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Pal | adi um | Manocl usters Technical Field The present
invention relates to palladium catal ysts, processes

wo o008fredodng t hem and net hods for using them BeCkRgeEmancoo79

of the Invention The pharnmaceutical industry produces
25-100 kg or more of waste forlevery kg of active
phar maceuti cal ingredient (APlI) manufactured.
According to a | eading practitioner of the industry,
the potential waste co-produced with APIs is in the
range of 500 nillionPalladiwm Naneglusiers Thus, even
at a nom nal disposal cost of $l/kqg, the potenti al
savi ngs associated wit h vieghwica Fieldi on woul d be

si gnig fn‘: gﬁ@&ﬁﬂ&%@ﬁﬁ e1h@s RNGNBBRALE NG ts I\I/ggéé§,§és)fo§mak1ng them and

annua al es 500 billton in 2003
phﬁnﬁa@nuﬁnwﬁh@nsyntheses i nvol ve the use of

honobgeneous cat al ysﬁic&%tﬁﬂi %?héj'h]:\f%rﬁ}aﬁ to be

separated fromthe pro € res Ing neta
cont &he phﬁrrrmnemfcal imeluan}opmdmcs:s ;26513@0 hg se miooeisf wesie fomevery kg of

I@Q{{‘}gr@gﬁgar Ut e 1@%(@& ax%fﬁggrﬁ 4 gngzg IaéFadtul.g practitioner

Bﬁﬂ)‘iﬁﬁ@.isﬁtyeﬂlefﬂo@éﬁtihhﬁ/aﬁé Qﬂlfb%cﬁlced'm@N&PIs it heihe range of 500 million

activity and selectivity are often | ower
Hotrbylondeixeas at sy syen atm%nmalrf%?@é%h Gogt %1% 5@?@@% a%sntlal savings
Es%s&ag:@v%tﬁd Wtag’t\é’afe‘iﬁct‘i’cﬁlv Q}VOQLRI N2 SfchiffdagNcompared ‘ho pharmaceutical

et erogeneous catal ysts. Honbgeneous catal ysts t
fnslvistrys e ennviatrsales GU 500 bilign & D tMmmhanmqe@Waﬂwntmées involve

%%ﬁl?sr% %fzfgl%%ﬁgglg\goglf é:gtcgégr\égr %{r&'ﬂ%é QifiCult @cpﬁ ?%%’ged from the products.

eration an use o
the niesutisg natalc kontamdfatign eeft thenprrdasts poses e serious concern in the
veI 0 men]tc‘aa een chem cal processes.
‘éﬁ’aied reacti ons have becone an inportant

t ool H!eféréé’eﬁé’dﬁsccﬁély‘it@ BflySbedhiRdrd Stablee blieabblg nd easier to be separated
efficienc sel ectivity, and di versj t possi b] e

fromm deorpdestoridowpr Rigitarivie sad esles ly sHyist glenalln Reshban that of
GHBL&RBLE cé’tﬁl‘ygﬂst Yhid) ix@EHR ] &ﬂ%&l’%d{fe@ﬂ QRAL L "ﬂovtvehrds developing

reacél ons. However, des Itethelr acti vi t
bifieiape het@mep@dusa;dtamaa ébawocmoaus yatag'stsahateha\fﬁ tbeen u@moblhsed on

e
fl haste ugeneatish sandhiughloy tuxidecliendtdle ehich is of great interest in the
development of green chemical processes.

Palladium-catalyzed reactions have become an important tool in organic synthesis
due to their high. efficiency, selectivity, and diversity of possible transformations.
Palladium-based catalysts have shown remarkable utility in coupling and hydrogenation
reactions. However, despite their high activity, the homogeneous palladium-based
catalysts suffer from low stability and high costs, which prevent their application in
industrial processes. As a heavy metal, palladium is also highly undesirable as a
contaminant of pharmaceutical products. To overcome these challenges associated with
conventional palladium-based catalysts, heterogeneous and heterogenized catalysts have
been developed. Palladium has been supported on materials such as carbon, zeolites,
silicates and polymers for catalytic applications. Although these supported palladium

catalysts allowed for ease of recovery, palladium leaching remained a significant
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cont am nant of pharmaceutical products. To overcone

t hese chal | enges associ ated with conventi onal
wpadoBatsoam based cat al ysts, heterogeneous and PCT/SG2007/000079

het er ogeni zed cat al ysts have,been devel oped. Pall adi um

has been supported on materials such as carbon,

zeolites, silicates and polyners for catalytic

appl i cat.i.on Al t hou t hese .support ed Il adi up h
ot § ORI R AP S aisdeoeriFbaaparyd P apfdfiibies have shown
onlyEiBG UhRghida® BEH Gy dn SitalRiit hgplivhiombl em Addi tional |y,

to date polyner- or si]i ca-suppiort ed Pd nanoparticles

f

have shown only | ow @hiest of the FY%‘?‘%%y in catalytic
apﬁ’{t i Eah! @dgéct (Spltl:fecgréggntt HR LS |sQBsthtially éveredihedr at least
e

of e present invention to substantially overconme or
angdiofatrasie cxmedte@f hecabone disrdvapiagedf t he above

di sadvant ages. Sugrn$5'¥| rxt&ethleqylggmigge:jnaa first

aspect of the inv 'on There I's provide .
paii b fstabpecs ubticdmcation theré Hiprgvideda pariticulatetsubgancs pomprising

support coupled to a pall adi eci es -adi .

» SRRTES rhayREopP e b TR S 18 AThAER) s moy

beORADY. ITHE paBhdiafi spEcit & cohijise PalladiumnatemecThs pattagium species
conpri se pal | adium clusters, e.qg. | | adi um

mmmmrugmﬂa;iwmwlwr&ﬁﬁa@ﬁﬂ%mmgﬁég WIS Hr ovi ded a

Panf b dhdbgi &Jg%ﬁe@@ fsifrs{}iﬂ@& b phitufitddbkiafitd edrBprivdigda particulate
ed to pall

support coup il | adi um'nanocl usters. The porous
posaipopportrenuphel ta paadiimoengdugieisport . The netal oxi de

may..be silica. The i el BEE be silica.
T R g, 0 b i
THeUpRehS siipdrtt oiel fier particulatt esubsthistcamey, mdgpendently, be mesoporous.

dependent|y, h tructure.in whi £ .
The sughom gna e pateis SLburgynrG ey B d3iFiokure - thlch
bkl FBivBBY Emall eadows. atet mlatokly large
T el S O byosmll o
porgseybara e aneamaigmeter tdebyecsrabout Bt {0 fhe relatively
sn?raglo \%}gdgg)g Ravd R&nBA &ﬂ?lg%?n%@%ﬁgw&ﬁyﬁb@ﬁt  Qhd @%8aP3hm. The porous

soporous srliceous The pal |l adi um speci es may,
supgor¢ auy! tedfor @xumblesmefopbimats sdicegusofoatth él"lpa}aﬂlp@@maﬂ@mes may be

o633 BRI p RSB S HBBRES i corm o°°0 10

Cmbadhsa ABprasd s atmionttstliains o
mai s eoupledie e RalIERBERE & & saprling otk Funpliingainkine erow
anﬁpaeﬁf.nﬁﬁ‘rg érBup, wherein the binding group is coupled to the palladium species. In
some embodiments the binding group does not contain a thiol group. In some
embodiments the binding group does not contain sulfur. The binding group may be for
example a urea group or a thiourea group.

The palladium nanoclusters may have a mean diameter between about 1 and about
10nm. The particulate substance may have a mean particle size of between about 1 and
about 100 microns. It may have a palladium loading of between about 0.1 and 2mmol
palladium per gram of support.

In a second aspect of the invention there is provided a process for making a

particulate substance comprising a particulate porous support coupled to a palladium

species, said process comprising:
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sonme enbodi nents the binding group does not contain a

thiol group. In sone enbodi nents the binding group
wa@lo@s/1mop7 cont ai n sul fur. The bi ndi ng group naERCTEG1007/000079

exanpl e a urea group or a thi,ourea group. The

pal | adi um nanocl usters may have a nean di aneter

bet ween about 1 and about | Oym The particul ate

substance  may hgve, a nmean particle sjze of betwee .
— SoaEing A URBHE LB HIEE RS PebheR) g o 8 Refagiym sal
| 9af i i0haRel WRRTLUBRO Porols duppdet Sompisimabinditigugropesy capable of

gram of support. In a second aspect of the invention
t biediagitke pal M’@dp‘?&l%?&dess for making a particul ate

- Sgo%%%ngg&tq%g gﬁgagil?rggglt % ﬁ’l@@%ﬂé‘dﬂnﬁts cA&Y Qs BYReRAGhle the particulate

coup I um spéci es, said process
csubpransd. ng: - exposing a functionalised particul ate

por.Qus support 1o a sSo ' f I [ t [ ;
R
spblieindg beé CI:deG). C’Blﬂmlplahgditﬂmbé;]mdiem lglnaﬂ _e:opallrislacpalindlum atoms. The
species; and - converting the palladiumsalt. to
pallRg NETiSFIE By SOMEBoG Pt SRES: Pk P fiph pifiGiusters. The
po%tf%fshﬂﬁ_(%@ mal e BthpRAEMD thelpalladimbspediepalhagiosess(thay comprise
salt. e p

al | adi um of the pall adi um species nma

. . b .
thestepf corplingathe nalladiugpineries oy SBRR: SRS 5o %‘{?Ph ﬁ‘?“"wmg the

cogfu%g?n of e B%Mdg% l‘éQl‘t P RRadBY RBRS, ctandRbdcathiithe palladium

ers, e. adi um nanocl usters.” The porous, )
sali ipgmvertethtp the pebadilmsperieso Thé step ff cewling mPpeeqraryise FREplexing

r SS may.c rise the step of coupling the
thgaﬁfagm%ﬁﬁ’%b"ég@? FEPP e support. This nmay occur
f olth awlefhotifigertt By @oséso Bomprisdse pal | adiumsalt to the
pal | adi um_ speci es, ,or . occur as th al | adi u .

P Sxncoine PatpRA kS DAY H o Pt fo §renEPh g Ralbdim sal
C QMR et RN scB PR Be GOFTRE SubpEt tHRpAsing diding grmps eapable of
to the support.” I'n an énbodi ment the process
c bindiggmdladivnengneslustgra aidinct i onal i sed particul ate

_barous.. sSUppor i LRHeHMs§ ahd to S@inbrate the
fﬁ?fkvtepg}ﬁgaﬁll?esé%l l%giru?ll f;sg* g%) eB%%)éragﬁg gﬁ%por te cgrrpri s(i) f]gg’ﬁn
bipadiichigtesubspace epmafulisngthe ipaHatling mrabtlastersraoupled, e.g. complexed,
nangcl usters; and - converting the palladiumsalt to
pi g dMRRAThanocl usters so as to generate the

The process may additionally comprise providing the functionalised particulate
porous support. This may comprise reacting a particulate porous support to a
functionalising reagent to form the functionalised particulate porous support, said
functionalising reagent comprising the binding group and an attaching group capable of
attaching to the particulate porous support. The binding group may be for example a urea
group or a thiourea group. The functionalised particulate porous support may comprise
mesoporous siliceous foam.

The invention also provides a particulate substance when made by the process of
the second aspect.

In a third aspect of the invention there is provided a method for conducting a Suzuki
coupling reaction comprising exposing an aryl halide and an aryl boronic acid to a

particulate substance according to the invention.
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particul ate substance conprising the palladi um

nanocl usters coupl ed, e.g. conplexed, to the support.
wab@sprsoeess nay additionally conprise providi PQI/sG®07/000079

functionalised particul ate pgrous support. This nmay

conprise reacting a particul d&te porous support to a

functionalising reagent to formthe functionalised

particul ate porous support, said f tional jsin .

r edgedourdoaspestsif s nNentionthersds proy &ﬁ’&eq@?fi ﬁ’t‘tcgi}ﬁ%‘?cﬁlﬁg a Heck

b i1t §x36 B Gn taPy ItHAE AP BF bih Yl AhRIPAIDHS olefin to a

BBl FARDT Py SPephpdn Y

Inding group may be for exanple a urea
pagticiipe subsantdracsordeng tgrtbeventen. f unct i onal i sed

ba rI% I@g@ﬁ talg%eg?nro? kﬁieeﬁl%gﬁ%nt tHERY isGROBWaEE & Ig&ﬁQ@ FHPHPdrogenating a

si | invention al’so provides a .
cafivnyl @ohpbend wostpaising \ekposingadie topartiongl seBweynd oo gnparticulate

second aspect. In.a third ect of e i ' .
subrighS acoiia gt iBviniphdn TR precag AL, i TER UaHhr species. The
hy‘aﬁ?‘éhidbﬂof gidsafiag @B Farinag: sApdsi agample anythotiami femate, or a

nd an aryl boronic acid to.a par g.j&c | gt e SU({JSI ance <. mav be
mew o iy elotetpalkyeneieR, formater JOF {HORESRAONGE SPRdCS MY
is#@ééﬁaﬁ%l ohfdEStBer shitB10 icdRE!, & gMBbliRdol. B thisoddeld basg neay also be
coupling reaction conprising exposing an aryl

prbseht.de or an aryl halide and an olefin to a

particul ate s ' ‘ YRRt foR hydidgeRating an

P b e BT cBRAPAD p bl LRNER e boscng
olofi bsaeiprisiiig dnposing einaslefin t@a partivulated subgapsasgording to the invention
. conpri sing.exposing the carbonyl conpound to a
1n5%ﬁ?‘?%e&F%8%h3§EB%eﬁf%§'e according to the invention in .

t hepPs QERARE affect oftHE Ageshtidaniberesjsepioekicd Thendthalt dgrereductive

donor species may be a fornate salt, .for, exappl
a@m@n'ggﬁf@rbwb?éowpogquﬁ%ppselag LXPPJINE the, Carggny(i compound to a

pa&&é&iz@@ e IR Ffih%q{)rfﬁé Shvedtién By SeqEeRnEOEPA pPREEY @fine and
ey

e I sopropano r some ot her suitable al cohal,
hy@lregen 2ab (thamatbonfl canppasmd aray, beansddehiydagr Bp¥ fegdetone.

L L —

enat |
ofSRANBPokidle Y a Wdledpisingexpbsihg thetepozidpar diaf ¢ atperticulate substance
subst ance accor di n%hto t he |Eggnt| gnsaltp the presence

aceprdgde defeinvepion ip the;PLessngh Oha JUF the invention
t he EarlySoPfiRVinia koteiBRihhbeéto ofTthe Untdntien the catalyst may be been

recycled from a previous reaction. In any of these aspects, the method may be
regiospecific, stereospecific or both. The reactions may be conducted with high chemical
efficiency. The reactions may be conducted with low leaching of palladium from the
catalyst.

In a ninth aspect of the invention there is provided use of a particulate substance
according to the invention as a catalyst for conducting a carbon-carbon coupling reaction
or a reduction.

Detailed Description of the Invention

The present invention relates to a particulate substance comprising a particulate
porous support coupled to a palladium species, e.g. palladium nanoclusters. Clusters have
been defined (http://encyclopedia.thefreedictionary.com/Cluster+chemistry) as follows:
“a cluster compound contains a group of two or more metal atoms where direct and

substantial metal metal bonding is present” (Introduction to cluster chemistry by D. M. P.
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ani mati on of a carbonyl conmpound conprising exposing

t he carbonyl conpound to a particul ate substance
wW@emsniopy to the invention in the presence of PEI/SG2007/000079

primary am ne and hydrogen 9as. The carbonyl conpound

may be an al dehyde or nmay be~a ketone. In an eighth

aspect of the invention there is provided a nethod for

Mgégég%%g It ‘3}32@8%@21 ¥ IQI)(;(!? gg 4-%804@9 %Ia:?gt' i%cogg{niég idggcribed them as

sta rd e Nah@NWilkiddo, RIASRBEE T
SRR R e, paseces b

Cmmi‘gt s AfCanpeehamsizvatTesh YhEdittanalpy &t Neanpels f%ﬁ%gl}?refore may be
cohSTE e I8THE pRE B adBOR R KA inldlsiBRYy of (hese .

e regi ospecl
st eTH@P:ﬁﬁculﬁtb &u‘mtartmetﬂnay Hhprepaad by enposing/a fwctionalised pgrticulate

wi th hi gh cheni cal fIC [
pog@ﬁoq}@p% it qrfplhptm ol.a H3 lﬁcgu%} % als?lgﬁ(tht] rgi;l% axB@ulate porous
supporél é)nsin@ Bindinat @rcﬁtpﬁeé‘dpabfe bfl Gbmdiln@ rthe qmllaﬂlmrre specws The

provi ded use of a parti.cul at anc l%grdl NG 9 catalyst. It
parmmllatﬁs@stam%n@g bg abaftraﬁl}i a@gt e fyhigierogeneous cataly

m&%é)g F\Jé%@%e@@at gjs’tpit'rﬁ‘e%' bR ﬂp@ﬁe@ aludiuesl b@hlysn.

scription of the I'nvention The present
I nVﬁwtpavmlfvsedfathepaltt@uhitq)arpmpttum@f the pattigiate substance, and of the

£ R PR RL S P AU AP OB nEQYRESS. e Bupport and

I'um nanocl usters
thQﬁ)uﬁicaIafe hﬁ)‘san&eﬁmyd ﬁfdlepemﬂently, have a structure in which relatively large

p: // encgycl opedi a..t hef ctl nar
e 1o e ISR ML M poes
m& BHPe Af mEMP dRImE 6f BBfwakn adb@ms Svetidr sbodit ri®0t Thadrelatively small
substantial netal netal bonding i

windawes baveca mean dismgtersafdieteringaopt ? ag‘ir eﬁ?‘ﬁ/ls OWIM% Jgrous support
m&‘é‘cr é %ﬁé Ifllgs%g i@ﬁl\lslgcé&ls“fzglgdf%@}) meﬁr bé\mdsotdiRilar siliceous

eém as aV|ng a pol yhedr al gd structure
foafdaictadingrta, Wmidmﬂtdmwl@a 6006(63%3&&( e@ﬁ@%“é%rrfg)am particles)

aréﬁgo&g}{a ’eﬂ%\éggTe%‘Hgi Lo e@?«{n]ﬁ 'Age - (20 é{i eIr ég%%gg{h%%ﬁ{eits of both

(ﬁﬂﬂﬂ@ﬂ&kQﬁxﬁﬁﬁhﬁddkﬂﬁmBy@ﬁbmﬁhﬁ particul ate substance

may_be prepared by exposin onal i
par Thecpartigles pfoths part &5y 6t 3“@8{ ﬂi’?.%ﬂw aq% substance, and of the

fub@lidRAdsdipaabilate Sﬁpgmft URRY | Haspénaestly) et te@ulaatsha}}iﬁdl; dous example

support conprising bindi ng groups ca@able of bi.n
sphksca) aparaaleueh sswbé&p@@ Ting @eearppreowea 8- SEib PPEHES be greater

thet&a@crn@?%ntﬂ ﬁ%él%%t%r GRALALYEL 10nnl. IRy BE bBtwRh %BQ&@‘&W@OOM 100nm
or between about 5 and 50, 5 and 20, 10 and 100, 50 and 100, 20 and 50, 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 may have a distribution of different pore sizes.
The different pore sizes may be between about 5 and about 100nm.

