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Mesoporous polymer colloids Technical Field  The present invention

relates to mesoporous polymer microparticles, to processes for aking

them and to uses thereof. Background of the Invention In the past few
YEGIHIiERT ¥as been a tremendous increase in research actiitiesamoe7/000067
organocatalysis, especially chiral organbcatalysis. Likewise, there is also

a lot of interest in heterogeneous organocatalysis. However, supported
organocatalysts are mygh Ie§§ successful than hetﬁlﬁ%neous

Bar rgc%%spéagwi?ﬁgrﬁg ?alysts are more

organometallic catalysts par
sensitive to the chemical envirorimentisfiHedlid support. Although a

rangerpf chicalligandgand. el kansiionmetal complexes havebeen
( evelope(g%agnd many of them are known to be%g%% effe%?f%%g{?g?%gugmcesscs
Sy RAABE TP AMdfatbIHE SMost chiral synthons are still produced from
natural chiral building blogks logrdadabf reapbatien@hsacemic mixtures.
Separation and.recycling of expensjve 15 chiral catalysts ate.a major e
e B P iAol B cctvitis
At optadosiirly Wid efpinishioushital prgessersltsiowkikeritss hroblemmay lot of
ihesehveth by eRBYaIiNg - DAROSERSRUBISAIAYSIS I NEIBTOEREMH S v sts are much

}catal sts throiJgh catalyst immobilization on an jnsoluble solid supports.

S SXSRTIE o BYTtoNiRE BASEH catARE Sy i 1A HEEn Ry Decause the
@gMMSMwms m&é&séubwmpﬂtenictd ausignificantaiunebetiobafhort.
asymmeific, Jansionnaions. HEWEYEl Se¥alopINg A NG EMICISAL o 1ave beon

heterogenized pyrrolidine organocatalysts remained a significan

avslrgeind peyAE SR dsokBOYSifR dad g Ailsti asadvas eaassnmetric
tERRGTSANEI Ahlem anith heiaregeneeusitalalirisis difusipnlmiaion. building
Jnass tra sg%r ‘(feg‘%by%%f%% (lggcreem A enq})s{%ufrom the liquid Base tq,the ctive .
LS G I Solid°Surtace is & Sighiicant rate TRRATAGC 53% OCESE R e penstve
Jus fotelssop eroaipsitieal fres supanitng ysiogkpropertiesnit iascatalysts from
HARY SH A USBLHEITE Wi GRS UHRES A CASwWECL SXAMR lem may bet solved

mesocellular foam has interconnected ultralarge pores (up to 30 nm)‘tha
%rt‘f‘%’r"%ﬂ’ﬁ%eg%o&?ﬂfﬁ% FARAEGN 1SrobilstPaRIeoas S Hiabssietteodehysatalyst
imesbfiordis silica inwohitdensolsphepigatpariclemotphologyifacibitesing thedytc
f riall e o) continyqus 30 flow type

e e S Sl gger o
SFYTHISTALt SHERGRORIPE atBytE Compraziepimhus, ekl stfifisgtidmigrogenized
pSuftenifren-deweass IR eabalyst achiviiand/arsrlectivity after
immgbjlization an silica supports, and would require a multi-step catalyst |
mmbB I oA B LSLs Bt s BB S T R BB B R om with
hpigregenhithe nalioti© ok Slevive diwytation:defire taiteal drge paner of reagents)
fBiffusionqsdimitation aRd.plmeLSWeHDg RGNS AISAdVARNABRSate Timiting

despite_the development of large-pare resins, low-swelling polymers, and
PHESS B pRits NSBRRGEBttrdlivhEntiohperior ighaiobdeppriffs: it bas a
rgirese poioue rtionitocssulittdithallyuaescama. oF at ieasiphm elieraie lone 8am has
iaLe e Ahoue. dIeBANANIA0ES CHIMALY a0 A0 IIRIBRLL NS iation
disclosure there Is provided a particulate material comprising porous
PRt s peetelds Madipid s messsrEasivadiurifonty sphesical particle
nﬁﬁf.@ﬁ@!@ gh@f@iﬁt@lﬁﬁgi?@ﬂﬁ@éﬂ&ﬁlﬁﬁﬁdﬁﬁtﬁ rigl erim@%‘i@kffor continuous
-polymeric micro cles having a mesopaorous structure, s olymeric
e e B PG a IR Ao Eibtoniig ALl tend o
intet Hienghity dn datdndeosshinlen-rhbhorerirlyitdrequeRitky palifécdtate decrease
immaterat Mﬁ%ﬁmgr&@&@iﬁ%@gﬁ@@&ﬁﬂgﬁﬂ-ﬁ%&pm&@W%[t.&{gswauld
may comprise a crosslinked palymer. The particulate material may
R B LRSI IR PhOREI e I A3 Ko £ BRI o AB e have these
prbienT hercros ditikeet polycherntayzbd e avedtidetihedo sdlinking mponomisgffusion
units to non-crosslinking monomer units of at least about 1:4 on a mole or
weight basis. At least one type of the crosslinked monomer units may be
derived from divinyl benzene. At least one type of the non-crosslinked
monomer units may be derived from styrene or a derivative thereof. The
particulate material may comprise at least one monomer unit having a

functional group. The functional group may be selected from the group
concictina nf a catalvitie aroirin and a2 fiinectional Aarorin canable of hainA



The particulate material may comprise less than about 5% inorganic

material. It may swell less than 1% at 20C in common organic solvents. 3

In an embodiment there is provided a particulate material comprising

porous polymeric microparticles having a mesoporous structure, said
microparticles comprising a crosslinked polymer. In another

embodiment there is provided a particu:fate material comprising porous
Ipolipireriendipdparticlesshavingagieso pbsodzastagetudesgaddthe development of
lanierpparticies, comptising auesainkadipalymer havipg aldeast one

monomer unit having a fungyp nggé?%es%%%tﬁﬂéggm the group

consisting of a catalytic group a functional group capable of being
convértedhtoiechataly e gttt InYANRGtHEr BHhtidptiHbhtrarenee or at least
aprgvided epartioolatefniatebialcodisndrisingzparous polymeric microparticles
having a mesoporous structure, s@ﬂm}ﬁ@@articles comprising a
cros%inknede%%%pne]rn n% C 1epglssiag _Ierses tt{Qan about 5% i organjtc late -
matefial. IR another embodiment there 18 provided Egeé]aratié?ﬂbfgu ale materia
CHBRESRIECHIPHIINY PHEuS ISHATERE Tk BlsRtBRSS UV G BUstBEBpOrous
strudture, Batd mjeropahiice sscorpiitingaa mrasslinke dnpalymerdimayifgat porous
ﬁ?x?kﬂ@%ﬂ&?&ﬁmﬁﬁwﬁa@%@% ;@J&WQH@ISMQQ%EQ% %ﬁb%}%&%@rﬁcles

consisting of a catalytic group and a functional group capable of being
RSB oS LA EeOr BT SRR Bty e Ot RS s R e non-
CHI5OIIED4 IHERGEITIC HRkterial. In another embodiment of the disclosure

therglis pravidedia procesd faapaking anpartipuidte matesiabeemprisingolymeric
nRERMRRANMSAE MIRIBRAIIEISS, SAIHRIP IS, GO PHRING: ALIMBLCHRRIAG may

gﬁgr?roys‘mlcro articulate template material with a liguid comprising one or
CRAIGTESOTIBNTEPS 1) pBRARBITSING e BHe PMGTESNIGHER RGPl The
cthes liekisd atdsiataria) toaksr mrativohf reresshnkdicy remouiey thigstemplaterosslinking
nihaserialdeiRrodceAbepaticulatn matetiabrsaid paniclate mateiak type of the
FAANEARE RN may {8 &ACERMLARREN NIRISBLRIIR B ype o the
process for making a particulate material comprising porous p_o?yr_nerlc
DO e DA LEES BB TISHATHY ) TRy & frstbttéve thereof. The
pinicrdpartivitate template priateridbesithe ligoidcemprising breadumdraal group.
TRORABIRAR FOFORFISAG BLIORSIRKING:MAR QMRHAM AR QSHAKIY oroup and
monomer; bngoI mensin the one or [nore monomers.in and/%on tp? .
a funcrional 'gro c\fi eﬁ%e oPbeirig cohverted Into a catalytic oroup, cataiytic group
tempiate aterial to form a poﬁ@m_er, and CB remowr?’g ﬁ%?eﬁ;s)la%e _
‘%ﬁ?ﬂélﬁé“ﬁ?o%fﬂ@@‘"fﬁ% Balrhiti @é‘%ﬁf@ﬁ%l,‘%i@ihp@mbﬁﬁté Bipfap substituted
pwmmlmr&dhﬁl polkyfoectionallireum img@ﬁetiﬁlﬁt&ﬁﬁ demplatedriaterialamsyic group
nfa§ ROTGaRISy Lanavibe MERRFRIUAESYICLONR FORRNY MY PSr a carboxylic acid
miropartieUlate mesacelluler siigeous foam The iguid may comprise &
£Crd5slin ing monomer and a n n-crossr}ln Ing n'_%on mer=Theé Molal ratic (l)1|n ' g
MPROBIISENHKIABCIBARRHEY tBih MRS FBe Jieiign i ooRre MaTayhe atosslinking
rdaashabmj_t.l:-z. The weight ratio of the crosslinking monomer to f[he_
NoN-CresSHRKIBGMORPREHMAK %@tal%agﬁwcgrfgteﬂﬁgt&rﬁﬁsm@r}gesoporous
E@gtggrr}e[amﬁgvgom@nse '%'Vé%li erllzgnz, The gic%ncr slinking monomer,
>'ray Cofprisé ‘Styte 2o A0S ROF 5175 s _@@%%ﬁ%ﬁ]%’fgf‘ﬁl{ may
h3Ea HosteSHRthecHIsAB et domprides elfarn aedteiyticigrs istoran about 10 and
aunctonal Jecpaepdabiediiibioing sanyertednieacatalytiergsen:b0Gion. The

p%%%.ﬁﬁé%zgﬁﬁ%yf&%g%7fﬁ999§%a‘&e arod 6¢ @aweeaaazhsem%ssla abont 1000
ermal injtiator. In this case, %ep %) comé)rlse_s heating the liquid in ané%r
Mo IYEEAS RRATOTRAPES 4L 56 BORMBHYE MR & Step o

may dbmprisEdsondtRyithenanmsiaterivsatesialhienabolv ettt whictnoivesaiotial. It
maissobreithethalyrmen: Theprosaasm oy addiianalytcomprise the step of:

d) reacting the polymer so as to introduce catalytic groups onto the

surface of the particles of the particulate material. In an embodiment there

is provided there is provided a process for making a



particulate material comprising porous polymeric microparticles, said
process comprising: toa) impregnating a porous inorganic microparticulate
template material with a liquid comprising one or more monomers; b)
polymerising the one or more monomers in and/or on the template
material to form a polymer; and clremoving the template material to

pmd“ﬁ éﬂ %ré'é’ %%‘? ’Eﬂ@li%”@' %Md@@récgi@% gﬁgaﬁ?i{ééess%&@%%émus

pBP Xl llC CIO aﬁlc €|S mQé((:;? Sone> I'UC\{I Sald i Cr{)gil Tisimg
\p/ ateria compﬁsm ous oymerlc micropartcies, Sal

aﬁh% %% TS a) impregnating microparticulate mesocellular
sulucedﬂ?%gﬁf\ﬁhﬂg%dﬁaﬁ‘iﬁ oFRpTiEIY SR DP ST aisomatTds copsising porous

PPy St PR i8S 1o BEcAnSISOPRERSSi S TBIHAYG?- ot th B faRTtdcisbraognprising

apolyaslareth @@y reendving het f&as W produeetietpdrthayiate matarapnal group
selaidegdriioutategmate daloempridingdhdypolygmep. and a otk igroup capable of
beimbodimertithese isgpriyvidechbapprocess for making a particulate material

23CoMpHisHig: POKMLS POIMAER Misropdeiciesa said £ 068S8 S0BPIRSIEFE porous
palmpregnating Mo natticylatadnpsecel vialeiiccous forr i RIIAdbising
2 COMRATISIRG RIS U SHARRME TS LR MDEIISNGHHE LRE QL mRNe

m°“Om%ﬁ%{ﬂe?%ﬂ{%&ﬂné%?tfr%?msf%sf&&{@eé RIS fate mafdr f&@&\é‘f&‘@s HE porous
pgcg/lﬂﬂlt’% %’HOC (L)Jcertgr{]i?lg g‘ﬁla’%yéaten{nate(pal S&h &artlcu aff IYHCI‘O{JEH%C esdpomprismg
,30¢ sTR ISin %g”“gf actln ¥‘mer S0.as'10 [ntroduc

cataly g %ﬁwns%ﬁac P@les 0] ehdwpg’u? ncuona sroup
ﬂf’éf& | 10“ ANOHRTEMBEL % ﬁ’waéPE !9s2hr00iARY % prstaee f%‘r"ﬁ?a%ﬁ@b e of

bé“b%ﬂ?@tﬂ%ﬁ@dm‘é’t‘éﬂa?aééh@ﬂﬁlgrﬁﬁppﬁ?gﬁélﬂdﬁﬂﬁgﬁb RIS pArEIS, (8aabout 5%
IBHEeBEseYAifising: S a) impregnating microparticulate mesocellular
silicedugfother vaabedimeid cohpriitigsatdahstavwormbifsthersopyss for making a

ppolymeeisingtheht leasptiso gnarmamers palgncior omthefedivi¢e fosanda process

cpabyivgry.c) removing the foam to produce the particulate material, said
pagficitaie Matiardal coppsisingrthecpehitieiandd) iractingdhg palymes  liquid
o) asggﬂ@;qgggqglg@;a%;@ Hompseato the surface of the particles of the
pagiichixeRRicHakovhRIgIP ﬁz‘iﬁ%@%ﬁﬂﬁ;&gthﬁ ARQRPIR S Brmplate material to
crossE&lqpégﬁg ner, gnd at least one of the monomers comprlses a
fungtional groun,canable,of being converted info.a gatalylic grouP- aerial,  said

palticulate material comprising the polvmer.

In a second aspect, there is provided a process for making a particulate material
comprising porous polymeric microparticles, said process comprising: a) impregnating a
porous microparticulate template material with a liquid comprising one or more
monomers comprising a crosslinking monomer and a non-crosslinking monomer; b)
polymerising the one or more monomers in and/or on the template material to form a
polymer; and ¢) removing the template material to produce the particulate material, said
particulate material comprising the polymer.

