Het er ogeneous Chiral Catal yst Technical Field The
present invention relates to heterogeneous catal ysts,
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them Background of the Invention In recent years,
there has been a great increase in research activities
relating to organic catal ysis, especially chira
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catalyzing a variety of fundanmentally inportant
transformati ons, | eadi ngTechdicgitigldenanti osel ective
products. Unlike organonetal lic catalysts,
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However, organocatalysts still have sone
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separ 3} i, QRnf R iR RIsQbEh g?éaE masesm fe&:aﬁ;ﬂ%ﬁ@iﬁ@g relating to
cat al ysts have t he potential to offer a solution to
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of 4i D edRRES isedheiCite F0fieRABR oL ARRh %talyw roxmﬁg Qihd ¥ aigulty in
i m dazol i di n-4- one) supported on

Froptelyst sepprafansfrogn fi ppquSHstEEAR- r§i°b11 §“PRPIEFé‘r°ataIYStS have the potential

C 16 bFadolution o WM itad@ndgsi rabl e. MCF is a novel
nmesoporous material wth uni que advantages as a solid

suppoPPIyRr e sHicyrspporied, ﬁ‘ﬁﬁ’%‘&‘dt“o"' PR FAalYSs happ sbeen reported
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surface of S|I|C%Bq%¥
benesgesiiplpr PR foam(MGRrng 0P REc¥oNh PR SEHRFER Fpdel-Crafts

ofaltyliios URRPFID h@@i@bmﬁd cafEBﬁ@' ated by oil-in-water
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conmofi ss%cv?%ﬁgﬂegtseawat@w% RN S?Pé‘POSﬁf?F%‘"‘Y (for example
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aaamltag&@@k Aol $uppork mmhtahysfsat C@npaadd tbtﬂok}bms’r‘ﬂ e Wilida ,support
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C st, for,a variety of  high nant.i.qsel ecti ve
- Sl G Ry Rl mioeiusite MG R el St e of cgmmonty
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Or( ?nr}nogn y %—43 nm) that are connected by windows (commonly 9-22 nm). Such a

pore structure may prevent steric issues associated with the immobilization of bulky
compounds, and may minimize any diffusion limitation of large substrates.
Imidazolidin-4-one 1 (Fig. 1) is a chiral organocatalyst which has been used as an
efficient catalyst for a variety of highly enantioselective reactions. It also has great
application potential in industry. Therefore, heterogenization of this organocatalyst

would be very attractive. Imidazolidin-4-one supported on polymer and silica gel was



woul d be very attractive. | mdazolidin-4-one supported
on polynmer and silica gel wasrecently studied for

waey@rosaditi on reactions. However, the report eBCT/SG2006/000009

chem cal efficiency of these heterogeni zed catal ysts
was nuch | ower than the honbgeneous catalyst. It would
therefore be desirable to produce a heterogeneous
catal yst of conparabl e chenical and stereochenica
efficiency to unsupported i m dazol i di n-4- one hj ect
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by filtrati

i 50 T i Lt A s TG Sy e gt of the
S Olehdfiof AhPdr&lo/endd catidilat ken@ 1pEhd exaxdndd eativah@y tyesdt leafhabout 1.2
S ut%pl o; may be 1 to at least about 1.1. The catalyst may be reusable and/or recyclable. It
may be reused or recycled at least 1, 2, 3, 4 or 5 times or more than 5 times. Jt may be
removable from a reaction mixture, e.g. by filtration, centrifugation, ultracentrifugation or

settlihg.



may be a particul ate support, and may be a particul ate
foam It may have a particle size between about 1 and
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15

20

25

30

m crons. The support may have a 3-di nensi onal
structure conprising pores connected by w ndows. The
w ndows nay be smaller than the pores. The pores may
be between about 20 and 50nm3 n di aneter. The w ndows
may be between about 5 and 20nmin di aneter. The

support may conprise silica, and may al so_conprise
some Ghheralysema) box selid cafalyst, enckimpy e mpastsulale caglyshfhg support
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isomer, or may be at least 75%, at least 80% or at least 90% (-) isomer. It may be chiral

due to asymmetry of the carbon atom adjacent to the carbonyl group. It may have
asymmetry in one or more of a group linked to or attached to the ring carbon atom (C5)
adjacent to the carbonyl group, the ring carbon atom (C2) between the two nitrogen atoms

and a group linked to or attached to the ring carbon atom (C2) between the two nitrogen



and a group linked to or attached to the ring carbon
atom (C2) between the two nitrogenatons. It may be
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adj acent to the carbonyl group or through the ring

carbon (C5) adjacent to the carbonyl group. The

i m dazol i di n-4-one group may be substituted in the 5
position (i.e. on C5) by an atyl nethyl group, e.g.

R-CeHLj -CH -, wherein R may be H or a functional
substituent, or an alkyl or aryl substituent or sone
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con3|st ction. ang. . .
CPURE bRt P el AT AL 8 S iR gmenysi v
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from the group consisting of a Friedel-Craft reactwn and a Dlels-Alder reaction.

The process may comprise reacting the mesocellular siliceous foam support with a
reagent which comprises the catalytic group, said reagent being capable of reacting with
the support. The reagent may be capable of reacting with OH groups, for example silanol
groups, on the support. The reagent may comprise a reactive group, for example a
reactive silicon group, capable of reacting with the OH, e.g. coupling with, groups on the

support. It may be capable of reacting with the OH groups to form a siloxane (Si-O-Si)



reactive silicon group, capable of reacting with the

CH e.g. coupling wth, groups on the support. It may
wheocapabi e of reacting with the OH groups to POT/RGZ006/000009

sil oxane (Si-O Si)linkage. The reactive group may be

for exanple a dinethylsilylallyl (or allyl

di methyl silyl) group. The reaction of the

di methylsilylallyl group wth5the support may be acid

catal ysed. The reagent may conprise a spacer group

whi ch couples the reactive group to the catalytic _
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t hﬁ;ﬁ 36MEpra® alBativé Broupfor eagplta whitoh sitioopgiospsapside of reacting
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T e
30 OF Rigpireridnes hededciibel gvaapfonfihet brmeerhoft e moastnt yhig comprises the
' egzgzﬁ?ttlc gnr%Xp. bﬁle Srel:’la%[{vet gx%ﬁp of e chiral modifying reagent may be such that, on
reacting with the OH groups on the support, it is converted to an attgchment group, as

described in the first aspect of the invention.



reacting with the OH groups on the support, it is
converted to an attachnent group, as described in the
wo possaspect of the invention. The process nmayPCT/SG2006/000009
additionally conprise the step of preparing the
reagent which conprises the catalytic group. This step
may conprise coupling the reactive group, or a
precursor thereto, to the catalytlc group or a
precursor thereto. It nmay conprise converting a chiral
am no acid, or derivative thereof, into the reagent,
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S aprecursbh theme, tovhd ¢a%éytm§gtodpe)r alpreemt(mtheﬁcﬁo dt may comprise converting

%% g %21 rz}gl%rh ez}scg oil‘ dfﬁrgi;Yrau%( gg:‘geog aﬁ tﬁ% T,n%,s g’,%ge%;nllg cgr%pnsmg a
st ect‘limabluyldimoh@h-llastegroup nTlen demiawh mayltbet hatah (eg. an N—termmal
g(r)zﬁx\éll‘ggn?um %al{)) MO &am Ie ah rochfggdea §aﬂe{'l$eré)e%$§gzg l’x'r?ayco%tagle&g (eg.a

IS ng: prepa Ing -a reag
c aC-adrypinat estprpfop exzaple ag atkal War cugr Isuapmbéyh gthyla padylyk isfpropyl,

cabus)}ly?(%bﬂglg%ter?%&tbu g grl g:;sfl fromthe group

con reaction and a

Di el sIn\hulembodimett itters isgmayidediacproesgfon makisg adetappainrons catalyst
u)oﬂmﬂﬁﬁgh%ng with OH groups on mesocel |l ular siliceous

f oam reacting the reagent with a mesocel | ul ar )

si | i ceouserarngra Seggent tonmisimg ke catilptichgronp, ogsheatalgtic group being

catal yst, fagalbﬂe ncgrk&%ag:%g ﬁ'}?a%ﬁ&{‘?eﬁgcteh 'I“I%Fnetpé ?rog{n QYsEl8flz 8¢ a Friedel-

process €r ogeneous ca _
conpr i siGraft reactierc bnchg Riels-dddpz meactipn, ang swésreag@m béing capable of

siliceo
catalystqéac{l&%mt t %£§?(%5$$§§P@mnﬁk ropho |ng t he
15 mesocel Irgacang dliel jeagenti with camesnggipiartsilighensefopmt sypport to make the
reagent y %ﬁe%ﬁ%Ta@al%?t alytic group, said catalytic
0

group belng capabl e catal ysing a reaction_ sel ected
f r om fthenqihes mplb@émr;ns thierggis a?roadqﬂr 4 erpepss dpm making zc heterageneous
ang .der reaction, and wherein said reagent

is él pgbﬁg 3 reacting W|th OH groups on the

mesocel IredcHRE ¢i feagRnb Ut camesoreliuancalirspuse fsouisvRAett fo make a

. there '%eféfc%)!ﬁe@ﬁéjca@alﬁs‘i%ﬁss for making a heterogeneous
catal yst compri si ng: | east partially hydrophobing

a mesdcéf least partially h)@émhgbm@mw&qa?fs&vl@r silzgegus foara G¥RPRE- a
I QARERM thM b dbehnniRRACE Lhibh AL §>‘ub' &ﬁ%h‘ial{r&?&oﬁy BB teapable of

to nmake t he "het erogeneous cata yst; where

r calglping _e6%@%@&6%@démﬂvt&r@1pg=pe%wg§£Wﬂéﬁqléir% feaction and a
OTRLIR AR RGP ] ®h&Ein said reagent is capable of reacting with OH groups on

25 the mesocellular siliceous foam.
In another embodiment there is provided a process for making a heterogeneous

catalyst comprising:
e at least partially hydrophobing a mesocellular siliceous foam support; and
e reacting a reagent with the mesocellular siliceous foam support to make the
30 heterogeneous catalyst;
wherein the reagent comprises a catalytic group, said catalytic group being capable of
catalysing a reaction selected from the group consisting of a Friedel-Craft reaction and a
Diels-Alder reaction, and wherein said reagent is capable of reacting with OH groups on

the mesocellular siliceous foam.



catal ysing a reaction selected fromthe group
consisting of a Friedel-Craft reaction and a

woe@sslsler reacti on, and wherein said reagenPCi/$G2006/000009
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capabl e of reacting with OH groups on the nesocel |l ul ar
siliceous foamIn another enbodi nent there is provided

a process for making a heterogeneous catal yst

conprising: reacting a chiraj nodifying reagent with

a mesocel lular siliceous foam support in order to

couple a chiral nodifier to the support, said chiral

modi f Yi Reothéd agMBlineaMBEleSE PEbvidee aClibdesd forndikinges he@fvgeneous
reacting a reagent with the mesocellul ar siliceous

f FRRDSUOTRESIE 0 make t he het er ogeneous cat al yst ;

wher eien rbit@ing & 2B imodTMIRS kedght Hvith atrAdsyddllalag siticgops fmimdsupport

catal yti. oup bei ng,.capahl.e of, cat al ysi. . i

Sal oc ednerspienssty b chifet BERERLS e oo T4 i PO Ragent
react i orcoaipélsig e €hisal Alodifier; epct i on, and wherein said
reagent i s capable of.reactin i th...OH t

mes gc el | rlﬁTchg gi ’F?g(?gtoﬁ’éﬂ alﬁlesogﬂl\mﬁﬁ SR g réfﬁ%lg 3}1}%@ Rt Bnake the

t her e i sheprép¢hebsicaalys;ocess for maki ng a het erogeneous
st. co

cat al rising. coupli.ng a chiral . .

| DR eieret EIPTSROh 5 M, Bl S oahatie ecoym g grpedle of
f aanlelppatictibn sddeidfem teigop wemisting of £ FiiglepCofi maation and a
process,for ki n het er.ogeneou . rhgi

