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30 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 fitanium zeolite, The zeoliie particles are
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30 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, encapsulatioh involves ehtrapping the zeolite particle
within a polymeric coating. To interact with the titanium afoms, reactants must
penefrate the polymer coating.



‘al uninum or ‘the |ike may be present. Tifanium
silicalites, such as TS-1, are nost preferr.

e
can be made by any known nethod. See, e.g., Lﬁ@ Jaﬂt 2001

‘No. 4,410,501, and J. Chem Soc., Chem Conmmun. (1995)

155. 3(Pdiyeersi switahlen foealset &rs raaléng  polymer-encapsulated fitanium

PredBs FRIRRRRETds SRR AT ELE RorelRariP R gt aRby free-
s Uraimah diedicpyor acdandinatidrapelynedrizpiry mefr ondhars more  polymerizable

enca sul ati Qn |n ol,ves entrapping the ze e rt cle

FARae (Ponaife S Bofmers 38 MRS inae dRbinidit Rade by
t i é@diﬂldﬂmoatcwﬂﬁengaﬁ:mt ablymerizations) perl_!ikémgl%st inelupe! pomstyrenics,
coat JUN 2001 Polynmers suitable for use |

|
RISt PRI BRD A SSDPEDUGR. | PoMhRoes| PobesEre. polamides
howmmhw@epﬁymérsr mmudabosmyﬁggﬁhym@ymmﬁa@ﬂ and the

free- ra I cal Ioni ¢, or COOTdInatI

po\[}yan@pqi Ugss therenfe %qxrtl%gléy prﬁfﬁrwgrqrg Feiystyrenics, polyolefins,
rﬁrcs%ﬁb?b@l’ bbbast Hee % g)ﬁ'i@é Safl 8eindfabd By bulk, solution,
s nt etlc mer S made

dition or condensatlon

10 po?%ﬁé%'ﬁﬁt |06n@“U|Ei@é7n'[ﬁ’lob/§1€i“ﬁ@ﬂlqm@‘l%)ﬂ1qﬂ§t yr Big geplymers can be

bg RO&boy, Ao rgéﬁ' m&?’;}véﬁ%‘fé Yﬁdc‘ﬁﬁ:na‘?%&hﬁs‘e%ﬂéﬁ% hydroxyl,

esters, polya uorinate
poamg@cmasmhj@% plp@ﬂghme prideegrsinsol gulivl soifudexideanduoroalkyl,

{ ool fanet 0yt KbeD o herRRl. Partioularly

pretée ni ¢s, pol yol efins,

pol vnrr‘lgheur@sre m’atlypmhlgabteeways ‘dﬂqencpm:bwiaﬁesﬂtaanrrbeeohtes within.a.

15

GRS ALed o by OlatBhiola HSPELAN LB s cpeasuite

hyrjm.trmcb@hmls or mhhleyasie,nrﬂplaﬁost@agat etabﬂnt;ptdrdta@let drug delivery;

o HiER BRGS Benctibed ¥ ool A BRE Pebliie RAjRCS. ° suitable

al teaniquésd lindede, Sfdroé}(amsl@r ks@xayfdr?hg hQpﬂaykﬁulimﬂﬁeﬁ;ﬁay—coat:ng,
sui t abl e-ways-to, encapsulate titan

a
zeBM%ee§<¥l9ﬁFﬁlWPm ang fgag@r\ﬁ;@ , |rg%gpg3taftr§aﬁ'g§@t coatlng, fluid bed

20 t egbtingUenay. eroe@Baﬁﬁged mdlt eagRRFLhat 6%/apor deposmon in-situ

25

30

pharmaceutical s 'to mask taste, inpart

st or
St BBYMPRZALORy INchickg Inop tuginERsTaCiAL Pol Mergaipg, AaY dnpdks These
USgRY L& GG LhAIRuRBbA t@cl@ﬁé&ésc'aﬁjé B@éér!béheﬁw the infroductory

Suitabl e techniques I nclude, or exanpl e
spehanterr of Microsapsies: lengd| Napobasts ;

se%ﬁ%wgdangpcqa&@eéaaapéf%ncéybﬁ&& ré,ﬁe%emnte Beestman,

coat I ng, bed 20 coating, dry-on-dry coating,
neTM:cmnﬁamu@imn\pﬁ;ﬁmddwmaﬁi GentrdlledkRelgase Delivery Systems for |
Pesticides (1999), H. Scher, Ed., pp. 31-54, See also U.S. Pat. No. 8,156,245,

Polymer encapsulation by phase sesparation/coascervation is one

preferred technique. A suitable approach is ilustrated 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 pol'ymer encapsulant. Seé also Zairo Gijutsu 3 (1985) 29, and J. Appl.
Polym. Sci. 88 (2003) 1966. _

in a particularly convenient coascervatior approaéh, a modified version of

the method of Kobayashi, polystyrene is dissolved in warm cyclohexane.



