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Chapter 1 

General Introduction: 
5-Hydroxytryptamine Receptors 

Abst rac t 

The neurotransmitter serotonine, 5-hydroxytryptamine (5-HT), has been linked to a variety 
of processes in the (human) body. Actually, the fact that such an important role has been reserved 
for a neurotransmitter is not that strange, because these are the molecules that provide the chemical 
basis for the communication between the different cells within highly specialised organisms such 
as the human being. The many different processes however, in which 5-HT is involved requires a 
regulation mechanism in which more than one receptor has to participate. This is indeed the case, a 
total of at least seven serotonine 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 this chapter. 

HO. 

? NH2 
H 



Chapter 1 

1.1 Serotonine' 

1.1.1 History of 5-hydroxytryptamine 

5-Hydroxytryptamine 1 is widely distributed in both animal and plant kingdom: it occurs in 
vertebrates (including tunicates, mollusks, arthropods and coelenterates), in fruits and nuts and in 
venoms produced by scorpions or stinging plants such as nettles. Numerous synthetical or 
naturally occuring congeners of 5-HT assort pharmacological effect. Many of them, usually N- or 
O-methylated, have a hallucinogenic activity. Melatonine 2, the principal indoleamine in the pineal 
gland, is closely related to 5-HT in being its TV-acetylated and O-methylated analogue. 

HO. C H 3 0 

N 
H 

1, serotonine 

NH 2 

2, melatonine 

NHAc 

Figure 1.1 

Inspired by the vasoconstricting properties of blood, described already in 1868/ the 
compound responsible for this observation, serotonine, was isolated in 1948.4 This compound, 
released from platelets in clotting blood, was chemically characterised as 5-hydroxytryptamine and 
named serotonine refering to its origin and biological action: serum tonic substance. 

The highest concentrations of 5-HT in the body can be found in the wall of the intestine, 
mainly in the duodenum. About 90% out of the total is present in the enterochromaffin cells, that 
are located in the gastrointestinal mucosa. Enterochromaffin cells appear to be the location of the 
synthesis and most of the storage of 5-HT in the body and are the source of circulating 5-HT. 
Release of 5-HT is augmented by mechanical stretching such as that caused by food and evokes 
the peristaltic reflex. In the 1930's a study started, aimed at the distribution of those 
enterochromaffin cells in which a method was used that stained those cells with a reagent for 
indoles. The indole responding to the staining procedure was unknown, but named enteramine. 
Comparison to the vasoconstrictor substance serotonine revealed that they were chemical identical. 

Thus, although originally isolated from blood, serotonine was shown also to be present in 
the gastrointestinal tract and later studies revealed its role in the central nervous system. Serotonine 
has been recognised as a crucial compound in many processes in the body, it fulfills an important 
role as neurotransmitter as well as local hormone in the peripheral vascular system. Since it is 
present in many more sources other than blood, actually serotonine is no longer an appropiate 
name and the compound is therefore usually refered to as 5-hydroxytryptamine (5-HT). In blood 
platelets 5-HT accumulates by way of an active transport system and is then stored in secretory 

10 



General Introduction: 5-Hydroxytryptamine Receptors 

granules. In case of tissue damage and thus platelet aggregation, 5-HT is released again. In the 

central nervous system serotonine functions as a neurotransmitter. Appetite, memory, 

thermoregulation, sleep, sexual behavior, anxiety, depression and hallucinogenic behavior are all 

processes that have been linked with 5-HT and its function as a neurotransmitter. 

1.1.2 Biosynthesis and biodégradation of 5-hydroxytryptamine 

5-HT 1 is present in the diet, but most of it is metabolised before even entering the 
bloodstream. The occurrence of 5-HT in the human body is the result of its biosynthesis from 
dietary tryptophan 3. By the action of the enzyme tryptophan hydroxylase, present in 
enterochromaffin cells and neurons, 5-hydroxytryptophan 4 is formed. Molecular oxygen is 
required for the activity of this enzyme which catalyses the rate-limiting step in the pathway. Fast 
decarboxylation by a non-specific decarboxylase gives 5-hydroxytryptamine (5-HT). As a 
consequence of the non-specifity of this enzyme, levels of 5-HT can not be altered by manipulation 
of the amount of tryptophan since rapid decarboxylation catalysed by this decarboxylase occurs 
instead of hydroxylation, leading to tryptamine. 

C02H H O K / ^ _ / \ / C 0 2 H H Q 

NH N ^ iNM K^J NH2 ~ K^J NH2 
l_l tryptophane N L-aromatic acid H 

hydroxylase H decarboxylase 
3, L-tryptophanc ^ 4 . _ 1,5-HT 

u2 vitamin B6 

Figure 1.2: Biosynthesis of 5-HT. 

Platelets do not possess the enzymes necessary for 5-HT biosynthesis, but instead they 
become loaded with 5-HT as they pass through the intestinal circulation. This process is regulated 
by a Na+-dependent carrier mediated uptake process and constitutes the only way in which platelets 
acquire 5-HT. The same process is involved in terminating the action of 5-HT as a 
neurotransmitter, which comprises the re-uptake of 5-HT from the synapse by this transporter. In 
addition, a major pathway of terminating the action of 5-HT is provided by its degradation. 
Metabolic degradation of 5-HT 1 is mainly achieved through oxidative deamination, a process 
which is catalysed by mono-amine oxidase (Figure 1.3). The aldehyde 5 thus obtained is oxidised 
by an aldehyde dehydrogenase to afford 5-hydroxyindoleacetic acid 6 (5-HIAA), which is 
excreted via the urine. The active transport of 5-HIAA is necessary for excretion out of the brain 
and is sensitive to the non-specific transport inhibitor probenicid. Nearly all of the metabolism of 
5-HT in the brain is accounted for by 5-HIAA and, as such 5-HIAA serves as an indicator for 5-
HT production in the brain after administering probenicid. The usual total 5-HIAA excretion by a 
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Chapter 1 

normal adult is 2 - 10 mg daily. Excretion of larger amounts is observed in patients with malignant 
tumours and thus provides a diagnostic test. 

An alternative metabolic route in which aldehyde 5 is reduced by aldehyde reductase to 5-
hydroxytryptophol 8 is insignifcant under normal circumstances. Ingestion of ethanol however 
results in elevated levels of NADH, the cofactor in the reductive pathway, which thus prevails in 
the degradation of 5-hydroxyindoleacetaldehyde 5. As a result, the excretion of 5-
hydroxytryptophol 8 from the body increases and correspondingly excretion of 5-HIAA 6 
reduces. 

HO. HO. 

N 
H 

1, 5-HT 

NHp 
monoamine 
oxidase 

5-HT 
,, N-acetylase 

HO. 

'I o' 
aldehyde 
dehydrogenase 

NAD 

O H 

N 
H 

6, 5-HIAA 

aldehyde 
reductase 

NADH 

HO. 

NHAc 

HO. OH 

hydroxyindole 
, O-methyltransferase 

C H , 0 

l ^ J NHAc 
N 
H 

2, melatonine 

Figure 1.3: Biodegradation of 5-HT. 

Other minor pathways of 5-HT metabolism exist, such as sulfation and O- or N-

methylation. For instance the biosynthesis of melatonine 2 is achieved by sequential 7V-acetylation 
and O-methylation. Melatonine induces pigment lightening in skin cells and is also thought to play 
a role in biological rhythms: it shows promise in treatment of jet lag and other sleep disturbances. 
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General Introduction: 5-Hydroxytryptamine Receptors 

1.2 5-Hydroxytryptamine Receptors and their Role in the 
Central Nervous System 

1.2.1 General principles 

1.2.1.1 Neurotransmission 
The function of the autonomic nervous system is to regulate the activities that are not 

under voluntary control of the organism and thus occur below the level of consciousness. A few 
clear examples are respiration, digestion, body temperature, metabolism and sweating. Both the 
peripheral autonomic nervous system and the central nervous system consist of nerves in which a 
series of specialisations to permit synthesis, storage, release, metabolism and recognition of 
neurotransmitters have evolved. Nerves consist of highly specialised cells, neurons, which 
interact with each other at junctions called synapses. A neuron consists of a cell body with 
dendrites extending from it to receive contacts via the synapses from other neurons and an 
elongated part, the axon, that carries signals to the next synapse. The presynaptical membrane 
where the signal arrives is separated from the postsynaptical membrane by a gap (500 A), the 
synaptic cleft. Neurotransmitters are the chemical agents that play the role of information 
carriers within this cleft: nerve impulses are communicated across synapses by those small, 
diffusable molecules. Neurotransmitters are largely synthesised in the region of the axonal 
terminals and stored in synaptic vesicles. The arrival of an action potential at the presynaptical 
terminals initiates the release of a transmitter, either excitatory or inhibitory, into the synapse by 
exocytosis of the vesicle. Combination of the excitatory transmitter with postsynaptic receptors 
produces a localised depolarisation by an increase in permeability to cations, most notably Na+. 
Hyperpolarisation, increase in permeability for K+ or CI", is created when an inhibitory 
transmitter acts on postsynaptic receptors. In the first event, an action potential is created in the 
post-synaptic neuron and thereby conducted further through the nerve. The transmitter is 
enzymatically degraded or recycled either by diffusion or uptake into the presynaptical terminal. 

Direction of 
nerve impulse 

Figure 1.4: Schematic representation of a synapse. 
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Chapter 1 

In the peripheral autonomic nervous system two neurotransmitters, acetylcholine and 
norepinephedrine (noradrenaline), are responsible for the majority of signal transmission. The 
terms cholinergic and adrenergic fibers are used for those classes of neurons. In the central 
nervous system transmitters can be divide into several groups, namely amino acids, amines and 
neuropeptides. Also purines, nitric oxide and arachidonic acid derivatives have been shown to 
participate in synaptic transmission in the central nervous system. 

1.2.1.2 Receptors 

Among the most important and vital molecules in any highly specialised organism are 
cellular proteins whose function is to act as receptors for endogenous regulatory ligands, 
paricularly hormones, neurotransmitters and growth factors. Besides its function of specific ligand 
binding, receptors also propagate the ligand's regulatory signal in the target cell. Usually a cascade 
of processes takes place after this specific receptor-ligand binding has occurred. Receptors are 
present in the pre- and post-synaptical membranes where they bind neurotransmitters and are thus 
responsible for propagation of an action potential. This so called signal transduction pathway 
consists of a biochemical signal which involves effector proteins and second messengers and also 
signal amplification is often intrinsic to the system. This catalytic mode of action makes 
physiological receptors perfect targets for drugs. Several type of effects can be achieved by 
exposing a receptor to such drugs, but two major opposite effects are well defined. Drugs that bind 
to physiological receptors and mimic the effects of the endogenous regulatory compounds are 
termed agonists, opposed to antagonists which are drugs that produce effects by inhibiting the 
action of those neurotransmitters. Pharmalogical stimulation or inhibition of the synaptic 
mechanisms are however likely to affect the function of the entire neurotransmitter system. 
Receptors not only initiate the regulation of physiological and biochemical function, but are 
themselves subject to many regulatory and homeostatic controls. Continued stimilation of cells 
with agonists generally results in a state of receptor desensitisation (down regulation). This results 
in the diminishing of the original effect after the administration of the same concentration of this 
agonist. 

Receptors can be assigned to either of three functional families whose members share both 
common mechanisms of action and strikingly homologous structures. Receptors are known to sort 
their effect by either their own enzyme activity, acting as ion channels or via a G protein-coupled 
pathway. Ion channels convey their signal by altering the cell's membrane potential or ionic 
composition. They all possess several subunits which span the plasma membrane. The mode of 
association of the subunits appears to form a channel. 

14 



General Introduction: 5-Hydroxytryptamlne Receptors 

Receptors 
as Enzymes 
binding 

Cell 
Surface 

nicotinic acetylcholine R 
glutamate R 

GABAA R 
glycine R 

5HT, serotonin R 

Multisubunit 
Ligand-gated 
Ion channels 

G Protein-Coupled Receptor Systems 

G protein-
coupled receptors 

GTP GDP 

catalysis 

Figure 1.5: Structural motifs of physiological receptors (from refl). 

Members in the group of G protein-coupled receptors act by facilitating the binding of GTP to 
specific G proteins, which thereby in turn are activated to regulate the activity of specific 
effectors. These effectors include enzymes such as adenylyl cyclase and phospholipases, 
transport proteins and ion channels specific for Ca2+, K+ or Na+. G protein-coupled receptors are 
hydrophobic proteins that span the plasma membrane in seven a-helical segments. Small ligands 
have their binding site located within the bundle of membrane-spanning helices. At the 
cytoplasmic face they interact with G proteins which are bound to the inner face of the plasma 
membrane. An agonist-receptor complex activates the a unit of the G protein by facilitating GTP 
binding, which in turn is thought to dissociate from the ß,y subunits as cc-GTP subunit. 
Interactions of one of both subunits with a membrane bound effector causes the signal to be 
further transduced. An intrinsic GTPase hydrolyses the GTP to GDP, resulting in deactivation 
and recombination of the three subunits. 

1.2.2 5-HT receptor classification 

1.2.2.1 History of 5-HT receptor classification 

Appetite, memory, thermoregulation, sleep, sexual behavior, depression, pain perception 

and hallucinogenic behavior are just a few of the processes that have been linked with the 

neurotransmitter 5-hydroxytryptamine (5-HT). It is clear that the ability of 5-HT to mediate in so 

many different processes can not be explained by the interaction with receptors of the same type. 

Protein receptors that mediate the actions of 5-HT have existed in the membranes of a variety of 

animal cell types for millions of years.5 It would seem likely that during such a long period of 

time there has been ample opportunity for mutation and consequent evolutionary acceptance of 

multiple variants of receptors. Although 5-HT receptors can be potently activated by 5-HT, the 
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Chapter 1 

protein structures and consequent affinities for different compounds provided the basis for the 
identification of selective ligands for each variant. 

As early as in 1957 it was recognised that multiple types of 5-HT receptors might exist 
within the same tissue.6 The excitatory action of 5-HT on the guinea pig gut was shown to involve 
two separate mechanisms which could be independently blocked by different drugs. Part of this 
effect is due to direct action on smooth muscle and the other part to excitation of parasympatic 
nerve endings. In the original study dibenamine and morphine were used to block the respective 
effects, so the two receptors were termed D and M. Radioligand-binding studies in 1979 provided 
the first definite evidence for two distinct recognition sites for 5-HT.7 Receptors exposing a high 
affinity for [TTJ-5-HT were termed 5-HT, receptors and those with a low affinity for 5-HT, but 
high affinity for [3H]-spiperone were called 5-HT, receptors. Extensive pharmacological 
characterisations, binding studies and (ant)agonist action as well as recent cloning of receptor 
cDNA's, have provided a further evolvement of the classification. The framework of classification 
proposed in 1986 describes three main groups of receptors and is still valid today.8 Expansion to a 
number of seven subfamilies of 5-HT receptors, 5-HT, through 5-Ht7, is currently widely 
accepted.' Within these families heterogeinity exists, further subdivision has been postulated and 
in several cases proven by cloning of the genes that encode for those receptors. Four 5-HT 
families, 5-HT, through 5-HT4, with defined functions are recognised nowadays. Within the first 
two heterogeinity exists, 5-HT,A through 5-HT1D and 5-HT2A through 5-HT2C which all have been 
fully characterised with respect to all criteria of receptor characterisation as defined by Hover et 

al..5 Newly defined receptors whose cDNA has been cloned, but from which little is known about 
distribution and function include the 5-Ht,E, 5-Ht,Fand 5-Ht, through 5-Ht7 receptors.9 

All seven 5-HT receptor subtypes are expressed in distinct but often overlapping patterns 
and are coupled to different transmembrane-signaling mechanisms. The 5-HT,, 5-HT, and 5-HT4 

through 5-Ht7 receptor families are members of the superfamily of G protein-coupled receptors. 
The 5-HT, receptor on the other hand is a ligand-gated ion channel that increases permeability for 
Na+ and K+. 

1.2.2.2 5-HT, receptors 

The 5-HT, receptor was shown to exhibit heterogeneity proven by the selective labeling of 
the subtypes 5-HT,A through 5-HT]D. The 5-Ht1E and 5-Ht,F receptor have been identified, human 
cDNA's were cloned, but no functional correlations have yet been made.' The 5-HT, receptors 
share a common transduction system in being negatively coupled to adenylyl cyclase and, with 
exception of 5-HTlc, have a high affinity for 5-HT. Agonists for the 5-HT1A subtype have 
anxiolytic effects and also produce a decrease in blood pressure and heart rate. Few selective 
ligands are known for the 5-HT,B receptor but agonists have been connected to locomotion. There 
is evidence that 5-HT,B as well as 5-HT1D receptors not only function as serotonergic receptors but 
also as terminal heteroreceptors to control the release of other neurotransmitters. Sumatriptan is 
available as ding for treatment of acute migraine attacks and arylpiperazines such as buspirone are 
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General Introduction: 5-Hydroxytryptamine Receptors 

in development for treatment of depression as well as anxiety. The prototypic selective 5-HTIA 

agonist is 8-OH-DPAT 10 since it does not interact with any of the other 5-HT receptors. 

9, buspirone 

5 - H T I A partial agonist 

CH 3 NHCH 2 S0 2 

N(CH2CH2CH3)2 

N(CH3)2 

11, sumatriptan 

5-HT[[) agonist 

10, 8-OH-DPAT 

5-HTiA agonist 

Figure 1.6 

1.2.2.3 5-HT2 receptors 

The 5-HT, receptor was also shown to exhibit heterogeneity. The subtypes 5-HT2A 

through 5-HT2C were identified based on the criteria necessary for receptor characterisation.9 It 
was shown that the 5-HT2C receptor is identical to originally assigned 5-HTlc receptor, but 
because it was proven to be closely related to the 5-HT, receptor, nowadays it is called the 5-HT,c 

receptor. All 5-HT2 receptors are G protein-coupled and linked to phospholipase C. The 5-HT2A 

receptors present in the gastrointestinal tract are thought to correspond to the D subtype in the 
original classification. Ketanserin 12 inhibits 5-HT induced platelet aggregation, potently blocks 
5-HT2A receptors and also, but less potently, 5-HT2c receptors. Unfortunately ketanserin is not 
only selective for 5-HT2A receptors, but also has a high affinity for oc-adrenergic and histamine H, 
receptors. Several other 5-HT2A antagonists are known, but they all act as potent 5-HT2C 

antagonists too. One of the strategies in the treatment of schizophrenia is the combination of 5-
HT2A antagonism and dopamine D, blocking as is present in risperidone 13. 

12, ketanserine 

5 - H T I A antagonist 

13, risperidone 

5-HT,A/2c antagonist 

D, antagonist 

Figure 1.7 
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Chapter 1 

1.2.2.4 5-HT3 receptors 

The 5-HTj receptor is the only monoamine neurotransmitter receptor known to function as 
a ligand-operated ion channel. It corresponds to the M receptor in the original classification. 
Activation of 5-HT3 receptors influences the regulation of the cardiovascular system and control of 
intestinal tone and secretion. Antagonists influence behavior which implicates a role in psychosis, 
anxiety, cognition and eating disorders. Ondansetron 14, a 5-HT3 antagonist, has proven to be 
effective in treatment of vomiting induced by chemotherapy. 

O OCH3 

CH3 

14, ondansetron O ^ - ~ N / ~ \ ^ N H S 0 2 C H 3 16, cisapride 

5-HT3 antagonist II l ^ J 5-HT4 agonist 

N' 
CH3 

15, GR 113808 

5-HT4 antagonist 

Figure 1.8 

1.2.2.5 5-HT4 receptors 

The 5-HT4 receptor is linked to adenylyl cyclase. Not much is known regarding its 
function, but its distribution suggests a possible involvement in affective disorders, psychosis, 
motor co-ordination, arousal, visual perception and learning and memory. The antagonist GR 
113808 15 is very potent and selective for the 5-HT4 receptor. At present the 5-HT4 agonist 
cisapride 16 is being used in treatment of gastrotestinal disorders. 

1.2.2.6 5-Ht5 through 5-Ht7 receptors 

The newly cloned receptors 5-Ht, through 5-Ht7 are not recognised as true receptors, 
because their physiological functions have not been defined yet.9 Both the 5-Ht5 and 5-Ht, receptor 
display a pharmacological profile that is reminiscent of that of 5-HT, receptors in showing a 
relatively high affinity for i.e 5-CT 17 and a variety of ergolines such as LSD (Figure 1.9). The 5-
Ht6 and 5-Ht7 receptors are known to be positively linked to adenylyl cyclase. The 5-Ht6 receptor 
displays affinity for LSD and high affinities for various known antipsychotics and antidepressants 
but low affinity for 5-CT. 

A group of receptors related to the 5-HT, receptor, usually called 5-HT,-like receptors has 
been identified. They can clearly be distinguished from 5-HTIA, 5-HT,c (formerly defined as 5-
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HT1B receptor) and 5-HTlc receptors, but sometimes they are not easily distinguished from 5-HTID 

receptors. Given the operational profile of the 5-Ht5 through 5-Ht7 receptors those receptors 

represent candidates for some of the less well characterised "5-HT,-like receptors". 

H2N 

17, 5-CT 

non-selective 

(Et)2N Y NCH3 

NHj 

18, LSD 

non-seleclive 

F3C NHCH-5 

\ // 

19, (±)-fluoxetine (Prozac ) 

5-HT uptake inhibitor 

Figure 1.9 

1.2.2.7 5-HT uptake protein 

The 5-HT-uptake protein provides the active (re)uptake of 5-HT in the synaptic cleft and 
the platelets. This mechanism is the only way in which platelets can acquire 5-HT and in the 
neurons it constitutes a highly specific mechanism for altering synaptic availability of 5-HT. 
Inhibitors for this protein such as fluoxetine 19 (Prozac®) are used in the treatment of depression. 
When co-administered with L-hydroxytryptophan, selective 5-HT uptake inhibitors elicit a 
profound activation of serotonergic responses. 

1.3 Conc lud ing Remarks 

Not only in the view of the development of new therapeutics, but also in the classification 

of receptors, the search for selective ligands possessing a high affinity remains a topic of 

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

serotonine (5-hydroxytryptamine) 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 

structure activity relationship can thus be performed in order to optimise its affinity. 
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General Introduction: 
Tetrahydro-ß-Carbolines. 

Biosynthetic and Synthetic Approaches 

Abst rac t 

The Pictet-Spengler condensation has established its value not only in chemical synthesis, 

but also has been postulated to comprise the key step in the biosynthesis of a wide variety of 

alkaloids. In 1991 the non-terpenoid alkaloid nazlinine was isolated from a plant belonging to the 

genus Nitmria 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. With the structure of nazlinine as a starting point, a wide variety of tetrahydro-ß-

carbolines was synthesised which is described throughout this thesis. 

tryptophan N H 

lysine 

^ N 

N ^ Pictet-Spengler 
H 
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2.1 Isolation and Characterisation of the Tetrahydro-ß-

Carboline Nazlinine 

The botanical as well as marine kingdom have provided numerous alkaloids possessing 
pharmacologically interesting properties. In the past, and without any doubt also in the future, 
nature is the most important source for potential medicine. Tetrahydro-ß-carboline alkaloids are 
widespread naturally occuring compounds and thus isolated from a variety of sources. Plants of 
the genus Nitraria have provided a series of piperidine alkaloids, that are not only interesting from 
a pharmacological point of view. Also the biosynthetic pathways by which they were formed have 
attracted the attention of chemists. 

Studies on Nitraria schoben L., a plant that is widely distributed over Asia, the Middle East 
and Australia, have centered on the isolation and structure elucidation of its alkaloids. Biological 
screening of the crude extracts showed serotonine-like activity in in vitro bioassay tests of the 
methanolic fraction. Based upon this observation, in 1991 the compound responsible for this 
activity was isolated, characterised, and assigned structure 1. ' The serotonergic properties of the 
isolated alkaloid were further investigated by the same authors. Detection of the serotonergic 
activity was performed by measuring their effect on the contraction of coeliac and mesenteric 
arteries and aorta of the rabbit. A clear dose-response relationship was found; ED50 values for the 
alkaloid 1 were obtained in relation to the response after injection of 1 fig of serotonine.2 A vaso-
relaxing effect upon aortic rings with intact endothelium was also reported. At higher doses (40 
nmol) the relaxing effect changed into contraction. Identical observations were made when 
serotonine was used under the same conditions. 

Figure 2.1 

Based upon its biomimetic synthesis, in 1993 a revision of the structure of nazlinine was 
described by our laboratory.1 The proposed tetrahydro-ß-carboline 2 not only possesses more 
chemical stability, but also fits well in the biosynthesis of Nitraria indole alkaloids.4 In a one step 
biomimetic procedure, the isomeric compound 2 was synthesised via a Pictet-Spengler reaction 
from its putative bioprecursors, tryptamine 3 and tetrahydropyridine 4.' The spectroscopic data of 
protonated 2 were identical to those reported for the natural product. Conversion of 2 to its 
diacetate unequivocally established the presence of a CH,NH, opposed to the CH,NH 
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functionality in 1. With structure 2 in hand, the peak m/z 171 (M+ - (CH2)4NH2) observed in the 

mass spectrum of the natural compound' could now easily be explained by benzylic/ß-cleavage, 

common for tetrahydro-ß-carbolines. 

NH2 

Q 
H 20,TFA 

Scheme 2.1 

Final evidence for nazlinine possessing structure 2 came from a literature synthesis of the 
compound with the assigned structure l.6 Spectroscopic data were completely different and indeed 
1 proved to be unstable: it partially degrades upon warming (3 days 30 - 40 °C) and by acid 
treatment (0.1 M hydrogenchloride, 40 °C) it decomposes to polar compounds. The instability of 1 
under acidic conditions is an important observation, since it was shown3 that the natural product 
had been isolated in its protonated form, again indicating the incorrectness of the structural 
assignment. 

The synthesis of (S)-(-)-nazlinine 2 via the Bischler-Napieralski reaction followed by 
asymmetric reduction with a chiral borane complex has been described.7 Furthermore an alternative 
route to nazlinine 2 through catalytic hydrogénation of glutaronitrile in the presence of tryptamine 
has been described.8 

2.2 Biosynthesis of Nazlinine and Related Alkaloids 

2.2.1 Introduction 

A growing number of alkaloids, formally derived from L-tryptophan, displays a wide 
variety of interesting biological profiles. In some cases, these secondary metabolites have been 
suggested to function as a chemical defense against other organisms, which might afford an 
explanation for their various biological activities. Worldwide interest exists for discovery of new 
natural compounds and syntheses of analogues thereoff. 

Based on biosynthetic considerations indole alkaloids can be divided into two classes: non-
terpene and terpene derived. The latter group can easily be distinguished by the presence of a 
typically branched skeleton derived from isoprene. Key step in the biosynthesis of mono-terpenoid 
indole alkaloids is the Pictet-Spengler condensation of secologanine 5 with tryptamine 3 which 
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affords strictosidine 6, an intermediate that is transformed biogenetically in other terpenoid 

alkaloids such as geissoschizine 7 and akagerine 8. 

OHC 

CH 3 0 2 C 

,,OGIu 

5, secologanine C 0 2 C H 3 

NCH, 

Figure 2.2 

The class of non-terpenoid alkaloids to which nazlinine 2 belongs, typically does not 

contain a branched alkyl chain. They can be looked upon as dipeptides because their biosynthesis 

involves the condensation of two amino acids or derivatives thereoff. As was shown before, 

nazlinine is obtained by Pictet-Spengler condensation between tryptamine which is derived from 

tryptophan and a lysine derived aldehyde (Scheme 2.1). Also the marine alkaloid arborescidine C 

(11) can be considered as being derived from condensation between those two amino acids 

followed by oxidative deamination and subsequent cyclisation. 

f NH 

9, eudistotninc I 

10, eudistomine K 
H3C 

12, xestomanzamine A 

, N ^ / 

Figure 2.3 

Tunicates of the genus Eudistoma form a rich source of biologically active alkaloids which 

mostly are indole based compounds, biosynthetically derived from tryptophan. Pictet-Spengler 

reactions with aldehydes derived from the amino acids cysteine, proline or phenylalanine, 
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constitute the key step in the biosynthesis of these eudistomines. For example, eudistomine I (9) is 
derived from proline whereas eudistomine K (10) can thought to be derived from Pictet-Spengler 
reaction with a cysteine metabolite. It can be seen clearly that also alkaloids such xestomanzamine 
A (12) formally are obtained from a reaction between tryptamine and an aldehyde derived from 
histidine. Several oxidation steps complete the biosynthesis of xestomanzamine A. 

A third group of indole alkaloids forms a combination of the terpenoid and dipeptide 
alkaloids. Condensation of two amino acids gives rise to a diketopiperazine, which undergoes a 
Pictet-Spengler condensation with an aldehyde derived from isoprene. For example 
fumitremorgine C (13) as well as spirotryprostatine C (14) both consist of tryptophan, proline and 
an isoprene unit connected in this manner. The latter alkaloid actually is derived from 
fumitremorgine C by oxidation of the indole 2-position followed by rearrangement. This type of 
oxidative rearrangement has been applied in the total synthesis of spirotryprostatine C 14.' 

CH3O 
C H - J O 

13, fumitremorgine C 14, spirotryprostatine C 

Figure 2.4 

2.2.2 Biosynthesis of the di-piperidine alkaloid Lupinine 

Plants of the genus Nitraria have provided a wide variety of biologically active alkaloids. 
At first sight alkaloids obtained from Lupinine species have considerably different structures, but a 
closer look reveals their biosynthesis might have followed a pathway analogous to that of the 
alkaloids obtained from Nitraria species. The repeating C,N structural units these alkaloids contain 
suggests them most likely to be derived of tetrahydropyridine synthons. 

Already in 1931 the biosynthesis of lupinine 20 was suggested to proceed via 

condensation of two lysine derived units. It was established from extended feeding experiments 
with a series of 2H, 3H, '3C, l4C and "N labeled lysine and cadaverine that the biosynthesis of 
lupinine follows the route outlined in scheme 2.3.'° Dimerisation of tetrahydropyridine 17 results 
in the formation of intermediate tetrahydroanabasine 18 which via ring-opening/ring-closure is 
transformed in quinolizidine 19." This hypothetical, difunctionalised intermediate in the 
biosynthesis of piperidine type of alkaloids, such as the tri-piperidine sparteine 21, is obtained 
from plants in its stable reduced form, as the di-piperidine lupinine 20. 
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lysine 

rearrangement 

r - ^ " N H 2 -""~"NH2 y - [0. dimerisation 

k^,NH 

15, cadaverine 16 17, tetrahydropyridine 18 letrahydroanabasine 

„r° / O H 

H f 

CO 
+ 

CO / ^ ^ 7 

19 20, lupinine 21, sparteine 

Scheme 2 .2 

2.2.3 Biosynthesis of indole alkaloids isolated from Nitraha species 

Biosynthesis of structurally different alkaloids, isolated from plants of the genus Nitraria, 
can be envisaged to follow comparable pathways. In fact the aforementioned biosynthesis of 
lupinine forms the basis for the hypothesis concerning the biosynthesis of Nitraria alkaloids. The 
racemic nature of most of the Nitraria alkaloids suggests non-enzymatic transformations during 
their biosynthesis, which implies a reactive intermediate spontaneously giving rise to new racemic 
alkaloids. Based upon this assumption, the biosynthesis of the Nitraria alkaloids, as occuring in 
nature, was proposed in our group.4 

Several related indole alkaloids were isolated from Nitraria Schoben, a plant that can be 
found in Asia, the Middle East and Australia. Their structures vary from relatively simple 'mono-
piperidine' ß-carbolines, e.g nazlinine 2 and indoloquinolizidine 22, to more complicated 'di-
piperidine' ß-carbolines, e.g nitrarine 23 and nitramidine 24. 

Figure 2.5 
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Nazlinine 2, derived from the two amino acids tryptophan and lysine, can be seen as the 
biosynthetic condensation product of tetrahydropyridine 17 with tryptamine 3, a process which 
has been performed efficiently in our laboratory (see scheme 2.1).3 One possible biosynthesis of 
the 'di-piperidine' ß-carbolines, which are derived from tryptophan and two lysine units, can be 
envisaged to proceed as shown in scheme 2.3. 

017 

NH2 

Pictet-Spengler 

< ^ ï v -~\ u 
2 
Ü 

, N H 2 

[O] 

N H , 

25 

17 [O] 

26 

Scheme 2.3 

Oxidative deamination of nazlinine 2 to indoloquinolizidine 25 precedes an imine - enamine 
condensation with a second equivalent of tetrahydropyridine 17. Oxidation followed by an 
intramolecular imine - enamine cyclisation directly leads to nitramidine 24 which is the basis 
structure for several alkaloids (e.g. nitrarine 23) that were isolated from Nitmria species.12 L1 The 
feasibility of this scheme was supported by the biomimetic synthesis of 23 and 24 in our 
laboratory.'"' 

2.3 Chemical Synthesis of Tetrahydro-ß-Carbolines 

2.3.1 The Pictet-Spengler condensation 

Numerous ways exist to construct a tetrahydro-ß-carboline moiety, but since the discovery 

of the Pictet-Spengler condensation'4 in the beginning of this century this approach has established 

its value in synthesis." The Pictet-Spengler condensation also has been proposed to constitute the 

key step in most biosyntheses of isoquinoline and ß-carboline alkaloids. 

The Pictet-Spengler condensation comprises the condensation of an aromatic ethylamine 

with an aldehyde to form an an iminium salt under acidic conditions. This reaction is applicable to 
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phenylethylamine, pyrrole-ethylamines,16 imidazole-ethylamines17 and tryptamines 3, where the 
latter gives rise to formation of tetrahydro-ß-carbolines 30. The mechanism of the Pictet-Spengler 
condensation is still the subject of discussion, but it is well established to follow either of two 
likely pathways A or B. 

NH 2 

O 

27 

Q 

f 
NH 

Q 
^ 

NH 

28 

29 

NH 

X 

NH 

Scheme 2.4 

Once the iminium salt 27 is formed from condensation of tryptamine with an aldehyde, attack of 
either the indole 2- or 3-position has been postulated. In pathway A initial attack of the more 
electrophilic 3-position gives the intermediate spj'ro-indolenine 28, which rearranges to 29 and 
subsequent protonation affords the tetrahydro-ß-carboline 30. Intermediate 29 can also be 
obtained by direct attack of the indole 2-position to the imine carbon atom via pathway B. 
According to Baldwin's rules for cyclisations,18 attack of the indole 3-position would involve the 
disfavoured 5-endo-tcig pathway, whereas attack of the 2-position proceeds through the favoured 
6-emfo-trig pathway.19 

Clear evidence of the involvement of the spi'ro-indolenine intermediate 28 was obtained by 
isotopic labeling experiments in the formation of a 3-aza-tetrahydro-ß-carboline by a Pictet-
Spengler condensation of the indolic hydrazine 31 with [2H2]formaldehyde.20 The isolated product 
mixture consisted of roughly equal proportions of the four possible products. This statistical 
mixing of the deuterium label is consistent with the series of equilibria as shown in scheme 2.4 via 

pathway A. It was concluded that formation of the symmetrical jpiro-intermediate 32 is a rapid 
reversible process in which the deuterium label finally becomes equally distributed over C-l and 
C-3. Cyclisation to the tetrahydro-3-aza-ß-carboline 33, either via a carbon migration (pathway A) 
or directly via pathway B, must be slow with respect to this process to allow for this statistical 
distribution. 
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In several cases, spiro-'mdolenine intermediates 28 were isolated by way of nucleophilic 

intramolecular trapping.2122 During studies towards the synthesis of the eudistomines derived from 

cysteine, the tetracyclic s/wo-intermediates could be trapped by an intramolecular nucleophilic 

attack of the protected nitrogen to the electrophilic indole 2-position.22 Conversion of both of the 

pure j-pi'ra-indolenine diasteomers 34 and 35 to the tetrahydro-ß-carbolines 37 resulted in an 

identical diastereomeric ratio, thus indicating the iminium salt precursor 36 as a common 

intermediate. 

CH2CI2/TFA 

N 
CH 3 

BocHN 

N-O 

't I 
S 

BocHN X — s 

34, trans 
35, cis 

36 37 
trans/cis 65/35 

Scheme 2.6 

Recent results of MNDO calculations of the heat of formation of the intermediates in the 

Pictet-Spengler condensation indicated that the jp/ro-indolenine intermediate is fhermodynamically 

preferable above the one arising from direct attack of the 2-position (Scheme 2 . 6 ) " However, the 

spiro-indolenine is not an intermediate that is involved in the final formation of the tetrahydro-ß-

carboline since the rearrangement was calculated to be energetically unfavourable. Direct attack of 

the indole 2-position was stated to be the key step in Pictet-Spengler condensation. 
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Scheme 2.7 

Generally, the Pictet-Spengler condensation is earned out m a protic solvent with acid 
catalysts present (e.g. hydrochloric acid), but also aprot.c solvents work well (e g trifluoroacetic 
acid in dichloromethane). When the tryptamine nitrogen atom has a substituent such as benzyl 
hydroxyl, alkyl or a tryptophan ester is used, aprotic non-acidic conditions (e.g. refluxing toluene) 
can successfully be employed." This allows for the preparation of tetrahydro-ß-carbolmes derived 
from aldehydes containing acid-labile functionalities, such as employed in the synthesis of the 
arborescidines described in chapter 5. 

The electrophilic nature of the imine double bond is the driving force of the cyclisation 
regardless of which pathway is followed (Scheme 2.4). When non-acidic conditions are used the 
Schiffs base initially formed is not electrophilic enough to cyclise, but in acidic medium 
protonation .mproves the electrophilicity of the imine bond (38). A more electrophilic intermediate 
also results by either introduction of a suitable substituent at the a-position of the imine as in 39 or 
by substition at the tryptamine nitrogen atom (40). Besides the protonated 38, both imine 39 and 
iminium salt 40 can readily undergo cyclisation upon heating. 

N^VH 

H 

38 39 

C 0 2 C H 3 

V N^YÜ-Bn 
H 

40 

R 

Figure 2.6 
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Several variants of the original Pictet-Spengler condensation as outlined above have been 
described.15 The carboxyl-mediated Pictet-Spengler condensation employs tryptamine-2-carboxylic 
acid 41: during reaction with an aldehyde carbondioxide is liberated.25 Instead of aldehydes oc-keto 
acids or azalactones 42 also afford tetrahydro-ß-carbolines under liberation of carbondioxide. The 
azalactones 42, that are actually ot-keto acid synthons, can be synthesised straightforwardly by 
condensation of N-acetylglycine and an aldehyde.26 

NH R ^ > 

N^C02H
 N ^ ° 

H CH 

O 

OH 

41 42 

Figure 2.7 

2.3.2 The Bischler-Napieralski reaction 

For the synthesis of dihydroisoquinolines the Bischler-Napieralski reaction has been used 
frequently, but it can also be applied for the synthesis of dihydro-ß-carbolines. Instead of the 
aldehydes used for the Pictet-Spengler condensation this reaction requires amides derived from 
tryptamine and carboxylic acids. The amide 43 can be transformed by a dehydrating agent, such as 
phosphorus chloride, phosporus oxychloride or thionylchloride, to an intermediate which is 
suitable for cyclisation to 3,4-dihydro-ß-carboline 4 4 . " A useful extension of this method is the 
one-pot synthesis of dihydro-ß-carbolines from the corresponding tryptamine and carboxylic acid 
by using triphenylphosphine and carbon tetrachloride in acetonitrile in the presence of potassium 
carbonate.28 Application of this non-acidic Bischler-Napieralski reaction will be described in the 
synthesis of didehydronazlinine.29 

o 
1 

HO R ,-"^-. --"V. POCIq 

H H Q H 
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Scheme 2.8 
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2.4 Outl ine of the Thesis 

This thesis describes the synthesis of a wide variety of tetrahydro-ß-carbolines based upon 
the general structure of nazlinine 2. Especially in chapter 3 compounds are described that would 
allow a quantitative structure-activity relationship (QSAR) study. The synthesis of several ring-
closed analogues, indoloquinolizidines and azepines, will be described in chapters 4 and 5. 
Biosynthetically, these natural products can be thought of as originating from tryptophan and a 
lysine derived metabolite. Emphasis will lie on the biosynthetic preference for indoloquinolizidines 
versus azepines. The first synthesis of arborescidines, four related marine alkaloids, will be 
described. 

The scope and limitations of the Pictet-Spengler condensation of cyclic tryptamines with 
various aldehydes is presented in chapter 6. The bridged tetrahydro-ß-carbolines formed in this 
reaction constitute a new class of conformationally restricted serotonine analogues. With the same 
cyclic tryptamines of a totally different class of compounds was synthesised. Oxidation of those 
tryptamines to the corresponding oxindoles. thereby making the 2-position unavailable for 
reaction, gave .cp/ro-oxindoles after condensation with selected aldehydes. Structural similarity 
with muscarine M, agonists and 5-HT, antagonists of these new compounds can be recognised. 

The first syntheses of xestomanzamine A and B are described in chapter 8. Since these 
compounds resemble the structure of the known 5-HT, antagonist ondansetron, they were 
proposed as 5-HT, receptor ligands. 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. 

Finally, receptor binding studies performed with a selection of the tetrahydro-ß-carbolines 
described throughout this thesis will be presented in chapter 9. A total of 42 compounds was tested 
for their ability to (selectively) bind to ten 5-HT receptors. In chapter 1 a short introduction 
concerning these 5-HT receptors is given. 

2.5 References and Notes 

1. Üstunes, L.; Özcr. A.; Laekeman, G.M.; Corthout, J.; Pieters. L.A.C.; Baeten, W.; Herman, A.C.; Claeys, 
M ; Vlielinck. A.J. J. Nat. Prod. 1991, 54. 959. 

2. For the alkaloid 1 an ED,,, value of 111 ± 5 nmol for coeliac arteries and an ED,„ value of 70 ± 5 nmol for 
mesenteric arteries were reported.' 

3. Wanner. M.J.; Velzel. A.W.: Koomen. G.-J. J. Chem. Soc. Chem. Commun. 1993. 174. 

Wanner, M.J.; Koomen. G.-J. Stereoselectivity in Synthesis and Biosynthesis of Lupine and Nilraria Alkaloids 

in Studies in Natural Products Chemistry 14, Atta-ur-Rahman ed., Elsevier: Amsterdam. 1994. p. 731. 

Under neutral conditions 2,3,4,5-tetrahydropyridine 17 is not stable due to irreversible imine/enamine 

dimerisalion reactions in which carbon-carbon bonds are formed/' The corresponding symmetric trimer 4, which 

contains only intermolecular N-C-N bonds, is an easy to handle crystalline compound." Dissolving this trimer 

4 

32 



General Introduction: Tetrahydro-ß-Carbolines 

in water containing one or more equivalents of acid results in rapid hydrolysis to the protonated monomelic 

form 17 which is stable in solution. Tctrahydropyridine 17 has been used before in the biomimetic synthesis 

of several piperidine alkaloids." See also: (a) Schöpf, C ; Braun, F.; Komzak, A. Chem. Ber. 1956, 89, 

1821. (b) Schöpf, C ; Arm, H.; Krimm, H. Chem. Ber. 1951, 84, 690. (c) Herbert, R.B.; Knagg, E.; Organ, 

H.M.; Pasupathy, V.; Towlson, D.S. Heterocycles 1987, 25, 409. (d) Grisar, J.M.; Claxton, G.P.; Stewart, 

K.T. Synthesis 1974, 284. (e) Wuts, P.G.M.; Cabaj, J.E.; Havens, J.L. J. Org. Chem. 1994, 59, 6470. 

6. Mahboobi, S.; Wagner, W.; Burgemeister, T.; Wiegrebe, W. Arch. Pharm. (Weinheim) 1994, 327, 463. 

7. Mahboobi, S.; Wagner, W.; Burgemeister, T. Arch. Pharm. (Weinheim) 1995. 328, 371. 

8. Diker, K.; El Biach, K.; Maindereville, M.D. de; Levy, J. J. Nat. Prod. 1997, 60, 791. 

9. Edmondson, S.D.; Danishefsky, S.J. Angew. Chem. Int. Ed. 1998, 37, 1138. 

10. Golebiewski, W.M.; Spenser, I.D. Can. J. Chem. 1985, 63, 2707. 

11. Wanner, M.J.; Koomen, G.-J. J. Org. Chem. 1996, 61, 5581. 

12. Nasirov, S.M.; Ibragimov, A.A.; Adrianov, V.G.; Maekh, S.Kh.; Struchkov, Yu.T.; Yunusov, S.Yu. Chem. 

Nat. Compounds, 1976, 12, 294. 

13. Wanner, M.J.; Koomen, G.-J. J. Org. Chem. 1994, 59, 7479. 

14. Pictet, A.; Spengler, T. Ber. 1911, 44, 2030. 

15. See for a recent review on the Pictet-Spengler condensation; Cox, E.D.; Cook, J.M. Chem. Rev. 1995, 95, 

1797. 

16. Rousseau, J.F.; Dodd, R.H. J. Org. Chem. 1998, 63, 2731. 

17. Sânchez-Sânchez, M.M.; Tel-Alberdi, L.M.; Rioseras, M.J.; Rico-Ferreira, M.R.; Bermejo-Gonzâlez, F. Bull. 

Chem. Soc. Jpn. 1993, 66, 191. 

18. Baldwin, J.E. J. Chem. Soc. Chem. Commun. 1976, 734. 

19. Bailey, P.D.; Hollinshead, S.P.; McLay, N.R.; Morgan, K.; Palmer, S.J.; Prince, S.N.; Reynolds, C D . ; 

Wood, S.D. J. Chem. Soc. Perkin Trans. /1993, 431. 

20. Bailey, P.D. J. Chem. Res. 1987, 202. 

21. Nakagawa, M.; Liu, J.-J.; Hino. T. Tetrahedron 1989, / / / , 2721. 

22. Maarseveen. J.H. van; Scheeren, H.W. Tetrahedron 1993, 49. 2325. 

23. Kowalski, P.; Bojarski, A.J.; Mokrosz, J.L. Tetrahedron 1995,51, 2737. 

24. Soerens. D.; Sandrin, J.; Ungemach, F.; Mokry, P.; Wu, G.S.; Yamanaka, E.; Hutchins. L.; DiPierro, M.; 

Cook, J.M. J. Org. Chem. 1979, 44, 535. 

25. Narayanan, K; Schindler, L.; Cook, J.M. J. Org. Chem. 1991, 56, 359. 

26. Ezquerra, J.; Lamas, C ; Pastor, A.; Alvarez, P.; Vaquero, J.J.; Prowse, W.G. Tetrahedron Lett. 1996, 37, 

5813. 

27. (a) Whaley, W.M.; Govindachari, T.R. Org. Reactions 1951, 6, 54. (b) Fodor, G.; Nagubandi, S. Tetrahedron 

1980, 36, 1279. 

28. Bhattacharjya, A.; Chattopadhyay, P.; Bhaumik, M.; Pakrashi, S.C. J. Chem. Research (S) 1989, 228. 

29. See chapter 3, § 3.2.1 and chapter 4, scheme 4.10. 

33 



Chapter 2 

34 



Chapter 3 

Synthesis of Nazlinine Analogues 
for 5-HT Receptor Affinity Studies 

Abst rac t 

In view of the serotonergic activity reported for the indole alkaloid nazlinine, a variety of 

analogues, all 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. Modifications were accomplished 

by systematical variation of the length and nature of the alkyl-substituent at C-l. Furthermore a 

series of conformationally restricted analogues in which the C-l substituent is part of a cyclic 

structure was synthesised. 

N , I. W k . . ^ N H 
H 

R' 
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Chapter 3 

3.1 Introduction 

A common theme in medicinal chemistry is the synthesis of analogues of known active 
compounds in order to perform quantitative structure activity relationship (QSAR) studies. The 
effect of these structural changes to affinity and activity for a specific receptor are investigated to 
gain insight in the way binding to the receptor takes place and to further optimise biological 
activity. 