P EER g TS obf iR G RREE T pRk LRk W O elfhps on
r aagmpdocsihila kilicanmpfdases a chiral i m dazolidi n-4-one

group, said re nt i ng. ca l.e j A

SUpport e oAb ol ALt e PlocisE 26! linlly BudeiEncons
praaeiysscoimprising kouplinga bietabintdgenkding-opageoiup &¢ a mesocellular siliceous
conprising: at least partially hydrophobing a
rrefg%gé'fﬂpﬁﬁar siliceous foam support; and reacting the
mesoc &h landther gatodieent thefeommredgrdor progéss [fom maksiag enketerogeneous

whi onprises_a..chj i i dien:- 4- . :
B3RP kAR it 0B g v
s uppprites al ahiralniotideeslidinode gonp, saidgeagentdemerapablieofyeacting with
PrRCES ot OF meking a heterogeneous catalyst

conprrsing: reacting a chiral nodifying reagent with

a mes de ehdtidraamimidiniene these Tsomavidadpd pracessrfop gt pheterogeneous

R e [ Conpr | si ng the chiral mdificr: and
r eact i*ncat keastgarieHy hydrerhobing a mesaselylansiligeousifparg spppert; and
foam gu R’Q&&iﬁg IR HRERuAar siliceous foam support with a reagent which comprises
a chiral imidazolidin-4-one group, said reagent being capable of reacting with
the support.
In another embodiment there is provided a process for making a heterogeneous
catalyst comprising:
¢ reacting a chiral modifying reagent with a mesqcellular siliceous foam support
in order to couple a chiral modifier to the support, said chiral modifying reagent
comprising the chiral modifier; and
e reacting a reagent with the mesocellular siliceous foam support to make a
heterogeneous catalyst, wherein said reagent comprises a chiral imidazolidin-4-
one group, and wherein said reagent is capable of reacting with OH groups on

the mesocellular siliceous foam.



het er ogeneous catal yst, wherein said reagent conprises
a chiral imdazolidin-4- one group, and wherein said

w0 e@goeso7i s capabl e of reacting with OH gr oupsPONSGH®6/000009
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mesocel lul ar siliceous foam In another enbodi nent

there is provided a process for nmaking a het erogeneous
catal yst conprising the steps of: a) reacting a salt

of a tyrosine ester with an aBkyl am ne and acetone to
produce a
3-a|kyl-2,2-dinethyl-5-(4-hydroxypheny|nethyl)inidazo

I di n- Ixl-anstker digbodd@at ihaxg is pidvided a process for making a heterogeneous

hycgtakéxgﬁgieoﬁlyﬁngg%t %TSI m dazol idin-4-one with an allyl

di met hyla)halreatikgy b salt eine tyrosiner esttiroetha. anhdtkyalamieeg@indcetone to
conpri si ng 2, Bahbl | S .. -
o Gazol i s B2 %ﬁ%‘t" L EBonisymsteimidgeotidin-

reagent w t H-omesocel lular siliceous foam at el evated

t enperatyre .t he presence an acid ca 4]0 NP
d) react :jng aEtélligjresocel | ul artR£S| i ceous fo%%h%ls%%dﬁne%yl >-¢4
trimet hyl si hydrexyphepyhgaimt)imBezliduy4-oey Baithc omduellgd dimethyl
bef ore, dur c). e t
there | s pr SaoRfpalhe b FhaReCd el ROGLCEElRE 12002
cat al yst cokppubstitre ilvdazgidéps-ond-3- yhgrouzeact ing a salt

Nl e L

( phenyl et hydmpierstuainghd anat—qfrae ambyamlmmndng t he

3- hydr o al

o g e S BRI SO oI ko e Rl dfen.
pStapd enaa be nmdapted b@fgemune@mpaftes ptecla 2, 2,
5-tri Qﬂﬂ? I I :

coupl ;ﬁy hﬁ)lq(ri a ‘?gg}gaé ?1?) ke Wi (féﬁqp g g%séé f?lg EHQHHg aHeterogeneous
si | i cexelystcomprising bt gepso€d t enperature in the presence

of -an a d V. [ gﬁﬁﬁx

sili ceoﬁs fgag%nﬂv% "?%1&“ (ﬁrhd?l%}le{ﬂ%?ﬁg% et aﬁaﬁ gent; ikgi dhine and
d) may be cathnet ed Bef oPpsodugr | ng or ?ahx@xygkkglp’l 'é)ilmethyl-i

The present (ﬂhgy}qﬁgﬂhgﬁnﬁ]a;&lﬂ@\bhges a heter ogeneous
cat al yst when mad % he process of the second

aspect . b¥n geaetingr the akpxseexyalk vk h-dimnslatSi (Bheny sty Dirgidazolidin-

provided a ARLOQGhTAraPr GeeyD QaléaIPﬁQQH&Eo &%Hil%'aséﬂ?ﬁl reagent
exposing at | east one Starting nateri al

het er ogeneotAnRIENg|22s 2. %%@?SHWF?& 111‘15131’—9%@1114&%31}'&? oup;

sai d at ¢} eagdupRRE BRIl BEheAPl AR inRkoRBAINTsi ERBAPIRmO: elevated
under goi ng eIF her a
temperature in the presence of an acid catalyst; and

d)  reacting the mesocellular siliceous foam with a trimethylsilylating agent;
Step d) may be conducted before, during or after step c).

The present invention also provides a heterogeneous catalyst when made by the
process of the second aspect.

In a third aspect of the invention there is provided a method for producing a product
comprising exposing at least one starting material to a heterogeneous catalyst according
to the invention, said at least one starting material being capable of undergoing either a
Diels-Alder reaction or a Friedel-Craft reaction to produce the product. The method may
also comprise allowing the at least one starting material to produce the product. It may
comprise allowing the at least one starting material to undergo the reaction (either a

Diels-Alder reaction or a Friedel-Craft reaction) to produce the product.



Di el s-Alder reaction or a Friedel-Craft reaction to
produce the product. The nethod may al so conpri se

w@bdogms4egs t he at | east one starting material tBCP8GZIV6@00009
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the product. It may conprise allowing the at | east one
starting material to undergo the reaction (either a

Di el s-Alder reac on or a Friedel-Craft reaction) to
produce the product. The produet may be a chiral, or
asymmetric, product. The catalyst may be a chiral

het er ogeneous catal yst. The at. |east one starting

mat er iTaé pfmyctbﬁlytbm chiral; bi ssgmmetriel pratis:t. Thiaeathlyst may be a chiral

be f
3}% t] n ogs ? a(;?)l §§1 'léhréa leagt aoé‘?gm nn%%atﬁa?lm%ipgwéganﬂ&g materials.

r eﬂmt mnstﬁmggt:ﬂzmml @ray rteyfob exan;ﬂc iacdiede- @idad diepgpgler capeble of
r e aerﬁct)mg Sadlgilag%?er re:%c%alg %%gtethey\’{?)? rnﬁx%e%@nfcfeb?&#gsu%ﬁg and a
t [TrieHeliQralit rea@era,f Wheseil shier Briedel- (Naft e¢agenitiiy edpyble o€ reacting with, e.g.
| SA3he U, AR bRl AR AL BOlef %&lérﬁhpg material
nmprising portion
pondy bma smglersmmg metesalrcghwusnaatdilqmg pm-noe rand [a dlglophﬂe portion,
(r::vg% 1r? tl%f stgﬂg gtrag%g qgat&ﬂll 1{%2&)&&%‘[2'?? ‘ﬁﬂhe‘?ﬁgou@ grl ﬁTtraéJoﬂa@ﬁlar Diels-
C Qe rsacngn,am nawd»pratsmglelfatar@!tmmat@mdfcomm anaqr@nﬁmlfneéﬁ -Craft

' a@gb{&g!: Sﬂoﬁﬂ)%l dndtadh dJlQﬁ?fFEtag&Q &Jtlgﬁ"w &f @k Bin %ﬁestartmg material

el'l al 1S Ca unaerg
| s rca;p@leegﬁj hader@mgegﬁe|mt@rra>ﬂqcul|ae§gp¢qbﬂraftrr@ctlon The Friedel-Craft
Ll) {o St Sihstieak esu E%'ugx{ ' etl,aclgc@lfn rise an aromatic or
Strate portion may eac rise an aronatic or
héle@mammmmudeWu &“heeﬁtsedem@fmpac@are magbg pe akkglation efamagylation.

eI‘h@rFrﬁhéyéchl‘t gQP@FMJ:cﬂ B red e Goki6f §lay a8 Eomprise an

reagent an Craft reatgent porti on gﬁ eac

c oyl psen agyl arqum eaeh ofwhigh yeydhecriiher whetiutes onypsebstifigd. In the
b%&&' WL tv&%ﬁg M&t@&ialgjﬁre "dEb%luﬁ’l%' iy B@ﬂl rhalalt o Gﬁ&ﬁween about

e two startihg materials are used, th may be in

a Snloandrabeuttl; % fesfexarenlaeleayt 3hotil. 131 1:2%01d: 3about 1:3, for
exanpirge axﬁ&h‘(;d ?’na% c&nﬁhse ]prélpanilg % Ql@teﬂog@neoﬂ_sh SeadBbM flxture. The

may conprise preparing a heterogeneous reaction
mhmemgeneourh@aﬁ@mémé@m@anhe prepared hcombining & sqlutjonsemprising the

Pre RA% e R¥artER A1 And tl%q{ekgrbééﬁe&l@ RR¥aly§l BiGbyt H&nlﬁhmg a solvent

Ieast one starting material and the heterogeneous

c ané thesheteregenenps calyptnindcthen 3@%@? ah¢@st (on¢ starting material, or by
hebebRgeneYiiondral tsts fb@Ralasd |tlﬁk9hd't§i@eﬁéou|s %aﬁtyst and then

one startlng material, or by conbining a solu
‘ A

25

30

f jaddipe 3 seqopd Agrtingmeaterial. Thedoqond sHEIEBYTHE B £4 %ﬁdygta single

?Bgrtfbﬂe& rRfldbeglid8d S8FRNGH pobtRnbwidd®vERdBeE. I'Bhla mefiod macaadionally
arting material may be addedmasn& 1§ tlon or

agBSCoREHEENE S PR BRI P RAIAR SER B plerfgring, Swirling,
ek} HPMhiARE Hd Roidblehes@REIA Mbknirat Areanatmely the at least one
het er ogeneous reaction m xture, for etg (r_{rél nl% ¢
s wWiapt g rigaterial apd {he Beterepsaents satilysh&pay g‘?ﬁ@&ﬂ? e fToGRFe ot a
M batt Q)rov"Niihg ﬂﬁtﬁﬂﬂe vi€leXst bhestating ﬁﬁ&halﬁﬂ@h@dl@bﬁ 4 §d3 or a vapour.
mat erj al he heter ogenegus taI yst ma%a
Conti Bt o HEash v, S RENGEI TaYige ﬁi’gfal fgprogeneous
t BgnpREatire @&tsuﬁﬁﬁmﬁﬁlﬂé Forrtgnvepdien d)fait ldaS 88%| of gtlieast Ohe 6f the at least
gas or .a va

h |
Py R inp Bt thaRgoint i RSP gLABILE0A of (e sbfing material

in the case of a single starting material, or of at least 80% of at least one of the starting

materials in the case of more than one starting material).



tenperature for sufficient time for conversion of at
| east 80% of at |east one of the at | east one starting

woraiogsals t o t he product (i.e. conversion of apPCT/eaHn6/000009
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80% of the starting material in the case of a single
starting material, or of at |east 80% of at |east one
of the starting materials in the case of nore than one
starting material). The net hodOmay conpri se exposing at
| east one starting material to the chiral
het er ogeneous catal yst at any conveni ent tenperature.
The t Ehe erethiod nmayrmyn;ime leEpasing t 4 deadieorengierting ivgaterial to the chiral
mReratyre : AthpeRiire $13 bk ibBBw th
ef°°e'i’ el cégﬁyﬁl ‘t& Xlgtslt 1 L{L?auﬂé rrﬂgljt@ ure may b e@suc woe
t Itﬂad;omdwtlore mWMrmOitthﬁ eatalsstnthe asdeastj oney pigripg ymaedial,gnd the
a d £&Gheq9 nBl 1M fad m
tpr(f gt L[‘Péegeg{@?%t a?mvﬁ&%ghsg%ﬁ&t & IE S?s conductne ; The ay
nitlowdormmgyal do thsr ioslengt peint of ds x@act@e pUktaRe; 4 ghey pressure at which the
h%&ﬂ&g; Aequs.ccat al yst fromthe heterogeneous reaction
ture after allowing the at | east one starting
rrat er Th¢ metog mas comptiseethp stgpl 9f separating Bherhetereggheguy sptalyst from
le[;et h&&oéﬂ{ﬂg(flé rbdctibh ShiRgfel df%? alldWifg SARPA'B4sk Bfe FRMing material to

rrse erln m crofi | terlna centrlfu I n
u |prqdae¢aﬂw produei ngorrm ecanbyptigrinn af gdiquid; n?gﬂono {h¢, separating may

