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- OXI DATI ON PROCESS W TH I N-SI TU H202 GENERATI ON AND

. POLYMER- ENCAPSULATED CATALYSTS THEREFOR s FI ELD OF THE
I NVENTI ON The invention relates to an oxidation
process catalyzed by a titanium zeolite in which
hydrogen peroxide is generated in situ. BACKGROUND OF -
THE | NENDADION PROOIEES G8T HiINsSITU. 202 SENBRATION AND

o si 11 d0E RS NRAP AR AN TyEREROR T

val uabl e oxi dative organic reactions. The versatility
5 of titanium zeol | tesF[Hbﬁ@FcTUﬂFéiNVEN&S}QN for arene

hydr oxy] at.i on, datlo olefin e ation, ... .
o the e e s, AT BioR b iss BELERY s thanium
r Q@éﬁtewwhucﬂnq{dadg*&rperﬁﬁaéi@@énetrat@ﬂsﬁ@tt.mat| ons is well

.gg}NQtt ?ig9g)r§%%§ﬂ%@t¥ﬁ%§&@;@0% val ue for

oxi dat raniGhesBoktdsy i.el, 's?ﬁﬁéti@hﬁ%ﬂulér%%\/@z@%@mﬁ@ﬁtd Mamum
not been encapsul at ed Wthin a polyner t%rl or to

i0 ugdoms iaaa Aliipaee SATRNGrEn CRIEHER brde yas timghyaluat & OX'dafWe
ot 'Jr%éﬂn’;‘ @a%ﬁeﬁtt The @E%aﬂﬁ@%f ﬁi‘dn‘ﬂﬁﬁ 'z@GFP(es rbéﬁ‘f&%ﬁ( TS-1, for arene

per e oxi dant: choi ce. hi gh ‘active

| owgmxykabnm ealkane @XW@tlel’rL @i@flfﬁ Iﬁ@%ﬁﬁvorb;lh'%ﬂ‘@d \Rxjdation, Baeyer-
%’géroo#&ﬂ oW Fga%ggﬁg.pzﬁf PBIEP | rﬂ@éﬁérﬂ%%@rﬂ%ﬂt@hs ?é’well known.

con c

eaner m cal | ndustry" (see
PLFroe aApaview, C‘k@ﬂ’ Kung@osiogl., 2astt. (AORB)28fur Mespite their obvious

s MU o AR FOEFRHIE A0 SRS SHEE ety nct bon

|em¢:ap$u!glad evnﬂmya podyngeneion tetheir usertosnatahyzefcpmmaon reactions

nol. ecu [

presen 8 g?a @Pgﬁ%%ﬁ&‘tgéé%%g G?ﬁﬁt'on ﬁ@c{rgfens B%rﬁxgg Is the

padxidzaht wfrchoioe s iWith gelnigh atthes hwj;eogmmtepﬁramh wiatehas the only by-
ed 25 . with titanium zeo

- oauaiEle ol tahie v an PRRRis: haS bR bR F Eongitute to

.20 an’d}e&ﬁépﬁﬁ@n(@eme&wtry" Teed PuBatsadol. Chesv)723(2000psi288).1 A key

d
i, Fotav) S et Helhvds RGeS Okt pepensive
a éb%ﬁtl@@c@ftlr%l airivestigite Gessen géTﬁratet it I"irz eituty lomgeniecular

D Trea 8 QERt LEGHIB U SeoPPESace, Al 3 RAUT-argup transition

g%@faws@& aBYsHIaaRM. P& @ii-gene@eRt iydro aatperm has been used
5,973,171, 6,005, 123, 3, 942 310,

0
25 6, wiYptitaghim Reelites|for pmhags%}oxghaov(myé@rﬂm%éw Slljanes to
a A6 M %d%fteﬁéélméé sdim@éh ofatdl, t @oba) amp a@awéle@s benzene

"m croencapsu ation see

rﬂavqf@w@t@ﬁddsgmmeﬁaﬁa&gﬂm (@ﬁaﬁa %E?it It Ed@resumab*y
ﬂp:fxggﬂil: tg’ée\%rlety oflomdatlon processes that utilize hydrogen peroxide. For

additional examples of propylene epoxndatlons with titanium zeolites and in situ-

30. generated. hydrogen peroxide, see U.S. Pat. Nos. 5973, 171, 6,005,123,
6,063,942, 6,310,224, and 6,498,259. _

Recently, Professor Shii Kobayashi rev;ewed 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) 3469; J.



Am Chem Soc. 120 (1998) 2985). Wile polyner
encapsul atjon -has been wused for years by “t'he
pharmaceutical industry to rrask taste i npart storage

or By 852 T08 (FORALAEE)" B ect e ehspoutalon fas been

t echsedl¥er s Gt eV b hémfarceunemtmm«tf bRl pask eadté. ZRthart storage
Kobae/ashl S dem)nstrat ed t hat g effl ci ent

cat &lapditys redyrepstomash irftatigne tﬁ@e g OreGpdPb frigase of drugs,
W t BbRefs Rk Réﬂh)ﬁﬁu)érfﬁf‘%atfa'!);sm ard ﬁﬁpﬁ&ﬁ?%ﬁ@' étaﬁied - Kobayashi
transition nmetal catalysts “and
desdemosstratad t hat Gighy e@mfﬁnincatalwsfmaﬁ bﬁelmederiéélde metals are
abo Y e OF

éﬁ\r/eoic;:l(_ atﬁ{ltgﬁ & ﬁ*ﬂﬁ] polg's;tg%bﬁ;etl ﬂ@#&g@:‘ﬁg%@d Qaﬂgftign metal
coupaialygts Bt way § do rrmkgathem amOdetsnabed or inetCleas.. Commun. article

SuMerbfckd! URe0L ™ THREDCABRL! BLERT: AR (iflincation, olefin

derrdrrqrdroe(ylationl redivlicli sgpditutionas Sunnié m:muptmg; vend other organic
t| o rréOl efin di hydroxylation). Still unexpl ored,

1ﬂo 9@? ?*éonéx. dation reactions-that use, as a-. -.-

cat al ystin eambithat veme \Aﬁt‘f nta:rbenetamiamblttmntmdmetals for many

transiti on 5rreta erein ast onhe o

o Rt o 13 DeBB) SRrBPnStstRTARA e R IeaE one Sxidative

| NVidEIdtich! (dsti b)?ﬁattoﬁ) a @l’!lahﬁ(@tplété@f 'hbwfacaér are oxidation
oxi dati on react ions. cataly conpri ses

tit PAGIAPS tatuse, asaca t,tqqg@pt“%ttogp of difamium ze0lites and transition

180! YiEREls WHRPKiR iaf et biRR6t the88 & chab@tﬂafédt\lﬁﬂhidiﬂﬁéﬁﬁtdrt e
or transition metal Is encapsua hin at

| ayer 20 of the pol yRHMMATRE QRaTHFJBVENII@Neasy to
prepar e fpd |M%$1tioﬁ h@? 84tSlyePB¥eful Rr HEEANE rreé&ﬂ)néeuﬁﬁ‘e catalyst

and they I‘OVI conversions in a vari ety of
i rrp@pmﬂﬁes @iitaralﬁmcﬁmb%@émélonmei arde PlYBAR jvdrerein at least
i nclopides wie B{a‘ﬁﬁﬁ 39%% & 43RERbA mel 1%’8n@%ﬁéuf§ie@ﬂuthln a thin layer
~organic conpound in presence o %
28nd of liles pcbrmﬂrysfhe mtelyetSnatEheasyrtarmepamanfbuae, they are easy to
cat. e -
o g%%&gigﬁ% 2 %rrlnd% éﬂéfjcfv% o&eﬁﬁﬁ)eg&a‘ns%ﬁedn@a@égtr B important
oxy gidation tptmespees gﬂwe thie savemtloyxrmctudas: apmt:@se‘dhlch comprises

O oA B ronBilpg ST ik WiocBbien, and e

enc @pkisgtwiosredf thiehieansitanl metal m:ata@a:e‘a ifotnbagionrof iydrogen peroxide
negat|¥e inpact on-the catalyst!s ability to generate '
‘ gen peroxide in situ. -Additionally, the use of

a phosphlrn@nfeuezdmplealpra@cbnqoaémrwm r@nmgemmat exygnm m the

N :efj%ggﬁu%n‘ﬁée l“ﬁ’gl q'\,%\%gaw %t'eﬂ aﬁlggﬁtﬁﬁf B(st angl ad?'mxed titanium

hydrz@@ﬁt@&blﬁwdmﬁe Wo@?ﬁéhélﬁﬁc}de agdrptibinglye PoipMee encapsulation of the
selectivity t ene oxid ,
paltadlum has i le or no negatlve |mpact on the catalyst's ability to generate

