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WD 2004/ 103559 PCT/ EP2004/ 050906 COORDI NATI ON COWPLEX

SYSTEM COVPRI SI NG BUI LDI NG BLOCKS The i nventi on
WO edoatiexsse o a coordi nati on conpl ex system conpCi/BPI0g4/850906

l'igand having at |east two dgnor noieties, which are

conpl exed to at least a netal selected froma

transition netal and | anthanide, to a catal yst system

5 conprising said coordination conplex system to the

use of said coordination conplex system and to a set

and the use thereof of self-conplenmentary building

bl ocks for making a |igand two donor noieties for
COOBPPNBREDN cIPMRLEX SECEEM COMPRES INte BYdsDINEecRHeSKS

conmbi natorial chemstry has 10 evolved in an

i ncredi bl e manner and has been applied especially:-in

phar macy for drug discovery and optim zation and for

maki ng hgnbgeneous catal ysts. The devel.o nt of

orboSncOls CCHERy She FOERGS ot IR CEBEnAP LY
sylsh¥fl ¥egprimhdisstiigehdchali 8noes:1cb)stdevoStblor moieties,

strategi es and nethods 15 for the preparation of |arge
whilichr aF P eSOBR L 935¢ai@s 2andeaet T dtelidistsediespray Fhgmht gh
£ 3895 €€Sn OfieS1T UGN ANt HLUSES] t¥o PoatdayekoByBEen

hi gh-t hr oughput screening techniques for the” reaction .
coppriatpgestid Adagdiohtéephoremhbex bamtgput tonthheuse of

vel 0 eeni te i,gues far

L g e e et e SR DR
thiraree fppbOveal Sucoedsiehtarnbthed seardhvdker foewmaking a
l.tra§sittion netakf%%paly%és the gr .ara%iog oftal

TEAISI JEP PR R dS hES ARI nFY BB Fsduded fofetal -

vari ati onuoing igangastwieebdas ecdigsien toriednmreni atty has

avai | abl e i gands, or are prepared via conventiona
eVé%iNFHeiLPca%”b%rtW %BBSF aﬁe}}ag?e,ﬁe%laﬁg 4efisi ng
es@@b@lah@ly SYNSH%la>y £hheqgupt estSvfy laigephibiaat €8n and

of new [igands indeed yields a major challenge and so
foramakang ROMOFRTAN SN GRHEL Y8FS - nBth I BGPES haPé been

hoBRehteds Ltdly QW slihBr aEMLSYRENLeS S Ll k@aBdSniS1ves
based on conbi natorial organic synthesis WO
twp004£ 10855 c PO/ EREE04L0509865 109 f Ht 1adveed ctsy amet mpthods

£SGOTRLEYALLOM. £ i $2RRLQRCH 1 HELE 285 F 1igands and/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
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
pathways and/or divergent methods using parallel synthesis.
The synthesis of large libraries of new ligands indeed yields
a major challenge and so far only a limited number of
methodologies have been reported. Until now, library synthesis

of ligands is based on combinatorial organic synthesis
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advanced solid and sol uti on phase conbi natori al
synthetic nethodol ogies including parallel synthesis,
wapiotieysenpl  t echni ques, encodi ng/ deconvol ut i OPCEHRBP2004/050906
pol ymer - supported. 5 reagents. Methods such as split
pool techniques are nuch faster than traditiona
serial approaches and enabl e the preparation of
foil@batdviey yndtaagecampieensioh. chnpoungs-dawh offbbzed ack
control over th rity and m xtures qf coopounds . .
AUZABEFRngS ) e S5 P L banBE Rt e ato g REbidte
mebn686d16§id9 nasrldiely gérau@y symtheasies ¥ipehd-pool
internedi ate sized |libraries, of pure conpounds.

teghpheugh t%%%djé‘tﬂfbiieﬁéﬁi??‘éﬂ?%cwgﬁ RIS ~SEBRSTFRfE t

rebbgand | ibrash e Ve PERYER $&o PerdaliiaRled, abbenuch
preparation and eval uation of truly |arge nunbers of
fagseenthan| yredigimriad) sesépécepreozahed ok ehablaothe
prgggga#§oﬁe&9r£ Pa}ﬁ%l ﬁgggglﬁﬁ 4PN 45 & lohnhénﬂ)&@doften
to a rew catalytic reactions. reover, the
lapkepanatbbnoodr itiportanty endtmnidentede di gamgeunds ke

rom si di phosphorus | igands fac synt het.i c
et Pan G e S BRI i CeB e Er CS YR cpased on
paeAlilblesrasers @ gymieksker yasyaneht ¢ tnedi=aley siised Thebearies
20 is a need to develop newtools to efchientI% dea
ofwPHR St AEBBCURYHt Het it ERal PERGeS M THA fiiddentechniques to

conRBYeNtLon; PRI UaSrd M SUBAvEORkovaRdio ful thatiapleyi ees
new effective supranol ecul ar techniques to construct

Priepgands onpardi QU A% Wi @éntarey| { JEIRISTIWATEh Oan 25
poR€nk LAY RYnLYeio U 1Rg L HRROBRLLE, cOMMAUNGS,: BREL
instance; a phosphorus nonodentate |1 gand buil di ng
replogtkdequfipped swrhiartiznndel BFipbr phyFtiar i et fevcan
ca%%lls%ycvgggagigﬁg n%or%%?rzte@ ethgugkg#agl_gapio%c%ft Hﬁgog@}:{ﬁt
a nrtrogen donor atom ThesSe selective netal-1igan
mulntideattitondi¢Zndd) lairke pirohizédgf diph@ephdmsaddgrhtly,
of liga steps, and yield novel -transition. neta
oS aFY O e L o a9 o S SEN e otprbr i oTi b8t ea
chigiaadentat ées canporsgls redrgbli %s@hmaen s edftadssarbl Bdere

L o0 DLt 2L, o) 9B 020 B0 L6810, cncoe
syasserblednhki gangss was successful ly WO 2004/ 103559
PCT/ EP2004/ 050906 _ . _ .

The present invention provides in such tool, and
further provides new effective supramclecular techniques to
construct ligands, particularly bidentate ligands, which can
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 (Zn-N) are utilized for
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
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3 applied in a conbinatorial fashion and clearly
sinplifies the construction of catalyst l|ibraries,
w0 oro4i1eassance based on sophisti cated PCT/EP2004/050906
phosphi t e- phosphi ne chel ating |igands. There is an
I ncreasing demand for netal catalysts and 5 the
nunber of tailor-made transition netal catal ysts for
app&ﬁéduﬁnQh&ﬁmmﬁhatbamsiofaﬁﬂidnnaddsdTearlynsimpEﬂﬁm$s the

ver, the tica e of th h
copSEErchian |4 I uaE oy T e e e L, Bgesh on
sobh@Bt { berdd hﬁﬁésﬁho fod ,cHEnRytindl Ligaens.

met hods of catal recycl i ng have been studled 10

i ncl udi r@lqnﬁolﬁha§eleam¢§ﬂsm% dw&ﬁoﬁpédm@a%&%twﬁé and

th%aEMéf fft!a{iq Quﬁlaelél%??&éi@i&?'n%tatlh%a&éé@ ySfs 5 C
['iquid d supercritical fluid An anply Studied

vaappn@a@hemxpaHzﬂﬁdeﬁameata@@$y$ﬁ -pregddorreapanat i mvever,

thth rg££fggﬁn%se %% t%EHBQEQRgiICQ%%%%X%H§SE Sanﬁfﬂ d by

porymeri ¢ organi I'’norga suppor
th&oshmbelpmﬁé edapaataallysst Sroepotd qdrcsmdtalphalae S@tfaehy,SUnany

.has been cavalently |i ke to the support, An :
A R E e S B bty Sppt St PRY L RefBr PR
inthediggt elysthdse Reasyppey t sufFby i faejie@xa8nphese have
been 20 reported for non-coval ent bondi ng, for

cagraple; THETIUEBRERzSREBRY V% i 10 &S.enpfefr 4ePipnsiauids

angatki Qk&riffggitﬂﬁﬂldswehﬁlaﬁ§%§|§§déiéaa%%pgggeh to
i mobi li zed on heteropoly acids and | ica support

fagiditahe paitaipt-THicsugppeaperat irbe s ticapltéachment of
f t h
ho‘faﬁB?;!éHQBHS g%t%;}dgrt;mg't% nRadivm ca ﬁéyﬁ&esmtc Bk gahte,

ctive In enation reactions, but t concept
inioggebitoas! lyyhsid tsagppotrdschar ged catalysts The

problen1?f aII theser%egr?%ggggrég §é¥%f%% g%SQQF

|ndependent synf%%%b ious“catal'ysts Sys
camhaystahesm@aas&aﬁyﬂkmwlyhéldkéﬁet@nﬂusys¢@mxttOAbe
. catal yzed e Goot, e Am. Che
&3 RS0 | ot e S R0 hot R ot ARG gg the
canagieit Nt phosehs g ddtgands yf ar feg osgpdmxaid aavel bBen
aIIadlun1mere non- covalentlﬁgassenbled t.o a tenplate

reé’PIGreQa 8 aPemt FYFIAG POREERI ed™ Dol KPS| &R

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
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.
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
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i mne) dendrinmer. However, the tenplates are unevenly
WO 2004/ 103559 PCT/ EP2004/ 050906 4 distributed over

w0 b@4ge3sport. Such nmethod is unsuitable for nB&I/RBR004/050906
catal yst systens in a control)ed manner, and therefore
cat al yst systens are obtaineé wi th unpredictabl e
properties. It is therefore an objective of the

dipresBitetnyedt i e dupperebt ghsh andEidtod enabhifgbBe for
flexible and versatile synthesis__of tailor-nmade

mad4Pg) geraleyst eVt inePaFoRRf ot ot daEaSYi 8RY. tryRIore
cRRNGEH! Ut seha e JumIBbLki 7ing Webledielined pbipgings.

sités baSed on different binding notives on, . .
i nst anceltsi$ithemfipger ent i echivedeohdhecpvasent | nvention

td Waethanal fzed, y érl‘ab‘i%g' Xskﬁ %gﬁie haye Jeir%%EQ:%e Y‘éﬁ&&hesis
t he conplenen?ary Toti Ve wi 1T becone cl'ear here
ofbeladwoe rthede nph enentiat isgstefsstipr anot Elcudaar lgtedt egi es

sinmplifie he preparati on of new, catalysts material s,
rABRERFe AN sTE T e SO BrBne SO AR Phorr Shajred
binihy 8ssepbbisedpat tdifffemehbi 5iadvadtga.velshendypam c
. nhature of the non-covalent interactions | eads to
LOFeeCPal §Th-ER ﬁ‘éwo%ttéllafrt Fé‘np]P%p’é‘Pl?T‘é%‘fal@%.:Lyt he
fufRlalysh i 98y AdeRtcdda ysehr UahHr Badri Nhrdde yeahatydi C

cycle adjusting its properties for the next step. Sets
coFplemest Py ykRowhYe ortiHopesane20l et ehediros lpdsed on

metal - | QﬁQd'ﬁaﬁiﬁéﬁJt%éz ogygﬁsggnolém%imtr fegies
consi sting of @i fterent bin i ng notli ves, polarflonlc
simptlérfaessi bhs prepaexEm ef sew chhrivsts whdregiinlA

s . C d onor). wit ich t
s Eanrd9CERM R AL CrPEREhESHORRy ul olsits, ' B
ageeand yof Apagenblyn tihies 2blviengatjepntiae odyrchntile naetiak of the
center, the.chiral environment, th resen of a
NSV PIEE tof AP RS T ARG ehéo! BEBPEHot Bty B8P ound
cdthg vadlalysbs reads pes contahel kedalfhestapraidry its
araneters that direct catalyst _properties as activitg,
S%ﬂft%& SOEi 0Pt *5'71?6 M ot C Sycflﬁné‘flﬂ‘é?]%}“rgzdttisoﬁ%?er €S

fSeURAh 3@ SURBOr tsStLAtAl WSt 16aRnBen | IR dJozad
_reversibly on dendriners, silica, nonolayers in an
lQ%ﬁﬁﬁQﬁ&ﬁﬁérPaéﬁébPPrmFRQ%§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
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
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
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rapid accunul ation of information on the inpact of
catal yst immbilization on its performance. This

WO e@dg03569 an extrenely versatile nodul ar apprpE/BP2004050906

whi ch the environment of the 0 2004/ 103559

PCT/ EP2004/ 050906 5 catalysts can be controlled by

reversi bl e connection to supports, chiral
Cwmmﬁnsbesum&n'cahbcbiblydiragesisilﬁﬁe doiRctianees

r te there reat a new set, of
=GR, SHEEY e B Rt ans SURRE P ittt G- sLtes, mono-
lmwmﬁfama|a§§r@@@t§5J'ﬂhéﬁéﬁ§ C5e§ﬂﬁﬁﬁa§rﬁﬁp%%Qlb%dselectlve
unctional i zati on of support, which enables

rs i GHSEAAS r ethis SRPEOSG p@rftn%dc%@tl@%istanchﬂimsg also
erszadle@ecbﬁtewnédf&é ﬂﬂﬂctt'loBEELE%@ I‘[?e 3 é’at [Ecew{‘xhgh

support can stay in the reactor ar
SRAHEsSs&he spratdel gnsedoireduaet Dﬁawppbramdmal dlatﬁﬂayeﬁt

TIONE dof LBe LRSE, & %{‘%\{Y]_rtﬁa LL ]‘?’SS%ZS r%echwr(r:sgd Cantge

repl aced. The term "non-cova
SuRFaritngansstageth byhe heaskol| eﬂlp@rt&&n cdta@ys&8NYthe same