In 1991 a new tetrahydro-ß-carboline was isolated from the plant Nitroria Schoben which 
was shown to exhibit serotonergic activity as was determined by experiments on aortic rings.' 
After some discussion in the literature this alkaloid, named nazlinine, was assigned structure 2.2"1 

The biomimetic synthesis of nazlinine 2, which has been derived from tryptophan and lysine 
metabolites, was described by our laboratory in 1993.2 

HO. 

NH? 

1, serotonine 2, nazlii 

Figure 3.1 

Stimulated by the worldwide interest for the development of selective 5-HT receptor 
ligands and in view of the serotonergic activity reported for nazlinine, we decided to use this 
alkaloid as the basis structure for optimisation studies. In this chapter, the syntheses of analogues 
of nazlinine 2 are described with the purpose of developing selective 5-HT ligands. A series of 
compounds with variation in length and nature of the C-l substituent was synthesised. 
Conformationally restricted analogues, where the butylamine substituent present in nazlinine is 
incorporated in a ring system, were prepared. Binding affinity studies performed with compounds 
presented in this chapter will be discussed in chapter 9. 

3.2 Variations in the C-1 Substituent 

3.2.1 Length of the aminoalkyl chain 

The synthesis of nazlinine 2 was described before, via a biomimetic route, involving the 
Pictet-Spengler condensation of tryptamine with tetrahydropyridine.2 Those bioprecursors are 
thought to be derived from the amino acids tryptophan and lysine respectively.4 A biomimetic 
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synthesis follows the biosynthetic route, by which nature makes compounds, as closely as 
possible, but without the interference of enzymes that nature so elegantly uses. Since enzymes play 
a crucial role in the synthesis, the biomimetic method will not always offer the best route for the 
synthesis of natural compounds. In case of the biomimetic synthesis of nazlinine 2, the 
bioprecursor tetrahydropyridine has to be synthesised first in some steps from piperidine.5 

Therefore an alternative three step procedure for the large scale synthesis of nazlinine was 
developed. Pictet-Spengler condensation of tryptamine 3 with glutaric aldehyde and simultaneous 
cyclisation to the iminium salt 4,6 was followed by opening of the indoloquinolizidine using 
methoxyamine to give oxime 5. Nazlinine was obtained by reduction of the oxime to a primary 
amine using lithium aluminium hydride. It was expected that oxidation of the tetrahydro-ß-
carboline would afford imine 6,7 which obviously has less conformational freedom than the 
starting material 2. With mercury(Il)acetate, as a complex with ethylenediaminetetraacetic acid 
(Fujii modification), dihydrocarboline 6 was obtained in high yield. Further oxidation to the ß-
carboline 7 proved to be impossible under standard conditions such as palladium on carbon in 
refluxing xylene, due to interference of the primary amine with the catalyst. When tert-

butoxycarbonyl protected nazlinine was used, aromatisation under identical conditions however 
gave the desired fully aromatic 7. The synthesis of this ß-carboline is described in chapter 4, 
§ 4.3 (see scheme 4.10). 

Reagents and conditions: (a) H,0. (b) NH,OCH3, H,0, 90 °C. (c) LiAlH4, THF, A. 41% (3 steps), 

(d) Hg(OAc),/EDTA2Na, CH,CN, A, 88%. 

Scheme 3.1 

Serotonine possesses a hydroxyl group at the indole 5-position, which most probably 

contributes to binding specifity. A variety of bio-isosteres of serotonine which are substituted by 

hetero atoms at this position is known to act as selective ligands and some of them, such as 

sumatriptan, are useful pharmaceuticals. Therefore the objective was the synthesis of methoxy 
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substituted 15, a nazlinine analogue with a hetero atom at the indole 5-position. In order to avoid 
selectivity problems it was decided to introduce the methoxy substituent in the indole stage, since 
5-methoxyindole 8 is commercially available. Conversion of 8 to 5-methoxytryptamine, which can 
be used in the Pictet-Spengler condensation, was an obvious requirement. 

Introduction of a ß-functionalised two-carbon substituent on the 3-position of indole can be 
readily achieved by acid catalysed condensation with l-dimethylamino-2-nitroethene 9, prepared 
from nitromethane and dimethylformamide diethylacetal.8 Protonation of the nitro-functionality in 
9 by trifluoroacetic acid results in an electrophilic species that is attacked by the nucleopilic indole 
3-position. The intermediate thus formed is protonated and eliminates dimethylamine to afford 
nitrostyrene 10. which is reduced to 11 with sodium borohydride in the presence of silicagel.9 

These reduction conditions are necessary to suppress the side reaction in which dimer formation 
takes place by Michael addition of the resonance stabilised intermediate a-carbanion to the 
nitrostyrene. Reduction of the nitro group to the amine using palladium on carbon and ammonium 
formate as the hydrogen transfer agent constituted a mild method for the synthesis of 5-
methoxytryptamine 12.I0 

N ^ \ ^ ^ N ^ V ^ - M ^ N 0 2 

H ^N(CH3)2 N \ - - N 

Il 10 M i l 
8 OjN^ 9 

l ^ N H 13 

Id 

: - . ^ ^ 14 

Ji NHp 
N z 

H 

12 

NJ3 ChUO 

Reagents and conditions: (a) TFA, A, 71 %. (b) SiO,, i-PrOH, CHCl,, NaBH,. 63« . (c) Pd/C ( 10%), NH4COOH 

MeOH, 90%. (d) AcOH, H30. Ca(OCl), then KOH, EtOH, Â. (e) TFA. H,0. A, 42%. 

Scheme 3.2 

Construction of the tetrahydro-ß-carboline ring system possessing a butylamine substituent at C-l 

could be achieved by the biomimetic procedure as described for nazlinine.2 Reaction of 5-

methoxytryptamine 12 with the in situ generated 2,3,4,5-tetrahydropyridine followed by Pictet-

Spengler condensation results in the desired methoxy nazlinine 15. Under neutral conditions 

2,3,4,5-tetrahydropyridine is not stable due to irreversible imine/enamine dimerisations in which 

38 



Synthesis of Nazlinine Analogues 

carbon-carbon bonds are formed." The corresponding symmetrical trimer 14 which contains only 
intermolecular N-C-N bonds, is an easy to handle crystalline compound.5 Dissolving 14 in water 
containing one or more equivalents acid results in rapid hydrolysis into the protonated monomeric 
form, which is stable in solution. Trimer 14 was prepared from piperidine 13 in a two step 
procedure.5 

Trypargine 18, isolated from the African rhacophorid frog Kassina senegalensis, is a toxic 
component obtained from the skin of the frog, with several biological activities.12 The synthesis13 

of trypargine involves the intermediacy of nazlinine analogue 16 which is lacking one methylene 
group in the C-l side chain compared to nazlinine. In this laborious approach to 16, Pictet-
Spengler condensation of a-ketoglutaric acid 17 is followed by a four step conversion of the 
carboxylic acid to an amine. 

H 0 2 C C 0 2 H 

17 18, trypargine 

Figure 3.2 

We decided to adapt another strategy for the synthesis of nazlinine analogue 16 based upon the 
commercially available four-carbon synthon 19. Pictet-Spengler condensation of 4-amino-l,l-
diethoxybutane 19 under aqueous acidic conditions constituted a one step procedure to the desired 
analogue 16. The dehydro analogue 20 was obtained straightforwardly by Fujii oxidation,7 but 
further oxidation to the aromatic system was again impossible due to interference of the primary 
amine as was mentioned before. 

NH5 

19 

NH, 

Reagents and conditions: (a) H,0, TFA, A, 96%. (b) Hg(OAc)2/EDTA'2Na, EtOH, A, 73%. 

Scheme 3.3 

Nazlinine analogue 24 which possesses an amino-ethyl substituent at C-1 was made via 

the two step procedure depicted in scheme 3.4. Enamine formation by reaction of tryptamine with 
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ethoxyacrylonitrile 21 was followed by acid induced enamine/imine equilibration and subsequent 
Pictet-Spengler reaction to give 22 in a one-pot procedure. Surprisingly, reduction of the cyanide 
to the primary amine with lithium aluminium hydride led to tetrahydro-ß-carboline 26. Elimination 
of acetonitrile-anion, probably facilitated by metal complexation with aluminium followed by 
hydride reduction of the resulting imine might explain the formation of this product. The desired 
amine 24 could be obtained however by hydrogénation in the presence of hydrogen chloride 
which was generated in situ by hydrogenolysis of chloroform.14 Fujii-oxidation gave dihydro-ß-
carboline 27.7 

Il J 
H 

2, N C ^ O E . R 

NHo 

3 (R = H) 
12 (R = OCH3) 

^ ^ v /~\ 
\\ \ ll ^ ,H 

\ ^ .,, i>- * N 
N Y ~AI 
H > 

~c =N 

NH 

CN 

22 (R = H) 
23 (R = OCH3) 

R = H 

26 

NH 

24 (R = H) 
25 (R = OCH3) 

d Ft = H 

Reagents and conditions: (a) EtOH, then CH2Cl2, TFA, 22: 73%, 23: 25%. (b) Pd/C (10%), H2, EtOH, CHC1,, 

24: 73%. 25: 98%. (c) LiAIH4, THF. À, 93%. (d) Hg(OAc)2/EDTA2Na, EtOH. A, 74%. 

Scheme 3.4 

The same reaction sequence was performed starting with 5-methoxytryptamine 12 to 
afford nazlinine analogue 25. Fujii-oxidation of this 5-methoxy tetrahydro-ß-carboline did not 
afford the desired product but only polymeric material was detected. 

As expected, aromatisation of tetrahydro-ß-carboline 24 with palladium on carbon in 
refluxing xylenes was not possible. Since we had reasoned that the primary amine was responsible 
for this, aromatisation of cyanide 22 was undertaken. When the cyanide was exposed to the 
oxidising conditions, a mixture of three products was obtained. A minor amount of the desired 
aromatised 29 could be isolated, but the major product turned out to be enamine 28, which could 
also be synthesised by Fujii-oxidation of cyanide 22.7 Surpringly, the other minor product 
obtained from aromatisation with palladium on activated carbon was the parent ß-carboline ring 
system 30. Probably again metal complexation facilitated elimination of the acetonitrile-anion and 
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under the reaction conditions the dihydro-ß-carboline thus formed was easily oxidised to ß-

carboline 30. 

30 

Reagents and conditions: (a) Pd/C (10%), xylenes, A, 28: 43%, 29: 12%, 30: 8%. (b) Hg(OAc)2/EDTA'2Na, 

EtOH, A, 28: 80%. 

Scheme 3.5 

3.2.2 Introduction of substituents on nitrogen 

In order to explore the size and nature of the binding site for the primary amine function of 
nazlinine in 5-HT receptors, a series of nitrogen substituted compounds was synthesised. 
Discrimination between the secondary and primary amine functions in nazlinine is not possible. 
For instance acetylation with acetic anhydride leads to mixtures of mono-acetylated products and 
finally the diacetate is formed.2 Therefore a different strategy had to be adapted in which 
substituted tryptamine was used as the starting material in the Pictet-Spengler condensation. 

A/-methyltryptamine was synthesised straightforwardly by reduction of the urethane 
obtained from reaction of tryptamine 3 and ethyl chloroformate. Condensation of N-

methyltryptamine with trimer 14 under acidic conditions in order to generate the monomer in situ, 

gave methylated 31. Further oxidation of 31 with the Fujii method7 also appeared to be possible 
with this tertiary amine to give the iminium salt 32. 

14 

N ' N H ? a ,b 
H 

3 31 32 

Reagents and conditions: (a) ethyl chloroformate, CH,C1,, NaOH (aq.) then LiAlH4, THF, A, 77%. (b) 14, TFA, 

HjO, A, 91%. (c) Hg(OAc)2/EDTA2Na, acetonitrile, A, 60%. 

Scheme 3.6 

Selective substitution of the primary amine function in nazlinine could be achieved by 

protection of the secondary amine, before Pictet-Spengler condensation. The formation of 
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tetrahydro-ß-carbolines with iV-substituted tryptamines is known to proceed smoothly under 
nonacidic aprotic conditions, particularly with A'-benzyltryptamine.15 Since introduction of the 
aminobutyl C-l substituent via the biomimetic Pictet-Spengler condensation of tryptamine with 
tetrahydropyridine trimer 14 requires acidic conditions, another five-carbon synthon was 
developed. An oxime functionality was used as amine precursor thus establishing easy access to 
the primary amine. Condensation of aqueous glutaric aldehyde with methoxyamine in the presence 
of acid gave a mixture of mono- and dioximes 33 and 34, from which the desired mono-oxime 
was readily separated. 

N^ 
OCH 3 H3CO 

,N 
~OCH-, 

33 34 

Reagents and conditions: (a) H,NOCH„ H20, H2NOCH,HCl, 33: 29%, 34: 24%. 

Scheme 3.7 

Formation of the Schiffs base from tryptamine with benzaldehyde followed by reduction 
easily afforded mono-benzylated tryptamine, which in a neutral Pictet-Spengler condensation with 
aldehyde 33 gave access to oxime 35. Reduction afforded benzyl-protected nazlinine 36, which 
was a versatile intermediate for further derivatisation. Acetylation and deprotection constitutes a 
straightforward procedure to mono-acetylated nazlinine 37, which could be oxidised to imine 3 8 
by employing the Fujii oxidation.7 

d, e 

NHp 

33 

a, b 

35 
OCH, 

NHAc 

Reagents and conditions: (a) benzaldehyde, EtOH, then NaBH4. 82%. (b) toluene, 100 "C 83% (c) LiAlH THF 

A, 76%, (d) A e A CH,CN, 100%. (e) Pd(OH)2/C, H2, EtOH, HC] (aq.), 100%. (f) Hg(OAc)2/EDTA2Na, EtOH, A, 
82%. 

Scheme 3.8 
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The indole 39, GR 113808, has been described as a very potent and selective competitive 

5-HT4 receptor antagonist.'6 It lacks antagonist affinity for the other 5-HT receptors, has only a 

weak affinity for the 5-HT-, receptor and is over a thousand times more selective for the 5-HT4 

receptor. Removal of the sulfonamide substituent results in inversion of affinity: tropisetron 40 is 

over a thousand times more selective for the 5-HT, receptor than for the 5-HT4 receptor.17 

N 
CH 3 

39 

k / ^ 'NHSO2CH3 

GR 113808 

5-HT, pK( 6.0 
5-HT4 pA2 9.2 

40 

k^>' NChU 

tropisetron 

5-HT3 pKi 9.6 
5-HT4 pA2 6.5 

Figure 3.3 

Encouraged by the effect resulting from this subtile structural change, we decided to 

synthesise ethylsulfonamides 43 and 4 5 . Simple alkylation of the primary amine of mono-

benzylated nazlinine 36 using methylsulfonamide substituted bromoethane 42 resulted in di-

alkylation. Mono-benzylation of the primary amine in 36 by the Schiffs base reduction method, 

followed by alkylation and deprotection however gave easy access to sulfonamide 43. 

SO2CH3 
NH 

Reagents and conditions: (a) benzaldehyde, EtOH, then NaBH4. 82%. (b) CH,CN, K,CO„ 42%. (c) Pd(OH),/C. H2, 
EtOH, HCl (aq.), 94%. 

Scheme 3.9 

Since the four-carbon synthon, acetal 19 (Scheme 3.10), has to be transformed in situ to 

the corresponding aldehyde, a neutral Pictet-Spengler condensation with /V-benzyltryptamine is not 

applicable to this situation. Therefore the procedure described before for mono-alkylation of 

nazlinine was applied to 4-amino-l,l-diethoxybutane 19 to give sulfonamide 44 . Pictet-Spengler 
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condensation of this acetal under acidic conditions, followed by debenzylation afforded nazlinine 
analogue 45. 

= rNH2 a ' b oEt - * " 

EtO EtO 

c, d 

"NHS02CH 

19 44 

Reagents and conditions: (a) benzaldehyde, EtOH then NaBH4, 87%. (b) 42, CH,CN, K2CO, 96% (c) tryptamine 
H,0 , TFA, 95 -C, 66%. (d) Pd/C (10%), H2, EtOH, 89%. 

Scheme 3.10 

3.2.3 Replacement of the primary amine by other functionalities 

The size and nature of the binding site for the primary amine was further explored by 
changing the nitrogen for another hetero atom. The synthesis of nazlinine analogue 46 was 
achieved straightforwardly by a Pictet-Spengler condensation with 5-hydroxypentanal generated in 
situ under the acidic reaction conditions. 

NHo 

k O A 0 " 

e, f 

N 0 ^ - N H J 3 P i v 
H 

48 

Reagents and conditions: (a) H20, 45 'C, 68%. (b) Pd/C (10%), xylenes, A, 86%. (c) 130 "C then K2CO„ MeOH, 

rt, 67%. (d) pivaloyl chloride, pyridine, 0 °C, 96%. (e) POCl„ toluene, 80 'C, 44%. (f) Mel, CH,CN, A,'100%. ' 

(g) CHjCl,, then HCl (aq.), 65%, ee 32% determined with Pirkle alcohol.2" 

Scheme 3.11 

44 



Synthesis of Nazlinine Analogues 

Aromatisation to 47 in this case was possible, because in contrast to the primary amines 
previously described, the hydroxyl group did not interfere with this oxidation reaction. 

The asymmetric reduction of phtalimide protected dihydronazlinine has been described by 
Mahboobi et al. using the chiral proline derived borane 50.18 This reducting agent, originally 
described by Iwakuma et al.,'9 afforded (S)-(-)-nazlinine in an enantiomeric excess of more than 
95%. Application of the procedure to the reduction of iminium salt 49, obtained by Bischler 
Napieralski reaction of the pivaloyl protected 48, was however less successful. The 'H NMR 
spectrum of 51 measured in the presence of Pirkle alcohol20 indicated an enantiomeric excess of 
32%. 

During the last decade, attention was attracted by the biological activity of dimers, which 
exhibited considerably more activity than their corresponding monomers.21 Also in the field of 5-
HT receptors, this "bivalent ligand approach" has been successfully applied.22 For instance, dimer 
53 of the antimigraine drug sumatriptan 52 was reported to be a potent and orally active 5-HTIB 

agonist.23 

CH3NHSO2 5-HT1BKj 19.1 nM 
N^ N(CH3)2 5-HT1DKj 8.6 nM 

H 

52, sumatriptan 

CH 

, | ^ Y ^ CH3
 5/Hl"> !S ° ' 6 4 nM. S ' il 1 J 5-HT.nKj 0.89 nM 

(CH3)2N l k | A s ^ " v ^ S n , 

53 H 

Figure 3.4 

Nazlinine dimer 55 was synthesised by way of a double Pictet-Spengler condensation of 

glutaric aldehyde with two equivalents NPS-protected tryptamine 54. Protection of tryptamine is 

required to prevent cyclisation to indoloquinolizidine after the initial Pictet-Spengler condensation. 

Removal of the o-nitrophenylsulfenyl protecting groups2425 was achieved via Raney nickel 

desulfurisation,26 giving dimer 55 as a 42 : 58 mixture of diastereomers according to the 'H NMR 

spectrum. 
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a rT ^ r ' ^ N b, c 

NH 2 ^ V HN-NPS 
H H 

54 NPS = s , / ^ 55 

T 
OjN 

Reagents and conditions: (a) 2-nitrobenzenesulfenyl chloride, CH,C1,, NaOH, 66%. (b) glutaric aldehyde (aq.), 
PTFA, CaClj, CH,C12 then RaNi, THF, 40%. 

Scheme 3.12 

3.3 Conformationally restricted Nazlinine Analogues 

3.3.1 Nicotinamide derived analogues 

A common theme in medicinal chemistry is the development of conformationally restricted 
analogues of known receptor ligands. Studies towards the binding properties of such analogues 
provide information concerning the active conformation of the substrate and thus attribute to 
optimisation of binding specificity. Reduction of the considerable degree of freedom present in the 
tetrahydropyridine part of nazlinine, could contribute to the development of more specific 
serotonine receptor ligands. Oxidation of the tetrahydro-ß-carboline C-ring not only results in 
reduction of conformational freedom of this ring, but also defines the spatial position of the C-1 
substituent. Throughout this chapter, the synthesis of oxidised analogues was already described. 
In this part attention will be focussed on the aminobutyl side chain. 

The Zincke reaction is a known method for introduction of activated pyridinium salts, like 
e.g. nicotinamide on primary amines.27 An important improvement of this reaction was described 
by Mamzano et al.:ls by conducting the Zincke reaction in refluxing n-butanol, also unactivated 
pyridines can be used. The reaction comprises the nucleophilic addition of an amine to the 2-
position of a 2,4-dinitrophenyl TV-substituted pyridinium salt such as 56. Via ring-opened 
intermediate 57, 2,4-dinitrophenylaniline 58 is formed, whereby the primary aminogroup of the 
nucleophile has replaced the pyridine nitrogen atom. 
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0 2 N 

NO? 

-HCl 0?N 

H 2 N-R 

56 

NO 

57 

ci-

58 

0 2 N 

59 

Figure 3.5 

The use of Zincke reagent 60 in a reaction with tryptamine generated pyridinium salt 61 , 
which has its amide nitrogen at the same distance from the indole ring as the primary amine in 
nazlinine. Hydrogénation of the pyridinium salt afforded vinylogous urea derivative 62, which 
serves as the basis for synthesis of the completely reduced 64 as well as for conformationally 
restricted analogue 63. Acid induced imine/enamine equilibrium followed by cyclisation on the 
indole 2-position gave the substituted indoloquinolizidine derived 63 with a frans-relationship 
between H, and H,,k. 

NH 2 

60 

N (>• 
H 

61 

NHp 
62 

NH? 

0 2 N 

63 

Il J 
' N 
H 

64 

NHp 

Reagents and conditions: (a) MeOH, rt, 3 h, 69%. (b) Pd/C (10%). H2, NaOAc, HOAc, MeOH, 65%. (c) HCl, 

MeOH, 76%. (d) NaCNBH,, HOAc, CH,CN, 65 "C, 70%. 

Scheme 3.13 

Reduction of the pyridinium salt obtained from Zincke reaction of the initially described 

unsubstituted reagent 56 with tryptamine afforded tetrahydropyridine derivative 65. Isomerisation 
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of the double bond to the corresponding imine and subsequent cyclisation to indoloquinolizidine, 
was not attempted with this compound. 

DNP-N 
\=J 56 

NH? a, b 

65 

Reagents and conditions: (a) n-BuOH, A, 4 h. (b) NaBH4, MeOH, 0 *C, 47% (2 steps). 

Scheme 3.14 

Nazlinine, which also contains a primary amine was reacted with both Zincke reagents 5 6 
and 60, the intermediate pyridinium salts were reduced to give the analogues 68 and 6 9 
respectively. When pyridinium salt 56 was used in the Zincke reaction, indoloquinolizidine 6 7 
was isolated after prolonged heating, as a result of nucleophilic attack of the ß-carboline nitrogen 
atom on the pyridinium salt 66. 

18 h 

,NH , N V ^ L NH2 

Reagents and conditions: (a) n-BuOH, A. 4 h. (b) NaBH4, MeOH, 0 T , 37% (2 steps), (c) MeOH, rt. (d) NaBH4. 
MeOH.-18 *C, 68% (2 steps). 

Scheme 3.15 
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3.3.2 Cyclic nazlinine analogues 

Almost complete reduction of the rotational freedom of the C-1 substituent was achieved by 
connecting the side chain to the indole nitrogen atom. In principle two nucleophilic positions for 
cyclisation are present in nazlinine: the ß-carboline nitrogen atom and the indole nitrogen. Pictet-
Spengler condensation of tryptamine with glutaric aldehyde results in simultaneous cyclisation of 
the second aldehyde function to form an indoloquinolizidine (see scheme 3.1). Pictet-Spengler 
condensation of the nitrophenylsulfenyl substituted tryptamine 54 with glutaric aldehyde was 
followed by cyclisation under basic conditions to give azepine 71. Cleavage of the o-

nitrophenylsulfenyl protecting group was performed under neutral conditions,25 thus preventing 
equilibration of the azepine ring system to the more stable indoloquinolizidine structure. 
Alternatively the azepine 71 was first dehydrated with phosporus oxychloride followed by 
deprotection to give the corresponding enamine 72. 

54 

HN. 
NPS 

70 71 

NPS= S 

72 

NH 

73 

NH 

Reagents and conditions: (a) glutaric aldehyde (aq.) (10 eq.), PTFA, CaCl2, CH,C1,, 56%. (b) NEt3, CH,C12, 100%. 

(c) POC1,, pyridine, CH,C1, then RaNi, THF, 49%. (d) RaNi, THF, 50%. 

Scheme 3.16 

The unsubstituted ring system 75 was synthesised by Pictet-Spengler condensation with 
the mono-acetal of glutaric aldehyde2'' in a one-pot procedure. Cleavage of the acetal in 74 under 
acidic conditions with in situ protection of the secondary amine by protonation resulted in 
cyclisation to the indole nitrogen atom. Reductive removal of the hydroxyl function with 
triethylsilane gave 75. With acetic acid/ sodium acetate in methanol, intramolecular reaction took 
place to the ß-carboline nitrogen atom. Sodium borohydride reduction of the intermediate iminium 
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salt produced indoloquinolizidine 67, a naturally occuring alkaloid which has been isolated from 
e.g. Nitraria komaroviiM). 

tryptamine 

b, c ^ » > . ,X" -s b, d 

NH "" 

67 

Reagents and conditions: (a) 5.5-diethoxypentanal, CH,C1,. (b) TFA, CH,C12, 0 °C. (c) TFA (excess). SiEt,H, 29% 

(from tryptamine). (d) NaOAc, NaBH4, McOH, 19% (from tryptamine). 

Scheme 3.17 

3.4 Concluding Remarks 

A variety of ß-carbolines was synthesised, based upon the structure of the alkaloid 
nazlinine. Especially variations in the aminobutyl side chain, from C4 to C,, 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. Affinity studies with nazlinine and these analogues is described in chapter 9. 

3.5 Acknowledgements 

Siu Ching Man is kindly acknowledged for the synthesis of the methoxy analogues. 

3.6 Experimental 

General information. All reactions were carried out under an inert atmosphere of dry nitrogen. Standard syringe 

techniques were applied for transfer of dry solvent and Lewis acids. Dichloromethane was distilled freshly prior to use 

subsequently from phosphorus pentaoxide and calciumhydride, and tetrahydrofuran from sodium benzophenone kelyl. 

All other reagents and solvents were used as commercially available, unless indicated otherwise. R, values were 

obtained using thin-layer chromatography (TLC) on silica-coated plastic sheets (Merck silica gel 60 F,!4) with the 

indicated eluens, this technique was used to monitor the reactions. The compounds were visualised by UV light (254 

nm), I, and by spraying with a solution of 5% ammonium molybdatc in aqueous sulfuric acid (2 M), ninhydrin in 
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EtOH (0.4%) or p-anisaldehyde in MeOH (20%) followed by charring at 140 'C. Flash chromatography" refers to 

purification using the indicated eluens and Janssen Chimica silica gel 60 (0.030 - 0.075 mm). EtOAc, petroleum 

ether 40-60 (PE) and CH,C12 used for flash chromatography were distilled prior to use. When ammonia or 

triethylamine containing eluents were used, the silica gel was pre-treated with this eluent. Melting points were 

measured on a Lcitz melting point microscope. Melting and boiling points are uncorrected. Infrared (IR) spectra were 

obtained from CHC1? solutions unless indicated otherwise, using a Bruker IFS 28 FT-spectrophotometer and 

wavelengths (v) are reported in cm"'. Proton nuclear magnetic resonance ('H NMR) spectra and carbon nuclear 

magnetic resonance ("C NMR; APT) spectra were determined in CDC1, using a Bruker ARX 400 (400 MHz, 100 

MHz respectively) spectrometer, unless indicated otherwise. The other spectrometers used were a Bruker AC 200 

(200 MHz, 50 MHz respectively) and a Bruker WM 250 (250 MHz, 63 MHz respectively). Chemical shifts (8) are 

given in ppm downfield from tetramethylsilane as internal standard. Mass spectra and accurate mass measurements 

were performed using a JEOL JMS-SX/SX 102 A Tandem Mass Spectrometer using Fast Atom Bombardment 

(FAB) or Electron Impact (EI). A resolving power of 10,000 (10% valley definition) for high resolution electron 

impact or FAB mass spectrometry was used. In HRMS data were applicable only 7''Br isotopes are quoted. Elemental 

analyses were performed by Dornis u. Kolbe Mikroanalytisches Laboratorium, Mülheim an der Ruhr, Germany. For 

the NMR assignments of the products in this chapter the numbering as shown for structures 2, 12, 55, 62, 63, 69 

and 73 has been used. 

Nazlinine ( l-(4-butylamino)-l ,2,3,4-tetrahydro-ß-carboline) (2). Nitrogen gas was passed through a 

solution of tryptamine hydrochloride salt 3 (2.97 g, 15 mmol) in water (0.9 L) during 2 h in order to remove 

oxygen. To this solution an aqueous glutaric aldehyde solution (6.8 mL, 18 mmol, 25%) diluted with water (10 mL) 

was added dropwise over a period of 10 min at 0 "C. After stirring the reaction mixture during 3 - 7 days at rt, an 

aqueous methoxyamine solution (9 mL. 60 mmol, 30%) was added. The reaction mixture was stirred during 5 h at 

85 - 90 °C and after cooling to rt washed with CH2C12 (2x). The aqueous layer was basified using Na^CO-, and the 

oxime 5 was extracted with CH2C1: (3x). The combined organic layers were dried (Na,S04) and evaporated. The 

residue was co-evaporated from tetrahydrofuran (25 mL) and dissolved again in tctrahydrofuran (100 mL). To this 

solution lithium aluminium hydride (3.04 g, 64 mmol) was added in portions at 0 "C. The reaction mixture was 

refluxed during 6 h and then cooled to 0 °C. Subsequently EtOH (25 mL) and an aqueous sodium hydroxide solution 

were slowly added until the lithium salts had been dissolved. A saturated K2CO, solution (50 mL) was added and the 

product was extracted with diethyl ether/2% EtOH (3x). Aqueous phosphate-buffer (3x, pH 7) was used to extract the 

product again in the water layer that was subsequently washed with diethyl ether/2%' EtOH and basified with K :CO,. 

The product was extracted with diethyl ether/2% EtOH and the combined organic layers were evaporated. The residue 

was co-evaporated from EtOH and dissolved in EtOH again. Hydrochloric acid (37%) was added in order to adjust the 

pH < 1 and the solvents were removed by concentration in vacuo. Co-evaporation from EtOH (2x) was followed by 
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crystallisation from EtOH. The solid was subsequently washed with cold EtOH, diethyl elher/EtOH (50/50), diethyl 

ether and PE under a nitrogen flow to afford 2 as its dihydrogen chloride salt (1.93 g, 6.1 mmol, 41%) as a 

crystalline compound:32 mp 75 - 78 'C; 'H NMR 8 8.46 (br s, 1H, H-9), 7.48 (d, J = 7.5 Hz, 1H, H-5), 7.31 (d, J = 

6.8 Hz. IH, H-8), 7.17 - 7.05 (m, 2H, H-6, H-7), 4.10 - 4.06 (m, 1H. H-l), 3.42 - 3.31 (m, 1H, H-3), 3.10 - 2.95 

(m. IH, H-3). 2.80-2.70 (m, 4H, H-4. H-13), 1.75- 1.55 (6H, H-10, H-l l , H-12); "C NMR (CD,OD) 8 137.8, 

136.9, 128.6, 121.9, 119.6. 118.5, 111.8, 108.7. 53.9 (C-l), 43.6, 42.3, 35.3. 33.7, 24.0, 23.0; IR v 3480, 1570; 

HRMS (EI) obs. mass 243.1714, calcd. 

for CI5H2IN, 243.1735. 

Dehydronazlinine (6). To a solution of nazlinine 2 (100 mg, 0.4 mmol) in acetonitrile (50 mL) a solution of 

mercury(II)acetate (2.87 g, 9.0 mmol) and ethylenediaminetetraacetic acid (EDTA) disodiumsalt dihydrate (3.35 g, 

9.0 mmol) in water (90 mL) was added. The reaction mixture was refluxed during 4 h and then diluted with diethyl 

ether and basified using solid K,CO,. The layers were separated and the water layer extracted with diethyl ether/3% 

EtOH (3x). The combined organic layers were dried (Na2S04/K,CO, 50/50) and evaporated. Flash chromatography 

(CH,Cl,/MeOH/concd NH4OH 65/30/5) afforded 6 (87 mg, 0.41 mmol, 88%) which was converted in its crystalline 

hydrogen chloride salt: R, (CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.25; mp 220 - 225 "C; 'H NMR (D20) 5 7.72 

(d, J = 8.2 Hz, IH. H-5), 7.53 - 7.48 (m, 2H, H-7, H-8), 7.26 - 7.18 (m, IH, H-6), 3.91 (t, J = 8.8 Hz, 2H, H-3), 

3.19 (t. 7 = 8.8 Hz, 2H, H-4), 3.11 - 2.95 (in, 4H. H-10, H-13). 1.86- 1.70 (m, 4H, H- l l , H-12); L1C NMR (D20) 

5 171.8 (C-l), 143.8, 132.1, 128.3, 128.2, 127.7, 126.5, 124.6. 115.9, 45.1. 45.0, 41.6, 31.2, 28.8, 26.1; IR 

(KBr) v 3380, 1620, 1550; HRMS (EI) obs. mass 241.1556, calcd mass for C I5H„N, 241.1579. 

l-Dimethylamino-2-nitroethene ( 9 ) . " A solution of nitromethane (27 mL, 0.50 mol) and dimelhyl-

formamide-diethylacetal 8 (66 mL, 0.50 mol) was subsequently stirred at 50 'C during 1.5 h and at 70 'C during 1 

h. The suspension that had been formed was cooled to rt and PE (25 mL) was added. The mixture was stirred 

vigorously and the solid material filtered. The filtrate was concentrated in vacuo and the residue purified by flash 

chromatography (EtOAc) yielding 9 (53.9 g, 0.46 mol, 92%) as a crystalline yellow compound: Rf (EtOAc) 0.35; 

mp 104 - 105 "C; 'H NMR S 8.13 (d. J = 10.7 Hz, IH. -CH=C//-N02), 6.62 (d, J = 10.7 Hz, IH, -CH=C//-

N(CH,)2), 3.21 (s, 3H, N(CH,)2), 2.87 (s, 3H, N(CH,)2). 

3 - (2 -Ni t rov iny l ) -5 -me thoxy indo le (10). To a solution of 5-methoxyindole 8 (2.65 g, 18 mmol) in 

trifluoroacetic acid (11 mL), 9 (2.30 g, 19.8 mmol) was added at -10 'C. The mixture was stirred during 1.5 h at -10 

"C. The mixture was stored in the refrigerator for one night, by that time further decomposition of the side-products 

derived from 9 had occurred allowing easy purification from those polar compounds. The mixture was poured on ice 

and extracted with EtOAc (3x). The combined organic layers were washed with an aqueous sodium hydroxide 

solution (2 M). aqueous NaHCO, solution (5%), dried (Na,S04) and evaporated. Flash chromatography (CH2C12) 

yielded 10 (2.80 g, 12.6 mmol. 71%) as an orange crystalline compound: R, (CH2C12) 0.15; mp 161 - 163 "C; 'H 

NMR 5 8.96 (s, IH, H-l), 8.29 (d, J = 13.5 Hz, IH, H-8), 7.74 (d, J= 13.5 Hz, IH, H-9), 7.64 (d, J = 3.0 Hz, IH, 

H-2), 7.36 (d. J = 8.9 Hz, IH. H-7), 7.17 (d, 1H, J = 2.3 Hz, H-4), 6.99 (dd, J = 8.9 Hz, J = 2.3 Hz, 1H. H-6), 3.92 

(s. 3H, OCH,); IR v 3462, 1625, 1525, 1486. 

3-(2-Nitroethyl)-5-methoxyindole (11). To a mixture of 10 (2.50 g, 11.5 mmol), silicagel (25 g) and 2-

propanol (35 mL) in chloroform (150 mL) sodium borohydride (2.22 g, 57.8 mmol) was added in portions at rt over 

a period of 30 min. The mixture was stirred for 45 min, then the pH was adjusted to 2 using an aqueous hydrogen 

chloride solution (35%). The product was extracted with EtOAc (3x) and the combined organic layers were washed 

with water, aqueous NaHCO, (5%), dried (Na,S04) and evaporated. Flash chromatography (PE/EtOAc 50/50) yielded 

11 (1.47 g, 7.2 mmol, 63%) as a solid: R, (PE/EtOAc 50/50) 0.40; mp 77 - 78 °C; 'H NMR 8 8.11 (br s, IH, H-

1), 7.41 (d, J = 8.8 Hz. IH, H-7), 7.03 (d. J = 2.4 Hz, IH. H-4). 6.98 (d. J = 3.3 Hz, IH. H-2), 6.91 (dd. J = 8.8, J 
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= 2.4 Hz, 1H, H-6), 4.65 (t, J = 7.2 Hz, 2H, H-8), 3.90 (s, 3H, OCH,), 3.45 (t, J = 7.2 Hz, 2H, H-7); IR V 3479, 

1586, 1553, I486. 

5-Methoxytryptamine (12). To a solution of 11 (2.00 g, 10.0 mmol) in methanol (65 mL) ammonium 

formate (3.50 g, 55.6 mmol) was added at rt. A suspension of palladium on carbon (750 mg, 10%) in ethanol (5 

mL) was added and the mixture was stirred for 2 h. The catalyst was filtered over hy flow, washed with MeOH and 

the filtrate was evaporated in vacuo. Flash chromatography (EtOAc/EtOH 90/10 - ) EtOAc/EtOH/concd NH4OH 

80/15/5) afforded 12 (176 mg, 0.93 mmol, 90%) as a yellow oil: Rf (EtOAc/EtOH/concd NH4OH 80/15/5) 0.32; 'H 

NMR 8 8.11 (brs, 1H, H-I), 7.41 (d, J = 8.8 Hz, 1H, H-7), 7.03 (d, J = 2.4 Hz. 1H, H-4), 6.98 (d. J = 3.3 Hz, 1H, 

H-2), 6.91 (dd, J = 8.8 Hz, J =2.4 Hz, 1H. H-6), 4.65 (t, J = 7.2 Hz. 2H, H-8), 3.90 (s, 3H, OCH,), 3.45 (t, / = 

7.2 Hz, 2H, H-7); IRv 3481. 

2,3,4,5-Tetrahydropyridine trimer (14).5 To a mixture of piperidine 13 (66 mL, 0.67 mol) and water (40 

mL), acetic acid (38 mL, 0.67 mol) was added dropwise at 0 'C. The solution thereby obtained was added dropwise 

over a period of 1.5 h at -5 'C to a suspension of powdered calcium hypochlorite (106 g, 0.74 mol) in water (1 L). 

The mixture was stirred using a mechanical stirrer for another 15 min. The solution was extracted with diethyl ether 

(3x) and the combined organic layers were dried (Na2S04) and reduced to a volume of about 150 mL. This residue 

was added dropwise over a period of 2 h to a boiling solution of potassium hydroxide (75 g. 1.34 mol) in absolute 

EtOH (420 mL). The solution was refluxed for another 2 h and the solid material (KCl) that had been formed was 

filtered. The filtrate was evaporated (bath temperature 80 °C). The residue was diluted with water (250 mL) and the 

filtered KCl was added again. The solution thus obtained was extracted with diethyl ether (3x) and the combined 

organic layers were dried (MgS04) and evaporated. Crystallisation from acetone gave 14 (24.1 g. 0.29 mol, 43%, 

mp 58 - 61 °C) as white crystals. 

6-Methoxynazlinine (15). A solution of 12 (1.95 g, 10.3 mmol), 14 (1.95 g, 7.8 mmol) and trifluoroacetic 

acid (3 mL, 38.9 mmol) in water (45 mL) was stirred during 9 h at 95 "C. The mixture was cooled to rt and made 

alkaline with aqueous ammonia (25%). The product was extracted with EtOAc (3x) and the combined organic layers 

were dried (Na2SO„) and evaporated. Flash chromatography (MeOH/concd NH4OH 90/10) yielded IS (1.19 g, 4.4 

mmol, 42%) as a pale yellow glass. A solution of fumaric acid (188 mg, 1.6 mmol) in EtOH was added to a 

solution of IS (210 mg, 0.77 mmol) in EtOH. The solution was concentrated in vacuo and the residue was triturated 

with diethyl ether to yield the fumaric salt of 15 (160 mg, 0.41 mmol, 53%); R, (CH2Cl2/MeOH/concd NH4OH 

65/30/5)0.13; 'H NMR (D,0) 8 7.36 (d, J = 8.8 Hz, 1H, H-8), 7.10 (d, J = 2.3 Hz. 1H, H-5), 6.90 (dd, J = 8.8 Hz, 

/ = 2.3 Hz, 1H. H-7), 4.57 (brs. 1H. H-I), 3.85 (s, 3H, OCH,), 3.72 - 3.62 (m. ÎH, H-3), 3.42 - 3.31 (m, 2H), 

3.28 - 3.23 (m, 1H), 2.97 - 2.92 (m, 1H), 2.01 - 1.93 (m, 3H), 1.82 - 1.55 (m, 4H). 

l-(3-Aminopropyl)-l ,2,3,4-tetrahydro-ß-carboline (16). A solution of tryptamine 3 (1.0 g. 6.3 mmol), 

l,l-diethoxy-4-aminobutane 19 (2.6 mL, 15 mmol) and trifluoroacetic acid (5 mL) in water (50 mL) was stirred 

during 3 h at 95 °C. The reaction mixture was basified with an ammoniak solution and the product extracted with 

EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated. Flash chromatography 

(CH2Cl2/MeOH/concd NH4OH 65/30/5) afforded 15 (1.37 g, 6.0 mmol, 96%) as a glass: R, (CH,Cl,/MeOH/concd 

NH4OH 65/30/5) 0.23; 'H NMR 8 8.77 (br s, 1H, H-l), 7.45 (d, J = 7.5 Hz, IH, H-5), 7.34 (d, J = 7.5 Hz, 1H, H-

8), 7.15 (t, J = 7.5 Hz, IH, H-6 or H-7), 7.09 (t, J = 7.5 Hz, IH, H-6 or H-7), 4.20 (br s, IH, H-l), 3.39 - 3.32 (m, 

IH, H-3), 3.1 1 - 3.04 (m, IH, H-3), 2.87 - 2.73 (m, 4H), 1.91 - 1.85 (m, IH), 1.72 - 1.63 (m, 2H); IR V 3476; 

HRMS (FAB) obs. mass 230.1634, calcd mass forCl4H,„N, (M + 1) 230.1657. 
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l-(3-Aminopropyl)-3,4-dihydro-ß-carboline (20). To a solution of 16 (300 mg, 1.3 mmol) in ethanol (12 

mL) a solution of mercury(II)acetate (1.15 g, 3.6 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt 

dihydrate (1.34 g, 3.6 mmol) in water (7.2 mL) was added. The reaction mixture was refluxed during 4 h and then 

diluted with diethyl ether and basified using K2C03. The layers were separated and the water layer extracted with 

EtOAc (3x). The combined organic layers were dried (Na2S04/K,C03 50/50) and evaporated. Flash chromatography 

(CH,Cl2/MeOH/concd NrLOH 85/13/2) gave 20 (218 mg, 1.0 mmol. 73%) as a yellow glass: Rf 

(CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.80; 'H NMR 5 9.16 (br s, 1H, H-9), 7.42 (d, J = 7.6 Hz, 1H, H-5 or H-

8), 7.31 (d, 7 = 7.9 Hz, 1H, H-5 or H-8), 7.13 - 7.03 (m, 2H, H-6. H-7), 4.03 (br s, 1H, H-l), 3.27 - 3.21 (m, IH. 

H-3), 3.05 - 2.94 (m, IH. H-3), 2.84 - 2.65 (m, 4H. H-12. H-14), 2.06 - 1.98 (m. IH. H-10), 1.90 - 1.71 (m, IH, 

H-10), 1.67- 1.61 (m, 2H, H-l l ) ; IJC NMR 6 135.9, 135.0, 127.1, 121.5 (C-5 or C-8), 119.2 (C-5 or C-8), 117.9 

(C-6 or C-7), 111.0 (C-6 or C-7), 108.2, 52.1 (C-l ), 41.5 (C-3), 40.6 (C-12), 32.0 (C-12), 27.4 (C-11 ), 21.9 (C-4); 

IR V 3478; HRMS (FAB) obs. mass 228.1484, calcd mass for Cl4HlgN3 (M + 1) 228.1501. 

( l ,2,3,4-Tetrahydro-ß-carbolin-l-yl)-acetonitri le (22). To a solution of tryptamine 3 (5.0 g, 31.1 

mmol) in ethanol (75 mL) ethoxyacrylonitrile 21 (3.5 mL, 34.1 mmol) was added in portions. The mixture was 

refluxed during 3 days: after 1 day an extra portion of ethoxyacrylonitrile (3.5 mL, 34.1 mmol) was added. The 

solvent was removed in vacuo, the residue was dissolved in CH2C12 (15 mL) and trifluoroacetic acid (2.5 mL, 0.32 

mol) was added. The mixture was stirred at rt during 1 h and then basified with aqueous ammonia (25%). The water 

layer was extracted with diethyl ether, the combined organic layers were dried (Na2S04) and evaporated. 

Crystallisation from CH2Cl2/diethyl ether afforded 22 (7.40 g, 22.6 mmol, 73%) as a glass: R, (EtOAc/ElOH/concd 

NH.OH 85/10/5) 0.65; 'H NMR (D20) 5 7.64 (d, J = 7.9 Hz, IH, H-5), 7.52 (d, 7 = 8.2 Hz, IH, H-8), 7.32 (t, 7 = 

8.2 Hz. IH, H-6), 7.22 (t. 7 = 7.9 Hz. IH. H-7), 5.09 (m, IH. H-l), 3.77 (m, IH, H-3), 3.59 - 3.50 (m, IH, H-3). 

3.50-3.38 (ABX. 7 = 18.1 Hz, 7 = 6 . 4 Hz, 7 = 4.9 Hz, 2H, H-10), 3.18 - 3.03 (m. 2H. H-4); IR (KBr) v 3474; 

HRMS (FAB) obs. mass 212.1180. calcd mass for CI3H14N3 (M+1)212.1188. 

