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M CROENCAPSULATED CATALYST- LI GAND SYSTEM METHODS OF
PREPARATI ON AND METHODS OF USE THEREOF Thi s invention
WO edoaess1a 0 a catal yst, to a nethod of prepariPQI/&B2004/003504
catalyst and in particular,to a nethod of preparing a
m cr oencapsul at ed cat al yst1 W03/ 006151 descri bes an
encapsul ated catal yst system and net hods for the
production of these encapsul ated catal ysts. One
MlCR@éN(?A&@J LSS BRTAS S L?éﬂwbrs@sf’w 3!(/19%32?5 SR FSRATION
1Tadi um based enc uf at ed _cat al whi cn Tind use
|n coupl i ng readfly T F ﬁ%sed
encapsul ated catalysts are nost often derived by

m %B |ﬁ9é:rﬁ|8ﬁq]e%ttésog> ?fca’?ﬁét af?)' é'%é?{ﬁ&f %? F)re%ptcmﬂésa catalyst and in

cent
pa"t'ﬁiﬂé‘f@ %Wé@‘ﬁg@lf AtEPaRNGA ni"Ff@e'f*ﬁﬁPé!J a'@ﬁtoﬁFW in the

Pr §Ee08re0sN’s 1 adés}cg@éui ah ftfn‘k:am.ﬂa’iéd eatadlsy %S/§teh10_§ﬁd? $rt1ethods for the

en ess I r eg.. .. .

prodif B, e8GR PR LA egsge Bh86r° TRl et OER oo i
WOg31eqed Sil s cpnasisd eallagiyno PogapsHiateg @p@iyétsl o\rhlqb\f find use in

coupth§ rré&msﬁ@sm@bqﬁus@hml Baskd bhéh?fédlaﬁébséaﬂféﬁléi@ tatfehmost often derived
by iR PR RR P PR ABERC e TSy 2Esh PO RE! B) carying
out thegaist-encapsulpliast ef ihédﬂefﬁh@atﬁlﬁét mathalpy@enp@ cA Ilgand that metal
cataly@@ﬂ&%@b euﬁn"g ﬁ\b}éﬁha@mbtbﬂ ch%’e%é mély% a?nél’b?eﬂéd tion

15 AP T T e A0 PrRgoRt VEIER e 5 gioa(ob a process for
the presarbfign ofoa midrbgndapsilated |catatlist-lighnd systeooWhish dampfisesiorming a

mmr&&)r?salecs‘i’igﬁ’bﬁhtéﬁac?al E&gn@h%@p H@E?reégncé%}a%aféﬂ)gpwgllgand

talnin nsi esl r a.pre-.cyrsor
fo!t 'k BE€ ‘?fgeldatlh?fs €ivé 'Wé'srﬁ’b'f’e@ﬁegﬁ?ﬁﬂ'lé??é‘ﬂ \K}J pafiful transition
metgd abiplyst. Thecteon &rpasitien skt tatalyst asulseddigezit includen (@rthe thansition

metdi ﬁ’tsélf‘%oﬁ"ﬁél % Shel fﬂl%@m"&dgwonﬁa@gg%mg% 4] ﬁ%nsntlon metal

us. a udes urso
or qﬁ’@e?%??%kﬂ‘dtqoﬁlt?é'?'w 8riransttign Snejal- V\!ﬁidéﬁre(%% p&%rf"é’ls%f% “F%Pata'YSt
mayuise€ rhidroeheapukge twithiv &ie ipolymeaymiorcapsigel shiedll artte subsequently
con\).%lrtgﬁ LSHHE c%ﬁ#taﬂ‘)\" g%mﬁ%mgq@atiﬁ#t I?’ﬁé‘ ket ce{tg]lgg' tHL'}% ?Iso includes a
iIrrdium’ rhenium “scandidm cetiun Sanar ytirirum
catalypkRspSUISRY- | utetium cobalt, titanium chrom um
COPkwérred framsitionl iE@ls, oMARBANES Catalys3, foNBEE W the Bédan€invention

e §8. e e AP EL b AR SeGR KR I i, R Yoo,
scangien,i eeriune  SaMpETBEs nyttriuny extterigwnmiytetien, b eched, |tutm1uun,echromlum

coppfep, Nt nickelt h@ﬁbéﬂ%ser Iﬂﬁdﬂnl#&lr)l Ishadn] gkmj Mﬁ@%‘nuﬂuﬁﬂ%ngsten and
di um

m°‘V§§?%Hf9S{E@ﬁwrsf%?rﬁénfaﬁnsﬁ“’ﬁm Sl R TR v, ey n the
present inverttiod enayi e baed|iaclidenosmiuan, wingréary, wiodiuor, mnmany Mggadium

and Ehr%%rﬂcéfﬁ}? Bkﬁéo‘i‘eﬂl %QQ&QMQA& %eﬁ&l@ve%ﬁ@?é‘t& rhé‘;)/ 881aAfled using
conv,eggc&q?tﬁq n%lljjes to excluggtaﬁ yst for a wide fange o

Palladium in a variety of forms may be microencapsulated according to the present
invention and is useful as a catalyst for a wide range of reactions.

Preferably palladium is used directly in the form of an organic solvent soluble form
and is most preferably palladium acetate. Thus for example palladium acetate may be
suspended or more preferably dissolved in a suitable solvent such as a hydrocarbon
solvent or a chlorinated hydrocarbon solvent and the resultant solution may be
microencapsulated according to the present invention. Chloroform is a preferred solvent

for use in the microencapsulation of palladium acetate.



10

15

20

25

30

35

o Preferably palladiumis used directly in the form of

an organi c solvent soluble formand is nost preferably
w@alosadisum acet at e. Thus for exanpl e pal | adi unPEIYEBA108/003504

may be suspended or nore pEeferany di ssolved in a

sui tabl e sol vent such as a“hydrocarbon sol vent or a

chl ori nated hydrocarbon sol vent and the resultant

sol ution may be m croencapsul ated according to the

pr %%&Idwi n&SQi‘fEréf&Pe sSaHed Bélngjmrﬁ %c&al@rﬁcﬁﬁgggessw hEHhetal under

" ;9?5 &Eﬂe m cr oenca ation
e a%f@f’ e A3ty of Ko Rre RinyeBI A fign pallapiym acetate have
provedeb deceftetharplisasht ibist fut praseatly knslar whbkenpaliz@iundis present in

the %ﬂﬁ%fgwg%ékEV&trémQ ng%@?aﬁécﬁ&rﬁ%tc? ﬂ%ent i on derived from

e effective,
aI e REierred that Wsthgﬁrafé@eanqwgaw%mw@&gﬁ@nc llpancuSawpuqﬁﬂy include

organic poketiestwhich edrapriser &t lebstt die fuRt&dnaP rdt@”é\* ﬁ‘étro%fﬁom which can

coor‘aﬁ'la e‘ﬂg' tH%?ﬁta%rﬁs o%pé Tafd e@{ e%llg%glctllgg?ﬁis lgglp ﬁ}%\PJ%ctlonal bi-
funca@fgaéﬁné PR &mpw lmnéﬁ &/lsai?mfu@@naltllgamcommse only one functional

grouplittetroAtam et BarPEodiehateab amahl. Bi-fGiiosA %Qﬁd&adr@nlﬁl@-functlon
ioerk{ e oo Fancencs RErfOTel vl ior BREPNbfigohieR 825 coordinate o o

metatyl ti - function |igands. Mono- fuctl onal |igands
COPPéfél%@ fHe)br@s!i‘rﬁc fgérh@tlé %%Ie%@r‘d@m@%eﬂ@ﬁt&oat om whi ch

mal (TSRa e oS BB E dingt SESiG aiekPgEISNG one or more
hetrtﬁaﬁ@mﬁselﬁaﬂedgpmm ©rP hed Soat om whi ch can coordinate to
a W@brefé?é@lg/ethé*élr%amé Iﬂ;%ne D8R bfgahidAGEr/ c%nﬁmsml clﬁga' cg more P

iondy gani ¢ sol vents referably, the organi'c liga
O gani ¢ noi ety conprising one or nore hetroatons
s e Haghlyepreferrechalé orgaRicdigands of irmeulap(igf er ably, the

organic ligand is an orgaphg gol ety conprising one or
nore P atons. Highly preferred are organic |igands of
formula (1): P R R3 (D wher@ n: Rl, R2 and R3 are each
| ndberefdent | y an optional ly subst i tuted hydrocar byl

group, gmn F?Zpef rls%a%H?ﬁfeg%HtL Iax %r gﬂllg%g&%(t}f%tgﬁ Zﬁ@‘ocarbyl

or an o tlon Iy sub
grougy apppPe Qﬂa[lplsugsﬁgtedRmy op@rbyp@y @rq:qg) oPit iadnaplignale sigpstituted

hetrdoydilegroum os vad o vy o R’ tORE, RN &Y, RPRI Rﬁ@bﬁdﬁany being linked in
suor 3 B4 i By OB CHAARRRH o o W0 < ey S

al é¢f9par§vk9rawgﬁ Whielo sy b%\rﬁareaﬁyted OR R indepandendy éniyde alkyl,
alkerdill Ghd asryiagralipy, | aringnyabémbimbtior! Hereof, such as aralkyl and alkaryl, for
example benzyl groups.

Alkyl groups which may be represented by R™ include linear and branched alkyl
groups comprising up to 20 carbon atoms, particularly from 1 to 7 carbon atoms and
preferably from 1 to 5 carbon atoms. When the alkyl groups are branched, the groups
often comprising up to 10 branch chain carbon atoms, preferably up to 4 branch chain
atoms. In certain embodiments, the alkyl group may be cyclic, commonly comprising from
3 to 10 carbon atoms in the largest ring and optionally featuring one or more bridging
rings. Examples of alkyl groups which may be represented by R'® include methyl, ethyl,
propyl, 2-propyl, butyl, 2-butyl, t-butyl and cyclohexyl groups.

Alkenyl groups which may be represented by R include C,_,,, and preferably C,,
alkenyl groups. One or more carbon - carbon double bonds may be present. The alkeny!
group may carry one or more substituents, particularly phenyl substituents. Examples of
alkenyl groups include vinyl, styryl and indenyl groups.
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exanpl e benzyl groups. Al kyl groups which may be
represented by R13 include |inear and branched al kyl

W@e@aps3e®Npri sing up to 20 carbon atons, partPCUGRRI0Y/003504
from1l to 7 carbon atons d preferably from1l to 5
carbon atons. Wen the al kyl groups are branched, the
groups often conprising up to 10 branch chai n carbon
atons, preferably up to 4 branch chain atons. n

cenri dloSFPRIcHERAS be tr@&e@érﬁ&lj b rF@‘“prBQFléon}PcSmC‘Y ‘Fllnbccﬁ 2 or more

to 1 on_at ons in
fusefl R WHFY KGRI UBBRARYy oA FTEOHG TB8s mpgmples of ary
groups iwhighmmay be gspre&erderpbe R-dihclabié phemy, dolyls ﬂudsrbpll‘.erlya)chkmeophenyl

broni&meﬁgleﬁﬁ‘lﬁ o%tﬁ@ehﬂf MER, r‘%hm{/. oe%m%e %
IRrocylig SROMPSgWHIGH smﬁbﬁl Qen r?ﬁ?SQSEed rBseﬁldééeMﬁnﬁKHr‘C'Ude
aronnertrcl smtera‘féd and padalpr eisaturbiey riag. sysiek®retd ma@wﬁstltlﬁbﬁ ring or 2

or r@c?1 ”RJ%Ed Crﬁ'[ggoWhlch Cﬁéﬁ‘%ﬂcﬂ&& QgﬁogRQd%&H&é{ Rgte?ee?/éléc lrlggs The
hetefi%’?'i% groxp \ylﬂ mve?m Ugsst |Onaé?ﬁterocygberfmgeihaafarmsteqfwhlch will
comgioalypsormptiske Uieten Bi toYA ring biomd inawisich BERAY ot 8teRSis¥arbon and at

leasQBRéJBﬁ)M% S.J{y gPN Be r&Pﬁese%J;Fn%? |%ft‘,1|:%%r c¥c%ﬁ8|%8€%o% Whl(]fh may be

re fused rimn
represgafasihkR ] < mam PYFdYh o Binisty @Vrrelyk ihr@@enﬂx&mmyésndﬁlyl quinolyl,
lsoq@hmyl @ﬁ.@amlaﬁumbzdwgrdqgsrepresent ed by RI13 include

| £
g\ﬂ{yﬁ" héh {af'ilégrS? %‘iﬁ’%h e %YE ér yIheteragyelig, group, the
SUbSéhJ@nf(e)r $rm@h§ae agia@tqﬁssudhesceasqynltw cadgerealpsafﬁaht tte actiyity of the
catak8t.  ©Opfi &}%ﬁ%&fﬁtﬁ)ﬁts%clgdé RERBERNASBhb Ynilrd Chyisx ya'em éﬁld acyl,

nycrReirbs ehalaeniod Rgrabart ohe Rl U bRy R0 or i
hydraegrbylaminad Bydfycarbwtmguestexs ytarboxylet¢, ecanioyrates; amidegs sulphonate,
sulpl*T a1 Bsd %I?fﬁ%ﬁ% ido SFOQEQV\)%Mm FeHyaide ﬂ)é/hbl%ﬁ?% aR—:ngs def,ned for R’

b roc Pt%l gest s
abovo e SMPIECHES IR Mea ot Breshal Ll ISR Hhen @RKIOT BiieR: of R
is a aerhabgenaiad ltn;mi'roa&u'tiylagroupsaaElxanmJIesalmc perhatogenytedfalddl grouPs which

may 86 r&p regé?ﬂé@l) F‘Ug& %ﬁﬁ' C|=9r0UIOS whi ch rray be

represent Pi dyl yrimd
i oy R SR 1 g o ki PVl Efrat when taken

togethengith i phosphoiudastonl to avich hepzey bttadhedriat IWAG ifymed, it is
prefe(?lfed%g’tth%sean@g%ﬁté %%9%%%6’%{88 %58%' or heterocyclic

e sel ected such so
asEmpl%oBa*mp@@W %Sfééélga@d@fa‘@tmww(i/ ipeludey @Me,CFs, P(OEL),,

P(Etgat RBYS) - P@blbmgﬂ )a,S WPGHEL] uenh;wé ncrimge Fh(@irgeﬁ)g P(CH,Ph)Ph,,
(-G ProRbyiCuehy héﬁ%é@ﬁw%w % @l P(o-toy, Pm-to,
PMeh(ﬁ"éﬁMﬁ:ﬁ%det R-Bre FH-By):oRPHC P&, OEt, PPh(OEt),, P(O-o-tolyl),,
POMGYR{PRAL, APHRPPAL. PRY,HIFRL S mnd L, hPPh mﬁt mu PPhE;yclohexyl 2

PPh wapﬁs b P Bh BT B R ?%é)%a?’i@?e'@# e Ol

P(CGEJ)é’hasPdEmHlEd fBo-RH,GhovEB(2-Oranyds, FPER-thieybgt |Pt(/menﬂyls)3 P(p-
C.H,NBy),be present, and includes when any of Rl, R2 or R3



i s a perhal ogenated hydrocarbyl group. Exanples of

per hal ogenat ed al kyl groups which may be represented
whyoRLBsincl ude -CF and - F . Wien any of Rl &PERGBRD4&03504

R3, R2 & R3 are linked in guch a way that when taken

together with the phosphorus atomto which they are

attached that a ring is fornmed, it is preferred that

these rings be 5, 6 or 7 nmenbered rings. Exanpl es of

phosphor us\Msased |i gands of fornula (1) include PMe CF

P 3

, P(Bu) , cyclohex 1) P -p. PPh,
hVe,\; . tolyl) , PO ¢ H
P(&%’ g}r PhP

PP

) . P
"B o-tol yI )2, P(m,tolyl) ,
P(Z-Pr)", P(-Bu)\, PPhCH Ph PPh CEt Mpph(oa) ,

P( O 0so byl PPF
). e o) ) O
P ycITphex P( H) Et P(C Ph
HF) |, -C H CI) PCY, P(C F ) PRSY: P(O C H Fj(Bu),
.S H-Q )roy, P (iRr) yLaen P <0C |) ’
ény(p CHN), oém P|'5F1 EM i 2

Et PPh, rEt,f\r\/:P@H np(m{,)re(y

cycl ohexyl .”"Bf efér abl, 2Por gg'ﬂ‘P dtB?)a gands are sel ected so
as not te adversel effect the properties of the

SN B
@@'

5 how i ngrease® air sensitivity. A good™
9 bal anci ng i ncreased activity and |ncreased
t|V|ty|s elt ert0| ratethrlky
shlp\g,g2

§r exarrp e as I t ertbuty (
O l:, I‘ gr d@
of 1 thP

Et

P,Cy
PPh, Ph,P Ph

) , and

10 where Cy = cyclohexyl.
Preferably organic ligands are selected so as not to adversely effect the properties
of the catalyst. More preferably organic ligands are selected to enhance catalytic activity.
For example, cross couplings traditionally employ phosphines, and the more electron rich
the ligand is, the better the activity usually is. However, electron rich ligands tend to show
15 increased air sensitivity. A good compromise, balancing increased activity and increased
air sensitivity is either to incorporate three bulky alkyl groups, for example as in tri(tert-
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phoshi ne noiety, for exanple as in alaphos (3), or a
conbi nation of these approaches, for exanple as in

w@ 2905/0Ms1N Ph P The |igand nay al so be sel ect eBCDGBRVE/003504
basis of the reactions the_catalyst is adapted to
enhance. For exanpl e, Ligaﬁd (2) may be suited where
the catalyst is for use in StJ]Je, Suzuki, Sonogashira
and Negi shi reactions. Ligand (3) may be suited where

el P PR R R iy v vy
PhogiiRg Biojeiy fergxanpls as B glaphogde). Pha supkicatien atihesg,arr{gaches, for
exai@pl dsan@)f or m ng reactions. Trial kyl phosphites may be
suited where the catalyst is for use in Suzuki
couplings of aromatic chlorides and brom des. n recent

yea ir stable and water tg).erant het yclic
car]b\aﬁ:s such &'\ rfi dazol 3

d PQped as a phosphor c@
be u%/ed wherRb,P he cat ahyst

coupling of Gignard reagenes; al kyltrinmetho
si | apes, organostannanes, ang organoboranes.  Anot her
phoshorus free ligand class that nay be suited where
the catalyst is for use in Suzuki couplings is the
2, 3hdiligand 1m3y laiscakkk erestedfon dwe basis wofrihe yreactionkitbé catalyst is
[ 0 Yesspd - -
?da%é?gf;med g oo ‘?%%ﬁmﬂ@ﬁ%%ﬁa%ns- R d@ﬁi‘%mﬁa}?'yst s for use
in Silfe, S0l SoNoGaskira angy NEGSR) FRRCtRE n HERRT (0B besistadaere the
catalystuisdbruliseainghe deutling tdi alkgeyl-@rignard ehgéemntganidgmnti@4) may be suited
Y cii : el - -
whefR D CEIAR 3 Yol s Sl B o 1P bBng forming repotions.
Trialkyplaospnties dayabeiseite et theosatalysl is| fps tuse rigySysuki couplings of
aroneatiol ollerddésn mhelbmmcaﬁs of rédent W@ﬁ%ir i gttt aran .water tolerant
RLell ti t st r
nete b Tt ottt e TIRR O, Tl 19 Bl 246K pvBhfed = @
phosphprquyfreey ligaiapiaes apd drayab§ seitechwhsemihepgatalys isafer use in the
couplie@Ctof OrGrgraes, reédgeh®! tkglirahéthblyy $iRineshamean®stannanes, and

crsfBhALNEE AT BloshEE! {0 R B IBLC B ¥ e e
catalypig fo dise émSuzuih cerplingrels ithe 2Bfdiaze-bB-batagienser sed phase

ang ?edélﬁﬂtsituﬁ%%f? iﬁhﬂﬁfégi aoa;g c@ingllirﬁjn%l?cimmé %n% di%caussed, Metal-
caeBH i, ' plls PEEER SR 86 £ Sl 7S, 80C, ey-vorn
Weinhelingntd98s aravisies reeissful argsiidet totthe s¢lactionfaidigamds ta enhance catalytic
sougpTMIOY IS o el 400 e oof, e phse e

onide Raesffneb e bf o ek RS aasan diTa Ratwsts may be
emplogeag in Hiengoess af tenpreaent invention. Where multiple ligands and/or multiple
catalysts are employed, each independently may be selected for the ability to enhance or
catalyse the same or similar reaction types, or for the ability to enhance or catalyse
different reaction types.

There are various types of interfacial polymerisation techniques but all involve
reaction at the interface of a dispersed phase and a continuous phase in an emulsion
system. Typically the dispersed phase is an oil phase and the continuous phase is an
aqueous phase but interfacial polymerisation reactions at the interface of a continuous oil
phase and a dispersed aqueous phase are also possible. Thus for example an oil or
organic phase is dispersed into a continuous aqueous phase comprising water and a
surface-active agent. The organic phase is dispersed as discrete droplets throughout the
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surface-active agent. The organi c phase is dispersed

as discrete droplets throughout theagueous phase by
wore@sm16sio enul sification, with an interface beP@E6B2G0WO03504

di screte organi c phase dro @Iets and the surrounding

conti nuous aqueous phase sol ution being forned.