The particles of the particulate support, and of the particulate substance, and of the
functionalised particulate support, may, independently, have a mean particle diameter of
between about 1 and about 100 microns, or between about 5 and 100, 10 and 100, 20 and
100, 50 and 100, 2 and about 50, 20 and 50, 10 and 50, 2 and 40, 1 and 50, 1 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 20, 10 and 20, 2 and

10 or 5 and 10 microns, and may have a mean particle diameter of about 1, 2, 3,4,5,6,7,
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may be a supported catalyst. It may be a supported

pal | adi um catal yst. The particles of the particul ate
w@appo1d097 and of the particul ate substance, aneCD$G2002000079

functionalised particul ate s%pport may,

i ndependent |y, be nesoporous.” The support and the

particul ate substance may, independently, have a

5, 8010 Ginidooity. 16115 Tty 24raf P hahids, STE0PR. E6)50 or 100

Ex%hé‘t o' fila: % Heal%gsetheﬁ MeidrBy oh Qitét HRAN00linfieRner Th)éy may have a
et ween a and about 10 The relativ y

|
nampwdswiscly aize dwtmwndfb?féﬁ%ary byt leppthap @how i gpgﬂales having a
paﬁgggfs‘%?s grll’]qme tha[?le} 2 rcf?ﬂ'ec're (%ﬁéﬁ?éf thsn BPIes? ﬂﬁﬂp'ﬂfé mean particle

ar siliceous g be nesocell%lar
sizg] bt depe mayosniesc tmndiboyt fri} 4Q;r35n§ae 5c2brld A§ arp% of particles

yvggzaogz?r/t Sgsgz?’eglg I\é%%gr(f i,b‘l u(lh?f%refngw et eéamé‘%g’/b%r and may be
abddt 1,843, 413140¢ 135“26[1125 30 35)04(1; 46for\ﬂb%:d)1f partcles havmg a particle size

t ed h f |
' mclgg?cgz{rg gqg"gtiffgwg{, PR t%gﬁraeeaafepr SH eﬁgpmﬁpaﬁl‘éﬁg ?}%gt e Sp Iﬂgncal or

th Gﬁlefdiﬂé}ts'h%halshéﬁéjs &ﬂﬁ(‘l ' &hﬁbs@id‘; cabiepiomboidy,, prlsmatlc or
ependent | be regul ar saéto for exanple
pasqhhhpmﬁdl(;forpaﬂmpblré@a!@ﬁ‘ﬂ@mar etepied) The mean pore size

'ngre é'gf Q rof ﬁﬁa{rﬂsﬁze % % n{é%pop@s 4Hd ecﬁl: §fzetotﬂﬂ{é R ivs PR3 be between

be bet ween about
abamdl(ab@mﬂ albaimﬁﬂ; obbetmamabmnuto Balacha 1500:15angn% 1 251 nd 1.5: 1,

3:hand 3 it snd 200 G & 1 ipd D1 M Ry b6 Gl 03 0- BRI, 611, 511,

4. %M%%B'B 1, e pene2di gel.paHy obmagrdwiorﬁn other ratis, Tne),pamcles may
23,724,725, 26, 27, 28, .2 35, .40, 45
hagg soBw, othgr seucturgg Thessizegpf thes Wi WS9 ‘e WIPGQR, ot size) may be

grgzﬂéxt thh %ﬁ J{?)ﬁ{[pgré%teﬁ‘ R4 Wt dr&fteraharn! hlﬁ(flﬁﬂ@ﬂlh an#y be between

Sl zZzes. ent pore sizes my be bet ween about
abant2 ambaboutcsmmormewmrabp@u ZagncbZO,t%@dpbﬂt i and) % 2 428, 10 and

26 1RG5, 79 gtécgfl% R P a'1§%&“1§ p4lsE RGO an@NH0050 BAL100 or 10

te su may
mﬂdmﬁem@mlh&owb@vm@hmmumrxnpﬁ A Aot 83, B, 15, 16, 17, 18, 19,
tween about 1 t 100
25580, 9 a4 4500, SOR- e PR 2o b b firens vindow
51?68 d'l“l?@@i'fferéx@ mg&vﬁﬁgeéﬁay B@bél%el’ﬁ fbowd 2amd aB@ut 5Dnand

and 10, 1 and 5, 1 and 2, d
andl l& partlglﬁsj oﬁthemagm’lzge SUPPYHe] %0? ﬁ@ e s% siaﬁ)& eqpd of the

or,. 5 (o) b
ﬂl&ftéolpg é%t g%l%{?t po@n&%mdéﬁe‘ﬁ@e@l){;ﬁﬁ% Baﬁ&% %ﬁlme of between
abbat O.B&md]abpuﬂS cmi/g, orlfetwad, abpat 030and2b 0.3and @,50 5 %d 2,1and 5,2

T
arld@Y#, @nd may have a pore volume about 0.5, 0.6, 0.7, 0.8, 0.9, 1 1. 1 1.2, 1.3, 1.4,
15,1.6,1.7,1.8,1.9,2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9,3,3.5, 4, 4.5 or 5cm’/g, or
more than about Scm®/g. The particles may gave a specific surface area of between about
100 and about 1000m?/g, or between about 100 and 500, 100 and 200, 200 and 1000, 500
and 1000, 200 and 800, 200 and 500, 500 and 800, 500 and 700, 500 and 600, 550 and
600, 550 and 570, 600 and 800, 650 and 750, 670 and 730 or 690 and 710 m%/g, and may
havé a specific surface area of about 100, 150, 200, 250, 300, 350, 400, 450, 500, 510,
520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690,
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narrow particle size distribution. There may be | ess

t han about 50% of particles having a particle size
worees/11909n 10% di fferent from (greater than orP¢ES62007/000079

than) the nean particle size, or there may be |ess

than about 45, 40, 35, 30, 25, 20, 15, 10 or 5% of

particles having a particle size nore than 10%

rosos 0. 246,80, 6 TG0 s G405 B0 3k g PP e g, spes

smg'&‘ié’a?éa HALLd BLESHRBYONE Befdf thas hBodilpeombge t han 10%
Ifferent fromthe nean particle size. The Par.tl cl

e -
majThp @osptystprast may pe amsfalrxjdpwreeitelhs meR %’Hﬂwaysbe silica. It
UG L QVA i i aé#ﬁ},‘ Ehﬁﬂp@'%@i ixed oxide comprisin
maﬁlﬁ)lega rlrl%i }n%,' ﬁé?aypgér%*cpéﬂgé%% d (t?.tgrru examl e rneltzxtear?gul ar prisine
any aroaBl of] @prlbefipluniliiemy sitican, ¢itarivra agil zecefiumhe

abatE Preoer envay: oot G M HHGURLATEs B HRRRlne erour

tween about 1
coriptisingQ: linkae gfoup and a birmliel grop]wharein tiedinkdiig group is coupled to
S e 00 R S T, T o
sulthr-dormaikingQroRYTIRELIAGRE 26K ayaddn@pristifer prariplelacsrea group, a
may have some other structure. The size of the w Q%ﬂws
thipiires . Zrowm dOWPIOF &Pz &) aifapobgroypea il gIO%R b BRI Eroup or
¢ y lor g i b of 3368 oft thed¥8¥he bindin
A0y SR oy f o i i
groupd m2@, b2 based diDan Sorandiqbil, aSnituegerR 00xygon and/opgulphpr containing

nd 15,,10.and .12,. 15 and 20 : :
M e o S R g M
to Tl?%’pdliguﬁl 5% 'Ih% gtteﬂzggfg gé'g@p gihy,bféﬁsilyl (5%01&4 ,T_ll'_ii Hindigg group may
3 3 ] 1] ] ) 0 7o o r m e .
bepsiupled testhiprons WPporg by e ki Bio B PRt kg gtgups. The
1in§a1§§%mg% %ﬁat}ﬂéscﬁrﬁ [s88h alyD B STREAKTRhahembg bubetweehabbut 1 and

Onm The particles of the particul

e
12saagipor atpmahehgobr betwegnahout Uiaad 8, § and pahard 4ehap fltﬁ?é‘d 120r2
functionalis agti por &, , long.
SRR RIS Prliabl %0 & Sy RO, 9B 1 or 12 carbon atoms long
Swiableab @uiiplinge Méggoupsr  imetude e n-3itG:):IHE Q2. 4, -SHH(GAMHCSNH,,

3,..0. apd 5 and 3, 1

-S&Félzb%@‘ghﬁi@?@fg’s ang, ﬁ@%?ﬁflgﬁw)é}'and 2.5, 2.2

andrig. Oﬁareéulateamst&wé a6t HPdropkitie. B moy be pdropiobab diach of the

0.5 0.6 0.7, 08 09 1 1.1, 1.2 1.3, 1.4,. 1.5
potows, substratel and the fusctiopalised, potous  aibstratg %Ys,lné?%?‘denﬂyﬁ be
{hitfe. & ! : 0 . Phie Bpd@phdtcity of th
bt orgfasth iy, dchentontfy, belhyEPRItAc, Dl RpiaphoIEity of the
pastielzte substeaceahap be wdizsted Horder0Q im0 ¥HBUEPHIDIEE A/ Rprformance,

an%&;g’g ti%g)nveai?sogc}mp%ggil@ gvit%OOQ'gar?iQ goﬁggts?ﬁ?e pa?rggul%q;ubstance may
have hydrophobic groups on its pore surfaces. The hydrophobic groups may be for
example trialkylsilyl groups, dialkylsilanediyl groups or some other hydrophobic group.
Suitable groups include trimethylsilyl, triethylsilyl and triphenylsilyl. The particulate
substance may have no hydrophobic groups on its pore surfaces other than the coupling
group. It may have silanol groups on its pore surfaces.

The palladium species may be a catalytically active palladium species. It may be a
high efficiency catalytically active palladium species. It may be catalytically active for
hydrogenation or hydrogenolysis. It may be catalytically active for a Suzuki or a Heck

reaction, or for a hydrogenation, hydrogenolysis or other reductive reaction. The
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and 1000, 200 and 800, 200 and 500, 500 and 800, 500

and 700, 500 and 600, 550 and 600, 550 and 570, 600
warsd0097 650 and 750, 670 and 730 or 690 and FAUSGROYN00079

and may have a specific surf§ce area of about 100,

150, 200, 250, 300, 350, 400,” 450, 500, 510, 520, 530,

540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640,

650, 660, 670, 680, 690,700, 710, 720,, 730 cﬁ 0, . 150, .
patladiBmspeciennny 550 1’6( ) 50e0eD Aay Compyish R RadjuiR Alomp; Q 1t may

ﬁ-,g)rns?c}%gg%ﬁﬁﬁ Qius%, gh gﬁllﬁhﬁl‘ﬂt ndifhRterd rcﬁ‘aitefnayhad}nprlse both

us support may be a netal
patladide soppoend pallﬁdeum@hatersa Tihg waliediumaiagpelpeigrs may hgatalytically

ﬁ_g? %%gogéus rs ! Th%}yﬂégcﬁuﬂ ﬁ&%@iu@tersl }nagmlélavgea trhée&lnﬂlﬁme{e‘f between

e co
abotit 1 atdabont mnm Snrlbetmafen aboutalnanqiﬁ alrmhdzZ Q@@dll@ms arml]éO 2 and 8, 2

%g f}ptfp o#%ﬁﬂ??&’ g\’ i nIZiI’Og’g group Z?%Ch&%duswrs

m&’j iR rﬁHiniﬂﬁon’M}edS@tHé shbp‘brb IThei ﬁtgaygfeCdlspeirsdammﬁlhaky amothe pore

The _bi ndi
s %ﬁegeeisi@ﬁt’ﬁf TR gaURgu, PRiocRP B B sebprigh. ey may be

psggdgsn‘g*éﬂcgg THe§ YRay BE %pﬁ’ﬂoQﬂheﬁ&y%ﬁé&R:aﬁHMléifoﬂiﬁy ibgepoltiedral. They

e a urea group, a thioufea group, an anjne
may beipupled taltho hmdnrg rapp b coordalatigh.ifp thexrmnpe o igated to the

blg%lﬁg Pg{g{lg orhe b yé lg\?\cg}pe B&goﬁé 12C1i ggoerofhe Iéallaldlnunll nsgecms The
pa@tﬁ@ﬂﬁle Rahstdiee bﬁ@}eﬂaWa epallachmmclohdlqg] ioff, betweennahaup §elnand about 2
and/ or s conta o] y I I TR
mmeL By qc}panhgerggrg{gpé) bpsio ahaielfy B ler{g{ogﬁ gug% NOIT82 102, 0.5
toaz tl%@ct) 4 QT qlfseorp@rsqu Sl_l_ﬁlﬁﬂnlg @agadlfﬁhqaeatgem hif sgpporgLene. about 0.1,
be ‘a_si r ou e_bj ndi n
015 080 St BLEbIAD DA RO O o> S5 095: 1
1'%’%‘[’@%%{1%@%? T%el'3'5”i<h”949fpypl 55 6,065 i1SE 1473, 1.8, 1.85, 1.9,

& afkyl” chain nmay be between about 1
l.aﬁdrzmmcdrplahmdlammmgta@lmgfswpoiéetvveen about 1 and 8, 1

Z? g’ﬁglis| %’nggg gﬁgaogi' anrg t%%re 1?? 8%@1%8 zgrp i gﬂe (ssblﬁﬁéllil&gcr:ompnsmg
pakdcl e POrous bidios Cblﬁiﬂﬁd t@ﬂllh&bhﬁnmotﬂlfubﬂemg groups incl ude
-S1 (C12) SNHOON

= IPCPQ‘) - Si f%Fre @rovgé\legéﬂzyggﬂ%ﬁ*(s%ﬂg comprlslng
PRI ARMCE H%@Hl@d taamﬁﬁnammub@r&ydr ophi lic. It my

ydro Each of the porous substrate a dth
f urlot poothén sebogioranistheishist Prvedaray, PRIYGRIEN o pemprising

hich
iR Eoudba SRR, %@?‘?Eé%%sa‘?ﬁ‘%dan% oups which ac
capubls of bindingaite pellatijpmstnetlusteror der to inmprove or

opt fnmarsic?thért %n&%&fn?ernrtra&lere is provided a particulate substance comprising
particulate MCF coupled to palladium nanoclusters by means of binding groups which
contain urea groups.

In another embodiment there is provided a particulate substance comprising
particulate MCF coupled to palladium nanoclusters by means of binding groups which
contain thiourea groups.

The present invention also provides a process for making a particulate substance
comprising a particulate porous support coupled to a palladium species, said process

comprising:
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and/or to inprove its conpatibility with organic

sol vents. The particul ate substance may have
whyasopeobi c groups on its pore surfaces. The PCT/SG2007/000079

hydr ophobi ¢ groups may be for exanple trial kyl silyl

groups, dial kyl sil anediyl 8ups or sone ot her

hydr ophobi ¢ group. Suitable gr oups include

trimethylsilyl, triethylsilyl andtrl |SI| 2’% I
- pamosmg lecfectipnblivedrnastiGrlgte RERAES ﬁ!épﬂ% B A é}r%aﬂ fum salt,
sa1 Elﬁ-lcﬁgﬁaq sédjg GB1PpoBs El%}?r@rtt (!?ﬁnp"r%i’r@ biding T%‘gﬁps tdpable of

ave sl groups on | pore surfaces.
p‘a:hﬂmglthﬁmadkadmnespenmy oel a catal yt| cally active

pal | adi um s I.es o ;
%ﬂna‘(f: gféef E@fagh sal{ %)gﬁé ggﬁ adiury p %ugsl; o 2fs t6 %Egergtg the particulate
cafbalapéd.cal |y acti ve for hydrogenatl on or
00 2 e IR plhh S S Ghl Yl compris
redi g0 lgzlﬁndﬁll/a%lhﬁn OdaltOtTHRY p éilgduﬁﬁ L)sddﬁomaﬁdbd anPd(II) salt The step of
Thepal | adi um speci es nmay be a S
coming sy v oS i palthd) sl TS sedsiiEcimypmerise
n‘pé Re Yl p%ﬁlt m 'tl héiftt o ﬁw?%dnﬁpﬁ%)/exposmg it to an
I'se*bo pa | um a

and pal | adi um cl ust ers.
ox'i'dlmbﬂmlspembsu ﬁi?htvamﬁl@bmgt egeslt rtay oe@aeépﬂ@ﬁﬂ@%& mgy kg jap ealeohol,

| usters. The ers may have a
prﬁé%??ffd?%%?%'r 58%0 gﬂj ‘(ﬂgéh% er‘g‘%?egﬂ gut | Onm  or
betm&ﬁnéthfhuﬁseﬂ mndcate posowd sAppddt arag cb@yprise dhelparbiculate porous
and apnd 3 or .4 and 6nm

supor, descritid apove hugiig > PoMRHPE R, ARG S g By Coupled to

’chéj LMRRE 22 h b O THELLLOThd RRIMERIFRbLplinkh@pupBy the partlculate porous
di spersed uniformy on the pore surfaces of the

supppponay. behbetyarn aahoun harrsel akaudr & gAL of fipctionalised

Th T
S atgggxiolag ,?ﬁ%)%ll‘fj 0y QE&'it' (F?ltch% d(?‘ 23(0 ey t@% Q;Bl r%lttgﬁip@leléS to 2.5
t

mtrmvghfg aibou Qgﬁdl@, 08, &5k di At drB T4, 4.5, oyl Ty B 2 2.1,

bin
2ol S o AD i eims bir PhEBRIBLIHE prtd s S 980D sl ez
paP@dfuht bh1dfige, M&ﬂﬁﬁp Qcétity drasomedothat kaidiblenshloabhegolofion of the
bet ween about 0. and about 2 nmmol aI I a[g: %’lfo?%[i) am o be
padindigm palt maydhe abis%ilitl@ 1 pRy OfZangp i° Yoy, may
nxg'ﬁohg) ﬁ ngily5b5 Ofof: exanhjfle Aiclofnicthahe dh[or@fo'imi; adibromomethane,

um per gram of support, e.g._ about O. ﬁ
brﬁmbﬁqrrro @rbod. E&ac]ﬂoede,otcg@:ne,o aqsatox@p, sehlorgbenzepe gyet gloé, ethanol,

