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since the free catalyst will be Ilberated ThIS there
According to the present invention there is provided a catalyst system comprising

a catalyst microencapsulated within a permeable polymer microcapsule shell.
The term “encapsulation” has different connotations depending on the application
25 area. Microencapsulation in the present context describes the containment of a finely
divided solid or liquid in a polymeric micro-particle, where milling or grinding a larger mass
has not made the micro-particle. The term ‘monolithic’ or ‘matrix’ describes a particle
having a finely divided solid or liquid distributed throughout a ‘solid’ or amorphous
polymeric bead, while the term ‘reservoir’ describes a particle where the finely divided
30 solid or liquid is contained within an inner cavity bound by an integral outer polymer shell.
Thus as used herein the term “microencapsulated within a permeable polymer
microcapsule shell” indicates that the polymer shell containing the catalyst is itself in the
form of a microcapsule, formed for example by one of the techniques described in greater
detail below. A microcapsule formed by such techniques will be generally spherical or
35 collapsed spherical and have a mean diameter of from 1 to 1000 microns, preferably from
25 to 500 microns and especially from 50 to 300 microns. The polymer microcapsule
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Interfacial polymerisation reaction methods are therefore preferred for
25 encapsulation of the catalyst within the polymer microcapsule shell. ’

Thus according to a further aspect of the present invention there is provided a
catalyst system comprising a catalyst microencapsulated within a permeable polymer
microcapsule shell wherein the microcapsule shell is formed by interfacial polymerisation.

According to a further aspect of the present invention there is provided a process

30 for the preparation of a microencapsulated catalyst which comprises forming a
microcapsule shell by interfacial polymerisation in the presence of a catalyst.

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

35 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 orgahic phase is dispersed as discrete droplets throughout the
aqueous phase by means of emulsification, with an interface between the discrete organic
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30 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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hydrolysis of the isocyanate monomer, carbon dioxide is liberated. The addition of no
20 other reactant is required once the dispersion establishing droplets of the organic phase

within a continuous liquid phase, i.e., aqueous phase, has been accomplished.

Thereafter, and preferably with moderate agitation of the dispersion, the formation of the

polyurea microcapsule can be brought about by heating the continuous liquid phase or by

introducing a catalyst such as an alkyl tin or a tertiary amine capable of increasing the
25 rate of isocyanate hydrolysis.

The organic phase thus comprises the catalyst to be encapsulated, a
polyisocyanate and optionally organic solvent. The catalyst can be in a concentrated form
or as a solution in a water immiscible solvent. The catalyst to be encapsulated and the
polyisocyanate are typically premixed under slow agitation to obtain a homogeneous

30 organic phase before addition to and mixing with the aqueous phase. The amount of the
organic phase may vary from about 1% to about 75% by volume of the aqueous phase
present in the reaction vessel. The preferred amount of organic phase is about 10
percent to about 50 percent by volume. The organic polyisocyanates used in this process
includes both aromatic and aliphatic mono and poly functional isocyanates. Examples of

35 suitable aromatic diisocyantes and other polyisocyantes include the following: 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% 2,4-isomer, 40% 2,6-
isomer), 2,6-tolylene diisocyante, 3,3'-dimethyl-4,4’-biphenylene diisocyante, 4,4-



20 other reactant is required once the dispersion establishing droplets of
the organic phase wthin a continuous liquid phase, i.e., aqueous phase,
has been womampdisshed. Thereafter, and preferably w th npderGroe/oagst ati on
of the dispersion, the formation of the polyurea mcrocapsule can be
brought about by heating the continuods |iquid phase or by introducing a
catal yst such as an alkyl tin or a tertiary am ne capable of increasing the
25 rate of isocyanate hydrol ysis. The organic phase thus conprises the
catalyst to _be encapsul ated, a polyisocyanate and optionally organic

sol vent . W@YWBHS%Etm%@M‘pB@W Woﬁy%@t@eﬁérﬁqudﬁﬁ -hiphenylege disqtyaraiei n a
V\B.][ er I M6k bl-etragletend 4’ -bippeoyérad \Wisodyandte, S00A R+ aheR@AXR,64sdmer of

pol yi socy : .ca ) ' der: biidbihon A '
omegenco by SibeiiferbbimBhhe GyhERisS RHARUEEN ] G BRRE o o
phase. ThéisgRrnae.of ispRNOrBRyadiisecyAnale fRilemathyxyiensm disecansts, tandabbdrt 75%
by vdd unmengdhtiyrensadiiseoymaphase present in the reaction vessel. The
preferred anmoupt raani ! ent 1. . cent
By vl ume, - The dnibhf S88RHTs REESE cliaBeRith ot he BRDE BephdrdBiflectialBhcor',
aromat i ¢ Brifersgd peldispeyamiasoargnepryoeiyieos eolyshenyliseayaptendiM2P) erd mpkieeesof 35

sui t abl e af suKghéthyldhé EQIWIQéHy%oc?Qﬁle3PM@PI)W{Wtbmm§&§/ath@l ude the
foll owi ng: 1-chl orp- 4-$hetr(1)?/l ene diisocyante nm{%hegyl ene d.!%,l SHCE@%} e
(and i ts hydr ogoRalElelTTaE! IS, PGSO fondPRe SEyh it B v epLble
hy drbgenac@dpelent \eadi & grimatilys watesshipblenedsngonepharhydh reash tggetter dp, undergo
2, 4-1 ol) yl in‘llftg'faf[élail %lgl‘}bﬁé'ﬁgétﬁm 4t0h M{a%?l%gdﬂglbﬁ%’@a'?ﬂéilé’al gcﬁ%%{@# pf’%du%lﬁgaére 40%2, 6-
| soner), -10Q en I i socyante. - di net hyl - - bl phenyl ene
U Socyansldbla SCyaRR SHE GsRoIC s ee P T84 & waigkeoyPa e amins such as
(2- net hy| gthglepediaminey amdorietGleBetraming trosysute dhatlbhpineentersien did/socipasat e,
2,2",5,5 1léld aamdshPlack: 4 _CFHsElhﬁlaM{; eP&idbh Sﬁh‘éxaﬁét Schi@RY By 4incRRGingO%e
2,6-i someij of. 'Olrfél ene dil c¥2na emﬂ)ol }/met, %{jl ene, gol %/%ggné]l !9?103' ant e
(PVPHY ) ,”ét-'cr{@ﬁé%( the pEme. THUS I &rampie ofassdipking srncrerred E sthyispediamine
t et r anmet higl redlaeed by | & ohduradtionandmineSsudh rapbDEMA EDiethgtiens otiganirest).e TEPA may
be desira hingf SR Bt well estibf 9 AindsSO -
Pr eferred@%ﬁ’_%@éaﬁr@e@h'w}e o? netv\{g]feesne %ﬁ{/@ﬁengﬁﬁg%%{éntsé %é@%ﬁgﬁ% and
mi xt ur es. TBPIGI Ry b rliops yBErPHS soesralnkiss( BRePRiSTaAY 1PV B10)ingn o
di i socyanaiaomérieisboydnaéss stich®s tolliepodijsoeyanateloUPMPPE Mixhges biSisadyanates,
pri I yeQil = ' hl he bl onent
B Gt r et oranBlebdies b BRTRNARbo BRI Y F’“&EF’M?&%“@%? e B ol
i nterf ace’@he'r%}"ﬁmiﬁw WY%CW”EFJ ©m smatigrigocyanges 1o ainhgks @OPWCQ uch
as those héeinesdhpdmdiscoydnatevaideisoprdrody diisoolahatdll FarthsiCiodifications can be
et hy! enedlant g gyl By FoE4MY 8 b6l FEbS B A PEYSME bradlal BnSiiceAELe"
a polyurethane within the isocyanate chemistry to induce different properties to the wall
25 chemistry. For example, suitable polyols could include simple low molecular weight
aliphatic di, tri or tetraols or polymeric polyols. The polymeric polyols may be members of
any class of polymeric polyols, for example: polyether, polyTHF, polycarbonates,
polyesters and polyesteramides. One skilled in the art will be aware of many other
chemistries available for the production of a polymeric wall about an emulsion droplet. As
30 well as the established isocyanate/amine reaction to produce a polyurea wall chemistry,
there can be employed improvements to this technology including for example that in
which hydrolysis of the isocyanate is allowed to occur to an amine which can then further
react internally to produce the polyurea chemistry (as described for example in USP
4285720). Variation in the degree of cross linking may be achieved by altering the ratio
35 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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a transition metal catalyst. Such co-ordination may result in the possibility of stabilisation
25 of finely dispersed or colloidal catalysts and/or the possibility of enhanced binding of the
catalyst to the microcapsule polymer wall.

Certain organic or naturally occurring catalysts' which act as ligands (for example
tertiary amines) may interfere with reaction of the components forming the polymer
microcapsule shell and it is preferred that the catalyst is an inorganic catalyst and in

30 particular a transition metal catalyst. The term transition metal catalyst as used herein
includes (a) the transition metal itself, normally in finely divided or colloidal form, (b) a
complex of a transition metal with a suitable ligand or (c) a compound containing a
transition metal. If desired a pre-cursor for the catalyst may be microencapsulated within
the polymer microcapsule shell and subsequently converted to the catalyst, for example

35 by heating. The term catalyst thus also includes a catalyst pre-cursor.

Microencapsulation techniques described above most commonly involve the
microencapsulation of an oil phase dispersed within an aqueous continuous phase, and
for such systems the catalyst is suitably capable of being suspended within the
microencapsulated oil phase or more preferably is soluble in a water-immiscible organic
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copper, iron, nickel, manganese, tin, mercury, silver, gold, zinc, vanadium, tungsten and
25 molybdenum. Especially preferred transition metals on which the catalysts for use in the
present invention may be based include palladium, osmium, ruthenium, rhodium,
titanium, vanadium and chromium. Air sensitive catalysts may be handled using
conventional techniques to exclude air.
An example of a water-soluble catalyst which‘may be encapsulated via a water-in
30 oil emulsion microencapsulation process is scandium ftriflate.
~ Osmium in the form of osmium tetroxide is useful as a catalyst in a variety of
oxidation reactions. Since it has a high vapour pressure even at room temperature and
its vapour is toxic, microencapsulation of osmium tetroxide according to the present
invention has the added advantage of a potential reduction in toxicity problems. Osmium
35 tetroxide is soluble in solvents, in particular hydrocarbon solvents, which are suitable for
forming the dispersed phase in a microencapsulation reaction. A
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. Colloidal
palladium may be produced as an organic phase dispersion and is conveniently stabilised
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the form of the metal or remalns as palladium acetate.

25 It is to be understood that the microencapsulated catalysts of the present invention
include microencapsulated catalysts wherein the loading level of catalyst can be varied.
Microencapsulated catalysts with loadings of 0.01mmol/g to 0.6mmol/g of catalyst are
typical, especially where the loading is based on the metal content. Loadings of
0.2mmol/g to 0.4mmol/g are frequently favoured.