Pol ynmerisation at this interface forns the

m crocapsul e shell surrounding the dispersed phase

aqué&{% Haké& bg'?né%‘?n@ of ¥RRiIsRcalidh Wtﬁ BRIiRbriE QOGRS Eh i discrete organic

nerisation m croenca i on process, nDNO
pPhage, Atorigtie @nd fhe surgrnding, ¢ %W@B%@qag%&sep?@@pé@w%wng formed.
Polyatezishtiomugihthist ingsefalce rforats theemiardobpaulle isheihisefrbaading ey éispersed
act by condensation to formthe m crocapsul e
phaéé‘fr}‘)plre}%n anot her type of polynerisation reaction, the
1

i nInspre;typ b interfackd C@Qﬂ%‘éﬁt@&‘tF?Qbf'l'n?ﬁla?%m'%%ﬂc@ﬁsmatlon process,
monbAReS tortainéd lin @fe bihanakliedusr priasg resiueiieslp apd Qrought together at

the &RP%@ i'ﬂ?e‘#facg V\}h%fe %eglrg&?% coﬁd&'sgﬁbr}t%r%ﬁﬁﬁ ﬁwaqt #n%Poc%pg@le wall. In

S an n
anothpistype @én@lwqmlgg reaeion, ﬂﬂﬁﬂl@ﬁfﬂa@terﬁaﬁy\l wdensatloatmragnsatlon

reachi@at iN&f tthe \ﬁﬁﬂ-lfl o&k(w:m g@n@né@rraﬁér abmame@f nbmbmsierphab@ut In situ
an ona

condeffad®, BP R whRRr R e oA b hE e Ryb AR, B organic-

aquegusgwase brstedme alaycsplitiegddoby deaiing thet emulemansaaltermerature of

bem@%ntébsumceequéﬂseumdmCWVﬂ.bnélw%dws%@we S onhstrﬁaﬁﬁg ocecurs

for SRS PRASY Ao daiey SheienyBtcamnlpton dhe S prrgpsaton of the

prepolyorest &p saiheerp thepargadicbyroplatssiot capsoled esomaisting ofiisdlid permeable
polyhepgwbuls %nfr@ﬁplﬁ%fhe'&gﬁrﬁ@%}b'rﬁét&%lé n US patents

584. T 0 syl es, commpDn .

¢ o PR AP HGIR 2B 8 PRIt CoRse ey DHEe artis

exersglfitd armhﬂfénpat&mtem 8560129 ad 6:33Rj5841 nihesé raitiveapsules) commonly

termﬁgeémfngg E%@Epé % pfegare%P@J ‘%ﬁgesreﬁ _dofld aflgn ab@/g} cross-

roups
inkig flg hpriiad WIPRNORAlEe s e PYSPRBEIRD Iy WRISTI & BpOUt 50 fo

abouTl?Be%Odif&n@ metresol Igso@ddﬁde beemethenfiddudieta I03-Q, halcona §ireferably n-
butaﬁﬁgs %hg ?‘éb n@%/ }@aécﬁfed%r%hapdedsﬁﬁl {hec&ﬁ%ﬁigsp%%ls@ i %R oil/water

t akes pl ace
emUGfonhe%ﬁ' Céi"dﬁ'@%@tlﬁﬂ offm WFGPW"tnﬁétahﬁ% p@éaﬁﬁmwy Uﬂﬁéf the action of

heattz® WepE! Todoi tHehBictorapHhes eheeepsrfitrel &F ﬂﬁ@tv&ﬁghés@ émulsion is

e e

90° G onast preferpbiytropbaboudefed i ﬁ@oui@of(ﬁe Depending on ftee pirgtem, the pH

valué/mavaaerwumd asdhh b Fﬁé’teﬂé\/eﬁippbpﬁélpﬁﬁ'@oéeedf%s im@ntid18 pH of
ion a pH of about 1.5 to i's

t hi.s, i nven
ab°@3p5?t8§'ﬁsf>%r°pr ®ri r 3l J r 1 HJ Heat E herlfled

urea fo ehyde prepol yif#r HN
Ao eenioe provotir i J L 1

Heat HN

o
Ro\[\/ﬁ\[gﬁﬂyﬁ\gw\/{,ov“\ér“qn,m

Etherified urea formaldehyde prepolymer

R is preferably Butyl

As described in U.S. Pat. No. 4,285,720 the prepolymers most suitable for use in
this invention are partially etherified urea-formadehyde prepolymers with a high degree of
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Ris preferably Butyl As described in U S. Pat. No.
4,285,720 the prepolyners nost suitable for use in

wao bios/o1asvent i on are partially etherified PCT/GB2004/003504
ur ea- f or madehyde prepol ymszs with a high degree
of solubility in organic phase and a |low solubility in
water. Etherified urea-formal dehyde prepolyners are
commercially available in alcohol or in a mxture of

sol@hhﬁpiﬁpbrg%mé ds%”&nd ?ﬁ% i n&&f HPW%feW r@tﬂeﬁﬁéglﬁﬂlﬂeﬁlfgﬂrﬁéfdehyde

yner s eetle et
preqplianers es ﬁgnw%wfa e irTage ) 2lsphol s, 1g @ BikE?, of ashabend xvlene.
ExaBipts0of BEfnel ammaeidly roaiabld\brepylyaices ingheia the Bdesle etherified

ured Fé%ﬂs%%%fé%{%?@%gslb %I BE¥GPE 1HBB%66§>%§é%%3?>Pth%>bynomm N-

on cdta

DU MBI O NS SRSBIME! (. RPN Uk X B GBB el
ei tAvrt pblymeaqaxmueat@wstts rtsapablgacsﬂ éhh@hamg thé\wdrocapsule formation

can Q)%l %5'%& lé raet]thgpth‘éae{q% Xﬁg gr @\ oaggrﬁ E@?ﬁ% e’Hé; ﬁ gy\ly\lhgréerr\'\?gthn catalysts
are Q?Wfa'bt ugadoviorrs theosase wtqrw«é isolog dwHlophpkis esingmntneyseste to atiract
protefd tolafdsaBk @rgmild/mh”sbs @lnly %té‘r%bﬁlbl(—:sééd Myﬁarlgﬁt%n %al.%ll)&hs which

s 3 05 GRS B T Ol RO s e

Pa"ttcu’laﬂhéﬁeftlype of m crocapsul e prepared by in situ
COImHITaAkdrQ @Bﬂnf:ﬁﬁéaﬁsdlé‘ p@bﬁreﬂrﬂy in 3y BXRIERLAE dneé’nd fBund in the

o, S FeRRBIn . PR Lo S BPpPILMEER nvolves
the gse f atlepst gneepolyisecianptel sushesypayreethpleya mpatyphémidritigocyanate

(PM@PW%/&%IME@@@MMM& @m} ss{hl YA AT fﬂ?muhg‘?né‘t@lél frP{hEicP&atuon of

erial. n ecrealilono uream rocapsu
poly{iee Wéﬁr?ce\@awﬁﬁnﬁ*er wak{arging; gea@ [SafPReTAlY ittt bjyheating the
emutedat foran ¢lbeatednidnsperatuteoatamhiet puiat @ grdpentiper afttives Boafanate groups

are WG@QZQ@'a@tth@ uﬂ%e At ef?)?rgoémlhg§ \JvﬁleﬁYr‘?rﬂ%ereg V\ﬁ\ln'/ﬂﬁ Lﬁ‘nrﬁdrolyzed

at_t ce
isocy PEMPE QTR HisnRRIYWES i‘@?fof’%é'i%‘ﬂﬁq e D@F'B@é@e PWFPUF'FnOf the
isocydratp alonones, carboodapkiel ie libatdted. DThe rgiditioa dfydy ofhgs reactant is

t a 1 @X e
reql{ﬂ%gegr‘?%e' gﬁéﬁﬂ%trggﬁmé%%ﬁ%?mﬁo&%?ﬁtsd o?eg\gt 0 r,ﬁsamc phase within a
continggus Heldd phgee tite MUSEES Phase. des disensrcagplishegl ethereafter, and
preférablyowilianhed4raRs agitatioRi 6f &hec @&bbﬁiﬂ?ﬂ&hél ﬂuhéindhh@s Qhe polyurea

e c | .ishe
micrhodsuie? 847 M2 LAORIE ot o PR REL B pafl®8us Jspicomnage or by
introgeingl iasprbyraeringtion Icatalyst Awgh an anfalliyhén solay teriéaty amine capable of
mcréﬁsﬁfg%@%@bﬂs@@%nbt% Hyarig. about by heating the

co ous | i hase or b ntr 0 0
oLy o5 e v BrHiE Prdte. ey, Wk AR AE4uF 1%yt goout 75% by
volumerafithe ;aqammseplwpatﬂeeemn ithrec reaahmmgessleé Tae epreferred amount of

y T; u I
orgahﬁ:oﬁbfé’é%a'ise BYET gg ult%r?%/ro]tt fg)e §Eéglﬁt 56% %rck:)éerneb)P VORIMS p‘ﬂ%ﬁ%rgamc

poly Rl alet shaa BrbibnEss houfes bein oo pric, ML Blbhaigions and poly
functiored eispeydnatesunt Examplegarif c syitahiee arsmabio utlisbGyqrees eatd  other

polyisBey2Ridsl inefdd &he SBliovig: v RcHIBR-2, 4 heRYI8AL  fisocyante, m-phenylene
diisocyante (and its hydrogenated derivative), p-phenylene diisocyante (and its
hydrogenated derivative), 4,4-methylenebis  (phenyl isocyanate), 2,4-tolylene
diisocyanate, tolylene diisocyanate (60% 2,4-isomer, 40% 2,6-isomer), 2,6-tolylene
diisocyante, 3,3’-dimethyl-4,4'-biphenylene diisocyante, 4,4’-methylenebis (2-methylpheny!
isocyanate), 3,3-dimethoxy-4,4-biphenylene diisocyanate, 2,2’,5,5-tetramethyl-4,4'-
biphenylene diisocyanate, 80% 2,4- and 20% 2,6-isomer of tolylene diisocyanate,
polymethylene  polyphenylisocyante  (PMPPI),  1,6-hexamethylene diisocyanate,
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pol yi socyanates used in this process includes both
aromati c and aliphatic nono and poly functional

w0 s@spaisat es. Exanpl es of suitable aromatic  PCT/GB2004/003504
di i socyantes and ot her poléisocyantes i ncl ude the
foll owi ng: 1-chloro-2, 4-phényl ene diisocyante,
m phenyl ene dii socyante (and its hydrogenat ed
derivative), p-phenylene diisocyante (and its

isopRyFInagenmd garfiaGfé' V?%‘n‘ Wty I>§/Ilé}1e Meidhdy SRaRI S ‘g(ﬁ)hepglnaphthylene

, tol
i o L PGS P o Sy disccyarat

(e.g2 Bayhyaluy 3¢0@, BiayhydaydRtle52319 and Bayhydur VP LS2336) and hydrophilic

anpriatr;«"I poﬁés%ﬁ%/%}%lrt] e“baﬁseg %hﬁé’b%ﬁ%{o%g%u&}dyag%gj‘é‘ﬁ Bayhydur VP LS2150/1)
3, 3t may hetdesitghla ta: usgpgﬁ'@ma IO hegp@ygrﬁmr@loned polyisocyantes.
Prefrr@d pblyfsocyiapitesadre toalyinedh dolyphenylisetRnt (F&\WWI@@@@I fhixtures of

poly/ﬁ-%{ﬂfer{eh ﬁdéﬂ:vh%g%fs% p)ﬁa ne;lo{ﬁ\g Qn&@hyh@ggp? ! 'dﬁsoocc\{/ a%e ‘or other

d'fun%lon@m@mreaﬂeh%nclImeetﬁat e, i sophor one dii socyanat e,
t etOrRMRirther xmbeenebfdpm ewm@@dcon%rsmamt@yérﬁﬁ&ny oil-soluble

comlohdy C%ﬁ”%ﬁmﬂdr%iﬁ{ W st i FSRLIRE o undergo

interfair) posmetigaiian stra u/@zem infecfa@ay Rypioal ofBULS2B3B)sasdre an oil-
soluBhédé&@tBhbﬂeCs@hlééh%‘sé? DRl b 0E ¥inh af ﬁ/ﬁtelP-@,@I%gl %bl% A1 ine_such as

etny|SH BTG dedpt ARURE Y Rel B arsile Homiccoin prignslbe padr cross-

linkimg: nfekesm eddageo| y Csassylinking s variatioh emagd be ohghiswedy dyt @srersing the
funcﬁé“a)r f&eéfhﬁe 5%@@%”&%’)&%%%& RHP X fn): di me?ﬂ'wl’é’n%ﬁlamme

t hyl ene enyl I socyan
s e e & ALOLGRIR CEneh HET 26 BEa Ol hege ce). TEPA
(Tetmetmlenprmﬁmlnepag@nthes welrestdhlistduecross dinkkingfanfhedsy MBbcyanate

funcf:?c‘é)ri%ﬁ'g/:1 29h Sb&"é]{%'ré& S(aﬁ’t‘j lﬁu?rdr??sr l'ir{k}f]g ’ %ltéﬂ%hﬁ b&t moving from

mongpie q;,|s'%g£qﬂ%nes0§,gﬁ[e@rtolygnejﬁlas@pwaﬁ{oel?mgﬂ aMixtures of isocyanates,
for epampleemixeats ofitohfler® disbeyahate aridPEIPPRaRay dpibealsedl Moreover,

the ?’Lé?rhstw Yrb%q;qﬁle@rf%ﬂ?gro%alti%%d‘é% tE%?oCX %tug |s%lé}9]%1a?%s %uch as

terleol
hexaé%et@x'mﬂdéﬁ@dﬁaﬁt?r@da'ﬁapworaﬁ é'!af»?;vaméft riF4 ﬁherenpélﬂeatms &an be
achié\eat byqiiE&tleﬂIy&&écﬂmgltW (poIgly iobcy@haBSAithK | bélgoltta loRsd u@b %ﬁ%mount of
e
Chefﬁlﬁtﬁles Farn@rangpie s suiieblee aeliels i qoulst inglusieesimple faw insolecular weight

allphraﬁ@liiafrﬁ‘@r Bitadls BP byl mBAE tlv_@lgé’ils FAE PBly ﬁiéﬁﬁ éf’}/og’ﬂ be members of
eth ne triam

AP NG W e it
POIYGP%@@)@WaDere%IﬁmIdﬁ%\I iQne eldfedbin thiet ertewll (endwateusf many other
cherfis@8s aliRkicer ﬂm'esd?oéﬂd'tl@ﬁ 8fla pQMm@ﬂc\! Wafl aBBQtrﬁHT&ﬂQI%B'o‘Foplet As

woll B 950 B3 £ Ui A5t B el RS 20 T oty
there ohry Ibenemplioysb dnypnostreeria do RVBREchningyaihslading fuas edample that in

whiclYRy&URls: ofttlh@lsﬁgfd'ﬂ %al%uamd REoMRF t8eh Eﬁ‘ﬁ{g RARARLA $hen further

ates to tic Isocyanates suc
reac{ugﬁ%@r FRdyre éB PRIYHEES ﬁ*ﬂﬁjn'ﬁ%éﬁ“ord%@'b&ﬂl fop @xamaleein USP
42857a0Y. hﬁ!rlaltmmrf the aleg@esof causs livking may be achieved by altering the ratio of

monomeric isocyanate to polymeric isocyanate. As with the conventional isocyanate
technology described above, any alternative isocyanates can be employed in this
embodiment.

One skilled in the art will be aware that the various methods previously described
to produce polyurea microcaps typically leave unreacted amine (normally aromatic amine)
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achi eved by partially reacting the (poly) isocyanate

with a polyol to produce an anount of a pol yurethane
wowrdkiomnsthe | socyanate chemistry to i nduce di f PEF/6BR004/003504

properties to the wall 5 cpenistry. For exanpl e,

sui tabl e polyols could incfude sinple | ow nol ecul ar

wei ght aliphatic di, tri or tetraols or polyneric

pol yol's. The polyneric polyols may be menbers of any

rod-‘dsaaiﬁcﬁ’éd féCthé! BBl hfer RRI¥O! Iﬁ’soﬁﬁrcagééma? b QvsRtdYBbus to convert

THF car onat e esters
sucrg@f@i th e sukgpataly Meétd)lll #Hionaly-arRreffimer ae raelaeds for the
Convﬁrsmrnrw sod:manmlrrer@ns'ups td ecagumidead @efhane tdﬁ@p@r @dp@étlr@;gbtlon of

ne AT a0 R Sl B 3o o

chlomf@,r@n@g%re&pﬁgwﬂyr ea wal | chemistry, there can be
emy. 8yRatehiNG.05,028066 (éss %ﬂbd S0 my@m@ e¥cloBsd HAGtAS: prekess for

fornﬁﬁam?érgce{pgaliés h%vn 'v%]lﬁ B Wé%?/ﬁ’? %th B%IMIH}IIP]%HG%/% rvsfa}}?é?m the walls

are (chgeactqr ﬁ?@r'ﬁama} they peangist eoft reaciinn yriedsists: léngresslipkingsagents
contdiagey Nblg(brélsm"s ﬂ/}tlﬁlﬂﬁbc@ahﬁeysprh”ezQﬁﬁgﬂkngvé{gérﬁé 'rfé@eéﬁry for wall

SR e
guamdine, rﬂéﬁn@'ﬂes@di&aﬁﬂﬁit@mmyndﬁ deriveddhere rﬁMJHntThmalagents are capable

of réaﬁl@@/\ﬁlﬂﬁt:né |§dé9£\f§¥é gEBGpS gﬁthb'ﬂlhﬁ% ﬁ:&gﬁgﬁ%@BMe? otfgfr%ﬁ{é WAl
es, ca
i [ SEEPRed B G € B oaar LS Fiiuh PORLI 715158 @ descrived
in UrfetH’ﬁidNOpﬂ@&ﬁdﬁQl 9r dageaifdrovidebyqe pdiyoer @s| gasceabed in U.S. Pat.
No. 4T‘9§6 @Qgpﬁolﬂer@bCi@blleYerFé’cﬂyé%aH% %%IE%CQ&J? |s(f89ﬁé8i{1$c}ér very mild

C,amn

at
congiogs ﬁé’%’%é&"ﬁe%%‘%/ gﬁe'cao@ﬂa/%’rﬂra Bl RO B gl Rd S stitable for
use whemencapsulating acid-ssndithteacetalpdts. yThel atost bnefmtedm@}mén/type for the

micrbt=pkaik! 18 HoRlfed B HQQ&IbE@rm U8 BANXR! 1428 7%6 bsalégp AhBSMPPI

t rethane grolps
poly FaRER e FILET oo, e RIS Wi Siyed ATLE Somassll functonal

isocysintds. a nonoi socyanate, acid chloride or chloroformate

remm&% \é\S%J}fatlolH %chﬁﬁhggtdé&nbe% %8v$ 6n§o§ a??ﬁnﬁn&ﬁ@ iolve the

her "process
m'”?ﬁﬂ??%ﬁﬁ@ﬂl @sarh%!{/P"r‘@Ge\/\ﬁﬁH’%S%f Wy agueols gontinuous phase, and

for fuehy bysterasir has catalyer & rsultiisty Vedphbleabf ey %Qé@éddé@dwitﬁn the
mlcrémEPéJ‘ﬁ% off rb%b?é thnorg %%fér%gly?% %ggﬁteslg(n)afayv% ?—?I?ﬂwlés%%le grganlc

cont ai
solv é§§4ql%ﬁqrﬂ@ea§e sdli‘r@cf maﬁﬁlbrmlﬁmehcanﬁumommmlques The

scopenéfl te peisenDinvealioran lrh%iS holieQbs reddY@!tS . the use of oil-in-water
a

T A Y

interfaeial W%Cépwlatma@tWatgr-mllhemhlelonaysgemsat Watgresopsblatatalysts

maytehéb eagAcauRtd LR lifteRsGar nﬁ&oérﬁragé %\%n\"@l‘ \watdB-oil-in-water

| rtred materials for the mcroca e are
emu 8'8P§M? €8 formed as described in U'S Pat, No. _
4, E%Inga@l isomost prieéeaalily remebkeiated afpmigywith tles ntkgsicedtdiest as a
combdﬁeh’c&th@&‘gam%hage 956, 129. Polyurea is preferred
elgyeb ﬁ”} 8cangl)suelf,forrred under very mld )
referably the ligan tal catalyst, solvent and wall forming material are
dispersed as a single organic phase into the continuous aqueous phase. However, if any
of the components are incompatible then it may be advantageous to disperse all the
components separately or in combinations wherein the continuous phase conditions are
such that polymerisation is delayed until the separate organic components have mixed
through diffusion and particle coallescenece and division. For example, the ligand can be
dissolved in an organic solvent and then dispersed into the aqueous phase either
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conditions and does not require acidic pHto pronote

pol yneri sation and so is suitable for use when
We@pwapsisi@t i ng aci d-sensitive catal ysts. The nRGI/GB2004/003504

preferred polyner type for o he m crocapsule is

pol yurea as described in J%. pat. No. 4,285, 720 based

on the PMPPI polyisocyanate either alone or in

conbi nation with other aromatic di or rmulti functional

simiBACYAN Fitn 1Y SHASIGARS rﬁbérﬂﬁﬁxté &%%Bmées?tage‘a?%{r:d%ﬁggsljon of the

above post commonl y I nvol ve the m croencap
orgape %ﬂ?ﬂ't'oﬁﬁ’ég@ ’H?@b%%%'&ﬂ AR vAlHoHNGEEESaE cont i nuous
phddest mefdrdbly, thecdrganyistseiubld ligamhialdissblves aond alithythe metal
o o Bt _ .
AP e f i Ry RRRPRAS RAe LA e o fiperscd a0 oo
solutign (i BeicRNINUREE BAUFQHTIRNEPSI e or gani ¢ sol vent suitabl e
f oiTheseolasratib @f tigapiet yastaplaasistiis inmthe resychea U/ €360 ©M00/1 and

o BB B e TG 20% 21 L (REFBRAbVERE fd 116% 101
m Erefered figandstare golyhletie prganiccsalients ansonaiiseasitive tel watesand do
not iRYfekEoraieane Woadlentybcunt vite tiesdigherhatigencapsul at i on

f -d.n-0i | I t ens.  Wter-sol ubl e ,
ol R Sreeflad ol e ﬂ"&%ﬁiﬂﬁgﬁ@&e S rlafinue (1) inolude
P(CySoBE S RRuPE3H5h)50 P (GiPBIPH.NP GDlyl) RiexCar @Ml SPEIPh)s, P(O-
p-tol§tyst B@E.CBHIDMGI)J, ga(moliy%, np -thlE,f @F&J@jl-}’zpﬁ,n @E}DSdl{cM)e,d PPh,(i-Pr),

th t t al t 1 ft .
PP e £ o ST YR PR G PEBe al J6(2.4-ditert
butylpbepdiphosphitenBPh.(€ds)si iy, RtL@H-aPPbs e di spersed as a

si ngl e orgarfgg, phase i ntoPthe continuous aqugous
phase. However, if any,of{ the_conmponents arg--

inconpati t @ us/t o\ di
all the cpngonent g sep® ol P '

wherei n the continuous phaseg/conditions are€ such that
pol ymeri sation is delayed uhtil the separate organic
conmponents have m xed through diffusion and particle
coal | escene e and division. For exanple, the |igand
gol’ved in an or ddifive sol vent,and t hen

aqueesd phase ei t hersiyl t aneously
gani c /r; i 3 or a me stage
of theVYe¥g sol uti of the netal

‘ formng nmaterial. Mst preferably,

th r i g, soluhle ligand i.s di,ssolyed al on ith the

e PR a8 oot e BRBTS i SE1 ol /Y mySanc. phase

diquzreadtirainttbe mdgd)thaeph&del mdy siaey frech &% @ sbaugl78%s bl _u/foImeE of the

aquddit PhbbE pRABhi RUAK FeRIBEH fd?gtﬂf‘fhe Jﬂﬂsumf%rr%{@; Rg%ééf is about
Is In to

[1gand to nmetal catalyst he range fro
10%f@gg‘i&§i9cf’ RoYAUBeef erably in the range 1/20 to 20/ 1
anthemsight %6 fneatl binying matéréal imttgeorbaiid ghasd Qihich includes ligand,

metdl 'E:Sﬂcagfgf &5 édl\%‘?)% i rﬁﬂé]éjg g@ 059, oA PleferSBl BN F095hd most
not sensitive t'o water and do
preferably 10 to 50%.

The weight % of solvent in the organic phase (which includes ligand, catalyst, wall
forming material) is in the range 5 to 95%, more preferably 15 to 90% and most preferably
40 to 80%.