30‘ hydrogen peroxide in sttu Additionally, the ‘use o_f a phosphtne—functsonalized‘
polymer to encapsulete the titanium zeolite provides an l.{nexpected and
va!uable'reduction in the formation of propane (via hydrogenation of propylene)
and thus enhances selectivity to propylene oxide.
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- topology simlar to ol og
simil aarrrwiazlswﬂgrre@brﬂtéﬁm@3zeoirre§oln§mekrhe glags of molecular

2 DETAI LED DESCRI PTI ON OF THE | NVENTI ON' Cat al ysts of
the invention include a titaniumzeolite. Titanium
zeoI ites are well-characterized, crystalline

' synthetic %ET@BEBSD@&‘CRWFI@N“@F "r'#—l EQN%@N‘NM

i ncorporate titaniumatons in r amewor k

choi cEatalysts el dmyengion incude @ﬁ@am’eﬁmﬂ@ uBtﬁmtrrarzyolltes are

Rrgeﬁr éNafacté}?zlreP grltyer g.rzrgt @g grégrge Ingéerﬁ@épbr ?E@rﬁﬁbé?ﬁbates that

ireccperates Hahimnolagdms i fox ifonewrk, Toe cl‘exe&rrﬂfetrtamlhm zeolite

R oo G50 SRS Bl P S TG 85t

véil] adaitaltey andethe mmnﬁtyt bf dne ursactanisi t elrs uxké‘ﬁra&poxrdatrons for

syefiis, s Fihat il crnsngs &y hd sz Aoy SHEP G iF Trtn to e
Cépe&id&eus mscpmre&ee io UEe & rekatipaly sheul pbreytrtarr@hezérﬂde such as
a | ar

byl efi such as cycl ohexene
e Al e B Sca oo el Rt 28 B AL S omisTe, or 1-
Hutekd, WWRieh IHTBIRARA ®HSro \b%r[bhe Zeoliig ﬁarﬁtﬁllé’rly SrefsredEr F@Cb bulky
Parti cul arI y preferred ttanium zeqglites inctude th

Qlefys sygh ap|elghaxenes g AsgercBaRrdpyILER I Zeslite; Fydh ?érﬁ fitanium
SidoliteavirRSa sRB ikl r%ﬁahbfug With zeéll@é‘ Kdta RAsreferrd®

whi ch -has a topo

[did v Hﬁhﬁ‘%ﬂw 'bsﬁ’ecf hﬁémr@ﬁvghéélﬁé?vﬂ “trc?:rfarrlgﬁl'"é‘;r L S(which has a

I sonorphous t'o zeo

- Zsnelogy simlar OKEWES), T2 (whick dias it tamoleay 2iotipr & ZSM-11), and

GRgLA %96’ . ﬁjrt@ﬁ%t :a?‘ec gﬁ%}ﬁ mt QQB‘IEéé ﬁé?’ﬁ Ur{BveS 'ﬂja'n?é%brk aé‘tﬂlctures

oxygen r amewor
amnmous tooizenlitei beta;, rordeniter &&M—%ﬁ, Eﬁéﬂ ﬂ2k@ﬁ¢aWCM41

?Jr?e%eqﬂgnlum Eéadﬁgéénaoﬂterh%l ér%ﬁ%nrgs&gr%ﬁﬁa toffa:l‘nurﬁréidcon and

pretferred

Saaejgere ig. thel.l@licPaframenork, 4l#b0gis Ohiramd afnoubhenef 8oton, iron,

T ke TR Ry ahe g b dad TS 1 are

fmoelcbrefen@do uTcEr‘l Tahlbe fﬁlaeleﬂ:ryramy knovm-omaﬂhm:teSeéoe g., U.S. Pat.

S alagfgﬁgq}ls e trrgt aC:Js |

of G olescéal/bt inchides cwtrand;rﬁommﬁtar r Slitable Ransifien nﬁ@tais are

ot i rowes priserbeimietdty o fest oraame: Pelagransiion

| fnetals fre@N@R ke COl FrafedleyaiangitionendtalachicoRe DAL Vﬁﬁﬁhe metals of

BRI IED B S L PR 5 m

( ﬁncﬂAu %e%ar%ﬁrgﬁdnéfﬁt @ér‘) I@}e Bfes@niTh e ¢ Qur%fblé‘fﬁirﬁ{ &8s long as it is

) i ke), t ;
Ga%b&ﬁfgﬁ?’éﬂmﬂ&tm li?@eﬁiqrbi?%twggn ﬂ‘ﬁ‘@"’gﬁ'{aﬂn%&mw%%é oy make
?tﬁ?%enzw paratRe( Fof exarﬁb@ l"% m ﬂéﬂ'g@ﬁéﬁ és the free metal (e.g., Ptor

I deneacet one) di pal’l 23
thrraqkteg,(@ﬁ apﬁgh.ye of metals (e g., Pd-Au, F’d t, or the like}, or it may be
part of a complex that mcorporates the metal or metals and other ligands (e.g,
PiClz, Pd(NH3)4Cly, tris(benzylideneacetone)dipall adium(0), or tetrakis(tripheny!-

phosphine)pall'adium(D)). The transition metal or trans,itie,n metal complex can be



I\.,..,,../ ‘

phosphlne)palladlun(O)) . The transition nmetal or

transition netal conplex can be 3 supportéd on - -
silicas, alum nas, carbons, zeolites (e.g. tltaniun1_-w
S|I|caI|tes) clays or gani ¢ pol yners such as

crs.spplortadm q:!tﬂagsalganmm carboasyzauiitesr(e ganfiniun usdilcahtes) clays,

1 t t hi
o HERhg, Bilee §e aRchiEranRaY rllahrdis b afy kP Banventonal
f osuppeet pricd tslehdisy @ncibdufatelPdiitiihi £ olynBe/ aUﬂ%maxamples of
- ontesiion pofh Susces “BifabE Jﬁrd%ésae‘i'lh%luég’%ﬁ@aavo Pdisica,
5 PdPMﬁMﬁhZPdBﬂ@él&e PdiNdDlits, MIkacid! PEKZ SM1-5,308 O PS-1, Pt on

traki s(aceton itri

e Be et S LT L el PR AL e PBrs PA(NOg), pallaciuri)
ni 5&&@&@%}@:@&@%!&%@)@ﬂ@&ﬁﬁf(ﬂuu %fsfete%ﬁ%bﬁcfb%}atew&a% s(aceto-

and east “one
t helfrﬂa)paifﬂdﬂlﬂﬁlﬂBdbt‘ﬁ(i”l@X@‘iUOmm’quph@teD tHbWClmetPalzqas RhCis, IrCla, and
enﬁ@ph?EI ated wthin a polynmer. By "encapsul ated,” we
mean at the titanium zeolite, transition'rretal, or
10 bot h, ahbleashonpe ntthevtitamiim zeotitesordhs transitictadetay issencapsulated

PNt 2 e TR o G o

wi trémsition petal,mrbath, caratconiginetonithinh end ate wiuniouhted by a thin layer

: oI i S encapsul at ed, cat al yst seles

ot PRt <08 BnEhRIRh Spkives ErtagRing 16 AR,  wansiton

: fometsﬁeor rbdm,kMﬁ'lﬁlrt faepcwhﬁh!tswatﬂge h@mp@ramew&home polymer-
random %E qt€< FF haymers roduced b free-radica
,oﬁm@psu cRiaRLRResIFS %mﬂéﬁ‘ r@Feé‘FPePB W%Fé?a’“”g
pol ynerpaghke SHRME & u@lﬂeﬁhaklh thé t&Qt KPSt VPRI orAdiSolymers or
~natural or syrnt het i c ol yners ma d|t| on_ or

e
co??d'gﬂg‘aﬁﬂ% AT dRR bﬁ@ﬁﬁﬁ@@q noNifg@F coordination

Fdﬂ?ﬁ'léﬁ?ét[oﬁs of p@\%é/oéremdﬁé pcﬁlﬁn}éﬁieﬂﬁé moPRINERS! Y| B&Serally, the
ur et hanes, pol yesters, am des, fluorj nated

poP@M@ﬁ@ arepaﬁ%@lc%wl‘gpélg pqﬁ\@'n%gerppd@@y addition or condensation
20 POpAMEligsiondes: E@cﬁ%pﬁé&e ihdzlﬁ@e B&Qst??emdére% i)ldﬂﬁfn%"f polyureas