pol yrrerlzatlon including in-situ interfacial
pol ymeri zation, and the |ike. These and other
m croencapsul ati on techni ques are described i @ ﬁhﬁjN 2007

dntroductory chapter of M crocapsul es and

Nan"B?aalttm ceelie imshdpendedh thedmﬁthaenﬂ_mqn dibw cBolnigrtoWl"C phase

eere es cited,therein
Bee Qpatloplzénd I\ﬁggggé {9 ”aHCBW of %nfad'SP%ﬁj‘%d °e§'ar en the
Corticrica siil%lvﬁaﬂ*ear@ahewﬁblet&!’%a%ﬁédfﬁd drieist i ci des
F\kl)gg_g) 1 gg’sig.igolymgg;ec}wgrig gﬂeéﬁggfégqr?ee@ﬁtegtl;}r%gqgsghe tltanium zeolite

JSepws@bp@fde@loﬁlsﬁ%ﬁ@ﬁdrpmédmr@%n%ﬁﬁ%rrﬁ&%nﬁ&@)‘nbrﬂtﬁtlatﬁr and

swtabl e approach is illustrated obayashi "et al

( séther PAOSRiFuNang ZGGWE‘AE@t'CthP"Pé@%dSerI@e@\@ ttoel polymer-

t hesrgh |ﬁ@aq% ihe nt :
ﬁsu TZ f@ohté The ﬁ%n g%rlg %g?\yrdéﬁfhﬁ@ (eX., NN

Am Che
thé’"ﬁ@’!Wl@ﬁW*%ﬁ'@'ﬁbs*ﬁMdé@nhobseée al, sﬁiy@ae} oorGe Gambdnatign of these.
(198 hbiRO, te@l‘ﬂq?u]es ARBLde . BOKYT Emusin: ?I? %%9%) oaid?ﬁqntaerfamat

In a partl cul conveni ent ' coascer va

ionpdiofiregiizadierd.on of the met hod of Kobayashl

SN 200 e ARFel R s AP B el " B Chefh. Bormmun

m X202}, 11380ands 1 t3x; codl Cimeernt Go@@urp 26a8) 678par aelpneparatmn of

g TN T e S NN T -

25

30

anatodtanmdg pblyn*@ntabl@ﬂim’ferz @h!ﬁ e ir@nsﬁtitﬁ\t Hﬁ@fal %L@éﬁi'sfc@ﬁaersed S—— “

Thetlta is s ended

&@ﬁrﬂﬁgﬁe&ﬂ[ﬁﬁ“@on rz{g {-m?ﬂm@p% SPm quen tap%(%rstabmzers

an (lPOlyJ'héT&fatiGﬂ) [BROWTE MHt She ﬂﬂ@lrfﬁ@ HNRFrhZAcRBpANE 4R8I S FbPanother
gi ve th& 8{; _sgglr encapsul ated titanium zeolite.

The
morTSAEP H’R’H’P%r tiop do @engrate ppigocapsules, see Adv Powder

di r[@t;hydﬂaq:gyicﬂjz?ggg hydrophobic (e.g., styrene), or a
conbi nat | on hese. Suitable techniques include

bul k, eHuRRIHAT insitsRhsNesizatiomaxampler Steingl or almixture of styrene

see
113404 thwil k@wmﬁchmmsﬁ begHresenashel pravpperdtedotitanium

of ze@iﬂeyul"i@re%ﬂﬁ[ﬁggﬁ a@rﬁé?%éad@%&cﬁ%@r%té@ﬁ%?%u[a ) it t!)?ﬁlam zeolite

exampl €, an organ hase ~cont al
o GOthare saifeble fier useaassan pudatit edtalgeﬁmmerdn&g i ﬂ;p@rmds of the

:nvenﬂon

| 2053'%8‘;61hté?tétﬁﬁémc% brﬂé g?sc'payn{gfi%%g 151' %qsézdugﬁ%g z?sh?f:iensmn

In another preferred approach, the polymer incorporates recurring units of
a fluorinated monomer. Particularly euitabie are fluorinated monomers made by
reactlng fluorinated alcohols with acrylic ester precursors. These and other
suitable fiuorinated monomers have been described previously (see Chem.
Commun. (2002) 788; Tetrahedron 58 (2002) 3889, Org. Letters 2 (2000) 393,
Polym. Dearad. Stab. 67 (2000) 461; and Chem. Commun. {2000) 839.) For
example, polymerization of triﬂuoroethyimethacrylate (from methacryloyl chioride

and trifluoroethanol) with styrene gives a flurorinated copolymer. Polymer
encapsulation can be effected either in-situ or later by phase
separation/coascervation.
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25 olefin is propylene and the epoxide is propylene oxide. Suitable procedures and
re_aeﬁon conditions for making propylene oxide from propylene with titanium
Zeolites and hydrogen perox_ide have been described pre\;ious[y; see, e.g., U.S.
Pat. Nos. 6,037,484 and 6,194,591. [f desired, the hydrogen peroxide can be
generated in-situ from gaseous hydrogen and oxygen (see, e.g., U.S. Pat. No.