The microparticulate template material may be inorganic. It may be mesocellular
siliceous foam. It may be microparticulate mesocellular siliceous foam. The liquid may
comprise a crosslinking monomer and a non-crosslinking monomer. The molar ratio of
the crosslinking monomer to the non-crosslinking monomer may be at least about 1:2.
The weight ratio of the crosslinking monomer to the non-crosslinking monomer may be
at least about 1:2. The crosslinking monomer may comprise divinyl benzene. The non-
crosslinking monomer may comprise styrene or a derivative thereof,

In some embodiments, at least one of the monomers comprises either a catalytic
group or a functional group capable of being converted into a catalytic group.
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In a third aspect, there is provided a particulate material when made by

the process as defined above. In a fourth aspect, there is provided the

use of a particulate material as defined above for converting a starting

matene/ tosasproduct, wherein the microparticulates of said panmtichtatess 7600667
material have catalytic functional group$ on the surface thereof, said

functional groups being capable of catalysing conversion of the starting
materjal t roduct. . other embodi t of the disclosure there

is prot\t/? eP %ﬁlfo%"%?f& ??M’é%‘g{&?{ﬂ{g%ﬁ%r%% HBroyERipprises heating
@@rﬁgnsimgEefébnsmglmamwmﬁénrahidmpp@rﬂcmimehmai@rmher(s}

accorgling fa,the ée}éﬁmb%%@o%ﬁg mRodiment. g mirt %%aggﬁrg 5 Q08 does not
particulate material have catalytic functional groups on the surface

Hisrlyt lRarPiietional groups being capable of catalysing conversion of

the stitipgeatesisl iddhpndystprisd he digslosure also provides a

pro de rom a starting material according 1o the embodi

defi eél%nﬁlﬁ eIt EPs m"?(rjvsldest enﬁéce%o?eacﬁgar%éﬁlg ‘ﬁ%t@?lgng %’?gﬁ‘f& of the
to the ﬁ%%@ﬂ@ﬂ@rmﬁv\e‘mﬁ@i&f@m@hng material to a product, wherein
thelﬁaéﬁc@%@Hﬁﬁé‘i&m@é‘aﬂshﬁl\@%@lmé%fu@cP%&Qfﬁog PELIBE for making a

surfacx(je‘ It further provides a particulate materjal accordin o the invention

ol ST o BRI AP GRAREHE T SO BRERRICE: WHBREIReGGomPrising:
pariclesptsaitnnateriahbavergatadyticdupstionddigrenpbnthaistislaetth a liquid
Detailegn%gg%%)gg@oofr&eelm/ E‘;‘Pé}s The present invention relates to
mesoporous po ymer particles (e.g. polymer colloids) and their application
as Rugpdresrsdimihtefie GrganGe dpayRRerT Ry éomoaritioriproligesaierial to
partic\tate maleriakcamAprising porous polymerlc mlcropartlcles having a
mesoporous structure, The mer| Gro arficles m prise a
crogslinked mgl mer T aéecrfloéiééﬁ?l ‘?u?ﬁ g{}‘&i‘iﬁ & 1%‘:‘8 Shitkprgiculate

monorﬁ?@?euﬂit@mmlﬁog ‘bopslinking monomer units. There may be one
typs QhenesslinkingAANAIBRT Wi MEacY R8JNR R INARGNE, %‘ﬂtl&llﬁtezlmatemai

5 or more than 5 types of crosslinking monomer units. These may be

RBRETS HPULEA RNBRTTF M BEEREm AP ISt ARAPESIBEMonomer

unit) Tirgrematjnpe mﬁwmoﬁlam erossiilking ndRemer daimorwnay be liquid

more re than 5 WO

2008/10%38&:%%620(%? éggégfypes of non-crosslinking monomer
nHERE HiRg B eonTe r@leﬁéa@mhré Anoiday Betbhérafeatlyiatistinpelymer;

types Q{cmonomer The ratio of crossllnlcmg monomer units to

no Cr?é%g@{ﬂn er unit be at le st about.1:4 on,a welo;

ba&is Of & mote aS|§mr & Yatio i %f)eogagtuf 4 Jderalsadpart material

1:2, 1cbBpdsing e p@vine2, 1:1.1, 1:1, 51.1:1, 1.2:1, 1.3:1, 1.4:1, 151

Or & b BBl AYRE RERUE SR APQUL L ARG, APoU# fhr A SN \%%%ﬂggﬁttélﬁ terial

and 1:1, 14and12 1:1 and 1:4, 1:2 and 1:4, 1:3 and 3:1 1:2°and 2 %

CORRETISE PY AP IIROTC MECHRgriictes: SFIdAIOSeEs $OMAREMEL 5 or 1:1.5

ang)) 1ithpTdeadtio maybpaiticeampteabelilaid,sliiddbnd : Jok? . Swill2, a  liquid

1:1.5, .12 1:1.1.1:1,1.1:1,1.2:1,1.3:1,1.4:1, 1,5:1,2:1,

2.5:1, C%‘%p%s %‘%%‘%6405%%%%%?8%365193 or a io mole basis. Alternatively

thé¥e PARJISESREBAKID SEIPRIREPATOMSIGR anker on feléae snitypenstymer;

thexrasshinkinginenemes writheandgAerived fomsHyinyldeneRas:d Riterial

d|V|nyI benzene ?113% E)e the o m or p- isomer. It may be a mixture of any

two or more 6’1% X ossllnklng monomer units that may be

préée@%@ﬂd@tm@mm@ frormitidpienengliptiol dimethautyldte surface of the

(opt| ngpﬁgy anithe methacrylate is methyl group), ethylene
rylate other diacrylates ar dirnethacrylates (optionally

‘ESWﬁ?glﬁ%%‘ﬂﬁgﬁF‘g?Fa{é %@ﬂ%ﬁdgmﬁaeé&fom’@&%ﬁ@a@wéﬂametmal
cmmpnmbmceﬁmignmmenum@@&rtaydsesﬁiérptecbmmfeng ora
derivative thereof. Other non-crosslinking monomer units that may be
present include those derived from acrylic acid, acrylates (e.g. methyl
acrylate, ethyl acrylate, phenyl acrylate), methacrylic acid, zo
methacrylates (e.g. methyl methacrylate, ethyl methacrylate, phenyl
methacrylate), acrylamide, methacrylamide, maleic acid, fumaric acid,

maleic anhydride, maleirnide vinyl esters such as vinyl acetate, vinyl
athare cr1ich aec methvl vinvl ethear ar other nolvvmericahle mono-olefinie



30 antibody fragment etc. It may be a functional group capable of

attaching a biomolecule or biocatalyst. The catalytic group may be, or may
comprise, a pyrrolidine group. The functional group capable of being

converted into a catalytic group may be, or may comprise, a chloride

group a chloromethyl group or a carboxylic acid group. The monomer unit

%‘ﬁ %6] e functional grou ébe a non-crosslinkhig mongmer unit, The .
ma«r*rrﬁr%ar}r i R TRID N A1 GRSEH Hhy BUEHDsdifing it @ liquid

monoﬁ'%]?f?frﬁ’tnﬂ' A Sy R edprise both crosslinicing monomer

unlts WA $ETR TR LIRSS RGP R aRY 1 on BrdesImdhe lersnenderanitelymer;
whithraeiaduhetional graupdinatibe cagesuhécfomtionalsgidupstinagte material
either benthresisartie potiegmeyl be different. The catalytic group 5 may be
andsymmietricieatalytiegrougs tbmayhieca chishltatatyties grompihli maadeot the
a catapyticcgrovpricapatiesnfienrantiogpecific catalysis. It may be a catalytic
g GrRraRiecat Yersoshafificceataly s TS MESARREPUR SUUCIE S ne of the
nmﬁma«geca%ﬁ%%aédfﬁﬁféBHHQP @%Qﬁr@aﬁ'@(ﬂ@ o%rﬂéxlgaé/&r%ﬁgﬁ'%'oe a catalytic

comprising larger diameter pores connected by smaller diameter io
windows,, The particylate materr Ve pores . sizes (mean

i e AR PR TR ARTRAR ot process
“aiame er Ebeﬁ/veen about 10 and about 30nm. Thus the larger diameter

0 ER, @R SPled A Eath A HisthASnUsB Uit A OHHE S FiMaTHal os defined

E&r‘ﬁ‘eﬁgrfé’a‘rﬁ%{m%t%rsrﬁwaé%‘f%ﬂﬁ%éarﬁoqé@ﬁérér wheisiivdbn misapaticulates of
S@fdrp0ctrn e assTiah g 3etdrtiantisdiona searip 9 Bnethe abplaed Ohareof, said
faixtivgah groups PGingy ca@blesf arlyspiy oon @8sizd, I5h26:tATIN28N 201G to the
pB8hwi, or may have a mean diameter of greater than 30nm (e.g. 30-50,

30-40: andifcp@nibodin@hout 8k, 40cKWSuar BRI, prbeisedaller-tidmeietonverting
awindiowsmaynave srodesncdiapieisikepysien about:aRdAQeMm T8 particulate
nrar@may@c@fsn@@rmIameﬁereotfeﬁtvrﬁem@bemb&ﬁ%& FROAFQ P AR of the

pARIQi18:Q APOUE Basd 4 ?12 Rine RPN EB? r@ﬁ'olf?é the. m&af} hereof, said

fﬂ@l"ill) Gg%&ge%eil)’%\g\%ngo GF ng 8 tl?:% § f én zt%le ur%gzgliterral to the

S may be betwéen about
en about 2:1 nle 2:1and 5:1, 5:1 and 20.1, 10:1 and 20:1, 5:1
and Lol oguigsa 0 RVIges A migduc] vy, o apiripranatsgtal aceording to
TR Hag o shiresk dhse by Thitfsg etioder plisn ss tﬁ SoREtistHate material

d%ﬁﬂférﬂé dbsotisTREMFRfRE AR TS fatANEY hEerB LB E PredHeicavherein the
patédest petpsbiraboid 1Io0ardtaboyt 1680mMeY Lrorbedvedn abtacalol further
PENEIge @, 100 a6 oBLED0 andE50g 100tanthr600joh0@/aed W0, OC@ndrting a
sBA0200End! 1600, podlarid 4066i600apd-itRe, F0aandBasi20kandatalytic
1600 @n2edandibEemMyee.g. about 100, 150, 200, 250, 300, 350, 400,

450, 500, 550, 600, F&RaiRRODYILLE0AMM2IG: Ihg@vitayve a pore

volumg ofbetvesi i Qclaand t@b%% BGs QIeHLeshARIU Qelo30yoymer
AN RB o0 ARg 03,2:2:304 L saga AP AN o aao%arrr%srrrdﬁm the
I

0 09

mecht gg}oQ/‘;r'jeQ 4 i%gt OP% rg)}% %I ! f)i‘arrr%ﬁ:lgoroﬁhgo pe')i T{%iﬁalpelcr‘opartrcies
mar{%r m ugegaumean particle diameter of petween abqut 1 and
e, Iuh il daete o petueen SO Lo, e
CrgRRl AR BRI, TERF SIS BOSHANR® PURRIMED, SHR B, AfRrerosslinking
MARENESS WHE \ARSTOB0BY LoBTIBRET G I00O0E EORe: B0ian DBy De more
than P Bibard 40 raichs, el iaydiafectprmbalimanietoineter dhese may
balsouers 2f 3adh Biig;r7 08 n@y1 be Theddcaly, didting, voed B 1801k Q&0wdS, There
m39 b8snd0y$d Gmb0-mimdingng mayobelessttbamiyrbicrosrothgreater ¢haa, 3, 4,
5 bPrmierdns: T he particles may have a narrow particle size distribution.

There may be less than about 50% of particles 5 having a particle size

more than 10% different from (greater than or less than) the mean particle

size, or there may be less than about 45, 40, 35, 30, 25, 20, 15, 10 or 5%

of particles having a particle size more than 10% different from the mean

particle size, and may be about 1, 2, 3,4, 5, 10, 15, 20, 25, 30, 35, 40, 45

or 50% of particles having a patrticle size more than 10% different from the

mean particle size. The particles may be
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10spherical, or they may be some other shape, such as ovoid, ellipsoid,

cubic, rhomboidal, prismatic, polyhedral or parallelepiped (for example

rectangular parallelepiped). The particulate material may comprise less

WarEBaeRB80 inorganic material on a weight basis. It may coptaitsiesa 7 seoo67

than about 5% silica. It may comprise fess than about 4, 3, 2 or 1% silica.

It may comprise between about 0 and about 5% inorganic material (e.qg.