30 In addition to the metal catalysts and metal oxide catalysts, many additional
catalysts which may be microencapsulated in accordance with the present invention will
occur to those skilled in the art. Without limitation to the foregoing, the following are
examples of suitable catalysts:-

Catalysts disclosed in Catalytic Asymmetric Synthesis 2nd Ed. Ed. 1.Ojima Wiley-

35 VCH including without limitation the list of chiral ligands included in the appendix thereof;

Metal diphosphine catalysts such as those disclosed in EP612758 Solvias
RhJosiPhos, EP366390 Takasago RuBINAP, EP398132 Roche MeOBIPHEP,
US5008457 DuPont DuPhos and PCT/GB99/03599 OxPhos;
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1996, 118, 6784;
25 Metal arene catalysts such as those disclosed in US5489682 Buchwald
hydrogenation, US5929266 Whitby hydrogenation;
Metal arene phosphine catalysts such as those disclosed in Ciruelos, S., Englert,
E., Salzer, A., Bolm, C., Maischak, A. Organometallics 19, 2240, 2000;
Metal carbene catalysts for alkene metathesis such as those described in
30 J.Am.Chem.Soc., 1994, 116, 3414, J.Am.Chem.Soc., 1999, 121, 2674 and
J.Am.Chem.Soc. 1993, 115, 9856; and
Metallocycle catalysts such as those described in Angew.Chem.1995, 34, 1844
and Chem.Commun. 1998, 2095.
The microencapsulation of the catalyst takes place according to techniques well
35 known in the art. Typically the catalyst is dissolved or dispersed in an oil phase which is
emulsified into a continuous aqueous phase to form an emulsion which is generally
stabilised by a suitable surfactant system. A wide variety of surfactants suitable for
forming and stabilising such emulsions are commercially available and may be used
either as the sole surfactant or in combination. The emulsion may be formed by
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b) TWEEN surfactants, a series of emulsifiers comprising a range of sorbitan esters
condensed with various molar proportions of ethylene oxide;
20 c) condensates of C; to C,, 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
25 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
30 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 bolyethylene oxide or cationic groups such as
quaternary ammonium salts.
In addition the aqueous phase may contain other additives which may act as aids
35 to the process of dispersion or the reaction process. For example, de-foamers may be
added to lesson foam build up, especially foaming due to gas evolution.
A wide variety of materials suitable for use as the oil phase will occur to one skilled
in the art. Examples include, diesel oil, isoparaffin, aromatic solvents, particularly alkyl
substituted benzenes such as xylene or propyl benzene fractions, and mixed napthalene
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’ such as alky substituted benzenes. If the majority of the solvent is removed, the resultant
microcapsule may in effect be a substantially solvent-free polymer bead containing the
catalyst efficiently dispersed within the microcapsule polymer shell. The process of
extracting the organic phase may cause the microcapsule walls to collapse inward,
25 although the generally spherical shape will be retained. If desired the dry microcapsules
may be screened to remove fines, for example particles having a diameter less than
about 20 microns. ‘
In the case of the microencapsulated palladium acetate microparticles it is
preferred that the recovered water wet microcapsules are washed with copious quantities
30 of deionised water, followed by ethanol washes and finally hexane washes. The
microcapsules are then dried in a vac oven at 50°C for approx 4 hours to give a product
with greater than 98% non volatile content (by exhaustive drying).
Depending on the conditions of preparation and in particular the degree of
interaction between the catalyst and the wall-forming materials, the microencapsulated
35 catalyst of the present invention may be regarded at one extreme as a ‘reservoir’ in which
the finely divided catalyst (either as solid or in the presence of residual solvent) is
contained within an inner cavity bound by an integral outer polymer shell or at the other
extreme as a solid, amorphous polymeric bead throughout which the finely divided
catalyst is distributed. In practice the position is likely to be between the two exiremes.
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Thus according to a further aspect of the present invention there is provided a
25 process for the preparation of a microencapsulated catalyst which comprises
(@) dissolving or dispersing the catalyst 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
30 between the dispersed first phase and the continuous second phase to
form a microcapsule polymer shell encapsulating the dispersed first phase
core and optionally , ‘
(d) recovering the microcapsules from the continuous phase.
Preferably the first phase is an organic phase and the second, continuous phase
35 is an aqueous phase. Suitably a protective colloid (surfactant) is used to stabilise the
emulsion.
If desired the recovered microcapsules may be washed with a suitable solvent to
extract the first phase, and in particular the organic phase solvent from the core. A
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According to a further aspect of the present invention there is provided a process
for the preparation of optionally substituted biphenyls which comprises reacting an
optionally substituted aryl halide or halide equivalent with an optionally substituted aryl
boronic acid or ester in the presence of a catalyst system comprising a catalyst

30 microencapsulated within a permeable polymer microcapsule shell.

According to a further aspect of the present invention there is provided a process
for the preparation of optionally substituted biphenyls which comprises reacting an
optionally substituted aryl halide or halide equivalent with a tri-alkylaryltin in the presence
of a catalyst system comprising a catalyst microencapsulated within a permeable polymer

35 microcapsule shell. ‘

Preferred catalyst systems for use in the above two processes are as described
hereinbefore. Preferably, the microcapsule shell is formed by interfacial polymerisation.
More preferably the catalyst is based on palladium, colloidal palladium or palladium
acetate being most preferred.
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or  ~ur f aﬁet%tcyclyl, hydrocarbyloxy, mono or di-hydrocarbylamino, hydrocarbylthio, esters,
carbonates, amides, sulphonyl, sulphonamido and sulphonic acid ester groups wherein
the hydrocarbyl groups include alkyl, and aryl groups, and any combination thereof, such
as aralkyl and alkaryl, for example benzyl groups.

Alkyl groups which may be represented by R include linear and branched alkyl

20 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

25 rings. Examples of alkyl groups which may be represented by R™"®include methyl, ethyl,
propyl, 2-propyl, butyl, 2-butyl, t-butyl and cyclohexy! groups.

Aryl groups which may be represented by R™"® may contain 1 ring or 2 or more
fused rings which may include cycloalkyl, aryl or heterocyclic rings. Examples of aryl
groups which may be represented by R™ include phenyl, tolyl, fluorophenyl,

30 chlorophenyl, bromophenyl, friflucromethylphenyl, anisyl, naphthyl and ferrocenyl groups.

Perhalogenated hydrocarbyl ‘groups which may be represented by R"R™
independently include perhalogenated alkyl and aryl groups, and any combination thereof,
such as aralkyl and alkaryl groups. Examples of perhalogenated alkyl groups which may
be represented by R""® include -CF; and -C,Fs.
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optionally substltuted aryl compounds having an OTf ‘'substituent (where Tf = SO,CF;).
25 Preferred processes include the following:

R3 R5 R13 R14

R® Hal
R1
wherein:
Hal is a halide, preferably chloride, bromide or iodide, or a halide equivalent,
preferably OTT;
30 R' to R® are each independently hydrogen or a substituent group; and
' R™ to R are each independently hydrogen or a substituent group.
When any of R' to R°® are a substituent group, the group should be selected so as not to
adversely affect the rate or selectivity of the reaction. Substituent groups include F, CN,
NO,, OH, NH, SH, CHO, CO.H, acyl, hydrocarbyl, perhalogenated hydrocarbyl,
35 heterocyclyl, hydrocarbyloxy, mono or di-hydrocarbylamino, hydrocarbylthio, esters,



More preferably the catalyst is based on palladium colloidal palladiumor
pal | adi um acetate being nost preferred. WO 03/006151 PCT/ GB02/03135 14
The opti owelBpodsbstituted aryl halide includes an opti on&CyGBlost3st ut ed
aryl iodides, bromdes or chlorides. Optionally substituted aryl halide
equi val ents include optionally substi®uted aryl conpounds having an OTf
substi tuent (Wnere Tf = SQ2CF3). Preferred processes include the fol | ow ng:
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wherein:

R to R are each independently hydrogen or a substituent group.

Most preferably two or more of R* to R are substituent groups.

20 . When any of R" to R" are a substituent group, the group should be selected so
as not to adversely affect the rate or selectivity of the reaction. Substituent groups
include halide, CN, NO,, OH, NH,, SH, CHO, CO,H, acyl, hydrocarbyl, perhalogenated
hydrocarbyl, heterocyclyl, hydrocarbyloxy, mono or di-hydrocarbylamino, hydrocarbyithio,
esters, carbonates, amides, sulphonyl, sulphonamido and sulphonic acid ester groups

25 wherein the hydrocarbyl groups include alkyl, and aryl groups, and any combination
thereof, such as aralkyl and alkaryl, for example benzyl groups.

Optionally one or more of R'"®&R", R&R", R"*&R™ or R'*&R" may be joined to
form an optionally substituted ring. When any of R"®&R", R"7&R"®, R"®*&R" or R'°&R" are
joined to form an optionally substituted ring, the ring preferably contains 5, 6 or 7 ring

30 atoms which are preferably carbon atoms.

According to a further aspect of the present invention there is provided a process
for preparation of a hydrogenated product comprising reacting a substrate, wherein the
substrate contains a hydrogenatable group or bond, with hydrogen in the presence of a
catalyst system comprising a catalyst microencapsulated within a permeable polymer

35 microcapsule shell.

Preferred catalyst systems for use in the above two processes are as described
hereinbefore. Preferably, the microcapsule shell is formed by interfacial polymerisation.



propyl, 2-propyl, butyl, 2-butyl, t-butyl and cycl ohexyl groups. Aryl
groups which nmay be represented by R1-10 may contain 1 ring or 2 or nore
fused ri ge maodcabt may i ncl ude cycl oal kyl, aryl or heter ocPCTiGBORI0BIGS .
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Pd(OAc), (0.4 g Aldrich, 98 %) was suspended in Solvesso 200 (5 g) and the solution

stirred for 20 min. To this mixture, polymethylene polyphenylene di-isocyanate (PMPPI) (4

g) was added and stirred for a further 20 min. The mixture was then added to an

25 aqueous mixture containing REAX 100 M (1.8 g), TERGITOL XD (0.3 g) and Poly Vinyl

Alcohol (PVOH) (0.6 g) in deionised water (45 ml) while shearing (using a FISHER rotary

flow impeller) at 1000 rpm for 1 minute. The micro-emulsion thus obtained was paddle-

stirred at room temperature for 24 h. The microcapsules obtained were filtered though a

. polyethylene frit (20 micron porosity) and the capsules were washed in the following

30 order: deionised water (10 x 50 ml ), ethanol (10 x 50 ml ), acetone (10 x 50 ml ),

dichloromethane (2 x 10 ml ), hexane (3 x 50 ml ), ether (1 x 50 ml ), and dried. Typical
loading of Pd(OAc),in microcapsules was 0.12 mmol/g (based on Pd analysis).

EXAMPLE 2

35 This Example illustrates an alternative procedure for encapsulation of Pd(OAc), in
a polyurea matrix. A mixture of Pd(OAc), (5 g) and polylmethylene polyphenylene di-
isocyanate (PMPPI, 50 g) in dichloroethane (70 mL) was stirred for 1h at room
temperature. The resulting dark solution was added at a steady rate to an aqueous
mixture confaining REAX 100 M (10 g), TERGITOL XD (2.5 g) and GOSHENOL (5 g) in



25 Preferred processes include the followwng: RZ Ra R3 R5 Rls Rla R3 Rl
Rls +15 R4 Ra RZ Hal RS RI3 Rl wherein: Hal is a halide, preferably
chl ori de,wbrosfdeél or i odi de, or a halide equival ent, prefreratsop/osiBs; 30 Rl
to RS are each independently hydrogeggor a substituent group; and R13 to
R15 are each independently hydrogen or a substituent group. Wien any of Rl
to R5 are a substituent group, the group should be selected so as not to
adversely affect the r
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gr oups. I f t he substituent groups
i sted above8€ diH%f%&%'pao%t%%g%%'ﬁ’gr?g%tér%q%jg'g‘gnof R13&R14 or R14&R15 rmay be

joined to forman optionally substituted ring. Wen any of RL13&R14 or
R14&R15 apkAMPLE3l to forman optionally substituted ring, the ring

preferably con r Whi f

B oms, oot pr SRe R Hirafed R R BRI o it PR T eiorFRiE e
NO2,10acy| polegea matrpg hydr ocarbyl, and hydrocarbyl oxy groups. According to a
further agpect: e gﬂaqo,pbe@mafdamangmhhpn there is provi ded a process for

of o oot BRI c»s@i@%h&di' PG S S e R e nPeRuEh AR et e
a per meabfldriclp §Byarevensi dissabegdsinl drystatsahydrafBrapr @66 rmk danglr tﬁﬂes&ﬁe@rlﬁt@bume t he
fol I ow ngind2t aftfeh. Rirfe &hbnt was removed under reduced pressure to a volume of about 50
15 mi, and 20g of SOLVESSO 200 was added and the excess tetrahydrofuran removed
under reduced pressure.
Step 2 : Encapsulation of colloidal palladium ‘
PMPP! (9 g) was added to the above solution of Solvesso 200 containing colloidal
palladium. The mixture was quickly added to an aqueous mixture containing REAX 100
20 M (1.8 g), TERGITOL XD (0.3 g) and PVOH (0.6 g) in deionised water (45 mi) while
shearing (using a Fisher rotary flow impeller) at 1000 rpm for 1 minute The microemulsion
thus obtained was paddle stirred at room temperature for 24 hours. The microcapsules
were filtered though a polyethylene frit (20 micron porosity) and the capsules were
washed in the following order: deionised water (10 x 50 mt), ethanol (10 x 50 ml), acetone
25 (10 x 50 mi), dichloromethane (2 x 10 ml), hexane (3 x 50 ml), ether (1 x 50\ml), and
dried.

