WD 2004/ 103559 PCT/ EP2004/ 050906 1 COORDI NATI ON COVPLEX SYSTEM COVPRI SI NG
BUI LDI NG BLOCKS The invention relates to a coordination conplex system
conprising a Iigand having at | east two donor npieties, which are conplexed

to at Ieast a gﬁgg selected froma transition netal %gsg#g@?&%&5 to a
0

cat al yst onprising said coordlnatlon conpl ex the use of
sai d coordlnatlon conpl ex system and fo a set and the use thereof of

sel f-conpl ementary buil ding blocks for making a |igand two donor noieties
for conplexation to a netal. During the past decades conbinatorial chem stry
has 10 evolved in an incredible manner and has been applied especially in
phar macy for drug discovery and optim zation and for maki ng honbgeneous
catal ysts. The devel opnment of honpbgeneous catal ysts usi ng conbi natori al

techni quegdoR¥ehNERON CoRpEStdainC BakbRNOR®: Bl oY Hipexst rat egi es and
met hods 15 for the preparation of large libraries of |igands and/or

cat al yst displaying high degrees of structural diversity, 2) devel oping

hi gh-throughput screening techniques for the reaction of interest. A lot of
effort has been put in the devel opment of new screening techniques for
honogeneous 20 cat s inrenten asladsvie ioweonti PREoThAPEPRESYen

successf ul sys % ﬁ%%&lh fP{ AR RLL 2! qq@aeeﬂo R yﬁmb%efcf@s

preparatio rarles has ocuse vari'ation of
li gands, whiich ar@ @amé@xgﬂ b@nﬂeﬂ@ﬁatlylmavdlBab¢@t¢¢g%ﬁmsaor are prepared

via conventl.g i‘lclérY’}&éllhg' gn%t hit S O farge rca%i{ L& TR hods usi ng

paral I el synt es’' s I'braries ‘of new |igands indeed
yields5 a qmyp@nsmntaldaeWgeoan@ilrmm compiex dvistrenedtoutserusef of met hodol ogi es

e e R Rl
thereof of self-complementary building blocks for making a
ligand two donor moieties for complexation to a metal.

During the past decades combinatorial chemistry has

10 evolved in an incredible manner and has been applied
especially in pharmacy for drug discovery and optimization and
for making homogeneous catalysts. The development of
homogeneous catalysts using combinatorial techniques involves
two distinct challenges: 1) devising strategies and methods

15 for the preparation of large-libraries of ligands aﬂd/or
catalyst displaying high degrees of structural diversity, 2)
developing high-throughput screening techniques for the
reaction of interest. A lot of effort has been put in the
development of new screening techniques for homogeneous

20 catalyst libraries and various methods have proven successful.
In the search for new transition metal catalysts the
preparation of catalyst libraries has mainly been focused on
variation of ligands, which are based on commercially
available ligands or are prepared via conventional synthetic

25 pathways and/or divergent methods using parallel synthesis.
The synthesis of large libraries of new ligands indeed yields
a major challenge and so far onlyka limited number of
methodologies have been reported. Until now, library synthesis

of ligands is based on combinatorial organic synthesis



2 foll owed by netal conplexation. This approach utilizes advanced solid and
sol ution phase conbinatorial synthetic nethodol ogies including parallel
synt hesi s, split-pool techniques, encoding/deconvol ution and

pol ymer - supB9hdsfbbsse® " €agents. Methods such as split poRiyEBss@ENeS are
much faster than traditional serial approaches and enable the preparation

of relatively |arge nunbers of conpoun but often |lack control over the
purity and m xtures of conpounds entering the assay screen. In contrast,

the net hodg,1haged 199 rdkNacahbelxdtioal r ayisydpgiesen yieliddsnt ernedi ate sized
libraries of pure conpounds. Although these conbinatorial techniques to
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catal ysts has not been 15 reported and the@;&pllcatlon i's still limted to a

few cat albacheiavast i erredipgy devarvolutéopr eprRaliyBRT of URRAFGLLEant

mul ti dent L9andge+id REAM Sidg ¢ Q9§pﬂgg Lgands muchaces synthetic
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asymet ri cfasdesl yhas . tEkitd opeli senialeedproacheasclood aeablodihe to efficiently

deal wi th 6%%%?51};3%@%tﬁefla%ﬁ%i?”l%%e ?;nﬁbgfsesbefmcoh% i d ghppeyiges in

such tool, ther provides new’effective supra cular techniques to
const ruct laakaedsirphreveltiael pubitderndt siktgeariof shipdursn 25 be forned by

just m xi i For i , r dent ate
i gand bu{%ﬁgggleyéﬁ ge%%%%% ge\?t (r)lfna c'&?fc%g%ﬁ )&ﬁo?‘gg};?&g Hr%ieg;) ?/8 can
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oo™ e, MBS TR, A RS R R RSN ARl 260, Cor 20
Upon vari atarstrattt higgond siphaanse sdrogeptraven toi@osradisalal ayatthiex of new
seIf-assen%%g%gra 095 2nd Kl QLS of truly large numbers of
potentially (enantio)-selective catalysts has not been
15 reported and the application is still limited to a few
catalytic reactions. Moreover, the preparation of important
multidentate ligands, like promising diphosphorus ligands,
faces synthetic challenges, especially when sophisticated
chiral entities are required for asymmetric catalysis. There
20 1s a need to develop new tools to efficiently deal with these
synthetic challenges.

The present invention provides in such tool, and
further provides new effective supramolecular techniques to
construct ligands, particularly bidentate ligands, which can

25 be formed by just mixing monomeric compounds. For instance, a
phosphorus monodentate ligand building block equipped with a
zinc (II) porphyrin moiety, can selectively bind monodentate
building block that have a nitrogen donor atom. These
selective metal-ligand interactions (ZnTN) are utilized for

30 the assembly of ligand systems and yield novel transition
metal catalysts. Upon variation of the phosphorus monodentate
compounds a matrix of new self-assembled mono- and bidentate
ligands can be created easily. This novel supramolecular

strategy to prepare new assembled ligands was successfully



| igands can be created easily. This novel supranolecular strategy to
prepare new assenbl ed |igands was successfully WO 2004/ 103559
PCT/ EP2004/ 050906 3 applied in a conbinatorial fashion and clearly

simplifie h struction of catalyst libraries, for _jinstance based on

sophi st c}[’éa&)ﬁﬂ@g&ni t e- phosphi ne chel ating |i gands. Tt'l’&l:r@%iz‘g‘”ﬁ Mncr easi ng
demand for netal catalysts and 5 the Aunber of tailor-made transition netal
catal ysts for various chem cal transformations is ever increasing, however,

the practi .use, of_ these ho n catal ysts Is,|im he
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catal ysi s, rted eqQus, phase at al ysi.s, .fl uprous, phase catalysis, the
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catalysts to dendritic, | ynmerjic . organjic, 15 . inorganic_ or _hybrid supports.
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the anchoring of the catalyst to the support. a few,exanpl es have been
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i rmobi i zed on heter opoldy acids and, silica sugport via ion-pairing. This
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to charged catal ysts. probl em of all these approaches is the cunbersone
i ndepender2t@yithes eSlUpropRePRaIs Gigdadut bt ythe 8§98t bl &t L1 secessary

for the diffesaptrsysti®E FPubgs Calnab¥ged. sdudiBd approach to

facilitate catalyst-product separation is the attachment of
homogeneous catalysts to dendritic, polymeric organic,
15 1inorganic or hybrid supports.

In most supported catalysts reported so far the
catalyst has been covalently linked to the support. An
interesting alternative approach is the anchoring of the
catalyst to the support. Only a few examples have been

20 reported for non-covalent bonding, for example, the
immobilization via ionic interactions. Cationic transition
metal catalysts have been immobilized on heteropoly acids and
silica support via ion-pairing. This appeared to be a viable
approach for cationic rhodium catalysts that are active in

25 hydrogenation reactions, but the concept is obviously limited
to charged catalysts.

The problem of all these approaches is the cumbersome
independent syntheses of the various catalysts systems that
are necessary for the different systems to be catalyzed. In D.

30 de Groot et al., J. Am. Chem. Soc., 2001, 123, 8453-58 a
method was disclosed wherein phosphine ligands for
complexation with palladium were non-covalently assembled to a
template of urea adamantly-functionalized poly(propylene

imine) dendrimer. However, the templates are unevenly



30 de G oot et al., J. Am Chem Soc., 2001, 123, 8453-58 a nethod was
di scl osed wherei n phosphine |igands for conplexation with palladiumwere
non-coval ently assenbled to a tenplate of urea adamant|y-functionalized

pol y(prop n jnine) dendrimer. However, the tenpl at ly WO
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is unsuitable for nmaking catalyst systéens in a controlled manner, and
therefore catalyst systens are obtained wi th unpredictable properties. I t
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bi nding site and the Toc
simplifies the preparation of new catalysts materials

significantly since the components will find their way by

15 assembly. Apart from this advantage, the dynamic nature of the
non-covalent interactions leads to mqterials with new
catalytic properties, e.g. the catalyst may adapt its
structure during the catalytic cycle adjusting its properties
for the next step. Sets of (mostly known) orthogonal

20 interactions based on metal-ligand interactions, hydrogen
bonding consisting of different binding motives, polar/ionic
interactions (for examples see chart I, wherein A denotes
acceptor and D denotes donor) with which the components can be
functionalized may be employed. By means of assembly, the

25 ligation around the metal center, the chiral environment, the
presence of a substrate binding site and the local polarity
around the catalysts can be controlled. These are key
parameters that direct catalyst properties as activity and
selectivity. Moreover, by functionalization of several

30 supports catalysts can be immobilized reversibly on
dendrimers, silica, monolayers in an easy manner, enabling the
rapid accumulation of information on the impact of catalyst
immobilization on its performance. This leads to an extremely

versatile modular approach, in which the environment of the



around the catal ysts can be controlled. These are key paraneters that
direct catalyst properties as activity and selectivity. Mreover, by
functionalization of several 30 supports catalysts can be immobilized
reversibly on dendrimers, silica, nonolayers in an ea nabl i ng
the rapi FGALHUHEPAL i on of information on the i mpact o?é(ca aﬁﬁtgs%woﬁ

i mobilization on its performance. Thi$ |l eads to an extrenely versatile
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non- coyal ent anchori.n | so 5 enables controlled ,
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used by the skilled person, i.e. any chem cal hysical bonding that is
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The spatial orientation of donor atons coordinating to the catalytically

active trarsittieoReste] deacsivatinh &rd pnpbiiessas PB? ihe&hsr 6péftRes in
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non-coval ent approach to
bonding that is not covalent. Non-covalent bonding, for

example, includes bonding via ionic interactions, hydrogen
15 bonding, and reversible metal-ligand interactions.

The spatial orientation of donor atoms coordinating
to the catalytically active transition metal is of crucial
importance for the properties in catalysis. Conventionally,
these donor atoms were attached covalently to a ligand

20 backbone thereby, depending on the rigidity of the backbone,
enforcing (or supporting) certain coordination geometries
around metal. In this invention this rigid conventional
approach has been replaced by a non-covalent approach to
control the ligation by assembly of ligands direct via

25 complementary building blocks or by building blocks non-
covalently bonded to each other via a template. Thus the
invention pertains to a coordination complex system comprising
a ligand having at least two donor moieties, which are
complexed to at least a metal selected from a transition metal

30 and lanthanide, characterized in that the ligand comprises at
least two building blocks, each having at least one functional
group and at least one donor moiety, wherein one building
block is non-covalently bonded through its functional group to

a complementary functional group of another building block or



control the ligation by assenbly of ligands direct via 25 conpl enentary
bui | di ng bl ocks or by buil di ng bl ocks non- coval ently bonded to each ot her
via a tenplate. Thus the invention pertains to a coordination conpl ex
system co | S Iigand having at | east two donor ILeti.es, jch are
conpl exed%zgﬁ "é5§gt a netal selected froma transiti gﬁéﬁ%zgfmé@agnd

| ant hani de, characterized in that the |$gand conprises at |east two

bui | di ng bl ocks, each having at |east one functional group and at |east one
donor moi ety ‘@%%g%%?”&&%'ihd ne tehp %‘éfe' éor?"r”{sc%"%‘cei‘éals\g kogded through
its functional group to " a conplenentary Tunctional” group of “anot her

bui | di ng bbdidudkr dundbl 04U/ ddab5eh#ACT/ ER2A046 060908 y bonded ticermpl at e, wherein
the tenpl ate conprises at least. one other functional,.grqup that is
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structures 5 gre the sane en the tenplate,contains nore than two
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the catal yst® P feptateraatédiby %Cﬁhﬁg cé*‘@%l’%"ctsdrsfeﬁ“o?“? ndt hée a
transiti onensdiaise taBaAkOSHEEL: i dnN o@NdPAEROA BRbi Ritd iRl BYeatyon at | east one
of the building blocks is immbilized onto an i nor%gnl C support, a
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than 2,500. The chiral environnent will also be controlled by assenbly and
it was shoWFRthanaiPAEet|) porphyrins in conbination with pyridyl - phosphine
bui I ding blocks arensy talsaiheht (¥ SIRPRAPEE R onTRE BYELLIdR 103 2R

sel ecti velg coordinated to the zinc and the phosphine donor is
uilding blocks is immobilized onto an inorganic support, a

4

polymeric organic support, or a hybrid support. The building
15 Dblocks preferably have a molecular weight less than 5,000,
more preferably less than 2,500. The chiral environment will
also be controlled by assembly and it was shown that zinc(II)
porphyrins in combination with pyridyl-phosphine building
blocks are suitable for this approach. The pyridine is
20 selectively coordinated to the zinc and the phosphine donor is
still available for coordination to the catalytically active
transition metal.
In another embodiment the coordination complex system
comprises a ligand having at least two donor moieties, which
25 are complexed to at least a metal selected from a transition
metal and lanthanide, characterized in that the ligand
comprises 2 to 6 building blocks each having at least one
functional group and at least one donor moiety, wherein at
least one building block is non-covalently bonded through its
30 functional group to a complementary functional group of a
template.
The system may further comprise a co-factor that is

non-covalently bonded to a functional group of the ligand.



still available for coordination to the catalytically active transition
nmetal . In another enbodi nent the coordination conplex system conprises a
Iigand having at |east two donor noieties, which 25 are conpl exed to at
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characterized I n at the ligand conprises 2 to 6 buil S each
havi ng at | east one functional group and at | east one donor noiety, wherein
at |least one building block is non-coval ently bonded through its 30
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(configurations) of the various building block-template-
building block moieties. It should further be noted that if
not all building blocks are the same and two different

15 building blocks are used for attachment to one pair of
functional groups, the same two different building blocks are
used for attachment to the other pairs.

The properties of the assembly may be different from
the prior art catalysts, which for instance can result in

20 higher reaction rates in the palladium catalyzed Heck reaction
and the rhodium catalyzed hydroformylation. Moreover, using
bis-zinc-porphyrin systems as templates resulted in chelating
bidentate ligands of which the catalytic performance (in
activity and (enantio-)selectivity) strongly depended on the

25 components of the assembly. These results show that dynamic
non-covalent interactions are sufficient to impose spatial
orientation of ligands and that the assemblies are stable
under catalytic conditions. The metal-ligand interactions are
used to make new ligand assemblies. Moreover, different

30 hydrogen bond building blocks can be used to make bidentate
ligands by assembly. Examples of some of the hydrogen bond
building blocks that can be used are shown in Chart I. One
should note that these building blocks could be used for

several concepts according to this invention.



the prior art catalysts, which for instance can result in 20 higher reaction
rates in the pall adium catal yzed Heck reaction and the rhodium catal yzed
hydr of ormyl ati on. Moreover, using bis-zinc-porphyrin systens as tenplates
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a tenplate resu ng 1n a bide | i 'gan properties that depend on
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fixed at a certain distance from the metal. This is believed
15 to give special effects in catalysis and in the formation of
the cationic complexes. The coordination complex system
preferably has a molar ratio between the ligand and the metal
of between 0.2 and 100.
The invention further relates to a catalyst system
20 comprising the above-mentioned coordination complex system and
the use of the coordination complex system as a catalyst,
preferably for hydroformylation, hydrogenation, transfer
hydrogenation, hydrocyanation, polymerization, isomerization,
carbonylation, cross-coupling, metathesis, CH activation,
25 allylic substitution, aldol condensation, and Michael
addition.