¢ %URPH&t ﬁl%ﬁn%fmi@fb\ﬁhttﬂg& Qénumztgﬁg,olfltricjaﬁtﬁﬁ)gn;@h Qecadifg MSdistilling,

portion nma € Wwas a wash I nNg solvent an n%
ber mgrnblaatwnpvlf IO g ne:ilre t>ﬁ thess- hetcAtalystiogiion Py begyashed with a

W@%Eﬁ % é@l%n‘t’ ea{htdsmay-rb@ wWARRH NEluARlVEHh&) willY fMrality of washing

[ 1quid portion. The nethod

c solyeits hp S’@Flatlg s@vqrﬁ@-) BRI BE Emipegnvith e iy Rfrgon The method
metah/ &Hrpnyﬁ@olhﬁ@ e bf&ﬂué’f‘fﬁbn? ﬁﬁﬂfqhﬁq;oﬁﬂ))i Phe {sbRtKNAWA comprise

for dom&lp i ncl udi ng ‘any one or nore o
iy &

e\ﬁmo@f 209 Bpgyg i doine 59 ARUHPIIPIY PY FRFG 8h Svaporation,

PlISBRL Rl VGrLachat NT Q5AIA6H, 2PP¥parkdva@ui gasch rcﬁﬂiﬁﬁa@t@i@ﬂﬁy liquid
preparative high pressure |iquid, chromato

p IcBioatataeraphY, toRGPATratisg Bigh @Fﬁsmllgﬂ{l glgﬁvatogr 8l§y, préf)aratwe thin layer

%}ﬁ%hﬁd kDAY, Icg@aanfs@ﬁdnyfeb@lsdalmﬂtdnogubmﬁatmnlefaat ion etc.
The cat aI yst portion, or ar% t her eof

us
as a MBY EptAlyErRasian, CRia BTt  dleres yBRY PF U %éé&ﬁ?é?ﬁeﬂews chiral
r %gtﬁfr};%@ﬂa snﬂﬂ&du@ﬁﬁéicﬁoﬁlfcbﬁéna‘ﬂ@lWr%sﬁﬂgémorwhglg I n

an efbodi nent_there is provid tho r

a pr ol enrodiment thetedp Prodsd p “i‘eélé?@t P’dﬂog ?Eﬁoﬁ'tflg F%g"nedel-
s@ﬁgregétwn@),mfﬂg@ﬂﬁb@g saofhet er ogeneous cat al yst

accordin he 1 nvention with 33 sol ve t an

acid .
o formia . covanpses Hrearessn it sreoane Jf dyben gridn vi o
conpound tOsal#&t&ﬁtmaéﬁitomﬂﬂwamyssmﬁma;r omatic -

conpound be| capabl e of undergaing a Friedel -Craf.t .
reacti o dg‘&jflﬁg”%mﬁﬁ & 0“596{? ttﬂ‘? §5t§'é(ﬁ't mgfuiey gaid aromatic
catal yst m ggwcﬁnaaange@mloﬁumfgbmgmdﬁrtedelﬁmmr@cmn,

OB T AR A R, T T s o

compound to form a reaction mixture;

d) allowing sufficient time for reaction of the aromatic compound with the
Friedel-Craft reagent in the reaction mixture; and

e) isolating the product from a liquid portion of the reaction mixture, said
product being a reaction product of the aromatic compound and the

Friedel-Craft reagent.



Friedel -Craft reagent in the reaction m xture; and e)
isolating the product froma liquid portion of the

WO e@asons m xt ure, said product being a reactiBOT/SG2006/000009
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product of the aromatic conpound and the Friedel -Craft
reagent. The nole ratio of the aromatic conmpound to the
Friedel -Craft reagent in the reaction m xture may be

about 1:2. The aromatic conpolind nay conprise a

benzene ring or a fused benzene ring, or may be a

het er oaromati ¢ _conpound, optionally conprising a fused

het er d&¢ oneleireiq ohdhe fmamaliocorepouadriie dherdredalaafe r¢agent in the
PT@3¢iHE thik B Ray! b abSR Y2 OBik RoricROMpd R _nﬁ&%gﬁﬁ?ﬁ&gl Hnzene ring
product of a D'els Al der reactlon'cgnpr|5|ng_ he steps
ofor agfpseddiepront HEe. £ Hay be ddeisesipmatia compapnd.Qpsignally fgmpasing a
t h@sddMéRjatMhiivkibf @ sol vent and an acid to forma ‘
catal yst m xtu addi ng a di enophile to the

ot a1 Jaendior piabeimed: b REvidedinemat pisvids wmabe fisproducing a

M prbdicEofa il 8NP RAkdda chRplididthesE Rt i on m xture; d)
al'lowi ng sufficient tinme for reaction of the

di enophiPe WPIRNIER BeteiRgeneepst qaalysk deqordipg 19 fheyingentigp gvith a

e) isol ati ngolvbif ald Sheftto for@AM cAtalysOlixehr@Or tion of the
reaction m xture, said_product beln% a Diels Alder

addi t i orP)pr 3ddies 2 dienqphile Wit BbIst MEMWRd t he di ene. The

nol e ratd)o Qfidih§1@ dithe fP@Bich@lystomixife GhE@i8ndphilé BEform a reaction
reaction m xture may be about 1:1.2. The present

i nvention al™®Srovi des a chiral, or asymetric,

product @henlomide sdificith @n@gbiiodttion of the diehdphile d5R Beldidk in the
the invention. It al so g£0V|des the use of a

het er ogeneo UM PAUE 4kG| yst according to the
inventi @y f eoldan® dieCirbdhcAfr6Mi 4 Bduid Portiof YRS fehdion mixture, said

product by the nethod Qof .t invention, It_further
provi des a RERJE( E‘ﬁé’oﬁ‘é’lsc‘g‘fel%ﬂ %}@t“"\‘/\/l?é%{“ﬁ's%fa‘gf Gieneophile and the
produci ng ad@héral, or asynmetric, product by the

ntjon. Bri Description of .th

met hog, of the.in f e

O s nEmsle it BYRE leRgiiE it i diSne AR ReaCh e BitTAg ey be about
wiltl2.now be descri bed by way of exanple with reference

to the, acconpanyin r aw erein: Figure 1 sho

e CEpEEEGTEARYR afh PavAERs BRGE o Bt Sroup i made by
at idthvsofahsthire B&lpeét.(bf tlf&)imtehﬁxﬁif. Hialbg peovidea geli’(ltse of a heterogeneous
conpri sing a catal ytic arou or, use in. ing a ..

- S0 sRralv freSRing of JelinoleT tor miPepRE st lagh fipmietic, product

| By értmhélid of the invention. It further provides a heterogeneous catalyst when used for

producing a chiral, or asymmetric, product by the method of the invention.

Brief Description of the Drawings

A preferred form of the present invention will now be described by way of example
with reference to the accompanying drawings wherein:
Figure 1 shows the structure of a chiral imidazolidin-4-one catalyst, and shows a scheme
for synthesising a reagent comprising a catalytic group, for use in making a
heterogeneous catalyst according to the present invention;
Figure 2 shows a scheme which illustrates two different routes to heterogeneous catalysts
according to the present invention;
Figure 3 shows reaction schemes for Friedel-Craft and Diels-Alder reactions catalysed by

a heterogeneous catalyst of the present invention; and



Figure 2 shows a schene which illustrates two
different routes to heterogeneous catal ysts according

WO e00zlogtops esent i nvention; Figure 3 shows reacPCDRG2006/000009
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schenmes for Friedel-Craft and Di el s-Al der reactions

catal ysed by a heterogeneous catal yst of the present

i nvention; andFigure 4 shows the structure of a

het er ogeneous cat al yst accordi2ng to the present

i nvention, wherein the catalyst has chiral nodifiers

coupl ed thereto. Detailed Description of the Preferred
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PQLE Diels-Alder cycloaddition reactions. Compared to polymer and conventional silica

gel supports, the siliceous MCF support provides distinct advantages with its open pore
structure, ultralarge pore opening and high surface areas. The inventors found that the
MCF surface may be partially pre-capped with TMS groups, which, it is hypothesised,
operates to attain separate and well-dispersed organocatalyst groups on the support. The

support modification and catalyst immobilization schemes described herein could be
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areas. The inventors found that the MCF surface may be
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hypot hesi sed, operates to attain separate and

wel | - di spersed organocat al yst groups on the support.

The support nodification and catal yst immobilization
schenes descri bed herein coulid bebroadly applied to

achi eve active, selective and recycl abl e heterogeni zed
organocatal ysts for fine chem cals and chiral
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carbon between the two nitrogen atons
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substituents other than hydrogen. The one or two substituents may be disposed such that
the carbon atom adjacent the carbonyl group has either (S) or (R) stereochemistry. The

substituents on that carbon atom mav be. independently. hvdrogen. alkvl. arvl or



met hyl groups attached thereto. The ring carbon atom
adj acent to the carbonyl group nay have either one or
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substituents may be di sposed such that the carbon atom
adj acent the carbonyl group has either (S) or (R
stereochem stry. The substituents on that carbon atom
mav be. indeoendentlv. hvdroggn. al kvl. arvl
orheteroaryl, optionally substituted, as described
above, or may be arylal kyl, optionally substituted.
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and may be about 20. 25, 30. 35, 40, 45 or 50nm in diameter. The windows may be



and 20 mcrons, and may be about 1, 2, 3, 4, 5, 10,
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di aneter. The catal yst, and the support, may have a
structure conprising relatively | arge pores connected

by relatively snmall w ndows. The pores nay be between
about 20 and 50nmin di anmeteriys or between about 20 and
40, 20 and 30, 30 and 50, 40 and 50 or 30 and 50nmin
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to the support through a linker group, such as a
trinmethylene silyl group. The chiral nodifier may be
present on the support at between about 0.1 to

2mml / g, or between about 0.56and 2, 1 and 2, 0.1 and

1, 0.1 and 0.5, 0.5 and 1 or 0.7 and 0.9nmol /g, and

may be present at about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
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%@ﬁ(ﬁ{bfﬁpﬁh& ofle Q&uﬁ%ﬂaﬂemm'ﬁﬁdu&ra &Iu i%gxoéipnéaip@naft ora
ai&gelq;Aldpr .gqquopglt W}“G@ understgod @'atl ’d%dq}g Sp the @tlgﬁ gf the catalytic
SQWEE of e cggéggi[)hﬁ caﬁ%ttsr(r)l%' Brleaphbi®6f cdhl mgomé or flathe?of tBe above

or

drgapm@smynqyéewépahkeqf caglysing GOfarﬂi ﬂ?élfe?fé‘@?ss Ea?ﬂ regliop gy be an
aﬂﬁ‘dhoﬁcﬁ&d rehétion] 4n AHebh2éasO thel Zeabtich gfﬁ% hReUEsndudt@l’ with a single
exanpl e about 6, 9, 12, 15, 18, 21 or 24 hours or nore
t HaFing marstah o Ray; beqroiaigrobleculsn BaetaR Tt iFk Gipe the reaction may

t gerR&{dRtd il twdlstaREmekAMA IR dhd &4 OF ah it@moldiblar reactlon, the
het er ogeneous catal yst of the present invention %‘ﬁ a?though

usteighiopery, 1ok |thes v réagting: PoHonsfis genqrallys{:1 e Jpalgr

MBcBptichs 16 ThiP hAf WeSurAmPhe hetofbYtwdl dtdthg materials, the stoichiometry
Friedel -Craft or. a Diels-Alder reactjon. It mnl

be
uFgE rest waied from 1: Béﬁéﬁé‘?rn@r SFAPRlE Qo Imprave FOD(Vﬁ@mn of the more

Caipahaivd &f the Ew&bt&uﬁé nlaf@iaatRd M&fbhminb@y ﬁay alsyssvtarynm he if for
capabl e of tal ysing one or other o