15 silica) or between about 0 and 4, 0 and 3, 0 and 2, 0 and 1, 0.1 and 5,
P 3hBOP; HOPUMF T OMES BAGISIS inSga MR TE §F shrdeythemmaymay be

cloomiaity0dtihed 2pesHi0brrbe0. Bho.%ii0. 81 Qs dinkiBy 2ndwbmdr Iutfo non-

4.5.01 5% inorganic material {e.g. silica).It may,swell less than 1% at 20C . .
o S % A B b0 556 52 Gaobests
Tor pdtvess bbeul@hnbicaboit 1, bebéiveenZaboltDiahd, 0.5, arid012iot, 1:1,

1.9:2nd.29, 9.3% in.eqmmpop oraanic,sohents. Ruitable,solyents fok 8siinds. 1, o
bswelllnggma ége sﬁﬁle_%eq for e{i%mple, rom methanol, ethanol, =~

TEEBPORAN: t51EENe; adetdiie, drethi Bl tmicegabig kegpa3:1 1:2 and 2:1,
1:ghtodofdrm ; Tankoh tétrachionide] yatel @id.2:1, ThesatebAIR BIVENEOMAISE. The
rRIOHIAPBA B qesR foLMAKING S pafteufale majeya.sThe BIacess; i o 1.1,

compfises Impregnating a porous micropartictlateé template material wi
L& Jslifuid?ebniptiding‘Ohelor: maé: mehbrdets 3The PhdnbrTer sydeiithesis or a
mplelyaerisackinane[oionthe fem plaiematarah to. oRm A Relmes. The
template material is t removied.to produce the microparticulate ..
ma elfi’é ?ga? em%%p?aﬁ%u‘fra %Sir/%é: "é‘ﬁaff‘S%%‘?Tsﬂ‘%&ﬁﬂ%%p(ﬁ%ﬁ%Wﬁ& om divinyl
benrfieropahtclitdyidanziete meatérishenay be ingrgamicstt Manpy dmprisieisilicar any
m@réqnmetﬁga@.rm%@é@ﬂéﬁxg nHBMRR AR ISP OL A THEIME those

of th?ﬁ‘% or a mixed oxide of any two or more of silicon, aluminium,
AR Rt S ERh T Oh HES RS ROR ExERRBROHHE SHbERtar sicl e thacrylate
métarhgibog)syitylesisghfniediacaliniar slisetus foam is d@ﬁéﬁi}bﬁ@ﬂﬁi&s (optionally
0%/Q0 a Lee, S, S.. Ying,J. Y. Chem. Mater
Su%%%%%%%ﬁ@th%%%%@r%@o W pr1 %;'%UPRCS?%OI% ed Ferdis b I?eefé)gr%ee.mn“
CrassENKED DOBRED S7ES PEY/SGIOTES F0UB AoTenc A Faditivkitectdhepiate Other

noE{hl@ieﬁbﬁrﬂﬂﬁg h@fh&ﬂh@l nﬂﬂg’g-ﬂkg}ﬁxyﬁBg_%ﬁé@ﬂﬂ%ﬁ@&!&%@gbtﬁsﬁﬁgﬁm Qbrylic
the pores thereof, It may be ro ic. Jt may have hydrophobic groups .
S e i e T
meharmppanclade wntbrhytsiiiacrighienytsilyl, methydsiligtediphemylsitaniivt]ate),
acHimataMIsHamedbvkand. Sdisthyslanedivl Hse.of alydronBRDIG lempIals 4
. may improve, compatibility of the template and/or of the partictlate

VI a P o AT IBR olERLE, LA rotsth Shamsiahly sug ol other
pobatventdHoweveldfisitapetissachieved in the present specification may

be ' i rophilic template material.. If a hydrophobic .

te m?pall%otgj %ﬁ%ﬁ% é]gé% %ﬁ%t% rrgéé%%amgga incluc élsfﬁgts‘{%aﬁ ‘ore hibromer uni
havipars Shesingeh sipdre phimey iBtarprrlagrmadnbihscdedcried Mersimptomits
haGipel fashenhy gronhabiede mpiate material.of e RydoPh aing A nits having
» £50mprise r%actl tl%gn@{dr%f)hlllc temg%l te mattagrlal with a hydrophobing .

FESGRTE. SUitRble Ry drSPREhifY PRATEREE AAAUSHARONE frtings thdpretional
groae weltin elvheMbecruugtaststtichudatdipiaugrethy|disilaxdme; biocatalyst, e.g. an
enAigranaeipidisiiag ' | ides (pad ! -

%ﬁi Idihalosilaﬁg%ég éqg%g%/rﬁg y|d?§kﬁ§r§s%%%§%¥d%%ﬁ/ﬁa%h? Sy o
anty %«%Iaﬁ% PRt religetiodial ereR RRAIRRE FiarBing Hhigmalseule or
bicgatiystuEheorapiigingerelis (hey largarpmegsycopriectad py oitdtongrtivg. The

r S eint I e iameter than.the

ﬁn%\)%%%qwégg T e)?%\%gﬁlgd%rf? éatlgg’f g:’f% t}g\%%fg%sﬁo%fg tée%%%ﬁ%tz& material i mbgy’/ Be &
corgrEfer theiHoalsUES R, 6r gHoatEah BB POrtabME] petidngeap. The
moaboiut Sranbhabouit0nstoRs grdwtwrenabodhSendbRik anchdet Qnit. The

and 100,50 and 100,20 and 30,20 and 25, 2 and 22, 25 and 30, 27 and

30, 27 and 29, or 10 and 50nm The pore size may be about 5, 10, 15, 20,

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,

80, 85, 90, 95 or 100nm. The particles of the template material may have

a distribution of different pore sizes. The different pore sizes may be

between about 5 and about 100run 25 The particles of the template
matarial mav have a3 mean narticle diametaer of hetween ahoiit 1 and
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10 from the mean particle size, and may be about 1, 2, 3, 4, 5, 10, 15, 20,
25, 30, 35, 40, 45 or 50% of particles having a particle size more than
10% different from the mean particle size. The particles of the template

makenal/ meaydbe spherical, or they may be some other shape, Ws?ﬁﬂmmmmm
ovoid, ellipsoid, cubic, rhomboidal, prisfhatic, or parallelepiped (for 5

example rectangular parallelepiped). The ratio of the size of the cells in

the template material and the size of the windows in the template material

HeRyBEr ke dht fonetiond eur 108 ber betwebinkibguhdfimandnit, The

ﬁl@;ﬁ@ fhanddmpride lbamdclobdinkink aRshbmet ik and 3; 1, 9r 8, ?}fﬁtﬁ}gzgria! group

out 10:1 91, 81, 7:1. 61 51, 451, 41 351,
%?nlxﬁg 3%‘?‘%& QTS S PFLHR BRNE s inaalorer st e that case, the

W@%ﬁgpﬁﬂ@ﬂﬁ@%ﬁtﬁﬁtéqﬁmmm greats Eéiﬂ%r@ﬂplmibrﬁbﬂﬁa%yﬁc group
Healer, 2058607 Gr6 t e between abo
ﬁ%s | ey it %?él%%q%%gg& : of% YIS SIPYE: iésmay be a
AR S0 PP st Freticaassidn Aralisis ﬁh@wm@mmaymgmpabie of
Str@spedifib cBafy. 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,

226 e U eapE e e have st

volume of between about
havRy 4, GRE ok, rand Sapated @o&ambﬁxaebzaﬁd}:%r k@aAde?, Bameter

Wﬁ@&siﬁa@@ﬁr&c&iﬁ@ﬂﬁt@m&l 4P 23, %y%@@&e% f’n?era% }a:l)ore diﬂéinaqur} between

av Q volume about 0.5, 0.6,
%1. j‘:“fF fgf‘i §e i%de PR S1zg54inpean goge diapgtes) peprgen ahopisl @apd about
36nm. 2T Bugbe 335, dﬂfM%eormemal@; haveel enzentianahe Wpema/ QbJLk}em and
3PaH A f rea of etw en out 100 an

or between about 10 an

t 1000m2/g
@6’&% I30b &md @0%9 ISR é@@n@@é,&ra HO0; 300142800, 5O SNL6, 17, 18,
1700, 3002anA3600, ZHQ 6Ky 6219 2990 20h® 6.r8Q0:a00 50, 5 ﬁ%@geJ épgreater

th%?i%%@ R 18,3860, TP, oot sk, dB0rsT6mBAol e smale
diameter windows may have a mean dlameter between about 1 and 10nm. They may have
amean diameter of between about 1 and 5, 5 and 10 or 2 and 7nm, e.g. about 1, 2, 3, 4, 5,
6,7, 8 9 or 10nm. The ratio of the mean diameter of the larger diameter pores to the
mean diameter of the smaller diameter windows may be between about 2:1 and about
20:1, or between about 2:1 and 10:1, 2:1 and 3:1, 5:1 and 20:1, 10:1 and 20:1, 5:1 and
15:1 or 5:1 and 10:1, e.g. about 2:1, 3:1, 4:1,5:1, 6:1, 7:1, 8:1, 9:1, 10:1, P11, 12:1, 13:1,
14:1, 15:1, 16:1, 17:1, 18:1, 19:1 or 20:1. The pore size distribution may be measured by
nitrogen absorption or by some other suitable method. The particulate maierjal may have
a BET surface area of between about 100 and about 1000 m*/g, or between about 100
and 800, 100 and 600, 100 and 550, 100 and 500, 100 and 400, 100 and 300, 200 and
1000, 500 and 1000, 600 and 1000, 200 and 800, 200 and 600 or 200 and 550m%/g, e
about 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 700, 800, 900 or 1000m™/g.
It may have a pore volume of between about 0.1 and about 1 ml/g, or between about 0.1
and 0.8, 0.1 and 0.5, 0.2 and 1, 0.2 and 0.5, 0.5 and 1 or 0.2 and 0.4ml/g, e.g. about 0.1,
0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95 or
Iml/g. The particles of the particulate material may have a mean particle diameter of
between about 1 and about 50 microns, or between about 5 and 50, 20 and 50, 10 and 50,
2and 40, ! and 10, 1 and 5, 1 and 2, 2 and 20, 2 and 10, 3 and 8,4 and 7, 4 and 6, 5 and
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530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660,

670, 680, 690, 700, 710, 720, 730, 750, 750, 800, 850, 900, 950 or

1000m2/g, or may have a specific surface area of less than about 100 or

groatenthvarsebout 1000m2/g.  The process of the present ipyeRiiONe /060067

may comprise the step of preparing thedtemplate material. 30Prior to use,

the template material may be degassed. This may for example comprise
temperature of at least about 80C, or at least about 100,

eating if 1o a
%3,55%6{ %&, 501386 245 K615 S0 ebray kB0 reBacA0DlBdiameter of
£800; 80216200, 807181501 BQ 1012203 109 16,501).12008t0; 508k 36040 5%040, 45 or
] 0_or 0,200¢ . e.g. at about 80, 90,.100, 11Q, 120, 130, 140
R it P R A i s o, hpailes ay
e VEE AT TRle vireudisi hajonalden woydhetéeprebsumboflessdhaparticles
bt 4 00mbarkiey Iessthan abortdR.al. ar, or about.0.1
to %gto, g.l 0 50,0.11010.0.1 10 5, o.f%ﬂ%%ﬁ%ﬁ%ﬁﬁ% ThBE g mean
PR 0°186° 58 18" T00™8 56 51 et FRbhr . §0about®. 250 20003, dlor 5% of
rerscBohding O Padidlelsiz; Zote T, 7098, BfftRnd B 26 ARud P14 Qize, and
\ 70, Oor r.-khe, ssing may be for at least .
rﬁ%pﬁ?fgf?gﬂrgo%g}ﬁgé;s?t %éggugp lZ% 5 11%2 fg%? ﬁ’r%o%%%/ 5& ToPhBalicEtohaving 2
particgergizamere e | e titferegtihom theomeeas 1816d sor iR midles may be

shiutiSale . tebOkad, B Sorfle DtHer Shdgs, KacH 8s 428, 241PRMIS: IS8R R oidal,

] ing;the (5 late material at least partially dry the template

g e S e e b vy
comﬁ%@wmmﬁhéaémmmyiﬁe@smmbmm% RAQMRr @hterial on a
WHIGROPAGIES 11 ABRY AR SRNERL 0N B0 B AR AT RIGRS %ﬁé;[)%aé’ 1£’sei S ghout 4,

non-palymerisable. The solvent (if present) may be present in the
Qe B Ul PP PP AU 0 O GH AETE C brvaehme bretsia (o2
sifical @lieit o kL, 76rd 90, £ ) 8Guet BUted0Y0.8 shdH08!t 394350 1 and 1

, LA | : 90%_on,a wejght or volume basis, Alternatively

O B R TS el i 05
Otrfich fdy bb Uided Mctude chrfmen Prgamieathventersdh. assilica) It may swell
ledichioromet e (Bedhimeblerplalenctahonielachiniide  JHchloiashaney » o
Otf),wecpeb %%gtgna%,ogﬂteéh%rlﬁft er entgc. ng)eﬁsolvent, nﬁresent preferably is

'SUEH ThAL It does Rot RIS e MESABHER d#he @n%‘i‘ﬂe(}@)p%rﬁ 2 or 0 and
0 imiar ﬂﬂfﬁ@hprs grfasecsinvetie 3empiatmbmtpnﬁ_se&mhg ewBllhe may be selected,
foReAngNisaRle, 'H@ﬁ%lﬁf%‘tﬂ-ﬁi%itqg%b? ﬂ%@ﬂ%ﬂc?fa%?@n%ﬁn 8 kf %g;'e% methyl

‘g? id may be between about 10 and 100%’on a wéight or volume basis,
€ iﬁ@f\?féeeﬁ oy eHaBDcFachitgide, W50 or 50 and 100%, e.g.

abotibd Pred&yt 20y AT 30aB6, poyilles 205108e8Fob Maldng thBPai82ui: Fiterial.
TR Yo.Q ' . asis. 25The liquid which is infused info .
L oA T Gt Al it
h%ﬁ]ﬁ?@é"éﬂﬁérﬁéﬁo%liW@?ﬁg‘?ﬁ@?ﬁ@ﬁ#&r.’ﬁh%W@@m@eﬁmﬂh@ polymerised in

androsshnidngHRONe Mefanria k& eSS NELMRAYTEL 1LBAY (OIS noved
+oNo non- %rlgsnsnlticq_léin manomer, There may be one t%/)ge of crosslirdcing
onomer, of THay DE Mote thar ote S84 M RPAUCHAIR JPalEGh SPpages the
pogyesslinldng monomer. These may be 30 isomers of each other, or may
be @B@@%ﬁ@?& jelingt %Hﬁﬁ&@ﬁt, Hi%ﬂﬁ?%a} %@rﬁ%ﬁeﬂﬂ? 939(? of ise silica or
non-crosslinldng monomer, or may be mdre than one, e.g. 5 , Tpg or
some o éﬁeéal oxXide (e.g. alumina, titania, zirconia) or a mixture of these, or a mixed

oxide of any two or more of silicon, aluminium, titanium and zirconium. It may be for
example mesocellular siliceous foam. The synthesis of mesocellular siliceous foam is
described in PCT/SG2005/000194 and Han, Y., Lee, S. S., Ying, J. Y. Chem. Mater.
2006, 18, 643, the contents of which are incorporated herein by reference. The
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types of non-crosslinking monomer. These may be isomers of each other,

or may be chemically distinct types of monomer. The ratio of crosslinicing
monomer to non- crosslinlcing monomer may be at least about 1:4 on a
waighbdasissa volume basis or a W02008/10 738PCUSGZOO;£OE%§)(91§K

12 mole basis. The ratio may be at least about 1:3.5, 1:3, 1:2.5, 1:2, :'fL.7£~lf,"m67
1:14,1:1.3,1:1.2,1:1.1,1:1, 1.1:2, 1.2:1, 1.3:1, 1.4:1, 1.5:1 or 2:1, or may

be between about 1:4 and about 4.1, or between about 1:4 and 11, 1:4
BCPYtiguinisigmplate pateripl may 18 didraphilie Hnda®: bade 2o piods? on the
anthdid oF 1l b&randekabi Lidnandd dyds: ﬁ@gic’l-ﬂtﬁl%; it %@?&%ﬁbgggups on

atio may be for exam out 1:4, 1:3.5, 1:3,1:2.5,1:2, 1.1,
: %.%?ff:f‘f‘?i“i? f?‘f?f'fo’%le. %%%ti. 1 7{%50phabicy s1oBps, ey ofer] example include