Particularly preferred are pol ystyreénics, .
poptplwylnq&:spo!aw@thqnﬁwula@m@ter‘ahep@iwpﬁé% élanrm%ted po!ymers

SoFRI AP bt Syrabeagts, B oy, g mivres

hytﬂﬁtﬁ;}ir bBadiculerly tpteferied avei patystyrenias.cpeiwotafinen gplyacrylics, and

0 ifivest e PO, o AR Rl PR SR B, o

25 aI emuisionspolwmerizatidronrethods.ahepolyroerstdae beu'gdrdda@b@'ss or they

o RO i, o B B S, e, snosone

Sopteosphirichesgide ! @snenisqlies shifi-enxiokan flusredl kyl, alkoxy, silane, siloxy,
encargsul at g}é){kar maceuticals to nmask taste, inpart.
or target

There are many suitable ways to encapsulate transition metals and

- 3_0' titanium zeolites within a polymer. Some of these tech niques have been used to -
encapsulate pharmaéeuﬁcals to mask taste, impart sstorage stability, or target
drug delivery; others have been used to encapsulaté solid pesticide particles.
Suitable techniques inCIude, for example, s'pray-_drying, spray-chilling, spray-
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drug deli ver{y_; .ot hers have been used to’ encapsul at e
solid pesticide particles. Suitable techniques

I ncl ude, for exarrpl e, spray-drying, spray-chifling, """

S

B, brieg s nsﬁ'?%ﬁﬁaﬁ?’?ﬁg‘%@%‘ﬁﬁ“aﬁi@%ed"@%%ﬁe‘é%% fid
dbgd onoafing, cdmdnr@'y n@atmgemmeuisemswapaapcmre@esmsutiqmn in-situ

o e i e L

mand oother anisw-atcapsulatznh fBapnegiear ared dsstmblad dlnl et imtroductory

|nﬁ%%ductfr,o Seles, and Nanopa 1 NEdigine 3 . M.

- Ethonbruw, 2d.14p. alnm rafcer@‘e@ﬁ:egldﬁed ﬂhbﬁt-rrel and amE Imae@tman

o ane e e s 2 b bef e gistems for

( ERBMidedt 1980 &1. Schek, EdRpp. @1:5‘&4 Se%e;ﬁs@USS) ltétSNo 156,245
No.. 6, 156, 245. Pol ypner enca sul ati on by phase

~ separ aP PR 0 g8caRsIRAliPR by 5 Pé"ﬁée ﬁgpgﬁﬁ?@??%ﬂewatlon is one
! 9@@#&6‘@60%1@@' t@ahlﬁb?@aﬁ%ﬁeh ﬁs?»muéﬁé%é& bgtlﬁ%ag i et al. (see

Kobayashi et al see Che
r Shefb eeramamn; &9 hédaiand rAfﬁj@wesmm therem, An@@y C;hem int.

(%Olﬁ) %@‘9} 3469; 'ﬁmAnQ@f@m 3888 12792@ 9@%?9% ﬁf&ol%t&l’%me as

y§t‘ ene as.

PO
zéher &0 am@@agsqlamgsﬁeggalsmm_m 3 (tﬂﬂ@ﬁh& 8ofl :J._AppL
8 g | n a particularly convenient
%@%@%@03 roach a nodified version of the

. met hodlno# Pﬁﬁbwfld}s npnvqmﬂnyg@@/sc@n@ﬁps agpsmehve thadifiedeyeraion of

of BRENAL Bt KPRl FRREHA IhGiondd R fORl0Re. The

Upransi§ibiovnelad | titajunozeadie, m’ralscdhsepaadmsokvad ansbispandagl ) the

‘mﬂigggaps O%C&HW o’ﬁﬁé@'ﬂg ﬁe Hded stgﬁg%ﬂorqéxgud &%ﬁ Sformatlon -

amdcuatt i leldxarlenls sadﬁed o Ihgrdeni thetm:omcapsmaemtmch preethen iedated,
techg ﬂue ghe transition metal,. titanium zeolite,

BOT e& ssol ved or suspended in a reaction
rredl umrseitu q:tolynf@zaﬁxﬁmmera(m)her pafarrad It@:ﬂ'mtqueand'het hamsition

oA Bl T 2B BG5S ket S pcton

-hhﬁi’s‘dmhl lcbﬁta(mg morﬁ‘érﬁér@ﬁ) medrhyikidgtoy,| and de’mer components, and

styrene or. a conbi ion of

 biEranen tpatesdsn 6 R i POMBIEOrREAIRY Galvst  The

S WedHRINGEre rbanad%ydﬁépﬂflfca(é@"' wamﬁwa@cwaame) ro?ftﬁophobac (e.g.,
interfacial neth [‘'ustrat ed Ley et al

RO Do RO RIoR Y inEge. e sad ies et @Smﬁmutsmn

_ nsusﬁ&%’ﬂ a@nﬁ%teﬁﬁc;élgﬁﬂﬁﬁ@r%ﬁ@ﬁé on of so.

yur ea- enc ulated transition nmetals. In this
ex arrpl g)neaﬂtq;%g@h metihisdliustrated by Ley et al. (see Chem. Commun,

(2002) 1132 and 1134; and Chem. Commin. (2003} 678) in the preparation of
polyurez-encapsulated transition metals., In this example, an organic phaée

containing po!ymerizablé 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

R



o0
N e’

cont ai ni ng- pol ymeri zabl e nononers and the transition

.metal source is’ di spersed w thin an aqueous phase .

" that contains errul sifiers and/or stabilizers.

P, B L) Ol 18 b bl Yo @ggufmar

pdlechmol 13(20&2? 1265generate m crocapsul es, see Adv.

Powder- TecF 2002 265. In anot her in- Si.t

pol ynmel? 246t %rn‘"e%ktHrP&Vé“er y%ﬁéaweasmﬁ%&%?fea B?X*U"e of styrene
Stanide Bther tHyI@i0 efhoRbIABHENIE Wa@sh b8 &?ﬂe}éﬁ?r isti8Bension

I N an agqueous SUS ensi an s accor.di ng
t @éﬁﬂﬁda%e@ wall-{ne n&?@%ﬁl&s iprthe pa@S@@ée @é@ digspived o r suspended

S%%%Hi@ﬁdnﬁa?n%&b@rbr”ﬁfaﬁiuﬁO%cﬁﬁe Or Th t 38114 Sr??%‘n‘i% beads
The resulting polyner beads incorporate encapsulate

t riegpipeatn eneansulated deamsitinn zeetalt landm eoke, andeihe and are

S‘EuﬁtﬂﬂlaeerouseU% ar és{‘dé%?éhdééﬂaﬂ%%ac{cg}dg@g t’tcﬁgtﬁg_rﬂjo%sgoof the

he process of the 1nvention

: priwmlped approach, the polyner incorporates recurring

10

15

are 11 SornRapeH i Ral AR I po et kb ek Bt Eadmes of

alciiwiratad mbneroery | Pertiesiady spitaide aso flsorinfteesmonmd ers made by

GBI B Sel aEBpOR AT TR RS BREROE" T and oter
7 Shijtablet fladripetenn nichotritdd 2java8Blen Wegcritaet bw\ﬁou%ly( 2@ee) Chem.

M%@ 7%9—5%—%?9%9@0%%@2, Le %?Zﬁﬂom 393,

trFPdWMO___gtdmylsmi m(zdmg 46| aam CRdacomiri. (zdndcoy Bde.) For
and tr | fl uoroet h

£ 15KeBIIG, OB BRR0Y 'ﬂ%ﬁn%waﬁ%efﬂ@ﬁ&%%ﬁmm msthacgglpvhghloride

- efdir tefhofddihaiol) Withi I.“.tVréhé ReS! a bIOrBNAS& copolymer.  Polymer

20

a5

- 30

separ ati on/ coascervati op. Pol yner - encapsul at ed

caneepsyiationy. cae ||Pﬁ/erﬁff98F?dar @ltba'r udbSil f g lafer by phase.