(6-Methoxy-l,2,3,4-tetrahydro-ß-carbolin-l-yl)-acetonitrile (23). To a solution of 12 (350 mg. 1.89 

mmol) in ethanol (30 mL) ethoxyacrylonitrile 21 (588 uL, 5.67 mmol) was added in portions. The mixture was 

refluxed during 3 days and then concentrated in vacuo. The residue was dissolved in dichloromethane (15 mL) and 

trifluoroacetic acid (290 (iL, 3.78 mmol) was added. The mixture was stirred at rt during 1 h, and then quenched with 

aqueous ammonia (25%). The layers were separated and the water layer was extracted with diethyl ether (3x). The 

combined organic layers were dried (Na,S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 

85/10/5) afforded 23 (90 mg, 0.47 mmol, 25%) as a yellow crystalline compound: R, (EtOAc/EtOH/concd NH4OH 

85/10/5) 0.54: mp 255 - 256 "C; 'H NMR (CD3OD) 8 7.18 (d, 7 = 8.7 Hz, IH. H-8), 6.92 (d. 7 = 2.4 Hz. IH. H-5), 

6.75 (dd, 7 = 8.7 Hz, 7 = 2.4 Hz. IH, H-7). 4.38 - 4.35 (m, IH, H-l), 3.80 (s, 3H, OCH,), 3.29 - 3.26 (m, IH, H-

3), 3.08-3.01 (m, IH, H-3), 3.04 (dd, 7 = 17.0 Hz, 7 = 4.0 Hz, IH, H-2), 2.92 (dd, J = 17.0 Hz, 7 = 7.9 Hz, IH, 

H-2), 2.80 - 2.66 (m, 2H, H-4); "C NMR (CD,OD) 5 155.2 (C-ll), 134.8, 132.9, 126.8, 119.1, 112.7, 112.6, 

I 10.3, 101.2, 56.3 (OCH,). 50.6 (C-l). 42.7 (C-3), 23.9 (C-10). 22.8 (C-4); IR (KBr) 3298. 2250. 

l - (2 -Aminoe thy I ) - l , 2 ,3 ,4 - t e t r ahydro -ß -ca rbo l ine (24). To a solution of 22 (940 mg, 4.4 mmol) and 

chloroform (5 mL) in ethanol (50 mL) palladium on carbon (200 mg, 10%) was added. The mixture was 

hydrogenated (40 psi) during one night and then filtered over hy flow. The residue was washed thoroughly with 

EtOH and the filtrate was evaporated in vacuo. Flash chromatography (EtOAc/EtOH/concd NH4OH 75/20/5) afforded 

24 (672 mg, 3.1 mmol, 73%) as a yellow crystalline compound: R, (EtOAc/EtOH/concd NH4OH 80/18/2) 0.06; 'H 

NMR(CD,OD)S7 .44(d .7 = 7.8Hz, IH. H-5), 7.38 (d. 7 = 7.0 Hz, IH, H-8). 7.12 (t, 7 = 7.0 Hz, IH, H-7), 7.03 

(1.7 = 7.8 Hz. IH, H-6), 4.62 (br s. IH. H-l), 3.50 - 3.44 (m, IH. H-3), 3.28 - 3.14 (m. 3H. H-3. H-10), 3.00 -

2.84 (m, 2H, H-4), 2.47 - 2.38 (m. IH, H-ll) , 2.33 - 2.24 (m. IH, H-l 1); IR v 3476; HRMS (FAB) obs. mass 

216.1511. calcd mass for CI3HIKN3 (M + 1) 216.1501. 
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l-(2-Aminoethyl)-6-methoxy-l,2,3,4-tetrahydro-ß-carboline (25). To a solution of 23 (340 mg, 1.41 

mmol) and chloroform (5 mL) in ethanol (40 mL) palladium on carbon (340 mg, 10%) was added. The mixture was 

hydrogenated (40 psi) during 6 h and then filtered over hy flow. The residue was washed thoroughly with EtOH and 

evaporated in vacuo. Flash chromatography (EtOAc/EtOH/concd NH4OH 80/15/5) afforded 25 (340 mg, 1.39 mmol, 

98%) as a yellow crystalline compound: R, (EtOAc/EtOH/concd NH4OH 80/18/2) 0.15; mp 279 - 280 'C; 'H NMR 

(CD,OD) 5 7.27 (d, J = 8.8 Hz, 1H, H-8), 6.98 (d, J = 2.3 Hz, 1H. H-5), 6.82 (dd, J = 8.8, J = 2.4, 1H, H-7), 4.80 

- 4.75 (m, 1H, H-l), 3.81 (s, 3H, OCH,), 3.66 - 3.63 (m, ÎH, H-3), 3.46 - 3.41 (m, 1H, H-3), 3.26 (m, 2H, H-10), 

3.07 - 3.03 (m, 2H, H-4), 2.52 - 2.45 (m, 1H, H-l l ) , 2.39 - 2.33 (m, 1H, H-l 1); IR (KBr) v 3322. 

Tetrahydro-ß-carboline (26). To a solution of 22 (146 mg. 0.69 mmol) in tetrahydrofuran (10 mL), lithium 

aluminium hydride (135 mg, 3.6 mmol) was added at 0 'C. The mixture was refluxed during 30 min and then an 

excess aqueous hydrogen chloride solution was added. The reaction mixture was basified with an aqueous sodium 

hydroxide solution and the product extracted with EtOAc (3x). The combined organic layers were dried (Na,S04) and 

evaporated to afford 26 (110 mg, 0.64 mmol, 93%): R, (EtOAc/EtOH/concd NH4OH 85/20/5) 0.17; 'H NMR ô 

7.88 (br s, ÎH, H-9), 7.48 (d, J = 7.6 Hz, 1H, H-5), 7.30 (d, J = 7.6 Hz, 1H, H-8), 7.14 (t, J = 7.6 Hz, 1H, H-6 or 

H-7), 7.09 (t, J = 7.6 Hz, 1H, H-6 or H-7), 4.03 (t, J = 1.5 Hz, 1H, H-l), 3.19 (t, J = 5.7 Hz, 1H, H-3), 2.75 (t, J = 

5.7 Hz, 1H, H-4); IR v 3437; HRMS (FAB) obs. mass 137.1063, calcd-mass for C.,1H13Nj.(M+ 1) 137.1079. 

Fujii oxidation of 24 to 27. To a solution of 24 (100 mg, 0.47 mmol) in acetonitnle (50 mL) a solution of 

mercury(II)acetate (2.87 g, 9.0 mmol) and ethylenediaminetetraacetic acid (EDTA) disodiumsalt dihydrate (3.35 g, 

9.0 mmol) in water (90 mL) was added. The reaction mixture was refluxed during 4 h and then diluted with diethyl 

ether and basified using solid K,CO,_ The layers were separated and the water layer extracted with diethyl ether/3% 

EtOH (3x). The combined organic layers were dried (Na2S04/K2CO, 50/50) and evaporated. Flash chromatography 

(CH,Cl2/MeOH/concd NH4OH 65/30/5) afforded 24 (74 mg, 0.35 mmol, 74%); R, (CH,Cl,/MeOH/concd NH4OH 

65/30/5) 0.31; 'H NMR 5 7.75 (d, J = 8.1 Hz, 1H, H-5). 7.57 - 7.50 (m, 2H, H-7, H-8), 7.26 - 7.17 (m, 1H, H-6), 

3.96 (t, J = 8.6 Hz, 2H, H-3), 3.22 (t, J = 8.6 Hz, 2H, H-4), 3.11 - 2.95 (m, 4H, H-10, H- l l ) ; IR v 3378, 1619, 

1556. 

Dehydrogenation of 22. To a solution of 22 (200 mg, 0.94 mmol) in freshly distilled xylene (10 mL, mixture 

of isomers) palladium on carbon (100 mg, 10%) was added. The reaction mixture was refluxed during 5 h and then 

the hot suspension was filtered over hy flow. The residue was washed with MeOH and the combined filtrate was 

evaporated. Flash chromatography (EtOAc/NEt, 90/10) gave 28 (86 mg, 0.41 mmol, 43%), 29 (24 mg, 0.11 

mmol, 12%) and 30 (13 mg, 0.08 mmol, 8%). The enamine 28 was isolated as a mixture of two isomers (trans : 

cis = 68 : 32) according to the 'H NMR spectrum. 

28: Rf (EtOAc/NEt, 90/10) 0.52; 'H NMR ô 9.44 (br s, ÎH, H-9(ris)), 8.17 (br s, 1H, H-9(trans)), 7.58 (d, J = 8.0 

Hz, 1H, H-5). 7.45 - 7.29 (m, 2H, H-6 or H-7. H-8), 7.58 (d, J = 8.0 Hz, 1H, H-6 or H-7), 5.25 (br s, 1H. H-

2{cis)), 4.79 (br s, 1H, H-2(frans)), 4.16 (s, 1H, H-10), 4.15 (s, 1H, H-10), 3.59 - 3.56 (m, 2H, H-3(ris)), 3.51 -

3.48 (m, 2H, H-3(frans)). 3.03 - 3.00 (m, 2H, H-4). 

29: Rf (EtOAc/NEt, 90/10)0.27; 'H NMR 8 9.10 (br s, 1H, H-9), 8.36 (d, J = 5.4 Hz, 1H, H-3 or H-4), 8.11 (d, J 

= 7.9 Hz, 1H, H-5), 7.83 (d, J = 5.4 Hz, 1H, H-3 or H-4), 7.53 - 7.52 (m, 2H, H-6 or H-7. H-8), 7.32 - 7.27 (m, 

1H, H-6 or H-7), 2.83 (s, 2H, H-10). 

30: R, (EtOAc/NEt, 90/10) 0.13; 'H NMR 5 9.55 (br s, IH, H-9), 8.90 (s. 1H, H-l), 8.44 (d, 7 = 5.2 Hz, 1H, H-3 

or H-4), 8.11 (d, J = 7.8 Hz, IH, H-5), 7.94 (d, J = 5.2 Hz, IH, H-3 or H-4), 7.54 - 7.49 (m, 2H, H-6 or H-7, H-8), 

7.28 - 7.24 (m, IH, H-6 or H-7). 
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Fujii oxidation of 22 to 28 . To a solution of 22 (90 mg, 0.42 mmol) in ethanol (4 mL), a solution of 

mercury(II)acetate (380 mg, 1.2 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate (450 mg, 

1.2 mmol) in water (2.4 mL) was added. The reaction mixture was refluxed during 4 h and then diluted with diethyl 

ether and basified using K,C03 . The layers were separated and the water layer extracted with CH2C1, (3x). The 

combined organic layers were dried (Na2S04) and evaporated. Flash chromatography (EtOAc/NEt, 90/10) gave 2 8 

(71 mg, 0.34 mmol, 80%) which was identical to 28 resulting from oxidation of 22 with palladium on carbon. 

N-methylnazlinine (31). To a mixture of tryptamine 3 (20.3 g, 127 mmol), dichloromelhane (50 mL) and an 

aqueous sodium hydroxide solution (30 mL, 20%), ethyl chloroformate (15.7 mL, 127 mmol) was added dropwise at 

0 'C with vigorous stirring. After stirring for 1 h at rt, the organic layer was separated and the water layer washed 

with CH2C1, (3x). The combined organic layers were washed with brine, dried (Na2S04) and evaporated yielding N-

ethoxycarbonyllryptamine (29.5 g, 127 mmol, 100%) as an oil. 

To a solution of /V-ethoxycarbonyltryptamine (5.28 g, 22.8 mmol) in tetrahydrofuran (50 mL), lithium aluminium 

hydride (4.33 g, 0.11 mol) was added in portions at 0 "C. The mixture was refluxed during one night. After cooling 

to 0 "C EtOH (25 mL) was added and the mixture was poured into an aqueous sodium hydroxide solution (100 mL, 1 

M). Diethyl ether (50 mL) and aqueous sodium hydroxide (3 M) were added to dissolve the aluminium salts. The 

organic layer was separated and the water layer extracted with diethyl ether (3x). The combined organic layers were 

washed with aqueous sodium hydroxide (1 M), dried (Na2S04) and evaporated giving W-methyltryptamine (3.10 g, 

17.6 mmol, 77%) as a solid. 

To a solution of /V-methyltryptamine (779 mg, 4.4 mmol) and trifluoroacetic acid (1.6 mL, 20.8 mmol) in water 

(23 mL), 2,3,4,5-tetrahydropyridine-trimer 14 (410 mg, 4.8 mmol) was added. The mixture was refluxed during 6 h, 

cooled, saturated with K,CO, and extracted with diethyl ether/EtOH (3x, 9:1). The combined organic layers were 

dried (K :CO,/Na2S04 50/50) and evaporated. Flash chromatography yielded 31 (1.05 g, 4.1 mmol, 91%) as a glass: 

R,(CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.12; 'H NMR 5 9.07 (br s, 1H, H-9), 7.42 (d, 1H, J = 7.6 Hz, H-5) 

7.28 (d, 1H. J =7 .9 Hz, H-8), 7.15-7.01 (m, 2H, H-6, H-7), 3.68 - 3.55 (m. 1H, H-l), 3.20 - 3.08 (m, 1H. H-3) 

2.82 - 2.70 (m, 5H. H-3, H-4, H-l3), 2.40 (s, 3H, NCH,). 1.83 - 1.70 (m, 2H, H-10), 1.62 - 1.27 (m, 4H, H-l 1 

H-12); " C N M K S 136.1 (C-8a), 135.1 (C-9a), 127.2 (C-4b), 121.1 (C-7). 119.1 (C-6), 117.9 (C-5), 110.8 (C-8) 

108.0 (C-4a), 60.1 (C-l). 50.0 (C-3), 42.0 (NCH,), 41.5 (C-13), 32.8 (C-10), 32.3 (C-12), 22.4 (C-l l) , 19.2 (C-4): 

IR v 3460. 

/V-methyldehydronazlinine (32). To a solution of 31 (251 mg, 0.98 mmol) in acetonitrile (10 mL) a solution 

of mercury(Il)acetate (960 mg, 3.0 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate (1.12 

g, 3.0 mmol) in water (30 mL) was added. The reaction mixture was refluxed during 3 h, cooled to rt and saturated 

with KJCOJ . To the mixture EtOAc (20 mL) was added and the layers were separated. The water layer was extracted 

with EtOAc (3x) and the combined organic layers dried (K2CO,/Na2S04 50/50) and evaporated affording 32 (149 mg, 

0.59 mmol, 60%) as a yellow gum: 'H NMR 6 7.72 (d, 1H, J= 8.0 Hz, H-5), 7.40 (d, 1H, J = 8.2 Hz. H-8), 7.19 

(t, 1H, / = 7.1 Hz, H-7), 7.06 (t, 1H, J = 7.2 Hz, H-6), 3.61 - 3.58 (m, 2H. H-13. (D,0-exchange: t, J = 5.6 Hz)), 

3.34 (t, 2H, J = 7.3 Hz, H-3). 3.05 - 3.02 (m, 2H, (D20-exchange), H-10), 2.93 (t. 2H, J = 7.3 Hz, H-4), 2.50 (s, 

3H. NCH,). 2.00- 1.85 (m, 2H, H-12), 1.73- 1.70 (m, 2H, H-l 1); "C NMR 5 164.5 (C-l), 143.4 (C-9a), 138.1 

(C-8a), 130.9 (C-4b). 123.5 (C-7), 119.5 (C-6), 118.2 (C-5), 116.6 (C-4a), 114.3 (C-8), 54.0. 49.2, 36.7 (NCH,), 

29.1,27.1,22.1 (C-l l ) . 19.6 (C-4); IR V 1605; HRMS (EI) obs. mass 256.1815, calcd for CI(,H22N, 256.1814. 

Glutaric aldehyde mono-oxime (33). An aqueous solution of methoxyamine (20 mL, 64 mmol, 3.2 M) was 

added to a solution of methoxyamine hydrochloride (30 mg) in an aqueous glutaric aldehyde solution (40 ml, 52 

mmol, 1.3 M) over 30 min. The mixture was stirred for 2 h at rt, then Na2CO, (3 g), NaCl (5 g) and diethyl ether 

(30 mL) were added and stirring was continued for 30 min. The products were extracted with diethyl ether (3x) and 

the combined organic layers were dried (Na2S04) and carefully evaporated. Flash chromatography (PE/EtOAc 70/30 
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—> 60/40 , 0 5 cm) afforded 33 (1.95 g, 15.1 mmol, 29%) as a mixture of syn- and anft'-isomers in a ratio of 15 : 

85 and the dioxime 34 (1.61 g, 12.5 mmol, 24%) as a mixture of 3 different isomers (syn : anti = 29 : 71, 

according to the ]H NMR spectrum) both as an oil: 

33: R; (PE/EtOAc 70/30) 0.24; 'H NMR 5 9.78 (s, ÎH, CHO), 7.35 (t, J = 5.9 Hz, 1H, CH2C//=N0CH,(a«i)), 

6.63 (t, J = 5.9 Hz, 1H, CR1CH=NOCR,(syn)), 3.86 (s, 3H, NOCH,), 3.81 (s, 3H, NOCH,), 2.53 - 2.49 (m, 2H, 

CW2CH=NOCH,). 2.26 - 2.21 (m. 2H, C//,CHO), 1.88 - 1.79 (m, 2H, CH2Œ,CH2); "C NMR 5 201.5 (CHO), 

150.2 (CH,CH=NOCH,), 149.4 (CH2CH=NOCH,), 61.5 (NOCH,), 61.2 (NOCH,), 42.9 (CH2CHO), 28.7 

(CH2CH=NOCH,), 24.8 (CH,CH=NOCH,), 18.9 (CH,CH2CH2), 18.6 (CH2CH,CH2); IR V 1734. 

34: R, (PE/ElOAc 70/30) 0.39; 'H NMR 6 7.34 (t, J = 6.0 Hz, 1H, CH,Ctt=NOCH,(anri)), 6.61 (t, J = 5.5 Hz, 

1H, CH2C//=NOCH,(5>'K)), 3.84 (s, 3H, NOCH,), 3.79 (s, 3H, NOCH,), 3.78 (s, 3H, NOCH,), 2.37 - 2.30 (m, 

1H), 2.24 - 2.17 (m, 3H), 1.68 - 1.61 (m, 2H). 

Oxime (35). A solution of tryptamine 3 (1.50 g, 9.4 mmol) and benzaldehyde (1.25 mL, 12 mmol) in ethanol 

(15 mL) was stirred during 1 h. The mixture was cooled to 0 °C, sodium borohydride (750 mg, 19 mmol) was added 

and stirring was continued during 1 h. The mixture was evaporated in vacuo and to the residue EtOAc (30 mL) and 

hydrochloric acid (20 mL, 1 M) were added. The layers were separated, the water layer was made alkaline by adding 

K2CO, and was extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. 

Addition of hydrochloric acid (20 mL, 20 mmol, 1 M) and crystallisation by slowly adding EtOAc yielded N-

benzyltryptamine (2.22 g, 7.7 mmol, 82%) as its hydrogen chloride salt. 

The hydrogenchloride salt of /V-benzyltryptamine (4.32 g, 15.0 mmol) was dissolved a mixture of an aqueous 

saturated K :CO, solution and EtOAc. The layers were separated and the water layer was extracted with EtOAc (3x). 

The combined organic layers were washed, dried (Na2S04) and evaporated. A mixture of the residue and 33 (1.95 g, 

15 mmol) in toluene (75 mL) was stirred during 1.5 h at 100 °C. The mixture was evaporated in vacuo and Hash 

chromatography (PE/EtOAc 75/25) gave 35 (3.53 g, 9.8 mmol, 83%) as a yellow oil and a mixture of syn- and 

anfc-isomers in a ratio of 58 : 42: R; (PE/EtOAc 75/25) 0.36; 'H NMR 5 7.81 (br s, 1H, H-9), 7.73 (br s, 1H, H-

9), 7.51 (d, J = 7.6 Hz, 1H, H-5), 7.37 - 7.25 (m, 7H, H-8, H-13, Ar-H), 7.18 - 7.09 (m, 2H, H-6, H-7), 6.59 (t, J 

= 5.6 Hz, 1H, H-13), 3.87 (s, 2H, CH,Ar), 3.83 (s, 3H, OCH,), 3.83 - 3.70 (m, ÎH), 3.67 - 3.62 (m, ÎH), 3.26 -

3.19 (m, ÎH), 2.98 - 2.87 (m, 2H), 2.62 - 2.56 (m, IH), 2.23 - 2.18 (m, ÎH), 2.16 - 2.09 (m, !H), 1.84 - 1.74 (m, 

2H), 1.73 - 1.57 (m, IH); IR v 3478, 1520. 

AVbenzylnazlinine (36). To a solution of 35 (0.13 g, 0.37 mmol) in tetrahydrofuran (7.5 mL), lithium 

aluminium hydride (91 mg, 2.4 mmol) was added in portions at 0 °C. The mixture was refluxed during 6 h, cooled 

to 0 °C and subsequently EtOH and an aqueous sodium hydroxide solution (1 M) were added dropwise. The mixture 

was saturated with K,CO, and extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and 

evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 85/10/5) yielded 36 (93.4 mg, 0.28 mmol, 76%) as 

a yellow oil: R, (EtOAc/EtOH/concd NH4OH 85/10/5) 0.42; 'H NMR 8 8.59 (br s, IH, H-9), 7.50 (d, J = 7.2 Hz, 

IH, H-5), 7.37 - 7.23 (m, 6H, H-8, Ar-H). 7.15 - 7.06 (m, 2H, H-6, H-7), 3.74 (AB, J = 13.4 Hz, 2H, CH2Ar), 

3.64 (I, J = 6.4 Hz, IH, H-l), 3.27 - 3.20 (m, IH), 2.99 -2.85 (m, 2H), 2.70 - 2.52 (m, 3H), 1.92 - 1.71 (m, 2H), 

1.55- 1.28 (m, 4H). 

iV14-acetylnazlinine (37). A solution of 36 (500 mg, 1.5 mmol), 4-dimethylaminopyridine (38 mg, 0.31 

mmol) and acetic anhydride (140 |0.1, 1.5 mmol) in acelonilrile (25 mL) was stirred during 1 h at 0 °C. The mixture 

was made basic by addition of aqueous ammonia (25%) and extracted with EtOAc (3x). The combined organic layers 

were washed with water, dried (Na2S04) and evaporated, affording /Vl4-acetyl-/V,-benzylnazlinine (0,56 g, 1.5 mmol, 

100%) as a yellow foam. 

To a solution of /V,4-acetyl-W2-benzylnazlinine (0.23 g, 0.6 mmol) in ethanol (5 mL) hydrochloric acid (1 mL, 0.1 

M) and palladium hydroxide on activated carbon (150 mg) were added. The mixture was hydrogenated at 45 psi during 
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4 h. The catalyst was removed by filtration over hy flow and the filtrate evaporated. Flash chromatography 

(EtOAc/EtOH/concd NH4OH 85/10/5) gave 37 (0.17 g, 0.6 mmol. 100%) as a yellow foam: R, 

(EtOAc/EtOH/concd NH4OH 85/10/5) 0.40; 'H NMR 5 8.69 (br s, 1H, H-9), 7.46 (d, J = 7.6 Hz, IH, H-5 or H-8), 

7.34 (d, J = 7.9 Hz, IH, H-5 or H-8), 7.14 - 7.05 (m, 2H, H-6, H-7), 5.82 (br s, IH, N//COCH,), 5.57 (br s, IH, 

H-2), 4.12 - 4.08 (m, IH. H-l), 3.40 - 3.32 (m, 2H, H-3. H-13), 3.23 - 3.15 (m. IH, H-13), 3.05 - 2.98 (m, IH, 

H-3), 2.77 - 2.68 (m, 2H, H-4), 1.96 (s, 3H, NHCOC//,), 1.90- 1.79 (m, 2H. H-10), 1.59 - 1.49 (m, 2H, H-l2), 

1.47- 1.38 ( m , 2 H , H - l l ) ; " C N M R Ô 170.7 (NHCOCH,), 136.1, 135.8, 127.4, 121.3 (C-6 or C-7), 119.1 (C-6 

orC-7), 117.9 (C-5 or C-8). 110.9 (C-5 or C-8), 108.7, 52.6 (C-l), 43.0 (C-13). 38.5 (C-3), 33.4 (C-10), 29.4 (C-

12), 23.4 (NHCOCH,), 22.7 (C-4), 21.8 (C-ll) ; IR V 3434, 1693. 

iV14-acetyldehydronaziinine (38). To a solution of 37 (0.36 g, 1.3 mmol) in ethanol (12 mL) a solution of 

mercury(II)acetate (1.15 g, 3.6 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate (1.34 g, 

3.6 mmol) in water (7.2 mL) was added. The reaction mixture was refluxed during 8 h and then diluted with diethyl 

ether and basified using K,CO,. The layers were separated and the water layer extracted with EtOAc (3x). The 

combined organic layers were dried (Na,S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 

70/20/10) gave 38 (0.30 g, 1.1 mmol, 82%) as a glass: R; (EtOAc/EtOH/concd NH4OH 70/20/10) 0.48; 'H NMR 

5 10.03 (br s, IH. H-9), 7.56 (d. J = 8.0 Hz, IH. H-5 or H-8), 7.46 (d, J = 8.0 Hz. IH, H-5 or H-8), 7.24 (t. J = 8.0 

Hz, IH, H-6 or H-7). 7.10 (t, J = 8.0 Hz, IH, H-6 or H-7), 6.23 (br s. IH, NHCOCH,), 3.83 (t, J = 8.4 Hz, 2H. H-

13), 3 .40(dd,7= 12.1 Hz, J = 6.2 Hz, 2H, H-3), 2.87 - 2.81 (m, 2H, H-10), 2.75 - 2.71 (m, 2H, H-4), 1.97 (s, 

3H, NHCOC//,). 1.70- 1.56 (m,4H, H-l 1, H-12); IR V 3434, 1695; HRMS (EI) obs. mass 283.1711, calcd mass 

for C„H2,ON3 283.1685. 

N2, /VL4-Dibenzylnazlinine (41). A solution of 36 (741 mg, 2.2 mmol) and benzaldehyde (305 uX, 3.0 mmol) 

in toluene (50 mL) was refluxed during 4 h. The water formed during the reaction was removed azeotropical with a 

Dean-Stark trap. The reaction mixture was evaporated and subsequently MeOH (25 mL) and sodium borohydride (171 

mg, 4.5 mmol) were added. After stirring during 1 h at rt the solvents were evaporated. To the residue EtOAc (20 

mL) and an excess aqueous hydrogen chloride were added. The water layer was basified with K:CO, and extracted with 

EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated to afford 41 (775 mg, 1.8 mmol, 

82%) as an oil: R, (EtOAc/EtOH/concd NH..OH 85/10/5) 0.65; 'H NMR 8 8.45 (br s. IH. H-9), 7.53 (d, J = 7.5 

Hz, IH, H-5), 7.39 - 7.19 (m, 1 IH, H-8, Ar-H), 7.17 - 7.10 (m, H-6, H-7), 3.80 (s, 2H, NCH,Ar), 3.76 (AB. J = 

13.4 Hz, 2H, NCH2Ar), 3.64 (t, J = 6.0 Hz, IH, H-l), 3.29- 3.22 (m, IH), 2.98 - 2.86 (m, 2H), 2.64 - 2.55 (m, 

4H), 1.82 - 1.74 (m, 2H). 1.50 - 1.45 (m, 3H). 

A , -Methylsul fonyl -2-bromoethylamine (42). To a solution of 2-bromoethylamine hydrobromide (7.76 g, 

37.9 mmol) in water (1.25 mL), methanesulfonyl chloride (3.7 mL, 47.4 mmol) and a solution of sodium hydroxide 

(3.5 g, 87.2 mmol) in water (12 mL) were added similtaneously at 0 °C. The reaction mixture was stirred during 1 h 

at 0 "C, and then acidified with hydrochloric acid (37%). The solid material was collected on a filter and dissolved in 

diethyl ether. The solution thus obtained was dried (Na,S04) and evaporated. Crystallisation from diethyl ethef/PE 

afforded 42 (5.34 g. 26.4 mmol, 70%); R,(EtOAc) 0.49; 'H NMR 5 4.12 (t. J = 6.8 Hz. 2H. CH :SO :), 3.59 (t. J = 

6.8 Hz, 2H, BrCH,), 3.37 (s, SO.CH,); IR v 1270, 1250, 1230, 1060. 

Sulfonamide (43). A mixture of 41 (610 mg, 1.4 mmol), 42 (333 mg. 1.65 mmol) and potassium carbonate 

(830 mg, 6.0 mmol) in acetonitrile (25 mL) was refluxed during 4 h. The reaction mixture was diluted with water 

and the layers were separated. The water layer was washed with EtOAc (3x) and the combined organic layers were 

dried (Na2S04) and evaporated. Flash chromatography (EtOAc/PE 75/25) gave /V2./V|4-dibenzyl-/Vl4-methylsulfonyl 

nazlinine (327 mg, 0.6 mmol. 42%). 
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To a solution of this sulfonamide (315 mg, 0.6 mmol) in ethanol (10 mL), an aqueous hydrogen chloride solution 

(500 uL, 0.1 M) and palladium hydroxide on activated carbon (100 mg) were added. The mixture was hydrogenated 

during 5 h at 40 psi and then filtered over hy flow. The filtrate was evaporated to afford 43 (198 mg, 0.5 mmol, 

94%) as a glass. A solution of fumaric acid in ethanol was added to a solution of 43 in ethanol. The solution was 

concentrated in vacuo and the residue was triturated with diethyl ether. Filtration yielded the fumaric salt of 4 3 : Rf 

(CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.38; 'H NMR (D,0) 6 7.59 (d, 7 = 7.4 Hz, 1H, H-5 or H-8), 7.49 (d, J = 

7.4 Hz, 1H, H-5 or H-8), 7.29 (t, J = 7.4 Hz, 1H, H-6 or H-7), 7.19 (t, 7 = 7.4 Hz, 1H, H-6 or H-7), 6.52 (s, 2H, 

CtfCOOH), 4.61 (br s, 1H, H-l), 3.74 - 3.70 (m, 1H, H-3), 3.46 (t, J = 5.6 Hz, 2H, H-16), 3.40 - 3.33 (m, 1H, H-

4), 3.22 (t, J = 5.6 Hz, 2H. H-15), 3.13 - 2.98 (m, 4H, H-3, H-4, H-13). 3.11 (s, 3H, NHS02C//,), 2.25 - 2.16 (m, 

1H. H-10). 2 .03- 1.94 (m, 1H, H-10), 1.85- 1.75 (m, 2H, H-12), 1.61 - 1.56 (m, 2H, H-l l ) ; "C NMR (D,0) 5 

176.5 (CHCOOH), 138.8, 137.7 (CHCOOH), 131.5, 128.1, 125.3, 122.4, 120.9, 114.2, 108.7, 55.5 (C-l). 49.5 

(C-13), 43.9 (C-15), 41.3 (C-3), 41.1 (NHS02CH,), 33.5 (C-10), 27.7 (C-12), 24.0 (C-l 1), 20.3 (C-4); IR v 3471, 

3389, 1325, 1147; HRMS (FAB) obs. mass 365.1949, calcd mass for C18H2,02N4S (M + 1) 365.2011. 

Alkylation of 4-amino-l,l-diethoxybutane (44). A solution of 4-amino-l,l-diethoxybutane 19 (6.9 mL, 

40.0 mmol) and benzaldehyde (6.1 mL, 60.0 mmol) in ethanol (50 mL) was stirred during 30 min. After sodium 

borohydride (2.3 mg, 60 mmol) was added stirring was continued during 2 h at rt. The solvents were evaporated and 

to the residue EtOAc (20 mL) and an excess aqueous sodium hydroxide were added. The layers were separated and the 

water layer was extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (EtOAc/EtOH/concd NH4OH 90/10/0 -» 85/10/5) to afford the /V-benzylderivative of 19 (8.69 g, 

34.9 mmol, 87%) as an oil. 

A suspension of the /V-benzylderivative of 19 (6.70 g, 26.6 mmol), 42 (5.34 g, 26.4 mmol) and potassium 

carbonate (7.3 g, 52.9 mmol) in acetonitrile was refluxed during 2 h. The reaction mixture was diluted with water 

and the product extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (EtOAc/EtOH 95/5) gave 44 (9.6 g, 25.6 mmol, 96%) as an oil: Rf (EtOAc/EtOH 90/10) 0.52; 'H 

NMR 5 7.36 - 7.23 (m, 5H, Ar-H), 4.46 (t, J = 4.9 Hz, 1H, CH(OEt),), 3.66 - 3.58 (m, 2H, OC/72CH,), 3.56 (s, 

2H, CH2Ar), 3.51 - 3.43 (m, 2H, OC//2CH,), 3.08 (t, J = 5.9 Hz, 2H, CH2CH,NHS02), 2.67 (s, 3H, SO,CH,), 

2.61 (t, 7 = 5.9 Hz, 2H, C/72CH2NHS02), 2.51 - 2.47 (m, 2H, CrY2CH2CH2CH(OEt)2), 1.59 - 1.56 (m, 4H, 

CH2CrV2C//2CH(OEt)2), 1.19 (t, 7 = 7.1 Hz, 3H, CH2C7/3). 

Pictet-Spengler reaction of 44 with tryptamine (45). A solution of tryptamine 3 (186 mg, 1.2 mmol), 

44 (432 mg, 1.2 mmol) and trifluoroacetic acid (1 mL) in water (15 mL) was stirred during 2 h at 95 °C. The 

reaction mixture was basified with aqueous ammonia (25%) and extracted with EtOAc (3x). The combined organic 

layers were dried (Na,S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 85/10/5) gave the 

/V,,-benzylated Pictet-Spengler product (336 mg, 0.76 mmol, 66%). 

A solution of this compound (200 mg, 0.45 mmol) in ethanol (5 mL) was hydrogenated in the presence of 

palladium on carbon (40 mg, 10%) at 1 aim. during 3 h. The reaction mixture was filtered over hy flow and the 

filtrate evaporated to afford 45 (141 mg, 0.40 mmol, 89%) as an oil: Rf(EtOAc/EtOH/concd NH„OH 80/12/8) 0.07; 

'H NMR 6 8.58 (br s, 1H, H-9), 7.46 (d, J = 7.8 Hz, 1H, H-5), 7.33 (d, J = 7.8 Hz, 1H, H-8), 7.13 (t, 7 = 7.8 Hz, 

1H, H-6 or H-7), 7.07(1,7 = 7.8 Hz, 1H, H-6 or H-7), 4.09 (br s, 1H, H-l), 3.37 - 3.31 (m, 1H, H-3), 3.19 (t, 7 = 

5.3 Hz, 2H, CH2C77,S02), 3.13 - 3.03 (m, 1H, H-3), 2.96 (s, 3H, SO,CH,), 2.78 (t, J = 5.3 Hz, 2H, C/72CH2S02), 

2.75 -2.68 (m, 2H, H-12), 2.67 - 2.60 (m, 2H, H-4), 2.03 - 1.95 (m, 1H, H-10), 1.77 - 1.61 (m, 3H, H-10, H-ll); 
1]C NMR 5 139.2, 137.7, 131.3, 128.4, 125.7 (C-6 or C-7), 122.7 (C-6 or C-7), 121.3 (C-8), 114.5 (C-5), 109.4, 

55.4 (C-l), 49.9 (CH,CH2NHSO,), 49.5 (C-12), 44.1 (C-3), 41.6 (CH2CH2NHS02), 41.4 (SO,CH,), 31.3 (C-10), 

24.1 (C-ll) , 20.6 (C-4). 
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l - (4-Hydroxybutyl)- l ,2 ,3,4-tetrahydro-ß-carboline (46).34 A solution of 2-hydroxypentanal (411 g, 4.0 

mmol) in water (2 mL) was added to a solution of' tryptamine hydrochloride 3 (392 mg, 2.0 mmol) in water (5 mL). 

The solution was kept at 45 *C for 3 days and then basified to pH 13 using an aqueous NaOH solution (20%). The 

water layer and the separated yellow gum were extracted with diethyl ether (6x). The combined organic layers were 

dried (Na,S04) and evaporated. Flash chromatography (ElOAc/MeOH/Et3N 60/35/5) yielded 46 (330 mg, 1.4 mmol, 

68%) as a yellow solid: R, (EtOAc/MeOH/NEt3 60/35/5) 0.36; mp 193 - 195 DC; 'H NMR (CDCl3/5% CD,OD) 3 

7.46 - 7.03 (m, 4H, H-5, H-6, H-7, H-8), 4.05 - 4.03 (m, 1H, H-l), 3.64 - 3.61 (m, 2H, H-13), 3.32 (ddd, J = 12.6 

Hz. J = 4.5 Hz, J = 4.5 Hz, 1H, H-3,,), 2.99 (ddd, J = 13.2 Hz, J = 7.9 Hz, J = 5.6 Hz, 1H, H-3J , 2.76 - 2.73 (m, 

2H, H-4). 1.92 - 1.98 (m, 1H, H-10), 1.69 - 1.66 (m, 1H, H-10), 1.58 (m, 4H, H-l l , H-12); "C NMR (CDCl,/5% 

CD3OD)5 135.6 (C-8a, C-9a), 127.1 (C-4a), 121.3 (C-7), 119.0 (C-6), 117.8 (C-5), 110.7 (C-8), 108.3 (C-4b), 

61.7 (C-13). 52.3 (C-l), 42.2 (C-10), 34.0 (C-3), 31.9 (C-ll), 22.3 (C-12), 21.8 (C-4); IR (KBr) v 3250, 3200; 

HRMS (EI) obs. mass 244.1591, calcd for C,5H2„N20 244.1643. 

l-(4-HydroxybutyI)-ß-carboline (47). To a solution of 46 (98 mg, 0.40 mmol) in freshly distilled xylene (3 

mL, mixture of isomers) palladium on carbon (20 mg, 10%) was added and the mixture was refluxed during 90 min. 

Then MeOH (3 mL) was added, the mixture was filtered over hy flow and the residue was washed with MeOH. The 

filtrate was evaporated, affording a white solid which was recrystallised from MeOH yielding 47 as white crystals 

(83 mg, 0.35 mmol, 86%); Rf (EtOAc/PE/NEt3 60/35/5) 0.56; mp 167 - 168 'C; 'H NMR (CDCl,/5% CD,OD) 8 

10.45 (s, 1H.H-9), 8.17-8.15 (m, 1H, H-7), 8.14-8.11 (m, 1H, H-3 or H-4), 7.93 - 7.91 (m, 1H, H-8). 7.57 -

7.55 (m, IH. H-4 or H-3), 7.53-7.51 (m, 1H, H-5), 7.24 - 7.20 (m, 1H, H-6), 3.51 (td, 7 = 6.1 Hz, J = 2.8 Hz, 

2H, H-13), 3.20 (s, IH. CH,Off), 2.99 - 2.94 (m, 2H. H-10). 1.76- 1.73 (m, 2H, H- l l ) , 1.52 - 1.46 (m, 2H, H-

12); ,3C NMR (CDCl3/5% CD,OD) 5 146.0 (C-l), 140.3 (C-9a), 137.6 (C-7), 134.1 (C-4a), 127.7 (C-5), 127.1 (C-

8a), 121.6 (C-3 or C-4), 121.1 (C-4b), 119.1 (C-6), 112.5 (C-8), 111.9 (C-4 or C-3), 62.7 (C-13), 34.4 (C-10). 

33.4 (C-12), 26.6 (C-ll) ; IR (KBr) V 3164, 2858, 1626; HRMS (EI) obs. mass 240.1264, calcd for C,,H,8N,0 

240.1270. 

Reaction of tryptamine with 6-valerolactone (48). A solution of tryptamine 3 (3.0 g, 18.7 mmol) in 5-

valerolactone (2.62 g, 26.2 mmol) was stirred during 5 h at 130 'C. The solution was cooled to rt and methanol (30 

mL) and potassium carbonate (5 g) were added, the mixture was stirred for another 45 min at rt. After addition of 

diethyl ether (50 mL) and water (50 mL) the layers were separated. The organic layer was washed with water (2x), 

dried (Na2S04) and evaporated. Flash chromatography (CH2Cl2/MeOH 90/10) gave the product (3.24 g, 12.4 mmol, 

67%) as a yellow oil. 

The Pictet-Spengler product (3.0 g, 11.5 mmol) was dissolved in pyridine (20 mL) and pivaloylcloride (2.2 g. 18.5 

mmol) was added dropwise at 0 *C. After two days stirring at 0 "C, CH,C12 (50 mL) was added and the pH was 

adjusted to 10 using a saturated Na,C03 solution. The layers were separated and the water layer was extracted with 

CH2C12. The combined organic layers were washed with aqueous hydrogen chloride (2x, 10%), saturated Na,CO, 

solution (2x), water, dried (Na2SOJ and evaporated. Flash chromatography (EtOAc/NEt, 95/5) gave pivaloate 4 8 

(3.82 g, 11.0 mmol. 96%) as a yellow oil: R, (EtOAc) 0.68; 'H NMR 5 8.13 - 7.01 (m. 6H), 4.02 (t. J = 6.3 Hz, 

2H). 3.86 (t, 7 = 7.6 Hz. 2H), 3.03(1, J = 7.3 Hz, 2H), 2.40(1.7 = 7.3 Hz, 2H), 1.70- 1.57 (m, 4H), 1.20 (s, 9H); 

" C N M R 5 178.6, 175.6, 136.2, 127.2, 122.3, 122.2, 119.6, 118.7, 112.3, 111.2, 63.8, 46.2, 35.5, 28.1. 27.2, 

25.4, 21.6; IR v 3479, 2973, 1718. 1679. 

Bischler-Napieralski reaction of 48 to 49. A solution of phosphorus oxychloride (0.32 mL, 3.6 mmol) in 

toluene (2 mL) was added dropwise at 45 °C to a solution of 48 (850 mg, 2.47 mmol) in toluene (3 mL). The 

mixture was stirred during 2 h at 80 'C and then concentrated in vacuo. Water (5 mL) and CH,C12 (20 mL) were 

added and the water layer was basified with a saturated Na2C03 solution. After stirring for 30 min the layers were 

separated and the water layer extracted with CH,C1, (2x). The combined organic layers were washed with a saturated 
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Na,CO, solution and water (3x), dried (Na2S04) and evaporated. Flash chromatography (EtOAc/NEt3 95/5) gave l-(4-

pivaloyloxybutyl)-3,4-dihydro-ß-carboline (355 mg, 1.09 mmol, 44%) as a yellow oil. 

To a solution of this 3,4-dihydro-ß-carboline (90 mg, 0.28 mmol) in acetonitrile (2 mL) methyliodide (70 mg, 55 

mmol) was added. The mixture was refluxed during 20 h and concentrated in vacuo to give 49 (131 mg, 0.28 mmol, 

100%) as a yellow crystalline compound: mp 142 - 144 °C; 'H NMR 8 11.72- 7.04 (m, 5H), 4.13 (t, J = 8.7 Hz, 

2H), 4.03 (t, J = 6.0 Hz, 2H), 3.67 (s. 3H), 3.32 - 3.22 (m, 4H), 1.88 (tt, J = 6.7 Hz, J = 6.7 Hz, 2H), 1.69 - 1.62 

(m, 2H), 1.11 (s, 9H); "C NMR (CDC1,) 5 178.8, 169.0, 141.6, 129.0, 126.4. 123.9, 123.1, 121.9, 121.3, 113.7, 

62.9, 54.2. 43.2, 38.6, 31.0, 28.4, 27.1, 23.9. 19.8; IR v 3300, 1718. 

Asymmetric reduction of 49 to 51. To a suspension of sodium borohydride (25 mg, 0.64 mmol) in 

tetrahydrofuran (2 mL) W-carbobenzyloxy-L-proline (665 mg, 2.67 mmol) was added at 0 "C. The mixture was 

stirred for 2 h and concentrated in vacuo using a nitrogen flow. To a solution of the white residue (50) in 

dichloromethane (3 mL) a solution of 49 (120 mg, 0.26 mmol) in dichloromethane (2 mL) was added at 0 °C. The 

reaction mixture was stirred at rt during one night. The solvent was evaporated using a nitrogen flow, an aqueous 

hydrogen chloride solution (3 mL, 10%) was added and stirring was continued for 3 h at 65 'C. The pH was adjusted 

to 10 with a saturated Na,C03 solution. The mixture was extracted with CH2C1, (5x), the combined organic layers 

were dried (Na;S04) and evaporated. Flash chromatography (EtOAc/NEt, 95/5) gave 51 (57 mg, 0.17 mmol, 65%) 

as a yellow oil. Using Pirkle alcohol2" (3 eq.) a 75 : 25 ratio of the two enantiomers could be established by 'H 

NMR: 3.36 (t, 7 = 5.4 Hz, 0.34H), 3.45 (t, 7 = 5.4 Hz, 0.66H). 

47: R, (PE/EtOAc/NEtj 65/30/5) 0.34; 'H NMR 5 7.86 - 7.07 (m, 5H, H-5, H-6, H-7, H-8, H-9), 4.07 (ddt, 7 = 

15.4Hz,7 = 13.2 Hz, J = 6.6 Hz, 2H, H-13), 3.51 (t, 7=5 .1 Hz, 1H, H-l), 3.20 - 3.10 (m, 1H, H-3), 2.81 - 2.72 

(m, 3H, H-3, H-4), 2.47 (m, 3H, NCH,), 1.97 - 1.74 (m, 2H, H-10), 1.73 - 1.61 (m, 2H, H-12), 1.60 - 1.34 (m, 

2H, H-ll) , 1.17 (s, 9H, C(CH,),); UC NMR S 178.8 (O(CO)C(CH,),), 136.0 (C-9a), 134.7 (C-8a), 127.3 (C-4b), 

121.3 (C-7), 119.2 (C-5), 118.0 (C-6), 110.7 (C-8), 108.5 (C-4a), 63.9 (C-13), 59.9 (C-l), 50.0 (C-10), 42.0 (C-

19), 38.7 (C(CH,),), 32.2 (C-3), 28.8 (C-4), 27.2 (C(CH,),), 21.4 (C-12), 19.2 (C-ll) ; IR v 3473, 1717. 

NPS protected tryptamine (54) . To a mixture of tryptamine 3 (3.2 g, 20.0 mmol) in dichloromethane (75 

mL) and a solution of sodium hydroxide (8 g, 200 mmol) in water (40 mL), 2-mtrobenzenesulfenyl chloride (4.0 g, 

20.5 mmol, crystallised from CH2C1,/PE) was added in portions at 0 'C. The reaction mixture was stirred 

vigorously during 2 h at 0 *C. The layers were separated and the water layer was extracted with CH,C12 (3x). The 

combined organic layers were dried (Na2S04) and evaporated. The residue was dissolved EtOAc and filtered over silica 

gel. The filtrate was evaporated and dried in vacuo. Trituration of the residue with diethyl ether afforded 54 (4.13 g, 

13.2 mmol, 66%): 'H NMR 8 8.25 (d. 7 = 8.3 Hz. 1H, Ar-H), 8.06 (br s, 1H, H-l, Ar-H), 7.69 (d, J = 8.3 Hz, 

1H). 7.63 (d, 7 = 7.8 Hz, 1H. H-4 or H-7). 7.42 - 7.37 (m, 2H), 7.26 - 7.13 (m, 3H), 7.11 (s, 1H, H-2), 3.32 (t, 7 

= 6.6 Hz. 2H, CH2C//2NH), 3.10 (t. 7 = 6.6 Hz, 2H, C/72CH2NH); " C N M R 5 145.7, 136.5, 133.6, 127.3, 125.8, 

124.4, 124.3, 122.4, 122.3, 119.5, 118.8, 114.2. 112.8, 111.3. 51.2 (CH2CH,NH), 26.5 (CH,CH,NH); IR v 

3480, 1584. 1554, 1504, 1343, 1303. 

Nazlinine dimer (55). To a solution of 54 (1.25 g, 4.0 mmol) and pyridinium tritluoroacetate (100 mg, 0.5 

mmol) in dichloromethane (75 mL), crushed anhydrous calciumchloride (20 g) and an aqueous glutaric aldehyde 

solution (363 U.L, 2.0 mmol, 50%) were added. The reaction mixture was stirred during one night at rt and then 

filtered. The filtrate was evaporated, the residue dissolved in tetrahydrofuran (50 mL) and an excess of Raney nickel 

was added in portions. After stirring the reaction mixture during 45 min, PE (5 mL) and diethyl ether (5 mL) were 

added. The resulting mixture was dried (Na2S04/Na,CO, 90/10) and filtered. The filtrate was evaporated and after 

flash chromatography (CHXL/MeOH/concd NH.OH 90/8/2 -> 80/15/5 EtOAc), 55 (305 mg, 0.79 mmol, 40%) 

was obtained as a 42 : 58 mixture of diastcreomers: 'H NMR 8 8.99 (br s, IH, H-9). 8.80 (br s, 1H, H-9), 7.48 (d, 

7 = 7.4 Hz, IH, H-5 or H-8), 7.47 (d, 7 = 7.4 Hz. IH, H-5 or H-8), 7.30 (d, 2H, H-5 or H-8), 7.17 - 7.08 (m, 4H. 
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H-6, H-7), 4.11 (br s, 1H, H-l), 4.06 (br s, 1H, H-l), 3.43 - 3.33 (m, 2H), 3.09 - 3.00 (m, 2H), 2.80 - 2.70 (m, 

4H), 1.94- 1.72 (m,4H), 1.69- 1.63 (m, 2H, H- l l ) ; 13C NMR 8 136.1, 135.8 (2C„), 135.7, 127.3, 127.2, 121 3' 

119.1, 117.9, 1 10.9, I 10.8, 108.4, 108.2, 52.2 (C-l), 52.1 (C-l), 42.4 (C-3), 42.3 (C-3), 34.1 (C-10). 33 5 (C-

10), 22.4 (C-4), 22.3 (C-4), 21.3 (C-l I); IR v 3474; HRMS (FAB) obs. mass 385.2361. calcd mass for C,5H2,N4 

( M + 1) 385.2392. 