0 SI cal bondi that _is not coval ent.
lr%%@cg\%%\ eéf R ang Anpt eEeUSRY 9@&s 1BoRBRNgRSe 2
naW aeighiioni hs er@:phlems chyldb@gg@pﬂa'i;&pndl ng, and
reversi b#e met al - and interactions. The spati al

orientati oh l‘iﬁn‘blo ~5CBRECRbOr A dtiengomment hganing as

usaﬁlabythéabkylﬁéd|pé%$bhan§'E'0@n§“%ﬁﬂm,d%lo CbH?E@Eal
i mportance for the properties in cataly
boggivant Rahat § ynot tCi%@éeﬂénoNOat@@mamte b@tﬂtiaolgedfor

eﬂ@ﬁb@b?nih¥lﬁ&b§1ﬂddﬁ@%& 294D 85?@rfh%%?%&%qghsdegeggéggn
on t he I‘Igldlt of the back one

boggdpar t an )r%‘éfrlt%mhiec@@milnéig@md gzemm:tamrt&@nsar ound
metal . | e s, rigid conventional
ap roach@%éa;g Eﬁaet!elnr‘]ﬁ\ir g% §§g%19 V' a nocﬂo o&vg SRt SRpTIHRAting
tot ghecontabytidesl 1y @@ttllUB byazassteimi yneafa 1l ugze@lscéguégﬁ
0 ntar L1din bIo ks .or by buil di ng
lm)élo égc%oﬁﬁ 2%5a| en I%#%Sﬁd:é &1 Sot FBRVERRIGnally,
thteeﬁptian@r ail’:tmms tweere lamveahe@ncwlteaitrlgz @ 8 ligand

gL P o en Syt om comer Sig, 8 ligand
enfonphﬁgedoﬁcsuﬁpera&b )acEBt A n sl adiedthibaM8omet ries
ar%&ggsﬁéég ‘QE}%%ls invention this rigid conventional
approach has been replaced by a non-covalent approach to
control the ligation by assembly of ligands direct via
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
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
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30 and | ant hani de, characterized in that the |igand

conprises at |east two building bl ocks, each having
wa@eookaadsso one functional group and at | east OPET/EPI004/050906

noi ety, wherein one building,. block is non-covalently

bonded t hrough its functional group to a

conpl enentary functional group of another building

obeOﬁkmpEaﬁMD 2041103508 P& ERZD0AHHA%QE a6 Déast one
nplate, wherein the tenplate conprises at Ieast one

OtBFﬁeFu?%ﬁ&9¢§ﬂnﬂrq§PoEBaFhéf ROHARVLSPE EnPPHIBd R P

cohﬁlémeﬁ@QPYQﬂﬁﬂ@Eﬂdhaﬁmgﬁébﬁnék éHé%H%fJ%uémeﬁﬂérblock, and
buil din ock, and erein all buil

WhBEBER- & Bhpvet Eing bapa- bfbk-lserindises black Fheictures
argaﬁﬁe“@gﬁ gt e ?%gpggﬁéa&éﬁk £ 12N hUR cwo

uncti onal groups. ynam ¢ character of the system
fumayiohehdgtouspedhal dyeamicvchyraxftetm@ﬁcahal ys&?t@ysnam
and,it _al so . enabl e 0
L hPnater et Tty er ot A O e cred oht also
entBllal thentadnmLtidrhercayahyist Cafb iihteisel eateuy@iy
addi ng a sel ector, for |nstance a transition stat

Syéﬁﬁmaghése¢rP%uF%ﬁﬂﬁ&&ﬂﬁEnPeB? t FEOT Aty GﬁeaFaF%%%?t can
beOBB18EtEhepy bitiddigg Ql;@@lsﬁoi_»s forolidized antea@Bition

i norgani ¢ support, a polymeric organic support, or a
Stﬁ?@rﬁaa%gﬁw%rt The buil ding 15 bl ocks preferably have

a ol ecuf xtQJ?}dhlrn%ﬁ% Lhap, o, 0%t Y %tp‘i@BE{a«%% of the

| ess than 2 500 e chiral environnent w
bueédnneIDQGCbg assawbﬁyianddlDnuasa@kmwwrgammc Zhpport) a

) ( : e
oHSHEYE! BRghts ¢ AL 0B k! A RYI4 HISRIGSPR B0 cing
blpyksdpnefesaﬁnyéﬁhanblmeﬂycubardW@BgmﬂiIe$sthean|Ecoaﬁd
th h hi I for . .
TOEBoP AT RRLFBhY 11 Tn B0k &7 yPPcal 1o Hetive O CHARBIE byl
alrmt Bk. cbiit andl & rbyerednbeRt ahbiei € oo ditatwnorha@mplex (11)

tem conprises a |igand having at |east tw d
POﬁB 4EiBE, 1T IR 8&ﬁﬁ|8¥§ag¥i RO EuhggéPg

b1sekected Ehorsud ravsichienappebakn anthd anthanhde; s
characterized in that the Iigand conprises 2 to 6

sepgrldiAGY bFBRRI I RAHEH Kavithg AiPFeadt e Phosphine donor is

still available for coordination to the catalytically active
transition metal.

In ancther embodiment the coordination complex system
comprises 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 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.

The system may further comprise a co-factor that is

non-covalently bonded to a functional group of the ligand.
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functional group and at | east one donor noiety,

wherein at | east one building block is non-covalently
whewdaasshr ough its 30 functional group to a PCT/EP2004/050906

conpl enmentary functional growp of a tenplate. The

system may further conprise a co-factor that is

non-coval ently bonded to a functional group of the
Subhgmwmfadﬂbrzmaglﬁ@36&ﬁhIKﬁﬂMﬁPb@@4b@5@@O@n0ﬂh6iuﬁmilding

co-f act val entl bon ed to anot her buil ding
Plerheier d o {{2‘% %Sm? ?ﬁﬁ a?]% ESUpport. Waen the

t enpl at eiheantaknselPrecd rtaﬂmﬁamsf noes i oAl tvwgr (fums:tabhal
bui | di ng bl ock- te | at e- buil di n% bl.ock structures

IrgRRs theh Lard dipgr b gk arie Llaite it e RS pt At e W&Pﬁ&s

ar8 fh0cidRNalycgr QHREAARY, b Whet ikanah - 88 audps: £i9rsmsa
pair whereas the six ot her functi onal groups form

futlﬁtb@n%l reiY oA éflﬁe’ﬁwiéafwscutqwlbGerHPﬁgf%iFfﬁ)c%(§adfre
w88 0P SNl YeALLASNRE: 5 4% LAl gﬁeu@ﬁéé Sslnaq%r

o one functional group of  th Irst pair and
othae parinct i dnal bgnd;dpngfbmsharepapn—mhéﬂl%mlw attached
bondi ves rlseto dlffer nt spat.i.al Lent af |
to BBRb e e Eriee ARt VAT GO B e RSN RN De che

fleﬁC§aiﬁﬂﬁkﬁkﬁe Buhbdioga bl @cdopmifetheshett pshouttten such
further be noted that

if no din | ocks are
LOpHANG AP h o 1o T8 afLEF%ﬁ?ntl %318@ ﬁﬁlBPg%EJso%ﬁe used
(cbakighiactyrnt JdrotaBevpai sudfpufilaiely @mabkgt@rhlpﬁatéhe
sanme two different building blocks are used f

buai ghpanekeck daikd i6enef tpahreld FhetheaspLrt P%Ee%f“iar?‘e if

no@S»é@mbwlmgb%l@lcﬁJsea@et thié 0fBnd NEPRIOr d8Ekerent
catal ysts, which for instance can result in 20 hlgher

budédényonledtesn utSﬁé par| adtrhresattaltyz egeHegkr ©
fubgé%hgf gAhd N hfehg%aﬁlc‘w‘ét@Jh YEEL YS90 5 Y BIEORs are

reover, - usi'nd Dbis-zinc-porphyrin systens as
usednpbat e’statcémdrrtedmi mhehethermepitd.dentate |i gands- of

whi ch the catal yt X citegg/erf for Sﬁf&%ﬂﬁg{nﬁgy ggt ent from

(enanti o- sdl'e stron
theoppabensst ofatdig sassewhliyh Toesingtesidet s:asmhtnwstlhatin

hi%%%gggggﬁgggéﬁgﬁﬁqug.tg%eggfiaQQ§n%£&aa Egbch L reactlon
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
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
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.



10

15

20

25

30

orientation of ligands and that the assenblies are
stable under catalytic conditions. The netal -1i gand

WO nioenedssd ons are used to nmake new | i gand assePdi/ER®04/050906
Moreover, different 30 hydrogen bond buil di ng bl ocks
can be used to nmake bidentate |igands by assenbly.
Exanpl es of sone of the hydrogen bond buil di ng bl ocks
t hat carrvwee ideediaad BﬁmWﬂnﬂg1uﬂmaks tanOpe astroblléd around

ote_that these buil di | oc ould be.used for
2 BEUBIATS COrEptodatBor 0P HIPR R Gohil SPHORE F B P T RBEtLes
thd0044383P5h RGH EBRAQV4LO5090epr@sBaRaktlest gahple is a
i ng

bui | bl ocks can be assenbled around, a templ ate
bu dding khboqlﬁ PUBrdEADREL BL$R g%ﬁ%ft\ﬂﬂotnﬁlﬁ?;b%%r?n%sbeﬂ?ﬁt

amgeﬁﬁ@d P dhe Lempl akeq Ao r EPLeSeALKYE SXamPigis a
I'di ng bl ock conprising urea functionalities and

anbenzcst@mbhtrﬁes Whm:hrcalmt@@merf theyof B AR comit BxEs 1
stWokglgﬁééeriﬁaﬁnth% ESHB&Q{@S Th %a‘%r g@&@;% Pf&gmaﬁ{hvc\;% of

ure strongfy depen ate
theatabyhibTigerdaor masoebef usdzdheasasﬁam)lqsesccanohl 5o Pmidying

ed.as_di tic tool st ud | t
SoURER AN (0 tie SLBnEIETY e O SRBLFY S0t ERar e Ty

chesyeb asudy HOfiganslratinghat Cat paainyoatand ahdydikylic
substitution oyl ng catlonlc tranS|t|on or

supght hahi o) - )rFé‘H%HOYé&S‘ﬁpFé?é@m(% gL ATy P clanthanide
mel¥dr eggpatioy, e@Xﬁr%%yﬁﬁétrﬁé'E&Hrd@%ﬂ%&1%E¢Ch§ﬁrov1nyl—

interest since the counter-ion wl be fixed at a
atdept aih of ssrerielf dowerret netage tﬁrﬁ SBLEEriay el 45 be

£itRqobyYe, S@é%% %ﬁé%%&%e'@rSﬂt@ﬂaﬁkéxﬂndThﬁstmg believed

ormati on o e cationic COﬁp exes. The coordi nation
toc@mbexpsgsabmf@ﬁ@serlabbythésss:as npicariy &hieo fhemaeben of

th%h%ak 8%@9 é%ﬁb#é%%gﬁa C?Ergf$¥$%ﬂ§Qx%§ﬁ%Q %?Qaﬁghe

nven ron fu rela 0 a Ca yste
pnaf@pabsynga$halmhhuerwﬁnbibaédeemohhbrﬂﬂgamd eodptlex metal

stem an the of the coordination conpl ex system
Cﬁgé Sgpaﬁy%t u‘IF':‘O%ferably for hydrofornylation,

hydrogenah@cﬁhvéﬂﬂﬂ@ﬁf€Mrthydrfﬁﬁﬂﬁﬁé(ﬂh a catalyst system

hydr.ogyanati on, ner.i zation, isonerizati
ot At n o S O Gd GPE GO LR Rl Sorger system and
tHChiskabifOBhe coordination complex system as a catalyst,
preferably for hydroformylation, hydrogenation, transfer
hydrogenation, hydrocyanation, polymerization, isomerization,
carbonylation, cross—coupling, metathesis, CH activation,
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
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
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25 allylic substitution, aldol condensation, and
M chael addition. For many reactions bidentate
wo p@anasswi th different donor atons offer a hPQiTEP2004/050906
| evel of control of the selgctivity. For this purpose
approaches are required that 30 enabl e the sel ective
assenbly of different building blocks. This is done
pli¥a Bk N $@kS she bt | @ ME: RIAC lsnvE { bnd Lngtdupzal
groups that associate with the conpl enentary
Conpheteifly §rodpay BeEhvdedt & serher 2hot¥EdBui | di ng
<p959§1%irllee§,a@h'o@gh§té§p_tuéﬁm@d QReObnbhe 14 gandie af. &9
a tenpl ate equi pped with a WO 2004/ 103559
JuPCThERRON 41650208 Icphpeeidy wheflat heg saproprand bi-
deglc%{eeé &M d %%%Hea”a!fagifwaﬁci O%EKB' SQEgF%é’mé)di%q{ G
notrves of a Serrés o |gandls(J phosphi nes,
dipheseht t@sjoimkitibned aneaddiovion mh€haathe | buBydijaqugtlocks
m xi ng the proper conpounds chel ati nono- _and Dbi
caflolp afer s POrRon, ERURI TS Aty Hhe- BhS, TR =Y
biffing didderiRMalcarblipat i Pgurd n)addi tion the sane
bui | di ng bl ocks can be assenbled onto a tenplate with
the same conpl enentary binding functional groups

Figurel). [err] Kig. 1. L1 and L2 are coordination
noi efT[es of the ~bUil ing blocks, Mis trangit4on or QMTq
L__EﬂﬂLhanndewnEtgii A) LB an entodi nt using a e
, tenpl at e—B)-i's¥dn e i ment_usi ng |sert<" —
ongl enent ary buitdi-rghl ockd_Ld That cage The shape [ i

mpla

A) LCof <the tenpl ate=wrrr—arso 19 affe the catalyTic

per for mapce of the, Sypranplecl an 8YSLeM; dNGs tne
tenpl at es “ray i ncl udé“cali x-arenes and rigid nmul ti-

buaidimat béogypst ¥nbs tBRspbristy pE nlanehphidee gt h A whs an

enBbafn@hentsidiehat SiAhee 2190 18Ukl abbeaiRIR| RS A% self-
nitrogen donor will coordinate selectively to the

coppRMeREARY S8R paPPRSrins are 15 known to strongly
coordi nate carboxyl ate groups. Systens functionalized
Wi th two orthogonal binding sites can be repa{ed in
whi ch t h&? ddtd] yereahhcerbpes Phehe template will also

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
known to strongly coordinate carboxylate groups.