For many reactions bidentate ligands with different
donor atoms offer a higher level of control of the
selectivity. For this purpose approaches are required that

30 enable the selective assembly'of different building blocks.
This is done by making sets of building blocks with functional
groups that associate with the complementary functional groups
attached to either another building block, enabling direct

formation of the ligand, or to a template equipped with a



the cationic conpl exes. The coordination conplex system preferably has a
nolar ratio between the |igand and the netal of between 0.2 and 100. The
invention further relates to a catalyst system 20 conprising the

above- menty.g9&d,16R88 di nation conpl ex systemand the “%Tﬂ{m&o%sog&or di nation
conpl ex systemas a catalyst, preferably for hydrofornyla

hydr ogenati on, transfer hydrogenation? hydrocyanation, polymerization,

i sonerization, carbonylation, cross-coupling, netat hesi s, CH activation, 25
allylic s d dec LN, a dition. For many
reacti onsggﬁgé%t% & tﬁ{ifmg)s V\n%{}hg??%ie%ntfﬁﬂg%ir\léorgla?&ouagffer a higher |evel
of cont ror:omplertra;xtas“efl bcmdmg yotEgestdlf a1 pnrp@*seoihpiplgéadhes are required

t hat 30 en S [ t.. b n cks. This is
done by rra gpﬁﬂ[es’ #ﬁé%l:ﬂ}/?fe%g %Igg% %@%Ma% % ilélngkgg{érgup t hat

associ at ejwsthnixumg:dmm prapdacynboneds mllagmglp@noat eadhet-t o eit her

anot he bl ack, ena ect rmatl o he | igand, or to a

t enpl a e eaﬂl %g%% W th fgnf}%?’zo%%llibg%%’d‘% % plurality of

t he sane difdeféret exvmbinacisoronalingaadpision &Jbapismrmaﬂyuhgnldlcrrgcsmtives of a
series of Ilg nds phi nes, .pho ite ized are.sho in Chart |I.
By just Ring 13 ('T%?'Sae?ni%r?p&fﬁlaz‘g%%é‘llﬁl ﬁé}e e Cgﬁlalﬁlf‘e’\é@acfé'nt ates were
forned, fadnditqtfurgttibaabagnodper Netyere afy.. different conbinations. In
addition the sane building bl ocks can be assenbl ed onto a tenplate with the

same conplenentary binding functional groups (Figure 1). t /LI M LI LI /M
L1 rae,k\.rc || L+l Mo

S w™© s,—iLl Lﬁ r " r ! M ’M‘Ll
T =1 —=| | —= | _
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A) B)

Fig. 1. L; and I, are coordination moieties of the
building blocks, M is transition or lanthanide metal. A) is an
embodiment using a template; B) is an embodiment using self-

complementary building blocks.

In that case the shape of the template will also
10 affect the catalytic performance of the supramolecular system.
The templates may include calix-arenes and rigid multi-
aromatic systems. Bisporphyrin templates with two different
metals are also suitable templates: nitrogen donor will
coordinate selectively to the zinc atom and tin porphyrins are
15 known to strongly coordinate carboxylate groups.

Systems functionalized with two orthogonal binding
sites can be prepared in which the catalyst and either the
substrate molecule or a chiral cofactor can be fixed in a
well-defined way using non-covalent interactions. In a

20 straightforward example based on porphyrins the binding of the
transition (or lanthanide) metal will be based on hydrogen
bonding (ionic interactions) and the (guest) cofactor will be
bound using metal-ligand interactions (such as pyridine-zinc
coordination). The binding on the porphyrin can be used for

25 several types of guests including amino acids. Several



LI 1 ~rca$) u A UV Fig. 1. L1 and L2 are coordination noieties of the
buil ding blocks, Mis transition or lanthanide netal. A) is an enbodi nent
using a tenplate; B) is an enbodi nent using self- conplenentary buil ding

bl ocks. Irwé%;‘“&g@e the shape of the tenplate will al $epk@kh%sds t he
catal ytic perfornmance of the supranolecular system The tenplates may

i nclude calix-arenes and rigid nulti- &Pomatic systens. Bisporphyrin
tenplates with two different netals are also suitable tenplates: nitrogen
donor wi || t veI in orphyrins are
15 known {0 aé? ?%%é Bat%oggg?%% r&d%ggéﬁeﬁoédgggﬁégm@stg%h@ ?uncti onal i zed
with two d::htehregpn@tlaxtgmql hbe magigsonanf beheprepalpsits witihi chspéet dat al yst and
either th sub rate Iecueor r.al act b in a

wel | - defi ﬁceh& ba ﬁé d‘ ﬁoﬁa%019/':2%1Imead‘tEl #e‘?’aasctcf?)fgné 9??1€?}’f08¥{1%1g|§§htfor war d
exanpl e baslmlmg qnbr}q:dty:r tthe taealyistdi ag tdfe tsubstratasidliesnléois |amt hani de)

net al based ,on hydr nd ioni nt era I Qns t he
(guest coef ¢EOF i T4Ea5E ybgg %ir‘:lfs?lﬁﬁ*:n‘gféﬁt 53%&31’?& et a@tl%hghr\i uch as
pyri di ne- ziifEerendraiprataicanthiddle doifadt s mertehespammlm |ursmgn be used for
25 several nel ud| an no_aci,ds, Sev WO 2004/ 103559
PCT/ EPZOOZ{?%@Q%%?{‘?L’%‘ ??;LPSE b%t% 1808 £ Hon A PRYAPEY s&?na functi onal
groups thenebyicbanigyiddihe-posdl iconpdéxddivngakabysas mi:t h respect to the

bi nding site can be nade. It was found that the dynam c binding of both the
catal ysts as the substrate nol ecule is an 5 efficient strategy t owar ds

host - guest catalysis. In @ s/' @li fferent approach ch cof actors
wer e assenbl ed usi ng N ‘N/ NN ‘

PhoR PPh
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One of these components may be functionalized with

chiral information, whereas the other contains the

15 catalytically active phosphine-metal complex. A major
advantage over the conventional approaches is that large
libraries of chiral catalysts can be assembled easily,
(compared to covalent synthesis) which is important
considering the fact that new substrates generally require

20 novel modified catalysts. The invention therefore also relates
to the use of at least two building blocks each having at
least one functional group, wherein a functional group of one
building block is complementary to a functional group of
another building block or of a template to form through their

25 functional groups a non-covalent bond between the building
blocks or between the building blocks and the template, to
obtain a ligand that with the metal forms the coordination

complex system.



met al - bui | di ng bl ock interactions, for instance based on selective
bi pyridi ne-nmetal conplexation, such as in: OO0 Ph 2 -N N N PPh z 2 P-M
Zn, Cu(ll) »~ MPPh2 Ph2 -~- ntW \ - 10 8,S One of these conponents may be

functi onal‘i‘,ﬁ%{,“%:&g chiral information, whereas the ot /Elﬁ@ﬂ}ﬂ?(b&')s the 15
catalytically active phosphine-netal conplex. A major advantage over the

conventional approaches is that |large Libraries of chiral catalysts can be
assenbl ed easily, (conpared to coval ent synthesis) which is inportant

consi dering the fagt at new substrates generally require 20 naovel nodified
catal ysts. The invéﬁ’f’ls:gﬁrta}%’re oPg éﬁ’%o”}‘%lngf’% r%/l@tte%elcﬁs%heofusaet °feast two
bui | di ng bl seksofadl fhavhpDerdint argabtii bdiend bctkonadr gakipg aherein a
functional ,group of, one, buil.din lock is conplenentary to,_a fynctional

o oup of - ARBERGSHIY G bt B RS0 AOBEE A bRt E0% GTBLRIERFBLGR ¢ hot r 25
functionak getapsseldrtadcorah enttraasdt bed weealt ed utintdiangde pl ocks or

betweep the buil ding_blocks and the tenplate, fo, obtain a ligand that with
Uhe metal "PEERLE (HRF doBRER rii S0 hBF e Pl B LUSD AR kDo s

PCT/ EP200400282088 bibkbkAneted saspeektobnd MRincaYendl Qrdugl 8hes i the use of
a set of sel f-co;%: enentary_bui |l di ng bl ocks for naki n%ga .l i gand havi ng at
| east two SOBRLFMERiHE €8 # oFURTIHPPE*afTWP to0F 2BOHRRGIPUddAdRT B 3T om a

transiti oprmetal dibila@Bl hamd A8 12280668 dnde hbOald GoRREisesnd he set of

bui I di ng bl ocks, each_ building bl ock having at |east one functional group
that is Puilding blocks are non-covalently bonded to each other or to

10 the template through their complementary functional groups.
The invention further pertains to the set comprising
self-complementary building blocks, and optionally templates
for making a ligand. The set may also comprise metals for
coordination, for the above-mentioned use.

15 As an example A3B; tetraarylporphyrins as well as
trans-A;B; tetraarylporphyrins can easily be made by well-
established synthetic procedures. As reactive groups for
further functionalization amines and isothiocyanate groups can
be introduced, which are both reactive and easily accessible.

20 Thus for instance porphyrins can be prepared (large
quantities) and used as synthons for the synthesis of building
blocks required for different ways of non-covalent
immobilization.

Examples of approaches of making tailor-made

25 catalysts on a support are mixing trialkoxy-functionalized
porphyrin with commercially available silica, immobilization
via a sol-gel process, pre-assembly of the transition metal
complex prior to immobilization, and post-modification of the
immobilized porphyrins with the catalysts.

30 Synthetically easily accessible porphyrins, which are
expected to form well-defined aggregates such as micelles and
vesicles due to their amphiphilic character, can also be made
according to this approach. Amphiphiles that form well-defined

aggregates can be used for the assembly of catalysts. These



conplenmentary to a functional group of another building block or of a
tenpl ate, and at | east one donor noiety, wherein the building blocks are
non-coval ently bonded to each other or to 10 the tenplate through their

conpl ementwpyodsdpssss onal groups. The invention furtherp dﬁfﬁzﬁd RSooh® the set
conprising self-conplenentary building blocks, and optionally tenpl ates

for making a ligand. The set nay al so nprise nmetals for coordination, for
t he above-nenti oned use. 15 As an exanple A3Bl tetraaryl por phyri ns as wel |

as trans-ﬂ%!%- r ' st abl i shed
synthetic p oéghgfrléegaé I%%egg%%#egdg&%gpg&?cé%[?ﬁ?”ﬁg%# | ona i zation
am nes andanisot Wiibb yeatatonigr emplsipid:iebe i ntroduced, whi ch are both reactive

and easily accessib]e. 0 Th $ (o] i pr epar ed
(large quantiti es;)A%med‘tése as syn gné leze@h{e”p‘g%}%t%}s?ﬁgmopgbw | di ng

bl ocks req(harsed bnrp@hrﬁtﬁmmnf, vayisosiflanendemnirdinents andmmilivistzaéneon. Exanpl es

of approac f . makj t ai made .25 cat al yst.s on supp are m xi ng

trial koxy- l?'h‘rsﬁ? 6ﬁa‘F sz é’°sﬁégﬁaﬁyﬁ"f r%”\)ﬁe ﬁmé%‘ﬁ%{?g:rlgﬁaﬂ’?/ ali Ilgbl e silica,

i mrobi | i zaddrirolvboen Sfjregakipr Goeb ficpophassekphyadio iy transition netal

conpl ex pri to i mopi lization, and post dificatjon of the immobilized

por phyri ns Jvﬁrfter’feflﬁgs cHt AYErdty 3t ﬁn?ﬂ@??@lﬁﬂv éé@i:?@s)a{cc}é‘ggf[‘w%l—

por phyri nspiMitieB &f ecorbaig@atedniDd ﬂ‘l@lklibmaitly deld nRdvap@iegatesnguch as

m cel | es arl_&\ %SI ¢l es due tt their a ﬁ lic character, can al so be made
a6 Réip

accordi ng ¢ ETAPPI TR, APTHRATE, QTKF-0 SHVRER T - FAWHES %hggr egat es

can belwseasufiernghpléskemcpraingaialohst snvditasn W 2004dnl Q3568art
PCT/ EP2004/ 050906 12 anphi philes can he prepared via ion-pairj ngJr by m xi ng
a bis- anibh WoMR ESt?%ltcemQﬁﬁH?fﬁﬁIieegwﬁﬂ Jéi(t%l ohlfo e Basts zed bl ock

copol yner sof these examples the skilled person can easily envisage other
building blocks and templates. The number of ligands (made
from building blocks, and optionally, templates, that is

15 accessible for the non-covalent anchoring is virtually
infinite, and several building blocks and templates are
commercial available. In Chart IV examples are given of
building blocks that are non-covalently bonded to a support
{(in the example a silica support).

20 An important class of compounds, related to
porphyrins, which is suitable for the approaches described in
this patent comprise the bis(salicylaldimine) metal complexes.
The great advantage of the building blocks is the synthetic
avallability and the structural variations possible. The axial

25 coordination to bis(salicylaldimine)-zinc is two orders of
magnitude larger then to the zinc-porphyrin analogue.

The invention i1s further clarified and exemplified by

the following examples.

30 General
1-Octene was purified over neutral alumina prior to
its use. Solvents were dried prior to their use. Hexane,
pentane, diethyl ether, THF (tetrahydrofuran), toluene and

benzene were distilled from sodium/benzophenone or calcium



(based on porphyries, carbosilane dendriners and pol ystyrene 5 units) is
al so possible to give interesting systens with control over aggregation and
m crophase separation by differences in polarity (i.e. anphiphilic
systens) bilities in conformational flexibi] vol une
illing. ‘bﬁaracgérlstlcs of the conmponent bl ocks. SevéF%ﬁﬁ%@ﬁﬂ%$@% of 10
bU|Id|ng bl ocks according to the i nventBon are given in Chart Sonme of
t he tenplates are given in Chart IIl. On the baS|s of t hese exanples t he
skilled p Sa i sag er bUI npl ates. The
number of%V CHES S&PC%gng??{hﬁqﬁﬂ ?5?%@ %ﬁ%%%?g g‘ ?lonaﬁ%y,(fenplates,
that i s lsocacemsssiite stated rzeaow@nwemfadeemtssadcvhmdemglrgsnvprimnalﬁw infinite,
and severg& bui | di n Iocks and tenglate g $ rgh available. In
Chart Shpl 8% a gF@%ﬁF%ﬁns o[ Qﬂmﬁ K& {5atR-&Kon- coval ently

bonded tOcanSiI’Oi)&[st usihg &hgoreXanphei fisd |ﬂ1¢:&o§¢mpﬂ§’ tiher20 An i nportant

cl ass g %ng nds, related to or phyri es, ch is SU|$abIe for the

appr oathe& tHRSRIF g TRl eT RS (i%?tolén"le%ﬁﬁgﬁ%e R PEPESY i WRASH di i ne) et al
conpl exes nit¥Bgel)) eHerddy 88O RlirbhesdidrdhngLdtokEhenitie @cynt hetic
availability and the structural variations possible. The axial

coor di nat i?gR BeTeF (hdairayeng dieren8ses wthoytt Wv}%rpé‘réﬁlcﬁ%’g?ﬂ tude | arger

then to th@eZpNSePRIRRY LAY ﬁf@ié}@@eovgﬁ%é&\f@mté%ué wibhetoclayr.ified and
exenplified by the foll owi ng exanples. 30 General 1-Cctene was purified

over neut Falr thendiwe pxcdnsien qrtrsmatsegrﬁ&iw@mostmiS@ d-ixddBpeflar to their

use. bexang.) Belans..dbel hylo stier, JTHE (Letahydrotucan,, tol uene and

benzene we re dr 8T f Pom sodi uni enzbphenone or ¢al C|un1MD 2004/ 103559
PCT/ EP20041@50986, Ush)hydrée desddli ehl(Dipnaitiphespbineteplzgiantye Al |
sol utions Al pamect, [ (allyl)PdCl], and [(crotyl)PdCl]; were prepared

according to literature procedures.



