OXI DATI ON PROCESS W TH I N-SI TU H2G2 GENERATI ON AND
PCOLYMER- ENCAPSULATED CATALYSTS THEREFOR FI ELD OF THE
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process catalyzed by a titanium zeolite in which
hydr ogen peroxide is generated in situ. BACKGROUND OF

ol ecur R DA HON PRACES STl FEsity Feos BENERATDY Anp

silicate fPoINMER.ENCARBYLATEDVCATALABSTSITHEREFOR
val uabl e oxi dative organic reactions. The versatility

of titanium zeolites t] | ar -1.. for arene

hydr oxyl ati on, al kang“g@&ifﬁdﬁ lhgfﬁgﬁ’ éNepoxi dati on,

t hi oet free iawé A PélateBary ah-oxddtlonggriocess datdiged by a titanium
reactions, and other inportant transformatl ons is well

k7SRite TRgihich hyspaen p@f@éﬂ@b is ggRgrAtest ingitu. synlett.

(1995) 289. Despi packEsaURDVORIHEAwENTrEN OXi dat i on
chem stry, titanium zeolites have apparently not been

encaps Jl'ta'f”éﬁﬁ #eeliien L5 synihelie Me@Hanievasdhat inserppgte titanium

altan¥Zie £difaié gfhrﬁ@\ﬁértk' QBfalyZe0h WRBY vardtafUlyable oxidative
zeoI i te-catal yzed oxidations, hydrogen peroxide is the

oXareaiNe reActionsi doe Varsaiility ofitian e zeplitesxyyéauladnt Srit, for arene
pgg' l‘(@é{%ﬁtlﬁ Fk%ﬁe W datiBY, Bfeﬂqqéékwd%ﬂ - hRodtiss M«?jéetﬁgle@aeyer-

epotentlal ntri utetoa aner
cHéWg@rapxrﬁaimrSteqptloos e@ndgther Apppriachieansigzngtpoeoy well known.

ﬁilﬁj?)a r& éWy Qé"l:ﬁll&mgo%,@%lers Hlétt C(‘?%S) §§§aq§ glt? th?ig obvious

rogen peroxidé 1s re ensi ve, sci
cosayen der tomda’mmest:hgmtse"yvva:yamum genléeat leaviet dpparesitly utot been

fr I s
prece@]gﬁgelg%# v@i'ihl ?r?o%ﬂﬁgrg@'gbq t<9 et s, i oér%‘%n{éz%/ +>@détnﬁ1 reactlons
pal | alelmmmelrry Bhahwmgeeelrtatoatialyzyedr@qﬁuoper by(drdgeﬂnasrox:de is the
been, u wi.th t ni u for pyl ene
o BB bty Wi B 2 bRk e s g the ont bv-
armomedtoeesy-(@eee SQAdrog'lé‘mberc&&ieahas (thégwkantlﬂal)toasonmlbdlte to a
as, benzen dro t|, em _Soc
(5B5R8E Aiaied sty dBe huis AT, o585 7 oo oBHT, A ey
ofhmdlegabwevenpn@mssleSet:haée hyddogéﬁ daaydiuo@e@ relethaty é&pﬁenswe
For . addj ti xa es rop ne e tjan
el setueets Thasarts M ee st difogin oM Molecuiar
PefyAxddte, as®andlgSn, BadallyNastheSpr8€ande’ bf a Pla@RdmIgtdup transition
metal such as palladium. In situ-generated hydrogen peroxide has been used
with titanium zeolites for propylene epoxidation and the oxidation of alkanes to

alcohols and ketones (see Sci. Tech. Catal. (1994) 31) as well as benzene

hydroxylation (J. Chem. Soc., Chem. Commun. (1992) 1446). It is presumably

applicable to a variety of oxidation processes that utilize hydrogen peroxide. For
additional examples of propylene epoxidations with titanium zeolites and in situ-
generated. hydrogen peroxide, see U.S. Pat. Nos. 5,973,171, 6,005,123,
6,063,942, 6,310,224, and 6,498,259.

Recently, Professor Shii Kobayashi reviewed a new kind of catalyst
based on a technique called "microencapsulation” (see Chem. Commun. (2003)
449 and references cited therein; Angew. Chem., Int. Ed. 40 (2001) 34869; J.
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"m croencapsul ati on" (see Chem Commun. (2003) 449 and

r Arar €hees Sud el@0t (1908 QQB@Wg@N\hllerelvmgrQISeﬁt:apéﬁdatloﬁOhas been
2001)
oA dReisnBUIR PORTREC USSR o ey BpsepymiaE storage

phaaaémmemﬁucalstomﬁastrr fﬁtu%@ Rt defivdrg, ?ﬂ Biﬂﬂ!t‘cﬂ ééllbﬁée'ﬂ@ﬁ drugs,
st abi e stomach irritation, target deliver
0P85 lLtsr |th?3 é}s{g ?rd%alﬂj%gls BEAEE PEW eIt Eeqligedhnikgigayashi

f Qlengatisehiesl ﬂqa@rrﬂgmlyséfﬁ@@m balagts 8ah iEethadkoBanashictals are
dem)nstrst ed that hig \éyﬁeffl cient catalysts can be

esdeioPed A Ealhin S0y sBee Bl MictafkagsUated ansiion meta

PAaYAystE BRE widyso rYAKE BRAT aRSYERLIBEd i BeSEhAANCERINAIN. article
catal ysts and ‘ways to nmake them are described in the

CHefarenssAmMAPovar t i clhespefi@vendegnasee. famesletifigadion, olefin
begn dasEhtbar ﬂtﬂﬂ@r'sﬁbﬁﬁut’idw S‘El&@ltl' rbo@blh\)r%)dr%ﬁ%e%'{ﬁé?n’organic

allylic substitution, Suzuki coupling,

ort@?éﬁfoém??%ﬂﬁsfor mations. In sum the value of

i croefe 9aILk" BN ShLAoBRCAR Ao SRR npdigan

reacti ons sﬁ%e udermﬁ@t roat o ?Anc ufdpénn nFHtQQ fo? many
orsgYUE daactipssr b@%tb&@ﬁ q@nn@mstﬁat@ld hingtustiog at |Ieﬁs)t orgt jox{dative
u r 4o oxidat ti at__u
Unexalar gﬁleﬁ WY GEDxyI &) OX iRt LB GRE! I8 L el SSidation
t rraastions dﬂﬁtrrE;EaEs avdaalﬁtnccatlbihe’tmls ajritanofm zhelites lasd transition

CTRRRRARISH e ReP PALATY o OB 8 e

oxi dation reacti on§UMmARh’a(D%rrylEtll\MEnﬁ'n®Nes \(;\lht itani um
I ' t
Fooue  She ol AR b BnRAT ool e P H el iRl

[ s:oerpmaps al thd@dmwietoliten adrdrsition| ragtet, soff 4 ;bkﬂyrpef wﬂ‘@rem at least

The ca ts are geas Rprepar.e and use

ety Gofe SRsTuP Srle L el sRaRATRS Shreatimed e < tim aver
CcarivtRe polynseri NTiee catalystsy aref easvpf@rpx@ptareoamaiaéé Ofey are easy to
processes., Thus, i nven ncl udes a process

th
RHPER o2 R PR 25 e PHRY R, S R B S0 Phinportant

PIOGRITCE pobediges OdRIls, Mey@esnticANclbgs 6airakdsst which comprises
wherein the transition netal catal yzes formation“of *

hﬁﬁl‘j&j’éﬁh aBeqrginlaé:oin}pogpgdn the presente of hydrogen, oxygen, and the

catalyst, wherein the transition metal catalyzes formation of hydrogen peroxide

in situ.

In one example, propylene reacts with hydrogen and oxygen in the
presence of a polymer-encapsulated palladium catalyst and,admixed titanium
zeolite to produce propylene oxide. Surprisingly, polymer encapsulation of the
palladium has litlle or no negative impact on the catalyst's ability to geherate
hydrogen peroxide in situ. Additionally, the use of a phosphine-functionalized
polymer to encapsulate the titanium zeolite provides an unexpected and
valuable reduction in the formation of propane (via hydrogenatién of prbpylené)

and thus enhances selectivity to propylene oxide.