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

several types of guests including amino acids. Several
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substrate nolecule or a chiral cofactor can be fixed
in a well-defined way usi ng non-coval ent

WO nioenedssd ons. In a 20 straightforward exanpl ePOEERIHOOO50906
por phyrins the binding of th transition (or
| ant hani de) netal wll be based on hydrogen bonding
(itonic interactions) and the (guest) cofactor will be

aanu@degs&ml et el edein@angd i 8§ & asdi P BuncsdeRadsgroups
yridi ne-zinc coordination The blndlng on the
§

thﬁé?ﬁﬁy?h?ﬁ%ﬁ?ﬂ By o8 1 dPn 28T sERerGRtalyses B thurRiRect to
tHen%EthHg §E@é“béﬁ”b%sma§§Vef@Jwég)égﬁkﬁ 103%58he dynamic
PCT/ EP2004/ 050906 10 anal ogues with different
bimgdrogefi bothl thenctEtedaktgraspshe thdrsdnptehangeagle hes an
n |yt t t he_bin
o b e e e B e B e AR s s - AL BheLy
ﬂffedeng méptmﬁdhtdharaatabystsoas wdree sudrsinbatd using

nol.e 5 eff|C|en ,Strat towar ds host - guest
e RLaPY AL g PO Tt T o it IO BRRPE o
seQ@fca@tr@r BiMer Bd Asseidtlzad cufp Dgxa sl -dudH disngnbl ock

interactions, for instance based on selective

bi pyri di ne- net al conplexation such as in: [err] One

of these conpongnt ecjunctlonallzed Wi th Al
i nformati on, contains the 15@
catalytlpﬁhi a@ |v§ pNos taI conpl ex. j or

advant age %ger t be convent P Appra ggmgz is

large |ibrgrigengf chiral pegtal yst $s | ¢
easily, (conpared to covale synt hesi s) Whl( i

d

i mport ant con: d n t hat new substr ht
general ly requiN e /el Nn‘Ddlfled catal ysts. ‘@

i nvention t efore.also rel&es to the use of a

| east two ding Iy gcks each having at |east one

functional group, wherein a functional group of one
bui l ding block is conplenmentary to a functional group
of another building block or of a tenplate to form

through pheigs Z%Jw%n@)@%ngg OHRS 1Be NATAAW8AL RORGL
between the building blocks or between the building

clylredk d ndpgnehecr enplenaas tthe ebharncantiyahdhchat with
céégiyﬁﬁE%h1§°£8§1$£WbHB¥HH¥nQQREQQ1 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
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
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.
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conpl ex system WO 2004/103559 PCT/ EP2004/ 050906 11
Anot her aspect of the invention relates to the use of
W@ 2®et103589 sel f - conpl enment ary bui |l di ng bl ocks fPRPCT/RRA00D41050906
a ligand having at | east tmg donor noieties for
conpl exation to a netal I %ted froma transition
nmetal and | anthanide, 5 wherein the Iigand conprises

the set ,of,+hdk! dipgHl Oekge %%%Qnt@ghlﬁgigtéﬂ @eK the use of
having at |east one functional group that is

a sohpblmaitfacpmpbenetivaey i WHaldigidobposks afr Heyking a
ky 0 I
1B 00,8 0% 06 b, ASTRL o100 2y SRR ARRon oo
a menabcmeﬂaﬂMeHyfbomdadttan$iuﬂxwomh¢aloandolamtnanide,

rou h their co
g ERBete THhEo Ry BRTTbhS T or LHor: e FrAPHL To fgLacdts: each
buCAPKd SNtk Sekfingoap! eeat asre Muinlcdi bgabl gedksy tamt is
optionally tenplates _for_making a |ligand. The set w%
CoRp LAY §€ RefdPStiopal T 1o |a8gth?6rb‘f ing block

orabpve-reipiaredHgeat 19 A5t BhEXRAMRIend3BLy, wherein the
tetraarylporphyrlns as well as trans-A2B2

bui édtaaryl poiphye ngncﬁﬁV@h%mtlyy BensedetByedgl | ether or to
e
th%or%%%grhsrf%uﬁﬁ Ehgl CHAL RSt &aae&&efﬁagrw&

ctlona |zat on am nés and
isothiod&&nam@egtmqpsf@£¢h¢ma9enhaim§céd thdi st ayanprising
th reactiv | f
Se?%s?%%%éé%ﬁﬂﬁ)%yrgﬁs can¥ §f8§%§aregtfpggoggf§y ggmplates
fogumakihd es)liaathdus@deasesyndhoanbksd aroniplré ssyme beks st of

bui. | di bl ock i red fo dif erent ways of

COHBﬂlﬁﬁgg?%wné%ﬁ %ﬁﬁbg59¥§t? B&EMI%Es of approaches
of maki ngs taa le@ampReends ﬁ@tﬁia/@l‘fpo@@hgrSﬁpp@ﬂtw@IE as
m xing trial koxy-functionalized phyrin with

trapamhrRe B TEAHV; SVAPCEBRETANF| £aD ‘Fﬁ"ﬁf&k&’ oz BEAEnPY vWal b

es%gbigghe@r§§ﬁﬁﬁétlﬁr%r@%é@ﬁ?é¥ of s theydriars ykbaps nesd 2l
onpl ex prior to immobilization, and post-nodification

fu@ﬁh@ﬁefum%mahlzz@eﬁlsar PRy PP ARSI 5t OCARRRY St §TOBRP can
be%ﬂk?saeéeéél % r8s) laxeasg%ﬁswg@tp@é RV 1eRS41 h@@e@é?ole

expecte formwel | -defi ned aggregates suc
Thmiscébkegnsipthce porphyrins can be prepared (laxge

gquantities) 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
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.

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
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vesi cles due to their anphiphilic character, can al so
be made according to this approach. Anphi philes that
w0 oooai10dsF9 - def i ned aggregates can be used f orPECTIEP2004/050906
assenbly of catal ysts. These 2004/ 103559
PCT/ EP2004/ 050906 12 anphipﬁlles can be prepared via
ion-pairing by mxing a bis- anion with cationic
amefmphpbéé &San Ms %&te@a%@nvw fagd-iienali E?dmbﬂiﬁ*?d( a bis-
copol ynmers (based on porghyrlns car bosi | ane
andendri er e ErnisorpehyPBALSS 5 units) is al so possible
to give ANtgre: 3%&%% §¥S£§ﬁ§tf8ﬁéllﬂ%@nbggkk°¥éﬁolymers
aggregation and m crophase separation di fferences
baaeﬁobarp@gpmyrxas,anphbphlla@esyskhns$r5|an@np@lystyrene

L_fl bI
Fblﬁa %ﬁﬁ%%%@% e; gggl%? ﬁ%éﬂ%ﬁﬁboﬁeng E?ock

: c&ewenabv@ﬁmzﬁﬁgaﬁloﬁo ahai ﬂaﬁd:f@rkﬂscmlsspaaaomdnn@yt 0

the inventjon are . |ven in Ch 11. So of the .
difEREPRERE HF Y lcﬁar%mrﬁﬂphlélrct R¥SHESFYS, Hreompati-

bltlr:l%%@se%ﬁn@cb&@oﬂﬂéﬁ:l%@l' edeREFSDIL Lathdeasi k¥1enyi SEUe ng.
other building blocks and tenpl ates. The nunber of
chiirgatasiehbe 9% dhchGorarRgnbl obkeks af@vspRiloRai g les of

butl@L@pLh?t S§oci£‘a§cdoﬁfd1}% apcersi bhfe ol BeNgRERVA) &tart

anchoring I1s virtually infinite, and several building
Il Soks ahdtheniimtledesr erecohmer ciralChevi LB} eOn| phe basis

och%eselggg é éﬂgil 1%GN 8£SO@LQA&“ég% 9 0% %15@@@ other
JaT ety Boridad 1 B (i

are non-co a sup

bua&@ﬂpbebaosktlandsﬂﬁm@dmmps th¢meHM&arthﬂlgbaQs ¢hade
at e

co por phyr S bl
e BeAe i SHEC e PRERE AT efihes, S EhhET €.
ad%?%sbb&éSﬁb?Cy%@JT?ﬂnd@ﬁbl@ﬁt&hnﬁhﬁﬁﬂﬁ@ﬂﬂs vitheagieat
advant age of the buildi.ng blocks is t thetic
TRl PPy S SHEF T h & S eBuP L b8 oTE IPOes: 68,
coltRrd%bdl o281 co91&] nat icR rkoThi ék&@l@laajedlgmf@a) oFi NC
is two orders of magnitude larger then to the

budilddngo PPRFKF nt el TGUSOTTREVRATRRLY dIPHS S (Y Refupport

(194 iy fle§gmemg gxepldd igghyr)the following exanpl es.
Cener al
An important class of compounds, related to

porphyrinsg, 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
availability and the structural variations possible. The axial
coordination to bis(salicylaldimine)-zinc is two orders of
magnitude larger then to the zinc-porphyrin analogue.

The invention is further clarified and exemplified by

the following examples.

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
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1-Cctene was purified over neutral alumna prior to

its use. Solvents were dried prior to their use.
woieooanes3ss9 pent ane, diethyl ether, THE PCT/EP2004/050906

(tetrahydrofuran), toluene apd benzene were distilled

from sodi unf benzophenone or cal ci um WO 2004/ 103559

PCT/ EP2004/ 050906 13 hydri de (di chl oronet hane,

"hy8fies hyd adi1ebmefhbhnspl @iiéﬁrﬁzl@lﬁdne?‘pd NEDNt SoNafiwisated

above were de%assed under ar prior to their use.
SOAVENER ARG GiTSTREr BLRER f BRI TR %ﬂé&éﬁdsb}ﬁﬂ%ﬁkar%dﬁwn@
thé§£nﬁs@rgﬂﬁ_Q%aQ%Ebﬁéeﬂef%Egéﬁﬁ%}M$a LP&EE Schlenk

at nosphere. Water and wer e degassed and stored
COUﬂ@F@lOHEmQ&lé@eﬁrg@heﬁrclalﬂlslmcb r};mréﬁaae@lsnrmﬁw drich

|

2tfHSPRERS | o ARooEDOEy T SaAgfed iy ot LiAKE
nioyegeneLnHQM1dmlunwaaeppurmha$ﬁdhﬁxom Bodride Ghagical Co.

or G U5 YL 00, 300V, B - Bl L S S Mo,

Thkapopat Ddies wasHERGCUbesd &5FY) Weltralsellumina prior to use.
p- ( Di phenyl phosphi no) benzyl am ne
Fo Comy PeiMestl exlalsliph) PHEYhat egvep it Béry PrpdeP] 8-#ér Beads

B s e o e e R S

Helraul ds nguda o olesreWitsk de x pe pb i pine 1of 1 dhioe pbanp boenlsy tamiere

B Bl ST S YOG T SRl ebereo

acbBol-80p§ opy | eituHatmireepabdeSutss et hyl am ne were
distilled from CaH2 under argon. The follow ng
conmpounds (buil di ng bl ocks or tenplates) were
synt hesi zed according to published procedures:
Bui | di ng bl ocks B4-B6 (Buhling, A ; Kaner, P. C J.;
van Leeuwen, P. W N M; J. Mle. Catal. A 1995,
98, 69-80); B8 (Hayashi, T.; Mse, 10 T.; Fukushi ma
M ; Kagotani, M; Nagashima, N.; Hanmada, Y.
Mat sunoto, A.; Kawakam , S.; Konishi, M; Yamanoto,
K.;  Kumada, M, Bull. Chem Soc. Jpn. 1980, 53,
1138); B11-13 (Buhling, A.; Kaner, P. C J.; van
Leeuwen, P. W N M; J.
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Mol e. Catal. A 1995, 98, 69) ; B20, B21 (Kellner, K ;
Hanke, 15 W,; Tzschach, A, Zeitschrift fur Chem
wa2@e4/103349 193); B33 (Liebigs Ann. Chem 1962PCT5(E132004/050906
49) T2-T6 (Cooper, J. B.; B{Ewer C T.; Brewer G,
Inorg. Chico. Acta 1987, 1297 25. and AdI er, AL D ;
Longo, F. R ; Kanpas, F.; Kim J., J. Inorg. Nucl.
Sygbﬁgéls1%7%m1§%1n§46§%ck§7 T10 (TheS|S P. Kaiser,
— 2002, 20 University of Koln, Germany). T11 (Bi emans,
H A MWitRopEsePtaen f e S6EPEHNIA Iivemdppen, pll

reh@éﬁ@g'ﬁgg %Trcgggégﬂgr%%rcoqﬁ%ﬂggﬁﬁ'QQF?fief% éﬁd‘hsed

wmmau’cmﬁmtlr&lc pum%paﬂf_@q 1m054>pr01ﬁY2ethﬂloiIde DmCP

coSGERZEEG gzt Brcd s o W T PIES AR

fol\L 60l 6y cE&:mp%u,ndBOKySheﬂidiDﬂi\g 1986k s5 0r1 96Hp 1 a B2S) (x@srede

G oot et al Chem Soc. 200 123, .
SYiT*EEe?bW%ﬁcrﬁﬁ’r@&HﬁoEﬂdEU]%JrJeSQﬁﬂnPérO& éPF?SavﬁPjrg‘%’r Phiocks
B4Bﬁ6 BOunling, T34~ TZ3mkeX é\l Okfl c:h) v3@ Bysthes] spofu BN. u.;

dr oxy yr| dine (1.44 nmol e%{ﬁ azeotropi c-

aM edr f@ -w t%h t1(9I éen88(3§<93‘§ﬁ) Bénd Herpahhyl Bm r?’élse'
T. (2F§kﬂéh1m§6bp %kaﬂ@rQMdj 2edan NHE (40, @Q)
and t he sol’ution vvgs WO 20047 103559 PC‘f’/ EP2004/ 050906
Matsunobb ed 1/0 Kaa@ kgmikr 8shl Yopydpar éd ; Yamamoto, K.;
2 p oS r ridi t f. _
kofgRiafd. - PP, SBUCCB M apEEt etk
(BAhlide, Lzan,ge{anWr GP.JC,. Kanevan H;ee@weh,, Pvail. Needwen/.