C alepayatioRttodsodrfitionar i ety of oxidations in whi ch
hydrogen peroxide. is generated in situ. Thus,

i nvent iFmeTangaesulatgdy catabisss cBfmines imgnERR drtA n\gamble for
%@ﬂyﬂng @aime Waﬁet&/rbftd&ﬁlaﬁbﬁ% g{‘g/ﬁlcﬂfhyﬁ}/@%ﬂ Peloxid X8 Ybnerated

pol yner-encapsul at e yst € i nvention

adn gy c ritivedthebipveniionnelides adypeeasi exingrisigeexdizingpan organic

SR S o, R0 g AR st

| reatal@t. of 42 (rRe6W)N 483desalibedhalrave So SuifalBhemddatiorn processes

C@ﬁwa‘? S8 Byodiiizaf i ol G idiiong "B Oﬁﬁ%f’é&%ﬂm gatoohols

oxygenat'e such
al{sebobg.,aAdgdvet Ghem. (Bt Ed.Jetd (2008)a4937( V9PhHem 3&300 Chem,

OM gﬁﬁ?qégﬁf) r'%é) AP, %}hgf A fZ‘F HUOCI%QQ})E!H%%B %%datlon to '

oxygenated producis such as alcohols and ketones (Sci. Tech. Catal (1994)
31) olefin epoxidation (Appl. Catal. A 221 (2001) 83; Sci. Tech. Catal. (1994)
31), thicether oxidation (Synleff. (1995) 289), cyclohexanone arxumoximation
(Appl. Catal. A 221 (2001) 63, 359), Baeyer-Villiger oxidation reactions (Catal.
_i__m 40 (1996) 47), and other important fcrangformations.._For a general

~ review, see Synlett. (1995) 289. .
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so 31), t hi oet her oxidation 5 nlett.' (1995)'289),
cycl ohexanone amoxi mation (Appl. Catal. A 221 (2001)
63, 359), Baeyer-Villiger oxidation reactions (Catal

Let t er §ptidhafiy.- t%get)xad’dbn ;ﬁBgeéHeE%e' hftin the Presence of a

'transformatlons For- a gener al review, see

( sdug)t. Ide cheicgmfisolvant \Mll dependgh mnydﬁcfpra;mm tpdype of
<0 ﬁuEQﬂc{FPﬂrchsé htﬂ dﬁ%ﬁﬁlﬂﬁgn&f gc'ie%?’ a\‘l't:smanﬁ Eggddi‘?f i€ Bhction
t gprditbdns, the type |ot5|eqplpumssanct bitbes tectdys ) |Su[tebkeca‘olVEhE include,

r?act ant %Wg ﬁ?co%%fgrd WS%QR'&Jéq?QE resg(é?g?dgb}ageﬁ%ydwc%rbons

s()ésteml lsetom@d wtheers,Sorfthe Iil@eoaﬁmbfmttc\mﬁammhc hhmbsarbons liquid

wat er/ al ¢coh xt enat dro
(B SupEorRE] saeh IpRd SRR AuFigRs =g TBRe: and, irtures
aErBdfl CPhsferar aslvens, arélvcated al€hotd) mamdn tiogidk, aad beiRtures
di oxi de -am des, sul foxides, and the |i ke, and

ﬁ‘?es thereof Pr ef erred solvents are, water,
al cohojseoné fdteRed iivsind @xidansh Pprodeds e él’@@h@‘ﬁompdﬂmﬂﬂs an

one preferred in-situ oxidation process the ogrganic
c@iﬁﬁ&u #di Weapxidafiosr pipdughis @AcerRpAidmat i lBn2 p‘f%ﬁbﬁh‘gﬂ" lyj greferred

?rc?‘dé@é' 4% ddlindis B?(Sﬁyleﬁé' %hhythgr 8}‘38’)&6@% )ﬂbﬁﬁéﬁé 0xidee (see

efin is propylene and the epoxid

ofxapless det 1 BrEnpiadle 11 1b_pi@m)d TBbiteble B@IC@W)WGS and .reaction
S t
BEE&\ s ﬂ?%@?@@ﬁ? b&AE oA W@&%{J ﬁtaf'uﬁ?lfn zeolites and

I'ng prop rom prop ‘t1tani um
z bytitoges perekidesgenaraisgdn sitetexe dv@egm@pmeahpnewogﬁslymee e.g.,

I [
NOLS. BRETNEECSIonIog DINE] V6,088 02" pthyppd, B 4d¥Ets, and
6 6/, , and 6, 498, 259. In another preferred _
?)ﬁ' dat | %n@[h%?e@%feﬁéa? 89{019% r88 outﬂg b@aﬁ\c com%ound'is a
i oet e oxi datron Uct 1S a¥sul'foxi de,
s ihibether, aomd thexdaxidadion produdt .is azﬁllfaxldeasukﬁmna)for mixture thereof.

OB el AR 2B E e sxpning mpyes i

pélielrstepati fesndiatolar spenizsehebparel moreeemsilydefmooad frbm the fuel,

WA R Bl et onos, or ot her

S 30

oxyge n Atl@dne mmhmh stoi @lcolmigt Itamnemr, i aithadomgledaibd qnsroducts is
proc i nvention,

f 3 Egetgg r@ va uab uable' :
b@@a 8"’8 PR PIPTeSS e Qﬁal '17"' %B?B%%”‘sis 15
CpEpanRs Wbt Bxyiehltel ippodidig estehydugiyardrpassive donayméd with

16 shows how pentane can be oxidized in the presence

ofunamcyﬁwzsﬁcas&ra%rpg'aﬁ paFKaEPEmBnshays ey gepiang can be
MokldieR @ thEprésiRaes p’ﬂl}ﬁnéirl-éiﬁﬁﬁétﬁated paliadnum on T8-1 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 arenés to phenols, phenols to catechols,
ketones to esters or lactones, ammoximation of aldehydes or ketones in the
- presence of ammonia or an amine o make oximes (e.g., the conversion of



R
5
v

O her organi c conpounds can al so be oxidized
ef fectively using hydrogen 30 peroxide and a
poI ymner - encapsul ated titanium zeolite of the

Sl BRangH s o el B SRS Wt b

Estcentelymd Hnatrlitenmssmcmmee@emsmettom oabpesg)des or

etones jn the ce ammon or _ap, am.n

oo o e e SRR o P UM ¥ 9Ly RS, bt provides
t 0 MxRreNS sANaNBgex PRt palyihei iffapeuiater nikes kmem toorecover
be catalyzed b tltanlumslllcalltesL (g c?

¢ 19tgg)t|tagglgp zepgtyg; REH (@A meiaisoVaen i Eﬁw er form, titanium

zeoldoliRs amﬂnéwadmuéa %taet@érﬁ bﬁﬁ@\twteesor wgiemeltmfﬁdes;rabty ina-

advantages. First, polynmer encapsul ation
t o tesetinnesystem: Wehitg tigis semetiver revedied hyrnyeiting the ca’tafyst to

7o e 1 P PRI b 0 bt s costs.

un dlédym&b epcapsutation saales dhe Wﬁtcéﬁﬂ eanyi tbFecavies %y @rdinary filtration
(gel | (% h%?? %g ge%ﬁ'ap'gﬁf ﬁg&% aﬁgle L%)?aengséapéés%na Gfab?e 2 below).

- si zMprezweh teroheregu eslymeeenoapdwated Pitbypier zeolites and transition

or iR S PRertBe Shed WidRRoHeRed Bhgin 17 "

Conpar atsmpnﬁnggrplpe[yik&r engd pdabtien of he opdiladiukbrazopalladium on

R SN Sha BEPSH b et PR ) et abiny 1o
mr hiiath dﬁwem péﬂonﬂe)in sml wrepyiem épsmﬂatdn@rproﬁeémemoothly

al  adi um or - pal.

I i tflol em&derﬂpqﬁ!esge@w g]f ) %ﬂgq ﬁ{é‘ @l I t'Ie7 ggaﬁqrg;paratwe

t o gksmpesenate Tal QJQﬁFO\P)erWHeﬁ% pﬁo@mne-fuﬁbmmdnm palymer is
epoxi dati ons roceed spoothly provi %/ood

of p¥shy? @i‘é’aﬁﬁ‘#ia@ {l’!',eegfaﬂluﬁiawﬁ!lfgs we 2 sg gd a unexpected and
Conﬁﬁﬁ%!e\f&duc@éﬁﬂ'ﬁ'p?@pah@ féﬂnaﬂ&ﬁb{seelrixdhqﬂm 11\henTable 1). As

phosphi ne-functional i zed ris

°@ncepmn in Exgpmpla 11, aﬁh%ﬁhlﬂéﬁpﬂﬁf@nawt'%ﬁﬁ??& 3 higher proportion
uneyppgtigthanded Viﬁ'tHétHrﬁcésﬁd\J\ﬁﬁdlpgrdvme@rQWE yield boost (versus
formation (see Ex 1) 20 shown
i n Bxampleei 0) whilgaaiptaining 3 (platvebiniaw leva! o prapaas fergnagion.