" EXEEIfRubIeGiA oY T et e é!i‘FH}ng?tﬁ‘éathB{“Hr‘fff typisolared
r @xaﬁdphnassandﬁae laﬂfeﬁ a&hpﬁues ABjhghediaft, it spifming sidicBiometry may be

react ase the reaction may be conducted
V\i‘ttoﬂt {aggfeﬂgyr}gle to glene% y
The Friedel-Craft reaction may be a Friedel-Craft alkylation. It may be conducted in

the presence of an acid, and the acid may be soluble in the reaction medium. The reaction

medium may comprise a polar (e.z. water miscible) solvent, for example THF,



starting material, or it may be an internol ecul ar
reaction, in which case the reaction may be conducted

Wowaoh/084005 st arting materials. In the case of aPCT/SG2006/000009

i ntranol ecul ar reaction, the stoichionmetry of the two
reacting portions is generally 1:1 on a nolar basis
al t hough exceptions to this nmay occur. In the case of
a tw starting materials, the2stoichionetry nay be
varied from1l:1 in order for exanple to inprove
conversion of the nore expensive of the two starting

- -Iredcetoniaile,. mdthanok NS awatene, PME etcalhsdman cymprisgrwaer] It hay be

f oJon?ﬁ%?erERl] ‘g?rgg Ha%resoﬂgrglfglj eg(gmi)lé dﬁc% angg gﬂ‘g ﬁ% ﬁﬁqﬁe solvent

eria rise
arnildtﬂmcmhmaummfph@ wetsr §a§ flepghd om ﬂerselvendyere@pneﬁ nihere may be
Stfgl" %@ﬁé\%ﬁ H?%u?@ al?tp:%éht l:quwgﬁfg?‘{i I?)E l)egwfaé}l é%@trtﬁz)nd S, 0 and

The reacti on may rve
al k2 andi 1005 and 16may2 bed ¢Brviiert e dbouithd, Br %s"er%é 8f8 hor 10%

. ac\b:gcr ﬁﬂ%ﬁﬁh@h@ﬁ: ndy g@Q’olngPe ﬁ%@ﬁ’ﬁx‘?uré Bf {difenf ﬁﬂcvt'dt&nmay be added
medi um I um may . 0.
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e’ reaction nprise a polar (€
Welp ghe rpdosion edipmsld gk he 2 stfope a@ﬂdﬁpllaﬁ b MPOIgREG rantpqrganic acid.

e} BAPBL for le ﬁ'ﬁﬁ&%g&tw LaYE, 'ﬂfecconc%ﬂﬁjatﬁﬁ%f fREPIdInSH be between

water. It may conducted in sone other solvent for

oAy leanmaémtépml\rbphlaﬂﬁ\@eenvh@lt A#nd 2@ lomndilRel anh Sy Srppd gRd 0 and
the), SORRPI 5akd ﬂﬁs%d fdkﬁma%mdqﬁ%@%&mtm 4,5,6,7,8,9,
sol venc here may be for exanple befweén

Lo 0n s K501 e gy it eSGRCARS s eetion, the
andaRyst Q &iﬂ%l&d%ﬂﬂ?th@r}gacﬁgn n@dﬁﬁ’t{j aﬂ@th@rac% qﬁh@ th@ of catal st to

wat er’, g about 0,
WaEEHOn MediE] way bmb%\hequmﬁel oingisert 1S drisame plicpputable

SQhye e %ﬁ M@Iﬁef betWERY ab$it 2ddQd 1 Aot Neo 'éﬁﬁpg(') qnLo and 1: 20 1:20
medi um Pf%/&3e a strong acid. It may an. or

orangff: 4|0nbr1§a ey {15 prd | aB‘é“%rbeéR%ﬁllQ 111 116, 117, 1:18,

t r1' fd uosooaest i goarssl. 1 g 4?505‘1‘3135@) rﬁtﬁrﬁtnstzﬁfmé ARteditl, dn aromatic
be bet ween about and about 50mM

a@B‘Bﬁ“a'P ifhepgided Thy éla“P(Pf the Hyspstatting ﬂ}ilf?ala‘sf@ t}‘ﬂﬁ“%hﬁ‘& grgups of
S5Qne aﬁalwdna'éﬂbe &t@&@l a%@ut @oanﬂldlﬁ,o@tr 1(7 1 a&cbea;m aB&\ 200:1 and

b bo
70:1300:3 gnd 4011 289073 i, 5B 5Ot B o gL 760 and 4011 or

C@oAUSId 5WB1,tdNa haaset dvets 10: h@mﬁt:mllyat) 1i 9s: o;osml neselL, ot 1h 70-:1
the reacti o nedi um and

he a
T TR A I R A ——
aRrgithahOhdterbpdriis\cataht 250 MR a@fdh:@fcaﬁlylsi Bibe stidéd during iR addition.
o Sedpnl g gl oo, Sk han e it s B4 g rao o
Orthelﬁrl5reagkﬂlt &f Béweenndbonteny 1 Bed atsaeB:1]1 od Betwdenldboutlt:1Gnd 2:1, 2:1

ornd 3eioin Bl st 5 giliadbar T Lk Dpdndcr L0 15, 21,

salsst baBe. The rbib'ﬁﬂn Eﬁﬁa@lﬁ@ mdifiredtadt @Qosth téxhpbritunés br at some other

startin material, to the catal S of.t

c GpnNcy Bl Gy B e rerieasBue O SPCaa SBhE ad 10. 2 30,40

b@f $& € orabme othéPBimperatuet) S :sdme 2E43tidnsathd téhﬁ)ﬁralure 29 bi as low as
Tt MO Bt b

S%eila,bseéﬁe of 0)%611 ,forflﬂarixple 2bdel nitbdged,, argt®; hdliumBar:carbof @iokide. The

r é%&‘f‘?’bl’l?%gk‘a Ir%ﬂwt?rs ei“% y: t}c’, h%f%?gcl, u%rsp%c%o(fsg'dpyj- ﬂespectroscopy, nmr

spectroscopy or some other suitable method. Once the desired level of conversion is
achieved (e.g. 80, 85, 90, 95, 96, 97, 98, 99 or 100%), the catalyst may be separated from

the reaction medium by filtration, centrifugation or some other suitable method. The



wi th the heterogeneous catal yst and the acid
co-catal yst maybe stirred during the addition. The

wa@ewashost arting material, a reagent, may thenP@ESG2006/000009
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added. It may be added in a ratio to the first reagent
of between about 1:1 and about 3:1, or between about
1:1 and 2:1, 2:1 25 and 3:1 or 1.5:1 and 2.5:1, for
exanpl e about 1:1, 1.1:1, 1.231, 1.3:1, 1.4:1, 1.5:1,
2:1, 2.5:1 or 3:1. The reaction may be maintai ned at
roomtenperature, or at sone other convenient

t SRRMREEhAY 18 Qatel fr&i8 iWARMIdAihase and paiifitdSERE mektiods well known in
exa Ie about 0,. 20, 30, 40 or 500C or sone other

d,pf reanic ANSBYe reactions, the t enper ature may
be as Th®DiekSARBQYictio ﬂ&ﬁbe &fnduét&i m tﬁi{breseﬁ’c@ of ad Bcidrand the acid

tCI) ﬁxgayapggsg lgang% Iegc%?a me(F . Oﬁy('é‘ 21?1 n"rf:a!yr bmgnse :{]po%g (e.g.
angid ,numtble)tmvem memmrml adetom?'t'he niedtmooli DMS@aycdiene, DMF

ggg‘:: {a{?{) o2y Wm Hﬁ?r‘x‘gﬁ’e Ett IP%}P % (g, s?te ¢t %%%C ttlréegssélgll 1¥t fg{' Example

neidhtdoméhae. The natesi sfethe | solveht afd the rwmestralmnl of the water may
achi eved

9
e b eiear v, T By b7 in s ppid B fout 0 and abou
rmd%m@y(vai) bt beéen rapowt Onind i5T Q gt 2, drand 10soard 16t Aend 4 or 2 and

bl t ~ Th
PR EE g D et i 2rp RRGUALE A REWARR may be
t h&luf)lleélh the afixmregd sbleent hmhivater yay Hheddeil & the ydaction medium. It may

{1 d t
o8 A Mg JopSD e a8 Gl of OF RRRARECERL U nBf R0k example
Thleﬂwoemctamcomdréme woneeriratoonggrthe ecid oyl ber betweey. abwatt bplnd about
népﬂ%ﬁ °' Y §ioke 1 %OJzoe’i%@ﬁﬁ ﬂﬂ'ﬁs §%ﬁ&96“1b 'nth 20 and 50, 5

ace
wanerzo 3 1ndrﬁ1@30rléean¢6m%@h@dlay he gbmélo?t ﬁe?v 5 Sbl4\5eﬁ,t5 $ é5 6.5,7, 8,

a%"t‘% 54 ?’Ja [ 9arehhan m%gf 17 3he!biy 94 feotrr] b&hd%& hsané re@@tfhn, the

e conten ron oT er nay e
scchuab'stcgs qogpiried exith thhepzetunmynddmnf ard é&a’mﬂ Ehbé@%éﬁ catalyst to

a bo léféton 8@&9 xalarggpl%e t;]e%e\f%ﬁ)&%t i l\d ok a%Butblef()\W\:?t Rbr3HgY Bthgr suitable

7%tmtfbt fatie. rgay teiotyree abdut 1210 agd m’o 510 gnd 1730 g 109mér1 20, 1:20
10{@ 12 o %%5 d1 15‘%&&?3@%)’ 148 3 '1 %' ﬁndl ! l’ihe?]bout 1:10, 1:15,

ure’ 0 ven wat er %)ﬂ ded
r daét 1:07% hie&;llldﬁ; 1:29, 138y 1136, K35t @4é@r &Solft figgh stagios gpaterial,

0% gﬁg[}l ghli%r isAfled 2L g‘ﬂ: GatfCofdhe fikst SRYind ﬁlafeﬁﬁl t@’tﬁé@tﬁyﬂc groups
uodr cacetic acl concentration of the aci
mqfl thsecatadsisivaren be beween alma 20(hband Fowp:1or bfé\t%eahout 200:1 and

SSSH %(90 ﬁﬂ% %, 260 f‘Qﬁ’d 1% 1 10@[1%(510 5 5@*1%5@@ 1140: ﬁm 10:1, 30:1

5 and
rmyd b1 ahdut aqgi 1521 agd mgy be atputkp 5 15@ 1@1 517 16% l? 1 #0:1, 21:1,
8093, %31? 24115.0,53%0 -1239:13§):1,3011, 961, 51, 90:15000M, 120:1.0190:1, 160:1,

met ho or ‘¢onduct i ng the 'reaction, the catalyst i S
c il we 200t th Fractiaamedion tagsthen witkhe peferogenequs eplyst and the
Elh Qo Q:Etalé@tt tsttﬁ@d Hl_?rﬁ%tth@ RAdIBSA. R SRYnddRarlifg ﬁﬁﬁﬁal a diene,

bout or sone other s |t

r mayéhem‘lweang@ anqqﬁye Bédqﬁlétl\ﬁéé‘i‘to $0,\he, first repgent gtwsen about 1:1

a&c@at%ﬂﬂa ] th)etvaecﬂ-chﬁle 1JanaQ,5 11 1210anaaet 3; 1%9«1 311 025 ﬁn&hd 2.5:1,
15 and 1:30 or 1:15 9 %
1fq‘@xargpl§5boutll 1.1:1, 1.2:1, 131, 141 151212 ilo hereacnonmay

be maintained at room temperature, or at some other convenient temperature (€.g.

between about 0 and 50°C, for example about 10, 20, 30, 40 or 50°C or some other

temperature). In some reactions. the temperature mav be as low as about -50°C, or -40, -