sol vents not stated above were degassed under argon prior to their use. Al
reacti ons were performed under Schlenk conditions using argon or purified
nitrogen as inert 5 atnosphere. Water and CDC13 were degassed and stored
under ni m cals were purchased from Al drich and
Acros Chi trﬁgg&glrll g\g/\bgre used wi thout further purifi cati d ?%%Fﬁﬁog%o eridi ne
was filtered over neutral alum na prioftdto use. For the size exclusion
chromat ogr aphy Bi o-Beads(r) S-X1 Beads 10 (Gel Perneation CGel 200-400 nesh,
Bi 0- Rad Laboratories, Hercules, USA) wer e used.

p- ( Di pheny¥BRBES Heckecop) PdMed , [(al Iyl )Pdd ]2 and
[(crotyl)Pdd ]2 wemg tBAr 6ReéEM ond ©E Ot Kk nﬁmtpauhué egldil ®epobecetres. WO

2004/ 103559 PCT/ EP2004/ 050906 14 Synthesi,s_of bui| ding bl ocks Wth

except i on RIBRES RS0 RHESHYFE FeB sopmenaial gupRtd %N%P cihased from
comrer ci alyigHBRE | ﬁfrsch@@dpuﬁﬁlcaulbhoumlprtragywumﬂmﬁaﬁel 8Ad

Dii sopropylethylamne and 5 triethylamne were distilled from CaH2 under

ar gon. 5Thé'—r1\e5¥1’m3ﬁ{? ¥erpothsl llsdi FaeTh G abk oende o RTG8Rp| Btes) were

synt hesi zqt1366 okl g, bgnaybtmﬁfﬁqn SR 8% cBitb Ay %egks B4- B6
(Buhl'ing, A.; Kaner, B J.; van Leeuwen, P. . Mole. Catal. A
1995, 98, YLBeyizey a(CHayésm tor pubji seed movedupakuﬁﬂlr%émmblq@@ot ani, M:
Nagashi ma,g N Ya. ; t Og p Kani M
Yamanot o, e 28 Kiﬁudrraﬁﬁ%q’g’ pis AR e & %ﬂﬁﬁé%%%é £ ﬂ111§8) 'B11-13
(Buhl i ng, ‘A MOIKanefi’até!-j- & J295v 8, Lé%u&ﬁa)rf B|9 (H‘@ywhi\ll T.3.Migml e. Catal. A

1995, .98, 69) Ch A
Zei tscﬁrl fT? letrlk ma'l 84Kﬁéél&e#§3) Bglggblg%ll}l%%fgs Ann. Em 1962, 659,

49) T2-T6 D(acggpetq, A. ;BKawaBaminerS. ; CKoishiBr wer Y&namdtvor . Chim Acta 1987,
Nl . - Cherkema iy gh: gy sh R ragh opi LR R8s iad) Mpgagns T 1M
. (Buhling, A.; Kamer, P. C. J.; van Leeuwen, P. W. N. M.; J.
Mole. Catal. A 1995, 98, 69); B20, B21 (Kellner, K.; Hanke,
15 W.; Tzschach, A., Zeitschrift fiir Chem. 1984, 24, 193); B33
(Liebigs Ann. Chem. 1962, 659, 49) T2-T6 (Cooper, J. B.;
Brewer, C. T.; Brewer G., Inorg. Chim. Acta 1987, 129, 25.and

" Adler, A. D.; Longo, F. R.; Kampas, F.; Kim, J., J. Inorg.
Nucl. Chem., 1970, 32, 2443); T7-T10 (Thesis P. Kaiser, 2002,
20 University of Koln, Germany). Tll (Biemans, H. A. M.; Rowan,
A. E.; Verhoeven, A.; Vanoppen, P.; Latterini, L.; Foekema,
J.; Schenning, A. P. H. J.; Meijer, E. W.; De Schryver, F. C.;
Nolte, R. J. M, J. Am. Chem. Soc. 1998, 120, 11054); T12
(Arnold D. P.; Kennard, C. H. L.; Mak, T. C. W., Polyhedron
25 1981, 10, 509; Arnold, D. P., Polyhedron 1990, 9, 1331;
Arnold, D. P., Polyhedron 1986, 5, 1957), B25 (D. de Groot et
al., J. Am. Chem. Soc. 2001, 123, 8453-58).
The following compounds are commercially available:
B7, BS, T1, T14-T23 (ex Aldrich}.
30

Synthesis of Bl
3-Hydroxypyridine (1.44 g, 15.1 mmole), azeotropic-

ally dried with toluene (3x5 ml), and triethylamine (2.3 ml,

16.6 mmole) were dissolved in THF (40 ml) and the solution was



20 University of Koln, Germany). TlI1 (Biemans, H A M; Rowan, A E ;
Ver hoeven, A.; Vanoppen, P.; Latterini, L.; Foekema, J.; Schenning, A P.
H J.; Meijer, EE W; De Schryver, F. C.; Nolte, R J. M J. Am Chem Soc.

1998, 120, <o 112 (Arnold D. P.; Kennard, C H. : C W,
Pol yhedr onwéé%?égs ,59 10, 509; Arnold, D. P., Polyhedron M{os@%l;
Arnold, D. P., Polyhedron 1986, 5, 195495 B25 (D. de G oot et al., J. Am
Chem Soc. 2001, 123, 8453-58). The followi ng conpounds are comrercially
available: B7, B9, T1l, T14-T23 (ex Al dri c(gé. 30, Synt hesis of Bl

3- Hydr oxy RAOLEANEC (14 % 4C g, Faeshl YnREPRITe ASA T Fodi LSBAPFEBPT ed with tol uene
(3x5 ), Fikphbkstind:AURE (28 Huiondh G ml 6)  pse disyebnpdsin THE (40
m ) and the solution was WO 2004/ 103559 PCT/ EP2004/ 050906 _ 15 cool ed to -40
C. Freshl Y -pr &apbdiils) A2 ;2de phanagmphihof- PphodpR6Eochi dri di-tev@Ref. Bui snan,
G J. H: el Yeep b M A vodd OY.W bEgadbnetd@ 1agateoV 16, J. Kaner, P.
C. J.; van Leeuwen, P. W N. M7 Vogt, Dg Organonetal lics 1@97, 16, 5
2929) (9. 3 4P2ANdS - 8i B dlagedippoTyE (120 THE) (%%dﬂlgdéé@ GhidgePvispe cool i ng

bath was raipyed: and dhe SELULLAN ARG LANEL 0 1oHARER TR IgR FETPer at ur e,

stirring was contin our. The reaction mxture was filtered and
t he sol vernamv fporatred-empAratkren estofrriobuere/deakaneed /By 40hatiy - was added

to extractm10 Af J.l.trati t I ed in
vacuo, gi vil't}]’leg r%?%ﬁ‘.gr?lq%i)%ggea&’%iEtlelts%lgﬁdfgﬁ%ﬁht%h%g:lg&gﬁ %ga%'?ﬁ?ggéébrrpound was
prepar ed & miegorebefl fadmeBe/hexamey 1/85 (£P eshl wasr egde@dto extract

S)-3,.3 -hi ri l.sd.) vl ks ‘-his h ridite (ref.

b st~ i PrTEEY el b fefa{ U R D on P RASPRERSEN B CL WG Ty
Kamer, P. ®@cub,; gvaing Bl (5.4 g) as a white solid:

Synthesis of B2
This compound was prepared as described for Bl, using
15 freshly prepared (S)-3,3'-bis(trimethylsilyl)-2,2’-bisnaphthol
phosphorochloridite (ref. Buisman, G. J. H.; van der Veen, L.
A.; Klootwijk, A.; de Lange, W. G. J.; Kamer, P. C. J.; van
Leeuwen, P. W. N. M.; Vogt D., Organometallics 1997, 16,
2929). (Yield (66 %) as a white solid.

20
Synthesis of B3

3-Hydroxypyridine (0.95 g), azeotropically dried with

toluene (3x2 ml), and triethylamine (1.4 ml, 10 mmole) were

dissolved in THF (20 ml) and the solution was cooled to 0° C.

25 Freshly prepared 3,3’-5,5'-tetra-tert-butyl-1, 1’ ~bisphenol
phosphorochloridite (4.75 g, 10 mmole) was dissolved in THF
(20 ml) and added drop wise, stirring was continued for 10
minutes. The cooling bath was removed and the solution was
allowed to warm to room temperature, stirring was continued

30 for 1 hour. The reaction mixture was filtered and the solvent
evaporated. A mixture of toluene/hexane 1/3 (40 ml) was added
to extract the product. After filtration the solvent was

removed in vacuo, giving B3 (3.4 g) as a white solid.



Leeuwen, P. W N. M; Vogt D., Organonetallics 1997, 16, 2929). (Yield (66
%9 as a white solid. 20 Synthesis of B3 3-Hydroxypyridine (0.95 g),
azeotropically dried with toluene (3x2 m), and triethylamne (1.4 m, 10

nmol e) \Aer‘ggzﬁid“a&%g yed in THE (20 nl) and the sol uti O”GPWPS(?&R}()?O%JO 0 C 25

Freshly prepare -5,5 -tetra-tert-butyl-1, 1" -bisph

phosphorochloridite (4.75 g, 10 mol e) Mas di ssolved in THE (20 nl) and
added drop wi se, stirring was continued for 10 mnutes. The cooling bath
was rermv\%g,%nd thefﬁé%l tion was allowed to warmto roomtenperature,
stirring WASEERET A 0 for 1 hour. The reaction nixture was filtered and
the solvent evapormiiedcofiptuxd Was prepatdicre/ Hexantbed Fof4Bl nMysiw@s added

to extract_the_ product fter filtration the solvent s _.repoved in vacuo,
gi ving B3 f(”?.sg g)P%%Paée\ﬁs E o# élsnapgt@‘ﬁ- Pi?ispb"“?/%ﬁdﬂf%%%

PCT/ EP2004¢i3090%8 )6 asSynihese SsseifidBl0 Thi s conpound was prepared as
descri bed for B1, usi ng freshly prepared (R)-2,2'-bisnaphthol

phosphér ochloridite. Yield (78 %9 as a white solid. 5 Synthesis of

5- (3- hydr agoriviaeBYL) 0 A & -13-29xkbk gyl o, {7i20c Lk b YppedAnphyrin
3- Hydr oxybenzal deh ?Jle (%3598) a%rgl ben%al dehyde (15.8 )(p enﬂg);l)v\ere di ssolved in

750 m of (FiSi(BA PHEYTAAd heated till 10 reflux. Under an air flow and
vigorous stirring pyiﬁyér%x%éénéaiﬂehy%QS(m Q) Was Bedad RAgatheise ution

was refluxed for 1 hour he reaction m xture was cooled to 60 C and 100 nl
of netharf®h) were dtRRaiverhdnr 2af tilopinasorRtBEd asddr mrgheadedatild al | owi ng

the porgohyrdf k0 BRES RId alie- £T6f Jrﬁﬁ%&h@?oﬁg )Sttli'fr?cing pyrrole (14.4
ml, 208 mmole) was added and the solution was refluxed for 1
hour. The reaction mixture was cooled to 60° C and 100 ml of
methanol were added. The reaction was stored overnight at 4°
C, allowing the porphyrin to precipitate. The reaction mixture

15 was filtered and washed several times with methanol until the
filtrate was colorless. The porphyrin was purified using
column chromatography (basic alumina, CH,Cl,, upgrade 2 %
methanol in CH.Cl;), giving 1.09 g of 5-(3-hydroxyphenyl)-
10,15,20-tris (phenyl). The zinc porphyrin was prepared by

20 refluxing 5-(3-hydroxyphenyl)-10,15,20-tris (phenyl) in the

presence of excess Zn(OAc),.

Synthesis of Bl4
5-(2-hydroxyphenyl)-10,15,20~tris (phenyl)-zinc (IT)
25 porphyrin (1.59 g), azeotropically dried with toluene (3x5
ml), and diisopropylethylamine (4.0 ml, 23.0 mmole) were
dissolved in THF (80 ml) and the solution was cooled to 0° C.
Freshly prepared (S)-2,2’-bisnaphtol phosphorochloridite (0.73
g, 2.09 mmole) was dissolved in THF (20 ml) and added
30 dropwise, stirring was continued for 15 minutes. The cooling
bath was removed and the solution was allowed to warm to room
temperature, stirring was continued for 30 minutes. The
reaction mixture was filtered and the solvent evaporated. The

crude product was purified by flash column chromatography



15 was filtered and washed several tines with nethanol until the filtrate
was col orl ess. The porphyrin was purified using colum chronmatography
(basi c alum na, CH2Cl2, upgrade 2 % nethanol in CH2Cl2), giving 1.09 g of

5- (3- hydr %wh@ﬂé&g(s% 10, 15, 20-tri s(phenyl ). The zinc pgllgml?%w%og@%%pr epar ed

by 20 refl uxing - hydr oxyphenyl ) - 10, 15, 20-tri s(phen resence
of excess Zn(QOAc)2. Synthesis of B14 17
5- (2- hydroxyphenyl) - 10, 15, 20-tri s(phenyl)-zinc(l1) 25 porphyrin (1.59 g),

azeotroplc drled th toluene ( and dili ropyl et hyl am ne (4.0

, di-&d%) ahEPR S§§of" WA %§%Ot% Femdvg ?ﬁg %’g‘%’ 8% was cool ed
to 0 C thﬂﬁﬂxylppﬁipﬂyﬂin(S@iﬁhﬁb-Em4smapkﬂiﬂg)phssah@urpﬂdﬂmeddlte (0.73 g,
2.09 nmol e s dissolved in THE (20 m) and added 30 dropw se, stirring was

conti nued %Qﬁl 5 mnutes. The cooling bath was renoved and the sol ution was
allowed to warmto room tenperature, stirring was continued for 30 m nutes.
The reaction mxture was filtered and the sol vent evaporated. The crude
product® wadYHdtestse8f 82 F | ash col urm chr onat ogr aphy WO 2004/ 103559

PCT/ EP2004/ 050906 {1 sInd@bodhdOfh l@%ggr@a WY Bdsctiidd Hort @1upnove the
excess of hydroxyl por phyrin, givin 0.887 g).as a purple red solid.

5 Synt hesi%Sigld B3 TRAYSrIYRbSORE) Tk n@BaE%ﬁf(é@eH¥§Er¥¥ﬂﬁi or B14, using
5- (3- hydr oy Yh) - #0e1kp. (29- &§ i 54 mﬂwglgqm(sbud.porphyrl n. Yield (47 %

as a purple-red solid. 10 Synt esi s of
5- (2- Hydr oxyphenyl ) -10, 15, 20-tri s(phenyl)-zinc(ll) porphyrin (1.59 g, 2.30

nnnle)uﬁzeﬁhg iGal Ly gfg4ed with toluene (3x5 nl), and
di i sopropylethylamne (4.0 m, 23.0 mmole) were dissolved in THE (80 m)
and t he solution wab-(2- Hydroxyphenyl) -10,15,20~tris (phenyl)~zinc (II)

porphyrin (1.59 g, 2.30 mmole) azeotropically dried with
toluene (3x5 ml), and diisopropylethylamine (4.0 ml, 23.0
mmole) were dissolved in THF (80 ml) and the solution was

15 cooled to -40° C. Freshly prepared (S)-2,2’-bisnaphthol
phosphorochloridite (0.73 g, 2.09 mmole) was dissolved in THF
(20 ml) and added dropwise, and stirring was continued for 15
minutes, The cooling bath was removed and the solution was
allowed to warm to room temperature, stirring was continued

20 for 30 minutes. The reaction mixture was filtered and the
solvent evaporated. The crude product was purified by flash
column chromatography under argon (basic alumina; CHpCl;) to
remove the excess of hydroxyporphyrin, giving B16 (0.887 g) as

a purple-red solid.

