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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 fiquid 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 contalning 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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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 polym_erisatlon.

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 oll or
organic phase is dispersed into a continuous aqueous phase comprising water and a
surface-active agent. The orgahlc 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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25 value may be adjusted to an appropriate level. For the purpose of this invention a pH of

about 1.5 to 3 is appropriate:
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Etherifled urea formaldehyde prepolymer
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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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the Isocyanate groups are hydrolyzed at the Interface to form amines, which in turn react
with unhydrolyzed isocyanate groups to form the polyurea microcapsule wall. During the
hydrolysis of the isocyanate monomer, carbon dioxide Is fiberated. 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 typlically 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 dilsocyante, m-phenylene diisocyante (and its hydrogenated derivative), p-
phenylene dilsocyante (and its hydrogenated derivative), 4,4'-methylenebis (phenyl
isocyanate), 2,4-tolylene dilsocyanate, tolylene diisocyanate (60% 2,4-isomer, 40% 2,6-
isomer), 2,6-tolylene dilsocyante, 3,3'-dimethyl-4,4-biphenylene diisocyante, 4,4
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cross-|i nkumgolytgeﬁham witkigdhe fsoguangte@t@mlarmtnmducs drfbrﬂrﬁw@eﬁl;s 4o the wall
pol yf uict i ayhemisty] NRorSBkdin@s, $¥itdble (BdlyRish¥dud ndudeagiinpr) lowTRBBcular 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 inclu'dlng for example that in
which hydrolysis of the isocyanate-is allowed to occur-to an amine which can then further -
react intemally 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 1socyanates 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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varied fromaromatic i socyanates to alg phatic isocyanates such as

hexanet hyl enedi i socyanat e and i sophorone diisocyanate. .Further
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whi ch can t rsher. ' I tsPReEYERR ferhwan stry
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this enbodinent. One skilled in the art will be aware that the various

nmet hods pre‘ﬁ’ﬁlousl y described to produce pol yurea m crocaps i.cal, | eave
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anot her proces or formng m crocapsul es havi ng wal |'s™ of pol yureas and
pol yl MAhour RAMESOKMARi n the walls are characterized In that t hey consi st
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in ordgf toof el didpRrsed or colloldal catalysts and/or the possibillty 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 cont_aining 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 oll phase or more preferably is soluble Ina water-lmmiscl.b!e organic
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copper, |ron nickel, manganese, tm mercury, silver, gold, zlnc 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,
titanlum, vanadium and chromium. Alr 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 oll emulsion microencapsulation process is scandium triflate.

" 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 suitab_le for
forming the dispersed phase in a microencapsulation reaction.

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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t et r aydr of ur an ;i§9fovNindefstSdd thatithy rid8HeESkulated 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 sultable 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;



5 for exanpl e under reduced pressure, and may be replaced by a sol vent
which is water- inm scible and is hence nore suitable for the
m croencapsul ati on process. Wil st such a colloidal suspension of
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interface (probably the via octylamory um bronmi de acting as a |igand) and
it may be necessary to. 3.0 adjust the m croencapsul ation conditions
accordingly. Alternatively palladiummay be used directly in the form of
pal | adi um acetate. Thus for exanple palladium acetate may be suspended or

more preferably Metesphospting catalystsusuchlab dVikinsoris catslysth disslogehipdéhesniReyn
sol vent or agghberiqrgt ed hydrocarbon solvent and the resultant solution

may be m croenc accor 0, t he present |nve t.i I form:
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co-ordi nati on w Mbtal aeylardibenextalysts Aacioradi thgsd disciosed &t Orgarmmetaliies, p897,adi um
acetate decg % 95488 _ggé‘{:e metal under the action of heat Cat al ysts of the

resent inve rived frompall a m cet e
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0. 6mmol/ g ol/S66A8A7H Shagpless agobydroxyalion candl YWPOZHOPR5 quecatalm Agymaetiss ed
on theygret aCyssumyédri; Loadings of 0.2mmolg to 0.4mol/g are frequently
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many addi tignal croencapsul ated 1 n accordance
with the prE&&dhy. 3 Q §ﬁ3K/\FMTO(N9c¥9ﬁ' CfH: t hose Skl lled In the art. Wthout

limtation t ot hMefabpbgmha@, catéigsts elidhoas thgseidisclosedanTCsesepd-Szisasi 83 lHakos,

cat al yst s: mﬁ | ytic Asymetric Synthesis 2nd Ed.

BEd. 1.9 Ie?oI ? go ui‘:ll?ﬁél hoyt I|mtat|ﬁ%thellst of chiral

| i gand$ | ncI udedMetp tsﬁg rl Br386% ;0" MAA"GPIUTH WHN &0 a9 L such
as those di hetapsetalida sE%&lEh% cBloridesef mesumwsmlnm&ewﬁlmmsago

RuBI NAP,  EP3981 3§16k cdiro,ddOBhiR EtB sudH8590t86£e7 dideidesd iPWAlBaguRRdK., Lange,
PCT/ G|399/ 03%9% E{W‘? M\L\D Q&[h fﬂlﬁ%&m% 9 Met al phosphl ne
uc Ki s¢ '

catal ysts s hson™ s -catalrysts di osed in Chém Rev.
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 n 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
emuisified 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



1991, 91, 1179; Metal phosphoram date catal ysts such as. those disclosed in
W02/ 04466 DSM MonoPhos; 5 Metal am nophosphine catal ysts' such as_those
di scl osed i "VA'PPKETz  Acc. Chem Res. 1993, 26, 339, J. M Br BaHCBB/ WiiSnes,

T. Layzell J.Chem Soc. Chem Conmun. 22, 73, 1993, and J. Am Chem Soc. ,
1992, 114, 9327; Metal arylam ne catal ysts such as those disclosed in
Organonetal lics, 1997, 16(23), 4985-4994; 10 Metal diam ne catal ysts such
as those disclosed in US5663393 Jacobsen epoxidation, US5637739 Jacobsen
epoxi dat i on, cbiaEARARBRwWerdudisseaemixersde honegenisHtion systeitdalep8adindbrapatids s
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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 modifled 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 WOQ01/94001 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 boly_ethylene oxide or cationic groups such as
quaternary ammonium salts.
In addition the aqueous phase may contain other additives which may act as alds
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 skilied
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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ai ds 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 ethano! 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 extremes.
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(b) dispersing the first phase in a second, continuous phase to form an
emulsion,
(c) reacting one or more microcapsule wail-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 , o
(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 ary!
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 trl-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.



(b) dispersing the first phase in a second, continuous phase to form an
emul sion, (c) reacting one or nore mcrocapsule wall-formng naterials at
the interface 30 between the dispersed first phase and the continuous
second phaswotosoodisy m a mi crocapsul e pol yner shel |l encapsBCHGBMOEHe

di spersed first phase core and optionally (d) recovering the m crocapsul es
fromthe continuous phase. Preferably the first phase is an organi c 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 T eCou Glusldy WRRRHLE SeriENallE PBSIRI aH) idiofalpublabiveas ahyent

to extract the tirst pha articyl ar the o ni ¢ nt
from the colodides, Gomidesodsgnariast/ ?'EYS?L@% itytod 3 é\%@g %%R\ggﬁ{% ﬁﬁg%egl |y
water, rmay aptonalyesubstidtet @ryl coropasnthbavingANC@THsubstiusnt brheraft = §Qe¢Fbt ant .

The mi crocapsul epygdrted R6d8s88s iRBGRS thetoll®iMg:f or exanpl e be a nonormer,
oligoner or pre-polyner and the po]ynerisation may tgke place in situ by

pol ymeri sati on and/ or curing_of Bt he wal | -formgg naterial at the
interface. In the &t Rve pokyrgpiisation may ta :
interface by the bringing togeth a first wal oA
t hrough- the conti nidus 5 '

di sconti nuous phase. be apbreci ated that the & crpentapsul at ed
catal yst of the present invention to may be used for any Reaction
approprPate to that catalyst and that the scope of the present invention

is not Iinitedqb use of the catal yst in any particul ar reaction t or
reaction medi um HehisgahaHeg. mefR@blr chirgidg. B’F%P o 99idei Gh& @%{Fgle@ggéieﬁ&,
transition metal pretgrtlbiy IFs take place in an organic solvent. Certain

o_rgani ctsoltve][\tts Rﬁ%![-é's@acwi‘rﬁie{) oééﬁﬁﬂ%fdé}eﬁop@lsmfueﬁpgrié“ﬁ'ah? and tthi S mayf
feacti 8fs i n whi 8HS {a?Sﬁﬁi‘B@*ap?ﬁm‘#ﬁaﬁﬁer?ﬁ%‘sfs Ry BBt s
catal yst of the R%samalkyliguaupti on i ncl ude Suzuki couplings, Heck
reacti ?n_s, %Vﬁéhn' &ry(r)cﬁ@?tt? ﬁgf]er% E)édbé!ﬂ%?%lbgﬂ&he_ Qﬂﬁhw bhauldbk yéladtedas as Sitdo ipLﬁss
G111 Se. pal 1 er st i B e eplon’ SRR Yt ool 17 UL
di scussed i MN@al PHdiN FRIAgEHQ §RH2@CHa My rpedray! ?&ﬁ]a?",geﬁ?‘? Hnsrgearel by
Wl ey (1Ghi chesredyblyll I irodskdyivixy, Catonb yare di-iydossrby@ounst, i hyfireeseyvithion esteri t ed
D) O T s B S oo e 008
E.W, StoneRh&hy 'ﬁ?ﬁﬂ%f%f’ﬁé"t‘iw %a,ky'Pﬁ%q ?@E@ﬂ”&?yawg%ya%b ??f'(‘)’ﬂ?bﬂ% ’1%‘%&; Vol
as aralky! 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 alky! groups are branched, the groups
often comprising up to 10 branch chain carbon atoms, preferably up to 4 branch chain
afoms. 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-buty! 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, triflucromethylphenyl, 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 -CFs and -CFs.
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(wher e §f =492 6FR), RS R%ejra't &d hydregersses i ncl ude the fol l owi ng: 5 wherein:

Hal is a halide, - g[ﬁ%reg%fymgy WabQEeR?'mm GRAGR tHeOSHblRtio® bf IfipHtmlylsdehere

equi val ent , refer f-, 0 [

2 oUbet 1 ueiABGr BOf OHARa (Y o FeATBAGHP B0RR) 2. or Sn(R 12 )3 wheroin R
is an al kyl or armgbordingpa farher aBpace of theanresank iverfiop ipere hBiRVIgR 3 HFO%RES t o
Elj\?efggl 3 ZF Et:r%et / F&t{ogugﬁ obhiﬁuaw aipstitited| slkdresswhieht einiseaseadingt an
G bups Mo (Rl gxest g S g B halgp ool PAF b ondfily olbiiled
per hal ogenatvath upytir theser $upstituers irether Riegancy 10f atﬁﬁéﬁlﬁ’éé}‘%éf"c?)‘?ﬂ%”ﬂﬂ%ﬁ CSYaWSt
di - hydr ocar yibaehepsulardranir Dyérineiable pelymer sicropsiiesbeles, ami des,

sul phonyl , sul ph ] i i i .
hydrocar byl gr ou?ggf:g}r'{%? ﬁ%@@gf dlfgﬁ%nfo? u§€ lrfth‘éséb%(fe O PRTesdas R Bs dbsitibed

the, reof , ~ suereinkgforgy d7reiprablia eaquggc?%%p?ul%/ 3pg[é§gﬁ%@efl?&giﬂ%f%ciéf@é&&%.
20 More preferably the catalyst is based -on palladium, colloidal palladium or palladium
acetate being most preferred. :
The optionally substituted aryl halide includes an optionally substituted aryl
iodides, bromides or chiorides. Optionally substituted aryl halide equivalents include
optionally substituted aryl compounds having an OTf substituent (where Tf = SO,CF).