1:16, 1:17, 1:18, 1:19, 1:20, 1:25, 1:30, 1:35, 1:40,
1:45 or 1:50. Afirst starting material, a dienophile,

wo soovlogn7added. The ratio of the first starti nBCT/SG2006/000009
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material to the catalytic groups of the catal yst may

be bet ween about 200:1 and about 5:1, or between about
200:1 and 10:1, 200:1 and 50:1, 200:1 and 100:1, 100:1
and 10:1, 50:1 and 10:1, 40: 24and 10:1, 30:1 and 10:1

or 25:1 and 15:1, and may be about 10:1, 15:1, 16:1,

17:1, 18:1, 19:1, 20:1, 21:1, 22:1, 23:1, 24:1, 25:1

3Gp]l r20401(flor 6Q. Ithe GOiclion Ay e BAdutted Qﬂndér aul(lﬁ i, the absence of
120: 1, 160; 1,. 180: 1 or %[00 1. é;e R0 eaction ma
Ry 8 05 Q’é‘i“fPé ungies Htpgr2. &Y P b}‘é‘h‘é’o‘iﬁ‘é aFd y
t hRe nawitered G- BY db Mplc, gaylb epﬁtrost:m@d udpl&’dtmg:ophelmr spectroscopy or

e BRoniate BPPoyCh B ia e St prfot STk o. 55

I ©BgeN 106,47, 983’[99@6 m()%ptlte cﬁtn]&stamj' tebeparat3t ftom@he readtine eredium

aho -1
aﬁ’éﬁlﬂfréh_of: ce1n f‘?ﬁ%‘hﬁﬁ ma 031?}{ I%ta%l'e nietlibd ‘i‘ﬂelﬁrf&l& %l,op% fgolated
1.féoind thellignidl pha2e ind purffiedl wing 3ncthod¥ tveellr lomwni iprtherdipldpef organic
hntalned at roomtenperature, or at sone other
cSHYBR™Ent tenperature (e.g. between about 0 and 5Q0C,
for eEasmpples about 10, 20, 30, 40 or 500C or sone other
t enperat.ur e e s e :
"R b B RASY] B LS TR e amie
OGﬂrogExln atane &€ t; mremarpdxlﬁed domnbluiblingddiffextey linkages Origim 1). The
X )y
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nmsactmtyedf the gletemgemmﬂ catpl[yﬁs gStarting fsere ctS)-bwesipsy methyl ester
s I
n@yﬁ%@ﬂé@?ée tlrﬁfeﬁgz %8‘?1811 d’f ?ﬁﬁ%er@%asﬁ?@ﬁalﬂém 80—3'@% %ide On the

esire vel conversion Is
a(t)kh'ee\hemﬂ ®: Iglenﬁﬂam% reagied vwith etiggolagine apg theypaggone to generate

ZOthl%Pé:? lepeehy%?&g ?foﬁgﬂ ahdHopdt é}?ﬂke&ﬁ&é Bftrogen.

I on entri or sone ot
smht aibb@llnmrhqﬂm Fred g aod ghe hslyoxy egrpua ima 6 ewere rféli‘ﬁ“f)h"élzed by

ﬂ&‘l%i?an Eﬁl%?ﬂlﬁglg d’&ﬁ(&l@t{lﬁ(ﬁ]dn{nldéés@go gﬁltshp@sarﬂﬁb | r&a'éﬁli‘%ﬁ%lj' Min good

organic c stry | es To I nnobillze
t tyeldsr gEmaltsatdalSy St wenst anchviped onth MGF ;ﬁprf?@swdgr@eraﬁdth@ tapported

I'%at?@stgkt ) Walggéﬁ@z\%iy (%eé’ﬁ%@re Qll)_dl"l{e' iRGkntdR hd] :iu%rﬁ;ﬂxg%y, found

rent ure har acteri Stl CS
t hteatl sk gES% spretiuenssulfopis i B@ﬁ. (BT |8nget! YS‘cthed ajjglsilane

C at gﬁ'o&ﬁkatfoﬂ xﬁela?odrc%ﬁﬁit HeVextetdQf to HABoR Q) Rk 8 @i‘ﬁbi tports Generally,

sts. Starting from(S)-tyrosine nmeth
hyldafllytﬁﬁpm Feagiéon betueanrallyliue; aafi ﬁksﬂlaol or a&lﬁs‘olsn%éﬁ & beacatqlyzed by
obt.ai neg; i N~86m$2%yi @b ok, Qe a
(S?gphenylalanlne reacted with evﬁano §ﬁ1§%da%éﬂ¥% significant
ag&tisecanhegehievalt enly wiith asdich isahplenwitlf acidictshrfadge such as FSM-16.

RS Y8 L8 PGP 5 S s s

hy>ﬂ§1haaye@n&d1anMr6acum wa$ mnat jooma¢mpeedtutgy al | yl si | ane
h | kyl
thr ougﬁ gléq %lm!( !¥1e as}l ICP%T Iggqugé: & Ele sﬂrc?'s\{&ic% aé‘éc@riﬁe thmty of the

respe
amﬁﬂnolmﬁmhdoaatabysucr!ns Lmlhmle ateocagahie pﬁuréeracttmgsm!ip emvedsltes of the

catalyst, such as through hydrogen bonding or proton migration in the case of

organocatalysts. They may also catalyze certain side-reactions. In an effort to examine
the relationship between the catalyst performance and the MCF surface environment,

heterogenized catalysts A, B and C were developed with the use of different MCF surface

madificatinn cchemeac feee Fionre 7Y Tn all racee enherical MOFE micranarticles of 7-10



catal ysts 8, 9 and 10 respectively (see Figure 2). The
i nventors have, surprisingly, found that using 3-5%

w@2doclogdnesul fonic acid (p-TsOH) as catal yst, PEESG2006/000009

allylsilane i mobilization nethod could be extended to
various types of silica supports. Generally,

" deal lyl ation reaction between allylsilane and al cohol
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or silanol needs to be catal ypsed by H+ acid: ROH +
siR3 - * - Si +. Wthout an acid catal yst,
SI gnificant reaction can be achieved only wth silica

3 wese wskd &y tﬁé:suibpm SIlhéfeaﬁ:lenopz&ﬁdts tmse & BRH k6rfaddyareachd 5O4ym°/g,

50/ id cata Sl I ne.|l o c
aaﬁ%@@ﬁ R PR 2P T 0 p Stn G i B 24 M, R W oBlin rom one-
I et iniobilizationuent@ ther MO shﬁmztewﬂt unoappeﬂtsﬂarg)ld( nBwestdegved by

the sil anol RS, ON th [ el
e Ao HEH il M b6 RIDSE L BE come
c dpmduibilizedont G wa&aaiitambg hmnhimoblhmng/@e satales ODfO a4 MEF support whose
c at al Suc thro
g Ty LR A BER DRI TS e Rlp RO OF mmalle)
alxsmgcaabmtqllzdameumafﬂl\/ﬁ)&de reactions. In an effort to
exam tOeE n t
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t he f e er ek t -
nrgPoH 38 Igs% Fg jl’ p?ﬁ?rg(ﬁz': i E’%ﬁ}a(iﬁ-rnnare{ lleb?r?s 6ﬂ$>fl)l?nép sndSsilica
vvequppqmé dnmklzwlhimog@rpgﬁ@d tcatalpsiesut rtheyr wipter BotcYsed fﬁaﬁ’é@dﬁl'c’fafts
lﬁia 0 erBh&8odh v IQAI FQ&eéﬁur%%Inlhe{eH%@n&gg §sy§iu¥e@ncolﬁnedel-

a W ndow sr'ze o A was obt ai ned from
or(étaftfe plkylmwb it igermtalorTabiet b shomes Mt theuM6Srsuppgrice catalysts were

uneapned :10{1\%\[%) f‘]unhlg) YRS ﬂﬁfl%ﬁﬁ(ﬂn&ﬁé FTWev@@@lﬂHu”&xa@éoselecnvny

SRER anet I si lazane (HVDS) after
t brad mtyawmy stmnglp deperdad @rthe M CGRyrfagsapdidentipy. Catalyst 8A gave

s :]%1%}3 Jciﬁ %gt {)ﬁﬁrep &Iaﬂ‘!l jc QRee8s ée)l\@lf_q ?W&d WIRPHE unsupported

een art re-cap
t rqatab{sh@%[l%o | Itlwag M)i tlgqt glgp‘gtag'g lgadgl@ opnlﬂ)qllf &Fﬁﬁ rﬁ@o]ég) did not
0 fifidsetivity of 8A
PR Pl 18, eyt
asyasreduced considstbly- Woafrewe.a[Teyrin A 2oy ffthe ppARK) catalyst,
' %Qﬁttﬁ% ad&tgng%igucfr@i'cgﬁ%ﬂ @84 5HR1dtR8Rrddubed; fosdibly to counter

Prior there were reports of polyner-

arthe @ffdct @fa"@fpbm%cﬂupﬁﬁ BBt v@shedne- based catal ysts,
but t kG MERE R pbie! @ﬂap%@ rwithl Tﬁ@ekm@saﬁﬂe? Bé Kiﬁh‘@bih@ihon of 4.

There has been very |imted |iteratu

h éleé*me émnibe vacapRafAtialst A rARlEE. shepisd ighdy RsftenenagHoselgetivity
g%ﬂ@ laﬂ_lﬁgll eCQtal%hos’@ wihat whi ? arlYally SreRRsYet adlth T™MS pnor to the

ca S were simlar in reac IVIt to unsu
nmmﬁdqzmnmﬁ Aedemansigaed supering enangpssictByeAnd 6‘%)‘?%‘?1{1'9/ compared to

r ecgééfwsé il A8 BS{sECTMbIY 1,469 N 0EL) OMhis hkﬁayhﬁFe Baéhfdae ® the fact that
cation. Catalyst 8A gave a

| ovganoeailypts domved 80@&%@ Qg el é%@&fs Wb%‘.gl%%}“\%ﬁ BPreyigupport

unRg! @Q@ths@ﬁ’ar&@(i dloMSéach SAG whlaﬁ t%@swefr@ Wiaded bﬂb pﬁahﬁlly pre-capped
catal yst loadi ngs on MCF ( (}) rmg e%) d}
MCEF “support. An ee value as hlgh as 92% was achieved wi catalyst 8C when the

reaction was run at —30°C (Table 1; Entry 14). However, a low yield (21%) was noted

possibly due to the high viscosity of the THF-HO solvent mixture at the low temperature.

Besides manipulating the surface chemistry of the MCF support, the inventors also
attempted to modify the linkage chemistry of the organocatalyst (the catalytic group). For
example, the linker group was attached to the amide group (instead of the phenyl group)



significantly affect the properties of the supported
catal ysts. The enantioselectivity of 8A was reduced

wa@ongiogiwrabl y upon reuse. To retain the acti vipgr/e6G2006r@00009
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supported catal yst, about 20% additi onal

trifluoroacetic acid (TFA) should be introduced,

possibly to counter the effect of TFA | eaching during

cat al yst washes. Catal yst 8B am@as post-capped with TVS
groups after the inmobilization of 4. Relative to the
uncapped catal yst 8A, catal yst 8B showed slightly

bejrtiei tBhadit bO$ Eneohirast toy4 anps) aCayAlysaliwds tfyundGateghipis b higher

8C, whi ch was ti.all apped with ior to.
o DD e R0 R PR hion
ertﬁé‘bhglﬁﬂ MedNIVIat’Y cﬁﬁlgistr(ealﬂy:hlﬂ) i($ ) c(Maplarie dEntrp 1). However, its
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These heterogeni zed catal ysts (8C and 10C) gave rise
to the high yields achi eved by the honbgeneous
catalysts (2 and 7) with slightly |onger reaction
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centrifuged, and the solution was decanted. This procedure was repeated at least three
times using THF as the washing solvent. The solid catalyst was used directly for the next
run. The combined solution was prepared following literature procedure to give a pure
alcoholic product in 72% vield (108 me. 0.5 mmol). The 'H NMR data were in



characterized by IR and el enental analysis (C, H N).
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nodi fied MCF (5.26 g) was dried under vacuum at 85C
overni ght. Toluene (30 nlL), catalyst precursor 4 (972
nmyg, 2.5 mmol) and p-TsOH (8.5 ng, 0.05 nmmol) were then
added to the nodified O MCF sgquentially. The
suspensi on was stirred at 1000C for 24 h. The m xture
was then filtered, and the solid was washed thoroughly

vwatokbeﬁeﬁthmp mos@ee@b@éae?@ﬂdus cnhﬁﬁlegevéchﬁ@e wad\dbt¥mined by gas
I ng in vacuum _cat a

aﬂwu@wéar%mtm% dCh{) e Yéﬁﬁ(é:!we‘?%ﬁ%gpoﬂ%agg%ﬁ!r% (%gﬁggex I-TA

| Qafin90.05 nfin %86 ) 5 Cmifehp GoRa®ac tOrv70at, @3BED;ak isomer: t, = 26.6

anal yS| and wei ain. Friedel-Crafts al kyl ati on
( TABi ad ‘ngf?fry‘%"‘%k/[:ﬁsupported catal yst 8C (0.5 g,
0. hble Mt ompatisont of €athlgsls ddrived de:ﬂEz(uBma@nmdsE&@f (0.5 nm)

and aqueous TFA solution (0.5 120 L, 0.0/ nmol ).
The Hafoit Grtalysias Rur # ¢ rleagdipgy i@Am nTimad t Kiehd® e’