The loading level of the microencapsulated catalyst can be varied.
Microencapsulated catalysts with loadings 0.01mmol/g to 0.8mmol/g are typical, especially
where the loading is based on metal content. Loadings of 0.2mmol/g to 0.6mmol/g are

preferred.
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not interfere or becone covalently bound into the

pol ymer matrix. Mst preferred |igands are phosphorus
whamedidsigands of fornul a (1) i ncl ude P(cycl ohe&E/GB2004/003504

PPh , P(CH Ph) , P(CH Ph)R P(p-tolyl) P(O-C H Ow)

. P(OPh) . P(Qp- tol yOs, Fl(PCH(]VE) CP(o-tolyl)

P(mtolyl) , PPhCH Ph, P(OOlolyl) PPh (Z-Pr), PPh

Bu, PPh(cycl ohexyl) , PPh (cycl ohexyl), PPh (CH PPh ,

triha, Hﬂ@béﬂc@b&tﬂé‘ﬁdﬁ' Bhfflﬁ‘é/'c)at Sémi li§and’ I? e(sCHa):e Fifording to
)

refera

h.
teC“B%S*H?§ W&MQ%H&%@ %fp/ﬁafpé?a' Y Hiecalaiyshie déﬁola%ahﬂ'épeﬁaw an oil
phagh whieh dedmulsifiedtitie sacpntioususpitaseuspiiassatoyfofm amehialidion which is

gen@rﬁﬁ&“&taglﬁs@@w ¥ ‘%hi‘f‘éﬂi’e glfrféclfﬁlt @gé{SHUSA R@%r@ﬁ%%ﬂﬁaét&nm suitable

t he react? Prefera nount
for 1951306 R8RS STIIBY™ Bl AR eIREINegiRbIB ERAIaY be used
eithdroasrithe suig euifattantnot fve compimation phaise drmdision m§3€|bédﬂfrmed by

<:on\}e'n‘45i6'%'écil ’IOVVBF Righ&ALA . a%%r@%%@g % ol §¥§te}n§ e eﬁ{i1 89 Py particle

nore-pre refe
S'Zetrﬁq‘ﬂ@ﬁge“ﬁwe%@i dgHangg C%'H!W@Pﬁ mixing F@halqglaﬁucen (AiReske utilised.
Suitdhidnincikerisnwhickl enay ibgasvdploged &l yakticulRlihclide 8y inic mlxers whose

o et o B ST oEV T il
withQyt ”t‘q’?’éngrrP%‘F%@n@ﬁﬁ%teT"Ht e@o@bWaﬂl%tOfdalﬁe@e(tWilbm series) may be
advaitayeoesc E&ambl@b@ﬁﬂmypéslﬁﬂ DGy \livl‘ilchﬁ’ﬁ!aﬁl/I B&mBlo élderRJ diScussed in

o5 bl BT il 5, WAL B E T, lhS AE b oer
may Ob6 nfﬁﬁ'lnﬁ@ BY emgmbraner emulgiicaiion r methodps ul Exanptesofof t membrane

emuemt@tidfﬁhemads bicGavidwba ke Sourha ©F MRAERAH Q&eﬁ&e Leg (2000) 107-117
in the art. Typ| cal y

Whlcﬁgst '?ffre' tmcfogp%{eteggqy\;épr%}cedl spersed in an oil phase
vaymcal sxamples iof suWdblersudasianisrndludeous aqueous phase to
a) fokdRdeRsABES! bﬁ‘aﬂl? (‘é‘?'o%@l 'n%nﬁl‘-’&‘%foﬂjalrﬁ) Eﬁe%mé \k/ﬁrfgthl%én@ oxide and

w de var

P BBeGn: 4oblPedopetd B FaPREngetiRIVG: ABTRE mych as the
s uedirespohdng sthensdplttesTetter abibpxyaiat kab bhosphdte@sterss

Uslﬁgcl@'cbbﬁflmé% Bpgo@?ﬂn?eﬁé’quﬂ)%t R4 n P%gfe%gbbﬂé'é 'sBBh as the

The emul conv
i S8 1Rl FUTACENS, SOMTIRS B AV @lbieo g ey adefgtn ALHRONIC
orKPﬂLMRONICes sitedemarkofBA&H)f s. A wide range of

b) %Ngé’tﬁfdaa?ﬁw %ﬂée‘?ﬁg el %H@%l@?@ F%élgslrpq? a %ﬁéel §1ﬁ ?o'épitan esters

m xer s par

?ﬁcgnaagsejvﬁlghyqfloHe molag p\mngg@ns of ethylene oxide;
c) condensates of C, to Cq, alkanols with from 2 to 80 molar proportions of ethylene
oxide and optionally propylene oxide; and
d) polyvinyl alcohols, including the carboxylated and sulphonated products.

Furthermore, WO 01/94001 teaches that one or more wall modifying compounds
(termed surface modifying agents) can, by virtue of reaction with the wall forming
materials, be incorporated into the microcapsule wall to create a modified microcapsule
surface with built in surfactant and/or colloid stabiliser properties. Use of such modifying
compounds may enable the organic phase wall forming material to be more readily
dispersed into the aqueous phase possibly without the use of additional colloid stabilisers
or surfactants and/or with reduced agitation. The teaching of WO01/94001 is herein
incorporated by reference. Examples of wall modifying compounds which may find
particular use in the present invention include anionic groups such as sulphonate or
carboxylate, non-ionic groups such as polyethylene oxide or cationic groups such as
quaternary ammonium salts.
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0 m xing elenments contain novable parts and static

m xers which utilise mxing elenents w thout noving
W@20058145m0 t he i nterior. Conbi nations of ni xer SPCT/GB2004/003504

(typically in series) nmay {fae advant ageous. Exanpl es of

the types of m xer which y be enpl oyed are di scussed

in US patent 627132 which is herein incorporated by

reference. Alternatively, enul sions may be forned by

e badforf e fddebs hé’é’é By Restsin deiﬁmgrgﬁd ourﬁrgméf‘agt as aids

5 emul si f atlonrre re revi
fo theenf&c%%?eogs@?%?{é@nféé ¢ 2%89“ PIPEess-7 Rgh ﬁé?\mP'@ Aesfeamers may be
addédtrdegamngoad bojld uefespecialty. fodinpigaiie teyasplastion.

Su'At \ﬁﬂale%laﬁé‘tkgﬁﬁfa?é}b% é@%l@‘@ us%)asctﬂg ghRRaLe gl F@ #¥he skilled

t
in tf@xgrégc%%aﬂpdﬁﬁ ingiHee. ‘}leﬁiﬁ &ﬂJyISQH%raﬁ"%v QEOrBRHE %i%‘f%‘ﬁﬁ cpartlcularly alkyl

subgtiuted dbhxees tdueh @sfxylkune hbr @sogyhBertreh e TR 8GE) @ho gnivdd Bapthalene

and %ng Egﬁtﬁélepgtﬁ}é@ﬁon“saw{?% c?l%eﬁ/h@@gll p&%%oq%t gur?fﬂN%F S611 kerosene,

dialkybamides pgfeétﬁ &ciggi mm?§ the dmﬁéhxé apides Qi fatty addssughias caprylic
acudpommmate@bhmam@nhadnbmaumﬁwrobélﬁoﬁé agermas K P-tRENréethane and

ool B, el B APHSIRLEG, R de p Bt ot o, o
methyéﬁgteraf dsaihxﬂem%glyé@t thesacsiid erfideel matnn oflari afutsprnwlame glycol,
ketoREH ROEN la@ni%o@'ﬁor@ﬁeh)éhértﬁm@ @cloﬁéxaﬁ@ﬁéﬂqa:ﬁ?&r%%oeﬁor&é)oand the

| Kk h f
e G2 D00 S0y S RS hock romgiori
Pref?ffﬂ ﬁSDT e Irarrtmmnogpsmlatmm:)mysahera:aylemwmeédn asmparaffins and
aIkylSé«UH@thE&i B&hZehes! L&ﬂw%uglf%h@@faﬁgﬁcﬁw lnv‘ﬂeogffl\%@?ﬁaéi S@g@@?able to

ound

achlg\(ﬁﬁtgp%eqirgaﬁug? y@%@ﬁ{% 'Q:%ﬁ O%kﬁ\%o Ttue of reaction

wi Chrtaihe cammstsf onay neptatpdee rthal wall-ieminge oeadioat @dringnt iaterfacial
polyh@ﬁsamoﬁr QHadfé?l'él'a? lt"\@ldosglﬁﬁcﬁg f)(ﬁfyathgnrﬂfcﬁdeﬂgapsulatloa jeonditions to

e surface

take G5 BT J S P A GBI ngs o BRai hegan g pjalyst and
the podymarahel negybeepeditivelyt desiratslgamice itphayg prevahi adgiomération of finely

re readily dispersed into the aqueous
dwldgﬁggbl%lédél?}?@d\/g\not hout the use of additional colloid

o dnsianses, e rafalist ARG aneaPwliatas rieY Berease the rate of the
mter&giat polymerisation réssiohs.nh sich \6EEEd PARE bel é?dvbﬁfagé@us to cool one or

both'o@ﬁ%@ﬂéﬁ%\%ﬂd k&%)n{ rﬁjoﬁ% %ﬁ@&) Epifﬁl cu% g?chﬂt&g% ﬁﬁ@ﬁ%pﬁ%@%ﬁahon is
largqlw&&vent@ﬁl Vhist Jae cagﬁrwlupbasﬁ Gupsingudispeised ul Thieorractiornis then
lmtlat‘e’dr?ﬂmhﬁhg ,in P BoritNed nﬂinﬂblpénéélﬂﬁ ﬁb‘é;u@&ﬁ bﬁ}dﬁﬁd Gt'?oﬁlet size has

veerOHGe f58'4 08l B4l RS o Rl RED8 Rl TR oo
less ﬁ@dﬂtof’(\?etypwwcth betneeadt Cde 181G pripototasdition of thesoilgthase and then

wherdl 5P 8FEin@Npidset BeisRAsdd P2 RjURSAS hab® mBXBEMeBited to raise the
temp%(rea_ttfjr%aa%%(/g 1% toblﬁitiate polymerisation.

It is preferred that microencapsulation of the oil phase droplets containing the
catalyst and the ligand takes place by an interfacial polymerisation reaction as described
above under an inert atmosphere. The aqueous dispersion of microcapsules containing
the catalyst and ligand may be used to catalyse a suitable reaction without further
treatment. Preferably however the microcapsules containing the catalyst and the ligand
are removed from the aqueous phase by filtration. It is especially preferred that the
recovered microcapsules are washed with water to remove any remaining surfactant
system and with a solvent capable of exiracting the organic phase contained within the
microcapsule. Relatively volatile solvents such as halogenated hydrocarbon solvents for
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added to | esson foam build up, especially foam ng due
to gas evolution. A wde variety of materials suitable

wo orosuses1@s the oil phase will occur to one skpCT/e8284/003504
in the art. Exanples inclﬂg di esel oil, isoparaffin,
aromatic solvents, particdlFarly al kyl substituted
benzenes such as xylene or propyl benzene fractions,
and m xed napthal ene and al kyl napt hal ene fractions;

exar{iplB ecfh‘ﬂjrot%rrjn S'are V&En@%ll?'rﬁore Cr?ﬁr? rre?chved 3@/”&/5% oP'ulnder reduced

erosene,
pressyig BERGATRy FONRNURSE! GHIoPEREApSHaion SOlERSamicps kL sUbstituted
benzenies; ICtheombjosityeof thkisplvahi is rendved, oatresultayt riacdpsoe may in

effe& a§utgsta]r'tr%ﬂ§ fs'ogJ%hP{ertp%@H% aﬂb%ﬁoc&ﬂ% ﬂrngg@g g{lgl’ystf efficiently

dlsp@rﬁed rrwlblrr %e m@prsulepowﬁtenyhelbt ABe pr9cess &f iyiragiiag the organic
phasd yegl caasbethecmtoa@@peﬁretw@usrrﬁi Byllapeé Newaraf =theudo e generally

sendfot laps ) ARCRIHED B RY AR ACnRR Kapeyios, ma e screencal t
rem@@é’mﬁe%peww@ padiglen hamr é@ameterrlewerbnay labgeiedOamisrons.
O gamhe dalsauordmé:crﬁrmehcaprsalatad @érﬁoarrﬁ ezﬁbefté’cé ﬁﬁﬁorbafhrcles it is

orerfe BB01FTREMRI et PRt Y Dl G bl quanutes
of dglonﬁ@dgwatgbnﬁvllowed i efhanal weshevlandnfinatiyyhexene washes. The

mrcr@é%%‘s[rlé@ lafe trrétna&rédqrre \ﬁééfcf\leﬁla@SW@ %r%p‘ré%l h@ﬁrsttBQgrve a product
he oi

with GGl B e i OB RGN Bt PareBi lS] rdPieeply areater

thanr%%/mm“rvdatle oontemt. general it is possible to nodify the

i rﬁ&geae&%mt;% 'a%bc%ﬁ&‘iisbé&rb? the r t ﬁr%ﬁﬁHH thiefe Lshbr%vrded a
I on, exln or et ween

i
procESy 4P 2N oHIaPEAHR S0Py FRFTO8 rraprsul iage] garieisystem which

compimrsrabl e since it may prevent aggl omeratl on of finely

%deddrgﬁolﬁﬁgb%r@%rsﬁgtﬂ% %’aﬁ%gst arr‘rd% I I hRRe, the

enca ease t he rate of
th(c!D i nt @isperein ')%Fré%h?%%\t'“cﬁw SP@%R?( | GAHdINUGpSs phAse: 4 dorm an
|t may éreruBubnant ageous to cool one or both of the

n| Cr gﬁn%Bﬁe o iYfs nﬂ%g%]aeowgﬁfo? %Crtﬁa el?iQ{s 3} the interface

rfacr ynmerisation |

whi | st befwesn damidispgrreddfirplspiasengnd e@rst@erousrﬁecond phase to
reacti oforinsa hﬁt@@bapeurtewmérrsﬁem@hmpgllatrm thecdiBhdroed AEt phase

manner ired organic droplet size has been
achrevegﬂg%@ g 5&%? in certain reactions the

aqlée ousrespIgtag ”Hféo@ﬁpéuléﬁ froe the sentirniaks ghaseypi cal |y
t OPRAUBIP Th&first priasb@ é}q oﬁyah@rphtage afdliid sutond, dohﬁmmds phase is

an %ﬁ%@%?“%#ag?%“@v o Praa g (B0 Ie et ot PBRR AP e e the
emulgioove C to initiate polynerisation. It is preferred

t haldeSirdd PRNEBRRYE RRI@BCREUES el he RBSFR WIHPB! Ritdble solvent to
it e e e i
loosap beendintdal GatalystartligandroFphatable Jbiecrdquaeliy water, may also be
useddb FRRER B pRte Ve BRGRBHbGRCEMRT @l Ni ng

The microcapsule wall-forming material may for example be a monomer, oligomer

or pre-polymer and the polymerisation may take place in situ by polymerisation and/or
curing of the wall-forming material at the interface. In the alternative polymerisation may
take place at the interface by the bringing together of a first wall-forming material added
through the continuous phase and a second wall-forming material in the discontinuous
phase.
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the catalyst and |igand may be used to catal yse a

suitable reaction without further 5 treatnent.
woe@bmtand y however the mcrocapsul es cont ai ni POI/GB2004/003504

catal yst and the |igand ar g renmoved fromthe aqueous

phase by filtration. t is espeC| ally preferred that

the recovered m crocapsul es are washed with water to

renove any renmi ning surfactant systemand with a

solvient b«%ﬁﬁ%@ﬁ@th‘%ﬁ fif {cﬁfe‘hbé&u‘%ﬂ@d QétQI?Qt' IE@HP %?&ein ohtainable by

contain m Crocaps

the processesof %fﬁs%%r‘drﬁ.ﬂ%@%ﬁ%‘te&? Wzﬁ Br@é?%tdﬂV%PQ &8Ff tesistant to both
catdflyst endiligdne I@didhmgcﬁrmratscasrmmg@rnmmérhyntrm metivigadi | y

rem\es.f&i@v ﬁf"aéhfhﬂg QL ddf tﬁeg) t Rk laﬁewtep@qsaér%wded a

convent | mcC apsu ati o ven SucC
mlC@@B%%HS#@i@@dC%@M%@@@@ Svst?'ﬁ'eotrﬁm%b'?tby aaprqcr%‘és §9MPdsing fasming a

mictoeamsuiishell by iftesadialapoty migrieatioedip $he sres@cel of aedaltapdt ahe aa|gand

subsle gea Bl RN TR RO TRl A PRl B EPiues

are rﬁsc$té péQﬂVQ \@oP%?éﬁCt'@hé\{lm thﬁfhfé’s’fpﬁ%éﬁom agrecta e ithg present

invehtiéh.or gani ¢ phase may cause the m crocapsul e walls to
ggléfl\cggr%‘ﬁg to‘glaar Stérﬂie: tnhsgouei1 E tEFrérgg%rﬂ r%?stponenche(l:'g is provided a

mlcr@emap@algm ecatatgst-ligand c sesiesd qooprisimgy ea f catelyst famd a ligand

mwr@éﬁé%‘s@laﬂa@r twitireSa h@&r‘rﬁkﬂab@e dpSREE micRapshian sﬁQP WhhetBin  the
croagcapsul ated pal | adi um

micfgrsdiEcenelis Bfneq BErbudct pOVGoRPRY r e« hat "t he
r edovending tmteefuner aspecochpbel presenteinwentioad there His provided a

mlcr@;@ﬁéébblﬁla%arﬁdtélyﬁﬁl Qﬁd d§ é?é\hsed?on‘/ﬁiﬁ%ﬁb 4 ol:é@g@fj B4 a ligand

s and exane wasSnes

micr RN ETy BT TR R AR HCoFRRIoSBal at 50 C f or
appreferrdd hmioreertcapsilated acgtalgstligana systegneak:atalystsanh@'a% and

mic@@ﬁk%aégbléfldﬂ %eﬁ%tsefr% Qﬁ’% @Pé/ﬁ st bc}f)fm 'tl@tg)ar@rkg staggd above in .

reat er e cont
f%ffﬂ%n Wit ﬁfgS%C&ns 6@6&*@5%@8&@5@@( ff@fpr@wt ﬂﬂ"éﬁ
i nDepending tdrettiee icongitiond de reppatinnesnd fiar padtieular the degree of

lnteraﬁt%‘i’marb%\%\\%éﬁ}hocﬁe c5ﬂa Etoe?ugamgéﬂ eﬁ'@ Gl aw¥lﬂoan%aWatenals the

stem
mmrpwg:a@a@la‘egsqat@yﬁj llga@cgﬁmsterﬁ ¢f the rpg@sqg%g@/@ntlgrbynay be regarded at
one @kisgrRe 3k RYrdseevolr havhightnedinely divigar edtelystcaid ligaha Ysither as solid

or wPH%SEreEé)ncfe%meg{&PQI SJRHJn 'lgrhop eaﬁ:r}edr\?/%i@ a[rﬁ QRE ?%{Jtyg[}éélﬁd by an

r'oca e wa ials
integyal Qudey rPGJ}fﬁQefcﬁh%éF §bﬂaequheitexmg @s araplid nmmerpheushpeyseric bead

thro@ﬁ@@ﬂ@hﬁﬂhaﬂiﬁ ﬁrﬂarllyf @Igme@ &tQIS/@cCémﬁ Héaihdo%' Nlﬁ’@lbufélae' In practice the
posifF RREY b bB ey bl Mo RRBerre.heBraas & It Mheise) e of e
encap@nlatqﬁu@agly@hmd Pf dher pibbgntt ineerftions ang heggerdlessanf the exact
mecPARSRAILY WNES Bcdid dfheadtffi® B theCRMA Iy AUMES MAGS RiiffSion through a
permeable polymer shell or absorption into a porous polymeric bead), we have found that
encapsulated catalysts and ligands of the present invention permit effective access of the
reactants to the catalyst whilst presenting the catalyst and ligand in a form in which it can
be recovered and if desired re-used. Furthermore, since in the preferred embodiment of
the present invention the polymer shell/bead is formed in situ by controlled interfacial
polymerisation (as opposed to uncontrolled deposition from an organic solution of the
polymer), the microencapsulated catalyst-ligand system of the present invention may be
used in a wide range of organic solvent-based reactions.