25 Preferred processes include the following:

wherein:
Hal is a halide, preferably chioride, 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
advérsely 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-hydrocarbytamino, hydrocarbyithio, esters,



Al kyl groups which may be represented by R -10 include |inear and branched
al kyl 20 groups conprising up to 20 carbon atons, particularly from1l to 7
carbon atons and preferably from1l to 5 carbon atons. Wen the al kyl
groups ar ewbrapnedied, the groups often conprising up to POTEEAEH3Ehain
carbon atons, preferably up to 4 branch chain atons. In certain

enbodi nents, the al kyl group may be cy@lrc comonly conprising from3 to
10 carbon atons in the largest ring and optionally featuring one or nore
bridging 25 rings, Exanples of al kyl groups which rmaybe represented by

?nd (]:';C: gﬁlgggpnag?%%rdese st]?br\onyl Fgu% V\ﬁamrao Qh@%ﬁ'phorﬂé‘ta}érld es?ert;jrl&uﬁs, wherbint yI

e repres
contain 1 FreamyhHgro h e cycloa aryl
therkyd cbybyroHes Beldfeaky 4@%‘ JRieens ﬂ%%‘ SRR Harsdy i‘ﬂﬁ"

or heter ocyebrau(yramgaikalﬂxbnp*&mple)berawwrounjr oups whi ch may be represented by
5' ) . : ncl udet Ehfﬂﬁl to Fx“%ﬁél prefera‘rb@rréélbfﬁt@a}from B'g @rbhtﬁrﬂ@wlgﬁ;luols listed aboyehfonf'.,

rifluoromethy an Yeh14 I tionall
Per hal 8gen&tPdian 19709 cﬁ'rtSn r%E‘%:B é ﬁﬂ nf] nggﬁga tﬂtf@lﬁp%n Eﬁn "
i ndependentshigstituied wide. p ﬁal%’tye@faﬁ I‘P(yR 2P PING gﬁrfgrm H

conbi nat i 0%uséliart&phng, A Ging gBefaradlykatntednsds, b bary]nggawmpsvhlcmxerﬁpnr §ra@fy
per hal ogenat ed %} groups which may be represent ed by R 11 incl ude -CF.

and - C, F5. “48°0 151 15 PCT/ GB02/ t er ocychi C be
represented by Wpshprefaigely SR8 Maje P égiﬂgﬁeﬁ?a yéﬁﬁ}#@?ié‘geg i

partially wys@tabal acd hydnopashybixegoupsid may constltute lring or 2 or nore
Lgf:?og;gﬁfcm'oﬁ o 't@%'f%r%fﬁéc@@ftlﬁ&'pres%hb’hve)morlﬂ&teef tscgrcés\{rde; aﬁg’gﬁf; rngst
e OOyl 5 R, S Wl o ke Sole S SRt s i oot ] east
one atom i scatziysbsystand canprlsmagsm@meteé@é'ﬁ?u@'chﬁ%’ﬁu'ﬂte%w“@“cﬁ ﬁLPér fpl es
of heterocyﬁlynq‘ergr,&g%sm@sﬁm may be represented by R ' 10 incl ude pyridyl,

pyrimd I . pyrr ndol yl , qui nolyl, isoquinolyl,
i m da and t réi%gy{i o%Q%%gYAci#flé er a%{“gl/ndone oe noge of R, R5, R or R70

S hydrogen Most preferab | east to thrego on R5, R8 or R10 are
hydrogen. The processes naysadwant ageeustybe used Irf? the production of

bi phenyl s where one or nore of R2, R4, R or ROare a cyano group.

Accordi ng twheeiiurt her aspect of t he present invention there is provided a
process for theR'btecRéae sash insfepepstentinandrgges oh 3 skbsiituedt @okRnes whi ch
conpri ses react i gkt APeferhbly Rk boMavelof REUO R dreisatshtiaweyd grbags. de or  hal i de

equi val ent with @H@\alﬁiﬁgg Bo Bogn%ecasfu%%ﬁr%ﬂt%é@%th\@ érE'uﬁJEh&qu Eeh§§€cted )

substitlents in m Co cat
m croencapsas aveth afivansaly aﬁgérthea@tpeorp%ﬁ%’é PIEATON! eégﬁgﬁ "?B&Qﬂgr red

catal yst sypbigs hbitfe, C3e NO), O NEQO8H, CHO, MQ}Ueassesh}@r@aetyl dethalqgeaated
hydrocarbyl, heterocyclyl, hydrocarbyloxy, mono or di- hy_dro_ca_rbylamrno 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", RI7&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.



her ei nbefore. Preferably, the mcrocapsule shell-Is fornmed by interfacial
polynerisation. 20 More preferably the catalyst is based on pall adi um
col I oi dal pal I adium or pall adium acetate being nost preferred. The
optional |y wahshedisit ed aryl halide includes an optional | yremiesoi/eswsed aryl
| odi des, brom des or chlorides. Optionally substituted aryl halide

equi val ents include  optionally substitldted aryl conpounds having an OTf
substituent (where Tf = SQ2CF3). 25 Preferred processes include the
followi ng: R4 R13 R14 R15 30 R14 wherein: Hal is a halide, preferably

Co B v oddire; wabfanG et Feil /8 (Ded 3 G SPioe MR U peidm3D K

to R5 are edtti®iMg uen group; a
Rt5 are eackﬁcieﬁ’éﬁs?%'ﬂﬂj@ﬁ§tlpyefﬂr *ogen or a substltuent group. Wen any of R
to R5 are a substSubsteaiés gvhichp comthia gr loudpogehatabld greus edreboret innfudas orgenict o

adversely afa '@uﬁ%wrﬁ%z&{ ca?%rﬁééum@ 6rYtr| b Hohés, | ﬁfé&lb@;ropt@ﬁblﬂl éubegt0fed

groups inclu

per hal o§enat “f"lﬁ/d’rr oG anggkq@{ F%%'I" ¥ SURSF %%é{\?tﬁ "8%8191 L& %l; tmro
di - hydr ocar bytresei ezigo Iaydlm@mgnqups hihigh a’st%lﬁseptlkﬁ@tgwd}@ﬁqfshy PWP%OQ‘/ #8135
16 car bonat eﬁesé\,@ég%,méglcagwg sui phonam do and sul phonic acid ester

wh ' h
oy Conbinat i on (HUPUHISCLE GL ey S 5 5558 ok WgrodiideBlotrod & kﬁ‘ﬁ"’zs e
groups. R13 ipdheRpr esgnee s other APy of 8lodey @rdbqnﬂé whicheare sheceptitie it reg Fﬁ'é?ﬁ Y

l'isted 15bb0VG1yfdﬂ:fgeR3:nay e éaateh/@may Lige offtee catalpsirsgstofis B B@Rteseot inRintigRLBdatay be
joined to fo @ substituted ring. V\hen any of RI13&R14 or

R14&R 5 areJ 1%@to r | bstit
preferably cont ai g leyen 'Pmsvg %%&ﬂﬁr{é"@ﬁﬁ%‘?ﬁalﬁ}o espr @Fgggﬂf ﬁéecgg"{ 5%%’ of
atoms. Mbst the éfventidnl fpr casalpsinof typical redctipnslis iHustrated baf the dwpatiandsl npt lisaitedN,
][\ngrZi hgfygsp%t e ué’eﬁ eoh%{ﬂé QR foraal faw@tnﬁzcaéabvdrpxylngm@umownﬁgcmfamm to a
resen ¢ v

the prepa raté@ﬁﬂgyb&l 'BI%O cﬂ'c%ﬁp$¢@r%§§f§a2§ 3 lgg% %'gﬁ%Oﬁngégﬁ%n sence
of a cat al ywixtusg f careroaliesr (msinly n@BWW%Iﬁ'?Q%tT@&@ ‘-n?‘@r'éeﬁ"i@a?ﬂx??‘m’%@f)%et hi n
a perneabl e gEoxyERylEhe BMEARE Bt albsHol,.REAX 100M is sodium lignosulfonate. REAX,

"~ TERGITOL and GOSHENOL are added as collold stabilisers and detergents.

20 EXAMPLE1 .
This Example illustrates the encapsulation of Pd(OAc), in a polyurea matrix.
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 paddile-
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 mi ), hexane (3 x 50 mi ), ether (1 x 50 ml ), and drled. 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 (PMPP), 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 containing REAX 100 M (10 g), TERGITOL XD (2.5 g) and GOSHENOL Gg)in




15 Preferred processes include the follow ng: Rlt R19 Rle R19 R17 R18 HOOH
R11 R18 wherein: We to R19 are each independently hydrogen or a
substituent group. Mst preferably two or nore of R76 to R19 are

subst it uentweredeessst 20 Wien any of R16 to R19 are a subst iRQIGBO23GEEp, the
group should be selected so as not tggadversely affect the rate or
selectivity of the reaction. Substituent groups Include halide, CN, NC2,
OH, NH2, SH, CHO CO2H, acyl, hydrocarbyl, pe.rhal ogenated hydrocarbyl,

het er ocycl yl d b

cster o cal hiatiect ialfy éé@xf*‘@uﬁﬁ%oﬁ’oﬁa””i il pipLen 2 ﬁ‘i‘f’o"wépw i o,
ester gr oupsnamt AR N fort hringasr %@r@%“‘"@r@d’ﬁryﬁaﬁ@m&‘&@“&l’% %ﬁi’"ﬁﬁ&?’
groups, andgraRér-sRFE) BfcoMtenpbeteo ffor 1SUhrsaEthyledekglamimedS @) Wwas wdidedf and

le b |
g?a&p ezmgnﬁ;é m%fu%’%ﬁddlé@{xﬂr&??& ls)ﬁa%}estt%d)”EF % ﬁ?:furﬁl?ﬁ@t%é{ uga&ﬁﬂeﬁ:caﬁlﬁb%R;gy

of R1e&R77, ONa&ﬂSVerﬁfﬁﬂRd ghayeh F&Bﬁ?-‘?f@y%ﬂee{;'?féﬁl REEP %°r?§5try$na%wggetlona ly
substit ut edwtthﬂg-,lorﬁeimd watergaqetafegethbhgl, efbertandigied, 6 or 7 ring 30 atons
whi ch are preferably carbon atons. According to a further aspect of the

pr esent inv&%?ere is provided a process for prepar’ation of a
hydr ogenat e rising reacting a substrate, wherei

substrate cont ai fkis @XHWEOWHQEQM%G@EBW@H %%@'da{/\ﬁ’ﬁ”ﬁd'HW‘raﬁaW‘?'?F lf’ﬁe
presengg of pagyu,@atr@tmst system conprising a catal yst m croencapsul at ed

within a persneaplIgregﬁgyg;ﬁ&coﬁ@déppgmsul e shell. Preferred catal yst

systens for
B of or abl y. FOHGAGY 882690 SSHEIAN: SURIIHAPTEYOT T PRACS ?’“pé" RePidar on.
WO 03/ 00615 JIdrIcH/9B8K) 24618 IBsolgd Nbv oy @tehmraqun {256 mhtaadyrefluxed aﬁéwua?n
gﬁ'b'sf‘?gfgns % %ﬂé 0 ﬁ?é AR R Ferﬁb;vjteg %@Iw%d@@aws@u@% ROVOIRES ofpbeliesa ed.
conmpounfs wi® ha?:%l cﬂ?@%%ﬂ&é”%r 4"?99‘{"@[]@8% CQ&B%F% cu g"raap%%%oc
optionally smbextredunedqbressum kenes or al kynes and organic corrpounds
\SAﬂbSL' tut ed S%;E@ ERPRSIaBIHCAT cBfoidl baldiuf troso, azido and ot her groups

pch are S gbl ﬁg\%s Jc@gy% e %v@%g[uﬂgr‘?%f'%hfegﬁ 286 ﬁ@ﬁﬁ’ﬂ Eoipidapt al

catal yst. ective red bl
group or borm"adllﬂnt Abe pridyenves aeickly aededtio FeAYEO 'Bl?fé‘égﬁ?mﬁ@'ﬁé E%ﬁ?@ﬂ} Zr ee
suscepbibl e M @1.BagUTERGITAlY XD (0.3 g) and PYOH (0.6 ¢) in deionised water (45 mi) while -

shearing (using a Fisher rotary flow impeller) at 1000 rpm for 1 minute The microemulsion
thus obtained was paddie 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 mi), hexane (3 x 50 ml), ether (1 x 50'ml), and
dried.

