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cat al yStlnsoﬁé"éﬁaMblé Op@pyrhal Reacts with hydrogen and oxygen in the
presence of a polymer-encapsulated palladium patalyst,and_ admixed ftitanium
zeolite to produce propylene oxide. Surprisingly, polymer encapsulation pf the
; paliedium has litfle or np negative impact on the catalyst's ability to generate
30 hydrogen peroxide in situ. Additionally, the use of a phosphine—functionalizeq
polymer to encapsuléte the fitanium zeolite provides an L{nexpected and
valuable reduction in the formation of propane (via hydrogenation of propylene)

and thus enhances selectivity to propylene oxide.
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capable of catalyz:ng the reaction between hydrogen and oxygen gases | to make
hydrogen peroxide. For example, it may be prese ni as the free metal {e.g., Ptor
Pd metal), as a mixture of metals (e.g., VPcI-Au, Pd-Pt,or the like), or it may be
part of a complex that incorporatés the metal or metals and other ligands (e.g,
PiClz, Pd(NHa):Cly, tris(benzylideneacetone)dipall adium(0), or tetrakis(triphenyl-
phosphine)paliadium(0)). The transition meta) o transition metal qémplex can be



10

.m xture of metals
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There are many suitable ways to encapsulate fransition metals and
titanium zeolites Wiﬂ‘lll‘l a polymer. Some of these tech niques have been used fo
encapsulate pharmaceuticals to mask taste, impart storage stability, or target
drug delivery; others have heen used to encapsulate solid pesticide particles.
Suitable technigues inc'lude, for example, srpray-_drying, spray-chilling, spray-
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One interfacial method is illustrated by Ley et al. (see Chem, Commun.
(2002) 1132 and 1134; and Chem. Commiln. (2003) 678) in the preparation of
polyurea-encapsuiated transition metals. In this example, an organic phage

containing pt:)lymerizable= monomers and the transition metat source is dispersed
within an aqueous phase that contains emulsifiers andior stabilizers.
Polymerization occurs at the interface to form microcapsule walls. For another
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3’1); olefin epoxidation {Appl. Catal. A 221 (2001) 63; Sci. Tech. Catal. (1994)
31), thioether oxidation (Syn_lett.'(1995) 289), cyclohexanone ammoximation

(Appl._Catal. A 221 (2001) 63, 359), Baeyer-Villiger oxidation reactions (Catal.

Letters 40 (1996) 47), and other important transformations.._Fc:ar a generai

~ review, see Synlett. (1995) 289.
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and trifluoroet hanol) with styrene gi ves a

flurorinated copol ynmer. Polynmer encapsul ati can :
effected either in-situ or later by phase grh ﬁﬁ%tﬂﬁt}?

S SRR TR SR ProrB b B e Fbence or

cshvasny, 2 Theg clavivé desohamit mwde;fendmrﬁmanpmmra mdﬂuanhg the type of

hydr ggen erOX| de i ner

AR BeS ire soRigMrs bR soriatte g BdRHets: i tagetion
fcdiods, 16eRRUsKedubrhést, Qﬁ@%mﬁfatﬁbrshy&"m%@solmgB’@Iude
and a e siul ated cat al yst of the I‘g‘}elg (%

der Gé@EPPbé’éteébQG‘éﬁo KUvatghaleonlimxiureh %WB%"@ Y carbons
'(@§ie¥§j¢<eﬁirfé§eeth¥|@r emeand«aprau ﬁawgﬁwbﬁm%ncnﬂ/ambmons liquid

hydroxyl ation to catechols see, g. Che
| $4t supga:nticajzce(@@@gi)oxmﬁmlges @l,:gﬁmdg%,cand @h@epﬁe and mlxtures

qg@?@é’?‘ HrdRA2Y Bits BROWARR! alcERbIE) carﬁo@@oﬂd@% mixtures

al kane oxidation to oxygenated products such as
dh@&ﬁéls and ketones (Sci. Tech. Catal. (1994) 31),

o <1 SR P R AR ol s an

rotefin, . and tieoS)idaBe) pregust dhexrmepadidar nirozi patipgarly preferred

4k, bt 230 chRrk? B BBV Bh e (os

alExhropleer 141fpend afiabler dnbélomjat |81nlsbleF¢xromdgmse real - reaction

(e 16 maMB Bhdeyichb s fR suBadiade MBIFIm gepltes and

15

" 30

tmwr@gasmﬂdefgeaeméd/mmltu Adve isderi d&cmbes Eravdmitsiywvsbe, e.g.,

o retE {1 Soobiia; Filbady 6 ¥EA eanees. and

apdoppeducts, the reaction conditions, the type of
equi pnent gnd other factors: Suitable soI vent

i ncl udB, 3R0they, PESISHEE OXIGRHPR ProsREh IS Or%{I‘%rCPH]pé’HHSNS a

Mintdetidrs an@xiy@eﬂamsh bwdiuemr@@nﬁoxuﬁ@sémbﬁe greiixnes, thereof.
et hers, or the al iphatic and arp

hPupalert %moefht?ram Qﬂ'ueﬁﬂeJa'b%qr‘e'fartmgc%#f@?%@ﬂmag dRpyidies in

afticfl8Fearfis kd ﬁf@lréi BSlar @,Fscnéah fhalt lake mad GaBily tdmidd from the fuel.
thereof. Preferred solvents are, water, ‘al cohols, -

c&'ﬂ‘iﬁﬂ'%‘ﬁo?ﬁ’é@; ilgpiptas e presesst her eof . 10 In one - _
pr ef erAlﬁé’ﬂé Bx@hﬁ&, ‘B('ail%hb]@nk%ﬁé@s& ofnae d%?@éﬂ%!té‘d products is |

ound is an t he oxi dation product
aﬁncéb@'xp@éerradqoadﬁm pr@ge%ﬁ pixtn@r ventasd The SEeeess '% Hé‘uab'e