Moéﬁzgffg ag g? Jx\/é%%t'duggsoﬁgéga?%&ﬁ% 99;hd%26 Larker

w.dr gpvcBech, The Mﬂs@@rbﬁthfﬂ\ﬁsmr@mw%@n@ﬂ, he93), B33
solution was all owed to to roo er at

(LEPAPP e iasCidint 1a5ed £ 14 Hodke T HESPBRGe i On B

BridwstUr e, vas; fiddierred.andnbhg. SQM@ntA@_\eag@rsat,edzg A5.and
m xt ure of tol uene/ hexane 1/ 3 (40 M) was added to

" Addgpabt D10 kMYPr ddudt; AeERRS £ (5 ¢ &tbn d-he Vs ol eRe -

NLMS bﬁgﬁvedlé”fb Vapuo o 4aiyi ng7 Bl  Sirhpi A .arwhite, 2002,
solid

Unlver51ty of Koln, Germany). T11l (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); Ti2
(Arnold D. P.; Kennard, C. H. L.; Mak, T. C. W., Polyvhedron
1991, 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, B9, Tl, T14-T23 (ex Aldrich).

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
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Synt hesis of B2 This conpound was prepared as
described for Bl, using 15 freshly prepared
W@ 3)0430B59 bi s(trimethylsilyl)-2,2"-bi snapht hol PCT/EP2004/050906
phosphorochloridite (ref. Buj H.; van der
Veen, L. A Klootmnjk A ; ge Lange VV G J.;
Kamer, P. C. J.; van Leeumen P. W N M; Vogt D

ol CS Ybepd a
coRyBanGgelgt SR et oo L Sy

phO6pB&r gih Ll ezdgdtteofiredl | ﬁummzerd, Wit . Holueae {8xVedn), L
ang.trie m.n ( , le pdissol ve
A-ip Q Jzﬂ‘v %) Ag' b sbl%tl%gn‘?\j\éskg}g%%éd toéo‘JT q’?“

LeEneshlprnepareM ; Vogt, D Organometalllcs 1997, 16,
tetra-ter henol

3'-5,5 - byt '
A AR T AR TSN S —
TheNcdbEind 2htH haadndendded Qﬂi@ptm SH1uSibhr vAg ¥BBowed to
continued for 10 mnutes. The cooling bath was

warBnh9 el e d- SRE LS IGer Rt WEE1 NG| TSP LS MG NTPH + JHHT -
ThECIREELRL M &ni s RY @@§t§9@&'£HH”¥H%OsBQ%eAthQH£poﬂgﬁéd.

reaction nmxture was filtered and the sol vent
A syaporated. tusinet/liegaot L OBubhe/mexage added4bongytract

the érgg?gg Aﬁe%xt‘frlﬁctg:att Snp{:ggu&glvéox‘ftt %rras]c E%fn%%&io

vent 'was ‘reéenmpbved I'nvacuo, gl Ving
vaaaoa phirieg s i &.. 4W0) 26644108588 ROF/EP2004/ 050906 16
Synt hesi s of B10 This conmpound was prepared as
descri bed for Bl, using freshly prepared
SyiRhe2i2' obisnapht hol phosphorochloridite. Yield (78
%9 as a whjte solid. 5 Synthesis_of

5- ( 3- hy df i AP 52850 58P F7 4 (Fhélfpor 10pdi AT (A1) vsing
ffksﬁ@&pEYéb£kéﬁ}ﬁﬂjﬁ@X%beﬁéék6@5M@§h¥f&£ﬂ§l§%2@&d -bisnaphthol
benzal dehyde (15.8 m) were dissolved in 750 m of

pheepprsarleeid end nedat B41EMPR, G0 Fefli-ux VaOnder ¥fens L.

a.al Iklt;b@wl?ﬂd NI OUOUS 3, 1 Gl NG, PYT F Okl 4-p4 ., 7208van
e) was added and t he solutlon was refl uxed for 1
Leeuwen, P. W. N. M.; Vogt D., Organcometallics 1997, 16,

2929). (Yield (66 %) as a white solid.

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.
Freshly prepared 3,3’-5,5'~tetra-tert-butyl-1l,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
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.
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hour. The reaction m xture was cooled to 60 C and 100

m of nethanol were added. The reaction was stored
woyeanight at 4 C, allow ng the porphyrin to PCI/EP2004/050906

precipitate. The reaction m %ure 15 was filtered and

washed several tines with ma\%E anol until the filtrate

was col orl ess. The porphyrin was purified using

Sy8@hEBDs Chf Eat ogr aphy (basic al urri na CH2C12 upgr ade
2 % nmethanol in CH2Cl2), giving

5- ( 3- hy dithy srERprRd Y08 18T eRAAH @@pﬁsﬁy‘r}be%@rz.% using

yg i BRar ed_BYsRO-H@ld WG pn hloridit
AR g st Sy et

Ylpﬂéséﬁ&e’bfase)eceﬁlgtzn(sgkwfz Synt hesi s of Bl4
5- (2- hydr oxyphenyl)-10, 15, 20-tri s(phenyl)-zinc(ll) 25
porphyrin (1.59 g), azeotropically dried with tol uene
Symmasm:) of anel( ﬁﬁmwy)beyhy’rh@rj e A04-t0 il (ph28y D)

|ssol ved in THE (80 nl) and the sol ution
(AHGE ﬁ%ﬁ Freshly prepared

(S)I 2,2 341{}311&1@43,}5%5@&&@139@& och:{rJrair iodi fa&d( Bgﬁgal@ehﬁieog( 15.8
nmol e) was di ssolved in THE (20 added .30
mldy PHRP @158 YEd g wad Bodnpf n%%Plf%P H%napeshe%%d till

re90ki NGnabatdh was: ramRy eddandyd hen s dtiaRgWasrabl ower . 4
to warmto room terrperat ure, stirri ng was conti nued

mlf, o ROBOMAP het eeas Evsied aaet bR P9l was ﬁﬁFftlé?i%%l ove L

hdhqe ?HEV§%£C?¥QPQ&BH§Q' %QE CGSHinﬂfQQPCE g 100 ml of
purified ash col um r omat ogr aphy WO 2004/ 103559

me@@ﬁhé@%@mw@@m} Tie uedekiangeors (Havies avernaght at 4°

C, g T al R SRS I8 (ARG Bl s (A OHle RUGRRYEA Tnixture

gi'ving As a purple
waSynftLﬁlesredoéncﬂBJs,Eas'[f’rdcs scorpalntdimes witgparstaasl until the

. bed f
5 TR Ry Bt by pheny 192 10  FAPIBPEYF 8% gl RE P79
co&@h?ﬂ}thkﬁmai%(@%&bk(ﬁ7 (P)s i@s aaupunp) ecHLed, sohpghadkd 2 %
esis o

mefhesoly 4R oxgsHehy| §11H0d 5 2- & oL pREATRY L FENaYL) -
1dogr5ﬁbxatt91élpk5&1@ 2.180Q mrekepoagept 10piLaldnepdirkadby

Wt
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(II)
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 (S8)-2,2’-bisnaphtol phosphorochloridite (0.73
g, 2.09 mmole) was dissolved in THF (20 ml) and added
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
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toluene (3x5 m), and diisopropylethylamne (4.0 m,
23.0 mmole) were dissolved in THE (80 m) and the
W@ doutd3sm was 15 cooled to -40 C. Freshly prepBCBEP2004/050906
(S)-2, 2" -bi snapht hol phosphg%ochlorldlte (0.73 g,
2.09 mmol e) was dissolved in (20 M) and added
dropwi se, and stirring was continued for 15 m nutes.

un&@ﬁ £6641 NG RALh 188 heavied1anded herdkuthaneyasss of
ImmdtO\mrmtoroomtamaanﬂe stirring was

hyEBREY hURRFEI Tir SBVAAURLA. (TS 64ceFoh RESRAR < hs

soiijtered and the solvent evaporated. The crude
product was purified by flash colum chronat ography
under argon (basic alum na; CH2Cl12) to renove the

ess of oxypor phyrin, giving B16 (0.887 g) as a
SYB ésr%% id. 25 Synthesis of B17 This conpound

was pr epﬂnesd c@&pdasdrw)@dprema:&tﬁ as dssogibedsfdry B14,

usYEl B (46 o= Pk epiTpr Lor bty 51T B0Say Al FAGHS b

poBbByThhs eodmouUnd wasapr gpgiesi esrdeseniibed for B16,
usi ng

5- (3- hydr oxyphenyl ) -10, 15, 20-tri s(phenyl)-zinc(11)

syR@nRRYLI pragds freshly prepared (S)-2,2"-bi snaphthol 35
phosphorochloridite. Yield (39 9% as a purple red

sol i d. VIO tOowressehert) EFR00/ 50906 (Pheny Byt Hesi st
po%g?g@}? Thy S5 r esﬁzl“% MBlBS eQQé@E’rcﬁﬁc%?ﬁS}r hbedaf @lth

using prepar
tol8pn8, 33xb|leJ|anaI@yhspbybpyzethyIQMMm§naﬁhﬂhmﬂ, 23.0

o JRTENTLICHL 4 AP o bR LTIt AT LRUEPLCESH e
coatiedatbon4 9f td. arestfly bReBdreynt hesizs -bfisB2hthol
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
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; CHyClz) to
remove the excess of hydroxyporphyrin, giving Blé (0.887 g) as

a purple-red solid.

Synthesis of BI17

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

Synthesis of BI18

This compound was prepared as described for Bléo,
using 5- (3-hydroxyphenyl)-10,15,20~tris(phenyl)-zinc(II)
porphyrin and freshly prepared (S)=-2,2’-bisnaphthol
phosphorochloridite. Yield (39 %) as a purple-red solid.
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5- (3- Hydr oxyphenyl ) -10, 15, 20-tri s(phenyl )-zinc(I1)
porphyrin (1.23 g) azeotropically dried with toluene
w@ 2003104559 15 and dii sopropyl et hyl am ne (3.1 nmPQT/RR2084/050906
di ssolved in THF (80 m) an the sol ution was cool ed
to -40 C. Freshly prepared 13 (44 pl) was dissol ved
in THF (10 m ) and added dropwi se, and stirring was
continued for 15 mnutes. The cooling bath was
renoved and the solution was allowed to warmto room
Sypbheghpetfatid®e, stirring was continued for 2 hours.
The rea%%h%ncoﬂbéEH&ew%@%ﬁ@ﬂé&%ﬁegsaBQs&PEbé@L&ﬁﬁ@lG
evaporated. The crude product was purified by flash
usgnd ufre ghnopaepgraghysS Lmet’ barsgéﬁl(ﬂgthw;alll’ Werfe)

e or g
bl%gaeﬁégb% pﬂyag%pggé %giggysol el %@ %?sé ﬂ@a§ed
so0i80 g (0.616 mmol e) of 4, 5- dl(diphenylphosphlne) 2-

pentyl - 7- bromopent yl - 9, 9- di net hyl - xant hene were
dissolved in 15 m of THF. Under argon the solution
syﬂaﬁegjgnﬁfgnnﬁd into a 30 100 m autocl ave. After
addition of 20 m of liquid NH3, the autoc|ave S .
stirred BH¢ KeEPeHNgt waﬁe) O TRASH RIFGRE. OFLER ™ "f]\gﬁb\?el& of
g4l N vacuo and the residue was dissolved in 20 nl of DCM
(di chl oronet hane) and hydrol yzed with 10 ml of water.
The organic | ayer was separated and dried over MgSO4.
ds, IO 2004/ 103559 PCT/ EP2004/ 050906 19 were
obtalne e t i
0. 41 sé S e LU i L SN
poBzﬁyrnn 10 rﬂ3 E@OMaz@o®38pnrtablmydrladswy@napéa@@@ at%x3 ml

re added fter stlrrl 91 Q¥ N t
ﬁﬁé?%?ur%¥#\ STvént 3@3 egapéggiég' ?ﬁe pro%u%%F
miWasndr €& ysdald :Lc%xe@afsr eBb M pentagrecandrasmby tpﬁ:eﬁﬁﬂe@

was obtained and dissolved in 5 nl THE to which a

PCdol (44 ol ofvaps dd sAglRa@H 1 OFHED. GP5idippey pAded fropwise,
an‘é@gﬁﬁr%ﬁ%%dcoﬁgltn%redsgfbfri@gmlr%‘l%r@' e LRe1THE ¥Mash

evapor at and the reaction m xture was
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 NHs, the
autoclave was stirred and heated at 70° C overnight. THF was
removed in vacuo 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 MgSO,. White solids
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neutralized by addition of 2 m 0.44 M aqueous HCL.