EXAMPLE 4
This Example fllustrates the encapsulatlon 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 delonised water (15 ml) while shearing (using a Heldolph radial flow
35 impeller, 30 mm) at 750 rpm for-1 minute. The resulting oll-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 ml), ethanol (10 x 50 mi),

acetone (10 x 50 mi), hexane (3 x 50 ml), ether (1 x 50 ml) and dried.



i 0 hydrogen may be achieved by use of the catalyst systens of the present

i nvention under appropriate conditions. The Invention Is Illustrated by
the foll owi ng exanples. The use of the catalysts of the invention for
catal ysis olobymiscsal reactions is illustrated but the |nvBATIGBA2AH3 ot
limted to the use of the catalysts chg any specific reaction. In the
follow ng Exanples i5 GOSHENCL i s pol yvinyl alcohol, SOLVESSO 200 is just a
hi gh boiling (230- 257C) m xture of aromatics (nai nl y napht hal enes),

TERG TOL XD is the pol yoxypropyl ene pol yoxyet hyl ene et her of butyl

al cohol , REAXA#PREIS S sodi um | ignosul fonate. REAX, TERG TOL and GOSHENCL

are added as col i) L 3 'dn%‘é(r)? % iﬁw@a?é Sor A AWBoErdachidios uBgol e

illustrates the € i~on In a polyurea matri x.
(0.4 g A drem&PS%edf&Oll%j@' rRalagiamaeaop vesso 200 (5 g) and the sol ution

stirred for 20 nida solutichics aryhdromele (oo ickiotde) (It enmoPobyrphie ragidetied mmol),

di -isoc a”aéc?m&rﬁ’”ﬁ?ététe( 3 %mwsmaqg@&aemﬂeﬁéthéﬁoed(dz)n a7fbm)t heas 24X deti n.
The m x ur e was

toan25aueo tur 00 M
(1.8 @), TEF?@'GI@EE‘%BIE’? &F'“&MP ‘{’)Jﬁ%cm/ﬁ)& i %/
dei oni sed wassemiriggbout P. Mﬂuglcé restielkg waﬂgdlpmshaﬁ@ean FP@HEF@aFth' |9>9 °er red)
i rrgg: I er) a&né%oreé@cfﬂwfrﬁlﬁ(tuﬂe eﬁrrmta BOTMBfomﬁchufsenTthesraantlammthmbw\aSr@dteWag
a e- stirtg S |RatBe
Pere 11 ¢er KB, @5‘)@%" tt“?““ﬁ“ a°5°'>%ﬁ“g'é8eﬁg‘qzm%§f§9@w ;f;“ﬁg
capsul 88 weles & Wigh Ftﬁér 4‘20>f Q)\'iﬁ )rfﬂ‘d’o‘tbe(g ’BE‘F‘E 8@RBl ' VEP V@%/e"?’ ? 6 50 n
), ethanol (Agk (0%A) aid JrieddMeBORle EvaporatigOunder leducedi prpssoreamst prifeatiop by
m ), hexang (3 %nthald r%ﬁhg%rabé’fheéﬁodﬁcéo m ), and dried. Typical Ioad| ng
S

of Pd(QOAc)2°Tn mcroca S was 12 mol /g (based on Pd anal ysis).
EXAMPLE 2 35 This Exanple illustrates an alternative procedure for
encapsul at | EXAMPLER OAc)2 in a polyurea matrix. A m xture of Pd(OAc)Z (5

g) and,polyl net hx‘husnexémélup@@éwlae enétbr pravedyrantr eSiRMPRype 5Eacpns rusing
di chl or oet hane pgglﬂ?pt %Hg@vﬁ dta{e hecbrroéegur% CIorr Ms&éf@@ﬁ&@ﬁwﬁ‘ﬂas—r%tlcal

resul ting d&M% tE an agueoys ni.xt ur e
cont ai ni ng - REAbat1 esedMqr 1@%9“'@@%@?')@' ?‘? B g é?mpl FU wo
03/ 00611 PCTEAfEBRE Q8 hahol) Wasdsed dmpeel ofvabdamm(@étatenag bass. | eTyigmial@adﬂ@ ?fusi ng

a FE DOLPH Ead0R%, ih ol ARl & 01§%m&§)d(ba§ed&910Pd BRI, Zypitallyl somol Wet

resulting oil I | e-stirred (or aker-stirred) at
roomt@ﬁper&?@yét‘ﬁéﬁd%toﬁ%ﬁeéc'oét hyl ene diamine (5 g) was added and the

m xture paddle-stirred (or shaker-stirred) for 6 hours. The pol yurea
m crocapsul es 5 qRt #dBRRHgWRRPolindstvedre Brépamdalsirg tbnelnyahdwérmefancapsulated

(20 cron RoY O Wi o slithoabtd Bciad Bl vl . acetone

25 4,4'-Dimethoxybiphenyl |
From 4-methoxy-bromobenzene and 4-methoxypheny! boronic acid, yield 87%; mp 178-
180°C (it 1 179-180°C); IR: 1599, 1493, 1466 and 1290; 'H NMR (400 MHz; CDCI3):
7.47 (4 H, d, J8.7),6.96 (4 H, d, J8) and 3.84 (6 H, s); 3C 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 92-94°C
(iit.,2 94-96°C); IR: 1504, 1276 and 1041; 'H NMR (400 MHz; CDCl3): 7.53-7.46 (4 H, m),
711 (2 H, t, J 8.7),6.98 (2 H, d, J8.8) and 3.85 (3 H, s); m/z (El) 202 (95%, M*), 159
35 (100), 133 (90) and 69 (40)(Found: M+, 202.079. C413H11FO 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):
8.27 (2H,d,J9),7.69 (2H,d,J84),7.58 (2H,d,J9),7.02(2H,d, J 8.4) and 3.87 (3



This Exanple illustrates the encapsul ati on of colloidal palladium
nanoparticles in a 10 polyurea matrix. Step 1 : Preparation of coll oidal
pal | adi um Pd(QAc)2 (0.3g, Aldrich 98% and tetra-n-octyl anmoni um brom de
(1.46 g, 3vamodossist Al drich 98% were di ssol ved in dry t RGEGBBOSHr an (250
m ) and refluxed for 5 hours under ag 9o The sol vent was renpved under
reduced pressure to a volune of about 0 |s m, and 20g of SOLVESSO 200 was
added and the excess tetrahydrofuran renoved under reduced pressure. Step
2: Encapsul ation of colloidal palladiumPMPlI (9 g) was added to the above
sol UL: on ng SphrasaR (866135 aBbal My 1a6ls| widabs.s p7| mlumma(r)aadrssm m/za) was
qui ckly a u +

Terer i S 828 B AT IRl 69 SASEY BOPuRE M L8R 00l fniod
shearing (ueduirgs &. B&O). rotary flow inpeller) at 1000 rpm for 1 m nute The
m cr oenul sqcmm.hsmaxympmnwd was paddle stirred at roomtenperature for 24
hours. S The gy émot%"z@né‘ bdd Q%@ho&mlégﬁ b%rthJ é/cﬁﬂ fwél@me%f mpt15620

m cron® por03| e ca

del oni sed \/1/5? "MO‘%@ &% IFr %%Heﬁ??awﬁm 1& @8 7) ace 408

m ), dichl graangethane7.22 (mo. $B) 7. OH@@a?n(é H.anhang@. 1 (P H. &¢: he@ NMB

?n? drhed %Y%Ezésﬂnﬁs Epoarph £1.1 bhdiss. BaﬁﬁS(Et)meémm/ﬂdd dS\th)aﬂ%tSlOmténdJsm ]chm
etroxi de i added to a solution o
SOLVESSO 2 (?@&O&x‘gd‘ﬁa 3"*%0%% 1&%6@@@’%@ %1e 132 o). The resul ti ng
dar k sol ut id>Methaxy=aretylbiphan¥t eady rate to an aqueous m xture cont ai ni ng
REAX 100 MF-éh &- &btholﬁﬁanﬁanzxﬁ)e (afad14 aoetyphdnyl doyariiciatid ayiedh@t%; mPWEP- (0. 2
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35 inpel | er r pm nﬂé;é "?6’0% %é’rf};@ 9%53 é4@|—‘ﬁ@

emul si on we0@dd| J8§t)-|7r§”e@"éf®é8
The pol yur esadnd. 62 (8 Bip sl NMFb(GDGlal 1986 159.9.t ¥bel 1t3§§ugj%2§ 9 et2RyA -ene

frit (20 m ENVE Yb®Rs, MRS R e aﬁhﬁgl(ﬁob(éotﬁrm M ng

or der §EI onﬁég%wpaoggxad 2015 %6(%90 lrganol ‘(’\ﬁo xwgghnﬂ acetone (10 x 50
m), hexane?P® %V@tﬁ%ﬁ '%"[‘1‘{8? %988 ni) and dried. WD 03/006151 |
PCT/ GB02/ OBE:EBJOIMBQQMME'\@YThl s Exanpl e gives a general procedure for
Suzuki t_ypeFrBl%atCﬂdoﬂﬁsroHﬁbé&eneambétﬁy;&dnwmbfoolochﬂd piald 90%; mm 109-110°C
nanopar t| C'@S? ﬂig 1§1erf)cﬁj 11! 1281, deo%r%gé“@@\ %23(1955 C‘W QFRA@00 (MHATEDA1g):

ol o nat B8 G aheBAF 85T 57 4 B Jniats Gdtidi B afd 283 (3 H, o miz (€0 214

(80%, M*), 199 (90), 170 (100) and 69 (50)(Found M*, 214.079. C14H11FO requires M,
214.079).
4'-nitro-4-acetylbiphenyl
From 4-nitro-bromobenzene and 4-acetylphenyl boronic acid, yield 97%; mp 144-146°C
25 (iit..7 150-151°C); IR: 1681, 1530, 1497, 1361 and 1280, 'H NMR (400 MHz; CDCI3).
8.02 (2 H, d, J 8.5), 7.64-7.56 (4 H, m), 7.16 (2 H, t, J 8.5) 'apd 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*.CoH20, 199.062).
4-Methoxybiphenyl!
30 From 4-methoxy-bromobenzene and pheny! boronic acid, yield 94%; mp 85-88°C (iit.,.8
90-91°C); IR: 1604, 1582, 1520, 1486 and 1286, 'H NMR (400 MHz; CDCI3): 7.57-7.52 (4
H, m),7.42 (2H,t J7.9), 731 (1 H,t J7.3),699(2H,d J 8.8) 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 (tit., 9 73-

75°C): IR: 1599, 1519, 1487 and 1196; 'H NMR (400 MHz; CDCI3); 7.56-7.53 (4 H, m),



m croencapsul ated pal | adi um (prepared as 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 reacti omowndmedswsie was diluted with ether (25 m) and fRATWE@BRA3IBRough a
pol yethylene frit (20 mcron porosity). The filtrate 10 was extracted with
ether (2 x 20 mM) and the conbined ordanic | ayers were washed with brine
(20 mM) and dried (MJSOX). Evaporation under reduced pressure and
purification by colum chromatography gave the products. EXAMPLE 6 15 This