‘hi gh t

Wlmgccre]r pﬁb\% Sﬁﬂ%éénﬁfﬂ%oosﬁ%gl rgﬁfsehse afd ﬁﬁﬁﬁﬁn zeolites are

o E@m preaird and ase, etheu AREeeES) f@weB@WIarﬁffl’eps@anﬁethey provide
Q& (}"t% I Sdu%ﬁ ?E?es a?r%%@’s?éseﬂa{ E@ﬁb%&ﬁ caéalyzed by

|tan|u . eas prepare
usetﬁahhmyzemlée&amy ueealnrsatumemeradedi hvcwgen peamﬂet aeqn oxidant.’

B: g\ééggeﬁ?s ﬁ%&ﬁﬁq% %i%rpé,léﬁ :ﬂgel‘%gt tgllrl %té% tlﬁet lrgéb{g%‘ u%ose skalled in

zeothiet ag wilh decEmmizenmany ue@mahaﬂalreywkrﬂmgethe meiriddfdbe invention

as an,oxi dah he follow ng exanpl es nerely
i | 1 Be¢ FaeRe ?ﬁtge'%@ﬁtl on. Those skilled, in



~

the art wll r“ecogni ze many vari ations that are within
the spirit of the-invention and scope of the clains.
8 PREPARATI ON OF POLYMER- ENCAPSULATED CATALYSTS

EXAMVPLE pfe el sratiai OF P@fnﬁ(@tmf_mc peUEAgEPSEhARAEASTY

-~ on TS-1) Polystyrene b %Q- are dissolved in

10

: Té&aﬁﬁkms?‘(qmlﬁhfe nyi

13

20

30

cycl ohexane (60 g) at 50(‘,EX NU:éh an ul trasonic bath.
A | f d
w APl @ o eIV B] POl AR £ RuledbgepETpd,
. % Pﬂ’ommalelbe@se@a@ Q0 arasiighedvedi lbemyciqinemméﬁ(hg] ab50°C

ﬁ-‘@[‘ﬂ & e itc HRHEC AN, £ She i B0, CRRL BT, Eifbinec

anvéthaploledertd Pdnan taniunheiiicaljts U2 €sg, TThe wii%) ildconp®s4t, erepared

havareatba iR E Rl P g BREIE EE KR aup. 1Upon

mgoglisy transiddre 16 08T cbapbasatios odmanu-mkané’& €0sg) ardaaidded to
vacyum at .40C for out,1 h T

cShrden dhe TRBlicRachBn (8 Rstolad| SRe0iE) S0y W palts are

u V#Séﬂspe\ha@ﬁl HhERAES (@@J THeehmbiturd-id ﬂo@ogaﬁized)fc@ Sbutit: Pninute
The cont.ai ns- about

gng thgx£ @q@g/mpg@sgiépgﬁg r él'tl'qeos‘,phgﬁ are dried under Vaé:,\gum/at 40°C for

Palbset MrienerhEneAds die A \E’ﬁisr%ei wﬁﬁ wsaﬁ@n&qed?g GhdQirgd under
are dissolved in eﬁ:‘l ohexane

c?s%.gne)’slamféﬁjw@r{( oSI (IA| ¥k Yech The ppoduct
g)cor,ﬁa,ﬁgg leaTelear solution results. Upon

cooling t mxture to-0C, coascervation occurs. zo -
Hexanes (50 m.) are added EXAMRERIEN the capsul es. The

nder “vocuun af pREARERE cifye deflo cheopgliuga r & 1T o

, powder Ralystyrenebeads (1F€b|g) areodissmlved frn:ycnohggam (20 mipee40°C.

Pt/ Re= Bienssetapal W) R FLIEE B 8% g g oo
arsoluticar gestitso  dJponectalirigr tyl asisturedot 681G, ceadceoméan byccurs.
Cﬁ%&ﬁgﬁa@% ﬂﬂl_?%ég dd @?ﬁgréﬁ%%@am ceﬁ;lé[l%gd B’@é’rhq{]ldnﬁémon is
didesahiesl, tand tperlsylrdsr amvchedluﬁdér vacuum at 40°C. The dry solids are
ORI ORI A R B, {19 B o o
syP/Pdge.2sand m xi ng cont i nues for 2 h as the mxture

EXAMPLE C
Preparation of Polystyrene—Encapsulated Pd
Polystyrene beads (10.0 g) are charged to a one-liter glass reactor,
followed by byclohexane (190 g). The reactor is purged four times with helium.

The mixture is heated to 40-50°C to disé.olve 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 sevéral minutes and is
then decanted, The procedure is repeated with more hexanes (200 mL), and



cools to roomtenperature and is chilled overnight.
Hexanes (400 nL) are added-to the frozen m xture,
whi ch i s honopgeni zed for several mnutes and is then

S B AT P AT 8 s

VaCalnemamrnéGQofm’e dlags headtbe dThe sekitds is pumyedewith redium, and

" ol TETRERa 251 i o (A G A ahioo EEPSrR dhe mixture

1- Zsitgmefﬂ@mm@m[ ure, the mxture sits under

hel i um qver ni ght . he nixture is pressure filtered

@inder ni theod 1Te JnbreRr e Wer o Unfer NiagRsgandihe solids are washed

netﬂﬂw%eménaf IR 78lhL). Ahker Vaﬁ&wm ngwgtfofl@@ rﬁ Qﬁe polymer—
yner - enca sul at ed [Ffadi um co

) npl e
r ec@n@péulated @aﬂ@dw gomglexpg: reg:\meom Yigyd: 8.60 g, Pt X0.63 wt %; P

Wt . R/ 99 EXAMPLE D 10 Preparation of
Pol g?gy"({teﬂe %ncapsul ated(Pd_on TS-1) Pol ystyrene beads

(7.0 g) are di ssol ved in cycX8NEL&ETE (140 g) in a one-

iter glass r
1L]Let raki s(tri ﬁ ?ﬁ éfplﬁt?ly}é?{én%;ﬁca Salrar{eggpd( 33§ Sm))

sus pendelaoiystymylelheladxaiﬁﬁ Ao diss®ivgn in syclopane $4Q gFin a one-

cal cine t d an 1 %1 A6 ey .

: con{ﬁeﬁuggssat reggtogp% #ﬁée& S orsﬂegtﬂ?e Cooﬁ’gﬁél{fé(\/ﬁ)he%lphosphme)-
' rgg IlawmﬁqoaAf 1(oze mgs)ruilspelhdbdmxamtheqa%mm g)_)s added. TS-1

a te 1N r.ou ul orti i.Sa

ec it ad: cRmadpt a0 o el ad rind fartfiis, pE A5G, The
18exaiasse dsw@gemyaedoomrtdmbekatareednd T Hexanee(bdut 400 mL) are
fs |0|n|é glr' I{ﬂ%@pgj doerrgeg\;/ y,g %@F@Lmégg’@%afs %USQeg OLl‘gug solids are
W, Yasked Qi audiidfal dx@nsdt homBg&tlzed. £ fi I?&aEXAWéEecovered

E Preparation of Polystyrene capsul at ed( Pd
Pol 9@*5) %rﬁedm%bagdf(rwa?%w a égﬂ@ $8¢) Graghedy toc@?ﬂns . Yield:

( 1490.@)%' Pd20.806t.%; 11560, 89MASE, P-ARSE W IR IS rRRPPeeD 66,
1-2"h. Tetraki s(tri 'phenyl phosphi 332-2 - pal | adi un{ 0) (463

2fy) suspended in cycl ohexan Eg g) is ‘added t.o
~the 25 react Qi %hfnli‘of ﬁonlysmedéoéﬁf;adaaiatéagpd bR TS 6)14 0.

g) suspended in’ cycl ohexane ?
m xi.ng cBalyplyiase bradsd7£ba) at@rd@sq \tednné:s'ﬁlpkww @68|9§ in a one-

S dhol SBRECRE B2 50 S0e R ! MBSt iphosphine)

is getaditnid) (4ﬁbrmg)hmeade@ zm@yglphaxa@ea@b@ut StQiéS added to the
A Xl Kol %H“&Fﬁ%% 45fer AOfLh! 48.951270%) suspended In cyclohexane

(10 ¢) is added, and mixing continues at 45-50°C for 2 h. The rnl_xture cools
slowty to room temperature and is chilled overnight. ' '
| Cold  hexanes (200 ¢) are added and the hquld portlon is decanted

More hexanes (200 g) are added, the mixure is homogemzed and hqu1ds are -

30 * decanted. The recovered solids are dried under vacuum at 40°C and crushed to
a fine powder. ' ' |