1s<1prggdnog eéhylice%%e oJr_ s:?'me b%zgr s%‘ca?{rle %ol nt. 3 helcx%rbsmé Iili.ay comprise

adlirf@bthe lpalladitny Salt, lor8a sdlufibn ther®of, 1o %swpe@mmgf the functionalised
pal | adi um per gram

h .
pqrﬁg} ge |S‘épH9Fd9|acFé‘6‘1"a¥ {gg g{r {3?% g %%g{vgﬂfgg)e éheﬂga‘?ﬁhﬁ%{‘ Lalt. It may

be a non-solvent for the palladium salt. The exposing may be for sufficient time and at
sufficient temperature for conversion of the palladium salt to the palladium species, €.g.
for formation of palladium clusters on the functionalised particulate support. It may be for
between about 6 and about 60 hours, or about 6 to 48, 6 to 36, 6 to 24, 6 to 18, 12 to 60,
12 to 36, 24 to 60, 48 to 60, 18 to 30 or 20 to 25 hours, e.g. about 6,9, 12,15, 18,21, 24,
27, 30, 33, 36, 39, 42, 45, 48, 51, 54, 57 or 60 hours. It may be at a temperature of
between about 40 and about 100°C, or about 40 to 80, 40 to 60, 60 to 100, 80 to 100, 50
to 80 or 50 to 70°C, e.g. about 40, 50, 60, 70, 80, 90 or 100°C. The temperature may be

less than or equal to the boiling point of the carrier. It may be conducted under anhydrous
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particul ate porous silica coupled to palladi um

nanocl usters. I n another enbodi nent there is provided
w@2@anisogul at e substance conpri sing parti cul at BCIVEF2007/000079

coupled to palladiun1nanoc|u§gers. I n anot her

enbodi nent there is provided particul ate substance

conprising particulate MCF coupled to palladi um

nanocl usters by neans of binding gr S ich are
condisians-e tomay, bearangdupiid BueT P ﬁ%’éﬁﬁ&nﬁ%e%? e, conducted, for
ex@ﬂu%fié] Sind o EBNhrdoRe heliurf, Ra®vhddigxidepar mayubatumder degassed
subst'ance conprising particulate MCF cou

) . led to } tated
copditions Dmingihe 6¢asioR iR 16GCHABFEIe HRbE ?fﬁn‘glrwﬁ‘%efwlse agitated,
mﬁ@ﬁ&?bg%g&gkﬁjMﬁQﬂa LOupPs. |n another embodiment there

'S provide

a parti ul ate substance conprising . )
parThwsuinatee Mobodioept g procpss Ferapuses rexpesingseriiopally heating, a

nmeans of. bi ndi n s ' ' i .
el B W B D 6L 3P SR it
soletdnNef @ paldding (IR tselt $wlan tamhgérous spivest, tigpreby forming a particulate

articul ate, porous support coupl ed t pal;l adi :
su@gt@gq:eegqmg&mg apPaé'Eg.agtg QSFP&'F isgpﬁodf coupled | gipﬁgad’gum%%oclusters, s:eud
ﬁﬂlb‘t]%{a!ligaﬁbarﬁ@ﬂa@qfo&é@tﬂu@pm ROfPHiSIngURBGIY groups capable of binding
sol ution of a palladiumsalt, said functionalised
thp@allfileumala@Of}i‘éﬁ@f&s support conprising binding groups

¢ apl%béo&eogm dﬂﬂéxﬂ?, tﬁ@?arﬁ@ﬁlhﬁcguﬁﬁhﬁ&q{és Q’r?'dro%ﬁ@’bic groups on its pore

converti ng e palladiumsalt to the palladi um species
susfaces It ordgetveachtewe tlis, thapoious sapporislipntvdtietsthe pagicyfage substance

. of converting,the l. | adi um sal. t -adi

BTSSR D 0, R .o

cdifpriRchydrephabing ﬁﬁé’pbfﬁcﬂaﬁdubkt}mcead)ﬁ the 'pb_mustsgwc?fl. It may comprise
convertin t heref ore conpri.se reducin Q

et OR VPRRPHOBM PYRS el EOmMIERes RO ML substhibe or of the

pdighd @9@% %@h{ayt&nﬁ)r{sg dddaibrfgg £3060mple; tiEylgIREds, dialkylsilyl

exposimng It to an oxidi sabl’e speci es. The reducin
gragpnor §one oteulshepheobimerene &9 tl-m;gprg gurfgees, pggﬁd}a’rtlc%late substance

mﬁ{gﬁl rgl‘?,lf,%?ge%kg@r i S HC R t?éﬁﬁgg gihg fordus support with a

nctional 1 sed particu or ous

hydpplestingragertto Mhei Inelroptobimy age| mey @omwiss Boppemple (RsSi)0,
(Pg;gg)g];ll]—lg Z{g&% %gi?(zlgogtﬁﬁ}g&av e 1 agH(}glLth ﬁ'x%tl'@?ll,sé%yl, propyl etc.)

or an aryl (e.g. phenyl) group and X is a suitable leaving group such as Cl, Br, OAc etc.

Commonly used hydrophobing agents include hexamethyldisilazane, trimethylsilyl
choride and dichlorodimethylsilane. The step of hydrophobing may be conducted before
attaching the coupling group to form the fuctionalised porous support. It may be
conducted after attaching the coupling group to form the fuctionalised porous support but
before formation of the palladium microclusters. It may be conducted after formation of
the palladium species.

Following the formation of the palladium species, the particulate substance may be
separated from the reaction mixture. The separating may comprise filtering, centrifuging,
settling, decanting or any combination thereof. The particulate substance may then be
washed. The washing may be with an organic solvent, e.g. the solvent used for dissolving
the palladium salt, or the carrier used to suspend the functionalised particulate porous
support, or some other solvent. It may be washed once. It may be washed more than once,

in which the washings may use the same solvent or different solvents. The particulate
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the surface of the pores thereof. The | oadi ng of

coupling group on the particul ate porous support nay
wheooBa1sseen about 0.5 and about 5mmol per gr anP@f/SG2007/000079

functionalised particul ate pg{ ous support, or about

0.5to 2, 0.5to 1, 1to 5 to5 1to3or 1.5to0

2.5 mol/g, e.g. about 0.5, 0.6, 0.7, 0.8, 0.9, 1,

substgioezgy by, dedy The dying 1967 ot BrigpitopigE orfed over andor
thidAbh At MRSt sBBYarR8, #ppRahg h)vasadrh or parial yubmdbuhe particulate

chioride, palladiumacetate or sonme other suitable
substance, Mhwomesotombirgtiopof these-pal | adi um salt may be a

f’rg;ﬁglé ?xg era]%d;/ha&%n{%rogﬁﬁ@rﬁ HRAYE&RE cohBAs&F 9ani ¢ sol vent

rous. It may ‘be for exanple .
di dhl orexpetihgaeuspsmsionaifohm fuastinnghsndepasigndate porous support 1n a

br onof or arbon.. a dl e OfGcient 4 d
R R
. et hyl acetatsaffieiens aempattuee ts uformbh epasiadulase tsubSthrece  comprising a

exposi ng may conpri se addi ng the | ladi um or a
sol uti (H?It[lwi?}i%m oug fglpgogd:gﬂglﬁg it%ﬁﬁ i ganocfu%{etrs,
fungt i aRBAhLESShEPhiticaltadudsaHRpPOrt in a carrier. The
carrier may be a solvent for the palladiumsalt. It

mayiiibe washng thopwtiptlarsubstareepatd adi um salt. The
exgggi ﬂg}f PefiQliae Wibdi&lcent time and at sufficient
t enper at ur lfl i

conversion of the palladiumsalt to
saich urpiohalitied rpastixeiite poresg surfport temprsing pirsting Lrounsi cgnable of
.cl.usters . the functionalised particulate support. It
blﬁygbm%\%w&}%ﬁ‘“%%’&m 6 and about 60 hours, or ‘
abomie Brdcessthay Gadditiodlly Geohtprizé, prévidingl e fidictionabiged particulate
to 36, 24 to 60, 48 to 60, 18 to 30 or .20 to 25 ho
POEOYS  SHBPRH- é",h?% may, CORmprisg gieagyng 5y pagticulaly pyLus 3%{1’?"’“ to a

fuRkiorfisind Oreaddht 1 fordft th® fuRttidilised rarticulatéTgyords atpport, said
tenperatlre of between about 40 and about 1000C

. ,  Or
funtidortaligiog treage 0t comprisngthe woding erown aghan aitachine gigup sapable of

Q,.or .50 to 7 bi or 3Rafiple a urea
atis 1 Pl pfighs s, AR bimbng loup by X or BRarple a u
grotig ob i thiougezpgrionp. Blie fimetiomalised particulatporoes sepp@ticnay comprise

under an dro%§conditions. It may be conducted under
MEFPLTWSSHIFEPYSI8#E: 1t may be conducted, for exanpl e,

gndgg g@icfrﬂé)@& %éﬁielg rags@l[tgblh glattibtilate pofown sglbptmi Banesoceltmyr siliceous
e under degassed condjtions. Duyi the reactjon.t
fopma sethicdnmay be preparagy by, knasyn ricghpds; Ths ﬁWé@ayab‘? Eﬂ?‘g ﬁ?f“‘" use.
o st hédigd 8P4 sumant tiateed a sURESIe itBmpétature. The time
T@%@ﬁ%@%ﬁ%ﬁ‘g %rocelsg corrSri ses exposing, optionally
mhyp bt ifogexammse besesi obouwsf6 areatiouh 60 ihopes psakput 6 to 48, 67to 36, 6 to
tigul At e PAnQUs cSHPROEE 4 a5 s, 6. about 6,
2R I3 LY PHBREE g B, YD B G
9.S0b Vet 18t MEreh\2 7 G0nildg 38, par ¥Rcdbaus, 51, 54, 57 or 60 hours. The
temperature may be between about 70 and about 200°C, or about 70 to 150, 70 to 100,
100 to 200, 150 to 200, 100 to 150, 80 to 120 or 90 to 110°C, e.g. about 70, 80, 90, 100,
110, 120,1 301, 140, 150, 160, 170, 180, 190 or 200°C. The support may then be cooled
in a dry environment, e.g. in dry argon, dry helium, dry nitrogen, dry carbon dioxide etc.
Alternatively or additionally the support may be dried by exposure to (or washing with) a
dry solvent, e.g. anhydrous ether, anhydrous THF, anhydrous toluene or some other
anhydrous solvent.-Methods for rendering these solvents anhydrous are well known in the

literature.
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subst ance conprising a particul ate porous support

coupl ed to pal |l adi um nanocl usters, said functionalised
W@2008i1c80bat e por ous support conpri si ng bi ndi ngPCI/GE®H7/000079

capabl e of binding the pallagjum nanoclusters. In sone

enbodi nents, the particul ate 'Substance has hydrophobic

groups on its pore surfaces. In order to achieve this,

S W TR eGP BE! HYFOBFSR ' (b ergiipp (The cartier

zﬁpﬂ;eeans AEhAE 88kved HS dédaB8beT QERES Tﬂafutﬁ:ﬁﬁmllshg reagent, optionally in
or.ous

ydr ophobi ng the particul ate substance o the
solstipponey then hecpided i SESeRTRISR g RS ARSI HBBF2RET RS be added
at ta @(2 Gf Biweer %Bfi‘tc?%n&’% ﬁ]ﬂfél $@f Ex‘aﬁil bﬁﬁ@p%ﬁbﬁbﬁéfe@ this ratio may

por ous support. onpri se a d|n

depmmﬂ ﬁne niatuira ok $hessupport. ngmpgo r@nyawwtgfpﬁrya Qjﬁt é@ﬁé 4ol and 3, 2
e rop c..gr t s1af

ol 3o3 g5 1 £ 8P S0 Caniie? it difnldl oIt cBHaBART21.81 2,21, 22,

2.3 0.4 mys 13041, vies br amold.t T foctinslising pereeniwhonldbe such that

th%é.“aﬁ (ggargg\gmﬂpg-rr{{% sgggozg) henLn ?})gﬁﬁl } %g@s*apable of binding

orRt%ﬁi,xﬁﬁ% gOho Rﬁlexgr%allh‘d)ﬁﬁﬁle sPediés. aPu?éH{M fl(nﬁtlgnahﬂmtghyéagents include
€ pro etc or an ary e.g. pheny
RQ)3 (QHE)ANIIQé@I\H{ »eavi ng group such as d, %bh %@@QCSNHZ’

%@Wﬁ;}“ﬁ. enNlepRa@ing agant awpSt(ggir;PNgcasryH(CHz)gsl(OR)3,

wihitre R ds anhaibjtlhgdospJ agea Ghdo Steplkyl gigen épBomeHyl nﬁg;yl propyl,

ted bef at
1sqlgpwqt (%)C ]oﬁ an ace%lg group O(t % Eh&grﬁg urhg)b;\éé??lp 51%9 S&%EEP rda@ents will be
re@cﬁ hedt ®f these dillatini thg altthléeacuum of thg sypporp vmtlj the reagent in the

ct | i sed - bef f
supene B TR Pth LR GE RO Lo L ime g 30 Bk CbER bR with the
su?&&@r ThO:8Reh riné}f réaré? vﬂﬁi Irabitieals pRape Ye.gF ®idQRl grgups) on the

formation of "the pall adi um species, the bout 6 and
supfacesi afithe peres i sheAerporfafhe simsepay e dor e¥a5Rpl hgtween about 6 an

aqpuﬁf(ge irlﬁ()) orXJBH TR SERY 8@ Bg, 6%3’183‘1@% '6@912 t0 36, 2410 60, 48

cen u | n sett decantl ng}c 3y
to@ON DS wa30 amza he:ﬁebcﬁmsag:apama eulzxtlé E8u5Hs 3hc¥, Afly33, 36,39, 42,

d._ Th hi

o 50 sEe S5 g RS . EgByRindf b R RHORRAE 40 anc abou

1({3)9@ &CHbHﬁﬂl zﬂﬁiofj 80, @0 té bel 608t 1100) SUBELDOL 50 swi8Pensh tchE°C, e.g. about
unctionall se artic ate porous support one

40t Her605 010w 90 o 48 o T S¥asioB rREY 1y ot aleh ghydrous

cd?i‘a[tﬁné hﬂ%ggclfef cbiiu¥dC iindel ean\éﬁfchbdiﬁﬁtldmy UsRyt be condmeted, for

vent erent solvents.
exparpld, curldat estmbssnamcgondiglina, ¢erhog. drppggled,oy,rngy ,lpgyunder degassed

con(a%ns 5ISurl ea%ﬂenrgactfg)%ﬁﬁé %c@o@ﬁ?xt&%é%a?gg s@¥red or otherwise agitated,

or it may be unstirred and unagitated.

Following the reaction of the functionalising reagent with the support, the resulting
functionalised support may be separated from the reaction mixture. The separating may
comprise filtering, centrifuging, settling, decanting or any combination thereof. The
functionalised support may then be washed. The washing may be with an organic solvent.
It may be washed once. It may be washed more than once, in which the washings may use
the same solvent or different solvents. Suitable solvents include toluene, ethanol, acetone,
dichloromethane, chloroform, carbon tetrachloride, acetone or other organic solvents, or

combinations thereof, The functionalised support may be dried. The drying may comprise
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through the particul ate substance, applying a vacuum
or partial vacuumto the particul ate substance, or
W@ 0ve/1680bi nati on of these. Thus in anot her enPCUBGENT/000079
the process conprises: i) exppsing a suspension of the
functionalised particul ate pgfous support in a carrier
%o a S?Lution of a palladium(I1) salt in a sol vent
or sufficient time_and at a suffi t.te
hepténgrpasspigr @ a0 ver and/gp thropebdhe ipugls rgd 5“22%’.’{; aBﬂf“E‘tgtaova"““m

or PARHSaSHRRG the fidAbEMisE Psuppbitast somenpnindtivherf shese.iBrior to the

eparating the particul ate subst ance iii ) washin
drpiagt theufuncteonslisnst suppert mas be icatgd Y gsalhentp&et pe lcafel such as

etliagxggé%] %%pan%?%g t[‘ﬁfkblgt%}gﬂf’a Pk RAGGLLE Eﬂe%tﬁ)pgﬁr BUSrder to remove

rirsing groups c i ndi ng
n{phﬁtlmﬂhaﬂeaimgrmmy)bb fetbetvgeenbeuid @mgg uﬁég) hours or about 6 to 48,

t
6 59%4 beon ;256 T80 38, B P36 2 S boad W 182850 8880 fo 25 hours,
£ gg&gt;st @;Jél)a%les meutrz};]nqszfctsmmom 136, a9f4mas; 4iheﬁlll, 84,18 or 60 hours. It
orm e unc
Ao SRR A NSRS AR ?‘f@ﬁ%gﬁ? Bece S o BEIGRUS 80 or 50
to%“@g%ga%lﬁ% 8010210 8k §@ehi ng group capabl e of

ng to th partlcul ate porous _support. Th
?Ih ridius gn g fwthsr WOQ@%@CQX@W& of the invey pﬁ@‘? S‘E}BP%?%S

i.oure i RiéSionalisi
sudbor REE S EPEstLEL sIRRILAEE, AR & N
d escri heo:geaatol foamn a mnstwnamﬂ@a}iaiutat@ porgte syRpoguand

prort is.nmesocel |l ul ar

ég ar eeépﬁi}“% ﬁoﬁmpﬂiﬂ%‘&é{ I.Iiﬁgc ioha 19e%tnbm¥i’gﬁlgt!% [gﬂé{usbﬁlpport to a
bef or e gefiftion 6 a Pallali@niTaY) 4l Iaseolhaﬂt ﬁon gsuffmlerm time and at a
suitable tinme at a suitaple te ature qmggﬁ)amculate

be for igieNtdCIBBEYGREROISHREA RE: SBBl?ffa“éE)cm"J

~about 12 to 60,
to 36 Z 88&1 EGug'i & tog)ahgdlafhonﬁlgmg?t%% to éé hou 12

sagd ijmcndmmlnsm@ reggent being 5uch[@1at the fupetionplisedapartiejnate :B)Brous support
5 48 51

4
C%S‘%@H‘éﬁ”& glpssaP %bq \%gédla gﬁ?pi}%ﬁg% a OLIRSteiOOOC,
or Iak@uther @&nbeditdedt thz@)rdcesslsﬁﬁ;lpribeﬁ to 200, 150 to 200,

100 to 150, 80 to 1
80,190, expggng a sSspegs(l)ot? rof a pargculate pdro&s gupp%ptoff)t aqﬂnctlonahsmg

reagent to form a functionalised particulate porous support;

ii) exposing a suspension of the functionalised particulate porous support to a
solution of a palladium (II) salt in a solvent for sufficient time and at a
sufficient temperature to form a particulate substance comprising a particulate
porous support coupled to palladium nanoclusters;

iii) separating the particulate substance;

iv)  washing the particulate substance; and

v)  drying the particulate substance;

said functionalising reagent being such that the functionalised particulate porous support
comprises binding groups capable of binding the palladium nanoclusters.