EXAMPLE 4
This Example illustrates the encapsulation of osmium tetroxide in a polyurea

30 matrix,

PMPP! (3 g) was added to a solution of SOLVESSO 200 (3 g) containing osmium

tetroxide (0.132 g). The resulting dark solution was added at a steady rate to an aqueous

mixture containing REAX 100 M (0.6 g), TERGITOL XD (0.1 g) and polyvinyl alcohol

(PVA) (0.2 g) in deionised water (15 mi) while shearing (using a Heidolph radial flow
35 impeller, 30 mm) at 750 rpm for 1 minute. The resulting oil-in-water emulsion was paddie

stirred (100 rpm) at room temperature for 48 hours. The polyurea microcapsules

obtained were filtered though a polyethylene frit (20 micron porosity) and the capsules

were washed in the following order: deionised water (10 x 50 mi), ethanol (10 x 50 ml),

acetone (10 x 50 mi), hexane (3 x 50 ml), ether (1 x 50 ml) and dried.
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I ndependent|ly hydrogen or a substituent group. Most preferably two or nore
of R16 t owBId/0eq181 substituent groups. 20 When any of R16 PCTRIM2@3B5a
substituent group, the group should be selected so as not to adversely
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hal i de, CN, NO2, OH NH2, SH, CHO CO2H, acyl, hydrocarbyl, perhal ogenated
hydr ocar byl , heterocyclyl, hydrocarbyl oxy, nono or di-hydrocarbyl ani no,
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groups or n iC re susce i )
Pd(OAc), in microcapsules is 0.12 mmol/g (based on Pd analysis). Typically, 5 mol % of
20 catalyst is added to the reaction. ‘

The following compounds were prepared using this method and the encapsulated
Pd(OAc), catalysts prepared as described in Example Method 1:

25 4,4'-Dimethoxybiphenyl
From 4-methoxy-bromobenzene and 4-methoxypheny! boronic acid, yield 87%; mp 178-
180°C (lit.,1 179-180°C); IR: 1599, 1493, 1466 and 1290; 'H NMR (400 MHz; CDCI3):
747 (4 H, d, J8.7),6.96 (4 H, d, J8) and 3.84 (6 H, s); *C NMR (CDCl,): 159.1, 133.9,
128.1, 114.5 and 55.7; m/z (El) 214 (100%, M%), 171 (70), 128 (50) and 69 (40)(Found:
30 Mt, 214.099. C14H1402 requires M, 214.099).
4'-Fluoro-4-methoxybiphenyl
From 4-fluoro-bromobenzene and 4-methoxyphenyl boronic acid, yield 89%; mp 92-84°C
(lit.,2 94-96°C); IR: 1504, 1276 and 1041; 'H NMR (400 MHz; CDCI3): 7.53-7.46 (4 H, m),
7.11 (2 H, t, J 8.7), 6.98 (2 H, d, J 8.8) and 3.85 (3 H, s); m/z (El) 202 (95%, M%), 159
35 (100), 133 (90) and 69 (40)(Found: M+, 202.079. C13H11FO requires M, 202.079).
4'-Nitro-4-methoxybiphenyl
From 4-nitro-bromobenzene and 4-methoxyphenyl boronic acid, yield 91%; mp 104-
105°C (lit.,3 106-107 °C); IR: 1597, 1509, 1342 and 1251; ‘H NMR (600 MHz; CDCI3):
827 (2H,d,J9),769(2H,d,J84),7.58(2H,d,J9),7.02(2H,d, J8.4)and 3.87 (3



10 hydrogen may be achieved by use of the catalyst systens of the present

i nvention under appropriate conditions. The invention is illustrated by
t he fol | owong/oesaanpl es. The use of the catal ysts of the ircwssBa2@B1350r
catal ysis of typical reactions is illustrated but the invention is not

limted to the use of the catal ysts 40or any specific reaction. In the
foll ow ng Exanpl es 15 GOSHENCL i s pol yvinyl alcohol, SOLVESSO 200 is just a
hi gh boiling (230- 257C) m xture of aromatics (nainly naphthal enes)
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4’'-nitro-4-acetylbiphenyl
From 4-nitro-bromobenzene and 4-acetylphenyl boronic acid, yield 97%; mp 144-146°C
25 (lit.,7 150-151°C); IR: 1681, 1530, 1497, 1361 and 1280; 'H NMR (400 MHz; CDCI3):
8.02 (2 H, d, J8.5), 7.64-7.56 (4 H, m), 7.16 (2 H, t, J 8.5) and 2.63 (3 H, s); *C NMR
(CDCI3): 197.5, 164.2, 144.7, 136, 128.9, 127, 116, 115.7 and 26.6; m/z (El) 199 (30%,
M*-C2H20), 131 (50) and 69 (100)(Found: M*-C2H20, 199.062).
4-Methoxybiphenyl
30 From 4-methoxy-bromobenzene and phenyl boronic acid, yield 94%; mp 85-88°C (lit.,.8
90-91°C); IR: 1604, 1582, 1520, 1486 and 1286; 'H NMR (400 MHz; CDCI3): 7.57-7.52 (4
H,m), 742 (2H,tJ79),731(1H,tJ7.3),699 (2H,d, J8.8)and 3.86 (3 H, s); °C
NMR (CDCI3): 159.1, 140.8, 133.8, 128.7, 128.1, 126.6, 115.7, 114.2 and 55.3; m/z (El)
184 (100%, M*), 141 (60) and 69 (40)(Found: M*, 184.088. C13H1202 requires M,
35 184.088).
4-Fluorobiphenyl
From 4-fluoro-bromobenzene and phenyl boronic acid, yield 93%; mp 73-75°C (it.,.9 73-
75°C); IR: 1599, 1519, 1487 and 1196; 'H NMR (400 MHz; CDCI3): 7.56-7.53 (4 H, m),



wi th de-ionised water, acetone, ethanol, ether and dried. EXAMPLE 3 This
Exanple illustrates the encapsul ation of coll oidal palladi um nanoparticles
ina 10 wolopown@ainmatri x. Step 1 : Preparation of coll oi dacTpasd2adizam
Pd(QAc)2 (0.3g, Aldrich 98%®) and tetra-n-octylanmoni um brom de (1.46 g, 3
equiv., Aldrich 98% were dissolveddn dry tetrahydrofuran (250 ni) and
refluxed for 5 hours under argon. The solvent was renoved under reduced
pressure to a volune of about 50 15 m, and 20g of SCOLVESSO 200 was added

Encapsl For B Gcbf b Coa b 4ab Al EvISET T (& by nae Guee (8D BT e
sol uti on (30) Bul 62E90) FoONdOVT a1 721068 EopiHef thauirep M, 123068). The mi xture was
qui ckly aﬂﬂﬁpogigh@,gwaqueous m xture contai ning REAX 100 20 M (1.8 g),

TERG TOL XD (0.3 g) and PVOH (0, 6 in dei oni,sed r (4 il
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m), di chuby, oteS(tHNd3( A8%) a6d mMi1p, (10eXEoend Mk, $90.063., Ce2HighNOZ Tequied M ) ,
and driegg \MPLE 4 This Exanple illustrates the encapsul ation of osm um
tetroxide in a polyurea 30 matrix. PMPPI (3 g) was added to a solution of

SOLWESSO 200 (3 g) containing osmium tetroxide (0.132 g). The resulting
dark sol uti on Bvperimgédisd hate shetveattiyt thed eisé cofamicGowaeu seaatorst mag edaneg ni ng
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g) in deionise ter shearing~(using a ol'ph radial™ fl ow
35 i npel Itathe Bigsahinv@ntieso rpm for 1 minute. The resulting oil-in-water
emul sion was paddle stirred (100 rpm at roomtenperature for 48 hours.
The 1@’ol YUELRMBLEPcapsul es  obtained were filtered though a polyethyl ene
frit (20 mcron porosity) and the capsules were washed in the follow ng
order: dei oni sE¥ \a@eneral plesedunsofon{Syzukidypentsactions ysingepgapsulatedePHRA)10 x
50 nml), hexafdowddXbdtOugig tolddneavatérl20:15dy the) scveht.drTresl matfdd) 3NAW36 irfote

PCT/ GBO2/ c%%&grﬁentlglorlga%'\{spfl‘ﬁe‘r’ reactions after catalyst filtration. Similar yields of 4-

nitrobiphenyl were obtained in test reactions.

20 EXAMPLE 8

This Example illustrates a representative procedure for carbonylation reactions
using encapsulated Pd(OACc),.

Preparation of butyl 4-methylbenzoate

Microencapsulated Pd(OAc), (prepared as described in Example 1, 0.23 g, 2 mol%,
25 based on palladium content) was added to a solution of 4-iodotoluene (1 mmol) and
* triethylamine (4 mmol) in 1,2-Dimethoxyethane/n-butanol (1:1, 10 mL). The reaction
vessel was evacuated and purged with carbon monoxide (CO). The reaction mixture was
stirred at 95°C for 24 h under a CO atmosphere (using a balloon). The mixture was
allowed to cool to room temperature, diluted with dichloromethane (50 mL) and filtered
30 through a polyethylene frit (20-micron porosity). The filtrate was washed with water (2 x
20 mL) and dried (MgSO,). Evaporation under reduced pressure and purification by
column chromatography gave butyl 4-methylbenzoate, 89%; IR: 1714; '"H NMR (400 MHz;
CDCI3).:7.93(2H,d,J8.2),7.23(2H,d, J8),431(2H,t,J6.6),2.41(3H,s),1.78-1.71
(2 H, m), 1.49 (2 H, sext, J 7.5) and 0.98 (3 H, t, J 7.4); *C NMR (CDCl,): 167.2, 143.8,

35 130.0, 129.4, 128.2, 65.0, 31.2, 22.0, 19.7 and 14.1.



Thi s Exanpl e gives a general procedure for Suzuki type reactions using
encapsul ated col | oi dal pal | adi um nanoparticles. To a solution of aryl

broni de (W0 oskbasi de) (1 nmol ), boroni c acid (1.5 nmol ), PETRIROM3ACEL at e
(3 nmmol) in toluene/water/ethanol (4:2:1, 7 nl) was added

m cr oencapsul at ed pal | adi um (prepar ec?zas described in Exanple 3, 0.3 g, 5
nmol % assumi ng about 0.142 g of netallic palladiumhas been encapsul at ed
in 9 g of polyurea) and the reaction m xture stirred at 80 C for 6 hours.
The react%)?éMﬂEthre was diluted wth ether (25 m) and filtered though a
pol yet hyl 20 mcron porosity). The filtrate 10 was extracted with
ether (2 x 20 THi§ Eaamraltenuystrewma@@reﬂeg@ﬁw:pmsrd,urg foleleck \iBe EpOPITUSIRG | ne

(20 m) maggmﬁgdwgm; Evaporatl on under reduced pressure and
purifi cat ron By onat g ra hpé gave the products. EXAMPLE 6 15 This

Exampl e 4 uzuki type reactions using
encapsul dvlecbqnaawmtmn%@t\a)& dprephaeedpas sleserivedf ior Exanopipsll e d. FEi(nm%) 2 was

'edggtlcagt%ashg o'fnm Ia&lﬁn%dcdcnﬁarnt @@&ﬂédﬁ&fs&&ldn%f%m%' ﬂllg?béhg%rhé‘mﬁfﬂiﬂw '?eSa
X SI U S u S
baseIo Tsp’? IaCTy&?é%lfﬁé an'g' T’-‘b"%&&oﬁ'“ha‘?ﬁ%%t?zgﬁ&cﬂ Bs?afgnl?tﬁ%yﬁij?ﬁp?ggﬁgsed
on Pd anangsitisied aTPPRIC fridyh. Bhemeactiononixtue® waaicadlpd to faomatedegratyre; Hituted
reaction.i#heiHepl( k@%@gaﬁ&ﬂmeac{ﬁrowsﬁea BBI?@[%&I@He Y gm -thitkéh froa@)q amge t he

25 400 - P R VBRI Ve (et hily Tk BBtk ﬂ&d%&”ﬁ@g%ﬁ?ﬁ&l

boroni c aEva;bpratlnaILmdSW Yeducpd préssub8 aai (dunﬁca,tldzn bWecﬂtﬂﬁﬁ:)chrcbrﬁatogJ@%y gM@3

546? g;‘da&%ﬁ% %Iilr %a{\éﬂémcﬁg &9, 1848 1548 drd 1%4331#3 NMR

i
55. 7. i 2B0eR) Ba <2(+m> BRI UL o FRB e B8T ek bt B R %ﬁéﬁﬁéufnﬂﬁl s
M- 214f 0923 (CHHUIR 176G .62 14440(99ah S, JF carat GOMS WKy pméﬂ%/ |
oo d5e | (MARCHGREE 908 004 4 IR RuBnEaNs, Y Qe 3016 ot a3 TP

753746(4H m, 7.11 (2 H t, J 87), 6.98 (2 H d, J 8.8 and 3.85 (3
H s): mMEXARPLEZ® (95% M), 159 35 (100), 133 (90) and 69 (40)(Found:

M+, 202. 079. 3 t |
From 4-nitro- bqﬁ A#%Ité:%ﬁ\gagnr&?ﬂ %?%’gge Qqhqqeclk tg%? 6%&IB§SC|U8H8 é?\%?%éﬂé% ny
104- 105 HOAC)., the rogthad f Examplr © _wggﬁol 01\59@9 but 8sing mr%@/tolyﬁnwﬁﬁt %oo
MHz ;2 0CDCl shlvent 8n&i’et(a76uﬂflardmodluﬁl) acelatd s( Pasd, inthlack & dpmoniubBadetatd, ThisJ 9),

7.02 (2 Halte%atu\]/e §ol@ntas gte?H ;?rgwégd similar yields to that of Example 9.