30 6,403,815). Surprisingly, polymer-encapsulation of the titaniurﬁ zeolite does not
interfere with the catalyst's ability to seleetivefy produce propylene oxide with a
minimal proportion of ring-opening products such as pmpylehe glycol and
propylene glycol ethers (see Examples 1-.5, Comparative Example 6, and Table
1, below). ' |
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For olefin epoxidations with hydrogen peroxide, we found that using a

polymer-encapsulated titanium zeolite provides good selectivity fo propylene

30 oxide with minimal formation of propylene glycol and propylene glycol ethers.

Polymer encapsulation does not appear to interfere with 'the titanium zeolite's
abtlity to make epoxide seiec‘aveiy (see Table 1).
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Ckldatlon of thioethers is valuable for. convertlng

sul fide-containing inpurities in fuel streans2t® Jbtap07.
pol ar species that are nore easily renoved fromthe

fuel. 5 Exanple 7, below, .illustrates
Al kane -dRiSHEG ,p@}ymeye@pﬁw g tli%‘tll&m ggotl’%g fﬁ%}?ﬁ?prepare and

oxy&‘@%% a{%{ﬁ%ﬁ@ rdcovet B hetisenrafdethes drovide gobdresults in a
pr oCess

e invention. The roc SS |
becearity ofaxidntipy sfersseepiatiae: tormally B%@&F‘F@L%Q%Eﬁ%“ geplites.
conpar edﬁb"e‘%\fo owM fnch i ﬁ‘]'ek&f%@ﬁﬁfe%@ﬁhﬁé}ﬁmnﬂmbESk'”ed in

8 shows pent ne c e oxldized 10 in the Qe/fsel .
of ﬁnepaﬂtymﬂereoegmapsnalm‘eailaﬂlbﬂ%nﬁqairﬁfﬁé‘ﬁm“‘t the 89'@ § Qfetng mvention
m xture of EP' Ig es and al cohols. Qther organic
conPBRERPSH A8 e oxi di zed effectively using

hydrogen peroxide and a pdi¥MdPLBrtapsul ated titanium

zeolite of the bge\é)%?%fgﬁ%g @g.fyrenet Eﬁcapsulat%d 151

i nventi oni ncl ude arenes to enol s,
phenol s pelysipiepeh@l® g, Akirice) Endisselsed st gy@ol@qxane (60 g) at room

| act ones, amoxi mati Qn of eh e t, bed
IBr e AR BIE MFNGNER pasgwcatmq“ e) €§ﬁ n@ b&gﬂ{%?ed Bs [de8cribed in
t he ccRRARIXPiple Q) M alkearanthetresuiig sm;eaw@nes stirred for 2 h
oxi me), and other oxi datl ons .kno to be

tit &hi4MCsi | Heating: &s djssainged; ea}rign thiey FEyI E%SEV 2RPYo room
Pol Xéﬁﬁeﬁﬂﬁép% %bbﬁrhsotfhet mtxaneuwacm@su d:iesd)prlf@xam (100 g) are
NUNEr o advant ages.  First

i |
__makesided. teafugtheno Prasidiely tft%eo'tvmeéﬁfﬁﬁgfsr“?gaﬁ?ﬁi "W Tnioqure 's.

| # qloh{bd%ﬂ%ﬁrusflﬁ Bn @h{rﬁﬂhﬂéfﬁa&i@ﬂéﬂ 5% ca&mnnm m]bmogenlzer 50

ters-or mgrate undesirably in.a rea
Whi lveltt BD $4) st rabowti 5% W@o‘ﬁv%ﬁf—‘\‘ Age ERBR R SRAT pMctes. The
zeol 'o&? L @te‘?gél Eﬁé ¥ § sffé@ir\ﬁ% M| (75 g)Qisllrig:ﬂﬁamagenlzer
par t5°¢r% 25 such techniques are costly

encagsdlmikeon Thekeisturd & fli‘tetrad“ ang il-@pplygy@gg)p %p%ated TS-1is

rec er b or gq@ﬂétg%t dda_rr,})a% hgdsb((alsg\e,) Exanpl e 9,

M)r eover recovered pol ynmer EXAMBRER ated titani um

zeolites can ften be f gg3si ng:

For olefin .ep 53 &5?ff°&n°§‘?’%&(ﬁﬁﬁg‘§&eﬁéi éﬁ“@rgg?(‘?é@

found th@ouﬂemsutglstwm@mtdmaammt db=5011 QﬂKthF dissolved in
zeolite provid od sel CtIVI tg bed
oxi dietianyFoMr#i F?Qgg)f R %er%qa %Po qoﬁ ﬁ%éﬁg;ﬁr@@are%oas escribed in
pr Opwb%ﬁraﬁw Eanfide) & adi?@k:iwmrthe mea;btmg eaxsupans@wsstlrred for1h
not appear tomterferevvl t he a li .
api|f )Aot%‘@ makee epdki e S@&i &VWBTE\B({ %euflpcg% {Gie polymer
* encapsulated TS-1. The solid is dried under vacuum at 60° C and then ground

1o a fine powder. Yield:5.42g.
COMPARATIVE EXAMPLE C

A sample. of TS-1 obtained from Chemical National Labs of India, a
30 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.