# Synthesis of Bl7
This compound was prepared as described for Bl6,
using freshly prepared (R)-2,2’-bisnaphthol phosphoro-
chloridite. Yield (46 %) as a purple-red solid.
30

Synthesis of Bl8
This compound was prepared as described for Bl6,
using 5-(3-hydroxyphenyl)-10,15,20-tris{phenyl)-zinc(II)
porphyrin and freshly prepared (S)-2,2’-bisnaphthol
35 ‘phosphorochloridite. Yield (39 %) as a purple-red solid.



15 cool ed
phosphor o
added dro
was renov

to -40 C. Freshly prepared (S)-2,2'-bisnapht hol
chloridite (0.73 g, 2.09 mvole) was dissolved in THE (20

m) and

pwi se, and stirring was continued for 15 mnutes. The cooling bath

ewoamg,ﬁ)_gsggsol ution was allowed to warmto I OSSR G0

stirring was continued 20 for 30 mnutes. The reaction m xture was

and the

chr omat og
hydr oxypo
of B17 Th
pr epar ed

purple-re
descri bed

sol vent evaporated. The crudelfroduct was purified by flas

re,
filtered
h colum

raphy under argon (basic alum na; CH2Cl12) to renove the excess of
rphyrin, giving B16 (0.887 g) as a purple-red solid. 25 Synthesis

i s conpound was prepared as described for B16, wusing fres

hly

(PBnt2egis ERIFht hol phosphoro- chloridite. Yield (46 % as a

“ror bis, i3 RouESed Ras plseiieh GATHENEIRE BECRIRE Y

-zinc(Ill)

por phyri n wichgf fessiily prepared (8)-3232-bis GndpkthplsBEyljRra@spher ochl oridite.
9 | e-red id.,. 04/ 59, PCT/ EP2004/ 050906 18
boﬁsn%%é#%@%H&gﬁﬁgg%&dﬁ%pégﬁeé%g%eg&rﬁ)ead pfllgPl%i%‘? usi ng

Yield @?9
Synt hesi s
freshly p
phosphor o
This conp
B23 5-(3

10

15

20

25

30

reefddded (S)-3,3 -bis(trimethylsilyl)-2,2" 5 bi snapht hol
chioridite. Yield (51 %9 as a purple-red solid. Synthesis

of B22

ound was forned after oxidation with air of 10 B4. Synthesis of

-$wchexy phenyd2p- 10, 15, 20-tri s(phenyl ) -zinc(I11)

This compound was formed after oxidation with air of

B4.

Synthesis of B23
5-(3-Hydroxyphenyl)-10,15,20~tris (phenyl)-zinc(II)

porphyrin (1.23 g) azeotropically dried with toluene (3x3 ml),
and diisopropylethylamine (3.1 ml) were dissolved in THF (80
ml) and the solution was cooled to -40° C. Freshly prepared
PCl; (44 pl) was dissolved in THF (10 ml) and added dropwise,
and stirring was continued for 15 minutes. The cooling bath
was removed and the solution was allowed to warm to room
temperature, stirring was continued for 2 hours. The reaction
mixture was filtered and the solvent evaporated. The crude
product was purified by flash column chromatography under
argon (silica; toluene) to remove the excess of hydroxy-

porphyrin, giving B23 (0.341 g) as a purple-red solid.

Synthesis of B27

0.50 g (0.616 mmole) of 4,5-di(diphenylphosphine)-2-
pentyl-7-bromopentyl-9, 9-dimethyl-xanthene were dissolved in
15 ml of THF. Under argon the solution was transferred into a
100 ml autoclave. After addition of 20 ml of liquid NH;, the
autoclave was stirred and heated at 70° C overnight. THF was
removed in vacuco and the residue was dissolved in 20 ml of DCM
(dichloromethane) and hydrolyzed with 10 ml of water. The

organic layer was separated and dried over MgSOs. White solids



porphyrin (1.23 g) azeotropically dried with toluene (3x3 m), 15 and
dii sopropylethylamne (3.1 m) were dissolved in THF (80 nl) and the
sol ution was cooled to -40 C. Freshly prepared PC13 (44 pl) was dissol ved

in THF (10w Joegssadded dropwi se, and stirring was copérfm?/gsﬁgww
m nutes. The cooling bath was renoved _and the sol uti on was aﬁowed to warm

to room 20 tenperature, stirring was cdftinued for 2 hours. The reaction
m xture was filtered and the sol vent evaporated. The crude product was

pur 1 ed, Wtrb! 850 GRI4IR. O AAAGEARRY 4MRhe BRORLAST hhETy § Oiene) o

remove the excess rin, giving B23 (0. 341 as a
purple-red-solid. 25 Synthesis of B27 0.50 g (0.616 nmol e) of

4, 5-di (di phenyl phosphi ne) -2- pentyl -7-bronopentyl -9, 9-di i net hyl - xant hene
were dissolved in 15 m of THF. Under argon the solution was transferred
into a 30 Sy@@hebiauwO®24ve. After addition of 20 ml of |iqui d NH3, the

aut ocl ave tirred d hgat ed 0.C ern T ved in
vacuo §nd T‘Mﬁé ?%jélll die %gs d?gs%lor‘ag'zi; * PQ%CI\}? d(_ﬁga %ﬁl or t hane) and
hydr ol yzed seicyhndtbadetatewas ee . adbeel . Bf |sn:JJrayaq weesrrsighar at ecoand dri ed
over MgSO4. White sol i 2004/ 103559 P2004/ 05 6 __19 were obtained
after re%}C Sr?ﬁér &I\?eﬁg\g’%n?/aw 0° W%ﬁfge(ﬁla%ge Pr%‘g%%qhé’éfs of B24 5 To a
sol ution m‘edityaﬁaglﬁedBZ'ZomnDdIO/péntBﬁ:M afid G3&hitkteesdyid wasoopanhiahcet at e
wer e added. ter stirri room erature the solvent was
evapor at e ‘ﬁﬁlé ?%ﬁiﬁ%\gsd%§ HSF‘FQe"’H 8%11 ‘{)(Lehﬁ‘tg aﬁ%‘£ white
sol i d 1vas ((mB&Bnﬁﬁble?mdndnSﬁDHVa&Cbﬁ Wwa§ BdddiE Afeewhsetrsingol ution of 15.0 ny
NaCOH 10 375 4 mM water After,stirrin overni ght the
THE vas SVBBSPABEN Ui TR B VI ARt A Ylis reacticn mixtlfe Va8

neutralized by addition of 2 ml 0.44 M aqueous HCl. The

solvent was decanted and the crude product was washed with

water. After recrystallization from chloroform 0.136 g of a

15 white powder was obtained.

Synthesis of B28
3-Aminopyridine (0.82 g, 8.7 mmole), azeotropically

dried with toluene (3x2 ml), and triethylamine (1 ml, 8 mmole)

20 were dissolved in THF (40 ml) and the solution was cooled to 0°
C. Freshly prepared (S)—2,2;—bisnaphtol phosphorochloridite
(ref. Buisman, G. J. H.; van der Veen, L. A.; Klootwijk, A.;
de Lange, W, G. J.; Kamer, P. C. J.; van Leeuwen, P. W. N. M.;
Vogt D., Organometallics 1997, 16, 2928) (from 1 g of (S)-

25 (-)2,2’-bisphenol and 0.76 g of PClsy and 1.4 g of Ets;N) was
dissolved in THF (20 ml) and added dropwise. The cooling bath
was removed and the solution was allowed to warm to room
temperature, and stirring was continued for 2.5 hour. The
reaction mixture was filtered and the solvent evaporated,

30 giving B28 (1.3 g) as a white solid.

Synthesis of B29

199 mg (0.856 mmole) of hydroxymethyldiphenylphosphine oxide

(prepared as described by R.S. Marmor in J. Org. Chem. 1969,
35 34, 748) were azeotropically dried on toluene (3x2 ml) and



neutralized by addition of 2 ml 0.44 M aqueous HClL. The solvent was
decanted and the crude product was washed with water. After
recrystallization fromchloroformO0.136 g of a 15 vvhi te powder was

obt ai ned. Wpotw@bsse of B28 3- Ami nopyridine (0.82 g, tf?‘fﬂz%%/o{%m

azeotropically dried with toluene (3x2 m), and tri ethy am ne
nmole) 20 were dissolved in THE (40 n125) and the solution was cool ed to 00
C. Freshly prepared (S)-2,2'-bisnaphtol phosphorochloridite (ref. Buisnan,

G J. Hj s‘ﬁBQe&'@ént\i‘?/eau.sEol@éd 1|ﬂ qgtl‘ﬁftl& iF and€l LANGE, EWN .CGatJoe Kaner, P.
C. J.; van Leelwen, "P. Organonetal | i cs 1997, 16,

2929)(fror‘ﬁ 2 gob#ticy) 0252§0)rmg Q. H|1§pmwcﬂ> 8l df el RFEPPEAd GNd 1.4 g of
Et 3N) was 5 di sgpétmagﬂ pug ﬁl?&rdgl'%loiiﬂ&ilﬁedqﬁd1ngRPV\51.SGi‘HFTQ§s coQl199 bath

was rem)ved an I oONn was [owed to warmto room t enper atur e, and
stirring wasledowr itheedehotion Snirhwre. Thee nesadting miztureevwads filtered and

t he solkve Q‘é é_t 30,9 S d o] ynt hesi s
of 829519 lﬂ% 6%%17& g} %{&Eqﬁrﬁ ggff%%‘%% gflgh%?lx%ogs |%1Jéﬂoexrle§e

(prepar ed aast dbsc:fqlty@dttbywézrs rdmvmdr undﬁn] re@n ed@msux%%fte}s 34, 748)
wer e azeot,r i e 20 559

hoT! EpsoodreehER s ugégfc‘]u’é&w Sehilfcdlaked MO SRMEENRT | L

Et SN. At @btathed gpinet eesnaovh 250 smldoxiﬂa’idmﬁlze)m@)‘ freshly prepared (S)-

2, 2' - bi snapht ol phosphorochloridite in 10 mMl of THE was slowy added to the

reaction mxture. The resulting mxture was 5 stirred for 24 h at room
t enpenat urSyntkbeismod w3® was filtered and the soI vents were renoved under

broduct neg? Bt (ed SguPBLE) o BEeLol Tar Ty TeP AL S5 1BF RO SN hesi s of
B30 as described by H.K. Hall in J. Am. Chem. Soc. 1958, 80, 6409)
was azeotropically dried on toluene (3x2ml) and suspended in
20 ml of THF and 2 ml of EtsN. A solution of 500 mg (1.43
15 nmmole) of freshly prepared(R)-2,2’-binaphtol phosphochlorodite
in 10 ml of THF was slowly added at 0° C. The resulting
mixture was stirred for 18 h at room temperature. Upon
removing the THF under reduced pressure, after filtration, the
product was obtained as a white solid. The product was
20 purified upon rapid extraction in hexane/methanol (Yield: 253

mg) .

Synthesis of B31
97 mg (1.31 mmole) of methyl ‘urea was azeotropically dried
25 over acetonitrile (3x3 ml) and kept under vacuum overnight in
the presence of P;0s5. A solution of 309.4 mg (0.882 mmole) of
freshly prepared (R)-2,2’-bisnaphtol phosphochlorodite in 10
ml of THF was slowly added to a solution of the methyl-urea in
10 ml of THF and 1 ml of Et3N at 0° C. A white precipitate was
30 immediately formed. The resulting mixture was stirred for 18 h
at room temperature, filtered and concentrated to dryness
under reduced pressure. The product was obtained as a

colorless solid. The product was purified by dissolution in



182.6 mg (1.427 mmole) of N-acetyl-2-imdazolidone (prepared as described
by HK Hall inJ. Am Chem Soc. 1958, 80, 6409) was azeotropically dried
on toluene (3x2ml) and suspended in 20 m of THE and 2 ml of Et3N. A

sol ution 1.43 15 mmol e) of freshly prepared(R); ' ~hi.napht ol
phosphochﬁicl)(r)g@igltl@&fn 10 M of THE was slowy added at Q’gﬁ/%?@ﬁge{b&gsul ting

m xture was stirred for 18 h at room téhkperature. Upon renpving the THE
under reduced pressure, after filtration, the product was obtained as a

white sol id. Liie n 'g%ftr { N 4

hexane/ rrett%e%ﬁg 8(%{0‘;%&?&%@? gn%)apgg‘b% h%écilﬁgl(ao? rfglgél mj?%igl 31r?rriml e) of
met hyl ure@)was azeotropically dried 25 over acetonitrile (3x3 m) and kept
under vacuum overnight in the presence of P205. A solution of 309.4 ny

(0.882 nmole) of freshly prepared (R)-2,2'-bi snaphtol phosphochlorodite in
10 m of ShdEhesss sdfOW3P added to a solution of the nmethyl-urea in 10 m of

THE and 1 of at 0 it recipitate was .30 imedi ately formed.
The regul t%réllggmﬂi E‘ﬁﬂel M?lé i%gjlnﬁegpgiié&h&ygtls?%?ﬁﬁteenﬁgfgt ure, filtered
and concentooaivbsle taxldbdynesa suspdeisioadofeabpBengul . 34Mhempledust was

obt ai ned a,.colorless solid. -The product,, urified by dissolution in
V0 2004 1038585 BT EBSuRRTBRETbER 207 BbI Therst B aEHE AN bt S e hml | aount
of hexane.teffeehtir80Themgdsuyitihasksusé WB32 for2ler nrifted4formms e) of
(1341 o 6 5o (CCRBREFENES - sHBRear ToLe FED8VAR 11 CAPETTet hane at
room ipenpeakure. A hE dhe@subhétthnd %buhei ol dhehgfodidt Wad wo4hell8 h at
room tenperature, Solvents were renpved under reduced 10 pressure. A

di chl or onetFanBLE ot Gn 18F EELSodGet SN ipgshegied on MgSOs and

isolated under reduced pressure. (Yield: 352 mg).
The obtained product 1-(1R,2S)-2-hydroxy—l-methyl-2-

phenylethyl-3-(3-methoxyphenylurea) was dried on toluene

15 (3%x3ml) and dissolved in 10 ml of THF and 1 ml of Et3N was
added. To this clear solution, a solution of (R)-2,2'-
bisnaphtol phosphochlorodite in 10 ml of THF was slowly added
at 0° C. The resulting mixture was stirred for 18 h at room
temperature, filtered and concentrated to dryness. The pioduct

20 was obtained at a colorless solid. (Yield: 299 mg).

Synthesis of T12
According to a similar procedure as described by
Arnold D. P.; Kennard, C. H. L.; Mak, T. C. W., Polyhedron
25 1991, 10, 509; Arnold, D. P., Polyhedron 1990, 9, 1331;
Arnold, D. P., Polyhedron 1986, 5, 1957, potassium carbonate
(800 mg) and 5,10,15,20-tetrakisphenyl dichlorotin(IV)
porphyrin (280 mg) were dissolved in a mixture of 150 ml of
THF and 40 ml of water and heated at reflux for 3 hours. The
30 organic solvent was removed and the aqueous layer was
extracted with 100 ml of dichloromethane. The organic layer
was washed with water (2x80 ml) and then dried over anhydrous
sodium sulfate, filtered and then the solvent was removed to

give the crude product, which was then recrystallized from



(3x5 M) with a 10% aqueous HCl solution, dried on MgSO4 and i sol ated under
reduced pressure. (Yield: 352 ng). The obtai ned product
1- (1R 2S) - 2- hydr oxy-| - net hyl - 2- phenyl et hyl - 3- ( 3- met hoxyphenyl ur ea) was

dried on tg %-(ﬂ 0358 (3x3nm) and dissolved in 10 nl of Eﬁﬁm";ﬂﬂ‘ﬁ% of Et3N

was added. I's clear solution, a solution of (R)-2, brsnap
phosphochl orodlte in 10 M of THE was 2wy added at 0 C. The resulti ng
m xture was stirred for 18 h at room tenperature, filtered and concentrated

to dr ynesshegﬁ%/gg&?iﬁg%%%g\rég?ng{){@ @%d?f‘;ﬁ arl%ol(%gdﬁgessﬁl%l d g(Yield: 299

ng). Synthesis o roce as descrl bed by
Arnol d D. metaldénnpuxhleCeriisthliimdalsolid. C. W, Pol yhedron 25 1991, 10,
509; Arnold, D. P., Polyhedron 1990, 9, 1331, Arnold, D. P., Pol yhedron
1986, 5, 1957, potassium carbonate (800 ng) and 5,10, 15, 20-t et r aki sphenyl

di chl orotiﬂ(u’at\@eswoophym n (280 ng) were di ssol ved in a m'xture of 150 m of

THE f d heated at 3 h 0
Sol vent® vas 1 enpved i ERECHICH FEAVEF S CSREFARTLd % Eh100 M of

di chl or oneudtiane théheras garseC ahayegue \MSTMSmacémmtsh water M.2X86wam,) and t hen
dried over ag?yd(,ous sodi | f at e, %agcqc[ and.then the sol vent was
removed to Fﬁléo%‘f%eli‘pro ﬁ’&?pp%i‘n HeRir etr i FORFM3ed from WO
2004/ 103559. PGHheRz 004/ GR0Q6H. 22. h@&ealjekﬂlmhlmrotmet baney¢el/,1F.to. gi ve T12

(242 mg, 91%, as_a _netallic | e crystal esolld thesis of T13 5
Thi s conpo %%%3 pY egared - aég‘de BeRHERE or 120 ;'11}%/ e *ree base

anal ogLe o&tdidingBnep@isal HaoAs) Mis Rpwaple Aalla Ver hoeven A.; Vanoppen,
P.; Latterini, L.; Foekema, J.; Schenning, A P. H J.; Meijer, E. W; De

Schryver, F. C; Nolte, R J. M, J. Am Chem Soc., 1998, 120, 11054) as
Synthesis of T24

DAB-dendr- (NHz)4 (N,N,N',N'~tetrakis (3—-aminopropyl) -
1,4-butanediamine; 0.12 g (Aldrich)) was dissolved in
15 dichloromethane (5 ml), 3~ (triethoxysilyl)propylisocyanate
(0.34 g) was added and the mixture was stirred for 2 hours.