@imsthotsilyl, ofriphweitibbasisstalsilyiedusis siminolg babiset:y 1414888y and
inke a divinyl.benzene. The divinyl
e oo oy A R M MRS Sragbror e
IRTRE G PN s O ImRIieg Wibnomrsrs tedveniayrbeisiedjnotusgolar or
eilyyiigialglychl duneiamdaie toptionaliitsulistivies an iemebachialg, may
effiy! grpup)eth Ienggﬁal &%I crylate, other diacrylates or _
imet apry?ates optioAa g O BAHS U PER e AGH Hafe WatRphahém fymplate
reticriat | Bagteshethpperobersniorgssivikityg tonomenmbydbsphipiene0nadrophilic
sepvativedhersol fther Iplgi Rt S i
s s e B ORI et
SR SERIRNS, Pt O TSE BN Ay BT e methyhte material with a
mﬁom@e@m rlﬁemlaatgm%momg g@t@b’;}ﬁylﬂﬁ)cﬁ%ﬁ@@iﬁsr using ther,
ethacndamide , fumaric acid, malei ride, maleimide,_
alﬁnyl ef;t_ers su'chqgéa\ﬁ%gﬁ%ggeta é?uv?nyﬁlee %F@%%@ﬁ?%&%ﬂ%t it ayflsilazane,
emeiRdiyblymbrkidtie marsteidais. 20Thertideid majroatypdibelatileast  (c.g.
dbnetividnomessayi el bisigeal QIaNPHELRAYT 8£h%¥§&%9!§u%8d7}8£§§53. 2

betvxﬁeentélmar{]d[eS monomers having functional groups._It may have

4, 5 of more than 5 monomersHavifg HEHEh APErIiTRE Bslst hetidprer pores)
cefroaite bmaynidees datalstieltroppes)., Wieasibeha deificlionah Gigup sapaBmeter
Hmahhgingiganveried i > TNz )1 a bigcatalyst, e.g. an
e paL o iR, B AR G DR erone
%863(?88’5 XProtEfeai hanaByHAgrmRnit stay berhajtremaomttionat ghoup100nm
o;hfpablm ebattaChidge, biaﬂmgmteaﬁﬂhmamlagﬁ& i@m,eﬂlﬁéﬁli/@@,gf@u%lifﬂﬁg’z and

[r ne u e functiona oup capabnle o

A e i P PGB o about 5. 10,
LeriBritle ot HchlordmetnyBot8uploPs, daisex I S&i6QeRITOT RS, 80, 85, 90,
omenamen havngshrBactignakarauR 30 may he.a Ii‘&%‘&rﬁﬁﬁliﬂblﬂi&% of different

Jnonom hT(Eligfmqr%omer unit ha\/_lgg the functional group may be a
P FoSSTIdNG HROABMB T HETJTR fayFEBHPAbeHorAnc abathkhgm.
monémerstivhiciehidbe defupktionakigrodprand hor GOSSHRKINGITRNAMEer of
betviich have R AHRCHRNALE AR hALERSS] é&%‘&té%'&aé W55 Y¥na so, 10

i(%er be the same or they may be different.
g s, B A A obE7 Bodesd A% ang P91 and fifhy alb % dnphde and 6,

5 mitia20r fdr palynderisation] Of shes manAMeRiQIR! APPSR RLIN Sartile
: mnitjajor. rmal initjataqr, | be an azo

o iyt Roroide: Tnydroseree. B 15. 20,25, 30,

35paPotyctial srissrne othmatybe lerstibamaliritkatoor Breainitihtor Soayibavs, The

paiibialf diferefibepleemaloit Myt HtesmaRd RO ARG EMREAIUIE 1 o,
bedhayhich %%%lggg%eo%satl n, is %ggducted. It me%y have a half life at that
femperature Of about o miniea 154 86 RENEE f it 2 Wo fifergnt from
(eritse fbanoriers than) the 30eamimatbslcOs:eo ROMTotsat bo RAhhknSaEb0 25) 40,
35 hewirs s 10001 80 O SoHQ, ‘ ; 3
ﬂg&(!)r 5%) minutes, or abou%g%lg%lgé %ﬁéﬂgé , 8, g?el%%gf%gfyzﬁg%oﬁggé I%ﬁerem
may have a 10 hour half life temperature 10 between about 50 and about
150C, or between about 50 and 100, 100 and 150, 50 and 70, 70 and 100,
100 and 120, 120 and 150 or 80 and 120C, e.g. about 50, 60, 70, 80, 90,
100, 110, 120, 130, 140 or 150C. Suitable initiators include

azobisisobutyronitrile (AIBN), dibenzoyl peroxide, cumyl hydroperoxide,
t-hiitvl nerbenznate ete The initiatar mavy be nrecent in the licdiiid at a
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150r at about 0.5 and 2,0:5 and 1, 1 and 5,2 and 5 or 1 and 3%, e.g.

about 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 or 5% w/w or w/v. It may be present

at between about 1 and about 5% on a mole basis relative to

patymeyisatde groups in the liquid, or at about 1 to 4, Ito 3, Ito 2248 Redsasas?
to4 or 2to 4%, e.g. about 1, 1.5, 2, 2.503, 3.5, 4, 4.5 or 5% on a mole

basis relative to polymerisable groups in the liquid. 20The step of
impregnating the template material with the liquid may comprise

SR ETRG A BAEITH |5 rABTRAY RitA P o did3 1yl GohipPbeadding s, 40, 45
ath&0liguithtatitiedtempliate paatelalizi may 0omnise adding: hediad oM. e

t terial, [t may comprise passing the liquid through the template
Sﬁ%%%%%%ﬁ%%%&@é%%%&%ﬁf frf%‘g fﬁ%y?&m FRAtEH I T Riuigme other
shae.r glielo B cRiTe b telhipsieith widtisriabdwingdtie stemafimpregnalicigpiped (for
keibebnesnahadlddfaghabaut,3;: hte, )95 vhv (.9
e?n% Pas's Ifgmayp e ab(;,éﬁt@?:f to 4811%51]010%%}1\%%2%6% % Cz:%tg%g:%f g’?iﬂplm
“%8‘%9?, ?é terpolieadpve i Rsdempiptermaterimey b botgepnzBout 10:1
a@d4lgR. 531 30t b8tGrdendiliowt. 5011 and:1:1 01 aRyREsMOosel thani5 L The and 1.5:1,
ratig of liouid, a rial during the step,of impregnating may be
R o g 47 351,
3 HoR-erossiEihg hoherE hasomapkteratiaching invetdiesntaboithe Giardws of
et reeipneRPe: grmo e MBIAE MHE Bbes 3R 05 19 2:0:8: than

r gram of template material, for

fo 1,1t0 5.2 105, 119 3, | to 2 or Jto 1.5 m|
A A petg et oA fotd 2Tt Condly oo i o, 10

example a
andf01 92apd 25, 13, 38,20, &5 end WohpeThrameof téimptate N ateiahdthd may be
alSEP10bIMpIEgNRLing 4he templatematerial ydth the Jiquid :
,2008/108738 s e e cdmp?isél?e%x%of;gfngyt%}’t\ggﬁ%tez% 24 or

%Hjé”ﬁquid for between about 0.5 and about 30 minutes, or between about

1 arithSPadidaddhd GapkEanfthiandal b anstSvaEand BarQp At 0.5
25,3, 3.5,

i S ay he for abqut 0.5.0.6.0.7. 0.8,0.9,1, 1.5, 2,
s B Sl G R YD P e S s B B it Sana 5.3
andPpdigated. Itawthy.peansk 3sliésndan 30sedondsawid. 95,.26nd 3, 416 Oraad 2.4,
a@ﬁﬁ@dﬁxx;?hg Cﬁb@@ A lmRreanating m@é %%,Cg@?%@i%ﬁg.eiy\’(z;%%gﬁé?oﬂ%oz%s, 1.6,
n (0) efwe u an an an , a ,
e L L e e 20 216, 500 3565 fnsagplle, o more
ﬁl@@ﬁawé@ra%/@ametgmp@mm ishoulgidoificondficteskal aftBEmperatBeut 100
anatamh@héb@ﬁ?)%ﬁ%? significani.deasee.nf ey T@é'%%%%@&&%and 1000. 500 and

monomer(s) in the liquid over the time I() rea}uwed he’impregna
1029 ce4d Bl Ans) 68 rePHGVESRAII g & Hhpte aadioRO. 550 and 600,
SSBaRdvITY e m@maﬂ%mnmwsspmﬁﬂ peeseihmay beoameyesk TS have
0 osing the plage having.the. liguid, therein to a vacuum
e b e e i 10 520,

338y aHbrate - thiels SRR B AP SUINBISY 181 EBPR0E4EnG50eaHE KTONGRIRKSY, 700,

71T e EmReratere seagdie deswepn st 1BEeAnd abaut HRAG- JdRay
’80, -60.and -100, -70 apy%d -100,*’70 ar%d§§90 or %%face

between_ about -50, and
are&n“ﬁ%sé&aél.éi?%‘%o q&ﬁib%fe?é%{t%,a;%‘&t-%oﬁsﬂgﬂs, -70, -65, -60, 55 or
-50CheT peakinse of ekposurerto inenéon unaatdomtssa pdeatieg siiosiehheng the
terbifficientiyiang as to evaporate the solvent, and sufficiently short to not
remave the monomer(s) or sufficiently short not to remove substantial
arr[%ﬁﬁﬁ%o(gs& iRt oeHs 6ey Pesicpasseds] 156 thavrfirsmeplscrmprise
heatiny bedetweparabnetof anidababib H080MIY 3o betweesrhoyt 15038 150,
, r 'S hQurs, . u 3,4,
OGO AT e ST E: B S8 AR S 0. 0
to (4GnL05 treaed 29 5SS REStiAG e IRfUTa HOSRYAPBtRB0SnpRtet about 80,
90,rateriabsexs 16 maly0)arise 1be, TENGRE Sk, 10w A5 Gonmpiserieaiidd sing
the liquid to a temperature and for sufficient time to polymerise the
monomer(s). It may comprise heating the liquid to a temperature and for
sufficient time to cause sufficient decomposition of the initiator to
polymerise the monomer(s). The heating may be at a temperature of
between about 10 minutes and 20 hours, or about 10 minutes to 10 hours,

10 minutes to 2 hours, 10 minutes to 1 hour, 10 to 30 minutes, 0.5 to 20
20 hotire 1 to 20 hoirire 2 10 20 hoitire 10 t0 20 hotire 1 t0 10 hotire or 1
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about the 10 hour half-life temperature of the initiator, or about the 5, 4, 3,

2 or 1 hour half-life temperature of the initiator, or the 30, 20, 10 or 5

minute half-life temperature of the initiator. The heating may be in a single
stagestiweyabe in multiple stages, e.g. 2, 3, 4, 5, 6, 7, 8, 9 or }0-5129881/000067
Each stage may be at a temperature ahd for a time as described above. If
multiple stages are used, each subsequent stage may be at a higher
temperatuye than the greceding stage. Step b) of the process may

R8BSR BN AEHYInd e ATSHBNTER s iy e bAbeTlisnmtssteast b ttan about
BOubar, at leastiahatib856500201 85%, Dobetuesn Ahet8. 208 18089 1 5o, 0.1

0,95 and 100 nd.1Q0, 80 and 95 ar 85 and 95%,
s R e e e B
e‘ﬁﬁi’@r&t&rr@(t%&ldg&wﬁo&%t@ﬁ;ﬁ@ D& sutficient to achieyve wis, 10, 15,
Aegrre mf LorNesiong, 66;%,C%W%p@d@%@r.'rfﬁé%%uggsqgg?%%a?g for at least

Ic rticulate material. Following the polymerisation the parti
et may 1 %ﬁ%%‘%%éwgsﬂﬁ@rrﬁéfmwtﬁ@ pbepbdaccts, 6 to 24, 1210
ZHorhdwihy Urivclektedoripfomis, Susfaztant 2ivitiptaiodnitiater Myprodycts ar 56,9,

L B e ) o ot east

organic so

may use a solvent, commonly a
P@Btf'ﬁﬂ%%&%ﬁﬁ@;ﬁb&%@ﬂ%ﬁms include methanol, ethanol, isopropanol,
chloifotigyidichiampmetifand, aeetRe eRuan Meﬁﬁ&%ﬁ? ig 8E0L,Ivent. The

ther n solyents,.or mixtures of these. Several washing steps may
*Pe con %R:rt%% Zane ‘iﬁl‘ési(‘eo?n@ﬁ (T WL RN E'EBRBAT, Briy s aaferentor an

e esTHelhmatarial noaypbbyuirssatodoNheg dhew s IHEEEY I present
MRy BQMPLSE Reatinouth ial. J¢ i be at a.sufficie :

temperature to eva orate% tér?éfl ?g%\%r?tdl%leﬁga %%%ﬂ%%/ﬁél; arf‘;‘éelt%%%%?g}tﬁflée basis,
Ohay 8&55@&% tﬁ@o it by SR 6RiIAR BoiRYeva ot prelUTS) & Bis 70, 75, S0,
e D s A0 0 o B0 non-

or. /U, 10 , €.7J..abou , , y

D o Y SRR Vo e L 5 FRekp fprban organic
selppiiAng dchacaumbriiertetreauniBEME mebriafpana pressire, fofchioride,
trz 020 @fg‘g%%é?e@ 0qr 1’36% I?(?r%%ﬁ ég‘?' ?g‘r%ﬁ%@t‘fgﬁgr%i’sgﬁ?% ’é%fmb}y is
$ agout i‘%%c,’?s?,ﬂf,t_g,‘%, }’é«"@??&ﬂ%?%?%?ﬁé?@%’f%, 45, 50, 60, 70, 80,