N- et hyl pyrrol e (310 @{01%53 5 mml) VN add@q Nes) ,

t Fams=crmmamettehyde 68—t 07 —mot)—was _ur T pped
into the raction vial 20The sdspensi 8n was78tirre8l at
room jenpeyature,; and the rea%tlon wgs moni¢ored

thin Tayer chronmat ograp y (TLCO). The 'suspensi on was
centr3fugdd’ and it he sdPuti onlwas deéant ed71This 65
proceglure gyas repeated gt leagt threg timesg,usinggfHF
as the vvas%@ng S(F))ll vent . 6The sgl id cat%al yst §vvas use?j-
direcfly for the hext dOn. Thé conbi Aed solf@tion WAs
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Tabl &l 1. Conparl Son of 18at al y9 2% deridved f78m 2 i A0t he
syntipesis of 11. fntry jgatal ygto Run# gloadi g TFA Fhne
Yiel d3 eeb (mol % (h) (0/<) (% 12120137881221
10 118 76 82 3 8AC 1 1001 6 702 65 48Ad 1620 1 6682
67 512 10gEf5 70 52 6 3g 10 0416 68 69 7 2710 0. 3,8

oW i aY

I JJI
Yields based upon isolation of the corresponding alcohol after NaBH, reduction.

®Product ratios determined by chiral gas chromatography (GC) (chiraldex I'-TA).
“The catalyst loading was 0.20 mmol/g of MCF.

9The catalyst loading was 0.37 mmol/g of MCF.

®Second run of a different batch.

fReaction was run at —30°C.

Table 2. Comparison of catalysts derived from 3 and 7 in the synthesis of 11.

Entry Catalyst Run# Loading TFA  Time Yield ee’

(mol%) (h) (%) (%)

3 1 20 1 3 77 80
2 9C 1 10 1 6 72 71
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i solation of the correspondi ng al cohol after NaBH
reducti on. bProduct ratios determ ned by chiral gas
chromat ography (GC) (chiraldex F-TA). cThe catal yst

| oadi ng was 0.20 mmol /g of Mgg. dThe catal yst | oading
was 0.37 mml /g of MCF. eSecond run of a different
batch. “Reaction was run at -30 0C. Table 2.

Conpagi son of catat ystsiderived fromgS andgd in tége
synt hesi s o{ 11. Entry tal yst, Run Loadjngg TF T| rre
Yiel d* eeb {mol % Yh) ( %£315013 7 80
110 56 720(7 13 2110 118 69 65 47 % 20 16@0r 78 9@)5
10C T I0 1

c oVreéf@pk’emun@n iavlatismef ﬁl&ﬁ?@?smais}g ql@ad@{f%ﬂaBHzt reduction.
DBBLEFLARS) kG [l fLehr al dex T-TA). Tabl e 3.
Conparison ‘of catalysts derived from2 and 7, and
pol ynmer - supported and silica gel-supported cat al ysts
in the syntheses of 12a and 12b. Entry Cat al yst Run#

Loadll?@g TFA Time Yiel d3 Exo: Endo eec (no (h) (%
Ggmpgrisonof gatalyyydegiyed fram 2 agd 7 pd @olzmewyp"a’wﬂ agg silica

%eﬂa%gé‘mﬁ%étzgst@l Ssyhthiées P17k add 1293/ 67 4 8C 1 5 1 30
T44 96 1.3 1 76/84 6 7 1T 5 1T 24

10 9OEmry3:Catadyst 90 Run# Loading TFA Time Yield Exo:Endo  ee®
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(mol%) (h) (%) Ratio® (%)

1 2 1 5 1 24 99 1.3:1 93/93°
2 8A 1 5 1 30 93 1.3:1 73174
3 2 5 1 44 96 1.3:1  63/67
4 8C 1 5 1 30 93 1.3:1 83/87
5 2 5 1 44 96 1.3:1 76/84
6 7 1 5 1 24 99 1.3:1 91/90
7  10C 1 5 1 30 95 1.3:1 83/85
8 2 5 1 44 96 1.3:1 74/80
9 8D 1 5 1 44 96 1.3:1 83/84
10 2 5 1 44 95 1.3:1 82/83
11 PEGY 1 10 HBF;, — 68 1.3:1 88/—
12 JandaJel® 1 20 HCl 24 70 1.2:1 99/99
13 SilicaGel® 1 33 HCl 64 33 1.1 90/90

*Yields based upon isolated product or GC.

®Determined by "H NMR.

‘Determined by chiral GC (chiraldex -PH).

M. Benaglia, G. Celentano, M. Cinquini, A. Puglisi, F. Cozzi, Adv. Synth. Catal. 2002,
344, 149; A. Puglisi, M. Benaglia, M. Cinquini, F. Cozzi, G. Celentano, Eur. J. Org.
Chem. 2004, 2004(3), 561.

©S. A. Selkala, J. Tois, P. M. Pihko, A. M. P. Koskinen, Adv. Synth. Catal. 2002, 344,
941.

Further experimentation
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JandaJel e 1 20 HO 24 70 1.2:1 99/99 13 Silica Gele 1
3.3 HO 64 33 1:1.1 90/90 aYields based upon isol ated
product or GC. bDeterm ned by 1HNVR determ ned by
chiral GC (chiraldex b-PH). 3dM Benaglia, G ,
Cel entano, M Cinquini, A Puglisi, F. Cozzi, Adv.
Synth. Catal. 2002, 344, 149; A Puglisi, M Benaglia
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COMIEL € LiAhoHHRRI hEEalyBAdReRd. S of spherical MCF
Absolute configurations of 11 and 12 were assigned based on the literature (N. A.
Paras, D. W. C. MaxMillan, J. Am. Chem. Soc. 2001, 123, 4370; K. A. Ahrendt, C. J.
Borths, D. W. C. MaxMillan, J. Am. Chem. Soc. 2000, 122, 4243). |
Synthesis of (SS)-5-(4-hydroxyl-benzyl)-2,2,3-trimethylinﬁdazolidin—4-one @). -
tyrosine methyl ester hydrochloride (23 g, 100 mmol) was added to an ethanolic solution
of MeNH, (60 mL, 8 M), and the resulting mixture was stirred at room temperature for 24
h. The excess MeNH, was removed by distillation or by washing with THF several times
until the N-methyl amide product was obtained as a white solid. Dry MeOH (200 mL)

and dry acetone (40 mL) were added to this residue. The resulting solution was stirred at

60°C for 24 h, cooled to room temperature, and then concentrated in vacuo. Compound 2
was obtained as a white solid in 82% overall yield (19.2 g, 82 mmol) after silica gel
chromatography (1:1 of BtOAc:Hex). 'H NMR (CDCls): 8 7.09 (d, 2H), 6.74 (d, 2H),
3.82 (1, 1H), 3.06 (m, 2H), 2.78 (s, 3H), 1.32 (s, 3H), 1.22 (s, 3H). Elemental analysis for
CysHsN,0; (2) — calculated: C 66.64, H 7.74, N 11.96 %: observed: C 66.24, H 7.70, N
12.10 %.
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m croparticles were not changed after the catalytic
reactions. Absolute configurations of 11 and 12 were
assi gned based on the literature (N A Paras, D. W
C MaxMllan, J. Am Chem $Sdc. 2001, 123, 4370; K A
Ahrendt, C. J. Borths, DW C. MaxMIllan, J. Am Chem
Soc. 2000 122, 4243). Synthesis of
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7.12 (d, 2H), 5.80 (m, 1H), 4.85 (m, 2H), 3.94 (¢, 2H), 3.74 (m, 1H), 3.31 (m, 1H), 2.90-—
3.15 (m. 3H). 1.81 (m. 2H). 1.50~1.60 (m, 6H), 1.31 (m, 2H), 1.29 (s, 3H), 1.20 (s, 3H),



gradual ly warmed to room tenperature.
Al Iyl bronobut yl di net hyl silane (11 mmol ) was then

waodaaas40and stirred for another 5 h. The sol ut PONSG2®6/000009

concentrated in vacuo at 65C to renove DMF. The

resi due was extracted with diethyl ether to renove the
salts. Conpound 4 was obtained as a colorless oil in
90% vyield (3.50 g, 9 mmol) &Rter silica gel o

chromat ography (1:1 of Et OAc: Hex). 1H NWR (CDCl 3) . d
7.15 (d, 2H), 6.85 (d, 2H), 578 (m I1H),
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(SS 5- benz net hy
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et hanol ani ne uI t,i

was exirasted yd ef Foeramgye t?‘?) 6qllist Plé[{({;;] \gasfo E aﬁg cq]ﬁrless oil
XS5 §leﬁi dmogg 317 ifolaSer saiva \gelobhmmaogapuyl(an |of) Etcht Hex). 'H

B CRCGHIY 0 s (e, 3B Y. k8 e ST LR 3855
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(arapr 00 SPhn el wsfisisrs Splrpnid Do Menlsteds G g o1, H
S\IVBN 6@@%'&@@&&5%8&% H®.oNiTR3 %. 55% overal | yield
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3.80-3.90 (m, 3H), 3.43 (m, 2H), 2.04 (m, 1H), 1.90 (m, 2H), 1.34 (t, 9H), 1.11 (d, 6H),




Synthesis of (SS)-S-(4-allyldinethylsilylbutoxyl-ben2;
yl)-2,2-di met hyl -3-(2- hydroxyl et hyl)

WO noodagols di n-4-one (7). NaH (60% in oil, 480 pgr/Sa&R06/000009
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mol ) was added to a DMF solution of 6 (2.47 g, 10
mmol ) at 00C. The resulting mxture was stirred for 3
h, and the ice bath was gradually warned to room
tenperature. Allyl bronmobutyl 83 et hyl silane (11 mol)
was then added. The resulting solution was stirred for
another 5 h, and concentrated in vacuo at 65C to

-1 @B we, INF Eldivatal esilydisdom@sHaNO8¢C (88Y)) wrdléulaedrer 5140, H 9.78,
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rtace, Suc
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[ f
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WasibiizsticiH o Abfystd. lﬁsrlﬁnjeﬁa;ed MCEF (5 g) was dried overnight under vacuum

at 180°C. Toluene (30 mL), catalyst precursor 4 (972 mg, 2.5 mmol) and p-TsOH (8.5
mg, 0.05 mmol) were added to the dried MCF sequentially. The suspension was stirred at

