Prepar at i pppQlent! &F&Bﬁ’éd’ﬁ@ﬁ = E ene
(40 g, O. 38pzoln)P;—Lb% %lfﬁgfgf%Heetahgga Ee%#aﬁ%ﬂate

15(10 g, B_t¥Mkp ”af%acéﬁrs%lcb%@eﬁnwtt@t? affyi&e:8f Wk %n splpgon of
?%Wefha‘%o%@%?/h?%?é?:paelﬂr]%écé’eo%md*??bd(rﬂ Bﬂpé{gbéglgg@ngébéﬁated TS-1
t hebOswi- Yor - 1me<>@ un® a%pn@éateéidnt@%mﬁf ofheiFrastorgs gealed and
hEdgRE A piusierlsnle e EAhERLly P STREH, e i
Cob@ﬂltydem 50°@l fger 3p7min. gand Eythen ccﬁﬂ:ed to 10°C. The liquid and gas
20 phases are analyzed by gas chromatography. Results appear in Table 1.
EXAMPLE 2
Propylene Epoxidation using Poly(t-butylstyrene)-Encapsulated TS-1
The procedure of Example 1 is followed except that the catalyst is a
poly(t-butylstyrene)-encapsulated TS-1 (50 wt.% TS-1, 300 mg) as prepared in
25  Example B. Results appear in Table 1.
EXAMPLE 3
Propylene Epoxidation using Polystyrene-Encapsulated TS-1
A 150-mL Parr reactor is charged with a 70:25:5 wt% solution of
methanol/water/hydrogen peroxide (40 g) and polystyrene-encapsulated TS-1
30 (50 wt.% TS-1, 300 mg) as prepared in Example D. The reactor is sealed and
charged with propylene (23 to 25 g, weighed to 3 significant figures). The
magnetically stirred reaction mixture is heated at 50°C for 30 min. at a reactor
pressure of about 280 psig, and is then cooled to 10°C. The liquid and gas

phases are analyzed by gas chromatography. Results appear in Table 1.



A sanmple of the fluoropolyner (5.0 g) is dissolved in
cycl ohexane (10 0 g) and warned to 400C. TS-1 (5.0 g ,
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added and the resulting suspension is stirred for 2 h
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added, and the stirred mxture is heated to 70-80 0C
for about 5 h. Ther daeMEARATIVERAIVMERE & he contents
are renoved. Renovalg en\éoéﬁg)dda%n@g@g}l-ﬁjﬁgs a soI | d
terpolynmer. Yield: 39.8 123. 5C, =20, 00
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deswly i168dng Af @infpiiausac Reauis %pF@)arllrsT%M@Iéd and the
resulting suspension is stirred for 2 h at 40Q0C,
Heating is discontinued, and the m xture is chilled
overni ght. Cold hex&ab@’(SBereraeEp@ddaﬂonm further

preci pt tatre—the |JUI yHYer “M"ﬁ%UH TS51 The

m xture i § decanted. Ezpal d hexaneg are addegq/EQE
g), andx#he Calyste |S°/o$bakaraloanc deeanbled. |The s¢h)ds
ar e reeovered—agnd—dried—under—vaguumat-500¢—Yield:

7.19 |g. TOXI DATPON EXAVPLESPEXAMPIE 1 96 '

2 B 66 35 93
3 D 72 41 93
4 E 73 42 92
5 F 89 44 89
C6 C 72 37 9

The results in Table 1 demonstrate that polymer-encapsulation of the
titanium zeolite does not interfere with the catalyst's ability to selectively produce
propylene oxide with a minimal proportion of propylene glycol and propylene
glycol ethers. On the other hand, polymer-encapsulated catalysts are much
more easily recovered from the reaction mixture compared with TS-1 powder
(see Table 2).
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Propyl ene Epoxi dation usi ng Pol ystyrene-Encapsul at ed

TS-1 A 100-inl Parr reactor is charged with a 70:25:5
wowoknssbut | on of et hanol / wat er/ hydr ogen peromtri/ﬁs{oosmoszm

g) and pol ystyrene-encapsulated TS-1 (50 wt.% TS-1 ,

300 ng) as prepared in Exagph @ E7The reactor IS

seal ed and charged with propyl ene . The

magnet i calThrorgﬂnﬁr@dda’f@acﬂr@ri”wfé&@ﬂ@- @ah@d@'@d Ta-1
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s ot BT dr WPBRERH I 4 o) ape buctposn perpide (0,230 of 0%
of H@@}n'pThae ?a?setfoally etivest! eec&qn’: miiarte it heatsat alaiﬁﬁ fos1é. The
styrene a %
oty Bliade it RS A AR BrorkaiodaelY pp s aTsibr of 2-
TaH@hylthioE:Kéh@t&oﬁdlE‘ed)psddenB inploxinde-imathyithiopbene oxide: 70%.