90 digdumiB arhirhdsdryirgdriatp coemprigtapassing Bgasicad njfe BRIOSRRsablc
m@ﬁéﬁ@@sd‘ﬁi@qgﬁdkﬁ%ﬁégﬁoﬁ%m&%@ﬁi&ﬁ G 98% @@%ep%é%t’ ?%h@éw%%ggout 10

t(g%%g ature. It may be at elevated temperature. orthep
hhay S%ﬁgée‘é%%%ﬁﬂﬁnﬁ%%p%t@WQF@r?&qwé%éﬂﬁbﬁ@,v&ﬁiehdc&ﬁé%]and 50

ordigsive @hespelynaboul he, Solvent =) addidse sab/eny, 105 the templates 80, 85

oomaterahanc,a RAeeveE 9hAR90r solvent for the polymer. In the case
where the template tomprises silica, a suitable solvent may be basic. It

may e SHIdIRARR i\ s eD 8Ok ? e e RE TISGROGTIPRO0GTsoydemeidmking
masaliion (e Gag0diinprig0tassiimreaealyn AYARIHe RO ThSice both
cm%gi@gg ma b?ngp al%ogollc s_olut| n (e.g. in methanol, ethahol or”
|soprqp§nl(r)]l¥lff) may BE s AUHSH I i aguBWHS E~EoHb| 17y, fempligous non-
CroHIHERS FraaResusTbttanulbacnetys isbprapthniate Feaaade MSnay be more
thaale@Rokmay be 3 rixtu I In_a ratio of between
isofan%(r)ug:? ﬁnd 1:2 on a%%%r%%s?g}%ggf% g%%%? glﬁ%e:ﬁ,% 5¢ may be
HIEF 18- E°0 9L A P bschepucaliv distinet sygenpbuepomar. 7Bheresu be one
type 4f pan3xbsdiaking ohoints, brindylst Rods dn bideds. £33 41503 Rlbde Than 5
Y '99&% inehydroxide may be between abpout 1 and
waﬁg?if gf’()ﬁ‘)%gév%ﬂ ora tét%lj%tlgéit%% qilt%%éez,raafo 60,1% 6 100r 2% B%Ie.%r. may be
cherys Sidfitglc&%'pes PLemynmgiohhe. The difsetvingniiag bectomer to non-
croggindingedamte mperatuse land Bwbattmogygapg%f@r{gg%goéuy&%g 0 or a
template material. It may be at a temperature and for a time that does not
cause significant dissolution of the polymer. Significant dissolution of
polymer may be taken to be greater than about 10, 9, 8, 7, 6 or 5% of the
polymer. The temperature of dissolving may be between about 50 and
150C, e.g. 50 to 100, 50 to 80, 70 to 100, 100 to 150 or 70 to 120C, e.qg.
about 50, 60, is 70, 80, 90, 100, 110, 120, 130, 140 or 150C. It may be for

Aat leact ahniit & hotire or at leact ahniit 12 12 nr 24 hoirire or hetwean
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WO 2008/108738 17PCT/SG2007/000067 such as the Huisgen

1,3-dipolar cycloaddition, Cu(l) catalyzed azide-acetylene cycloaddition,

Diels-Alder reaction, nucleophille substitution to small strained rings (e.g.

spoxyg@ndsaziridine rings), formation of ureas and amides and;aegtioRe /090067

reactions to double bonds, e.g. epoxidadfion, dihydroxylation. In one

example the catalytic group is a pyrrolidine group. A suitable method for

intro I% this group is by reaction of a benzyl halide group on the

B R R e B Ho Ay Aibant ot Lhsicte i Strbre =13, 112,

h'ighomierb withid syitable pysrolidine dﬁﬂ@%\t‘%ﬁ?ﬁﬁ)@éﬁﬂé@,ﬁ@&&wﬂﬂﬁd about
Ael r ne derivati otected

L L Qe eofole Ly chdneead 31 12

eridtive adid ﬂeéc%@ﬁﬁiﬂail @ohbﬁ@%&ﬁpénhm@tﬁé nhiéreparticilatel 1.5 and

mat'ma&éha\mgj fﬁb@@&%%%ﬁ@!@%&zé”ﬁls@@%mi he solvams may D& g 4 .13,

egltlf?r r;i rP){f Adénf 5der|vat|ve1 It may be a’non- swelling sofvent

for he polyitie eropartieidte! idteritd AP may bedshvelifig on a weight

besisentdbinth éati premol¢hesisicroparticulate material. It may be a polar

SOIVeRt ik %@ SIERQJ;""&@PS@ eﬁ%@gﬁ%%%y Qe 0 IO %uige u[‘he divinyl

may be for example dimethy| formarnid dime

L %ﬁﬂﬂﬁ‘ﬂ@?(ﬂ’oﬁ@ﬁﬂ&/ﬁ)%)@&rﬁéﬂmﬂ%@&@hﬁrﬁﬁ@rﬁmq@ of these.

(phasphoeshniide (bvibide2Q1RtIMEA)LPrpY! mr@ﬂﬁ@éﬁe % %%Ft %methacrylate
al an e

‘able s em ture of the |cro ulate mat
@%?\‘%ﬁﬁ Qu% eméesuglﬁe%lsﬁﬁg& Ay co %% HBBHE1S e&ﬁo‘e}ﬁ’ Rty late,
0&%@%@%@9&@&@4&1@1%:@@@ donsemabigrralmittédand Hel medirPandnethyl

oBdh) éﬁd&@eﬁﬁt%ﬁ@gﬁe/ Of Grh- @%%ﬂiﬂ% Fidhome? nZaﬁbg QYWY derivative

The lidine derlvailve may then be added to the mlxture at a ratio 0

SeRb ol B oI B S Ak o SR P e PO RFREr dpaRiS Iakey e 2cid
selovicl (o8 betotzgh adrglit:€). ledinyd &c%rﬂatanqaze@n aﬂ@lht&)aﬂﬁcﬂ%&@ﬁez acid,

g 0
oiomli £ a0 02090 39 SRR RASAR B
ea%ﬂb%ﬁm&ﬁw@ﬁt@ P@lém\féqmm@nz;aigm@pbmme maleimide,

vmy@reﬂﬁfil@ubﬁt%nﬁﬁ@ﬂakc@fa@é)oﬂhﬁ Geifers I8 49 Ik Q2 ®ihed. 0511 other
pog)lZné e30e uly a#ents e.g.about0.8,0.9,1,1.1,1.2,1.3,14,15,1
y}ning gr%r quwalents or more than about 2 mole equwalents
e.g. Hwohqtgdmaf 691PEs© BrltGmokogoivatenisviie anfxtutmbyrthen It may

foeallapiedderaachionsulliciont imeand-Al sifigenhiemps r&%ﬁ? S have
{ poration of pyrrolidine groups into the mlcro articulate mate Wo
o 0 IO B3 GO0 P18 Rer B Bes e dapcE Bt o)

may dabcatalgih gunspy(e). HetwseeabbutfoamidedfiplcapshRdo A taRk L@n@erﬁed into
12.apd 4.an 6 or 18 and 30 hours e

= S el e 8 SRR B0 3 GO S ROt

Framee il o AR PAES S & RERIEENABR RIS 0P8 R BBTS, %&gﬁmft@im@ 150y be a

fut@@hal Gicng Aapd8le BF 1eBcBMEDa biomolecule or biocatalyst. The catalytic group
may be, or may comprise, a pyrrolidine group. The functional group capable of being
converted into a catalytic group may be, or may comprise, a chloride group, a
chloromethy! group or a carboxylic acid group, The monemer having the functional group
may be a non-crosslinking monomer. The monomer unit having the functional group may
be a crosslinking monomer. The liquid may comprise both crosslinking monomers which
have a functional group and non-crosslinking monomers which have a functional group.

In that case, the functional groups may either be the same or they may be different.
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5to 120C, e.g. about 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 or 150C.

The temperature may be at or below the boiling point of the solvent.

Following this reaction, the resulting derivatised microparticulate material

way:te/sepagated, and then washed and dried. The separatiopdade07/080067

comprise settling and decanting, centritdging, filtering etc. The washing

and drying may be as described above for the microparticulate material. If

the Wéroéidﬁrﬁ io dirivative is an N-protected pyrrolidine derivative, the

derivatidedHdr8h AR (e e/t iRiPhERRA woien of dkerapnemer, or for

Qbiwl@'am;smwmtﬁﬂmdrlmaﬁ@ém imﬂﬁldﬁi&h@ step @ét Q%m%@@ﬂﬁéﬁg. It may be an
- g)ﬁﬁgg% ; e where.the N-protecting group is Boc

%?E{Jtyloxycé%%%%iﬁ#s "n%;?/a%é%or%B?Fé’é‘ 1rétt;%é\c i fﬁ%eﬁ‘i’-’f?fjgteac GRSt Aapr some

Qe trme Glotkertia! dsid e AS b fistiniey benbhievedbly dlpadivgithen about 10

whlrreteeiedonatesial iR LanbEA{PPIORA, RABAPANCRINGILSHENAS 1\ o

dichlqrom%that E%)for sufficient time at sufficient temperature to deprotec
e B R LY SEPTREE Abhaterd AFES o erpafbmiarerto 2 hour,
Ithayriweceloviabedrief pebdturauidieltifng piehobe:betweenahout & a0tours, 10 to
2@%&@ e tland3 d.24,.1 and 12, 6 and 48,

12 and 48, 2}25%%%5%:%\1\,13&%%&3%’0%%?8&%%@ %%I %%’u‘—éi %&g‘?ra SoTiates, or gbout 1,
536%9715; 15818, 39; 32, 97284085 Bowge, oy, Yshouad4ibuik, Eheerature
bm&hrmjaemal&ﬁ%drﬁbﬂwaHMQEﬁ BeaRsalIpaY: oe é{%l&qr@d§g%@%ﬂ&w%@, 50 and

ried. ration may comprise settling and decanting,
7§£ea§§r1| ug%%gg,’ |I(é§r?ﬁ1§ %?’C(??Of% %vnagsqréﬁéy %\%% Ed%i?ga aﬁ'geagg"ﬁéger‘f’@ea& 80, 90,
18Bovéboritie Aieroptieulatd HoatBrisableolisining thisaeihegothdsobutyronitrile

(ABsalyligiPRICION él%k&k@@_ Saler iﬁ}mﬁm@ea‘r%@!g&@e %%9%@ %tg.f "{)he initiator
betg/een ab?ut .1 and [imn& per %rar_n of _25 matérial, or between a out
T ST OF 18 2b 2 SREFTT R Te0vecRnbistot end Afde's or wiv,
oeagabbodt DabdQ.155 Qi) 0.2500.3, D38, Dod 104G 30, 5¢.9.5808:6.9-65; 5, 2, 2.5,
30375 Q. 75 5Q.854). r.1 enmol per gram of material e

inieiton alos Brane 3 e oe Bt SR R sl % ona
m9le GaeE CERBRP g A peEny s Ar srsrim G ineidabrbabaridutate, materalto 2,
2 a@(ﬁ?rﬂingﬁ@ﬂhﬁt@@%%]%ﬂﬂﬂ@%%tﬁ@g sthegmicrapaticles of e e pasis
r aq{ygltjlat& matr%rl%i have catal tlcl.fun tional groups on the surface

thereo ,%aﬁnﬁmc |oen%ﬁ°§P(§JB§¥l§efﬂ§l§apable of catalysing conversion of

the g@rtﬁﬁ‘@} nﬁ?ﬁ_té‘fﬂﬁﬁﬁlﬂ’ﬁ@@ réhgtu wr}ﬁféeca’l_aiyﬁal gratipshmaigbiiasay comprise
colRSSIROAPEHOUEIBRIBIN TP BERRRTICHIRIC ARIPLIRLNRYS Aid 1o he
tmc;natlal%_tlc %roiéjg ading of between about 0 1 and Immol per gram of

maferal o Betw B abdTreF aidineoterdigriddadie: tepiplandpteigl. It may
coamtiss OagsanlBeSlignidl 2moal. Fetgmpbot ikl 1§ Sd 0oafdds0:BSuding

D SORCY 79, 7,.0,75,:0.8.0.85, 0.9 0.95 or 1 mmol per
o maiara. Tre radute e WAL emt g L s
O A ARt BhEgi ey aeomm@;t%@ EHerdisarticll s anater(alc @igprsesdy (e.g.
mipy) toliting gar@mM_ amliﬂ éhl_a netnod EM[&S&% g@@@iﬁ@@%ﬂs‘%ﬁ%b 5:1, 241 to

) ion, Tk ichael additjon of a carbqnyl compound having an
e e e et P 2y ot SOkl iy b, 41,
4. 5o S se aReereoe than ytiichetotie of lyRidiikatonslafthasolefin doayg the
stepen@l ﬁ&;ﬁﬁ@@@ﬂﬁglﬁ?&j” Be Suzhsly iRl ?a%@vd@%ﬂ&%\%gtfpg _\é%ggg%{“p monomer

! P-substituent. . The Michael addition may be of cyclohexanone to
P Nt SAR TR EHERAE AL F AR A I E D dsarserearappsatiOfh 2l about Sml
magearpier tremmidtoppitcuisstrivteriabearniging @yncoliding 8rouss|s o 3, 1
to gq,mpi@egsvm \Y | 10_of.pyrroliding gr t
1 iarbi%yl comp(?LIT r%% %ﬁ%v%%%%ﬁ%ﬁ%&%&rr%%%gv@%h%a%uégéﬁ’f%g’ 0.9,
* and 46; 16and 36,720 nd 30,190 Ak 30280 and-30%r%25 eind 28, for sram of
tengplatn phetebiautihe, d&; 20,i2pr8ha8bg48e 46n05150%)a1E0:0NG HESHaRE 1 4 may
mixture, a solution of an acid catalyst (e.g. 15 TFA, at between about
and about 20mol%, e.g. about 5, 10, 15 or 20 mol%) in the carbonyl
compound is added. The carbonyl compound may be in excess over the
activated olefin, e.g. a molar excess of at least about 1.1, 1.5, 2, 10, 50,
100, 200, 300, 400 or 500 fold, or about 1.1, 1.2, 1.3,1.4,1.5, 2, 3, 4, 5,
10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 350, 400, 450 or 500 fold. The

raaction Mmav he condiicted at room temneratiire 20 or ecome Nnther
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3024 and 48, 12 and 36 or 18 and 30 hours, e.g. about 1, 2, 3, 4, 5, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42,45 or 48 hours.  The
microparticulate material may be reused for catalysing subsequent

regstians: dtmay be reused 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more than 10
times. It may display a loss of catalytic agtivity on each reuse of fe5S@i4¢7/060067

about 10%, or less than about 9, 8, 7, 6, 5, 4, WO
2008/108738PCT/S62007/000067 20 3, 2 or 1% (e.g. a loss of about O,
GoTRF'5° 6230 Bis temnlae 1 théiguid Sordbetbeda, Shott 8,596 3058)-38 minutes
thidaontextibedoss,efactviby gy idered t reduction in ’
yigld of the _e%a{{a\l se r%ﬁction when Saéglihg rl"?I.!Eiesé‘,gaan‘%ﬁeﬂg gﬁéﬂi?‘%‘f cafhfygpd 2 or 0.5
and of réagen s%gﬁ ® ’é?@a‘{%ﬂéﬁt%%@ etPubded thes saraesconalitionss.s, s, 6,
6f finle Hhd ferfhetatoralltmaasess displaya ﬂ@ﬁﬁzeiee@;%tﬁ%s%%@@gs@ 0120 be for
Eargpspesificity.ar of '%tﬁfﬁq%elf(&t'\é'tg of less than about 10%, orless
9.8,7,6.5, 43,2 0r 1% teg E S of bHeR 0f drpreepatig; may be

thagl abng
- BHGEIDAED BB1Y 16 ahowt 355 6ombav@ear A0 and .NEWYES, 0 and

BE hatetialy, |0% swedting mesapomus poly, rticles (MPPs), has been
developed, by ysin mesoporou silica %Jaﬁﬁgl)ég%ﬁgr&d Pgm% a?‘ér?j% jdt may be
new materla%!fgcan RS 55%%5#&‘?@@%@6@&%@@9@&7@@ at which there is