In another embodiment the process comprises:

i)  exposing a suspension of mesocellular siliceous foam (MCF) to a

functionalising reagent to form functionalised MCF;
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110, 120,1 301, 140, 150, 160, 170, 180, 190 or 2000C.

The support may then be cooled in a dry environnent,
we@2@s/11809dry argon, dry helium dry nitrogen, BEESG2007/000079

carbon di oxide etc. Alternat L%el y or additionally the

support may be dried by exposture to (or washing wth)

a dry solvent, e.g. anhydrous ether, anhydrous THF

anhydr ous toluene or sone qt her anhydr sol v .
Vetilod $Xpesing & AEFRSIeN ohibsduagiopaicd cH JuRsel igh gt a palladium
vel | ngcétﬁtet Re durhiGkAl WhR IR ab lépﬂﬂ’ﬁf:leﬂtai/erﬁﬂbeﬁtuﬁe to form a
conbi ne a carrier to forma suspensi

car ri erpartioplatesubstaneqeomprisieg YK coupledde §€]$2}q5%‘8 nanoclusters;

earl.jer. The f agent, optionally in

sollﬂi gﬁpmﬁ%fﬁﬁé%gﬂﬁkdﬁibgﬁn%eet he suspension. The

furigy i mhirgltlﬁfgpareagemtsuhmdseamidded at a ratio of

bet en, about er gram of support,

verdyiRg eﬂ?f'ﬁ‘ q‘ﬁﬁﬁ%@éﬁ’d on the nature of the

sai"dJ ﬂﬁl@fi&nahﬁﬁg re&@ddn® beiy dveh hipdtwke furadionslistd MGF Aoniprésasl binding

3, 2 and 5, 3 and 5, fa nd4o 2 and 3 mMmol per gram
groppssaapgide of bigdige thepalladum gagpc ‘?tef% 1, 2.2, 2.3, 2.4,

2. Sype3 {)alﬁﬁqategsubgtaﬁ’ceobf hdRlehon 10§ bdinsdd anahtalissg They may

reagen be such that the functi o

al .
capysei eadtmne tlm.ﬁramsambiﬂo@f being pptalysed by .t i Iﬁﬂzaedgwabpggcws e.g. by
pai%@@%lbgl o&: t&gl g%fl OIIJIWC 6, tAsd gtgoﬁﬁH 3RtHAds for using the

unc |ona I'sing reagents include
pAriRIIASI s@&ﬁ)&l\bﬁfﬂ\dl-ﬁtﬁ/pn(lm)f&sp@taﬁbﬁ)lg NFaCioNs{Zhemical reactions. The

a%q%%)u%:ré%:g% w %%( &3"3}‘331 101en?¥ as g%scglbﬁd below for
1ng{vﬁ(}{{31 réhcﬁons?'[ﬁ% Boitakle abd@yibng tou m@ebegcataiysddyby these particulate
e 0 i sopro e,
SubNENGES WS st GE S Do RBHOTTS SR LRGP g Xanibles include
a %ﬁ%%g@ﬂ%@ g&iont ?flf &EQ@? nakidd h&fah Aryl RraHid acileadidokncoupling

er eagent in the suspenS| on rrg
rebalm:t ofzant zafyrbhamib und aaralefimriraasier hﬁdrgamaﬁlen Ohe ceEponyh gempound,

rggferrqg % &ﬁm a(%lgféxitl ge &i{p Oﬁﬁllrgir gr o ﬁﬁy e’&:e%f)lcal reaction

c(ﬁiditicﬁhﬁ g6r tksd fReactivak e;shemf ceiteﬂyesedl,lpfuﬂm 1parti5b,b1t€t su’o@tams/ op¢he present

for exa | e betyween ‘gb and out 60 hours, or
inygrfign (& %edzﬂsbge %St%&f%ﬁs 0310%”8 18, 12 to 60, 12

§R1P Peactith: lpy108hlidé bESnidd Brti6did), afyl 2ordmic AGidhandr eatalyst are
S—e—g—’g—aﬁ—Taqy ' %tgg, 18, 21, 24. 27, 30, 33,

heéxged in2 sohsnt g sufﬁgengmme g4q a@tpemehgmnsThq—Wéylar ratio ot6 aryl halide to
! b 1 ¢@RGonal

arg PR A0 S s Sor g B0y 0 g A0 B o B eigne! eroups.

Thas ﬁChnOdryBﬂ)lhtalﬁxlamﬁacted gvithatmo atyl mnobgrongoamdr,oa ngdar o of 1:1

Wgﬂwilfgglggsl m ole of aryi aihalide Xng p) HOBIYE 5&9 3886 onic. The molar ratio
of aryl halide to aryl boronic acid may be between aboutl:1 and 1:1.5, 1:1.5 and 1:2 or
1:1.1 and 1:1.3, e.g. about 1:1, 1:1.05, 1:1.1, 1:1.15, 1:1.2, 1:1.25, 1:1.3, 1.35, 1:1.4,
1:1.45 or 1:1.5. Catalyst may be present at a level of between about 0.1 and about
10mol% relative to aryl halide. In this context 1 mol% of catalyst relative to aryl halide is
defined as 1 mole of palladium species in the catalyst per 100 mol halide in the aryl
halide. The catalyst may be present at a level of about 0.1 to 5, 0.1 to 2, 0.1to1,0.1to
0.5, 0.5 to 10. 1 to 10, 2 to 10, 5 t0 10, 0.5t0 5,0.5to 2 or 1 to 5 mol%, e.g. about 0.1,
0.2,03,0.4,0.5,0.6,0.7,0.8,0.9,1,1.1,1.2,1.3,14,15,1.6,1.7,1.8,1.9, 2, 2.5, 3, 3.5,

4,45,5,6,7, 8,9 or 10 mol%. The reaction mixture may also comprise a base, €.g. a
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conditions. It may be conducted under anoxic

conditions. It may be conducted, for exanple, under
woeaosowen] argon, helium carbon di oxi de, or nByT/B&2007/000079

under degassed conditions. Dr ing the reaction the

reaction mxture may be stir éd or otherw se agitated,

or it may be unstirred and unagitated. Follow ng the

reaction of the functiaonalisin reagenE%MAth t

casheppts; te,g. tshéiumesarbenaigy Flih é’f“% |3t Qeppolay FAR {0 Hﬁg, apyl halide of
beﬁgge A ofif: fﬂaﬂ@" Hﬁﬁ 7. £k tabOf 11 >E$ Iser, 1T51Etcszﬂadra1t 3:1go 1.7:1, e.g.

npri'se i'dg, centrifugi n% settl]j
abd&f:aﬂt Ilrlgl dr2 anl.3donti:hat-5:dn Lidherlet 1.§de 1. 9 1 or 2:1. The reaction

TSR ST T P YR TR e

washed once.
alédholyRMted emwaégeethm avettdslalﬁt mag de dondudi¢dcin ath énenagimasghere, €.g.

may use the sarre sol t di ff.

koo e ne s o i o BSLECb SR KO0 e vt Th

reflitiol A5 %E%Bﬁdﬂﬁte&m PiGhstriureaf bawete tbaut Moand about 100°C, or
ons

acetone or other organic solvent
abohed@ b5t 80, o 60ne? tohed:i30da @Qpﬁ é’%&‘i@)’go g&tde& £ phgut 40, 50,
6()?i :Zy’oél}g ﬁﬁ%ﬁ Sfu 9 é?&‘é 1 Gfhe RASR B’é@w@en%‘éu@@ 8hd @it 80 hours, or

ronal1 sed support, a_vacuu
about eas 18,3 tovaes Guen2to6 th &8.f llzmm 10p hAtQ ég ’%/ A8 to 8P, 1% t030 or

conbi nat,i on .o
R RS sk V. 2L 200 5%, 2o e 515,57
org()g;)o@é" Tk %&éﬁbrtl ﬁi&@lfbea&ndﬁd’tech ohderi mﬂapmpa nohditions. Irrthlg case the
my serve to wa
rentiion ot & brorieat Hpdregarr cpndligh Bk bR BHE may be
be?@@%ab@gt LT §bo@f16§)qgﬁmes6oﬂ £bohB1 163001 #620,8 100l ®4,to6, S to 30,

0 36, 24 to 48 t
l(B(b 3(9( 2Q®0 BQ; 52tg 2|Q(mr53to 18 Iglnuggoedg %ou‘gS 11)2 %@ 2%,83(} %9 50 or 60
n%eﬁsﬁ ﬁltgblesrﬁgr(%l@%ve?’s%urc%zls a4éEM4§vlsc§J=er®5ﬂncr5‘71a% r&@tor system.

ate erature of between about
mﬂt@bma of ﬁl@hﬁcrmavé Oadlatlcﬁﬂmaﬁ be tonsabayit 050 ab@utﬂﬁ@@’ or about 1

e ivon S oA Y S
1000 P%H PO, RS USRS, Ao, SaoBa( 10 mJb'(atZﬁ) tpi0pfigo 20ppdea 20 or 5 to

b mbon & B, Bubro 5 Tolf 75570, Sunkh 470! 5%, 65,70,
75s %pggl SA P35 A leW f’[tlféqlélﬁrl?dth 89 rfRtibh @s\lé(ﬂﬁxﬁoﬁl@'r}ﬁgls and may be

r't"to a solution a palladium(I11) sal 9 &
bawbaeauouf &@ asdiaticu il 60%o hasqrﬁeoranwl helide, ergtiqué £8 ﬁ? 95, 80 to 90, 90 to

17855 by g@?opg%ue% BRI sUk 10 SUDAL 88000 GAMBE! 89,150, 91, 92,

§Sstpport’ cdupfed t6 pal 'adium
93] @ﬂ095 95! 97 98, 99 or 100%. The catalyst may be reused for subsequent reactions.

Heck reaction: an aryl halide (e.g. bromide or iodide) or an aryl triflate (i.e.

trifluoromethanesulfonate), an olefin, a base and the catalyst are heated in a solvent for
sufficient time to achieve reaction. The olefin may be an activated olefin. It may be an
electron deficient olefin. It may be an o,B-unsaturated acid, ester or amide. The molar
ratio of aryl halide (or aryl triflate) to olefin may be between about 1:1 and about 1:2
based on functional groups. The molar ratio of aryl halide to aryl boronic acid may be
between aboutl:1 and 1:1.5, 1:1.5 and 1:2 or 1:1.1 and 1:1.3, e.g. about 1:1, 1:1.05, 1:1.1,
1:1.15, 1:1.2, 1:1.25, 1:1.3, 1.35, 1:1.4, 1:1.45 or 1:1.5. Catalyst may be present at a level
of between about 0.1 and about 10mol% relative to aryl halide. The catalyst may be

present at a level of about 0.1 to 5,0.1t02,0.1t01,0.1t00.5,0.5t010. 1 to 10, 2 to 10,
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said functionalising reagent being such that the

functionalised particulate porous support conprises
whewditsy9gr oups capabl e of bindi ng the pal | adi Ber/SG2007/000079

nanocl usters. In another enb<9|nent t he process

conprises: i) exposing a susgen3|on of a particul ate

porous support to a functionalising reagent to forma

functionalised particul at

5 i & Codpaasilon DROPARS Euien Ttk 0gh 04, 05, 06,07, 08,

0.9 yicul, @tﬁqﬁpaov% $46PRO1 Y ¢ 9.8 B0 .3t3, a5,0f, 485, 5, 6 7, 8,9 or 10
gal’ I 'adi um ( salt in a solvent for suff|C| en

maltfd Bhe taassunay b¢ aneminsnfienait bf & rHam e ThEayi lﬂ tgialkylamine.

t
L e
be w%ntmul aamelas uim)tta tlwsegryl halideas mﬂ@e pﬁbetp(gm ahayt é{l@nd about 1:3,

o S5 BT A0 0 L0500 BESL RN RIS e 15 o 1

Tli‘g%%&tioﬁriﬁhy 5e domtcted dh laaiobrepn @ an Sugemic $olxz<mm"f'hl68@évent may be
in |ng groups capahl e of i.ndi.ng the pall adi
for SHUEPIRSOLIRES. FYIoHEn deRee RO R IsRchigne or some other

suﬁﬁflp rdoBRAL. Tﬁe SRASH May2 bS WORGREED in G TR OMRIOpHeRE, €.g. argon,
I ceous foam (MCF) to a functiopalising rea

nitregem heliemi ordpn skieKiderr i MixEEEi #Yy BSOS ﬁéﬁg tﬂﬂe%tf It may be
CO{lFlfC)téCPQtCt fe kdtlﬁ@ df y&@eﬁ? 76 aﬁ@ Lt QBO‘Qf RoRad e B temperature

or sufficrent tine and at "a sufficient
doteemeemem ehet himﬁmg muat g"anhblsolyleat d'he titraperaivee BoMbeibsiRn about

708 L HoBnar o030 264,10 OEOF SR THBTE, o b drbuP FBHE 50100, 110,

12021 30, quladrel 5%)91 bﬁie&@@&mn%ﬁdulﬁ)bedzfondmged ft& spﬁidlem tilnzet ®© obtain the

subst’ df I
o s s, Bt RS S B o

abﬁﬁtp? Oé tobw(@ 0894t BSo @@' 186 6011035 36| zkstoeeca 48TH®0, 18 to 30 or
|cu ‘at e substante of the invention may be used

20c:tat2§|htmts e.gTabyutitn, B2, dat W, pde24.8ded0ols 300k 42 D> 48751, 54,57
&g W& 9 5 g%:? e&%&ug@/ FE ﬁﬂ%ﬁ@é& Al WX $PRELASmay also be

m nanoc A€ the invention
ac@éléﬁtd@lfwludtesf midrowdee frﬁidlailmnngsmg ¢he conditions described earlier. The
yield from this reaction is commonly high, and may be between about 80 and about 100%
based on aryl halide, or about 80 to 95, 80 to 90, 90 to 100, 95 to 100 or90 to 95%, e.g.
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100%.
The catalyst may be reused for subsequent reactions.

Transfer hydrogenation: a carbonyl compound and a hydrogen donor species, e.g. a

formate salt, are reacted in the presence of the catalyst to form an alcohol. The carbonyl
compound may be a ketone. It may be an aryl ketone. It may be an aryl alkyl ketone. The
aryl group may be a heteroaryl group, a metallocenyl group or some other type of
aromatic group. The alkyl may be straight chain, branched chain, cyclic or some
combination of these. It may be for example methyl, ethyl, propyl, isopropyl or some
other alkyl group. The aryl group and the alkyl group may, independently, be substituted
or unsubstituted. The formate salt may be an amine formate salt. The amine may be
ammonia (whereby the amine salt is ammonium formate) or may be an alkyl, dialkyl or
trialkyl ammonium salt. Suitable formate salts include triethylammonium and

trimethylammonium formate. The formate salt may be generated in situ or separately, by
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particul ate substance of the invention for catalysing

various chem cal reactions. The catal ysing may be
weondactoed with hi gh chemical efficiency, as deCUsGed000079

bel ow for individual reactiopns. The Suitable reactions

that may be catal ysed by theSe particul ate substances

i ncl ude car bon- car bon bond formations and

hydro?enatl ons. anpl es i nclude a Suzuki

| | .
reactior © &Prnaﬁ agid ‘éﬁﬂ&) the gmpingon Apmonia) i a 15‘8136 go tg?"a"“té L. The
hyéi_ll]%g Sty Q(Qesr £2¢ bit@Ratfely@he A Mok lor démabtheaRydrogen donor. In

In,

ns er hydrogenation of a carbonyl conpound, ¢
thlhlyabedge m@ﬂchgn neefy bencapidigtiedh undeshasici cpadibionp§-dn the presénce of a
! t bibic@RSbERT and about

soff BRI M, Tablfin nERE BoskGR L RRPOLELNGENEHYANL and abou
50molistralatiec of carhcmyﬂ) cespoindi e natakyst hagbe presenttad ag@\[eé\ﬂ,f about 1

yst f ws 0
to B34 1 Bl C 'G5k Bul i U o3B3 I B 4 of SRE LS ARLYREE, abgut 1,2,
3,824, wss arm heaixd3j massxzo\aﬂ;tso;‘zﬁ s msemom rfEhe reaction
to achi eve reaction. The nolar ratio of %

L
gy e oSO SGE0E TRBPBRIBe P Aop Gl Ot apafpefire, e

betg];ve% &@'153911& M'B@@lor%ﬁ#%‘ﬁ abiﬁhws hifd 25, 18 atld 20, 20 and 30 or
e I's reacted with an aré rmnoboronlc aci d,
e

ISnM(hQS?(ét ¢.6. ebout: 15,125 PR ¢e The Faiie off fogmgte st %o carbonyl
cogllgg}%l& C{?e%ﬁggﬁ %}% Fi 134! 2bBROADPT OBl Shout B8 tﬁ@ Brs:1 and 10:1

o aryl boronlc cid ma
or Belt mﬁla@gmﬁout 24n8k114:1, 5.1, 6:1179, 81d91: or 16% il"hp rqackigy may be

condihfoF HRTIE fimgsto dhipvg s i Goersfon Tybical ptptin mes ar
befRenbiolt ¢ wRdtabdtit 36 hewel CGﬁmhﬁﬂl}V\mbtlatb ¢ites Girel slawtgr when using
about 10nmol % rel ative to ar haI i de. ﬁln t hi s, cont ext

o, lormesthary whet uyiag py @l gL orgate) Thgpraime may
beaa%f)&%ffﬁ £4 9ftoP3l | 3k Uf%o?@%ctbq% 12d e 1<88tb@|4}/§4 tdo:ecr 64036, 12 to
1'dé in the ar halid The cat al

may
36poreb td 3athoars, esgelabcuﬁ laBodt 405:16,t% 12, 16, gat7d @4 é7al3q @3 or 36

hogtssolf% t@%ctgoxg h%ag ge c8nd1u%{ed1 ]18 cr&y&x% é%dmrbrfs?lr;%s case the

reébti%n tné mdy- ¥k sdrfened). Uinded nﬁcro@va&e cﬁn&noﬂs, the. reactipnXime may be
3, 1.4

b oty sl By o

0"RY 36! 5% %ﬁ&r!s&s 13 Rdfeos, ©.g0 abaeas brojat%,20e 2§ . ors3timinutes. As
car onate. This may be at a nolar ratio to the

demerftiodcibote Ben the S HgBRcONS ti traglimay S0 it scqalsted by use of
ml:ICE) %V%fgtig’laéc)ll ]llfﬁrg]thégofl?d tior%rdegcrﬁwea e'éﬂw; ”ﬁhe]ylelﬁ fﬁ)m this reaction

1,
is ﬂ:orﬁnibnlylhlgh,landlmﬁy tie betweer aboTih 80 aediebcpuirlﬂﬂ%ybas%d on aryl halide, or

abggl i Tyt 20580 I Mg, o5 15408 5: 3G USO4%, 82 Mk 80,181 82, 83, 84,

SNRGER7, 88, 9UBYOPS1,INIBCIE DS, 962H7,i 98199 (ﬁ‘tlﬁﬂg/pﬁﬁreeqatalyst may be

reuse% for subsequent reactions.