The solvent was decanted and the crude product was
wormhassg th water. After recrystallization fPOIEP2004/050906

chl oroform 0.136 g of a 15 ite powder was obt ai ned.

Synt hesi s of B28 3- Am nopyridine (0.82 g, 8.7 nmol e),

azeotropically dried with toluene (3x2 nl), and

wefef 'o%tt%k[lném Aetdd MnoBidgehe) so20eMer en difan).vedeld 0.41
E (40 mM) and the solution was cooled to 0 C.

g. Freshly prepared (S)-2,2'-bisnaphtol
phosphorochloridite (ref. Buisman, G J. H.; van der
Veen, L. A ; K ootvvijk, A.; de Lange, W G J.;

Syzhﬁalmis Bf 824J.; van Leeuwen, P. W N. M; Vogt D

tal Li.c 9 o]
TO( )gsfr}é1 &k sﬁﬁe(zo#g do%%;bjz%% %LO %&38%%(]'901(13;38(@1 %éhyl
1s&ﬁﬁﬁﬁaﬂMﬁEetdteSﬁéﬂ@daddéd?ﬁéﬂﬁé& Et)randgaﬂwﬁnhlght at room
dro}gﬂw se. The cooling bath vvastrgma ﬁd and, t hC
CoRRT IR e APESHEL N VPR S P Gont B AR ES and
re&tyddiNg A4S reent bouesed tine? . amdhau mhlﬁhesol:'e:a&tasm)btalned
mXxture was filtered and the sol vent eya or

t
ang dieapipzel (1. 8 g} BEF Lwiitiesd salutspht s]ie OoF“gBﬁlé‘OH
(01995 ng {11836 unRh e}, 0f » hydy Qaaiet. hylediphenyt phasphi ne

oxl de (prepared as descri bed by R S. Marnor in J.
ov@c]g;g}@héqhe j‘l_?glg’gwasggvgmoramgg:} éhﬁzé@fiﬁbb?%dﬂﬁg}iure was

ne‘%@ﬁ%%%%%ggggg%o %sequent ép%%égﬁgggc}n T1h()e m
soﬂ)ﬁeﬁ“&t—lENa&ndileé:am;fed; aE(;lﬁFhe Acugme gOI@dSJGItuWBénW@$h%Oﬂﬁ‘{§}
el e T BT 2, SBILY B ePRLE 0 tef oL S03pL

whﬁ@etﬂi@&déﬂ:&@d’alsO@blﬂhthﬂe. The resulting m xture was 5
stirred for 24 h at roomtenperature. The m xture was
filtered and the solvents were renoved under reduced

SyBEBS8sYE eor Adger intense washing with Et OAc

(ethylaqeggh@b y&ﬁ@lﬁéOQUCQZW@SEBQbhﬁbmé¢ pHE€odsSomically
white solid (y| eld: 224 Synt hesi,s of _B3

drgd(1i g s éﬁZWééetwdthﬁW%Ml&sné (‘Bfeé nggole
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, 2929) (from 1 g of (8)-
(-)2,2’ -bisphenol and 0.76 g of PCl; and 1.4 g of Et3N) 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,

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,

34, 748) were azeotropically dried on toluene (3x2 ml) and
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as described by HK Hall in J. Am Chem Soc. 1958,
80, 6409) was azeotropically dried on toluene (3x2ml)
w@anw4g0spended in 20 m of THE and 2 m of EtBXI/ER2004/050906
solution of 500 ng (1.43 15 %;gml e) of freshly
prepared(R)-2, 2" -bi napht ol osphochlorodite in 10 n
of THE was slowy added at 0 C. The resulting mxture
suM@syRhknkedi §861 384 himt1o Qﬂ.ﬁbEeﬂ]HErarer mJLJramet3N At 0°
renovi ng the THE under reduced sure
c &lslqlr‘%{lpénOft Re0 pred (et L EmEhEA; | figd %%Sfalmrteéa%?. §3)-
%h%l%‘rn Blv‘@ﬁ %&Q%éﬁlﬂdli@@nlﬁapd) neXd# acir @Asi Blowly
exane hano leld: 253 nt hesi s of B31 97
adaep (th 311ennreae}'19rl nestiyte .uTde WasLakEed riobitede yas
druﬁgéﬁ ¥eh %e£88$t$é$§%ﬁé@ﬁ§e”1%?@ngbkﬁﬁﬁelﬁﬁ%e%lltered

v rnig presence o 5. A solution

'an@ftri’é)%oélvﬁthOw%é mambedd ofndefrr esHhigegrepagske. After

(R 2,2 -hisn | d f
Sy HaBea O So T BT ERL rER Ty TSR PR
ob“eleg)lﬂ'@d PurEHesardwhifk bl 3fYialidd C24Amwhite

precipitate was 30 inmediately formed. The resulting
m xture was stirred for 18 h at roomtenperature,

syhtht&fedambconcentrated to dryness under reduced
pressure The product was obtained as a _colorl ess

1880biny (Thet20r seede) wag Bupeethed 2y rdragsiueron (HraRpred
aszggé‘éﬁ%’%f%fg IKEP QQ‘H}/ 080906, 211, ugpe. 23)9!5@%80' @109)

nount o exane. (Yield: 30
waSyatémqupxﬁélB@Qd&l@@OOnthhpepﬁl Prge) Qﬂd suspended in

h
o3 LR AUt vere ot on s s 0.t
mm(alar 2&3 ﬁréshw en’@@mreﬂ Rin-2/2 mbiofapiitoRl phomphbeimoradite
room erature.
lns{ipr%oo orif187e% S&to a#%ﬁ%‘pgelgaqgure Sl ven[l%\%\lg (re
ml&@F'Qié!e\daélnfﬁ{rhﬂeﬁﬁLﬂ%d 130 hpaesm?mdte%pcémlumeo nmepbane
solution o e product wa m)..w th
rel@%%@ru‘é%srf%lur&ﬂ%ﬁegﬁceér%%%%%%ﬁegn)él\ﬁ%%ﬁg?%’d the
prndet (Lduaed ML & whYkel 851302 T8 product was

purified upon rapid extraction in hexane/methanol (Yield: 253

mg) .

Synthesis of B3l

97 mg (1.31 mmole) of methyl urea was azeotropically dried
over acetonitrile (3x3 ml) and kept under vacuum overnight in
the presence of Py0s5. 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 EtsN at 0° C. A white precipitate was
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
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The obt ai ned product
1- (1R, 2S) - 2- - - - hydr oxy- | - net hyl -
w@b@agdisshyl - 3- ( 3- net hoxyphenyl urea) was dri edPOIEP2004/050906
toluene 15 (3x3ml) and dissghved in 10 M of THE and
1 m of Et3N was added. To this clear solution, a
solution of (R)-2,2"- bisnaphtol phosphochlorodite in
tollené aid Hdiwdsnsbowh ysmalle hmaaint0 of. hdhens esttitdlalg 301
m xture was stirred for 18 h at room tenperature
md{;|tered and concentrated to dryness. The product 20
was obtained at a colorless solid. (Yield: 299 ng).

Synt hesis of T12 According to a simlar procedure as
Sydéesefibedt 82 Arnold D. P.; Kennard, C. H L.; Mk, T.

208 il 1,01 et o2531800 o e 505 P0G S e Do -

drepgbse Sadd_@s‘zto raotsasseumelarcb‘br%&%fi (g001rg} Ll ameple) of
, 1 O-tetr k h di chl t
30 25 PO BRI g T LIRC erPOLPI W

tempdréf)uné afhenatesiulafdgheakedratwasefijunchbeor s 8ioad stor 18
e 30 organi c sol vent was, renoved and the aqueou
h Py EP e g o e SRR SO Gieetl P aRe: Feed
pr&é@u@é gani &i drayfomeWaSnWasOee it b ather pt3u88: has aibhed
n dried over anhydrous sodi um sul fate, filtered

(SHEAME Rt h e Sl oRas  Fenavetition o rdengn dige and

15BN 968Gt un i Gl WS d %%@séﬁ% ysr@iélcz ecshr g WO
2004/ 103559 PCT/ EP2004/ 050906

hex&he/ @Ib*é%jlrr@ﬁd)mqﬁﬂalﬁé (1A1}, 2% gh]fé’dmycézmeh@ylg?l%
| f
prifiyetiPatl | £ U r@x%ﬁexgrekééwa%o xR BEBL SR

I's conp ared as described for T12,
(SuSinhy ahe cﬂxmolbasé mnéDogiLleomTH'ELlar(cBrlemingf EtsNAwas
; ; Qeven \V/ nop
B it e e AL ]
blhhbphtplEph&ﬂphdkhﬁﬁﬁmdﬁter;nFlOChl oﬂ«ﬂﬂﬂawaﬁ SIOWL& 'added

1998, 120, 11054 0 ti
S aF Pt al P B 8 s T BTE BT B e s 8 B = fzo0m
tcpBrdende; (NHQBélre(cN aNANEoNcehet & ek S{B-dainrRe@pr. 0DNE ) product

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

Synthesis of T12

According to a similar procedure as described by
Arncld D. P.; Kennard, C. H. L.; Mak, T. C. W., Polyhedron
1991, 10, 509; Arnold, D. P., Polyvhedron 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
organic solvent was removed and the agueous 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
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1, 4-butanediam ne; 0.12 g (Aldrich)) was dissolved in
15 di chl oronet hane (5 m),
w@2qoanozasshoxysi | yl ) propyl i socyanate (0.34 g) PEFERPII€E50906
and the mxture was stirred fgr 2 hours. After
evaporation of the solvent the conmpound was isol ated
(Yield 76.9 % . 20 Synthesis of T25 T25 was obt ai ned
hea:bhetfdtﬂﬁiwtimr@n%usnemm of @ifvel 242 grdoshbi cal$n as a
t ol uene for hour s. Synt hesjs of T26 25 T26 was
mefad ﬁéFe@uE%]r%gj”%Yséﬁ% F8f pPbtedure as for T25.
Synthesis of T27-T32, T38 W used a nodified procedure
taken from O Conner, 30 MJ.; Wst, B.O, Aust. J.
Sydesis 196771320, 2077: To a solution of the
salicyl yde q n h a (
eq) in ﬁi‘et eg’;r%mp%iléﬁm%?gmgg@%%%e % %%é S?S%ﬁ géperlr%'
usam@t ahe Thedwy dreatee araloueqdf alidl t(rBlanhyJIsaraneA (12- 4 Rowan,
m Xt ur rred at, ro tenper ture for
BT80S S8y e ER b0 Br0d0n L2 Ty he EROMTEY
J.waschubseguer®] yp. snl at.edubyjét | ta.ati.gn D@nechdyveﬁl F. C.;
ypi cal isalated yield 57 - 100 % Typic e | e T27
Nofts: DR hf ortb-ro-Pphetfyl ERESI afi?hier ( %’g ﬁgg
stBrRlia), m3sSroit t @d <hutayl as%biglyé aAchqiwde (1.04 g,
4.44 mole) were mxed in (50 M) . Then a
solution of Zn(QAc)2.2H20 (0.60 g, 2.73 mmple) in
S%ggﬁeglss '"d9 Mas added fol l owed by addition of neat
Et3 (3 m) . The m xture was stirred for 18 h at
room t emp@Patener— Ak )t héeN g¥ a1, i ' taesdapi e dgcaminopropyl) -

1,6Phheahet s 4O, 1 LT 8t (80, iyl ng,Jn vague L of ded

an oran e s

digyriclreseshafie T3 IﬁI33)7, Mbditfrii etdhoewetiyon mo@qzédapeyasate
crlbedfo T32: allc | al

Od 4. gyl Wa%n%c? (]grﬁlrh% en%léﬁgr% as sdcehjyred %r 2 hours.

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

Synthesis of T25

T25 was obtained after refluxing a suspension of T24

and silica in toluene for 5 hours.

Synthesis of T26

T26 was prepared using a similar procedure as for
T25.

Synthesis of T27-T32, T38

We used a modified procedure taken from O'Conner,
M.J.; West, B.O., Aust. J. Chem., 1967, 20, 2077: To a
gsolution 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
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am ne) (Minoz-Hernandez, MA.; Keizer, T.S.; Parkin,
S.; Patrick, B.; Atwood, D. A, Oganonetallics, 2000,
wa2044d3569 were mxed in a 1:1 ratio and a sSoPCI/EP2004650906
zinc acetate dihydrate (>_ 43eq) and triethylan ne
was added. The m xture was 20 stirred at room
tenperature for 18 h. The product was subsequently
h. i Bid adedivest fiialkt eabfs@cguémdmrnjseudataapbgzafllﬁmwﬁednd
yield 57 - 100 % Formati on % | i gands and
dr et BRI Ay 18858 hBH yY B4 é‘ Bufl di ng bl ocks The

| i gands @?El@@[@»@ @S avang .f ormed by just mxing in
sol ution e buil ding bl ocks, tenpl ates, and net al

pr ecur sofs 5rﬁlt31h%03?%cﬂnpﬁl@@}’ﬂ§flleééam}%e t He Foldlodi- A
h
mm&fg e 31 math%aggjcﬁa lel re Qfé% d ?geg@gab@‘@ﬂl mmole)

prepare nner rts
weaadmimd fm Wudﬁorms) TMB&IQ@OAE/O]L@;BSSQ of Zn{OAc).. 2HzO

TR ace ToABLats At HPOT bl ST roaR o 1 S B

adai-itﬂ-dnﬁ rﬂea33 NB3; T3 Tl )Rh The B4xBdrdlwds SRI’]LJ’_‘Il'édBioB4l8 h
T2 T2 5 B4 34 T3 T3 Rh 6 B4 T4 T4 Rh 7 B5
atTIoq RO B 85 wdﬁhwr%ﬂéslt@éeﬁspﬁdw 99"

£iT8rddi &0, lﬂigy 5% B2 ¥icdd &RrfoddedBd .B2 ﬁZOfZathoralrﬁg@%olld

B2 T3 T3 B2 B2 T4 T4 R 15 B2 B2 T5 T5 Rnh
(1.23 mmole, .