After evaporation of the solvent the compound was isolated
(Yield 76.9 %).

20 Synthesis of T25
T25 was obtained after refluxing a suspension of T24

and silica in toluene for 5 hours.

Synthesis of T26

25 T26 was prepared using a similar procedure as for
T25.

Synthesis of T27-T32, T38
We used a modified procedure taken from O’Conner,
30 M.J.; West, B.O., Aust. J. Chem., 1967, 20, 2077: To a
solution of the salicylaldehyde (2 eq) and ortho-
phenylenediamine (1 eq) in methanol (40 ml) was added a
solution of zinc acetate dihydrate (2 1 eq) and triethylamine

(2-4 ml). The mixture was stirred at room temperature for 18



10 starting material (89 %9 as a purple solid. Synthesis of T24
DAB-dendr-(NH2)4 (N, N, N , N -tetraki s(3-am nopropyl)- 1, 4-butanedi am ne; 0.12
g (Aldrich)) was dissolved in 15 dichl oromethane (5 m),

3-(triet hoxy3ssdsdbssgy opyl i socyanate (0.34 g) was added pfigkphét@/ostodd Ur € was
stirred for 2 hours. After evaporatiop,of the solvent the conpound was

isolated (Yield 76.9 % . 20 Synthesi SE%f T25 T25 was obtai ned after
refl uxi ng a suspension of T24 and silica in toluene for 5 hours. Synthesis

of T26 25hT26ha\asroifueRawgsl diiisRGuantl i ils¥1aPE@CRHWi0 ta8tio anl5. Synthesis
of T27-T32, T38 We used a nodified rocedure taken from O Connor, 30 M J.

Vést | .Odrl%@stTypjcaéhéﬁ?latf@GYleéﬁ 5bg7290TH a solution of the

sal i cyI al dehyde (2 eg)iand e@@};{@@é phenyl enedi amine (1 eq) in nethanol (40
m ) was added a solution of zinc acetate dihydrate gZ 1 eq) and

triethyl anine (2-44nPyDiciHerarerehenyigaedianing @ 3fodm2efperature for 1B
WO 200%“%@5@1 fr a’sEﬁgQQQLQ —s§§1&1a-|i*21%h959dk‘fto4"‘%s gubseghanyly

i sol ated by fi tion and rired pical i5olated yireld 57 - 100 % Typi cal
exanpl e T#ere mixpdyighMePB- b'iqohrérhyl @h@duaarmﬁét{-mssf @n(QA%z BHafol e),

3,5-di-ter To gytglscﬁ'sa;l 3 mﬁl’%@%%"?z‘% % %84%&;@@110%& mxed in McOH

(50 m). hen ution 273mme) in McCH (5
m) was addditien |cfivegabyNEddBt bh. dfhenmart h Jras3 sl yred T rihﬁxbure was

stirred f ?% e r
col | ect ed%rlg @%’Qf? e:}ictgl:egnr:lé ?/jlr%égl g;qttﬂ ég&%ﬂ% %%?%&F an or ange
solidl0 flltratlon Drying in vacuo afforded 0.83 g of an orange solid

(1.23 mmole, 57 %).

| Synthesié of T33-T37
Modified reaction procedure as described for T27-
15 T32: salicylaldehyde and salicylidene(l-iminophenylene-2-
amine) (Munoz-Hernandez, M.A.; Keizer, T.S.; Parkin, S.;
Patrick, B.; Atwood, D.A., Organometallics, 2000, 19, 4416)

were mixed in a 1:1 ratio and a solution of zinc acetate

dihydrate (2 1 eq) and triethylamine was added. The mixture was

20 stirred at room temperature for 18 h. The product was
subsequently isolated by filtration and dried. Typical
isolated yield 57 - 100 %

Formation of the ligands and compléxes by assembly of the
25 building blocks
The ligands and complexes were formed by just mixing
in solution the building blocks, templates, and metal
precursors in the réquired ratios. In the following table 1
some examples of complexes that have been prepared in this

30 manner are listed (see Charts II and III for structures).
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T.S.;
4416)

18
|fal
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57 %9 . Synthesis of T33-T37 Modified reaction procedure as

Kei zer,

Or ganonetggy B, 19,

fe mixture was 20 stirred at
subsequently isolated by filtration

100 % Formation of the |igands and
25 bui l ding bl ocks The |igands and conpl exes

di hydrate
room

were fornmed by just ﬁlXIng in sglutlon t he bU|Id|ng bl ocks, tenplates, and
gg;ﬁ{)l egrgfL conp?e Euijfﬁ ?5 ;gf\l/ief%ied LT‘pe 63%( p%ﬁ B%élyrﬁal;nteﬂrea}e Isiorsrfed
(see ChartsLLlDﬁpg Ihhodkoﬂ i?fmeEZ s) . WD 2( i084é958202 123
IaglleBi $|m T Bh ;”|3'§BEW C TiBkn T2 T2 Rh 5 B4
B4 T3 T3 Rl 62B4 B4 TA3T4 R Bg3B5 |BS 1 Ti |Rh 78 B5{B5RR2 T2 Rh 9 B5 B5
T3 T3 Rh 10-B5-B5+H4 T4 Rh

3 B4 B4 Tl Tl Rh

4 B4 B4 T2 T2 Rh

5 54 B4 T3 T3 Rh

6 B4 B4 T4 T4 Rh

7 BS B5 Tl Tl Rh

8 BS BS T2 T2 Rh

9 B5 BS T3 T3 Rh

10 BS BS5 T4 T4 Rh

11 B2 B2 T1 T1 Rh

12 B2 B2 T2 T2 Rh

13 B2 B2 T3 T3 Rh

14 B2 B2 T4 T4 Rh

15 B2 B2 T5 T5 Rh

16 B2 B2 T6 T6 Rh

17 B7 - T1 -~ Rh

18 B7 - T5 - Rh

19 B7 - T6 - Rh

20 B3 B3 T9 TS Pd

21 B4 B3 T9 T9 Pd

22 B5 B5 T7 T7 Pd

23 B5 BS T8 T8 Pd

24 B5 BS T9 T9 Pd

25 B5 BS T10 T10 Pd

26 B6 B6 Tl T1 Pd

27 B8 - T10 - Pd

28 B8 - T10 - Pd

29 BS B5 T11l - Rh




11 B2 B2 TL TL Rh 12 B2 B2 T2 T2 Rh 13 B2 B2 T3 T3 Rh 14 B2 B2 T4 T4 Rh
15 B2 B2 T5 TS Rh 16 B2 B2 T6 T6 Rh 17 B7 - T1 - Rh 18 B7 - T5 - Rh 19
B7 - T6 - Rh 20 B3 B3 T9 T9 Pd 21 B4 B3 T9 T9 Pd 22 B5 B5 T7 T7 Pd 23 B5
BS5 T8 T8 Rlo2@d/n¥EsB5 T9 T9 Pd 25 B5 B5 T10 T10 Pd  26BapBfabdedd Pd 27
Be - T10 - Pd 28 Be - T10 - Pd 29 B5 B5 T1l - Rh WD 2004/ 103559

PCT/ EP2004/ 050906 25 30 Bi Bl T11 - RA> 31 B10 B10 Ti Ti Rh 32 B10 B10 Til

Rh 33 BL BLTi Tl Pd 34 Bi Bl TIi - Pd 35 B10 BIO Ti Ti Pd 36 B10 BLO
R 40 B12 R1r iio T12b 1 ohs bib IR T d | MR Of e T2 T
31 B10 B10 T1 ) Rh
32 B10 B10 T11 Rh
33 B1 B1 T1 T1 Pd
32 B1 B1 T11 - Pd
35 B10 B10 T1 T1 Pd
36 B10 B10 T11 - Pd
37 B11 B11 T12 T12 Rh
38 B11 B11 T12 T12 Pt
39 B12 B12 T12 T12 Rh
20 B1Z B12 T12 T12 Pt
11 B13 B13 T12 T12 Rh
12 B13 B13 T12 T12 Pt
13 B11 B11 T13 - Rh
14 B1L B11 T13 - Pt
15 B12 B12 T13 - Rh
16 B12 B1Z T13 - Pt
17 B13 B13 T13 - Rh
18 B13 B13 T13 - Pt
29 B14 B4 - - Pd
50 B15 B4 - N
51 B16 Y - - Pd
52 BL7 B4 - - Pd
53 B18 B4 - = Pd
54 B19 B4 = - Pa
55 B14 BS - - Pd
56 B1E BS = - Pd
57 B16 B - - Pd
58 BL7 B5 n - Pd
59 B18 BS n n Pd
60 B19 BS . . Pd
61 B14 B6 - - Pd
62 B15 B6 - . Pd




42 B13 B13 T12 T12 Pt 43 Bl11 B11l T13 - Rh 44 Bl11 B11l T13 - Pt 45 Bl12 B12
T13 - Rh 46 Bl12 B12 T13 - Pt 47 B13 B13 T13 - Rh 48 B13 B13 T13 - Pt 49

Bl4 B4 - - Pd 50 BI5 B4 - - Pd 51 B16 B4 - - Pd 52 Bl7 B4 - - Pd 53 B18
B '5§d§?§4%gﬁ@m§ﬂpa _sgdslgSBglfl e _65d5136521? ?%;gmMgﬁﬂﬁH§73§l? "
62 B15 B6 - - Pd WD 2004/ 103559 PCT/ EP2904/ 050906 26 63 B16 B6 - - Pd 64
Bl7 B6 - - Pd 65 B18 B6 - - Pd 66 B19 B6 - - Pd 67 Bl4 BL - - Pd 68 B15
BL - - Pd (696 Bt—gye P74 BBt ——Pg—7+ B8 Bipg—Pd 72 B19 BL -

64 B17 B6 - - Pd

65 B18 56 - . Bd

66 B19 B6 - - Bd

&7 B14 B1 - - ?d

68 B15 B - - Bd

69 B16 B - - 2d

70 B17 Bl - - Pd

71 B18 B - - B

72 B19 Bl - - Pd

73 B1l4 B10 - - Pd

74 B15 B10 - - Bd

75 B16 B10 - - Pd

76 B17 B10 m - Bd

77 B18 B10 - - Bd

78 B19 B10 - m Bd

79 Bl4 B2 - - Pd

80 B15 B2 - - X

81 BL6 52 - - Pd

82 BL7 B2 - - Bd

83 B18 B2 - - 5d

84 B19 B2 - m Pd

85 B14 B20 - - Bd

86 BL5 B20 - - Bd

87 Bl6 B20 - - Pd

88 517 520 - - B

89 B18 B20 - - Pd

30 B19 520 . . B

o1 B14 B21 - - B

53 B15 821 - - Bd

93 B16 B21 . - Bd

92 B17 521 - - Bd

95 B18 B21 . - Bd




73 B14 B10 - - Pd 74 B15 B10 - - Pd 75 Bl16 B10 - - Pd 76 B17 B10 - - Pd

77 B18 B10 - - Pd 78 B19 B10 - - Pd 79 B14 B2 - - Pd 80 B15 B2 - - Pd 81
Bi6 B2 - - Pd 82 B17 B2 - - Pd 83 B18 B2 - - Pd 84 B19 B2 - - Pd 85 Bl14
Bo0 . . pavoBEhIsES0 T T D0 1 Bl4 boi . . Pd o5 orCTEBfwweset 03 D12
B21 - - Pd 94 B17 B21 - - Pd 95 B18 B?1 - - Pd WO 2004/ 103559
PCT/ EP2004/ 059906 gz 9§n5194_8’2}m; - PanQLBl4DI?§2h; - Pd H98 B15 B22 - -
_F>dpd991(|§§6éTZL_C,B(il T i i a B = 102 B19 B22 -

97 R14 B22 - - Pd

98 B15‘ B22 - - Pd

99 Blé6 B22 - - Pd

100 B17 B22 - - Pd

101 B1l8 B22 - - Pd

102 B19 B22 - - Pd

103 B1l4 B4 - - Rh

104 B15 B4 - - Rh

105 Blo B4 - - Rh

106 B17 B4 - - Rh

107 B18 B4 - - Rh

108 B19 B4 - - Rh

109 Bl4 B5 - - Rh

110 B15 B5 - - Rh

111 Bl6 B5 - - Rh

112 B17 B5 - - Rh

113 B18 B5 - - Rh

114 B19 B5 - - Rh

115 Bl4 B6 - - Rh

116 B15 B6 - - Rh

117 Blé6 B6 -~ - Rh

118 B17 B6 - - Rh

119 B18 B6 - - Rh

120 B19S B6 - - Rh

121 Bl4 Bl - - Rh

122 B15 Bl - - Rh

123 Bl6 Bl - - Rh

124 B17 Bl - - Rh

125 B18 Bl - - Rh

126 B19S Bl - - Rh

127 B14 B10 - - Rh

128 B15 B10 . - - Rh




104 B15 B4 - - Rh 105 B16 B4 - - Rh 106 B17 B4 - - Rh 107 B18 B4 - - Rh
108 B19 B4 - - Rh 109 Bl14 B5 - - Rh 110 B15 85 - - Rh 111 B16 B5 - - Rh
112 B17 B5 - - Rh 113 B18 B5 - - Rh 114 B19 B5 - - Rh 115 Bl14 BE - - Rh
116 B15 B6 - - Rh 117 B16 B6 - - Rh 118 B17 36 - - Rh 119 B18 B6 - - Rh
120 B19 BAVQ2004/4#3559121 B14 Bl - - Rh 122 B15 Bl - - RERCTERPOEINI®L - - Rh
124 B17 Bl - - Rh 125 B18 Bl - - Rh 386 B19 Bl - - Rh 127 Bl4 B10 - - Rh
128 B15 B10 - - RO ----m-mmmmmoe mmeeao oo ---- --- WD 2004/ 103559
PCTI EP2004/ 050906 28 129 B16 B10 - - Rh 13Q B17 B10 - - Rh 131 B18 B10O -
- Rh 132 B191B%0 { - BRe 1B3 B14 B2 - --Rh ~ Rh