The microcapsules of this invention are regarded as being insoluble in most
common organic solvents by virtue of the fact that they are highly crosslinked. As a
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an aqueous phase. Suitably a protective colloid

(surfactant) is used to stabilise the emulsion. f
waele®snedld he recovered m crocapsul es may be waBtEGB2H0H 003504

a suitable solvent to o ex ract the first phase, and

in particular the organic ghase solvent fromthe core

and any | oosely bound netal catalyst or |igand. A

suitable solvent, usually water, may also be used to

cons&fRNE:, Hhe n’%r@&ﬁ‘sﬁj ecrokd Qidh @ra Wef b@'btf orig"n('r‘? solyent based

m crocapsul e wa orm ng nateri al
reacliolhnoner, ol i gomer or pre- pol ymer and t he

po:Ty\Hemiemaa@smieslwtaﬁrak@tml Ay st apsiugandmay b? added to the reaction
. n

syst?r@t té:%':étg@/%ﬁ gﬁcﬁ‘,ﬂ{o@cﬁv}/@% %%hféﬂﬂrg og Ft{%e?e\r%{gl (!m rﬁ’éynbe Yecovered for
exampleayetiraiani dheragovesacemisrerapsides ey taermarmea;t@ ejalygeea further
readibh 864 Fgcydaradigssiet. axltétrfaﬁwelwahé rrfd?béﬁp@GIe%bﬁtrairﬁHg the catalyst
and RERE )b SO Y B 328 PP BB TaRicn. Fog asterce
the |eerRCIRSUIRd peﬁl&teSt peuldvibsr semekilisagl withda qapreusy supparamadrix (e.g.
men%fén’de@m'nﬁt mici‘di@pgulbys bbméﬁb@%m@%xfgnt i chtdlyxls ABY take place
e S TS et B b N ROV 58 ot
of therieratiioe madiunp threegh the pgre sticturel phietrgcracapsutel aspect

of |t B@m@r&ﬁgﬁfgﬁdn%@rk%détﬁ’cf‘ulérf?e\ﬁ/ﬁer’esthgrl%;égﬁﬁgbt ghy & reafctlv% or may
interpr s B A6 PG SR SH I RIO G & g B ErAREPps By Mioduce

the lignhé afterdha bolyoleyisationsat i on in t he presence of a

Cah@&dféjh afbd aafédr@ﬁr%fl% edt r@ff He ‘fofjes%ﬂ{ 3111\)’ gn ﬂhb%ansd?rowded a

t
i30S e LT SR el b S o dioring <

micrecepsnie shep bytistedécidlpolymezseatidn inrtke présence Af:a@:etﬂaﬂy%g ah® treating
the rﬁcfdéébﬂﬁé sﬁeﬁl%ﬂaﬁiantdhe present invention there is

pr m cr oencapsul ated catal yst-1jgand system
EJBF%' hghg migfeansapsulated £alalyshiember eehateaipgaﬂom sybsequent
treatmehhwi’m ﬁneplgalmabl e pol ynmer m crocapsul e shell V\herel n

th |
o7 ARS8 ol B P Bl SHh2E At e oo
swel eeéﬁﬂeabﬂﬁ/ewvm@hwq@aesw g spelbvi ded a

M THGE B6cRGing ad edfuetbabysdet bf G Pres¥at RURMRRAPHER L%gpr@wded a

roof 30 Bl OSBRI bl vt e

ComrPﬁS@ﬁoencapsul ated catal yst-ligand systens, catalysts,

I | @ggndsdigsshving eF @iemanimeaéatﬁystr% 'ﬂ%@'ﬁhaéém' udi ng

colflect FBRGRBr EnISF Phars 1 gt BRE0h PP Sa b o o an

t he pres®wuisionnventi on. Dependi ng on the conditions of
Pr @par afdapih@Btk b niRé MiGHtasuld RalRImRS Phterials at the interface
between the dispersed first phase and the continuous second phase to
form a microcapsule polymer shell encapsulating the dispersed first phase
core; and
(d) treating the microcapsules with a ligand.
Optionally the microcapsules may be recovered from the continuous phase in step
(c) before treating with the ligand in step (d).
Preferably, the ligand treated microcapsules are isolated and washed with solvent.
In some circumstances, particularly where the metal catalyst is highly reactive or
may interfere with the interfacial polymerisation process, it may be advantageous to
introduce the metal catalyst after the polymerisation.
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i nteraction between the catalyst, the ligand and the
wal | -formng materials, the m croencapsul ated

W@ au0aloyeste | i gand syst em of the present i nvent i PCIT/GBYO0BM03504
regarded at one extrene as, "reservoir' in which the
finely divided catal yst ang ligand (either as solid or
in the presence of residual solvent) is contained
within an inner cavity bound by an integral outer

po'AY:H&ﬂl he) | 5 Ofiftratas WEQ@( f e S%Eéﬁnmv%ﬁ%ﬁn Stﬂ!er‘e is prowded a

mlcra?wﬁaﬁgﬁgte&t%f%@fhé% VST by {piogess FoppiRGRg Geming a

micrbbapsplesshelldiy ingerfaciak pylymerifatioh e wWee préskacd whadighne zmg .treating
the rﬁ%&%agélﬁééh&fwfg#‘s chﬂ%ﬁé{ Stltiohor m of the encapsu' at ed

st-1] present |nvent|on and
Friianalysther miereercaney aWQcPﬁﬁﬂ s Rayy baniselRtes: betose grubsequent
treathesmt ividlintie datalydte cat al yst takes place (diffusion

thrpughe ﬁt] i Wm&alp%téﬂﬁ rﬂg)a%b on%ﬁ;a%@ %rﬁéd W' SF Ritkbut the

por ous pol ymeric
ee%mdm%w@e@a{%%@ rig@cepyimefelof the present
I NThod ocorpieg ota @frthee taspect af aes pradent hvenACtend % pvided a
taly t_pre t : :
prockhE P Seotfin otE bR IEuE A ot SRR
compisSaysed. Furthernore, since in the preferred

enp:.gld I/ gﬁﬁbolﬁmg]fphﬁlspér%ﬁ@ﬂhe ngahgnﬁ amtbhls?epgl yrrer

contro e |
rofer Fapishy flel ks el < 5eEB.r SortBliout sBepe i rom an
from anegwlgiom, ¢ sol uti on of the polyner), the

M (d)0enfRany aheér Gﬁdré'rﬁéﬁoﬁbbﬁﬁé‘ﬂlaw&hﬁ@ ﬁfatérﬁ% at the interface
present I hvent,| on

ma
or gani c Pelyega t?gssog}éserdegéf pg?ﬁbe a%g‘%cefe’%@ﬁ% §eeag,phase to
this infogmta ovcracapsulegzoiyieet shell secapsulatisg thebtispenedriisst phase
comon gs@amif sol vents by virtue of the fact that

th crossli ked con uence, the
oo ety e S bbBh o eTn & SERGR o he i ¢
sonmnallpmmlommpSulemmayﬂeerenm\rareﬂ:ﬁmuhesomwmbas phaxg in step
(©) bhfdfe ﬁ@étﬁgX@ﬁﬁ tﬁ@gaﬂa'@éﬁgtﬁm be added to the reaction

syst e cata foll owi ng conpl etion of
t hBrsiakli &ie %ﬁi&y%etrqaé%\r@w@aaﬁ%#eseﬁw ety and washed with

solvdritl trati on. The recovered m crocapsul es may be

r eblaé; I e%:{% %@%IQ&%%\&(&%I{I e lpﬁﬁd iRt é%g@!{ﬂgtedeascé/ &fifbonent of

the rgtiaPhRsERIthEeR Heampt c%tﬁusq n@aﬁ@sq«iwf Ibto theeancagsuated ligand
by esggadingah@entramealigaid tom @olmwhtdfﬂi&ﬂétar eagi/ston. For

! nﬁfogé] Cp‘?efe d'gg {pﬁc b%?a@f%gﬂgnﬁg?e@é tb% lfg}{]?o%jggte adsorbed into the

mlcrwﬁé}%p%ﬁ@yd el qaitaiysé@wgmsmg epatiaepgd @etal to Ba ceganimsolution
ofthéhgéndcat al yS| S rmy take place either by diffusion of
Mgk C el At catFb i P e BRI RpSeiH s sl diin the
metaéscatabfﬁtmsa edmpanentdidhe ogewisi phases sone ci rcunst ances,
parfhé Wbﬁ‘t\'dny is Wu%fr@teﬁ"tﬁl thé %Iﬁﬂnrigseﬂ&hgﬁisy Tr?é\&éé Mﬁth@rcatalysts of
the lrb\{%g%réﬁo?rcptl% yﬁﬁpfbép c(ﬂwa‘ﬁq Lert ﬂgstlr%teg Ey%ge LIEV@” |on IS not limited to
the use of the catalysts for any specific reactlon In the following Examples GOSHENOL
is polyvinyl alcohol, SOLVESSO 200 is just a high boiling (230- 257°C) mixture of
aromatics (mainly naphthalenes), TERGITOL XD is the polyoxypropylene polyoxyethylene
ether of butyl alcohol, REAX 100M is sodium lignosulionate. REAX, TERGITOL and
GOSHENOL are added as colloid stabilisers and detergents.
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the ligand after the polynerisation. According to a

fourth aspect of the present invention there is
w@e@siotasdd a m cr oencapsul at ed catal yst-1i gand BYEGBR004/003504

obt ai nabl e by a process copprising forning a

m crocapsul e shell by interfacial polynerisation in

the presence of a catalyst and treating the

m crocapsul e shell with a ligand. Optionally the

Prefar&fid st a3 %: n lei’ -chéir)l B8589l P NEQum Acetate

.S reat men _
Mﬁﬁéﬁ%tﬁ%y optionally be carried with or w thout

t héd(@Ad), (295gyeas )tvees dissahaealih ehlpiforme(25mig) Bae &ssdition stirred
for §6'Rinutes N4 tﬁi‘é%&ﬂ{rﬁ gvatsoao%efi LHo \))?rgéﬂ&ﬁér%e EBIX@E typegnfa ghispcyanate

resent i nven

(PME’PJ%&? aﬂg)o@ﬂdoﬁh%ome@FSo“éhﬁ'@aﬂmﬁ furtbr %m%& Theyaidure was then
addeqy 2b ean \dguedusc eriRtuies eentamingdUe%OREAXD 100 K SMIBHGH N8.82g), 20%

rErTOE AR AT A B SHREIPIAH b, 110
deiogigag y\raée?f (8Pa)) méile shefinsneisiss anbISHER dridadepratieet curve stirrer) at
500 Werh lforf @ irutgs. M&ite? 18 @insiteatthd Bleearmét@rv&a%q@db@d/\t@%otr & and at the

e ST A LS Sl ST o
(Dr%péy\@&é}é&fsup@ﬂeqa néehlapd ewergnadded) and thet susgensien thus obtalned
was f@u%ec‘a’cm@@ﬂne{énWeﬁré’cu@ fok %ngddltfa%l Q-ﬂJEHduVs t Rfe mlcrocapsules were

capsul over e the contin
iterh UG5 SR e B (LTS pieh Yl tHEruS g haicies and
thensweaghefd)n aFiltef ded@Eogordingetol thg sxeduemeeatdetbnisedrwatap 63ike0 mi),
| 0
B A L IO ) St b Rt 923 iacyum pven at 50°C.
- is highly reactive or may |nterfere with the
AnalyticagReaudisal pol yneri sati on process, it may be
advant ageous to introduce the netal catalyst after t he

n., Accor to a fifth aspect of th
'CPS S Bl ivh [oRdng S MY §dce Bd encapsulated)
Parnniecslzelxs&mud)mt 6034 uml (pedrayé:gd80qingy st em obt ai nabl e by

a process conprising formng a mcrocapsule shell by
|nterfaC|aI polynerlsatlon in the presence of a |igand

Prep of . stBxample hMigroepgapsulaiegt Ralladium Acetate
with 30%uNabGont@gt| onal | y the m croencapsul at ed I [ gand may
beAhSBIl&%%d pR§£e°rv9a§LB?8&%88”Byt&|S&ﬁv Ac)2 ?5 16g, 98%) in

chloroform (%%29, 99.9%) followed by stirring for 30 minutes. To this mixture was added
polymethylene polyphenylene di-isocyanate (PMPPI) (14g) and the contents was stirred
for a further 60 minutes. The mixture was then added to an aqueous mixture containing
40% REAX 100 M solution (3.85g), 20% TERGITOL XD" solution (0.96g) and 25% Poly
Vinyl Alcohol (PVOH) solution (1.93 g) in deionised water (96 ml) while shearing (using a
FISHER 4-blade retreat-curve stirrer) at 500 rpm for 8 minutes. After eight minutes the
shear rate was reduced to 250 rpm and at the onset of polymerisation (as detected by
carbon dioxide evolution) 3 drops of de-foamer (Drewplus S-4382, Ashland) were added
and the suspension thus obtained was stirred at room temperature for a further 24 hours.
The microcapsules obtained were filtered though a polyethylene frit (20 micron porosity)
and then washed on a filter bed according to the sequence: deionised water (5 x 100 ml),
ethanol (3 x 100 ml), hexane (3 x 100 ml), and finally dried in a vacuum oven at 50°C.

Analytical Results:
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Treatment with the netal catal yst nmay optionally be
carried with or without the need to swell the
w@esoseadshe pol ymer mcrocapsul e shell. Thus ackor/GBa4/003504
to a further aspect of thel8present invention there is
provided a process for the preparation of a
m cr oencapsul ated catal yst-|igand system which
conprises (a) dissolving or dispersing the ligand in a
IcP bhél§dis Phaserd w%vt,q_'o%Qfﬁg 50.98 n*n'ftﬁ/ f gd:s% PR %ﬂé&péuﬁe@%)
P r,cséc%ind ‘%g{qj@l n_ugar% gha e to gﬂ% n - enul sion, (c
article3ige Ristrition; 03P A @Veag8tA%HMNal | - f or mi ng

materials at the interface between the dispersed first
;- HERERde Eﬁggﬁé%?@ﬁéﬁﬁsﬁﬁ%%@&%éﬁrh eelhace coq
'H'Shr"g?'eﬁ-ﬁr%fs‘%e'@ &thylgigy oxige/proryiene yidenkeionic surgEantesyipplied by
The DiowCleersiodll@dngpangf a catal yst. Optionally the

m crocapsul es may be recovered fromthe conti nuous

phase in step (c) before treating with the catalyst in
Preparationof Comparative Qafalyst Examplerd.1 Microancapsulaied of

Micrgéaoﬁaéulauﬁédt@mnl %q/v\aﬂassbﬁté_nwi th sol ]\C/_ent :

r er Lar t S r ng, . r.st 0 .
C BhoBF 5t by a8 B) "obBybh SBIOAT, (5 Bh, oo
chlorofs (588, AROU) fellowadyia stisdirg fosBdomniveiesi nte this eixture was added
polyfh@fh@réﬁw p%ﬂ@ﬁeh?l@@?ﬁi-ibdcy?ﬁ?@s(ﬁw:;mh?I@k?ghaﬂﬁé? @Phﬂeﬁﬁg\ﬂas stirred

1.QN. O net a at al VSt . re rererre . .

for o B LRS- g BPalTEr e FahAYRA o, 8R PGuBafs BB cppaiing
40% RIBAXi 100 Jé rrohyion| (2868). ROYETERSIEPl XD bylusp6sGe) anke25% Poly
VinyERIcHRR RPYOPE salutiér® (P93 @f Boduighise? Wétbpggﬁl)me%hg% (using a

FisHEFS 4ot Fa st dks sfifen |

a%/ ﬁé& ﬁérlhpgr F g glgi {J]i‘%g,l[ Iﬁgépgidh? minutes the
sheag: aaisonah tedvited fhe 260 gami andpataﬂ;e.onﬁhieoﬁ pohemérisation gas detected by
corobh BS80SO EIRETARS 1565 Vsl e s
and {hg.disbghon bus eP{RTLaR SR 4RO AVERRTABH fa dibither 24 hours.
The microtamsutes dbifeners wedH filtdned dwiugh yespalydtioyleranfrit $p@ aiidroe porosity)
e ARy of b8 W BRGR BERBt RC HBbRoly  J0 m
ethaE@é x 1§§7nlt,j1e@r3& GreTih mby #ikitnatly diieebin @ Yacuum oven at 50°C.
napht hal enes), TERGA TOL XD i s the pol yoxypropyl ene

: hyl ene ether of butyl al cohol, REAX 100Mi s
Ana@?@l}/ﬁ% i 'gnosul fonate. REAX, TERGA TOL and

ICP analysis: 4.2% Pd wt/wt, Loading: 0.39 mmol/g (63% Pd encapsulated)
Particle Size Distribution: 60-395 um (average: 211 pm)

Preparation of Comparative Catalyst Example 4 - Microencapsulation of Palladium
Acetate In a Polyurea Matrix with Reduced Crosslink Density

Pd(OAc), (2.95g, 98%) was dissolved in chloroform (26.4g, 99.9%) and the
solution stirred for 30 minutes. To this mixture was added polymethylene polyphenylene
di-isocyanate (PMPPI) (9.55g) and methylene bis(phenyl isocyanate) (MDI) (9.55g) and
the contents stirred for a further 60 minutes. The mixture was then added to an aqueous
mixture containing 40% REAX 100 M solution (3.88g), 20% TERGITOL XD solution
(0.97g) and 25% Poly Vinyl Alcohol (PVOH) solution (1.94g) in deionised water (97 ml)
while shearing (using a FISHER 4-blade retreat curve stirrer) at 500 rpm for 8 minutes.
After eight minutes the shear rate was reduced to 250 rpm and at the onset of
polymerisation (as detected by carbon dioxide evolution) 3 drops of de-foamer (Drewplus
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GOSHENOL are added as colloid stabilisers and

detergents. Preparati on of Conparative Catal yst Exanple
wdaesMatoencapsul at ed Pal | adi um Acet at e wi t h BOBGB&I0KH/003504

Content Pd(QAc) (2.95g, 98% was dissolved in

chlorof orm (25.79) and the“solution stirred for 30

m nutes. To this m xture was added pol ynet hyl ene

pol yphenyl ene di -i socyanate (PMPPI) (19.11g) and the

8—43:&?“?{1}@%02843? edyfioy Zhd Wid %ﬁ?é’%dﬂ Wi Dtal iy %El{%/(g”ﬁ room

was t0 an aqueous m xture containin
tempgratidre ggr M4 d1Ws-on The. 83gPcarsytrsTeREINed. ware sBtaried oihough a
polyéthy@hg) fring20 2GigtoRoparodtynytb minewboiny RvEOHhatendluandihen washed

- . s oni . ( . iy
scodind\0lnd B SENE Bl 8% i pLEra DS ey prane
x 10P 5. fahd figaliy diedds a vApwwR osehaiRX’es the shear rate was
reduced to 250 rpm and at the onset of polynerisation
.by carbon di oxi de evol ution) 3 drops of
Ana&@%'oagrr@%'(mewpl us S-4382, supplied by Ashland) were
added and t he suspension thus obtained was stirred at

ICP bRglRis:capes Bd wi/at, lLokding: G4 nindMaal7724 P8 eHespsulbis)

1.Cé: | ) iltered thrQu a pol yet hyl ene
F’a”ﬁe. #'9%:@%%%“3?%\3@%2&’5'[1} @yergge'r%@ any fine particles

and then washed on a filter bed according to the
Prep2@4tiiAN 6€ ‘CahfiRatvac dakifst " Exapnple 19Q WidroertiaRamalior 3 XPalladium
100 M), h (3., X T00 , thep finally dried
-;.‘vi SAiSIARBRVA" o vvb <\ars V"-.‘-""" ultS ICP
anBH(RA®; (2.939» PA%M wag didsobved nig: cliordfammol26y4d, 6990 and the
soluffdi- sl Bt SeniRRES.| FbeniSARuR R égb“éd saé/méﬁ%y ﬁtQ eﬂa)ygpenylene

o b2 TRy, [l SR Bhn 21 drertbetal v LRI
cont@itSosilrbd f@oatientiier A mirgdes. c Thé asirtuveawap rtioetuaddedyo an aqueous
- odi iy 0 i | oo OF .
o SELAG Dk Rl oS BB GBegh ARE ABHEIO sobin
(0.978) s 2 eoNa Y et 598&18}&8%/6%?!)&9@'96@-8&%% inised water (97 mi)
whilelshésingyasiay & FIBMER }-blaégetraadcurixe stiesr) @n 660 ward for 8 minutes.

' - f e ' h 1 XL Ur Sath
Afer TS SHinlBt | Uidd *frd Rul, PR, G 2a0 bl BB ol et of
polyrggrigatien hag Qetsglgsi by ravhonegerideoevolpsiong Birpemof de-treeer dRtewplus
S—4385%A@Qla)‘ld)/i\ﬁ?’rb édgagxglmh;ﬂ(m\éobmsmbmhi MS(&bt_Qﬁle)stﬁI:rlfbd [%Ea room

[ arji.n usin
terf 367 20 1Bhrt o T Led PP 996 b8P et el Befeo™dbon o
polyethyignee dtit {0 aticren giprosivhie esmpke ashietine materiaheand then washed
accof @AYy ectielseqdditel BEHAMBEY Ahtel N8 x 0B 6HI), &lth4Hl Y%A DS Allj, PBxane (3
1O§ia§ deérﬁce;"ed ib .carag)orsJ di o>r<1|ai§ Q;/m ution) drops of

x 10981} BOAD (/rﬂfs%tn% QUFERSN A %nd) were added and

the suspension thus obtained was stirred at room
AnalyaPRésfidr e for a further 24 hours. The m crocapsul es

obtai ned were filtered though a polyethylene frit (20

m cron porosity)
ICP analysis: 3.5% Pd wt/wt, Loading: 0.33 mmol/g (55% Pd encapsulated)

Particle Size Distribution: 40-250um (average: 124 um)

17

Preparation of Comparative Catalyst Example 6 - Microencapsulation of Palladium
Acetate In a Polyurea Matrix with Reduced Crosslink Density

Pd(OAc), (2.95g, 98%) was dissolved in chloroform (26.4g, 99.9%) and the
solution stirred for 30 minutes. To this mixture was added polymethylene polyphenylene
di-isocyanate (PMPPI) (9.55g) and 4,4-methylene bis (cyclohexyl isocyanate) (9.55g) and
the contents stirred for a further 60 minutes. The mixture was then added to an aqueous
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and then washed on a filter bed according to the

sequence: deionised water (5 x 100 m), ethanol (3 x
waedsmiesio hexane (3 x 100 m), and finally driBdI/GB2@4/003504

vacuum oven at 5CC. Anal ytjcal Results:|CP anal ysis:

4.1% Pd wt/w, Loading: 0.-38 mmol /g (63% Pd

encapsul ated) Particle Size Distribution: 60-360 m

(average: 200 m) - Highly sulfonated nodified hybrid

mlxtlifeagéntlain%' @O‘%VQE bl fl\ﬁ%'@l dﬁgk‘g lagg]b/é) ﬂiilgngOL XD solution
0. rehPEediily Serac 59'

11499 ihdeippiged water (97 ml)
whil€shparing Esitgaa SSHER @ﬁblﬁ‘dnmn'eat cuee Gaitral)y=tt508x@rpio? 83minutes.

After é(}grg: @m@g%@o%ﬁgﬁ th%o'\ov% QS&%C%BSHJ %Bdr nit! i f”ﬁ'ne onset of

phase wa
polymega@}p@ aE, e@c@oqwgqﬁgorpglp&qg)evplgthrgg’s d@g%of pﬁ-foamer (Drewplus
S-4382, oAsHlarid) woiRg ad8&d Hid fired Isuw@hslém Sfhug fobRgnddorstidéd at room
T, t m r e
tem;ﬂgrﬁfg{% I%ne éﬁ_l S’g@)%a%a é?;%%%% oB f'a;?tw@% ﬂﬁeéed though a
polyetbm @ﬁtfél W& aigiopr ROy ta ﬂemQVﬁeawa mm@i@@@ anghéhen washed
accditing 4o em_equzbh@m d@@d%ddmte%r(s&qmwn Bétgzérﬁ%lrs; 01090 ml), hexane (3
i Ni. ( n g 0
% 10@%%?&“%5 és),” STUY | Vﬁ%‘?‘g" % e‘tengnddSZS% Poly Vi nyl
Al cohol (PVOH) solution (1. 93 g) i n deionised water
Analyfiéal Regultdi | e shearing (using a FI SHER 4- bl ade
retreat curve stirrer) at 500 rpmfor 8 mnutes. After

eight mnutes the shear rate was reduced to 250 rpm
ICP gnalysis: 4.R& Bewewt, doagiogyhs Mmeealigo(B0faBd eéetanstited)y

PartR 9198 Diebikies é@-@b@'kh\o@)/erﬁ g7 GBS, de- f oamer
(Drewpl us S-4382, Ashland) were added and the

suspensi on thus obtained was stirred at room
Prepaeatioar af Watalyshr Exanfipled Mean@49 hoMigoendapsutated oBd(@Ad).e svith Co-

E (,fytébeﬁAyvere filtered though a pol yethylene frit (20
nCé& t hen washed on a filter bed

ron porosity
acPHPdp ﬁgf S@BS'%Vge“%téEﬁJ%fH@é“d% di'®RreesiF RikaserWassPrePargd in a glove
box ohder setitvager athi®sphdrB0 Titik Jorgdrdx pimeese(VBasxfolri8d frodn, Pd{D@c), (2.95¢,

08%} 1R8O ﬂ{%ﬁ)groforr]m 25261447, e itbq 110 AR LhGleg by adaition
of eithep frRyepyBoesPing gaglﬂ dt -5 sy imqlar rgpcz)e(Example 7) or tri-o-tolyl
phodphider @9 ud70N1:0B0PFO Mdan ladive(Exgmple?o)and ﬂ?é@l@ﬁl’fr@d fop1a fafther 30

min B i G ot et SIAIT b P RS TARL PP o110
was @deed PN khereaidents sivprddas p fprﬂwew@ mingigs. wWaKs qrgggm phege mixture
was tHencdtldetiad an Bg(edusdthas8 SoUnirgyubob IRE 01 00 MaddbIioh (8 ©9g) 20%

rergHona MR L VA Lot s (1500
delomlge sigier B3 nﬁ);whgq @h@rlbg gggmﬁﬁlSHg&%mEgptrQMUWe stlrrer) at
500 (r8md5R) s anAutebe ‘Fﬁé‘trééﬁt@ns\ﬁléé rRsinfaledauhdéert |H§rrt fMosphere (N,)
throughoutt Eﬁer@mmn}es tHe shear ra{e was re%glcgd %o 2?0n rpm ané) Pew drops of de-
foamer (DrewPLus S-4382) were added during the onset of polymerisation (detected by
carbon dioxide evolution). The suspension thus obtained was stirred at room temperature
for a further 24 hours. The microcapsules were then filtered though a polyethylene frit (20 |
micron porosity) and the capsules washed on a filter bed according to the following
sequence: deionised water (5 x 100 ml), ethanol (3 x 100 ml), hexane (3 x 100 ml), and
finally dried in a vacuum oven at 50°C.