EXAMPLE 11
This Example illustrates a representative procedure for Stille type reactions using
25 encapsulated Pd(OAc),

Preparation of 4-nitrobiphenyl

Microencapsulated Pd(OAc), (prepared as described in Example 1, 0.25 g, 2
mol%, based on palladium content) was added to a solution of 4-bromo nitrobenzene (1
mmol), trimethylphenyitin (1.5 mmol) and ammonium acetate (3 mmol) in 1,2-
30 dimethoxyethane (5 mL) and stirred at 90°C for 6 h. The reaction mixture was cooled to
room temperature, diluted with ether (50 mL) and filtered through a polyethylene frit (20-
micron porosity). The filtrate was washed with water (2 x 20 mL), brine (20 mL) and dried
(MgSO,). Evaporation under reduced pressure and purification by column
chromatography gave 4-nitrobiphenyl, 90%: IR, '"H NMR and "*C NMR identical with

35 sample obtained from the Suzuki reaction in Example 5.



WO 03/ 006151 PCT/ GB02/ 03135 20 H, s); 13C NMR (CDCI3): 160.4, 147.1,

146.5, 131, 128.5, 127, 124.1, 114.6 and 55.4; mz (El) 229 (25% M), 169
(30), 131wpE3Bpe@sd 69 (100) (Found: M, 229.073. C13HL1NO3 PCTEERIZI0BESM
184.074). 2,2'-Di met hoxybi phenyl 5 From 2-nmet hoxy- br onobenzene and

2- met hoxyphenyl boronic acid, yield 22 np 155- 157C (lit.,4 1550 ; IR
1590, 1501, 1481, 1455 and 1238; 1H NWR (400 WHz; CDCI3): 7.34 (2 H m,
7.25 (2 H d, J8), 7.02-6.97 (4 H m and 3.77 (6 H s); 13C NVR (CDCl 3):
157, 131. 4, 12@ 5. 127.8, 120.3, 111.1 and 55.6; mz (El) 214 (100% M),
184 (50) EXAMPEB1240) (Found: Mr, 214.099. Cl2H1402 requires M 214.099). 10
4' - Met hoxy- 4- aftes Exbipiehidostratés emattemativeo ggrdrabprobedire rier 3tilte Wpacedctiophieny |
bor oni c i ' i 50- et as hBed 1616502,
1256 and 1%, SRR alAce: E%%%gfe"“ge g Exaipre’ 1 s hSea  i%usild

(2H, d, J8.3gprepanet/tolyene s B spivept and iEtpbuklammanium apstals as bage #lpepe ofng

2. 625(3 HmspniudSeht®R SiMDE Bdlds AOAnifrobipbenyd weledbtdined.35. 3, 132.2, 128. 09,
128.3, 15 126.5, 114.4, 55.3 and 26.5; mz (El) 226 (80% M), 211 (100)
and 69 (GO%Found: M+, 226.099. C15H1402 requires M 226.099).

4' - Fl uor F4%AMBLEW3bi phenyl  From 4- f | uor o- br onobenzene and 4- acetyl yphenyl
boroni c aci d, THieEdaraproillugrates ddridtal prodeduredfot @s-HydbdXylatibiRof d6BAs udiedO,

1496, 136 - 00 MHz; CbCI3): 20 8.08 (2 H, d, J 8.4),
7.65-7.57‘;?‘%%"31‘%?,55’??‘@% Xﬁé d, J 8.6) anél 2.63 (3 ,H,( s) ;. MZ&&S:_&)ZM
(80%° M), 199'q gogolutionoof 26y (Aramel arisoNcmetinmorpicline Mowde (NMQHMFO
r egui4r es Mnlol)ﬁii:éhcemoe/waér-(nom 00 ﬁalpwiss addadphamdncaﬁmdonhmnftehoﬁwb&nzene
an -ace 0/. . -1 i
150- 1510) ’?‘X'l & B%‘Jé’l?'? ?g'%‘?" ?ﬁé}%‘r}t) fhd f%aﬁeééﬁ"igﬁ’;'%é ﬁ]{ﬁgg(aﬁg‘g”ﬁ/ﬁé'{;"p%&i%) :
8.02 (2 Hor #2- 24 B. Bhye repction mixyge wastgilutgd with agetene (25 mi) apddiltereddheugh 3 (3
H, dS) 6 é%liﬂﬁ@ler{e@ﬁq 20 mick& pbrosiyg4 The filtkde Was fredted With.Psatdrdied sbiflion b15. 7
an . O, . g IViE - , 0 .
R e ot UM e W o R
yl n ' i) ) - # )
1520, 1486,:p0¢htidR3RderltdiNdg drééiird/hid péAdchion by’ediimrd chdmatogribhydave thet2 (2
H t, J 7'8%%7'31 (1H t, J7.3), 6.99 (2 H d, J 8.8) and 3.86 (3 H, s);
13C NVRREEXSS3): 159.1, 140.8, 133.8, 128.7, 128.1, 126.6, 115.7, 114.2
and 55. 3; m z Th& fpllowing compounds were prepared using this method:

20 1-Phenyl-1,2-propanediol
From trans-(1-phenyl)prop-1-ene, yield 80%; IR: 3321; '"H NMR (400 MHz; CDCI3): 7.4-
7.28(5H,m),435(1H,d,J7.3),3.85(1H,q,J6.4),2.9-2.6 (2H, brs)and 1.05 (3 H,d,
J 6.3); *C NMR (CDCl,): 141.0, 128.4, 128.1, 126.8, 79.4, 72.2 and 18.7.
1,2-Diphenyl-1,2-ethanediol
25 From trans-(1,2-diphenyl)ethene, yield 84%; IR: 3343; 'H NMR (400 MHz; CDCI3): 7.33-
7.12 (10 H, m), 4.66 (2 H, s) and 2.84 (2 H, s); *C NMR (CDCl,): 134.6, 122.9, 122.7,
121.7 and 73.8.
2-Phenyl-1,2-propanediol
From 2-phenylprop-1-ene, yield 90%; IR: 3348; '"H NMR (400 MHz; CDCI3): 7.46 (2 H, d,
30 J79),737(2H,J76),728(1H,t,J7.1),379(1H,d,J11),3.63(1H,d, J11),2.58 (1
H, br s), 1.8 (1 H, br s) and 1.54 (3 H, s); *C NMR (CDCl,): 144.9, 128.4, 127.1, 125.0,
74.8, 71.0 and 26.0.
5,6-Decanediol
From trans-dec-5-ene, yield 85%; IR: 3376; '"H NMR (400 MHz; CDCI3): 3.43-3.38 (2 H,
35 m), 2.01 (2 H, d, J 4.1), 1.51-1.25 (12 H, m), 0.91 (6H, t, J 7.2); *C NMR (CDCl;): 74.5,
33.3, 27.8, 22.7 and 13.9.
2-Methyl-1-phenyi-1,2-propanediol
From 2-methyl-1-phenylprop-1-ene, yield 83%; IR: 3382; 'H NMR (400 MHz; CDCI3):
7.39-72(5H,m), 443 (1 H,d,J2.1),3.56 (1H,d,J26), 287 (1H,brs), 1.15 (3 H, s)



184 (100% M), 141 (60) and 69 (40)(Found: M-, 184.088. C13H1202 requires
M 3S 184.088). 4-Fl uorobi phenyl From 4-fl uoro-bronmobenzene and phenyl
boroni c awod3ogéield 93% np 73-75C (lit.,9 73- 750); IR P6I8G;B02HIBS 1487
and 1196; 1H NWR (400 MHz; CDClI 3): 7.56- 7.53 (4 H m, W 03/006151

PCT/ GB02/ 03135 21 7.43 (2 H d, J 7.2, 7.34 (1 H t, J8) and 7.15-7.1 (2
H m; mz (El) 172 (70% M), 119 (30) and 69 (100) (Found: M, 172.068.
C12HOF requires M 172.068). 4-Nitrobi phenyl From 4-nitro-bronobenzene and

e ok 535 oL A gl 4L 5 T3 B 1980 By 1%

77677221{42Hrr)765761(2Hrr)and752742(3Hrr)13CNI\/R
(CDCI3): {LpRefyl- 1151.3 h;,;g, ol129.1, 128.8, 127.7, 127.3 and 124, mz (El)
199 (20%_ M+
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usi ng encapalinydreyy sRhsy E‘e%“aﬂ %‘P Bwed, but using tol uene/water 20:1 as
t he sol vet%; IRhBSQG’mmmmZB:ﬁI‘HNm(AﬂOeMHZMDém) eh42-RdBKS uh nof, S10R1 HeddtJ ons

L Catvabaféévauégtggg B2 ), elséﬁgpqi sf3.08 1 20 Do Bynd 276 (PRI ai ned

in test reactlo rate esetaflve
pr 0d&8dur e #ot e aPPYUIR (GOEr 1dale t1PBs 12813 166 hﬂé@pgﬂlﬁa?‘zﬂ apg
Pr epar at i BBenzylbxy y15 Gthexdrnegtidlenzoat e M cr oencapsul at ed Pd( CAc) 2 (prepar ed

as descriPRL RO 35T QMR (4o Rl o gp'ﬂse 732 ?@ﬁ%ﬁ 253!, 34 4185 poR! ent)
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was evacusl B&narusg)uarged.68i 136 (6 Hyom); MONNKRIECHOR): 13me 1288 112610, 2RO e

5Sti rfsf‘éi ?{z 49%6067%4 %&%’“Qé’b anfg efﬂ?uﬁgrs‘h rl-%ﬁ{n'ag rﬂ+ﬁﬁ' 2£PPHps, The
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EXAMPLE 14
This Example illustrates the recycle of microencapsulated Pd(OAc,) catalyst in the
20 preparation of 4-Nitrobiphenyl.
4-Nitro-bromobenzene and phenyl boronic acid were reacted as described in
Example 6. The catalyst was recovered by filtration, washed and dried (as described in
Example 1). This process was then repeated 4 times with fresh reagents and the
recycled catalyst. The yields of isolated 4-Nitrobiphenyl were as follows :
25 Reaction (1) 97%
Reaction (2) 90%
Reaction (3) 92%
Reaction (4) 94%
Reaction (5) 93%.
30
EXAMPLE 15
This Example illustrates the recycle of microencapsulated OsO4 in the preparation
of 1-Phenyl-1,2-propanediol.
Trans-(1-phenyl)prop-1-ene was reacted with encapsulated OsO, as described in
35 Example 13. The catalyst was recovered by filtration, washed and dried (as described in
Example 4). This process was then repeated 4 times with fresh reagents and the
recycled catalyst. The yields of isolated 1-Phenyl-1,2-propanediol were as follows :
Reaction (1) 77%
Reaction (2) 79%



30 through a pol yethylene frit (20-mcron porosity). The filtrate was
washed with water (2 x 20 nlL) and dried (MyS04). Evaporation under reduced
pressur e wWod3peristi cati on by colum chromat ography gave pamydB02/03135