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

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

10

o

Ry

~ et
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v

so decant ed. The recovered solids are dried under

~vacuum at 4QC and crushed to a fine powder. The ’

powder is resuspended in methanol (347 g) and stirfed"

%@Gﬂm Yield©2612 d:G5d: Y. ¥o Wt 9Ne dbed WE%, 7% 1.44 t\rﬁ'r g'n@lédratlo

sol i ds ‘are again dried under 10 vacuum

.zRde@35Pd 0.16 wt.% P: 0.063 wt.% Ti: 141vvt°/o

nole ratio .P/Pd: 1.35. @5@1@5! Pr epar at.i on of
Ph2P- Functi onal i zed Pol yrer n<|5:%|§sul ated(Pd on TS-1) s

p- St Frepaditished PhphdeptionaliizerDPgymer-Brcapsolated(®dynehie-1)

: 0: 20° Rsry Rl pngRRRS Q0 LT RAY At ethe 5 e o,

amink;N-diresthghaganida¢ios g, A.2%0dnol) iapa diskolved in tetrahydrofuran
itrile

b b
R0 Ry APy eagioh & Sy Bocat a2bolb Baputyaniia gt 0
Sg{))l ihreganydibiurah vk lg) uwm;ébteut fﬂﬁwfpurglh ithe ReAEE tikare well

i offeaSartbs et SEERVAR R 4 B iﬁ%r%é’ctéﬂgé:tg‘&%qeand the

Q.Qﬁfltérﬂg &BOI%E{UV'@G fRé‘?«%ﬁaP'&ﬂWolﬁﬂ’eé %Nﬁ@'ﬁ‘l@eﬁe&@ éﬂ@gfahlne—

pea

irniooplis tapohmisre JO-IRE G chgil JiR: W2 B99P0AMIN=13570;

taiveak e80! pwpigey hiphosphi ne) - pal | adi unt( 0) (69 ng) are
dissolved in tetrahydrofuran (16 g). TSl& g) is

15 mi Xedamnle afhtbestarpelysar, (aﬂdgi/cﬂnét tatrakis, Flﬁhﬁryiﬁhpéﬁhme)

N lgi%lgﬁﬂﬁ(gg (@ n@%re LH%%‘VﬁdV@Ct%HHﬁyd\ﬂg}?l'%m% 26 Plaz g)is

Pnixgdriato the mlummum@ami@aame reqioved by heating at 45°C under

P‘%!Ep syl d6 RS v, T, a
yrylﬁgphgﬁglggﬁsg]@n@ 11§Wt /Q'J\l s1sglmveé’ in
toI uene. (100 nL) in a ﬂXﬂchéLEﬁ er glass. reactor,

4-1- %tp\ékeftf?wo?% Ig’%hcﬁanah ecfggﬁgie{ %ﬂgaéﬁﬁat%fﬁd%r?TS%)

pur ge nitrogern
azobi q::-Stynudhphermmrrdsbmneﬁ(HBl\g) 0. dissaed in tohlamen@O0(#L). in a

IS 1njected nd i rr 1 xt.ure. s heat .
dHne e} Heigt BleinRn 4 -EEnEurRhE ot ofl ' Sl a8, Y, ffoure i
qanedn ith ateogeanovesiution & akobkisobpigtanitdie (SdiBht0.6m) in toluene

6.9. .\W..,%,sol 43..0. e qf.cthe '
Bl iroes b iteed ondia R B8R T 8t Fpngup s . The
Q'eaoﬂoylmt:boled amnﬁherwﬂ\tam lare removed. Yield of copolymer solution:
tetra he hosphi ne) pal | adi un( 0) (132 np),
aﬁf g\?tm} IB’r)és‘:’loheated at 40C for 30 mn. to give a
cl ear A %ﬁiplé’&:lf' DY coRiphendluehs dolfifor0 (0B6 i ¢ abodd2.0 g of
Into, the solution, and volatiles are F l}/
copolymer) is combined with tetrakls trlphenyiphospharrlrgpaf aditm(0) (132 mg),
and the mixture is heated .at 40°C for 30 min. to give a ciear, deep-yellow
solution. TS-1 (6.0 g) is mixed into the solution, and volatiles are remove_d by
heating at 45°C under vacuum. The recovered catalyst is a dark-yellow powder.

Yield: 7.89 g; Pd: Q.14.wt.%; Ti: 1.6 wt.%, Si: 31 wi.%.

1L
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heati ng at 45C under vacuum The recovered catal yst |s
a dark-yel | ow powder. so Yield: 7.89 g; Pd: :
0.14.w.% Ti: 1.6 wt.% Si: 31vvt%11COVPARATIVE

EXAMPLE H Preparat JS-1 A TS 1

(500 g, calci 'ngd i nI %ﬁgﬁ%&% é{,«?ﬂ@?ﬁm T| ) is

I d dei oniRregaratite rof 02060t d of\Ni'S

Sol uti on Q{ﬁ g Ryl ’?["aglun("‘g,éz ° %ﬁﬁ“mﬁf (2

o in 354 OB SACBA I, Siren BA0G 2 f Twhda, 1R b sitmed in

oV efleidRiz&d mvatérmgaoomug b b@;ﬁbéu@éhluﬁ&%ﬁ'tétrdwnﬁwh@ palladium(l!)
sIurrylsturne at about r mlnavvate

bat
{ 30¢})onds (25 g.in Jpg of Id@Weidswﬁtlegsi% afded with gyixieg cyepf@O min. The
cakgyy Ho?t%h’lifléél@eoﬁtﬁlnuﬁeth‘énélﬁﬁ'g i¥abRbd (ﬁ%om 3b BAdin a water

is refiltered. The washing step’is repeated four
ti n%%th (‘ﬁIQeClsfﬂfl%Ié\ aﬂ'é@a?rllﬂfrwﬁ @ﬂe&we&ﬁ RE;, thehesiedisi ieglurried in

und@%loﬁiggﬁ' t@rt (%égﬁi)oénd 'iso/e%’@]erbdt W%@%Eﬁﬂ%a\\f‘% %hr%Peated four

EXANPEE JTheF$Cél§araaQ asrrief corermgb;t tl%rpdrra@hurr@rymuma at 50°C for

1850t o Spfitaft wdlgrt B gk whashia Zubo i3 0 BE

An aqueous -sol uti on oCOMRARATIMENEXAMPLEA | adi un(| I)

nitrate (0.178 g a ol j 5;37 wt. %
Pd, further dil ut eg#%y‘?rah 8%@#&@?@ rglé%qwater) IS
added w ATS¥i pongepn(B49 b, mZImich 1. Slwﬂl% ¥i, icalcinadnat b 50AC in air)

i Sic B AEBLREd Wl {427, ” i iuBin RAIRY of traammine-

lﬁﬂﬁpﬁllamd‘iwdrrﬁtmtd €0.178 Igeaqﬂekm.rsysdluﬂbnsconEMmQrﬁ .37 wt.% Pd, further

o R g Tyt PR W T T WLt min. The
was Bﬁuﬁ'ytiab Elﬁﬁecﬂ bﬁ%ﬁroltafy fe@ébtbt@tdﬁ tBGnik tthe ﬁiuﬁﬁlaﬁ BDZE6or 10 min. The
wat er and filterin The solids are then_air

dri Eh’ ‘6\Péﬁllrﬁ%%¥° EﬁoW'Eh pégagiseoys %’@90%0@%9955@%%‘1’W turns

6 hforpéh anl’ﬂi‘Jnéﬂt 3(9/%1;{ ' an% 19e \WH ¥ aﬁ_ﬁlﬁ %5"7‘ 415 Weeslurw is

oven calcined in a eating. from?2 to 110

by
. 200CleRdarideHBRHRRs niashed thise timas byt reskirying: it wgdeéwed water

300&%&&%@%@%@‘1 TRe kdi A %ngﬂp@%@rov@rﬁl htTQﬁd dried in a

cal re then transferr to a uar z tube,

heaVaeHur oseat & for 84 d:wPeiH va.%ioli: 95 ogen, in
ni t r ogentd UBeq GRRAITLAY o ¢ dM EE%&?E%’GH%QHP@%? to 110°C at

treatnent, nitrogen.is asse%m“ﬁr ou o o
1 h16% /ot anddialding @b 1292@ f@x:AWPL'cE@ Iheatingaied300°C at 2°C/min and

| ?O\/Ee -rgag%r e él{lj%sh %eléalciﬁgd.sgﬁwé@ﬁeﬁa@ﬂs%dqg a quariz

tube, heated to 50°C and treated with 5 vol.% hydrogen in nitrogen (100
cm®/min) for 4 h. After the hydrogen-treatment, nltrogen is passed through the
sohds for 4 h before cooling to 23°C. ' : ,
EXAMPLES 1-11 and COMPARATIVE EXAMPLES. 12-14
30 PROPYLENE EPOXIDATION -- General Procedure
- A buifer solution {0.1 M, pH=6) Is first prepared by dissoiving ammonium
dihydrogen phosphate (NH4HzPO4, 11.5 g) in deionized water (200 g) and .