130 B17 B10 - - Rh

131 B18 B10 - - Rh

132 B19 B10 - - Rh

133 B14 B2 - - Rh

134 B15 B2 - - Rh

135 B16 B2 - - Rh

136 B17 B2 - - Rh

137 B18 B2 - - Rh

138 B19 B2 - - Rh

139 B14 B20 - - Rh

140 B15 B20 - - Rh

141 Bl16 B20 - - Rh

142 B17 B20 - - Rh

143 B18 B20 - - Rh

144 B19 B20 - - Rh

145 B14 B21 - - Rh

146 B15 B21 - - Rh

147 B16 B21 - - Rh

148 B17 B21 - - Rh

149 B18 B21 - - Rh

150 B19 B21 - - Rh

151 B14 B22 - - Rh

152 B15 B22 = - Rh

153 B16 B22 = = Rh

154 B17 B22 = z Rh

155 B18 B22 = - Rh

156 B19 B22 - - Rh

157 B18 B18 T19 - Rh

158 B18 B18 T16 - Rh

157 B18 B18 T20 z Rh

158 B18 B18 T18 - Rh

159 B18 B18 T19 - Pd




134 B15 B2 - - Rh 135 B16 B2 - - Rh 136 B17 B2 - - Rh 137 B18 B2 - - Rh
138 B19 B2 - - Rh 139 B14 B20 - - Rh 140 B15 B20 - - Rh 141 B16 B20 - -
Rh 142 B17 B20 - - Rh 143 B18 B20 - - Rh 144 B19 B20 - - Rh 145 Bl4 B21
146_B15 B21 - - Rh 147 B16 B21 - - Rh 148 B17 B21 - - Rh 149 B18
B21 - - RYVOIMHBEY o1 - - Ry 151 Bl4 B22 - - Rh  15PCHEE2088650906. Ry 153
B16 B22 - - Rh 154 B17 B22 - - Rh 1559B18 B22 - - Rh 156 B19 B22 - - Rh
157 B18 B18 T19 - Rh 158 B18 B18 T16 - Rh 157 B18 B18 T20 - Rh 158 B1B

1318 T18 - Rh 159 B18 B18 T19 - Pd WD 2004/ 103559 PCT/EP2004/ 050906 29 160
B18 B18 T1d - 168 161 B3B3 B8 B20 - |Pd Ti1%2 B18 B18 T{8 PdPd
161 B18 B18 T20 - Pd
162 B18 B18 T18 = Pd
162 B23 B23 T14 Z Rh
163 B23 B23 T15 = Rh
164 B23 B23 T16 = Rh
165 B23 B23 T17 - Rh
166 B23 B23 T18 Z Rh
167 B23 B23 T19 - Rh
168 B23 B23 T20 . Rh
169 B23 B23 T21 = Rh
170 B23 B23 T21 = Rh
171 B14 B14 = - Rh
172 B15 B15 = - Rh
173 B16 B16 = = Pd
174 B17 B17 - = Pd
175 B18 B18 - - pd
176 B24 B24 T24 - Pd
177 B24 B24 T24 = Rh
178 B25 | B25 T24 = Pd
179 B25 B25 T24 - Rh
180 B26 B26 T24 - Pd
181 B26 B26 T24 - Rh
182 B24 B24 725 - Pd
183 B24 B24 T25 - Rh
184 B25 B25 T25 = Pd
185 B25 B25 T25 - Rh
186 B26 B26 T25 Z Pd
187 B26 B26 T25 = Rh
188 B27 = T26 - Pd
189 B27 Z T26 = Rh
190 B5 = T26 . Pd
191 B5 = T26 = Rh




B23 B23 T14 -

Rh 163

Rh 166 B23 823

169 B23 B23 T21 -

Bl 816 ;
B24 $§%’ %H”S 77 B4

Rh 180 B26 B26 T24
B24 B24 T25 -

T18 -

Rh

B23 B23 T15 - Rh
Rh 167 B23 B23
170 B23 B23 T21 -
Pd 174 Bl17 B17 -
B24 T24 -

178 B25

Pd 181 B280B26 T24 - Rh

164 B23 B23 T16 -
T19 -
Rh 171 Bl14 Bl14 -
- Pd 175 B18 B18 -

Rh 184 B25 B25 T25 - Pd 185 B25 B25 T25 -
Pd 187 -B26.B26 5 - Ph 188 B27 - T26 - B 189 B27 -
de 19%d |1918%B5 -| T26-- WF 204/ 103559 PCT/ EB20(
0 1980 B7 - T26 - Rh
194 "B26 B4 - - Pd
195 B26  B6 = = Pd
196 B26 B21 = = Pd
197 B10 Bll - - Pd
198 B10 B12 - - Pd
199 B10 B13 = = Pd
200 B10O B1l1l - - Rh
201 B10O B12 - - Rh
202 B10 B13 - = Rh
203 B10 B26 = - Pd
204 B25 B30 - - Rh
205 B31 B30 - - Rh
206 B32 B30 - - Rh
207 B33 B30 - - Rh
208 B34 B30 - - Rh
209 B35 B30 = = Rh
210 B25 B28 = - Rh
211 B31 B28 - z Rh
212 B32 B28 - - Rh
213 B33 B28 - - Rh
214 B34 B28 - - Rh
215 B35 B28 = n Rh
216 B25 B29 - - Rh
217 B31 B29 - - Rh
218 B32 B29 - - Rh
219 B33 B29 - - Rh
220 B34 B29 - - Rh
221 B35 B29 - = Rh
222 B4 B4 T27 T27 Rh
223 B4 B4 T28 T28 Rh
224 B4 B4 T29 T29 Rh

165 B23
Rh 168 B23 B23 T20 -
Rh 172 B15

B25 T2XCTERY04/40¥6p55 Bosg
182 B24 B24 T25 -
Rh 186 B26

4/ 050906 30



193
197

B30 -
B32
216

T28

B7 - T26 - Rh 194 B26 B4 - - Pd 195 B26 B6 - - Pd 196 B26 B21 - - Pd
B10 Bll - - Pd 198 B10 B12 - - Pd 199 B10 B13 - - Pd 200 B10 B11 - -
201 B10 B12 - - 202 B10 B13 - - Rh 203 B10 B26 - - Pd 204 B25 B30
" éWO%éﬂﬁ%% B30 - Rh 910 B25 28 - - Rn' o1 PCRRPRE F° D00
B28 - - Rh 213 B33 B28 - - Rh 2181834 B28 - - Rh 215 B35 B28 - - Rh
B25 B29 - - Rh 217 B31 B29 - - Rh 218 332 B29 - -rnRhToz1%}183225234-B;l
228 no [ 52250 b1 o Tho BT w0 2002??03223'E%%?EP;65%/Sép906
B4 B4 T31 T31 Rh

227 B4 B4 T32 T32 Rh

227 B4 B4 T33 T33 Rh

228 B4 B4 T34 T34 Rh

228 B4 B4 T35 T35 Rh

229 B4 B4 T36 T36 Rh

230 B4 B4 T37 T37 “Rh

240 B4 B4 T38 - Rh

241 " B5 B5 T27 T27 Rh

242 B5 B5 T28 T28 Rh

243 B5 B5 T29 T29 Rh

244 B5 B5 T30 T30 Rh

245 B5 B5 T31 T31 Rh

246 B5 B5 T32 T32 Rh

247 B5 B5 T33 T33 Rh

248 B5 B5 T34 T34 Rh

249 B5 B5 T35 T35 Rh

250 B5 B5 T36 T36 Rh

251 B5 B5 T37 T37 Rh

252 B5 B5 T38 - Rh

253 B1 B1 T27 T27 Rh

254 B1 B1 T28 T28 Rh

255 Bl B1 T29 T29 Rh

256 B1 B1 T30 T30 Rh

257 B1 B1 T31 T31 Rh

258 B1 B1 732 T32 Rh

259 B1 B1 T33 T33 Rh

260 B1 B1 T34 T34 Rh

261 Bl Bl T35 T35 Rh

262 B1 B1 T36 T36 Rh

263 Bl B1 T37 T37 Rh

264 B1 B1 T38 = Rh




225 B4 B4 T30 T30 Rh 226 B4 34 T31 T31 Rh 227 B4 B4 T32 T32 Rh 227 B4
Rh 228 B4 B4 T35 T35 Rn 229 B4 B4 T36 T36
B4 T38 - Rh 241 B5 B5 T27 T27 Rh 242 B5

T30 T30

T33 T33 Rh 228 B4
230 B4 B4 T37 T37
T28 T2 5
2n6 BV ORNASsT>
T35 T35 Rh 250 B5
253 Bl B1 T27 T27
T30 T30 Rh 257 B1
260 Bl Bl T34 T34

B4
Rh
B5
Rh
B5
Rh
Bl
Rh

T34 T34
240 B4
T29 T29
247 B5
T36 T36
254 Bl
T31 T31
261 Bl

Rh 244 B5
BS T33 T33
Rh 25%£ B5
Bl T28 T28
Rh 258 Bl
Bl T35 T35

B5
Rh
B5
Rh
Bl
Rh

T37 T3ExRmples of coordination complexes based

248 B5

rpiiyBiog, T

31 T31
249 B5

T37 T37 Rh 252 B5 B5 T38 -

255 Bl Bl T29 T29 Rh 256 Bl
T32 T32 Rh 259 B1 81 T33 T33
262 Bl Bl T36 T36 Rh 263 Bl
on assembled building

blocks in catalysis are given in the following tables.

Table 2. Rhodium catalyzed hydroformylation of l-octene using

coordination complexes of Table 1%

Entry of temp. T.O0.F.C 1/b ¢ isomers® [%]
catalyst in (°C)
table 1 ®
1 120 1.3%10° 7.0 19.8
2 80 3.0%103 2.0 26.0
5 80 2.7*10° 2.9 1.9
4 80 2.8%103 2.9 2.8
3 80 2.8*103 2.9 2.9
6 80 3.0%10° 2.9 3.4
9’ 80 3.5%103 2.4 1.1
8 80 3.5%103 2.3 1.2
7 80 3.6*10° 2.3 0.7
10 80 3.6%103 2.4 1.0
(a) [Rh({acac) (C0),] = 0.084 mmole/l in toluene, pressure = 20 bar

(CO/H, = 1/1),

hydrogenation was observed,

[porphyrin] = 2.1 mmole/l,

(b) [phosphorus] = 2.1 mmole/l,

(c) T.0.F. =

l-octene/rhodium = 5160, in none of the reactions

average turn over frequency

= (mole aldehyde) (mole Rh)™*h™, the reaction was stopped after 1 hour
(d) 1/b = linear/branched,

(e) percent isomerization to 2-, 3- and

4-octene based on converted l-octene.



264 Bl Bi T38 - Rh

coordi nati on conpl exes based on assenbled building blocks in catalysis are

given in the follo

of 1l-octe I oordi nati on conpl exes of Table la f . T.OF.
NSt T

1/b d isoner
3.0*103 2.0 26.0
2.9 2.9 6 80 3.0*

WD 2004/ 103559 PCT/ EP2004/ 050906 32 Exanpl es of
wi ng tables. Table 2. Rhodi um catal yzed hydrof ornyl ati on
catalyst in (C) table 1 b 1 120 1. 2 80

5 80 2.7%103 2.9 1.9334 80 2.8*103 2.9 2.8 3 80 2.8*103
103 2.9 3.4 9 80 3.5*103 2.4 1.1 8 80 3.5*103 2.3 1.2

ol €1 117 PaPuinc rietlaP sk afafery oy o R BRE T L g um -

5160, in rededohativh (Raglerds ohydbogerati on was observed,

= 2.1 mol e/ 1 [ D

orphyrinl = 2 1 mmle/1, _(c) T OF = average turn over

frequency = (nol &ndkded§de) (nwloavRhyidm-(®)°t he reaetronl{®Wds stopped after

1 hour (d) 1/b z lingariRranched, (e) percent isonerization to 2-, 3- and

4-oct ene based on

Tabl e 3. Hydrogendtabde bt di methyl itactonate using

of Table 1la

converfed 1-octene. WO 2004/ 103559 PCT/ EP2004/ 050906 33

1 8. 3 (R)
12 6.2 21 (R)
13 4.3 31 (R)
14 18.8 50 (R)
15 2.5 2 (R)
16 3.1 40 (R)

{(a) [Rh(nbd),(BPhy)] = 1.0 mmole/l, [dimethyl itaconate] = 100
mmole/l, pressure = 5 bar hydrogen, T = 40° C, (b) [phosphite] =
3.0 mmole/l, [porphyrin] = 3.0 mmole/l, (c) the reaction was
stopped after 17 hours (d) e.e. = percent enantiomeric excess.

Table 4.

Rhodium-catalyzed hydroformylation of styrene using

coordination complexes of Table 1%

Entry of T.0.F.¢ b/1 ¢ e.e.® (%)
Catalyst
in Table 1°
1 0.02 >100 6.0 (S)
30 0.15 >100 33.2 (s)
31 0.02 >100 6.3 (R)
32 0.14 >100 32.6 (R)

(a)

[Rh] = 0.084 mmole/l in toluene, pressure = 20 bar (CO/H,

= 1/1), styrene/rhodium = 7000, in none of the reactions

hydrogenation was observed, T = 25° C. (b) [phosphite] = 2.1
mmole/1l, [1] = 2.1 mmole/l, [2] = 1.1 mmole/l. (c) T.O.F. =

average turn over frequency = (mole aldehyde) (mole Rh)™*h™,

the reaction was stopped after 64 hours. (d) b/l =

branched/linear. (e) e.e.= enantiomeric excess (%).

coordi nati on conpl exes

7

(b) [ phosphor us]



Table Ib 11 8.1 33 (R) 12 6.2 21 (R} 13 4.3 31 (R
2 (R 16 3.1 40 (R (a) (Rnh(nbd)2(BPh4)] = 1.0 nmol
itaconate] = 100 nmole/l, pressure = 5 bar hydrogen

[ phosphi t &0 2004/ 20385910l €/ |, (porphyrin] = 3.0 mol e/ 1, plcg)epbddGoseSRCt 1 ON was
i c excess. Table 4.

coordi nati on conpl exes

stopped after 17 hours (d) e.e. = percent enantioner
Rhodi um cat al yzed hydrof ormyl ati on of 3%yrene using
of Table la Entry of T OF." b/1 n e.e.e (0) Cataly

7100 6.0 (1301638, Omdusth0ady £z dPhyaddghdid 2108 $ﬁ§§#q§gri?%%§ﬁ$¥%

nmol e t ol

(R (a) [

ene; pressure =

14 18.8 50 (R
e/l, [Q nethyl
, T =40 C, (b)

st in Table 1b 1 0.02

styrene/ rhodi um = 708€ind Robeaenafidnheonghatdsors Thytk dfenati on was

observed, T = 25 C. (h) [phosphite] = 2 1 nonl e/ |

[1l. = 2.1 mol e/l

1.1 nmmol e/1. (c) T.O FENEry sefer ageoRveEsiouer frequetidy = (nol e

al dehyde) (nol e Rh)-lhégtalytstgeiheacti o4y nas stopped after 64 hours. (d) b/l

branched/linear. (e) e.e.= enantioneric excess (% WO 2004/103559
PCT/ EP2004/ 050906 34 Table B Rhodi um catal yzed hydrogenation of di net hyl

>100 32.
= 1/1),

[ 2]

15 2.5

(o]

i taconate using coordi-ﬁ—afil-on—tomyl—evgeg—oHa-bkﬁ—l—(%-)-Emy of conversion e.e.
(Pg) catalyst in (% )

30 9.5 8 (S)

31 6.9 32 (R)

32 10:2 T (R)

(a) [Rh(nbd),BPhs] = 0.10 mmole/l, substrate/rhodium =

200, T

40° C. (b) [phosphite] = 0.60

mmole/1, [1] =

0.60 mmole/1l, [2] = 0.30 mmole/l in toluene (c) the

reaction was stopped after 15 hours (d) e.e.=

enantiomeric excess (%).