Analytical Results:
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m xture contai ni ng 40% REAX 100 M sol ution (3.889),

20% TERGA TOL XD sol ution (0.97g) and 25% Poly Vi nyl
wob@shods1 PVOH) sol ution (1.94g) in deioni sed Rex/6B2¢09/03504

m ) while shearing (using ? FI SHER 4- bl ade retreat

curve stirrer) at 500 rpm2 or 8 mnutes. After eight

m nutes the shear rate was reduced to 250 rpm and at

the onset of polynerisation (as detected by carbon
Exarq%(gxyi de evolution) 3 drops of de-foaner

ewpl usS- 4382, Ashl and) were added and the

suspensi on thus obtained stirred at roomtenperature
ICP Analy@d: 520 Bd wifg, Luadingr@psuhay (B2% iPdetcapsuiatéd) t er ed

t hough 9 I r

67%/#‘%}00{#&%%% b&4§%ﬁ%&(@b@”¢lggéag3§h¥a¥%d)ng ‘o

rempve_an I ne ccor
Part e e BheL 2B R A A5 op i - or oond O
x 100 m), hexane (3 x 100 m), and finally dried in a
Exarﬁ&%%‘"m oven at 50C. Analytical Results: |ICP analysis:
oPd wt/wt, Loading: 0.44 mmol/g (77% Pd
encapsul ated) Particle Size D st ribution: 60-370 m

ICP ARalgsiei08.1%L08 witw}, LIdaeingr 348 ainddy GavpRa ehcateuﬁaé | yst

Exanpl e 5 on I m ate n

o Pol vaP a2 Vac I TRARREHR A bRE 8% ¢ ARABRERE
Partipig(szad)isiiRuisy 60489y miarerages SaNwed i n chl or of orm

(26.49, 99.9% and the solution stirred for 30

mqute '{t S m xt r vvas adddtg th)cvt

Pre o-Encapsulated

PPhs ol yl ene- 2, 4-di i socyanate (TDI) (9. Sng and t he
CopLE rt‘é %lr%tehélﬁ\%jnétgfe & 1igHhd e @Q;amc%ﬂa%é wa-gh;?reﬁér’éﬁ 4k @ glove

box Wk S SO oSBT R p RS ReneBPBdDAeh (2956,
989 BisSatgdd mnehlABRATRARS.78) and theh stifred foPGINUtes! falldve by addition
of tn%ﬂerﬁﬁt@%sbﬁ]né’% 95‘@ /o wah €Tpd: By afd he\“{fk‘.tlh%d Sf&eé“'fdrﬂ%r % 6n|nutes

FI'SHER 4 ade retreat c Lrr er%
To ”F?)m"ft © wWaspdpdaol yr}ﬁ\?tf‘lé’?”“epﬁ'ﬁ?herﬂy%unﬁég -isoqyenglie frMPRDL19.119)
and M@Scdmefus atirréd f@ D furiher a0 dhiadtes. h&hiznsrghniofphase mixture was then
o n 0
addegvo ﬁ?éég% g&:} % E%ﬁ‘n B% ?{%{B@Wc{é RK §‘E‘) (3.959), 20%
TERS&&TKPlaﬁ@ s@leifign Aa@)eanca@é% ﬁ@%‘u’@;‘zﬁbﬁ&obﬁ' f%HbEP'&f'%@ 989) in
deiosiséd watkr 83 mpwgileeemwnag Yusind arFISHERO4bR:de TBReat-curve stirrer) at
r 0 r i t
500 T BF 3 Mih8s PP BESCASE T o rhdifiaf ?d s oy amgsprere (N
throughﬁet n‘M%leé S minutpsdhe ﬁbearwateww @éé@ﬁcﬂ orgp 0 iy ArRd few dfOpS of de-

foam%ﬁ mus @4@82)3/%%\/3@6@@ dﬁﬁngﬁ? thleoéhsmt bf F@I&ﬂéﬂ@étloﬁi‘{détected by
Z} exa r}e al dr. i

carbqpiliofiie syfiaD° abd siadebiihus Bfgiogh s Hfeh ffhepLiekperature

for agurgwey 24 haursat Thelmisdioagsules Bsrenthen figered Q%UQU a polyethylene frit (20

mlcrcﬁﬂ‘ban%H}ll)abﬁdj)théD apsidL wakh&d Bnsa riltBt b8 EccofiP ®Re following

sequgnce d%%nlse% watrem?5 x 100 ml), ethanol (3 x 100 ml), hexane (3 x 100 ml), and

finally dried in a vacuum oven at 50°C.
Analytical Results:
ICP Analysis: 4.9% Pd wt/wt, Loading: 0.46 mmol/g (81% Pd encapsulated)

0.16% P wt/wt, Loading: 0.05 mmol/g (94% P encapsulated)
Particle size Distribution: 60-390um (average: 236 pm)
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Preparation of Conparative Catal yst Exanple 6 -

M croencapsul ati on of Pall adium Acetate n a Pol vurea
wordosioxes t h Reduced Crosslink Density Pd(OAc)PCRGB2®4/003504

98% was di ssolved in chl géoform (26.4g, 99.9% and

the solution stirred for mnutes. To this m xture

was added pol ynet hyl ene pol yphenyl ene di -i socyanate

(PMPPI) (9.55g) and 4, 4-net hyl ene bis (cycl ohexyl

@WM%X@@@ @:%ﬁ&&&%@&ﬁ%ﬁ F%)gb%\{:gg%nfg%o -Bncapsulated

1.4-hig({dipheriphasphiBOMEANS ni ng 40% REAX 100 M sol uti on
( 3D88 1) air-26AsitMeREtUrelof N@rﬁldh@lbrg@nlc(;ihagg Whs drsharddinRodiyve box

undey! %thr gij% é\lﬁY@T %hlgrk%rﬁass? %W fdﬁgﬁ&ﬁﬁ Fﬁﬁé@c)z (2.95g,
98%) dispeygd mughiroform(2ary) %nd #e0 stifad ?Qfﬂ Ogmirutast felowesk pYepddition
of 1 mbwwlpﬁerrwﬂm%pmh@ baimar(z lzag e9&was1 1 R Eeshd mea%@rré@ for a further

; t f
o AleEt TECRIThyE yBP ATEE ARl avEd fp%ﬁfgﬁéﬁvg%a o ieggyanate
(PMIPL$62] 19&saﬂdam)comanés a“dfﬁé’dfoaﬁcfufﬂh%f & Buiied. omhis iiganic phase
mixt@8t @i &sbns hiiddetb ah aqu@HﬂJé 9%’@" @éMéiﬂlrngJlO%“RERMrﬂ)o W &olution

o5y SRR R ehfoni T band, 6p By ik Mgl (gt solution

(1.984) rire deignised avatern(@3 thip whilkashestting dugingliang SHER #blade retreat-curve
stlrre?')eQU@(EU? Bm 461 O MhigREs Wahered&ion \/Jé%omm&am&i Uﬁ'c!f&' inérd atfosphere

(o) ratutiott AT itytes ik S bt keGP 0288 byl arops of

de-faan%(gcbwﬂllu&t$ 4B&%)dwar@ addled &luning lthey o680 %f Pdlymerisation (detected
W%Qxﬁfee@)/olﬁ) ) C'Tﬁesété%eﬁ%lérﬁ rth@é”t%b@éineo(s%a‘kogtn%d at room

aver ag 175 m ) "Prepar ?\I on, o II
tempgfﬁ}urg or,\ﬁ gqrg@ﬁ bayrs e% pd(r@mf,)aps%est Hve@% then iltered though a
polydthylees fiit é20eraticRAT pdusity) andtive- capssles waehedbu diltef bed according to

the fbl'lcg\ﬂr%@e%éﬁ%e Of A&y \F&Q%?fsey}’a@o%gp&ﬁ%l \& xa1cﬁ)| %gh%ﬁe (3 x

trogen arnos rgani c
100 'F‘Br?@df”ﬁ“bﬁf'?’g(‘@&‘ﬁcu(@ Ysg 2t &€ di ssol ved i

chlorof orm (25.79g) and then stirred for 10 m nutes
Ana'ﬁﬁféal;% by addition of either triphenyl phosphine

3 % 1:0.5 Pd/P nolar ratio) (Exanple 7) or
tri-o-tolyl phosphine (29 97% 1:0.5 Pd/P nolar ratio)

ICP ARxveip| B4%) P@WEwt, hl_eadnsg 10.5ehnicly @200Pd BAREap3diatddyut es.

01 ooy il gew%fﬂiﬁ@‘%g A e
Partlglemzerwlstrlbuﬁan &496mméavmag BS5@0)mi nutes. This

organi c phase mxture was then added to an aqueous

7 /osulated

PPhy PVG—I) soI ut [ on (1. 989) in de| oni sed vvat er (83 m)

Whp L€ thR8EAR e (HaRird %f heibaEmhdloiPhafe Wit 6r€9&re€llrﬁ ¥ Blove box.
Pd(qsétﬁﬁl);{%gél)gegé"{ahwﬁ d‘%ﬁ%ly thﬁ@ggm e§46(#g§ ang ?he so?l?tlon s?lrred for 10
minutes. Triphenylphosphine (3.92g, 99%, 1:1 molar ratio Pd/PPh;) was then added and
the solution stirred for a further 30 minutes. To this mixture, polymethylene polyphenylene
di-isocyanate (PMPPI) (17.59g) was added and the contents stirred for a further 60
minutes. The mixture was then added to a cooled (4°C) aqueous mixture under inert
atmosphere (N,) containing 40% REAX 100 M solution (5.73g), 20% TERGITOL XD
solution (1.43g) and 25% Poly Vinyl Alcohol (PVOH) solution (2.87g) in deionised water
(120 ml) while shearing (using a FISHER 4-blade retrieve-curve stirrer) at 500 rpm for 8
minutes. The shear rate was then reduced to 250 rpm and after being maintained at 4°C
for 90 minutes, the temperature of the batch was gradually allowed to warm to room
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t hroughout. After 8 m nutes the shear rate was reduced

to 250 rpm and few drops of defoaner (DrewPLus S-4382)
wowoos/oadded during the onset of pol yneri sati onPCT/GB2004/003504

(detected by carbon dioxi gg evol ution). The suspension

t hus obtained was stirred“at roomtenperature for a

further 24 hours. The m crocapsules were then filtered

t hough a pol yethylene frit (20 m cron porosity) and

tem;%é?ﬁu?@pﬁwh@%n‘é’@fsg%l rsafibr S@C)? \?E@rsddégﬁ rﬁF?mErh&)rewPLus

ol 1'owi n ence. deioni se
S-4382) WiskR a% Qmsqu;nsnﬂ@ﬁ'&ﬁéab(ta\;ng@ ‘1’8?) stirgd apiaent teﬁmeraiure for
24 ribured The raickapsuieOwere dlenSiBredMirlugh i &€ dblyethylene frit (20 micron

VS
poro?ﬁo@ggrfdgthggﬁgpulgs zv/ashitggﬁggjdﬁégrl%% ggcﬁd/ﬁngg Vf%é %g/quce deionised
watef(3 wt100Irgxgthegiol (8 240Grb h@%gdﬁ/&ﬁoﬁrﬁ@wg@w&@éw a vacuum oven
ats5dParticle size Distribution: 60-420 mm (average: 256 m

) Exanple 9: ICP Analysis: 5.1% Pd wt/wt, Loading:

0.48 mmol /g (81% Pd encapsul ated) 0.75% P Wt/ wt,
Analyticei Ragultso. 24 mmol /g (89% P encapsul ated) Part i cle

size Distribution: 60-460 mm (average: mrm) Preparation

f_Cat aly es 8 cr n at ed Pdf
0P G850 B AIMR, 25 ber0 BisioE T80 POnERR st ur e
of |i gan®$y Piwiavtolapglitioc O8hael/guwl8 % Pepsaesildted)a gl ove
Partﬂ%@%nié@:@fnbﬁtldﬁ %b%@ﬂnﬂbﬂ@rﬁ&@qr 8. prﬂghe organi ¢ phase was
formed fromPd(OAc) (2.95g, 98% dissolved in
chl orof orm (25. 7g) and then stirred for 10 m nutes
Preplacdtioovef dCdiglysidBkamplas dP + 7 pNingenshpsuatied Pd(QABBgCatalysts with

post%fébrb'bdq;lﬂh Pd: P) and then stirred for a further 30
S mxture was dded met hél ene

u
i%ﬁéﬁvoeﬂé -baftondgek a samele BrpeT Rallgyliuglacetaie prepared
fromc@ompamsvest-]xamptésf 16 (agfumrimwlgﬁf?)d)nwameelded Thi1®ml THF and the

mlxt%g&ﬁ]ﬂea B8P 3B SniLitE &ﬁﬁ%n&%? ﬂefeo Q’H U§%|3/e ligand

ase containin sol'utio
7m9|' é@f’@'_ KE%‘&??RNW %i@ﬁdﬁ@ma%tﬂpmwww OciR gvernight at
roon{ tvipdratard. uThebedds W8E) thg:ﬂ gﬂ%&@?ng l@da;h@ﬂ Vi th('ﬁ-$F ®Wml x 3) before
; e s sing a ade retreat-curve

bemé"?b%f@%@%{ub@%&eﬁpm for 8 mnutes. The reaction was

mai nt ai ned under inert atnosphere (N ) throughout.
AnalMidaBResdulfgl nut es the shear rate was reduced to 250 rpm

and few drops of defoamer (DrewPLus S-4382) were added

during the onset of polynerisation (detected by carbon
ICP wisuls ereExaroplgs 1319 17:The suspensi on thus obt ai ned was

stirred at roomterrperature for a further 24 hours.

%ﬁ?et %}%@iﬁ&sf \é@%l &3or‘1‘3ten‘tT i [ e d[IeveﬁJgn a PPh;level

Catalyst Components mmol/g mmol/g
Example (initial) (maximum
theoretical)

{

12 1 40% (PMPPI) 0.32 (0.4) 0.05 (0.2)
13 2 30% (PMPPI) 0.34 (0.38) 0.05 (0.2)
14 3 20% (PMPPI) 0.32 (0.39) 0.11 (0.2)
15 4 40% (PMPPI/MDI 1/1) 0.42 (0.44) 0.13 (0.2)
16 5 40% (PMPPI/TDI 1/1) 0.32 (0.33) 0.01 (0.2)
17 6 40% (PMPPI/Des W) 0.4 (0.46) 0.11 (0.2)
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m cron porosity) and the capsul es washed on a filter

bed according to the foll ow ng sequence: deioni sed
wWoR08/01¢550 x 100 m ), ethanol (3 x 100 m ), hexBOEGB300%/003504

100 M), and flnally drle in a vacuum oven at 5CC.

Anal ytical Results: 4l ysis: 4.9% Pd w/w,

Loadi ng: 0.46 mmol /g (81% Pd encapsul ated) 0.16% P

wt/wt, Loading: 0.05 mmol /g (94% P encapsul at ed)
Predoa?ét[dncdf %a%dl\;s? ERbHble QUtN/IfBFbenggpsu edrﬁ*riﬁﬁé/rﬁﬁ PAGspHmwith Post

e For ot —catary
d_%[@_%ﬁ!- ul at ed Pd(OAc’\ vvlth Co Encapsul at ed

1, 4'flbh@(y€bhbh}ﬁﬂb’(é e 180 7) Wa tatwselvBt én trdorafdrmsS(8RFg! AMdech 99%)
and ﬂﬁt%ﬁﬁgﬂ sti ré@ﬁ)'?% 1t(ﬂ§31 nﬁfe%aﬂ"o‘%hlg mﬁrev‘gély%ﬁ%?er %}ol)@hgnylene di-

ro en at e-or

Isocmmé%(RMBPle é‘r%tg)fwaﬁﬁdd@@ angd)hg Qor@@gs stiyseq fag |asfydmare&9 minutes.
The infixtaR WaHheh AdE3S to/ 8 a@nrsbuts eRtuEd ¢dnteing 20%LREAKMODEE solution

l 0,
(.38 P SERIBEXD BN (1530 P2 257 B bAionq (VOH) soluton
(2.18w: ipyeigniged meier{81 miedhifeoshearing Kusirer a SESHIER uitldgde TRirieve-curve
stirrdriiaf 500 ¥;§rHrf@r mna’tesleoh@qlem%hyéée RiairtahydP DRI B8 atmosphere

) Syt B ettt SR TSGR RN o go-foamer

(DrewiPkusire43@%) added duditgdortset anlquuwloe pHes dispersican thiuagobtained
was”é%%é&%oé&otémp%%tuﬁé R 143 8@9) TR&%nJr%B&ﬂsDQs #Ere then filtered

d 25% Al cohol
(uncpiix bR HeuGl o PRlEi Shenectit P dPcapRoF R the capsules
waslsdteon theg’ lteubechgcardihGHERe 4ehlierbe: deibmised water ¢&x 100 mi), ethanol
e f oas
(@0 e 33 YR o ol e = i 961 o
After 8 mnutes the shear rate was reduced to 250 rpm
Analgtichl Resultdt ops of de-foaner (DrewPLus S-4382) were
added during the onset of polynerisation (det ect ed by
bon di oxide evol ution). The suspension th
ICcP AB@'w'ﬁea 8B véiitylozgings O ﬁémﬂ’?l&@é /oa‘?‘?ﬁaee'\caiastéa’fﬁ@)r t her

Partic sigeUDistribliiisn: 60320pmpavérage:vi80qinthen filtered though
a polyethylene frit (20 mcron porosity) and the

capsul es vvashed on a fllter bed accord| ng to the
Adsgrplig 3 aithe psulatedPRIG:

et hac)g &ﬁé rih@l@r @hmwa@ﬁtxaﬂeph;}msl@@smcad ma'ﬂIQFf(H@?MI) ¥nd the

mixtiistrel Ve TBYRIRT R 7 rilesg O b 46 et T Sriinulsi Prn.
beadsnpeta@gcﬁdaabdae ws% Rdded woe rmét’aleﬁ afowed 48 aﬁmt/rgoms@mnferature

overRIIREPTHE BESLY) wER! thi# Kiffert %d?ﬁnéucgyg?&givegéﬂﬁ’lﬁgmo x 10ml)
befolg B S RSHE A AU SR AL S CaPt P e Encansul at o PPh

Analytical Results:

ICP Analysis: 1.3% Pd wt/wt, Loading = 0.12 mmol/g (equates to approx 50% of Pd
adsorbed into the beads) and 0.79% P wt/wt, Loading: 0.25 mmol/g PPh;,

In conclusion ICP analysis indicated that 50% of the Pd(OAc), was successfully loaded on
to the PPh; beads, however approximately 50% of the initial PPh; was lost during this
adsorption process.
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Due to air-sensitive nature of the ligand, the oil
phase was prepared in a glove box. Pd(QAc) (3. 34q,

W@ 30dp/oveEso di ssol ved in chl orof orm (46. 82g) andpPCTi&B2004/003504
solution stirred for 10 m 5ut es. Triphenyl phosphi ne
(3.92g9, 99% 1:1 nol ar £Po Pd/ PPh ) was then added
and the solution stirred for a further 30 mnutes. To
this mxture, pol yrret hyl ene pol yphenyl ene

Prediratlon QXL & éx'SMB% 9 ( Mcré@ﬁ&ap%@éteaqﬁt%&ﬂ% fhhéo Encapsulated

contents . stirred 1or AT X Ur
rac-gg b @%%BM@&&M@—&N%%f mxture under

I nBk ot ams@mtrve dtlne efoiigemidnihe orddiic Fhade WM Mepared under a
nitrod i @z Pl RIS Bt o BBl el sl 885
disseleebini of\%m é43. @g)mdn’ﬁhe;n flredfos A arnyes {allewag by addition of rac-
2,2'- Eis@Tl&FénQrphbgﬂﬂqd)elt T-biREBntaI(Y 8561 98% e1:D.5abd:BPAnd MHEnf<EFred for a

rurtn B Wi 5" HEE RS S 088, (STHERACRE GRhHERTne
isocyanaire(PMRI: (6100) nad ke ednteris stiFediioan fyrther Howeitutes. Whisrerganic
phadeOnii-a@et WaP skt Hided R ah RRUBHSEbh&de, RObMOAEL 58, | dhtdididg 40%

e Y SHiodiz ghar 29%%’%@@?%%& &3] b5 Poly Viny

AICOhoIo(rIﬂ\/tQiﬁpmhatour(éoﬂag) Pp4deionised watee (&0 odhpbile sbeatimge(using a
FISHEF Y- Bllahé SE88atldiRK Birke OJtY‘ﬁd‘YélﬁnI%r fg ifindted n’rr?e’ PEaction was

mairiahed Hhoky 1061 AHEoROBRBoIL TGN < BHeGACURLIES F Shgsr rate wes

redunéd to %(hmmland Jew diqs ofl ge-formea fi@re(vPLus B4B348) weramdded during
the &{s'efgf ﬂ)&?yrﬁeﬂs%%HH geé%é/&éld 8y ¢ d“cﬁ@dé/é\}o%iopfe ?@‘sé;pg'n%n thus

§
Obta@ﬁgd%%%ﬁ%{fe@dﬁ‘ §0/£°¢> %ﬁuﬁhfr ?LO gf‘?g tﬁem Watmgst jqyracgpégraperature

(20°Ghow$lthmlr£d1)|anﬁ%ambd @k eoosn teenparattirel fous fuother 66-h3018 than heated at