4- et hyl benzoate, 89% IR 1714; 1H NVR (400 MHz; CDCI3): 7.93 (2 H, d, J
8.2), 7.23 (2 H d, J 8, 431 (2H 2 J6.6), 2.41 (3 H s), 1.78-1.71
(2 H mM, 1.49 (2 H sext, J 7.5) and 0.98 (3 H t, J 7.4); 13C NWMR
(CDCI3): 167.2, 143.8, 3S 130.0, 129.4, 128.2, 65.0, 31.2, 22.0, 19.7 and
14. 1. -V\D%B/ 06151 }3 / GB02/ 03135 22 EXAMPLE 9 This Exanple illustrates a
represent VSR z;goc Gre for Heck type reactions using encapsul ated

Pd( OAc) 2 Redtiepé)at733m of butyl 4-nitro-trans-cinnamate 5 M croencapsul ated
Pd(CAc) 2 rp4&BAR(Hd A, described in Exanple 1, 0.25 g, 2 nol % based on

pal | adi um content’) was added to a solution of 4-bronp nitrobenzene (1
mmol ), butyl acrylate (1.5 mmmol) and ammoni um acetate (3 mMmol) in

1, 2- di mretBEXAMPLEGe (5 nL) and stirred at 90C for 8 h. The reaction

mxture was C%'ae@srﬁs%rréa@ s&]snﬂ)@rﬁzywa&hbutesiabwé,%r%?ﬁnatééfbgm)wa@d
filtered through a polye Zl ene frjt (t20- I‘OI’IJDOI‘Q |H/ ... The 10 filtrate
was. washddOUREh a0 BRIl nitpae d Pttt Rodists A JUPartuineetieRgadssred in
Evapor at i paventhelds : r educed pressure and purification by col um

chr omat ogy_ / 4-nitr gans-ci nnamate 87% IR 1709, 1643,

1519 and ﬂgﬂg*'ﬁﬁ?’ﬁﬁﬁgﬁ%‘% VHZ et ): 8.24 (2 H d, J88), 7.7 (L H d,
J 15.0), h2@mhepyk.2pthanediosy 6 5851 H d, J 16.1), 4.23 (2 H t, J 7),
1.7 (2 H2-8heny-12-propadediedt (2 H, sS@8%) J 7.6) and 0.97 (3 H t, J 7.4); 13C

15 NI\/R(%_I ; .0, 148.4, 141.3q0140.6, 128.5, 124.1, 122.6, 64.8,
30.6, 19.7 aD’r%ariéﬁg. EXAMPLE 10 I(ﬁsé’ alternative general procedure for

Heck type2-Mesti-lhenylsh #rgrapspegislul @  Pd(OAc) 2 the nmethod of Example 9
was f ol | owpdenui2-c\ilongxarssaiivl opanoiB8id! uene as the 20 solvent and
tetrabutyl a i i i ; Thi
it anative solDeRL8EEa 300 Rhssldthnitfis WinfTERY sHEANRE lions Glidn o
EXAVPLE 13s amingrt @lraesiihers) the sniergcarsutesiiase iuseas gifeciue ji heseioxidations. still e
Zyp_e regpt [ Ons?u@litét@e Iééi:hﬁéﬂmﬁwirﬁérgd wiee éatde@ oltryAAir@ig the niérocapsules in

-ni trobi roe : C [ r [
Beanpl o 1200 0cop 2% 30 THERTEIRRRIES Wl i bt aBlo e Tam QR Lon s,
sol uti on tested-ipradtepnpted catplvtie osmytation erperjments.i neniasplice af the fests1om therol )
and ;Mmonddiitons Shawad that RaRaktibrlodeufred, which suggests that there was no appreciable

leaching of osmium from the encapsulated catalyst system.

EXAMPLE 17
In an experiment to compare the performance of a microencapsulated palladium
25 catalyst with other palladium catalysts in which the palladium is either immobilised by
conventional means or is present as palladium acetate, the following reaction was
repeated employing several catalysts systems :

Br B(OH),
Catalyst
+ —_—
KZCOB ! 5800 02N
NO, acetone/water 20/1

30
In each case the conversion was measured after four hours reaction to establish
catalyst reactivity:

35



30 di net hoxyethane (5 nL) and stirred at 90C for 6 h. The reaction m xture
was cooled to roomtenperature, diluted with ether (50 nL) and filtered

t hrough awpoBgetibyl ene frit (20- mcron porosity). The fi lPCraitB®2msisswashed
with water (2 x 20 nL), brine (20 nL) and dried (MySO4). Evaporation under
reduced pressure and purification by %l um chromat ogr aphy gave

4-ni trobi phenyl, 90% IR 1H NVR and 13C NVR identical wwth 35 sanple
obtained fromthe Suzuki reaction in Exanple 5. WO 03/006151 PCT/ GB02/ 03135
23 EXAWVPLE 12 This, Exmpte Tfttustrare n_al ternati a5 al |procedure for
Stille type react Stusi chioy Bixey o Tﬁ? ! ure of

Exampl e 11 was us$E&dcapsutatedsiPag isoproﬁbnol /toI uene [0% he sollvent and

t et rabutyl anmoni yp ,kg?_ﬁ)s base in|place of s anmonium acetate. Siml ar

N/ AN D = Tlat e | e

yields of 4-nitr e obtai med,  EXAMPEE 13— This Exa

illustrates a ge1EP;9n RiperdBy AGFIER) o) Bhydr oxylati dn’®f ol efijns using
encapsul at ed osm emdnetdarbah de. 10 To a4kol ution of olz%n (1 nmmol) and

N- net hyl nor phol i n rde (NMO (1.5 ), 1n acgtgne/water| (10:1, 10
m ) was added Mff—gel\‘%&&{—m—eq—.e&m—eqxﬂw%m de—5 ‘9’8 Ye—based on osm um
content) and the| Pd@éci menimpobiisedit i 14Bd at room t enffébature | for 12- 24

h. The reaction m xture was diluted wwth acetone (25 m) and filtered

t hough a ethleefri m _cron porosity).. The r at eated
w thoa coReE Yos Bipassubies,8d & soiaer ST cstiend B doe mres2of b esh) 5

m n) and @nnarmtram hightr exchivity/readivily ecof®axed tontynveatiehal healledintn catalyst gam c
| ayers weg\gigpashed with brine (20 m) and dried (MgSO4). Evaporation under
reduced pressure and purification by colum chronat ography gave the
proddcts. The fol |l owi ng conmpounds were prepared using this nethod: 20 1

- Phenyl - IEXAMPbEaA8edi ol From trans-(1-phenyl)prop-1-ene, yield 80% IR

3321; 'H NWR (ﬂ% 7 nm@%e@ até pro7oe tér‘ftnal"solmnt effedte o(n]th@reéé:tloﬂ razes?)

ﬁwﬁg’(%u &)a’ wpegcAssslicd pi i Gfifgy% rpofaloting gy’ s eamied Ot
1 2 D pheryyibud sdivettsasysidnal usirkp 1£moldh of @ranrﬁdJ/gZeanpbela;eld)Ed asmeepareelid 84%
343 d
FFX*?W% ’”"%"Wc&é%‘“’%%fﬁ'g%% A o o e Caeal gl 2"
2 Phenyl heajing ab 8% edl ol
0, B(OH),

LG — =00

Br

Solvent Solvent Ratio | Reaction Time Yield
(hours) (%)
Acetone/Water 20/1 1 100
IMS/Water 20/1 0.7 94
Diglyme/ Water 20/1 3 99
Acetonitrile/ Water | 20/1 3 95
THF/Water 20/1 5 93
DMA/Water 201 4 "9
Butanone/Water 20/1 4.7 91
15 Conclusion: the microencapsulated palladium catalyst of the present invention

demonstrate high efficacy in a range of solvent systems.



From 2- phenyl pr op- 1- ene,
7.37 (2 H J 7.6),
3.WB 3Modd51 d, J11),2.58(1 H, br s),
144.9, 128.4, 127.1, 125.0,
From trans- dec- 5- ene,2%i el d 85% IR 3376; 1H NWR (400 MHz;
2.01 (2 H d, J 4.1),

(2 H d, 30J 7.9,

J 11),

s); 13C NMR (CDCl 3):

5, 6- Decanedi ol

CDCl 3): 3.43-3.38 (2 H,
0.91 (6H, t, J 7.2);

2- Met hyl

83% IR

13C NWR (CDCl 3):
From 2- net hyl
7.39-7.2(5 H,

oaBPTRR’ oo e Cooi o).

yi el d 90%

R 74.5

| R 3348; 1H NVR (400 MHz; CDCI3):
7.28 (1 H,
1.8 (1 H, br s) pamdsE2B81363 H,

t1
74.8, 7
1.5

33.3, 27.8,
- 1- phenyl

J 7.

7.46
1), 3.79 (1 H, d,
1.0 and 26.0.

1-1.25 (12 H, m,
22.7 and 13.9.
prop-1l-ene, yield

m, 4.43(1 H,

d, J2. 1), 3. 56( 1InHn @xp@ﬂmemt 20 ggietminewhsiher thers p@sHoterttialieading obRG from a

PCT/ GBO2/ Alothagdiags gl
4t o Copp reason XG0 Sk Gou

(5 5 H, thpprebeded of differdnt salvehOtyBesinds 43rrie@ 0B (1 H, d, J 1.7),
146.3, 128.4, 127.0, 125.1, 75.7, 74.5, 38.5,

127.5, 80
1- phenyl c%/7c7?l
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the low percentage leaching values obtained demonstrate that the

microencapsulated catalyst system is quite resistant to the leaching effects in a range of

A palladium microencapsulated catalyst system of the present invention was

subjected to physical inspection and testing.

By optical microscope the microcapsules were observed to have a spherical to

oval appearance which in some part appeared to be influenced by the catalyst loading.
Low palladium loadings producing more predominantly spherical microcapsules, high
palladium loadings producing more predominantly oval microcapsules.

Scanning electron microscopy (SEM) on sectioned microcapsules has shown a

homogeneous microporous structure.

The energy dispersive x-ray (EDX) pattern on

cross sections of the microcapsules showed a homogeneous distribution of Pd throughout
cross-sectional area. Similarly, the transmission electron micrograph (TEM) of a sliced
microcapsule shows an even distribution of palladium.

The encapsulated palladium acetate catalyst systems are air-stable under typical

10 solvents.
EXAMPLE 20

15

20

25

storage temperatures and no special storage precautions are required. Samples stored

at room temperature have not shown any loss in activity over a 6-month period. DSC and
other thermal stability tests have shown no self heating on warming samples to 400°C in

air atmosphere.



recycled catalyst. The yields of isolated 4-N trobi phenyl were as foll ows
25 Reaction (1) 97% Reaction (2) 90% Reaction (3) 92% Reaction (4) 94%
React i on wB)o3@esis1 30 EXAMPLE 15 This Exanpl e ill ustrates PcheGBreoysse of
m croencapsul ated GsO™4 in the preparation of 1-Phenyl-1,2-propanediol.
Trans- (1- phenyl ) prop- 1-ene was react&® with encapsul ated OSO4 as descri bed
in 35 Exanple 13. The catal yst was recovered by filtration, washed and
dried (as descri bed in Exanpl e 4). This process was then repeated 4 tines

with fres s cled catalyst. The yields of isolated

1- Phenyl - a@ﬁ% &3?}’ F%E(i@/%l lows : Reaction (1) 77% Reaction (2)
79% WO 03/ 006151 PCT/ GB02/ 03135 25 Reaction (3) 76% Reaction (4) 73%
Reacti on (S)md9% fom<AVMPLE 16 In a simlar experinment to that of Exanple
15 above, encapsul at %d 0S04 was ycI ed an% sed to prepare 6 different

product s WA urn wi YR-GHTR yi el ds | |cated i enthesis : 1
- Phesyl| - IMedigm:opanedéddiung 74% 10 AV2- Di pher@d/l7%, 2- et hanedi ol (86%

2- Phenyl 1&;2 propa qi:i(%% S,QG%ggspedi glmé gr{()ske\gédvet hyl - 1

- phenyl - )r opaned] 77% 1 -Phen xanedi ol (88% 15 Wen
used aft Mo or age 1f8<§r ver al rmrﬁ“r’i%s'%nthoﬁ}g ‘g%ﬁ"al precautions (such

as an inert atnosphere), the mcrocapsules were jUSt as effective in these
oxidationg. Qualitgfive leacly test expgriments were carrieg out by
stirring the mcrocapsul es in solution for 24 h. The mcroc%%sul es were

filtéred WRf and t hE remai ni nY3sdl uti on "fed 207.9
EXAMPLE 21
A series of hydrogenation reaction have been carried out using an encapsulated
15 palladium catalyst. All reactions were carried out using 2mmol alkene, 250 mg or 5 mol%

immobilised palladium acetate as prepared according to Example 27 below, 25bar
hydrogen, in 10ml ethanol solvent, stirring in an autoclave at room temperature for 18
hours. All reactions proceeded to 100% conversion.