Oiggéeduﬁgxﬁweor%yéﬁzﬂ%d aﬁ%d#g% gF&P s‘gnl%g ! Seﬁgg.ggogeeaneéﬂeae with
ptllﬂfuaenm@bze;h@ydmatbcmﬁ .Example 16 shows how pentane can be
oxidized in the'presenbe of po[ymer_—encapsuiated palladium on TS-1 to give a
mixture of C5 ketones and alcohols. _

Other organic compoundé can also be oxidized effectively using hydrogen
peroxide and a polymer-encapsulated titanium zeolite of the invention. Thus,
the invention includeé oxidations of arenés fo phen'ols, phenols to catechols,
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



conditions for making propyl ene oxide from propyl ene
with titanium zeolites and 1s hydrogen peroxi de§ JUN 2007
generated in situ have been described previously; see,

U S Pat. Nos. 5,973,171, 6,005,123, 6,063, 942,

6. Sicehexances Ao ygipberarione BXASY, 859, other grgafiRNs known to be

Pr E4ia1y5Ed b Hiiflrh SMcAREC B Uik, Py 8o ggonpound is a

|oe e oxl dation_ product i's a sulfoxide
suI f onePolwmeﬁen@anseﬂamn@pétstamum@eqmpaanp!dwnéwhon metals prowdes
hﬁr‘?\g \r?-:mY Eabfl’ir%tf ﬁ%@F‘}éﬁE% Fatsop makes it it easy to to recover
e- con al ni reans
5 potrm titapieioi eeohtetmnchﬁmsm@nenem | Whearmseddn pﬂwﬁﬂt fmem titanium

Llu%?{@e%f?gﬁ&eﬁfoﬁ% dgggng%gso hﬁi‘fjg‘ig} ogrmﬁﬁg‘f&‘?‘deswabiy ina-

OX yegtiah e?Istptr‘]mo\ﬂmtls thisis mnmtﬂms rerefdiad byl cmx{eﬂfmg the catalyst to
t tion . T
heBdRa Sk Sty A ot S0P Dt pl Sl ihEs 28 costy

CO'F’@ st eMcbbsmaﬁmnmhkwmbl garticlby éa@,caf mbser by &xdarapy éitration

100 rrfﬁ?ﬁ%?ﬁe?soegn ER e dq COamaaiArESATPlS. 1B, G Ja5ig 2 below)
M YideSver ! r@o@é@'}:ﬁﬁwﬁéﬁbrﬁia@@@@i@ tidriah 25400eY Qnd transition

conpounds can al so be oxidized effectively using
hy dredge san sitep degssed ithant irher prespsiapsul at ed

titani Ugh?[:ﬁ'@»lrigi)ﬁ Hiyrhdte ehsBRUAHOR- ofTHES pallédi@m or palladlum oh

i nvention | ncl"udes oxi dati ons of arenes to p en
phdéitanium t gilicalite- bias | lifle ok Moo pegative impagt Onhg ﬁata&fsxa ability to

Pt
p—

15am§gﬁer@f‘é h98roBEn ?Jeﬁjcﬁmédﬁsslﬂf ﬁ:fpgle‘?né ddd H&ﬁon@?ﬁﬁﬁ@@%moomly

anmoni a” or ~an am ne . Xl Mes

comermdmgg@d yields of wwie:m¢XIde;(aeeEe@mwiﬁ$e1-F c@nd. Comparative -

titanrumsilt call
289|)sed Fol 9nmpsed&b@|dbellta‘cmlwn aeolttetwm obserees jane gnexqected and

tr %n 'a%leo{%gﬁgﬁc?rl iy |9|ro z\:ftlléj ma@iHHEé@é’?@@é%&tﬁag?%nd Table 1). As

Fi r'§ Ter encap uIa .on 0 recover
205 tshe\nmlmﬁxaump!z eld| |phesplrm&§fmmnahzam aonakies a Wghker proportion

3,8\% Egﬁéetgc % PI{,?&%%HI f\ﬁ@ﬁ@ od(;b\tnﬁ]g% %; yEn ﬁe}'d boost (versus
un CE@ITEFEI@ Hg) whllamai‘rﬁﬁmhg arekyistio tow vl ef ;jrhparla formation.,

“sonetinmes renmedj b con
pel I et dt SHY: QBL YRPTENGR q??é {fgﬁﬁlh g‘éegglal[%\dttft%mgm zeolites are
Si ZRsy SE?I @E’eﬁaﬁ‘é mquseﬁ th@ly%\ré @sltsy Yo redovky BRd reuse, and they provide
encapsul at i on makes| i cl es eas recover
2501 GORAIFOHIS 1 AVETRYI & RERBHPToRBeeE Ak Mppmally xata'yzed by
Conparigmi 2 lilesanal Bei8 sitiagendralidenydrédroydroxide as an oxidaht.
The following exampies merely ll!ustrate the mventton Those skliled in

Y B ARBIANPAI4OYLIE), o8B C\Itn S0 HREAROT ARBHALE Beymer s

the art will recognize many variations that are w1thm the spmt of the mventlon
and scope of the claims. '
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Mor eover , rewe\bvered pol ymer - encapsul at e""el titanium
zeolites and transition netals can often be ﬁ-ﬁﬂﬂ'-?ﬂ&?«
wi t hout further processing. Surprisingly, polg ' LUuuE-