™
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In one exanpl e, propylene reacts with hydrogen and
oxygen in the presence of a pol yner-encapsul at ed

w@alosagisom cat al yst and , adm xed titani um zeol PCBUSNO5/003205

produce propyl ene oxide. Surprisingly, polymer
encapsul at i @ETAILEDeDPACREITIOMN GRT HE EtINVENITIOMNO

v r oGBIRYSEY Bl g yran i ol ERofaI e e nEa Gpoges are

pleisprditerfzeact cnyealmnéecbypmeﬁaemnm@capsaluamoénmtes that
[ [ eolite. provi es an une ed and val able

1r|;| tan'r?@'nﬁaﬁl%@t 8% h%rf"aé‘?e"b‘}fgggﬁ e(?ﬁ%ce of ti anium zeolite

higed ageeadd @sbrofmaRy eabreNgartismeriyt ihds t nic reactlon that it
sel ect ?w ty@?bo pr éqpyl ene §X| de. DETAI y%% DES%R ON OF

iE celalezcTRON Bat KEPEYs obithe HeastavEnt i b A&ty @anIﬁatlons for

tekb@aﬁleumez%ldzé 8f zebliteadd 3EMdE ¥Rl thd 8S<RA8d shape of the olefin to be
| “characterized, crystalline synthetic silicates or

@Ipeﬁlﬂﬁ@% I is Arefgrres 4e Upmadelsévaly eMeilt peredieaitBhEedlife such as
lJrﬁ ANBURE ks thytﬁeﬁ?h@'aﬂ:‘ov\%fr oldfih %Ub}u\r%sz @ﬂ"’ \én% #ene or 1-

ends upon nan¥ actors artlcu ar | Y
@lu  IVheatha oRTe ipropylens. | TS-4da paytGs %rwoprefeéred For a bulky

Iflent %l}dﬁ Qiecglaghé%%t %n Fger! &r@éﬁdnugﬁ&@éhtg%dcﬂ@s o fﬂgmum

exa choice o epen on the
gﬁakﬁ@ hefing lrestalckre msqnaprbbowq:)w»th aﬁoilt@l beta isi grefaresfder r ed

to U.S@aﬂlc[lﬁlrlgit;Fr?é?érf’edsgﬁjn:[unqofe%h{e‘stlﬂgﬂllﬁﬁg %ﬁ | L& %'f“ﬁ']olecular

as titanium the olefin ower
sigyks agoremhplye paljedp titgmyure ngllicatites 1 pabtitelady Wieh (whish has a

Byd Y B rSL TER Qb B b S RLE B8, an
tS-ani wrlﬁczesolitable SISBChItaIHlJI‘H tedligasi tha’rzéxalvet Famaworlg sdructures
a ferr
BOAbOS: 3PP b e gk S SuPRE LSl £ 8l pfrowar
Hrafesred flitarili@cadodite s Sioatads no&ﬂﬂm&ﬂtmtﬁabf ﬁfdant fithAioiny Ir:‘énllcon, and
ilicalit t I TS-1 iC asato 0 -
B : Bozdifed abe @i alBrar STE S oBReBy & redds ron
tamriESMnl oi)r’ghe ak@ nT@ Be p@émtsuﬂltbﬁlbtre s’ﬂi‘o%htdst ancwaas T? -1, are
zeolites tha uct ures ous
S Premet T SO C AR RE BB BATY HESWAGE TS0, ath NI HIS. Pat
NPuef@r5@daid §.aTheim 260! ChER. CoRtairm (N9o®) fSBi‘nt S
ot her Ehan titani um silicon, and oxygen in

latti CBSfGahsldPRUdes BHERSHIGN MefR! a uﬁ%@e&farﬁawanmetals are

if6HY indSkE gRUM 1 OrTHé"'ﬁrth 'r&fxﬁ dffﬂb(es'ée faF %&5%46 Théaded! 'EFlansmon
S|I|caI|tes such _as TS- re most preferred.

TS-1
BdramaB Iyt eiGeR TARE Mo e e, Alugad i metals of
Groups 8-10. Particularly preferred are Re, Fe, Ru, Co, Rh, Ir, Ni, Pd, P, Ag,

and Au. The transition metal can be present in amy suitable form as long as it is

capable of catalyzing the reaction between hydrogen and oxygen gases to make
hydrogen peroxide. For example, it may be prese nt as the free metal (e.g., Pt or
Pd metal), as a mixture of metals (e.g., Pd-Au, Pd-Pt, or the like), or it may be
part of a complex that incorporates the metal or metals and other ligands (e.qg,
PtCl,, Pd(NH3)4Cly, tris(benzylideneacetone)dipall adium(0), or tetrakis(triphenyl-
phosphine)palladium(0)). The transition metal or transition metal complex can be



No. 4,410,501 and J. Chem Soc, Chem Conmu n . (
1995) 155. The catalyst includes a transition netal.
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The first row of these, for exanple, includes

pEEHiA0R JESeLAHEEE Mub, SlouELE B EFRRLNAY.

Rzrgamlc icyrherspsedheas edosslinkeRepoliatyreRa, c@oamRiothdrr corNientional

rpeRly; P 15 DRl PSSR, BB Rhef bRy cxgmples of

dfarcsatoal y\zetEg sadmca'seaemrttalm ﬁgt \meenmudia)gé’ldlcan&mygkmlhca
L. - g . F ]t

JaTgPalte FRUCHIR PR 2L ool PRE P d o J1 Pton

darS-d, PdxRtusre TE1, Rd@lb, SPtCR, §d(NHPY-GN),PdBI-PPd(KO;),hpalladium(ll)

S b GRoR G 8PS e R b Bboretefgadstaceto

(rﬁtnga Qta@i{lmdﬂ‘}’(ﬂw'(hé%@horophosphate) HAUCL, Au,Os, RhCls, IrCls, and
E??‘ enzyl i deneacet one) di pal ( adi um( O, or
t

%i s(tri phenyl phosphi ne) palladiun{O)). The

transi Af I@Bst&IcAb! tAE titdnRIhs LIRS oMBicattarERIBh fietsias encapsulated
besupported on sjilicas, al um has, carbons, zeolit

(wihin | a (RalRetum BY | EReARSUIgd." averyBeary hahi fE‘epB’iaJﬁHJéF szeolite,

StHHRtRA rﬁét@ﬁ%r bBKEGrdebaih¥d JMBin shd arduPbliRied by a thin layer
conventional support prior to being encapsul at ed

vitft BRIMMEr. pol e en@aprRulatiek dmelves entrarhRgi theogeatealtransition

e for Pd :
APl or Bt Siin & pdiffild ot OIS bkt wi the polymer-
micrpsulpied atHIyst SKEGies, Pdagiants Sust pepetrafe the-molyrPer Eaating.

on TS |¥m(§gq|#t|a|oft§t é? rgm@gzﬂe catdl 9%”(3 are Rg%olymers or

3)2, pa
tretld(ahl@(Ohb@pbmopolyh“@mardomcedut(yl fr§e-radical, ionic, or coordination

Bdéﬁyff"%eﬁfaﬁ{? Bf B B o SR RERE: é}o&*‘%ikéée) GRrsey. the
RivGrBers| ar€l &tumhabrtslyathletlckeolymerst ezsle loneadiitidrher condensation
e T TN T ST ——
medyachiias, t;ift&yurelhanes;mpm@lsietsa plofyainsgd é<s 0 nflueinalted opolymers
O e S R B AR ) oy s
&hérLe@DplPaﬁh@Jléme pieﬁéﬂrdsct @re bbl@@@fdm@n p@t&?dbﬂnsﬁrgcﬁwﬁdﬁyhcs and
in a ric coatin r e
s oF i S ieca < o pevorginet P bt e sbblifios Sngpsion, or

r@ﬁ@tsnbat@lwh@nmbu Medth At THY polPRey 1845 &Jh&cﬁ’@b@rbfoﬂé or they
use i.n making the catall)ésts are homopol yners or random

8104 B’T‘%Ror@&‘po‘c“?ﬁ@?@al p¥ HB%e%P%‘y a?sré’é(dF%Hchame'qeonP'aOSph'ne
Phosprihei diddd, Aisine, sulfur, sulfur oxides, fluoroal kyl, alkoxy, silane, siloxy,

carboxy, or the like.