100°C for 24 h, and filtered. The solid obtained was washed successively with methanol,
acetone and dichloromethane. After drying in vacuum, catalyst 8A (5.57 g) was collected

and characterized. Catalyst 8C was prepared in a similar manner except that a partially



were pre-capped with 0.67 mol TMS/ g of MCF, an
addi tional silane |oading of 0.37 mmol/g was attained

wo o007 0R¥67% hr ough t he allyl silane reacti on. TheP@BIGIONM00009
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TMS | oading on MCF was ~ 1.1-1.2 mvol /g. Wen the
reacti on was performed at roomtenperature for 30 h, a
hi gh silane | oading of 0.75 mmol /g was obtai ned on
MCF. The sil ane | oadi ngs wer e4det ermi ned by el enent al
anal ysis for chlorine. Pre-capping of MCF with
hexamnet hyl di si |l azane (HVDS). As-prepared MCF was dried
urpakecappet MO veds v @M dilica shfpdit wasrfitsttdoied ev@nigBCundty) vacuum at
ﬁ\/%go‘fl\/DS (293 ng, 1.8 mmol) were added to the dried
‘5 g), and the suspension was stirred at 600C for
16 h. The IRisptctmm foashef cdtdlpst-baddedMTR fhowadla dgnificantly reduced
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t Rabecvdif fb*aéeﬁ'ohlé%ﬁnﬁﬁé?ﬁfgrﬁe 'E@E 615 14594 0.65 94)3ind Weiggn@ﬂam

support was first dried ht under vacuum at

Thamopilizaiéan of eatalyst with éhr@altlav eationq dedravemred MehEe)gvas dried
Shstet t/écﬁﬁiﬁtalt Y8(e@ $YCRCh. Sbhﬁteﬁlmaog@ lfnl)a&nd?cﬁ?rg rﬁsalﬁer 3@1*31 7585

strong peaks associ ated Wt C=0 at 283

crmphayiie agisd 1o the driggMLCFE. r%@ﬁé@pnw was stipred motabpﬁmurtsiﬁr reflux

Aropas hO TR nm/vﬁs ﬁftex@d\ and %%ghtpﬂase\!vﬁﬂaf@u@&esﬁﬁﬁ& ¥%3th $nethanol,
(C 7.78, H 1.26, 2 % wei ght gal | enent al

affglope jand dwb’@wqﬂ@aef d\rftes érs(ueg BV GF mlf“@dl\wth chiral
nHQiectﬂés@X)CM)$5 93 %ﬂ-waﬁ:ol-le&@d arld BardSteded ‘B??l@ %H@Eielfngﬂtalgagalmsm (C

12
1037 31 T 3B rAA5H %5 The 7305, & FhiROITR gV ool based on
NgBthenfd] Ghaly s zﬁrdwl\%ﬁ:h‘t"gﬂm 2 ef‘he Qbﬂmgglfl% MCES(5:98 3P %i‘&lé?lfovemlght

cat al yst -1 oaded hilized wth cata
(pder vacpurg pt G- m@domﬁ%ﬁom&éuﬁ K73tmB S ma}ol)mdrp-TmH @&.5

Bhy, .65 HRBE wedDadabd todtétqhdvasiik 38R sifensiod WR slirtd®5€100°C for 24
t hen added to it, and stirred at 600C for_ 16

- x TR WIS Vs (fhed filigreda gl the golidovasavashied Wik H@Hianglh acetone and
SHEHRASMEHBACY seVietald iRds hamler, d@@r%t N Qackifh, catalyst 8D (6.22 g) was
] A PTR Shd Li0enc analysis (C 14.71, H 2.53, N 2.86 %).
The loading of 4 is 0.2 mmol/g based on elemental analysis and weight gain.

Friedel-Crafts alkylation (Table 1, Entry 10). MCF-supported catalyst 8C (0.5 g, 0.07
mmol) was treated with THF (8 ml), H>O (0.5 mL) and aqueous TFA solution (0.5 M,
140 pL, 0.07 mmol). The mixture was stirred for 10 min, and then N-methylpysrole (310

uL, 3.5 mmol) was added. Next, trans-cinnamaldehyde (88 pL, 0.7 mmol) was dripped



vacuum the TMs-capped MCF i nmobilized with catal yst
(8B, 5.52 g) was collected and characteri zed. The

wo o@diosyyss of TMS and 4 were 0.8 mmol /g and 0. 2BCTYRGL006/000009

respectively, based on elenental analysis (C 9.61, H
1.81, N 0.63 %9 and weight gain. Imobilization of
catalyst wth chiral nodification. As-prepared MCF (5

‘g) was dried under vacuum at 33800C for 16 h. Dry

toluene (30 m) and chiral nodifier 80 (1.75 9, 5
mol ) were added to the dried MCF. The suspension was
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m?éc%@éﬂa@%atﬁ@@ wés used (ﬁ')ectﬁaﬁ)r(iﬁé hegted 2Rk combined solutlolr_l| was

characterized by IR and él enental analysis (C 10.
1 peparedfalopangteratyreeprocsdue A AfParasi Y- GoMexMiliss, Jydyr. Chem.

058 rmi/193b@ q & peRRRLRI uxtsmz 181081, 0.5 mmol
gal% ?@no(élfgmfelg MCF ( c??@d r?glﬂ s mimob)

oviée nﬂgNiMIﬁ ﬁia@rwvada @#{eﬁPe’gS‘@th T‘Pﬂe?ﬁ reu%qe@re nignaptigseleptjvity was
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s 0% R X230 .58 ¢min BRp SV ?{ré”r?i GBS0y oMK = 26.6 min, and
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acetone. and dj ch] oronet hane several tines.
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srsthradine ol it bp 8ot ST BER PO HE Lo i gg from

REOCE tavil TO8Q, 28/ps); Endoriedyess: 3, ©53.2 Inéin and 525 pmn,ohxngsomers tr =522
al dehé@? %%lChI ral dex T-TA columm, 0.25 mm x 30 m
§ "from 700C to 1700C, 23 psi); R isomer: tr
= 26.6 mMmn, and io Sisoner: tr = 27.4 nmn.
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%E{isﬁmet b 6 ( 1§ihgg—) sﬂ%@, ( Q‘erzéerzmnl BRd Sﬂﬁk‘igé&ﬁlgﬂ:ﬁlane

sol"uti on
(mmoVlg) (mmol/g) Support Area(m /g) ¢C) (h) (mmol/g) Coverage® (%)

3 - FSM-16 966 120 15 1.15 22
10 - FSM-16 966 120 15 1.6 32

n P a0n 1AN 1 c n »l51




(0.5 M 140 m., 0.07 nmol ). The m xture was stirred
for 10 mn, and then transci nnamal dehyde (177 nmi, 1.4

wonw7ps4as added. After 5 min, cycl opent adi enePCESG2006/000009
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(1.68mmol ) was added. The suspension was stirred at
roomtenperature, and the reaction was nonitored by
TLC. The resulting suspension was centrifuged, and the
sol ution was decanted. This # ocedure was repeated at

| east three tinmes by using MeCN as the washing

sol vent. The recovered catalyst was used directly for
the Jnext ran.” TAECRonbPed solffion Was pPdBlred” 28

fol lsopwi ng Li teM@i:y{(g pseeedur eg({K As Ahr euit, C Qg

20 Borths D. C. MaxM I I an Am Soc.
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nmy, 115°31 ! ) . Mdye 1HsHPVR daygy obt ajsned fo(:64 the 32

pr oduct agreed Wi t tho&g reported [ the terat u%(g
(K. ¥3hi hB%, HM®rinala, ™ e sunbt o, Yamamo

. Am Chemiz2Soc M@d®98, s6£0, 69%9). Tiwe exom’endo r agé o
was obtalnedfrom H NVR resul Engnti o ect|V|

was det er filfed 1%1 g&‘hl ysi s£%f tﬁg)ncorfbeépondl né¥5

al defyde @@hi raIMthx b-Bblt colunmy 0.266 M .0 m 21 .
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Coﬂb’ﬂlﬁg@@sl\%%k%g}emﬁ{sg%%gﬁ)d lqsgﬂgzi anlﬁ’lc o ongilxj}ethylsllane

P 16,050, 6Pk dr 1S SRR, WP 504 150) 15 0. 056
504 120 15 0.40 20 5 0.10 MCF 504 120

1M gagwsed aslygnigastapdiof taipeng.o0 15 0. 64 32 L5 0.06

MCF* 504 120 15 0.37 52 2 0.12 MCF 504 50 15 0.72 36 5

0.10 MCF 504 25 30 0.75 37.5 2 0.12 MCF 504 25 15 0.42

2 1 2e 0.03 MCF 504 25 15 0.28 14 aSil ane

| oadi ng/total silanol. 100% coverage corresponded to 5

mml /g for FSM 16 and ~ 2 mmoJ/ g for MCF. bAnor phous

silica. cAllyl bronmophenyl di net hyl sil ane was used

i nstead of allylchloropropyl di net hyl sil ane.




dPre-capped by 0.67 mmmol of TMS/ g of MCF. MeCN was
used as solvent instead of toluene.Clains: 1. A

whedoesgeneous catal yst conprising a catal yti cPQr/8Gm06/000009
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coupled to a nesocel lular siliceous foam support,

wherein the catalytic group is capable of catalysing a
reaction selected fromthe group consisting of a

Friedel -Craft reaction and a $j el s-Alder reaction. 2.

The het erogeneous catal yst of claim1l wherein the

catal ytic group is capable of catalysing the reaction

t oClimduce a chiral product. 3. The heterogeneous

catalyst qf ,claim 1l wherein the._catalytic.group is

chiral 48 PREOREEEN SERER.SOBRHSIE &t BT HoHpL coupled to a
wheesecallutahglicatsioyth isappgrtowigerdim the @athlif 8¢ orgiireid tayableld Batalysing a

I B o 5 e LRIl e

caeagtipn.i c group conprises an imdazolidin-4-one group.

6. Thg he yst, of .cl.ai m rein the
i daol igﬁ]&%?%g%éﬁ %%%@%ts&glﬂﬂ‘étlﬁ%‘ﬁ{e '?‘SVH\Q@F‘C §Louf-fcapable
henf extalysinethe sactinad poducsfa abiraiprodoctwher ei n t he

i i d li i e 4- ; titut b .
30 8 G e e i

cl ai mt5 wherlelerogeheous matalast off icklinm 1 4vlereén the @atplyiis group has either
COURlE thal @ r i ther N3 or C5 of the

[ daezo alB d?%qﬁ%%glﬂggl g#ﬁé&ﬁg{yﬁbgg%é%fﬁ’ cat al yst of

cl ai nP1 hEheihetgraggaoop hailyss of claimp$ whein thb eatalytic group comprises

heh ShRSLNE[US yst of claim9 wherein the
hydr opﬁzg)gi C g?n% p@pare al kyl silyl groups. 11. The

het er 8genBgsteragengoys catalyst of glaim § whismsireiha imflezolidin-4-one group

hydnenhabi & @ oups are trinethylsilyl groups 12. The
het er ogeneous catal yst of claim1 wherein the support

has ohe ofherhsterogentons Fatalpsiof claing Sodepietie tinslasilidin-48ne group
I§§P§§?€Wi sa&gg%m%m% ELZI ?u;p\gdpsr Slynat Ihienker
gr oup®- 14hehelerdgencopherinlesh 9 cloim §|whsteimthe dinaiamlilBi-4-one group
PSRBHIB {ofife dubflPrbr SR Uihe? RARE 15 8Py Bl doRGMIEGHe O OUP
or attaching the linker group to the support and a
spacet gridapeimepeisorsplissofidiimdthayion hedrophybisigooups t he
CHL 0 MRk HB AR SR A kSl s e
alkylsilyl groups.

11.  The heterogeneous catalyst of claim 9 wherein the hydrophobic groups are
trimethylsilyl groups

12. The heterogeneous catalyst of claim 1 wherein the support has one or more
chiral modifiers coupled thereto.

13.  The heterogeneous catalyst of claim 1 wherein the catalytic group is coupled
to the support by a linker group.

14.  The heterogeneous catalyst of claim 13 wherein the linker group comprises an
attachment group for attaching the linker group to the support and a spacer group which
couples the attachment group to the catalytic group.

15.  The heterogeneous catalyst of claim 14 wherein the attachment group is
selected from the group consisting of -(CH;)4-O-CsHs-CH,- and (CH,),-O-(CHz)s-.

16. The heterogeneous catalyst of claim 14 wherein the attachment group

comnrises -SiMen-.



selected fromthe group consisting of -(CHa) -OCH
-CHa- and (CH2>2-0O (CH2)4-. 16. The heterogeneous

w@ atoalogyers of cl aim 14 wherein the attachnent grOIRG2006/000009

comrises -Si Me->-.17. The heterogeneous catal yst of
claim21 conprising a 3-al kyli m dazolidin-4-one group
coupl ed through C5 to a nesocellular siliceous foam
support by -CH -C H4 (CH2)4-S(Me2)-, and al so
conprising trinethylsilyl groups coupled to the
support. 18. The heterogeneous catalyst of claiml

. conprizsi Mie detrogdneb@ratanyel dfylain Meslag@dingd Fralitylimidaglidiapt-one
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coupl ed through to a nesocel | yl.ar si.liceous foa

S EpBR o Tk O5 o (o Beous SR SR B CHr ol
c @IMJ—S’(NI@%{ ﬁﬂd'@dofwh@ﬁki?g tri@feﬂizpﬂylcgimﬁk echplel tb He support.
sSuppoy.t . . rocess for, maki ng a_heterogeneous. )
cat al {?st Ii‘S rrpﬁ‘?tgrf’ﬁed‘e@guplc?‘tﬁl Sta 8gt a9 ¢ Igr OC&BIP fiying, @ S
mgmhepdhetilIFinidizolidiedose foapreaippdahionghiNe te ik mesdrellular siliceous

Bl fono B Rl O TORPPRDVE . Ao SRRy LR Ferons

Feouptbdlto thes@ipbrtr eacti on and a Di el s- Al der reaction.