%ﬁ%}&@t degrepiofipalyprodchies dvpaviaksty BeeNHeRIOREAI e fime
reyitae STZINGHROTRUR-PRMME $,SUCh 28 %ﬁ%'vﬁé‘rﬁiﬁoﬁéinrﬁg | ggg);%%o following the

ig}o%meﬁgi ha&d-@ergﬁlated mesoporous polymet, so
esoporous PORTHEE, Bt iseBoienddnselymictdpsized pelyBetemoved. This
ETtikslepath értexiogp nbeteshplasopa iz remained a
iGhalienge. #h.The present inventors {&sgeofoﬁnd %{gt @?Iei?ceré%ﬁs & vacuum at low
mesocellular foam (Mg% may%eesfl bcémkﬁ%}ééség S'RBfERte ihslatdviant, and
S‘éﬁﬁﬁ‘&l@ MPHe. Cre Veltdnowent2HeD, The EengshutueyQe MRS, sbout

-N.akdedtioksto°G. Hm ) E U . B~ Scienc 8,279,
BB SYmidt-Winkel g?ﬁkfﬁ?%“v?@’v(’%??y zaﬁ%ogfb&%é‘ﬁ%ejﬁgg -70 and -100,
_Clunelka, B. IZ gttid y,%.etg: 2PoRi 1 0hettn, SH. BOOR0 218,258, -70, -65, 60,
8 cAmiatlinkek, PmeukeRspibt to 206 va¥ang. 2. IMPERIESERe should be
SUEBHOWI 1 Shp Vi , G..D. Chem. Mater 2000, 12, 636:
Lettow 5% S.;g %?%&gpogéﬁﬁn%ts Yﬁ%l,%&\?%laﬁ YR spicgmee the
BOBEE PV Se00ot 60 sz0eve swevantiabapicancagter oM than about
5. Glifika, €. WA \ifithelmbroangEuif 200552 bealas) AR e 16 ours, or

beBYRIASBHRPN efein;by gross referenc The MPPs describe
5 herein are n%%)ﬁegli%;i gt%é]g%yrgag?ﬁsc} Oarg ﬂg%ig%dz@%%%@ Spfthégers, e.g. about 1,
i 3p%rr6a@h7=l§oﬁlﬁ¥é@§@ﬁp%rted pyrrolidine via imidazolitun linkage has also

notibéenippd ded hefareMRP, ' cellent physical propertjes of
ﬁq{ﬁ}g hesopQrous tggiga tg&plate%&%h%%‘%%h%%ﬁ g%%asssscé’ SFRRFRLng the
surface §I|§hOPSpeCfSISI?. & 'CHFEEE PRGelty REKIPIBaTAy beeasity(s). 1t may
coRiBtHicwTorE iidtireirge of potentiakapplications ARG @l 3y merise the
-crosslinicin monomgrr)n

ol i (o S R 2 Wogdp ettt

atio > 1:2), the inventors'have

caurpeogaﬁ{c e E%g : St .
ATOBUSLRRGHYR Ot taiivdgersavelyuniise hiteroamayval) T theheating

rgid an

magiheatertplateaiine ¢frasingobiaaMBPR.aaud bead YRiGd by 5’%?59 10 minutes

ecific surface area may

i t Qf omer..The s i
N 25%%%8%%%%%%%5%2%8ﬁ80%@ W5 dfel Howh 1063 grissso ma/p 20

Bough. hdPe 24 Heirfade Moperied biaRINMBRS, tay be senoed BysUsing, g
b . . . . ? e
aboulifiéeat, fmotipoaivadimeRomety 1 VArNoUs §X&;‘?P’\§?§p‘§ @22357 £5,20 hours It

Qdificati d use of MPPs are presented herei >
e b L i SERagH e 4 EBAB130 oupe Prmlding 0
and (% B ausesituiig amhibilizeciorio, MIPs throogipimidezel Wmginkans>ooc
e.g. GadalyiE; Michaesadditionof fyclebexagong,to nilrastyrenpe over ’
IVIPP-supported pyrrolidine led to%’oﬁgégfgdgﬁguc § \/T;‘/thﬁ GEWFRGHe may be
diastereoselectivity and enantioselectivity.  The MPPs described herein

find application as catalyst supports, adsorbents/absorbents, packing
materials for column chromatography, and as
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ionanostructured carriers for drugs, proteins ano!/or genes. Brief
Description of the Drawings  Preferred embodiments of the present

invention will now be described, by way of an example only, with

referemeadsyihe accompanying drawings wherein: Figure 1 is %%DE?@%O?/O%GM
illustrating the synthesis of MPPs; 13 Figure 2 shows the structures o

some MPP-supported chiral pyrrolidine or NHC catalys_ts. Figure_ 3 is a
scheme illustrating the synthesis of MPP-s_upported chiral pyrrolldlne with
?F?ﬁa%%’n&Mﬂﬁ%a}@é,f“hﬁﬁ@@mm@ea@%ﬂ@mmmaﬁmgmmtawg, 2 or 1 hour
Mithide tadgtionel @yiohexanne Wﬁﬁ?;ﬁ(@Siﬁggg ﬁ@%@%ﬁﬂ%&%&%m of
anin ctron microscope) images of (a) s ‘ ) )
BRI Bah & 1 et <heges Roim multipe stages, 5.2, 3,
‘adsoPptibridEserptiotusthetamh ofaz) m%,w_hwﬁﬁ#@éﬁ/@l@cgg@ time as
y n < tailed Rescription of the referre ]
oot e T S A S TN T
g S?iaé’éﬁeﬁ?@? Vidro5aingctagr2-10 pm were used, as described

previitapliy)(biathe aroces, Iﬁaﬁco?ﬁ%&p&yﬁgﬁﬁhé\@%%oﬁg&%rf

%jgatﬁ (% é:onversmn

' tic| B.EJ.surface area of 504 m2/g
e 0res AR &% s it cHABPGRoR@Bend 100, 50

2Bk (38 i) s ercoHite AR anbyt MinBOWsddTSL& Bthand 95¥he MRBS 30, 35,

eve, edagilustiated. M dRs SHEGNe, diyinylbenz neg%JVB .
9?? Esliﬁnie)p%?an a,a-azohisispbutyronitrile (ALBN) were wetimpregnatad™ ete-)
SAte MCE nﬁn‘ff%‘?ﬁﬁeﬁ'& THERVE PIVEMGTER on the MCF framework by

O . .
dirediha\von2e68/108788 mgfma@migaﬁ%um@rtﬁa%@%tpirm(%wmg the
hg{eag MCF pore walls. s were,obtaine
pﬂ%%?r%{g%ng tqhe%qilfi%ggrtr?a%%ﬁ&lf’ 0102 ggﬁsﬁfg 1‘68(3'?! . -‘frmﬂ% m%rlé%_l for.the
PYBRET () Epttitentbraased SReweer thedsippearitive ofsiisarbbydsdicts or
ofive langaatdiler $30Mhcerilemrakabianalyais fHiberLRRmey RatiNg ey

c&ﬂiﬁ%m%ﬁ%ﬁ%ﬁ‘é & ltetﬂ}é gori%@nc‘gvrggj} be a volatile solvent. Suitable solvents
include methanol, ethanol, isopropanol, chloroform, dichloromethane, acetone, butanone,
toluene, dioxane or other common solvents, or mixtures of these. Several washing steps
may be conducted, and these may use the same solvents, or may use different solvents,
The material may be dried following the washing. The drying may comprise heating the
material. The heating may be at a sufficient temperature to evaporate the solvent used for
washing. The temperature may depend on the nature (e.g. boiling point, vapour pressure)
of the solvent. The temperature may be between about 50 and 150°C, e.g. 50 to 106,50 t0
80, 70 to 100, 100 to 150 or 70 to 120°C, e.g. about 50, 60, 70, 80, 90, 100, 116, 120, 130,
140 or 150°C. The drying may comprise applying a vacuum or partial vacuum to the
material, at a pressure, for example of about 1 to about 100mBar, or 1 to 50, 1 to 20, 1 to
10, 10 to 100, 20 to 100, 50 to 100 or 10 to 50mBar, or some other pressure, e.g. about 1,
2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90 or 100mBar. The
drying may comprise passing a gas, e. g. air, nitrogen, carbon dioxide, through the
material. The gas may be at ambient terperature. Tt may be at elevated temperature,

Step ¢) of the process may comprise dissolving the template material in a solvent
which does not dissolve the polymer. The solvent should be a solvent for the template
material and a non-solvent or a poor solvent for the polymer. In the case where the

template comprises silica, a suitable solvent may be basic. It may be an alkaline
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The synthesis of robust MPPs required the use of a relatively high
crosslinker/monomer molar ratio. Commonly a ratio of > 1:2 was used,
although a lower ratio may be used. The resulting polymer coating was

highlyeesossimsked, and rigid and robust enough to retain the p F

framework after removing the silica temjdate. io The MPPs a|s%‘w?s%“7’“"”"“7

possessed the same patrticle size and morphology of the hard template
ec%o%ggr%@i The higﬁh% crosslinked polymer has little or no swelling in

various Solvente® fiits 18 HATmpeisHEBreherssiion darigticlapplictionthe solution
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s A e TSRO0 9 100,57
to 198a6 thne, [ : 0710 ] -supported
o£hiral By elid rc%i)ij}s 88talyti%€1?§ﬁ%:adti§c>&§%r? gléﬁ(/?rﬁ%ré’ﬁfcr’l@ﬁtﬁge?bom 95, 96,
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Ogr arsuh Q ig. 3). MPP-CI 5 was mixed Wi
Y
itrath r?i‘?wafﬁﬁéﬂ'ﬁg‘f’t% 8IS e Wit 19HU M ase B0 arsic (T5.4) 99 7.

99 &0 Srodichtarbynethane (DCM)) at room temperature for 16 h. After
ported chiral pyrrolidine

filtrgdio hing and.drying in vacuum, MPP-su
. with im%glxzo]uhr%?ﬁn C{a%é‘jég((rf'g %8%%%@8.%‘?5&8%&% Byrostidmervsass to
MURAHRS (SHEEET GRS amsolite duploding die QAR il ereNhOTRCEME S culate
matisidl. Temnparad wih MRBa: MER- wed stronger PAFTIR peaks
codRiNH s&gcie% %3308 cm-iB)rand qu%%rﬁr%ga%ﬁ%%%%rﬁ TO8ET B oY Tpagent
'i%%‘é’ |ﬁ_d|cate03 et py#rSiiine GrolfrEsbreadicce setulipiaintiobilizeg,oniay be
A s s T
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Feophilic, su stitution of a benzyl halide (e.g. chloride or bromide) group, “click”

chemistry etc. Suitable click chemistry may include for example cycloaddition reactions
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MPP-supported pyrrolidine was examined for the Michael addition to

nitroolefin (Fig. 4). Table 2 shows that the catalytic Michael addition of

cyclohexanone to nitrostyrene generally offered the conjugated adduct

With u@ry: kgl diastereoselectivity and enantioselectivity. Initial

reaction was performed in various solvéfits, such as 20 DCM, Vclﬂ@@zmnmmmm

tetrahydrofuran (THF) or toluene, with cyclohexanone (2 equivalents). A

%C%d conyersion.was not obtained with these different solvents. The

FagetiGhs Her SrPerforitEd'# newleaidiies. D utcamyyaeid adiditidectylene

relbiaidEntiyid)santiuite 20 molihraiiie! 08dRG10:20 BIPLOLincd rings (e .
@Ilgﬁ&e 19&“5'3?1}1 oséjlyf330/§tconv 2rsion was achieved after 3 days. ,

%en 5 mol% of an arid addiive was iHEF8a sy Friise sndatdiionsrondons to

frutiabapte acionyideien Hificantiyiatioroved without affecting the

diasterenselaativity ardgnant tivity. TEA.was shown to be the most
seffective acid additive Ho{ﬁ\t}gr??ﬁg }rgo%dj}&%}gﬁﬁ/ gg%é%lﬂl}}@bie method for
rec u@é%i]%\/%‘ésngé%%é%bfﬁﬁ?%ﬁ%% zxlkode et Phen shtipdycatalydich may

:gg;sg i&%ﬁﬁng we(%ef% Imatd run %/Qé?%%g}évoconvegﬁ%%%%%t Holidine
achieved in the aggenégﬁépggﬁg%‘facid additive. With the addition of 10
mol% of TEA, 45% conversion of l@;e?é’ﬁgm&e-assisted Michael reaction

was obtained after 30 h (Table 2, Egjyy 9, When the recovered catalyst

was washed with dilute base (NH3/TFIF) alter the second run, 65%

conversion was achieved after 48 h, wih similar diastereoselectivity and

5@%?2;,9&7?. (g;érc/tgg ﬁﬁ%@%ﬁ#ﬂﬁ%@nﬁféﬁ BB TR RGef may bea
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mm%dsea“%n i O’tkf Al Af"mfé&r SREPE pernd; thultigficity & 2 singwd'= The
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pyg6tiBie, dezivapiket nepy Guartet adved multipletht; T IR-AREEH BMNAIE: about 0.1
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AhGile taé‘é%%M il gal- ¢t Ep e aqahped With2 8plitmods, 0.6, 0.7,
O.SQQ&LIf,l;yZirﬂeétién@yﬁtﬁm@amdlﬂmmg)ﬁ@_ BRIZALAN éj@@{l:@raﬂjgjﬁgug%%%p cen

irglelex v T umn (0,25 mm x 30 m). C, H, N analyses were obtaine
aﬁﬁgh@EiT&CﬁE-%d%g Elgmré%%ale Hﬁ?/)fzeél% r\f)?%%‘é%rﬁs‘ﬁoh%ﬁ@fhw on the
TISLRANCHAE Preferiding aaisrBrhdeitics ASAP RO2DK SystemISLanNRY] 2 mof

equélabtntn micraiseapy.$SBM) imagesvere pbiajngdswith. a
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erical

wWeM={4Q0F electron microscope (10 kY). 25Synthesis o
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termpbiHHRE ANEHHGNeratie 685299 VB.(Aldrich, 98%) were
purified in an a%?ﬁina co%m%agé}rﬁ%vﬁ%gr%m%ézﬁ%ﬁﬂﬁﬁ%| Bffs material.
Typically, monomer mixtures amounting to the silica weight were added to
MCEF following the wet- 30 impregnation using DCM as solvent. A typical
synthesis involved dissolving 0.6 ml of styrene, 0.6 ml of DVB, and 0 05 g
(3% relative to total vinyl group) of AIBN (Aldrich, 98%) in 3.0 mL of DCM.