Hydrogenation: an olefin is subjected to a hydrogen atmosphere in the presence of the

catalyst. The olefin may be an electron rich olefin. It may be an electron poor olefin.
Catalyst may be present at a level of between about 0.1 and about 10mol% relative to
olefin. The catalyst may be present at a level of about 0.1 to 5, 0.1 to 2, 0.1 to 1, 0.1 to
0.5,0.5t0 10. 1 t0 10,2 to 10, 5t0 10,0.5t0 5,0.5to 2 or 1 to 5 mol%, e.g. about 0.1,
0.2,0.3,0.4,0.5,0.6,0.7,0.8,09,1,1.1,1.2,13,14, 15,16, 1.7, 1.8, 1.9, 2, 2.5, 3,3.5,
4,45,5,6,7, 8,9 or 10 mol%. The hydrogen pressure may be between about 30 and
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argon, nitrogen, helium carbon dioxide or a mxture

of any two or nore thereof. The reaction may be
weondactoed at a tenperature of between about 4PCESE2007/000079

about 1000C, or about 40 to , 40 to 60, 60 to 100,

80 to 100, 50 to 80 or 70 to"O®MOC, e.g. about 40, 50,

60, 70, 80, 90 or 1000C. The reaction tine nmay be

bet ween about 6 and about 60 _hours,
ISstu,oor:j:@tw@nta@oguSO ang 500,30 angd 5{)05()5@1d BgH :%‘83 1%@ §4b8 and 100 or

> ; brusr 150psi. I
80%91&91%&350 g%boélngﬁ %103@(2)260 g@ 8@9,% 1d503qr1§’ 135099322 r 150psi. It

will8he hider§dod Satothe dwdqqggnsmayrm mixpdt Wit %ynqste gas, t%r example
mt?(gg%g? z(?:rtgﬁlg ?ﬁ"lﬂeg%r Th S8 & Efégét{rﬁo%gcngéa d0lE wiR$&prédeBt partial

be"s m crowave
pré&oads of dpdropere Theam:lbﬁn mna:yl lmalmayuthm Hdie\wobyent By tbejincapable of

be%&d %?é)%‘l:l%tgg ggln{l%u gsféafgloP 5° 1o%usteg3glbe g‘qsl{f%t%g%y te fc% example
métHar&J'i_’ dthahbl, §Soprépairol, b fobm, fouend or aZﬁmbfilﬁtm'ﬁO;her&@f or may be
50 60 m nutes. Aswtablem rowaye. source | %lf,?m or at
Somesclibﬁ?reﬁu(tﬂ)le wPBEBWahhS Teaciiongnal be capducigsa Wf’ghﬁemp;?f
G Ent" &4 W swndOabicut 30Wtor between
SO&’%&?% oy t@g‘?@{ah% pvdtfcdd 00 0 100, 20 1o

abmms 50 2513004 20, 2028030 ot ts;a:gbzs"@ eg- aputds; 0,35 q5 30°C. The

orzlilgiletrtgg)éggal}%lt 59, ég biz 1%6 199 & 12191818 51188@ 24,24 to

368690 360Ub 36, 0r1l8 3 36310%5, e abqutl, 283, 495, 6.0, 12515,2](81, 21, 24, 217,

25, 3Q, 35, 40, 45 50 55 65, . 70 75
30943 oy36 @purfow\fleslqpé)ea iaRpYe ¥or gl}ﬁ Syzuki reaction ’thl§ Qeacﬁgn may also be

ac@él@ﬂi%glﬁy dgb gh mlékﬁlﬁ}{/aﬁh}@;ﬁ'ragﬁatﬂﬁi uﬁ@glt}ﬂlwuduﬁﬁs dmdnhﬁb@arher Yields
100% based on ary al i de, or t 80t 95 80, t.0
frg fhif poaction ot typEaky, higho Thy DY D6 DSBVEENED gut 99 i abgyt 100%, or

g g 3 i 0 ol 91,5, 50,559

y b
9%, &2856‘19 a5 sﬂmé,eaaé'nw%aﬂa 9 cavs 100%c The eepdalygnmay ghe reused for
ugﬁy &11 %e g. bromde or iodide) or an aryl
PEAPFRHIEACHPDS. tri f 1 uor onet hanesul fonate), an ol efin,
R&uRASE adi@tibireart ahideysid awblmdtoedmponn@ agoteaetet! under a hydrogen
sufficient tinme to h|e reaction. Eﬁueflnlq@ Rearbonyl
atmqspherd ctbe BresPate catalpt Moeseraly aSHPYHUY it Y
» URSGHeU IThE edniac | sthartiag trastedsl may be an
co%{@&h@ nﬁ?’e bgg:pa@lﬁe eamb §

ratio of aryl_ halide (or aryl
aromafi¢ amm)e ar@ hetesbateniatiy apunsek e bers AlPhatic £ag lifsay, dranched

a.né((vl a 1ﬁ§ﬁ: cgl gn}lrfleu gig H PR AP LHRS Tt H_ﬁ BoL %hn{afﬂr iaghifd. The carbonyl

o aryl “boronic acid bet ween
oﬁiliiﬁmhﬂ xﬂayaj&Cthallﬂ,yl&,armnjzl Sorapind; @g.ox C1 tq C20streight ghain, branched

orgsflig akiehigs, Th atip of aipinged frophi ooyl iy bt bomfen about 1:2
arfdf B3EG 1:8tapd 1:EVEN and 2:1, 1:1.5 and 1.5:1, 1:1.2 and 1.2:1, 1:1.1 and 1.1:1 or
1:1.05 and 1.05:1, e.g. about 1:1, 1:1.01, 1:1.02, 1:1.03, 1:1.04, 1:1.05, 1:1.1, 1:1.15,
1:12, 1:1.25, 1:1.3, 1:1.35, 1:1.4, 1:1.45, 1:1.5, 1:1.6, 1:1.7, 1:1.8, 1:1.9, 1:2, 1.01:1,
1.02:1, 1.03:1, 1.04:1, 1.05:1, 1.1:1, 1.15:1, 1.2:1, 1.25:1, 1.3:1, 1.35:1, 1.4:1, 1.45:1,
1.5:1, 1.6:1, 1.7:1, 1.8:1, 1.9:1 or 2:1. Catalyst may be present at a level of between about

0.1 and about 10mol% relative to carbonyl compound. The catalyst may be present at a
level of about 0.1 to 5, 0.1 to 2, 0.1 to 1, 0.1 t0 0.5, 0.5 to 10. 1 to 10, 2 to 10, 5 to 10, 0.5
t0 5, 0.5 to 2 or 1 to 5 mol%, e.g. about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,0.7,0.8,09,1, 1.1, 1.2,
1.3,14,1.5,1.6,1.7,1.8,1.9,2,25,3,3.5,4,45,5,6,7, 8, 9 or 10 mol%. The reaction
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of between about 0.1 and about 10nol % relative to aryl

hal i de. The catal yst nay be present at a |evel of
w@bwmet191l to 5, 0.1 to 2, 0.1 to 1, 0.1 to O.BCT/SGHOT/000079

10. 1 to 10, 2 to 10,5 to 101 0.5to 5 0.5to 2o0r 1

to 5 mol % e.g. about 0.1, 0'2, 0.3, 0.4, 0.5, 0.6,

0.7, 0.8, 0.9, 1, 11 12 13 14 15 16 17

1.8, 1.9, 2, 2.5, 3, h %t ture e
mambe/ocomtqsla@,temﬁaytes@eaaﬁuran% & Some r‘P&%Ff sEnyciig, e@PW &
beme[ﬁ%bohtt 19TB Q&)u@ 3bd, %rlb\éhﬁé&l%ouﬂ 15 mRy 2be1 5 aid 20, 20 and 30 or

exarrpetrlet ylam ne,” tri gé/lamne or sog}%s‘ug
15smidt230C 2. p abeut 1% 2Aw25 er 1S pT wAEtigMtine 5, Gigntigyachieve
acg??g%})? }{orgze%lﬂnd Sh8Me C&lO&lﬁ?ﬁeeL{lg% b@%@:ﬁWe@ﬁ aﬁ@!ﬁult arﬂd ébo%ﬂ ‘112 hours or

or about :
abdutll & &,1 t©.393 tahByué tal12 prel6 tb. %hotms,z g 1ab9u151 dr 314 35 6Iﬁe8 9, 10,

reaction e,conducted in a
110?@@%|h8ur§ol é% ?’?’dmgﬁlé PAGPVE n’%‘a%'gg %Sy‘s%orabg);(l ’ QO%d about 60psi, or
abbfi 2LR0, ¥ k6@ or Be Rz SMpsi, €.5) abroof 20,15, 8@,r150|40 45 50, 55 or 60 psi.
tetrachl ori de or sonﬁxc?t her suitabl.e sol

It el chei wdlergodh it dirabedragen g b mered St e fj, cxample

mﬂ{;&ﬁn aran Bk hEIAHE Nin thRldasithe pAdshRBs désexbetbatitive awmrxpragem partial
hy two or nore thereof. It may be_ condyct

pressoe roéthude)ggm Past m@tr\orvmagrm sppdieted gm@utlﬁlp e’&}ed%)évent may be
1n%§patvlﬁ ot fn%rfﬁ%[@#ﬂﬁt%%l 088 AOLeAUEH %g%cilﬂ@n@é’deh' TBe BS}Vélit may be

enperature nay bet ween about
for Gexamglel @iethahol) ethandlb Gsop&ﬁpaanld ddgrofyrng otokueie Hprog ccombination

bout . 70, 80, 90, .1

the?’ﬁgf rog a{g}ljy B SQmg Lﬂ%erkﬁé“té‘glﬁosﬁ t O&Ss u%gl tg}]sg%? & (mlég ‘typically

hiE®. n%&a%ay Eé"&t&eegﬁajdhg% and Wes s |100%, Ehdadut&ﬁtt@ 86, 95 mloo 98 to
m e et ween about a r

1009148 t0d 09%, 56, alept 3059 %, ?’g%ﬁ? 2609, 9(?@98’192&? gjés%% 7,99.3,

992%01t FO(gp Bll%asf%‘?ys@glay%’&ﬁ&eé@oﬁubgé%l’u%@tor%&?’fgﬂﬁblgz ggg

_@eg_lLH eifblysiss an 5poxigd or B7diek (an arﬂ&n@r vmglabé@l% apda foimape salt, are
Suzuki t | & rhEaC b

b L 5 HEIRL e B B Ut SAub Rl be o

arfiPd dbinhde Salt) eﬂwmﬁmé may bé emmo'ﬁbe(vﬁlqrebyl thefangipe tsilt & ammonium

reaction is co e bet t
fognatel BH may 15y mﬁ%’iodlﬁwgf)g/ ?naﬂlgﬂa V\%ﬁ rSuE%gft‘é fofiflate salts
1n de Qﬁeth?laﬁﬁhon%gntaﬁldlﬁﬂnetﬂﬁaﬂhm@ﬁﬁn Forrflet ThO %f;mai?e galt may be
out 80, 81, 82, 83, 84, 85, 86, 87, 88 9, 90,

g@grat@tgm sgn or g@ara;;gly, byzreag@on gfgfogplclqy@;%mtﬁﬁ e @g{gﬂ (>9§ P’nmoma) in

- Siveby dbéut 1 and
o Bl Raf B P SUPRSHURY B Tmpeb by don 1 on
ahbpe solae1% eelguveatoscafrmnyducempamd The ccatabyst meay beprepnt at a level of

55858, Pl IS oL PR AT R0 51 15 s
aﬂ‘b@f PnZ? 3, 415y, §8, a0, Br)R, B, K¢ 1XKe00Ds,. 30]'55, 40, 45 or 50 mol%. The
reaction may be conducted at room temperature, or at some other convenient temperature,
e.g. between about 15 and about 30°C, or between about 15 and 25, 15 and 20, 20 and 30
or 15 and 25°C, e.g. about 15, 20, 25 or 30°C. The ratio of formate salt to carbonyl
compound may be between about 2:1 and about 10:1, e.g. about 2:1 to 5:1, 5:1 and 10:1
or 3:1 and 7:1, e.g. about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. The reaction may be
conducted for sufficient time to achieve a desired conversion. Typical reaction times are
between about 1 and about 36 hours. The reaction time may be about 1 to 24, 1t0 12, 1 to

6,1103,6to 12, 12 to 18, 18 to 24, 24 to 36, 6 to 36, 12 to 36 or 18 to 36 hours, e.g.
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aryl group may be a heteroaryl group, a netall ocenyl

group or sone other type of aromatic group. The al kyl
woragshesost r ai ght chain, branched chain, cycli cPOY/SEmI®000079

combi nation of these. It may,pe for exanple nethyl,

ethyl, propyl, isopropyl or sonme O other alkyl group.

The aryl group and the al kyl group nmay, independently,

e A

thé VABRRD Yreddtidn 2 AhiB Eregétidn myammn bal nadcelefmetcb)byonserrwj? inécrowave

an al kyl, dialkyl or tr ampni sal Sui t.abl e
irrpdiatiaR.e ugggttgel ¢anditigas t qs%rtl SAHSHi Eﬂ]? ald from this teaction is

codeSEﬁg R By el tREWBinSaboth 80 hAd BB&E 1984, ofEdOWIS0 to 95, 80 to

ener |n situ or separately, byreactl on. of for
90260 g0 WIQIPSithd OBrer AQ to Br%oamrErooa 89.r81a 8 Aufi3aptriz 86 @ﬁ 88, 89, 90,

IQ?(‘—:? 049 T@%bg’y CHSO@?%rdRW% PRECHSTsRYy be reused for subsequent

|ve an’al cohol or sonme Other” hydroge
regloions.. Thenrd:ahmm omy erodeed vetic rétortionagt panfigyration dmy asymmetric

Ceug%e {}1 ﬁ&a?(s#ag%(l:% gld éﬁa[) nﬁaearftgﬁtlg? %f %Qﬁt}éﬁ&?@;@% Bg tb@tgveen about 80
andewelit moo/b eir\as@n $8he 95, 80 @rm) abwuommmb %00,6920i108 or 80 to 95%,
o.5 cApoTt 5. b O%Edgsz%Z 795 5D, 9F. . S350k o 9B 97, 98, 99,

94 A %Q) %12@0“’/9 ﬁfé'ca@ ?[SPIH%Q be "re&e& ‘for’ 11)§2€€1|u%/ﬁ?f r@zicgon?go ut

25 T]iﬁ)parﬁa}lam @ubsﬂ@cg of 4m mg?,e% inygatioremay bg HseﬁiE?y? aﬁyst without
con ed om t ducted such
logs. €eah%al§tn(f Q%tlvj: ntg’er a{vﬁl'ri'égﬁ s%éfﬁrﬁbé%ss Afa 2 IH:?}V be(aj conducted suc

tween abo ut
thatmha tlos%(al“@pnmy bﬁmﬁemtmbqumt tisesanfdhe Batalyst i MS Hgn ghgut 5%, or

30 .0r 15
teSiPaRAOt B 31 b her 03 £ Pﬁi’%"& Yieg‘?rﬁﬁ’“gd‘”mg“ identical
reQéﬂdi\ﬁ @OndARON 'ﬂlu% @8 dpﬁﬁéltl&telﬁlbktanee gnayalbe uteusdl ag ca catalyst in
5:1, 5:1 and 10:1 or 3:1 and 7:1 gzabout21 d
subsagues! actgan It oy begouseddpervegn 1 6nd 20rier S5 EPoRE Fled more

thlf 26QIHIMC hexﬂa'; B reﬁ.ll%c{ Ftl & Binpld BRwEE A6dt @\ada od qe&naesd 5 and 20,

conver sl on reaction tinmes are between abo 1
1mmt1m;ou5 a%w]uuws(egolmioaw 5 6adt §.6h 10j hle§2a1r3e1415 16, 17, 18,

;{’ zﬁfg\l\ﬂ elﬂ]uﬁ%lf o}?ar@%nggte fﬁggtélgc%g?s%g rZ]IE ??Jrarte Y%? th %ghlgﬁg%? reaction

mly be bdén retytled dm ai.pltem(ﬁls rdaction 3Theébparticdl e salzstzm@e n&ay be used to
cq]ﬁagﬁéeg a2 geaé:%iglét %ﬂ{ 1513[ rggltog%e%lafjf: 1%&%68Sp€§1f0 ¢ é)r 811(%% 3121 Eeltentlon of

stéoc d}?e %Qma%e%t@&nmhs 80 Bhe abeac10096, drapolies0 to 95, 80 to 90,
con cte

90 toal0; 94 to .lfa@es{gé;n 160 e G BT S snl'al Mo L3351 W 87, 88,

36l #9313 9?15?62;9'70%‘% 'goo BT, H & OO TRe é?wébeclﬁcny may be
béweén hlooud 80 afd abaut 300%, or about 80 to 95 80 to 90 90 to 100, 95 to 100, 99 to
100 or 90 to 95%, e.g. about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 99.5, 99.9 or 100%. The reactions may be conducted with negligible
leaching of palladium from the catalyst. The leaching may be less than about 1%, or less
than about 0.5, 0.2, 0.1, 0.05, 0.02 or 0.01% for each reaction.