S ,.2 6 JUN 2007 In sum polymner-encapsul ated titanium
zeolites are easy to prepare and use, they-are easy

to recover and reuse, and they provide good reggl [

a variety of oxidation processes that are norngl 'PBN 2&07
catal yzed by titanium zeol EXSMPIBE® f ol | ow ng exan‘pl es

nerely iIIustr e th tion ose
the art will ggaﬂraggn ﬂgﬁgy%ﬁr‘gf ”Plﬁtﬁd ‘ggé Wi t h| n
the spi rF?dlysWrehdﬂ@s org/emrrcsmm is @m@oﬁ:@@mﬁe cPélohdans!( @@@g ) at room
MPLE A Preparation of P ¥ ene Encapsul at ed
gﬁ%ﬁﬂ"‘cg?

Pol Q‘P?F%H@ pang &y, ul @ §§6|W@dpr@ﬁared as descrfbed in
sy at @HpA@noe (E&ngbe @)tlsraee@a ahll tﬁ@%@xﬁﬁﬂg%@ é&%ﬁ}gs% rred for-2 h

ul trasgni c bath (3 g, prepared as describ
Corfpdiat \)ée%warr@Fi@cmytlnugdaaﬂ@&%nwwws chdlgHt |Crﬁ?g|ji hexanes (50

suspefsiaRidet So %IrtHe‘i' ﬁ%cﬁrﬁ?ﬁ)ﬁztezthlé c?h} élxo&caﬁal‘éfé% 35 _The mixcture

di scont i nued ture cool
tedfneq‘%ﬁﬁ*j‘it%d AMO%@ﬁldabexar@swr@ lﬂt@ede@@ﬂeg) camﬂjd!y: mixture is

{rﬁ)gu@r%g %ﬂaﬁ:ﬁdeé&%é& earnd%gﬂaﬂblt @6 b Radeded.

' I r-encapsula
10hon’%‘@eﬁﬁl>§@@ igAdain hnmdmnlzamaad itteieoin aThSSNno@L&ﬂe 48ddvered and

E?e@;%a%e so%é‘gﬂn Srﬁ%\jy_%ér &@t’c?gggt Tﬁg% gg}/vie(rjst gr e

filtered and then: vvashed wEMAMREBR &0l (75 g) using

t he honogeni z The mxture is filtered,
and the pol ysﬁfﬁgﬁgtl%gﬁ%lggrozﬂo@g‘nefﬁryapgula%p 1té'%ﬁ'tlunder
—vacuum. StyreA€.(40v.eh.08 nipl)3hdo2, 2 20t

i's ﬁtﬂob&@édb@@/rblﬁltn!d ?AIBN"'M of Uk adtrdrdRrdhirant g gp@ added, and the
te epared as descri

ComaPd e s hprted ¢f c0% ZoatouiRn: nEhe teseiariingooled and the
SUSRARSIHArd $erﬁ<§\}erdr ethd gblgﬂ%elﬂ lg%%efgﬁcbynérté%lpﬁ'é%d th methaanol.

slowy evaporate at produce poly
endRPolinagradeit A7 QTH'Q %I5|@ is dried under vacuum at

oogoo(\jpiggﬁ %%ﬁpﬂ‘iﬁ@ﬂ%{@p&}yrﬁép% B QY ebissofldd & cyriofiéxdhe (10 0 g)

and warmed to 40°C. TS-1 (5.0 g, prepared as described in Comparaative
Example C) is added and the resulting suspensmn Is stirred for 2-h at 40°C
Heating is discontinued, and the mixture is chilied overnightT Cold hexanes (50
g} are added to further precipitate the polymer-encapsulated TS-1. The micture

25 is decanted. Cold hexanes (100 g) are mixed with the salids, and the mixtur-e 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 to a fine powder. Yield: 7.95 g.
| EXAMPLE F
30 Preparation of Terpolymer-Encapsutated TS-1

4-t-Butylstyrene (42 g, 0.26 mol), p-styryldiphenylphosphine (21 g, 0. 073
mol), and N,N-dimethylactylamide (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 stirred mixture is heated to 70380°C for about 5h. The

lspom O] e P bR v E e S ey claso. moler. 2.2-



A éan‘pl e. of TS-1 obtained from Chenical National Labs

of India, a 30 powder of about 0.2 to 0.3 m i
calcined in air at 550C to renove the terrpl af%%nauw fﬂﬁ?