1t ant (e RRATIor 67 LY PR ENE A R Lo,

on the :catal ysts abili tyEXAMPLEA -------- IS generate

o cesa shEsr et PR E S SR RO SRS one
2>2<i tilj l?@ﬁﬁyreﬁémtjsﬂm ). an@ldiss@%ﬂba’f ayclviesxabax 6Pl st 50°C

pﬁﬁg%ﬁnr@g?%ﬂm P%tﬁaﬁ f@l@p\/\g‘op?ﬁ)@r waem sglulign ¢ 2)0 5 g) is combined
aﬂﬁ@@@mew P@%nttltérﬁuﬂhtﬁﬂcéﬁf@ i2t®g, WSQDIS%W@dnaIS‘i prepared

unexgecte val yabl e reduction in

eideq %Qoma%veéxeme &Hdaﬁdaﬁl'%‘ﬁl)a? 38T 37 Lpwaoon

| Ihaocﬁﬁ@rmé Pnidtlre *@W’@p ebés%ewmehlc%a}sl 1 kpies §PABY 8 Added to

i gher proportion H2 to be used in the process,

WARIERN p NGy Calestigs. P(ﬂ]ey.hawa pedien @véeear&ed Eﬁ%ﬁhe il are
Wsh@g%éﬂﬁﬁ'h@ké]%sa(aﬁ zaﬁ‘hé! ?r'ui(tuk?ié’ﬂ ec?en%d%%ﬂﬁ minute

formati on sum polyner-enca sul at transi'tion

nanchihe ligwd phasgris dasandes.i The salids aregdipd Lpdph EsHE® a§H§°C for
USSoutt NRY gﬁee @EV r[e%ér?%%ﬁéd Gl %@Hl%ﬁpl B%ngg dEYried under

provi de results in a variet ation
pvmm@s'emm afieitnarifeg. Y. QBwﬂéi@ By t.7 twsfe.unhhe product

zg 5%§%b§nﬂ§&ﬁe%-ﬁ$ﬁ|tu generat ed hydrogen peroxide

e foll ow ng m(r-lrml es nerel Vi

I3 - h ,
5 !
R
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illustrate the invention. EMM?@.Eﬁllled in the art

oo Lol PSRBT L

26, JUNDalgd;ﬂﬁneFaﬁeeé\mmgmr@la:gaﬁwmcﬁﬂm@euemm) at 40°C.

sbryabsianendibam e SRAME G sy, 05 b g pad g

(Bothl@) resgltgli SGdeQ@ohrig apel mb@mnen (BC, Boasterbdtion sccurs.

soni c le of the . L

SBetehen GAGHECER Sl i hRs T onlie eihemliyig portion s

t He @it and tHeaddlite o dfled urﬁeﬂfva&uun%amow Tseldry sonds are
prepared as described in Conparatiye

PSRRI ZREWABE PHOHIO Wishn Pd So?d NG % iﬁgt\ﬁfﬁ'é mﬁ)'e ratio of
O0B/pg:epascer vati on occurs. Hexanes (20 g) are added to
harden the capsul es. The liquid portion is decanted,

“and the solids are io redeéPMREELi n hexanes (80 g).

30

The m xture i spRRAREEA LT PEIVEETerlRBHEapkuEEYPE

Polystyrene beads (10.0 g) are charged to a one-iter glass reactor,
followed by byclohexane (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(friphenylphosphine)paliadium(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 seve.ral minutes and is
then decanted. The procedure is repeated with more hexanes (200 mL), and



and the liquid phase is decanted. The solids are dried
under vacuum at 40C for about | h. The sofidsoag &N 2087
t hen washed vvith met hanol (80 g) and dr| ed under

vacuum overnight. Yield; 2.19

1 ?hwecwereq*rs@!"aﬁ arudiied e%@rakuabamo” o‘OrNE' “2)%'Tglh:f dry solids
HedBtd 1P 3 da%ts' %cfbfr P‘?‘hbésv:?ﬁ[:ﬁ)'ﬂ% @ﬂ@@é@ﬁ W@t B&ium; and

onstyrene bea are di ssol ved
cycmaﬁrnmc&mﬁq aios mj;ie@t Aa‘itgcmlxmg 1-2 h at room temperature the mixiure |

Te"st?hhcgé tﬁgllgﬁ)‘%gm@ﬂsphl ne) pal | adi un( 0) (AI drich, 0.2
J a’ ['ear solution results. Upon
5000' i ngThéenixtivet s peessuce Bgred sadernitragén and dsiselids2ge washed

X ), A Lie :
1 SR ebRbe R 2 Mk A Bodth ilnd dEpFERL Sy, hdpoiymer
uneecapsatatedipaladh@€.coffpderdisyresolérdd. afied: Y0 gndPdt 6.92 wt.%; P:
po pLian.t se. Pd: 0.96 wt.% P: 1.19 wt.% nole
ra\tefﬁ\”f?;/"* %/Fﬁfﬁj%i 26. EXAMPLE C 25 Preparation of -
Pol ystyrene- Encapsul at ed PEXAMBISE r ene beads (10.0 g)

103yt Shaxane 98t ot kbikelbiSEntSRgmkuee PRASHT feo”
\(’jV' th Pepbyﬁﬂyren@l@adﬂsx(tﬂﬂ ) afe &Q@dl%ﬂ inccydBh&dPd (40 g) in a one-
i ssol ve the

TetlfeikDBEer F‘?ﬂ?@?ﬁy F‘bh‘b‘gﬁﬁﬁ e?‘{fél it 28eti d')etrel_rtlsﬁrl@enylphosphme)-
SU%:I%ﬁM%(G)”(QQBQHQ) disp@n@éd 39 c?mah@kma(asa,uﬂ 8 pdseddby. TS-1

yrin and mxmg gontinues h as the mxture ,
codi r@ ealeined ainhePHe)iecaddnd. jandomixindpoiinEes i aifo-50 G, The

15"'9)?ﬁlﬁt%§e &ﬁ 0 sy & r%onﬁféﬁ%réﬂlré rh%dfdoﬂizﬁékaﬂbét(hlﬁ@t 400 mL) are

whi ¢ onogenl zed for several mnutes and
decaaidﬁéd Afuawempsmgdb@mhws thee fiitid egrigntip dﬁﬁa@eﬁexﬂwe@llds are