There are many suitable ways to encapsulate transition metals and
titanium zeolites within a polymer. Some of these tech niques have been used to
encapsulate pharmaceuticals to mask taste, impart storage stability, or target
drug delivery; others have been used to encapsulate solid pesticide particles.
Suitable techniques include, for example, spray-drying, spray-chilling, spray-



pol yneri zation of one or nore pol yneri zabl e nononers.
Cenerally, the polyners are natural or synthetic

w@oeiogoeass2 made by addition or condensati on PCT/US2005/003205
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pol yneri zati ons. Exanpl es include polystyrenics,
podlag/tmgefpjhase saphr;auogmd cgnlmlsyatvaycbri,gsj'ec@ yeagidharestng, fluid
est am des uor i nat ed .pol yners, . o
Brd St ; BRI HY! SRaia adeh” BaFonitel Yabotcsposiien. in-situ
t pelyhikigatia) dndllickibg nesitd heseadial d?ﬁ%ﬁé@z‘é'tl@ﬁ' é(ndJ'EHéf e efhese
are pogéstrxr eni cs, poI%noI efins, polyacrylics, and
p8NY LPTBES '?rr?eertfepwlév deghnipiegepisr destringg bufhe, introductory

S@héﬂtép%’f M%&Q@B%IQQ arflr N@Hb’ﬂ)é’hé}é‘s RR! MEBEIng2hhd Pharmacy, M.
met hods. The 11)fmars can be hydrocarbons, or they can
c

i ROBPIYY. JES fgﬁ’n 14nand gefslanses ledathersiar ang(in GinBerstman,

pm&%&%@f)s@ﬂﬁlﬁp@ﬂ S\ﬁld%rﬁées ac3hiSieSRbibdEe DedrEystems for
oxi d uor oal % Silane, SIlOXy, carbox

O etiien (000 SShet, £ S5k S or et Mo, & 48 245
| d
\?Mnfﬁr’ﬁﬁgﬁﬁm%rt %ﬁ@a';dsué?lﬁn”%&a eggé]t g%h&@ﬂbﬁ/ggé%% \)ahﬁﬁ is one

ugeadetred éfrré@wal A éUlﬁﬂié@ ﬁﬁ@r@a@h amillsstfaie@hr@smbamm et al (see
' @P@H %&*ﬂfn@g gﬁo@ghébta\ﬁd @?eréﬁéﬁ%e%lteq{rfﬁ%reqﬁl AYEW iChem.. Int.

t o encapsu estrcrae

péﬂt #e1(@801 S'él‘i&%dL.éﬂ_e@lm:nlqﬁ_eﬁ 126c(1998) 2095) \&btfanplystyrene as
SBIAYo H@r% SRNIAY Cli E'élé‘&ZaﬁBré@g&?té p%ssy%S%nd J. Appl.

sepafati on ang coascervat

cﬁ&hﬂﬂn@_fﬁ&ﬂﬂob)ewb‘@oatl ng, dry-on-dry coat| ng, mel t

ext rusj.o .

| el udfnné]paﬁ_%[?lg e;nggp% cepoe\§loF1%IpB %ﬁ&g v’ﬁésmn of

tHeemeTrImlsef 5nkjamsherpomsty|rmeer$c<apscm/eﬁ |mWatrﬁa:chIoimJ@se. The

werdEaahrEt dhiciCrestle. T A8 P RBRER A sugoenced in the

Phaxtmiacy Upo slﬁmrﬂUoﬁmg tED°C, phaselsééaraaﬁld anaf ﬁp@ﬂl@e@rmatlon
C|tedthere|n st man, " ro nca sul at i

G B
oPo&H) (1S b Bse 1O Bienan R SHeREPRNLSt B VEFeythen Slated,

Swekhed, drardriRest i ci des (1999) H Scher, Ed pp
31-54. See also U S, Pat. 6, 245. Pol
encaps\rSit (PHR’HX?r'ﬁWéQ% % @pRHn |F8fﬁ etf?%*s&%ﬁh\r/‘ ieonTh§ BRResition

PRef&I rrshitiec hedimsieor Ao hablRsaRBA 0@CBuéended in a reaction
illustrated b Kobayashl et al. (see Chem Commun.

(ﬁtﬁ?@)%&@n 2iingr RERRIES. @n ditidtAer 8n: oG etAMACRERTS;, and
) Bolyredizatith (Fa8eds 46 Hive theAmly@@a@hcamatagocaea;@sqs) The

Wit h ystyr ene as the ynmer encapsul ant”
s@@nam%s zanrb@ fmdmn@@ 8% 1@gsghrrze@hyl%ﬁmlamld%pwdrophoblc (e.g.,

styrene), or a combination of these. Suitable techniques include bulk, emulsion,

suspension, and interfacial polymerizationé. |
One interfacial method is illustrated by Ley et al. (see Chem. Commun.

(2002) 1132 and 1134; and Chem. Commun. (2003) 678) in the preparation of

polyurea-encapsulated transition metals. In this example, an organic phase

containing polymerizable monomers and the transition metal source is dispersed
within an aqueous phase that contains emulsifiers and/or stabilizers.

Polymerization occurs at the interface to form microcapsule walls. For another
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Polvm Sci. 89 (2003) 1966. In a particularly
conveni ent coascervati on approach, a nodified version

woboosiog2snet hod of Kobayashi, polystyrene is di BEDUSHEA5/003205

in warm cycl ohexane. The transition nmetal, titanium
ezaipleeof iorsithqidiymenizatidn $c gemedhto misusyyentad sea Ade Powder

1 Xt ure w cooling to OQC, phase separation
%@%@@Bé%u on occur. Hexane is added to harden
t he mincarotiagsitlsita poWnesizatidreckdreple| soleatant,a mghredof styrene
ang t?n'edthln situ olr)( rizaltg on | .anot her Ereferred
BE hANGUEMHHUEC ( PARET G SnBP f”e”tz? dRi UZEPYS eSUHENSion

hetdrdingrte \A@nsmbmedcqumsn@wgﬂésenceaow@u@wm seduypended
gront gl ni ngta nomsr (s),, an |n|t‘ator and qt he

UG Y AN YEY 1259ty ocg%lsre%l&t'@ \P(Qlylﬁl@r beads

ﬂﬂioyméteeéﬁ ula@écﬁtﬂraﬁ@tl@h Mhaétal, Tﬁ’cﬁmﬂﬁﬂ@@@ftes 6@BANB, and are
E)/dr oghl lic di met hyI acryl am de)

R HBbi 4se( ésgan %@G&ﬂ“@ﬂeﬁatad?t 30%%9&% it Peg cess of the
ihRegon.Sui t abl e techni ques include bul k, enul sion,
suspensi on, and_ interfaci al meri zati ons. One _ .
i nter ha%?oémerr%@ﬁ@U@d|a@prqacnsfﬂﬂnean%dnwn%por@tesmecu g units of
inSRETH rﬁ&oqﬂartlédl}é)’r?y Qﬂ%bﬂeléﬁ% flRRAa{EN $RBNSHPER fhade by
(2003) 678) In the preparation of
pRAGHNg dhlosnategsalcands withaagivtic Gstareprarysorsn These and other
SHREMS Suoffa RHIARHEMBRAEYS WA BLLGHR! m%gagbg&ee Chem.

nononers an he transition netal source is

wiantthun.a(#082)u et sl gitshsaronhah (HW3) S0AS, @mﬂl_-ﬁl’f_’@i_el s(2000) 393,

%ﬂn‘?rDéér@Q' Fa?oemzﬁr@g)\ég@fg 'u%r?o( I@g@%ﬁrﬁuﬁ“ 2‘066) 839.) For
axambley e&btmlrleatmfn wfrtn@qroetp;dma’nimqrwatel (romt me’@en@rlayle:hlonde

r S T 2

A6 BERRDMERo) SB AdenE OMOS! o7 A6 Rbrel Bl REY. 2Botymer

anmhpetula’c@nof om yrtesne eé‘adtedt heithezt hipt€fi conorateer (bY i ghase
n_aqueous suspension according to

méP%rnEnr?:{%ggsthc\ﬁﬁoaues in the presence of a dissolved o

r susBelydm@ehcmmjlatedmcmtyats safurtice mvettidnamreamvaluable for

SRR 2 FFSatef PSRRI Wt o b B D e penerated

hoéitu ands ahe Imrﬁlabhrﬁ:llfldys ApO0BSS a:ﬁm(p}émdgtdx@ll‘zlng an organic

cat al Msé .a cor di n% th process of the inventio
compoun he presence of ogen oxygen, and a polymer-encapsulated

catalyst of the invention as described above. Suitable oxidatior processes
include arene hydroxylation to phenols or phenol hydroxylation to catechols
(see, e.g., Angew. Chem., Int. Ed., 42 (2003) 4937; J. Chem. Soc., Chem.
Commun. (1992) 1446; and Appl. Catal. A 221 (2001) 63), alkane oxidation to
oxygenated products such as alcohols and ketones (Sci. Tech. Cé’tél. (19‘94)
31), olefin epoxidation (Appl. Catal. A 221 (2001) 63; Sci. Tech. Catal. (1994)
31), thioether oxidation (Synlett. (1995) 289), cyclohexanone armmoximation
(Appl. Catal. A 221 (2001) 63, 359), Baeyer-Villiger oxidation reactions (Catal.
Letters 40 (1996) 47), and other important transformations. For a general