Eﬁggg'sﬁl g't ‘gg@ap(glrp%grﬂ) ggt@g?nuws‘ ) @hd Swzswki (4 MPR) rrﬁ‘@QEl)Q:ﬂ@ t(mg/a gg*( O1A19) ,

or, & ate c) 2was
i dentical (fY qnﬂégcz (ﬁé‘?"lf‘rd %C}ﬂ% Fégﬁ%ofeﬁg'i'%alv mxl umin Exanple 5,
except pot asNitrebipheaybonate (3 mMmol ) was used in place of sodium acetate as
base.. Typi %bmlaaq%rworﬁébenE&(eO&ed Phénylrberopagsdll @eldigyeh). g 1ouhse (ivdsed on

?ﬂ eapg:S%/i:M q:%%cfﬂ a%gs 599! 148! OTssg%ﬂd‘ﬁ%é‘"ﬁ%s}Mﬂ;é @:ﬁzﬂg c%ﬁcﬁ;;% 3aasd | on.
encapsul at 48 C?AZ?Z"'@a(tzaHygt)sE')ﬁ?'g[ﬂ e é")d%%dc 53 '€ MPhod 1.
25 4,4' - Di meolm@;ymmewn FI38M, 428met h2fk§,- R7TohOIRE 18z ek 12 dn/2-(FB 1198 X¥Qheny |

b - 1 1 0 93,
R e E A - T

d, J 8) and93'%8F)(6 H, s); 73C NMR (CDCI3): 159.1, 133.9, 128.1, 114.5 and
55.7; miz (El) 214 (100% M), 171 (70), 128 (50) and 69 (40)(Found: 30
Mk, 214.099. C1 Elpérfiéhds 'R slwnMhal e Q88)of #\luﬂmrﬂa&ommxwapmnw

0o5uC | (1188 t@r e i e g e T A
7.53-7.46 (tnt?}eprﬁjentmem@n(z H t, J 87), 6.98 (2 H d, J 8.8) and 3.85 (3

H s); mz (El) 202 (95% M+), 159 35 (100), 133 (90) and 69 (40) (Found:
M, 202 07%xAppg 7111 FO requires M 202.079). 4'-Ni tro-4-nethoxybi phenyl

F itro-b b t henyl

T4 108G (11t Ther gRreramegscue b sgu s actils JRing AEhlaled plichtia TP

MHz; CDCl 3)was ®ligWed, DuHusidg tglugr)e/wateegoozawhedsol@ns Ayis methad @iows mere 9)

L NgZ(g:ZDC FB)&nvém&t‘W/orﬁ% 3 aﬁe(raawan@sdffbgBWS slfg;rtrﬁ?fgi/ ‘Fﬁ‘?"ﬁ@'g“s zf) gé <
an

Mz (El) &?%33'%"3‘?@%3??8?“&%8” '30) and 69 (100)(Found: Mk,

229. 073. C13H11NCB requires 184.074). 2,2'-Di nmet hoxybi phenyl
20

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

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 (2 H,d, J8.2),7.23(2H,d, J8),4.31(2H,t,J6.6), 241 (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.



5 From 2- met hoxy- br onobenzene and 2- net hoxyphenyl boronic acid, yield 71%
np 155- 157C (lit.,4 155C); IR 1590, 1501, 1481, 1455 and 1238; 1H NWR
(400 MHz; CDCI3): 7.34 (2 H m, 725(2 H d, J 8), 7.02-6.97 (4 H m
and 3. 77 (6wvélps/apis113C NVR ( CDCl 3) 157, 131.4, 128.5, 1RTT/8BOA®®3S3, 111.1
and 55.6; mz (El) 214 (100% M+), 2(50) and 69 (40)(Found: M,

214.099. Cl12H1402 requires M 214. 099? 10 4' - Met hoxy- 4- acet yl bi phenyl From
4- met hoxy- br onobenzene and 4-acetyl phenyl boronic acid, yield 84% np 150-
151C (lit.,5 153 154C); IR 1676, 1602, 1456 and 1236; 'H NWR (400 MHz;
CDCI3): 8. d, J 84), 7.64 (2 H d, J 83, 7.58 (2 H d, J 8.8),

7 (2 H d, J 8. ; | )
197.6, 159.9, 1%‘ fxaﬂ?g’ E”S‘T‘é‘%)azres%g%&@t%fg%‘eg%”e?é" Hlé%q%wlféfsg@g @?93 and
26.5; mz (aapypsg@@d(%%CM) 211 (100) and 69 (60)(Found: M, 226.099.
5131]?:"1402 Laﬂbga“éeﬁbnl\df bd®4-AIROXrand cinhdroate ogl acet yl bi phenyl  From

uor.o-or % i te ABL béé %V eé%ﬂ!séwnce%}hae V1 @bsl g93%nolp,
109- 116 'ﬁ %%E{{Jﬁ ?
o T, L S i
d, J 8.6) am[M 2cr8l3te(35l-dnm9l) andwﬁmm@mupn a@mte @309p!) )2 dlﬂ%hqm@raanﬁonl()lom
?{1?062 ( 50%&“5%&4“% ato°C3drs ) 7Phe feddidh ihidureamas dodfd b roo?rﬂ.t@nibé%)ureék'imuted

acety. |

RO Lt T o s e Wit o N
1361 ard 12Hete ' wasvRsherh ovitywaterrse) 3)20 mb)osrine (@) L) n .56 (4
H m, 7.l6eagoddtion under&e&)ce&rmles%u%arﬁcBptn‘;ﬂcat)qn H,\,Géblmm'ﬁich(cimg};phﬂw%
164.2, 144. %L%,viﬁgtbg i’rgr‘?s& ?g%ﬁm L¥Bo, 16480126 &hd 1942, (I-E'Wli@ﬂm(lﬂﬂ%

M¢- C2H20) and" o diiu 13%3;11%% aﬁ§5§he {1 'ﬂfodrc{r?fsé)am d,

4- Met hoxybl%@ﬁ y18-2448 H:rdo
yi el d 94% 41@3&5H818@70I1'((2|8 qroe- 79@)(:)1 A4|(RH, $604/ 7.658m 0.9848 H, 1.4864an8 1286;

" H NMR 400NMH§<:D@DF|1§30 1748517121.5214(046 1655 M24,17 1426,(6.413016, 19.1Bn@N3.67. 31 (1
H ot J73) d, J 8.8) and 3.86 (3 H, s): 13C NMR (CDQ 3):
159.1, 140.8, 133. 8, 128.7, 128.1, 126.6, 115.7, 114.2 and 55.3; niz (El)
184 (100% EXAMPLE 10 ( 60) and 69 (40)(Found M+, 184.088. CIL3H1202 requires

M 35 184. 088) .In4nHitearatie péresnall prodedare fbr Heulotypebeanhobem&zmgenamtupk@nyl

22{102386%'%(%& Q%a%ﬁﬁgz (% § C9Wabgoll’o%ea%ut@ﬁbusdp%\}\ag%élﬂglueﬁéé@themw

PCT/ G2/ os&%“bi dr‘eﬁ@b%ti'amm&'” acf‘%ﬁ’ asf’""ﬁi' E‘aﬁﬁ {Q’mﬁ‘% “"hﬂ%?% 1%”“79 1 (2
H n); mz g matitdoiNendsystav provited 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
moi%, based on palladium content) was added to a solution of 4-bromo nitrobenzene (1
mmol), trimethylphenyltin (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.



(30) and 69 (100) (Found: M+, 172.068. Cl2HgF requires.M 172.068).

4- Ni tr obi phenyl From 4-nitro-bronobenzene and phenyl boronic acid, yield
97% np 110-113C (lit.,8 5 114-115C); IR 1596, 1513, 1481, 1350 and 1236;
"H NVR (400wdsi0069C! 3): 8.32-8.28 (2 H, nm), 7.76-7.72 (2 BET/GHO2/O0NIB5-7. 61
(2 H m and 7.52-7.42 (3 H m; 13C NMR (CDCI3): 147.6, 147.1, 138.7,
129.1, 128.8, 127.7, 127.3 and 124; m & (El) 199 (20% M), 169(70), 131
(85) and 119 (100)(Found M+, 199.063. Cl2HgNO2 requires M 199.063). 10
Experinents have shown that the use of mcrowave reactors may enhance

reaction raﬁw{eact lons yields in Suzuki coupling reacti ons usi ng
catal ysts a to the present invention. eneral

procedure for Sui'ﬂlﬁ |Exmiﬁe'"w%ra&s| Pnaltarfating 98RRrERY B?"‘ﬁ”éedlvf%g(‘ Eﬂ a%%s
fol | oned, bukingSnogpsulatede Pd(Oed)er TAE: procesiutehef Exdrplat 11 Wa5susnét betdusing ows

mor e convelrygggk?mﬁmuéﬁg a@fth& Qavérﬁ%ﬁlta%um&nﬁﬁorﬁﬁﬁ abatate dd bdsean brade of

EXAPLESD TAEphpteiEe Sl e §VBERRRTPER B oaire for

carbonyl ati on reactions using encapsul ated Pd(OAc) 2. Preparation of butyl
4- et hyl benmml_lgmoencapsul ated Pd(QOAc)2 (prepared as described in

Bxaml e 10,25 S 08Kt ebasRedrbBad Al Beoomtyhloritsiendlashg o 2

sol ution of 4 i 0dO triet
1, 2- Di et hoﬁ?@%ﬂﬁé‘ﬁ@ﬂﬁsmwgpx'@ﬁ 1 10 ni). The reaction vessel was
evacuated and purrg@ soliitidn cfaclbfim (‘ommot) drd NETpthyITleeholing: MraxideniNMQ) E Sas

rsr;[ ;([ Lfg \"/iv; s%g? %‘?on'é/ vaer '10‘”!t ‘r@C?n twtae%aaw RictdéptalBurtddadshnen JetroXide (5

di chl or onet e %?Beqn?')‘ Vi lonlli ?quteé'\% dﬁe{%acgﬁﬁjh&tur }H&{egt P’é"o%he?mperature
(20-mi cron gori@si2sy) Thareaction mm@waadlluA%w%awtw @ét@? afcdzf lleredooygha angd
dri : ed ( NES%b{yetﬁylep@frm E@mddé}d@d’roé’@ﬂ uTrechiltpete as! treatad ditp arshfurated scmm;ay:f -
col utm _chr onmat.odr a ° X

(00 Nig: oo MOgHgdRYIsPHh st (r JB N SaRaleEy, gé““g ﬁ‘*‘z i

J 6.6), 2. 4@“@3“?400@)""9‘1 onganig Iayers c@f%wafﬁed Wity grine; ( d"fF" a?nd
0.98 (3 H, tEvadorZhoﬁ)Undé&@dM«B pré3S@end plbfication BylGi@nin clggmgt@gra@hy 28 the
128.2, 65.0, 5?5]0 22.0, 19.7 and 14.1. WO 03/ 006151 PCT/ GB02/ 03135 22

BONPLE 9 T LT Gus oSSbERHE e SERHES Sl Fhisv Rl edur e for Heck type

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), 4.35 (1 H,d, J7.3),3.85 (1 H, q, J6.4), 2.9-2:6 (2 H, br s) 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; CDCl3): 7.46 (2 H, d,
30 J7.9),7.37(2H,J7.6),7.28(1H,1,J7.1),379(1H,d,J11),3.63(1 H,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, 1284, 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 (CDCly): 74.5,
33.3,27.8,22.7 and 13.9.
2-Methyl-1-phenyl-1,2-propanediol
From 2-methyl-1-phenyiprop-1-ene, yield 83%; IR: 3382 'H NMR (400 MHz; CDCl3):
7.39-7.2 (5 H, m), 4.43 (1 H,d, J 2.1), 3.56 (1 H, d, J 2.6), 2.87 (1 H, brs), 1.15 (3 H, 5)



encapsul ated Pd(OAc)2 . Preparation of butyl 4-nitro-trans-cinnamate s

M cr oencapsul ated Pd(OAc)2 (prepared as described in Exanple 1, 0.25 g, 2
nol % based on pall adium content) was added to a sol ution of 4-brono

ni trobenzeweo ¢3loosmsel ), butyl acrylate (1.5 mmol) and amMBATGB02AeREat e (3
mml ) in 1, 2-di met hoxyethane (5 nL) and stirred at 90C for 8 h. The
reaction mxture was cool ed to roomté erature, diluted wth ether (50
m.) and filtered through a polyethylene frit (20-mcron porosity). The io
filtrate was washed with water (2 x 20 nlL), brine (20 nL) and dried