A'-nicotinyl tryptamine (61). Zincke salt 60 (14.6 g, 45 mmol) was added in portions to a solution of 

tryptamine 3 (8 g, 50 mmol) in methanol (300 111L) at rt. To the solution thereby obtained, diethyl ether (700 mL) 

was added resulting in crystallisation of the product, which was collected by filtration. Recrystallisation from MeOH 

gave 61 (9.6 g, 31 mmol, 69%) as a crystalline compound: mp 136 - 139 *C; 'H NMR (D,0) 5 8.68 - 8.64 (m, 

2H), 8.56 (br s, 1H), 7.90 - 7.87 (m, 1H), 7.45 (d, 7 = 8.1 Hz, 1H), 7.46 - 7.44 (m, 2H), 7.05 (d, 7 = 7.5 Hz, IH)! 

7.01 (s, IH, H-2), 4.89 - 4.88 (m, 2H, H-9), 3.45 - 3.43 (m, 1H, H-8); L,C NMR (D20) 8 170.0 (CONH,), I68.0! 

146.1, 135.5, 130.5, 127.5, 125.0, 122.3, 120.0, 114.7, 110.7, 66.0 (C-9), 29.2 (C-8); IR v 3457, 1681, 1618; 

HRMS (FAB) obs. mass 266.1286, calcd mass for C,6H,6ON, (M + 1) 266.1293. 

Hydrogénation of 61 to 62. A mixture of 61 (1.5 g, 4.9 mmol), palladium on carbon (0.2 g, 10%), sodium 

acetate (0.5 g. 6.1 mmol) and acetic acid (1.5 mL) in methanol (35 mL) was hydrogenated at 1 aim. during one 

night. The mixture was filtered over hy How and the filtrate concentrated in vacuo (bath temperature -30 'Q. An 

aqueous Na,CO., solution was added and the product was extracted with EtOAc (3x). The combined organic layers 

were dried (Na,S04) and evaporated. Crystallisation from EtOAc/EtOH afforded 62 (0.86 g, 3.18 mmol, 65%): mp 

138-140 -C; 'H NMR 8 8.25 (br s, IH, H-l), 7.56 (d, 7 = 8.2 Hz, IH, H-4 or H-7), 7.36 (d, 7 = 8.2 Hz, IH, H-4 

or H-7), 7.35 (s, IH, H-l 1). 7.20 (t, 7 = 8.2 Hz, IH, H-5 or H-6), 7.12 (1,7 = 8.2 Hz, IH, H-5 or H-6), 6.98 (s, 

IH, H-2), 4.97 (br s. 2H, CONH,), 3.42 (t, 7 = 7.3 Hz, 2H, H-9), 3.11 (t, 7 = 5.6 Hz. 2H, H-15). 2.98 (t, 7 =7.3 

Hz, 2H, H-8), 2.20 (t, 7 = 6.2 Hz, 2H, H-13), 1.88 - 1.82 (m, 2H, H-14); l3C NMR (CDCl,/5% CD,OD) 8 171.7 

(CONH2), 144.8 (C-l 1), 136.3, 127.1, 122.3, 121.7, 119.0, 118.2, 111.9. 111.3, 94.2 (C-12), 56.3, 45.6, 24.8, 

21.3, 20.3; IR v 3448, 1651; HRMS (FAB) obs. mass 270.1586, calcd mass for Cl6H2„ON3 (M + 1) 270.1606. 

Indoloquinolizidine-1-carboxamide (63). A solution of 62 (0.27 g, 1.0 mmol) in a methanolic hydrogen 

chloride solution (20 mL. saturated) was stirred at rt during 1 h. The reaction mixture was basified with K,CO, and 

the product extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. 

Crystallisation from MeOH gave 63 (205 mg, 0.71 mmol, 76%) as needles: mp 264 - 266 -C (235 - 238 °C subi )• 

'H NMR (CDCl.,/3% CD,OD/3% D20) 8 7.47 (d, 7 = 7.9 Hz. IH, H-8 or H-l 1 ), 7.47 (d. 7 = 7.9 Hz, IH, H-8 or H-

11 ). 7.09 - 6.96 (m. 2H, H-9, H-10), 3.75 (br d, 7 = 9.4 Hz, IH, H-l2b), 3.39 - 3.32 (m, IH), 3.07 - 2.79 (m, 2H), 

2.74 - 2.43 (m. 4H), 2.02 - 1.88 (m. IH), 1.77 - 1.62 (m, 3H) L,C NMR (CDCl,/3% CD,OD/3% D,0) 8 179.3 

(CONH,), 136.0, 133.2, 126.6, 121.4, 119.0, 117.7, I 11.0, 108.7, 60.2 (C-I2b), 54.5, 52.3, 47.1 (C-l). 30.0, 

23.6, 21.2; IR v 3485, 1676, 1647, 1599; HRMS (FAB) obs. mass 270.1620. calcd mass for ClfH„,ON, (M + 1) 

270.1606. 

Carboxamide (64). A solution of 62 (100 mg, 0.34 mmol) and sodium cyanoborohydride (63 mg. 1.0 mmol) 

in a mixture of acetic acid (I mL) and acetonitrile (4 mL) was stirred at 65 -C during one night. The solution was 

cooled to rt and diluted with aqueous hydrogen chloride solution (5%). After stirring during 30 min the reaction 

mixture was basified with K,CO, and the product was extracted with EtOAc (3.x). The combined organic layers were 

dric u (Na,S04) and evaporated. Flash chromatography (ElOAc/MeOH/concd NH4OH 90/8/2 —> 85/15/5) followed by 

crystallisation gave 64 (71 mg, 0.24 mmol, 70%): mp 151 - 154 °C; 'H NMR (D,0/CD,OD) 8 7.56 (d, 7 = 7.9 

Hz, IH, H-4 or H-7), 7.34 (d, 7 = 7.9 Hz, IH, H-4 or H-7). 7.16 (1. 7 = 7.9 Hz, IH, H-5 or H-6), 7.09 (t' 7 = 7^9 

Hz, IH, H-5 or H-6), 6.97 (s, IH, H-2), 4.79 (br s, 2H. CONH,), 2.95 (t, 7 = 7.4 Hz, 2H, H-9). 2.92 - 2.90 (m. 

2H), 2.76 - 2.63 (m, 2H), 2.47 -2.41 (m, 2H), 2.25 (br s. IH), 1.84- 1.82 (m, IH), 1.70- 1.55 (m, 3H); "C 
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NMR (CDCl,/5% CD,OD) 8 178.2 (CONH2), 136.2, 127.3, 121.9, 121.6, 119.1, 118.6, 113.9, 111.1, 58.9, 

55.3, 53.5, 41.6 (C-12), 26.9, 22.7 (2CH2); IR v 3394, 1668, 1632; HRMS (FAB) obs. mass 272.1743, calcd 

mass for C16H22ON, (M + 1) 272.1763. 

Zincke reagent 56. A solution of 2,4-dinitrochlorobenzene (12 g, 59.2 mmol) and pyridine (5 niL, 61.8 mmol) 

in acetonitrile (30 mL) was refluxed during 2.5 h. The reaction mixture was cooled to 0 °C and filtered. The residue 

was washed subsequently with EtOAc and diethyl ether affording 56 ( 14.4 g, 51.2 mmol, 86%). 

Zincke reaction of t ryptamine with 56 (65). A solution of tryptamine 3 (480 mg, 3 mmol) and Zincke 

reagent 56 (788 mg, 2.8 mmol) in dry «-butanol (15 mL) was refluxed during 4 h. After cooling to 0 °C methanol 

(15 mL) and sodium borohydride (228 mg, 6 mmol) were added. After stirring for 1 h, an excess aqueous hydrogen 

chloride (35%) was added and the mixture was evaporated. An aqueous hydrogen chloride solution (1 M) was added 

and the water layer was washed with EtOAc. The water layer was basified with K2C03 and the product was extracted 

with EtOAc/5% EtOH (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(CH,Cl,/MeOH/concd NH4OH 90/10/0 -> 80/15/5) gave a solid compound which was triturated with PE/diethyl 

ether 90/10 to give 65 (0.3 g, 1.33 mmol, 47%) as a crystalline compound: 'H NMR 8 8.51 (br s, 1H, H-l), 7.54 

(d, J = 7.5 Hz, 1H, H-7), 7.32 (d, J = 7.5 Hz, 1H, H-7), 7.22 - 7.10 (m. 2H, H-5, H-6), 6.98 (s, 1H, H-2), 5.81 (br 

d, J= 10.1 Hz, 1H, H-l 1), 5.74 (brd, J= 10.1 Hz, 1H, H-l l ) , 3.15 (br s, 1H, H-12), 3.08 - 3.02 (m, 2H, H-9). 

2.85 - 2.78 (m, 2H, H-8), 2.72 (t, J = 5.7 Hz, 2H, H-15), 2.26 (br s, 2H, H-14); "C NMR 8 136.2, 127.4, 125.3, 

125.2, 121.7, 121.6, 119.0, 118.7, 114.1, 111.1, 59.2 (C-ll) , 52.6 (C-9 or C-15), 50.0 (C-9 or C-15), 26.1 (C-8 

orC-14), 23.0 (C-8 orC-14) ; IRv 3472. 

A-nicotinamide nazlinine (69). Zincke reagent 60 (0.35 g, 1.08 mmol) was added to a solution of nazlinine 

2 (0.24 g, 1.0 mmol) in methanol (10 mL) in portions during 1 h at rt. After stirring during 3 h at rt, the mixture 

was cooled to -18 °C and sodium borohydride (0.11 mg, 3.0 mmol) was added and the mixture was stirred during 1 h 

at rt. The mixture was evaporated and an aqueous sodium hydroxide solution was added. The product was extracted 

with EtOAc/5% EtOH (3x), the combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(CH2Cl2/MeOH/concd NH4OH 90/10/0 -> 80/15/5) gave 69 (0.23 g, 0.68 mmol, 68%): 'H NMR 8 9.08 (br s, ÎH, 

H-9), 7.43 (d, / = 7 . 0 Hz, 1H, H-5 or H-8), 7.26 (d, J = 7.0 Hz, 1H, H-5 or H-8), 7.11 - 7.00 (m, 2H, H-6, H-7), 

6.50 (br s, 1H, H-15), 6.26 (br s, 2H, CONH2), 3.96 (br s, 1H, H-l), 3.29 - 3.24 (m, 1H), 3.14 - 3.08 (m, 2H), 

2.97 - 2.77 (m, 2H), 2.70 - 2.64 (m, 2H), 2.45 - 2.40 (m, 3H), 2.28 - 2.22 (m, 2H), 1.83-1.79 (m, 1H), 1.58 -

1.44 (m, 5H); "C NMR S 169.4 (CONH,), 136.3 (C-9a), 135.7 (C-8a), 132.2 (C-15), 131.6 (C-16), 127.3, (C-4b), 

121.1 (C-7), 118.9 (C-5), 117.8 (C-6), 110.5 (C-8), 108.3 (C-4a), 57.7, 52.4 (C-l), 51.3, 49.0, 42.3, 34.5, 26.6, 

25.9, 23.4, 22.5; IR v 3473, 1675, 1646, 1582. 

Zincke reaction of 56 with nazlinine (68). A solution of nazlinine hydrochloride salt 2 (315 mg, 1 

mmol), Zincke reagent 56 (250 mg, 0.89 mmol) and /VJV-diisopropylethylamine (350 (iL, 2 mmol) in dry n-

butanol (10 mL) was refluxed during 4 h. After cooling to -18 "C methanol (10 mL) and sodium borohydride (76 

mg, 2 mmol) were added and the mixture was stirred during 1 h at rt. An excess aqueous hydrogen chloride (35%) 

was added and the mixture was evaporated. An aqueous Na2C03 solution was added and the product was extracted 

with EtOAc/5% EtOH (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(CH2Cl,/MeOH/concd NH4OH 90/10/0 -> 80/15/5) gave 68 (102 mg, 0.33 mmol, 37%). When the reaction 

mixture was refluxed during one night, instead of 4 h, indoloquinolizidinc 67 (35 mg, 0.15 mmol, 17%) was 

isolated.35 

68: 'H NMR 8 8.86 (br s, 1H, H-9), 7.47 (d, J = 7.0 Hz, 1H, H-5 or H-8). 7.30 (d. J = 7.0 Hz. 1H, H-5 or H-8), 

7.14-7.03 (m, 2H, H-6, H-7), 5.80 (br d, J = 10.0 Hz, 1H, H-16), 5.70 (brd, J= 10.0 Hz, 1H, H-16), 4.05 (t, J = 

5.8 Hz, 1H, H-l), 3.43 - 3.28 (m, 1H), 3.07 - 2.97 (m. 3H), 2.92 - 2.84 (m, 2H), 2.81 - 2.47 (m, 4H), 2.23 - 2.12 
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(m, 2H), 1.97 - 1.62 (m, ÎH), 1.61 - 1.35 (m, 5H); 13C NMR 5 136.4 (C-9a), 135.7 (C-8a), 127.4 (C-4b), 125.3 

(C-16 or C-17), 125.2 (C-16 or C-17), 121.1 (C-7), 119.0 (C-5), 117.8 (C-6), 110.8 (C-8), 108.5 (C-4a), 57.8, 

52.9, 52.4 (C-l), 49.7, 42.3, 34.4, 26.2, 25.8, 23.2, 22.6; IR V 3473. 

67: 'H NMR 8 7.69 (br s, 1H, H-12), 7.47 (d, J = 7.6 Hz, 1H, H- l l ) , 7.30 (d, J = 7.6 Hz, 1H, H-8), 7.15 - 7.06 

(m, 2H, H-9, H-10), 3.24 (br d, J = 9.2 Hz, 1H, H-12b), 3 .09-2.98 (m, 3H, H-4, H-6, H-7), 2.75 - 2.60 (m, 2H, 

H-6, H-7), 2.39 (ddd, J= 11.1 Hz, J= 11.1 Hz, i = 3.8 Hz, 1H, H-4), 2.09 - 2.05 (m, 1H, H-l), 1.94 - 1.90 (m, 

1H, H-2), 1.80 - 1.74 (m, 2H, H-l, H-3). 1.66 - 1.47 (m, 2H, H-l, H-2). 

NPS-protected aldehyde 70. To a solution of 54 (1.57 g, 5.0 mmol) and pyridinium trifluoroacetate (293 rag, 

1.52 mmol) in dichloromethane (100 raL) crushed anhydrous calciumchloride (25 g) and an aqueous glutaric aldehyde 

solution (9 mL, 50 mmol, 50%) were added. The reaction mixture was stirred vigorously during 1 h at 0 'C and 4 h 

at rt. Water (100 mL) and PE (100 mL) were added and the layers were separated. The organic layer was washed with 

water (3x), dried (Na,S04) and evaporated. Flash chromatography (PE/EtOAc 75/25 -> 25/75) gave 70 (1.10 g, 2.78 

mmol, 56%). Also the dimer was obtained in varying amounts from this reaction (see scheme 3.12). 

70: 'H NMR 8 9.73 (br s, 1H, H-9), 8.29 (d, J = 8.1 Hz, 1H), 8.30- 8.27 (br s, 1H), 8.11 - 8.07 (Br s, 1H), 7.81 -

7.65 (brs , 1H), 7.52 (d, 7 = 7.5 Hz, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.22 - 7.10 (m, 2H), 4.23 (br s, 1H, H-l), 4.80 

- 2.40 (br s, 4H), 2.57 - 2.36 (br s, 2H), 2.10 - 1.67 (br s 2H); "C NMR (rotamers cause absence and doubling of 

several signals) 5 202.1 (C-13), 136.1, 134.0, 133.5, 127.1, 125.9, 125.7, 124.6, 124.6, 124.3, 124.3, 122.2, 

122.0, 119.6, 118.8, 118.2, 111.3, 111.0, 108.7, 51.3, 43.5, 26.5, 18.7, 14.2; IR V 1720, 1585, 1560, 1505, 

1344. 1302. 

NPS-protected azepine 71. A solution of aldehyde 70 (0.41 g, 1.03 mmol) in a mixture of dichloromethane 

(10 mL) and triethylamine (1 mL) was stirred at rt during 18 h. Evaporation of the solvents gave 71 (0.42 g, 1.03 

mmol, 100%) as a glass: 'H NMR 8 8.3 - 7.1 (m. 8H, H-5, H-6, H-7, H-8, H-9, Ar-H), 6.2 (br s. 1H, H-7), 4.5 -

4.3 (m, 1H, H-3a), 3.7 - 3.3 (m, 2H), 3.1 - 2.7 (m, 3H). 2.6 - 2.1 (m, 3H), 2.0 - 1.5 (m, 2H); IR V 3450 - 3100, 

1590, 1561, 1508. 1344, 1303; HRMS (FAB) obs. mass 395.1297, calcd mass for C2 1H,,0,N, 395.1303. 

6,7-Didehydro-azepine 72. To a solution of 71 (790 mg, 2.0 mmol) and pyridine (2.26 mL, 28.0 mmol) in 

dichloromethane (10 mL) phosphorus oxychloride (373 |lL, 4.0 mmol) was added dropwise over a period of 1 min at 

0 "C. The mixture was stirred during 4 h at 0 °C. water and K,CO, were added and the protected enamine was 

extracted with EtOAc (3x). The combined organic layers were dried (Na,SO„) and evaporated. To a solution of the 

residue in tetrahydrofuran (10 mL) an excess of Raney nickel was added. The reaction mixture was stirred, using a 

mechanical stirrer, during 30 min, diluted with PE (25 mL) and dried (Na,SOj). The suspension was filtered, the 

residue washed with diethyl ether and the filtrate evaporated. Flash chromatography (CH2Cl,/MeOH/concd NHjOH 

90/6/4) followed by crystallisation from EtOAc/PE gave 72 (220 mg, 0.98 mmol, 49%): 'H NMR 6 7.48 (d, J = 

7.8 Hz, 1H, H-8 or H-11), 7.35 (d, 7 = 7.8 Hz, 1 H. H-8 or H-l 1), 7.22 (t. J = 7.8 Hz, 1H, H-9 or H-10), 7.14 (t, J 

= 7.8 Hz, 1H. H-9 or H-10). 6.94 (d, J = 10.0 Hz, 1H, H-7), 5.04 - 4.99 (m. 1H, H-6), 3.42 (dd. J = 12.4 Hz, J = 

5.2 Hz. 1H), 3.08 - 3.01 (m, 1H), 2.86 - 2.70 (m, 2H), 2.54 - 2.52 (m, 2H), 2.09 - 2.03 (m, 1H), 2.00 - 1.90 (m, 

1H); ! ,C NMR 8 137.8, 135.5, 127.3. 121.9, 121.8, 120.1, 118.1, 110.1, 109.0, 108.9, 55.0 (C-3a), 43.5, 32.4, 

27.6, 22.4. 

7-Hydroxy-azepine 7 3 . To a solution of 71 (395 mg, 1.0 mmol) in tetrahydrofuran (10 mL) excess Raney 

nickel was added in portions. The reaction mixture was stirred during 45 min then PE (5 mL) and diethyl ether (5 

mL) were added. The mixture was dried (Na :S04/Na2CO, 90/10) and filtered. The filtrate was evaporated and the 

residue triturated with EtOAc affording 73 (121 mg, 0.50 mmol, 50%) as needles: mp 161 - 162 "C; 'H NMR 

(CDCU/5% CD3OD) 8 7.36 (d, J = 7.7 Hz, 1H, H-8 or H-l 1), 7.26 (d, J = 7.7 Hz, 1H, H-8 or H- l l ) , 7.07 (t. J = 

7.7 Hz. IH, H-9 or H-10). 6.98 (t. J = 7.7 Hz. 1H. H-9 or H-10). 6.14 (d, J = 3.4 Hz. 1H, H-7). 4.12 (d, J = I 1.4 
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Hz. 1H, H-3a), 3.21 - 3.17 (m, 1H, H-2), 2.88 - 2.81 (m, 1H, H-2), 2.71 - 2.59 (m. 2H, H-l) , 2.30 - 2.21 (m, 1H, 

H-6), 2.18 - 2.14 (m, 1H, H-5), 1.99 - 1.95 (m, 1H, H-4), 1.79 - 1.72 (m, 1H, H-5), 1.68 - 1.61 (m, 1H, H-6), 

1.51 - 1.41 (m, 1H, H-4); ,3C NMR (CDCk/5% CD3OD) 8 141.3 (C-8a or C-l lc), 140.0 (C-8a or C- l lc) , 130.8 

(C-l la) , 125.3, 123.1, 121.9, 113.1 (C- l lb) , 112.5. 79.8 (C-7), 58.1 (C-3a), 46.5 (C-2), 39.9 (C-4 or C-6), 38.5 

(C-4 or C-6), 26.2 (C-l or C-5), 24.1 (C-l or C-5); HRMS (EI) obs. mass 242.1430, calcd mass lor CI5HIgON2 

242.1419. 

Azepine 75. A solution of tryptamine 3 (320 mg, 2.0 mmol) and 5,5-diethoxypentanalÄ (340 p.L, 2.1 mmol) in 

dichloromethane (20 mL) was stirred during 30 min at rt. The solvent was evaporated and after redissolving the 

residue in dichloromethane (30 mL), trifluoroacetic acid (320 |4L, 4.2 mmol) was added at 0 °C. The reaction 

mixture was stirred during 30 min at 0 'C and then trifluoroacetic acid (1 mL) was added. After stirring during 3 min 

at rt triethylsilane (0.95 mL, 6.0 mmol) was added. The reaction mixture was subsequently stirred during 2 h at rt 

and refluxed during 15 min. An ammoniak solution was added and the layers were separated. The water layer was 

extracted with CH2C12 (3x) and the combined organic layers dried (Na,S04) and evaporated. Flash chromatography 

(CH2Cl2/MeOH/cOncd NH4OH 80/15/5) gave 75 (130 mg, 0.58 mmol, 29%) as an oil: 'H NMR 6 7.50 (d, J = 7.8 

Hz, 1H, H - 8 o r H - l l ) , 7.28 (d, 7 = 7.8 Hz, 1H. H-8 or H-l 1), 7.18 (t, / = 7.8 Hz, 1H, H-9 or H-l0), 7.07 (t, J = 

7.8 Hz, 1H, H-9orH-10) , 4.51 (dd, J = 4.9 Hz. J = 14.2 Hz, 1H), 4.10 (br d, J = 9.6 Hz, 1H, H-3a), 3.70 (dd, J = 

14.2 Hz. J =11.8 Hz, 1H), 3.37 - 3.32 (m, 1H), 3.07 - 3.00 (m, 1H), 2.86 - 2.74 (m, 2H), 2.16 - 2.05 (m, 3H), 

1.81 - 1.71 (m, 1H), 1.67 - 1.54 (m, 2H); l3C NMR 5 139.1, 136.0, 126.5, 120.9, 118.6, 118.0, 108.6, 108.0, 

54.5 (C-3a), 45.2, 43.0, 36.5, 29.5, 28.5, 22.9; HRMS (EI) obs. mass 226.1466, calcd for C15H1SN2 226.1470. 

Indoloquinolizidine 67. A solution of tryptamine 3 (160 mg, 1.0 mmol) and 5,5-diethoxypentanaP' (170 (iL, 

2.1 mmol) in dichloromethane (3 mL) was stirred during 30 min at rt. The solvent was evaporated, the residue 

(imine 74) redissolved in dichloromethane (5 mL) and trifluoroacetic acid (150 p.L, 2.0 mmol) was added at 0 "C. 

The reaction mixture was stirred during 30 min at 0 *C then sodium acetate (328 mg, 4.0 mmol), MeOH (1 mL) and 

sodium borohydride (76 mg, 2.0 mmol) were added. After stirring during 1 h. an excess aqueous hydrogen chloride 

(35%) was added and the mixture was evaporated. To the residue an aqueous Na2CO, solution was added and the 

product was extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (CH2Cl2/MeOH/concd NH4OH 80/15/5) gave 67 (42 mg, 0.19 mmol, 19%) which was identical to 

indoloquinolizidine 67 described as the side product in the synthesis of 68. 
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Chapter 4 

Enzymic and Biomimetic 
Oxidation Reactions of Nazlinine: 

Azepines and Indoloquinolizidines 

Abstract 

Additional support was collected for the hypothesis that oxidative deamination is an 

important process in the biosynthesis of Nitmria indole alkaloids.' Nazlinine 6 as well as its 

oxidised analogue 15 were used as substrates in the enzyme (PKDO) catalysed conversion of 

amines to reactive aldehydes which spontaneously cyclised either to an indoloquinolizidine or to an 

azepine structure, depending on the availability of the ß-carboline-nitrogen atom. The topaquinone 

analogue 21, was an efficient stoichiometric oxidant in the biomimetic oxidative deamination of the 

1,5-diamine nazlinine. Other primary a-unbranched amines such as 14 and 15 could not be used 

in this transformation due to benzoxazole formation. 

I°] - ^ / \ [O] 

,NR 
R = H ^ ^ N N"' V z R * H 
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4.1 Introduction 

4.1.1 Biosynthetic considerations 

Plants of the genus Nitraria have provided a wide variety of biologically active alkaloids 

which at first sight show considerable differences in structure. Their biosynthesis however can be 

envisaged to follow comparable pathways, based on lysine derived piperidine units. The racemic 

nature of most of the Nitraria alkaloids suggests non-enzymic transformations during their 

biosynthesis, which implies a reactive intermediate which spontaneously gives rise to racemic new 

alkaloids. Based upon this assumption the biosynthesis of the Nitraria alkaloids, as occuring in 

nature, was proposed in our group.2 The repeating C,N structural units these alkaloids consist of 

are most likely derived from tetrahydropyridine synthons. The biosynthesis of tetrahydropyridines 

3 and 4 has been elucidated in a series of 2H, 'H, "C, '4C and l5N isotope feeding experiments 

and it was established that the C5N structural units are derived from lysine 1 as shown in scheme 

4 . 1 / 

COOH 

H2 

v_/ w w r 

fNH2 

NH? 

1, lysine 

CNH 2 

^ N H 2 

2, cadaverine 

- rNH 
~NH 

O O -
3, tetrahydropyridine 

Scheme 4.1 

Several related indole alkaloids were isolated from Nitraria Schoben, a plant that can be 

found in Asia, the Middle East and Australia. Their structures vary from relatively simple 'mono-

piperidine' ß-carbolines {e.g nazlinine 5 and indoloquinolizidine 6) to more complicated 'di-

piperidine' ß-carbolines (e.g nitrarine 7 and nitramidine 8). 

Figure 4.1 
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Nazlinine 5 can be seen as the biosynthetic condensation product of tetrahydropyridine 3 

with tryptamine, an efficient process which has been developed in our laboratory (see scheme 

4.2).4 The biosynthesis of the 'di-piperidine' ß-carbolines can be envisaged to proceed via two 

different pathways, either A or B, in both cases via intermediate 10. The three processes that play 

key roles in both these pathways are: oxidative deamination, amine - imine oxidation and 

condensation reactions between enamines and imines. 

Oxidative deamination of nazlinine 5 and imine - enamine condensation with a second 

equivalent of tetrahydropyridine 4 leads to intermediate 10 via path B. Route A constitutes the 

condensation of two C5N units followed by oxidative deamination, Pictet-Spengler reaction with 

tryptamine and cyclisation to intermediate 10. Oxidation and an intramolecular imine - enamine 

condensation directly leads to nitramidine 8 which has a versatile base structure found in several 

alkaloids {e.g. nitrarine 7) that were isolated from the same Nitraria species.5,6 

a 
tryptamine 

Pictet-Spengler 

tryptamine 

Pictet-Spengler 

[O] 

Scheme 4.2 
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As outlined above, oxidative deamination is an important transformation in the biosynthesis 

of Nitmria alkaloids.2 Thus, the oxidative deamination of nazlinine 5 is envisaged to result in a 

reactive aldehyde that spontaneously cyclises to intermediate 9. Indeed indoloquinolizidine 6, 

which results from reduction of the imine function in 9, was isolated from Nitmria komarovii. 

Supporting the assumption that reactive intermediates can spontaneously react further, 10-bromo-

indoloquinolizidine (arborescidine A, 11) and the azepine alkaloid arborescidine C 12 (Figure 4.2) 

were both isolated from the tunicate Pseudodistoma Arborescens.1 Possibly the direction of the 

ring closure in vivo is depending on the availability of the ß-carboline-nitrogen atom. Since 

substitution or a higher oxidation state of the nitrogen atom prevents cyclisation to give the 

indoloquinolizidine structure, the less reactive indole nitrogen can then attack the aldehyde 

resulting in the formation of an azepine (see also chapter 5 for this type of selective ring closure). 

In this chapter the oxidative deamination of nazlinine 5 and two oxidised analogues 13 and 

14 is described using both enzymic and biomimetic methods. 

11 12 

NHo 

13 
14 (3,4-dehydro) 

Figure 4.2 

4.1.2 Topaquinone dependent oxidising enzymes 

Copper containing amine oxidases appear to be widespread and catalyse physiologically 

important reactions. They play an important role in regulating the cellular levels of natural 

polyamines, such as putrescine, spermidine and spermine, that are involved in controlling growth 

and differentiation processes. Amine oxidases catalyse the oxidative deamination of amines and 

thus play a key role in nitrogen metabolism in mammals, plants and micro-organisms.8 This 

process receives an increasing amount of attention since recently it was shown that all copper 

containing amine oxidising enzymes (e.g PKDO) are topaquinone dependent.8'9 Studies with 

bovine serum amine oxidase (BSAO) by Klinman and co-workers disclosed the structure of the 

covalently bound topaquinone cofactor and provided more insight in the trans-amination 

mechanism of these enzyme catalysed reactions.10 

Diamine oxidases catalyse the oxidative deamination of primary amines to the 

corresponding aldehyde and ammonia according to equation 4.1. Concomitant two-electron 

reduction of oxygen to hydrogen peroxide is coupled to this process. 
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R-CH2 -NH2 + H 2 0 + 0 2 R-CH=0 + H 2 0 2 + NH 3 (eq.4.1) 

The transformation catalysed by topaquinone dependent enzymes can be envisaged by the 

mechanism shown in figure 4.3. Covalent addition of the substrate to the enzyme-Cu2+-cofactor 

complex A forms a Schiff base complex, which isomerises to the product Schiff base B. 

Hydrolysis releases the aldehyde and generates the reduced cofactor C, which then undergoes 

oxidation by oxygen, probably facilitated by Cu(I)-Cu(II) interconversion" to result in the 

iminoquinone form of the oxidised cofactor D. Either conversion back to the quinone by 

hydrolysis or trans-amination by a second substrate molecule completes the catalytic cycle. 

H2N—CH-COOH 

CH2 

OH 

topaquinone 

Cu(ll) Q 

H,0 

Cu(ll) O. 

7~T 
RCH2NH2 H20 

RCHpNH, 

H202 0 2 

Cu(ll) O. 

O H CHR 

X 

Cu(ll) O. 

O H 

Figure 4.3 

In previous work1" from our group, the kinetics of the interaction of the diamine nazlinine 

5 and two oxidised analogues, 3,4-dihydro-ß-carboline 13 and ß-carboline 14 with pig kidney 

diamine oxidase (PKDO)11 were studied (Figure 4.4). PKDO catalyses the oxidative deamination 

of diamines like cadaverine (1,5-diaminopentane), putrescine (1,4-diaminobutane) and histamine. 

It was found that nazlinine 5 interacts with PKDO both as a poor substrate and non-competitive 

inhibitor while 13 behaves as a good non-competitive inhibitor and ß-carboline 14 as a good 

substrate. 
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NHp 

Figure 4.4 

In earlier investigations14 towards the substrate specifity of PKDO it was concluded that 

only primary amines with free a-hydrogen atoms are oxidised. Furthermore it was shown that 

diamines are more readily oxidised than mono-amines and that preferably the amino groups should 

be separated by a four or five membered methylene chain. The second amine function is 

responsible for the substrate specificity of the enzyme and has to fit into a negatively charged 

binding site in its protonated form.14 

Since A^-alkyldiamine derivatives of cadaverine and putrescine are known to be poorer 

substrates15 than the non-substituted diamines it was of no surprise that nazlinine acted as a poor 

substrate. Explanation for the good substrate activity of 14, which is comparable with the activity 

of histamine, can be given by the flat shape of the molecule, providing the correct orientation of the 

ß-carboline nitrogen. Also from a sterical point of view 14 is favoured. 

NHp 

H?0 

Scheme 4.3 

The dihydro analogue 13 does not act as a substrate although it appears to have an orientation of 

the ß-carboline-nitrogen atom similar to that in 14. In aqueous solutions however, 13 is in 

equilibrium with 15, 16 and 17 (Scheme 4.3) and since it is known that tryptamine is not a 

substrate for PKDO,14 the presence of compound 17 in solution probably attributes to this effect. 
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Due to either a too small or large distance (15 resp. 16) between the two amino groups, also the 

presence of 15 and 16 in the equilibrium mixture results in a weak substrate-enzyme binding. In a 

later effort to protect the primary amine function of 13 an equilibrium as shown in scheme 4.3 

could be proven by isolation of the Boc-protected derivative of 17 (see also scheme 4.9). 

4.1.3 Biomimetic oxidative deamination 

Several model compounds of the topaquinone cofactor are in development and studies 

towards the nonenzymic catalysed oxidation are still under investigation.10 Model compounds 

possessing the general structure of 2-hydroxy-l,4-benzoquinones are active in the catalytic aerobic 

deamination, regeneration of the catalyst is based upon 02-oxidation of the reduced quinone. Their 

turnover numbers relative to the enzymic reaction however are low and only activated amines are 

converted. From these studies with 18, 19 and 20, it was concluded that the 2-hydroxyl group 

and bulky substituents in the ring, e.g. fcrr-butyl, play an important role in preventing dimerisation 

and Michael addition of the substrate. Out of these quinones, 20 did not show any catalytic activity 

at all. Bulky substituents as in 18 were more favourable than small substituents such as methyl 

(19) for the catalytic reaction. 

f-Bu^ J< H3C^ J< f-Bu 

18 19 20 

Figure 4.5 

An interesting alternative for the catalysed deamination (either by enzymes or model 

compounds) is the use of quinones as stoichiometric oxidants. The commercially available ortho-

quinone 21 has shown its value in stoichiometric oxidative deamination reactions. This reagent 

was used for deamination reactions by Corey and Achiwa16 in 1969, several years before the 

discovery that the comparable topaquinone acts as the active cofactor in copper-containing amine 

oxidases. The mechanism of oxidation, shown in scheme 4.4, is comparable to that of the enzyme 

catalysed reaction with aromatisation, accomplished by a 1,5-prototropic rearrangement, as the 

driving force of the reaction. 
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4.4 

NH2 

Ketones are obtained in high yield from 21 with primary, a-branched amines such as 

cyclohexylamine.16 Primary amines containing an cc-unbranched substituent {e.g. benz'ylamine) are 

not suitable as substrate in the oxidative deamination with 21, since via a second quinone catalysed 

oxidation step preferably benzoxazoles are formed instead of aldehydes (eq. 4.2). 

R1 

V o R'.R2 = alkyl, aryl 

R1 ^ 
V N H 2 21 (eq4.2) 

R 

R 
N 

2 J' 
f-Bu 

R' = H 
Q ^ V ^ R" = alkyl, aryl 

f-Bu 

4.2 Oxidation of Nazlinine 

4.2.1 Biomimetic oxidation 

As outlined in § 4 .1 .3 , primary a-unbranched amines are not suitable for the 

stoichiometric oxidation with quinone 21 due to a second oxidation step in which benzoxazoles are 

formed. In nazlinine 5 over-oxidation is prevented by the presence of a second amino group, 

which takes over the imino carbon atom (see 22) initially formed and leads to a 6-membered cyclic 

iminium salt 9. As expected, the oxidation of nazlinine with 21 in methanol gave 9 which was not 

isolated as such, but analysed as 6. Reduction of 9 using sodium borohydride gave 

1,2,3,4,6,7,12,12b-octahydroindolo-[2,3-a]-quinolizidine 6 (51%), which has been obtained as a 

natural product from Nitmria species.17 (Scheme 4.5). Prolonged reaction times and the use of two 

or more equivalents of quinone 21 resulted in the formation of substantial amounts of a compound 

that crystallised directly from the reaction mixture. Spectral analysis elucidated its structure as 24, 
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formed as result of a hetero Diels-Alder reaction of quinone 21 with the enamine form 23 of imine 

9 (Scheme 4.5). Driving force for this cycloaddition is the immediate generation of aromaticity in 

the product. Comparable examples of cycloaddition reactions of o-quinones with alkenes have 

been described in the literature.18 

21 
H O f-Bu 

f-Bu 

NaBH4 

o 21 

23 

f-Bu 

f-Bu 

Scheme 4.5 

In case that the amino group is not available for the in situ removal of the reactive imine, 

benzoxazole formation will take place. Indeed when N-methylnazlinine 25, lacking this property, 

was oxidised using quinone 21 , the corresponding benzoxazole 26 was formed (Scheme 4.6). 

Obviously, the indole nitrogen is not nucleophilic enough to attack the initially formed imine, 

which would eventually give azepine 27. Biomimetic oxidation of 14 with quinone 21 also was 

not successful since the expected benzoxazole formation of 28 took place (Scheme 4.6). 
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21 

N ^ ^ > ^ f - B u 

f-Bu 

14 
21 

27 

f-Bu 

Scheme 4.6 

4 .2 .2 Enzyme catalysed oxidation 

Since it was known from the kinetic studies, previously performed by our group,12 that 

nazlinine 5 and its aromatised analogue 14 both act as a substrate in the PKDO catalysed oxidative 

deamination, it was decided to characterise the products of this reaction. 

Under the experimental conditions, the PKDO catalysed oxidation of nazlinine 5 resulted in 

the formation of the expected product 9 in poor yield (0.5%) which was not isolated as such, but 

analysed as 6 after reduction with sodium borohydride. Variation of several parameters in the 

PKDO reaction, such as the concentration of the substrate (up to 100 mM) and the pH (from 6 to 

10) did not improve the final yield of 6. 

PKDO NaBH4 

O 
Scheme 4.7 

As was mentioned in § 4.2.1, the presence of a second amino group as in nazlinine 5 has 

the advantage that the intermediate Schiff base can cyclise directly to indoloquinolizidine 9 

(Scheme 4.7). When this second nucleophilic amino group is not present in the substrate, as in 

14, the enzyme reaction is complicated by condensation of the product aldehyde with the starting 

material to the corresponding imine (Scheme 4.8). By using l-(4-butylamino)-ß-carboline (14) as 

substrate in the PKDO oxidation, indeed an aldehyde was formed, which was not easily isolated. 
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Acid/base workup yielded the azepine 30 (Scheme 4.8), which in CDC1, solution slowly reached 

an equilibrium with the ring opened aldehyde 29, as was observed during 'H NMR spectroscopy. 

In d6-DMSO only the ring-closed form 30 was present, which was also the case in the IR 

spectrum taken in KBr. Interestingly, in a protic solvent (CD,OD) the thermodynamical 

equilibrium between 29 and 30 is in favour of the aldehyde. 

In order to obtain a more stable product from the PKDO catalysed oxidation of 14, alcohol 

dehydrogenase (ADH) was added to the reaction mixture to reduce the intermediate aldehyde 29 in 

situ to the corresponding alcohol. In this way 31 could easily be isolated although the yield was 

still moderate (Scheme 4.8). 

PKDO 

14 29 30 

ratio 29 : 30 

P*l CDC13 25 : 75 'I f P*l CDC13 25 : 75 u Y N OH d6-DMSO 0 : 100 

H k/ 1 CD3OD 78 : 22 

31 

Scheme 4.8 

4.3 Synthesis of Substrates and Enzyme Reaction Products 

The preparation of nazlinine 5 has already been described in chapter 3, § 3 .2 . I . 4 Since 

direct aromatisation of 5 to l-(4-butylamino)-ß-carboline 14 was not possible due to interference 

of the amine functions, oxidation was attempted in two steps. First Fujii-oxidation to the imine 13 

as described before (chapter 3) was undertaken. Again aromatisation of 13 to 14 gave problems, 

so at this point the interfering primary amine was protected as a carbamate.19 Surprisingly, two 

products were isolated and identified as the desired Boc-protected 32 and the tryptamine derived 

33. Formation of the latter compound could be explained by the existence of the equilibrium 

shown in scheme 4.3. The structure of 33 was established unequivocally when, after further 

oxidation 34 was isolated. Aromatisation of imine 32 could easily be achieved by refluxing in the 

presence of palladium on activated carbon, giving the desired ß-carboline 14 after deprotection. 
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NHBoc 

^k 
NHBoc 

Reagents and conditions: (a) (Boc)20, CH:C12, 0 "C, 32: 30%, 33: 58%. (b) Pd/C (10%), xylene, A then HCl, 
H20, EtOH, 64%. (c) Pd/C (10%), mesitylene, A, 47%. 

Scheme 4.9 

In a different route, not suffering from the side reaction described in scheme 4.9, 

condensation of /V-Boc-piperidone 35 with tryptamine followed by Bischler-Napieralski reaction 

under non-acidic conditions20 gave 32 in satisfying yield (Scheme 4.10). Aromatisation and 

deprotection of imine 32 gave the desired ß-carboline 14. 

Boe 

X) 35 
I Boc 

N V ' N H NH 

H 

36 

14 

Reagents and conditions: (a) THF, EtOH, rt, 80%. (b) PPh3, CC14, K,C03, CH2Cl2, 52%. (c) Pd/C (10%), xylene, 
A. (d) HCl, H20, EtOH, 64% (2 steps). 

Scheme 4.10 

To unequivocally establish the structures of aldehyde 29, azepine 30 and l-(4-

hydroxybutyl)-ß-carboline 31 respectively, obtained from the PKDO catalysed reaction (Scheme 

4.8), these compounds were synthesised according to scheme 4.11. Tetrahydro-l-(4-

hydroxybutyl)-ß-carboline 38 was obtained from a Pictet-Spengler reaction between tryptamine 

and 5-hydroxypentanal 37, obtained by acid hydrolysis of 2-hydroxypyran. Aromatisation of 

alcohol 38 was achieved using palladium on carbon which, contrary to the similar reaction with 
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nazlinine, smoothly gave the corresponding ß-carboline 31. Further oxidation to the aldehyde was 

performed under Swern conditions. Due to solubility problems, the reaction was performed in a 

mixture of dimethyl sulfoxide and dichloromethane affording the azepine 30 in moderate yield. 

Other oxidants such as Dess-Martin's reagent, pyridinium dichromate (PDC) and pyridinium 

chlorochromate (PCC) did not give acceptable yields. 

»y0
 r

0H 

k ^ 37 r J- NH OH 
b . 1 u t r c 

»y0
 r

0H 

k ^ 37 r J-
/ 

NH OH 
b . 1 u • J t r a ' I J-

/ 
NH OH 1 u • J t r (see scheme 4.8) 

38 31 

Reagents and conditions: (a) H20, 45 °C, 68%; (b) Pd/C (10%), xylenes, A, 86%; (c) DMSO, (COC1),, CH2C12, 

30%. 

Scheme 4.11 

The 'H NMR spectra of 30 showed the expected solvent dependent equilibrium with 

aldehyde 29, as was observed before (Scheme 4.8). All the synthetic products were identical to 

the PKDO reaction products. 

4.4 Concluding Remarks 

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

was performed in the laboratory using enzymic and biomimetic methods. Both nazlinine and its 

aromatised analogue are accepted as a substrate by the enzyme pig kidney diamine oxidase 

(PKDO), albeit that nazlinine acts as a poor substrate. The aldehyde formed by oxidative 

deamination gives a spontaneous intramolecular reaction to form either an indoloquinolizidine or an 

azepine ring structure. Determining factor in the direction of this process is the availability of the ß-

carboline-nitrogen atom. The amine oxidase derived topaquinone analogue 21, which was used as 

a stoichiometric oxidant, is not suitable for the oxidation of primary amines that contain an oc-

unbranched substituent, but shows promising activity in the oxidative deamination of 1,5-

diamines.'sb 
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4.6 Experimental 

General methods. For experimental details see section 3.6 on page 50. Diamine oxidase [EC 1.4.3.6.] from 
porcine kidney (PKDO, 0.06 units/mg solid21) and catalase [EC 1.11.1.6.] from bovine liver (2000 units/mg prot., 
1600 units/mg solid) were purchased from Sigma, alcohol dehydrogenase from yeast [EC 1.1.1.1.] ÇADH, ca 400 
units/mg prot., lyophilised) was from Boehringer Mannheim GmbH and ß-nicotinamide adenine dinucleotide reduced 
disodium salt trihydrate (NADH Na, 3H:0) from Fluka. The enzymes were used without further purification and the 
activities shown are those given by each firm. For the NMR assignments of the products in this chapter the 
numberins as shown for structures 5, 6, 30 and 34 has been used. 

NHBoc 

Biomimetic synthesis of l,2,3,4,6,7,12,12b-octahydroindolo-[2,3-a]-quinolizine (6). A solution 
of quinone 21 (77 mg, 0.35 mmol) in tetrahydrofuran (0.5 mL) was added to a solution of nazlinine 5 (49 mg, 0.2 
mmol) in methanol (1 mL). After stirring the mixture during 40 min at rt, sodium borohydride (38 mg, 1 mmol) 
was added and stirring was continued at rt for 3 h. Then an excess aqueous NaOH solution (10%) was added and the 
mixture was extracted with diethyl ether (3x), dried (Na2S04) and evaporated. Flash chromatography 
(CH2Cl,/MeOH/concd NH4OH 97/3/0.3) gave 6 (23 mg, 51%) as a solid: mp 144 - 146 *C; 'H NMR 6 7.84 (br s, 
1H, H-12), 7.63 -7.08 (m, 4H, H-8, H-9, H-10.H-11), 3.25 (br d, J= 10.8 Hz, 1H, H-12b), 3.07 - 2.99 (m, 3H, 
H-4, H-6, H-7), 2.76-2.62(m, 2H, H-6, H-7), 2.40 (ddd, J = 3.9 Hz, 7 = 11.3 Hz, J = 11.3 Hz, 1H, H-4), 2.06 -
2.02 (m, 1H, H-l), 1.90- 1.87 (m, 1H, H-2), 1.78- 1.73 (m, 2H, H-l, H-3), 1.60 (br dd, J = 12.6 Hz, J= 3.6 Hz, 
1H, H-3), 1.52- 1.49 (m, 1H, H-2); "C NMR 5 136.0, 134.9, 127.5, 121.3, 119.3, 118.1, 110.7, 108.1, 60.2 (C-
12b), 55.6 (C-4), 53.5 (C-6), 29.9 (C-l), 25.6 (C-3), 24.2 (C-2), 21.5 (C-7); IR v 3480. 