A buffer solution (0.1 M pH=6) is first pr epar ed - by

' di ssol ving anmoni um di hydrogen phosphate ( NHAH2POA,

11.5 g) in deionized water (900 g) and“ 12" addi ng 30% _
acaddiid! Sh¥ssad. INHH t Sololiditto gines,v The Riphe bhtheSSdlufidrPR then

" is then |ncreased to exactly 1000 niL wth deionized

10

waheieased wrxagtly 3000 miavthn %‘?'@@Feq wakef.or is charged
with t WB@%"& léﬁaﬁnléik@%el' Reacﬁhé &h Ngr{e%rﬁwﬂ?é %g@gﬁt shown in
the ta ., a

soneti nes adm xed w t S-1 as sho

s Taie 1dﬁatﬁ1yatmé—fmﬁq:@tm@@ admiged with -1 asrshomstindmmtable), a

(1}%}’0&) (3 {5 Huﬂ‘@f:tsﬁfuttbﬁ g?ad)g%ﬂtd\r’]\‘g[ne{eﬁap idg@eﬂ) (%ﬁj@e reactor is

m ctham@@h\n( &Mgm(@we}@@@w By propylére (8%t wethane (0.5%),
CrERE G (TR B DEY S8 Rl b SR Cles O gnea i

t rmeugantat at]a Biitoluri of :{m péi@,@;h:lk faedmase'éoammontmousw passed

eg"dg‘%@ﬁeﬂ Oé‘?’ﬁ’iﬁ'axi%g% c, & %ﬁ”&l MR 'S:ao%ﬂsg{g s]o&gaglevel in

artaerrleastﬁd dufing digs eapé’rtrhenstt malw bmgs hm%;_ﬁnsanw pediene feeds
vessel that contains. no e stirr ,

¢ B Pate ARGREN] & FrbaPENTO-H08, "SAraldts VEgSEqUs contains
efhbthanbl (ssaLryal ym@dst&mr Yedt@bh e is IHé@tsmassO 60°C and the

~ chromat o ¥ qui d i nal yzed-
c IRIeQYF %ﬁ?‘-@r" % an?im?d( %erh)houregg m@easgﬁﬁeawomatogfsphv The
. Tq uﬂi - arlRXAMBIY B dtthSicbHcl@ibslat irRTuAf(18 h). Resugs appear in

15

)élthl ophene A 100-mL Parr reactor is Charge
vvi--{'al‘\bl B0l yst yr ene- encapsul at ed Pd on TS-1 (Catalyst A

100 ng), nethanol (18 g), g5y 'LZ %l water (2.0 g), and
2- 20 net hyl t hi opheneé43 n| e reactor i s closed,
" pressuri zed. vvlthl"l St @@%wnaﬁa-lw@thw@uonrwne atm The

- reactory '1§P Fe%%térr lé%ﬂa H%:W@élgﬁﬁ%n%téﬁcégﬁﬂated Pa on

a mxture€ of o

' angﬁg@ﬂtﬁlMSfaAt aamm@)c nmetbangi(1§.g)THeionized ovajer (30 g), and 2-

"0

h%@ﬁ'@ltﬁﬁﬁlﬁ @dmg l ng%%ﬁ?rr Eg%ﬁéeﬁogrelssﬁ’lzey\@ith Hltrogen and

reactron cool e anal
| i equnitetd wﬂcﬂ‘m‘t oiljhapegqtomaathgrs Ppesshidnes] ‘Eﬁ%hg@rogen (to 100 psng)

* CONRED b BT B S . The

25

30

EX:&H@HDEIS].BeatEd-ﬁSIGDﬁC @ndcmlbwed tofedRt fidrahb. AT lﬁO&anttozPanxture is
S48 d S Rl N ORI AR St 2o
g)comrecblcm pm‘nt?anmetl‘(yﬁﬁﬁphmje o oxided produets including 2-methyl-

thlophene oxide {a sulfo><|de) ' :

 EXAMPLE 16
5 ‘ in-Situ Oxidation of Pentane

- A 100-mL Parr reactor is charged with polysiyrene-encapsulated Pd on
“TS-1 (Ca’c_alyst A, 200 mg), tert-butyl alcohoi =(20 g), and n-peniane (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 fotal of 1292 psig. The reactor is heated to 60°C

13



The reactor is closed, pressurized with nltrogen and
vented to 1 atm The reactor is then. pressurlzed vvlth e
hydrogen (to 100 psig), followed by a nmixture of '

Tendfl bl B, At BHEE  °ThelRheleridgRs Rl 237 and s

2 hanilvzed by gias ahromatographys Aralysésdshaves 4% Coamersios of n-pentane

S SRt RARARE, 2R e E, ¥ighBRUC 2 ancl and =
2- pgehtdtene, 3- pentanone, 2-pentanol, and 3- pentanol . .

5 Table 1. Propyl ene Epoxidatioris vvlth In
§itu-Generated H202 Yield PO Ex Cat Catal yst

- Descr| ptl OlTaném Xlsﬂ)é @?‘axmaﬁ’&is ﬁﬁﬁ'ﬁ) sﬁ‘u @@Heﬁf@dm&oz
TS-1 t/h) (% A _PS.- n- 22

93 35/ 2 B|PS e ncap(Pd) 0.19 0. b o.. S5 b ‘ﬂ?‘d 4 EO7
PS- entap{,Pd)s.:0. 2 5 S @Jmm(Pplb)E CaHs |
0.1 g Eg d §s g%tagﬁgﬁﬁgﬁg%ncapﬂ i S| 1kt O 17 OB . °
6 6 PS-#ndap( Rd/ Ts-and@ngun 1 (g) £ (%) (%)

PS- engapfPat-TS1 B81F - g!

Ph2P-{ untt iloAYl féedS%"@W’EE“ P encapltl TS 1) 6

Ph2P- f urzt iloral | zeﬁﬁ er@:a@(PﬂD Qﬂ)g< 1 RSenga®3dd/[TEa)| 14

10 G Ph2R—funet-onal+zed 8—344—5 .

PS- en :ap‘df Pd % 1) P‘S.L'e?faﬁﬁfﬁ’-?'aﬁcti onaq?zec 8%)9 1D %13 ) 5

PS- en :”am'PaF - [L) dpS-grcap( Q) 20. wg °/d Pdidi®-1[. @28 27 8291 7
13 H 1

52, 2L 9% Pd/TS. 1 GOl 2fe- 0325
Cl4 J{0.91 Do PdP%"iaP(@D‘éfT§d790 24 OUnl ds O W hbripse ©

not ed;—Og 7 @ ®T | Cap SN P@TQ&?T S-H powdey 14 0} 291 16
mcroh, calicipned in .air at 50C t & . remve it he :

tenpl ate7 2} Ewk. %=$re)w%nﬂw1>‘{§d with - 0 023 | 81 | 27

T

pol y me~ g'P _a't_?’HzP-functlonahzed 0 009 | 96 1< 1
PS-encap(Pd/TS-1) o
9 G PhoP-functionaiized 0 010 1. 20 <1
| ' PS-encap(Pd/TS-1)
10 G Ph,P-functionalized 0 014 | 90 <1
: PS-encap(Pd/TS-1) | ' A ' o '
11 G |  PhyP-functionalized 0 019 | 89 2
PS-encap(Pd/Ts-1)* '
Ciz | H | o2wi%paiss | © 027 1 81 | 52.
Ci3 | H | 0.2wt% PdiTS-1,03g 04 | 027 | 91 | 25
Cid | J |  oAaiw%pansi | O 030 | 90 | 24

T Unless otherwise noted, 0.7 g of catalyst is used. “ 75 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. ° Catalyst reduced with hydrogen before use. 4 Qu/H, ratio

decreased to 1.3 for this run.
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. before use. 4 02/H2 ratio decreased to 1.3 for t_hls