(2Qf m%ddﬁogalehé)%%g glon'tdb% Lz@&oﬁﬁd gﬂ{e% ' qfheafe%overed_

dri ed under. vacuum at solid
 ar eolids aredded eintae vatuus at € oand mhléhedaawof ng §0wder Yield:

pur I a hangl4( k3 W
Af t fi Xi nSr}ﬁ ‘Aét & 1 B%080 éﬁpgrg't\%tré 'g% atr'n&x ur'é2'66'
2061 ts under hel i um over ni ghtEXAMPhe Bri xture is pressure

e, 8RBl AP AR
for 1-2 Hm;ystynen@béadmﬁ O gh a&pshslsallvedi imatclchetixane ¢tHpd)er a one-
's llrteerc%Yaesrse reac¥or a(g 4§ Sggcgbv 1 Q RZ V‘f’etra%s(t’nphenylphosphlne)-
palladlum(O) (463 mg) suspended in cyclohexane (about 8 g) is added to the
25  reactor, which is kept under helium. TS-1 (14.0 g) suspendgd in cyclohexane
(10 @) is 'added, and mixing continues at 45-50°C for 2 h. The _mi_xturé cools
slowly to room temperature and is chilled overnight. ' '
o Cold hexanes (200 ¢) are added and the liquid portion is decanted
More hexanes (200 g) are added, the mixture is homogemzed and thIds are
30 © 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 stired under
: nitrogén for 1-2 h. The mixture is filtered and the solids are again dried under

10
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-0.77 Wt.% P/Pd: 2.9. EXAVMPLE D 10 Preparation of

Pol yst yrene- Encapsul at ed(Pd on TS-1) Pol yst? gnﬁawgﬂﬁlp

“(7:0 g) are dissolved in cycl ohexane (140-.9

o P RS B AT 1Y b 1 e

. Bpgpersded i n cycl ohexane (about 8 g) is” added TS-1

(14.0 g, calcined at 55 ~and m xi ng

conti nues at.45-5, 0C T@N@Bhé%dure cools slowy to
I OOptdpaf@Rhalf Fher- F@ﬁdu@rdnﬂedweesw@%haﬁqmﬂaté@(@dm TSH(}
added. After m xing thorag

d t
e ari-SHTy F AR BN RENAPUOO BT Wath Sfane | @ncg. .2 oD,
Wﬁﬁ@%im@tﬁﬁgﬁﬁdnﬁ% (1884, fd 3 ﬁz‘bﬁ Ghre TRSoNEE Qﬂ@ét%yd rofuran

sol1ds are dri éd under vacuum at 40C and crushed
#Preg np,@vmhtewl@qssdreacm é\@olumﬂl of@zg@tswpb%yronitnled,ﬁé[gN 0.6

%ti Yetrih d)rof%ﬁ'ar\(()\'gzg" iSef@l oAfPérPﬂ:r?I ?Qﬁe s%ﬁe%k(ﬁ#)g well

repar tlon rene- Enca ed(Pd on TS
) yénogaemé isteepded twgfﬁ?cgfpr abeutdi.® olT\F@deaﬁ065$cq0@I?éi><%l?$bthe

HD 4T AR TaE Resiino 505 DHBipnne
fnrgh);ctlmmpem demdymwycharéﬁEr@t paﬁg g?oifhs (:F})-— ﬁ]@ (&@d_rs fﬁdﬁ{f 370

- is ke u iu
et Bohr B2 4. P

n~cycl ohexane (10 g) is. added, and
m Xi gy szomple nofe theaterpblybeC @dr g2 d4nd Tétmlqa(krpherejlmmmme)-

SRR BN AL b TSl Pfo S Tz i

C_:D_

i5

20

30

infkedeinen ties solutvbr earttenamses(a’&@&eg»ovaa eoyablettihg #(he5°C under

t 0,,d ted.
VRRIT CYlpBr 8ot e 0 ok b e e S uinvas e and
crushed to a fine powdegxaliPeEgewder i s resuspended

th I nd st it f ‘
P A e L e B RS
agal np @Wrﬂﬁnpﬁ@ﬁﬂbhosﬁﬁtr&% @IGJQ)UH 2i8dived/ ﬂpwmneY(ﬁJ(ﬂmL) in a

063 % . 1.41 %
w—gtef glasg; rqaycmj it tylgmopL@O,:gpfsqeagqli%g iad g}e mlxture is

BirgBa hCHitrOgeH. | & 86iuRteh YR ctGMRE MR (ATENOD. ST i Yoluene
(4 g} is injected, and the stirred mixture is ‘heated to 85°C for about 4.5 h. The
reactor is cooled and the contents are removed. Yield of copolymer solution:
166 9. Wt% solids: 43. 0 o

A sample of the copolymer/toluene solution (4 66 g, about 2.0 g of
copolymer) is combined with tetrakis(triphenylphosphine)paliadium(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 vacuurn. The recovered catalyst isa dark-yellow powder.
Yield: 7.89 g; Pd: 0.14.wt.%; Ti: 1.8 wt.%; Si: 31 wt.%. -

1f



) is glyripddp cdpionizad-Wate c&1.2rﬂ}srt A«H

5 p-Styryl di phenyl phosphine (20 g, 0.070 nol), styrene
(25 g, 0.24 not), . and N, N-di met hyl acryl am de (1.9:8 -
g, 0.20 nmol) are dissolved in tetrahydrofurar? ﬁ(mi\igalll}

in a one-liter glass react of

azobi si sobutyronitri @@ﬁ%ﬁ%ﬁl‘“\é é%WH

t et rahydr of uran (ZPépﬂ}a’cﬂoﬁ o). 2GR, %dequlT@W IOUfgl ng the
stirred m xture well nitro