Thus, in summary, the present application describes the synthesis and catalytic

applications of supported palladium, in coupling and hydrogenation reactions. The
palladium may be in the form of palladium nanoclusters. It describes the preparation and

catalytic applications of supported palladium nanoclusters for pharmaceuticals and fine
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20 to 30, 5to 20 or 5to 15 mnutes, e.g. about 5,
10, 15, 20, 25 or 30 mnutes. As described above for

W b@sSwogki reaction, this reaction may al so bBCT/SG2007/000079
accel erated by use of mcro e irradiation, using the
conditions described earlier. The yield fromthis
reaction is commnly hi gh, and may be betvveen about 80

oS00 o el ey A s v
eﬂ%@@%‘ly %mo%i'hzg@ %ntost%e s&‘faceS@f siB&eous hesB&lluBﬁ fo&f (MIIE) support.

, 96, 97, 98, 99 or ,100% cat
Paﬂa«}aubeaqe@qﬁ% was reshuoed: s BYflRdAHM B DRRiing at ‘ﬁ thu € Rgpoclusters
obiaifdt el Lilis Hﬁlﬂ?&ﬁf&g Jrcthﬁ)u?éédﬁglﬁﬂg 'ﬂﬁé@i&@ tﬁ)fffrfanbdﬁlus‘cers was
%% presence o e cataly he olefin may be an
eaalseml@ﬁed by hheateecbtmm cotnthtway H@S aﬁemgémque gatglyst was Successfully

Bl S VPSR FFEP e el o e conping

re@o@bﬁb)ysmmdlhﬁlopr emntmsat(sach easeltramﬁfeabbmrogbnﬂtwl@ gf ketones,
1to.2,

hyfig)gfgatl@ t‘bf icaéfo 15;1’5r (1: \t/eo 09%1511?%9%5 of © T%? Ties a}u? gﬁiehgdes and
hyﬁrc%en@l?ﬁﬁ bf Qp(l}ﬂ%&) At gﬁs %blz&o 4zata13'25 thé)reﬁctlcﬁls 'ln gﬁaeﬂ solvents under

de cqncg’uorg;; qpuldgfbe @psgy reg:ycl@gl w;l’thogt Pogs af acj_ldgt}zfﬁ.pd /selﬁxﬁlevrcy
R | Th
el o AT
suﬂﬁ@e sitesholl §Bups ©f MAF Tooldope Bacapped, ]@@,yajky pré-cgppe&lb(guﬁﬂly capped

wglggﬁrggﬂl}"%ﬁﬂ,\fWS)ogo ﬁ% lo & é%l%q% tlgel%ﬁal}ﬁ%gt;%g@og rirlg%réi{anng the

pafiot@sle Wubdlarte dfithe tpregast, 1nl’vemt1<m>; adplh(ﬂ groupsogrethe surfep may be at

it e 5 L s

affdh @31'1 ?ﬁlddﬁnﬁ 9;%1 délds @8 the-@ih@p&@ mlf sﬁmrtb& Pd nanoclusters have
I nca bei ng

ydrogenat ed und r act i grh i
SUCCHY lma@lmdcﬁ -CTeraipkipg weastiops (S ﬁg eck coupling
regetmlﬂgj;l nd, P?ﬁll?)ﬁgr%tmné ?ﬂﬁigrﬁ:ﬂ%}%% e‘ﬁgﬁ&{ q{)@%@enﬁﬁﬂﬂi gNRW Ppressures

ereo e some Ot her sujtable
us’ﬂfg \tmﬂéculélfhhydmgm,l l@nirmpobelsc amduradudtivet amyation) with excellent

ure, or.at s r. co t

acgvﬁ glp% vaty apd JFC)ngﬁﬁl] ea%ﬁﬁ% %e ﬁ{@v\g(e:ﬁé l?shed under
envroafen@dfly Beni ﬁhé@hm%ffréiﬂ dor'&ﬁhﬁﬂis 5 @esmh aHoats. eTl;gey could be

about 15, 20, 25 or ,.3Q0C, The. reaction tine short
acgplerated undsr gx;crolvay% irygsliatipny gngsmay 1p §Ome cases be %mpieéeq jna
t1r?11§ 65 1% ﬁl‘ﬁg%ﬂ% %ﬁlcetllgn@gield6 MGF %ﬁppdé'?edgm i)%lo@rlussﬂe& ere3fauch more
acBie cBMparsd to Bemmrmab/ mdalsde ‘palyrarss eF qub‘ep-almi\?étes S?tallysts due to

uzu ction,.this.r 0

g ot EPhLER b, §EFAePRARNATRRaRE pore of the MCF
supporiahdl @esstatilizatioh &t vear dritkiouredilgand.

Polymer-, carbon- or silica-supported and microemulsion-templated Pd catalysts

have been reported previously. However, there have not been reports on MCF-supported
Pd nanocluster catalysts that demonstrate high catalytic efficiency and excellent
recyclability without loss in activity and selectivity.

The inventors consider that MCF-supported Pd species could be applied to any or

all types of palladium-catalyzed conversions in organic chemistry. A similar approach for

* immobilizing metal nanoclusters could also be widely applied towards deriving novel

metal oxide (e.g. silica)-supported metal catalysts for the synthesis of a wide variety of
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fromthis reaction are typically high. They may be

bet ween about 90 and about 100% or about 90 to 95, 95
W0 200800809098 to 100 or 99 to 100% e.g. about 9BCT/SA2007/000079

92, 93, 94, 95, 96, 97, 98, %%9 99.5, 99.6, 99.7,

99.8, 99.9 or 100% The catal'yst may be reused for

subsequent reactions. Reductive am nation : an am ne

oy 5 e oG S L A Syl 880 g
sel@«i:tﬁk‘tﬁ%ﬂts%ﬁﬁy afhdecouldbe 611D etytled FoPRuUs aﬁﬁynabé)e&mployed in

de or a ketone. The amne starting materia
conmu@ns seacteny undari midd aeactiop codifans ARd ¢ géer‘?i“néf ?nvnio\émentauy

bellB aliphatic (e.g. linear, branched and/ or
1glgcyc &)arrine It may be an aniline. It may be a
primary ami ne. Tﬂaetaeb@mﬂiorcofrﬁb@rmanﬂpgﬁe an al kyl

b
RO BTSSP LA, vy o
an@REMPIRYN1YG Oﬁﬂﬂ@f&ﬁ*er[&)to e doedmpayimghdrawidgsvherein2: 1, or
e et et oo el it
a?@é%ﬁ'sttergasldes@nﬂyecpﬁm thd preséid invendiof)3, 1:1.04, 1:1.05,

2, 1:1. 25 113 1:1.35, 1:
Figurg 2@0% a1TEM (trapsigissipn fleptrog rqlcg)scqpel ngcrogragh ofAPd/Urea-MCF

1, 1.04:1, 1.05:1, 1.1:1, 1151
mﬁ‘g&ﬁ&ofﬁ‘i%%laf‘*f%a’gﬁ 1.35:1, 1.4:1, 1.45:1, 1.
Figur624 sho‘lws?a TEM nﬁcrﬂ)graph of Pd/&ire2MCF @amq,xgqno%yeﬁé)f 2-3 nm;

e of .bet wee u h of
] oSS SShy EY io «
PdPErAIMCERYitRPd aaﬂl@mgter@t)famun 1 to 5 0. 1 to 2, 0.

to1l, 0.1 to Q0.5 10101

0
Figgre 4shgws g SEM @sogn{uggg egtron MigFosco la)lcr%graph %f P%{ltjr%a- CF;

0 £ NO- Risofptibn-des tl&l Gsotleftn 4f Pd/UreadMCF with Pd
Figug: 53'shbws)- £ N2 isofpiin- disclptiéh dsolflerdy o FUTEaMED
naﬂoﬂust&soGMnrrg 9 or 10 rml % The reacti onmay be

Flggr% ﬁ z\ﬁzt C{SO#per a({eg&gﬁ&‘? sH{h%gn%“f PAMURQMCP e Pd nanoclusters of

tween about 15 and
2-abenit 300C, or between about 15 and 25, 15 and 20, 20

Flg{l](g fg@g{lq %lg 22%8 Btng/Hx? b@t&lﬁ %%%hogg (%aﬁéclﬁgterg @HG-3 nm (a)

bl el bﬁ FRPVERY S‘hﬁsﬂ-of Thansfeahydrogeratior ofayacétephenone at room
bet ween out 1 and about 12 hours, or about 1 to 6, 1

tetﬂ@e@tur@ to 12, 6 to 12 ore 6 to 9 hours, e.g. about 1,
ﬁgul%o like OF é&b@ﬁ%&h& .and enylboromc acid

Fléurg% lseangp gglslﬂgtfeat%g eotu\%/elegn akl)out 20 and gﬁ d

(fﬁﬁprﬁn). over (b0 POCE ondi Bl/Uirea-MCB 0vity (4 23 r@@%@(') 4-6 om P

gwabout 20, 25, 30, 35, 40, 45, 50, 55 or 60 psi.
nqnp 1f35: be understood that the hydrogen may be m xed

Fighitel sHbwseTEM @ficrogiph @f #dfiirea-MCF with Pd nanoclusters of (a) 4-6 nm
and (b) 2-4 nm after 10 runs of transfer hydrogenation of acetophenone at room
temperature;

Figure 10 shows photographs of filtrates of transfer hydrogenation of acetophenone over
(a) 10% Pd/C and (b) 10 mol% of 5% Pd/Urea-MCF with 2-3 nm Pd nanoclusters: the
brown colour in (a) indicates significant Pd leaching from 10% Pd/C. ICP-MS analysis
shows almost 90% of the Pd loaded was leached from 10% Pd/C in the first run, whereas
only a total of 1.25% of the Pd loaded was leached from 5% Pd/Urea-MCF after 10 runs;



10

15

20

25

30

nitrogen, argon or helium In this case the pressures

descri bed above will represent partial pressures of
whyasowe The reaction may be conducted in soPTI/B6I007/000079

The sol vent nmay be incapable 9f bei ng hydr ogenat ed

under the reaction condltlons used. The sol vent may be

for exanpl e nethanol, ethanol, isopropano

chloroform toluene or_a conblnatlon

h
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h}fd?@g?:hht?dh 8f %c&wghe%hé Yadd @8)- hdmeyenBys bed lfel heerogahaus Suzuki
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2(? ¥o BS%tthHarﬁételf Q| \9 nﬂSng 4‘U' alﬁ”hlﬁtﬁlt (Si)fo Whﬁilhameter

nmolar ratid o 1.1 al yst nmay be present
alﬂfOugh tlese Hingdsions mefrbaﬂm@d cmnad@rablmﬁtep Kohef] thy process comprises

to car bonyl comp
e By RoroPan R SR TR tp I Sy Rke] FBiforbhaying partl
sthuctiRe F0, id Ovlich GRe sﬁﬁaﬁeOoﬁ@ordE 3 haee <bBeI‘6 fargtioBalised %y a group
comprls/l&bg ggkl:ll’-lg @30@3360 ggd g M‘ldl% glaup57®’ 88 % u:rLe]ﬁq%r:(L)Lzlp ]%%dmg group

76 RAGHAAB oFBYmPRxRRNFIS be Btheiwike BIﬁdﬁWl’adﬁm{ fanoeluseks. It will be
some ot her convenient tenperature, e. bet ween ab 1l h
wrtord] i heBO @ Fiure dpbeh SIS EOB inhpvas th%lfgaﬁa will have

m%% &3&%&%)??1&&%5?%%%9 Gyvinfods aﬁ@(?ﬂtthé?orego’[h%n&& also be

ormate salt to carbon ound
preBsnt ba thetaumde alrfact of: the padticidso The _waq_hmemtgﬁ thmugroups can be

cgmle_yea gnyl rea&tnig vgﬂqd 1 }ong r0£3 Sui ijeg%iﬁlctloge?e%nﬁap%gm in which

bl'hﬁihgt gréip TAYné %n(é@tﬁélﬁﬁg geodpple.gs lafthlnwtlgﬂ:hlyﬂ igneut are attached to the
achi'eve a desired converS|on Typi cal action.tine

likiBs (e 1 S6BUP) BT diens odhe SBRSRRESed HBPOE it epEYred to the

byt i héhodl €e 90 and
o ERR Y BRERE the iBveifion by Drristionloft hlfadivin hicBlusers 50 an

camplégation o%(blrhbmg thereof ¢ ﬁig&unctmnansedguppprt 50. Ig or@er tg gchleve this,

o Duisbalised ot 50y Brhosdf 1k SRuioR Y3 pliRdRRT SULIEE PacOAD:
allEheset ke b@t@(ﬂedm)te ue Pd{IDmiocPd@svte form palladium nanoclusters 90. As
these form, they complex with binding group 70 so as to form particulate substance 80
having palladium nanoclusters 90 attached to the walls of the pores and windows thereof,
and possibly also on the outside surface thereof.

In the present work, palladium was immobilized on siliceous mesocellular foam

(MCF) through the use of urea ligands (see Scheme 1).

Scheme 1. Immobilization of Pd nanoclusters on Urea-MCF.
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irradiation, using the conditions described earlier.
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wheoobei1sween about 80 and about 100% or about BOI/$&200%000079
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1the %]t foom tefhperafure ¥8r 3(9-1%119 Fand @hdnl H¥BE&M at a_djﬂ@fdr k2@ h. The initially
p articu

ate substance used as a cat al yst in d
dap]arucmmpanadmmcaqeme naa;ptuoe wese feduged, & elenepigh pelladium, and was

% Qf 3}%&? esugpo | %;dr%:ah a?agﬁs ST:% él‘flgtglﬁfi%ap Blear after the

re&tﬁiheﬁﬁmﬁhé ithe afmlﬂeﬂ‘ehmrﬂ'dﬁﬁhzaﬁoamf |RnlnomMCF The Pd/Urea-MCF was
stereochem stry .may be between about 80 and about
filigyedowashe riedy to 95, 80 to 90, 90 to 100, 95 to

100 'glgeQP& ﬁari’&ﬁlsf&s @ébdsﬁe@&’(‘l]grga-gflgcllab&gnzﬂa gge dBfribuBidn in the range
0196—6 gm (E;guregba alg@) vere gbspg’rs(gfi %@WIYTH% the support 9151163 size of the
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83,,84, 8 87,, 8 5
prggeduge; W r?féﬂt gothe §(§§13§°8r°ﬂ183&3m'$ﬁmtr eac&{igm% %ng Scanning
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particles dispersed within the mesopores of MCF. Scanning electron microscopy (SEM)

(Figure 4) and nitrogen adsorption-desorption isotherms (Figures 5 and 6) illustrated that
the uniform, ultralarge pores of the MCF support were retained in the Pd/Urea-MCF
catalysts. X-ray diffraction (XRD) studies confirmed the ultrafine grain size (2—-3 nm) and
high dispersion of Pd nanoclusters in the Pd/Urea-MCF catalyst (Figure 7(a)).

The catalytic activity of Pd/Urea-MCF was examined for the Suzuki coupling
reaction of iodoanisole and phenyl boronic acid in an ethanol/water mixture (9:1 volume

ratio), using Na,COs as the base (Table 1). After 24 h, the coupling product was isolated
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Figure 6 is a N2 adsorption-desorption isotherm of

Pd/ Urea- MCF with Pd nanoclusters of 2-3 nm Figure 7
w@hasa1sanr XRD pattern of Pd/ Urea-MCF with Pd PCT/SG2007/000079

nanocl usters of 2-3 nm (a) bgfore and (b) after 10

runs of transfer hydrogenati®n of acetophenone at room

terrperature Figure 8 is a graph illustrating Suzuki

couptiny gif T odoRENZRRE and pheRyl beL oodonB&ei d (f i r st
réin) over] () 10% Rf/ C, and Pd/ wth (A “2-3 nm
and () nm Pd r@&nocl usters: gure 9 shows a TEM

m cr ogr of Pd/ Urea-MCF wth Pd nanoclusters of (a)
4-6 nmand (b) 2-4 nmafter 10 runs of transfer

hydr ogend¥'®n of acetophenone at room tenperat ure;
Figure 10ishows aph Liter@@esBuwf trangfer g
h§/dr ogenaty on of et ophenmm 10% Pd/ C and

(b) 10 of 5% Pd/ Ur ea- NCF v th 2-3 nm Pd

nanocl u s: the brown colour in (a) indicates

significa IDd I acIB from 10% Bd/ €oohd- M5 anal ysi s
sbows al BFst 9 IL% Pd I Jed Was | eached fridm 10% 38
Pd/C in flrst (Dun \/\,her only a total of 1.25%
of the aded was Ieached from5% Pd/ Ur ea- MCF after

10 runs; F| gure 11 shovvs phot ographsgfggtéeacti on

xtures firom ( I‘ogene thydr ogexoat i on 93
aceto € none d (b) ho u emeous. and (c)
heter og Suzuki coupling™~of iodobenzene with

phenyl bo |c aci d and Figure 12 shows Pd and Si

mappi ng i I3Iust r fshe hi Cepéisi on wi tzMw the g4
m8sopor es Jof thé s I i ceou support. Detaile
Descr i pt of theOPreferr nbodi nents Figure 1

89

il lustrates’the process for naklng t he partlculate
substanee “f the—present—nventton—tnm Fgure 1