- ‘the react
10 Poprpnides Bt sasy) mremertsmeawwttg mexe &idyen iignwmt Zpolite oxidation

or tlrEks tion met

"m xtjures thereof. 4. The catalyst_of_claim 1 wherein
~ the transition nmetal is Pd. 5. The .catalyst of claim

cat al yst before use. a Catalyst reduced with- hydrogen

run. 14 EXAMPLE 17 and COVPARATI VE EXAMPLE 18

Fi | t er abi Ii t yEXAMPAE WoandTBOMPARATME EXAMPLE 18
pol yst yr ene- encapsul at npar ed with
Pd/ TS-1 powder. ‘M xture erpg @Pémé?% or Hin

nret hanatHewsifieabiif: ef bylyst‘s}rerm empsﬁl@tedLB’dﬁﬁm dé niongpated with
. % 0of solids a

;
APUE8- bendanr oNrEEER5Sh Fatalels £ o FretfaeieBich2 by
t Qydhthbt €60 A0y %ntam 40w §fi§@|d%3are3pré;§a?r@6deﬂhe mixtures are

Resul t s’ aggear in The results denonstrate

t ﬁaterenuﬂtr 9 m@wummaﬁﬁ%@@@ﬁﬁm Aggdeq G iteptp0mL
Aol éérhgres i e%e#&édngaésm;@ abSé’érQH Fableld ration.

o yner encapsul ation provi des an easy
i nexpeﬁ@la/eeamﬁy d?mmﬁfﬁﬂkt@ t'ﬁi B THr t B@W@ﬁh(@@@lpﬁf@“’e Example 18)

OX{eflat sQ rbllgﬁ%éalf%(eﬁl ?eéujrriﬁ‘lg i t@@&lﬂé ﬁltrég&fvﬁb%érré?ﬁhpsulatmn

ute terability of

s il SR R BT g g

The preceding exan‘pl es are neant onIy as .
iy . 3 ' ;
i nvdntion. 18P Jilig" nti/.offoégg{l%r“l‘;;z(‘ta'pgﬂ?féﬁ ases

a tiftanipm zeolite, a transition rrat%lst antinge to collect (min)

pol yner , [ wher ei n %t ea{st one of etifa

atalyst oncapsul at 4R o h

e

i

f

. zool i

3T AT
el x 1 he <1

pol YMey - [5 2. F‘élﬁnc%ﬁkr fygh)or CTlar mgl Wi _
titgnium zeolite is 3 Thel catalygt!lof claigl

wher|{&G18 t he traﬂéfTﬁdrPW?’al i s sgl e<H ed{ffom Sthe| 43
gr oup—conststiTg—of—Pd; P, R, ReTT AU, and

1 wher e?—ﬁ%tpggcegugr}@gﬁé r%ssa‘?la%éﬁﬂ %r{lf%btuﬂétra iGng" §HP following

consi st ni cs I NS po yur eas,

15 pokiires gefios the ipoéntionet hanes, poI yesters, polyam des

fluorinated polyners,_polysaccharides,

15



1\:““'__ M

pol ypepti des, pol ynucl eotides, and m xtures thereof. -
6. The catalyst of claim5 wherein the polyner is

pol ystyrene. ) 7. The catalyst of claim1l wherein the
pol ymer Ié’ﬁ al .rg_hosphorus 15 functionalized

pol ystyr PEAE: The catal yst of claiml conprising a

pol yner - enc apstdlait eghichRnliSrisbs Piitadinm stiRl ¥standition metal, and a
claim|1 conprisij ngb?n adm xture of TS-1

. aqd pol yner - .
enca‘&mﬁ% ehesgin g5t onfe of dha tfaniugr zeqlity @y 1iransition metal -is

CONMYricRip8gafd AtHA tHeWdyrRkr. POl yer - encapsul ated TS-1
and supported Pd or a supported Pd conpl ex.

11.
A pr ocess2uitheivaiabivhe! daibr dxiterein e Hanbmaslts is TS-1.
conpound gn ’Flféecatglyasﬁ’n&ﬁﬁrﬂf‘l \m@r@ﬁgﬁg’qa%?(&eﬂ'leﬁqg sbiRted from
rm1i. 12, ep claim

catal yst of cla rocess o
whertbe grotrecansiging of ednb il Rbs Rey pyamhmixi@ss fradeethe

Cdat i . : : T

of ¢ af m 45 THRSFENSE pUBRY 1 SR P et ot M BT RRE  pe

titani um 2eolhd eatadyst & klaidvt 1 Wherepr treepslymér ¢d aelectetl from the

in th . T i Lected f t .

A I T T T T Np——

ol Yo fos T unr | At ol ooy o e qed Yeaccarides
o) : ] ( -

Bol wﬁ?@‘ggs W&Wﬁ%&’ﬁg‘%{?ia&‘é@’x@(ﬁ%&(ﬁﬁe&%r es ‘'t her eof ..

15. The pepcre.els:ataﬁyst bbdiad & wml téigith% P{!}Igm?ﬁk?gwlsgyreqr%

conprises_a mer - encapsul at e ] TS- 1. .

pr ggess of- cﬁ%ﬁ#@i‘[yﬁhé’? A He whereln e RAlympes %@‘RE‘OSP]"O"US“

adm aghdfiéhalifdd pelysty@ng, pol yner - encapsul ated Pd. 17.:
The process_of claim 11 wherein the catal yst conprises

an adni xt Br dnespighst phelpine A copisRgeipognar-gprgpstiated
suppogtreds Pd or a supported Pd conplex. 5 18. The
process of claim 1l perfornmed in the presence of a

sol vent  Sellbetcatrystofrriaine Tgeaduprisingnan admirire pf gt eand polymer-

.al calygl _ ul‘é?écfﬁ&‘ di oxi de, and i xtures thereof. 19.
The process o

claim 11 wherein the organic conpound
205 an arel:  Ehel east@ysix oficalaion fprcothpdsing samm gsinaikisre afo polymer-

gghp%@%gep@fgégﬁg;aorﬁ ipBoidd WSS SLigr3Re0 PAMHlex
11. A’process which comprises oxidizing an organic compound in the
presence 6f 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 jll'l wherein the poiirmer is selected frorh the

~group consisting of poiystyrehics, _pdlyoleﬁns, polyureas, polyacrylics,

30 polyu'retha'nes, 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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‘and the oxi dat| on product is, a catechol. 21. The

process of claim1l wherein the organic conpound is a
ketone and the oxidation productiis an ester or a

| act oneg, Zhe pHhGsRIACRHH AT whé ngﬂ‘ﬂ‘sé%at&}%‘i BoMphidiss arhadmlxture

oL%anlc conpound is an "is al hyde or ketone
deks$ and pebyreseneaPrsWRteREdor esence of anmonia or  an

A 00, ST o IR IR AARIE hE BRNRYEMRprdst arf Rmbcure

process of Cl or gani
al i elymerreicapsyiaied d&t1 end pupploréad E’@ OB_&] sapmmtm:l Pd aomplex

13" whor & n TR CORBR NS pdforr i phRCTREs eft 3 fvent

tmlmecﬁdmnh@rgydmtconsmbngsLdffwaﬁr, alcstuﬁzlé oxahen divxide, and
g_lh 17 ABSTRACT OF THE DI SCLOSURE
Cdp'ﬁ%%? fuI for oxidation reactions are

di scl osied. Th&ﬁo@@éaﬂbmam 1¢ avfipréin ah@ ofddnintdinp @@ istah arens
atrCI SIH%P % andagplymar wherei n at 1| east
orfd wation BiadyRt 5 &the8l or transition netal is
encaps lﬂoatﬁﬂa waBMwﬁcihm A1 vyeREinGhe tofgari® baBound [#€a phenol
cat tés ar e ea})‘dgl to p ?'lq‘fr and use, they are easy

B Svidatignar EE'%"“%% ey provide good ° -
conver S1ONFhd ProRedRbi b Qf wm&%@mttﬁétor%é?ﬂé @é\hﬁ@tﬁhd is a ketone
processes, including propyl ene epoxidation

i rARSrhe swidatien pepdsichs ap < alarteReconpri ses :
oxi di 21729, hedpgiRae &Oﬂaﬂgnﬂ Wheldi 16 25885 Ghmpound s an

and t at al erein

hydr ogen, o Eh'é@‘
t reiddeon arketane, clhedirgeass is periren ﬁ»‘d)lfﬂ toe mwmgem‘ ammonia or
PefPXhAR, th #el dkidation product is an oxime.

23. The process of claim 11 wherein the organic compound is an alkane

t

and the oxidation product is an alcohol, a ketone, or a mixture thereof.
24. The process of claim 11 wherein the organic compound is a thicether
and the oxidation product is a sulfone, a sulfoxide, or a mixture thereof.
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