80C f or AabBuit (3G gn, Ca’ﬂHEEdr é%\cﬁ*roﬁ? 5§0<§60?édwér(‘d "f*)né‘* ,s[ymed in
HE%‘H d%&e ﬂﬂ ﬁ‘tﬁﬁgleoﬂg RJtlﬁﬁ'dfetétr%M%é-;fﬁladlum 1)
Uncti on

esire phosp i'ne- |ze t er pol K
5 peahlonﬂe (2.61g in 323 @U{BIDﬂwﬁﬁﬂ_waBﬂUS adppe: it gxgxgng over 20 mln The

tef %dzgékﬁm g\ﬁg‘?@hﬁ ne) ‘-ﬁb’p%ME{@dnétZ?% )BOﬁ%) in a water

d| Sati FEIC) rfor 2et.r dﬁwdsiufrwrarpr@%rg)ﬂjter“esr the sake @ raséurned in

N L

0. Gichest . %e Bolids. &revdir ﬂﬁed\bvémilghﬁvttheﬁ/ﬂnemﬁaaum at 50°C for

10 po P Lo QMBI W e A 12,2 wt %; Cl: <20 ppm.

p- Styryl di.phenyl phosm@meARJcen\gE EXAMIPISS 0l ved i n

toluene. (100 nmL) jn a 20 | a reactor.
4-t-Butyl styrene (%‘"@pa@t‘of‘§ W{%afﬁgo'? ﬁg “hixture is
purged W TE-NbdURITL.494y, 92 Wilbl@ﬂ 0% wt.% Ti, calcined at 550°C in air)

PN
R—

azobi si sobutyronitrjle (Al BN, n tol yene
ﬁghﬁifﬂiﬁ solyfion of tét';aammme-

1585%aﬁl961um%ﬁ7)°h'i§rafé @.178 %‘%ﬁrgéﬁ@%lgf jorl 8oeIRIrg0s5. alﬂdvtt%l@d further

contents are renoved. f copol yrrer sol utio

‘156lilytedyit, @1 ek deignized voatep i a@;ﬁslpg Wih iéng over 1 min. The
CO%?H éﬁﬁ%ﬁ@dtﬁpg F&QQ}@\}a‘bBrétﬁr &Pk thakiHy 2-40° ff 10 min. The

cop ner) 1's conbln

t etpthld aqjtistegredyd pitb H9hiaauppus amnqnw(mWme@langhe slurry fums
Smibe fnadinal 9491 ¥fe i
o 33{ aR dgﬂep &HaﬁSg}Wmﬂsaﬂtn th% pﬁgg afrq%[n égi Qgeﬂ to ?néf urry is
201 ntfitetére g ﬁltercmke amﬂashﬂctathre@bmaﬁ oy wmmm Byn delomzed water
he Y
ggﬁ@yg{ﬁﬁi ;‘fﬁwglarg e'I"he %8 iaé% zﬁed}gg Efﬁeroeg déi’ﬂig‘?\lt Yok dfed in a
0 Ma.chn'P,bve'ﬁ at 50°G fcwtﬁ !% P8! :0. Bt winbe; 76 ‘125 Bt.IUN 2007 .
COVPARA P I 0] o
TS-1 A é‘eld és &N E’Sﬁ%éﬁ“#?%;ﬁnrg‘%?y é?%g 735,% 31910 o at
Ti )10°€:lmlmamal &dlding adeidai fmdz Watren He&titg r’tdl)SDO%@ at 2°C/m|n and
S b of .te J I ad|
oschﬁaﬁql]l agz’ﬂ@gr}pr 44y gfm 5’8 8¢ ﬁ;r(rj %r%\gsfgggd éo a quartz
Wi t#b8) Hefkdo¥er5020 mm.tre“ét@d wath 5 vol.% hydrogen, in nitrogen (100
' cm®min) for 4 h. After the hydrogen treatment, nitrogen is passedthro_ugh the
solids for 1 h before cooling to 23°C. .
EXAMPLES 1-11 and COMPARATIVE EXAMPLES. 12-14
30 PROPYLENE EPOXIDATION -- General Procedure
A buffer solution (0.1 M, pH=6) is first p‘repared by dissolving ammonium
dihydrogen phosphate (NH4H2POs, 11.5 g) in deionized water (300 g) and

-



N

N

10

round- bot t om 1 ask cont ai ni ng the sl urr‘i;u'i s turned at
about 30 rpmin a water bath (30C) for 2 h. Bejwa zﬂm
slurry is pressure filtered; the cake s’ reslurr|e

S5k 305 15! R Ll | LI Y

aircretsed do exantllym@bt) mlt Wit ddionizdd lwaﬂar vacuum at 50C

go; MR@{D%@L%E&%@%%%” @m@&i ht. Pd:%’(wﬂ}%ﬁé%ﬁétal}sit:shown in

Pﬂ'ﬁbﬁf’ﬁ(@eﬂﬁl ok AHL éométtﬂfeﬁ’fédﬁi’keﬁﬁwﬂw ASHSad sty the table)

éppwon b Dt Sttt 5 el vt 100 . *T9S rigor i
chérgad L{tﬁﬁhuﬁgdroéélh Lét%?noﬁffent (ab/a) aaripyRe= ﬁls@a), methane (0.5%),

pal | adi u gueous sol ution

nitrat
céﬁﬁ' éﬁ*tfﬂgﬁg (§37o0ie. @%QDéOD P%ﬂ@t"héhe EHECIRr e FTORSURE 1B Dagptaiped in

de{OfiaéRe aY\@tnﬁithL&rﬁ o@gd@?s?ﬁ' iRildTeednhsey afs é—aﬁﬂnﬂoug Peassed
slurry is turned on a ro evaporator to m X

sthreugh at 1.80d-/mét (Bt @3 n1 a‘mb ® Wﬂi@faﬁ'd? Gepeant %olvpnl level in

Fid MRS YRR e, TG SR foec
t @rey. passathethsdugty a i2sl. 2gainleisesiesll. "sTiveatpr”| vesset alkat icontains
ﬁ&lno? "(g%e}_ | "PRe %X‘{ré&%%ﬂ&fahg&thﬁe gnhgﬁbeﬂﬁzéﬁbq, and the

wat e erin S are then air
dgaeeebusvelfluenthis amd/zddmdm hour by aeinenges eshiremma®g@phyr The