40-d RS Weaéﬁﬁaﬁsb b SRl Wrer it lo bR dkGre, then
filter %WB@@ mobrethyiene k@0 misARRaset Y band thﬁsq@paui%waﬁ@e%m a filter
bed aseRiay i@ trrdodiih@dégusnasedadesday watar ¢31x f100mil), DMF (2 x 50 m),

oo LT S5 5 Pl 0 s

ovend&C.i nert (N ) atnosphere. Triphenyl phosphine Iigand
(7mg, :0.5 Pd:P nolar ratio) was then added and the

1 r |[lowed to stir overnight at roomtenperature.
Anal%céﬁ Esg%@‘were then filtered and washed with THF (5m

x 3) before being dried in a vacuum oven. Anal yti cal

ICP Resiyis:s4. 2b Py wwlubéd.ﬂ? 3 PhARy B39 Pd hcagsurita)e
Starting SOVl lEIshang: 985 Rhdif ¥la2t) e'ngé’;%'ulated)

Particle size Distribution: 60-340um (average: 216 pm)

Preparation of Catalyst Example 20 - Microencapsulated Pd(OAc), with Co-Encapsulated

rac-2,2'-bis(diphenylphosphino)-1.1-binaphthyl, 1:1 ratio Pd:P

Due to air-sensitive nature of ligand the organic phase was prepared in a glove box
under a nitrogen atmosphere. The organic phase was formed from Pd(OAc), (1.95g,
98%) dissolved in chloroform (43.75g) and then stirred for 10 minutes followed by addition
of rac-2,2"-bis(diphenylphosphino)-1,1-binaphthyl (2.60g, 98%, 1:1 Pd:P) and then stirred
for a further 20 minutes. To this mixture was added polymethylene polyphenylene di-
isocyanate (PMPPI) (17.0g) and the contents stirred for a further 40 minutes. This organic
phase mixture was then added to an aqueous phase, cooled to 1°C, containing 40%
REAX 100 M solution (13.06g), 20% TERGITOL XD solution (6.53g) and 25% Poly Vinyl
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Cat al yst Conponents mmol /g mol /g Exanple (initial)
(maxi mum theoretical) 12 1 40% (PMPPI) 0.32 (0.4) 0.05

W@ 2002016580 2 30% (PMPPI) 0.34 (0.38) 0.05 (0. 2)PABGB2@3803504
(PMPPI) 0.32 (0.39) 0.11 %@ 2) 15 4 40% (PMPPI /MO 1/1
) 0.42 (0.44) 0.13 (0.2) 5 40% (PMPPI /TDI 1/1) 0.32
(0.33) 0.01 (0.2) 17 6 40% (PMPPI/Des W 0.4 (0. 46)
0.11 (0. 2)Preparation of Catalyst Exanple 18 -

t
Alcop@sor be = 'oﬁ (EI‘Q 4% fﬂﬂg@&ﬂls{ ﬁ?éﬂﬁ) Wn&&gﬁ@%%t}sar\ﬂg using a
FISHIR b et TEeRibien Frar (00 ol B (&L iges. ST eoasion was
mairgaihed undersihéent la&dosfpherea(l\ﬂzptmmgﬁoe‘a After 8 Inisutes Xeusiesar rate was

redu g@t’d‘g&;ﬂ)@rﬁ %ﬂd éﬁ%%géffltq?qt%ame. g@@g@g@& ;%r ie%MfS) I?/\;e)re added during
the qr@et ﬁfewolxenertﬁaﬁam éi,e ecterk bricaibep sligyide @ypfion d@@e ﬁ@srms'on thus
obtaigt emes stirtedt atr € 0C o taafurthed 1 40 HosAheORafhesdtautdoah temperature

(20 389 BT e d R SO Bl 058 5 AT FBLY. Tre

eroni s
mlcmméule(s gvererthenfiltar ttwelgh iangolyefbylere érlt KRG HEFRon -Asresify) and the
capsURkRWBd GHaVRtef béd é@do)rdlﬁé t&me foIRWirf éeq%em;é‘ WeRpisedNater (6 x

act | S ine ert
100 Bl 15 9T 8PP 408 o Drie Flely 2Ba e dahypven ot
50°Cand few drops of de-foamer (DrewPLus S-4382) added
during onset polynerisation. The di spersion thus
obt aj,ned. was stirred at roomtenperature for 24 hours.
Anal)ftf?@?ﬁ‘?%qgcapsul es were then filtered (under N bl anket)
t hough a pol yethylene frit (20 mcron porosity) and

ICP é@mﬁﬁgw%epd vwwheteaam 14189 frinhdi ggb%% @ece%g%glouivaté the
100 m)%‘ F{eéétwg"ﬁé’aﬁ'”ﬂoﬁ?’ﬁt%mé 97n$1é|ﬁ‘ 9”9?.0?%'6@?’?1 a

vacuum oven at 50 C. Analytical Results: |ICP Analysis:

Prepera%c{?t B Mot aWszt EkQﬁ\ "9 - QicpSerFABLdSed PAOREN with h Co-Encapsulated
1’- e f

_OSUIah ICl e SIze strrputton: oU-o

& Aa86r ption of Pall adium acetate in
t oDudaeo ﬁnsa@lwbafaﬁﬁe BRiganBd{«OAganic phasewba prepgradiialaegidve box

unde?rb ﬁﬁ)l%gev' it R%ih%?‘? | VI(an 6r§arT E'prh(a;Q wrgs) {oﬂﬂgd %ﬂ%ﬁ% 'ﬁdﬁéﬁt&)z (1.95¢,

98%)5@?%&'Y%“t°ﬁ@r@‘ﬁ%ﬁ’éiﬂ5@t) and pisn Hiergd §0rp%'ﬁt§w€ﬂ§ falipyes by addition
of 1W1€ble(dﬁﬂ'@ﬂ¢lphd5@hmo>)%tm@r@| [208®y] 98%,S1:1I P&P) rapdnthen stirred for a

furthere?BeWLH%sesucgr{ﬁ@mlftu;r %H'% %géec{%‘ﬁ/{!ﬁé%ﬁ'erte' lptoﬁfpﬁgnylene di-

washe essi ve
isocyanate (PMPPI) (17.0g) and the contents stirred for a further 40 minutes. This organic

phase mixture was then added to an aqueous phase, cooled to 1°C, containing 40%
REAX 100 M solution (13.06g), 20% TERGITOL XD solution (6.53g) and 25% Poly Vinyl
Alcohol (PVOH) solution (10.45g) in deionised water (109.7 ml) while shearing (using a
FISHER 4-blade retreat-curve stirrer) at 500 rpm for 8 minutes. The reaction was
maintained under inert atmosphere (N,) throughout. After 8 minutes the shear rate was
reduced to 250 rpm and few drops of de-foamer (DrewPLus S-4382) were added during
the onset of polymerisation (detected by carbon dioxide evolution). The suspension thus
obtained was stirred at 1°C for a further 1 % hours, then warmed to room temperature
(20°C) over 3 hours and maintained at room temperature for a further 16 hours. The
microcapsules were then filtered though a polyethylene frit (20 micron porosity) and the
capsules washed on a filter bed according to the following sequence: deionised water (6 x
100 ml), ethanol (4 x 100 ml), hexane (3 x 100 ml), and finally dried in a vacuum oven at
50°C.
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before being dried in a vacuum oven at 30C for 3
hours. Analytical Results: ICP Analysis: 1.3% Pd
wowdosnlesioadi ng = 0.12 mmol /g (equat es to apprPXT/EB208#003504

Pd adsorbed into the beada)l and 0.79% P wt/w,

Loadi ng: 0.25 mmol/g PPh £'n conclusion I CP anal ysis

i ndi cated that 50% of the Pd(QAc) was successfully

| oaded on to the PPh beads, however approximtely 50%
(tial PPh was | ost during this adsorption

Analgﬁcaigggul i eparation of Catal yst Exanple -
M cr oencapsul ated Pd(OAc) w th Co-Encapsul ated

ICP Aa?yas %4 603 Bé divih e vpbipg os.AB8 midligl (1bobd [H@ph@d’mmate’u)g 5
rati o ir- v e
organ C?&&Eﬁ%% liga 38 it PS50 2 bttt

at nosphere. The organi ¢ phase was formed from Pd( OAc)

Prephaiat®abf @%@xﬁﬁ@@@ MicrééH bl NHHAS ASR WwitACh-EREdbsulated
2-d|St hreq—for nutes folTowed by additi on of rac-

i no) -1, 1- bi napht hyl (1. 35g,
98we1t90a|5s6vt$1tm ratidfet ofeligast the extgdnic phasaim@seprepared under a

mtrogémlat%s hB?et hiife Brodnitt §huss v@éidﬁﬁm%'ﬂdfﬁtlbd’(bﬂ%? (1 509, 98%)

dlSS(@}ﬁf{ Ehi:rgglgfqrmr égb}sgﬁg g]nat ?ttré?glvflgr 62) rﬁ(ulﬂmeoﬁ%llowﬂd by addl‘uon of 2-

dicydolgamipbogpidase 1 Ai-biphery! 919 h@&%ad1d@62tl?d Bh abpdhissmixture was

adde%*‘?é?l OE‘R/[%J{I d%cggsﬁe%leﬁ@rﬁ@é é‘n@atégﬁvﬁlﬁ)}( (158 )'Vbn% the contents

0% TERG sol ut| on
stirmegh fpr 225 dgriftsr y120i miputer; ¢ SRis| Oremvexphase iduEh o ader to an
aquedek ophased cweerto(T@B dntdifingWioke RErearioagM( selutiop €0.70g), 20%
ER - - ' t -
TERBIROE R QR L 40 Sl S Y i Abnle 0 Ao
deiopiser ¥gkas (8 1.4RI NY) While sRrsRg. (Uging & FIgHRRtrPlade rrealirsipye stirrer)
at 50@tremwas 8 efHitesd The 2B&ctiopnvas ehafiretsindd apgenfnedeatimapisre (N,)
ool T S 8 e g or e
foamﬁﬁé sy Hans$-4a82)huere sisidad ang\/éae ghsat of golymegisatign (getected by
carbbi ldidxRle eflvohmuh)s Tl &b paasier thustoltained Weeprearad ut ¢°¢ ¢ a further

50 rfy Bt ot yRPET I LG AFE e U RS AR or o o
and fhenr warnRisetonfooroteapstaters. wBre migsetapgules wase fien filtered though a

polyétﬁ Ré ﬁrtt l&(ﬁmlcﬁr&?ﬁor{)blhl) Qh8thd tepstias avaraby eh ByflitenBed sédording to

the f%&qw"ég SdienEe anisey vl 5 10 POLPRE L5008 efhanol 2 x 100

ml), thhiemei($ &d Oelp megﬁe((zmmchtm)% arm\fma(lszdlstecsm anacuutdyan @it 50°C.
(2 x 50 mM), toluene (2 x 50 m)hexane (3 x 100 m ),
and IQF a‘I ly dried in a vacuum oven at 50 C. Anal yti cal
AnalpiicalResulisi cp anal ysis: 4.2% Pd wt/wt, Loading: 0.39
nmmol /g (95% Pd encapsul ated) 0.51% P wt/wt, Loadi ng:

IcP BndifielsT8BY) Bd RtlB46aBin§"E 38 S B2% Pd encapsulated)

0.3% P wt/wt, Loading: 0.10 mmol/g P (34% P encapsulated)

Preparation of Catalyst Example 23 - Microencapsulated Pd(OAc), with Co-Encapsulated
2-dicyclohexylphosphino-2’,4' 6-triisopropyl-1,1’-bipheny!

Due to air-sensitive nature of ligand the organic phase was prepared under a
nitrogen atmosphere. The organic phase was formed from Pd(OAc), (0.949, 98%)
dissolved in chloroform (27g) and then stirred for 10 minutes followed by addition of 2-
dicyclohexylphosphino-2’,4’,6'-triisopropyl-1,1’-biphenyl (2.0g, 98%, 1:1 Pd:P). To this
mixture was added polymethylene polyphenylene di-isocyanate (PMPPI) (10.0g) and the
contents stirred for a further 120 minutes. This organic phase mixture was then added to
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Particle size Distribution: 60-340 nm (average: 216 m
) Preparation of Catalyst Exanple 20 -

wor@soerse@apsul at ed Pd(QAc) wi th Co- Encapsul at ePICT/GB2004/003504
rac-2.2‘-bis(diphenylphosggino)-l,l-binaphthyl, 1:1
ratio Pd: Due to air-sensftive nature of ligand the
organi ¢ phase was prepared in a glove box under a
nitrogen atnosphere. The organi ¢ phase was forned from

P . % ~d o 0
an aGfESUL hndsh: %??'8%%? Podbsnahingdsp rlenab 4 hdy (Pebg), 20%
TERGITQla XDp solutioy) @(%Qq@r?é]ﬁyz%(?@bh‘p/ywb Algohal P mtmtnon "6.39g) in
deloﬁlgecﬁ%terQB’?/molnlﬂ.n/ﬁmb Bhezming (LSRG aSE|SHER14-fb(dde?refrewttdee stirrer)
at 560 i S minleg, | The %ﬁ%ﬁé%ﬁﬁﬂﬁﬁdf PR pfiRSehere (v
througblnugrﬁféers& minuéas thels earfrate; WMey resoced Hul@srpnTang few drops of de-

foarfy g@fémﬂamaae%m)xwéréead%@tdnh tt%id@é.btto@ p@l?m%ﬁh‘ﬁ@iﬁs(detected by
contal,ni n

carbgrbﬁmx,dgcooi loa)ao‘i'he SRS ﬁ%thl"’é_ g%yv&e Sgﬁe%) gM é:ﬁ%jor a further
30 namdegs%mma}ntamwy BN ofen 18 (MeVH)vased (0 48°Q aad aBgtained at this

temdé%tem &5 Watesr ©UMUrd. NMe \éﬂbﬂoea@m@r videe (th@d fiflerdd though a
V St

poly O TRLT (G TG0 g A Acr e Hien PR & THeF bod Sccoming o
the fallavosgbequencil Jeiohiseslybot(d xAFG0eml)8DMM(2 x $0trhig esharar (2 x 50

ml), %%rbg'\ﬁg? 508AN Hadakd(22080 H@%I@J‘%JII?WHQE oPs valuufoleparebec.

us S-4382) were ad during the onset of
pol ynmeri sation (det ected by carbon di oxi de evol ution).
Analjiival Rasyignsi on t hus obtai ned was stirred at 1 for a
further 1 hours, then warnmed to roomtenperature (20 )
r 3 hours and mai ntained at roomte:géerature for a

ICP Aéf'y%r 3.1% Rewitiet, Lopding; Q£ ompdial €8-6e Fd ansarsuatedder ed

t hough @.7p% § eithy, Leadingr 0.24 (Rebli R (15% Panaspswstedind
the capsul es washed on a filter bed according to the

fol |l ow ng sequence de| oni sed water (6 x 100 m
Prepa .t_:.p baiyst AMA ted FPdEDAC - ulated

1,3- W(Q@ddlisﬁpr@pVI@ﬁehéﬂgﬂrﬁM}@thﬁé cﬁéﬁﬁe Anal yt Igcal Resul t; (I)/CP
A ot U 15 b A BSh P S v
chlorp@m\s%mgé randiptien atigey for 4P Aviavies rfOlBi\NG@ab!alaylélﬂO'E)@ériﬁ Bis(2,6-
duso?ﬂep I?lﬁ’fﬂﬂ@@@ﬁl@l éﬂlﬁiﬁepﬁ %) 1:08 PaligandnenrdsHémisfled for a
i's n sphino)ferro
frtng A% BHRYBR, o RIS GVERN {indoRRL RO Yops, dobpgavene o
isocyanaiea(RMPRI) (H.0d)oarsl ﬂbe)coutama stigredi for agferihert 2rbewiser Ehis organic
phas hl%l)&lfrgaﬁésc tHhasfiewed 495 é’on masd Cebed t611°@59:0n@§1°fﬁg 40%
RE i ol{g§ LBIPP 6@58@;5@? d’?éR@q@ D soﬂlxtlon %‘ 28 )I eande 95% (Holy Vinyl
Alcoligl {PVBIH) (sshilydibe (§0.0B8g)sip daimlideer watee (S 2 rrﬁ)_()ghllegsi%armg Kusing a
FISI—@? Rloiahd bhen cﬁWerE ,\;3 55'{‘)0f h’@lr 82 iUt telﬁhe T&ction was

m xt ure was add e 0
malnﬁln%gwd@%‘t atmosphere ( ) th ougho t. R&erpS n¥ r?utes Yhe srl'lear rate was

reduced to 225 rpm and few drops of de-foamer (DrewPLus S-4382) were added during
the onset of polymerisation (detected by carbon dioxide evolution). The suspension thus
obtained was stirred at 1°C for a further 1 hour, then warmed to room temperature (20°C)
over 3 hours and maintained at room temperature for a further 16 hours. The
microcapsules were then filtered though a polyethylene frit (20 micron porosity) and the
capsules washed on a filter bed according to the following sequence: deionised water (5 x
100 ml), ethanol (3 x 100 ml), hexane (2 x 100 ml), and finally dried in a vacuum oven at
50°C.
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20

25

30

(PMPPI') (17.Qg) and the contents stirred for a further

40 m nutes. This organic phase m xture was then added
WO oodnl@gueous phase, cooled to 1 C, contai ni nBCHOB2004/003504

REAX 100 M solution (13.06g), 20% TERGA TOL XD sol ution

(6.53g) and 25% Poly Vi ny[""Al cohol (PVOH) sol ution

(10.459) in deionised water (109.7 m) while shearing

(using a FI SHER 4-bl ade retreat-curve stirrer) at 500
AnalyfR Re§yif; m nutes. The reaction was maintained under

inert atnosphere (N ) throughout. After 8 m nutes the

shear rate was reduced to 250 rpm and few drops of
ICP Aealjsistin 6% Pd exvirt, Loa8ind3B23 mmelly Eld0edPd encapsulaes))

i ok j d etected by carbon di oxi de
Pa”@@??ﬁt@%?ﬁ?@'%(’%ﬁ %'eér?gi%ﬁ t hus obtained was stirred

at Cfor a further 1 A hours, then warned to room
Prephextipe of Catady st ERaiGpled®ber Midrdemgassutated sedtatodd b batylphe§ihino-1-
1'-bi 5 ahsdieafpqp further 16 hours. The m crocapsul es

Tl ed though a pol yethylene frit (20 _

i ERDRIFRIGONESH WasdPrERared alier & niiiene PiBasrhaTe. t Eie organic

phasee tvaac dornididndroine  ddetatd@-tievutgdpisahiaoce? -isHePRi-S§0palladium(ll)

(1.0%&9%;@ féisg%lgé’c?iiﬁ‘ac?qlorS@BﬁQ@'zisgﬁ A1 @g%declrﬂt%’gf‘% pbmthylene

a vacuu

pO'YFS@GY'Aﬁ%I%HS%@“%éB%PEJ) (1ePanear e sconiengstiedviorva further 90

minuvtsst%adinmg :Lor@arﬁcs phEdd h@(ttﬁr&%é}@%eﬂ%@ﬁ b airﬁﬁaueblugoﬁﬁgse,scooled to

o . i g . .Y ed) ..

1ec, otlnd 8% weaxIpd by SBRLoS 166660, 20% THHAHTH Bl o330

and Refedraly iyt AlcabolERYAIFE Hoktied (2.38¢ )cincleiinised wates (5. 9orml) while

sheagi'rr\g gdéﬁﬂégf Bﬁﬂggmgiblarﬂigrre;ﬁgﬂsdgmééfﬂr@} Iuttf §o@féprhif9raa Giht¥es. The
| g .

reaclryHan BT eAl T ieh i 2 s ierel) Bl o e dcirytes the

shea( 1at6 @gs redseddo A6 sphasd féw duipsf dedoam¢3OypwRlias $H8A2) were

addegt dilfrfnsgtlﬁgcﬁ'nsép ofTbAYnBasdtish | (B¥REBYhy2Eebbh Qﬁb)&feo évolution). The

[ | ph hino-1,1"- henyl” (1,91g, 98%
SUSPRDGIO SO b Ered at T st ntio 30 Snyieat gnasarmed fo
25°Cp teido b thyd dae_vrepeﬁa’euirescﬁmya&abars( RIAREY 10 1480°Cgandimabitithieed at this
tempERIAirE Mo? itﬂhr‘iﬁe?dz iRurd 6ro%%%g§%tr‘\5g5%sthe-ﬁhﬁl§ered though a

Qr gani ¢ phase m xture was then an a%ueous _
poly: ’an |rg|8rqrbooig§|tyb6|pg @pﬁaﬁﬁilg@@@m@q@@l a1 bed according to
the fellowing sequeBcd: @pionisddvatem ERG TOOLMIXIDEIB! (2tx 80 nfl¥ .e8&=@b! (2 x 50

I i 7.7 k Bo
. g R O Koo AT b ettt B8h of B,

FI SHER 4-bl ade retreat-curve stirrer) at 500 rpmfor 8
AnalyticAlR&stilts:The reacti on was nmai ntai ned under inert

at nrosphere (N ) throughout. After 8 m nutes the shear

rate was reduced to 160 rpm and few drops of defoaner
ICP AmalysigP|2,8% SUaéal Lordieg: melig i (Ag%tRibernapetiaiet)

pol ynero 859 owtiE ebedihg@®d. 146 mmol/g P (72.5% P encapsulated)

Catalyst Evaluations

General Procedure for Suzuki type reactions using Encapsulated Palladium Acetate
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15

O carbon di oxi de evol ution). The suspension thus
obtai ned was stirred at C for a further 30 m nutes,

wo b@s/owsiored to 8 C over 2 hours and held at tPCEGB2004/003504
tenperature for hours, andsthen warned to room
tenperature. The m crocapsules were then filtered
t hough a pol yethylene frit (20 mcron porosity) and
the capsul es washed on a filter bed according to the
fol |l ow ng sequence dei oni sed water (6 x 100 n1)F
(2 x 100 L et hanol (2 x 100 5 m), toluene (1;x 100
m ), hexa 5 %2 x 100 n1) and finally dried in 2
vacuum at 5CC. tical fResiddtscat | CP An
3. 5% Pd , Loadin . 33 mmot+g—(929% P
encapsul afed) o 0.3% Py /wt, POHMGK) 8L 1 nmol L4
(34% P enoapsul at ed) Pmeparati on of Catal yst EX
23 - Mecr encapsulated Pd(CM@) wi th Co- Encaps
2-di cvel 0 e&ylphosphlno 2'. 4,6 -tr||sopropyl

ir-sen i ve nature of andethe
or@ggir@ tﬁqég%e% cmr@ ffﬂ% Epuigped With @O%uﬁenser was charged
with at-me&lphﬁn‘nenylﬂihmnmr geidi (0 aﬁgasl & 2nasndl o1 rie éq, r 4 brdrsfiGé@benzene