Pol ystyrene- Encapsul ated T, mL Parr reactor is
charged with a 70:25:5 wt. &éwéﬁ{];%n of

10 rrelt hatnol / \Ame@ta{rféy@xlla@tefm wqmblgigty(eﬁ@ l%})c_?aﬁglated TS-1
pol ystyren su
D ey DRk PR Raft 6, et iR sty e Saasr Usiad TS-1 (50
chatgpdamt QO@rrﬁ@VIa@rb? T;ﬁéq’radtlﬁ Blangble We| gfb%@htetn@ ®.21 g), t-butyl
S|gn|f|cant flgureg) netlcally stirred

¢ eAIPNBI 28 D e hEToasa BROXASJB56 § oY Wb H:RY)- aiThg reactor is

fe@éél@él Brfe§§\§r%@ t@ﬁo@b@élé v@t%omﬁég& dvdrited ReN é’cﬁﬂv@tﬂhmes
QoC. quid and (g é&qases are anal yzed b

15 chﬁbﬁﬂe@@pwﬁpen REefFHTIZE psig Wihnigogemendrihe mggnetlcally
QWécﬁﬂéaacﬁE’l‘?m atd |9"P1e%l%dn§{ 6'6°(9'%|0;Pf\| yAfFerr CEBﬁ‘f@O% Iﬂ}ﬁcﬁjphase

TS-1 e procedure excep
t hist andwzed bubﬁiﬁolvym@"r éh@&%@%% é@nvgspnpofep@e@@nedo oxidized

uEtsElr%%Q‘nﬁehténgi]@ él?g%ﬁguies 2375%’?1%0I,' dhd"2PLfanol.
Ter pol yﬁmmﬁlﬁeabsalmcataadiemrrstrate that polymer-encapsulated fitanium
20  zeolites have utility for a variety of oxidation reactions normally catalyzed by
titanium zeolites.
EXAMPLE 9 and COMPARATIVE EXAMPLE 10
Filterability Comparison

The filterability of a polymer-encapsulated TS-1 catalyst is compared with
25  TS-1 powder. Mixtures of Catalysts D and C in methanol/water (8:2 by volume,
50 mL) containing 1 wt.% of solids are prepared. The mixtures are filtered at
320 psig through a 2-um filter, and the time needed to collect 20-mL and 40-mL

samples is recorded. Results appear in Table 2.
The results demonstrate that TS-1 powder (Comparative Example 10)
30 tends to plug the filter, resulting in a tedious filtration. Polymer encapsulation
provides an easy, inexpensive way to make titanium zeolite oxidation catalysts

that are easily recovered from the reaction mixture.
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The procedure of Exanple 3 is followed, except that
the terpol ynerencapsul ated TS-1 prepared in Exanple F

W@ 306/0m3p1 i s used. Results appear in Table 1. PCT/US2005/003204
COVPARATI VE EXAMPLE 6 Propyl ene Epoxidation using TS-1

The [proced b1 I A {1 ' hiaL the
The [PTSveUTIg Yy BRI b POy PR R R ¢
prepared| i n Conparative Exanpl e|Catalyst pnll imES0 aotecif(min)

catgl yst|is used. ~Results appean kLn Tab -—The
EX | Tabl e TOGDRS pgpured 20-mL” | 40-mlL
mey -

resu nstrate ft
pol y encapsubP8tenhep T8-1the tittanipm zegl I tep does n@
interfere with the catalyst's ability tpo selectively
pr oddc¥ propyl ent>bXPHE i th a i ni®al prioporfi on| of 33
propylene gl'ycol and propylene giycol ethers. On the
ot her _hand, polyner-encapsulated catalysts are mich
nore easily recovered fromthe reaction m xture

conpar ' S- . 7 :
Thiophgﬁg k?ﬁg?ﬁéﬁeh Iﬁ%a%%ﬁ%gﬁ@p@ﬁg%%ﬂggﬁgﬁhgtQJ@'mﬂmmng
TSclains defhenthe frventioact or is charged with

pol ystyrene-encapsul ated TS-1 (50 wt.% TS-1 , 50 np)

as prepared in Exanple A, 2-nethyl-thiophene (41 ny),

nmet hanol (18 g), deionized water ( 1.8 g), and

hydr ogen peroxide (0.23 g of 30% H2Q2) . The

magnetically stirred reaction mxture is heated at

600C for 1 h. The liquid phase is analyzed by liquid
chromat ogr aphy. Conversion of 2- nethylthi ophene to
oxi di zed products, including 2-nethylthi ophene oxide:

70% EXAMPLE 8 Pentane Oxi dation using

Pol ystyrene- Encapsul ated TS-1 A 100-nL Parr reactor is
charged with pol ystyrene-encapsulated TS-1 (50 wt. %