2 i apdvadn B S8 af e curiliony e ran HiEnS"; REGs apsar n
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1TaGleat.. 10C/ mi:n and hol di ng at 110C for 2 h, then
heating to -300C at 2C/ m- lgﬂ éﬁ hol di ng at 300C for
4 h. The cal ci ned solids:. Fh ransferred to a

quartz tube, healrsgiti Oxi@fon anziMatieghrRphsheh 5 vol .

o Kg“h)%r bk RS0l K thar A T PoneRere ?ﬂ?%ﬂﬁaﬁf?%’d on

25

30

sqlg-gqchelyst A 1 aig, aReMdnod 3133?3@0@%\/%@ (@:0L%), and 2-
and A Tl VE_EXAVBLES, 12- 1 0 PROPYL

RORNS (4@ alhepfesetRl it @IOﬁ@%lﬁfﬁ%ﬁrﬂr@sﬁ* Yfithgpirogen and

. I | M i00
ot m e

el agixig of pxygen LR rztﬁegen a.tﬁtg 8bdgeg psig. The
N'rléé&tbfslelﬂga&émta 80w &kd aTéwed/fH a‘é%%t fbfr ftine Thel hétm mkture is

then increased to exactly 100 th dei oni zed

- waeeled ta 2308 and is mapkired by éiﬁ’é@ICthé%ﬁ‘iP@TﬁPhE éﬁaW@écﬁhows 25%
Wcrohvérgﬁnc%tfablfﬁéthﬂﬁﬁ%én@ fo_oxided products mc!udmg 2-methyl-

thiophene oxide (a sulfoxide). -
| - EXAMPLE 16
In-Situ Oxidation of Pentans

' A. 100-mL. Parr reactor is charged with polystyrene-encapsulated Pd on
“TS-1 (Catalyst A, 200 mg), tert-butyl alcohol =(20 g), and n-pentane (200 mg).
The reécfor 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
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Table 1 (Catal ysts A—H sonetimes admi xed with TS—l as
shown in the table), a s portion of the buff
solution (13 g), and net hanol (100 g). The regﬁolJUN 2087 -

charged with hydrogen (2 oxy 0 ro o
(5%Nd alauwashto (Eeaosggr 2 han ?r(té%reg (f%ecgfqlga C and is
30%&3}2@9 HSI daa{%ecﬁrﬁl?icéfdérraplﬁf eﬁﬁélj’/ﬁs *sﬁoxﬂ@ﬂ%t crvefkidrnof n-pentane
the reacto m ni rrum of % M|Iefeed%€as?s 43
ar gocoxidéch poediops, piasiueing Bme@t@wnat eptANONRi f-Regancl, and oS-
23C 0tn) To maintain a constant solvent level in

rtiqpa ‘act or during the experinent, the oxygen,
5n|trogen and propyl ene feeds are passed through a

2-L 5 =t |
mol 'l‘f%ge f) mﬁ"}’ée'% E'ﬂ;&g%étloﬁﬁfﬁ th|r‘1 S%H&1e§%e%{b§ Hi®2

met he react
heat ¢d to POC, | and the gaseous effluent |i ¥iaitha| yXd

every hour i.ne chr.omat aph p&, ) -
I'i quild B% a&é? t VS%WW@% c%‘g%#go d h% hgbrEun Cate
(18 h).gzRepul t § appgad Anburd> Tahl BSH (gFXA I\ﬂé’tUE LS(%) (%)
I n- Siftu_Ox}dation of 2-Mthylthido-henre Dot

reactlor i s o‘ha ge & Surear(Be ﬁs})yrene-awcapsmfg%;d Ba gn 22 |
TS 1 (?’:gt /—\pg_chdggjd) mefdanol §.&8 o) ,0.9®I onlsaec 14

wat er et hyl.t Hi ophene (43 ny

react|or 3i s clBo< edPSmﬂéﬁﬁﬁﬂ P&d, Wit hO-5ni tj o%%% cam?/i 5

vent ge—t6 06 1S I.llell rESEUs.pZeq wht N
hydrcgreﬁ (to PS%n)bﬁﬂ‘P?) 19:, d by g mxture aof

oxygen 6494 Pnini tngagmp(ﬁd/@_t)oi_l of0 129 Qxd?n e

reactior—i-s-heate 60Canrd— et

afl o1 for—ot 18
The rea@tl )nDrri xt u;See'\cgﬁ(Pgﬁaﬁ'ng to 2 andd(?gsar alg\J}zed .
by |ifouRd (:hEorratmgya;p:lay(PdNah}yS| P50mR35. . 87 27

conveltsi anlof _2- net hylthi gphene oxi-ded prnﬂucta .
i ncl udi §g 2- et hylphz?ﬁ‘r’rﬁ’fiﬂg‘féedom de (4 su F00Pad) W6 | <1
EXAVMALE 16| | n-Si tps @(dadmdfmmf Pent ane A 100-nL Pary
I eact pe—i-s-t+ehatg ’\Ef 3, édy c re=—encap :ubc\bCL Eﬁj] <1
on 3D '9TS- 1G((at aI‘V tu%ﬁo'}%‘ﬁ teft-butyl "al{cohol
(20 g), and n- pentla?p}enc(a@(mi/ﬁ@-)l) The react or |s

- cl osef—prgssuti-ze ermandgVvenyed 40 (I g M <1
The . reagtcr()jlu %ﬁwgP%bglgtéi?% Mthohydrogen (to. 100 .

psig)} folljowed byp%emﬁptﬁﬁ@sﬁi‘ xygen (4% in'|
nitrogewstg % tot abh Pliudctidralead 0. | 1hepr ea¢t orig s| 89 2
0 3

gpé“
%

v

heat e,j to 4 PS-encap(Pd/TS-1)*
s T H | ozwm%Paisd | 0 027 | o1 | 82,
C13 | H | 0.2wt% Pd/TS-1,0.3¢g 04 | 027 | 91 | 25
cl4 | J 0.11 wt.% Pa/TS-1 0 030 | 90 | 24