contains 2.2 w. %Ti. 7 2 6 JUN 206 FQﬂ id
Pr epeaciel ipgoeed RoH jiag Wrgﬁ@tsg{@g@@gy elaer-pquo volatiles provides a

Pol %ﬁh&"ﬁeﬁﬁ&wé‘u%OOY%)Id Aé@é hT Lpies M, 000, Mw/Mn=1.75; P: 3.4

cycl ohexa terrperature usi ng an
ul t maS6nND.82vh %. TS- 1 (5 O g, prepared as describe-d

ir(re]sul ti ngp%t pié\rqoglt%ql b 5{{1@ r%}g) pg%egisﬁ&%& nﬁ%yclohexane (100 g)

' isleatandgwasmeﬂ e APCnuds;1 dhd gherepatediras desceihed g comparative

X t °
t h o ﬁ%ﬁ éﬁggggﬁ%da@%%%ﬂ%ﬂg s%sﬁqgﬁ%&? s QﬁrF‘éEf RirtAh&st 40°C.
decadaAithg !MrseorﬁmiuédhewcatYEmnm'eadatbdie@ D@erngg)ht gntd haranes (50
mxture iI's ni zed, e,.nmxture
e e 2odom B RaR BIecpil B RehufaBHRetyTs-1. The midure
m xt,g@gcgﬁe@gaﬂ@gw?g@mm@ga&ndddad t80r @il and lilee suttindsis shaken
are recovered an ri under vacuum o
o 613"@. deseftes. £ @%F@‘&E« gts fscaypred and c}rleg dey VSL&{JITI at 50°C.
Fl uoyigpoty @1? Encapsul ated TS-1 Styrene (40 g, 0.38
nol) and 2 2-trifluorgethyl nﬁth e (10 g, 0_
059 is nol) are di ssol &P ﬁ@ﬁ‘ﬂ%‘r uran (75 g)
in a glass reactor. 2,2'- Angmgpggqutyronltrlle
(AIBN, 0.5 g) in tetrahydrofuran §2 g) is addedtegaﬁd

t he st i rr defopyisne Epoxigatinmnysing Pelvabesreokneapsyia

fhe reactorydosnpopLed, fort B® cnéiQRCals AR zBsONER solution of

e polymer 1s recovere y precipitation in nethanol
Co ainyﬂmnoywm‘bdhycﬂ@gé’h PeraiE® 146Q) oyl polysisng-epcaptated TS-1

| B' ;;’(sﬁp%%\fﬁ -1 300 ot A% gﬁﬁeﬁ’i :ée%dnﬁbiéiﬁg | gﬁ%i‘@é&ﬁorﬁégeated and
descglidrged iwithCoropaleati (18 gExél‘rmI ma@yeﬂtcglimdmgad gadctionemixture is
{—éiﬂ’%}gasﬂ%ﬁ%gﬁ{ %ﬂulgs St' ﬂé otﬁ%?é@ﬁgélgﬁme 1dqu1d and gas
8y er phaxs. ar@@hdlyh@iﬁﬁgﬁs (3I5Q’mag@grapl&y aBdadtstappearin fable 1.
preci pitate the pol yner- encagg%wl_gjoS- 1. The m xture

25 is decanted. Cold hexanes are mxed with
the sol i ggepyadif Epexidatichwsing Boly(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 wi.% 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
phase's‘ are analyzed by gas chromatography. Results appearin Table 1.



-decanted. More cold hexanes (100 g) are added, and the

m xture is hombgeni zed. The m xture is again |, .
‘decanted, and the solids are recovered, dried %r@iéuw 2807
vacuum at 50C, and ground to a fine powder. Yield:

7.95 g. EXAMPLE F 30 Prepargk
Ter pol yner - Encapsul ated TS- u%yl styrene (42 g

0.26 nol) Prcply&rﬁrﬁnoakiqaﬁelmyslpgMon@yme&Eggans,ulMTé 1

nol ), an t d Z D). '
are i colio B EHR B ERAOURCT i Bb(ad Syooph it i gloropoymer-
r eaehcapsulat 7 8ziopriepassalin tEua01plé Ei 6360 (WAd)BAps€d . SRegdltd sppear in
add b d the stirred mxture is heated to 70-80C for
abouf ]§ The 8 2 6 JUN 2007 reactor is cooled and

t he contents are renoved. F\EKHWLE% vol atil es

provi des a i d .

