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Summary Summary 

Synthesi ss  of Dimeri c Tetrahydro-p -
carboline ss as Bivalen t Recepto r Ligand s 

Ann Asymmetri c JV-Sulfiny l Pictet-Spengle r Approac h 

Thee discovery of the so-called bivalent ligand effect in transmembrane receptor 

pharmacochemistryy has resulted in the development of new potent and selective ligands, 

especiallyy in the field of serotonergic receptors. Dimerized serotonine or tryptamine 

derivativess display increased affinity and selectivity for several receptor subtypes in 

serotonergicc neurons. 
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serotoninee serotonine dimer 

Thee biological activity of dimeric analogs of conformationally restricted tryptamines, 

suchh as tetrahydro-P-carbolines, did not find many reference in the literature. This thesis 

describess the design of new synthetic routes to dimeric tetrahydro-p-carbolines, both in 

racemicc and enantiopure form. In chapter 1 a brief introduction on the bivalent ligand effect, 

itss relevance in the field of serotonine receptor pharmacochemistry and the outline of this 

thesiss are presented. 

Thee design and synthesis of bivalent tryptamine analogs allows numerous 

possibilitiess with respect to length, conformation, chemical constitution and site of attachment 

off  the spacer moiety. Synthesis of dimeric tetrahydro-P-carbolines can occur by linkage of 

tetrahydro-p-carbolinee units via the CI-position. Another approach involves connection of the 

twoo benzene rings in the indole system. Efficient synthetic routes to racemic tetrahydro-P-

carbolinee dimers are described in chapter 2. 
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Tetrahydro-P-carbolinee dimers and trimers with hydrophobic (both aliphatic and 

aromatic)) spacers were prepared by implementation of the so-called Bischler-

Napieralski/reductionn pathway. Efficient formation of tryptamide dimers by coupling of 

tryptaminee with commercially available dicarboxylic acids, subsequent Bischler-Napieralski 

cyclizationn and hydride reduction afforded a series of tetrahydro-P-carboline dimers. Benzylic 

spacerr systems were constructed by Pictet-Spengler cyclization of tryptamine with 

bisazalactoness under acidic conditions, involving the in situ formation of bifunctional a-

ketoacidss that react in a Pictet-Spengler fashion. 
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Moree polar spacer systems (i.e. amine, amide and ester linkages) were synthesized by 

dimerizationn of tetrahydro-P-carbolines with amino and hydroxyl groups on the Cl-

substituent.. Reductive amination of nazlinine and analogs with commercially available 

aromaticc dialdehydes afforded spacers containing aminogroups. The formation of amide and 

esterr linkages required an appropriate protective group strategy to allow reaction between Cl-

aminoalkyll  and C1-hydroxyalkyl tetrahydro-P-carbolines and commercially available 

dicarboxylicc acid chlorides. 
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Summary Summary 

Boe e 

Twoo indole units can be connected via the benzene rings by Sonogashira reaction of 

properlyy protected 5-bromoindole. Further elaboration of the bisindoles provides an entry to 

5,5'-linkedd tetrahydro-P-carboline dimers with aliphatic and more complex, hydrophilic 

spacers. . 
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Thee Pictet-Spengler reaction is one of the well-described synthetic tools for the 

preparationn of tetrahydro-P-carboline ring systems. The presence of enantiopure tetrahydro-P-

carboliness in many alkaloids and compounds with biological activity has resulted in a vivid 

interestt in asymmetric Pictet-Spengler reactions over the last decade. In chapter 3 a survey of 

thee literature concerning the asymmetric Pictet-Spengler reaction is given. Many of these 

approachess involve the use of chiral auxiliaries, attached to the tryptamine NH2-group. 

Introductionn of chiral auxiliary groups at other sites in the tryptamine molecule, an approach 

thatt is limited by the instability of the Pictet-Spengler precursors, wil l be presented in 

chapterr 3. The attachment of nitrogen, phosphor and sulfur containing chiral groups at the 

tryptaminee NH2 appeared to be a more promising entry to asymmetric Pictet-Spengler 

reactions.. Reactions of JV-heteroatom substituted tryptamines with aldehydes leads to the 

formationn of very reactive iminium ion intermediates that are prone to intramolecular 

nucleophilicc attack in a Pictet-Spengler fashion. The chiral substituent on the aminogroup is 

expectedd to have influence on the stereochemical outcome of the reaction, since it is closely 

locatedd to the reactive center. 
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JV-Sulfinyll  groups appeared to be highly advantageous chiral auxiliaries for Pictet-

Spenglerr reactions. The optimisation of the conditions of the 7V-sulfinyl Pictet-Spengler 

cyclizationn is described in chapter 4. (^-A^-tolylsulfinyl tryptamine, that was obtained in 

onee step from tryptamine and the commercially available (-)-Andersen reagent, was reacted 

withh a large variety of aliphatic and aromatic aldehydes. JV-sulfinyl Pictet-Spengler in the 

presencee of camphorsulfonic acid or BF3OEt2 resulted in the efficient formation of JV-sulfinyl 

tetrahydro-P-carboliness with moderate to good diastereoselectivity. Separation of the major 

diastereomerr by crystallization and removal of the JV-sulfinyl group under mild acidic 

conditionss concluded a new, efficient route to enantiopure tetrahydro-P-carbolines with 

aliphaticc and benzylic substituents. The optical antipodes can likewise be prepared starting 

fromm the (+)-Andersen reagent. 
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Thee JV-sulfinyl Pictet-Spengler reaction provides a challenging asymmetric entry to 

thee synthesis of tetrahydroisoquinolines as is descibed in chapter 5. BF3OEt2 mediated 

cyclizationn of (#)-N-/?-tolylsulfinyl-3,4-dimethoxyphenylethyl amine, that was efficiently 

obtainedd starting from the commercially available amine and the Andersen reagent, furnished 

aa range of JV-sulfinyl tetrahydroisoquinolines in excellent diastereoselectivity. Separation of 

thee diastereoisomers and removal of the chiral auxiliary group established an efficient route to 

enantiopuree tetrahydroisoquinolines. A good example is the synthesis of the biologically 
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interestingg alkaloid salsolidine of which both enantiomers were efficiently prepared by using 

thee JV-sulfinyl Pictet-Spengler reaction. 
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Developmentt of the A'-sulfinyl Pictet-Spengler reaction allows the application of this 

new,, efficient route to enantiopure tetrahydro-P-carbolines and tetrahydroisoquinolines to the 

synthesiss of more complex alkaloids based on these ring systems (chapter 6). Synthetic 

approachess to enantiopure indoloquinolizidine, harmicine and pseudoyohimban display the 

versatilityy of the A'-sulfinyl Pictet-Spengler reaction in alkaloid synthesis. 
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N-Sulfinyll  Pictet-Spengler reactions with dialdehydes afforded a stepwise synthetic 

routee to enantiopure tetrahydro-p-carboline dimers linked via the 1-position of the C-ring. 

Thiss synthetic route involves stable, enantiopure intermediates as are depicted below. 
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AA model that can explain the stereochemical outcome of the reaction is proposed in 

chapterr 6. The formation of the major diastereoisomer depends on the in situ generation of 

eitheii  the E- or the Z-N-sulfinyliminium ion. In order to gain a better understanding of the 

underlyingg mechanism, further studies on the geometry of the intermediates, that play a role 

inn the TV-sulfinyl Pictet-Spengler reaction, are required. 
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