review, see Synlett. (1995) 289.
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nonomer s nade by reacting fluorinated al cohols with
acryl i Opdshally, piee oxitlaibors probbess anedp@fdmfedsmithahir&cence of a

flupri ed npnoners hav een . describ revio sI
( SHEEE S AR TS RlB U o FanefeRs S0 vete e e of
g?&@atl% g:rz%&ﬁt s g&lgﬁﬂ@é@)éga%rea%@ézﬁé%nsn@g%bagctsﬁ Str@breaction
: em n. or .
o NGNS, JE Prrs ST b P A G EbledVAnis Eciude,
( ffcsromamﬂs afyaier oxbolkdN, atdte@alasteh) tnﬁlktfukéso ro&?%é?ﬂa@é& hydotdrbons
ene gjves a flurorinated copol
rﬁ%%{ﬁ@ukg gk *EEsper berlset @&P%@ttch%’id ?rﬁrrsaﬂpuhvsfo%m@ﬁ liquid

b)br Rps R rieR A brP BlokRRS GRfi¥E! isBfloxides, and the like, and mixtures
ymer - encapsul ated catal ysts of the invention are

véﬂ‘@fﬁﬁi ePr ‘%Jffe”@‘ét%’iVﬁf‘tsn@reaW%eﬂea'Q@?q'%t%ﬂf%@n giexigigt japf gmixtures
I mabeh hydrogen peroxide i s generated in situ.

Thus, the invention includes a process conprising

oxi di zihgnarpreiegadiie-ste xisiatian iprosase. Breegegsols edmpound is an

2%6@%’1:@9 &hd Y 88Batid dréuepliy g'?lagﬁ&gf@éjs ulal, S;?aéﬁ&}lér\yy pleferred

e I nvention as descri be ove. Suit .
OXreREsE o ihg radefis e Prepidengd @ndr thee ehgxidexig| pobpiang coxide (see

DESART CGPTERR, P DDA 5.0 FRAGIGECS SR rcacion
ClvendlitiSos for Chasting Dopiens okitledzom paekgjerendittApiahiunCag alites and

a8 WS b NS 0L 00 R PUEPHL o sce, e,
Cé.tSl Pat.10194) 53R, 17d|, &, 005, ¢pHx6,068,940, G0, 224CH 403,876, and
221 ) 63; Sci. Tech. Catal. (1994) 31), thioether

oxi’4 atton (Synlett. ( 1995) 289), cycl ohexanone
amoxi atdnothef Aprefferrédatoaldatidn 22bcds20 G@anBS%mpound is a

Bae Vi || i.dat ti .(Catal. Lett

CHa4Een And BRLoniHiR SRRk iR SR i fais. gRaSieds Hpreor

g@)@da&ionr(ﬁ\themhewﬁ \BNud b For c(oih?éi‘ﬁbmg gaﬂd%hmmhd ¥npurities in
erformed in e

e .oxi dation processes are
ofoe) 5B mBireb s st B o panp P91y dEgEler BT the fuel.
wmnfpww,r@amwnmhgﬂ@te@mé@eodewe of oxidation pr ocess
the solybilities. of t act ants and products,

r eact i 6Y\BNYHE t@ﬁsto pl? HeSe i n?Xyggﬂ@tegtFp{gﬁuctS is
f 2@boies prfeital@iasioh Wéﬁeﬁss'&(}hé‘d@enﬁ@rﬁ ePFRMRoBess is valuable

ter, alcohols, water/alcohol m xtures, oxygenated
&P%‘(‘;%?r btgﬁsoxygenated products are usually expensive compared with
unfunctionalized hydrocarbons. Example 16 shows how pentane can be
oxidized in the presence of polymer—enbapsulated palladium on TS-1 to give a
mixture of C5 ketones and alcohols.

Other organic compounds can also be oxidized effectively using hydrogen
peroxide and a polymer-encapsulated titanium zeolite of the invention. Thus,
the invention includes oxidations of arenes to phenols, phenols to catéchols,
ketones to esters or lactones, ammoximation of aldehydes or ketones in the

presence of ammonia or an amine to make oximes (e.g., the conversion of



(esters, ketones, ethers, or the like), aliphatic and
aromati ¢ hydrocarbons, liquid or supercritical carbon

wale@gioodsp2 am des, sul foxi des, and the |ike, anPCT/US2005/003205
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m xtures thereof. Preferred solvents are water,
alcgdbbémnooarﬂmonycjkbrc@xiad@)e arithe)] xindr etbiet leidatdns knoaneo be

preferr n-situ ox t organi c
C&ﬁ&&mg%ys‘ut%wu@l%lfoa % Eﬁ%—gi?%%@ 2%??)product is an
epoxi de’olyhreraarnapiulaﬂdnarflt&arnmraf&ror@é amﬁqm&ﬁuontmetals provides
olefinis E@‘R% eneFa%d t he epoxi de proF%/ Ene oxi de

( SEEEQEHAN G4 UHtd PHABEE SCARIURNCN 8RiFSafh gy to recover
prige ﬂtléwmns zéﬂdesf Ea@tra@m@on@tam om\mha‘nqnseaahlpfog/der ;form titanium
propyl ene e yl ene w titanium zeolit

DBl oS e A BaS os it Hlkrs tar Rigyelepgedgsradly in a
dessdtioh s@hﬁW\M’lé'th iS&mettnds rertédied PRrtonM8ng the catalyst to
5,973,171 , 6,005,123, 6,063,942, 6,310, 224, 6,403, 81

5 a pallghosbvi Bray 5ieying | tasteree Pertidlesizecushitediniaes are costly.
mfgﬁﬁér eﬁc!é%s@égéﬁ‘ hfaké@fﬂé%‘é]ﬂcl@ e@s;t/ EB ReLhE by é%%ér{ﬂﬁltratlon

tion ro uct is a sulfoxid e, one or mxture
trﬁ@@téeqis (@@ da@nie dif, tGareraratives Exgrr\péﬂ d&blaads bable 2 below).

CW@B\trérngreéb‘vécré&ie?(ﬂﬂﬂé@éﬁHa Qulbﬁggiurtl'téduﬁﬁ ké‘ol‘rcté!selaln)clj transition

streans to nore ar speci are nore easl

r éﬂ@@@cpaﬂr@iﬂnth@euwwtm&&lﬁﬂiﬁép@595%@ ow, illustrates

the pr t
Lhe Pr SER5Rind, \AFmOX AR & BRNGkEaaR! 67 BSIadtim on
oxitatagosiligalitec bas ldﬁe oheno neeaﬁweomnpanhearptrmcee@msss ability to

%H@Qt@ h?gr%ﬁgﬁ epe'i‘&gd gﬁnaﬁ, ?}yonaldélb;bggjaﬂ&gsr g?o%%%!j %moothly

I've’co unfunc
Exanppdedd gosdh mmdswﬁmrpeyieram exxdar(s@ee Eﬂ&m@lese”dﬂ amdt (Bemparatlve

prl':%éﬁg)(frﬁ % QOlI'XESéS% %S%ﬁéneg % {elf]urﬂc Hal%ed po‘iy?ner is

give ure o nes an
ongadi © epcgsulads tharitatism beolioxi WBzehzbee‘ﬁéobehl vedypected and

id d
Rl R8R, BERRRME T ute ot EXAERERER R Sty 2
i rhbwdea Eémgmkﬂ@|1dn&hosfpmeeﬁmestndrmlhpditejmoéﬁablwanﬁgh?ar:p_sroportion
t t to esters .or | actones, anmoxi i on
o B g et et eEets e b & B r R, PaossVersus
arExampie 10 pwhiRK@aPkdifies a(rela@vely tdWelevOINM@Ir SR formation.
of cycI ?rggér%ﬂﬁg\?ﬁe?(@%g@l Pa? daprgﬁgtlgrz(hwn?gls ang tltanurj]neﬁrzeohtes are

oxi dat i
easy to prepare and use, they are easy to recover and reuse, and they provide

good results in a variety of oxidation processes that are normally catalyzed by

titanium zeolites and use in situ-generated hydrogen peroxide as an oxida‘ﬁt.
The following examples merely illustrate the invention. Those skilled in

the art will recognize many variations that are within the s;ﬁirit of thé im)ention

and scope of the claims.