Tg=123. 5C. PRRY c%??’&%ﬂ%ﬂ/h’si‘g 59"P Vm§f'E“C$&SU%"eNTS1

0.88 wt . ¥he /br§@émi'@ o@fEiéﬁﬂaléQ{ W@'fMWed( xBest) tHa$ the terpolymer—
di ssol ved i n cycl ohexane and war ned

0C.
TS- EN¢apsy %e ) ebal're@ar%ma%@mn?%o(wﬂ n@)rﬁ)aﬁ%ﬁ { %SU“S appear in
{FXanghe ©©) is added and the resulting suspension is
stirred for 2 h at 40C. Heatllr;,?Els di sconti nued, and

the mxture i s chill eBOMRARAGME EXOMPURKanes (50 g)
are added to fu”herPr?@ﬁ%ﬁ@%h&:&aﬂdﬁ%smg TS-1

pol ymer - encapsul at ed xture - 1's decanted.
- More col mamsrea@fefimya 1 BOfofigwededcati dhati the watalyst is TS-1

AR PSSR P e G Ao

1EXANRIYESO m‘g(AK/EHiEIy&t iPuspy. d?@uﬁpappelmtmdhbm ng
Pol ystyrene- Encapsul ated TS-1 15 A 100-nL Parr reactor
is charged with a 70:25:5 wt. % sol ution of .

met hanbl 7wat er 7 hydr og'BsrblepQ?r Exomter(ABp siidaiods

po| yst 7 ed-TS-1 ( 50 Wt 9% TS-1 3 X
as prepared in Exanple A. H?%Z reactor |F§Oseal bd ah POE
char gedewigt h przemdtene ¢l&n@rsione] magmaidical ty (%)
stirre tion mxtlure_is _heated. at. 50C for 30
min., and is theh cool ed tFBOC. The Iidkid apd gas9d
' 2 B 66 35 , 93
3 D B 72 _ 41 93
4 - E 73 42 92
5 F 89 44 | 89
Cé C - 72 37 o1

Th,é results in Table 1 demonstrate that polymer-encapsulation of the
titanium zeolite does not interfere with the catalyst's ability to selectively produce
20 propylene oxide with a minimal proportion of propylene glycol and propylene
glycol ethers. On the other‘hand, polymer-encapsulated cafalysts are much
more easily recovered from the reaction mixture compared with TS-1 powder

(see Table 2). | '

25

10



20 phases are analyzed by gas chromatography. Results
appear in Table 1. EXAMPLE 2 Propyl ene Epoxidafion
usi ng Poly(t-butylstyrene)-Encapsul ated TS-1 %hé JUN 2007
procedure of Exanple 1 is followed except that the
catalyst is a poly(t-butyFtAMRHeY- encapsul ated TS-1

50 wt. % ; i - -
Resul (5 applkpnei SRR upERELRIr T Eabaattet P05
EES_X' datA ?no-umafzw(r) f&aaicyxusycieargeémﬁaw@msmg@~§@apsw:ted TS-1 (50
sol WE??"OE%(’){’ écﬁg}g;ae}?oij'/%\ﬁéfég %ﬁ%&%&%n%é?@%ﬁggthwfél éh? (41 ma),

andmpelarst yise)) edeintiapbwhitr ¢d.8Tg; and BRdrogen mr.o%dego.%;a g of 30%

300 ) in I . The . 80
<Soabedanhebnad puBe Srogr Bpyian{aE 1§ ESE8R SR g The
ﬁgao Llﬁd‘]o gphééefa@tar_idmﬁae?y. nabielsocnagmabcf gephly sComveegion of 2-
mxture 1S t ] 1.N. .

AP RBeRR o ISP RSB g pRneoxide: 70%.
g;olg:d t(r)] 1O_Ci The Ihi quiRd q:l_n)qu;&gE gphases are anal yzed

s chromat ogr aphy. t ' :
16: JUN 2007 Peab@%ﬂﬁﬁﬂbpretts?gm éﬁ‘gﬁ%%g%r%géggﬁg@hﬁjg ?
Fl uor opogw;égr@gpggpéée 818 ShArel wiltepdlystpredeichcaisulated TS-1 (50

1
Exanpl e wed, except that the Tl uoropol -
enc s &ulT-éd 208-mg)pase pegaed in sSesmtie 4 (ltmﬁtar%&) ?ﬁr%r 9), tbutyl

used, ﬁgﬁtﬂgp@kﬁﬁﬂqﬂ/ﬁrdg‘%n. ]§er5$ilalee(o]&5 EXNdE l-@Ol'z). The reactor is

- Propycioene atr’on -usi’ng Ter pol yner- Encapsul at ed

_TS- $edlhd, prasswireddo of00Eeigpith gitrpgen,cindovgnied dg degiin two fimes. -~

" that the - T . ; :
iapraert Bh B0t prossBERN hEl BRio I ROBE R 18 magnetealy
Tablséirrdd rEXQBARATUNES BxaldelL & B°CHooR Yl etftermookic At bvid phase