(0.2 191419mrr?3g r@ g ‘;‘qcb‘f’és\é rb%Hét@ d@f%ggu%%ow Qf‘Sﬁ‘d 10 ml of

tirre

IPA/RQ (7 Bhelsy d@l,srﬂeﬁsapsulated p@'ﬁdi%pp@tagg preparegi ipKamarative
Exanile @(0.08378 rﬂol% Pd: Iéédmgr 0.4t MBI/ ) \Méslé@de&ﬂSTr@d@dure was stirred

with O gﬁ%tay{ogm%rp%&’ H? é'us %X%nl aeth(P %{gress of the

r re urth
r eactrﬁnﬁ'MﬁSe@OHW% by tajens %anmie‘-‘s@f repstionraixings at iegulantme dntervals and

analyis@rbyaldPEOUThp higtere wasted flterei@hrob ﬁfaadnﬁtefe@! f&n@r%l BRédvthe solid

N 0 O T

rotary GV%Q?@'[OT Wlth@#tdhﬂ@%dmﬁ&tu@r |CB7ANaly sig:leveslet ¢hes resstiom qixture to-
have(‘t@lpri@ Rd fﬂrﬁbﬂEBqﬂatbé a@%srseﬂhéﬁfﬂ 1%%f\/tﬁe55du5&ﬁﬁ9 leabhe%‘)ﬂom the

s,. mai nt al ned under

catalysﬁgpg ﬂ}ﬁ%@ R@ld@c?tﬂlc?n@mt%(pdq%’hfi diuf-t er 8 mi nut es
t h'BWestﬁblarba*Qw shawssthe deliet efcanuersdo to prductiatftevedintpsloiising a

quanﬁt@fl\ﬁeaHPLC(l%lﬁB@L Eor Ihé 388 sYVE&ngQd’P %edt‘éf)ler}%véélg aR"MS&! rapid

nmerisatijo deteted ar bon

reactG i oRiPoToR Sl SR o’ PYR TR M e AT deastion iachisying 70%
produgt afier Sahdwrst NEP 30alysinshesed tHuelevahiintraactizth mixto€ drer crude
roddétdwzé p¥RNEERDO DR intained at this
P enperature T or ap?)urtﬁgéaﬁggours. The m crocapsul es

were then filtered though a o polyethylene frit (20

nm cron por osi ty)Tlﬂfed t he cﬁapsul es washed on a filter

bed accordi ng 10 g ) pGae] deioni sed

water (5 x 100 ﬁ@ﬂﬁ—ﬁfg N,:\gw gﬁ)}“e(/i nanol (2 x 50
m), toluene (2 x 500m ), |hexane0(2 x 50 m), and
finally dried ijn a vacuum/oven 19Q550 Anal yti cal

Results: 5 | CP AmatysIs: 19 I-’é] %\[FW[ Loadi ng: 0.29
mol /g (90. 6%Fd_enﬁ§psu.l_aLe

15 33.3
20 35.6
25 38.1
30 40.8
35 41.2
40 41.8
45 44.6

95 57.7
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0.74% P wt/wt,
encapsul ated) Preparation of Catalyst
wor@soerse@apsul at ed Pd(OAc) with Co- Encapsul at ePICDGB2004/003504

Loading: 0.24 mol/g P (75% P
Exanple 24 -

, 3-bi s(2, 6-diisopropyl phegafl )i m dazoline chloride The
om Pd(OAc) (2.0Qg, 98%

di ssolved in chloroform (42.Qg) and then stirred for

10 mnutes followed by addition of 1,3-bis(2,6-

organi ¢ phase was forned

di i sopropy
Pd: I i gand)
To this m

di - 5 isocyanat
stirred for a further Z hours.
m xture was then added to an aqueous phase,
1 Eollowdng Hienispges enpermextal quosadies teadion(nfiB8glpr CGomparative

| phenyl )i n]15§az

1: 0.5

and
xt ur e .was

IICII St

dded

red—for—ag furt

pol y

olfine clkor i dev%l. 90y,

r 40 m nutes.

y| ene [pol yphenyl ene

( PIgRBI )

([17. Cgyr1and t he

contents

Thi s organi ¢ phase

cooled to

Cata?EFEiaT@e%@t@@w&é pmdﬁéa&%) and 25% Poly Vinyl

S

ghout .

sol

After 8

% sty

érstou&"%’) prg%IJ 'EF’%H tajysg é_g%@p es 1,2 and

ewvalbgentenis A9, S0i andeR)%aesativelpm Ther caalpdin actbdty iFisignificantly

mcreé@éthdr BBtHARE IVosrahd e rg Eatde dgamist tatmsRhe '21@%(\%1) catalyst
m nutes the shear d

rate was reduce

(Exaf”892§5 rpm and few drops of de-foaner (DrewPLus
S-4382) were added during the onset of polymerisation

det ect ed

by carbon di OXI de eY&"‘YUPn)

The suspension

M S SN 4 I~

hus—obt=i
t HERe war me
A (ltburs) nt &

IICU waS bll LI

dto P%\fﬁten’p
I ne@xampleotdm t

1T T Ul

er at Gagl ysto C)
enpExample2f or

tther—T 1ottt

over Gatalyst s
a f UExdiplel®H

hour The

hel v/

5 m croocapsul

es wer then 11

or.on nnr I‘\CI 'l'\l\
C1ToTt OS5

l'tered bhougn a
onrl fha

[JUT _yCl Il_yl

tapsul es washed248

ne
IIC | I T l éLU III

a fil

ter bé@ 4a'i’ccor d|

nqto&‘h@

1ollqwlng

sequepg ey dei g

ni sed wat er (5

X 100 ¢g.85

,tha Eg)l
LN

Hr i e

X 1T0Q_mi ),
vacuu A loven 4

ane bé ﬁ 60
t 3alvtir
A

T —amd |||cu|y
al F\’Pq7ﬂ |

Anal y&i s:

4. 6% B9.8M / W,

Load90@1 0. 43

mol / Bg87A0P0% Pd

=ncaE§uI atled) P

u\all T C

th| e Sl ze DQS\%JI but i )n: avegsa&]e: 200
P eparatton—of

+ ol v g
Al AT y l.
M croencapsul ated acetato(2' - d| -t- butyl phosphi no- 1-
ICP Araiysispdiegnibe Beacn@fabioadct@ orrheat&ly < ExhmpRIZalS © MaB showed

<20pgﬁ|gg<?b%g)m %H]eﬁ%@p Hr%orgspec verTDSpher e. . The organic

acetato(2'-di-t-butyl phosphi no-1-1'-bi phenyl - 2-yl ) pal |
adrrwltéblle)beﬁdv@%w@ﬁ\%coﬁv&%@hmﬁ% ¢r6ﬂ6£1 lf&rd%\ftéqf] F_(x%%p&M and 4

wherg YT 1% L5 i TR oIk BgRin s s e sven the
catalytier aclivityuist ignifi@btiyrinnieassd faheatalpstgz@nle Hasenpeared theestandard

40% Wak chtBg 5t HE n aqueous phase, cooled to 1C,
contai ni ng 40% 100 M solution (6.66g), 20%

TERA TOLXD_sol ution (3.33g)
Yield (%)

Time

(hours) Example 1 Example 4
0 0 0
1 24.89 40.69
3 42,52 72.41
5 53.1 86.42
7 59.8 86.64
20 70.04 86.85
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20

25

and 25% Poly Vinyl Al cohol (PVOH) solution (5.33g) in
dei oni sed water (55.94 m) while shearing (using a
wOo-b@sHaRs46 bl ade retreat-curve stirrer) at 500 PEIGBI04/003504
m nutes. The reaction was H'ai nt ai ned under inert
at nosphere (N) throughout?’. After 8 mnutes the shear
rate was reduced to 160 rpm and few drops of de-foaner
(DrewPLus S-4382) were added during the onset of
GenBi2 ¥EEddRRt kRS AR o c‘ﬁgri@)bsiﬁ r%’rﬂ% IQL';I?% ASaIBURIN WBMe where

e SU%EEQSIOH us

Genete Xiotedu
Phogptingldganglys Post Added  hen warned to 25C, held at this
t efipea ablutien fob rthd &rylcbromidendr mebol} in Edpfopyna@icohol was added a

soufh VRS bl T (P SHALH Erd Qs BbafaBOts Somon i
isoproppRitvRiretrd . r 16 mipo A Bivmiybieo ¥ \3ddgd dengqesulated palladium

acetataf)ffnmhﬁ&omshﬁde @rampfes| 1 @6 8)ed.08g¢ Ar wiblwg) fllowBE by addition of
. y | 1 1
ron b AR SOURRE S, 15 PE0251 BT i Al et
was Hagiataned2uidesgingrt) (N-h sémesphara pndrthedmixiure sfireduat 80%h The
progfdss Wthe Aselivi Wl mbrard by td Oﬁhgilé@bﬁieagti&%wﬁdure at regular
ime 5y i O PR 1, S T DA B o s
funnelrangibe saliceentalysiveashet with acatont and efisn sespectivaly ethe Birate was
conceffratdd BHd rotarp evasaatol AMfout Sirtier WoRaps Urad ﬁﬂjdeg{}éﬁ@t WBY then

IAc%tfatlg(ig()—% z) qEE% Pd EnCat | PA/H (20:1) 8CC A 25
anaYReY R 'e ?ﬂ; rl'} d 'Pbund- bot t om f1 ask equi pped with a

c ook teblsr belely sbbis geattion yields-tims Ipoofieshairy hirobemdf difterént molar
ratioé & PPY, tolpgl%dmﬁwor @ic%eﬁ@épsu{b‘t&f e&w%m&ﬁ#&t@aengh% table reveal
vt BRSO bR T B 2 G lion.
indumﬁoormmfimdapmblsantved fplédWealdby nad e¢adtion fdo eghiced quantitative product
yieldSOFR& FrRiLLNS: @5@6@% ﬁl_?%%lgt%) )%lgte é§ N8 foF the Iﬂ&aﬂtb 19 gfﬁ'uée through

[/ g) was ed. 1xture was stirred
the H%FF&%‘@”‘M‘PM‘V%WW%%SM to OC using an oil bath.
The progress of the reaction was nonitored by taking
sanpl es pf reaction mxture al,;qggular tinme intervals

and ool har e ey D] — Thea mvl o thn filtaraod
[¢ANAY] ClIIClIyOIII\d lJ_y 1 | = . LILLA ™S T AU UT T 7WWaS CTTCT LML YA A B YA ]

t hr ough aMelaiRatied fMalesRatind |t hMolasIRaticcatial yst washed
W Tim@cet opphgrd et hepphrgp@ect|i velppp pae fill trate was

cgncentriated, gn a [rotary,evapqrator t hout| fu
w@?cﬂ"ﬁg | CD1:, nalyisis: réaea! gﬁ t-he lgacti on—m i‘:"%ﬂh% o
havé <3 ppm B whilch eq@ates tlo | essDt han 0. 1% of0 t he
palladi um | eagped fromgtfae catjal yst @nd the crudgys

pt Uté'ut,t to bOL:)8II6t ar <20 o pattt-ach bE)nﬁl‘r 39.48
3.5 31.03 1.3 0.98 51.8
6 82.3 4.57 3.1 53.45
20 92.4 95.3 90.7 67.41

Comparison of Catalytic Activity of Microencapsulated Palladium Acetate with Co-
Encapsulated PPh, (Example 7) and P(Tolyl); (Example 9) with Comparative Catalyst
Example 1.

Catalyst Example 7 (0.06g, 3mol%) was added to a solution of 4-bromo
fluorobenzene (1 mmol), 4-methoxy phenyl boronic acid (1.5 mmol) and potassium
carbonate (3 mmol) in isopropanol/water (20:1, 10 ml). The reaction was maintained
under inert (N,) atmosphere and the mixture stirred at 80°C. The progress of the reaction
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The tabl e bel ow shows the | evel of conversion to
product at tined intervals using a quantitative HPLC
woreiolothsid-or t he catal yst Exanple 1 the tabl e Peweak®4/003504

an initial rapid reaction,_ which progressively slows

down over the course of r%%cti on achi eving 70% pr oduct

after 5 hours. |ICP analysis showed Pd levels in

reaction m xture and crude product to be <3 ppm and

; Les [ T ' ; ' (&

wes JRTRRE, b%‘%@?eg%ty'%%.%”%8%.”%2%%??%%8&5 foréals and
analypingp by P g Ths mixtige guassihen fiigreghtiougina gantgredglinggl and the
catalfzstl washied gvithheretameearekgther nepéaivelpr dbediivaste wescddnaentrated on a

rofi f | | i
ot Shb 86 o SOIRREPENE B LTRSS fhfed e
and phaspheras cortentiyt ISRy §80 PRAANSSI 5 PP, serPestivilY-h wal |
contents 40, 30 and 20% respectively. The catal ytic

e SR AR AR i  c
Exargpie 4l yst (Exanple 1). Yield (% Time Catal yst Catal yst

Catal yst (hours) Exanple 1 Exanple 2 Exanple 3 0 0 0 O

Convlerézlg'h/? l%ne5 atg' Zec?’odr'dezd7for the 3 catalysts are presented in the table below:

Conversion to product (%)

Time Catalyst Catalyst Catalyst
(hours) Example 1 | Example 7 Example 9
0 0 0 0
1 24.89 49.98 51.94
3 4252 82.16 78.92
5 53.1 98.08 91.41
7 59.8 98.14 94.83
20 70.04 98.42 95.1

It can be concluded that both catalysts with co-encapsulated PAr; ligands
demonstrate higher levels of catalytic activity compared fo comparative catalyst of
Example 1.

ICP analysis of the crude reaction mixtures for catalysts Examples 1, 7 and 9 showed
palladium levels at <3ppm, <5ppm and <5ppm, respectively.

The same procedure was followed to produce conversion/time data for catalyst
Example 8 where the level of PPh; has been reduced to 0.1/1 PPhy/Pd molar equivalents:

% conversion to product

Time Catalyst Catalyst
(hours) Example 1 Example 8

0 0 0

1 24.89 49.34

3 42.52 90.16

5 53.1 94.26

7 59.8 98.36

20 70.04 98.67
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3 42.52 82 60.86 5 53.1 86.21 74.74 7 59.8 90.01 88.73

20 70.04 95.4 88.91 ICP Analysis on crude reaction
w@e@doodsso from cat al yst Exanples , 2 and 3 shor&miGB2004/003504

<20ppm <20 ppm and <15 pﬁ;n Pd respectively. The table

bel ow shows the conversioh/tine profiles for catal yst

Exanples 1 and 4 where Catal yst 4 has a pol yurea wal |

with reduced crosslink density. As can be seen the

il by Sl érﬁnaﬁé&ﬁgst%ﬁe@gktmg%@?3@@%@?@ Example 1.

cat a conpare
ICP apgal w% Eﬂ@&% ust shgwed P¢ and 1 favelsnioupe )<3expmpieed <18 ppm,
respéotimelyl e 4 0 1 24.89 40 69 3 42.52 72.41 5 53.1

8 512' u% sgmégj ?ce%%ré &ag QOIIZ)%eQ"fo gﬁqﬁg@g?gﬁ{/%%logfﬂ ﬁ#é@@d‘{ﬁcatalyst

Exampie 1o \Mmfgmw(ﬁ@hemdremph@omaneAweeo-%capsy@rtaﬁ i 6ampAarison of
reactidmeprofily |forhfdbrﬁpa(ﬂﬁw(e£>@f’f@ilé 1 aAd Ei@rmbl@pbd clédrfai@trav@sine dramatic

e A AL et S0y L
For qamiyﬁ Examplen!§ ICFrgneliisis oﬁpwﬁa rpéodmé shewrstiPd mod 55 levels del be 19

ppmaﬁ&j Begbmréspetitesy. (from conparative exanples 1 to 6)
(0Og, 3 ml% followed by addition of triphenyl
phosph| ne at+—either-1/1-—or 112 or 1/4 Pd/ PP mol ar

equi val ent Timlee react i%rcmwersiuilmaraubxd:tunder i nert

(N) at m)spr(ﬁ[,gr nd |t hegRaRdure| stigL R(si‘t Q C. The
progress of| the ea(rtlégﬁ S _nopi tore )4 aki ng
sanpl es of [reactiaon mRled: | odixample| nterval s

and anal ysijng by HPLC. The mi xt ur e wasg then filtered
through a ginteyed unneé @ndT e sold d cata yst
washed wi t hacetenerand—<ther—rpspectvely—The
filtrate was cchcentrat é85n a rotar§6. & aporat or
W t hout furt herswork up. 53The crude pygghict was then

anal ysed f Pq'7lcon emnt é)Q/SI CP: 98.59

20 70.04 99.2
Experiment to Assess the Influence of Storage Conditions and Ageing on Catalyst Activity

Due to presence of oxidatively labile phosphine ligands the following experiment
was carried out to determine the storage stability of the co-encapsulated catalysts of type
Examples 7 to 10.

A sample of catalyst Example 7 was stored under air for 3 months and then its
catalytic activity compared with ‘fresh’ catalyst in a standard Suzuki coupling reaction.
Similarly, a sample of the catalyst was subjected to accelerated ageing by warming to
52°C in an oven for 24 hours and its catalytic activity determined. Activity was assessed
by monitoring conversion/time profiles for these aged catalysts in a Suzuki reaction
according to the method above. The reaction results are presented in the table below:

Yield %
Catalyst Catalyst
Catalyst Example 7 Example 7
Example 7 (After 3 (After
Time Catalyst (freshly months accelerated
(hours) Example 1 prepared) storage) ageing)
0 0 0 0 0
1 24.89 49.98 41.29 26.47




The tabl e bel ow shows reaction yield / tine profiles

at a nunber of different nolar ratios of PPh to
w@alosadisuom f or m croencapsul at ed cat al yst ExanptBGB200A©03504

table reveal that additiog. of PPh significantly

I ncreases both the rate a extent of reaction. An

i nduction period is observed foll owed by rapid

reaction to achieve quantitative product yi el ds. The

I ndyction pg§|52d IS thgg gt tq rel %9%4to e t| B% 7Eor
1 A 4~ HE % 1 aHearbh—+hbeae——ual e Y4
CcU U1 Hse LITI_ngll LIIC WI yui Sa— et 1% ©

t hebactijve Bsthl S|te398%eld % Mol d8 Rat i ¢ I5ﬂ42
Rat o Mol ar gdag i o |Ti rrEQgPI?Jp / Pg PPh7/5%q PPh /'Pd @bagrs) .

06800 75 070B450 lag 296431 03 1 308185 6118 6 5
4.57 3.1 53.45 20 92.4 95.3 90.7 67.41 Conparison of

gg(g?tgglgf Exﬁﬁﬁlé‘éﬂ é%\n%‘; scg4\§ g%ggﬁ%gwaéf%ﬁj ﬁhb%'aﬂgbr a 3 month
periog PEEYST. (5 SRRt ofil \KPWH'“EJH%’& ﬁ?tIV%thggttQP Rexaitys eatalyst
Exantgaé al ySimilenyaptaerdtedOadeig, of30abit Was 520t @&t 24oh@urs results in a

romo fluorobenzene (1 mmol), 4-nethoxy
smﬂe?fﬁja%%lﬂ%s%aélvﬁ%c d &%ﬂS nmol ) and potassi um car bonat e

ICP @'Xﬁ*ﬁ)@f)crlﬂfﬁ? PrOgpete fi maﬂ@mpewr@ angd$2r¢ pged patalyst show Pd

and P RAEkit6 Be W20 PR dda<30asbrindspectivigy.t (N ) at nosphere
and the m xture stirred at 80 C. The progress of the
reacti onwas nonitored by taking sanples of reaction
m xture at regular tinme intervals and anal ysi ng by
HPLC. The m xture was then filtered through a sintered
funnel and the catal yst washed with acetone and et her
respectively. The filtrate was concentrated on a
rotary evaporator w thout further work up and the
crude product anal ysed for palladi um and phosphorus
content by ICP: <30 ppm and <15 ppm respectively. The
same procedure was foll owed for catalyst Exanple 9 and
conparative catal yst Exanple . Conversion/ Tinme data
recorded for the 3 catalysts are presented in the
tabl e bel ow. Conversion to product (%
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Time Catal yst Catal yst Catalyst (hours) Exanple 1
Exanple 7 Exanple 9 0 0 0 0 1 24.89 49.98 51.94 3
W@ 2005216320 16 78.92 5 53.1 98.08 91.41 7 59. 8 9BCIEB2004/003504

94.83 20 70.04 98.42 95. L?‘é can be concl uded that both
catal ysts with co-encapsutated PAr |igands denonstrate
hi gher | evels of catalytic activity conpared to
conparative catal yst of Exanple . ICP analysis of the
crude reaction mxtures fqracatal ysts Exanples , 7 and
9 showed pal |l adium | evel sTat <3ppm <5ppm and <5ppm
respectively. The same procedure was followed to

1. prAdniceencapsalatéd oathlyselighat ssybem camnplisiag Fxatabeadd a ligand

n{icmgggaﬁ%qaa@d R RmEEle BBRrRPRLatuGRd LY O 1/1 PPn

ar equi vdlents: onversro roduct Tine
Catal yst Catal yst (hours) Exanple 1 Exanple 0 0 0 1
2. 247 BNcrbBnlepstlafel bRaRe-liand dystein 9dmphisidg 20cRalf: @& A0ligand

A TIhi: at gl t RY nce .
B LR, S0Pt bl SeIRaDi S crorn e
microgapsue phellgs fasmgd by pirteidrrial pelyoasigatiog. and P | evel s to be

<30 ppm and <18 ppm respectively. The sane procedure

i : i o/t file f .
> \é\?%sglq'é)'Jé’lFR%@PgH_%Feé’p é%g'ﬁj'ngéﬁn:%%ﬁ%tﬂ@?g@ﬁ rgﬁzpﬁ%egg{cgﬂgmsmg
forming g Resmealdla pitiogarsyle Shatwrintetacial paiyraenisation iy beipresence of a

catalysPbng ampandt i ve Exanple 1 and Exanple 10 clearly
illustrated the dramatic inprovenent in activity of

catal yst Exanple 10 with quantitative yield within 3
4.t A BidroenaapsWated catadisi-igarBeysiene ad@rdiQP taamy 933 of Clims 1 to 3

wher&hUHE praduas W%i@%c@ﬁ&lg sh8lY & $hel BroBBctlS self-condensation
and/or cross-linking of etherified urea-formaldehyde resins or prepolymers in which from
about 50 to about 98% of the methylol groups have been etherified with a C,~C,, alcohol.

5. A microencapsulated catalyst-ligand system according to any one of Claims 1 to 3
wherein the permeable polymer microcapsule shell is a polyurea microcapsule prepared
from at least one polyisocyanate and/or tolylene diisocyanate.