catal yzed by titaniumsilicalites (see Synlett. (1995)
289). Pol yner encapsul ation of titanium zeolites and
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pol ymer encapsul ation nmakes it easy to recover the

titani URREARABONIOS RORBYER-FBNCAPSAULATRMEATASEETEN

powder form titanium zeo finely divided

netals can blind filters ERWP&O% fe undesi rably in a

reaction sth@machidfE’otybty:seneSEﬁmUiaﬁ@ﬂPd@mEKﬁ-eﬂ by

conver t he I o a pellet or spray dryin o

Vo PabRohe 5 TR 9y Pk Boamatie @ ¥ 5P sorc

cagigyan Ratassaic lﬁtl@aﬂ\wé\rﬂf)lleoé’f tABKES T SQuRs t10cd ;nse@&vfbmed
tration nethods (see

to recov ar

| OB B RACOR e SHB2 MG & Tt &5 15 P To-T, propared
Wse@é’ﬁfnbeH%W@rhSéjra% E&%p%lﬂp@%@l Ab@d &t 5620 M1 h.  Upon
zeolites and transjtion netals can often be used

WiGORBIA treumphiee 19100 esAsRavVating BEFWS ndlaxangs(dPhgrare added to
erzAdsH AL | @Jbsgfest ha’h@ahé@@“ bﬁﬁl&{ iPaddBALIN MY the sollds are

titaniumsilicalite has litt] no negatlve i act
orfeseRded iy exageaBq ok yTh%mg@ﬁéﬁ%\h@mﬁgﬁmlé@%Wr about 1 minute
pearn%gqaqme pHaby s fédaﬁ g?et M&%@%m at 40°C for
snmoothly to provid ene oxi d

w@umdﬁrpl'fé@ spligs arﬁjtheoowp%he&t Wwilte rTEtbmﬂl ¢80 p2-and, “dried under
T%'cﬁur% O\lﬂe%g}ﬁ‘@ YE™D. %E{]oﬁ’ah'o[t%e\gvkw}(:t‘hoﬁ‘%l hesd. The product

pol'ymer 1s u to encapsul ate tani um zeol'i
mﬂ:wtmle&ale@iltwmtwfaé'ﬁpéct ed and val uabl e reduction | n
propane formation (see EX%%W% -1 1 and Table 1). As
shown in Exanpl e 11, phosphine-functionalization
enabl es a hi ghéreqaraimor ¢fi Rutysofre k2 Enwoa;bmnateétﬂ’dl n the

proces S o
Exanpl E’O&%Nrgﬁe (g‘gals ﬁe(?g?ﬁ S%Olfeqdlgt@&esvg( '5 e% at 40°C.
ofT qcbrradxpsz{thphémﬂmw:spblne)plaﬂad;umO)p(@llq/nmr Oenhgajxs atidddechnd a clear
tra ition t al andtJta umzeo e re easy t.o
b B o UneRatodibi® R PEER: dholich Shitpbialidn ocours.
artwb)talmey (ISOOMILyi@r@@@ded esuhdrsen nha c\a@suleby Ofe llqu1d portion is
dat j on esse t ha or rral cataly
Oeanlsel ZBhRE 38R et Rt R I ERY H Besios are
pejroxhdleo aspeiderXirdans .usE.hePd:od) bewutmg; exanmd @8 %rehekYratio of
| I#Ps rgée the invention. Those skilled in the art:
iCH gni ze many variations that are within the
spirit of the invention aggagsapecof the
cl ai ms. PREPARATI ON OF POLYMER- ENCAPSULATED CATALYSTS
Preparation of Polystyrene-Encapsulated Pd
Polystyrene beads (10.0 g) are charged to a one-liter glass reactor,
followed by cyclohexane (190 g). The reactor is purged four times with helium.
The mixture is heated to 40-50°C to dissolve the polymer over 1-2 h.
Tetrakis(triphenylphosphine)palladium(0) (1.0 g suspended in about 10 g of
cyclohexane) is added by syringe, and mixing continues for 2 h as the mixture
cools to room temperature and is chilled overnight.  Hexanes (400 mL) are
added to the frozen mixture, which is homogenized for several minutes and is

then decanted. The procedure is repeated with more hexanes (200 mL), and



EXAMPLE A Preparation of Polystyrene-Encapsul at ed( Pd
on TS-1) Polystyrene beads (3.0 g) are dissolved in

weyasosgane (60 g) at 500C using an ul t r asoni BCOEBID05/#03205
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sanmple of the warmsolution (10.5 g) is conbined with

pdhelee@ﬂ/eﬁw solidsi draniriatusider caduune af 20T fpr 102 1S The 8oy solids

Pd, on epgred as des i bed tiye, ,

B ReLTg dnae GafF seatioc 16 ecl? gonoEaalhgelE: and

mmétherolt (A30QGL]s adusic eAftertrhiRing OICR tr &t .rodietamesraf @@, the mixture
ed to harden {he capsul es. The liquid portion

are a

issetaélggﬁfléﬂlunéﬂ\éer{"ﬁg solids are resuspended in hexanes

( 88 g% Thl?éhﬁlxmrétslmes&&e lﬁlgéiﬁgefmldgemjrrﬁgén apduhe loliﬂsréﬂa@vashed
and the i i s decante s are drie

urygE ”@mgﬁ{% 95@)@ froFeT ¥BEYN ™M Lrying k40 §OTd rds? Br e poner‘
t heapashed p@llb@nuﬁf&dﬁ@@k i BRo@dreandriglai @doWNdRr 0.92 wt.%:;
vacyum overnight. Yield: 2.19 g . Pd: 0.08 wt.% Ti:

1.077 (Wi PIP41@90r oduct cont ai ns about 80 wt.% TS-1 .
EXAMPLE B Preparation of Balaysbivi ene- Encapsul ated Pd
Pol ystyrene beads ( 1 .0 g) are dissolved in

cycl ohexane (%reﬂfpp of Polyshirene-Encapsulated(Pd on TS-1)
Tet r akipgy c}h@@lﬁﬂé‘éc@?%gr Q@ @asdiadi y@pohé@ér%r g‘ﬁh )92 one-

is ad sol ution resul
cd'@ﬁﬁ [psehecantet @ e45-60( D Covasodst et vatTeéfﬁkléﬁﬁm@thOSphme)

He;ma&arrgé)o gﬁs)mg;" gu%%%gdtlﬁ’c%mﬁ% h@bsmyﬁéada@& TS-1

iquid reron | ted Ids a
uridé0 g,a@alglnﬁ@tatzﬁéo&) iBhaddfdy and| intkéngacentiguesirat 45668C. The

PHET PSR S oni B B0 el S Mook BB are
Paldgetly r Afites - rBixgpibataagbly, e Rplid sostiosrie dbeamisd( TheOsqjids are
2SR 08 4R0fng Rk, (OBIEnERChl bl oY Boverea
V\/istolhd$1ei'ee wned Tmelemvacuune ait gH0A@ atreldcruishatDicb8 6 powder. Yield:
Erozy? V?(dE 5 R %rﬁh@éh"}’tné)% @?ﬁc‘i‘!ﬁ(ﬁ{ﬁ?‘e( ato f/igh 2.68.
suspended in about 10 g oEXAMPLE E

Preparation of Polystyrene-Encapsulated(Pd on TS-1)

Polystyrene beads (7.0 g) are dissolved in cyclohexane (140 g) in a one-
liter glass reactor at 45-50°C over 1-2 h. Tetrakis(triphénylphosphine)—
palladium(0) (463 mg) suspended in cyclohexane (about 8 g) is added to the
reactor, which is kept under helium. TS-1 (14.0 g) suspended in cyclohexane
(10 g) is added, and mixing continues at 45-50°C for 2 h. The mixture cools
slowly to room temperature and is chilled overnight.

Cold hexanes (200 g) are added and the liquid porti'on is decanted.
More hexanes (200 g) a‘re added, the mixture ié homogenized, and liquids are
decanted. The recovered solids are dried under vacuum at 40°C and crushed to
a fine powder.