Diels-Alder adduct (24) from o-quinone 21 and enamine 23. During the synthesis of 67, when 
prolonged reaction times and 2 or more equivalents of quinone 21 were used the formation of substantial amounts of 
cycloaddition product 24 (3.5 mg, 0.01 mmol, 8%, starting from 0.1 mmol 6, yield not optimised) was observed. 
The Diels-Alder product crystallised directly from the reaction mixture: mp > 300 'C; 'H NMR 5 7.75 (br s, 1H. H-
12a). 7.50 (d, 7 = 7.6 Hz, 1H, H-8 or H-l 1 ), 7.31 (d. J = 7.8 Hz, 1H, H-8 or H-l 1), 7.17 - 7.08 (m. 2H, H-9, H-
10). 6.73 (d, J = 2.2 Hz, 1H, Ar-H). 6.51 (d, J = 2.2 Hz, 1H, Ar-H). 5.01 (d , i= 1.6 Hz. 1H, H-4), 4.28 (br d, J = 
11.3 Hz, 1H, H-12b), 3.57 - 3.53 (m, 1H, H-3), 3.47 (ddd. J = 11.8 Hz, J = 11.8 Hz. 7 = 4.2 Hz. 1H. H-6), 3.25 -
3.21 (m. 1H. H-6). 3.06 - 2.96 (m, 1H, H-7), 2.81 - 2.78 (m, 1H, H-7), 2.19 - 2.16 (m, 1H, H-lcq), 2.04 - 1.94 
(m. 1H, H-2„), 1.85 - 1.81 (m. 1H, H-2CI|). 1.76 - 1.65 (m, 1H. H-1J, 1.39 (s, 9H, C(CH,)3), 1.28 (s, 9H, 
C(CH,),); "C NMR 5 143.0. 137.2. 136.0. 134.8, 130.3, 121.4, 119.5, 119.1. 118.1. 117.2. 113.5, 110.7, 110.6. 
108.3, 87.7 (C-4), 71.1 (C(CH,)_,), 50.8, 50.6 (C-3 or C-12b), 49.6 (C-3 or C-12b), 35.1. 31.6 (C(CH,)3), 29.9 
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(C(CH3),), 29.2, 27.0, 22.1; IR v 3478. 1570; HRMS (FAB) obs. mass 444.2764, calcd for C2,H3(,N02 (M + 1) 

444.2792. 

l - [3 - (5J -Di - f er ( -buty l -benzoxazo l -2 -y l ) -propy l ] -2 -methy l -2 > 3 > 4 ,9 - t e t rahydro- / , f ï - carbo l ine 

(26 ) . To a solution of 25 (113 mg, 0.44 mmol) in methanol (3 mL) a solution of 3,5-di-rert-butyl-l,2-

benzoquinone 21 (145 mg, 0.66 mmol) in methanol (3 mL), triethylamine (125 p.L, 0.90 mmol) and one drop of 

water were added. The mixture was stirred at rt during 1 h, a solution of trifluoroacetic acid (0.2 mL, 2.60 mmol) in 

water (2 mL) was added and stirring was continued for 20 min. The mixture was diluted with water, basified with a 

saturated Na,CO, solution and extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and 

evaporated. Flash chromatography (CH2Cl2/MeOH 90/10) gave 26 (124 mg, 0.27 mmol, 62%) as an off-white 

solid: R, (CH2CL/MeOH 90/10) 0.37; 'H NMR 6 9.06 (br s, 1H, H-9), 7.66 - 7.63 (m, 1H, Ar-H), 7.48 (d, 1H, H-

5), 7 .33-7 .26 (m, 2H, Ar-H, H-8), 7.15 - 7.06 (m. 2H, H-6, H-7), 3.57 - 3.55 (m, 1H, H-l), 3.19 - 3.15 (m, 1H, 

H-3), 3.00 -2.98 (m, 2H, H-l2), 2.83 - 2.75 (m, 3H, H-3, H-4), 2.48 (s, 3H, NCH,), 2.08 - 1.91 (m, 4H, H-10, H-

11), 1.46 (s, 9H, C(CH,)3), 1.41 (s, 9H, C(CH,)3). 

General procedure for the enzymic reactions. A solution containing the substrate dissolved in potassium 

phosphate buffer (pH 7.4, 0.1 M) was prepared and carefully mixed with a solution containing the other reagents and 

enzymes dissolved in the same buffer. The mixture was stirred at 36 'C and the reaction was followed by TLC. The 

mixture was saturated with NaCl and extracted with diethyl ether, dried (Na2S04) and purified by flash 

chromatography. Catalase was used to remove the hydrogen peroxide that is liberated during the oxidative 

deamination. 

PKDO catalysed synthesis of l , 2 ,3 ,4 ,6 ,7 ,12 ,12b-oc tahydro indo lo - [2 ,3 -a ] -qu ino l i z ine (6). A 

solution of PKDO (0.14 g, 8.4 units) and catalase (0.5 mg, 800 units) in water (100 mL) was added to a solution of 

nazlinine 5 in water (100 mL, 5.3 mM). The mixture was stirred at 36 'C during 48 h. After cooling in ice the 

reaction mixture was treated with sodium borohydride (0.38 g, 10 mmol) and stirred at rt during one night. The 

mixture was saturated with NaCl and extracted with diethyl ether (3x), the combined organic layers were dried 

(Na2S04) and evaporated. Flash chromatography (CH2Cl2/MeOH/concd NH4OH 97/3/0.3) gave 6 (0.5 mg, 0.5%), 

which according to its R, value and MS and NMR spectra was identical to the biomimetically obtained product, 

synthetic 622 and to the natural product.23 

PKDO catalysed synthesis of 4,5,6,7-tetrahydro-3,7a-diazacyclohepta-[/Ar]-f luoren-7-ol ( 3 0 ) . A 

solution of PKDO (50 mg, 3 units) and catalase (0.5 mg, 800 units) in water (5 mL) was added to a solution of 1-

(4-butylamino)-ß-carboline 14 in water (5 mL, 8 mM). After stirring at 36 "C for 24 h the reaction mixture was 

treated with aqueous hydrogen chloride (1 M) to hydrolyse the formed imine. The reaction mixture was saturated with 

K2CO, and extracted with diethyl ether (3x), the combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (EtOAc/MeOH/Et,N 85/10/5) gave 30 (1.2 mg, 18%) as a solid. According to 'H NMR azepine 30 

is in a time and solvent dependent equilibrium with the ring opened aldehyde 29 . After dissolving 30 in CDC1, an 

initial ratio (after 15 min) of 29 : 30 = 5 : 95 is observed, which stabilises at a ratio of 29 : 30 = 25 : 75 after 

standing in CDC1, during 24 h. In d6-DMSO only the cyclised form 30 is present and in CD3OD an initial ratio 

(after 15 min) of 29 : 30 = 12 : 88 is observed while the ring opened form dominates after standing during 24 h (29 

: 30 = 78 : 22). 

30: R, (EtOAc/MeOH/NEt, 85/10/5) 0.28; mp 138 - 139 'C; 'H NMR 5 8.26 - 7.17 (m, 6H, H-l, H-2, H-8, H-9, 

H-10, H-l 1), 6.42 -6.39 (m, 1H. H-7), 3.56 (ddd, J = 16.7 Hz, J = 5.3 Hz, J = 3.7 Hz, 1H, H-4), 3.16 - 3.12 (m, 

1H, H-4). 2.99 - 2.96 (m, 1H, CHOW), 2.64 - 2.62 (m, 1H. H-6), 2.44 - 2.41 (m, 1H, H-5), 2.27 - 2.24 (m, IH, 

H-6). 2.03 - 2.00 (m, IH. H-5); "C NMR (63 MHz) 5 147.4 (C-3a), 141.8 (C- l l ) , 140.0 (C-9), 134.9 (C-l lb) , 

130.9 (C-l la) , 128.5 (C- l l ) . 122.5 (C-7b), 121.5 (C-l or C-2). 120.7 (C-10), 112.3 (C-8), 110.7 (C-2 or C-l), 

81 



Chapter 4  

78.0 (C-7), 38.8 (C-4), 34.9 (C-6), 18.0 (C-5); IR (KBr) v 3400, 3213, 2934, 2858, 1426, 1240, 1068; HRMS 

(EI) obs. mass 238.1125, calcd for C15H, sN,0 238.1203. 

29: 'H NMR 5 9.85 (br s, 1H, H-13), 9.65 (br s, 1H, H-9), 8.26 - 7.17 (m, 6H, H-3, H-4, H5, H-6, H-7, H-8), 

3.56 (ddd, 7 = 16.7 Hz, J = 5.3 Hz, 7 = 3.7 Hz, IH, H-10), 3.16 - 3.14 (m, 1H, H-10), 2.99 - 2.93 (m, 1H, CHOW), 

2 .66- 2.64 (m, IH, H-12), 2.43 - 2.41 (m, IH, H- l l ) , 2.26 - 2.23 (m, IH, H-12), 2.03 -2 .01 (m, IH, H- l l ) ; '3C 

NMR (63 MHz) 5 203.5 (C-13), 144.8 (C-l), 140.3 (C-9a), 138.3 (C-7), 134.4 (C-4a), 128.5 (C-4b), 128.2 (C-5), 

121.8 (C-8a), 121.7 (C-3 or C-4), 119.9 (C-6), 113.1 (C-8), 111.5 (C-4 or C-3), 43.1 (C-10), 33.4 (C-12), 20.6 (C-

11). 

P K D O catalysed synthesis of l - (4-hydroxybutyl) -ß-carbol ine (31). A solution containing PKDO (50 

mg, 3 units), catalase (0.5 mg, 800 units), ADH (14 mg, 5600 units) and NADH (12 mM) in water (5 mL) was 

added to a solution of l-(4-butylamino)-ß-carboline 14 in water (5 mL, 8 mM). The pH was adjusted to 8.5 using 

aqueous hydrogen chloride (1 M), the mixture was stirred at 36 °C for 24 h and then saturated with K,CO,. The 

mixture was extracted with diethyl ether (3x), the combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (CH2Cl2/MeOH/concd NH4OH 90/9/1) gave 31 (1 mg, 10%), which was identical to synthetic 3 1 : 

Rf (EtOAc/PE/NEt, 60/35/5) 0.56; mp 167 - 168 °C; 'H NMR (CDCl,/5% CD,OD) 5 10.45 (s, IH, H-9), 8.17 -

8.15 (m, IH, H-7), 8.14 - 8.11 (m, IH, H-3 or H-4), 7.93 - 7.91 (m, IH, H-8). 7.57 - 7.55 (m, IH, H-4 or H-3), 

7.53 - 7.51 (m, IH, H-5), 7.24 - 7.20 (m, IH, H-6), 3.51 (td, i = 6.1 Hz, 7 = 2.8 Hz, 2H, H-13), 3.20 (s, IH, 

CH20/7), 2.99 - 2.94 (m, 2H, H-10), 1.76 - 1.73 (m, 2H, H- l l ) , 1.52 - 1.46 (m, 2H, H-12); ! ,C NMR (CDCL/5% 

CD3OD) 5 146.0 (C-l), 140.3 (C-9a), 137.6 (C-7), 134.1 (C-4a), 127.7 (C-5), 127.1 (C-8a), 121.6 (C-3 or C-4), 

121.1 (C-4b), 119.1 (C-6), 112.5 (C-8), 111.9 (C-4 or C-3), 62.7 (C-13), 34.4 (C-10), 33.4 (C-12), 26.6 (C-l l ) ; 

IR (KBr) v 3164, 2858, 1626, 1325, 1190; HRMS (EI) obs. mass 240.1264, calcd for C l 5H l l iN20 240.1270. 

React ion of 13 with ( B o c ) 2 0 (32 and 3 3 ) . A solution of 13 (0.34 g, 1.4 mmol) and di-tert-butyl 

dicarbonate (3.5 g, 16.0 mmol) in dichloromethane (20 mL) was stirred at 0 °C during 1 h. The mixture was washed 

with water, dried (Na,S04) and evaporated. Crystallisation from EtOAc afforded 32 (0.16 g, 4.8 mmol, 30%) as a 

pale yellow powder. Flash chromatography (EtOAc/MeOH 95/5) of the mother liquor gave 33 (0.31 g, 9.3 mmol, 

58%) as a yellow solid. The 'H NMR spectrum of 33 showed rotamers. in the 'H-'H COSY spectrum a correlation 

between the Boc protected NH and H-11 was observed: 

32: 'H NMR 5 9.83 (br s. IH, H-9), 7.57 (d, J = 7.9 Hz, IH, H-5 or H-8). 7.45 (d, 7 = 7.9 Hz, IH, H-5 or H-8), 

7.27 - 7.23 (m, IH, H-6 or H-7), 7.14 - 7.10 (m. IH, H-6 or H-7), 4.87 (br s, IH, NHCO), 3.86 (t, J = 8.4 Hz. 

2H. H-3), 3.28 - 3.26 (m, 2H). 2.86 (t, i = 8.4 Hz, 2H. H-4), 2.74 - 2.69 (m. 2H). 1.81 - 1.74 (m, 2H), 1.63 -

1.57 (m, 2H), 1.47 (s, 9H. C(CH,),), 1.45 -1.43 (m, 2H); "C NMR 5 161.5 (C-l), 157.1 (NHCO), 136.9. 128.8. 

125.4, 124.1, 119.9, 119.8, 116.3, 112.3, 79.5 (C(CH,),), 48.3, 38.8, 35.0, 30.7. 28.5 (C(CH,),), 24.3, 19.4. 

33: ' H N M R S 9 . 1 0 ( b r s , IH, H-9), 7.60 (d, 7 = 7.1 Hz, IH), 7.31 (d ,7 = 7.1 Hz, IH), 7.24 (t, 7 = 7.1 Hz. IH), 

7.08 (t, 7 = 7 . 1 Hz, IH), 5.48 (br s, IH, NHCO), 5.03 (br s, IH, NHCO), 3.84 (br s, IH), 3.81 (br s, IH), 3 . 4 9 -

3.43 (m, 2H), 3.21 - 3.18 (m. 2H), 2.73 - 2.71 (m, 2H), 1.88 - 1.84 (m, 2H), 1.83 - 1.82 (m, 2H), 1.43 (s, 9H, 

C(CH,) , ) ; Ü C NMR 5 160.3 (NHCO or C-2'), 156.0 (NHCO or C-2'), 135.2, 133.9, 129.2, 123.7, 119.5, 119.3, 

113.0, 111.0, 79.0 (C(CH3)3), 49.3 (C-6'), 41.8 (br s, CH2CH2NH), 28.4 (C(CH,)3), 28.2 (C-3'), 25.7 

(CH,CH2NH), 22.0 (C-4' or C-5'), 19.5 (C-4' or C-5'). 

Dehydrogena t ion of 33 to pyr idine 3 4 . To a solution of 33 (17 mg, 0.05 mmol) in mesitylene (1 mL) 

palladium on carbon (10 mg, 10%) was added. The mixture was refluxed during 5 h and then filtered over hy How. 

The residue was washed with EtOAc and the filtrate evaporated. Flash chromatography (PE/EtOAc 60/40) gave 3 4 

(8 mg, 0.02 mmol, 47%) as a colourless oil: 'H NMR Ô 9.40 (br s, IH. H-l) . 8.63 (ddd. 7 = 4.8 Hz, J = 1.5 Hz. 7 = 

1.3 Hz, IH, H-2'), 7.88 (brd. 7 =7 .5 Hz. IH, H-5'), 7.77 (dd, 7 = 7.7 Hz. 7 = 1.6 Hz, IH, H-4'), 7.66 - 7.64 (m, 

IH, H-4 or H-7), 7.40 (br d 7 = 8.1 Hz. H-4 or H-7). 7.25 - 7.22 (m. IH. H-5 or H-6), 7.21 - 7.17 (m, IH. H-3'). 
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7.15 - 7.11 (m, 1H, H-5 or H-6), 5.00 (br s, 1H, NHCO), 3.52 - 3.48 (m, 2H, CH,Ctf2NH), 3.33 - 3.29 (m, 2H, 

Ctf2CH2NH), 1.42 (s, 9H, C(CH3)3); l3C NMR 8 156.1 (NHCO or C-2'), 150.4 (NHCO or C-2'), 149.3 (C-6'), 

136.9 (C-4'), 135.5, 133.0, 129.7, 123.4, 121.7, 121.0, 119.6, 119.3, 112.0, 111.2, 79.0 (C(CH,)3), 41.0 

(CH2CH2NH), 28.4 (C(CH3)3), 25.6 (CH2CH2NH). 

Reaction of tryptamine with /V-Boc-piperidone (36). A solution of/V-Boc-piperidone 35 (1.99 g. 10 

mmol) and tryptamine (1.6 g, 10 mmol) in a mixture of tetrahydrofuran (20 mL) and ethanol (1 mL) was stirred at rt 

during 48 h. The mixture was concentrated in vacuo, EtOAc (20 mL) was added and stirring at 0 'C (seeding may be 

helpful!) yielded amide 36 (2.88 g, 8.0 mmol, 80%): mp 100 - 101.5 °C; 'H NMR Ô 8.52 (br s, 1H, H-l) , 7.58 (d, 

/ = 7.3 Hz, 1H, H-4orH-7) , 7.36 (d, 7 = 7.3 Hz, 1H, H-4 or H-7), 7.19 (t, J = 7.3 Hz, 1H, H-5 or H-6). 7.10 (t, J 

=7.3 Hz, 1H, H-5 or H-6), 7.00 (s, 1H, H-2), 5.73 (br s, 1H, NHCO), 4.65 (br s, 1H, NHCO), 3.60 - 3.55 (m, 

2H), 3.07 - 3.05 (m, 2H), 2.98 - 2.94 (t, J = 6.6 Hz, 2H), 2.08 (t, J = 7.4 Hz, 2H), 1.61 - 1.53 (m, 2H), 1.44 (s, 

9H, C(CH,)3), 1.41 - 1-38 (m, 2H); "C NMR 5 172.8 (NHCO). 156.1 (NHC02C(CH3)3), 136.5, 127.4, 122.2, 

120.0, 119.3, 118.6, 112.7, 111.3, 79.2 (C(CH3)3), 40.0, 39.7, 36.0, 29.5, 28.4 (C(CH,)3), 25.3, 22.8; IR v 3420, 

3360, 1690, 1660, 1630. 

Synthesis of l - (4-butylamino)-ß-carbol ine (14) . A mixture of 3,4-dihydro-ß-carboline 32 (0.78 g, 2.29 

mmol), palladium on carbon (0.10 g, 10%) and anhydrous sodium carbonate (10 mg) in freshly distilled xylene (6 

mL, mixture of isomers) was refluxed during 4 h. The reaction mixture was filtered over hy flow and the residue was 

washed with EtOH. The filtrate was evaporated and the resulting residue dissolved in a mixture of EtOH/H,0/concd 

HCl (60/25/15). After stirring during one night at rt the solution was diluted with water (20 mL) and the layers were 

separated. The water layer was washed with diethyl ether (3x) and the combined organic layers were extracted with 

water. The combined aqueous layers were made alkaline with a large excess of solid K2CO, and extracted with diethyl 

ether/2% EtOH (5x). The combined organic layers were dried (Na,S04) and evaporated. Flash chromatography 

(CH,Cl2/MeOH/concd NH.OH 75/22/3) afforded 14 as a slowly crystallising compound. By stirring with a small 

amount of anhydrous diethyl ether 14 (0.35 g, 1.46 mmol, 64%) was isolated as a solid: mp 135 - 139 °C; 'H 

NMR 5 10.71 (br s, 1H, H-9), 8.33 (d, J = 5.4 Hz, 1H, H-3), 8.10 (d, J = 7.9 Hz, 1H, H-5 or H-8), 7.80 (d, J = 5.4 

Hz, 1H, H-4), 7.47 - 7.45 (m, 2H), 7.25 - 7.20 (m, 1H), 3.16 - 3.12 (m, 2H), 2.92 (t, J = 6.4 Hz, 2H), 2.02 - 2.94 

(m, 2H), 1.68- 1.64 (m, 2H); 13C NMR 8 146.2, 140.4, 138.3, 134.6, 128.3, 127.8, 121.9, 121.6, 119.5, 112.8, 

111.5, 40.9, 33.4, 31.1, 25.2; IR V 3470. 

3,4-Dihydro- l - ( /V-Boc-4-butylamino)-ß-carbol ine (32). To a vigorously stirred suspension of amide 3 6 

(1.80 g, 5.01 mmol), carbon tetrachloride (4.84 mL, 50 mmol) and powdered, anhydrous potassium carbonate (0.50 

g, 10 mmol) in dichloromethane (50 mL), triphenylphosphine (3.29 g, 12.5 mmol) was added at rt in 3 portions 

during 5 h. After stirring for an additional 3 h, an aqueous Na2CO, solution (5%) was added and the layers were 

separated. The water layer was extracted with CH,C12 (3x) and the combined organic layers were dried (Na2S04) and 

evaporated. Flash chromatography (CH2Cl2/MeOH/concd NH4OH 90/9/1) gave 32 as a yellow foam (0.89 g, 52%). 

This product was identical to earlier described 32, obtained via Boc-protection of 3,4-dihydro-ß-carboline 13. 

5-Hydroxypentanal (37) . 2 4 A solution of 2,3-dihydro-2rV-pyran (18.1 mL, 200 mmol) in aqueous hydrogen 

chloride (55 mL, 1 M) was stirred thoroughly until a homogeneous solution was obtained. After stirring for another 

30 min several drops of phenophtalein were added. The pH was adjusted to 8 using an aqueous NaOH solution (2 

M). The product was extracted with diethyl ether using contineous extraction during 16 h. Evaporation of the solvent 

followed by vacuum destination (bp 116 "C, 15 mbar) gave 37 (15.3 g, 150 mmol, 75%) as a colourless oil. In the 

'H NMR spectrum both the open and the ring-closed form could be characterised (ca. 8% open): 'H NMR (df,-

DMSO, 200 MHz) 5 9.13 (s, 1H, CH2CHO), 6.75 (br s, 1H. CH,OW), 4.88 - 4.52 (m, 1H, CH2OH). 3.95 - 3.22 

(m, 2H, CHjOCHOH), 1.75 - 1.40 (m, 6H, CH2CH2CH2). 
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l - (4 -Hydroxybuty l ) - l ,2 ,3 ,4 - te trahydro-ß-carbol ine (38) . 2 5 A solution of 37 (0.41 g, 4.02 mmol) in 

water (2 mL) was added to a solution of tryptamine hydrochloride (0.39 g, 1.99 mmol) in water (5 mL). The 

solution was kept at 45 'C for 3 days and then basified to pH 13 using an aqueous NaOH solution (20%). The water 

layer and the separated yellow gum were extracted with diethyl ether (6x). The combined organic layers were dried 

(Na2SO„) and evaporated. Flash chromatography (EtOAc/MeOH/Et,N 60/35/5) yielded 38 (0.33 g, 1.35 mmol, 

68%) as a yellow solid: Rf (EtOAc/MeOH/NEt3 60/35/5) 0.36; mp 193 - 195 'C; 'H NMR (CDCl3/5% CD,OD) 8 

7.46 - 7.03 (m, 4H, H-5, H-6, H-7, H-8), 4.05 - 4.03 (m, 1H, H-l), 3.64 - 3.61 (m, 2H, H-13), 3.32 (ddd, / = 12.6 

Hz, 7 = 4 . 5 Hz, 7 = 4.5 Hz, 1H, H-3C11), 2.99 (ddd, J = 13.2 Hz, 7 = 7.9 Hz, J = 5.6 Hz, 1H, H-3„), 2.76 - 2.73 (m, 

2H, H-4), 1.92 - 1.98 (m, 1H, H-10), 1.69 - 1.66 (m, 1H, H-10), 1.58 (m, 4H. H - l l , H-12); "C NMR (CDCl,/5% 

CD,OD)6 135.6 (C-8a, C-9a), 127.1 (C-4a), 121.3 (C-7). 119.0 (C-6), 117.8 (C-5), 110.7 (C-8), 108.3 (C-4b), 

61.7 (C-13), 52.3 (C-l), 42.2 (C-10), 34.0 (C-3), 31.9 (C- l l ) , 22.3 (C-12), 21.8 (C-4); IR (KBr) v 3250, 3200, 

2935, 2863, 1045; HRMS (EI) obs. mass 244.1591, calcd for C15H,„N,0 244.1643. 

l - (4 -Hydroxybuty l ) -carbol ine (31). To a solution of 38 (98 mg, 0.40 mmol) in freshly distilled xylene (3 

mL, mixture of isomers) palladium on carbon (0.02 g, 10%) was added and the mixture was refluxcd during 90 min. 

Then MeOH (3 mL) was added and the mixture was filtered over hy flow, the residue was washed with MeOH. The 

filtrate was evaporated, affording a white solid which was recrystallised from MeOH yielding 31 as white crystals 

(83 mg, 0.35 mmol, 86%). This product was identical to the PKDO reaction product. 

4 ,5 ,6 ,7 -Te t rahydro -3 ,7a -d iazacyc lohep ta - [ / '&] - f luo ren -7 -o l ( 30 ) . A solution of dry dimethyl sulfoxide 

(0.53 mL) in dichloromethane (4 mL) was added dropwise to a solution of oxalylchloride (0.26 mL, 3.0 mmol) in 

dichloromethane (8 mL) at -78 °C. Then a solution of 31 (0.40 g, 1.66 mmol) in dichloromethane (3 mL) and 

dimethyl sulfoxide (2 mL) was added over a period of 15 min. The mixture was stirred for 3 h, triethylamine (0.93 

mL, 6.7 mmol) was added and the mixture was stirred at -78 °C for an additional 5 min before it was allowed to 

warm to rt. After stirring for 45 min at rt water (5 mL) was added, the layers were separated and the water layer was 

extracted with CH2C1, (6x). The combined organic layers were washed with brine (2x), dried (MgS04) and 

evaporated. The residue was dissolved in diethyl ether and concentrated in vacuo three times. The remaining solid was 

purified by flash chromatography (EtOAc/MeOH/Et,N 85/10/5) yielding 30 as a yellow solid (0.12 g, 0.50 mmol, 

30%), which was identical to the PKDO reaction product. 
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Chapter 5 

Ring Closed Analogues of Nazlinine: 
(±)-Arborescidines A, B and C 

Abstract 

A useful synthesis of 5- and 6-bromotryptamines was developed and applied in a 

straightforward synthesis of the brominated marine alkaloids arborescidine A (1), B (2) and C 

(3).1 The general applicability of this approach is demonstrated by the synthesis of several 

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

cw-isomers of these azepines. Spectral data indicated that the structure of the compound identified 

as arborescidine D, recently isolated from the marine tunicate Pseudodistoma arborescens, does 

not correspond with the assigned structure of isomer 4. 

indole 

B r ' " ^ ~N 
H 

R = H, CH3 

NH 
R 
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5.1 Introduction 

5.1.1 Brominated indole alkaloids: arborescidines A, B, C and D 

Marine invertebrates are known as rich sources of alkaloids with unique chemical features 

and pronounced biological activities which suggests their potential value as lead structures for the 

development of new pharmaceuticals. Recently2 four new brominated alkaloids of the tetrahydro-

ß-carboline class were isolated from the marine tunicate Pseudodistoma arborescens and 

characterised as arborescidine A (1), B (2), C (3) and D (4).3 Among those, only arborescidine D 

(4) showed a moderate cytotoxicity against human epidermoid (KB) cells.4 Recently, the absolute 

configuration (3aR, 7R) of arborescidine C (3) was determined by X-ray analysis.5 

N C H 3 

Figure 5.1 

Our interest arose in view of the work6 on oxidised analogues of nazlinine (5), described 

in chapter 4. Oxidative deamination of the primary amine function, using both enzymic (diamine 

oxidase; DAO) and chemical methods, resulted in an aldehyde which cyclised spontaneously. 

Depending on the availability of the ß-carboline-nitrogen atom, cyclisation towards either an 

indoloquinolizidine 6 starting from nazlinine 5 (eq. 5.1) or towards an azepine ring system 8 

starting from aromatised nazlinine 7 occurred (eq. 5.2). Since these two ring systems are also 

present in the arborescidines, arborescidine A being an indoloquinolizidine and B, C and D being 

azepines, we decided to synthesise these new biosynthetically related natural products. So, not 

only from a biosynthetic point of view, but also regarding the arborescidines as oxidised 

analogues of nazlinine made them interesting as potential serotonine ligands. 

1) DAO 
*-

2) H" 

NHp 

(eq.5.1) 



Arborescidines A, B and C 

DAO 
(eq. 5.2) 

The application of this biosynthetic ring conversion has been described previously in the 

synthesis of akagerine (10). The perhydroazepine ring coupled to a tetrahydro-ß-carboline moiety 

by aN(l)/C(7) aminal bond, as present in arborescidine C (3) and D (4), is also part of the ring 

structure of akagerine (10). This alkaloid, isolated from Strychnos roots,7 is thought to be linked 

biogenetically to dehydro-geissoschizine (9), an alkaloid that has the indoloquinolizidine structure. 

Transformation into the seven-membered ring could be achieved chemically by opening of ring D 

and cyclisation of the aldehyde on the indole nitrogen atom. The first synthesis of akagerine (10) 

is based upon this interconversion and involves nucleophilic attack of the indole nitrogen on an 

activated carboxylic acid.8 More examples in relation to the synthesis of the azepine ring system 

are described in the synthesis of E-homoeburnane derivatives.9 

NCH a 

H C 0 2 C H a 

Figure 5.2 

5.1.2 Bromotryptamines 

Natural product chemists have described a wide array of pharmacologically active 

metabolites from marine sources.10 Statistical analyses confirm that sponges are the most prolific 

source of biologically active compounds. Recently, it has been suggested that chemicals that can 

deter potential predators from eating the sponge or inhibit the growth of bacteria, are not produced 

by the sponge itself, but by other non-harmful micro-organisms. Natural products isolated from a 

sponge may therefore as well be produced by a micro-organism. One possibility is that the sponge 

lives in symbiosis, a consistent association between micro-organism and sponge. Another option 

is that the sponge simply stores a compound that it obtains from the micro-organisms that it 

consumes. In both cases the sponge however profits from these so called secondary metabolites. 

Several alkaloids having either 6-bromotryptophan or 6-bromotryptamine as the basic unit 

have been isolated from a variety of marine invertebrates including sponges, coelenterates and 

tunicates." The occurrence of 6-bromoindoles has been reported since 1909 when 6,6'-
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dibromoindigotine was identified.12 6-Bromotryptamine itself has been found as a natural product 

in a number of marine organisms, e.g. in the tunicate Didemnwn candidum[i and also in 

Lissoclinum sp.14 along with lissocline C, a brominated tetrahydro-ß-carboline. Another group of 

well-known compounds possessing the brominated ß-carboline structure, some of them based 

upon 6-bromotryptamine, are the eudistomines which were isolated from a Caribbean tunicate 

{Eudistoma olivaceum)}5 

The proposed biosynthesis of tetrahydro-ß-carboline containing natural products involves 

Pictet-Spengler condensations'6 of tryptamine with suitable aldehydes.This reaction, which is also 

widely used in chemical syntheses, requires a tryptamine bearing a bromine atom at the 6-position 

in case of the arborescidines. Some methods are known to synthesise 6-bromotryptamine, but all 

of them are inconvenient and often inseparable mixtures of regio-isomers are formed.17 '8 Since 

simple bromination of tryptamine results in the 2-bromo product, most of the literature syntheses 

are based upon construction of the indole nucleus. A variety of synthetic methods has been used to 

prepare indoles,19 but many of these syntheses lack generality and are somewhat restrictive since 

they employ conditions, such as thermal decarboxylations or acidic or strongly basic cyclisations, 

which are too harsh for labile substituents in the carbocyclic ring. Another disadvantage of most of 

these syntheses is the use of expensive starting materials. Perhaps the two best known and widely 

used strategies for building up the indole nucleus are the Fischer indole synthesis and the Batcho-

Leimgruber reaction. 

The Fischer indole synthesis starts from Phenylhydrazine, which is condensed with an 

aldehyde (Scheme 5.1). Imine-enamine tautomerisation is followed by a rearrangement, analogous 

to the Claisen rearrangment of phenyl allylethers, resulting in carbon-carbon bond formation. 

When the reaction is performed in the presence of acid, the ß-nitrogen is protonated and the 

electrocyclic step facilitated. Regeneration of the aromaticity followed by attack of the amine to the 

imine carbon and eventually elimination of ammonia results in the formation of the indole nucleus. 

HpO 

N-NH2 

R1 

'I % 
N 
H 

R1 

^ ^ , N H 
N 

H + 

R1 

H 

NH 3 

(XX NT ^R 2 

H 

Scheme 5.1 
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Disadvantage of this approach is the formation of a mixture of 4- and 6-substituted indoles when a 

mefa-substituted Phenylhydrazine is used. On the other hand, substituents at the indole 3-position 

(e.g ethylamine as in tryptamine) are easily introduced by using the appropiate aldehyde. 

Application of the Fischer indole reaction in the synthesis of 6-bromotryptamine is described in 

§ 5.2.2. 

The Batcho-Leimgruber reaction20 comprises the addition of a one carbon synthon to 

o-nitrotoluene (Scheme 5.2). Substituents in the carbocyclic ring can simply be introduced by 

starting from suitably derived toluene. Formylation of the acidic methyl group using a formamide 

acetal21 leads to an enamine. To accelerate this condensation reactive aminomethylating reagents 

have been employed: by simply adding a secondary amine such as pyrrolidine to the reaction 

mixture in situ an equilibrium mixture of predominantly formylpyrrolidine acetal is formed. 

Condensation with o-nitrotoluene gives the pyrrolidine enamine. Conversion of this intermediate 

into the indole requires selective reduction of the nitrogroup, immediately followed by cyclisation. 

A 6-bromo substituent in the carbocyclic ring can easily be achieved via the Batcho-Leimgruber 

reaction by starting from 2-bromo-6-nitrotoluene, but simultaneous introduction of the ethylamine 

at the 3-position as required for tryptamine is not possible. Conventional methods such as those 

described before in chapter 3 (Scheme 3.2) can be used to convert the indole in the tryptamine. In 

§ 5.2.3 the use of the Batcho Leimgruber reaction in the synthesis of 6-bromotryptamine via 6-

bromoindole is described. 

( ) MeO" I T r-"\ MeOH 

OMe _ J _ + / ^ ^ \ N 0 ? 

reduction / ^ / ^ / N 

1 
H 

Scheme 5.2 

In a third, new route to 6-bromotryptamines, we investigated the bromination of a suitable 

indole derivative (Figure 5.3). The most nucleophilic position of the indole nucleus is C-3 ." 

Obviously in tryptamine electrophilic substition preferably occurs at C-2 by which the aromaticity 

of the benzene is left intact. In situ formation of indoline-2-sulfonic acid followed by N-acetylation 

gives an aniline derived system which can be brominated selectively, hydrolysis affords the 5-

substituted indole.22 In ß-carbolines electrophilic substition also takes place preferably at the indole 
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5-position. 

NHp , J I 

^ ^ ïc s°3 n s N | - \ ^ ^ N S03 ^ - ^ N ^ ; H ^ ^ N 

Figure 5.3 

An electron withdrawing group at C-3 decreases the nucleophilicity of the 2-position and the 5-

and 6-position therefore become more susceptible for electrophilic attack. This change in reactivity 

of the indole aromatic ring system towards electrophiles was reported previously: bromination of 

indole-3-carboxylate resulted in a 1 : 2 mixture of 5- and 6-bromo isomers (eq. 5.3)." Application 

of this strategy, bromination of a suitably functionalised indole, is described in § 5.2.1. 

to 

,C02CH3 Br2 R 1 ^ , ^^ CQ2CH3 

N ' 2 R* ^ ~N' 
Bn Bn 

R1=Br, R2=H (31%) 
R1=H, R2=Br (61%) 

5.2 Synthesis of Bromotryptamines 

5.2.1 Electrophilic substitution 

Synthesis of the arborescidines obviously has to start with the preparation of the 6-

bromotryptamines 15b and 16b (Scheme 5.3). As outlined previously this was expected to meet 

with some difficulties and therefore a new method was developed for the synthesis of 15b and 

16b. This route towards brominated tryptamine derivatives combines an existing synthesis of 

tryptamines24 and bromination of a suitable intermediate.25 In order to brominate the indole moiety 

at the 6-position, reduction of the electron density in the 5-membered ring was a prerequisite and 

was effected via introduction of an a-keto-amide at the 3-position.26 Following literature 

procedures,24 indole-3-glyoxylamides 11 and 12 were obtained easily by reaction of indole with 

oxalyl chloride and subsequent reaction of the resulting acid chlorides with ammonia or 

methylamine. Bromination of the a-keto-amides employing elemental bromine in acetic acid was 

completely directed to the carbocyclic ring and gave a 1 : 1 mixture of the 5- and 6-bromo 

derivatives 13 and 14 in good yield. At this stage, separation of the isomers could be effected by 
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chromatography (silica), but due to solubility problems this proved to be inconvenient on a larger 

scale. The mixture of isomers was therefore used in the next step. 

It was reported that the lithium aluminium hydride reduction of 6-bromo-3-gIyoxylamide, 

prepared from 6-bromoindole, resulted in debromination.27 A wide variety of compounds, 

including glyoxylamides, can be reduced however employing borane-dimethylsulfide complex.28 

Compared to lithium aluminium hydride reductions, those mediated by borane-dimethylsulfide 

complex are relatively slow. A dramatic increase in reaction rate could be achieved by distillation 

of the dimethylsulfide from the reaction mixture.28 Thus, reduction of the 5(6)-bromo 

glyoxylamides using borane-dimethylsulfide complex, produced the corresponding ethylamines 

15 and 16 (40-60%). After conversion into the respective carbamates the resulting mixture of 

regio-isomers was readily separated by chromatography, to afford the desired 6-bromo isomers 

17 and 18. Deprotection under acidic conditions gave the pure 5- and 6-bromotryptamines 15a, 
15b, 16a and 16b as their crystalline hydrochlorides. 

NH 

R 

NH 

R 

a: R1= Br, R2= H 
b: R1= H, R2= Br 

N 
H 

15 R = H 
16 R = CH3 

NH 
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11 R = H 
12 R = CH3 

Br 

d, e 

N 
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17a R = H 
18a R = CH3 
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18b R 
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14 R 

H 
CH 3 

Br 

Br 

15a R : 
16a R 

NH 
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H 
CH 3 

N 
H 

15b R = H 
16b R = CH3 

NH 

R 

Reagents and conditions: (a) (COCI),, CH,Cl2, then RNH,, 11: 91%, 12: 99%. (b) Br2, HOAc. (c) BH,SMe2, 
THF. (d) (Boc)A CH,C1,. (e) flash chromatography; 17a: 25%, 17b: 19%, 18a: 25%, 18b: 22% (4 steps), (f) 
HCl (aq), EtOH, 15a: 79%. 15b: 93%; 16a: 93%; 16b: 94%. 

Scheme 5.3 
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When longer reaction times were used in the borane-mediated reduction of the 

glyoxylamides several side products were observed, which explains the variation in yield. A 

separate experiment was performed in which the glyoxylamide 12 was reacted with borane-

dimethylsulfide complex during two days (Scheme 5.4). Besides the expected /V-methyltryptamine 

20, two products could be isolated by chromatography. One of them was 2,3-dihydro-/V-

methyltryptamine 22 while the other side product gave identification problems. Spectral data of 

this side product indicated the presence of a quaternary carbon atom (unequivocally established by 

a DEPT 135 experiment) substituted by a hetero-atom; mass spectroscopy showed a molecular ion 

of the same mass as /V-methyltryptamine 20. 

-N 
' C H 3 

N ' 
H 

19 

Upon exposing the unknown product to acidic conditions /V-methyltryptamine 20 was formed. 

Structure 19 was therefore postulated, reasoning that first the glyoxylamide would be reduced to 

tryptamine, co-ordination of the borane to the indole nitrogen would then facilitate the attack of the 

amine on the indole 3-position. Indeed, in a separate experiment reaction of /V-methyltryptamine 

20 and borane-dimethylsulfide complex under identical conditions afforded the same mixture of 

products. Doubt arose however concerning structure 19, when a longe range C-H correlation 

NMR experiment did show a cross peak between the methyl hydrogens and the methylene carbon 

atom next to the amine function. Between the quaternary carbon atom and the methyl hydrogens 

however, no cross peak was observed. Closer examination of the mass spectrum revealed a m/z 

peak at M + 18 of low intensity and after simulation of the 'H NMR spectrum structure 19 was 

excluded and structure 21 was assigned to the unknown compound. Probably hydroboration of 

the indole 2-3 double bond followed by air-oxidation of the intermediate borane resulted in the 

formation of alcohol 21. 

H + 

O 
HO 

B H 3 S M e 2 

¥H 48h ^ V ^ H ^ V ^H ^ V ^ H 

H C H 3 H C H 3 H C H 3 H CH 3 

12 20 21 22 

Reagents and conditions: BH,SMe2, THF, A, 20: 29%, 21: 36%, 22: 24%. Acidic work-up. 20: 65%, 22: 24%. 

Scheme 5.4 
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Since under acidic conditions indoline 21 is converted into tryptamine 20, the yield of the 

reduction of the brominated glyoxylamides could be improved by stirring the reaction mixture 

during the work-up procedure with hydrochloric acid for several minutes. 

5.2 .2 Fischer indole synthesis 

When y-aminobutyraldehyde is reacted with Phenylhydrazine via the Fischer indole 

synthesis, tryptamine is formed in one step.29 Thus, y-amino-A'-methylbutyraldehyde 24, which 

was conveniently synthesised from amine 23, was reacted with m-bromophenylhydrazine 

(Scheme 5.5). Fischer indole reaction unfortunately resulted in an inseparable mixture of 4- and 6-

bromo isomers (1:1). According to literature the separation of those two isomers is possible on a 

preparative scale with ß-cyclodextrin reversed-phase HPLC, but this was not repeated by us.17 

Instead, the mixture of isomers was further reacted and separated in a later stage. 

p*l H (Br) 
Et<X ^OEt Eta _,OEt 

NH2
 a ' b y NHCH.c, Br N H N K 

I J c JK-J^ S NHCH3 

\ / c (H) Br^^^N 3 

23 24 6-Br: 16b 
4-Br: 25 

Reagents and conditions: (a) ClCO,Et, CH,Cl2, NaOH (aq), 97%. (b) LiAlH4, THF, 83%. (c) ZnCU. rt -^ 140"C 
then 18CTC, 39%, 16b : 25 = 50 : 50. 

Scheme 5.5 

5.2 .3 Batcho-Leimgruber Reaction 

The synthesis of 6-bromotryptamine via the Batcho-Leimgruber reaction"d requires 

introduction of the ethylamine in the presence of the bromo substituent. Using this approach, it is 

impossible to introduce substitution at the 3-position simultaneously with the formation of the 

indole nucleus as in the Fischer indole synthesis. As described before, the susceptibility for 

reduction conditions resulting in debromination complicates this approach.27 Introduction of a 

glyoxylamide which can be reduced using borane-dimethylsulfide complex as shown before 

(Scheme 5.3), however offers a solution to this problem. 

Thus, synthesis of 6-bromoindole via the Batcho Leimgruber reaction was undertaken 

(Scheme 5.6). Formylation of 2-bromo-6-nitrotoluene using the reactive formylpyrrolidine acetal, 

formed in situ from dimethylformamide dimethylacetal and pyrrolidine, afforded an enamine 

which was not isolated but immediately further reacted. Reduction of the nitrogroup could be 

performed selectively without affecting either the bromosubstituent or the enamine using Zn(0) in 

acetic acid giving 6-bromoindole 26 (Scheme 5.6)."d Tryptamines 15b and 16b were made from 
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6-bromoindole 26 via the route described before (§ 5.2.1): formation of the corresponding 

indole-3-glyoxylamides followed by reduction using borane dimethylsulfide complex gave 15b 

and 16b in satisfying yields. 

C H 3 a, b ^ . c,d, e 3 - JXft Bf ^ " ~N02 B K ^ ^ N B r ^ ^ N ^ N H R 

H H 

26 15b R= H 
16b R = CH3 

Reagents and conditions: (a) (MeO)2CHNMe2, pyrrolidine, DMF. (b) Zn, HOAc, 41% (2 steps), (c) (COO),, Et,0. 
(d) NH2R (R=H, CH,), H20. (e) BH3SMe2, THF, A, 15b: 75%. 16b: 50% (2 steps). 

Scheme 5.6 

5.2.4 Concluding Remarks 

Several routes to 6-bromo substituted tryptamines were compared, resulting in electrophilic 

substitution of an indole-3-glyoxylamide as the most convenient and best yielding approach. This 

route provides the most flexible way to prepare 5- and 6-bromotryptamines, substituted at the 

primary amine function. 

5.3 (±)-Arborescidines A, B and C 

5.3.1 The synthesis of (±)-arborescidines A, B and C 

With the required tryptamines in hand, the arborescidines could be synthesised 

straightforwardly, employing the Pictet-Spengler condensation.16 Reaction of 6-bromotryptamine 

hydrochloride 15b with glutaric aldehyde followed by one pot reduction of the resulting iminium 

salt with sodium borohydride led to the immediate formation of (±)-arborescidine A (l)30 in 

moderate yield (Scheme 5.7).31 

1) 

Br-^^N^ N H 2 2> N a B H 4 
HCl 

15b 

Scheme 5.7 
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The approach used for the synthesis of arborescidine B (2), C (3) and D (4) is based upon 

our strategy6 previously described for azepine ring systems. The methyl substituent on the ß-

carboline-nitrogen atom prevents cyclisation to the indoloquinolizidine structure, instead leading to 

formation of the seven-membered ring. Non-acidic aprotic Pictet-Spengler condensation of 6-

bromo-/V-methyltryptamine 16b with 5,5-diethoxypentanal 2 7 " in refluxing toluene yielded 

acetal 28 in good yield (Scheme 5.8). Performing the Pictet-Spengler reaction under neutral 

conditions was required as a result of the susceptibility of the protected aldehyde to 

decomposition. 

R1 NH 

C H 3 

16b Ft1 = B r 
20 R1 = H 

OEt,o 

27 
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28 R1 = Br 
29 R 1 = H 

O Et 
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Br 
H 
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O H 
H 
O H 
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H 
OH 
H 
OH 

NCH 3 

2 R1 = B r 
32 R1 = H 

Reagents and conditions: (a) toluene, A, 28: 93%, 29: 97%. (b) TFA, THF, H,0, 3/4: 84%, 30/31: 96%. 
(c) p-TsOH, DMSO. 2: 83%, 32: 78%. 

Scheme 5.8 

Deprotection of acetal 28 using aqueous trifluoroacetic acid led to the simultaneous 

formation of the azepine ring structure as a mixture of the trans- (3) and cw-isomer (4) in an initial 

ratio of 3 : 4 = 4 : 1, as indicated by 'H NMR spectroscopy. Prolonged reaction times (45 

minutes) resulted in a thermodynamical equilibrium of 3 : 4 in a 10 : 1 ratio. Isolation of the trans-

isomer (±)-arborescidine C (3)30 was readily effected by crystallisation from methanol in good 

yield. To obtain the cw-isomer (±)-arborescidine D (4), the reaction was only allowed to proceed 

for 15 minutes and then stopped by addition of an aqueous sodium carbonate solution. 

Crystallisation from methanol gave the minor isomer (±)-arborescidine D (4) in pure form. 

The stereochemistry of 3 respectively 4 was established using different NMR techniques. 

Especially the chemical shift of H-3a is characteristic for both diastereomers (3.64 and 3.38 ppm 
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respectively). The trans- respectively ds-relations between H-3a and H-7 could clearly be 

distinguished in the NOESY spectrum; only in case of the cw-isomer 4 a cross peak was 

observed. Spectral data (IR, MS, 'H and "C NMR, 'H-'H COSY, 'H-I3C COSY, NOESY) 

confirmed the structure of the synthesised compound 4, but were not in accord with the literature 

values2 reported for (-)-arborescidine D. The major differences between arborescidine D and 

compound 4 are the proton shifts of H-3a (3.13 resp. 3.38), H-7 (5.65 resp. 6.08), H-8 (6.63 

resp. 7.57) and the m/z peaks in the mass spectrum (273/275 resp. 263/265). The fragment ions 

of high intensity at m/z 263 and 265, as seen in 4, can be explained by benzylic/ß-cleavage from 

the molecular ion, a known process for tetrahydro-ß-carbolines." The compound isolated from 

the marine tunicate therefore probably has a structure different from the assigned 4. 

The enamine (±)-arborescidine B (2)2 was readily synthesised from (±)-arborescidine C 

(3) upon heating with 1 equivalent p-toluenesulfonic acid in methyl sulfoxide (Scheme 5.8). 

Several other solvents such as tetrahydrofuran and toluene did not result in complete conversion 

due to lower boiling points or precipitation of the starting material as its p-toluenesulfonic acid salt. 

Preparation of the enamine (3) directly from the acetal (28) by heating under acidic non-aqueous 

conditions (trifluoroacetic acid in toluene) gave the desired product, however together with several 

unidentified side products. 

5.3.2 Studies towards the stability of arborescidine C 

Having synthesised arborescidine C (3) and its cw-isomer compound 4, which apparently 

has a structure different from the natural arborescidine D, attention was focussed on the stability of 

both isomers in relation to the methods used for isolation of the natural products.2 The debromo 

analogues, synthesised via the same route as described for the arborescidines (Scheme 5.8) were 

used for these studies, because they are more easily available. Formation of the azepine ring 

system by deprotection of acetal 29 under acidic conditions gave a mixture of the trans- (30) and 

cw-isomer (31) in an initial ratio of 4 : 1, but longer reaction time changed the ratio to 11 : 1 

(Scheme 5.9). 