(MySO4) . gxﬁq%a(/g gpgymnngM gw@cs REG3S VIS, T &)U 5, @elri @8.5pg6.8aindm

chr omat ogr y gave tro-trans-ci nnamate 87% IR 1709, 1643,

1519 and 13 HNI\/R(400M—Iz, CDCI3): 8.24 (2 H, d, J 88), 7.7 (1 H, d,
J 15.6), 71Eﬁhe(n2I-H2 ayplahesarqunoles 55 (1 H d, J 16.1), 4.23 (2 H t, J 7),
1.7(2 H Adere2yibld E90NUIR: F40; B) NRIRI400 MHz BOGI)t 7.59-72 &) ; 13C

1.5 NWR 14 1 (5] 8,
30,6, ig(feﬁaé) fé’lg‘ s&swpf%é‘faﬁi 2 573?‘?2?%5 Fo zomedt e a1
Heck type KEBEL) dAG3uEASHy 18R8a2Pul: gﬁéd Pdt&neP: 1283 ?ﬂ d of Exanmple 9
was fol | owexs. Dhiyﬂrwmghomwemlmpmmarﬂiwene as the 20 solvent and
i tornat .V'viagiygf%‘egr??@ B T won ks ©
EXAMPLE 11 778§ szﬁxéﬁé%@‘ ¥, E{étoy%rtcg‘%é 5‘3%?%&%&3 g\sli ?o‘gse °E% Stl | le
type neact idoud. 1st@YMRERGIYaSl, 4828, 1240Aes-2. - &p4r/at Mr?
4-ni tr obi pheg .{gzyMﬁtpgﬁmh%:méﬂ%%% Pd(OA\C) Zg(prepar ed a)s desc;yg;d in
Exanpl e 1, A&y badium 48V\@5H

"UE1 on " of 3% Roadh i RO Eod, raeia it Co8, A |
Z(r)\dualrr?rgn?mmsa@egihﬂeﬂl(m ). §1 iddy Jo 13%)%‘? a8 Hﬂgy 'atng%n‘é &r@éﬁd%‘éﬂ? r)ed
at 90C for € fand Iwesgu QA6 1116971.85 X6 W, en)&C NNMR @DGly): 13&38)rﬁ28e&rﬁ6ﬁe§)t a9,

diluteqd wit ) 2f shloenkd 2oy Op@h (BsipOFyeidIyiene £47.130620-

mcro(goro@l'_?/ "I'hé%frqﬂ)%f51 bbb ﬁﬂed Wit h v(vatzfd(ZX 0O nm), brine (20
m.) and dri%t 2@9@?@&3‘3”"@ ‘'on under reduced pressure and purification
by col um chromat ography gave 4-nitrobiphenyl, 90% IR 'H NVR and 13C NWR

i dentical Vkdwm 1ganpl e obtained fromthe Suzuki reaction in Exanpl e 5.

WO 03/ 006151 P 5%882/ Oieeﬁﬂ?,tr %@E%D&EF W%&Mt& pd (DAL 'calaR3t iAfhe

alternative gene reactions ' usi'ng encapsul at ed
Pd( CAQ2. Tmapqwmstﬂ&r'\ﬁtf@tflp'@a‘npl e 11 was used, but using

i sopr opanol / t ol upREroaforhdtengetesand phedylt leromi bidl wenepreagter aese tessbed ibase
in place OfExample 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 0s04 in the preparation
of 1-Phenyl-1,2-propanediol.
Trans-(1-phenyl)prop-1-ene was reacted with encapsulated 0s0, 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%



5 amoni um acetate. Simlar yields of 4-nitrobiphenyl were obtained.
EXAMPLE 13 This Exanple illustrates a general procedure for

ci s-hydroxyl ation of olefins using encapsulated osm umtetroxi dg: 10 To a
sol ution wh ogh@idn (1 mml) and N-met hyl mor phol i ne N- oxPEEGEWYIY 1. 5
mmol ), in acetone/water (10:1, 10 m) was added m croencapsul ated osm um
tetroxide (5 nol % based on osmu 5content) and the reaction m xture
stirred at roomtenperature for 12- 24 h. The reaction m xture was dil uted
with acetone (25 m) and filtered though a polyethylene frit (20 m cron
porosity), The fi\l tate was treated with a saturated solution of 15 sodium
met abi sul FF?CEfS?E% nqrsf/" stir for 30 mn) and extracted with ethyl acetate. (3
x 20 m) Readliop i <Gribi ned organic |l ayers were washed with brine (20 m)
and dri edredfio®O®). 79%waporati on under reduced pressure and purification by
col um chr omat ogr aphy gave the products. The foll ow ng conpounds were
prepared usi %Lkh' s nmethod: 20 1 -Phenyl-1, 2. propanedi ol From

trans5(1-§Pfé prop-1l-ene, yield 80%_ IR 3 . H X 1 3) :
7.4- 7.28 (5 Hn ansimiler 3pgrimant tg) thas of_ng';ﬂp@_@%5?%46“'%4,359'%%942?@42?“% 6 (2
H br s) aqgcidd @hd (Weklto drepade 6. Biferent3ToduaR o wjth the yiels indigatgd i 5g
126.8, 79. 4f 725@, and 18.7. 1, 2-Dl phenyl-1, 2-ethanediol 25 From
trans-(1, f—a(ff‘g'ﬁenéll et hedgg, yield 44/% IR 3343; "H NMR (400 MHz; CDCl 3):
7.33- 7. 12-Rreovi Z-Roranedt’ (2 B §*%nd 2.84 (2'H, s); 13C NWR (CDCl 3):
134. 6o 122.8Diph&R-7,2-ethanedipl and 7$8636) 2- Phenyl - 1, 2- propanedl ol From
2- pheny| progkehyeNordpafédibl 90% | R(8&®BYA8; 'H NMR (400 MHz; CDCI3): 7.46 (2
H d, 3037 92;, ..§7°262H,J7.6),7.2%319,;4,t,37.1),3, 79(1 H,d,J11),3.63(1
H, d, 111) , 2:GRpEnefioh, ) | 1.8[&1 H67°}%r s) and 1.54 (3 H, s): 13C NMWR
(CDCI 3): 1MMetdyl-ttpreny-1,2-propenedids ((F%) 7478 71.0 and 26.0. 5, 6- Decanedl ol
From t r anst.piggybt,2egclohexetedlid5% (B8%B376; 'H NVR (400 MHz; CDCl 3):
?éﬁs_ 1% 333 (7 22;4-Wq%@s%ﬁ %ﬁ: ifo‘r"%cz\i:?al%o;%hkgith%ut?ykﬁ@@aﬂxgﬁéww- 91

, T, oed] ) e Fithds@o¥dalidns) .
2- Met hy| - 125 asHaerlatmpsphesd) g MUEPEIPSEPE WP B Ra S f‘? YBhenyl prop-1-ane. vi el d
83% | R 3382 Quditsife leadOestaxpermnigyere C?Ff§§-°}i/'.@i‘@”’]ﬁ%ﬁ&"%a}iﬁ?{mH, d, J
2.1), 3. 56{ i§h|’ford24 A 2rHe) microcdsulel were Hitters)l, offlankbtheremaining SAYIOBMAS6151

Eg/ ?Oégoéste énzéttgrggtei'c%ﬁég{ﬁg demyBlion SRferdRts( CPX3 Asuts 60 e, tesBTorBhe127. 6,
. :.;o " solutions showed that no reaction occurred, 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 thelpalladium is either immobilised by
conventional means or is present as pailadium acetate, the following reaction was

repeated employing several catalysts systems :

Br B(OH),
Catalyst

' et

0/1
NO, acetone/water 2

30 | -
In each case the conversion was measured after four hours reaction to establish

catalyst reactivity:

35



23.4. 1-Phenyl -1, 2-cycl ohexanedi ol From 1- phenyl cycl ohexene, yield 82%

| R 3402; 'H NWR (400 MHz; CDCI3): 7.59-7.2 (5 5H m, 4.0 (1 H dt, J
10.9 and 4), 2.57 (1 H d, J 1.7), 2.02-1.01 (9 H m; 13C NWR (CDCl 3):
146. 3, 128. &o dbRde®1 125.1, 75.7, 74.5, 38.5, 29,2, 24.3 aed/cED2/03135

2, 3- Di hydr oxy- 3- phenyl nethyl proplonate 85% IR 3396 and 1733; 'H NWR (400
MHz; CDCI3): 7.42-7.19 (5 H, m, 50241 H, dd, J 7 and 2.7), 4.38 (1 h,
dd, J 5.7 andd 2.9), 3.82 (3 H s), 3.08 (1 H d, J59) and 2.70 (1 H 10
d, J 7.1); 13C NWR (CDCI 3): 173.1, 139.9, 128.4, 126.1, 75.6, 74.7, 74.4

and 52.8. 1-Benzyl 5, 0- nexanetrrq Ua TR 3308, v, N (400 MHz;
CDCI 3): 7.36-7.24 ST 2+t F‘:Z’aoﬁ"ej‘\é’h%z H g}"x'e'li,, 3.63 (1 H
y . y y -Z y ty ) ’
nM, 3.54 (1 H, dd Enq@sglya@ﬁcﬂ’dz 6) 3.4#(2 H J 65%%, 3.35 (1 H dd, J
11.1 and 7.69) and|{ex@xampR76 H, m;: [13C NVR (CDCI 8): 138.8,| 128. 8,
128.0, 127.9, 15 78537 33.2, 30.0 fng 22.6, iz (ESI)
(Found: MtNa 247. 17 Rﬁmfé’!éﬁégeg‘*d@cﬁgqtﬂhm 5474365 b ANMPEH 14 Thi s

Exanmpl e i |l ustratesPgiod Gagkapcl e of ni Agnr‘apsul at ed] PHi QAc2) Jcatal yst in
the 20 preparati onpdfBlatkNi tr obi phenyl .| 44- Ni t r o- br onpB%nzene and phenyl
boronic acid were r%ék@zd(n&?@qﬁéb%é&e‘j 4y Exarrpl e 6/4qe catal yst was
recovered by filtratron—washetd—anddried{as described T anple 1).
This process was then repeated 4 tinmes with fresh reagents and the

recycl ed catCahglission: Tiee Epcapbualated Pdi (8 alatalysti systexh acesinding éniple pviegeat iaverttion) ows
2 5 30 ReacBbaanétﬂa}ew?{rgﬁéra%rv@yrréaams?%dﬂwéd a8 dopvSrUndrepallatiom 4400
Reaction (5)93% This Exanple illustrates the recycle of

m cr oencaps &Y ?'Eﬁ CBO4 |n the preparation of 1-Phenyl-1, 2- propanedr ol .
Trans- (2- phenyl ) prop-1-ene was reacted with encapsul ated GsO4 as descri bed
in 35 ExanmgikaMHLE e cat al yst was recover ed by filtration, washed and

dried (as descri 91?9\ éﬁgrrﬁﬁﬁmggne@ 0 epd ép&%ﬂﬁ?&ﬂfﬁ?@ﬁ&&eﬂw fh@Pé‘éHr@rﬁjra‘ﬂest' mes

th f h d
1 Phenyi -1, 91 g BysaeragPeIaRs: BBIRdoFAtBNE: TherRlwing defCion ey cartisd ot

various solvents systems using 12mol% of 0.4mmol/g encapsulated Pd as prepared in
10 Example 27, 1.5 equiv of phenyl boronic acid and 3 equiv of potassium carbonate, and

heating at 80°C:
N, B(OH),
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 20/1 4 - 91
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.