This solution was injected into a flask with 1 g of dried MCF. After
imnreannation with the ecaliitinn the nowdeaer wace vvacinim dried at - 7QC tn
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WO 2008/108738PCT/SG2007/000067 25 times. The sample was sealed

and equilibrated for 6 h at room temperature, and then polymerized by

heating at 60C for 4 h, 80C for 3 h, and 100C for 2 h. The resulting
watightsass washed extensively with chloroform and ethanolptt msas eiragoss?
at 80C, and collected as a white powde¥. The powder was then mixed with
NaOH (4 g) in ethanol (50 5 ml) and water (50 ml). The mixture was kept

ﬁtﬁ %%% and gti red over E}g{ht Aftffr filtraté%%, the material was washed

R P LthABr ARGt AR B TRy RCHrh 2 36, 1 and

extensweﬁy W?t c\)t\%?g?, me
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synthesizedy by the same’ gﬁgggc’ig‘r% Eﬁiﬁ%i%’r%{r% %O%roﬁg}%rggﬁé%g%; crature
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dﬁﬁi‘oﬁtﬂﬁémi@ﬁ@@rﬁﬁ@@@\ﬁ@éﬁiﬁh@@b IFectephanteds oattetion TEA(S6R4 idrikd. The
sEHhAHRCMAONSHHIGRL L8 SUSReASION:W, Q,SJéﬁﬁﬁﬁS’giéQ,dﬂﬂ&iﬁ%' 'lgco BRANGA shin g

15 was washed W’ié‘g saturated sodium bicarbonate aqueous solution,
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mixture, and stirred 25 for 22 h at'room temperature. The feaction mixture
(STHRE TitETet, BAY RGHTtEIEY BRRSTEE - FRedORMMEN TS bF AR abmeripad about
48 6odmyio; haineeeabntionad B6; 16:6] 200 disstEIcemer 48=126:81 47,04 and 48,
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Synthesis and charagcteristics of MPPs.. Monomer'Surface AreaPore
T (G BTSRRI F0 ST BB YR Brgiegerbed above
fop $838THar0¢RBite material. Following this method, the catalytic microparticulate

material may have a pyrrolidine loading of between about 0.1 and immol per gram of
material, or between about 0.1 and 0.5, 0.1 and 0.2, 0.2 and 1, 0.5 and 1, 0.2 and 0.5 or
0.2 and 0.3, e.g. about 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.35, 0.6, 0.65, 0.7,
0.75, 0.8, 0.85, 0.9, 0.95 or 1 mmol per gram of material.

The inventien also provides a method for converting a starting material to a product
comprising exposing said starting material to a particulate material according to the
invention. In this method, the microparticles of the particulate material have catalytic
functional groups on the surface thereof, said functional groups being capable of
catalysing conversion of the starting material to the product. The catalytic groups may be
as described previously herein. The microparticulate material may have a catalytic group

loading of between about 0.1 and 1mmol per gram of material, or between about 0.1 and
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1VIPP-BA 0.8, B 0.8248 0.33 3.5/21 MPP-CIIA 0.95, C 0.25209 0.25 5/20
MPP-C12A 0.6, B 0.46, C 0.14111 0.28 4/20 MPP-COOHA O.6,_D 0.5210
0.26 3/13 A: DVB; B. styrene; C: 4-vinyl benzylchloride; D: acrylic acid.

Si@bleszebighael addition of cyclohexanone to nitrostyrene O\i%ﬁ%egt%&m 067
Catalyst (nol%) Additive 19

0.5,0.1and 0.2, 0.2 and 1, 0.5 and 1, 0.2 and 0.5 or 0.2 and 0.3, e.g. about 0.1, 0.15, 0.2,
0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95 or 1 mmol per
gram of material. The reaction may be stereospecific. It may be enantiospecific,

In one example, the microparticulate material comprises pyrrolidine groups, and the
method comprises conducting a Michael addition. The Michael addition may be of a
carbonyl compound having an a-hydrogen atom to an activated olefin. The carbonyl
compound may be for example a ketone, e.g. a cyclic ketone or a pB-diketone. The clefin
may be a styrene derivative, e.g. a styrene having an electron-withdrawing B-substituent.
The Michae] addition may be of cyclohexanone to B-nitrostyrene. The Michae! addition
may be acid catalysed. In an example, the microparticulate material comprising
pyrrolidine groups is combined with an activated olefin at a mole ratic of pyrrolidine
groups to carbonyl compound of between about 10 and 50% (or between about 10 and 40,
10 and 30, 20 and 50, 30 and 50, 20 and 40 or 25 and 335, for example about 10, 13, 20,
25, 30, 35, 40, 45 or 50%). To the resultant mixture, a solution of an acid catalyst (e.g.
TFA, at between about 5 and about 20mol%, e.g. about 5, 10, 15 or 20 mol%) in the
carbonyl compound is added. The carbonyl compound may be in excess over the
activated olefin, e.g. a molar excess of at least about 1.1, 1.5, 2, 10, 50, 100, 200, 300, 400
or 500 fold, or about 1.1, 1.2, 1.3, 1.4, 1.5, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100, 150, 200,
250, 300, 350, 400, 450 or 500 fold. The reaction may be conducted at room temperature
or some other convenient temperature. It may be conducted for sufficient time to achieve
a suitable conversion (e.g. at least about 70, 80 or 90%) of the activated olefin. The
reaction may be stereospecific, and may have a stereospecificity of at least about 50, 60,
70, 80 or 90%, or a stereospecificity of about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or
106%. The reaction may be enantiospecific, and may have an enantiospecificity of at least
about 50, 60, 70, 80 or 90%, or an enantiospediﬁcity of about 50, 55, 60, 65, 70, 75, 80,
85, 90, 95 or 100%. The reaction may be diastereoselective, and may have an
diastereoselectivity of at least about 50, 60, 70, 80 or 90%, or an diastereoselectivity of
about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100%. The reaction may take between abowt
1 and about 48 hours, or between about 1 and 36, 1 and 24, 1 and 12, 6 and 48, 12 and 48,
24 and 48, 12 and 36 or 18 and 30 hours, e.g. about 1,2,3,4,5,6,9,12, 15, 18, 21, 24,
27,30, 33, 36, 39, 42, 45 or 48 hours.

The microparticulate material may be reused for catalysing subsequent reactions. It
may be reused 1, 2, 3,4, 5,6, 7. 8,9, 10 or more than 10 times. Tt may display a loss of
catalytic activity on each reuse of less than about 10%, or less than about 9, 8, 7, 6, 5, 4,
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3,2 0r 1% (e.g. aloss of about 0, 0.1, 0.2, 0.3, 0.4, 0.5, 1, 1.5, 2,2.5,3,3.5,4,45,5,6,7,
8, 9 or 10%). In this context the loss of activity may be considered to be the reduction in
yield of the catalysed reaction when using the same amount of catalyst and of reagents
{and other catalyst if present) under the same conditions of time and temperature, It may
display 2 loss of enantiospecificity or of stereospecificity or of diastereoselectivity of less
than about 10%, or less than about 9, 8, 7, 6, 5, 4, 3,2 or 1% (e.g. a loss of ahout 0, 0.1,
0.2,0.3,0.4,05,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8, 9 or 10%).

A new type of material, low-swelling mesoporous polymer particles (MPPs), has
been developed by using mesoporous silica particles as hard templates. This new material
can be used as an effective support for catalytic complexes.

Various approaches have previously been developed for synthesizing porous
polymers, such as solvent-controlled macroporous polymer, hard-templated mesoporous
polymer, soft-templated mesoporous polymer, etc. However, deriving micron-sized
polymer particles with interconnected mesopores of > 10 nm has remained a challenge.
The present inventors have found that siliceous mesocellular foam (MCF) may be
successfully used as a hard template to generate MPPs. MCF is well known (Zhao, D.,
Feng, J., Huo, Q., Melosh, N., Fredrickson, G. H., Chmelka, B. F., Stucky, G. D. Science
1998, 279, 548; Schmidt-Winkel, P., Lukens, W. W., Jr., Zhao, D., Yang, P., Chimelka, B.
F., Stucky, G. D. J dm. Chem. Soc. 1999, 121, 254; Schmidt-Winkel, P., Lukens, W. W.,
Jr., Yang, P., Margolese, D. 1, Letiow, J. S., Ying, J. Y., Stucky, G. D. Chem. Mater.
2600, 12, 686; Lettow, J. 8., Han, Y. J., Schmidt-Winkel, P., Yang, P., Zhao, D., Stucky,
G. D., Ying, J. Y. Langmuir 2000, 16, 8291; Lettow, J. 5., Lancaster, T. M., Glinka, C. J.,
Ying, J. Y. Langmuir 2085, 21, 5738) and these refercnces are incorporated herein by
cross reference.

The MPPs described herein are novel in structure, and are derived by a new
synthetic approach. Polymer-supported pyrrolidine via imidazolium Iinkage has also not
been reported before. MPPs retain the excellent physical properties of the meseporous
silica template, without the challenges associated with surface silanol species. The surface
property of MPP may be easily modified for a wide range of potential applications. Using
a high crosslinker/monomer (i.e. crosslinking to non-crosslinking menomer) molar ratic
(e.g. > 1:2), the inventors have derived a polymer that was rigid and robust enough to
retain a porous structure after removal of the silica template. The porosity of the MPP

could be adjusted by using different amounts of monomer. The specific surface area may
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be varied from 100 m%g to 550 m?/g or more. The surface properties of the MPPs may be
controlled by using different functionalized monomers.

Various examples of the modification and use of MPPs are presented herein. MPPs
may for example be modified with benzyl chioride and carboxyl groups. Pyrrolidine was
successfully immobilized onto MPPs through imidazolium linkage. Catalytic Michael
addition of cyclohexanone to nitrostyrene over MPP-supported pyrrolidine led o
conjugated adducts with very high diastereoselectivity and enantioselectivity.

The MPPs described herein  find application as catalyst  supports,
adsorbents/absorbents, packing materials for column chromatography, and as
nanostructured carriers for drugs, proteins and/or genes.

Brief Description of the Drawings

Preferred embodiments of the present invention will now be described, by way of

an example only, with reference to the accompanying drawings wherein:
Figure 1 is a scheme illustrating the synthésis of MPPs;
Figure 2 shows the structures of some MPP-supported chiral pyrrolidine or NHC
catalysts.
Figure 3 is a scheme illusirating the synthesis of MPP-supported chiral pyrrolidine with
imidazolium linkage;
Figure 4 is a scheme illustrating the catalytic Michael addition of cyclohexanone to
nitrostyrene;
Figure 5 shows SEM (scanning electron microscope) images of (a) spherical MCF
microparticles and (b—d) MPPs; and
Figure 6 shows N, adsorption-desorption isotherms of {(a) MCF, (b) MPP-A, (c) MPP-
COOH, (d) MPP-CI, and (e) MPP-B.
Detailed Description of the Preferred Embodiments

Synthesis of VPP

In the examples presented herein, spherical MCF microparticles of 2-10 um were
used, as described previously (Han, Y., Lee, S. S., Ying, 1. Y. Chem. Mater. 2006, 18,
643). The microparticles have a B.E.T. surface area of 504 m*/g and a 3-dimensional,
interconnected pore structure with ultralaree cell-like pores (30 nm) that are connected by
windows of 18 nm.

The MPPs were prepared as illustrated in Fig. 1. Thus styrene, divinylbenzene
(IDVB) crosslinker and e,0’-azobisisobutyronitrile (AIBN) were wet-impregnated onto
MCF. A unmiform polymer layer was formed on the MCF framework by direct
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polymerization of the monomers that adsorbed on the MCF pore walls. MPPs were
obtained after removing the silica matrix. Photoacoustic Fourier-transform infrared (PA-
FTIR) spectrum of MPPs showed the disappearance of silica bands in the range of 700~
1300 cm™. Elemental analysis further confirmed that the silica template was completely
removed.