:ilcn @I{Tﬁ{%gd-rgﬁ ﬁgf@ﬂé}ishﬁ?\&s %gq%l &nbetsforl 8F hPMRthne to oxidized
~ products, including 2-pentanone, 3-pentanone, 2-pentanol, and 3-pentanal.
Examples 7 and 8 demonstrate that polymer-encapsulated fitanium
20 zeolites have utility for a variety of oxidation reactions ndrmaily catalyzed by
titanium zeolites.
EXAMPLE 9.and COMPARATIVE EXAMPLE 10
Filterability Comparison N
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-pm filter, and the time needed to collect 20-mL and 40-mbL
samples is recorded, Results appear in Table 2. |
The results demanstrate that TS-1 powder (Comparétive 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.

i1



that is not polyner-encapsul ated as prepared in

. Conmparative Exanple C and 15 only 150 ny of (3# Lyt .
is used. Results appear in Table 1. Table 1.° ﬁy}@n@ﬂ@?
Epoxi dati ons H202 PO PO PCE Ex # Catal yst %

conver Sl on "!Tﬂme Z, %Tlhtéra%|!Bﬁsﬁo1€3I57)I%3\er-~2nEaf.@ﬁla\té’cg(;,ﬁQ _/ys

72 41 4. E 73 42 92

The resul ts in Table 1 denonstraf &atayl | | Timeto CO[IECt (min)
pol ymety gncapsul atd8; the titangd| e €olTR GPeS BanaL
intetfere with the catygfvst s_ab ﬁ’tv to elzeebclﬁqvelv m
producé®& |20 proﬁ%%@mapaﬁFUe wi th|a mpni nal prdbortionS

of prepgyhene—gtyesl uuu FopyHene—eglye eth &R

t he opﬁgr hand, po yH%V gncapsulategjcaﬂglyst are 33
much| nore easily recovered fromthe reaction m xture
conpar ed \'I\'A:th TS-1 pn\_/\_dnr (Snn Tahl e ’)) 25 10..2 6
JUN 200? EXAMPLE 7 Thi ophene Oxi dati on usi ng

Pol ysty "T@iéeﬂ%%&ﬁé Léx@ﬁw%@és-rﬁ'elméaﬂto&ﬂmas Pﬁiﬁétra‘h@ﬁ@ Q’fhe' fllowing
charged Wi t polyst rene-encapsulated TS-1 (50

TS-daimsgleigy thesinyeeiiired i n Exanpl e A,

2-met hyl -t hi ophene (41 ng), 5 nethanol (18 Qg),

dei oni zed water (1.8 g), and hydrogen peroxide (0.23 g

of 30% H202). The magnetically stirred reaction

m xture is heated at 60C for 1 h. The liquid phase is

anal yzed by |iquid chromat ography. Conversion of 2-

met hyl t hi ophene to oxidized products, including

L0

2= ITEL. hyI t.hi. ophene oxi.de:..70%.....EXAMPLE..8..10..Pent.ane.. .. ..o

Oxi dat i on usi ng Pol ystyr ene- Encapsul ated TS-1



A 100-nmL Parr reactor is charged with )

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

as prepargd in Exanple A n-pentane (0.21 g), ?%Om 2007
al cohol (20 g), and hydrogen peroxide (0.55 g of 30%
H2OXYe claifa: reactor is seal ed, pressurized to

100_. psi gy w

100 P 91. ALl s RO L L ot ot
wi t h nitrbgeihe eatdlyshef pagmet ivdwréip thetlitamionh rexditet lsoa fitanium
mxtshlI Slit%S heated at 60C for 2 h. After cooling, the
|IC]UI8 phase is analyzed by G.C, which shows a 40%
gonver si dh oThemaMyﬂta)ﬂelatrQZMm‘émede tlmmlueﬂ@ahte is TS-1.

3 pont andl . ERUANE OF SRR VARG oe PP pagie s Tanium beta

pol ymer - ﬁlcaﬂwbﬁbﬁé‘c bi tlamh UMyhésiz aRé I doBndray &selected from the
utility for a variety aof oxidation reactions norm

I
cat &HPed SBYSISHTt o umﬁi%ﬂﬁmcés PENRIGBE oPGlvgeas, . pdlyacrylics,
CGV%BAEW&@UNM%EE@ ﬂLthé@HaBdJ!k/mtek ISP rboTﬂ%%ccharides

filterability of pol yrer - encapsul at ed TS-1 catal yst

s &8 ﬁP@PW?’M“U%t'@SS BgdnEres feteefr es of
Catal yst 5 D 'ﬁffédca%lgé'i dfBla hﬁ\@%ﬁ ﬁ'lecﬁe ?ngyﬁue*?}’s A

50 ni) contalnln % of repar e
m xt ures ‘ar e‘\ﬂqrcpqeés ahich 00!3908% pgidtzmoa@wr@arﬁc pmnpound in the

fi L%: sen@@%fh%o%éﬁer%%@g%ﬂdttﬁe Egﬂa‘ %f #Qg{qé and_40-nL

€s IS recor esul 2. The

r esul t s..denolst pracess placlailts? 1Wlpemdethe( Qgapiarcampognd is.an.olefin ...