Table 6. Palladium catalyzed allylic alkylation using

coordination complexes of Table 12
Entry of conversion e.e.? (%)
catalyst in (%)°
Table 1°
1 >93 31 (S)
30 >99 45 (S)
31 >99 32 (R)
32 >99 44 (R)

(a) [[Pd(allyl)cljzl = 0.10 mmole/1, 1,3-diphenyl-allyl
acetate/rhodium = 100, T = 25° C. (b) [phosphite]‘= 0.60
mmole/1l, [l] = 0.60 mmole/l, [2] = 0.30 mmole/l. (¢) the

reaction was stopped after 63 hours. (d)

enantiomeric excess (%).

e.e.=



Table 1b 1 7.
(Rh(nbd) 2BPh4]

[ phosphit e]

5 31 (9)

30 9.5 8 (S) 316.932 (R 3210:2 7 (R (a)

= 0.10 Mol e/l, substrate/rhodium= 200, T =40 C. (b)

0.60 mmole/l, [1] _ 0.60 mmole/l, [2] 0.30 nmmole/l in

t ol uene (GWotzﬁkﬁ/is?@Ct' on was stopped after 15 hour s (cﬁcﬁgﬁowog@@@tl oneric
excess (% . Table 6. Palladiumcatalyzed allylic alkylation using

coordi nati on conpl exes of Table |a Entr3P of conversion e.e.d (B) catalyst
in (o) Table 1b 1 >99 31 (S) 30 >99 45 (S) 31 >99 32 (R 32 >99 44 (R

(a) [[Pd(allylrg%‘%% [
P

100, T
0.30 mmol e/ | .
enanti oneric

Hydr of or rryl atic

hgsgé, tg{%a%lélogog'fsf q{&%ﬁgy"ﬁ f,ld Yooratgiaigl rhodi um =

(c) t he

= 0.60 mole/l, [2] =
reactl COMPASK &Y cqué‘dbhétler 63 hours. (d) e.e.=
‘ "’ ' . ::i .‘. . 7

Loct 31’18 §3| ng (,Jc/c?r di nat i 8n°°E?5}?pl exe]§-r’tﬁarTa‘t§l)e la Entry

of T.OF.  1/kada2yoctione’ (1ihkar' catalyst in (¥)103) (% Table 1b 43 2.4

2.1 0.8 66.9

Table 1°
43 2.4 2.1 0.8 66.9
43¢ 2.3 2.1 1.0 66.3
39 2.0 2.6 0.8 71.4
39 f 2.0 2.5 0.4 70.9
41 0.03 2.4 2.4 68.1
41 ¢ 0.3 2.1 1.7 67.4

(a) [Rh(acac) (CO)2] = 0.084 mmole/l in toluene, pressure = 20 bar

(CO/H, = 1/1), l-octene/rhodium = 5160, in none of the reactions

hydrogenation was observed, (b) [phosphine] = 0.84 mmole/l, (c)

T.0.F. = average turn over frequency = (mole aldehyde)

(mole Rh)'h™, the reaction was stopped after 1 hour (80° C), (d)

1/b = linear/branched ratio, (e) percent selectivity to 2-octene

and percent selectivity to linear aldehyde based on converted 1-

octene. (f) Building block/template ratio = 4.



432 2.3 2.1 1.066.3 39 2.02.6 0.8 71.4 392 2.0 2.50.470.9 41 0.03 2.4
2.468.1 41 f 0.3 2.11.7 67.4 (a) [Rh(acac)(CO2] = 0.084 mole/l in

tol uene, pressure = 20 bar (COH2 = 1/1), 1l-octene/rhodium= 5160, in none
of the reaghhmdgossiydr ogenation was observed, (b) [ phosehiedsdosssi9esS4
mmole/l, (c) T.OF. = average turn over. frequency = (nole al dehyde) (nole
Rh)-1h-1, the reaction was stopped aftéf 1 hour (80 O, (d) 1/b =

| i near/branched ratio, (e) percent selectivity to 2-octene and percent
selectivity to | rgepd Al dehvderhasedien &prgvt/ryrteﬁ@ 13105 teRedi ki Byi | di ng

bl ock/tenplate ratio = 4. "WD 2004/ 103559 PCIT/EP2004/ 050906 36 Table 7.

Hydr of or myl ati on of styr &e@pisked afodrBLAali on conpl exes of Table la Entry

of TOF.~ W atatyst—Tm 2 103 398
10.4 91 103e 10°5 91 1§1i‘301o 2.7 72’172 1060 BF285CH8d {¥he 1730 5.0

83 104 449 ©aBa®@st 1i0¥6 461 9.4 90 (a) [Rh(acac)(CO21 = 0.83 mmole/1 ,
pressure = 20 ﬁ?% (CI‘(,)’HZ = 1/1), T= 80 C (b) phosphite / rhodium = 25,
phosphi t e/ phos e 1= 1, (c) T.OF. = average turn over frequency = (nole
al dehyde) (mole Rm)-1h-", thegeeacti on was stgopped after %32hour, (d) b/l =
branched/ | i near. 165) in the p3r9%sence of trlidor)lenyl phosphi n%.l

103° 375 10.5 91
151 3010 2.7 73
172 1060 3.6 78
172¢ 1730 5.0 83
104 449 9.3 90
104° 461 9.4 90

(a) [Rh(acac) (CO),] = 0.83 mmole/l , pressure = 20 bar (CO/H, =
1/1), T= 80° C (b) phosphite / rhodium = 25, phosphite/phosphine =
1, (c) T.0.F. = average turn over frequency = (mole aldehyde) (mole
Rh)*h"?, the reaction was stopped after 1 hour, (d) b/l =

branched/linear. (e) in the presence of triphenylphosphine.

Table 8. Allylic alkylation of 1,3-diphenyl-allyl acetate

using coordination complexes of Table 1°

Entry of conversion e.e.” (%)
catalyst in (%)

Table 1P
173 56 97 (8)
51 100 60 (R)
57 100 0
63 100 44 (S)
174 54 96 (R)
52 100 60 (S)
175 73 42 (S)

53 40 70 (S)




Table 8. Allylic alkylation of 1,3-diphenyl-allyl acetate using

coordi nati on conpl exes of Table la ($) Entry of conversion e.e. b catal yst
in (s) Table Ib 173 56 97 (S) 51 100 60 (R} 57 100 O 63 100 44 (S) 174
54 96 (R 2 Q0 (S) 175 73 42 (S) 53 40 70 (S) Yera8a4d4dro9

peT pooo NGB REsS, (2) [(Pd(allyl)CLI2] = 0.100 mol'6/1, [ phosphite] =
0.6 nmole/1l, [phosphine] = 0.6 nml e/ B/ the reaction was stopped after 43
hours, T = -200 C (b) e.e. = enantioneric excess. Table 9.

Rhodi um cat al yzed hy rE&% ati of 1dL Nt By | ol 2E0NAL G spHSELND =CHOF di Nati on
conpl exes of Tabl eh(lg nt ?y o)wgpfnz\]/er sion e.e. dﬁ('%% ngt alé}st in (% Table
1b 123 2 24 (S) 10%WwieAlg (®)osphinels=1®.§ myoleyiy ghe yegaionwes 100 66 (S)

147 22 5 (9) 129 L3ppdShetddI30ndukP)T = -20° ¢ (b) e.e. = enantiomeric

excess.

Table 9. Rhodium-catalyzed hydrogenation of dimethyl itaconate

using coordination complexes of Table 1°

Entry of conversion e.e.% (%)
catalyst in (%)°
Table 1°

123 2 24 (8)
105 4 18 (8)
111 5 13 (S)
117 1 17 (S)
141 100 66 (S)
147 22 5 (s)
129 1 35 (S)
153 6 6 (S)
107 19 18 (S)
113 13 25 (8)
119 9 19 (S)
143 13 24 (S)
149 15 21 (S)
125 0 -

131 ’ 10 19 (S)
155 19 16 (S)

a [Rh(nbd),BPhy] = 1.0 mmole/l, [porphyrin] = 3.0
mmole/l, [phosphorous (a-i)] = 3.0 mmole/l, T = 40° C,

the reaction was stopped after 18 hours (b) ee =

enantiomeric excess.



107 19 18 (S) 113 13 25 (S) 119 9 19 (S) 143 13 24 (S) 149 15 21 (9S)
125 0 - 131 - 10 19 (S) 155 19 16 (S) a [Rh(nbd)2BPha] = 1.0 mmol e/ 1,

[ porphyrin] = 3.0 mole/1, [phosphorous (a-i)] = 3.0 mole/1, T = 40 C,

the react iv%lz%gosggppped after 18 hours (b) ee = enanbicQBhlosoRSRESS: - - -
------------ 2004/ 103559 PCTI EP2004/ 050906 38 Table 10 Hyo(r of ornyl ati on
of 1-octene using rhodium catal ysts usi®ng coordinati on conpl exes of Table
la Entry of tenp. T.OF. 1/b isonmers' catalyst (C (% in Table 1b 162 80

3 4-103 2T 0 ABE- ARt o 1 delere i PR RAY 16p a0

1.1*103 15.1 11.9 u$é893C@EIi2RAt8010cBpleges 8oL 21&33’1_’50332. 5 11.3 170 80

1.4*103 2.9 Rit-are-ere-+E8 =—O—O-B4—r et —t+ottene, pressure =
20 bar (CQ ), 1-6EFBhe/ rhdaPufm = 516802 (b) [4f°™€T5. 1 mmole/ |, [a]
= 6.3 mml e/ lcatdiydt = 3.1 pmle/l. (c) T.QF. = average(turn over
in Table 1P

162 80 3.4%10° 1.9 16.1

163 80 2.1*10° 2.3 11.2

164 80 2.4*10° 2.7 14.1

165 80 3.4%10° 2.1 14.7

166 80 3.2%10° 2.1 14.4

167 80 1.9%103 3.4 10.4

168 80 1.1*103 15.1 11.9

168 30 25 22.8 10.3

169 80 2.1*%103 2.5 11.3

170 80 1.4*%10° 2.9 10.4

(a) [Rh(acac) (CO),] = 0.084 mmole/l in toluene, pressure = 20 bar
(CO/H; = 1/1), l-octene/rhodium = 5160. (b) [4] = 2.1 mmole/l, [al]
= 6.3 mmole/l [b-i] = 3.1 mmole/l. (c) T.O.F. = average turn over
frequency = (mole aldehyde) (mole Rh) *h™, the reaction was stopped
after 1 hour (80° C) and 17 hours (30° C). (d) 1/b =
linear/branched ratio. (e) percent selectivity to isomerization to

2-, 3- and 4-octene based on converted l-octene.

Table 11. Recycling of catalyst entry 186 and catalyst

performance in the allylic amination

Entry of Time Conv. Linear Linear Branched
catalyst in (min.) (%) trans cis (%)
Table 1° (%) (%)
186 30 91 51 12 37
recycle 1’ 30 85 51 13 36
recycle 27 30 85 50 13 37

recycle 37 30 72 51 14 35




frequency = (nol e al dehyde) (nole Rh)-1h'"', the reaction was stopped after
1 hour (80 C) and 17 hours (30 C) . (d) 1/b = linear/branched ratio. (e)
percent selectivity to isomerization to 2-, 3- and 4-octene based on
converted,l: Tabl e 11. Recycling of catalyst en cat al yst
perfor rrangéo il?)gf}/ﬁ)g%gm lylic am nation Entry of Tine Con%éyfﬁl%g%(r%ﬂ%fnear
Branched catalyst in (mn.) (% trans38is (% Table 1b (% (% 186 30 91
51 12 37 recycle 1' 30 85 51 13 36 recycle 2° 30 85 50 13 37 recycle 3

30 72 51 14 - 044,10 / 05 ) . Cl 5.m); (crotyl
acetate] = 0%%2%[9 ?gilﬁ)@rﬁ ﬁggfﬁyé%@%(ﬁ%ﬁ |i€'§%§’/’P§§1§; % ?j"]ei 0.002 M r.t.
Tabl e 12. Redy.d Miglofamdtba=y8t &BR&lentdl.p028%; and.catal yst performance in
Hydr of ormyl ati on of 1-octene .Cycle Conv. (% 1-al dehyde b-al dehyde 1/b
ratio Isoners (g) (99 (%9 1 89.3 64.6 32.2 2.0 3.2 2 89.8 62.7 33.0 1.9
4.3 3 88.7 66b%e AR .4Re2y2lPng ofdc87aBy$H0.a3s88bBy 18 and catdBysk 61.3 34.0
1.8 4.7 6 82.263.433.41.93.2 781.367.030.52.22.5 881.467.7
30.7 2.2 1.6 0.01 ywdferaheean) HyGe f@rmytliagand 60 Iedenen is 10, 1 nl of
1l-octene, 1 nm of decane, 20 m of toluene, 800 C, 50 bar of CO Hz, 20 h.
Table 13._Recycling of catalyst assenbly 183 and catalyst perforpmance in
hydr of or nylGitdlen oforv oct*enel-aldehyde b-aldehyde 1/b ratio Isomers

(%) (%) (%)

1 89.3 64.6 322 2.0 32
2 89.8 62.7 33.0 1.9 4.3
3 88.7 66.9 30.4. 22 2.7
4 87.9 60.9 33.8 1.8 - 53
S 854 61.3 34.0 1.8 4.7
6 82.2 63.4 334 1.9 32
7 81.3 67.0 30.5 22 2.5
8 81.4 67.7 30.7 2.2 1.6

0.01 mmole Rh(acac) (CO);, ligand to rhodium is 10, 1 ml of l-octene, 1 ml
of decane, 20 ml of toluene, 80° C, 50 bar of CO/H,;, 20 h.

Table 13. Recycling of catalyst assembly 183 and catalyst

performance in hydroformylation of l-octene

Cycle Conv. TOF l-aldehyde b-aldehyde isomers 1/b
2 (%) (h™Yy (%) (%) (%) ratio
1 39.4 17.0 87.7 3.4 8.9 25.9
2 39.9 17.1 87.7 3.6 8.7 24.4
3 39.0 16.9 87.4 3.5 9.1 25.0
4 40.0 17.1 87.9 3.5 8.6 25.0
5 39.6 17.0 87.4 3.6 9.0 24.3
6 39.0 16.9 87.4 3.4 9.2 25.7
7° 42.2 17.7 86.1 3.7 10.2 23.3
8¢ 41.4 18.4 87.5 3.3 9.2 26.5
Ch 45.3 20.4 87.9 3.1 9.0 27.9
108 54.6 19.2 65.6 2.5 31.9 25.9
11f% 40.5 17.1 86.1 3.9 10.0 22.2

a’ 0.01 mmole Rh(acac) (CO),, ligand to rhodium is 10, 1 ml of l-octene, 1 ml
of decane, 20 ml of toluene, 80° C, 50 bar of CO/H,. b’ 40 bar of CO/H,, ; ¢’

30 bar of CO/Hp; d' 20 bar of CO/Hp; e' 10 bar of CO/Hp; f' 50 bar of CO/H,;
g’ 100° C; h' 120° C.



Cycl e Conv. TCE 1-al dehyde b-al dehyde isonmers 1/b a (%9 (h"1) (%9 (%9 (%9
ratio 1 39.4 17.0 87.7 3.4 8.9 25.9 2 39.9 17.1 87.7 3.6 B.7 24.4 3 39.0
16.9 87.4 3.5 9.1 25.0 4 40.0 17.1 &p9 3.5 8.6 25.0 5 39.6 17.0 87.4 3.6
9.0 24.3 6 39.0 16.9 87.4 3.4 9.2 25.7 7b 42.2 17.7 86.1 3.7 10.2 23.3 8c
41.4 18.4 87.5 3.3 9.2 26.5 9d 45.3 20.4 87.9 3.1 9.0 27.9 10(r) 54.6 19.2
65.6 2Chadms9 25.9 iif 40.5 17.1 86.1 3.9 10.0 22.2 a° 0.01 =npole Rh (acac)
(CO 2, ligand to rhodiumis 10, 1 m of 1-octene, 1 nl of decane, 20 m of
toluene 80 C, 50 bar of COH2. b 40 bar of COH2, ; ¢ 30 bar of COH ;
d° 20 barAomethpfisfog: mﬁblﬁar apcogapipationsgogples yEHTm g 100 C h'

120 C. 480m§r$51n % 11 g%%lh %vﬁ)lr g?kllré%s% o el (HOQI%LLI %1\&' FX system

conpri si ng |ga have ng a onor noi eties ‘are conpl exed

to at |egatich HRbakomphexkad th oW aealstansmeitan BRidc ﬂxﬁﬁ hani de,
wherein the ligand conprises at |east two buil ding bl ocks, each having at

| east oheahanttiponaktgiloapdadanghandsist, mmmnrthmletganday non-

coval ently bondi ng one buil di ng_ bl ock through its f i onal rou to a
conpleneﬁ?ﬁpﬁlﬁﬁﬁcﬁloﬁ&?s§r5ﬁﬁ S i3 Fe P LGS dj lf’o%&b qﬁJ Shpl at e,

wherein the ?‘dhlcg&BQaE' I%eas 3YE 5 at e a%‘%“'o"i’{ ‘éﬁﬁ! oe.LseScﬁﬁ haBl/ 500 and the

tenpl ate conprises at one o unctional group tHat 1°s non-
coval ent kgvhoadedyt bo@dcl@@pb@réemwlhgnmo@kaltrﬁrm aft s amgidieirorali | di ng

bl ock, and wherein all building block- tenplate-building block structures
are the gapEpi £ot Becomplementary functional group of another
building block or of a template, wherein the building blocks
have a molecular weight less than 5,000 and the template
comprises at least one other functional group that is non-
covalently bonded to a complementary functional group of
another building block, and wherein all building block-

template-building block structures are the same if the

template contains more than two functional groups.