tested in attenpted catal ytic osnylation experinments. The results of the
tests on the 20 solutions showed that no reaction occurred, which suggests
t hat t herwowa®modi61 appr eci abl e | eaching of osm um from t heCercrpmsisat ed
catal yst system EXAMPLE 17 In an experiment to conpare the performance of
a mcroencapsul ated pal |l adium 25 cat3l yst with other palladiumcatal ysts
in which the palladiumis either inmmobilised by conventional neans or is
present as pall adium acetate, the follow ng reaction was repeated

enpl oyi ng several catagl ysts systens : Br B(OH)2 talys KZzC03 , 580C QZN
_ NQZ acet one/ wat erI n each—casesthe rston was neasured after
four hours reaction establish catalyst rea ty: 35 WO 03/006151

PCT/ GB02/ 03135 26 Catal yst Reaction Tinme % Yield Encapsulated Pd 4h 50%
(ex Exanple 27) Pd on Polymer (ex Aldrich) 4h 7% Pd on Carbon 4h 23% Pd
Bl ack 4h 4% PdOAc2 (noryinmmobilised) 4h 15% Cong] usi on: the Encapsul at ed
Pd (a catal yst system rding to the present j ntion) denonstrates

hi gher activity/reacti conpared to cohventi pal | adi um cat al yst
systens. 5 EXAMPLE 18 | h~an experinent designed to probe potential solvent
effects on the reaction rates of a m croencapsul ated pal | adi um cat al yst,
the followi ng reaction W carried out in varioushgolvents systens using
12nol % of 0. 4mmol / g encapsul ated Pd as prepared i 0 Exanple 27, 1.5 equiv

of phenyl boronic acid onate, and heating at
80C:

OH

CN

EXAMPLE 22

5 The following reaction was carried out using 2mmol alkene, 250 mg or 5 mol%
(based on metal content) immobilised palladium acetate as prepared according to
Example 27, 25bar hydrogen, in 10ml isopropanol/ethylacetate solvent, stirring in an

autoclave at room temperature for 18 hours.
S Q
©/\N - ©/\N
71%

10 EXAMPLE 23
The following reaction was carried out using 2mmol alkene, 250 mg or 5 mol%
(pased on metal content) immobilised palladium acetate as prepared according to




N2 B(OH)2 + 1 \ DO2N/ / Br Solvent Solvent Ratio Reaction Tine Yield
(hours) (9% Acetone/VWater 20/1 1 100 |IWMS/ Water 20/1 0.7 94 Diglyne/

Wat er 20/W0330@15Acetonitrile/ Water 20/1 3 95 THF/ WAt er PEZ@/GB03/039B35

DVA/ Water 20/1 4 91 Butanone/Water 20/1 4.7 91 15 Concl usion: the

m croencapsul at ed pal | adi um cat al yst 4% the present invention denonstrate
hi gh efficacy in a range of solvent systens. WO 03/006151 PCT/ GB02/ 03135
27 EXAVPLE 19 In an experinent to determ ne whet her there was potenti al

| eaching of Pd from m crQ |, at.ed pal | adi u sent
i nvention (as%‘?'@'ﬂﬁ?@ﬁ ﬁ“ﬁgﬁgi %Ee Bgmmrog%g L?ﬁaﬂrfl %s' y%f%) '?dtgé&pfcé

m xt ures égitetbracc&dzmhs Amup;bensg)nrcéé’(dtmlorocemwesed taguened was StlrtddéOpﬁ peekee of
di fferen e fBch{We? Seetof PEY %tolueﬁ@'vb%%uﬁdjtd S@%Bﬁéiar(t%t 0.5pp

Tol uene/ yet hano 41)0@/?@0 1 r"I’o | uene/water (20/1) <0.1 Acetopne/water
(20/ 1) 0%’@4 UperiofE/ wat er (20/1) 0. 05 | M5/ wat er (20/1) 0.02

DVE/ wat er ( 20/ IhelpatticlBsizamistisutiah éor o B4t vas déterrimet dayi GoulteeComnter ugi®/ 1)
0.1 DiOlHES Wakille GRAY Adaifbel] ATBRIEHBARE SIBOrdRNoPEI P HiGELadsBRAY

val ues obt al ne enmonstrate roe ul at ed syst
Lo oot hes Deet ARSHBRL MU Res & jasenen AOBIas ot %69% 988 B pL £

20 greater than 300 microns is shown.

10 Beckman Coulter — LS Particle Size Analyser
File Name: Microenc.37 Group ID: Microencapsulated Catalysts
Sample ID: NBZ2632/37 Operator: MN
Run Number: 1
15 Comments: 10L run @240rpm
Optical Method: Fraunhofer.rfd
LS 320 Small Volume Module v
Start time: 13:40 28 Nov 2001  Run length: 60 seconds
Obscuration: 9%
20 Software: 3.01 Firmware: 202 0

Differential Voluma
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A pal | adi um m croencapsul ated catal yst system of the present invention was
subj ected to physical inspection and testing. 15 By optical m croscope the
m cr ocapswbas/owase observed to have a spherical to oval @opgsanssswhich
in sone part appeared to be influenced by the catal yst |oading. Low

pal | adi um | oadi ngs produci ng nore preédom nantly spherical nicrocapsul es,

hi gh pal | adi um | oadi ngs produci ng nore predom nantly oval m crocapsul es.

Scanni ng el ectron m croscopy (SEM on sectioned m crocapsul es has shown a

20 honobgepeoys,. m ¢roporgus st ture. The energy dispersive x-ray (EDX)
pattern o(ﬁa'CLﬂ?Q%@% é’@?pgﬁé’"g‘? 5# i cr ocapsul es” showed a honpgeneous
distribution of Pd throughout cross-sectional area. Simlarly, the

transm ssjgime! ect riypoiri crograph (TEM of a sliced mcrocapsule shows an
even di st I‘I%Uti on of__pal | adi um Tg encapsul gt ed pal | adi um acet ate cat al yst
systems aV€aMir- st abPeHhder typi P 25 sto“% ”{)errperatures and no
specisal dWediage pretZdBunons are regVi:red. S@TpA%s stored at room

t enper at yy @ aave nof33sd§mm any | osgehedCt i Vhiire Q¥R skéwds nont h period. DSC
and other thermal stability tests have shown no self heating on warm ng
sanpl es tMod&0C i n 18944t nospher dUNQES:03/ 0dbd Bhlantaui#02/ 03135 29

Cal cul ations fromO0.375mto 2000m Vol une: 100% Mean: 175.5m S.D: 48.60m 5
Medi an: 1of4.3m C. V.44 27. 7% Dok 2) 1 133.4yn Skewnesgy - 0. 106 deeft skewed

Mode: 185.4m Kurosis:._ 0.314 Leptokurtic 9% 10 25 50 75 90 10 m 117.4 143.9
17418 20m™ 239.6 BXAVPLE 21'48%eri es dt-dhydr oge¥4td on reaPi®n have been
carried out using an encapsul ated 15 palladiumcatalyst. Al reactions
were carried out using 2nmmol al kene, 250 ng or 5 nol % i muobilised

pal | adi um acetate as prepared according to Exanple 27 bel ow, 25bar

hydr ogen, EXAMPbEi21et hanol sol vent, stirring in an autoclave at room
tenperature fox séffes biohydsogeNation aetibd Aavebeareeattied bat 1§0§mn @neepsilaied VO

03/ QLQ;GlSlpaII:I.gJi{J%Bc%%IQs%l%ﬁ reé;cho% Rere carried out using 2mmol alkene, 250 mg or 5 mol%
immobilised palladium acetate as prepared according to Example 27 below, 25bar
hydrogen, in 10ml ethanol solvent, stirring in an autoclave at room temperature for 18
hours. All reactions proceeded to 100% conversion.



N2 NH2 OH OHd\ \ / I / CN\ CN Cami / EXAMPLE 22 5 The foll ow ng
reaction was carried out using 2mvol al kene, 250 ng or 5 nol % (based on
nmet al cormverw)odéisnobi | i sed pal | adi um acetate as prepared RCTGRING1360
Exanpl e 27, 25bar hydrogen, in 10m isopropanol/ethyl acetate sol vent,
stirring in an autoclave at roomterﬁﬁ)erature for 18 hours. \ NN 71% 10
EXAMPLE 23 The foll ow ng reaction was carried out using 2nmmol al kene, 250
ng or 5 nol % (based on netal content) immbilised paI I adi um acetate as

prepared accordi ng to WO _Q3/ 006151 PCT/ GB02/ 03135 itial results
suggest that the Pd ocapsul es—are—physi-cal I ab e under typi cal
agi tation conditionsS suspensi on of Pd m crocqpsul es in tol uene was

stirred for 5 weeks by nmagnetic follower, the lével of Pd in the tol uene
was found to be constant at 0.5ppm over that perd od. 5 The particle size
distribution for a batchiwas deternined by Coult Counter using an LS
Particle Size Anal yser. ~Atypical particle size ce for a Pd m crocapsul e
batch which has been §sified to renove fine | ess than 50m crons and
| arge particles of greater than 300 microns is shown. 10 Beckman Coul ter -
LS Particle Size Analyser File Nane: M croenc.37 Goup |ID:

M croencapsul ated Catal Wots Sanple I D: NBZ2632/ 37Ntperator: MN Run Nunber:
1 15 Comrents: 10L run 40rpm Optical Method: Tijfrhofer rfd LS 320 Smal |

Vol une Mbdul e —_—
OH
o0 T

ot
-

ohs
B —

EXAMPLE 22

5 The following reaction was carried out using 2mmol alkene, 250 mg or 5 mol%
(based on metal content) immobilised palladium acetate as prepared according to
Example 27, 25bar hydrogen, in 10mi isopropanol/ethylacetate solvent, stirring in an

autoclave at room temperature for 18 hours.
I J
@AN - @/\N
71%

10 EXAMPLE 23
The following reaction was carried out using 2mmol alkene, 250 mg or 5 mol%
(based on metal content) immobilised palladium acetate as prepared according to




Start tinme: 13:40 28 Nov 2001 Run length: 60 seconds Cbscuration: 9% 20
Software: 3.01 Firmnware: 2.02 O Differential Volunme 15- Mcroenc_37 10 aP
0 0.4 1 2wo 0804520 40 60 10 200 400 1000 2000 Particle @CcaraB033p N

Vol ume Statistics (Arithnetic) Mcroenc.37 25 WO 03/006151 PCT/ GB02/ 03135
29 Cal cul ations from 0.375mto 2000m3'ol une: 100% Mean: 175.5m S.D: 48. 60m
5 Median: 174.3mC V.: 27.7% [D(3,2): 133.6m Skewness: -0.106 Left skewed
Mode: 185.4m Kurosis: 0.314 Leptokurtic % 10 25 50 75 90 10 m 117.4 143.9

174.3 207.9 239. VPLE 21 A serj.e f h 0 i reaction have been
carried dut?MRs n% 'aﬁg%ﬁchﬁdgﬁsp%ﬂ' elf 19@%%??%%?{5%%%@% ;',sglv_eﬁﬁl %t'rﬁ%gac'?i Ths
wer e car rautetlavetatueom deraparelureafok d8@OUB50 ng or 5 nol % i nobi | i sed

pal | adi um acetate as_prepared_according to Exanpl e 27 belw\ 25bar
hydrogen, in 10m gt hgnaol _sq t, stirring.n S at room
tenperature for 18\_bours. A eact 1 ons proceedg 7o conver si on. WO
03/ 006151 PCT/ GB02/03135 30 Oo N2 NH2 \ |

EXAMPLE 24

5 The following hydrogenations were all performed utilising a simplified laboratory
technique wherein a hydrogen atmosphere is maintained in a reaction flask by means of a
hydrogen balloon attached to the reaction flask. All reactions were carried out on 2mmol
alkene with 250 mg or 5 mol% (based on metal content) immobilised palladium acetate as
prepared according to Example 27, in 10ml ethanol solvent, stirring at room temperature

10 for 48 hours.
100% conv

B —————
. L CHO CHO
40% conv
_—
—_—

% .

:

22% conv

.