20. The process of claim 19 wherein t r . .
con‘pr{bs eQ\ PERETS g‘a F’ﬁgmﬁeas g’g’tgfolgﬁ Qr s ?ﬁgllygt egﬁlgg%énfmcoup ling b
sepgigtid groig b a mesmghviar sifiveals foanpnpmes whbeincthe ghtylytic group is

ity of Bl N B AP RRRL il PO Al b Miedel

C Gtadil rgdcrion gudouRielsoAdder rsesomn | m dazol i di n- 4- one group.

22. The ocess of .cl.ai m 20 | ti;on c t S ino th
the cbp BF BPashringhasy SBESk Uy Brocks pE:S) Mhctng he
amiesbedltula sileedusdoam supiosvathfa re2®nt Whish ppwopases thef catalydic igroup,
20.wherein.the r . [ al Iyl
df%%{éﬁ?ﬁng%l% CaS?bgﬁgf‘Q%‘%‘ gg t%é h%%g ess conprises )

r eactding Thai proedsk yof diamet hY| whdrgih theoupalyiie heroke comprises an
suppors... 24, The process of claim23 wherein the
rglgg?zlog(rilm%?onte e&gl |yl dimethylsilyl group with the .
suppd?2 i Bheapriockess af lays @8, addBonally ecoppoisiag sheoster LA Pigpang the
al risi . . F partially
h?ggeggﬁgﬁiaﬁgi@%gh%%%%@ﬁ %Fg??kg!ﬂfe?%éous f oam support. .
26. Te phopewsssoff cliimi2thwiBrejhtbe edagent ifemprisep ap pllydimethylsilyl

I : _ N C : )
BT B e AR T A i3y ATl suppor.
cl ai 2426 Thierasess of lskrirh 2a rdwsierbiha geagdemel the allyl dimethylsilyl group
t&,}mgggéﬁgi%ga&gﬂgygggnt. 28. The process of claim 19

g the step’o

conpri si ~reacting the nesocel |l ul ar )
si | i @Soudhe cprasestiwotaimyl? ralse eomprisingndiei siop R 3telsepb artially

i ﬁ&d%pﬂgﬁiné theGBLeBuRr ShEdofd foam support.
26. The process of claim 25 wherein the step of at least partially hydrophobing

comprises reacting the support with a hydrophobing agent.

27. The process of claim 26 wherein the hydrophobing agent is a
trimethylsilylating agent.

28. The process of claim 19 comprising the step of reacting the mesocellular
siliceous foam support with a chiral modifying reagent in order to couple a chiral
modifier to the support, said chiral modifying reagent comprising the chiral modifier.

29. The process of claim 19 comprising the steps of:



nodi fier to the support, said chiral nodifying reagent
conprising the chiral nodifier. 29. The process of

W@ b@i784095 conpri sing the steps of:a) reacti ng BCE862000H00009
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a tyrosine ester with an al kyl am ne and acetone to

produce a

3-al kyl -2, 2-di net hyl - 5- (4- hydr oxyphenyl net hyl )i m dazol

idin- 4-one; b) reacting the3g

3-al kyl -2, 2-di met hyl - 5- (4-

hydr oxyphenyl net hyl )i m dazol i di n-4-one with an allyl

di net hyh) hakstihkylsak Ioaﬁewoem@ estetuwith aarc hlkyladmine agd atetone to

conprising a )

i m dazol i dlﬂ’i"(ﬁ“’% e 21%5%5 é‘yll (%;J(a E‘&drﬁﬂpﬁe“ytlrﬁ ghyljimidagolidin

reagent w tdoneesocel lular siliceous foam at el evat ed

terrpera ure in the presence,qof an acid cat S (A
reach ?cﬂgg nmesocel | ul af’h siliceous f?aa?r%q%/(\n %wdlﬂlgglyls @

t r| met hyl sunyyuoayphegylmgmlmmmzeluchmme epvith jag allyl dimethyl
conduct ed at S h | St ihn _
of before, His %nr?d% ed:ragest ep c%lsg%hp%ﬁlg&ggggéczasg 2, 3
of claim 19nmbnqumeémmgazmh¢ns4t@p55 Yfgroup) reacting a

Sa! t of ﬁ)a pctg)lelnl},n %?nllu&? e%génq 1&4 ﬂx@so@elﬁyag ﬁféé{&k lféﬁm at elevated
anmi ne afld acetore

3- hydr oxyal tkmber@n-inl tlnwtelagdce Sf an acid catalyst; and

(phenyl t;
vy ol al TGt Lokl AR o B bk Rring agens
i wherémcme.p B isrpoa«rlucwldl agla mm@elhched frainot lepdupi goapiatinggof before,
prod reagent conprising a 2, 2,
drfn °su gﬁt& %’gd i m dazol i di n-4-one-3-yl group; c)
coupl 3tag Thhgroctss ohtlaimekdpenprising Hesepoelel | ul ar
sili CEOLS fr%éc!{ﬁh ta s?dt %Y@ %g:;}lleﬁmﬁer ghdR ﬁﬁ?ox@ﬁlﬁﬁe‘ﬁﬁﬁe and
of an acid cat a reacting the nmeésoceél | ul ar
si | i ceous f@alnmw t tha t r Pwétl%yl sifyl at3r1W§f°éf@j§h¥1'2 2-dimethyl-5-

wherein ste fo [Tk TS Jggeatlms selectedfrom
t he group c@nsnstl r‘?ﬁ)@'ﬂ el ore " duri ngéand after ste

c). 31.bA meadiivg the r3 fp’ﬂtﬂibj@kﬁg’l Hdimesiré ohespgiehyl )H@ldazohdm-

exposi ng at |,&agk QH Qusit ﬂﬁ%ﬂl@ghm}%ﬂéﬂﬂhe foopr@duce a chiral reagent
het er ogeneous cat al yst” accord mg to claim1, said at

| east one stomprising a dud. SririgHbstaten gnidatphiging-ege-3-yl group;

under gopng & Eﬁ%&ﬁlh Qhliral %a%@ﬁte»dltﬁ hﬂE@cEﬂlﬁathil‘iBé@us foam at elevated
consi st ng 0 el s- Al reaction and

Fri edel - Cr atmperaeein &g W%e?ﬁeé’é aeacid Pféalbﬁt’o”&ﬂ ct. 32. The
met hod gf  Cleadiifl the mddbRuIRIPsifiBuPlorsl eith d tﬁm@tl@hilylaﬂmg agent;

or asymmetric, product and the heterogeneous cat aag %b f
i whereiahgtepaf) ﬁe‘t@ﬁ'&f@%‘n@oﬂﬂméa??]&ﬂ?@tfm‘% e SR RESHBRE 8f betore

CafidPand deehipe).n the method conprises preparing a

31. A method for producing a product comprising exposing at least one starting

material to a heterogeneous catalyst according to claim 1, said at least one starting
material being capable of undergoing a reaction selected from the group consisting of a
Diels-Alder reaction and a Friedel-Craft reaction to produce the product.

32. The method of claim 31 wherein the product is a chiral, or asymmetric,
product and the heterogeneous catalyst is a chiral heterogeneous catalyst.

33. The method of claim 31 wherein the method comprises preparing a
heterogeneous reaction mixture comprising the heterogeneous catalyst and the at least one

starting material, and additionally comprises the step of separating the heterogeneous



het er ogeneous reaction m xture conprising the
het er ogeneous catal yst and the at |east one starting

woraoensals and additionally conprises the stepPOf/SG2006/000009
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separating the heterogeneouscatal yst fromthe

het er ogeneous reaction m xture after allow ng the at

| east one starting material to produce the product, to
forma catalyst portion and d0liquid portion. 34. The

met hod of claim 33 wherein at |east a part of the
catalyst portion is used as a heterogeneous catalyst

i gatalys fosie he dpterogenceny wactiog snixtreeafive altydng the gk ddash @@ starting

CWaﬁb%ﬁ;dhé%@ﬁrbé&ﬂt@ﬁnﬁ%‘égﬂé&&t Jo&famawfh @?&qﬁn
)

portion. 36. clarm 31 conpri
st eps3bf Thﬁ)me&?ﬁ‘@fﬁi%f‘% wéernetaéie@g@rr@wgtfe yysnommlnused

Aa$£hM&BkensE cARy AT HsbSeqht MagugAt al yst mixture;
addi ng_an_aromati c_conpound to the catal yst mxture

sai d & orfgeieethasnpfotlpiEn B icogrrsin isplating ﬂlermeciugb frag the liquid
beﬁgel -Craft reaction; c) adding a Friedel-Craft

reagent to the catalyst mxture and aromatic compound

to fottn dheasied Bﬁdﬁ“flk?tllﬁog‘?“ﬁf)’g geistsii ¢y suffici ent

time fop) r eaadbim B hiklBgRbaRRhiaFsGAIRLWMEntMddintabA to form a
Friedel -Craft reagent in the reaction m xture; and e)

i sol ating tREIYSYBEIE froma |iquid portion of the

reacti opy M agidgean SdhELE COMPGIndDRI Y AtalyBR alikaR sa1d aromatlc
product of the aragnmat bgpﬂg%err{%ound and the Friedel -

reagent . 37°mpAwdheing Padssgoinga Kasas) r@reftﬁ@act%

steps oty aMddmenDiFNedd-CGrire bt QU aRekAyt adhakis tan 4rbmatic
a solvent and an acid to forma catalyst m xture;

addi ng a di CMBRHIY R ferg A TRRCHED MIWIE: i xture: c¢) adding

a di enedf o dubem«g&txﬁﬂcy@t tifile oiUifeBetidh Gf diceRGRitid @®nipduAdwith the
a reaction 1 sufficient time for

ture; al |
reaction of r{eﬁ@%ﬁéﬁ'@féﬁtf thela ionixHreatid i n t he

reacti og) mixdlating;therpddeot fioad b diguiagpokdvd ¢Irthel sabtidn’ MRnde, said
liquid porti sai.d produc

bei ng a Di &f émﬂtl B‘é‘?g a?d’gﬁ%‘?tfoéllng‘gfhgncﬂ )CPE?’I‘%@%C Oé‘?PG’B?f{ prd the
and t he di efrmdelii_&aft ka@fﬁmduct when made by a net hod
o i R A SRRl B BBl "o oLl L0
cat al. yt a)c g:bmliimng(lh@h@ﬁog@eous catalyst with a solvent and an acid to form a
catalyst mixture;
b)  adding a dienophile to the catalyst mixture;
¢) adding a diene to the catalyst mixture and dienophile to form a reaction
mixture;
d) allowing sufficient time for reaction of the dienophile with the diene in the
reaction mixtore; and
e) isolating the product from a liquid portion of the reaction mixture, said
product being a Diels Alder addition product of the dienophile and the
diene.
38. A product when made by a method comprising exposing at least one etarﬁng
material to a heterogeneous catalyst, said catalyst comprising a catalytic group coupled to
a mesocellular siliceous foam support, wherein the catalytic group is capable of catalysing

a reaction selected from the group consisting of a Friedel-Craft reaction and a Diels-Alder



a nmesocel lular siliceous foam support, wherein the

catal ytic group is capable of catalysing a reaction
waelogos®ds from t he group consi sting of a Fri ededF/S62006/000009

reaction and a Diel s-Alderreaction, said at | east one

starting material being capable of undergoing said

reaction to produce the product. 39. The product of

claim 38 which is chiral or 4lsymetric and wherein the

het er ogeneous catal yst is a heterogeneous chiral

cat al yst.
reaction, said at least one starting material being capable of undergoing said reaction to

produce the product.
39. The product of claim 38 which is chiral or asymmetric and wherein the

heterogeneous catalyst is a heterogeneous chiral catalyst.