*Rehétitnt sbnditibas:sh ﬁmﬁ‘yoanXUIréa-MCEbéatdysnamth Pt apéclusters of 2-3 nm, 1

mesoporous siliceous fo 0 tt 0 re
el gy el | 25 SN O clleiPig Sune totriefpidsge, S Gt B t°1“ened
a I I ReeOE16E StiateDyith@htdbisvial agtivity an
ld@eb Fﬂlg\/\fI (an{/)\ﬁihg% Plgglrﬁggg%g%laare ?f/lpl cz:I I?/ about 20 to "

se’m:nmtyn di aneter, and wi ndows 40 are typically about 5

to 10 nmin di arreter al t hough t hese di nensi ons may be

varied considerably. Step (a) of the process corrPri ses
Excellent yields were achieved for the transfer hydrogenation of various ketones

over Pd/Urea-MCF. Typically, transfer hydrogenation of ketones was carried out using 10
mol% of the 5% Pd/Urea-MCF catalyst and 5 equiv of formic acid/triethylamine mixture
as the hydrogen source in ethylacetate at room temperature. The heterogeneous catalyst
was easily recovered and reused several times without any loss in reactivity and
selectivity (Table 3). After 10 runs of transfer hydrogenation of acetophenone (Table 3,
Entry 1), the Pd nanoclusters remained highly dispersed on Urea-MCF (Figure 9), and the
catalyst demonstrated negligible loss in activity. The X-ray diffraction (XRD) pattern of
Pd/Urea-MCF consisted of Pd(0) peaks. Peak broadening analysis by Scherrer’s method
indicated the average palladium crystallite size grew slightly from 2-3 nm (Figure 7(a)) to
4-5 nm after 10 runs (Figure 7(b)). Figure 10(b) shows the filtrate of the reaction system
to be clear; ICP-MS confirmed that only a total of 1.25% of the Pd loaded in 5% Pd/Urea-
MCT was leached after 10 runs. In contrast, the filtrate of the reaction system containing

10% Pd/C was brown in color Figure 10(a), due to almost 90% leaching of the Pd loaded
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Pd/ Urea- ] 3 Murtted 160N préksure (3 atm). The
(Tﬁlgﬁg‘é Isﬁf'g?wg?g %\%Létr 1¥t§%&n%\gr gglbt?eo%co rci ale. 10%@d/ C (
hydadgehmed ptdslugtyd -mbttlyi-dinjethyilsuccinate, was Phtaingdde 9P episld, and the

for the Suzuki .coupl i of i odob : ivity for 10 .
colish B OREHR g ey iR WP G s i gotivity for 10 uns
Hy08G1atiSh 8156 proteb@id withegcdleat yiokinmiaatdlyst G8¢yPlability for a variety

catal yst and the Pd/ Urea-MCF catalyst wwth 4-6 nm Pd
of ipdefons|(lsbledd (Figure 8). Pd | eaching was exam ned by

anal yzi ng the supernatant of the reaction. No Pd was

found to have Ieaf{hqgﬁ{(ﬁg%&ééﬁaﬁ{mgfm,ﬁmpport even

after 5 days of a | ment _under

entry olefin product time (h) yield (%)b

L o Q 6 99.9
MeONOMe MeONOMe
(0] O
2 EtO\ﬂ/”\/?l\ EtOM 6 99.9
OFEt OEt
0 o
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simlar reaction conditions. The Suzuki reaction

proceeded faster when the solvent was changed to a
werdandodwat er m xture of 1:1 volune ratio at BOISG2007/000079

(Table 15 Entry 6), giving 8%yield in 6 h instead

of 24 h under the typical honbgeneous reaction

conditions. Table 1. Suzuki Coupling of Aryl Halides

Wt Aryl—Boroni ¢ AChds entry aryl
ac3 d product time (h)_yield Reasy i o @Oﬂdltlons 1
mol % Pd/ ¥ SF oyt alQe nanbcl B¥ers of 2-3

nm 1 mm 2 yHN de, 3 ol b -aryl boronic
acid, 1.5 mml of sodi um carbonate 5 of

et hanol / wat er i xtur@ (volune ratio = 9 1), 80C, argon
at nosphere. blsol ate
condi ti omeo. d

§Mt| mifeOwithott_ ahyyk0ss in the
oI|InI Patio o hanol Lwat er m xture

hal iode aryl %oronl C 999

yield. cUnder m ’I owave g 99.9

product yi el

used = 1: ﬁsz cat #c9st al so ﬁﬁ)w ded

excel | ent vyi el ds for g he Heck coupling ®f iodoarenes

(Table 2). It was recycl ed w thout any _si gnl ficant

| ogs in activity an Psel ectivity. Tabl 99.9

Coupl i ng of A

product ting

condi tions: Dl % Pd/ Ur ea- MCF Tatal yst with Pd

nanocl usters of 2-® nm 1 nmol of ary hal i de, 25

mﬁ%l of ol efin, & duol of tri m.Ae, .5 ni 01}8 999

tol uene, 1§ ar gonOH'Frmsph sol at M el d.

cRecycl ed ! nmes w thout | os n activity and

selectivity. Exclt yi el ds were-acbreved for the

transfer hydr of varlousones over 18 99

Pd/ Ur ea- MCF. Br IIy, transf gp-hydrogenati on of

ketones was carri ed out using | %.Qf 1the 5%

PdgUr ea- MCF pstSN&nd 5 eq@%?\@orm C 18 99

acid/triet ' ne m xture as hydr ogen source in

et hyl acet at e~ at roomtermerat urp The heterogeneecus

apcatal e Y, @Nﬁﬁ ¢lastersi dTEB-3 nm, 1
thodﬁ @ox}sogzﬁ%% i|?ea(: Ivity seI eg)tdls[\%ﬁtsy (Tabl e

miﬁol ofblcfin, 40psiun400psi ot hbeen (fynlcmgeﬁ&tﬁ awl B8, Tespectively), 5 ml

o SeuSRURERRE JE5 RSl G e B ket sy s

pﬂoﬁ&ct 1@l yst denonstrated negligible loss in activity.
-ray diffraction (XRD) pattern of Pd/ U ea- MCF
consi sted of Pd(O peaks. Peak broadeni ng anal ysis by

SChef\Tlé}%f; ' the n&ﬁﬁl?@c activity of Pd/Urea-MCF for the reductive amination of

aldehydes and amines was examined. This reaction is very important for producing

secondary amines in the pharmaceuticals and specialty chemicals industry. Excel

lent

conversions and yields of the corresponding amines were achieved under mild conditions,

and the catalyst was recycled 10 times without any significant loss in reactivity

selectivity (Table 5).

Table 5. Reductive Amination of Aldehydes®

and

entry amine aldehyde product time (h)

yield (%
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i ndicated the average palladiumcrystallite size grew
slightly from2-3 nm (Figure 7(a)) to 4-5 nmafter 10

wo eovs/1{#pgure 7(b)). Figure 10(b) shows the fiPCTaGC®OTH00079
the reaction systemto be clggr; | CP-MS confirmed that
only a total of 1.25%of the Pd | oaded in 5% Pd/ Ur ea-
MCF was | eached after 10 runs. In contrast, the

fritrate ofygie Teaction system containijng 10% Pd/ C
was brown if color Figure 10(a), nost 90%
1 run.

| egchi ng e Pd Inza”e@fd er jus
I nteresti , when the transfer ogenati on of6 99.9
various ketones was perfornmed in r at 600C with

amoni um f oPMte as the hydr ogen sqgurce instead of
formc acid/triethylam ne m xture, QMee reacti on was
conpl eted ngue quickly (i.e. in ZHN/#Qs%ead of 24 h),
gi ving an excellent yield of the correspondi ng

al cohol . e 3. Tranpsfer drogemat i on of Ketongs
en2ty ket t@o oducmq yi =® % baReact i on§ 99.9
condi tions: 10 nol % of 5% Pd/ Ur ea- catalyst wth Pd

nanocl uster@Mef 2-3 nm 1 mmol of RMeone, 5 mmol of

formc acidny,triethylamine ( 1 : 1), 5 of

et hyl acetatg¢, 25C. i sol ated yieId.Hﬁ ed 10 tines

W t hout a ss in ac[t/'r‘vé,g@ and selectivity. Und%r 99.9
m ér owave itions. jeUsed anmoni ornmate as )

hydr ogen source and water as solv at 600C.
Pd/ Urea- MCF was al so exani ned for tfie‘hydrogenation of
activated oNehins (Table 4) such ag diMrethyl it aconate

(Table 4, entry 1) under | ow press'ie (3 arm. The
hydr ogenat @n oduct > | -di @ yl succi nat e, gwas 99.9
ob%ained I N 2‘.996yfgrﬁfﬁ§%%¥the saral yst was

successful | )QI_Qecycl ed and reused w thout jany |l oss in

activity fo O runs. Hydrogenation gl\s%tgroceeded

Wi th excel kent yield-a Sa al yst Hicyclability for a

varsi ety of{lolgfins (Taple &. Tabl 4. Hydr ogenat i%n 99.9
of Aefins ghtry olefin product ti h) yield

(9% aReacti omrconditions: 1 nol % P
with Pd nanoclusters of 2-3 m, 1 ngpl of olefin, 40

psi or 100 psi of hydrogen (for entrjes 1-6 and 7-8,
respectivel W2 5 nl of nethanol/e /hbrf\ng. i sol at ed

yield. cRe ed 10 tinmes wi thout | oss in product

yi ¢ d. Nex he catalytitchoti Vi f Pd/ Urea- MCB for 99.9
the reducti ani mati on of al dehy and am nes was

exam ned. Thys reaction is very i rtant for

producing
aReaction conditions: 1 mol% Pd/Urea-MCF catalyst with Pd nanoclusters of 2-3 nm,

1.01 mmol of aniline, 1.0 mmol of aldehyde, 40 psi of hydrogen, 5 ml of methanol, 25°C.
bGas chromatography (GC) yield. “Recycled 10 times without any loss in activity and

selectivity.

The reductive ring opening of epoxides to the corresponding alcohols has emerged
as a powerful tool in organic synthesis. It is of great interest to develop a practical,
economical, and environmentally friendly process for this reaction. The efficiency and
stability of Pd/Urea-MCF catalyst was examined with frans-stilbene oxide as a substrate
(Table 6, Entry 4). Notably, the hydrogenolysis reaction reached completion with

excellent yields in 10 successive runs. The catalyst could be recovered by simple



secondary am nes in the pharmaceuticals and specialty

chem cal s i ndustry. Excellent conversions and yields
w@RooBhesogdr r espondi ng am nes were achi eved unde€T/8G10087/000079

conditions, and the catal yst %Nas recycled 10 tines

wi t hout any significant loss“in reactivity and

selectivity (Table 5). Table 5. Reductive Ani mati on of

ﬁl@ﬁm& %,rl:]}g ngrpp?cg% 0 fct?{?my@/ Odu?}égﬁ neyﬁcg%%%%&% QNere then

sul %t@d Rd ﬂﬁ@rh%?ﬂeuﬁﬁ ée&flys?s BofdTtionds, GhdB&dd §leldniof Ihmmobenzyhc
40 psi  of hydro en

alqubols amw Ob@B@d C@@Qte@ﬂ}‘ &?afuéféiﬁra%’ﬁ?mk @)3091?%?&1}“5 catalytic system,

gir% tl%gtl% i the'h u§ ié df0&ral Bp @BSHéSV 'vﬂﬁc}ﬁﬁdused for the
reduct | ng openln epOX| des to

symhasm mfr esql}mﬂhrmtgmal caqsﬂpxioplomps aewlgr @gng lystswef £ glyiral alpha-

n or esi s. t
e Pk D5 Qnep Bk GA S fenion o
coﬁﬁgﬁﬂ@éxymwk@@lmyfem&dble% lmagt&)on The efficiency and

stability of Pd/ U ea-MCF catal yst vvas exam ned with
a/r-stilbene oxide as a substrate bI e ﬁ@&th ry 4).
Not abl y, t heTﬁbl@ﬁoébﬁ@pg%OHS%Sé’J&n

conptetiom witihrexcettent—yretrds in J.U success| ve ) o/ \b
EALN . Theepcaudﬂ/glwl coul d Hwdrogemseureel by time (h) yield (%)

stnptefTitrationg and be 1 eusSed. W pRout | oss 91
adtivity. Anarfgty of beoxi des weré then
subj ect ed @ he sanme hydregenhol ysis conditions, and

O

good vyi el of honobenzylic al cohols were obtained

conS|stentIy T further e &g the” scope of hi s 94
alytlc Syt en—we turne- biyenti on to he

hydrogeno s of chiral epox |des mhlch s used for

the synthests of anti-inflamatory aryl propi onl Cc acids.

Hy.dr ogenol ysi s\gb chiral al pha thé styrene qgxide 97
éner at ed Oxr espondi n al cohol WI th the
ret ention @ onfi guration excel lent yield (Table

6, Entry 8)7 Table 6. Hydrogenol ysis of Epoxides and
Dipol sa entry epo e/ di ol hydroge oprce timg (h) 99
y|4el d (% baReact condi tions: ) % Pd/ Urea- MCF
catalys P : 33 nm 1 nmol of
DrOHim formate, 5 m of
cRecycl ed 10

24 98
24 86
12 98

12 88
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reductive amnation, the total Pd | eached after 10

recycles was determ ned by inductively coupl ed plasna
wore@s/1sgertronetry (1 CP-MS) to be < 1.5% of t hRCT/8GZ07/000079

Pd | oaded in the catalyst. IE the case of Heck and

Suzuki coupling reactions, t 2 total Pd |eached after

5 recycles was < 5% as determned by ICP-M5. Figure 11

rTTustrate thgy the supernatant|of the heterggeneous 04
réBction syst éns gpnt ai ni ng-RALAL e@HVCF was VEry

i gi bt'e | eachi ng

cat al yst could T

Pd was observed, and
¥easily isolated and

Q oHB a—nr Ar+—el £ +
s—ount—to—provide—evenfaster

—recycled—PRPdiUrea—Mo—wa
"ReS@hnl RAdHidhE S 0fa61%6 DU read/ICE aatalysthsith Pd tanaclssters of 2-3 nm, 1

hydr ogenati ons, wth th I d of .m cpowave, cel l,ent o
mgoh e PEPHS OReid SCRMSY ol mwl%fﬁmﬁ@qééﬁtyﬁﬁh‘&&wm’ 25°C.
brRREd Rfiﬂ@&tqﬁéﬂyélémﬂ Gfes ewARBIE any? 946sC BN Y&icHYioy ands selectivity.
gattained in 10°mn in the Suzuki coupling of
Rieteaitibn 0f eondigaratiopheny| boronic acid (Table 1, Entry 1).

85% yield of the correspondi ng al cohol was achieved in

15 min for the transfer hydrogenation of acetophenone |

undeln nhe rcasave (Aasfee 1ydrégeneijorl) hydnogenstion.a dydrogenelysis and

ield | d be qbtajned i i .
relciye erammsion, e doal A fiiebl ke o R ee P BRterh il hffductively
c glela %&Q&b@@eﬁﬁﬂ?ﬁrﬁﬁ%ﬂ%ﬁo mleecpajse/?oﬂ\ﬂthoﬂal g4 éoaded in the

el ds on urea-noaliti e . ey were 10 e
cepabi i R 81 BAIESCInd SR GV B or 5ol Byl bk Ieffhed afer S
rek@@sn\gac.’s 210} heqdkiminst bAEEP-MbEFighter Al Alugieatd GHa€ theOdupernatant of

facilitated reactions involving bul ké substrat es. < oibl

th heteregeneausiTgadiion 9y SamyTPnteiniag _\}’éflgréé%% t¥agVeEy clear. Negligible

gycel | C ol (s RVET ¥hiiBsolated and recycled.
e yEL e ookt o R Gl Y EDARTR Bhiiy sl and recyel

supePd/Ored-MCTO waer foiuatl | tp puniidealoven FagsPmaction rates for coupling

pol yner - su rted Pd- Encat...The facile n ' :
rehhAer coddrgRer brreesbptod heve = LoF Ay SR AR opy g bomversions
whRr gbllevaddihddie 1M OBégueadp! drdd shet dendtion wieteal Forc example, 99%

nanocl usters supported on r,mdified‘%Ffo.a L de d
copaeisiny vess atiaingdy in c1¢ gpiy iBnthe; Fug nF%ﬂEm%y# Hedqhenzene an

' ph egﬁjro?on%‘ fa&’gﬂ alﬁlee)fglﬁ.rll[}gin%g Gisheryidid Gt @k YeoRfsponding alcohol was

ctions, I Mo othér nmetals (e.g. Rh, Ru,.
acBirSred rin alrfd miim Yoo theMBFsfar hydip gapation Hf icgtopkenone under microwave

3R A E 5,  RFAHIER L LALEL JHBFI 21 e o
rehétidn@ndidioni b roaini teperktdrand 13C nucl ear magnetic

res o{]nago%?:lugigrl\{?e)wti%g %(c:ltnragcs)c 3E%rs(c%(1w<§er eadéﬂy(f) prepared with high yields on
urea-modified MCF. They were formed by the reduction of Pd(OAc),, and were
stabilized by the urea ligands on the MCF surface. The ultralarge pores of MCF facilitated
reactions involving bulky substrates. The resulting Pd/Urea-MCF catalyst demonstrated
excellent activity for transfer hydrogenation, hydrogenation and C-C coupling reactions,
and were superior to commercially available 10% Pd/C or polymer-supported Pd-Encat.
The facile synthesis and novel design for supported metal catalyst described herein might
be widely applied to derive metallic nanoclusters supported on modified MCF for a wide
variety of catalytic reactions in chemical syntheses. We are currently examining other Pd-

catalyzed reactions, and immobilizing other metals (e.g. Rh, Ru, Cu, Ir and In) on MCF

for various catalytic applications.
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MHz Spectroneter), Fourier-transforminfrared (FTIR)

spectroscopy (Digilab FTS7000 5 FTIR spectroneter
weousppee7 wi th MIEC 300 phot oacoustic det ect or BCT/S&RE07/000079

(Philips XPert PRO X-ray di f:{ action systenm), N2

adsor ption-desorption anal ys'{ (Mcronmeritics ASAP

2020M system), elenental analysis (Exeter Analytical

CE440 CFIN anal yzer), transnission el ectron mcroscopy
ExpeEipentabSessignni ng transni ssi on el ectron ni croscopy