When either pure fran.s-(30) or cw-isomer (31) was subjected to aqueous trifluoroacetic 

acid, in both cases the same 1 1 : 1 mixture of 30 and 31 was obtained (Scheme 5.9). This acid 

catalysed equilibrium presumably involves water elimination/addition via the carbocation 3 6 

resulting in a mixture predominantly consisting of the thermodynamically more stable trans-

isomer. 
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Scheme 5.9 

Interestingly, ring closure of acetal 29 in the presence of methanol or ethanol instead of 

water, led to the isolation of (±)-0-methyI- and (±)-0-ethyldebromoarborescidine C 33 and 3 4 

respectively. In contrast to the reaction with water resulting in alcohols 30 and 3 1 , no «s-isomers 

were detected after reaction with methanol or ethanol. The same products, 33 and 34, could be 

obtained from reaction of (±)-debromo-arborescidine C (30) under the latter conditions. All these 

results indicate the intermediacy of carbocation 36 in the acidic equilibration between the cis- and 

rra/w-isomers. Thus, initial formation of the mixture of azepines by cyclisation of the indole 

nitrogen on the (protonated) aldehyde results in a kinetically controlled ratio in which most 

probably no preference for either trans- or cw-product exists. Under the acidic reaction conditions 

however, an equilibrium in favour of the thermodynamically more stable trans-isomer is eventually 

reached via a different mechanism, involving water elimination/addition via the intermediate 

carbocation 36. 

Applying basic conditions (l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in tetrahydrofuran) 

to pure 30 or 31 resulted in the formation of a mixture of 30 and 31 in a comparable ratio (10 : 

1). Apparently under basic conditions an equilibration takes place, involving ring opening/ring 

closure via aldehyde 35, also in favour of the more stable trans-isomer. 

These results support the finding that the compound named arborescidine D isolated from 

the marine tunicate, has a structure different from the assigned 4. Under acidic conditions such as 

extraction into a aqueous hydrogenchloride layer (1 M) and chromatographic elution with 

ethylacetate/2-butanone/formic acid/water, both used for isolation of the natural product,2 
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compound 4 as prepared by us is not stable. Equilibration to the trans-isome-r (±)-arborescidine C 

(3) occurs immediately under both acidic and basic conditions as was shown. It should be noted 

that also the formation of arborescidine B (2) by water elimination from arborescidine C (3) 

during the isolation procedure cannot be excluded. 

5.3.3 Synthesis of 4- and 5- bromo isomers of arborescidine C 

The route towards the azepines is general applicable, as demonstrated by synthesis of the 

4- and 5-bromo analogues of arborescidine C (3) and D (4). Since the mixture of 4- and 6-bromo 

isomers 16b and 25, obtained from Fischer indole reaction, could not be separated it was decided 

to convert them to the azepines. Via the route described in § 5.3.1 a mixture of the 4-bromo 

analogue of arborescidine C (37) and arborescidine C (3) was obtained. At this stage 

arborescidine C (3) could be crystallised and the 4-bromo analogue 37 purified by flash 

chromatography. 

According to 'H NMR of the reaction mixture the trans- and cw-isomers of both bromo 

analogues were formed in a ratio of 10 : 1, but due to the fact that four compounds were present in 

the reaction mixture, isolation of the minor isomers was not successful. 

Br (H) 

\ 

H 

NH 

C H 3 

6-Br: 16b 
4-Br: 25 

a, b, c 

. ^L J NH 
(Br) H e 

N C H 3 

37 

Reagents and conditions: (a) 27, toluene, A, 51%. (b) TFA, THF, H,0 (trans : cis = 10 : 1). (c) crystallisation of 3 
followed by flash chromatography of the motherliquor, 3: 40%, 37: 34%. 

Scheme 5.10 

The trans/cis-mixture of the 5-bromo analogue was readily synthesised from 5-bromo-A'-

methyltryptamine 16a. According to 'H NMR the isomers had formed in an initial ratio of about 

trans : cis = 2 : 1 . Prolonged reaction times (45 minutes) eventually, again resulted in an 

equilibrium in favour of the trans-isomer 38 (10 : 1), which was crystallised easily from ethyl 

acetate. No attempts were made to purify the minor isomer. 
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Br 
a, b 

N' YH 

H C H 3 

16a 38 

Reagents and conditions: (a) 27, toluene, A, 78%. (b) TFA, THF, H,0, 79% (trans : cis = 10 : 1). 

Scheme 5.11 

5.4 Concluding Remarks 

Three new brominated alkaloids, arborescidine A (1), B (2), and C (3), which were 

isolated from the marine tunicate Pseudodistoma arborescens, were synthesised in racemic form 

using a Pictet-Spengler reaction of 6-bromo-(./V-methyl)tryptamine and suitably functionalised de

fragments. Several routes to 6-bromo substituted tryptamines were compared: it was concluded 

that electrophilic substitution of an indole-3-glyoxylamide is the most convenient. Besides the 

naturally occuring azepines, also the debromo and 4- and 5-bromo analogues were synthesised. 

Initial formation of the 7-membered ring by attack of the indole nitrogen on the (activated) 

aldehyde was kinetically determined, probably with no preference for either isomer. Under the 

acidic reaction conditions an equilibrium in favour of the frans-isomer was reached via a different 

mechanism involving the intermediacy of a carbocation (36). Independent on the substituent on 

the carbocyclic ring the azepines equilibrate to a mixture in favour of the more stable frans-isomers; 

in the debromo as well as 4-, 5- and 6-bromo azepines this ratio was about 10 : 1. 

It was shown by synthesis of 4 that the fourth brominated natural alkaloid arborescidine D 

has a structure different from the assigned 4. It can also be doubted whether arborescidine B (2) 

was isolated from the tunicate or formed by water elimination from arborescidine C (3) during the 

isolation procedure. 
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5.6 Experimental 

General information. For experimental details see section 3.6 on page 50. For the NMR assignments of the 
products in this chapter the numbering as shown for structures 20, 1, 29 and 34 has been used. 

2-(l#-indole-3-yl)-2-oxo-ethanamide (11). To a solution of indole (4.6 g, 39 mmol) in diethyl ether (100 
mL), oxalyl chloride (5.0 g, 40 mmol) was added dropwise at rt. Bright yellow crystals precipitated immediately and 
after 30 min of stirring the product was isolated by filtration, yielding 2-(l//-indole-3-yl)-2-oxo-ethanoyl chloride 
(7.3 g. 35 mmol, 95%). This glyoxyl chloride was added in small portions to an aqueous solution of ammonia (50 
mL, 20%) at 0 °C. The cloudy white mixture was stirred for 15 min, after which the white product was collected by 
filtration. Recrystallisation from EtOH afforded 11 (6.7 g, 36 mmol, 91%) as white crystals: Rr (PE/EtOAc 50/50) 
0.41; mp 203 - 207 "C (subi.), 253 - 254 "C; 'H NMR (d6-DMSO) 5 12.21 (br s, 1H, H-l), 8.71 (s. 1H, H-2), 
8.25 (m, 1H, H-4), 8.09 (s, 1H, CONH,), 7.72 (s, 1H, CONH,), 7.54 (m, 1H, H-7), 7.27 (m, 2H, H-5, H-6); l3C 
NMR (d„-DMSO) 8 182.9 (COCONH,), 166.0 (COCONH2), 138.2 (C-2), 136.3 (C-7a), 126.1 (C-3a), 123.3 (C-4 
orC-6), 122.4 (C-5), 121.2 (C-4 or C-6), 112.5 (C-7), 112.1 (C-3); IR (KBr) v 3400, 3215, 1670, 1615, 1590, 
1515. 

2-(l/f-indole-3-yl)-A/-methyl-2-oxo-ethanamide (12). The same procedure was used as described for 11, 
except that methylamine was used instead of ammonia. Starting from indole (4.6 g, 39 mmol) the product 12 was 
obtained as white crystals (6.9 g, 34 mmol, 99%): R, (PE/EtOAc 50/50) 0.40; mp 222 - 223 "C; 'H NMR (dg-
DMSO) 5 12.43 (br s, ÎH, H-l), 8.83 (s. ÎH, H-2), 8.72 (br s. 1H, CONH,). 8.28 (m, 1H, H-4), 7.57 (m, 1H, H-
7), 7.29 (m, 2H, H-5, H-6), 2.79 (d, J = 4.8 Hz, 3H, NCH,); L,C NMR (d6-DMSO) 5 182.1 (COCONH), 164.1 
(COCONH), 138.4 (C-2), 136.2 (C-7a), 126.2 (C-3a), 123.4 (C-4 or C-6), 122.5 (C-5), 121.3 (C-4 or C-6), 112.5 
(C-7), 112.2 (C-3), 25.5 (NCH,); IR (KBr) v 3395, 3210, 1672, 1620, 1589, 1512. 

2-[5(6)-Bromo-lfl'-indole-3-yl]-2-oxo-ethanamide (13a and 13b). To a solution of 11 (7.27 g, 39 
mmol) in acetic acid (200 mL), bromine (2.05 mL, 6.4 g, 40 mmol) was added dropwise at 15 °C. After 10 min of 
stirring the red solution turned cloudy and the mixture was stirred for another 30 min before transferring it to a 1 L 
beaker. Water (500 mL) was added and the mixture was stirred thorougly while the products precipitated as an off-
white solid that was collected by filtration. After extensive washing with water, the solid was dissolved in EtOAc 
which was dried over Na2SO„ and concentrated in vacuo, yielding 13a and 13b as a white solid (9.52 g, 36 mmol. 
92%) in a 1 : 1 ratio according to 'H NMR: R,(PE/EtOAc 50/50) 13a 0.35, 13b 0.40. 

2-[5(6)-Bromo-m-indole-3-yI]-/V-methyl-2-oxo-ethanamide (14a and 14b). The procedure described 
for the synthesis of 13a and 13b was used starting with 12 (6.25 g, 31 mmol), yielding 14a and 14b as a white 
solid (7.84 g. 27.9 mmol, 90%) in a 1 : 1 ratio according to 'H NMR. For characterisation of the isomers a small 
portion (50 mg) was dissolved in EtOAc/EtOH (8 mL, 10 : I) and subjected to flash chromatography (PE/EtOAc 
50/50). 

14a: R/PE/EtOAc 50/50) 0.35; mp 235 - 237 'C (EtOAc); 'H NMR (d„-DMSO) 6 12.12 (br s, 1H. H-l), 8.57 (s, 
1H, H-2). 8.47 (brs, 1H. CONH). 8.12 (s, 1H, H-4), 7.27 (d. J = 8.6 Hz, 1H, H-7), 7.16 (d, J = 8.6 Hz, 1H, H-6), 
2.52 (s, 3H, NCH,); "C NMR (dfi-DMSO) 5 182.0 (COCONH), 163.6 (COCONH), 139.5 (C-2), 135.0 (C-7a), 
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128.0 (C-3a), 126.0 (C-4 or C-6), 123.4 (C-4 or C-6), 115.3 (C-5), 114.6 (C-7), 111.6 (C-3), 25.6 (NCH,); IR 
(KBr) v 3398, 3216, 1667, 1614, 1590, 1513. 
14b: R/PE/EtOAc 50/50) 0.40; mp 249 - 250 "C (EtOAc); 'H NMR (d6-DMSO) 5 12.22 (br s, 1H, H-l), 8.81 (s, 
1H, H-2), 8.72 (brs, 1H, CONH), 8.16 (d, J = 8.5 Hz. 1H, H-4), 7.75 (d, / = 1.7 Hz, 1H, H-7), 7.41 (dd, J = 8.5 
Hz, J = 1.7 Hz, 1H, H-5), 2.76 (s, 3H, NCH,); 13C NMR (d„-DMSO) 6 182.1 (COCONH), 163.7 (COCONH), 
137.2 (C-7a), 125.3 (C-4 or C-5), 125.2 (C-3a), 122.9 (C-4 or C-5), 115.9 (C-7), 115.3 (C-6), 112.0 (C-3), 25.5 
(NCH,); IR (KBr) v 3387, 3219, 1669, 1616, 1590, 1511; HRMS (EI) obs. mass 279.9811, calcd for C„H,N202 

279.9847; Anal. Calcd for C,|Hç,N202: C, 47.15; H, 3.24; N, 10.0. Found: C, 46.34; H, 2.99: N. 9.65. 

S(6)-Bromotryptamine (15a and 15b). The mixture of amides 13a and 13b (9.3 g, 35 mmol) was 
evaporated once from tetrahydrofuran before it was dissolved in tetrahydrofuran (100 mL). The temperature was raised 
to 60 'C, then borane dimethylsulfide (10 mL, 10.1 M) was added dropwise. The mixture was refluxed for 2 h and 
after cooling to rt an excess aqueous hydrogen chloride was added. The solution was stirred for another hour and the 
solvent was removed. An aqueous saturated K2CO, solution was added and the product was extracted with CH,C1, 
(3x). The combined organic layers were washed with brine, dried (Na:S04) and concentrated in vacuo. This afforded a 
yellow syrup (5.9 g) which was not purified but immediately used for further reaction. 

5(6)-Bromo-/V-methyltryptamine (16a and 16b). The same procedure was used as described for the 
synthesis of (15a and 15b). Except that the mixture of amides 14a and 14b (3.0 g, 10.7 mmol) was reduced using 
borane dimethylsulfide (15 mL of a 2.0 M solution in tetrahydrofuran) yielding a yellow syrup (1.5 g). 

Separation of 5-bromo- (17a) and 6-bromo-isomer (17b). The mixture of amines 15a and 15b (5.9 g) 
was dissolved in dichloromethane (200 mL). A solution of di-terf-butyl dicarbonate (7.8 g, 36 mmol) in 
dichloromethane (10 mL) was added and the mixture was stirred at rt for 30 min. Concentration in vacuo afforded a 
syrup which was subjected to flash chromatography (PE/EtOAc 75/25, 0 8 cm, 300 g silica), yielding 17a (3.04 g, 
8.99 mmol, 25%) and 17b (2.24 g, 6.61 mmol, 19%) as colourless glasses. 

17a: R^PE/EtOAc 50/50) 0.35; 'H NMR 5 8.48 (brs, 1H, H-l), 7.70 (d, J= 1.7 Hz, 1H, H-4), 7.22 (m, 2H, H-
6, H-7), 6.98 (s, 1H, H-2), 4.67 (br s, 1H, CH2CH2NrY). 3.48 (m. 2H, CH2C//,NH), 2.88 (m, 2H, C/Y,CH2NH), 
1.44 (s, 9H, OC(CH,),); "C NMR 6 155.9 (NHCO), 134.9 (C-7a), 129.1 (C-3a), 124.7 (C-6), 123.2 (C-2), 121.2 
(C-4), 112.6 (C-3), 112.5 (C-5), 112.5 (C-7), 79.3 (OC(CH,),), 40.9 (CH2CH2NH), 28.3 (OC(CH,),), 25.5 
(CH2CH,NH); IR v 3323, 3012, 2932, 1703, 1510. 
17b: R, (PE/EtOAc 50/50) 0.40; 'H NMR 6 8.64 (br s, 1H, H-l), 7.50 (s, 1H, H-7), 7.43 (d, J = 8.6 Hz, 1H, H-
4), 7.18 (d, J = 8.6 Hz, 1H, H-5), 6.92 (s, 1H, H-2), 4.72 (br s, 1H, CH2CH2Ntf). 3.41 (m, 2H, CH,C/Y2NH), 2.88 
(m, 2H, CW2CH2NH), 1.45 (s, 9H, OC(CH,),); "C NMR Ô 156.1 (NHCO). 137.1 (C-7a), 126.2 (C-3a), 122.6 (C-
2), 122.4 (C-5), 119.9 (C-4), 115.3 (C-6), 114.1 (C-7), 113.0 (C-3), 79.3 (OC(CH,),), 40.9 (CH2CH,NH), 28.3 
(OC(CH,),), 25.6 (CH2CH2NH); IR v 3008, 2918, 1702, 1512. 

Separation of 5-bromo (18a) and 6-bromo-isomer (18b). The same procedure was used as described for 
the separation 17a and 17b. To react the mixture of amines 16a and 16b ( 1.5 g), di-zert-butyl dicarbonate (2.38 g, 
11 mmol) was used. Flash chromatography (PE/EtOAc 75/25, 0 6 cm, 250 g silica), afforded 18a (0.96 g, 2.72 
mmol, 25%) and 18b (0.83 g, 2.35 mmol, 22%) as colourless glasses. 

18a: R, (PE/EtOAc 50/50) 0.40; 'H NMR (d„-DMSO) 5 10.81 (br s, 1H, H-l), 7.49 (s, 1H, H-4), 7.10 (d, J = 8.6 
Hz, 1H, H-7), 6.96 (m, 2H, H-2, H-6), 3.18 (m, 2H, CH,CAY2NH), 2.63 (m, 2H, CW,CH2NH), 2.56 (s, 3H, 
NCH,), 1.10 (brs, 9H, OC(CH,),); "C NMR (d6-DMSO) 6 154.9 (NHCO), 135.3 (C-7a), 129.5 (C-3a), 123.6 (C-
6), 120.8 (C-4), 113.7 (C-7), 111.5 (C-3), 111.3 (C-5), 78.3 (OC(CH,),), 49.1 (CH,CH2NH), 28.4 (NCH,), 28.1 
(OC(CH,),), 23.5 (CH2CH2NH); IR (KBr) v 3022, 2396, 1686, 1517. 
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18b: R, (PE/EtOAc 50/50) 0.45; 'H NMR 8 8.38 (br s, 1H, H-l), 7.49 (d, / = 1.4 Hz, 1H, H-7), 7.46 (d. J = 8.4 

Hz, 1H, H-4), 7.20 (dd, J = 8.4 Hz, J = 1.4 Hz, 1H, H-5), 6.95 (s, 1 H, H-2), 3.49 (m, 2H, CH,C«,NH), 2.93 (m, 

2H, Ctf,CH2NH), 2.84 (s, 3H, NCH3), 1.38 (br s, 9H. OC(CH,)3); "C NMR 5 155.7 (NHCO), 137.0 (C-7a), 

126.3 (C-3a), 122.4 (C-5), 119.8 (C-4), 115.3 (C-6), 114.0 (C-7), 113.3 (C-3), 79.2 (OC(CH3)3), 49.3 

(CH,CH,NH), 28.2 (OC(CH3)3), 27.9 (NCH,), 23.6 (CH,CH2NH); IR (KBr) V 3019, 2400, 1684, 1521. 

5-Bromotryptamine hydrochloride (15a HCl). To a solution of the amine 17a (2.39 g, 7.05 mmol) in 

ethanol (15 m l ) an excess aqueous hydrogen chloride (25%) was added dropwise. The mixture was stirred at rt for 2 

h and after removal of the solvent the residue was evaporated two more times from EtOH. The resulting solid was 

suspended in diethyl ether and stirred for 30 min. Filtration afforded 15a H O ( 1.54 g, 5.6 mmol, 79%) as an off-

white solid: 'H NMR (D,0) ô 7.60 (s, ÎH, H-7), 7.45 (d, J = 8.5 Hz, 1H, H-4), 7.22 (s, 1H, H-2), 7.19 (d, J = 8.5 

Hz, 1H, H-5), 3.27 (t. J = 7.0 Hz, 2H, CH,C/Y,NH), 3.08 (t, J = 7.0 Hz, 2H, C//,CH,NH); "C NMR (D20) 8 

139.9 (C-7a), 128.1 (C-3a), 127.6 (C-2), 124.9 (C-5), 122.3 (C-4), 117.6 (C-6), 117.2 (C-7), 112.1 (C-3), 42.4 

(CH2CH2NH), 25.3 (CH,CH,NH); IR (KBr) V 3275, 2932, 1606, 1512, 1462; HRMS (FAB) obs. mass 239.0000, 

calcd for C.oHnNjBrfM+l) 239.0106. 

6-Bromotryptamine hydrochloride (15b HCl ) . The same procedure was used as described for 15a using 

17b (2.24 g, 6.61 mmol) yielding 15bHCl (1.69 g, 6.15 mmol, 93%): mp 214 - 216 'C; 'H NMR (D,0) 8 7.49 

(d. J= 1.7 Hz, 1H, H-4), 7.40 (d, J =8 .4 Hz, 1H, H-7), 7.33 (dd, J = 8.4, J = 1.8 Hz, 1H, H-6). 7.29 (s, 1H, H-2), 

3.30 (t. J = 7.0 Hz, 2H, CH,C#2NH), 3.10 (t, J = 7.0 Hz, 2H, Ctf,CH2NH); L,C NMR (D20) 8 137.8 (C-7a), 

130.1 (C-3a), 128.3 (C-2), 127.3 (C-6), 123.4 (C-4), 116.3 (C-7), 114.6 (C-5), 111.5 (C-3), 42.4 (CH2CH2NH), 

25.5 (CH,CH2NH); IR (KBr) V 3459, 2886, 1611, 1480, 1458; HRMS (EI) obs. mass 238.0112. calcd for 

C ^ H ^ B r 238.0106. 

5-Bromo-/V-methyltryptamine hydrochloride (16a HCl). The procedure described for the synthesis of 

15a was used starting with 18a (0.95 g, 2.69 mmol) yielding 16a HCl (0.72 g, 2.51 mmol, 93%): mp >240 °C 

(dec); 'H NMR (D20) 8 7.79 (s, 1H, H-4), 7.41 (d, J = 8.6 Hz, 1H, H-7), 7.32 (d, 7 = 8.6 Hz. 1H, H-6), 3.30 (t. J 

= 7.0 Hz, 2H, CH2Ctf2NCH,), 3.10 (t, J = 7.0 Hz, 2H, Ctf2CH2NCH3), 2.71 (s, 3H, NCH,); "C NMR (D20) 8 

137.8 (C-7a), 128.9 (C-3a), 128.3 (C-2), 127.4 (C-5), 123.4 (C-4), 116.4 (C-6), 114.7 (C-7), 111.3 (C-3), 51.9 

(CH,CH2NH), 35.6 (NCH,), 24.3 (CH2CH2NH); IR (KBr) v 3240, 3025, 1760, 1405; HRMS (EI) obs. mass 

252.0626, calcd for C,,H13N2Br 252.0262. 

6-Bromo-/V-methyltryptamine hydrochloride (16b HCl). The procedure described for the synthesis of 

15a was used starting with 18b (0.83 g, 2.35 mmol) yielding 16 HCl (0.65 g, 2.21 mmol, 94%): mp >240 °C 

(dec); ' H N M R ( D , 0 ) 8 7.71 (d, J = 1.6 Hz, 1H, H-7), 7.56 (d, J = 8.5 Hz, 1H, H-4), 7.30 (m, 2H, H-2, H-5), 

3.34 (t, J = 6.9 Hz, 2H, CH2Ctf,NCH3), 3.17 (t, J = 6.9 Hz, 2H. Œ 2CH 2NCH 3 ) , 2.70 (s, 3H, NCH3); 13C NMR 

( D , 0 ) 8 139.9 (C-7a), 128.1 (C-3a), 127.7 (C-2), 125.1 (C-5), 122.4 (C-4), 117.7 (C-6), 117.4 (C-7), 111.8 (C-3), 

51.9 (CH,CH,NH), 35.5 (NCH3), 24.7 (CH,CH2NH); IR (KBr) v 3230, 3010, 1750, 1380; HRMS (EI) obs. mass 

252.0275, calcd for C n H . ^ B r 252.0262. 

Reduction of 12 with B H , S M e , to 21 and 22. The amide 12 (200 mg, 1.0 mmol) was azeotropically dried 

with tetrahydrofuran before it was dissolved in tetrahydrofuran (100 mL). The temperature was raised to 60 'C, then 

borane dimethylsulfide (10 mL, 10.1 M) was added dropwise. The mixture was refluxed for 48 h and after cooling to 

rt an excess aqueous hydrogen chloride (25%) was added. The solution was stirred for another 5 min and the solvent 

was removed. Saturated K2CO, solution was added and the product was extracted with CH2C12 (3x). The combined 

organic layers were washed with brine, dried (Na2S04) and concentrated in vacuo. This afforded a mixture of three 

compounds that could be separated using flash chromatography (CH2Cl2/MeOH/concd NH4OH 90/9/1). The 
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products, /V-methyltryptamine 20 (50 mg, 0.29 mmol, 29%), alcohol 21 (69 mg, 0.36 mmol, 36%) and 2,3-

dihydro-ZV-methyltryptamine 22 (42 mg, 0.24 mmol, 24%), were isolated as oils. 

21: R, (CH2Cl,/MeOH/concd NH4OH 90/9/1) 0.30; 'H NMR (CD,OD) Ô 7.22 (d, 7 = 7.4 Hz, 1H, H-4), 7.08 (t, 7 

= 7.7 Hz, 1H, H-5), 6.75 (t, 7 = 7.4 Hz, 1H, H-6), 6.68 (d, 7 = 7.7 Hz, IH, H-7), 3.47 (AB, 7 = 10.2 Hz, 2H, H-2), 

2.75 - 2.71 (m, IH, CH2C/72NH), 2.66 - 2.60 (m, IH, CH2C/72NH), 2.37 (s, 3H, NCH3), 2.16 - 2.08 (m, IH, 

Ctf,CH2NH), 2.00 - 1.93 (m, IH, C/72CH2NH); 13C NMR (CD3OD) 5 152.3 (C-3a), 134.4 (C-7a), 130.1 (C-5), 

124.3 (C-4), 119.7 (C-6), 111.9 (C-7), 81.2 (C-3), 60.6 (C-2) 48.2 (CH2CH,NH). 39.5 (CH,CH2NH). 35.9 

(NCH3); IR (KBr) v 2914, 1675; HRMS (FAB) obs. mass 193.1359, calcd for C,,H l f iN20 (M + 1)193.1261; obs. 

mass 175.1236, calcd for C U H I 4 N 2 (M + 1 - H,0) 175.1157; m/z{%rel. int.) 193(31), 175(100). 

22: R, (CH,Cl2/MeOH/concd NH4OH 90/9/1 ) 0.42; 'H NMR 6 7.09 (d, 7 = 7.4 Hz, 1H, H-4 or H-7), 7.03 (t, 7 = 

7.4 Hz, IH, H-5 or H-6), 6.72 (t, 7 = 1A Hz, IH, H-5 or H-6), 6.64 (d, 7 = 7.4 Hz, IH, H-4 or H-7), 3.35 - 3.29 

(m, IH, H-2), 3.24 - 3.20 (m, IH, H-2), 2.98 - 2.92 (m, IH, H-3), 2.73 - 2.63 (m, 2H, CH2C/72NH), 2.45 (s, 3H, 

NCH,), 2.07 - 1.98 (m, IH, C/72CH2NH). 1.79 - 1.71 (m, IH, C772CH2NH). 

Y-Amino-A'-methylbutyraldehyde diethylacetal (24). To a mixture of 5,5-diefhoxypentanamine (4.5 niL, 

26.1 mmol) in dichloromethane (25 mL) and an aqueous sodium hydroxide solution (15 mL, 20%), ethyl 

chloroformate (7.9 mL, 63.9 mol) was added dropwise at 0 "C while stirring vigorously. Stirring was continued for 

1 h at rt, the organic layer was separated and the water layer extracted with CH2C12 (3x). The combined organic 

layers were washed with brine, dried (Na,SO„) and evaporated yielding Y-amin°-N-ethylformatebutyraldehyde 

diethylacetal (5.93 g, 25.3 mmol, 97%) as a yellow oil. To a solution of this oil (5.40 g, 23.1 mmol) in 

tetrahydrofuran (60 mL) lithium aluminium hydride (4.40 g, 0.12 mol) was added in portions at 0 °C. The mixture 

was refluxed during 12 h, cooled to 0 °C and EtOH (50 mL) was added. The mixture was poured into an aqueous 

NaOH solution (1 M) and diethyl ether and more aqueous NaOH solution (3 M) were added. The layers were 

separated and the water layer was extracted with diethyl ether (2x). The combined organic layers were washed with an 

aqueous NaOH solution (1 M) dried (Na2S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 

70/20/10) gave 24 (3.34 g, 19.1 mmol, 83%) as a yellow foam: R, (EtOAc/EtOH/concd NH4OH 70/20/10) 0.42; 

'H NMR 5 4.48 (1, 7 = 5.5 Hz, IH, H-l), 3.67 - 3.59 (m, 2H, OC/72CH3), 3.52 - 3.44 (m, 2H, OCtf2CH3), 2.57 (t, 

J = 7.1 Hz, 2H, H-4), 2.41 (s, 3H, NCH,), 1.66- 1.60 (m, 2H, H-3 or H-4), 1.59- 1.49 (m, 2H, H-3 or H-4), 1.19 

(t, 7 = 7.1 Hz, 6H, OCH2C//,). 

Fischer indole synthesis: 4- and 6-bromo-/V-methyltryptamine (16b and 2 5 ) . The free base of m-

bromophenylhydrazine hydrochloric acid (3.10 g, 13.9 mmol) was freshly prepared by dissolving in a mixture of 

dichloromethane (50 mL) and aqueous sodium hydroxide (30 mL, 3 M). The layers were separated and the water layer 

was extracted with CH2C12 (2x). The combined organic layers were dried (Na2S04) and evaporated. To the residue 2 4 

(2.56 g, 14.6 mmol) and ZnCl2 (2.08 g, 15.3 mmol) were added. The mixture was stirred and the temperature was 

raised to 140 "C within 30 min in an open vessel, during which time ethanol (60 - 80 "C) and ammonia (130 'C) 

evaporated (at 120 "C stirring is impossible but can be continued at 130 °C). The mixture was stirred for another 30 

min at 180 'C and then cooled to rt. The resulting gum was triturated with aqueous acetic acid (25 mL, 50%). The 

triturate was basified using an aqueous NaOH solution and extracted with EtOAc (3x). The combined organic layers 

were dried (Na2S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 70/20/10) resulted m an 

inseparable mixture of 4-bromo-/V-methyltryptamine 25 and its 6-bromo isomer 16b (1.35 g, 5.38 mmol, 39%) in 

a ratio of 1 : 1 as a brown oil: R, (EtOAc/EtOH/concd NH4OH 70/20/10) 0.17; !H NMR S 8.49 (br s, IH, H-l), 

8.36 (br s, IH, H-l), 7.49 (d, 7 = 1.7 Hz, H-7Mr), 7.47 (d, 7 = 8.5 Hz, H-4„Br), 7.27 (dd, 7 = 8.1 Hz, 7 = 0.8 Hz, H-

54Br or H-74Br), 7.26 (dd, 7 = 8 . 1 Hz. 7 = 0.8 Hz, H-54Br or H-74Br), 7.21 (dd, 7 = 8.4 Hz, 7 = 1.7 Hz, H-56Br), 7.05 (s, 

IH, H-2), 6.99 (s, IH, H-2), 6.98 (t, 7 = 8.1 Hz, IH, H-64Br), 2.98 - 2.88 (m, 8H, CH2CH2NH), 2.48 (s, 3H, 

NCH,), 2.45 (s, 3H, NCH3). 
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Batcho-Leimgruber synthesis: 6-bromo indole (26). To a solution of 2-bromo-6-nitrotoluene (3.24 g, 15 

mmol) in dimethylformamide (30 mL) dimethylformamide dimethylacetal (5.36 g, 45 mmol) and pyrrolidine (1.25 

mL, 15 mmol) were added. The mixture was stirred at 110 °C during one night, cooled to rt, diluted with diethyl 

ether and washed with water. The water layer was extracted with diethyl ether (2x) and the combined organic layers 

were dried (Na2S04) and evaporated. The residue was dissolved in aqueous acetic acid (100 mL, 80%) and zinc dust 

(8.45 g, 130 mmol) was added in portions at 85 "C. The mixture was stirred at 110 "C during 2 h, cooled and 

filtrated. The filtrate was diluted with diethyl ether and washed with water. The water layer was extracted with diethyl 

ether and the combined organic layers were washed with an aqueous NaHCO, solution, dried (NaS04) and evaporated 

affording 26 (1.03 g, 5.27 mmol, 35%) as an off-white solid: 'H NMR 5 8.15 (br s, 1H, H-l), 7.56 (s, 1H, H-7), 

7.50 (d, J =8 .4 Hz, 1H, H-5), 7.22 (dd, 7 = 8.4 Hz, 7 = 1.7 Hz, 1H, H-4), 7.19 (dd, / = 3.2 Hz, J = 2.5 Hz, 1H, H-

2), 6.53 (m, 1H, H-3). 

6-Bromotryptamine (15b) from 2 6 . The same procedure was used as described for the synthesis of the 

mixture of 13a and 13b. Reacting 26 (600 mg, 2.09 mmol) gave 13b (467 mg, 1.74 mmol, 83%) as an off-

white solid, all (spectroscopic) data were identical to those of the same compound described before in this chapter, 

synthesised via electrophilic substitution. Reduction of the glyoxylamide was performed via the same procedure as 

described for the synthesis of the mixture of 15a and 15b. Reacting 13b (440 mg, 1.64 mmol) gave 15b (352 

mg, 1.48 mmol, 90%) as a yellow oil, identical to the previously synthesised compound. 

6-Bronio-/V-methyltryptamine (16b) from 26. The same procedure was used as described for the synthesis 

of the mixture of 14a and 14b. Reacting 26 (1.00 g, 5.10 mmol) gave 14b (1.09 g, 3.87 mmol, 76%) as an off-

white solid, all (spectroscopic) data were identical to those of the same compound described before in this chapter, 

synthesised via electrophilic substitution. Reduction of the glyoxylamide was performed via the same procedure as 

described for the synthesis of the mixture of 15a and 15b. Reacting 14b (818 mg, 2.90 mmol) gave 16b (483 

mg, 1.92 mmol, 66%) as a yellow oil, identical to the previously synthesised compound. 

(±)-Arborescidine A ( l ) .To a solution of 15b'HCl (352 mg, 1.28 mmol) in water (250 mL), purged with N2, 

aqueous glutaric aldehyde (0.8 mL, 2.21 mmol, 25%) was added at 0 °C over a period of 10 min. After stirring for 1 

h at 0 - 5 'C the reaction mixture was stirred at rt for 2 weeks under N2 atmosphere. At 0 'C, aqueous ethanol (100 

mL, 95%) was added followed by sodium borohydride (5.5 g, 0.15 mol) in portions. The solution was stirred at 0 °C 

for 1 h and then 8 h at rt. The reaction mixture was made alkaline by adding aqueous NaOH (6 M), extracted with 

CH2C12 (3x) and the combined organic layers were washed with brine and dried (Na2S04). Concentration afforded a 

syrup that was subjected to flash chromatography (EtOAc/NEt, 95/5), yielding 1 (80 mg, 0.26 mmol, 21%) as a 

yellow oil: R, (EtOAc/NEt, 95/5) 0.36; 'H NMR 5 7.84 (br s, 1H, H-12), 7.41 (s, 1H, H-l 1), 7.30 (d, J = 8.4 Hz, 

1H, H-8), 7.16 (d, J = 8.4 Hz, 1H, H-9), 3.20 (br d, J = 10.5 Hz, 1H, H-12b), 3.08 - 2.93 (m, 3H, H-4, H-6, H-7), 

2.67 - 2.58 (m, 2H, H-6, H-7), 2.41 - 2.35 (m, 1H, H-4), 2.08 - 2.03 (m, 1H, H-l), 1.90 - 1.87 (m, 1H, H-2), 

1.74- 1.71 (m, 2H, H-l , H-3), 1.61 - 1.45 (m, 2H, H-l, H-2); ,5C NMR 5 136.6 (C-l la) , 135.7 (C-12a), 126.3 

(C-7b), 122.4(C-9), 119.2 (C-8), 114.4 (C-10), 113.6 (C- l l ) , 108.2 (C-7a), 59.9 (C-12b), 55.6 (C-4), 53.3 (C-6), 

29.7 (C-l), 25.6 (C-3), 24.1 (C-2), 21.3 (C-7); IR v 3402, 3166, 1621, 1584; HRMS (FAB) obs. mass 305.0649. 

calcd for C l 5H ! 7N,Br(M+l) 305.0575; Anal. Calcd for C,5H17N2Br: C, 59.03; H, 5.61; N, 9.18; Br, 26.18. Found: 

C, 58.89; H, 5.58; N, 9.06; Br, 25.90. 

5,5-Diethoxypentanal (27) . 3 2 A solution of aqueous glutaric aldehyde (150 mL, 50%, 0.83 mol) in ethanol 

(1.6 L, 99%) was stirred with Dowex 50WX8 (2.0 g, H+-form) for 2 days at rt. Solid NaHCO, was added and after 

stirring for 1 h the catalyst was removed by filtration. The resulting solution was concentrated in vacuo and the 

residue was destilled in vacuo from a small amount of NaHCO, using a 30 cm vigreux. The first fraction consisted 

of a mixture of glutaric aldehyde and cyclic acetal. The product 27 was obtained (second fraction) as a colourless oil 
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(13.7 g, 0.078 mol, 9.4%). Bp 42 - 45 "C/0.6 mbar; 'H NMRM 6 9.76 (t, 7 = 1.4 Hz, 1H, H-l), 4.48 (t, 7 = 5.2 
Hz, 1 H, H-5), 3.76-3.41 (m, 4H, 0C/7,CH,), 2.47 (dt, 7 = 7.0 Hz, 7 = 1.4 Hz, 2H, H-2), 1.74 - 1.61 (m, 4H, H-
3, H-4), 1.19 (t, 7 = 7.0 Hz, 6H, OCH,C#,); 13C NMR 5 202.3 (C-l), 102.5 (C-5), 61.2 (OCH2CH,), 43.5, 32.9, 
17.3, 15.3 (OCHjCH,); IR v 1720. 

7-Bromo-l-(4,4-diethoxybutyl)-2,3,4,9-tetrahydro-lff-ß-carboline (28). Extraction of 16bHCI 
(830 mg, 2.88 mmol) with EtOAc from a saturated K2C03 solution gave the free amine. A solution of the free 
amine 16b and 5,5-diethoxypentanal 27 (552 mg, 3.17 mmol) in toluene (30 mL) was refluxed for 2 h. Because 
5,5-diethoxypentanal 27 dimerises, an extra portion (360 mg, 2.07 mmol) was added after 1 h. Evaporation of the 
solvent and flash chromatography (PE/EtOAc/NEt, 60/25/15) afforded 28 (1.09 g, 2.67 mmol, 93%) as a yellow 
oil: R,(PE/EtOAc/NEt3 60/25/15) 0.31; 'H NMR 6 8.11 (br s, 1H, H-9), 7.44 (d, J = 1.6 Hz, 1H, H-l 1), 7.32 (d, 7 
= 8.3 Hz, 1H. H-8), 7.17 (dd, 7 =8.3 Hz, 7 = 1.7 Hz, 1H, H-9), 4.50 (t, 7 = 5.5 Hz, 1H, H-13), 3.69 - 3.60 (m, 
2H, OCH2CH,), 3.54 - 3.45 (m, 3H, H-l, OC/7,CH,), 3.18 - 3.13 (m, 1H, H-3), 2.82 - 2.67 (m, 3H, H-3, H-4), 
2.46 (s, 3H, NCH,), 1.94 - 1.77 (m, 2H), 1.70 - 1.65 (m, 2H), 1.63 - 1.41 (m, 2H), 1.21 (t, 7 = 7.0 Hz, 3H, 
OCH2C//,), 1.20 (t, 7 = 7.1 Hz, 3H, OCH2C/7,); 13C NMR ô 136.3, 135.5, 126.0, 122.3, 119.1, 114.5, 113.5, 
108.2, 102.7, 61.2 (OCH,CH,), 61.1 (OCH2CH,), 59.6 (C-l), 49.3 (C-3), 41.7 (NCH,), 33.1 (C-10), 32.2 (C-12), 
20.5 (C-l 1), 18.7 (C-4), 15.3 (OCH2CH,), 15.2 (OCH2CH,); IR v 3469, 2978, 1457, 1125, 1054; HRMS (EI) 
obs. mass 408.1395, calcd for C2„H2vN202Br 408.1412. 

(+)-Arborescidine C (3). To a solution of 28 (800 mg, 1.96 mmol) in tetrahydrofuran (2 mL), aqueous 
trifluoroacetic acid (15 mL, 10% v/v) was added. The mixture was stirred for 45 min at rt, made alkaline by adding 
saturated Na2CO, solution and stirred for another 30 min. The product was extracted with EtOAc (3x). The combined 
organic layers were washed with water and brine, dried (Na2S04) and evaporated. A mixture of (i)-arborescidine C (3) 
and its ds-isomer (4) (94%) in a ratio of 10 : 1 was obtained, according to 'H NMR. Crystallisation from MeOH 
yielded 3 (478 mg, 1.43 mmol, 73%) as white crystals: R, (ElOAc/EtOH/concd NH4OH 85/10/5) 0.55; mp 172 -
173 'C; 'H NMR 6 7.46 (d, 7 = 1.5 Hz, 1H, H-8), 7.30 (d, 7 = 8.3 Hz, 1H, H-ll), 7.18 (dd, 7 = 8.3 Hz, 7 = 1.5 Hz, 
1H, H-10), 6.14 (dd, 7 = 4.7 Hz, 7= 1.5 Hz, 1H, H-7), 3.64 (d, 7= 10.7 Hz, 1H, H-3a), 3.05 - 3.01 (m, 1H, H-2cq), 
2.75 - 2.68 (m, 3H, H-l, H-2„), 2.52 (s, 3H, NCH,), 2.38 - 2.27 (m, 2H, H-4, H-6), 2.18 - 2.11 (m, 1H, H-5), 
1.87- 1.82 (m, 1H. H-5), 1.70- 1.61 (m, 1H, H-6), 1.51 - 1.41 (m, 1H, H-4); l3C NMR 5 138.1 (C-llc), 136.8 
(C-7b), 125.5 (C-l la), 122.4 (C-10), 119.3 (C-ll), 114.7 (C-9), 111.5 (C-8), 109.0 (C-l lb), 76.6 (C-7), 61.4 (C-
3a), 50.7 (C-6), 42.7 (NCH,), 34.1 (C-6), 32.4 (C-4), 21.1 (C-5), 20.0 (C-l); IR v 3305, 2947. 2849, 1463; 
HRMS (EI) obs. mass 334.0681, calcd for C16HlsN2OBr 334.0681 ;m/z(% rel. int.) 336 (100), 335 (61), 334 (94), 
333 (43), 291 (82), 265 (72), 263 (86). Anal. Calcd for C.J^NXlBr: C, 57.32; H, 5.71; N, 8.36. Found: C. 
57.59; H, 5.70; N, 8.30. 

Isomer 4. The same procedure was used as described for 3 except that the reaction was stopped after 15 min. by-
adding saturated Na2CO, solution. Stirring 28 (800 mg, 1.96 mmol) for 15 min gave a mixture of (i)-arborescidine 
C (3) and its cu-isomer (4) (548 mg, 1.64 mmol, 84%) in a ratio of 4 : 1, according to 'H NMR. After 
crystallisation from MeOH 4 was obtained as white crystals: Rf (EtOAc/EtOH/concd NH4OH 85/10/5) 0.47; mp 
173- 174 °C; 'H NMR 8 7.57 (d, 7 = 1.5 Hz, 1H, H-9), 7.33 (d, 7 = 8.3 Hz, 1H, H-ll), 7.23 (dd, 7 = 8.3 Hz, 7 = 
1.5 Hz, 1H, H-10), 6.08 (brd, 7 = 5.9 Hz, 1H, H-7), 3.38 (br d, 7 = 9.7 Hz, 1H, H-3a), 3.18 - 3.14 (m, 1H, H-2), 
2.97 - 2.88 (m, 1H, H-l), 2.76 - 2.62 (m, 2H, H-l, H-2), 2.45 (s, 3H, NCH,), 2.36 - 2.34 (m, 1H, H-6), 2.20 -
2.09 (m, 3H, H-5, H-6), 1.85 - 1.80 (m, 2H, H-4); "C NMR 5 137.5, 137.3, 125.6, 122.9 (C-9), 119.4 (C-10), 
115.1, 112.3 (C-ll), 108.1,77.1 (C-7), 60.3 (C-3a), 52.9 (C-2), 41.1 (NCH,), 29.5 (C-6), 28.6 (C-4), 20.1 (C-l), 
19.2 (C-51); IRv 3312, 2943, 2851, 1462; HRMS (EI) obs. mass 334.0694, calcd for C^H^NXIBr 334.0681; rn/z 
(% rel. int.) 336 (80), 335 (47), 334 (80), 333 (34), 291 (61), 265 (89), 263 (100). 
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(+)-Arborescidine B (2) . A solution of 3 (124 mg, 0.37 mmol) and p-toluenesulfonic acid (73 mg, 0.38 

mmol) in dimethyl sulfoxide (5 mL) was stirred at 120 'C during 3 h. After cooling to rt the reaction mixture was 

poured into an aqueous Na2CO, solution (50 mL, 10%) and extracted with diethyl ether (3x). The combined organic 

layers were washed with water (3x), dried (MgS04) and evaporated. Flash chromatography (EtOAc/EtOH/concd 

NH4OH 85/10/5) yielded 2 (97 mg, 0.31 mmol, 83%) as a yellow oil: Rf (EtOAc/EtOH/concd NH4OH 85/10/5) 

0.60; 'H NMR 5 7.47 (d, J = 1.5 Hz, 1H, H-8), 7.32 (d, J = 8.3 Hz, 1H, H- l l ) , 7.22 (dd, J = 8.3 Hz, J = 1.5 Hz, 

1H, H-10), 6.80 (dt, 7 = 9.8 Hz, 7 = 1.9 Hz, 1H, H-7), 5.12 - 5.07 (m, 1H, H-6), 3.39 (br d, J = 10.1 Hz, 1H, H-

3a), 3 .16- 3.11 (m, 1H, H-6), 2.94 - 2.86 (m. 1H, H-2), 2.74 - 2.65 (m, 2H, H-4), 2.58 - 2.49 (m, 1H, H-5), 2.54 

(s, 3H, NCH,), 2.45 - 2.32 (m, 2H, H-4, H-5), 1.91 - 1.82 (m, 1H, H-4); 13C NMR 8 137.7 (C-l lc) , 136.8 (C-7b), 

125.7 (C-l la) , 123.2 (C-10), 121.5 (C-7), 119.2 (C- l l ) , 115.2 (C-9), 112.3 (C-8), 111.1 (C-6), 109.2 (C-l lb) , 

62.2 (C-3a), 52.5 (C-2), 42.1 (NCH,), 29.7 (C-4), 27.8 (C-5), 20.4 (C-l); IR V 2914, 1675; HRMS (FAB) obs. 

mass 317.0674, calcd for C ]6H„N2Br (M+l) 317.0575. 

l - (4 ,4 -Diethoxybuty l ) -2 ,3 ,4 ,9 - te trahydro- l /7 -ß-carbol ine (29). A solution of /V-methyltryptamine 17 

(2.69 g, 15.5 mmol) and 5,5-diethoxypentanal 27 (3.2 g, 18.4 mmol) in toluene (100 mL) was refluxed for 2 h. 