Synthesié of T33-T37

Modified reaction procedure as described for T27-
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, 44le)

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

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

manner are listed (see Charts II and III for structures).



16 B2 B2 T6 T6 Rh 17 B7 - Ti - Rh 18 B7 - T5 - Rh

19 B7 - T6 - Rh 20 B3 B3 T9 T9 Pd 21 B4 B3 T9 T9 Pd
WQ200B53085 T7 T7 Pd 23 B5 B5 T8 T8 Pd 24 B5 BBCTIBP2094/050906

Pd 25 B5 B5 T10 T10 Pd 26 %g B6 Ti T1 Pd 27 B8 -

T10 - Pd 28 B8 - T10 - B5 B5 T11 - Rh WO

2004/ 103559 PCT/ EP2004/ 050906 25 30 Bi B1L Til - Rh
Tagide B10 B10 Ti Ti Rh 32 B10 B10 Til Rh 33 B1L Bl Ti Ti
Pd 34 B1 B1 Tll - Pd 35 B10 B10 Tl Ti Pd 36 B10 B10
Tl - Pd 37 Bil Bil T12‘ T}? REA 38481| Bil T12 T12 Pt
O T T o B
- Rh 44 kBJdeEIJI TdBock Pt | 45 B12 B12 T43 - |[Rh 46 B12
B%.ZlTlS rBl 4+ BlSEErlS 13 ;I,lF‘\h T1 =N
2 B3 B3 Tl T1 Rh
3 B4 B4 T1 Tl Rh
4 B4 B4 T2 T2 Rh
5 B4 B4 T3 T3 Rh
6 B4 B4 T4 T4 Rh
7 B5 B5 T1 T1 Rh
8 B5 BS5 T2 T2 Rh
9 BS5 BS T3 T3 Rh
10 B5 B5 T4 T4 Rh
11 B2 B2 Tl 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 - Th - 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 B5 T8 T8 Pd
24 B5 B5 7o T9 Pd
25 B5 BbS T10 T10 Pd
26 B6 B6 Tl T1 Pd
27 B8 - T10 - Pd
28 B8 - T10 - Pd
29 B5 B5 T11 - Rh




48 B13 B13 T13 -
Pd 51 B16 B4 - -
weeh043835819 B4 - -
Pd 57 B16 B5 - -
Pd 60 319 B5 - -

Pt

49 Bl14 34 - -

Pd 52 B17 B4 - -
Pd 55 Bl4 B5 - -
Pd 58 B17,B5 - -

Pd 61

B14"B6 - -

Pd
Pd
Pd
Pd

53
56
59
62

Pd 50 B15 B4 -

B18 B4 -
B1BCBBEP2004/050906

B18 B5
315 B6

Pd WD 2004/ 103559 PCT/ EP2004/ 050906 26 63 B16 B6 - -
PO 364 BL7 BE - | Pd 565 BI8 Bpi- | Pd 66 BIO 86 -
Pd “R7 B14 Bl - | Pd 68 BI5 Rl - -| Pd 69 B16 Bl - |-
Pd 3¥0 B17 BAO- -| PdBl@1 H18 BI - -| PdT172 H19 B1 - |-
it 76 B B10 | -CPY 47 BIBTB10 . - Pd |78 Blo B10
- -3kd |79 B4 B2 - B1Pd T1 T1 Pd

34 B BI T11 . Bd

35 B10 B10 71 T Pd

36 B10 510 11 . Bd

37 BT BI1 T2 12 Rh

38 BIT 511 T2 12 Bt

39 512 B12 712 12 Rh

10 512 ) 12 12 Bt

i B13 513 T12 712 Rh

12 513 513 T12 12 Bt

13 BiT 511 713 . Rh

14 BI1 511 713 . Bt

45 B12 B12 T13 - Rh

16 512 B12 713 . Bt

17 513 513 713 — Rh

43 B13 B13 T13 - Pt

49 B14 B4 - - Pd

50 B15 B4 - - Pd

51 Blé6 B4 - - Pd

52 B17 B4 . - Ba

53 B18 B4 - - Pd

54 519 Bl - . Ba

55 514 B5 . - B

56 515 55 - . 5a

57 Blé6 B5 - - Pd

58 B17 85 . . 5d

55 B18 BS . . Bd

&0 519 55 . . 5d

6l B14 B6 - - Pd

ez B15 56 . . Ba




80 B15 B2 - -
83 B18 B2 - -
W@ 20081835820 - -

Pd 89 B18 B20 -

- Pd 90 B],% B20
Pd 92 B15 B21 - - Pd 93 q.
Pd 95 B18 B21 - -

Pd 81 B16 B2 - -
Pd 84 B19 B2 - -
Pd 87 B16 B20 - -

6 B21 - -
Pd WO 2004/ 103559

Pd 82 B17 B2 - -
Pd 85 Bl14 B20 - -

Pd

Pd

Pd 88 B17 B2DEP2004/050906

Pd 91 B14 B21 -
Pd 94 Bl17 B21

PCT¢EP2004/RR0906  2%696 B19 B2I - [Pd 97 Bl4 B2 - |-
d_98 B15 RB22 -1- Pd 99(B16 B22 4+ - Pd 100.Bl17 BP?2

:”-6¢w h}Oﬁ??@sthzh?6- Pd 102 B19 B22 - P _iﬁ§48{4
B84 | - Bt 107 BIS Bal. - R 108 B19 BA - U Rn|
1096®14 |B5 B13 R} 1B@ B1§ B5 - - Rh 141 B16 BS -
RA—=5 B14 B1 - - Pd

68 B15 B1 - - Pd

69 B16 B1 - - Pd

70 B17 B1 - - Pd

71 B18 B1 - - Pd

72 B19 B1 - - Pd

73 B14 B10 - - Pd

74 B15 B10 - - Pd

75 B16 B10 - ~ Pd

76 B17 B10 - - Pd

77 B18 B10 - - Pd

78 B19 B10 - - Pd

79 B14 B2 - - Pd

80 B15 B2 - - Pd

81 B16 B2 - - Pd

82 B17 B2 - - Pd

83 B18 B2 - - Pd

84 B19 B2 - - Pd

85 Bl4 B20 - - pd

86 B15 B20 - - pd

87 B16 B20 - - Pd

88 B17 B20 - - Pd

89 B18 B20 - - Pd

90 B19 B20 - - Pd

91 Bl4 B21 - - Pd

92 B15 B21 - - Pd

93 B16 B21 - - Pd

94 B17 B21 - - Pd

95 B18 B21 - - Pd




112 B17 BS5 -

Rh 115 B14 B6 -

WO 20R4/1035838 B17 B6 -

Rh

113 B18 B5 -
Rh 116 B15 B6 -
Rh 119 B18 B6 -

Rh

114 B19 B5 -
Rh 117 B16 B6 -
Rh 1201/BE®0BEG50906

- - Rh 121 B14 Bl - - 15; B15 Bl - - Rh 123 B16
BlL - - Rh 124 B17 Bl - - 125 B18 Bl - - Rh 126
B19 Bl - - Rh 127 Bl4 310 - - Rh 128 B15 B10 - - Rh
WO Q047103558 PCT/ EBZ004/ 050906 28 129 B16 BIfy - A
Rh 1301R17 B10 4 Rh 1311818 B10 < - Rh 132 B19 B10
- R 13 ?,,?3],41445‘2,\; -B%h 134 B15 B2 - - Rh _|135°B16|B2
B2 0 o HEE Bls B o 140 a5 B20 - 0 a1
Bl69BZO © -BRh 142 ®17 B20 - - Rh| 143-B18|B2(Pd - |Rh

100 B17 B22 z - Pd

101 B18 B22 - - Pd

102 B19 B22 - - Pd

103 B14 B4 - - Rh

104 B15 B4 - - Rh

105 B16 B4 - - Rh

106 B17 B4 - - Rh

107 B18 B4 - - Rh

108 BL9 B4 - - Rh

109 Bl4 B5 - - Rh

110 B15 B5 - - Rh

111 B16 B5 - - Rh

112 B17 B5 - - Rh

113 B18 B5 - - Rh

114 B19 B5 - - Rh

115 B14 B6 - - Rh

116 B15 B6 - - Rh

117 B16 B6 - - Rh

118 BL7 B6 - - Rh

119 B18 B6 - - Rh

120 BLO B6 - - Rh

121 Bl4 Bl - = Rh

122 B15 B1 - - Rh

123 Blé6 Bl - - Rh

124 BL17 B1 - = Rh

125 B18 B1 - - Rh

126 B19 B1 - - Rh

127 B14 B10 - - Rh

128 B15 B10O - - Rh




144 B19 B20 - - Rh 145 B14 B21 - - Rh 146 B15 B21 -
- Rh 147 B16 B21 - - Rh 148 B17 B21 - - Rh 149 B18
w®dB2440355Rh 150 B19 B21 - - Rh 151 Bl14 B22 -PET/RP2004/050906
152 B15 B22 - - Rh 153 B16 Bg2 - - Rh 154 B17 B22 -
- Rh 155 B18 B22 - - Rh 156 B19 B22 - - Rh 157 B18
B18 T19 - Rh 158 B18 B18 T16 - Rh 157 B18 B18 T20 -
Rh 12858 [B18sB48 118 mifh [159 B18 B18 T19 - |Pd M
2004/ 103559 PCT/ EP2004/050906 29 160 B18 B18 TFis Pd
1613818 |B183¥20 -| PdPl462 |B18 B18 T18 -"Pd [1628823
233h1% g 163 bzglgszd 15— R [ 164-BZ23 BZ3Rr1 16 |-
E; }6 B23 %23 17 - 166 B23 HB23 T18 - Rh 167
8233823 T19B19 Rh 1681823 B23 ¥20 -} Rh —-169 B23RB23
21 R} 1§§ B23 82%5T21 Rh—174-Bt4Bt4—+— Eh

17§3§1 B15Bi4. pn B2 - - R

134 B15 B2 - - Rh

135 B16 B2 - - Rh

136 B17 B2 - - Rh

137 B18 B2 - - Rh

138 B19 B2 - - Rh

139 Bl4 B20 - - Rh

140 B15 B20 - - Rh

141 B1l6 B20 - - Rh

142 B17 B20 - - Rh

143 B18 B20 - - Rh

144 B19 B20 - - Rh

145 B1l4 B21 - - Rh

146 B15 B21 - - Rh

147 B16 B21 - - Rh

148 B17 B21 - - Rh

149 B18 B21 . - Rh

150 B19 B21 - - Rh

151 Bl4 B22 - - Rh

152 B15 B22 - - Rh

153 B16 B22 = - Rh

154 B17 B22 - - Rh

155 B18 B22 - - Rh

156 B19O B22 N - Rh

157 B18 B18 T19 - Rh

158 B18 B18 T16 - Rh

157 B18 B18 T20 - Rh

158 B18 B18 T18 - Rh

159 B18 B18 T19 - pPd




173 B16 B16 - - Pd 174 B17 B17 - - Pd 175 B18 B18 -

- Pd 176 B24 B24 T24 - Pd 177 B24 B24 T24 - Rh 178
WB2H4BeH5924 - Pd 179 B25 B25 T24 - Rh 180 B2GI/BRR04/050906

T24 - Pd 181 B26 B26 T24 - 182 B24 B24 T25 - Pd

183 B24 B24 T25 - Rh 184 B257°B25 T25 - Pd 185 B25

B25 T25 - Rh 186 B26 B26 T25 - Pd 187 B26 B26 T25 -

RN ¢SS 1B27515 126 =~ Kdg 199 Bifg- 126 -—Rh TI90p&E5 -
T26 - Pd 191 B5 |- T26 - Bh WO 2004/ 103559
FCiryion sieseq st s £ovdd | 1o 3¢ o
B21°2 - |pd 107 B10 BIl - | PA°108 B1O B12 | - Pd
199.6@10 |B13823- Rd 809 BI0 Brid- -| Rh -201 |B10RBIZ |-
- Rh 202 219 B1 Rh 203 BLO H26 - - Pd 204 BJ5
B33 63 _ |rn B23 B23 TI5 -
164 B23 523 T16 = Rh
165 823 523 17 - Rh
166 823 523 18 = Rh
167 523 523 1 - Rh
168 523 B23 T20 = Rh
168 523 523 T21 = =h
170 B23 B23 T21 - Rh
171 B14 B14 - - Rh
172 B15 B15 = = Rh
173 B16 BI6 = = Pd
174 BL7 B17 = = Pd
175 B10 518 = = Pd
176 524 B34 124 = Pd
177 B24 B24 T24 - Rh
178 B25 |  B25 124 = Pd
179 B25 B25 124 = Rh
180 B26 B26 124 = Pd
181 B26 526 724 - Rh
182 524 524 125 = Pd
183 524 534 125 = Rh
184 B35 B25 125 = 2d
185 B25 B25 T25 - Rh
186 526 526 125 = 5d
187 526 526 125 = Rh
188 527 - 126 = pd
189 827 = T26 = Rh
150 B = 26 = pa
101 BE - 26 = Rh




