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Summary 

Synthesis of ß-Carbolines 
as 

Potential Serotonine Receptor Ligands 

The neurotransmitter serotonine, 5-hydroxytryptamine (5-HT), has been linked to a variety 

of processes in the (human) body. The many different processes in which 5-HT is involved 

requires a regulation mechanism in which more than one receptor has to participate: a total of at 

least seven 5-HT receptors have been recognised uptill now, some of them further divided in 

subtypes. A brief introduction about the history, classification and mechanism of action of 5-HT 

receptors is presented in chapter 1. Not only in view of the development of new therapeutics, but 

also in the classification of receptors, the search for selective high affinity ligands remains a topic 

of investigation. Due to its wide occurrence in nature and its variety of pharmacological effects, 5-

HT seems to be a suitable basis for the synthesis of potential drugs. By changing the structure of a 

known (non-) selective 5-HT receptor ligand, studies towards quantitative structure affinity 

relationship (QSAR) can thus be performed in order to optimise its affinity and selectivity. 

Chapter 2 introduces the non-terpenoid alkaloid nazlinine that was isolated in 1991 from 

a plant belonging to the genus Nitraria and reported to exhibit serotonergic activity. Shortly 

thereafter our laboratory revised its structure based upon the biomimetic synthesis from its putative 

amino acid derived metabolites via a Pictet-Spengler condensation. 

H 

serotonine nazlinine 

The synthesis of a wide variety of tetrahydro-ß-carbolines based upon the general structure 

of the indole alkaloid nazlinine is described in this thesis. Especially in chapter 3, compounds are 
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described that would allow QSAR studies. In view of the serotonergic activity reported for 

nazlinine, a variety of analogues, mostly ß-carbolines, was synthesised. Purpose of this 

investigation was to determine the requirements and limits for binding to the 5-HT receptors and 

possible development of a ligand which specifically binds to one of the 5-HT receptor subtypes. 

NH 

Modifications were accomplished by systematical variation of the length and nature of the alkyl-

substituent at C-l. Especially variations in the aminobutyl side chain, from C4 to C2, and 

attachment of several substituents on the nitrogen atoms produced a useful series of analogues. By 

changing the oxidation state of the ß-carboline C-ring, the direction and rotational freedom of the 

side chain could be influenced. Complete spatial control over the side chain was achieved by 

incorporating it into additional rings. 

The synthesis of several other ring-closed analogues, indoloquinolizidines and azepines is 

described in chapters 4 and 5. Biosynthetically, these natural products can be thought of as 

originating from tryptophan and a lysine derived metabolite. Emphasis lies on the biosynthetic 

preference for indoloquinolizidines versus azepines. 

indole 

[O] 

„ixn NR 
H 

R = CH3or H 

NA^NCH3 °r , 

R' = Br, 
arborescidine C and D 

R' = Br, 
arborescidine B 

R' = Br, 
arborescidine A 

Oxidative deamination, proposed to constitute a key step in the biosynthesis of Nitmria 

indole alkaloids was performed in the laboratory using enzymic and biomimetic methods as 

described in chapter 4. The aldehyde formed by oxidative deamination gives a spontaneous 

intramolecular reaction to form either an indoloquinolizidine or an azepine ring structure. 

194 



Summary 

Determining factor in the direction of this process is the availability of the ß-carboline-nitrogen 

atom. 

An o-quinone, based on the amine oxidase cofactor topaquinone, which is not suitable for 

the oxidation of primary rx-unbranched amines, showed promising activity in the oxidative 

deamination of 1,5-diamines such as nazlinine. 

Both nazlinine and its aromatised analogue were accepted as a substrate by the enzyme pig 

kidney diamine oxidase (PKDO), although nazlinine acts as a poor substrate. 