 Unless otherwise noted, 0.7 g of catalyst is used. £ T84 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. 8 Catalyst reduced with hydrogen before use. "4 OyfH, ratio

decreased to 1.3 for this run.
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2 6 JUN HOT and allowed to react for 2 h. The
reaction mxture is cooled- to 23C and is andl §z#Ml. l:iﬁ!]?
gas chromat ography. Anal ysis shows 4% conversi on  of -

n-pentane e gyl o0 paRAOE I ARRT NASERAIVPLEETY anone,

3- pent anone pentanol, and 3- pentanol. 5 Table 1.
Propyl ene Epoxidati or Fiéerapility CamgafiserGener at ed H2O2

Y| eld -Igng% ﬂgﬁ&y gff?%iy}éﬁ&er-?imdp@hfa% ﬁemswdia c(o(ﬂ’%ared with

Apmsehqap;oc&:u Tmmpr@ of Tatalysss5E or B wsmﬁiba Vmie (8:2 by
9\10%@%@45% Ilvgg el 3w€%P§f ggl?c%pérp Qrgg%g gTH%% Qtu?e% are

efeaed BeB20_$sid dhrough ﬁ ZQpriIl?ﬂl‘eer 9and the Bndneeded to co\lec’c 20 mb

PS- encgglg Pd/ Tésl% it Reg%_;}t]gz—fppe%r i Table 2.

PhZP oS eanalderrhsfaR. 108 B6/TS-1 poRSsreSoamERativESExBMge 18)

JS AT IEEIOERLE R T ——

10

P roRIiedP4R Cgag Rexpdndivdhal- foumeke il Zitahni0md zddite 9xidation
d/ T Cl2 HO. 2 . % Pdf r 6- 002791

- encap 1§:|P
Qata@@ abare %sﬂwﬁfﬁﬂq’@dfm'ﬁ [Pasion Bidye. 91 o5  C14
J 0.11 wt.6/6Pd/ TS-1 0 0.30 900 24 Unless otherw se
noted. 0.7 a of catalvst is used. TS-1 nowder—(0-2

™
W

. mi dr on, calleblesd Filterabiiityaf BugestEnsassyipied Gatalysts |
t enptrate—2-2—wt—9 Ti J—adm xed W lyst | Tlmeto co!lect(mln) .
polymer pnr‘r-mqul ated. .catal yst. before use¢.-.a. lyst
T eduEgd with hydr@@slysibef or e use. SareR 1jH2 rQ;Qfmb ‘40 -mL
17 . PS-encap (Pd/T8-1) E ' <1 _ <1
ci8 ParTS-1 powder - H 9 | 43

15

The preceding examplés are meant only as ilustrations. The following

claims define the invention.
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decreased to 1.3 for this run. 14 2 6 JUN 2097
EXAMPLE 17 and—~COMPARATI VE EXAMPLE 18 Filterability .
Conparison The filterability of ' 2 6 JUN 2007
pol ystyrene-encapsul ated Pd/ TS-1 is conpared w th
Pd/ TS-1 Yewalaim: M xtures of Catalysts E or Hin
met hanol /

dhof dor el compcd TRtanilh Boatte, A Rcka, and o
at BOIYMES,i gfherﬁlmw@Heastzemn éfi theetitanium zeplie t dmirangiberednetal is

ros AL AERRASP 1 S7TECIT < dempnst rai e

$ hat Pd/ PS-Thepeatalest of ekarrpar\ahemm ﬂiE&lel]‘lllﬂ'ﬂ 18)lite fseTiRHd. t 0

glolusrrtere f ngé &Ft&m{ysgﬁ C’(E\gﬁ p1 W[e ﬁ%ggrisglfgln el % lected from

| NnekReHBUY %omytiﬁgooflmk @t FARu ORh IR &, a0, Wit 2edtlirdsethereot.
oxi dation _catalysts tE at' 1are eas)
I

the reacth oefaRlystefc ewberetf) qh?érraﬁﬁ'ﬁ’” W?%ﬁs pd™

‘Pol yrrer - BncapeudAiiost SRkl St svhetsih ahyﬁdo[yﬁﬁéfast@bcted from the
collect (mn)  Ex: Catal yst Source 20-nm 40-

IpS- @t EW?"@M)O“E P@VSMEP'CSleB?OH@)eﬁSSl B@M@F‘S-H golyacrylics,
43 bBRuRHeSRA 'bﬁiy%é@?@' &ﬁy@tﬁﬁjeﬂeﬁﬂénr@ﬁéd’ p@?mers polysacchandes
illustrations. [ 'ow n is clains i ne

i nv@ﬁwpﬁhtldeEBDdywcjdeQOqﬂ pextenegitigreal. A cat al yst '
whi ch Coréor'l'i%eéat@/;ét' drdiHi \AHAQ’B %ﬁ@lle*aﬁ fhe e;ﬁ)i;hﬁe?rbsbélyﬁ?rene

metal, and a po ereln one o

£y
S

—titan "m77pnTﬁlwataiyatL@fnglalmoLwheramt@ pelymassil atigpsphorus-

' gvl t lﬂ.',lrﬂ:tlbpﬁ ?Iﬁtbg% c2- The catalyst of claim1

rein |umzeoI|te|s TS-1. 3. The catal;}st
of cl ai m8lL Tireecatalyst dfelaimahsomprising & glolymer-satapsuiated
frolqgﬁ.té_j group consisting of Pd, Pt, Ru, Rh, Re, Au,
and fes thereof. 4. The catalyst of claim1l
wher ei n theThe eatalysi aficlaiet dlcomprisidg ab. adﬁh}dumamfa'lr&étarmifpolymer-
~claim]l etglethe polymer is selected fromthe™
: encapsulated 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 propyllene
25  and the oxidation product is propyleng 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 -jl"l wherein the polymer is selected frorn the

~group consisting of polystyre'hics, _polyolefins, polyureas, polyacrylicé,
30  polyurethanes, polyesters, polyamides, fluorinated polymers, polysaccharides,
polypeptides, polynucleotides, and mixiures thereof.