OH
[Oj é
63% conv

Conclusion, that while the microencapsulated Pd acetate works well in hydrogenation of
olefins with complete conversion at 25 bar, in some cases good conversion is also
15 obtained under conditions where the simple use of a hydrogen balloon for extended

?
O‘I’

21% conv

|

periods was employed.



\' CN _

2mmol  al
pal | adi u
10m iso
t enper at
reaction
nmetal co
03/ 00615
et hanol /
for 18 h
per f or e
at nosphe
bal | oon

| \ CN EXAMPLE 22 5 The foll ow ng reaction was carried out using
kene, 250 ng or 5 nol % (based on netal content) immobilised
nvadaetisl as prepared according to Exanple 27, 2PoarGBuwgdssgen,
propanol / et hyl acetate solvent, stirring in an autoclave at room
ure for 18 hours. ONC ONC 73% 10 EXAMPLE 23 The fol | owi ng
was carried out using 2mvol al kene, 250 ng or 5 nol % (based on
ntent) imobilised palladiumacetate as prepared according to WO
éﬁ%&% 03135 31 Exanple 27, 25bar hydrogen, in 10m

te solvent, stirring in an autoclave at
ours. TreofdlowiRgvPactiopwas Targed olut osinadl niipdlr Jeneats Bk easedadn

bl |dohich) AisioBRedpSLBd BARGN! drethtecTUAHRIMNPUP b Préparéogen
oo TR 22 helavi IR (0g8R balkgan: rodp e BRe afie o Vebrs Bbeln on

2mmol  aldoadidions are 26Mpamgdowhith sboWothatait enhyobe mdvartagenuselnt preiactivaie Ithe ed

in

roomtenperature

pal I adi urpagefiate as

prepared accordi ng to Exanple 27,

in 10mM et hanol

solvent, stirring at roomtenperature

10 for 48 hoyrs. \ \ [/ 100% conv \

0O

\ CN 22%conv OH| OH X 21 % conv OO

\ CHO C~r409/6 CHO conv \ ”CN 1

10

15

20

—————

Run Reaction Conversion after 5 | Conversion after 18
Conditions hours (%)? hours (%)?

1 EtOH (5ml) 13 63

2 EtOH/EtOACc 1/1 (5ml) 2 51

3 EtOH (5ml)/AcOH (0.05ml) 3 41

4 EtOH (5ml), activated Pd ® 35 100

5 EtOH (5ml), activated Pd © 97 100 (after 6 hours)

a - conversion was detected by GC

b - the microencapsulated palladium acetate was activated by stirring in ethanol under
hydrogen atmosphere (18 hours at 25 bar)

¢ - used recovered microencapsulated palladium from Run 4

EXAMPLE 26

An encapsulated palladium acetate catalysed addition of the sodium salt of diethyl
malonate to 1,3-diphenylprop-2-enyl acetate was studied out under the following
conditions: 5 mol% (based on metal content) microencapsulated palladium acetate
(0.4mmol/g Pd) as prepared according to Example 27, 20mol% ligand, reflux.

OAc
0 O N* -5mol% Microencap
+
Meo’u\/\OMe ~ 20 mol% Ligand /

Experimen  Solvent Ligand Reaction
t Time / hr
A THF PPh, 47

o] (o}

MeO OMe
™
JORA®

Product
Yield / %
76 (isolated
Yield)
Quantitative
(HPLC)

Catalyst
Recovery / %
98

21 95

Dioxane PPh,



6 63% conv Conclusion, that while the m croencapsul ated Pd acetate works
well in hydrogenation of olefins with conplete conversion at 25 bar, in
sonme casewogemasispnversion is also 15 obtai ned under con@cCriGB/03d3ere the
si npl e use of a hydrogen balloon for extended periods was enpl oyed. WO
03/ 006151 PCT/ GB02/ 03135 32 EXAMPLB®5 The fol | owing reaction was carri ed
out using 1 mmol al kene, 5 nol % (based on netal content) m croencapsul ated
pal | adi um acet ate (0.4mml /g Pd) as prepared according to Exanpl e 27

bel hy. b I Vi ti |t

o SR8l FUESOA Eionf B a5 B A
cat al yst . proc@lur&un Reacti on Conversion after 5 ConverS| on after

Conditions hours (9 a hours (¥Ya 1l EtC]-:br—(Srﬂ) o 2 EtC]—I/EtOAOAclll (5nt)

2 51 3 EtOd (5¢1) ACG’HMQE@ 05nt) 3 , actlv ted P4 b 35 100
5 EtOH (5 ac |vate'32 d ¢ 97 (aft ho'inos versi
det ect ed b - Theoayar oenc | at ed Iadl(%w'%eta s act ed by

stirring in ethanol under 10 hydrogen atnosphere (18 hours at 25 bar) c -
used recovered m croencapsul ated pall adiumfrom Run 4 EXAMPLE 26 An
encapgsul aEmMp@EIﬂdi um acetate catal ysed addition of the sodiumsalt of

di et hyl ma]“ ate .10 d| ed out

under the foI &F‘HS” BY Ré‘l‘a??'gﬁgm%%gws&% bgezrgéi;eoﬂﬁ%?l\&con E

m croencapsul ated pal | adi um acetate (0.4mvol /g Pd) as prepar ed accordi ng

to Exarrpl;ereggrat.g.({)apthg(od.“g@ge reflux. 0 0 OAc O Ow \ + 0 OG- N+ -5
o :

mol % M crlg&%%as) MDQOSQ) was dISSO|Vgg l %cl'ﬁ'Io?gfggml(Zéil‘lg,/ AIc%%h) and to the resulting

10 solution PMPPI (191.1g, Aldrich) was added. The mixture was then allowed to stir on
rollers for 2 hours at room temperature.

Encapsulation of Palladium:
The aqueous mixture containing deionised water (803g), 40% Reax 100M solution
15 (95.5g), 25% PVOH solution (76.4g) and 20% Tergitol XD solution (47.7g) was stirred at
16°C using a 3-blade turbine stirrer. The oil phase was added at a steady stream and the
oil-in-water emulsion sheared at 275 rpm for 12 minutes. The shear rate was then
reduced to 200 rpm. At the onset of polymerisation process few drops of defoamer
(DREWPLUS S-4382, Ashland) were added to disperse the foam on the surface of the
20 microemulsion. The mixture was then allowed to stir at room temperature for 24 hours.
The microcapsules were then filtered through a glass sinter funnel (porosity 16-45 micron)
and washed with deionised water (5 x 600 ml), ethanol (3 x 600 ml) and hexane (2 x 600
ml). The resulting capsules were then dried in a vacuum oven at 50°C for 4 hours.

25 Analytical Results:

Yield of Pd EnCat: 1859
ICP-AES analysis: 4.2% Pd Loading: 0.40 mmolg™
Particle size distribution: 140um (average)
30 Moisture content: 1.3%
EXAMPLE 28

This Example illustrates a method to remove pendent amine groups from the

polyurea wall material of the microencapsulated Pd(OAc),,
35 In a 10 ml reaction vessel phenylisocyanate (0.3g) was dissolved in dimethoxy
ethane (8ml). Microencapsules (1g) containing Pd(OAc), at a loading of 0.4mmol/g was



Experinmen Sol vent Ligand Reaction Catalyst Product t Tine / hr Recovery /
%Yeld/ % A THE PPh3 47 98 76 (isolated Yield) B D oxane PPh3 21 95
Quant i t atwoa3/0dPLC) WO 03/ 006151 PCT/ GB02/ 03135 33 The ®&ceatGaroe/o3t3arti ng
material for the above Exanples was sg/nt hesi sed using the foll ow ng
procedure. 0 OH ((CH O- O CAc _ | 4 Et201 \ I\ O \ | E2 gBr ~ (80%

yield) / /| (90%yield) 5 EXAWPLE 27 Met hod of preparation of the catal ysts
system used i n EXAMPLES 21-26. Preparation of the Ol Phase: Pd(OAc)?2

(29.59) s dissolv |nc or of.or m e resulting
16 so ut 1 B PeERY Adqihenissuling FIEHe S2e, a e FRPhaEie 2 bOFRen Y | one
to stir onicracapsules weor trnhfitered and rveashed avithe PhiEU repeatedlyaffs ¥| Omiphefore

Pal | adi Ungeind\GricdHi BSOS uRdertvdee cont ai ni ng dei oni sed water (803g), 40% Reax
100M sol ut| on 15 (95. Sg) 25% PVOH sol ution (76.4g) and 20% Tergitol XD
solution (47.79) was stirred at 16C using a 3-blade turbine stirrer. The
oi | phaseEXAMPRE®Sd at a steady streamand the oil-in-water enul sion

sheared at 275 H@éﬂéa%ul%t%d BsHHiirR Setrokite F44EA50 babR sHE%n w‘%rk irneéwﬁﬁ‘?etﬁ@ 200

rom At the onset of F nerisatjon rocess f wggro ps_of ?

( PREVPL USSR agisionse o chT4at: 6. B GEVER EHRL SBAEIESR) oTlnS A RTTEY 19,1 ace
of the 20ChanticaldRaviewsotR94T e, 2M88t2b4&, thaprefberad abiventesl THE /vedter 1/at Thosb

t enper at yp,gof %ansﬁél &g%aal cﬂ&tg& RO %Héérﬂs‘é%té/éﬁ ggmrd?@ @etfd)é:&eﬁ ﬁﬁ&oﬁmaé@h a

gl ass sinter orosit m crQ %{% dei oni sed
wat éP (5 9esgiRpdrn E ﬁ!?néi W€§ Lkseéot!? rRagt dc?féﬁ%r%" & @Oﬁbéﬁmi?ﬁr?t“rerﬂb
resul ti ngTHRpatdr @5 foel@ td 3&houts uader the followingwonditiers: at 50C for 4 hours. 25
Anal ytical Results: Yield of Pd EpnCat: 185g | Q- AES anal ysis: 4.2% Pd
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Ligand is (DHQD)2PHAL hydroquinidine2,5-diphenyl-1,4-phthalazinediyl  diether
Potassium ferricyanide (Ill), methanesulphonamide
15
The Table below summarises the yields and enantiomeric excesses for a series of
asymmetric dihydroxylation experiments following the conditions described above:



30 Moisture content: 1.3% EXAMPLE 28 This Exanple illustrates a nethod to
renove pendent am ne groups fromthe polyurea wall material of the

m croencaweuBmb@dl Pd(OAc) 2. 35 In a 10 m reaction vessel PoiaBI20SBSYanat e
(0.3g) was dissolved in dinmethoxy ethane (8nml). M croencapsules (1g)
contai ning Pd(OAc)2 at a | oading of B%mvl/g was WO 03/ 006151

PCT/ GB02/ 03135 34 then added and the resulting m xture stirred at room
tenperature for 2 hours. The microcapsules were then filtered and washed
with DVE repeatedly (5 x 10nmk) before hei ngeflried at 50C under vac. 5
EXAMPLE 29 The encapsul at osmumtetr ox/?d.eg)has afp@sckrgen shown to work in
asymmetric dihyroxylatiohs. In contrast he conventional Sharpl ess
conditions referred to in Chem cal Reviews 1994, 94, 2483-2547, the
preferred solvent is THE/ water 1/1. Thus, 5 ol % (based on netal content)
of the encapsul ated osm L}/H‘F{/et roxi de_m cr)m_&ti cl g 6990 d)ESCI’I bed in Exanpl e
4, was used in reactionsncarried out at gooMyfenperature in THE/ water 1/1
for 20 to 36 hours under the following cgnditions: OH R RR-'y R R O
Li gand i s (DHQD)2PHAL hydr oqui ni di ne2, 5 henyl - ht hal azi nedi yl

di et her Potassi um ferripﬁﬁni de (H+¥, h sul 6ﬁ’0r‘?§ﬁ?ede 15 The Tabl e

bel ow summari ses the yields and enanti oneri c excesses for a series of
asynmetric di hydroxyl ati on experinments follow ng the conditions described
above: WO 03/006151 PCT/ GBO%/@3135 35 P Hh -- 97% (94%e) OH ~Ph HO
Ph 88% (99%e) 97% (90%ee)

—» CH OH
C4H9 49
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HO, CO,Me
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EXAMPLE 30
A combination of microencapsulated osmium tetroxide and periodate was found to
be very effective in the cleavage of olefins to yield aldehydes in high yield. Thus, a series
5 of reactions were carried out at room temperature using 5 mol% (based on metal content)
of the encapsulated osmium tetroxide microparticles described in Example 4 in an
THF/water (1:1) and sodium periodate as the co-oxidant.