__.lgxa h@h&g%fd??&ﬁrg&g&%?%&géhe filter, resulting in

I ouUs yier encapsulatlon provi des
an easy, 9. neKEeprscass amyatm@ widreirt he adefinns pexdyiene.

oxi dati op,C re eaS|I ecovere r

the r eac? Poﬁﬁ{je %5 %ﬁqsg Of%%E'B "KP%W 'Fé\%uémfeopte s P&,

Filterabillli Wheobrol'e’e*.:eynéb}aﬁncﬁmtdrahetdewm@isg%eiected from the
st, Sour

0. SO forEeinge S sPitb, » PalvoltbS SRR peyacrics.

sb1 Palylirethpea; edlyRetceX AN R8idas efiiddated pblynhss, polysaccharides,
' us} rng c?es pol-)lr-rpl?cléo%ldlegvgndgmtxtures 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 pfocess of claim 7 wherein the organic compound is a ketone
30 and the oxidation product is an ester or a lactone.

168. 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.

13



claims define the invention. 12 2 w 2001: W claim
1. A catalyst cohprising a ponner-encapsULataﬂ o
titanium zeolite. 2. The catalyst of claim 1 whdér Uil 2007
the titaniumzeolite is a titanium silicalite. s 3.

The cat a7y sth@brddeat 6}‘ danher @h@re‘rhﬁetdrbﬁiﬂb 'éEﬂnpound :s an alkane
silicalite is TS-1. 4. The catalyst of "claim]|

t head g oXigafion BIaduet is @ntalealinl uakesene or asnixipie thereof
cat al ystqgof gl Efd@eés \ﬁ‘haﬁf?ﬁ 7 \#/H&eﬂﬂ%é! '5?% mcsccﬁﬁb&ﬁ{aeg a thioether
fromthe group consistin

pol &l ’@ﬁ.qaggiatrm praguekis a maca yllﬂfcm_de opalnylxmueﬁt tharenf,
pol yesters, fluorinated polyners, polyam des,

pol ysaccharides, to polypeptides, polynucleotides,
and m xtures thereof. 6. The catalyst of claim5
wherein the polymer is polystyrene. 7. A process which
conpri ses oxidizing an organic conmpound in the
presence of hydrogen peroxide and the catal yst of
claim1l. 8 The process of claim7 wherein the organic
conpound is an olefin 1is and the oxidation product is
an epoxide. 9. The process of claim8 wherein the
olefin is propylene. 10. The process of claim8
wherein the titaniumzeolite is TS-1. 11. The process
of claim8 wherein the polynmer is selected fromthe
group consisting of polystyrenics, polyolefins,

pol yureas, polyacrylics, 20 polyurethanes,
pol.yesters,..polyam.des,. fluorinated. polynmers,.

D e R A e bt o, pop s PO Yers des and

m Xt ures t hereof . 12. The'process of claim7 perforned
in the presence of a solvent selected fromthe group
consi sting of water, alcohols, carbon dioxide, and

m xtures thereof. 25 13. The process of claim7

. Wherein the organic conpound is an arene and the

oxi dati on product is a phenol. 14. The process of
~claim?7 wherein the organic conpound is a pheno

14



and t he oxidaf?on product is a catechol . 15. The
process of claim 7 wherein the organi c conmpoundy i,S
ketone 30 and the oxidation product is an estgﬁoﬁ?ﬁ 2001

| actone. 16. The prg t he

"organi ¢ conpound i h éﬁ?ﬁaﬁﬁéﬁéﬁbgbﬁsﬁﬂﬁgﬁgﬁé t he

process CgtapRtS saRH fbm okigtidH @688eRs Odre 2B, Orl'heaﬁatafysts
am ne, and the oxidation product is an oxine. 13

JUGERMETe E7polmer-preapsyaiest tianiinnzeoliger it Cﬁﬁé/StS are easy to
Or 93P far€ QAR QIR th ?@ @ééé,a erecamg éﬂberéi?éledaha ey provide good
product is an al coho et one, m xture th of .

-18 COMErPPBE di sa ofariehaioh lmnm@ﬂtsuomdtahen OV geRfises. The invention

COMRIRAS' 8 AobllcOTH oo B RS 1 e

ABSPRSEMcEOB! mcaﬁogmsmmswe&\rpaa abgsrles—ensafamlated)titanium zeolite. In
' T
conSb AR e Weaft SollPiraaE Pronk s AL E bie It groduct is

cat atopyiemeanx@lecasy to prepare and use, they are easy
to recover and reuse, and-they provide good
conversions in a variety of inportant oxidation
processes. The invention includes a process which
conpri ses oxidizing an organi c conmpound in the
~presence of hydrogen peroxide and a S

pol ymner - encapsulated titanium zeolite. In one

exanpl e, the organic conpound is propylene and the
react.i.on pr nriur‘t i.S pr nn\/l -ene..oxi-de
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