6. A microencapsulated catalyst-ligand system according to Claim 5 wherein the
polyisocyanates and/or tolylene diisocyanates are selected from the group consisting of 1-
chloro-2,4-phenylene diisocyante, m-phenylene diisocyante (and its hydrogenated
derivative), p-phenylene diisocyante (and its hydrogenated derivative), 4,4'-
methylenebis(phenyl isocyanate), 2,4-tolylene diisocyanate, tolylene diisocyanate (60%
24-isomer, 40% 2,6-isomer), 2,6-tolylene diisocyante, 3,3’-dimethyl-4,4’-biphenylene
diisocyante, 4,4’-methylenebis (2-methylphenyl isocyanate), 3,3-dimethoxy-4.,4’-
biphenylene diisocyanate, 2,2’,5,5-tetramethyl-4,4'-biphenylene diisocyanate, 80% 2,4-
and 20% 2,6-isomer of tolylene diisocyanate, polymethylene polyphenylisocyante
(PMPPI), 1,6-hexamethylene diisocyanate, isophorone diisocyanate, tetramethylxylene
diisocyanate and 1,5-naphthylene diisocyanate.

7. A microencapsulated catalyst-ligand system according to any one of Claims 1 to 6
wherein the catalyst is an inorganic catalyst, preferably a transition metal catalyst.

8. A microencapsulated catalyst-ligand system according to Claim 7 wherein the
catalyst is a transition metal catalyst wherein the transition metal is platinum, paliadium,
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ppm and 50 ppm respectively. Tinme % conversion to

product (hours) Catalyst Catalyst Exanple 1 Exanple 10
w02@50165124. 89 86.61 3 42.52 96.17 5 53. 1 98. 0BCT/GB2008/003504

98.59 20 70.04 99.2 Exper Zent to Assess the Influence

of Storage Conditions and~“Agei ng on Catalyst Activity

Due to presence of oxidatively |abile phosphine

Il igands the foll ow ng experinment was carried out to

osmﬂﬁ‘nt %fﬁe‘ﬂfﬂrﬁ hﬁﬁoafuﬁ{ qg&?u { E}'Héljj)hﬁ’]y s%%ncf E}&r‘ﬁ %grlﬁ‘ﬂcggﬁ'llé %eq/ttnum

St s
yﬂer@am' f@tw'ﬁxgﬁﬁ%ﬁ tﬁawa@ BBy BPeR 1Oy Hcks!, nAngnese, tin,
meraung stiverngold, Zirmavahadiung, teledsiat dnd molypasrsmwi th ' fresh’
catal yst in a standard Suzuki coupling reaction.
Simlarly, a sanple of the catal yst was subjected to
9. acfeMisreansaPrsiiripd FatRlysideandth gystemsacaording 4, @eien 8f wherein the

catalPdt is@uUiransitiofl métal eAdigdtyihcteinahé wehs«ud}etr@tdnsnwllatdlum preferably
e BRI 135e 35305 S TR B 8L OO LE) 3 b ey

Pa"ad@ﬁb@‘%ﬂtﬁg to the method above The reaction results
are presented in the table below Yield % Catal yst

10. R En et g Ao it M RordcGIRERY Bpd LS 1 o9

Wher(swdbe §yanekis @pl arganiop Mol eeypring arredr mgesi imefloatonds selécted from
N, Olp2Ad89 49.98 41.29 26.473 42.52 82.16 67.54 61.76 5
53.1 98.08 73 71.42 7 59.8 98.14 75.84 79.46 20 70.04

98.42 83.75 87.5
11. A microencapsulated catalyst-ligand system according to Claim 10 wherein the

ligand is an organic ligand of formula (1):
PR'R*R?®
(1)
wherein;
R", R? and R® are each independently an optionally substituted hydrocarbyi
group, an optionally substituted hydrocarbyloxy group, or an optionally
substituted hetrocyclyl group or one or more of R' & R4 R' & R?, R? & R®
optionally being linked in such a way as to form an optionally substituted

ring(s).

12. A microencapsulated catalyst-ligand system according to Claim 11 wherein the
ligand is PMe,CF;, P(OEt);, P(Et);, P(Bu);, P(cyclohexyl);, PPhEt,, PPh,Me, PPh,,
P(CH,Ph);, P(CH,Ph)Ph,, P(p-tolyl);, P(0-CsH,OMe);, P(OPh);, P(O-p-tolyl),,
P(p-CcH,OMe),, P(o-tolyl);, P(m-tolyl);, PMe;, PPhMe, PPh,Et, P(i-Pr);, P(-Bu)s,
PPhCH,Ph, PPh,OEt, PPh(OEt),, P(O-o-tolyl);, P(OMe),, P(n-Pr);, PPh(i-Pr),, PPh,(i-Pr),
PPhBu,, PPh,Bu, P(-Bu);, PPh(cyclohexyl),, PPh,(cyclohexyl), P(CH,Ph),Et,
P(CHPh)Et,  P(CFs)Phy,  P(p-CHuF)s,  P(p-CeH,Cl)s,  P(CeFs).Ph,  P(0-CoH,F),,
P(0-C¢H,Cl)s, P(2-furanyl),, P(2-thienyl);, P(n-octyl);, P(p-CsH,NO,),,
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Cat al yst Exanple 7 shows sone |oss of activity after
storing in air for a 3 nonth period, however, the

W@ 2108l0y&sto stil 1 remains nore active then the PCT/GB2004/003504
conpar ati ve catal yst Exang . Simlarly accel erated
ageing of Catalyst 7 at 52°C for 24 hours results in a

simlar partial loss in activity. |ICP Analysis of
crude products for the roomtenperature and 52C aged
cat al yst SMQW Pd and P | evels to be <20 ppm and <30

MeN ec I y. CLAIMS 1. A m croencapsulfafed PPh,
aI ) o g SNesigm orerl*'%US| ng at gkyst and
and mcre encaps,\;,él' ted Wt hi MGHN@TE%M e mg

e crocapsﬁﬂ e shell'. 2. A ni&fgenca | at &, PPh,

catal yst-ligand s
|'i gansb,d cr

stem conpri si ng a caM@‘il yst and a
nat eg—w t

@\ N

oencapsul af@d)zcat aI ystE®: gand syst% obt ai nabIPéfBlbzy

LQce @pri si NbRE, & P msbleap,mcro aps
§Y¥EI/I°\MeH‘P§€ al po yne?zl BuE T orr i Nt heé Pyserce PB'Fz

a catal yst an phgan apsvbat ed
cat al yst 1 f Efﬁﬁd\gyst @ﬁapaccdedi(t%PWe of O ains

er m crocaps
at| on and/

;Iyst-llgand S
v , 3 wher ei n ¥fie
bl e pol ymer m crocapsul e shell is a pol yurea

sul e prl\Fpared rom e st ,one pol ylsocyanat e
A Ob, en °di i socyan -_m croencap tedan,
|=th @ a| m p @
tf socy tes a Iern ﬁg , are

Y- fromtldwe gro con%stlng
chl'or o- 2, 4- phenyl ene dI'i socyant e, Im phenyl ene ,
diji socyante (and its hydr ogenat ed derivative),
enyl ene dllsocy te (and its hydrogenated

vative), 4 t hyl enebi s{phenyl isocyanate),
whyl epe nat e, toI e diisocyanate ¢p0%

2,)4- igqne 09 e2 6 somar)’ 26\ ol §1 ene dii ans-eSy
@ - di megﬁﬁ7 _bi phenyl 21l d| Hscyant @\Pg&( CH,
4. 4 - met h\Wwenebrs (2- et henyl , Fe

3,|3" - di net poxy-4, 4" - bi pY
2,2\5,5"-tetranet hyl -4,4' -bi phenyl ene di i socyanat e,
80% 2, 4- and 20% 2, 6-i son@Lpﬂshol yl ene dii socyanat e,
pol ynet hyl ene pol yphenyli s ante (PWPPI),

, 6- hexanet hyl ene dii socyanate, isophorone

di i socyanate, tetranethy ne

where Cy = cyclohexyl.

13.

, OF

A process for the preparation of a microencapsulated catalyst-ligand system which

comprises forming a microcapsule shell by interfacial polymerisation in the presence of a
catalyst and a ligand.

14.

A process for the preparation of a microencapsulated catalyst-ligand system which

comprises
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di i socyanate and , 5-napht hyl ene diisocyanate. 7. A

m croencapsul ated catal yst-ligand system according to
waeysonsiof Clains 1 to 6 wherein the catal yst PCEGBR004/003504

inorganic catalyst, prefepgbly a transition netal

catal yst. 8. A mcroencapsul ated catal yst-Iigand

system according to Claim7 wherein the catalyst is a

transiti on netal catal yst wherein the transition netal

s (&) at uagmmg@k H@Eér‘é étanystréﬁdh@ahalmaﬁﬂa%éé@

|r| |um r heni um cerium “samarium  yttrium
yt {r bi ﬁpeqswpe 8¢ tin "t‘lsteﬁﬂ”qm?orﬁ'ﬁ%ll*ﬁ @ fse 1o Torm an

copper, emutsion, ni ckel manganese, tin, nercury, SI | ver,

go{d, Zké%tlng?’ﬁﬂé‘glr %retl"HiEI%% Sﬁjlégfgll %}Hﬁdaccor alsat lﬁ{a interface

m cr oenca ataly
d ai m 8PGMerRithe H‘?@e&?ﬁaﬂfﬂs?hﬁ%@ ang ﬂ%§?'ﬂtlr@ﬁuﬁ§ﬁé¢nd phase to

cat al ysformheemirocapseletpolymsdrtshei enedpallatisg el Higpesal first phase

preferapby dnf diumis in the formof an organic
sob{ ent sro ub?’ge?'{oér”?n and nost preferably is palladium

at e®CR¥LNINg the BIGRFRPEHISS MaMEle captnupls Phagsand
system according to any one of Claims 1 to 9 wherein

15. 1 hﬁ rhfcﬁféﬁga Sefai%{ eétggE{ Iﬁ:ﬁaﬁg s%%rﬁ: ﬁgﬁbaglen %nr?rogerssngormpnsmg
Ormwg@rra@rf@ap@u? shelbyciatespgiat pqurgqmtlg@/mtéﬁpms@ow phaycatelyst and

treatichaheniniddoodpetileisAelt Weh hiligawd is an organic |igand of
formula ( ): PRR R3 ( wherein: Rl, R2 and R3 are each

[ ndependent I%/ an optionally substituted hydrocar byl
16. grdmfncesn fasghe pieantajios uhe nicraeeehpsyldtedcatdlysttggndsystam which
com;msegn optl onal I y substituted hetrocyclyl group or one
tlonally bei ng

re,.of
Vi {@ed ¢ 'ﬁs"é‘ﬂ%‘” 0% \7%%55'3%%9 C%*%)?Sgn'%ﬁ% iRl | y
sultst i tdispatsing nibe sfirst pEaseAmna:nsemmiapmmlmm phase to form an
cat al ysémbps,gﬁnd syst em accor di ng to Claim1l wherein
igand.is P( Bu)
P(@/ cl grﬁgs‘(tmg) one gfpﬁgfe mcpsgq:gp,%ﬂe fﬁr)ormpg@ptpmls at ﬂaqtherface
Ph) Ph , bedgeen dﬂeyu)spersé’(l @rsE pthaShegnd, thie( €dPihuous second phase to

F’( SNE tfehﬁ |a) mrcrd:)c(a lfl%?o@é)% _s|t|_$lf7 é&a&;?&léﬂg{% th?%%dyﬁr?st phase

PPh OEtCOF%ﬁ‘?FOEt) . P(O-o-tolyl) , P(OVE) , P(HPr) ,
PR} Z- Rreating BiehmiczbdBpgulePWhiBa ligarkPh Bu, P(Z- Bu)
PPh(cycI ohexyl) , PPh (cycl ohexyl), P(CH Ph) Et, P(CH
Ph , P(CF?Ph P(p-C H F) P(p-CHC) , P(CF)
17. nmr@e@arqswja ed catalyst-ligand system obtainable by a process comprising

formlng a microcapsule shell by interfacial polymerisation in the presence of a ligand and
treating the microcapsule shell with a catalyst solution.

18. A process for the preparation of a microencapsulated catalyst-ligand system which
comprises

(a) dissolving or dispersing the ligand in a first phase,

(b) dispersing the first phase in a second, continuous phase to form an
emulsion,

(c) reacting one or more microcapsule wall-forming materials at the interface
between the dispersed first phase and the continuous second phase to
form a microcapsule polymer shell encapsulating the dispersed first phase
core; and

(d) treating the microcapsules with a solution of a catalyst.
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P(OOCHCOO) , P(2-furanyl) , P(2-thienyl) , P( -octyl)

, P(p-CHN ) ,Nve. PPh, or -PPh Fe Ph Pwhere Cy =
weyasohestyl . 13. A process for the preparati onPGF/GB2004/003504

m croencapsul ated catal yst,oligand system whi ch

conprises formng a m croé‘gpsul e shell by interfacial

pol ynerisation in the presence of a catalyst and a

ligand. 14. A process for the preparation of a

19. M @ &%@Qs%oééﬂo?&ﬁéj t& 3 |df'%t of Cﬁﬁ%dﬁy%%mf’)’h flgre)l/n he_intorfacial

di sSo V|n di spersing the ca
polympﬁ%‘n&nl ﬁcgtg Hs&Ss Selfrgu nse’ﬂﬁn ”é’(?ér gl%ﬁ@-llplﬂ@gfq)fr ﬁherlf ied urea-
formpldabydd resms e poemblyrcera tin waish Srophalseut 50 b @bbued8% of the methylol

grouEEHb\?é Békn étﬁénffe@%ﬁw‘er nealcﬁj; hofor € mi crocapsul e

formng materi I'nterface 5 between the
dlspersed first phase and the continuous second phase
20. t oAfpooess atcordieg s ahg gpel ofnEltinghed | 12 e aFswhakimet iR rfacial

polyﬂbﬁﬁlbﬁe&rﬁdrﬁéé RRESEHK %faa[Pqe%?t ngélgg?(gy%%ate and/or tolylene

recovering the mcrocapsules from uous
diisogyane®. o 15. A microencapsul ated catal yst-| i gand
syst em obt ai nabl e by a process corrpri sing formng a

f (o] [ sat
21. tmhér gé;%ﬁ%gco?@ %l H‘%%r ﬁ% ﬁg{% P%Ing?ﬂ/éana es an(ﬂor tolylene
d"SOﬁa(élﬂag%p?ém gelepled | fr\m h a Qrwnwonalstm% @r Jeeieyof2#-phenylene
diisotyentdr eRstealiend disodydmits (A& Gtapﬁydréde&@tééaﬁéh\)/aﬂhej | 9BREhylene
duso?%asf{tg g%n\ﬁhlts E&/d?ﬂ&eg{%%d §?rlv6ﬁ\é%e , SSO ,%‘gg'ﬁiﬂhﬁayl Jﬁ%cyangte) 2,4-
tolylemier §ﬂSQ§M@'ﬁeI toldense sliisetyanaiat (G@B{Ol&/l -fsoaee, #0% @ Grisamer), 2,6-
tolyle&ﬁubﬁédwantécb S’Qjﬂrﬁéth?gﬂf @f!ﬁpﬁyn éedll?ébE}VaQﬁ@ngll ?nethyl%nebls (2-

et
meth‘é??%’ﬁ@f‘se'ao‘f P§tl3 ph%rg H}?&P‘?‘Hg 4:(%’?’??1 Bk éjé%‘lﬁ%g%ﬁas@ 2,5,5-

tetramethlybd Ai-kiphénytanea gissdcganzate,y Y 8Mel dnde 20%p28-mbimeg dfhelylene
diiso&lfa#BeY, S €foil/inkflyicRBaS o Rh&hyidtYante  (PMPPI),  1,6-hexamethylene
diisocyanate, isophorone diisocyanate, tetramethylxylene diisocyanate and 1,5-
naphthylene diisocyanate.

22. A process according to Claim 20 or Claim 21 wherein a crosslmklng reagent is
present.

23. A process according to any one of Claims 19 to 22 wherein unreacted amine
groups are converted to urea, amide or urethane groups by post reaction with a
monoisocyanate, acid chloride or chloroformate.

24. A process according to any one of Claims 14, 16 or 18 wherein the wall-forming
materials comprise etherified urea-formaldehyde resins or prepolymers in which from
about 50 to about 98% of the methylol groups have been etherified with a C,-C,, alcohal.

25. A process according to any one of Claims 14, 16 or 18 wherein the wall-forming
materials comprise at least one polyisocyanate and/or tolylene diisocyanate.

26. A process according to Claim 25 wherein the polyisocyanates and/or tolylene
diisocyanates are selected from the group consisting of 1-chloro-2,4-phenylene
diisocyante, m-phenylene diisocyante (and its hydrogenated derivative), p-phenylene
diisocyante (and its hydrogenated derivative), 4,4'-methylenebis(phenyl! isocyanate), 2,4~
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(d) treating the mcrocapsules with a ligand. 5 17. A
m cr oencapsul ated catal yst-|igand system obt ai nabl e by
W@ 2500836 conprising form ng a mcrocapsul e sPel/IGBRY4/003504
i nterfacial polynerisatiog1in t he presence of a |ligand
and treating the mcrocapsule shell with a catal yst
solution. 18. A process for the preparation of a
m croencapsul ated catal yst-1igand system which o
tolylmnéo%géne(t@) td%lén%@'d{ibé&aﬁétedkﬁfféﬁ—% € Job@lidomed), 2,6-
tol [fl rst.%P% ase, 3§1€_ 'dliﬁﬁﬁg%{nﬁlt e first phase in a _
Yiehge SIRPCY YRt it stre Ky A -hivhanylene afiisoryANts.o 4,4 methylenebis (2-
methylphenylngisocyenate),no8 &'-dinetracsEsaHophea)iené ordilsoganate, 2,2',5,5'
tetr. _h 2l ol ebuee o1 556
rafRIG A Bpfén TR HERIARRE, B0RT2ME i 209 SBRORES o tolviene
diisofyarga apQB'V@eBUI'eﬁ‘ﬁer Polyehenydipecypalgl at(P F@’Fﬂhe dibshrxemethylene
diisotyamsite, pliscphommee; disncyahdle, t tetednmeatayikyienaTi diisoco@st eand  1,5-
i o Lan of a catalyst.19. A process according
naph}mgﬁég]r?fldl%ﬁé}ég?@(] ainms 13, 15 or 17 wherein the
interfacial polynerisation conprises self-condensation
27. anh/poocess aeseridingkion@iaind 25%@1&;@ g@wm&gearﬁ mdgngMﬁg@ materials
[ . rsin I C rom about t o about
com;ggaag%?o hgﬁbrgf%)ﬂ%o' groups have been etherified with a
C -C al cohol. 20. A process according to any one of
28. Cl mipmsceks,actorday b7 aheneion Gliimsi 18 & Dacii@rein the catalyst is an

nore R BRSSP R PR TR TR M ooy anate. 21 A

process according to Caim 20 wherein the
29. POA preesy abedr@ifg 36t ZSQhryér_siHQh@lbétéQ@Ma%atfr&%it%%etal catalyst

wnerSFE 35O S PR S ghiphgharodum,
rhenigin, swendinme qeditn, | saMariur, ogiérivm, evitatieiuiny dtifetien, cobalt, titanium,

chrorRiubt) &opbEM rofll InfRElY FrRahddd tint Sndiishy OgiR/aAt g&d, zipe, vanadium, -
"~ net hyl enebi s{ phenyl’ I socyanate),

errvatly 4 4
tungsg?rhgn‘prvgé‘ﬂ@‘nai i socyanate, tolylene diisocyanate (60%
2,4-isonmer, 40% 2, 6-isoner), 2,6- tolylene
30, dij " - diet - 44" Di A "

0 dié%gﬁ?ﬁ%goorﬁ?glt? %ls Uil Bé/{r/]heeg?lﬁt %{:ﬁ%@?ﬁ%%gﬁa&?ﬁon metal catalyst
whergig JR0 SRS MEtal 5 e Wb PraioON SR RAHFUIERGIS m the form of an
organic saleent aolable, fordn ahd oSt prefecdbiaispiahydiud,adetad. phenyl ene

di i socyanate, 80% 2, 4- and 20% 2, 6-i soner of tolyl ene

di j socyanat e, pol ynet hyl ene pol yphenylisocyante .
31 ( AMPIOLESS agsOrfihchioetyanefé Cdﬁ'ﬁngaé;tcaﬁaw@s%r% Higabshis an organic
moietficorpeiyiag ahe or ke Aeteddiprhs ydledied om0y, aahesand 1, 5-

napht hyl ene dii socyanat e.

32.  Aprocess according to Claim 31 wherein the ligand is an organic ligand of formula
(1):
PR'R?R®
(1)
wherein:
R', R? and R® are each independently an optionally substituted hydrocarby!
group, an optionally substituted hydrocarbyloxy group, or an optionally
substituted hetrocyclyl group or one or more of R' & R4, R' & R}, R & R®
optionally being linked in such a way as to form an optionally substituted

ring(s).
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22. A process according to Caim20 or Caim?21

wherein a crosslinking reagent is present. 23. A
w@e@sossi@according to any one of Clains 19 to PRI/GB2004/003504

wherei n unreacted am ne grQups are converted to urea,

am de or urethane groups 62 post reaction with a

nonoi socyanate, acid chloride or chloroformate. 24. A

process according to any one of Claims 14, 16 or 18
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organi c solvent soluble formand nost preferably is
pal | adi um acetate. 3 . A process according to any one
woRooSloaisne to 30 wherein the ligand is an or gaPCT/GB2004/003504
noi ety conprising one or re hetroatons selected from
N, , Pand S. 32. A proce according to Caim31
wherein the ligand is an organic |ligand of fornula
(1): PR R R3 (D wherein: RlL, R2 and R3 are each
' D an optionally substituted hydrocar byl
Wheg}%ﬁp@gn 0 ¥i onal Iy substituted hydrocarbyl oxy group,
or an optionally substituted hetrocyclyl group or one
or nore of RL & R, RL & R3, R2 & R3 optionally being
linked in such a way as to forman optionally
substituted ring(s).33. A process according to Caim
32 wherein the ligand is PMe CF , P(CEt) , P(Et) ,
P(Bu) , P(cyclohexyl) , PPhEt , PPh Me, PPh , P(CH Ph)
, P(CH Ph)Ph , P(p-tolyl) , P(o- CHOw) , P(OPh) ,
P(O-p-tolyl) , P(p-C HOw) , P(o-tolyl) , P(mtolyl) ,
PMe , PPhMe , PPh Et, P(Z-Pr) , P(f-Bu) , PPhCH Ph,
PPh CEt, PPh(CEt) , P(0-o0-tolyl) , P(OW) , P(n- Pr) ,
PPh(Z-Pr) , PPh (Z-Pr), PPhBu , PPh Bu, P(Z-Bu) ,
PPh(cycl ohexyl) , PPh (cycl ohexyl), P(CH Ph) Et, P(CH
Ph)Et , P(CF )Ph , P(p-CHF) , P(p-CHC) , P(CF)
Ph, P(OCHF) , P(OCHCOC) , P(2-furanyl) |,
P(2-thienyl) , P(/7-octyl) , P(p- CHN) , Nwe. PPh,
-Cy CH, or -PPh, Fe Ph Pwhere Cy = cycl ohexyl.



