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SUMMARY Y 

Asymmetricc synthesis is one of the important tools for the production of non-racemic 

chirall  compounds. Throughout the years a large number of transformations have been 

developedd in order to convert prochiral substrates into optically active products. For this 

purpose,, asymmetric catalysis seems to be the ideal methodology. The possibility to perform 

asymmetricc reactions with an theoretical infinitely small amount of catalyst is beneficial from 

bothh an economic and environmental point of view. 

Inn the area of asymmetric homogeneous catalysis this goal is pursued by applying 

mainlyy well-defined transition metal complexes as catalysts for numerous stereo selective 

processes.. To obtain (enantio-)selective catalysts the metal atoms of the complexes must be 

equippedd with suitable ligands to create the desired asymmetric surrounding. The use of 

thesee tailor-made catalysts offers the possibility to modulate its behavior and change or 

optimizee properties like activity, selectivity and solubility. However, the synthesis of 

efficientt ligands is often laborious and the recovery of the precious complexes troublesome. 

Thee research described in this thesis is therefore dedicated to the development of a 

neww chiral scaffold which can serve as a versatile building block for the synthesis of a variety 

off  ligands. It was envisaged that the bicarbazole based BICOL backbone would be a perfect 

synthonn for this purpose. The two hydroxyl functionalities can be replaced for metal 

coordinatingg donor groups like phosphines or amines and the two carbazole nitrogen atoms 

functionn as perfect handles for the introduction of diversity. The use of such a general chiral 

scaffoldd allows the facile preparation of a variety of ligands for the optimization of 

asymmetricc catalysis and the presence of the amines as anchoring moieties opens up the 

opportunityy to immobilize the catalysts to facilitate recycling. 

Chapterr 1 serves as an introduction and describes the history of catalytic asymmetric 

homogeneouss hydrogenations, the reactions in which the synthesized catalysts are applied. 

Thee general strategy for the construction of atropisomeric biaryl ligands is also discussed, 

followedd by a modest collection of information concerning the carbazole moiety. The chapter 

endss with an outline of this thesis. 

(R)-(+)-BICOL L (SH-)-BICOL L 

Schemee 1 

Chapterr 2 describes the synthesis and resolution of BICOL. The key steps in the 

sequencee towards racemic BICOL include a Fischer indole reaction between cyclohexanone 

andd 4-methoxyphenylhydrazine hydrochloride to obtain the tetrahydrocarbazole and an 
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oxidativee phenol coupling applied to dimerize two carbazole moieties. Menthyl 

chloroformatee was successfully used as resolving agent, yielding eventually both 

enantiomerss of BICOL in pure form (Scheme 1). 

Chapterr 3 is dedicated to the transformation of BICOL into a new family of 0>-

symmetricc diphosphine ligands, using Pd-catalyzed cross-coupling reactions for the 

introductionn of the phosphines. The so-called BICAP ligand is functionalized with different 

substituentss on the carbazole nitrogen atoms, creating a set of ligands that are sterically alike, 

butt feature different electronic properties (Scheme 2). When applied in Ru- and Rh-catalyzed 

asymmetricc hydrogenations, the several BICAP members showed a clear difference in 

selectivityy yielding the hydrogenated products with ee's ranging from 94-99% (methyl 

acetoacetate)) and 2-55% (dimethyl itaconate). These results demonstrated that the BICAP 

backbonee is tunable and thus suitable for the optimization of catalytic reactions. 

(S)-(-)-BICOL L (S)-R-BICAP P 
H,, Ts, Nf, Me, TBS 

Schemee 2. 

Chapterr 4 is devoted to the immobilization of BICOL with carbosilane dendrimers. 

Attachmentt of two 3rd generation wedges onto the nitrogen atoms of O-protected BICOL did 

nott only encapsulate the ligand, but also allowed the construction of a phosphoramidite 

moietyy from the diol (Scheme 3). The obtained monodentate ligands proved to be highly 

efficientt in the Rh-catalyzed hydrogenation of a dehydroamino acid, providing the 

derivatizedd phenylalanine products with an ee up to 95%. 

(R)-(+)-BICOL L 

Schemee 3. 
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Chapterr 5 reveals a new methodology for the synthesis of biaryl P,N-ligands directly 

fromm BINOL or BICOL, utilizing the Staudinger reaction (Scheme 4). The atropisomeric diol 

precursorss were converted into the monophosphine nonaflates in a straightforward fashion. 

Thee amine functionality was introduced by reaction of the phosphine with an appropriate 

azide,, after which the formed nucleophilic iminophosphorane intermediate substitutes the 

nonaflatee in an unprecedented intramolecular SNAr reaction. The generated 

aminophosphoniumm salts could be isolated and after hydrolysis the corresponding MAP(O)-

typee ligands were obtained. Oxidation of the phosphine atom was circumvented by direct 

DIBAL- HH mediated reduction of the aminophosphonium salt. A variety of azides were 

reactedd including several alkyl azides, phenyl azide, trimethylsilyl azide, dendrimer 

functionalizedd azide and an amino acid derived azide. The desired products were generally 

obtainedd in acceptable yields (39-99%). 

iminophosphoranee aminophosphonium salt 

MAP-typee ligand MAP(0)-iigand 
(39-99%) ) 

Schemee 4. 

Altogether,, the results presented in this thesis show that a robust synthesis for the 

BICOLL scaffold is developed and that this backbone can function as a general chiral starting 

materiall  for the production of valuable ligands for applications in asymmetric homogeneous 

catalysis. . 
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