2. The method according to claim 1 wherein further a co-factor
is non-covalently bonded to a functional group of the

ligand.

3. The method according to claim 1 or 2 wherein the molar
ratio between the ligand and the metal is chosen between 0.2

and 100.

4. The method according to any one of claims 1-3 wherein the
ligand comprises 2 to 6 building blocks each having at least
one functional group and at least one donor moiety, wherein
at least one building block is non-covalently bonded through
its functional group to a complementary functional group of

a template.



tenpl ate contains nore than two functional groups. 2. The nethod according
to claiml1 wherein further a co-factor 1is non-covalently bonded to a
functional group of the ligand. 3. TA® nethod according to claim1 or 2
wherein the nolar ratio between the ligand and the nmetal is chosen between

0.2 and 100. 4. The nethod according tqQ any one of clains 1-3 wherein the
IigandscoﬁpF?§@§yftt§Y§q&mIQﬂmﬂfﬁﬂ%ﬁé«ﬁhﬁuﬁ%9ﬁ§;qﬁf¥ﬂnI%ﬁ@ﬁleﬁne functiona
group an east -ql(ggpr]ﬂnq'rpet MR &l rg; dikaste oe, Pl | dipg block is
non-cova%g%:tleil/n %%ngg}%tlhr oug |ts>ﬁ*eunct| onala roup to a conpl enentary
functional group of a tenplate. 41 5. A catalyst system conprising the

coor di Bat ipgR SFMRMRX HEHEMNAS APtcimLkb )k idteneihashiad i dey wpecied cl ai ns
1-4. 6. Use of the coordination conplex system as obtained by the nethod
of any ometdbdclodi myl-cheasfa clatialy/ st-4 mefercitialystor pyeifefaphyl ati on,

hydr ogenati on, transfer. hydrogenation, hydrocyanatjon, polynerization,
igonegizéFFbﬁydWEQQ£mﬁﬁ ¥9ﬂn(i¥&ﬁﬂﬂ§ﬁﬁﬁﬂ99mLe%ﬂR %@é?%&r%ﬁ?%i?}Q%tion
allylic $Q§£i i_qn, . al ;g&gq it n,-ég%E £hagl, addition. 7. Use of
at Ieast§l WO Sﬁé‘%ﬁé”@l gﬁl eac av(%rg’g at e%ést on%’ functional group,
wher ei N zafrigiyiletdlorgr A< - g ling | diethtiaeks | sCceopt ev@piay to a
functional group of- another building block or of a tenplate to formthrough
thei r furRdiliyddal sgosipduw ivon- covdn lermorsipnbafetarerandMighasi ng bl ock and
t he terrplﬁﬁtéie, ,0r between the at |east two building blocks, directly or
L

t hr ough ‘ate, in the nmethod according to any one of clains 1-4 for
obtaining the netal the coordination conplex system 8. Use of a set of

sel f - conphgrentany q@éé#'gkgﬂﬁﬁ%$h£ﬂbtg¥%cks each having at least
one functional group, wherein a functional group of one
building block is complementary to a functional group of-
another building block or of a template to form through
their functional groups a non-covalent bond between the
building block and the template, or between the at least two
building blocks, directly or through the template, in the
method according to any one of claims 1-4 for obtaining the

metal the coordination complex system.

8. Use of a set of self-complementary building blocks in the
method according to any one of claims 1-4 for making a
ligand having at least two donor moieties for complexation
to a metal selected from a transition metal and lanthanide,
wherein the ligand comprises the set of building blocks,
each building block having at least one functional group
that is self-complementary to a functional group of another
building block or a template, and at least one donor moiety,
wherein the building blocks are non-covalently bonded to
each other or to the template through their complementary

functional groups.



met hod according to any one of clains 1-4 for making a |igand having at

| east two donor noieties for conplexation to a netal selected froma
transition nmetal and | anthanide, whe42in the |igand conprises the set of
bui | di ng bl ocks, each building block having at |east one functional group
that is self-conplenentary tqo a functional group of another . bujlding bl ock

or a t @npPateordddati e SAMRIREX FHTEThGIRE 1S Mierdei 93 AT RSB A bl ocks
are non- gaval.eply dt&%qeq\&i%tieeasc,h ﬁﬂg{ a%e t&rﬁcﬁfeﬁee&m&?t& thepughy their
. “Acoordin

conpl ementary uncti onal groups. at1on conpl ex system
conpri si pgtall isgdrd thayifiednita |Qagts itioredalmeired i Bsnthdmde are conpl exed
to at least a netal selected froma transition netal and | ant hani de,

char act echagactenitzed tive thafaridie drhigdrsbsanpriass atwleast | @Wag bl ocks,

each havin t, | east one functional graqu and at | east,_one donor noiety,
wher ei n G 16dPSI TG HoocPAR THORAH A erfaSF Bocd R B | T inct | onal
group 10sRq GATRIRERNIGHS duis! hUAlear QiRe-Rls pUHdabu Dl g deckg or  of
a tenpl ate, erein the tenplate conprises at | east one other functional
group t haion-govenletmiat éndridedaidenidlo it s conpdteimam Aryrdumctsd canal group of

anot her building block, and wherein all building block-tenplate-building
bl ock stonPleresntary fhmadmnal JrIR afplanethontiihsdirg L1eh °¥ wo

functional. groups,, with the provi,so . hat, the tenplate is elected fromthe

systems 5 P ATBREES 1 MEF I (1152 SURACS S PRy AT RS~ Tor S r i ns,

Farb03'|%&%erdﬁﬁﬁaﬂﬂﬂﬁélF§¥ WHRE 1 Dirkdrsad dvayl bl pi sl ad®t @ o conpl exes,
I/ ,N- Me;N- HF MMItd HNHC cN XN HNN / ~{ \''\'and r F[\" nQ

1f2 2 complementary functional group of another building block,
and wherein all building block-template-building block
structures are the same if the template contains more than
two functional groups, with the proviso that the template is
selected from the systems calix-arenes, rigid multi-
aromatics, bisporphyrins, porphyrins, carbosilane

dendrimers, polystyrene, bis(salicylaldimine) metal

H Me,N Me,N :N( '!‘ ' E
E;j M%N> M%N:] HNj HJ% [ j [:j) Eﬁj == Eﬁ)
A nN oo " IN/

and

evné/\,ﬂ\guwsuw}s))z

have a molecular weight less than 5,000.

, wherein the building blocks

10. A set comprising self complementary building blocks having
a molecular weight less than 5,000 for making a ligand, and
optionally templates and/or metals for coordination, for use

as claimed in claim 8.



Il wherein the building blocks have a nolecular weight |ess than 5,000. 10.
A set conprising self conplenentary buil ding blocks having a nolecul ar

wei ght |l ess than 5,000 for nmaking a |43and, and optionally tenpl ates and/or
nmetals for coordination, for use as clainmed in claim8. 43 11. A

coordi nati on conplex systemcaqnprising a |ligand having at | east two donor
noi eti éd, RhFORTELBAEIARN SOBP UK &Y LN ICOMPLigifg §elgle’cﬁaé'&13 fhamng

transi i gp gRCal A0 LARIAIS ) GhAGAGY HAR0 daht e o LA gD ses

at | east ocks,” each '‘havi'ng at 1east one functional group

and at | eagltane séqeeiteiflon aVtaieiditah Mddadi nthdl Rokehgnidwn- coval ently
bonded through its functional group to a conplenentary functional group of

anot her lhiardictgriiizeck ior theft &£heenjlofrsl cempwsises kL tlapitatteveonpri ses at

| east one qther nctional group that is non-covalently bonded to a
conpleneEP& QlPahEﬂP ' §?B%b?@W¥ﬂﬁn KA My BHEIKECRIheF TP al |

bui | di ng ock- t lLate- by di Isq._gk L ur : PEcdE {de

t enpl at eaggint%g'i r%@r%r gﬁeﬁﬁérﬂi{%o&n t'i o‘ha{a%fég'trrgu(%% aéllﬁldfc?\ﬁéiel n at )}east one
of the honl-diongllentdks dondgmmdlidowgd iy Ewict iigangowpipperd, a

pol ymeric organi c support, or a hybrid support, wherein the building blocks
have a m§ eaenkeirghtt unedsi angdn B,@m0.ofl Aanothe dBtdl Hang dnl @PapPex system

o 5ot ToH SR, L 19 DB Ve SR AL Bl lpheee (

system f urhRer redRMiciRS yrhid dHAA lddford iR reOMA 5Hddg basded to a

functional group of the li'gand. 14. The coordi nati on ‘conpl ex system of any
one of clkampiehtntarywfenreitndiz dcarp rafl iandigter duihding galweland t he
netal is between 0.2 and 100. 15. The coordination conplex system
conpri si Wgexeingadd kaiilegng block-template-building block

structures are the same if the template contains more than
two functional groups, and wherein at least one of the

building blocks is immobilized onto an inorganic support, a
polymeric organic support, or a hybrid support, wherein the

building blocks have a molecular weight less than 5,000.

12. The coordination complex system of claim 11 wherein the

building blocks have a molecular weight less than 5,000.

13. The coordination complex system of claim 11 or 12 wherein
the system further comprises a co-factor that is non-

covalently bonded to a functional group of the ligand.

14. The coordination complex system of any one of claims 11-13
wherein the molar ratio between the ligand and the metal is

between 0.2 and 100.

15. The coordination complex system comprising a ligand having
at least two donor moieties, which are complexed to at least
a metal selected from a transition metal and lanthanide,
characterized in that the ligand comprises 2 to 6 building

blocks each having at least one functional group and at



at | east two donor noieties, which are conplexed to at |l east a netal

selected froma transition netal and | anthanide, characterized in that the
| igand conprises 2 to 6 building blod4s each having at |east one functional
group and at 44 |east one donor noiety, wherein at |east one building block

i s non-cqval ently bonded through its functiqgnal group to a_,L co enentary
funct i ondeagitoreodoneMataty, aMPLRID &fstle Ut t%%’r?ﬁi%%‘gocks i's

Funct | ondagitodorion e stlSaife I U ,
I s e A S e p R A St el Pt S

t han 5, 0Q@mplemeh taaiyalfific tSisEtam ay ici g tent ows di avad | O Teougpt ex
system of any one of clains 11-15. 17. Use of the_ coordination conplex

syst em ofongnpfofdepouididiing billocks dss amrakilyized prif@ram| ynepganic
hydr of ornyl ati on, _ hydrogenati on, transfer dr ogenat.i.on, . hydrocyanati on,
ol yimer | PRSI | CombT i RS CHH e CPodh PUTS FOPPTEE ot heo s,
CH acti vaieQi Al ik iSsHd WidWs hAld fondansat ips; giepd dghael
addition. 18. Use of at |least two building blocks each having at |east one
functi onahagr aypoonherein a functional group of one building block is
conplenentary to a functional group of- another building block or of a

tenplate to formthrough their functional groups a non-coval ent bond
bet weed 6t.h@ dadriallyistg sytsdein agvinpities iregdihg eco@rd ratweern ¢orepbex| east two

bui I di ng bl ocks, directly or tgrou h the tenplate, and wherein at |east one

of the b&YISKEHy B GWs qrzei 'ar]i“g‘édll‘olrﬁo an inorgani c support, a

pol ynmeric organi c support, or a hybrid support, to obtain with the netal

t he coqrdi nati ol ex syst.em of e { i - %Eerein t he

bui 1 di g bl DSk In 4T 50%3%&%%@%% 1S 98 e of a cet of

sel f - conpligimit any 1BUIdHinG D6k f Preferably for hydroformylation,
hydrogenation, transfer hydrogenation, hydrocyanation,
polymerization, isomerization, carbonylation, cross-

coupling, metathesis, CH activation, allylic substitution,

aldol condensation, and Michael addition.

18. Use of at least two building blocks each having at least
one functional group, wherein a functional group of one
building block is complementary to a functional group of-
another building block or of a template to form through
their functional groups a non-covalent bond between the
building block and the template, or between the at least two
building blocks, directly or through the template, and
wherein at least one of the building blocks is immobilized
onto an inorganic support, a polymeric organic support, or a
hybrid support, to obtain with the metal the coordination
complex system of any one of claims 11-16, wherein the

building blocks have a molecular weight less than 5,000.

19. Use of a set of self-complementary building blocks for
making a ligand having at least two donor moieties for

complexation to a metal selected from a transition metal and



maki ng a ligand having at |east two donor noieties for conplexation to a
nmetal selected froma transition netal and ------------ 45 | ant hani de,
wherein the |igand conprises the set 46 building blocks, each building

bl ock having at | east one functional group that is self-conplenentary to a
functional group of another building block or a tenplate, and at | east one
donor  noidEtRance e e TRl h U 1R P Id RANRE ES R ntRVEE BnP T yPUbLAHRY t o

h oth the tenpl ate t ' |
or oupe. | sty gt (SEL R I QU0 hER 2 EPTEASITORE YuntBELREPY, 1 onto
an i nor gajicup HHAWOris b PO VoS 1 S Gy CcS UppRlitict Donal hyboug sapport,

wherein the building blocks have a nol ecul ar weight less than 5,000. 20. A
set conpramEitigersduilchimy dneotlargr bui temp s ocked havvi hgash apeedonar wei ght

| ess than 5,000 fqr naking a |li d, optionally te ates _and/or netals
for - coor ditistiion et b ehd Pl i e F oo #7d crodr SR MERED4 T or

separati A& t t naty conpl ex system
of clai mr}%l. ZZ%A%%(?‘LO%&%% %k?&ngﬂ? et CO%%%%&??%C?] lgn% ggrsystem of

cl ai m 11 cdigyleinerdte e afwytsiondl agredbdy dh@ wlegpe fhi a8 1emsbodnacedr di ng
to claim21 is used. 23. A nethod for naking the coordination conplex system
of cl ai ralEl ByHdrHEing theoFtppot tigeral higedyonte arphR@¥gB3ALCmet hod

according to claim2l js reused. e use of the catal yst and/or support

24. Th
as obt ai MAPHRF the BRSE 1o EME t BRI A m A3° 1 dr PHBkT Ag MR Ebor di nat i on
conpl ex syt RMPfrrd A Idi A B PRkd I HPHE POSRoT @G QF - weight less

than 5,000.

20. A set comprising self complementary building blocks having
a molecular weight less than 5,000 for making a ligand, and
optionally templates and/or metals for coordination, for use

as claimed in claim 19.

21. A method for separating the catalyst from the support of

the coordination complex system of claim 11.

22. A method for making the coordination complex system of
claim 11 wherein the catalyst obtained by the separation

method according to claim 21 is used.

23. A method for making the coordination complex system of
claim 11 wherein the support obtained by the separation

method according to claim 21 is reused.

24. The use of the catalyst and/or support as obtained by the
method according to claim 21 for making the coordination

complex system of claim 11 in a multi-purpose reactor.