Because 5,5-diethoxypentanal 27 dimerises, an extra portion (830 mg, 4.77 mmol) was added after 1 h. Evaporation 

of the solvent and flash chromatography (PE/EtOAc/NEt, 60/25/15) afforded 29 (4.95 g, 15.0 mmol, 97%) as a 

yellow oil: Rf (PE/EtOAc/NEt, 60/25/15) 0.32; 'H NMR 8 7.98 (s, ÎH, H-9), 7.50 - 7.48 (d, J = 7.6 Hz. 1H, H-5), 

7.32 - 7.30 (d, J = 7.8 Hz, 1H, H-8), 7.16 - 7.07 (m, 2H, H-6, H-7), 4.51 (t, J = 5.5 Hz, 1H, H-13), 3.70 - 3.61 

(m, 2H, OCfy,CH3), 3.54 - 3.46 (m, 3H, H-l, OC/7,CH,), 3.20 - 3.15 (m, 1H, H-3), 2.83 - 2.71 (m, 3H, H-3, H-

4), 2.47 (s, 3H, NCH,), 1.96 - 1.43 (m, 6H, H-10, H - l l , H-12), 1.24 - 1.19 (m, 6H, OCH2Ctt,); '3C NMR 6 

135.9 (C-8a), 134.8 (C-9a), 127.2 (C-4b), 121.3 (C-7), 119.2 (C-6), 118.0 (C-5), 110.7 (C-8), 108.2 (C-4a), 102.9 

(C-13), 61.2 (OCH2CH3), 61.1(OCH2CH,), 59.8 (C-l), 49.6 (C-3), 41.9 (NCH,), 33.4 (C-10). 32.6 (C-12), 20.7 

(C- l l ) , 18.9(C-4), 15.4 (OCH,CH,) ; IRv 3473, 2975. 1455. 1126, 1054; HRMS (EI) obs. mass 330.2307, calcd 

for C2„H,()N202 330.2307. 

(±)-Debromoarborescidine C (30). The same procedure was used as described for 3 . Reacting 29 (1.29 g, 

3.92 mmol) gave a mixture of (±)-debromo-arborescidine C (30) and its có-isomer (31) in a ratio of 11 : 1, 

according to 'H NMR. After crystallisation from MeOH 30 (667 mg, 2.61 mmol, 66%) was obtained as white 

crystals: R7 (EtOAc/EtOH/concd NH4OH 85/10/5) 0.48; mp 146- 147 "C; 'H NMR 8 7.45 (d, J = 7.1, 1H, H- l l ) , 

7.23 (d, J = 8 . 0 Hz, 1H. H-8). 7.14 - 7.06 (m, 2H. H-9. H-10). 6.12 (d, J = 3.4 Hz. 1H, H-7). 3.57 (br d. J = 10.3 

Hz, 1H, H-3a), 2.95 - 2.90 (m, 1H, H-2), 2.75 - 2.72 (m, 2H, H-l , H-2), 2.65 - 2.59 (m, 1H, H-l), 2.37 (s, 3H, 

NCH,), 2.27 - 2.23 (m, 1H, H-6), 2.16 - 2.03 (m, 2H, H-5, H-6). 1.75 - 1.70 (m, 1H, H-4), 1.57 - 1.50 (m, 1H, 

H-5), 1.39- 1.30 (m, 1H, H-4); °C NMR 8 137.5 (C-l lc) , 136.1 (C-7b), 126.7 (C-l la) , 121.2 (C-9), 119.2 (C-

10), 118.2 (C- l l ) , 108.5 (C-8), 108.4 (C-l lb), 76.3 (C-7). 61.1 (C-3a), 50.3 (C-2), 42.5 (NCH,), 34.3 (C-6), 31.8 

(C-4), 20.2 (C-6), 19.1 (C-14); IR v 3615, 3017, 2945, 1467; HRMS (EI) obs. mass 256.1544, calcd for 

ClfiH2„N,0 256.1576; Anal. Calcd for C„H2„N20: C, 74.97; H. 7.86; N, 10.93. Found: C, 74.86; H, 7.87; N. 

10.88. 

Debromo analogue of isomer 4 (31). The same procedure was used as described for 4. Reacting 29 (1.29 g, 

3.92 mmol) gave a mixture of (±)-debromo-arborescidine C (30) and its cis-isomer (31) (0.97 g, 3.79 mmol, 96%) 

in a ratio of 2.5 : 1, according to 'H NMR. Crystallisation from MeOH and recrystallisation from EtOAc yielded the 

debromo analogue of isomer 4 (31) as white crystals: R, (EtOAc/EtOH/concd NH4OH 85/10/5) 0.29; mp 151 - 152 

•C; 'H NMR 5 7.48 (d, 7 = 7 . 7 , 1H, H-l 1). 7.43 (d, J = 8.1 Hz, 1H, H-8), 7.20 (t, J = 7.2 Hz. IH, H-9), 7.13 (t, J 

= 7.2 Hz, IH, H-10), 6.09 (d. J = 5.8 Hz. IH. H-7), 3.61 (br s, IH. OH), 3.28 (br d, J = 10.5 Hz, IH, H-3a). 3 .15-

3.11 (m, IH. H-2), 3 .02- 2.93 (m, IH, H-l), 2.73 - 2.67 (m, 2H, H-l, H-2), 2.35 (s, 3H, NCH,), 2.30 - 2.24 (m, 

IH, H-6), 2.11 - 2.01 (m, 2H, H-5. H-6), 1.87 - 1.82 (m. IH, H-4), 1.71 - 1.51 (m, 2H, H-4, H-5); "C NMR S 
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136.7, 136.5, 126.7, 121.6 (C-9), 119.7 (C-10), 118.1 (C- l l ) , 109.2 (C-8), 107.9, 77.3 (C-7), 60.5 (C-3a), 53.2 

(C-2), 41.3 (NCH,), 29.5 (C-6), 28.1 (C-4), 20.4 (C-l), 19.3 (C-5); IR v 3315, 3009, 2944, 1469; HRMS (EI) 

obs. mass 256.1572, calcd lor Clf,H,„N,0 256.1576; Anal. Calcd for C ^ H y ^ O : C, 74.97; H, 7.86; N, 10.93. 

Found: C, 74.86; H, 7.71; N, 10.95. 

(±)-0-Methyldebromoarborescidine C (33). A solution of 29 (155 mg, 0.61 mmol) in methanolic sulfuric 

acid (10 mL, 20% v/v) was stirred for 15 min at rt. After addition of a saturated Na2CO, solution (10 rnL) the 

product was extracted with EtOAc (3x). The combined organic layers were washed with water and brine, dried 

(Na2S04) and evaporated. Flash chromatography (PE/EtOAc/NEt, 70/15/15) yielded 33 (149 mg, 0.55 mmol, 91%) 

as a slowly crystallising yellow oil. Alternatively the same reaction could be performed starting from 30 (138 mg, 

0.42 mmol) in which case also 33 (89 mg, 0.33 mmol, 79%) was obtained; Rf (PE/EtOAc/NEt, 70/15/15) 0.24; 

m p 7 3 - 7 5 °C; 'H NMR 8 7.49 (d, 7 = 7.7 Hz, 1H, H- l l ) , 7.35 (d, 7 = 8.3 Hz, 1H, H-8), 7.18 (dt, J = 8.3 Hz, 7 = 

1.1 Hz, 1H, H-9), 7 .10( t ,7 = 7.7 Hz, 1H, H-10), 5.69 (dd, J = 4.6 Hz, 7 = 1.5 Hz, 1H, H-7), 3.59 (dd, 7 = 11.2 

Hz, 7 = 1.1 Hz, 1H, H-3a), 3.12 - 3.07 (m, 1H, H-2), 3.05 (s, 3H, OCH,), 2.82 - 2.79 (m, 2H. H-l), 2.77 - 2.71 

(m, 1H, H-2), 2.57 (s, 3H, NCH,). 2.41 - 2.35 (m. 1H, H-6), 2.33 - 2.28 (m, 1H, H-4), 2.18 - 2.06 (m, 1H, H-5), 

1.90- 1.80 (m. 1H. H-5). 1.71-1.63 (m, 1H, H-6). 1.54- 1.44 (m, 1H, H-4); ,3C NMR S 137.6 (C-l le), 137.4 

(C-7b), 126.5 (C-l la), 121.2 (C-9). 119.2 (C-10), 118.2 (C- l l ) , 108.7 (C-l lb), 108.4 (C-8), 83.7 (C-7), 61.5 (C-

3a), 55.0 (OCH,), 51.0 (C-2), 42.9 (NCH,), 33.8 (C-6), 32.9 (C-4), 20.9 (C-5), 20.3 (C-l); IR v 3008, 2943, 

1463; HRMS (EI) obs. mass 270.1742, calcd for C,7H22N,0 270.1732. 

(+)-0-Ethyldebromoarborescidine C (34). A solution of 29 (122 mg, 0.37 mmol) in ethanolic sulfuric acid 

(10 mL, 20% v/v) was stirred for 30 min at rt. After addition of a saturated Na2CO, solution (10 mL) the product 

was extracted with EtOAc (3x). The combined organic layers were washed with water and brine, dried (MgS04) and 

evaporated. Flash chromatography (CH2Cl2/MeOH 90/10) yielded 34 (95 mg, 0.33 mmol, 90%) as a slowly 

crystallising yellow oil. Alternatively the same reaction could be performed starting from 30 (50 mg, 0.20 mmol) 

in which case also 34 (42 mg, 0.15 mmol, 74%) was obtained: R, (CH2Cl2/MeOH 90/10) 0.56; mp 78 - 79 °C; 'H 

NMR 8 7.52 (d, J = 7.7 Hz, 1H, H-11 ), 7.36 (d, 7 = 8.2 Hz, 1H, H-8), 7.20 (t, 7 = 7.0 Hz, 1H, H-9), 7.12 (t, 7 = 

7.6 Hz, 1H, H-10), 5.82 (d, 7 = 3.2 Hz, 1H, H-7), 3.65 (d, 7 = 10.1 Hz, 1H, H-3a), 3.37 - 3.29 (m, 1H, 

OC// ,CH,) , 3.14 - 3.04 (m, 2H, H-2, OC/72CH,), 2.84 - 2.73 (m, 3H, H-l . H-2), 2.59 (s, 3H, NCH,), 2.42 - 2.30 

(m, 2H, H-4, H-6), 2.26 - 2.14 (m, 1H, H-5), 1.89 - 1.82 (m, 1H. H-5), 1.73 - 1.65 (m, 1H, H-6), 1.52 (dq, 7 = 

13.1 Hz, 7 = 2.2 Hz, 1H, H-4), 1.11 (t, 7 = 7.0 Hz, 3H, OCH2C//,); "C NMR 8 137.8 (C-l le), 137.5 (C-7b), 

126.5 (C-l la), 121.2 (C-9), 119.2 (C-10), 118.2 (C- l l ) , 108.6 (C-l lb), 108.5 (C-8), 82.1 (C-7), 62.8 (OCH2CH,), 

61.7 (C-3a), 51.1 (C-2), 43.1 (NCH,), 34.1 (C-6), 33.2 (C-4), 21.1 (C-5). 20.4 (C-l), 14.9 (OCH2CH,); IR V 

2944, 2875, 1464; HRMS (EI) obs. mass 284.1881, calcd for C,8H24N20 284.1889. 

(±)-Debromoarborescidine B (32). The same procedure was used as described for 2. Using 34 (215 mg, 0.76 

mmol) and p-toluenesulfonic acid (130 mg. 0.76 mmol) yielded 32 (140 mg, 0.59 mmol, 78%) as a white solid. 

Alternatively the same reaction could be performed starting from 30 (115 mg, 0.45 mmol) in which case also 3 2 

(100 mg, 0.42 mmol, 94%) was obtained: R, (EtOAc/EtOH/concd NH4OH 85/10/5) 0.42; mp 102 - 103 "C; 'H 

NMR 8 7.49 (d, 7 = 7.6 Hz, 1H, H-l 1), 7.35 (d, 7 =8 .0 Hz, 1H, H-8), 7.24 - 7.13 (m, 2H, H-9, H-10), 6.95 (dd, 7 

= 9.8 Hz, 7 = 2.0 Hz, 1H, H-7), 5.09 - 5.05 (m, 1H, H-6), 3.42 (bid, 7 = 10.3 Hz, 1H, H-3a), 3.16 - 3.13 (m, 1H, 

H-6), 2.97 - 2.91 (m, 1H, H-2), 2.77 - 2.70 (m, 2H, H-4), 2.60 - 2.52 (m, 4H, H-5, NCH,), 2.46 - 2.43 (m, 2H, 

H-4, H-5), 1.92- 1.89 (m, 1H, H-4); IJC NMR 8 137.3 (C-l le), 136.2 (C-7b), 127.0 (C-4b), 122.0 (C-9), 121.8 

(C-l 3), 120.2 (C-10), 118.2 (C- l l ) , 110.1 (C-6), 109.3 (C-l lb), 109.1 (C-8), 62.8 (C-3a), 52.9 (C-2), 42.5 

(NCH,), 30.0 (C-4), 28.0 (C-5), 20.7 (C-l); IR V 3006, 2909, 1674, 1464; HRMS (EI) obs. mass 238.1493, calcd 

for C,SH,,N, 238.1470. 
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4-Bromo isomer of (±)-Arborescidine C (37). The same procedure for the synthesis of the (4,4-

diethoxybutyl)-2,3,4,9-tetrahydro-lH-ß-carboline was used as described for 28. Reacting the mixture of 16b and 25 

(1.22 g, 4.86 mmol) and 5.5-diethoxypentanal 27 (930 mg, 5.34 mmol) followed by flash chromatography 

(EtOAc/EtOH/NEt, 85/10/5) afforded the acetal (1.01 g, 2.48 mmol, 51%) as an inseparable 1 : 1 mixture of 4- and 

6-bromo isomers: Rf (EtOAc/EtOH/NEl, 85/10/5) 0.31. 

Cyclisation to the azepines was performed with this mixture via the same procedure as described for 3 . Reacting the 

acetal-mixture (1.00 g, 2.45 mmol) gave a mixture of (±)-arborescidine C (3) and its a's-isomer (4) in a ratio of 10 : 

1 according to 'H NMR together with a similar mixture of the 4-bromo isomer (37 : 38; trans : cis = 1 0 : 1 ) . (±)-

Arborescidine C (3) (332 mg, 0.99 mmol, 40%) could be crystallised from MeOH as white crystals and 37 (283 

mg, 0.85 mmol, 34%) was purified by flash chromatography (EtOAc/EtOH/concd NH4OH 85/10/5) of the mother 

liquor. The cis-isomers were not isolated. The spectral data of the synthesised 6-bromo isomer were identical in all 

aspects to those of the previously synthesised (±)-arborescidine C 3 ; the 4-bromo isomer 37 was isolated as a 

yellow oil: Rf (EtOAc/EtOH/concd NH4OH 85/10/5) 0.56; 'H NMR (CDCl3/5% CD3OD) 6 7.15 (d, J = 8.0 Hz, 

1H, H-10), 7.03 (d, J = 8.0 Hz, 1H, H-8), 6.82 (t, J = 8.0 Hz, 1H, H-9), 6.03 (d, J = 3.4 Hz, 1H, H-7), 3.67 (d. J = 

10.9 Hz, 1H, H-3a), 3.13 - 3.06 (m, 1H, H-l or H-2), 3.02 - 2.95 (m, 1H, H-l or H-2), 2.93 - 2.87 (m, 1H, H-l or 

H-2), 2.62 - 2.56 (m, 1H, H-l or H-2), 2.38 (s, 3H, NCH,), 2.20 - 2.10 (m, 2H, H-4, H-6), 2.10 - 2.00 (m, 1H, H-

5), 1.72 - 1.68 (m, 1H, H-5), 1.53 - 1.46 (m, 1H, H-6), 1.42 - 1.32 (m, 1H, H-4); IR v 3307, 2958, 1461; HRMS 

(FAB) obs. mass 335.0767, calcd for C16H2„ON2Br (M + 1) 335.0681. 

5-Bromo isomer of (±)-Arborescidine C (38). The same procedure for the synthesis of the (4,4-

diethoxybutyl)-2,3,4,9-tetrahydro-l//-ß-carboline was used as described for 28. Reaction of 16a HCl (500 mg, 1.75 

mmol) and 5,5-diethoxypentanal 27 (455 mg, 2.63 mmol) followed by flash chromatography (EtOAc/EtOH/NEt, 

85/10/5) afforded the acetal (557 mg, 1.37 mmol, 78%) as a yellow oil: R, (EtOAc/EtOH/NEt, 85/10/5) 0.24. 

Cyclisation to the azepine was performed via the same procedure as described for 4. Reacting the acetal (557 mg, 

1.37 mmol) gave a mixture of (±)-5-bromo-arborescidine C (38) and its cù-isomer in an initial ratio of 2.2 : 1 (5 

min) according to 'H NMR. Prolonged reaction time (45 min as for 3) changed the ratio to about 1 1 : 1 . (+)-5-

Bromo-arborescidine C (38) (360 mg, 1.08 mmol, 79%) could be crystallised from EtOAc as off-white crystals: Ry 

(EtOAc/EtOH/concd NH4OH 85/10/5) 0.54; 'H NMR 5 7.52 (d, J = 1.6 Hz. 1H. H-11), 7.18 (dd. J = 8.7 Hz, J = 

1.6 Hz, 1H, H-9), 7.11 (d, J= 8.7 Hz, 1H, H-8), 6.09 (d, J = 3.6 Hz, 1H, H-7), 3.61 (d, J = 11.0 Hz, 1H, H-3a), 

2.99 - 2.91 (m, 1H, H-2cq), 2.68 - 2.59 (m. 3H, H-l. H-2„), 2.42 (s. 3H, NCH,), 2.37 -2.26 (m, 1H. H-4). 2.19 -

2.12 (m, 1H, H-6), 2.08 - 2.03 (m, 1H, H-5), 1.78 - 1.74 (m. 1H, H-5), 1.57 - 1.50 (m, 1H, H-6), 1.38 - 1.29 (m. 

1H. H-4); "C NMR ô 134.6, 128.3, 123.8, 120.7, 112.4, 109.8, 108.0, 76.5 (C-7), 60.8 (C-3a), 50.0 (C-2), 42.4 

(NCH3), 34.1 (C-6), 31.2 (C-4), 20.0 (C-5), 19.9 (C-l); IR v 3303, 2960, 1465. 
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Chapter 6 

Bridged Tetrahydro-ß-Carbolines 
as Conformationally Restricted 

Serotonine Analogues 

Abstract 

New bridged ß-carbolines were synthesised via a short route.' The key step of the 

sequence is a Pictet-Spengler condensation under neutral or acidic conditions between indoles 

substituted with cyclic amines and several aldehydes. 5,5-Diethoxypentanal gave a bridged 

analogue which in a second cyclisation step resulted in a arborescidine-type pentacyclic system. 
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6.1 Introduction 

In medicinal chemistry a lot of attention has been paid to conformationally restricted 

analogues of compounds which are important from a biological or medicinal point of view. Studies 

of receptor binding properties provide information concerning the active conformation of the 

substrate and thus attribute to the development of compounds that bind specifically to one receptor 

subtype. Much effort has been made to synthesise compounds which have specific therapeutic 

activity in order to reduce side effects. 

The recognition of serotonine receptors can be attributed partly to the orientation of the 

alkylamino sidechain of serotonine. The synthesis of restricted analogues of 5-substituted 

tryptamines has provided a useful insight into the ligand recognition requirements for the receptor 

subtypes. The structure of indoles 1 - 4 summarise the various themes employed in the synthesis 

of conformational restriction of the aminoethyl side chain of serotonine. Several analogues with the 

general structure 1 were synthesised in order to perform structure-activity relationship studies.2 To 

investigate steric, electronic and hydrophobic requirements for the 5-HT]A and 5-HT2 receptor 

binding sites (tetrahydropyridin-4-yl)indoles 2 were used as semirigid analogues of serotonine.3 

Synthetic and computational studies have shown that the indole and tetrahydropyridine rings are 

most likely to be in a coplanar conformation when binding to 5-HT1A and 5-HT, sites. 

Conformationally restricted analogues 3 were based upon the known 5-HT]D agonist sumatriptan. 

Besides their higher activity, also the resistance towards MAO catalysed degradation comprises an 

advantage of these analogues.4 Studies towards the affinity of non-rotational analogue 4 were also 

performed.1 

R1 

N 

NR? 

Figure 6.1 

Tetrahydro-ß-carbolines form a class of tryptamine derivatives that have been studied 

extensively. Compounds possessing the ß-carboline moiety have been isolated frequently from 

different organisms and display a variety of biological activities. Several analogues have been 

shown to bind with high affinity to serotonine receptors in the central nervous system and are also 
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of biological importance in many other processes. The ß-carboline alkaloid yohimbine 5 (Figure 

6.2) exhibits multiple pharmalogical effects, amongst which, affinity for 5-HT receptors. Based 

upon the yohimbine skeleton, structure-activity relationship studies, targeted at the development of 

potent and selective 5-HT2B receptor antagonists were performed.6 A series of compounds based 

on 6 and 7 were investigated, some of which possessed an increased receptor affinity and more 

than a hundred-fold selectivity for the 5-HT2B receptor over both 5-HT2A and 5-HT2C receptors. 

OH 

Figure 6.2 

In view of our interest in the medicinal application of natural products and their derivatives, 

we decided to develop a general method for the synthesis of conformationally restricted tetrahydro-

ß-carbolines with a bridge across the ß-carboline C-ring (8) (Figure 6.3). All atoms of the 

tetrahydropyridine part of the ring system are fixed by the bridge across the ß-carboline N-2 and 

C-4 atoms, resulting in considerable reduction of flexibility in the spatial arrangement of the 

substituent at C-1. 

Me Ä 4 E t 

OH 
9 

Figure 6.3 

Extensive chemical abstract search revealed that compounds with general structure 8 possessing a 

N-2/C-4 bridge are not described in literature. The only ß-carbolines known that have a bridged 

tetrahydropyridine moiety belong to the ajmaline-sarpagine family. These alkaloids, originally 

obtained from Rauwolfia species, all possess the same bridged substructure in which the skeleton 

of L-tryptophan can be recognised. Both ajmaline 9 and sauveoline 10 are members of this group 

of compounds, all of them bearing a bridge across the C-l and C-3 atoms.7 
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The synthesis of bridged ß-carbolines 8 can be envisaged as shown in scheme 6.1. Key 

step, the Pictet-Spengler condensation (PS),8 has been important in the synthesis of numerous ß-

carbolines, such as those described in previous chapters. Reaction of an amine with an aldehyde 

gives an intermediate imine or iminium salt which cyclises to form a ß-carboline. In order to 

synthesise the bridged compounds 8 via the Pictet-Spengler condensation, an indole derivative 

substituted with a cyclic amine is required. 

—f^* __ ^ v 
N H 

H R K 

Scheme 6.1 

In this chapter, the scope and limitations of the Pictet-Spengler reaction of tryptamine 

derived secondary, cyclic amines and several aldehydes is described. Different conditions and side 

reactions, observed in the synthesis of diastereomers of bridged ß-carbolines 11 and 12, as well 

as homologue 13 are presented. 

(X^ 
H R 

11 12 13 

Figure 6.4 

6.2 Synthesis of the Pictet-Spengler Precursors 

6.2.1 3-(3-lndolyl)pyrrolidine 

In a recent 5-HT]D receptor study, a rapid general synthesis of 3-(3-indolyl)pyrrolidines 

was reported.9 Michael reaction of indoles with maleimides under acidic conditions, followed by 

reduction, constituted a new route to these conformationally restricted tryptamine analogues. We 

applied this method to the most simple analogue without substituents: Michael reaction between 
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maleimide 14 and indole afforded 2-(indol-3-yl)succinimide 15 (Scheme 6.2). The reactivity of 

the Michael acceptor, maleimide, was increased by protonation of the amide oxygens. Reduction 

of succinimide 15 was accomplished using an excess lithium aluminium hydride, affording the 

Pictet-Spengler precursor 16. 

O 

NH 

14 15 16 

Reagents and conditions: (a) indole, HOAc, A, 63%. (b) LiAlH4, THF, A, 86%. 

Scheme 6.2 

6.2.2 3-(3-lndolyl)piperidine 

Due to their potent action at serotonine and dopamine receptors, 3-(tetrahydropyridinyl)-

indoles 19, which can be regarded as precursors of the desired amine 20, have been the subject of 

several synthetic studies (Scheme 6.3).'° The most general and straightforward method for their 

synthesis is the condensation of indole with A^-substituted-3-piperidone under either basic or acidic 

conditions."*'10 Starting from 3-hydroxypyridine 17, piperidone 18 was readily obtained 

following literature procedures." Reaction of indole with N-benzyl-3-piperidone 18 in excess, 

which is required due to the instability of this ketone,12 gave the intermediate 3-indolylpiperidin-3-

ol. In the presence of sodium methoxide, in situ dehydratation, which occurs unconjugated to the 

nitrogen lone pair, gave tetrahydropyridine derivative 19. 

OH 
a, b 

17 

Bn 

18 19 20 

NH 

Reagents and conditions: (a) NaOMe, MeOH, BnCl, then NaBH4, 64%. (b) HBr (aq.), then alkaline work-up, 52%. 
(c) indole (0.33 eq.), NaOMe, MeOH, 58% (based on indole), (d) Pd(OH),/C, H2, EtOH, HOAc, 40 psi, 98%. 

Scheme 6.3 
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The regiochemistry of this dehydratation depends on the nature of the nitrogen substituent. By 

analogy with enolisation of ^-substituted oc-aminoketones, the presence of electrondonating 

groups on the nitrogen atom (e.g. Bn) results in formation of the allylamine, while an electron 

withdrawing group (e.g. Boc) generates the enamine isomer.10" Reduction of the double bond and 

debenzylation were achieved in one step by hydrogénation affording 3-(3-indolyl)piperidine 20. 

6.2.3 4-(3-lndolyl)piperidine 

In analogy with 3-(3-indolyl)piperidine 20 (§ 6.2.2) the piperidine analogue bearing the 

indole substituent at the 4-position was synthesised straightforwardly.3bl° JV-benzyl-4-piperidone 

21 is more stable than its 3-oxo-isomer and can be obtained commercially. Condensation with 

indole, followed by one step reduction and deprotection afforded amine 23. 

NH 

N 
Bn 

21 22 23 

Reagents and conditions: (a) indole (0.33 eq.), NaOMe, MeOH, 74% (based on indole), (b) Pd(OH)2/C, H,, EtOH, 
HOAc, 40 psi, 99%. 

Scheme 6.4 

6.3 Pictet-Spengler Condensations of Tryptamine Derived 

Cyclic Amines 

6.3.1 Ethano tetrahydro-ß-carbolines 

The Pictet-Spengler reaction has been used widely for the condensation of tryptamines and 

aldehydes (see also the previous chapters).8 Usually, tetrahydro-ß-carbolines are formed in high 

yields and after short reaction times. Acidic conditions (e.g. hydrogenchloride in water or 

trifluoroacetic acid in dichloromethane) are necessary, but when the primary amine is benzylated or 

alkylated, the reaction proceeds under neutral conditions (e.g. toluene, A). The Pictet-Spengler 

condensation of tryptamine derived cyclic amines however, turned out to be not as 

straightforwardly as described in the literature for tryptamine. Various conditions and longer 

reaction times were tried with the tryptamine derived cyclic amines, in order to obtain the desired 
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bridged tetrahydro-ß-carbolines. In general, refluxing in toluene in the presence of acid 

(trifluoroacetic acid) was most suitable in view of the reaction times. Without acid, the reaction 

also proceeded, albeit slower. Ratio and yield however were similar. 

The Pictet-Spengler condensation of pyrrolidine derivative 16 was performed with various 

aldehydes under either acidic (method A or C) or non-acidic, aprotic conditions (method B) (Table 

6.1). The latter conditions were required in the condensation with acid-labile 5,5-diethoxypentanal, 

and also applicable to condensation with hexanal or benzaldehyde. Shorter reaction times however 

were observed when acid was used in refluxing toluene. Usually the new bridged tetrahydro-ß-

carbolines13 were formed in acceptable yield and as a separable mixture of diastereomers, in a ratio 

of approximately 1:1. 

X R H 

(10-15eq.) 

N ' 
H R 

16 24a - 28a 24b -28b 

Scheme 6.5 

Table 6.1: The Pictet-Spengler condensation of amine 16 with various aldehydes. 

product R ratio a : ba conditions'" yield (%)c 

24 H - A 74 
H - B, C 0 

25 CH, - A, B, C 0 
26 (CH2)4CH3 45:55 C 53 
27 C5H6 46:54 C 58 
28 (CH,),CH(OEt), 61 :29 B 55 

(a) The ratio according to 'H NMR spectrum of the crude reaction mixture. 
(b) A = EtOH, TFA, A, 3 h; B = toluene. A, 9 h; C = toluene, TFA, A, 6 h. 
(c) Isolated yields. 

Since the reaction is performed at reflux temperatures and atmospheric pressure, low boiling 

aldehydes are less suitable for this Pictet-Spengler condensation. An excess aldehyde (10 - 15 eq.) 

is required for the reaction, due to competitive aldol condensation leading to the a,ß-unsaturated 

aldehydes 30 (Scheme 6.6). The secondary amine 16 probably functions as a catalyst in this 

process. This assumption was supported by the presence of the enamine-intermediate 29 in the 
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reaction mixture of condensation of 16 with hexanal, as was observed by 'H NMR spectroscopy. 

29 30 

Scheme 6.6 

Application of conditions B or C to the reaction with formaldehyde, both resulted largely in 

the formation of polymeric material and therefore formaldehyde was reacted under acidic protic 

conditions (method A). Under these conditions, the indole nitrogen was partially hydroxy-

methylated to afford 31 (Scheme 6.7). Removal of the hydroxymethyl substituent was achieved 

by stirring the crude reaction mixture for some time in the presence of methoxyamine to give 24 as 

the only product. 

16 

NH O 

EtOH, TFA, A 

H O 

N 

J 
31 CH3ONH2HCI 24 

Scheme 6.7 

Whether the bridge possessed the cis- or fra/xs-configuration relative to the C-1 substituent 

in the two diastereomers a and b , was established by X-ray analysis of diastereomer a of the 

pentyl substituted 26 (Figure 6.5). 

26a 

Figure 6.5: A CSC ChemlD Pro™ 
representation of the crystal structure of 26a. 
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It was shown that diastereomer 26a has a cw-relation between the C-l substituent and to the 

ethano-bridge. With this information we were able to characterise the related bridged compounds 

by comparison of their 'H NMR spectra. 

In summary, the success of the Pictet-Spengler condensation of 3-(3-indolyl)pyrrolidine 

16 is mostly depending on the availability of the free aldehyde in the reaction mixture. Since the 

reaction is very slow, aldol condensation of the aldehyde constitutes a seriously competing 

process. The addition of extra equivalents of aldehyde, a total of approximately fifteen equivalents, 

resulted in acceptable yields of the desired bridged tetrahydro-ß-carbolines. 

6.3 .2 Propano tetrahydro-ß-carbolines 

The Pictet-Spengler condensation of piperidine 20 with various aldehydes was performed 

under non-acidic, aprotic conditions (method B) (Scheme 6.8). Again, the reaction with 

formaldehyde yielded mostly polymerised material under these conditions, but changing to acidic, 

protic conditions (method A) efficiently gave the parent bridged ß-carboline 32. By using 

paraformaldehyde instead of formaldehyde, formation of the hydroxy-methylated product could be 

prevented (see scheme 6.7). Usually the new bridged tetrahydro-ß-carbolines14 were formed in 

reasonable yield and as a mixture of diastereomers, their ratio depending on the size of the 

substituent (Table 6.2). An excess of aldehyde (10 - 15 eq.) is required for the reaction, due to 

competitive aldol condensation of the aldehydes." The Pictet-Spengler reaction with the mono-

oxime of glutaric aldehyde is incomplete, due to the instability of this aldehyde. Product 39 was 

therefore isolated in low yield together with the unreacted starting material, piperidine 20. 

o 

(10-15eq.) NH 

H R 

20 32a - 39a 32b - 39b 

Scheme 6.8 

121 



Chapter 6 

Table 6.2: The Pictet-Spengler condensation of amine 20 with various aldehydes. 

product R ratio a : ba conditions'3 yield (%)c 

32 H - A 73 
H - B, C 0 

33 CH2CH, 71 :29d B 54 
34 (CH,)4CH, 70:30 B 64 
35 (CH2)5CH3 67:33 B 72 
36 CH(CH3)2 50 : 50d C 15 
37 C5H6 - B 0 

C5H6 9 5 : 5 C 55 e 

38 (CH,),CH(OEt)2 67:33 B 73 
39 (CH,)1CH=NOCH, 60:40 B 11 

(a) The ratio according to 'H NMR spectrum of the crude reaction mixture. 
(b) A = EtOH, TFA, A. 3 h; B = toluene, A. 9 h; C = toluene, TFA, A, 6 h. 
(c) Isolated yields. 
(d) Inseparable mixture of isomers. 
(e) Only the major isomer a was isolated. 

NOESY experiments established the cis- either f raws-relation of the propano-bridge relative 

to the C-l substituent in the two diastereomers a and b (Figure 6.6). From the NOESY spectra the 

conformation of both diastereomers was deduced: the as-orientation of the C-1 substituent in a 
forced the six-membered ring into a boat conformation, while without interference of the C-l 

substituent as in b the energetically favourable chair conformation was adopted. 

diastereomer a diaslereomer b 

Figure 6.6: Through space correlations measured by NOESY experiments 

In summary, the Pictet-Spengler condensation of 3-(3-indolyl)piperidine 20 was 

successful for all aldehydes tried. The steric bulk of the wo-butyl substituent accounts for the low 

yield in the reaction of iso-butyraldehyde. The condensation of the other aldehydes proceeded in 

good yields when an excess aldehyde was used. 
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6.3.3 Ethano tetrahydro-ß-carboline homologues 

Both the scope and limits of the Pictet-Spengler condensation with cyclic amines were 

further explored by reaction of amine 23 with aldehydes under various conditions. The extra 

methylene group between the indole nucleus and the secondary amine will result in formation of a 

seven membered ring after condensation with aldehydes. The product formed can therefore be 

considered as a ß-carboline homologue. Various reaction conditions (method A, B and C; see table 

6.1) were applied in the Pictet-Spengler reaction of piperidine derivative 23. In most cases the 

aldol condensation product15 was detected, together with starting material 23, which slowly 

decomposed. Only in the reaction with hexanal, which requires a large excess of aldehyde and 

long reaction times, a small amount of product 4016 was isolated (Scheme 6.9). 

The sluggishness of the Pictet-Spengler condensation can be attributed to the fact that the 

iminium salt initially formed, probably has to adopt an energetically disfavoured conformation in 

order to cyclise. A second complication is the fact that a seven-membered ring instead of a more 

favourable six-membered ring has to be formed. It should be noted that the condensation with 

formaldehyde and benzaldehyde, which do not undergo aldol condensation, did not result in 

detectable amounts of product. 

NH o 

A. 

23 

H CSH„ 
»-

toluene, 
TFA, A, 3% 

Scheme 6.9 

6.4 Conformationally Restricted Nazlinine Derivatives 

The route developed for the synthesis of bridged ß-carbolines allows the introduction of 

several functionalities. Therefore it was possible to extend this methodology and apply it to the 

synthesis of bridged analogues of nazlinine (41),17J8a arborescidine B (42), C (43) and D (44),'" 

natural products we synthesised previously (Figure 6.7).'8 
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41 
42 43 R1 = OH, R2 = H 

44 R1 = H, R2 = OH 

Figure 6.7 

The natural product nazlinine 41 has been the subject of synthetic studies for some time in 

our group.20 Since serotonergic activity was reported for this alkaloid, it would be interesting to 

apply structural modifications. The presence of a bridge in the piperidine-part of nazlinine will 

result in a defined rearrangement of the C-l substituent in space. The size and nature of the 

receptor-pocket accommodating tetrahydro-ß-carbolines can thus be explored. Synthesis of 

conformationally restricted nazlinine analogues, bridged derivatives 45a and 45 b, was achieved 

using the acetals 38a and 38b described in § 6.3.2 (Scheme 6.10). These acetals were prepared 

by Pictet-Spengler condensation of piperidine 23 with acid labile 5,5-diethoxypentanal21 under 

neutral conditions: refluxing in toluene gave the desired bridged ß-carbolines 38a and 38b in 73% 

yield. Both diastereomers were separately converted to 39a and 39b in good yield by simply 

reacting them with methoxyamine under slightly acidic conditions. Reduction of the oximes with 

lithium aluminium hydride gave 45a and 45b, bridged derivatives of nazlinine 41. 

38a OEt 39a 

O C H . 

45a 

OCHg 

N 
H 

45b 

N NHp 

Reagents and conditions: (a) NH,OMeHCl, NaOAc, THF, H20, 39a: 95%, 39b: 95%. (h) LiAlH4, THF, A, 45a: 
56%, 45b: 61%. 

Scheme 6.10 
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In the synthesis of bridged analogues of the related natural products arborescidines B (42), 

C (43) and D (44), acetal 38 could also be used efficiently as precursor. Both diastereomers were 

deprotected and subsequently cyclised to a new pentacyclic bridged system, in analogy to the 

synthesis of the arborescidines as described in chapter 5 (Scheme 6.11). Performing the 

deprotection of 38a under non-aqueous acidic conditions resulted in enamine 48a, a bridged 

analogue of the previously synthesised18b natural product arborescidine B (42)19. 

46a R1 = OH, R2 = H 
47a R1 = H, R2 = OH 

38a 48a 

Reagents and conditions: (a) TFA, H,0, 74%. (b) TFA, CH2C12, 83%. 

Scheme 6.11 

When aqueous acidic conditions were used for the deprotection of acetal 38a, carbinolamines 46a 
and 47a were formed (Scheme 6.11), which are bridged derivatives of arborescidine C and D 

respectively (Figure 6.7).18bl9 A mixture of trans- (46a) and c/s-isomers (47a) was obtained, in a 

ratio of approximately 3 : 1 , from which the more stable trans-isomer was isolated by 

crystallisation.22 Chromatographic separation was not suitable in this case, because the trans- and 

cw-isomers existed in an equilibration under acidic conditions (such as silica), which again is in 

favour of the trans-isomer. This equilibrium was also observed in the synthesis of the natural 

products.181" 

ox 
HO x — / 

46b 38b 48b 

Reagents and conditions: (a) TFA, H20, 73%. (b) TFA, CH2C12, 75%. 

Scheme 6.12 
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Surprisingly, performing the same reaction with diastereomer 38b resulted in exclusive formation 

of the rrans-isomer 46b (Scheme 6.12). Even after short reaction times the c/s-isomer was not 

observed in the crude reaction mixture. The reaction under non-aqueous conditions gave 48b, a 

second analogue of arborescidine B. 

6.5 An alternative Approach to Tetrahydro-ß-Carboline 
Homologues 

6.5 .1 Introduction 

As described in § 6.3.3 the synthesis of ß-carboline homologue 40 by way of a Pictet-

Spengler (PS) condensation was extremely slow and suffered from the competing aldol 

condensation of the aldehydes. A different approach to this homologue was therefore investigated. 

When the 3-position of an indolenine is disubstituted, an alkyl shift to the 2-position can occur in 

order to obtain the indole nucleus. For instance in 3-benzyl-3-methylindolenine the benzyl 

substituent rearranged to the 2-position under mildly acidic conditions.23 It was shown that both 

indolenines 49a and 49b, formed as intermediates after reduction of the corresponding oxindoles 

using lithium aluminium hydride, undergo a rearrangement to 50a and 50b respectively (Figure 

6.8).2"1'24 Fast rearrangement of the aminomethyl function of intermediate 49a occurred easily 

under acidic conditions forming the ß-carboline 50a. Indolenine 49b, with X = CH, instead of 

nitrogen, was less reactive and could be isolated. Upon heating, a 1,2-alkylshift occurred, leading 

to the tetrahydrocarbazole 50b. 

40 

CKHi 

V 
R 

3 

V 
CH 

V 
R 

3 

a R = Ph, X = NH 
49 b R = H, X = CH 2 

3 R 

50 

Figure 6.8 

A role for sp/ro-indolenines has also been claimed in the Pictet-Spengler condensation.25 

Formation of this intermediate by attack of the indole 3-position at the imine, followed by a l ,2-

alkylshift constitutes a plausible pathway to tetrahydro-ß-carbolines. We decided to investigate the 

problems encountered in the formation of tetrahydro-ß-carboline homologue 40 via the Pictet-

Spengler reaction. The presumed .çp/ro-indolenine intermediate was synthesised by application of 

the concept described above. In situ generation of the spiroindolenine intermediate would require 

126 



Bridged Tetrahydro-ß-Carbolines 

carbinolamine 52, which can be made by partial reduction of oxindole 51 (Scheme 6.13). 

Synthesis of the class of compounds to which 51 belongs will be described in further detail in 

chapter 7. 

The rearrangement of iminium salt 53, formed after elimination of water from 52, will 

have to be a fast process to make this approach succeed, since ring-opening of ^(Vo-indolenine 5 3 

will lead to iminium salt 54, an intermediate which is also obtained by the Pictet-Spengler 

condensation between amine 23 and hexanal. No advantage is to be expected from this process. 

reduction 

H 

51 

23 

PS 
hexanal 

N OH 
H 

52 

54 

H + 

H20 

/ 

H 

53 

1,2 alkyl 
,, shift 

Scheme 6.13 

6.5 .2 Oxindole reduction 

Sp/ro-oxindole 51 can be synthesised straightforwardly using the procedure that is 

described in further detail in chapter 7. Starting from amine 23, oxidation26 was followed by 

condensation with hexanal to give the desired oxindole 51 easily (Scheme 6.14). During an 

attempt to reduce 51 to the corresponding indolin-2-ol 52 with lithium aluminium hydride the 

completely reduced indoline 55 was isolated from the reaction mixture. This over-reduction 

constitutes a problem that has been reported before.21 Explanation for the low yield in this 

reduction is the formation of side-products: the ring-opened indole derivatives 56 and 57 were 

also isolated. 
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N 
H 

23 

NH 

a) DMSO, HCl 
»-

b) hexanal 

N 
H 

56 

c) UAIH4 

N ^ O 
H 

51 55 

N ^ O 
H 

57 

Reagents and conditions: (a) DMSO, HCl. (b) MeOH. NaOAc, A, 61% (2 steps), (c) LiAlH„, THF, 34%. 

Scheme 6.14 

Since addition of a defined amount of lithium aluminium hydride constitutes a practical 

problem, milder reduction methods were tried. Both borane dimethylsulfide complex and di-wo-

butylaluminium hydride however did not reduce the oxindole 51 to the desired carbinolamine 52. 

% ^ 0 
H 

51 

a or b 

B H 3 S M e 2 

59 

N ^ O 
H 

57 

Reagents and conditions: (a) BH, S(CH,)2 (3 eq.), THF, A, 50%. (b) DIBAH (2 eq.), THF, A, 45%. 

Scheme 6.15 
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More than one equivalent of reducing agent was necessary and in case of the borane mediated 

reduction, the first equivalent was shown to form the stable borane complex 58 of the starting 

material (Scheme 6.15). Unfortunately, after addition of more reducing agent and longer reaction 

times, in both cases the only product isolated was ring opened 57. An equilibration between the 

starting material 51 and iminium salt 59, facilitated by complexation of either borane or 

aluminium, via a mechanism similar as depicted in scheme 6.12 takes place. The iminium salt 5 9 

is reduced in situ to «-hexylpiperidine 57. Partial reduction of Boc-protected amides can be 

performed under milder conditions than the corresponding unactivated amides.27 Reduction of the 

Boc-protected oxindole 60 using sodium borohydride in methanol gave the corresponding 

alcohols 61 (Scheme 6.16). Treatment of this mixture with acid however did not give the desired 

ß-carboline homologue 40, but instead 23 and hexanal were isolated. 

The formation of amine 23 indicates the intermediacy of iminium-salt 53. Acidic work-up 

unfortunately was not followed by an aminomethyl-shift to give the desired ß-carboline 

homologue 40, but instead ring opening to the iminium salt 54 occurred, which under the aqueous 

work-up conditions hydrolysed to amine 23 and hexanal. 

& 
N - ^ O 
H 

51 

(Boc)20 

80% 
Boc 

60 

NaBhU 

MeOH 

hexanal 

Co N 
H 

23 

50% from 60 

NH 

Scheme 6.16 
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6.5 .3 Remarks in connection with the Pictet-Spengler spiroindolenine-intermediate 

The shift of the .ypiVo-indolenine intermediate as step in the formation of a tetrahydro-ß-

carboline was proposed to constitute a possible pathway in the Pictet-Spengler condensation.25 An 

attempt was made to induce an analogous 1,2-alkylshift in order to synthesise ß-carboline 

homologue 40. After reduction of a suitably .çp;'ro-functionalised oxindole, water elimination gave 

the intermediate imine 53. Unfortunately, a stepwise mechanism, in which ring-opening is 

followed by hydrolysis, is preferred above the desired concerted process (Scheme 6.13). This 

approach therefore does not constitute a useful method for synthesis of tetrahydro-ß-carboline 

homologue 40. 

The results however do support some recent studies towards the mechanism of the Pictet-

Spengler condensation.28,29 Two isomeric .s/jiVo-indolenine intermediates, formed by attack of the 

indole 2-position at the imine, were trapped and separated as was described by van Maarseveen et 

al.28b. They were separately subjected again to cyclisation conditions to afford an isomeric mixture 

of tetrahydro-ß-carbolines. These studies supported the thought that the .sp/Vo-indolenine, present 

in the reaction by rapid equilibration with the imine, does not contribute to the final tetrahydro-ß-

carboline formation. 

Additional, in an MNDO approach29 the heat of formation for all transformations proposed 

for both mechanisms was calculated (Scheme 6.17). The energy barrier of the process in which the 

alkyl shift occurs was calculated to be (relatively) very high. It was concluded from this study and 

also from the aforementioned experimental observations that the spiro-indolenine, although 

thermodynamically favoured over the intermediate resulting from direct attack of the indole 2-

position, is not involved in the formation of the tetrahydro-ß-carboline. 

AH =16.1 kcalmor1 

l_l H2C 
NH 

Q 

(ij 
AH =19.8 kcal mot1 

NH 

Nf 

X AH = 43.8 kcalmor1 

H 

-H+ 

I J I NH 

Scheme 6.17 
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6.6 Concluding Remarks 

In summary, several functionalised aliphatic and aromatic aldehydes were successfully 

used in the Pictet-Spengler condensation with cyclic amines to give bridged products in reasonable 

yield. By using 5,5-diethoxypentanal under neutral Pictet-Spengler conditions, acetal 38 was 

obtained, which was a useful intermediate in the synthesis of bridged analogues of the natural 

products nazlinine, arborescidine B, C and D. Application of this method to the synthesis of a 

tetrahydro-ß-carboline homologue did not succeed, due to a combination of slow reaction and 

competing aldol condensation. In a different approach to this homologue, it was attempted to 

induce a 1,2-alkylshift in the in situ formed ^>i>o-indolenine intermediate. To achieve this alkyl 

migration, reduction of spiro-fused 2-oxindole 51 to an indolenine derivative was tried using 

different reduction methods. Unfortunately ring opened oxindoles and indoles were formed from 

the intermediate indolenine instead of the desired ß-carboline homologue, giving additional support 

against 3-spiro-indo\erimes as intermediates involved in product formation in the Pictet-Spengler 

reaction. 
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6.8 Experimental 

General information. For experimental details see section 3.6 on page 50. The crystal structure of 26a was 
determined using an Enraf-Nonius CAD-4 diffractometer with graphite-monochromated CuKa radiation and to-29 
scan. For the NMR assignments of the products in this chapter the numbering as shown for structures 16. 26a. 
38a, 40, 48a, 51 and 56 has been used. 
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^ k 3 

56 

2-(3-Indolyl)succinimide (15). A solution of indole (12.7 g, 0.11 mol) and maleimide 14 (14.4 g, 0.15 mol) 

in glacial acetic acid (500 mL) was refluxed during 12 h. The mixture was concentrated in vacuo and evaporated 

several times from EtOAc. Crystallisation from EtOAc afforded 15 (9.16 g, 42.8 mmol, 40%) as a yellow 

crystalline compound. The remaining filtrate was further purified by flash chromatography (PE/EtOAc 50/50) 

yielding a second crop of product (5.08 g, 23.7 mmol, 22%): Rf (PE/EtOAc 50/50) 0.13; mp 184 - 185 "C; 'H 

N M R 5 8.15(brs , 1H, H-l) , 7.98 (brs , 1H, H-10), 7.49 (d, J= 8.0 Hz, 1H. H-4 or H-7), 7.40 (d. J = 8.1 Hz. 1H, 

H-4 or H-7), 7.25 (s, 1H, H-2), 7.20 (t. J = 8.1 Hz. 1H, H-5 or H-6), 7.16 (t, J = 8.1 Hz, 1H. H-5 or H-6), 4.40 

(dd, J = 9.6 Hz, J = 5.3 Hz. 1H. H-8), 3.32 (dd. 7 = 18.5 Hz. 7 = 9.6 Hz, IH, H-12), 3.00 (dd, J = 18.5 Hz, 7 = 5.3 

Hz, IH. H-12). IRv 1751, 1719; HRMS (EI) obs. mass 214.0745, calcd for C13H16N2 214.0742. 