15. The process of claim 11‘ wherein the catalyst comprises a polymer-

- encapsulated Pd/TS-1.
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i 0 group consisting of polystyrenics, polyoleflns

pol yureas, polyacrylics, polyuret hanes, pol yediers

pol yami des, fluorinated pol yners, poI.ysaCchari $ JUN 2007

pol ypept i des pol ynucl eoti des, _and mi xtures thereof.

6. Thegcathal pf&éeséfof‘blaﬁmnﬂﬁmlwét@rrﬂhe chtutyspobiyprses an admixture

poI styrene, The lyst of claimt--wherein
6Iaﬁﬁﬂ0|yn§r§ncﬁmﬁ§%£ 15 functionali zed

pol yStiyf qmecprogess-'a?%lé?lﬁtﬁ' \wﬁérem‘ th@lcatawsl c6 £é§alﬂ§dmzxture
- pol yner -encapsul ated ' Pd/ TS-1 . The cata 'If’
cofFionmmercsiegpsdatag Tan? aaﬁﬁépﬁ?'@%?d P53 fuaw«%ﬂo ‘éfﬁfémplex
encapsyd atgd B2 rf? Q%Ies?sooflglalnq_ hle[pg%‘ré\lnife?f irPfheChRisBhde of a solvent

conprising a xture of mer- encapsulated TS-1
asrieciep fu dbie Rgrogp @@@Bp@rqfewat@d 8sapelex carbpn dioxide, and

%B&d}gg X %\J ch conprises oxidizing an organic

npoun In"the presence of hydrogen, oxygen, and the
cat al yst Bfie ptemess of ciaizn TThehgeincibs orgdnie Eempeyurd is an arene

i_n d i's propyl ene 25 and the
o?(n &eoa@égpﬂgg&{%l S propy ene oxi de. 13. The process
of cl &20n The Pramess of then tilawkéreirohemeganic icompdued is a tpenol

it olite The process of claiml11l
récfﬂ'\ SR qz.?gxoaglrm 'Sl%C%tS?rioét ed fromthe group
consi s21.nghepropeky of yiadmidswheelny theedrparsic cpoippunedsa ketone

pand 4 chideton el T S Pe o y sacchar | des,

15. The ess of claiml1l wh cata

caRBPTR b 8 FoRywelns BRCSI S BB TS IeaE f Fpfgoni o
2MK amife, aHagh® bRiEass @fodattas mnbkinkier ei n the catal yst
conprlses an adm xture

ol 7o Rbe paraest ehcim 11 hersio e gmats eamepundys op alkane

V"Qﬁdi ﬂ#é‘oiuﬁ‘é’aoﬁadréél)’é’t'is @@H@bhéleﬁ kafdbnadad Xristere tﬁéreof
yner - encapsul ated TS-1 and supported, Pd or

suppor 2ed T e pEsRps ekclaign 18 whergin ﬁp%g@ggxc@pmo&nﬁseﬂ thicether
p%ﬁ& NdEdaddbrt &Sd@cft‘?sqsgﬁﬁor@ a"%lﬁf@kl&@ r a ﬁ%ﬁét’cﬁ&eﬁf om

group conS|st|ng of water, al cohol's, carbon
di oxi de, and
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m xt ures thereof. 19. The process of claim1l wherein
the organic conpound is an arene and the oxidation:
product is a phenol. to 20.. The process of cla 1
wherei n the organic conpour’rd ‘is a phenol and ?ng jUN 2007
oxi dati'on” productABSTRAGRQITRIE DIBCLORMRBr ocess of

e ¢S 1 ARNE SRR e ol e Gutayes

" - compﬁseZQ titakihemn peotites a- trarfsrtmlnanﬂhajl,]annih@m@lymetrhwhemlﬂ at least

ﬁ@ﬁﬁﬁﬁ%egcglge I Xir ?Jajtfo& WSE?I r%e%cgagﬁg%g%‘éﬂgrgﬂ af@nn layer

atﬁ% Qoig*heﬁn TRB! datalystacaré fwspm gadpae amdommttheys agmeasy to
oxi Ie. The ‘E ess of. cl ai En 11 where ie g}alm Grtant
cERRg¥EaNd Euss, g Pravgde 900 na%rsr%ﬁ ‘BraoY:ﬂ €Y Ys"an

~ abgiab®n pr%clé@é«e@nﬁrch.@ﬁngapr@pyfehéGepbhieéﬁ@f TRd lnvﬁmeon mcludes a

10

process of claim 11 wherein the organ C Co

ou

BISESh oGS X af O etp R GaER L igBnce of
HELWOP% Rl a\’-rlrdmcﬁiat dh@idhe wpefein life traqc%ﬁ'BﬁAfﬁétal(Patalyzes_

E' Catal ysts. usefwl for oxidation

r&HmTiGﬁthYCb‘OWTSEW@@QG in §#é catal ysts conprise a

titanium zeolite, a transition netal, and.a polyner,

wherein at |east one of the titaniumzeolite or

transition netal .is encapsulated withi-n a thi n | ayer

of the polymer. The cat al ysts are easy to prepare and

use, they are easy to recover and reuse, and they
provide nnnr{ r‘nn\/prqr ons in a variet y of jnportant

“oxidation processes, including propylene epOX|dat|oh.;

The invention includes a process which conprlses )

~oxidizing an organi c _conpound in the presence of..

hydrogen, oxygen; -and the catal yst, wherein the
transition netal catalyzes. to formation of hydrogen
peroxide in situ. : :

18