(STEM) chéibc 1%%@?@@% 4 208 8YrickS ad Béedgs &é@aﬁerdcmlthout further
m croscopy ? JECL JSM Q 67OOF) and | CP- M5 ( 3§guk 400
er

puaﬁeaﬁqn Pir &idh BCrmicleaCnmgnetife Fesopaice NAER) FR?F“E%FPBV

er [
@2 @d IFBurle&{a?lg\fé&?lent X ﬁ gﬁégﬁﬁiecgﬁgt(mgi&b FTS7000
ﬂRealgdv&EmS@h exuippéd Mih M’EE@pSs(}Q phq)teg:opsty ggztector) XRD (Philips

th di
X R 673 ALregtion Bt N aeBBipag e bR hatis Qifromeritics
A?‘K'/%geZOZ@M Qisterh, Yeldriieritall atiysis Poxetdr) Analgticed deicH400 Cﬁﬂ\é analyzer),

tr@gmgssmlgctq%nslgllgql%%}%g (? fgl\%lar % xﬁg :I%ﬁﬂﬁ%%gx ﬂ,?g{ron microscopy
(s'ri]‘gi&{ E%tégd %0 llme Ec@hﬁ@ﬂeléafonlﬁlms@opﬁ(sﬁm €MEOL JSM-

was cooled toro

6memoanatlafemsmmmm:11; Peskinkamen SCab&) avere pRderd for catalyst
h}a%kge\%ge cﬁi:ﬁgtgcri %:&Itz(ﬂ c ?&gngﬁs‘:ﬂé@ LA dIAREGEQAgilent 6890N).

cursor e resulting materi al
Sﬂﬁﬁesw@wmelvm]ih et hanol and heat ed at 600C O

gx Z{é}lg}geggglh g@é% elrgleq(rj cﬁ'h s gfl a n h%(sill‘zec{EI a%ﬁ?ﬂglg to the method
reflb il OfveMdricd RIM4NES IS)OOC ddl ddrom thEomJltempeMtﬁre(urtdegyrgon Dry

s suspended in dry tal
tolweng §20 2t} e ad@qdatogt MeE Spe lflm}anﬂ SRRt bropy! urea

l‘gln{r??ﬁlj# tBI%FeTEJ‘iz) Q &g%&bd&c%dMe Rive \ﬂé?m{ﬂredh@llﬂw srgon for 10

at 600C until the
mbe aadrehencheatddes S0BE der %uhg &nwg@ goqigd tq woqgg%%}egrngz}%r%n %ﬂtered and

B e

Rt o i
0 It € { a-lgading of 1.80 mmol
Ow‘gg:hﬁzgygﬁ%%gz Rea(%t | Eﬁgﬁaﬁ/@—a WSFVS? F!roce%re
Synthesis of Pd/Urea-MCF

Urea-MCF (1 g) was suspended in dry toluene (20 ml), and a solution of
palladium acetate (1.10 or 0.55 mmol depending on the requirement) in CHxCl; (2 ml)

was added dropwise. The mixture was heated at 60°C until the supernatant became

colorless under argon (24 h). It was then cooled to room temperature, filtered, washed and
dried to obtain a dark brownish black solid, Pd/Urea-MCF. Elemental analysis showed
1.01 mmol or 0.55 mmol Pd loading per gram of Urea-MCF, corresponding to 5 wt%
Pd/Urea-MCF and 10 wt% Pd/Urea-MCF.
General Procedure for Suzuki Coupling Reaction

An oven-dried reaction vial was charged with aryl halide (1 mmol), aryl boronic
acid (1.25 mmol), sodium carbonate (1.5 mmol), catalyst (1 mol%), ethanol (4.5 ml) and
water (0.5 ml) under argon. The resulting reaction mixture was stirred at room

temperature for 10 min, and then heated at 80°C for a desired period. The reaction was
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An oven-dried reaction vial was charged with aryl

halide (1 mmol ), aryl boronic acid (1.25 mml), sodium
wearokomsave (1.5 mmol ), catalyst ( 1 nol %, ethe@DbGL047/800079

m) and water (0.5 m ) under_argon. The resulting

reaction mxture was stirred’at roomtenperature for

10 mn, and then heated at 800C for a desired period.

The reaction wasnonitored by GC. After conpletion o1
marfitorede B (GGn Afteh somplationeofufis TsaiIoBg theompgis Was cooled to room

terpﬁl t%]('cat gﬁasgﬂge %@ﬁugﬁ%{ Q%ﬁ@er&b BRYY h{arfr’i]‘lgﬁ gfgﬁgéhcgﬁltﬁ'vaﬁér (5x5
de ethanb]d6 ixefimily ehed driecbander vatwme a)thg lcgiglystugas yeexsjed s jmes.

ck Couplin React on

Gmrgiﬁw ﬁ‘fe o‘r"r gﬁ?[‘ ﬁ'pvllnglﬁe\%ég'_%har gegpvv: t % ary !

hal lfﬂeo{(erﬂ-df‘fm) kdaction @fa:l wvaé bha’t‘:@edrmth) aryl halitenll mmolh)e ofefin (1.25

cat al] yst 1. no

m@ﬁ’@o%\" %ﬂ%ﬂ}%ﬁr{!ﬁnﬁa Faé%/f)gft @ cggwgeglerﬂS) i.fmlgﬁért argon. The
reduPRHD FEORA! AkOR WA stiHd Mt Foord Mnﬁdﬂﬁﬁr&lﬁaﬂedmat arﬂ(thé‘n heated at

for a desired period. The reaction W%Sti nggmp%r m&)ﬁ £ th
1062€ fouf @ desixedmsiied; Bhe WC@%WP%M% h ef cemplegion of the
regc%befﬁe 1fo89 Wa% %H&@ﬁﬁ & 1Y r20@S, 4dd Wa SRerbd e &sintered

ere ass funne wth toluene (5 x 5 nl),
gla;s dfumtel, adashnd @nﬂmd:wum(S ?hia Hd)itaaﬂ yisied wadery weyuine dhe; catalyst was

é‘i%ﬁse .General Procedure for Transfer Hydrogenation of
TORE U&S oven-dried reaction vial was char ged W|th

G&fetrenprdceaummraﬁmmdacgwatmneﬂfmgdtamsne m xture

of  5hA PEY T EAEEHRAVE RS HREY Jf kel (&f[ﬁaﬂilf"dl)”’ formio

ac}wg{%fh B-mikBfe (ESY) bi AmoARE Ftfhatd ¢St mif@]Nastalyst (10 mol% of
stirr at roomtenperature for_24 h, and th

r
S%deﬂH@anQEt) iand efleydacaisil Plowaler 63 nebrundgriasgon, |fsgf1%g reaction
of the r f L ea t
oS e 532 1 o e AR b sion s
mbhiloredribgl CGICI Adtereompletian wi ithe Tdactiomtthe yaixtupe 3vas S¢€¢ guough a

10 t.i General, Pracedure for d [
SR o e S SHEede 4 AEEBU R e, yoouum. The
ca@eh t'v@s@ec]ycIEaDﬂO)tlm@sat alyst (1 nol% and

hanol / ét hanol_ (5 m ) under The resulting

Gpw@i Poocediure mrélwgggv%wﬁ 9@&% th 40-100 psi of

hydr 20@Qen-ARdd R(iSh ly{d] SFhs @harB@WithesTBRA at uﬁ@om Qatabysh (1 mol%)
The ‘progress o e reaction was nonitored b

andf methamd/fetiaabl Cﬁnmnb)f undeeangencThaoresulting reaclien pgx‘wgswas pressurized
with 40—100 psi of hydrogen, and was stirred at room temperature for 6 h. The progress
of the reaction was monitored by GC. After completion of the reaction, the mixture was
filtered through a sintered glass funnel, washed with methanol (5 x 5 ml), and dried under
vacuum. The catalyst was recycled 10 times.
General Procedure for Reductive Amination of Aldehydes under Hydrogen

An oven-dried reaction vial was charged with aldehyde (1.0 mmol), primary
amine (1.01 mmol), catalyst (1 mol%) and methanol (5 ml) under argon. The resulting
reaction mixture was pressurized with 40 psi of hydrogen, and was stirred at room
temperature for 6 h. The progress of the reaction was monitored by GC. After completion
of the reaction, the mixture was filtered through a sintered glass funnel, washed with
methanol (5 x 5 ml), and dried under vacuum. The catalyst was recycled 10 times.

General Procedure for Hydrogenolysis of Epoxides and Diols
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filtered through a sintered glass funnel, washed wth
met hanol (5 x 5 m), and dried under vacuum The

w@ 2008/1y897 was recycled 10 times. General ProcePtr/eG1007/000079
Reductive Animation of Aldehyges under Hydrogen An
oven-dried reaction vial was“tharged with al dehyde
(1.0 mol ), primary amne (1.01 nmmol), catalyst ( 1
nmol %9 and net hanol (5 nl) under argon. The .resul ti

! . ! : 9
r eachth orveridtiedr ecaghien prials¥iaf | heress Yty GPEEAe ot diol (1 mmol),
: L LempavRbehe (Bahl)@nder argon.
o R F O ey, ) er are
Thaf el tingrepbtion orixtofe Whestirsd et Feam tQrRRSTARING fwﬁ‘hbagnd the progress
jltered through ' I : I st oy
ot G i BHE P L LE" FhBRRIAADE the WGBS  duture was
fleaéatysighasintaey glassl firthet, ivesbed Githesthylacytetedfur & mlgrand dried
Hydr ogenol ysi s of Epoxi des d Dol sAn oven-dried
undgiyachgR- wl%?atﬁlé(ét ‘?f%a‘?@@ %ﬁ]ﬁﬁm&aoxi de or diol ( 1
mol ), amonium formate (5 mmol ), catalyst (10 nol %
and ethylacetate (5 m) under argon. The resulting
reaction mxture was stirred at roomtenperature for
24 h, and the progress of the reaction was nonitored
by GC. After conpletion of the reaction, the mxture
was filtered through a sintered glass funnel, washed
with ethylacetate (5 x 5 m), and dried under vacuum
The catal yst was recycled 10 tinmes.Cains: 1. A
particul ate substance conprising a particul ate porous
support coupled to a palladium species. 2. The
particul ate substance of claim 1l wherein the palladi um
speci es conprises pall adi um nanoparticles. 3. The
particul ate substance of claim1l or claim2 wherein
the porous support is a netal oxide support. 4. The
particul ate substance of claim3 wherein the netal
oxide is silica. 5. The particul ate substance of any
one of clains 1 to 4 wherein the porous support is
nmesoporous. 6. The particul ate substance of any one of
claims 1 to 5 having a structure in which relatively
| arge pores are connected by relatively small w ndows.
7. The particul ate substance of claim6 in which the
relatively |large pores have a
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mean di anmeter of between about 5 and about | GOnm and

the relatively small w ndows have a nean di aneter of
wheirsees9rnbout 2 and about 50nm 8. The parti cRCES&2007/000079

substance of any one of cl aisﬁs 1to 7 wherein the

por ous support is nesoporous’’siliceous foam 9. The

particul ate substance of any one of clains 1 to 8

wherei n the porous support is coupled to the palladi um
Clgmeci es by a coupling group conprising a |inking group

and a hi ndi r | Rish R ReoWOspRuURlcedpled to a

toqt heg‘p}g%lgg?tg r%gg%é%ﬁ%zés"q“ﬂfi@ . ﬂgargg?? i cﬂl}?at e R P
paladiwhapendesof claim 9 wherein the binding group does

not, coptain a thio [ QU : [ ; ises

cuBst anbe oyl fioadRe B ok | SRR Le B speclcs comprs
pallidup dafopRrtivlé group or a thiourea group. 12. The

ti | at t f . .clAj . .
har ei 11t e SRR RGp L1 AeY L g S B v JBe R phfous support s
arﬁ&&l%éi&éséu%b&t.and sai d nanocl usters have a nean
I amet er

et ween about 1 and about | Oljl%n % T(gee i
part | ¢ Jhapeiaisth aEnes oL AgTONBIGHeITLIaFIRE pXiG 1 silica
hawi ng i[%ﬁ]ﬁa?tfbu%é Shbdisnce af oREbIRRIMANOW 4 lwiadiein the porous

about m crons. 14. The particul ate substance of

support Bmeesoporolii s 1 to 13 having a pal | adi um | oadi ng
of between about 0.1 _a I [ REE 195 fstructure in
suppor t*: elp:‘;‘.%w &136? 8‘&%%%&% oor%rgr@k?n%g&laa%giré {Til culat é’ﬁ@

WISHPE AV 16QRPotsiang canmeatet by wélatiecly small sindgyysor t

coupled_ to a, palladi ums i es, .sajd o]

Covr g b i A BERRER 18P E RSl e poe e
mER AYSeit BP BbtvebR aBo®Ob dhd @Bowtf108npabhd dicuralatilely, small avindows

unctional i sed particul ate porqous support conpri sing

halyé naitaag dipmsiprofdaiyetsnabent Draa eyt e pal | adi um
;gfﬁc.l © St ANGhicul £ WE LA of 8131 B lorAidifsSkd 7t @hérem the porous

adi'um'Species so as to erate the particul ate
suppdrs isanesepordbis silibeousrfoamsss of claim 15 additionally

conprising reactin artjcul a 0 fh
Funbt i o pevtiete cHpaes bf iy 3hE R Y3, P UPR Fhelyh e porous
suppéit i€ ebdl&l ﬂpﬂ@%l&ﬁn@@ _fsf)%qie‘sabyd af aonpling gahjpst':mgprlzs_,mg a linking
reagent conprising t ndi n t .
grgumgppi ztbipgiggeglrodp, gaid b?nd%g grlou bgirn?g%gu&gg toa{fle%ailgc'ﬁu{nns%ec1es.
10. The particulate substance of claim 9 wherein the binding group does not

contain a thiol group.

11. The particulate substance.of claim 9 or claim 10 wherein the binding group is
a urea group or a thiourea group.

12. The particulate substance of any one of claims 1 to 11 wherein the palladium
species comprises palladium nanoclusters and said nanoclusters have a mean diameter
between about 1 and about 10nm.

13. The particulate substance of any one of claims 1 to 12 having a mean particle
size of between about 1 and about 100 microns.

14. The particulate substance of any one of claims 1 to 13 having a palladium
loading of between about 0.1 and 2mmol palladium per gram of support.

15. A process for making a particulate substance comprising a particulate porous

support coupled to a palladium species, said process comprising:
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of attaching to the particul ate porous support. 17.
The process of claim15 or claim16 wherein the
wheeditsp9group i s a urea group or a thiourea grOURG2023000079
The process of any one of clgjms 15 to 17 wherein the
functionalised particul ate ous support conprises
mesoporous siliceous foam 19. A particulate substance
made by the process of any one of clains 5 to %%
- Aexpesllngd fhoetiopehsddrartigilae BOLAYR SURRSHI |3n§? ﬁl%nal adium salt,

“Zg“ ClilOI%lli% (f 80 uﬂ@gltageng@l{)ﬁé bhd% er%nblﬁﬂbh' drehpédpable of

ubst ance acc d| ng to any one
Ezmginglﬂﬁmmﬂadmﬁlspeo‘resmd 21. A net hod for conducting a
ck coupling, react
— hSqUVaHing Bf’eaﬂﬁww%: tsel?,lf E) tﬁ? ngﬂédgﬁtg %p%ﬁ)f%]?sl%'ndg Yo %@n&ﬁ%lthe particulate

Pafbsiagied. at € subst ance accor di ng to any one of clains 1
to 14 or 19. 22

] £,
corBouride pegss & A5 Sl gl R R oAl £ A eftate porous
su@p&?‘fot 4 fMbAdRiSE %a@é&ﬁﬁtoal‘éﬁﬁrtﬂé ﬂﬂlcﬁ&xa&h@é’d pﬂﬁc@lﬁteqicﬁom&?support

or 19 inthe presence of a hydro
saslrfamtmaha& reagmitq@nmrlﬁmg thy bindie mevmEIR s eroup capable

£ . | {qge 40 to a particulate
° Sﬁ% a%ié’e a§ ?‘g %o any one of clainms 1 to 14 or 19
I n 1t7he The@mseeofm‘laltryhi oudaing 46 whergin the bidiagigroyp is a urea group

uctive am nation of a carbonyl conpound conpri sing
Oré E‘Bgfeﬁémt‘We carbonyl conpound to a particul ate

subgt ange FeeakdbNEny comnyf alwmef 15 li@i i whetein Ithe ofung@onalised
in the presence of a primary am n andélé dr ogen gas

paptiulaie pRIPRHHPPET CHV’(H’P@%%‘HSW}’QTO%‘S lcﬁcﬂls i de or

di oly COpLtiShRG sﬁﬁﬁ&&de"fﬁa&é‘% 8P Prdcess dTangliogk of ®laﬁns 15 to 18.
particulate substance according to_any one of cla

to 204 &k methddnfor nencbxc@gg acaLzeki fa)upb%gaaﬁu@ap?mp%ng fﬁgosmg an
arg‘:%{g d 2 aﬁna}??'loﬂgrog 341&"’( ]?agtlé@atgéumga%b&ﬁmg to any one of

[ eactl on re to m crowave radiatlon
clzﬁtﬂsllrtg 18a>lrd9exp03| ng. 27 The met hod of any one of

Cr TS Aot tor piR g o BelR Blptfy AR ERGHE oSfbsing an
aryl halide or an aryl triflate and an olefin to a particulate substance according to any one
of claims 1 to 14 or 19.

22. A method for hydrogenating a carbonyl compound comprising exposing the
carbonyl compound to a particulate substance according to any one of claims 1 to 14 or
19 in the presence of a hydrogen donor species.

23. A method for hydrogenating an olefin comprising exposing the olefin to a
particulate substance according to any one of claims 1 to 14 or 19 in the presence of
hydrogen gas.

24. A method for reductive amination of a carbonyl compound comprising
exposing the carbonyl compound to a particulate substance according to any one of
claims 1 to 14 or 19 in the presence of a primary amine and hydrogen gas.

25. A method for hydrogenolysis of an epoxide or a diol comprising exposing the
epoxide or diol to a particulate substance according to any one of claims 1 to 14 or 19 in
the presence of a formate salt.

26. The method of any one of claims 20 to 25 comprising exposing the reaction

mixture to microwave radiation during said exposing.



28. The process of any one of clains 19 to 27, said
met hod bei ng regi ospecific, stereospecific or both.
wQ@08Wss9Df a particul ate substance accordi ng POI/&6G3007/000079
one of clains 1 to 14 or 196@% a catalyst for
Y

conducting a carbon-carbon ling reaction or a
reducti on.

27. The method of any one of claims 19 to 26 wherein the catalyst has been
recycled from a previous reaction.

28. The process of any one of claims 19 to 27, said method being regiospecific,
stereospecific or both.

29. Use of a particulate substance according to any one of claims 1 to 14 or 19 as

a catalyst for conducting a carbon-carbon coupling reaction or a reduction.