Reaction (2) 79% WO 03/ 006151 Reaction (3) 76% Reaction (4) 73% Reaction
(5) 79% 25 PCT/@GB02/03135 5 EXAMPLE 16 In a simlar experinment to that of
Exanpl e 15 above, encapsul ated Gs04 was recycled and used to prepare 6
different pwaduoebasin turn with the yields indicated in pREEOBMRESLY :

1- Phenyl -1, 2- propanedi ol (74% 10 1, 2-Di phenyl -1, 2- et hanedi ol (86%

2- Phenyl - 1, 2- propanedi ol (88% 5, 6- Detanedi ol (839%9 2-Methyl-1

- phenyl -1, 2- propanedi ol (77% 1-Phenyl -1, 2-cycl ohexanedi ol (88% 15 Wen
used after storage for several nonths w thout any special precautions (such
as 3n inertEghmp,ligh@re), Ithe hm'crocapsul es were just as effgctive I n these
oxidations. Qualitative |ea test experinents wer rri 0

stirring the m ?Pcﬁ?aeﬁ@ﬁw@gmi E?%eé?rm'r?eo‘ﬁﬁé?qug%emasﬁ? enﬁglcl?% éﬂgscﬂfpéj?y%?e
filtered of Mmiciorncapssiatechnalladiug eatalysti b theraresentdryention (asapreearsd dt Exameleyti c
osnyl ati on expeIA AMiNs% of EARle rédtbh mixdiires fremiLSizkiadbubiNg re3&liod @hivied @USIn

showed } hat iy . i S that there was no

appr eci abl et“%f)peréscﬁ%g@?ﬁ@#ﬁ’%ﬂﬂ%&%v{%ﬁgﬁgg’gﬂs‘u| ated catal yst system
EXAMPLE 17 In an experinent to conpare the performance of a
m croencapsul at ed pal | agisgwent25 cat al yst wi t i Rt lbashegdde) agdi um catal ysts in

whi ch the palladiumis e;rgmgﬁe/‘bggggh ﬁc??ﬂZ/W gpnventionall means or is

present as pall adi um acetate—theTorowng—reacttton—was—|r epeat ed
enpl oyi ng several cat al y3pkergatenf20/) cat o yqr<ONp 30 K2CPB. 580C
acetone/water 20/1 | n eadbetongwateh0ciynver si dro. waw 2reasur ¢d after four

hours reaction to establ t t reacti Viigdae 35
rRRwdtE (30 .05

IMS/water (20/1) 0.02
DME/water(20/1) 0.1
Butanone/water (20/1) 0.4
Acetonitrile/water (20/1) 0.1
Diglyme/water (20/1) 0.01

Conclusion: the low percentage leaching values obtained demonstrate that the
microencapsulated catalyst system is quite resistant to the leaching effects in a range of
10 solvents.

EXAMPLE 20
A palladium microencapsulated catalyst system of the present invention was
subjected to physical inspection and testing.
15 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
20 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
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.



WO 03/ 006151 26 PCT/ GB02/ 03135 Catal ystReaction Tine% Yield Encapsul ated Pd
4h50% (ex Exanple 27) Pd on Polyner (ex Al drich)4h7% Pd on Carbon4h23% Pd
Bl ack4h4% PdQAc2 (non i muobilised)4h15% Concl usi on: the Encapsul ated Pd (a
cat al yst swsdesnmeaording to the present invention) denoRETEBIEBLIEI gher
activity/reactivity conpared to conventional palladiumcatalyst systens. 5
EXAMPLE 18 I n an experinent designed 28 probe potential solvent effects on
the reaction rates of a mcroencapsul ated pal | adi um catal yst, the

followi ng reaction was carried out in various solvents systens using

L2l %6 of 0. Aokt (SRERHLENEA FElpa w0 BIELkrt B dlcdhy SEBlerdd: tydicd equl v
of phenyl bor oni ¢ Ac]

ot ass|.um ng at
B0C Sol verAUBIaRGADINEITS drRETaRy Gf%Hé'PVP%ﬁpa“' RBIPLSTH AN sl or o\
Acet one/ V\at@rrﬂﬂdnbmmowsmmnem 2OPA0 the4olppns) yaﬁefouvﬁ @ gpretag at 0.5ppm
Acetonitril gl ¥ ,,gg/ 1395 THF/ Wat er 20/ 1593 DM/ Wat er 20/ 1491 -

But anone/ WAt er 2 Fé’?gﬁf ﬂﬁ/& ﬁgutldﬁlf%na battc!?\ewég&rt g}ﬁ(@ L&&ﬁtg,dcm,ltérqglngm

catal yst of the enonstrate Cac g Lapoe of
sol vent sysareh8 Panicle03ize d6a'33e"PEY. Ivpisebpanieiessize ya gx eri ment
t o determ nghivhRidBsent HigdsHicwas rgmbvertiniealof less than i@midromrdarid kargeapartlcles ot

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 .
Start time: 13:40 28 Nov 2001 Runlength: 60 seconds
Obscuration: 9%
20 Software: 3.01 Firmware: 202 0

Ciffecential Voluma )
15+ Microenc.37

10

Velume (%)

! LI | L]
™1 10 20 40 60 100 200 400 1000 2000
Particle Diameter (um)

o
o
e
~ -

Volume Statistics (Arithmetic) Microenc.37

25




m croencapsul ated pal | adi um cat al yst of the present invention (as prepared
in Exanple 27), ICP analysis of crude reaction m xtures froma Suzuki
coupling reaction carried out in 5 the presence of different solvent types
was carri edwouws/o6180l vent Pd | eached (% Tol uene/ wat er/ et haealGRo40384) 0. 1
Tol uene/ wat er (20/1)<0.1 Acetone/water_ (20/1)0.14 to 2 THE/water (20/1)0.05
| M5/ wat er (20/1)0.02 D M E/ wat er ( 20/ 1)2@. 1 Butanone/water (20/1)0.4
Acetonitrile/water (20/1)0.1 Diglynme/water (20/1)0.01 Conclusion: the | ow
per cent age | eachi ng val ues obtai ned denonstrate that the m croencapsul ated

cat al yst sy, i It | St o the | eaching effects in a range of
10 sol vent séél%‘@igt@oﬁgﬁm llaazg?édlnr%]i m cr oencapsul at ed catal yst system of
the present invention was subjected to physical inspection and testing. 15 .
By optical velenescopd00¥he m crocapsul es were observed to have a spherical
to oval appeafance whtghmi n sone papt appeauedop®m be influenced by the
catal yst | o&diigrg. Lq%gallﬁl adi um | 0@ i.ngs pragdygi ng nore predom nantly
spheri cal m 8? oCapsul es), Hi gh palladi'um | oadi ngs producing nore

predoni nantP@-dval niléBSe@psul es. RKEMRFTY er%&élgr"dwsr’(ﬁﬁ’la%scopy (SEM on
sectioned niededcapsul1és.dpms shown aKur@s:honofenédeptokartic opor ous structure.
The energy dispersive x-ray (EDX) pattern on cross sections of the

m crocapsul gs showed a8 honogengpus di stg buti on of7 Pd throuﬂmut
cross-secti 8hal area.'®Sinmilarl , the tr Qsmi ssi on’®l ect ron crograph (TEM
of a sld cedummi crocagddide showd4d even 1d#St ri but POh9of pal438f um The
encapsul ated pal | adi um acetate catal yst systens are air-stabl e under

typical 25 storage tenperatures and no special storage precautions are
requi red. Sanples stored at roomtenperature have not shown any |loss in
activity ovEXAMPBERAnth period. DSC and other thernal stability tests have
shown no sel f heukérdy amyd@genation seattibre baveobedBrriad owtiusing tanenpépsuated\D

S B R P S e s St
suspens!oon iHF“‘%Hisﬁ‘? g%‘ﬁ‘ﬁ?tﬁ/‘:@ ' 7S¢ BERRAS %égrdg[gi I’Qrg a?’@? 2;1 Jﬂé@ﬁ’s 25681

hydrogen, in 10ml ethanol solvent, stirring in an autoclave at room temperature for 18
hours. All reactions proceeded to 100% conversion.



by magnetic follower, the level of Pd in the toluene was found to be
constant at O.5ppm over that period. 5 The particle size distribution for
a batch was determ ned by Coulter Counter using an LS Particle Size

Anal yser. Avoypioessh particle size trace for a Pd m crocapPar&BIZOERS which
has been classified to renove fines of | ess than 50m crons and | arge
particles of greater than 300 m crond%is shown. 10 Beckman Coulter - LS
Particle Size Analyser File Nanme: Sanple ID: Run Nunber: 15 Conments:
Optical Method: LS 320 Start tinme: (Qbscuration: 20 Software: 15-1 m E

M croenc. 37 Goup | D' Al ergencapsul ated Catal ys 632/ 37 Operator: M
1 10L run @40rpm F hof er. rf d——SmattYol u dule 13:40 28 Nov 2001
Run [ ength: 60 seconds~4% 3.01 Firmnvare: Difte al Volume 1 2 :

M croeno. 37 4 10 20 40 60 100 2 O 400 1000 2000 Particle Dianeter (4im
Vol une Statistics (Arithngtic) Mcroenc.37 2.02 0§25

———

NO,

OH

:
oo ¢©
o T C

-

o

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.
Ej\N/Q

- 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



WO 03/ 006151 PCT/ GB02/03135 29 5 10 Cal culations from0.375mto 2000m

Vol une: 100% Mean: 175. 5nS. D: 48. 60m Medi an: 174. 3nC. V. : 27. 7%

(3, 2):133. 6nSkewness: -0. 106 Left skewed Mode: 185. 4nKur osi s: 0. 314

Lept okurti cwd@26@D54590 nll7. 4143. 9174. 3207. 9239. 6 EXAMPLEPRT/GBOBex$%es of
hydr ogenati on reaction have been carri %‘d out using an encapsulated is

pal | adi um catal yst. Al reactions ver 8lcarried out usi ng 2mmol al kene, 250
ng or 5 nmol % inmobilised palladium acetate as prepared according to
Exanpl e 27 bel ow, 25bar hydrogen, in 10m ethanol solvent, stirring in an
autocl ave gy, Eﬁyﬂire%ssﬁm¥a£gé@r.n180mh%wa%ou dlnace&@&téo%ﬁt AR #EGNt O
100% conver sl 0 VWO 03/ 0 gﬁ 03135 30 6 OH i CN EXAMPLE 22 5 The
foll owing r Vgt WQE“‘EQPFW (908 Ry 2mmol  al kene, 250 ng or 5 mol %
| / et hyl acetate

(based on netal cont i Mo i sed pal | adi um acet at e_ag
according to Exanpl ydr-egea—ia»10 @ 3
solvent, stirring in autoc ve at roomtenpeRature for 18 hours. 71% 10

EXAMPLE 23 The followi ng reaction was carried out usinge«2nmol al kene,. 250
ng or 5 nol % ,éb gd on netal content) immbilised palladium acetate as
prepared aceMiP a% fo WD 03/ 006151 PCT/ GB02/ 03135 31 Exanpl e 27, 25bar
hydrogen, in 10rfhedbllosving hystrogenatians wase sl pegonmedsytilising @gsiimplifigd laboratey| ave

at room t enpEinifudvehete a hPdrBgeH stmosphere 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 paliadium acetate as
prepared accordingto Example 27, in 10ml ethanol solvent, stirring at room temperature

epar ed

10 for 48 hours. _
- 0 —
_ 100% conv
———— e
40% conv
X -CN CN
———
S (e
OH
OH
ShA® o0
21% conv
o .
B ———
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
periods was employed.