The powder is resuspended in methanol (347 g) and stirred under

nitrogen for 1-2 h. The mixture is filtered and the solids are again dried under

10



cycl ohexane) is added by syringe, and m xi ng conti nues
for 2 h as the mxture cools to roomtenperature and

WO g008l093shed overni ght. Hexanes (400 nli) are adeeriusm05/003205
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the frozen m xture, which is honogeni zed for several
Viaouties ‘asld: 28.4t diePd: detant.ed . P: Thes pwotedir 41 wt.%; mole ratio
gjepsai%g with nore hexanes (200 nlL), andthe recovered

dr g re dried under vacuum at 4Q0C for 1-2 h . The
dry solids are returned tEXANWRLEIFass reactor. The

<" chidearaaR o6 Pher FuhgicTabe e RovBo R ERen Tha)
M Xt uestyilidip obsmmelrm@\germ@mﬂm C?T@Q/rghé(t 95@ iB24 mol),

pressure filte under mtroZ%L the solids are

vashid N Gljnﬂeﬁh%@rﬁlémﬂie 9.§ 978-29.y10) A dissolyed ipricraydgpfuran

m@%f&.@ -lerZyl&s bBi% pﬂ's)b'lmbﬂf@ﬁ@%&{él%&ﬂ RAlthisdhWN, 0.6
3 ex is recggverserg ereld 8] é ! Ct P:

@;)717 takraloydresupsn (25 @) iS0iRabedE lﬁ\fqﬁ,r&%lgglgg ,ti@ﬁ] shfred m&ture well

R’/@{Wﬁfrkﬁ@@rm qf.E%afé%uﬂoaéoeé(fEﬂaMt 53 1) TRely¥sdiyr i§RBoR8AHRI the
( are dissolved in cycl ohexane (140 g) in a

a@@rqrt%%rar@n@g@weéacmm%l 25 BEjiEsogees 1thg #esired phosphine-

h . | @) . - .
Eﬁé&g;rﬁ'g%éd 't&?@@ffteﬁega e ag’)ﬁ@% ﬁﬁy' :Jgk a?jczié’g%%‘]'g-gq—13’57o’
(MW— §900MW6Whe2j4@t 55CI)C) i s added, and mi xi ng
.
Cenperacanble H1.AE e didfieMAbUEE o ?"fﬁ'a%n@"f’%@%”"gsm‘e
aridiadiumi@) &0 migkiang digsoivedghltgtraiideotbiaqu(ié glor TSeh (4.2 g) is
qﬁ‘%@&]tlﬁg w-gh&lﬁt% da?jwdavcﬁamgss %fed rg\dag nalcﬂg)q ﬁea%ﬂ@laé d45 C under

e’ recov
s&alcudm arﬁelddﬁs |1’é@ tadeowacout ab W0l antiwtrdashed to a

fine powder. Yield: 20.2 31 wt.% Ti: O.88
AT B

w.% P: 0.24 wt.% nole d: 2.66. EXAMPLE E
Pr epRireph 'ratmn @ff PﬁgP-;FsmymC&mez@Eapmet-Ehe@k(s‘atht@aﬂ PESML)S-1)

(120 @S HUPERLRPER g7 48§ dS PN sBuibe QOB o
ore-lher @@sé akbstot.r i pheoyisphesphche) -is rmidleddlaud(t@)a hibde is
kR SRSy (L PR E RSP RS KPgpere
S(usgge@dq&te@, anecihehai@bamixture is heated to 85°C for about 4.5 h. The
reactor is cooled and the contents are removed. Yield of copolymer solution:
156 g. Wi.% solids: 43.0.

A sample of the copolymer/toluene solution (4.66 g, about 2.0 g of
copolymer) is combined with tetrakis(triphenylphosphine)palladium(0) (132 mg),
and the mixture is heated at 40°C for 30 min. to give a clear, deep-yellow
solution. TS-1 (6.0 g) is mixed into the solution, and volatiles are removed by
heating at 45°C under vacuum. The recovered catalyst is a dark-yellow powder.
Yield: 7.89 g; Pd: 0.14 wt.%; Ti: 1.6 wt.%,; Si: 31 wt.%. '

11



( 10 g) is added, and m xi ng continues at 45-500C for
2 h. The mxture cools slowy to roomtenperature and
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and the liquid portion is decanted. Mdrre hexanes (200
g) are added, the mG@MPé\HAsTI‘MErE)@éﬂPIZEdi and |iquids

are decant ed. Thedgrgﬁ%\éﬁéegiéglg‘i’t% |ed under
] [

vacuum at 400C an The
powder A sTS- esmpegdedlclnedniat hlarml55{d§@7 29) \am% $i) 116 redgtried in

) |
b T AN oS Yaclie! StarE g PATgA ()
POEh_lchdgi(Zvﬂ g% 3%y dP deAizet V\%?Ft)erTIs adbed lvitd mMing®e® 20 min. The
rati o re I on
PHSBREREP ok G20 POy B e B L, BEPRMoH0 Tan gy @ water
p- b%ttur(zg‘dlz)gfwmlyhphma@fym@ (SZQregsrs]url@ f@téﬂelxdmh% ,cakb\§ eaﬁumed in
no r am de
fg? Sz 2 MRt ébglr@gﬂr{é’e@ refitqregy :ﬁg@a\f/@%@%ﬁte@we r@ryeatﬁd four

a tones.| Thersofdaafe él@@ﬂb@fover‘hlgﬁﬁ' ﬂhbh Qfﬁle@funder vacuum at 50°C for
azobi si sobutyronitrile (

t et By areHantareight. £dyP. 1|53W1"| %j E'c?é)d"’t °Af Ebr< ZUPRNg t he

stirred mxture wel lcoMEARKTIVRGSAMPEEI)S heated to
800C for about 5.5 h . The reactor 1s cooled and the

contents are renoVERPAFHDNA. 1 oWt YoP@eniTésT gi ves the
desi r ey pRop eswa&f @%} 8, %le.gﬁﬂ 4 %r\ptod/oyﬁeg%ﬂgc‘r%%%oc in air)

peak mol. wt. 570, Mv=22;
MAB Mipied gin ngmm avaser {1e9). er/?yblaylne@ue( 200tig) frigtraammine-

LSABLE KRR Pt Bels pABRUSEbI Pl 49 b 31 e
md«l@@ed wutb t.0eg ledatommed watdr)viel atdet ewittarexing myeed rmn The
B Rl aghay VAP ol besla e ey Cor Jo Py e
ofpl-FPhB" E’dJEaMttocfnﬁIWIl'k\@i% Rojugoes ainwapsolgtiecded Bme S8y tumns
) B LB LD PRSP 38 il SohEROh P e sy
4 ftiteBert. yTise thké@@wg%édsrhmhj’mdes amdeﬂllhmynﬁ@ Ktinndeioniged water
2089 Ebb b DT SOU et 63k pyrnight an aried m 2
vacuum oven at 50°C for 6 h. Pd: 0.11 wt.%; Ti: 1.5 wt.%. .

The dried solids are oven calcined in air by heating. from 23 to 110°C at
10°C/min and holding at 110°C for 2 h, then heating to 300°C at 2°C/min and
holding at 300°C for 4 h. The caicined solids are then transferred to a quartz
tube, heated to 50°C and treated with 5 vol.% hydrogen in nitrogen (100
cm®/min) for 4 h. After the hydrogen treatment, nitrogen is passed through the
solids for 1 h before cooling to 23°C. ,

EXAMPLES 1-11 and COMPARATIVE EXAMPLES 12-14
PROPYLENE EPOXIDATION -- General Procedure

A buffer solution (0.1 M, pH=6) is first prepared by dissolving ammonium

dihydrogen phosphate (NH4H;PO4, 11.5 g) in deionized water (900 g) and



(4 g) isinjected, and the stirred m xture is heated
to 850C for about 4.5 h. The reactor is cooled and the
wa@oenseoass2 are renmoved. Yield of copol ymer sol uP€DOS2005603205
W.%solids: 43.0. A sanple of the