TS-1 , 200 ng) as prepared in Exanple A, n-pentane

(0.21 g), t-butyl alcohol (20 g), and hydrogen

peroxi de (0.55 g of 30% H2Q2) . The reactor is seal ed,
pressurized to 100 psig with nitrogen, and vented to 1
atmtwo tines.
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The reactor is then pressurized to 500 psig with
nitrogen, and the nagnetically stirred reaction
wWorRoos092350i s heated at 600C for 2 h. After cool PEMUS1008003204
l'iquid phase is analyzed by G.C, which shows a 40%
hpn of n-pentane to oxidized products
|ncIuA|ng 2- pent anone, 3-pentanone, 2-pentanol, and
3- pent aftol A @falysilcemplisiag@ r®|yieermernapatiatedHianium zeolite.
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i nexpengi vey }ﬁ@)teéé)wﬁﬁ;hecdmé@éb%ﬁuﬂﬁﬁ?lairﬁo@éhﬁ;aédr%bund in the
catal ysts that are easily recovered fromthe reaction

m &ﬁeﬁ?%cemf@yﬁfc@@écﬂeﬁ@“%(ﬁ%Ff@scaé"f‘%slf@é&H’ﬁm6n| y as

illustrgtigng. pra_&%sfdﬂdléiw ﬁgvlféré}h NRe @Rddriie cbMBound is an olefin
invention W claim 1. A catalyst conprising a

15 poRRdriie- @%‘Q@@F%@H'Star‘t%ﬁﬂ% zeolite. 2. The catalyst
of claig 1TWE%F@de@s Bh&am 4&?@5!&@ id S’rog}/l&hé ant um

silicalite. 3. The cata calm wher
titani uth S|Tlhﬁ@mqe§§ of glarrrSByvhere;n thn titapiainarsalite kaTS:ﬂal m

1 wherejf d;%rb&%gl uy léf\iﬁlg %ﬁeﬂengﬁépgpfywe% k?lgtggtect@d from the

The catal'yst ereln
seftipedednsisting hef groslystyreniss,st pelgolefing ol podtuyeami golyacrylics,

20 po*)éﬁ@gr?éda&%% P&k%#%%?i)gly%% érarsg;fbsﬁlohﬁgiiedgé%l%[ﬁér%t r|}>%R/§§c:charldes
pobgigya&midam phhsucleotides, and mixtures thereof
12. The process of claim 7 performed in the presence of a solvent
selected from the group consisting of water, alcohols, carbon dioxide, and
mixtures thereof.
25 13. The process of claim 7 wherein the organic compound is an arene
and the oxidation product is a phenol.
14. The process of claim 7 wherein the organic compound is a phenol
and the oxidation product is a catechol.
15. The process of claim 7 wherein the organic compound is a ketone
30 and the oxidation product is an ester or a lactone.
16. The process of claim 7 wherein the organic compound is an
aldehyde or a ketone, the process is performed in the presence of ammonia or

an amine, and the oxidation product is an oxime.
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pol ypepti des, pol ynucl eotides, and m xtures thereof. 6
The catal yst of claim5 wherein the polyner is
w@obogebasnene. 7. A process which conprises oxi BCRURDORM03204
organi ¢ conpound in the presence of hydrogen peroxide
and th a I 1 T
wher ei ﬁ?fhgﬁ%?p?%one?% °28%J'@U7n @r’em m%ocﬁg?ﬁn a'r?g)fouﬁ&i ® fh Gikane
oxarghiheexidetiod @CQdLicélSaﬂlﬂ @mml,oﬁeketme Phe mixbie §eresf.
claim 8gnh :
proces? of?ﬁ§gﬂx£%gmﬁé§éh2\¥%3Q®qﬁanl n]zé%pPigﬁpgathmemer
TSard the bkidathie pprdbceissa aflfonkad miBxidee pea miktiee thergater
is selected fromthe group consisting of
pol ystyreni cs, polyol efins, polyureas, polyacrylics,
pol yur et hanes, pol yesters, polyam des, fluorinated
pol yners, pol ysaccharides, pol ypepti des,
pol ynucl eoti des, and m xtures thereof. 12. The process
of claim7 performed in the presence of a sol vent
selected fromthe group consisting of water, alcohols,
carbon dioxide, and m xtures thereof. 13. The process
of claim7 wherein the organic conmpound is an arene
and the oxidation product is a phenol. 14. The process
of claim7 wherein the organic conpound is a pheno
and the oxidation product is a catechol. 15. The
process of claim?7 wherein the organic conmpound is a
ket one and the oxidation product is an ester or a
| actone. 16. The process of claim7 wherein the
organi ¢ conpound is an al dehyde or a ketone, the
process is performed in the presence of amonia or an
am ne, and the oxidation product is an oxine.1l7. The
process of claim?7 wherein the organic conpound is an
al kane and the oxidation product is an al cohol, a
ketone, or a mxture thereof. 18. The process of claim
7 wherein the organic conpound is a thioether and the
oxi dation product is a sulfone, a sulfoxide, or a
m xture thereof.
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