205 B31

B30 -

Rh
Rh 208 B34 B30 -

206 B32 B30 -
Rh 209 B35 B30 -

Rh 207

B33 B30 -

Rh 210 B25

w®28440355Rh 211 B31 B28 - - Rh 212 B32 B28 -PET/BP2004/050906

213 B33 B28 - - Rh 214 B34 gg - Rh 215 B35 B28 -
- Rh 216 B25 B29 - - Rh 217 B31 B29 - - Rh 218 B32
B29 - - Rh 219 333 B29 - - Rh 220 B34 B29 - - Rh
7T B35 [B20s0 - Bh 222 B4 BaArJe7 27 Rh 273 BAg B4
28 T28 '‘Bh 224 B4 B4 T29 iT29 BRh \W)_2004/103559
Pcﬁﬁ§P2004/@€0906 31-225 |B4 B2A9T30 T30-Rh [226RIB4 B4
EEREINL %g" B B4, T32[TS2 R 227 B4 B4 T35 733 Rh
228 B4 B4 T34 Rh~ 228 |B4 B4 T35 T35 Rh [229 B4 B4
T36.9F36 |Rh B280 B4 B&6T37 |T37 Rh 240 B4 B4 [T38Pd Rr
241.B5 B5 T27 T27 Rh 24215 B5 T2g Tog ph 1243 35 @5
120909 |Rh B26 B2 = - pd

197 B10 B1l - - pd

198 B10 B12 - - Pd

199 B10 B13 - - Pd

200 B10 B11 - - Rh

201 BR10 Bi12 - - 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 - - Rh

212 B32 B28 - - Rh

213 B33 B28 - - Rh

214 B34 B28 - - Rh

215 B35 B28 - - Rh

216 B25 B29 - - Rh

217 B31 B29 - - Rh

218 B32 B29S - - Rh

2719 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




244 B5 B5 T30 T30 Rh 245 B5 B5 T31 T31 Rh 246 B5 B5

T32 T32 Rh 247 B5 B5 T33 T33 Rn 248 35 B5 T34 T34 Rh
wWQ2®4B83580 T35 T35 Rh 250 B5 B5 T36 T36 Rh 2BAT/BB20BEH050906

T37 T37 Rh 252 B5 B5 T38 - 253 Bl Bl T27 T27 Rh

254 Bl Bl T28 T28 Rh 255 Bl Bl T29 T29 Rh 256 Bl Bl

T30 T30 Rh 257 B1 Bl T31 T31 Rn 258 Bl Bl T32 T32 Rh

PS5 Bl Bl T33h T33 Rh 4260 B B3gT34 T3438h [261rB1 Bl
35 T35 Rh 262 Bl Bl T36 {T36 Rh 263 Bl Bl [T37 T37 |Rh
6441 Bl TI8 - Rh WB2004) 103889 FCT/ ER2004) 058006
327§§§np : lluﬁgﬁiexe>f@gged O Rh
assenbl ed buildinlg blocks|in catallysis are jgiven in
ol o 5 STablp 2738od st oy zech
ComA exek ofbTablle 18%Entry of Sfenp, TIeAF. [/ b h
sofeg se| [ OJgg catalysda 1 n [ C) tkagblel 1 B3 120 *&B3 /. 0
19 8 2 BO 3.0*1083 2.026.0 5 802 7103 2 9 1.9 4
BO 228*1p3 BH 2.8 B4 T36 T36 Rh
230 B4 B4 T37 T37 Rh
240 B4 B4 T38 - Rh
241 B5 B5 T27 T27 Rh
242 BS B5 T28 T28 Rh
243 B5 BS5 T29 T29 Rh
244 B5 B5 T30 T30 Rh
245 B5 B5 T31 T31 Rh
246 BS5 B5 T32 T32 Rh
247 BS5 BS5 T33 T33 Rh
248 B5 B5 T34 T34 Rh
249 B5 BS T35 T35 Rh
250 BS - B5 T36 T36 Rh
251 BS5 B5 T37 T37 Rh
252 B5 B5 T38 - Rh
253 Bl Bl T27 T27 Rh
254 Bl Bl T28 T28 Rh
255 B1 Bl T29 T29 Rh
256 B1 Bl 730 T30 Rh
257 Bl Bl T31 T31 Rh
258 B1 Bl T32 T32 Rh
259 Bl Bl T33 T33 Rh
260 Bl B1 T34 T34 Rh
261 Bl Bl T35 T35 Rh
262 Bl B1 T36 T36 Rh
263 Bl Bl T37 T37 Rh
264 B1 B1 T38 - Rh




3 80 2.8*103 2.9 2.9 6 80 3.0*103 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*103 2.3
W@2004/103580 3.6*103 2.4 1.0 (a) [Rh(acac) ( CO) RJT/EP2004/050906

0.084 nmol e/l in toluene, pressure = 20 bar (COH2 =

1/1), 1-octene/rhodium = 5160, in none of the

reacti ons hydrogenati on was observed, (b)

[ phosphorus] = 2.1 mmole/l, [porphyrin] = 2.1

mmol e/1, (c) T.,O F, = average turn over frequenc =
Exampies SFdERGEIN Htle IIPPLEK EnB2FRACEH ot Sdlecoppedding
b1REL Nl DY s d) 5 A4 b%fvéd N@aLhBr ,HENEH nd Saeiscent

I somerization to 2-, 3- and 4-octene based on

converted 1-octene. WD 2004/ 103559 PCT/ EP2004/ 050906

Tabl s Hydr ] ' .L.tagko [ :

TN i nat o oAt ezt S Ryt b GE TR SRing

(N C e.e. (ordordhtatiyst dompTabke bbH T4bBe 11°33 (R) 12

EREry16£3. 1 48mPR) (a) Tf Rh{nbd) 2( BPh4fg = 1.0 ¥aeseasf, [%]
chdagetthyiln i t a¢otate] = 100 mmole/l, pressure = 5 bar
hydroger®, T = 400 C, (b) [phosphite] _ 3.0 mmole/l,
[porphyrin] =1300 nmmol e/ kx14€) the reacdion was 19.8
stopped after 17 hours (d) e, e. = percent enantioneric
exceds. Table @0 Rhodi dnPcafal yzed hydr®df ornyl ati 6/ -8f
styrene using ggoordi nat hepgtonpl exesp of Table la q,
Entry of TOF. b/l de.e.e 3(o) Cataéygst

Xe}

4 80 2.8%10 2.8
3 80 2.8*%10° 2.9 2.9
6 80 3.0%10° 2.9 3.4
9 80 3.5%10° 2.4 1.1
8 80 3.5%10° 2.3 1.2
7 80 3.6*10° 2.3 0.7
10 80 3.6%10° 2.4 1.0
(a) [Rh(acac) (CO),) = 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) [phosphorus] = 2.1 mmole/l,
[porphyrin] = 2.1 mmole/l, (c) T.0.F. = 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.



in Table 1b 1 0.02 >100 6.0 (S) 30 0.15 >100 33.2 (9S)

31 0.02 >100 6.3 (R} 32 0.14 >100 32.6 (R (a) [R1] =
wO2@8403580l /1 in toluene, pressure = 20 bar (EJ/ER2004/050906
1/1), styrene/rhodium = 7000,,i n none of the reactions
hydr ogenati on was observed, ? 25 C. (b) [phosphite]
=2.1 mole/l, [1] =2.1 mole/l, [2] = 1.1 mole/l.

Tabed T, Qifdroyerditload8rt dife OWET {ieaupney gs{m®l e
al dehyde) (nol e Rh) "I'h-1, the reaction was stopped
coatﬂenaﬁﬂommﬂnmPIQX§ﬁ bflT&bl©rhnched/I|near (e) e.e.=

PCT/ EPEO3AY056906 34CTAKREESHOD thgu um cat & yred®)’

hydroggpai{on of dinmethyl itaconate using
coordlnatlon conpl exes of Table la Entry of conversion
e.e.d (Tblecdfalyst in (o) Table 1b 1 7.5 31 (S) 30
9. 5-8(Sj531 6932 (R—32:102"7(R—(=a
[Rh(nbd)2éﬁh4] = 0. 10 mmol e’ 1, substrate/rho%?uﬁgL
200, T = 4Q C. (b) [phosphiqu = 0.60 nmol e/ 21 [H]

0. 60 nnolaél, [2] = O. in toluene &f)
reaction s st opped after hours (d) e.e.

enanti onmerjisc excess (0). Ta@le 6. Pal | adi um gat akyzed
allylic al kylation using coordination conpl exes of
Tabl e 1a Ertry of conversioh ®.e.d (o) catalds®in M
Table 1b 399 31 (S) 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 mmele/l, [porphyrin] = 3.0 mmole/l, (c) the reaction was

stopped after 17 hours (d) e.e. = percent enantiomeric excess.

il

Table 4. Rhodium-catalyzed hydroformylation of styrene using

coordination complexes of Table 18

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 (8)
31 0.02 >100 6.3 (R)
32 0.14 >100 32.6 (R)

(a) [Rh] = 0.084 mmole/1 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/l, [1] = 2.1 mmole/1, [2] = 1.1 mmole/l. (¢) T.O0.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 (%).



30 >99 45 (S) 31 >99 32 (R 32 >99 44 (R (a)

[[Pd(allyl)d]2] = 0.10 mol e/l, 1, 3-di phenyl-allyl
wa@e®waoxssy hodi um = 100, T = 25 C. (b) [ phosphiPEI/ER2004/050906

0.60 mmle/l, [1] = 0.60 e/l, [2] = 0.30 nmol e/l.

(c) the reacti on was stopped after 63 hours. (d)

e.e.= enantioneric excess (0). WD 2004/ 103559
Td%@glgpzﬁgéé£ﬁﬁﬁgg%al 5 chabl8rdge i myliakkBP1 Oftaconate

1-octene using coordination Cconplexes of Table la

Entry of Wsinf. @d#dlrmtzooctempbezk@mea? ga¥e 1Eat al yst

in (*101) 4———Table 1b 43 2.4 2.1 0.8-66-0—43f 2.3

2.1 1.0 66. F¥nt3y zfo 2. Wi o2 6%D.5 0.4

70.9 41 0. % 4%681 ¢471f032117674(a)

[ Rh(acac) ( ) O 84 mml'e/1 in tol uene, pressure =

20 bar (CO’T-EoJ:e 1-octene/ rhodi um = 5160, in

none of the—r—eﬁf{—v—eh&—hydﬂgﬁ?erm—tm—ﬁszgtmved (b)
[ phosphine] = 0784 mmle/l, "{c) T.OF =‘average turn

over frequency 3 (nol e al dehgde) (ol & Rls) -1h-1, t he
reacti on was stopped after 1 _hour (80_0) 1/b =

| i near/ branched’r at i o, (e) pgr cent seﬁg HWl ty to
2-octene and pgrcent selecdiwvity to |7 ngar al dehyde
based on converted 1- octene (f) Building ‘
bl ock/ t enp at &brabdloBELY, =\ 1P00ap hgyd559ubstrate/rhodium

PCT/ EP20044,050906,038. TAb g7 rgg?aqurmxb;@bmq%{@f 1y -

styrene uSing coordination exes of T
Entry of V.6 mmopgfl Bﬁéntfﬁé@o(%ﬂe/l in toluene (c) the

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

I

enantiomeric excess (%).

Table 6. Palladium catalyzed allylic alkylation using

coordination complexes of Table 1%

Entry of conversion e.e.” (%)
catalyst in (%)°
Table 1°
1 >99 31 (S)
30 >99 45 (35)
31 >99 32 (R)
32 >99 44 (R)

(a) [[Pd{allyl)cCl],] = 0.10 mmole/l1l, 1,3-diphenyl-allyl
acetate/rhodium = 100, T = 25° ¢. (b) [phosphite] = 0.60
mmole/l, [1] = 0.60 mmole/1, [2] = 0.30 mmole/l. (c) the
reaction was stopped after 63 hours. (d) e.e.=

0

enantiomeric excess (%).



catalyst in Table 1b 171 2900 2.6 72 103 398 10.4 91

103e 375 10.5 91 151 3010 2.7 73 172 1060 3.6 78
waZ@e/143530 5.0 83 104 449 9.3 90 104e 461 9.ECPBP2004)50906

[Rh(acac)(CO 2] = 0.83 mmolel,l , pressure = 20 bar

(COH2 =1/1), T= 80 C (b) phosphite / rhodium = 25,

phosphi te/ phosphite = 1, (c) T.O F. = average turn

oveipid enum@&ofoeﬁpiﬂﬁdrd@wdeb@&ehs u&ﬁg zdbolrdl&mmn

reacti on was stopped after 1 hour, d%

branched/ | i near. (e3°NexRé Bfe”s"é]ﬁ%% 3i

1, 3-dipRenyl - alf Y 3acet at &/Pus| ng c6oPAF#RR i on
-coamt@lq&st afn Tabf¥0™1a Entry of conversi®dn e.e.b (~)
cat al sldelg (% Table 1b 173 56 97 (S) 51 100 60 (R

54

(%)

57 1 163 100 44 (S) 174 54 96 (R 52 100 60 (9S)
17573282 1S) % 70 70 ( 20047 1? 66.9
PCT/ EP2004/ 050906 37 (a) [Pd(allyl)d]2] = 0.100
mol e/ 43" [ phosphRktd] = 0.62.mmol e/ 1, [bh(bsphi te] =66.8
nmol e/ga t he rea%tbon was s%opped aft&r 43 hours, 7'{ i
-20 C b) ="énant i orrerl C excess.
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);] = 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 fregquency = (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.