100% EXAMPLE 24 5 The foll owm ng hydrogenations were all perfornmed utilising
a sinplified | aboratory technique wherein a hydrogen atnosphere is

mai ntained in a reaction flask by neans of a hydrogen balloon attached to
the reacti owd dsnokisi Al reactions were carried out on 2nmpdr/cEkksane Wwith
250 ng or 5 nmol % (based on netal content) imobilised palladiumacetate as
prepared according -to Exanple 27, in 3nl ethanol solvent, stirring at
roomtenperature 10 for 48 hours. 100% cony CHO 40% cony 21 % cony 63%
cony Conclusion, that while the m croencapsul ated Pd acetate works well in
hydrogenatigRAﬂlpr CH efins with conplete conversion at 25 bar, in sone cases
good conver S0 iE gl so is obtained under conditions where the sinple use
of a hydrogen baTheofoHowipg reactiommes capied; i &sing d menah abees. © WelbIPesE 181 32
PCT/ GB02/ 033kl BothAt)E ni&rodiivapéutdtéd vpatigdivre aadetate (Raisnroctior iPd)l asutprepsiaty 1
ol al keney e dim] # & 2P BeloWE hitlrodePNafbin), rdBnt iePfaraReU \aiigts Raklicydi um

acetate (0.3m"r0(,1r’7tl Pd) ais repare according to. EX e 27 bel dr ogen
bal | oon® roB?det'é’ﬁg@F%PWB@QQ/JBV%‘U%O%%@F|t &aYSbeCSﬂvcﬁnFaigg%uss gor %r%bagﬁ%&éer g%/? whi ch
show t hat i catafst. be advant ageous to pre-activate the catalyst. RunReaction

Conversion after 5 Conversiog after 18 Conditionshos (9% ahours (% a 1EtOH
(5m)1363 2EtOH Et CAc 1/1 (5E)251 3Et OH (5nl) / AcOF (). 05m ) 341 4Et OH

(5m), activated Pd b35100 OH (5m y—acti+wat ed 97100 (after 6 hours)
a - conversion was detecte GC b - the m croencapsul ated pal | adi um

acetate was ﬁh’:ﬁ rvat ﬁea ior?L rrrre i et Igr{vet%{é(rjl%[ﬂers Conversion after 18
Conditions hours (%)? hours (%)®
1 EtOH (5ml) 13 63
2 EtOH/EtOAc 1/1 (5ml) 2 51
3 EtOH (5ml)/AcOH (0.05ml) 3 41
4 EtOH (5ml), activated Pd ® 35 100
5 EtOH (5mi), 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
10 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 sait of diethyl
15 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
UN * =5 mol% Microencep
+
MeQ Z OMe  ~ 20 mol% Ligand /

20
Experimen  Solvent Ligand Reaction Catalyst Product
t Time/hr  Recovery/ % Yield / %
A THF PPh, 47 98 76 (isolated
Yield)
B Dioxane PPh; 21 95 Quantitative

(HPLC)



10 hydrogen atnosphere (18 hours at 25 bar) ¢ - used recovered
m cr oencapsul ated pal | adium from Run 4 EXAMPLE 26 An encapsul ated pal | adi um
acetate catal ysed addition of the sodiumsalt of diethyl 15 malonate to

1, 3- di phenywprogmoeszsienyl acetate was studied out under the #al/GBoW0ALPS
conditions: 5 nol % (based on nmetal content) m croencapsul ated pal | adi um
acetate (0.4mmml/g Pd) as prepared actordi ng to Exanple 27, 20nol %I i gand,
reflux. CAc 0' N + -5 nol % M croencap MOO- -",P- -OMG - 20 mol % LI pand / 20
(I;xg_enr_lizggﬂs?ll vent Li gandReact i onCat al yst Product tTinme / hrRecovery / %field /
0 ,

03006151 SERAtAeS SNl Tiheef i ndilo0d BRETHI ?%é?ﬁ&gﬁiégh Yslning it VO
Exanpl es vva%"0 s8Mfhesi sed using the following procedure. 0 PhMyBr Et 20
(80% yield) OH CVAPO Et? 2 j30%yield) G oEC27 Met hod o1°A°
preparation o@'- eat aIEﬂ}"égPs Syst e uSeaN ES 21- S ?

the Q| Phasf: JPd( c;.z#,.;gﬁ.sg.
the restltfig

Al drich) and
5 EXAMPLE 27
Method of preparation of the catalysts system used in EXAMPLES 21-26.

hon of

Preparation of the Qil Phase:

Pd(OAc), (29.5g) was dissolved in chloroform (257.1g, Aldrich) 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 soiution (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 emuision 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
mi). The resulting capsules were then dried in a vacuum oven at 50°C for 4 hours.

25 Analytical Results:

Yield of Pd EnCat: 185g
ICP-AES analysis: 4.2% Pd Loading: 0.40 mmoig™
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




10 solution PMPPI (191.1g, Al drich) was added. The m xture was then all owed
to stir on rollers for 2 hours at roomtenperature. Encapsul ation of

Pal | adi um The aqueous m xture containing deionised water (803g), 40% Reax
100M sol ut iypd o3/06815495. 59) , 25% PVOH sol ution (76.4g) and POPGHE/GiLdSol XD
solution (47.79) was stirred at 16C using a 3-blade turbine stirrer. The
oi | phase was added at a steady streaffand the oil-in-water enulsion
sheared at 275 rpmfor 12 'minutes. The shear rate was then reduced to 200
rpom At the onset of polynerisation process few drops of defoaner

DREWPLUS $-438 h d d i ¢

. S en owed to stir_af .r
t enper at ur enitrogazylen ovare thenrfitered E‘P‘?)(‘f’\é\%ﬁgl E(@‘ \Bg'i’éerefpﬁétﬁdl?’i @t’éﬂ%@bt ?ogéjngh a
gl ass si nt ejeingwABe bt §00Ddertvac16- 45 micron) and washed with dei oni sed
water (5 x 600 m), ethanol (3 x 600 m) and hexane (2 x 600 m). The
resulting capsules were then dried in a vacuum oven at 50C for 4 hours. 25
30 Analyt i MEl%#?s: Yield of Pd EnCat: 185g | CP- AES anal ysis:4.2%.
PdLoadi ng: 0. 40 The®hgdpsPiatadi esniurs iteteoxigp dap jalsqthesn Shomsiq Wo r'&&@jm%ﬁ(‘%ture
cont ent : 1. 30k Fobiiibds. 28n Tddheadtxampk ecanlértistal aStesplessedridiivns gefegrd e ipendent
am ne groups fromith e el j HE aRdrCia S That ed
Pa(onc) 2. Tl ReyBus Tead ey %ﬁ@séé-gﬁéggiﬁeﬁ%%g%@%*’ﬁe’ e o
di ssol ved imol%i (heserbpp metehserients el yhe R 6@%8%6’?[]{”@% ?'ﬁ‘&%c n :Elyﬁl ng
Pd( OAQ)2 atdedchteddinnExapfpld .44 was| dspdwiasred@iods/@0&d5qut FETeamOEMpgaiyedn t hen
added and t r i ) HeredfofdwifiPeognditienger at ure for 2 hours.
The m croc{alﬁé\ﬁ?@sw\t}\ésr%oﬁgﬁ%ﬁft@g?ed and vvaés)hﬁqd with DVE repeatedly (5 X
10m ) before being dried at 50C _under vac. 5)@<rAQe/PLE 29 The encapsul at ed
osm um tetroxide has al so been /Showh To wor kRi nJasymetric
di hyroxyl ations. In contrast tD the conventi onaPHShar pl ess conditions
referred to fdg ChemopbDRPHANS h@d4uinilife2, 84ipBedd4 A-phtteazinediyer rdiadhasol vent
i s THE/ wat eb 1/1. }'J%hrucs ige IWDLn%‘lh(aR oRimiget al content) of the
encapsul at B IRTHPPES P MATE onar £} 2l'és 10 described in Exanple 4, was
used i¥breactions carried out at roomtenperature in THE/ water 1/1 for 20

to 36 hour sThideble tbow @unmarises thenelds ang: enantiomeric excesses for a series of
asymmetric dihydroxylation experiments following the conditions described above:
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nmet hanesul phonam de 15 The Table b | ow sumari ses the yields and ’
enant i oner |w?®|3v?m$ses for a series of asymmetric ihydroxVFEGBEH03LIS
experinments follow ng the conditions cri bed above: WO 0O
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EXAMPLE 30
A combination of microencapsulated osmium tetroxide and periodate was found to
be very effective in the cleavage of clefins 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. '

A
The following oxidation was repeated five time under the same conditions but
10 using recovered (recycled) catalyst with greater than 05% vyield in each case:

Ph—< —_— >'=0
Ph '



97% (94%e) 88% (99%e) 96% (82%e) 97% (90%e) 89% (87%e) 91% (97%e)

94% (99%e) EXAMPLE 30 A conbination of mcroencapsul ated osm umtetroxide
and periodate was found to be very effective in the cleavage of olefins to
yi el d al dehyadexodstsihi gh yiel d. Thus, a series 5 of react i PSTECRRPERarri ed

out at room tenperature using 5 nol %(3?ased on netal content) of the
encapsul ated osm um tetroxi de m croparticles described in Exanple 4 in an

THE/ water (1:1) and sodium periodate as the co-oxidant. Rii---R1In R 0 The
fol | owi ng oxidation was repeated five tinme under the same conditions but

I 0 using recovered (recycled) catal yscuaiM$ greater than 95%yield in each
case: h ko Ph WO 93/ 006151 PCT/ GB02/03135 36 CLAIMS 5 1. A catalyst system
conprising a catal yst m croencapsul at ed thin a perneable, .

m crocapsulle shé Pa%alzst sxsteqt S‘P'}?E’ﬂs'@y§t°€fﬂYébH%?rpichﬁs@gegt“gﬁhﬁ‘gglp)ép“%ab'e

ni cr oencappslyadee ehistbddpisule ahgller neabl e pol ymer mi crocapsul e shel | wherein
the m ¢rocapsule shell is forned by interfacial polynerisation. 10 3. A

catal yst system according to Claim1 or im 2 wherei.n. the per

pol ymer ni%r oc£p§%}1"¥5t3?¥giem FRMPHRNG,H R o‘iﬁ‘f?gﬁ?m'cr%rfcﬁpilg?ﬁ%r\"gti{”r)%r?rggﬁ%bﬁer

cross- | i nkipotymes reicteeapsules dhellimbareiro e miehgansuleeshialsisoforpee gi iptestasial n

whi ch fromgy issfdnt 0 about 98% of the nethylol groups have been

(ejt her i ];LI ed VOVIth a C\%Clo al cohol. 15 4. A catal yst system according to
aim1l or aim?2 erein the perneabl e polynmer. mcrocapsule shell is a

pol yurida mi%r ocAp@iAlest syepmReeringia Glaim éé’édﬁffﬁé’ wsren g*b%@%(ﬁ‘&?@e PYNEEG

tol yl ene dimisresssuRt shellSs the patiadtys tselycondemsatipnoardianceross-Dkag raf #thanedi n

the polyi S%??—%%gl?e@?ﬂg{ﬁ@gns P pFébbﬁgﬁPseindWh@mabaﬂéw& 5018 HelIegdswdbfithem t he

r ' - r
group consi nﬁeth?lgl groups have Besn e%hériﬂgd With lae&?cw alcohol.