Ctmmlir)g‘rﬁm%tad UHAOIS oboltii@ntd BHES. Jhe @habé o? the golafion is then

¢ dRTaRIt ity PoR LMk d5ipareAtRisi 0) (132 my), and

t he M %t B0E-nhis shembesstat) %@rﬁ@rchﬁ%é@ \Wlth tthe Qﬂa‘téﬁ:\/s@ shown in

e ell ow solution. TS-1
b nACSBITs ot SuepraaTaed A6 T asnany i the table), a
5 hQﬂirﬂldig oftthd AfEeH @R tioM 4@ 8 UGN a-ﬁheméﬁ'%%ﬁﬁgﬁb g}it afpeSteactor is

s a dar k- xel | ow powder . Yi el

%
TiChBIGR Wit ohYCGPaSrS (BRI ARATIO R R ARBALETRiharie. (0.5%).
Prapanigb g (.59 2o ve%daqos@g?‘llﬁtﬁelreéct)gﬁ brdsa0R i@ maintained in

calcined in air at . is slurried in
ddnereacier ata BYNIITRODOT$00 psig. Auhilgfeed gasesonigtGopkngausly passed

t QBfo@QmﬂtW%@@yﬁﬁdﬂaf‘%dd )1 &EM Or‘Fdjﬁ]a(rRaﬁ agcér%ta'ﬁ s%l\)%ﬁhlevel in

dei oni zed vvater) is ad m X1 ng over
10 r dhadeadpt dniing 4Bk e@f@mraemﬁ ng plgesy, mitfogens an@mﬁ@wlene feeds

abé?é!t §§§erdp'{@n‘oﬂ R Yeser pat £0C) itglratc;r"hv ssdP&ha icnr)]ntains

slurry is ress re filtere e ca e isreslurrie
dehe;ﬁhia!zgld(ulét ler (4e0stirred) r@emﬂom gnixefre lis dregted Thes0°C, and the

[ h
R0t SR, ST Dl TSl s Ol . e
f diquidistartatyzedriyt @6t atvibe @bnclu@dn o0 tHebrumt (186h) TiResRIt® appear in
vvt-l.-%glelg : < 20 ppm COMPARATI VE EXAMPLE J Preparation

B oot 8, W.%Pd on TS-1 A TS-1 powder (8.49 g , 0.2
mcron, 1.6 w.% Ti, cal cEX&MRUIE 550C in air) is

I ied in dei d

Siprried in detonbaed Al Slorh My MEAMECSS | 1os

g_queousA 300wl @rarrcm?:mém; RPayed Avivt p%ﬂdrenﬁawrtcbﬁﬁulated Pd on

I teg. Wt . 0 el.oni

Tl A, a8 e TSed e 'S BrbalRa WAEE (Zhld), and 2-
20 e\/rﬁémlymlﬁlcbhe%ribdma(mbhzTﬁbtﬂééc}sto/laﬁs ckéQ, pRIssdfzanl With. Adgen and

st e Wi % aguequs, a
i b1 SR Shes4rtenio 165 Brosr i Budioses (1 100 psia).

arfdlldvl?@l FE ﬁw&g@ of @eug@ﬁt(@%)w nlrogenﬁb% talrdfy1 499 psig. The
filtered. The filter cake is washed three tinmes by

r égpﬁtpfﬁ h@atpg tp ﬁoogla@iqlaé@weg(é@ ggact for 1 h. The reaction mixture is
cooled to 23°C and is analyzed by liquid chromatography. Analysis shows 25%

25 conversion of 2-methylthiophene to oxided products, including 2-methyl-

thiophene oxide (a sulfoxide). - |

EXAMPLE 16
In-Situ Oxidation of Pentane

A 100-mL Parr reactor is charged with polystyrene-encapsulated Pd on
30 TS-1 (Catalyst A, 200 mg), tert-butyl alcohol (20 g), and n-pentane (200 mg).
The reactor is closed, pressurized with nitrogen and vented to 1 atm. The
reactor is then pressurized with hydrogen (to 100 psig), followed by a mixture of
oxygen (4%) in nitrogen to a total of 1292 psig. The reactor is heated to 60°C
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wWEAd005097504 W .

( 15 g) and filtering. The solids are then air dried
overnight and dried in a vacuum oven at 500C for 6 h .

% Ti: 1.5 wt.% The dried sol i dBCHUS2005/003205
oven calcined in air by heating from23 to 1100C at
10&khdariatiowsd thokdtintprat h11TRE réawtiod rhixturdeas cbe@tii m923°03 and is
3000 C/mn, and hold at, 3000C fo

caR TR BoEPHS TR DR ARGY R G S CqiaTPT pepentane

hegt eflide@ HOAGcERNGhdIlidAg patatorte, @beMfahyith, 0B8@BntahBl, and 3-

nltro en (100 cnB/min) for 4 h. .

t r B&ftt

Rk,

After the hydrogen

5h before cool i ng to 230C. EXAMPLES 1-1 1 and
COVPARATLVE EXANPLES 12-14 PROPYLENE EPOX| DATI ON - -

nitrogen i s passed through the solids for

1

Gengral PFaRiedur@opyIpe Fepxisaliansivgih Ipdit-Genqrpkes) HiQy
firgt—prepared by dissolving anmoni um di hYg@ERIeNpo,
phosphat ej (NH4H2PO4, 11.5 g) in |dei oni zed waten (900
g) dndaddl kgt 3006 alglyshPaerarsan utjiAsmixed pHEEOE/ThePOE | CaHs
vol ynmegof |t he |sol u Sudrhen i € t@f/féxac o
1000 rﬁiiE with dei onltabed nb/vatrgr A 33§?pn@§stai nl ess /L%/e I(/)
readtofl i $ &har gdth- wctah(Ptthé ‘Oat al ystO shovvnO PA TabkBe |1 35
( Catiatygsts—A=i; et m S shov
in theét abl g) apgéﬁﬁ% o%ﬁu] buf‘?g O|(?J-f3l or 13 14
g), |and@ net Banol P@Jﬁ@l@a;gb’d) The react@B |s c(ma@gedgmi th 5
hy driegen—{2%-—exyaen RO 'e“% W-—prethane
(0.9% 2 andCnilt r bgehe %Ed%% o lgi v&®300| P82 iln %hd 7
react os. Prpssur egd-encapiPaii@-ned |i n e rea@_wr atgaa 6
m nilmum 300 psig, while fppd gases ar contilnuous|l y
pasged®St hi otgh atpsle”GQP(E}d/ﬁ?rﬂ)(at 230C, 1| a@dAp. [T 16
mai ntakn a gonst we&gb@ms yever Ty the[ Tgagt gr g7 7
durilng the experinent he oxygen, nitrogen, and
propyl 8ne|f Eeds dtePfiastiewlizedr oygh & 2- L[ 0.09 96 | <1
stainl essysteel "matibpir@rTs-yessel that pontains
met hanol 1 .15 1) The stirred reaction myxture is
heatled® o| 680¢, dretHstieizsus lef f IQUent | i $18ndl yPed <1
everly hour by on- FPS Malm/mﬁf)onat ography| The i quid
i s analyzed=by yel-ust-on—pf—the ryar(38—h)y—
ResUl Jls,d )pgar h?’F'Jb“kgllm ‘ES?K LE 15 1%- Si t wOfi dation] <
of 2-Methyl thi oph‘@aencap(Pd/TS 0
11 G Ph,P-functionalized 0 0.19 89 2
PS-encap(Pd/TS-1)*
C12 H 0.2 wt.% Pd/TS-1 0 0.27 91 52
C13 H 0.2 wt.% Pd/TS-1,0.3g 0.4 0.27 N 25
C14 J 0.11 wt.% Pd/TS-1 0 0.30 90 24

! Unless otherwise noted, 0.7 g of catalyst is used.

‘ TS-1 powder (0.2 micron, calcined

in air at 550°C to remove the template, 2.2 wt.% Ti) admixed with polymer-encapsulated

catalyst before use.

decreased o 1

.3 for this run.

® Catalyst reduced with hydrogen before use.