Tabl e 9. Rhodi um cat al yzed hydrogenati on of dinethyl
itaconate wusing coordination conpl exes of Table la

wWERiA035E9 conversion e.e.d (0) catalyst in (opCIEPL084/050906

1b 123 2 24 (S) 105 4 18 (Sh, 111 5 13 (S) 117 1 17
(S) 141 100 66 (S) 147 22 (S) 129 1 35 (S) 153 6
6 (S) 107 19 18 (S) 113 13 25 (S) 119 9 19 (S) 143
13 24766)le 14N kb Abrin®latidd Of -sthalent0 ukInGSrooddnation
19 16 (S) a [Rh(nbd)2BPh9] = 1.0 ymol e/ 1, [porphyrin]
= 3.0 mol e/ ISOMHTSThEE0laPta-+)] = 3.0 mmle/1, T =
40 e Teact L Or vas St opped ajt&r 18 Nogrs_(0); €&
= entarr% iéo%rreri c déx% ss. WO 2004/k1)013559 Brancned (%)
PCatEPZ26041050906 38 Tabl e 10 Hydrof ornyl ati on of
1-ogt ene uysing rhodium catal ysts using coordi nation
comg?kéi;%sl of Table la Entry of tenp. T.OF. 1/b d

i sonense catalysbgff) ( 0) i1 n Table 1b 162 80 37;4*103
1.9 1?.0% 163 80 2.1*103 2.3 11.2

398 10.4 91
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 / rhddium = 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 1°
173 56 97 (8)
51 100 60 (R)
57 100 0
63 100 44 (9)
174 54 96 (R)
52 100 60 (8)
175 73 42 (8)

53 40 70 (8)




164 80 2.4*103 2.7 14.1 165 80 3.4*103 2.1 14.7 166
80 3.2*103 2.1 14.4 167 80 1.9*103 3.4 10.4 168 80
wa200310585945.1 11.9 168 30 25 22.8 10.3 169 SECRER2000E50906
2.5 11.3 170 80 1.4*103 2.9,10.4 (a) [Rh(acac) (CO 2]
0.084 mmol e/l in toluene, pressure = 20 bar (CO H2
1/1), 1l-octene/rhodium = 5160. (b) [4] = 2.1

mﬂ())l e/l (da]l (pE(B1F1M0D],¢/+ d.000]mmo13/1, nnmlloeéﬂlite(]03= 0.6
T.O F. = average turn over frequency = (nole .
al dehydeJ™ 4%l e ﬁﬂ%‘fs?]ﬁ% % t‘h@"i‘?g‘%ﬁ?%}n Jvé% SEhpy vas
after 1 heipeG80rte) amdchciéshotir=s -£890 cCyp) (dk. 1+ kerantiomeric
| i near/branched ratio. (e) percent selectivity to
i someri z&t9°5A"to 2-, 3- and 4-octene based on
converted 1-octene. Table 11. Recycling of catalyst
entry 186 and catal yst performance in the allylic
Ta hiat 1 &?OéﬁPF‘yCBF#Yﬁ%d CHIRECISNREAPT P heB M Er B Hégconate
catal yst igkii§ Bobri@hat{SNScsiPL LR ofabhgr1dmi( o) (
o) 186 3091 51 12 37 recycle 1' 30 85 51 13 36
recycle 2' 3BnBBy50f 13 8pnveesyche 3e.80" 73)51 14 35
WO 2004/ 103559 -PCT/ EP2004/ 050906 39 CH2Cl12 (5 m);
[crotyl aceﬁagctael]ygE 02 M [<6i9peri di ne] 0.4 M
| i gand/ Pd= 2TapPd]+¥ 0.002 M r.t. Table 12. Recycling
of cat al yst—assepbly-187-and—ecatalyst—performance in
Hydr of or nyl at i drfof ~ 1- oct ené? Cycl e Cori. (é()))
1-al dehyde b-aljdghyde 1/b ratio Isonmeng (63) (-0.)
(-0.) 1 89.3 %ﬁ.16 32.2 2.0 3.2 2 89.862.7 33.0 1.9
4.3 '

5 13 (8)
117 1 17 (8)
141 100 66 (S)
147 22 5 ()
129 1 35 (8)
153 6 6 (3)
107 19 18 (S)
113 13 25 (8)
119 9 19 (S)
143 13 24 (8)
149 15 21 (s)
125 0 -

131 10 19 (8)
155 19 16 ()

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.



3 88.7 66.9 30.4. 2.2 2.7 487.960.9 33.81.85.3 5

85.4 61.3 34.0 1.8 4.7 6 82.263.433.41.93.2 7
W@2003/163550 30.5 2.2 2.5 8 81.4 67.7 30.7 2.2 BCBEP2004050906

nmmol e Rh (acac) (CO 2, ligand to rhodiumis 10,- 1 m

of 1-octene, 1 m of decane, 20 m of toluene, 800 C

50 bar of COH2, 20 h. Table 13. Recycling of catalyst
T332l Hyd B3 el atidny off  1PeE Sidransiad &hodlum catalysts

hydr of ormyl ati on of 1-octene Cycle Conv.

1 al dehyide - gpaéﬁyaét%%%d§W§lfﬁss af(87b%% h3 (% (o)

‘gh;kg ¥, 7 283 30, "9 87,

4@a@a1ysﬁ 87.9 3°6)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 7h 42.2 17.7 86.1
T@b% 2833 8 41.4 18.4 87.5 3.3 9.2 26.5 9d 45.3

. 2 . .dp2r. Uex . .12 . . deol.
25.9 11t 40.517.1 86.1 3.9 10.0 22,2 a’ 0.01 nmole
Rh(ac&e}(co 2r |8fand to?rhoiumis 46 1 m éf-2

l-octepg, 1 nml @fy decang, 42{h3n of 10l uene, 8@ € 50
bar of COH2. b 40 bar of COH2;; c: 30 bar of
0O H2168 20 bar 80 CO H23.4*10°0 bar fl CO/ H2; 18:750

bar o 100 +130 C. 2004/ 10355
P/ EM5804! 250008° 40 a0 S A natiaay
conpl @&7syst em c@80pri si ng.a*14°gand 313A/| ng at 1Deast

two d r noi eties, whic [e.xconpl to at ast a
nmet al 95& ect ed fgg)m a trghii f? on rref%l and | arlitlh ni de,
charagteri zed i n3phat the kisgand coopr.Bses at i1beast

two
169 80 2.1*10° 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

It

(CO/Hy, = 1/1), l-octene/rhodium = 5160. (b) [4]
= 6.3 mmole/l [b-i]

2.1 mmole/1, [al

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) 1l/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 17 30 85 51 13 36
recycle 27 30 85 50 13 37

recycle 37 30 72 51 14 35




5 bui | di ng bl ocks, each having at |east one functiona

group and at |east one donor noiety, wherein one
wheokdoasee bl ock i s non- coval ently bonded t hr oRGIEP1084/050906

functional group to a conplewentary functional group

of another building block or of a tenplate, wherein

the tenplate conprises at | east one other 10

funﬁtn@natngrounckbayli&béuutfqowabeatMy bensted dined =

Iene ar unction r oup. of another bui | di ng
:ﬁf %bﬂ@?@rnzélf %ﬂrlQh M; r.

block t enpl at e- bui | di ng bl ock structures are the sane
when the tenplate contains nore than two functiona
grlelpgs. 125 Becymkino@fdicaielBAt conpiedl sy Siemndf catalyat
1 wherein at |east one the building blocks is

i mobi | | pedfonnancs in HydgafiPcnglapoot ofa lpokyarei c
organi ¢ support, or a hybrid support. 3. The

coordination conplex systemof claim1 aor 2 20 wherein
E¥eldui IGHNTg BRdckE- Akt vlam ewdidehydei ghto | e3siq haRomers
5.000. 4. The coordindfion conpl ex?system of any one (%)
ofl1cl ai ms 8233 wher ei B4phe systensfurther conorises a32
cozfactor tgbat is nogagoval entlyspended to a9 4.3
fupctional ggroup of thgoligand. 2f p. The cogndi nation ;

coppl ex sy%g@ntof any gge of cl ai 1-4 wher% n the 53
nof ar ratl etmeen tg?Bllgand an &he net al 4
bel ween O and 100. The coor dihdti on conﬂt

sy8tem co ?1srng a | %84nd havi ngp-ht | east tﬁb donor 3-2
nmoi eti es, Whidch are céifl exed to k; 30 | eas22a netal 2.5
se$ected f8drh a transiofi’on netal 3Md | ant hani2de, 1.6

CHaracf erfnzedc) (FX) hatidahe o glanidure geprd, sesl2oft @-Gtene, 1 ml
&ui bsliang, 2blacks Bachenavkng 8t Jeast comg buncti onal

group and at | east WD 2004/ 103559 PCT/ EP2004/ 050906

41 one donor noiety, wherein at |east one building

blTegi & 9300ReceOVRLEA Labanged bbsangh, itss fauacthenalst
group to a conplenentary functional group of a

tenplatepezfofmgﬁ@@LMﬁQq@M%E%&h9@H@Ié@'&@]LQ%tene
coordi nati on

Cycle Conv. TOF l-aldehyde b-aldehyde isomers 1/b
a (%) (h™) (%) (%) (%) 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
9 45.3 20.4 87.9 3.1 9.0 27.9
10°® 54.6 19.2 65.6 2.5 31.9 25.9
11% 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;, ; cf

30 bar of CO/H;; d° 20 bar of CO/Hy; &' 10 bar of CO/Hp; f' 50 bar of CO/H,;
g’ 100° C; h' 120° cC.
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5 conpl ex system of any one of clains 1-6. 8. Use of

t he coordi nati on conpl ex system of any one of clains
wa2®4a6358 cat al yst, preferably for hydrof or myl BE€T/BP2004/050906

hydrogenation, transfer hydrggenation, hydrocyanation,

pol yneri zation, isomerization, carbonylation,

cross-coupling, 10 netathesis, CH activation, allylic
clsubsti tution, aldol condensation, and M chae

addition. 9. Use of at |east two building bl ocks each

having at |east one functional group, wherein a
1 funCt|0”@'C&Hﬁﬁﬂhdiﬁcﬁﬁ%omﬁyékC%§Hkéﬁ Rekiplr$sing a ligand

onpl enentary to a functional group of 15 another
habr&mdaﬁglm%ktm depog peiprhee tdifcdr mrehFeuphere@ito at
1 dé%cé RQQA% é%( %Q%mcgvé+§ﬂ§1é¥yﬁjmg%gwegﬂdtbghthanlde,
I the te ate bet ween t he at

chaeasttermedbmrh mlwg: tkhleodksandlcr@mm;ﬁe@r athdeagh tihe

np tocmtw wi_t.h H1 rmtw th r.dinatj
oIS Brobfeotil diiRe! BF 1 IEH orl %8005 8RR bl and
aﬂﬁlaassebn@fdéﬁﬂf mnmﬁﬁyenahéaéynknﬂé(huu}ddhqcbﬁockois non-
maki n [ avin ast f wo .donor ieties for
UL R A S AL S o B bk et e
cdifizheandry | antdanide, gidepebn dhecldgand 1ceRpr b$€6k or of

the set of bU|Id|H%125 bl ocks, each bU|Id|ng bl ock
2 HerPRgtar Yeestin Qlﬁ%@Pﬂéﬁﬁlco%ﬁ¥ﬁﬁ?%iﬁﬁ liggst one other

fﬁﬁ%ﬁﬁoﬁ@ﬂp P@@gtéﬁé%ti% AchuB6lh 08! 1 BNQHRRf tcagot her
I ding block or a tenplate, and at |east one donor

cqml@wntnnér@mpitmaduuqr@mngom vekshar euidiiiogyalenk yand

‘wﬁ%%%g%galﬁobgffﬁ%éﬁrﬁ%oé%;t%ﬁpiggelﬁﬁgﬁééﬁ% Eho%%ggtkagtﬁres

[ enent ar functi on gr oups
anamh@a skng Rhém -‘donpl cepdatter yobualms ngpds ddlesy thor

and, and optionally tenpl ates and/or
f%ﬁﬁ%ﬁogaﬁfgrg@%ordlnat|on for use as clained in claim
2.10. The coordination complex system of claim 1 wherein

at least one the building blocks is immobilized onto an
inorganic support, a polymeric organic support, or a hybrid
support. '

3. The coordination complex system of claim 1 or 2
wherein the building blocks have a molecular weight less than
5,000.

4. The coordination complex system of any one of claims
1-3 wherein the system further comprises a co-factor that is
non-covalently bonded to a functional group of the ligand.

5. The coordination complex system of any one of claims
1-4 wherein the molar ratio between the ligand and the metal
is between 0.2 and 100.

6. 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 least
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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.

7. A catalyst system comprising the coordination
complex system of any one of claims 1-6.

8. Use of the coordination complex system of any one of
claims 1-6 as a catalyst, preferably for hydroformylation,
hydrogenation, transfer hydrogenation, hydrocyanation,
polymerization, isomerization, carbonylation, cross-coupling,
metathesis, CH activation, allylic substitution, aldol
condensation, and Michael addition.

S. 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 bullding 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, to obtain with the
metal the coordination complex system of any one of claims 1-
7.

10. 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
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.

11. A set comprising self-complementary building blocks
for making a ligand, and optionally templates and/or metals

for coordination, for use as claimed in claim 10.