15 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
20 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(pheny! 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-
25 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.
30
6. A catalyst system according to any one of Claims 1 to 5 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
3s 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.



di i socyante, m phenyl ene diisocyante (and its hydrogenated derivative),

p- phenyl ene diisocyante (and its hydrogenated derivative),

4, 4" - met hyl enebi s(phenyl isocyanate), 2,4- tolylene diisocyanate, tolylene
di i socyanat wo(08004121, 4-i soner, 40% 2, 6-i soner), 2,6- tolyl #¢3/HR8YEyant e,
3,3 -dimet hyl -4, 4" -bi phenyl ene diisocygnte, 4,4'-nethylenebis (2 25

net hyl phenyl isocyanate), 3,3'-dinethoXy-4,4'-biphenyl ene diisocyanat e,
2,2',5,5 - tetranethyl-4,4'-bi phenyl ene diisocyanate, 80% 2,4- and 20%
2,6-isonmer of tolylene diisocyanate, polynethylene pol yphenylisocyante
(PVMPPL), 1, §- hexQembyl §8@m SdoRMPYBIDAIR 7 WREBIACHS BrandlionSBetPEIRIRICh the

tetramet hyi xyl ene_ di | so. at e 5- 2 1.L:SQC 6. A
cat al yst sy%‘%@}‘ﬁ é%gﬁs(egi '%é?%ﬁgl_‘"ghéaoﬂ'émop s'@ﬁﬁﬁ? lr@“%ﬂqﬁ @O\Aﬂ@t’ gﬁ%'ﬁge@g?'al yst
is a metal seeadidmy seriura, DMUMD XtEEMe yterPiiaY lutgliuidt eaballi PRBYRNICAEY al vst
a metal phosgpheneronchitiadlysanganesettal meruospisiveangathtzine atrddisn,, tuagstert o

anm nop sphjnﬁg &T%m yst, a netal arylamne catalyst, a netal diam ne

catal yst, a Pa am noal cohol catal yst, a netal 35 phosphate catalyst, a
netal salt catalyst, a netal al koxide catalyst, a netal arene catal yst, a
net al ar ene9phos piatedyst aystény sccordingrist Glainc & mheren batrangition mgtel en waicheocycl e
catal yst. 7eatdytat Aaksd i$ HaNRINNACESPHiGH N Eitieiupm yrhodiemo fitablum, Mandditm énd
wherein the ca¥al st is based on a transition netal. W 03/006151

PCT/ GB02/ 033@8”1%'9'}'/8. A catal yst systemaccording to Claim?7 wherein the
transit@on nmetal on which the catalyst is based is platinum palladium
osm um rut h@ni ukcatalyetsystem aedoedingmo Clhiend whereirstba rvdtalyst iscasmiumteteaidar i um
yetrium Yt EgiRbimiaditthel biBiiPRRlde, titanium chromium copper, iron,

ni ckel , manganes€, tin, nercury, silver, gold, zinc, vanadium tungsten or
5 nol ybdenum 9. A catal yst systemaccording to Claim8 wherein the
transition tetal A@noosbs dd1 thé@repasatiah i@ misrogneapgulpted pratalysd Wiieh OSIAFEes
ruthenjaim  fdaamrb amiclochssticRell B MeHabia) goleheriS&tion N Weprés@nddof Acatalysal yst
system according to Claim9 wherein the catalyst is osm umtetroxide,

col l oi dal palladiumor palladiumacetate. 11. A process for the preparation
of a ni croeféapshPercess aeporlingsto @AM H whrrpipitRe bterfagak yiymergateGomPsEethsul e
shel | by i nseéif-Eondedatipo| ymidon Saddsdinking bh eetmarified noreaddrmpldehydd yresins 101 A
process accfdhingetsOin uidtdTrdrh NBE 80 Mo laB6uti g8 of Bl MethRl YroRPS Haled 88en

: bi .
conpri ses eﬁ??con ensa |on:°€$d/ or cross-linking of etherified

ur ea- f &9 mal 8BRTHAI WA (sCwp epol ymers in which from about 50 to about
98% of the nmethylol groups have been 20 etherified with a C4-Cl10 al cohol

13. 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-phénylene 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.



13. A process according to Caim1l1l wherein the interfacial polynerisation
conpri ses condensation of at |east one polyisocyanate and/or tolylene

di i socyanate. 25 14. - A process according to Caim 13 wherein the

pol yi socyawatesoasd/ or tol yl ene diisocyanates are sel ectR&d/GRO3M6318he group
consi sting of 1-chloro-2, 4-phenyl ene _diisocyante, m phenyl ene diisocyante
(and its hydrogenated derivative), p-Phenylene diisocyante (and its

hydr ogenat ed derivative), 4,4'-nethylenebis(phenyl isocyanate), 2, 4-

tol yl ene diisocyanate, tolylene dilsocyanate (60% 2, 4-i sonmer, 40%

3_’ 6-1 50”9:')3_ i,glpﬁﬁe%ﬂbf,‘éo?&ﬁg &% '(agP‘é)ﬁéltrHrf]‘i‘s_lah%s%'"- @i "EWAleird udreadlePBRiME ene
iisocyante, 4,4"-ne ebi s - yi apat.e)... :

3. 5 -l motSTBES. ATy COBRAroI e T <Eo e SRS groyBE HERE eacton with 2

t et r amet hyinoristeydriaté @aigichiegdel pi ehlregiareate, 80% 2, 4- and 20% 2, 6-i somer of
tolylene diisocyanate, polynethylene pol yphenylisocyante (PMPPI),

1, 6- hexanmeihyl epe  di i . J i nathyl xyl ene
dii soc%/ana{ﬂ ar@prf,cgs-_s fégtﬁ%g%%%ﬁay?}éﬁgg I Irésgéga aHla?eg%E%%q ih'ﬁf‘ gé@@iﬁgccor di ng
to Caim 13 or (@ ai rAiseaIvViRE&F Bisperaing thes@falysk ”r‘?g"'ar PGt is present. WD

03/ 006151 PCT/ GBP2/ @fbamsing3thelfirst Ahaseo e sssemondr cintiguaus pirageotaefogh & ai ns
11 to 15 wherein unrgagsgd am ne grﬁups are converted to urea, am de or

ur et hane groups, by post. reaction with a noi n . i ¢..C ide or
chl orof or mat e. &) 17.r€3€tR9 9AB OL MOG} W‘ﬂ%%?@%é”ra ?&gynn%o'?ggn?r;?%? g1een|Etlaeﬂé% at ed
catalyst whi ch conpriedesen the)dispessed| first)ase aif dpr FMINYOY8RE AN 9 n a
first phase, (b) di gpesaimigotdieulkiposimepbhaicericapsalating theddispeosedifisipbssghase
to forman enul si Or!:on%&r?d Jp(?i?gé"gng one or nore mcrocapsule wall-formng
materials at the intertace bet ween %he di s(g\?rsedrpéi rst phase and the
conti nuous secol pHagefing the icrPcansiies HERIRG FRIRRY PBP & hel | encapsul ati ng

the dispersed first phase core and optionally (d) recovering the

. f ., | _ ,
g g .r 21£€$S\l/]\/lrl1§'fei é} ‘Weégﬁa #F&?@g Lﬂij@@anﬁh@? Gyhetdin 1§ WAIl-RIrRTRSHaRASIS@mpEsd O

, ng naterials conpri j i o
ur ea- f or rafBeMirdereastarmaldghydg,r %%'g'i O rREPROMTRETG ) @ﬁcq ﬁ‘grpnagégﬁt‘{d t&(?%? S %%t 98%
of the net bithemethyimlpoubsibavetmeen etheried WithealCwftoiglcahd: C o al cohol . 19. A
process according to Claim17 wherein the wall-formng nmaterials conprise

at 20 | eagt ong pol.ul SECYARZIE LRI 9wl L Railoh ARG YRR coRfbrisd sbr oCesS

accordi ng c ai ere ol yl socyanates and/or tolylene
di i sog¢analeast ae@olyisceyanate %ndé%tqm% "89ﬁ.¥a§%ﬁsi sting of
1-chl oro- 2, 4- phenyl ene diisocyante, m phenyl ene diisocyante (and its
hydrogenat gd depiyalds¥eccolingeNehk@ia9 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 diisocyant_e. 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
30 diisocyanate, polymethylene  polyphenylisocyante  (PMPPI), 1,6-hexamethylene
diisocyanate,  isophorone diisocyanate, tetramethyixylene 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.



25 diisocyante (and its hydrogenated derivative), 4,4'-nethyl enebi s(phenyl
i socyanate), 2,4- tolylene diisocyanate, tolylene diisocyanate (60%
2,4-isoner, 40% 2, 6-isoner), 2,6- tolylene diisocyante,
3, 3' - di metwplos/dosdst- bi phenyl ene dii socyante, 4, 4' - et hyl er&JyeBPH3135
met hyi phenyl isocyanate), 3,3'-di netypoxy-4,4' -biphenyl ene diisocyanate,
2,2'",5 5 - tetranethyl -4, 4'-bi phenyl ene diisocyanate, 80% 2, 4- and 20%
2,6-isoner of tolylene 30 diisocyanate, polynethylene pol yphenylisocyante
(PWMPPI), 1, 6-hexanethyl ene diisocyanate, isophorone diisocyanate,
tetramet hyl.xyl ene dili bthISRPCNREREE catdiyst A
process ac@§r di E\dargc&s%?g%/o%&'i%%ogg@%? &h%%ﬁ’m%?gr:‘ﬁrbﬁhﬂétwal | -for mer?'gd.ﬂ"m
material s is3Bsed ifpplpinumy paiasium, asriiyeg FHEgREmy Thogism. Kidiim, daenidm, ST Mg t o
any one of cGlihganigriutrg yRiumhygteebiumt hitetionn abalt titagiuppcbpmivn. ePRPEANEN i on
netal . WO 0 / {31 3ver IBIH ziR8, vahadiir CRAGst@csonditientm. Cl ai m
22 wher ei ngfghg" &%g#sr!gt I 'otﬁgﬁ%tcgjﬁ‘lon vm%i%ch t he cat al ystgs is based is
pl ati n@m pal | adi um osnium ~ruthenium_rhodium iridium r?eni um,
scandi um 2der i umprecesardcaendingt tor Claim 3 wEeKINuiRe ransdionymptat gpafich the
titani um GhEAR1 WbasPREpallabiam osmiingkekheniuem gandism, titaniym, neanedicy, angd | ver ,
gold, zinc, vanadium tungsten or nol ybdenum 24. A process according to
O aim23 wiPB "Mt he transition metal on which the catalyst is based is
pal  adium osm um ruthenium rhodium titanium vanadiumand chrom um 10
25. - AoPr0G®ss aceaicdbngictardial aionCRin e miserein the catelyst & opRiugs Aftia¥de.
tetroxide, coﬁ&é%lgkmliunpgg ;l)a?lgail}ma‘?:étai@ | adi um acetate. 26. A catalyst system
conprising a catalyst mcroencapsul ated within a pernmeable polyner
m crocapsul e shell obtainable by a process according to any.one of ai s
11 to 15 2B, 2A catalystosystam icomprisied pr%}‘s&tmlerﬁemapgﬁ?%ﬁ‘& "2 AFHREIEUL ed
bi phenyl s Wjrlbr FAEBEASER shef8bthinaYe dp aqpbiass attordiag lisanytarteed Céaiys 1héd i de
or halide eguivalent with an optionally substituted aryl boronic acid or
ester n t "presence of a catal yst systemaccording to 20 any one of
Claims 1 to 10 or Claim26. 25 30 28. A process for the preparation of
optional | y substa prekesh foi Heemypasativini of optionaly selestitutedebiphanyly WinchopamRsees | v
substituted aryl | ' i M hi divalen@ivkil &t \btidrally n
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al kenes whi &y anergbClaies 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.

= 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)



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 systemaccording to any one of Clains 1 to 10 or Claim
26. 30. A pMsx@4e61sbr preparation of a hydrogenated producRCHEGBH BB ng
reacting a substrate, wherein the supstrate contains a hydrogenatabl e
group or bond, with hydrogen in the esence of a catalyst system
according to any one of Clains 1 to 10 or Claim26. 35 31. A process
according to any one of Clains 27 to 30 wherein the catalyst is coll oidal
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