Og/H, ratio
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A 100-nL Parr reactor is charged with
pol ystyrene-encapsul ated Pd on TS-1 (Catalyst A, 100

wog)os/omsphanol (18 g), deionized water (2.0 g)PCEHNS2085/003205

10
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nmet hyl t hi ophene (43 ny). The reactor is closed,
pressurized WEKAMHLET tgend &AMPARAEH/E BXAMRUE 18 he

reactor is then press |ze h en (to 100
psig), followed by a [ﬁ%é'\%ﬂ%{:gyé% (4% in
nitr ogél‘het diltarabiitya lof qfoly]sﬂ@éhqasmga.psfﬂaﬁd @amtean isscompared with

BT e, o Mhelliso PEAIS VB8 ol i mieihrgD ety (8:2 by

I l\‘iblurﬁeCBDOtiﬁE ehiiMiyg 1ARaby 6f smsdsom gefaeanvensimiRiures are

I ophene to oxided prod inclu
o e é?b&?éﬁgg‘rw%@ AT DS iR ptollect 20-mL
| Narf h@l-n@(b%ble@,ﬂs edcoRent anesufis b?@eeﬁﬂ-m Rable 7. eact or is

charged with pol ystyrene-encapsul at ed on TS-

( Cat al yEte gsuiipgemgsiraterthatytd/y - hp%%w C@.@wa@t'vea%mple 18)

n- 1@%8&@8%1&@% Imér rérémnrfgemt:é dibSs ﬁlk@ﬁ&d Hb'lﬁﬁéruéﬂcéﬁgulatlon
nitrogen and vented atm The reactor

pr lé@é;’@leﬁz% SR hmﬁya@rafg\%wev doroek%s“’dgyn tF%F'!J@V\E‘%P“E%/ Oéldaflon

M XK StsQGha CXRARRI fEhbvERANIN, FRERabbrAmb@lal of 1292

psig. "The reactor 1s heated to 600Cand allowed to

react for 2 h . The reactlon m xture is cooled to 230C

and [rsarat el ; (Y oWS

4% gqonver sizﬁﬁgfzuﬁ:”g%%?g e tpgﬂ@%rcﬂ?égr ocféd éét§|y§t@

i ncliudi ng 2- pent anone, 3-pent angnéatalspent Emm to ealldct3min)

pent || EXAMPLE 17, COVPARAT VPEESLS

Fi l tZ?%b ty Conpar |ts n The fil tergbﬁéAty ofo'b'ml' 40-mL

pol ysuyr Ene- erkapsab @ @USAY/ TS-1 i sEconpared th <1

Pd/ TS owder Mot ures of Catalvsts Elor—H-in
I]u = T

=Y

rretl"ém(ﬁ wat er ?%’Tﬁ 1619"‘@8rl ume, 50 m)j cont ai n?ng 1 43
W .%of solids are prepared. The mxtures are filtered
at 320 psig through a 2-mmfilter and the tine needed

to collect 20-nL and 40-nL sanples is recorded.
Resul t sTRPRe&ed ?%h g Hgarft & & l%ﬂ@f‘n%sfafrﬁ fll
t hat Pd/ TS?) ev{g;e G@rerpaarr%twe Exyrrpfé 18) e ollowing

t ends
pl tlginisheefing ’th@rmverré@m ting in a tedious fil t ration.
Pol ymer encapsul ati on provi des an easy, inexpensive
way to: nmake Pd on titanium zeolite oxidation
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catal ysts that are easily recovered fromthe reaction
m xture. The precedi ng exanples are neant only as
WO kéodsprsat i ons. The foll ow ng clains define theCT/US2005/003205
invention.We claim | . A catal yst which conprises a
titani uWez@iain:te, a transition nmetal, and a pol yner,
wher ei n at | east ope of the titaniumzeolite or.
transi tfor Rkt VBB iemdarae SN FE e RS Yarenetal, and a

pa'lﬁ)ﬁ]e@at/\ﬂhlex@lﬁ af Ie@btabﬁb lofwher eafidrineebiittadi tahsition metal is
zeolite |s(1 %@ The catal yst of claim1l wherein
Withipttap pp

t hENEFRENEGP WMEE ected fromthe group

s consi st iongrry cdtalystRf claid, 1 \maeremﬁme/ﬁwm@ﬁdemcéﬁsﬂs&
thereof. 4 . The cat al ?/st of claim1 wherein

transi t ionThecallyss opglairg 1 phereinihy fFanstign rBPtéi lﬁ gelected from

mﬁ‘fe%r@ub'?c%nﬁ@ﬂ Pd, PtSRL &R, QQ'e fAL0ENE RxidFRURereof
consistin ol ystyrenics, polyolefins, polyureas,

p
pol yacr y# | Caﬁ%‘b’%ﬁféﬁﬂ”érﬂe‘gherﬁm gdiespiion pistylandes
fluorinat eq'h%%é’tg‘?étsof e@wsam@ém dgs. pog%éfpﬁpéélé’&éd from the

pol ynucl eoti des, m xt ures thereof . The cat al yst
10 of gEduRi rrp@ﬂwé\geu ﬁf t h@ly@mnrﬁér iPolyptslipst yp@ereay, mghlgacrylics,

onb e Sest Rk SEATUBIOR S PENKER gbnes gigasgpariaes
of p@lwaemﬂdpswmuw@wgiea, mﬂ mnéweeﬁmp@ful ated Pd/ TS-1 .

9. Th t I i Si : ' f

95 he SR shoil M GO 3R e, ©

cl ai m 1 7conphé giatajysinofadi@int Urwehereinptiley pelyerec aipsal @itasgphorus-
TS?JhcﬂQHaIF’zWﬁ%%ngﬁe 8' or a supported Pd corrpl ex. | |

cess Fises oxidizing an organic
conpounc% i Thet Malpstem‘e‘lmra ‘otorhpibimga pelyoey-genapsaded he
cag,? %/ig of claim1l. 12. The process of claim 11
t he organi c conpound is propylene and the
oxi dat i @n Preodatelysi of quiopy temerising de.adiidturthef T8-0@@sipolymer-
of cla ],[ \eperelnthetransnlon nmetal is Pd and the
encapsula ed Pd
20 10. The catalyst of claim 1 comprising an admixture of polymer-
encapsulated TS-1 and supported Pd or a supported Pd complex.
11. A'process which comprises oxidizing an organic compound in the
presence of hydrogen, oxygen, and the catalyst of claim 1.
12. The process of claim 11 wherein the organic compound is propylene
25  and the oxidation product is propylene oxide.
13. The process of claim 11 wherein the transition metal is Pd and the
titanium zeolite is TS-1.
14. The process of claim 11 wherein the polymer is selected from the
group consisting of polystyrenics, polyolefins, polyureas, polyacrylics,
30 polyurethanes, polyesters, polyamides, fluorinated polymers, polysaccharides,
polypeptides, polynucleotides, and mixtures thereof.
15. The process of claim 11 wherein the catalyst comprises a polymer-

encapsulated Pd/TS-1.
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titaniumzeolite is TS-1 . 14. The process of claim1l
wherein the polynmer is selected fromthe group

wa@ eosiosisong of pol ystyrenics, polyol efins, pol por/@am0s/003205

10

pol yacrylics, polyurethanes, polyesters, polyan des,
fluori nat e"dweppﬂoxtﬁﬁsfcmm ysanehal indestalpalcypeptédes admixture

| eqtides, and m xtur thereof. 15. The process
ofOf)ﬁI“g‘@ﬁlﬂn P ‘? ?Wapﬁ@a{?gtpgfyst conpri ses a
pol y merencaRsphodé&HofRdimSt Llwhdi@in fﬁ@%aﬁﬁlﬁ&%@ﬁwpﬁ@eé&@b&ﬂmxture
11 whg1 ein the cat al1yst conpri-ses an adm xture of TS-1

e NGERE RS Tt A Frpd PRt g opAGHERSIted P camplex.
11 V\'heﬁ%l N ThBepeatd Y6 klafRMAr he@smaly ﬁﬂfﬂé(bﬁé's%né’é of a solvent
po nmer - encapsul ated TS-1 and sup%grted Pd or a
e@dTana Ben@ioER. corsistimg eofpwaisss glceholel garon1 dioxide, and
p%&ﬁﬁ-g@%ér@oft he presence of a solvent selected from
the group consisting of water, alcohols, carbon
di oxi dé.9. ahe RTocess & claierldofheraio. th&l@@m@@@@ﬁomd is an arene
cl &dha i conpound is an arene and
théeH oxi #X%EES%%R%SO%E%H (Fhenol 20. The process of
cl ai m 0. whieg eraceshof @hagariﬁcwfaemmomadargma cphgaohd énal phenol
Of techol. 2 1. The process
&O[g}?%%f,f%\,\ﬂye n?%hdeé%rg%@ﬂl c conmpound is a ketone
and t h&loxThmbiamespobddiain lilswhareimstherorgania cbapboneis a ketone
2 T e the organic
e e PR b LT BBl 1D L acees s
per fored iTha tpeoqmsesefnclemfﬂammm tbe angaam n@npanﬁi is an

s ol SRRV Relth®, e mbBedh s PEbREnull e i hREET e Sharia o

20

t hen amirﬂaaandrhhq)omdatm predaat ishic okiale, a ketone, or a

m xt ur reof f'I}he Qﬁ o%ess gﬁ claiml vvherai.n Ik
the or }.?n %8%86?18 PRIt NGETRENE SRECHETRaYEAL'S 8R @kane
praydibe dxilation prdduaeis s slodbHadd keton@rora mixiire tiereof.

ther eof24 The process of claim 11 wherein the organic compound is a thioether

and the oxidation product is a sulfone, a sulfoxide, or a mixture thereof.
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