R - =0
R_//-— R/_
The following oxidation was repeated five time under the same conditions but
10 using recovered (recycled) catalyst with greater than 95% yield in each case:

e
Ph



Ph Ph OH HO 96% (82%e) Ph Ph CHH,; 'dl Calls 30 CAH9 OH 97% (90%e)

C4Hs HO Ph _30. OH 89% (87%e) Ph/ \ HOPh [a IN Ph 91% (97%e) C-OH

COZMe - COXBR3@des( 99%e) --- N Ph OH Ph EXAMPLE 30 A coainiGmRiosrssof
m croencapsul ated osmium tetroxi de and periodate was found to be very
effective in the cleavage of olefins 3o yield al dehydes in high yield.

Thus,
nol@b(based on netal content) of the encapsul ated osmi umtetroxide

m croparticles described in Exarrpl e é!A Sn THE/ wat er (1:1) and sodi um
perio/dil-ate as the co-oxidant.
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2. A catalyst system comprising a catalyst microencapsulated within a permeable
polymer microcapsule shell wherein the microcapsule shell is formed by interfacial
polymerisation.

3. A catalyst system according to Claim 1 or Claim 2 wherein the permeable polymer
microcapsule shell is the product of 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.

4, A catalyst system according to Claim 1 or Claim 2 wherein the permeable polymer
microcapsule shell is a polyurea microcapsule prepared from at least one polyisocyanate
and/or tolylene diisocyanate.

5. A catalyst system according to Claim 4 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% 2,4-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.

6. A catalyst system according to any one of Claims 1 to § wherein the catalyst is a
metal catalyst, a metal oxide catalyst, a metal diphosphine catalyst, a metal phosphine
catalyst, a metal phosphoramidate catalyst, a metal aminophosphine catalyst, a metal
arylamine catalyst, a metal diamine catalyst, a metal aminoalcohol catalyst, a metal
phosphate catalyst, a metal salt catalyst, a metal alkoxide catalyst, a metal arene catalyst,
a metal arene phosphine catalyst, a metal carbene catalyst, or a metallocycle catalyst.

7. A catalyst system according to any one of Claims 1 to 6 wherein the catalyst is
based on a transition metal.

O The foll ow ng oxidation was
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1. A catalyst systemconprising a
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a series 5 of reactions were carried out at roomtenperature u5|ng 5



2. A catalyst systemconprising a catal yst mcroencapsulated wthin a

permeabl e pol ynmer mcrocapsul e shell wherein the mcrocapsule shell is
formed byworBeodiaci al  pol ynerisation. 10 3. A catal yst syst@Baososdi ng to
Claim1 or Claim2 wherein the perneable polynmer mcrocapsule shell is the

product of self-condensation and/ or c}oss-1inking of etherified
ur ea- f or mal dehyde resins or prepolyners in which fromabout 50 to about 98%
of the nethylol groups have been etherified with a C4 CL0 al cohol. 15 4. A
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hydrtsgenaheldbdmturmatl ve), p-phenylene diisocyante (and its hydrogenated
derivative), 4,4'-nethyl enebi s( phenyl i socyanat e), 2,4- tol yI ene

di i socyanate, tolylene ||soc ate (609 nme 0% 2 i SO w2, 6-
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4, 4" - net hedtalysthis ShasBd 35 padiadivinpg losmism, subgréumat @)odium, titanium, vanadium and

3, 3' - di metipg¥Nindt: 4' - bi phenyl ene diisocyanate, 2,2',5,5'-

tetramet hyl -4, 4" - bi phenyl ene diisocyanate, 80% 2, 4- and 20% 2, 6-i soner of

t ol Yi%ne diisocyanate, polynethyl ene pol yphenylisocyante (PMPPI),

1, 6- hexantl.hy| & retalyst spsdery aradreing tedjiaior ddeddin Secoztalistes dseturatettdydexyl ene

dii socyan&tugldgl:}%l%%gmoc?%&wn%@gtagg i socyanate. 30 6. A catalyst system

according to a ainse 1 to 5 wherein the catalyst is a netal
catal yst, a netal oxide catalyst, a netal diphosphine catalyst, a netal
phosphi net1. catAlpysdess domttieaprepaatoi of amnidedencapsuttg Catalysthhich comprises

pho | e ne: &g éjelté\ the
cat Ayt oanAg aifikaeibiue gtRlyAhierBtisl @meaRiin e preeit dlo ARUS: , a
netal salt catalyst, a netal al koxide catalyst, a netal arene catalyst, a
met al ar efge phoppiveds acedrdihy 36 Claimmet whersiarthe irgerfztiat lpplytnerisation comtpaisescycl e

catal yst. eT-c gﬁstaﬁ{aé{stanéléﬂ@@‘sé“ﬁﬁﬁﬁf & dtffertiY e %frmgdgi\g%o %@se

vvherelnt eca 1tion
PCT/ GB0O2/ mrsa@me@?mswhlm donaepayt 28 49 éh?‘&c%f’cﬂ rige teetlylal eRovpsuhaYR idReR he

transi ti osthemedlwitbra BpCqalddmel catal yst is based is platinum palladium
osmum ruthenium rhodium iridium rhenium scandium cerium Samarium

yttrium %/tterbl um lutetium cobalt, titanium chrom um
A process according to Claim 11 wherein the interfacial polymerisation comprises

condensation of at least one polyisocyanate and/or tolylene diisocyanate.

25 14. A process according to Claim 13 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% 2,4-isomer, 40% 2,6-isomer), 2,6-

30 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-

35 naphthylene diisocyanate.

15. A process according to Claim 13 or Claim 14 wherein a crosslinking reagent is
present.



copper, iron, nickel, manganese, tin, nmercury, silver, gold, zinc,

vanadi um tungsten or 5 nolybdenum 9. A catal yst system according to

Cl ai m 8 werosiomeishe transition netal on which the catal yeCTiGBoassd is

pal I adi um osm um ruthenium rhodium_ titanium vanadiumand chromum 10
10. A catal yst systemaccording to C3im 9 wherein the catalyst is osmum
tetroxide, colloidal palladiumor palladiumacetate. 11. A process for the
preparation of a m croencapsul at ed cat al yst which conprises 15 formng a
m cr ocaps, i nt CI al t resenc
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2,2',5,5 - tetrarret -4, 4 - bi hen | ene_diisoc anate 80% 2, 4- and 20%
2. 6-i somer of @l yIrSF@’e”HQ thegpiceaca %“esp)E‘P’{)ﬁ%? 'QH%USp‘Eﬂﬂﬁﬁhenyl i socyant e

(PI\/PPI ) 1 6 hexanmet hyl ene dii socyanate, isophorone diisocyanate,
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process accor wherein a crosslinkin a ent is
present . Wrﬁﬁﬂmﬁmﬁ'@ﬂ'm@ﬁ@%?ﬁ@m@g%s inwhieh fregsabaut oP ¢ ﬁg‘"ﬂ 3 d?]y one
of C ai neofite inethyl yhapshhavalbeerrathetiied withea CgColaohalk e converted to urea,
am de or urethane groups by post reaction with a nonoi socyanate, acid
chloride or chloroformate. 5 17. A process for the preparation of a

n cr oenc a}%ul A PHPCEss gpgcggmg,ﬁq) Glaigyhh wheeein the wall-forming’ materials comprise at

20 least one polyisocyanate and/or tolylene diisocyanate.

20. A process according to Claim 19 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

25 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-
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 tolylené

30 diisocyanate, polymethylene polyphenylisocyante (PMPPI), 1,6-hexamethylene
diisocyanate, isophorone diisocyanate, tetramethylxylene diisocyanate and 1,5-
naphthylene diisocyanate.

21, A process according to Claim 19 or Claim 20 wherein the wall-forming materials
35 comprise a crosslinking reagent.

22. A process according to any one of Claims 11 to 21 wherein the catalyst is based
on a transition metal.



(a) dissolving or dispersing the catalyst in a first phase, (b) dispersing
the first phase in a second, continuous phase to forman enulsion, (c)
reacti ng woe3ooeispre m crocapsule wall-form ng materi al s a&cTidmp2iost3sr f ace
10 between the dispersed first phase 9and t he conti nuous second phase to
forma mcrocapsul e polymer shell enCapsulating the dispersed first phase
core and optionally (d) recovering the m crocapsules fromthe continuous
phase. 15 18. A process according to Caim17 wherein the wall-formng
materials conprise etherified urea-fornmal dehyde resins or prepolyners in
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di i socyante, 4,4'-nethylenebis (2- methyl phenyl isocyanate),
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1, 6- hexamet hyl ene diisocyanate, isophorone diisocyanate, tetranethylxylene

di i socyanate and 1, 5- naphthyl ene diisocyanate. 21. A process according to
Claim19 @6 Cd & natﬁ@st/\,hﬁtehmdmmiSMI & chtalyst myjcnoancapsalbted Bhic enperimsable
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PCT/¥802/ 68135 39 23. A process according to Caim22 wherein the
transition netal on which the catalyst is based is platinum palladium
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nol ybdenumjb@tuted aryl boronic acid or ester in the presence of a catalyst system according to
20 any one of Claims 1 to 10 or Claim 26.

28. A process for the preparation of optionally substituted biphenyls which comprises
reacting an optionally substituted aryl halide or halide equivalent with a tri-alkylaryltin in
the presence of a catalyst system according to any one of Claims 1 to 10 or Claim 26.

25
29, A process for the preparation of optionally substituted alkenes which comprises
reacting an optionally substituted aryl halide or halide equivalent with an alkene optionally
substituted with up to three substituents in the presence a catalyst system according to
any one of Claims 1 to 10 or Claim 26.

30
30. A process for preparation of a hydrogenated product comprising reacting a
substrate, wherein the substrate contains a hydrogenatable group or bond, with hydrogen
in the presence of a catalyst system according to any one of Claims 1 to 10 or Claim 26.

35 31. A process according to any one of Claims 27 to 30 wherein the catalyst is colloidal
palladium or palladium acetate

SUBSTITUTE SHEET (RULE 26)



24. A process according to Claim23 wherein the transition nmetal on which
the catalyst is based is palladium osmum ruthenium rhodium titanium
vanadi um wad3/oéusomi um 10 25. ~ A process accordi ng to CrameERd/eatssr ei n
the catalyst is osmumtetroxide, colloidal palladiumor palladium
acetate. 26. A catalyst system conprd0sing a catal yst mi croencapsul at ed
within a perneable polyner mcrocapsul e shell obtainable by a process
according to any one of Clainms 11 to 15 25. 27. A process for the
preparation of optionally substitut i phenyl s whi ch conprises. .reacting
an opt i Gtal | YA SIAFEES (Ut BB RIFRATaYR] Pﬁ&wgr‘mﬂ‘éﬂ ?Y‘B'Bp'é%ﬁf’l (PRF a%ot%i'“a\'ﬁ?he

opt i onaldrysenss los bichtayst sygsterh doosrdingdo aoy dnepf @eines 1in1Q beClpinegemberesf a
catal ys i 20 any one of Cains 1 to 10 or Caim26. 28.
A pr oce§25¥%‘%®?%§%§?‘i‘g%%°?‘@ﬁ' of optionally substituted biphenyls which
conprises reacting an optionally substituted aryl halide or halide
equsvalent with a tri-alkylaryltin in the presence of a catalyst system
according to any one of Clains 1 to 10 or Caim26. 25 29. A process for
the preparation of optionally substituted al kenes which conprises reacting
an optionally substituted aryl halide or halide equivalent with an al kene
optionally substituted with up to three substituents in the presence a
catal yst system according to any one of Clains 1 to 10 or Caim26. 30 30.
A process for preparation of a hydrogenated product conprising reacting a
substrate, wherein the substrate contains a hydrogenatabl e group or bond,
with hydrogen in the presence of a catalyst system according to any one of
Clainms 1 to 10 or Claim26. 35 31. A process according to any one of Cains
27 to 30 wherein the catalyst is colloidal palladiumor palladiumacetate
SUBSTI TUTE SHEET (RULE 26) WD 03/006151 PCT/ GB02/ 03135 40 32. A process
for the preparation of diols which conprises reacting an olefin in the
presence of a catalyst systemaccording to any one of Clains 1 to 10 or
Claim 26 wherein the catalyst is osmumtetroxide. 5 SUBSTI TUTE SHEET
(RULE 26)
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