In chapter 5, a useful synthesis of 5- and 6-bromo-tryptamines is developed and applied 

in a straightforward synthesis of the brominated marine alkaloids arborescidine A, B and C. The 

general applicability of this approach is demonstrated by the synthesis of the 6-debromo and 4- and 

5-bromo analogues. An equilibrium, under both basic and acidic conditions exists between the 

trans- and cw-isomers of these arborescidines. It is shown by synthesis that the fourth brominated 

natural alkaloid arborescidine D has a structure different from the assigned structure. It can also be 

doubted whether arborescidine B was isolated from the tunicate or formed by water elimination 

from arborescidine C during the isolation procedure. 

NH R ^ H 

I J I 

N ,NH2 

Bridged ß-carbolines that constitute a new class of conformationally restricted serotonine 

analogues, were synthesised via a short route as is described in chapter 6. The scope and 

limitations of the key step, a Pictet-Spengler condensation under neutral or acidic conditions 

between tryptamine derived cyclic amines and aldehydes, are presented. Several functionalised 

aliphatic and aromatic aldehydes were successfully used to give bridged products in reasonable 

yield. By using 5,5-diethoxypentanal under neutral Pictet-Spengler conditions, a useful 

intermediate was obtained for the synthesis of bridged analogues of the natural product nazlinine 

and of the arborescidines B, C and D. 

3 
^ N ^ O 

FL .N 

r ^ 
H 
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Application of this method to the Pictet-Spengler condensation of 4-(3-indolyl)piperidine in 

the synthesis of tetrahydro-ß-carboline homologues did not succeed, due to a combination of slow 

reaction and competing aldol condensation of the aldehydes used. In a different approach to this 

homologue, an attempt was made to induce a 1,2-alkylshift in the in situ formed .sp/ro-indolenine 

intermediate. To achieve this alkyl migration, a spiro-fused 2-oxindole was reduced to an 

indolenine derivative and treated with acid. Unfortunately ring opened oxindoles and indoles were 

formed from the intermediate indolenine instead of the desired ß-carboline homologue, giving 

additional support against 3-5p*>o-indolenines as intermediates involved in product formation in the 

Pictet-Spengler reaction. 

With the same tryptamine derived cyclic amines employed in chapter 6, in chapter 7 the 

synthesis of a totally different class of compounds is described. Oxidation of these trypt'amines to 

the corresponding oxindoles, thereby making the 2-position unavailable for Pictet-Spengler 

reaction, gave .yp/ro-oxindoles after condensation with selected aldehydes. Structural similarity 

with muscarine M, agonists and 5-HT, antagonists of these new compounds can be recognised. 

o FL N_ FL .N 

r^S 
^ N ^ O 

In chapter 8, efficient synthetic pathways are described for the synthesis of 

xestomanzamine A and B, which structurally resemble nazlinine as well as ondansetron (a 5-HT, 

antagonist clinically used as anti-emiticum). The biosynthesis of the xestomanzamines has been 

postulated to involve a Pictet-Spengler condensation between two metabolites derived from the 

amino acids tryptophan and histidine. Synthesis of the completely aromatic xestomanzamine A by 

way of a Grignard exchange reaction in dichloromethane is suitable for the development of a 

variety of analogues. The sensitive xestomanzamine B was conveniently synthesised by the use of 

a Pictet-Spengler reaction with a vicinal tricarbonyl compound. 

H,C 
, N ^ 

tryptamine 

f-BuO. 

O O 
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I > 
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CH3 

H3C 
. N - ^ 

xestomanzamine A xestomanzamine B 

The results of affinity tests on the 5-HT, through 5-HT4 receptors for a selection of 42 of 

the compounds described in chapter 3 to 8 are presented in chapter 9. However, the biological 

activity of nazlinine as reported was not confirmed in those in vitro receptor affinity assays. Some 

of the synthetic analogues of nazlinine exhibited differentiation in their binding to the ten 5-HT 

receptors that were studied, but the affinities were not sufficient to allow QSAR studies. 
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