The synthesis of robust MPPs required the use of a relatively high
crosslinker/monomer molar ratio. Coramonly a ratio of > 1:2 was used, although a lower
ratio may be used. The resulting polymer coating was highly crosslinked, and rigid and
robust enough to retain the porous MCF framework after removing the silica template.
The MPPs also possessed the same particle size and morphology of the hard template (see
Figure 5). The highly crosslinked polymer has little or no swelling in various solvents,
This is an important property for catalytic applications. The MPPs successfully
maintained the mesoporous structure after several reaction runs under different
conditions. The diffusion limitation experienced by other polymer supports was not an
issue with MPPs. The porosity of MPPs could be adjusted by using different amount of
monomers. The surface areas of MPPs were controlled between 100 m*/g and $50 m/g.
Two sets of pores, 10-25 nm and 1-10 nm, were present in the Ny sorption isotherms of
MPPs (Figure 6 and Table 1). The former was associated with the mesopores of the MCF
template, and the latter was mainly derived from the removal of silica pore walls of the
cast. The surface properties of MPPs could be modified by using different functionalized
monomers. When 4-vinyl benzyl chioride was co-polymerized with DVB, the resulting
MPPs (MPP-CI in Table 1) had surface benzyl chloride groups, which could be easily
converted to ammonium groups with positive charges. When acrylic acid was co-
polymerized with DVB, the resulting MPPs (MPP-COOH in Table 1) had surface
carboxyl groups. The ease with which the MPPs could be derived and the flexibility with
which they could be modified in chemical and physical properties provided for a broad
range of potential applications,

MPP-Supported Chiral 2-Imidazole Pyrrolidine

The present inventors have generated a versatile catalyst system by immobilizing
pyrrolidine onto MPPs through imidazolium linkage. This system could be flexibly
transformed into different type of catalysts, such as, chiral pyrrolidine organocatalyst (A),
N-heterocyclic carbene (NHC) nucleophile catalyst with profected pyrrolidine as a
chirality induction source (B), amine-NHC bifunctional organocatalyst (C), and bidentate
ligands for organometallic catalysts (D) (see Fig. 2). The present application describes the
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MPP-suppoerted chiral pyrrolidine and its catalytic application in asymmetric Michac
addition to nitroolefins.

Pyrrolidine organocatalyst was immobilized by direct alkylation of N-ters-
butoxycarbonyl (Boc) protected pyrrolidine-substituted imidazole (E) (Fig. 3). MPP-Cl
was mixed with E in DMF, and the reaction mixture was heated to 100°C for 16 h. Afer
filtration and washing, the solid was treated with trifluoroacetic acid (TFA) (50% in
dichloromethane (DCM)) at room temperature for 16 h, Afier filtration, washing and
drying in vacuum, MPP-supported chiral pyrrolidine with imidazolium linkage (G) was
obtained. The loading of pyrrolidine was in the range of 0.1-0.5 mmal/g, depending on
the different procedures used. Compared with MPP or MPP-CI, G showed stronger PA-
FTIR peaks for NH species (3300 em™) and quaternary ammonium (1000--1200 em™),
This indicated that pyrrolidine groups were successfully immobilized onto MPPs, which
was further confirmed by elemental analysis. It is thought that the straightforward
synthesis and simple immobilization process will greatly facilitate the commercial
applications of this new system of materials.

MPP-supported pyrrolidine was examined for the Michael addition to nitroolefin
(Fig. 4). Table 2 shows that the catalytic Michael addition of cyclohexanone fto
nitrostyrene generally offered the conjugated adduct with very high diastereoselectivity
and enantioselectivity. Initially the reaction was performed in various solvents, such as
DCM, tetrahydrofuran (THF) or toluene, with cyclohexanone (2 equivalents). A good
conversion was not obtained with these different solvents. The reactions were then
performed in neat mixtures. Without any acid additive (Table 2, Entry 1) and with 20
mol% catalyst loading (0.26 mmol of pyrrolidine/g of MPP), only 33% conversion was
achieved after 3 days. When 5 mol% of an acid additive was introduced (Table 2, Entries
2—4), the catalytic activity was significantly improved without affecting  the
diastereoselectivity and enantioselectivity. TFA was shown fo be the most effective acid
additive. However, the product selectivities would be reduced when excess TFA (> 10
mol%) was added. The optimal catalyst and TFA loadings were 30 mol% and 10 mol%,
respectively. Catalyst was recycled by filtration after the frst run. Very low conversion
would be achieved in the absence of additional acid additive. With the addition of 10
mol% of TFA, 45% conversion of the enamine-assisted Michael reaction was obtained
after 30 h (Table 2, Entry 9). When the recovered catalyst was washed with dilute base
(NH3/THF) after the second run, 65% conversion was achieved after 48 h, with similar
diastereoselectivity and lower enantioselectivity (83%) (Table 2, Entry 10).
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In summary, MPP has been synthesized by using spherical MCF microparticles as
a hard template. With a high crosslinker/monomer molar ratio, a rigid polymer was
attained with a robust porous structure. The porosity of the MPPs was able to be
controlled by using different amounts of monomer, and the BET surface area was varied
from 100 m*/g to 550 m*/g. The surface properties of the MPPs could be tailored by using
different functionalized monomers. For example, MPPs were modified with surface
be}lzylchloride and carboxyl groups. Pyrrolidine was successfully immobilized onto
MPPs through imidazolium linkage. Michael addition of cyclohexanone to nitrostyrene
over MPP-supported pyrrolidine provided conjugated addoct with  excellent
diastereoselectivity and enantioselectivity,
Exampies

General Information. All solvents were used as obtained from commercial
suppliers, unless otherwise noted. Centrifugation was performed on Eppendorf Centrifuge
5810R (4000 rpm, 10 min). ‘H NMR spectra were recorded on Brucker AV-400 (400
MIz) instrument. Data for '"H NMR were reported as chemical shift (6 ppm), multiplicity
(s = singlet, d = doublet, t = iriplet, q = quartet, m = multiplet). PA-FTIR spectra were
obtained with a Digilab FTS 7000 Series using a photoacoustic cell (MTEC Model 300).
Gas liquid chromatography (GLC) was performed on Agilent 6890N Series gas
chromatograph equipped with a split-mode capillary mjection system and flame
ionization detector, using Bodman Chiraldex v-TA column (0.25 mm x 30 m). C, HL N
analyses were obtained with BEAI CE-440 Elemental Analyzer. N, adsorption isotherms
were obtained at 77 K. using a Micromeritics ASAP 2020M system. Scanning electron
microscopy (SEM) images were obtained with a JEOL JSM-7400F electron IMiCroscope
(10 kV).

Synthesis of MPP. Spherical MCF microparticles was synthesized according to

Han, VY., Lee, 8. S, Ying, J. Y. Chem. Mater. 2006, 18, 643, and used after vacuum
degassing at 100°C overnight. Styrene (Aldrich, 99%) and DVB {Aldrich, 98%) were
purified in an alumina column to remove the polymerization imhibitors. Typically,
monoimer mixtures amounting to the silica weight were added to MCF following the wet-
impregnation using DCM as solvent. A typical synthesis involved dissolving 0.6 m! of
styrene, 0.6 ml of DVB, and 0.035 g (3% relative to total vinyl group) of AIBN (Aldrich,
98%) in 3.0 mL of DCM. This solution was injected into a flask with 1 g of dried MCF,
After impregnation with the solution, the powder was vacuum dried at —78°C 1o

selectively remove DCM for 4 h, and subjected to freeze-vacuum-thaw cycles several
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times. The sample was sealed and equilibrated for 6 h at room temperature, and then
polymerized by heating at 60°C for 4 h, 80°C for 3 h, and 100°C for 2 h. The resulting
material was washed extensively with chloroform and ethanol, It was dried at 80°C, and
collected as a white powder. The powder was then mixed with NaGH (4 g) in ethanol (50
ml) and water (50 ml). The mixture was kept at 90°C, and stirred overnight. Affer
filtration, the raterial was washed extensively with water, methanol and DCM. After
drying in vacuum, a white powder was collected as MPPs. Elemental analysis showed
more than 99% hydrocarbon components. MPP-Cl and MPP-COOH were synthesized by
the same procedure with different monomers, as listed in Table 1.

Synthesis of MPP-Pyrrolidine. DMF (30 mL), catalyst precursor E (126 mg, 0.5
mmol) were added to the dried MPP-CI (1 g) sequentially. The suspension was stirred at
160°C for 24 h, and filtered. The solid obtained was washed successively with methanol
and DCM. After drying in vacoum, the white powder was collected and soaked in TFA
(50% in 10 ml of DCM) overnight. The suspension was filtered, and the solid obtained
was washed with saturated sodium bicarbonate aqueous solution, methanol and DCM
successively. The resulting pale yellow powder was dried and collected as MPP-
pyrrolidine (1.02 g). Compared with MPP and MPP-CI, MPPP-pyrrolidine showed strong
PA-FTIR NH peak (3300 cm™") and quaternary ammonium peak (1000~1200 o). The
loading of pyrrolidine was 0.26 mmol/g of MPP based on elemental analysis (C 81.83%,
H 7.05%, N 1.12%).

Michael Addition of Cyclohexanone to Nitrostyrene. In a typical experiment,
MPP-pyrrolidine (0.26 mmol of pyrrolidine/g of MPP, 154 mg, 0.04 mmol), was used as
the catalyst (30 mol% loading with respect to trans-f-pitrostyrene (20 mg, 0.13 mmol)).
Cyclohexanone (3 mL) containing TFA (10 mol%) was added to the mixture, and stirred
for 22 b at room temperature. The reaction mixture was filiered, and monitored by GLC
(»-TA column, major enantiomer # = 16.0 min, minor enantiomer = 16.5, and
diastereomer 7. = 16.8, 17.0).

For the recycling experiments, the reaction mixture was filtered, and washed with
DCM (3 x 5 L) and NHa/THF (10%, 2 mL). The residue was dried under vacuurn, and

used for the next batch under the conditions reported above.
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7clear copy Claims: 1. A particulate material comprising porous
%%%ﬁ%ﬁéﬁgﬁmﬁf@aﬁ%ﬂ&é%%mus structure, said polymeric

microparticles comprising a crosslinked polymer comprising crosslinking

monomer units and,non-crosslinking monomer units 2. The

particulate material'o Y wherein e D &dlitke o 196R HdPmEs a rBoike Size

ratio of crosslinkirfg:bgorfoMeFunits to nofwcrgsslinking NIQRMEr UNits Qfym)

Mbleast about 1:'4.c g g5 The particulat%éaaterial of clag'?;}ﬁl or claim 2
wherein at least one type of the crosslinked monomer unit$ Is derived frz)%o‘s

MiRAASI benzen@ 0-8: BY:8The particulate mt8rial of any 0Aédf claims 115/21
MBARHETEIN at leastasne type of the non-crogglinked monomgesunits is 5454
rispived from spyre derivative thereof. 5. The particulate

mat\g}gl of an%hg%&:&élgﬁl’rﬁsblﬁ% 4 comprising at least ofe*fonomer urdf20
MR S¥incHofdt Seup. 6. The paiidulate material.pfclaim .5 3713

“ fon BYE1: estursesohaligrisupliensalebteddeoh theygioapdconsisting of a

catalytic group and a functional group capable of being converted into a

Tcatal tjc roup. ... 7.The artigulate material of claim 5 or claim 6
fereinHBasichaiier ahrReArgIETinsiorErmRp i §.

%Qtp&ossh@gga yrsr‘lfonoxr&p(?cgiyig!et " Time  Conversion syn/anti® ee’
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! 20 — 72 33 97:3 97
2 20 PTSA (5) 30 35 98:2 97
3 20 AcOH (5) 22 11 96:4 92
4 20 TFA(G) 2 53 97:3 95
3 25 TFA (7.5) 22 68 97:3 94
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8 30 TFA (10) 22 83 97:3 95
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“ Fresh stock solution was made in cyclohexanone/DCM.

5 Determined by GLC.

¢ Measured by chiral GLC.

? First recycle. Catalyst was used after filiration without washing, and fresh TFA was

added during the reaction.
¢ Second recycle. Catalyst was washed with NH;/THF, and fresh TFA was added during

the reaction.
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wherein said material swells Tess than 1% at 20C in-common organic -

, solveliest 35K b'ﬁ’oce'ss for making a particulate material comprising ,
porous pélymerithaperdpastciesssalidf prosesscdaprisiigra) iipregmativgg
a pgrausPrickaRal ticigietemplate-materiahwiths: biglidsomprising one
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one type of the non-crosslinked monomer units is derived from styrene or a derivative
thereof.

5. The particulate material of any one of claims 1 to 4 comprising at least

"one mopomer vnit having a functional group. ‘ _ _
6. The parioulate material of claim 5 wherein the fanctional group is
. se:iec.te‘d from. the group consisting of a catalytic group and a functional group capable
of being converted inio a caialytic group: _
7. the Apar-ticulate material of claim 5 or claim 6 wherein the monomer
_unit having the functional group is a non-crosslinking monomer unit.
8.  The particulate material of any one of claims 5 to 7 wherein the
functional gfoup comprises a pyrmiidine group. ,
9.  The particulate material of any one of claims 1 fo 8 wherein the
* mesoporous structure has a bimodal distribution of pore sizes as measured by nitrogen
absorption. - ‘ ‘
1¢.  The particulate material of claim 9 having pores s;,izes between about 1
.and about 10nm and pore sizes between about 10 and about 30nm as measured by
‘nitrogen absorption. . '
11.  The particulate material of any one of claims 1 to 10 having a BET
.surface area of between about 100 and about 1000 m?/ e. ‘
12, The particulate material of any one of claims 1 to 11 having a pore
volume of between about 0.1 and about 1 ml/g. S
13, The particulate material of any one of claims 1 1o 12, said particles
com;ﬁxising less than about 5% inorganic material, l
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ate material s mesocellular siliceous foan.
18, The process of any one of clalms 15 to 17 wherein the molar ratio of
the ¢rosslinking monomer to the non%rosslmkmg maonomer 15 at least a"bout 1:4.
- 19 The process of any one of claims 13 t0 18 wherem the crossimkmg
monamer comprises divinyl benzene. 7 .
20. The process of any one of claims 15 1o 19 wherein the non-
crosslinking monomer comprises SLyTene or Ka derivative thereof.
© 21 The process of any one of clatms 15 to 20 wherein at least one of the
monomers comprises a functional group selected from the group comsisting of a
catalyfic group and a functional group capable of being converted into a catalytic
Broup. , ‘
22, The process of any one of claims 15 to 21 whiersin the liquid comprises
a thermal initiator, and step b) compnses heauncr the liquid in andfﬁr on the tempiate
material 50 as o polyraerise the monomcr(s)
23. The process of any one of claims 15 o 22 wherein step ¢) comﬁrises
dissolving the template material in a solvent which does not dissolve the polyrer.
24, The prbccss of any one of claims 15 to 23 additionaily comﬁrising-
d) reacting the polymer so as to introduce catalytic groups onto the surface of the
partlcles of the microparticulate material.
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26. Use of a particulate maierial according to any one of claims 1 w0 14 or

25 for converting a starting matenial to a product, wherein the microparticles of said
particulate material have catalytic fimctional groﬁgs on the surface thereof, said

fumctional groups being capable of catalysing conversion of iﬁc'starting material to

thfc product. '
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