3-(3-Indolyl)pyrrolidine (16 ) . To a solution of lithium aluminium hydride (7.61 g, 0.20 mol) in 

tetrahydrofuran (400 mL), 15 (8.4 g, 39.3 mmol) was added portionwise at 0 'C. The mixture was refluxed during 

one night, cooled to 0 °C and Na,S0410H2O (125 g) was added in portions. Water (10 mL) and EtOAc (400 mL) 

were added and the mixture was stirred using a mechanical stirrer during 16 h at rl. The mixture was filtered over hy 

flow and the filtrate was concentrated. Flash chromatography (EtOAc/EtOH/concd NH4OH 85/10/5) yielded 16 (6.31 

g, 33.9 mmol, 86%) as a glass: R ; (EtOAc/EtOH/concd NH4OH 85/10/5) 0.16; 'H NMR 8 8.05 (br s, IH, H-l), 

7.64 (d. J = 7.9 Hz. IH, H-4), 7.36 (d, 7 = 8.1 Hz, IH, H-7), 7.20 (t, J = 7.1 Hz, IH, H-6). 7.11 (t, 7 = 7.1 Hz, IH, 

H-5), 7.00 (s, IH, H-2), 3.51 (dddd. 7 = 7.5 Hz, 7 = 7.5 Hz, 7 = 7.3 Hz, 7 = 7.3 Hz, IH, H-8), 3.40 (dd, 7 = 10.6 

Hz, 7 = 7.3 Hz, IH, H-9). 3.20- 3.07 (m, 2H, H- l l ) , 2.98 (dd, 7 = 10.6 Hz. 7 = 7.5 Hz, IH, H-9), 2.33 - 2.25 (m, 

IH, H-12), 2.08 - 1.92(m, IH, H-12). 

/V-benzyl-3-piperïdorie (18). To a solution of sodium (4.1 g, 0.18 mol) in methanol (80 mL) subsequently 3-

hydroxypyridine 17 (15.0 g, 0.16 mol) and benzylchloride (40 mL, 0.35 mol) were added. The mixture was refluxed 

during 16 h and then cooled to 0 °C. Using a mechanical stirrer sodium borohydride (13.0 g, 0.34 mol) was added in 

portions. The mixture was stirred during 12 h at rt and concentrated in vacuo. To the residue subsequently water (100 

mL), K 2C0 3 (10 g) and diethyl ether (150 mL) were added, the mixture was stirred during 2 h and the layers were 

separated. The water layer was extracted with diethyl ether (2x), the combined organic layers were dried (Na :S04) and 

evaporated. To a solution of the residue in diethyl ether (5 mL) hy flow (6 g) was added, then petroleum ether (350 

mL) was added slowly and stirring was continued for another 30 min. The mixture was filtered and the filtrate 

evaporated affording a brown oil. Aqueous hydrogen bromide (90 mL, 3.5 mol, 48%) was added and the solution was 

refluxed during 3 h. The mixture was cooled to rt, washed with diethyl ether (3x) and evaporated. By stirring with 

acetone (100 mL) 18H2OHBr (15.3 g, 52.8 mmol, 33%, mp 115 - 116 'C) was obtained as white crystals. Prior to 

use the HBr salt 18H2OHBr (504 mg, 1.74 mmol) was dissolved in water (1 mL). A solution of K 2C0 3 (300 mg) 

in water ( 1 mL) was added. The mixture was extracted with diethyl ether (3x) and the combined organic layers were 

dried (Na,S04) and evaporated (bath temperature max. 35 °C) yielding 18 (330 mg, 1.71 mmol, 98%) as a yellow 

oil: R, (EtOAc/PE 50/50) 0.52; 'H NMR 6 7.36 - 7.23 (m, 5H, Ar-H), 3.58 (s, 2H, NC/7,Ar), 3.02 (s, 2H, H-2), 

2.65 (t, J = 8.2 Hz, 2H, H-4), 2.36 (t, J = 6.1 Hz, IH, H-6), 1.98 - 1.92 (m, 2H, H-5); L,C NMR 8 206.9 (C-3), 

137.0 (Ar-C,), 128.9 (Ar-CH), 128.2 (Ar-CH), 127.3 (Ar-CH), 64.4 (C-2), 62.4 (NOLAr) , 51.4 (C-4), 38.6 (C-6), 

23.8 (C-5); I R v 1722. 
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A'-benzyl-S-fS-indolylJ-l^.S^-tetrahydropyridine (19). To a solution of sodium (2.75 g, 0.12 mol) in 

methanol (10 mL) indole (2.33 g, 19.9 mmol) was added. After stirring the solution during I h at 35 °C 18 (11.3 g, 

59.7 mmol) was added. Stirring was continued at 35 °C during 16 h and then the mixture was refluxed for 3 h. After 

concentration in vacuo, water (20 mL), NaCl (5 g) and diethyl ether (30 mL) were added and the two-layer system 

was stirred vigorously during 30 min. The layers were separated and the water layer was extracted with diethyl ether 

(3x). The combined organic layers were dried (Na,SO„) and evaporated. Flash chromatography (EtOAc/PE 75/25) 

yielded 19, which was further purified by dissolving it in a saturated methanolic hydrogen chloride solution (30 

mL). The crystalline hydrogen chloride salt was filtered and a saturated K2CO, solution (5 mL) and diethyl ether (10 

mL) were added. The water layer was extracted with diethyl ether (3x) and the combined organic layers were dried 

(Na,S04) and evaporated yielding 19 (3.34 g, 11.6 mmol, 58% based on indole, 19% based on 18) as a white 

crystalline compound: R, (EtOAc/PE 75/25) 0.38; mp 126 - 129 "C; 'H NMR 5 8.12 (br s, 1H, H-l), 7.86 (d, 7 = 

3.9 Hz, 1H, H-4), 7.43 - 7.42 (m, 5H, Ar-H), 7.28 (d, J =3 .6 Hz, 1H, H-7), 7.19 (t, 7 = 3.5 Hz, 1H, H-6), 7.13 (t, 

/ = 3 . 6 Hz, 1H, H-5), 7.06 (t, 7 = 1.2 Hz, 1H, H-2), 6.27 - 6.25 (m, 1H, H-13), 3.72 (s, 2H, NC#,Ar), 3.40 (s. 

2H, H-9), 2.69 (t, 7 = 2.9 Hz, 2H, H- l l ) , 2.43 - 2.41 (m, 2H, H-12); "C NMR 5 136.5 (C-7a). 129.7 (C-3a), 

129.1, 128.1, 126.9, 125.4 (Ar-Cq), 122.1 (C-5), 120.5 (C-4), 120.1, 119.9 (C-6), 116.8 (C-3), 111.1 (C-7), 110.5 

(C-13), 62.6 (NCH2Ar), 55.3 (C-9), 49.3 (C-l 1), 26.1 (C-12); IR v 3428; HRMS (EI) obs. mass 289.1702, calcd 

for C,„H2,N, 289.1704. 

3-(3-Indolyl)piperidine (20). To a solution of 19 (1.23 g, 4.25 mmol) in a mixture of ethanol (9 mL) and 

acetic acid (1 mL) palladium hydroxide on activated carbon (40 mg) was added. The mixture was hydrogenated under 

hydrogen atmosphere (45 psi) during 6 h. The catalyst was removed by filtration over hy flow. The filtrate was 

evaporated and subjected to flash chromatography (CH,Cl,/EtOH/concd NH4OH 65/30/5), which yielded 20 (0.84 g, 

4.20 mmol, 99%) as a while solid: R, (CH,Cl2/EtOH/concd NH4OH 65/30/5) 0.46; mp 136 - 137 "C; 'H NMR 8 

8.13 (brs , 1H, H-l) , 7.66 (d, 7 = 7.8 Hz, 1H, H-4), 7.36 (d, 7 = 8.0 Hz, 1H, H-7), 7.18 (t, 7 = 7.1 Hz, 2H, H-6), 

7.10 (t, 7 = 7.2 Hz, 1H, H-5), 6.95 (s, 1H, H-2), 3.49 (d, 7 = 12.1 Hz, 1H, H-9), 3.15 (d, 7 = 12.1 Hz, 1H, H-9). 

3 .07- 3.01 (m, 1H.H-8), 2 .69(1 ,7= 11.6 Hz, 2H, H- l l ) , 2 .19- 2.16 (m, 1H. H-13), 1.83 - 1.80 (m, 1H, H-13), 

1.75 - 1.64 (m, 2H. H-12); L1C NMR 5 136.3 (C-7a), 126.0 (C-3a), 121.6 (C-7). 120.6 (C-4), 119.2 (C-3), 118.9 

(C-5), 118.8 (C-6), 111.2 (C-2), 53.3 (C-9), 46.6 (C-l 1), 35.8 (C-8), 31.7 (C-12), 26.9 (C-13); IR v 3478, 1457; 

HRMS (EI) obs. mass 200.1305, calcd for C,,HlfiN2 200.1313. 

4-(3-Indolyl )A'-benzyl- l ,2 ,5 ,6- tetral iydropyridine (22). To a solution of sodium (3.79 g, 0.16 mol) in 

methanol (50 mL), indole (3.20 g, 27.4 mmol) and 4-piperidone 21 (14.4 mL, 78 mmol) were added. The mixture 

was refluxed during one night and concentrated in vacuo. To the residue water (30 mL) and EtOAc (50 mL) were 

added, the layers were separated and the water layer was extracted with EtOAc (3x). The combined organic layers were 

washed with brine, dried (Na2S04) and evaporated. Crystallisation from EtOAc afforded 22 (5.83 g, 20.2 mmol, 74% 

based on indole, 26% based on 4-piperidone) as white needles: Rf (PE/EtOAc 50/50) 0.12; mp 166 - 167 "C; 'H 

NMR 6 8.12 (brs , 1H. H-l) , 7.88 (d. 7 = 7.9 Hz, 1H), 7.41 (d, 7 = 7.0 Hz, 1H), 7.37 - 7.33 (m, 3H), 7.30 - 7.27 

(m, 1H), 7 .19 ( t , 7 = 7.0 Hz, 1H), 7.15 - 7.11 (m, 2H). 6.21 - 6 . 1 9 ( m , 1H, H-9), 3.67 (s, 2H, C/72Ar), 3.26 - 3.24 

(m, 2H, H-10), 2.75 (t, 7 = 5.7 Hz, 2H, H-12), 2 .62- 2.60 (m, 2H, H-13); IR v 3435. 

4-(3-Indolyl)piperidine (23). A suspension of 22 (5.64 g, 19.6 mmol) and palladium hydroxide on activated 

carbon (1.00 g, 20% Pd) in a mixture of' ethanol (27 mL) and acetic acid (3 mL) was hydrogenated under hydrogen 

atmosphere (45 psi) during 4 h. The catalyst was removed by filtration over hy flow. The filtrate was evaporated and 

EtOAc (200 mL), EtOH (10 mL) and a saturated Na,C0 3 solution (100 mL) were added. The layers were separated 

and the water layer was extracted with EtOAc (3x). The combined organic layers were washed with brine, dried 

(Na2S04) and evaporated. The residue was triturated with EtOAc affording 23 (3.90 g, 19.5 mmol, 99%) as a yellow 

crystalline compound: R, (EtOAc/EtOH/concd NH4OH 70/20/10) 0.19; mp 219 - 221 "C; 175 - 178 "C (subi.); 'H 
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NMR (CD,OD)S7.57(d , 7 = 7.9Hz, ÏH, H-4 or H-7), 7.31 (d, 7 = 8 . 1 Hz, 1H, H-4 or H-7), 7.06 (t, J = 7.9 Hz, 

1H, H-5orH-6) , 6.99 (s, 1H, H-2), 6.97 (t, 7 = 7.9 Hz, 1H. H-5 or H-6). 3.13 (br d, J = 12.4 Hz, 2H, H-10„, H-

1 2 J , 2.98 - 2.92 (m, 1H, H - 8 J , 2.79 (ddd, 7 = 12.4 Hz, 7 = 12.4 Hz, J = 2.5 Hz. 2H, H-10„, H - 1 2 J , 2.02 (br d, 

7 = 12.4 Hz, 2H,H-9CI|, H-13„), 1.72 (dddd, 7 = 12.4 Hz, 7 = 12.4 Hz, 7 = 12.4 Hz, 7 = 3 . 8 Hz, 2H, H-9„, H - 1 3 J ; 

"C NMR (CDjOD) 8 138.1 (C-7a), 127.5 (C-3a), 121.9, 121.4 (C-3), 120.8, 119.4, 119.0, 112.0. 47.3 (C-10, C-

12), 34.9 (C-8), 34.5 (C-9, C-14); IR v 3436. 

Pictet-Spengler condensations 

General procedure A. A solution of the amine, trifluoroacetic acid (1 eq.) and the aldehyde (10 eq.) in ethanol 

was refluxed during 3 h. When formaldehyde was used as the aldehyde in the condensation, methoxyamine 

hydrochloride (10 eq.) and water (5 mL) were added and refluxing was continued for 2 h. The mixture was 

concentrated in vacuo and EtOAc and a saturated aqueous solution of Na2CO,were added. The layers were separated 

and the water layer was extracted with EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated. 

General procedure B. To a solution of amine in refluxing toluene the aldehyde (10 eq.) was added over a period 

of 2 h. The mixture was refluxed during another 7 h, cooled to rt and concentrated in vacuo. 

General procedure C. To a solution of the amine and trifluoroacetic acid (1 eq.) in refluxing toluene, the 

aldehyde (10 eq.) was added in portions over a period of 2 h. The mixture was refluxed during 4 h. concentrated in 

vacuo and EtOAc and a saturated aqueous solution of Na2C03 were added. The layers were separated and the water 

layer was extracted with EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated. 

Pictet-Spengler reaction of 16 with formaldehyde (24) . General procedure A was followed using 16 

(500 mg, 2.16 mmol), trifluoroacetic acid (210 \xL, 2.16 mmol), formaline (450 p.L, 5.85 mmol, 36%) and 

methoxyamine hydrochloride (450 mg, 5.38 mmol). Crystallisation from EtOAc gave 24 (403 mg, 2.0 mmol, 

74%) as crystalline compound: R, (EtOAc/ElOH/concd NH4OH 70/20/10) 0.32; nip 262 - 263 "C, (240 "C subi.); 

'H NMR 8 7.96 (br s, ÎH, H-10), 7.55 - 7.52 (m, ÏH, H-6 or H-9), 7.30 - 7.27 (m, 1H, H-6 or H-9), 7.14 - 7.08 

(m, 2H, H-7, H-8), 4.47 (d. 7 = 16.7 Hz, 1H. H-l) 3.74 (d, 7 = 16.7 Hz, 1H, H-l), 3.38 - 3.36 (m, 1H, H-5), 3.33 

(ddd, 7 = 12.6 Hz, J= 10.0 Hz, 7 = 3.6 Hz, 1H, H-3), 3.08 (ddd, 7 = 10.8 Hz, 7 = 2.8 Hz. 7 = 2.8 Hz, 1H, H-l I), 

2.88 - 2.80 (m, 1H, H-3), 2.14 - 2.00 (m, 2H, H-4); l3C NMR 8 136.1 (C-9a), 129.1, 125.4, 121.0 (C-7 or C-8), 

119.2 (C-7 or C-8), 117.9, 117.3 (C-6), 110.8 (C-9), 58.5 (C-11), 56.3 (C-l), 54.0 (C-3), 37.4 (C-4), 31.2 (C-5); 

IR V 3435; HRMS (EI) obs. mass 198.1142, calcd for C„H I 4N, 198.1157. 

Side product from the Pictet-Spengler reaction of 16 with formaldehyde (31). General procedure A 

was followed except that the reaction mixture was not refluxed with methoxyamine. Reaction of 16 (500 mg, 2.16 

mmol), trifluoroacetic acid (210 pX, 2.16 mmol) and formaline (450 (iL, 5.85 mmol, 36%) followed by flash 

chromatography (EtOAc/EtOH/concd NH4OH 85/10/5) yielded 31 (390 mg, 1.69 mmol, 78%) as a crystalline 

compound: R, (EtOAc/EtOH/concd NH4OH 70/20/10) 0.25; 'H NMR 8 7.49 (d, 7 = 7.5 Hz, IH, H-6 or H-9), 7.38 

(d, 7 =8 .0 Hz, IH, H-6 or H-9), 7 .17-7.08 (m, 2H, H-7, H-8), 5.36 (AB, 7 = 11.4 Hz, 2H, C/7,OH), 4.36 (d, 7 = 

16.8 Hz, IH, H-I), 3.69 ( d , i = 16.8 Hz, IH, H-l), 3.32 (br s, IH, H-5), 3.23 - 3.19 (m, IH, H-3), 2.93 (br d, 7 = 

10.8 Hz, IH, H-l I), 2.78 (brd, 7 = 10.8 Hz, IH, H-l 1), 2.74 - 2.71 (m, IH, H-3), 2.06 - 1.90 (m, 2H, H-4); '3C 

NMR 8 136.1, 129.7, 125.6, 121.2 (C-7 or C-8), 119.7 (C-7 or C-8), 118.0, 117.4 (C-6), 109.1 (C-9), 66.5 

(CffjOH), 57.9 (C-l I), 54.9 (C-l), 53.7 (C-3), 37.2 (C-4), 31.6 (C-5); IR V 3588; HRMS (EI) obs. mass 

228.1275, calcd for C l4H l f iN,0 228.1263. 
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Pictet-Spengler reaction of 16 with hexanal (26). General procedure C was followed using 16 (1.01 g, 
5.43 mmol), trifluoroacetic acid (415 |lL, 5.39 mmol) and hexanal (3.22 inL, 26.9 mmol). According to 'H NMR 
spectroscopy of the crude mixture the diastereomers had been formed in a ratio of 26a : 26b = 45 : 55 which were 
separated by flash chromatography (PE/EtOAc 50/50 then PE/EtOAc/NEt, 60/30/10). Both isomers were obtained as 
white crystals: 26a (326 mg, 1.21 mmol, 22%) from EtOAc and 26b (651 mg, 1.69 mmol, 31%) from EtOH as 
its 1 : 1 salt with fumaric acid. The cx.ß-unsaturated aldehyde 30, formed by aldol condensation was also isolated. 
According to 'H NMR spectroscopy of the crude mixture after 4 h, the enamine 29 is present. 
26a: Rf (PE/EtOAc/NEt, 60/30/10) 0.28; mp 151 - 152 °C; 'H NMR 5 7.72 (br s, 1H, H-10), 7.52 (d, J = 6.5 Hz, 
1H, H-6 or H-9), 7.30 (d, J = 6.8 Hz, 1H, H-6 or H-9), 7.14 - 7.07 (m, 2H, H-7, H-8), 4.39 (dd, J = 9.7 Hz, J = 4.8 
Hz, 1H, H-l), 3.32 (brs, 1H, H-5), 3.20 (d, J = 10.7 Hz, 1H, H-ll), 3.10 - 3.03 (m, 2H, H-ll, H-3), 2.98 - 2.92 
(m, 1H, H-3), 2.00- 1.92 (m, 2H, H-4), 1.81 - 1.68 (m, 3H, H-12, H-14), 1.60- 1.52 (m, 1H, H-12), 1.46 - 1.38 
(m, 4H, H-13, H-15), 0.95 (t, 7 = 7.0 Hz, 3H, H-16); L1C NMR 5 135.7 (C-9a), 133.5 (C-5b), 125.3 (C-la), 121.0, 
119.4, 117.5, 116.7 (C-5a), 110.7, 62.4 (C-l), 60.6, 44.4, 35.8, 32.0 (C-5), 32.0, 31.8, 26.2, 22.5, 14.0 (C-16); 
IR v 3436; HRMS (EI) obs. mass 268.1927, calcd for C,SH24N2 268.1939. 

26b: R, (PE/EtOAc/NEt, 60/30/10) 0.35; mp 151 - 152 'C; 'H NMR (d.-DMSO) Ô 10.90 (s, 1H, H-10), 7.50 (d, J 
= 7.7 Hz, 1H, H-6 or H-9), 7.31 (d, J = 8.0 Hz, 1H, H-6 or H-9), 7.05 (t, J = 7.2 Hz, 1H, H-7 or H-8), 6.99 (t. J = 
7.2 Hz, 1H, H-7 or H-8), 6.57 (s, 2H, CHCO,), 4.11 - 4.08 (m, 1H, H-l), 3.58 - 3.51 (m, 1H, H-3), 3.51 (br s, 
1H, H-5), 3.29 (d, J = 10.6 Hz, 1H, H-ll), 3.05 - 2.98 (m, 1H, H-3), 2.91 (d, J = 10.6 Hz, 1H, H-ll), 2.17 - 2.08 
(m, 1H, H-4), 1.94- 1.85 (m, 3H, H-4, H-12), 1.76 -1.72 (m, 1H, H-13), 1.62 - 1.55 (m, 1H, H-13), 1.40 - 1.32 
(m, 4H, H-14, H-15), 0.92 (t, J = 6.7 Hz, 3H, H-16); "C NMR (d6-DMSO) ô 167.2 (CHC02), 136.1, 134.7 
(CHCO,), 124.3, 120.8, 118.6, 117.3, 114.6, 111.2, 65.1 (C-l), 53.9 (C-3 or C-l 1), 52.5 (C-3 or C-ll), 35.4, 
34.2, 31.2 (C-5), 25.7, 22.0, 13.9 (H-16); IR v 3436; HRMS (EI) obs. mass 268.1945, calcd for CI8H24N2 

268.1939. 

Crystallographic data of 26a. 
Monoclinic, P2,/c, a = 9.6605(9), b = 15.995(2), c = 10.291 (2)Â, ß = 99.20(2)". V = 1569.7(5)Â', Z = 4, Dx = 1.14 
gem3, ^(CuKcx) = 1.5418Â, u(CuKa) = 5.0 cm', F(000) = 584, room temperature. Final R = 0.067 for 2113 
observed reflections. 
The numbering of the atoms in tables 6.3 and 6.4 is as shown in the following structure: 

6 5 
7 ^ \ , b S a ^ 

L 1 iJL 
; 9a N lOaY 9 H 1 

' N2 
' H 

26a 

N10 1 2 Y^f16 

Table 6.3. Bond distances of the non -hydrogen atoms (Ä) of 26a with standard deviations in parentheses. 

C( l ) -C (1 2 ) 1.526(5) C(6) - C(7) 1.381(7) C(14)-C(15) 1.439(7) 

C( l ) -C (2 0 ) 1.490(4) C(6) - C(5b) 1.401(5) C(15)-C(16) 1.456(8) 

C ( l ) - N ( 2 ) 1.508(4) C(7) - C(8) 1.390(7) C(5a) - C(5b) 1.431(4) 

C(3) - C(4) 1.543(6) C(8) - C(9) 1.365(6) C(5a)-C(10a) 1.357(4) 

C(3) - N(2) 1.488(5) C(9) - C(9a) 1.396(5) C(5b) - C(9a) 1.410(5) 

C(4) - C(5) 1.525(5) C ( l l ) - N ( 2 ) 1.485(5) C(9a)-N(10) 1.382(4) 

C ( 5 ) - C ( l l ) 1.529(5) C(12)-C(13) 1.512(6) C(10a)-N(10) 1.389(4) 

C(5) - C(5a) 1.510(5) C(13)-C(14) 1.530(7) 
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Table 6.4. Bond angles of the non-hydrogen atoms (°) of 26a with standard deviations in parentheses. 

C(12)-C(2) -C(10a) 112.8(3) 

C(12) -C(2) -N(2) 113.0(2) 

C(10a) - C( l ) - N(2) 109.3(3) 

C(4) - C(3) - N(2) 108.3(3) 

C(3) - C(4) - C(5) 103.2(3) 

C ( 4 ) - C ( 5 ) - C ( l l ) 100.6(3) 

C(4) - C(5) - C(5a) 110.8(3) 

C ( l l ) - C ( 5 ) - C ( 5 a ) 105.4(3) 

C(7) - C(6) - C(5b) 118.8(4) 

C(6) - C(7) - C(8) 121.2(4) 

C(7) - C(8) - C(9) 121.5(4) 

C(8) - C(9) - C(9a) 118.0(4) 

C ( 5 ) - C ( l l ) - N ( 2 ) 103.4(3) 

C(l) - C(12) - C(13) 114.8(3) 

C(12) -C(13) -C(14) 111.4(4) 

C(13) - C(14) - C(15) 117.4(4) 

C(14) -C(15) -C(16) 115.0(5) 

C(5) - C(5a) - C(5b) 

C(5) - C(5a) - C(10a) 

C(5b)-C(5a)-C(10a) 

C(6) - C(5b) - C(5a) 

C(6) - C(5b) - C(9a) 

C(5a) - C(5b) - C(9a) 

C(9) - C(9a) - C(5b) 

C(9)-C(9a)-N(10) 

C(5b)-C(9a)-N(10) 

C(l) - C(10a) - C(5a) 

C( l ) -C(10a ) -N(10) 

C(5a)-C(10a)-N(10) 

C(l) - N(2) - C(3) 

C ( l ) - N ( 2 ) - C ( l l ) 

C ( 3 ) - N ( 2 9 ) - C ( l l ) 

C(9a)-N(10)-C(10a) 

133.7(3) 

118.9(3) 

107.3(3) 

134.9(3) 

118.8(3) 

106.3(3) 

121.7(3) 

129.6(3) 

108.6(3) 

125.3(3) 

124.3(3) 

110.4(3) 

113.6(3) 

108.5(2) 

102.0(3) 

107.3(3) 

enamine 29: 'H NMR (from the mixture) 5 7.02 (s, 1H, H-2), 6.94 (d, J = 14.1 Hz, 1H, H-I4), 5.68 (dt, J = 14.1 

Hz, J = 7.2 Hz, 1H, H-15), the other signals could not be discerned. 

aldol product 30: R7 (PE/EtOAc/NEt, 60/30/10) 0.70; 'H NMR 5 9.34 (s, ÎH, CHO), 6.46 (t, J = 7.4 Hz, 1H, 

C=CH), 2.34 - 2.31 (m, 2H, C«,CH=C), 2.28 - 2.25 (m, 2H, C«,C=CH), 1.69 - 1.22 (m, 10H, 5xCH2), 0.91 (t, J 

= 6.9 Hz, 6H, CH,); IR v 1683. 

Pictet-Spengler reaction of 16 with benzaldehyde (27) . General procedure C was followed using 16 

(981 mg, 5.27 mmol) and benzaldehyde (1.85 mL, 18.2 mmol). According to a 'H NMR spectrum of the crude 

mixture the diastereomers had been formed in a ratio of 27a : 27b = 46 : 54 which were separated by flash 

chromatography (PE/EtOAc 50/50 then PE/EtOAc/NEt, 60/30/10). Both 27a (382 g, 1.39 mmol, 26%) and 2 7 b 

(463 mg, 1.68 mmol, 32%) were obtained from EtOAc as white crystals: 

27a: Rf (PE/EtOAc/NEt, 60/30/10) 0.13; mp 225 - 228 "C; 'H NMR 5 7.97 (br s. 1H, H-10), 7.61 - 7.58 (m, 1H, 

H-6), 7 .38- 7.35 (m, 5H, Ar-H), 7.24 - 7.22 (m, IH, H-9), 7.15 - 7.11 (m. 2H, H-7, H-8), 5.68 (br s, 1H, H-l), 

3.43 (brs , IH, H-5), 3.31 (dd, J = 10.7 Hz, J = 2.7 Hz, IH, H-l 1), 2.99 - 2.93 (m, IH, H-3). 2.70 - 2.63 (m, IH, 

H-3), 2.04 - 2.01 (m, 2H, H-4); IR V 3436; HRMS (EI) obs. mass 274.1464, calcd for C,,;HISN2 274.1470. 

27b: R, (PE/EtOAc/NEt, 60/30/10) 0.20; mp 214 - 215 °C, (170 "C subi.); 'H NMR (CD,OD) ô 7.54 (d, J = 7.0 

Hz, IH, H-6 or H-9), 7.39 - 7.30 (m, 3H, Ar-H), 7.25 - 7.23 (m, 3H, H-6 or H-9, Ar-H), 7.08 - 7.00 (m, 2H, H-7, 

H-8). 5.04 (s, 1H, H-l), 3 .52-3 .50 (m, 1H, H-5), 3.43 (ddd, J = 12.6 Hz. J= 10.0 Hz, 7 = 3 . 6 Hz, 1H, H-3), 3.30 

-3.27 (m, 1H, H-l 1), 3 .17-3 .10 (m, 1H, H-3), 2.54 (dd, J = 11.0 Hz, J = 2.9 Hz. 1H, H-l 1). 2.18 - 2.10 (m, 2H, 

H-4); "C NMR 5 138.3, 135.4, 134.4,133.3, 132.0, 131.7, 126.2, 124.9, 122.4, 120.9, 114.7, 112.0, 72.6 (C-l), 

57.7 (C-3 or C-l 1), 55.4 (C-3 or C-l 1), 40.3 (C-4), 35.7 (C-5); IR v 3436; HRMS (EI) obs. mass 274.1465, calcd 

for C1VHISN2 274.1470. 

Pictet-Spengler reaction of 16 with 5,5-diethoxypentanal (28). The general procedure B was followed 

using 16 (36 mg, 0.19 mmol) and 5,5-diethoxypentanal21 (348 mg, 2.0 mmol). According to a 'H NMR spectrum 

of the crude reaction mixture the diastereomers had been formed in a ratio of 28a : 28b = 6 1 : 39. Separation by 
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flash chromatography (PE/ElOAc 50/50 then PE/EtOAc/NEt, 70/15/5) gave both isomers 28a (23 mg, 0.07 mmol, 
35%) and 28b (13 mg, 0.04 mmol, 20%) as an oil: 
26a: Rf (PE/EtOAc/NEt, 60/30/10) 0.56; 'H NMR 5 8.05 (br s, 1H, H-10), 7.51 (d, / = 7.3 Hz, 1H, H-6 or H-9), 
7.29 (d, 7 = 7.3 Hz, 1H, H-6 or H-9), 7.12 - 7.07 (m, 2H, H-7, H-8), 4.58 (l, 7 = 5.5 Hz, 1H, H-15), 4.49 - 4.41 
(m, 1H, H-l), 3.74 - 3.62 (m, 2H, OC/7,CH3), 3.60 - 3.47 (m, 2H, OC//,CH,), 3.35 (br s, 1H, H-5), 3.22 (d, 7 = 
10.6 Hz, 1H, H-l 1), 2.71 (dd, 7 = 10.6 Hz, J = 2.7 Hz, 1H, H-l 1), 3.05 - 2.97 (m, 2H, H-3), 2.02 - 1.56 (m, 8H, 
H-4, H-12, H-13, H-14), 1.24 (t, 7 = 7.1 Hz, 3H, OCH2C/73), 1.23 (t, J = 7.1 Hz, 3H, OCH,C//3); IR V 3436. 
26b: R, (PE/EtOAc/NEt3 60/30/10) 0.60; 'H NMR Ô 8.08 (br s, 1H, H-10), 7.53 (d, 7 = 7.3 Hz, 1H, H-6 or H-9), 
7.28 (d, 7 = 7.3 Hz, 1H, H-6 or H-9), 7.14 - 7.06 (m, 2H, H-7, H-8), 4.56 (t, 7 = 5.1 Hz, 1H, H-15), 3.74 - 3.34 
(m, 6H, H-l, H-3, OCrY2CH3), 3.34 (br s, 1H, H-5), 3.17 (d, J = 11.0 Hz, 1H, H-l 1), 2.83 - 2.76 (m, 1H. H-3), 
2.71 (dd, 7= 11.0 Hz, 7 = 2.7 Hz, 1H, H-l 1), 2.00 - 1.62 (m. 8H, H-4, H-12, H-13, H-14), 1.25(1,7 = 7.1 Hz, 3H, 
OCH2Ctf3), 1.24(1,7=7.1 Hz, 3H, OCH2C/73); IR v 3436. 

Pictet-Spengler reaction of 20 with formaldehyde (32). General procedure A was followed using 20 (40 
mg, 0.20 mmol), trifluoroacetic acid (19 (iL, 0.20 mmol), paraformaldehyde (9 mg, 0.30 mmol), ethanol (2 mL) 
and methoxyamine hydrochloride (41 mg, 0.50 mmol). Crystallisation from EtOAc/PE gave 32 (31 mg, 0.15 
mmol, 73%); mp231 - 234 'C; 'H NMR 5 8.17 (br s, 1H, H-l 1), 7.49 (d, 7 = 7.5 Hz, 1H, H-7 or H-10), 7.33 (d, 7 
= 7.8 Hz, 1H, H-7 or H-10). 7.17 - 7.09 (m, 2H, H-8, H-9), 4.44 (d, 7 = 17.2 Hz, 1H, H-l), 3.78 (d, 7= 17.2 Hz, 
1H, H-l), 3.24 (brd, 1H. 7= 13.2 Hz, H-12), 3.15 (ddd, 7 = 13.7 Hz, 7= 13.7 Hz, 7 = 3.8 Hz, 1H, H-3), 3.07 -
3.01 (m, 3H, H-3, H-6, H-12), 1.91 - 1.87 (m, 2H, H-5), 1.58- 1.47 (m, 1H, H-4), 1.20 (brd, 7= 13.7 Hz, LH, H-
4); "C NMR (CDCl3/5% CD,OD) 8 136.0 (C-lOa), 133.5 (C-6b), 126.0 (C-lla), 120.8 (C-7), 118.8 (C-9), 117.2 
(C-8), 111.9 (C-6a), 110.7 (C-10), 55.1 (C-l or C-I2), 53.0 (C-l or C-12), 49.4 (C-3), 28.1 (C-4), 25.8 (C-6), 
18.3 (C-5); IRv 3436; HRMS (EI) obs. mass 212.1315, calcd for C14HlfiN2 212.1313. 

Pictet-Spengler reaction of 20 with propionaldehyde (33). General procedure B was followed. Using 
20 (50 mg, 0.25 mmol) and propionaldehyde (270 u;L, 3.75 mmol) yielded an inseparable mixture of diastereomers 
(32.2 mg, 0.13 mmol, 54%) in a ratio of 33a : 33b = 71 : 29 according to 'H NMR spectroscopy: 'H NMR (from 
the mixture) 5 8.27 (br s, 1H, H-l 1), 7.98 (br s, 1H, H-l 1), 7.69 (d, 7 = 7.1 Hz, 1H, H-7), 7.48 (d, 7 = 7.3 Hz, 1H, 
H-10), 7.36 - 7.34 (m, 2H, H-7, H-10), 7.25 - 7.08 (m, 4H, H-8, H-9), 3.61 - 3.58 (m, 1H, H-l), 3.34 - 3.14 (m, 
5H, H-l, H-12), 3.11 (brs, 1H, H-6), 3.01 (br s, 1H, H-6), 2.45 - 2.41 (m, 2H, H-3), 2.15 - 2.06 (m, 2H, H-3), 
1.94 - 1.69 (m, 6H, H-4, H-5, H-13), 1.64 - 1.39 (m, 4H, H-4, H-5), 1.17 (t, 7 = 6.8 Hz, 3H, H-14), 1.11 (t, 7 = 
6.8 Hz, 3H, H-14); "C NMR (from the mixture) 5 138.0, 136.2, 135.8, 126.5, 126.0, 121.9, 121.2, 120.1, 119.2. 
119.1, 117.7, 113.0, 111.1, 110.6, 60.7 (C-l), 60.2 (C-12), 56.2 (C-12), 53.7 (C-3), 49.8 (C-3), 33.4 (C-6), 30.9, 
28.7, 28.2, 26.3 (C-6), 25.1, 19.3, 18.6, 11.9 (C-14), 11.6 (C-14); IR v 3436. 

Pictet-Spengler reaction of 20 with hexanal (34). General procedure B was followed using 20 (40 mg, 
0.20 mmol) and hexanal (340 (iL, 2.82 mmol). Flash chromatography (EtOAc/PE/NEt, 65/30/5) yielded 34a (26.0 
mg, 0.09 mmol, 46%) and 34b (10 mg, 0.04 mmol, 18%) both as a yellow oil: 
34a: R, (EtOAc/PE/NEt3 60/30/10) 0.26; 'H NMR 5 7.94 (br s, 1H, H-l 1), 7.46 (d, 7 = 7.1 Hz, 1H, H-7), 7.33 (d, 
7 = 7.3 Hz, 1H, H-10), 7.17-7.06 (m,2H, H-8, H-9), 4.33 - 4.28 (dd, 7 = 6.6 Hz, 7 = 4.3 Hz, 1H, H-l), 3.41 -
3.37 (m, 1H, H-12), 3.24 - 3.13 (m, 3H, H-3, H-12), 3.05 (br s, 1H, H-6), 1.97 - 1.08 (m, 12H, H-4, H-5, H-13, 
H-14, H-15, H-l6), 0.97 (t, 7 = 6.8 Hz, 3H, H-17); IR v 3435. 
34b: R, (EtOAc/PE/NEt3 60/30/10) 0.44; 'H NMR 5 7.89 (br s, 1H, H-ll), 7.49 (d, 7 = 7.2 Hz, 1H, H-7), 7.34 (d, 
7= 7.0 Hz, IH, H-10), 7.19-7.03 (m, 2H, H-8, H-9), 3.79- 3.76 (m, 1H, H-l), 3.25 - 3.12 (m, 3H, H-3, H-6, H-
12), 3.10- 2.96 (m, 2H, H-3, H-12), 1.91 - 1.18 (m, 11H, H-4, H-5, H-13, H-14, H-15, H-16), 1.16 - 1.11 (m, 
IH, H-4), 0.98 - 0.79 (m, 3H, H-17); IR v 3436. 
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Pictet-Spengler reaction of 20 with heptanal (35). General procedure B was followed using 20 (32 mg, 

0.16 mmol) and heptanal (280 p:L, 2.01 mmol). Flash chromatography (EtOAc/PE/NEt, 65/30/5) yielded 35a (22.4 

mg, 0.08 mmol, 48%) and 35b (11.3 mg, 0.04 mmol, 24%) both as a yellow oil: 

35a: Rf (EtOAc/PE/NEt, 60/30/10) 0.23; 'H NMR S 7.94 (br s, 1H, H-l 1), 7.46 (d, J = 7.1 Hz, 1H, H-7). 7.33 (d. 

J = 7.3 Hz. 1H, H-10), 7.17 - 7.06 (m, 2H, H-8, H-9), 4.27 - 4.24 (dd, J = 6.6 Hz. J = 4.3 Hz, 1H, H-l), 3.32 (d. J 

= 11.2 Hz, 1H, H-12), 3.17 - 3.02 (m, 3H. H-3, H-6, H-12), 2.86 (dt, / = 14.1 Hz, J = 3.6 Hz, 1H, H-3), 2.93 -

1.15 (m, 13H, H-4, H-5, H-13, H-14, H-15, H-16, H-17), 1.13 (m, 1H, H-4), 0.89 (m, 3H, H-18); "C NMR 5 

138.1 (C-10a), 135.5 (C-6b), 126.3 (C-l la) , 120.9 (C-7), 119.1 (C-9), 117.5 (C-8), 112.2 (C-6a), 110.5 (C-10), 

57.2 (C-l), 55.7 (C-12), 46.7 (C-3), 31.5 (C-4), 30.7 (C-13), 29.4, 28.7, 26.5 (C-6), 26.4, 22.4, 19.1, 13.8 (C-

18); IR v 3436; HRMS (FAB) obs. mass 297.2339, calcd for C2„H29N2 (M + 1) 297.2331. 

35b: Rf (EtOAc/PE/NEt, 60/30/10) 0.49; 'H NMR S 7.86 (br s, ÎH, H-l 1), 7.49 (d. J = 7.3 Hz, I H, H-7), 7.34 (d, 

/ = 7 . 5 Hz, 1H, H-10), 7.17 - 7.06 (m,2H, H-8, H-9), 3.77(1,7 = 3.1 Hz, 1H, H-l), 3.21 - 3.13 (m, 3H, H-3, H-

6, H-12), 3 .09-2 .95 (m, 2H, H-3, H-12), 1.91 - 1.85 (m, 2H, H-5), 1.73 - 1.18 (m, 11H, H-4, H-13, H-14, H-15, 

H-16, H-17), 1.16- 1.11 (m, 1H, H-4), 0.95 - 0.78 (m, 3H, H-18); " C N M R 8 138.6 (C-lOa), 135.7 (C-6b), 126.2 

(C-l la) , 121.0 (C-7), 119.1 (C-9), 117.7 (C-8), 113.0 (C-6a), 110.6 (C-10), 59.1 (C-l), 56.4 (C-12), 49.9 (C-3), 

36.1 (C-4), 31.8 (C-13), 29.5, 28.8, 27.1, 26.4 (C-6), 22.6, 18.7, 14.0 (C-18); IR v 3436; HRMS (FAB) obs. 

mass 297.2339, calcd for C2I)H29N2 (M + 1 ) 297.2331. 

Pictet-Spengler reaction of 20 with iso-butyraldehyde (36). General procedure B was followed. Using 

20 (50 mg, 0.25 mmol) and j'so-butyraldehyde (180 uX. 2.0 mmol) yielded an inseparable mixture of diastereomers 

(9.7 mg, 0.04 mmol, 15%) in a ratio of 36a : 36b = 50 : 50 according to 'H NMR spectroscopy of the crude 

mixture: 'H NMR (from the mixture) 8 8.06 (br s, 1H, H-l 1). 7.69 (d, J = 7.8 Hz, 1H, H-7). 7.62 (d, J = 7.8 Hz, 

1H, H-7). 

Pictet-Spengler reaction of 20 with benzaldehyde (37). General procedure C was followed using 20 (32 

mg, 0.16 mmol), benzaldehyde (205 (XL, 2.01 mmol) and trifluoroacetic acid (12 p:L. 0.16 mmol). The 

diastereomers were formed in a ratio of 37a : 37b = 95 : 5 as indicated by 'H NMR spectroscopy of the crude 

reaction mixture. From this mixture only 37a (38 mg, 0.09 mmol, 58%) could be isolated by flash chromatography 

(EtOAc/PE/NEt, 60/30/10) as a white solid: 

37a: Rf (EtOAc/PE/NEt, 60/30/10) 0.16; mp 208 - 209 'C; 'H NMR 6 7.90 (br s. 1H. H-l 1 ). 7.55 (d, J = 7.3 Hz, 

1H, H-7), 7.47 - 7.36 (m. 5H, Ar-H), 7.29 (d, J = 7.4 Hz. 1H, H-10). 7.18 - 7.11 (m, 2H, H-8. H-9), 5.56 (s, 1H, 

H-l), 3.44 (d, J = 12.6 Hz, 1H, H-12), 3.32 (d, J = 12.6 Hz. 1H, H-12). 3.14 (br s, 1H, H-6), 2.70 (dt. J = 14.0 Hz, 

y = 3.5 Hz, 1H, H-3), 2.56 - 2.50 (m, 1H, H-3), 1.96- 1.92 (m, 2H, H-5), 1.60 - 1.54 (m. 1H, H-4), 1.10 - 1.07 

(m, 1H, H-4); " C NMR (CD,OD) 8 138.2 (C-l la) , 137.3 (C-6b), 135.2 (C-10), 130.9, 128.4. 128.0. 126.9, 

121.3, 119.4, 118.0, 114.1. 110.9, 63.8 (C-l), 56.2 (C-12), 48.0 (C-3), 28.9 (C-4), 27.5 (C-6), 19.9 (C-5); IR v 

3436; HRMS (EI) obs. mass 288.1622, calcd for C2„H2„N2 288.1626. 

37b: R, (EtOAc/PE/NEt, 60/30/10) 0.09; 'H NMR 8 5.92 (s. ÎH. H-6), 4.06 (d, / = 12.6 Hz, 1H, H-12), 3.72 (d, 

J = 12.6 Hz, 1H, H-12) the other signals could not be discerned from the crude reaction mixture. 

Pictet-Spengler reaction of 20 with 5,5-diethoxypentanaI (38). General procedure B was followed 

using 20 (300 mg, 1.50 mmol) and 5,5-diethoxypentanal21 (3.71 g, 21.3 mmol). Flash chromatography 

(EtOAc/PE/NEt, 65/30/5) yielded 38a (258 mg, 0.72 mmol, 48%) and 38b (132 mg, 0.38 mmol, 25%) both as a 

yellow oil: 

38a: R, (EtOAc/PE/NEt3 60/30/10) 0.22; 'H NMR 8 7.99 (br s, 1H, H-l 1), 7.46 (d, J = 7.6 Hz, 1H, H-7), 7.33 (d, 

J =6.5 Hz, 1H, H-10), 7.15 - 7.06 (m, 2H, H-8, H-9), 4.59 - 4.48 (m, 1H, H-16), 4.31 - 4.27 (m, 1H, H-l), 3.73 -

3.60 (m, 2H, OCHjCH,), 3.57- 3.48 (m. 2H, OCH2CH,), 3.37 (d, J= 11.3 Hz, 1H, H-12), 3.19- 3.14 (m,2H, H-

3, H-12), 3.04 (brs , 1H, H-6), 2.91 (dt. / = 14.0 Hz, J = 3.7 Hz. 1H. H-3), 1.96 - 1.76 (m, 8H, H-5, H-13, H-14. 
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H-15), 1.42 - 1.36 (m, ÎH, H-4), 1.35 - 1.16 (m, 7H. H-4. OCH,Ctf3); ,3C NMR 5 138.3 (C-10a), 135.5 (C-6b), 

126.2 (C- l la ) , 120.9 (C-8), 119.1 (C-7), 117.5 (C-9), 112.1 (C-6a), 110.6 (C-10), 102.5 (C-16), 61.2 (OCH2CH3). 

60.7 (OCH2CH3), 57.1 (C-l), 55.6 (C-12), 46.7 (C-3), 33.3 (C-15), 30.4 (C-13), 28.6 (C-14), 26.4 (C-6), 21.8 (C-

5), 19.0 (C-4), 15.1 (OCH2CH3); IR v 3492, 2360, 1458; HRMS (FAB) obs. mass 357.2543, calcd for C2 2H„N,02 

(M + 1) 357.2542. 

38b: Rf (EtOAc/PE/NEt, 60/30/10) 0.47; 'H NMR Ô 8.04 (br s, 1H, H-l 1), 7.47 (d, J = 7.6 Hz, 1H, H-7), 7.33 (d, 

J = 7.9 Hz, 1H, H-10), 7.15 - 7.05 (m, 2H, H-8, H-9), 5.54 - 4.46 (m, 1H, H-16), 3.69 - 3.60 (m, 3H, H-l, 

OCtf2CH3), 3.55 - 3.44 (m, 2H, OC//2CH3), 3.11 (dt, J = 14.4 Hz, J= 3.8 Hz, 1H, H-3), 3 .10-3.08 (m, 2H, H-6, 

H-12), 2.97 - 2.95 (m, 2H, H-3, H-12), 1.89 - 1.44 (m, 8H, H-5, H-13, H-I4, H-15), 1.39 - 1.35 (m, 1H, H-4), 

1.27 - 1.11 On, 7H, H-4, OCH,C//,); "C NMR 8 137.9 (C-10a), 135.7 (C-6b), 126.3 (C-l la) , 121.1 (C-8), 119.2 

(C-7), 117.7 (C-9), 112.2 (C-6a), 110.7 (C-10), 102.6 (C-16), 61.3 (OCH2CH3), 60.8 (OCH2CH3), 57.2 (C-l), 55.8 

(C-12), 46.9 (C-3), 33.5 (C-15), 30.5 (C-4), 28.8 (C-13), 26.5 (C-6), 21.9 (C-14), 19.2 (C-5), 15.3 (OCH2CH,); IR 

v 3492, 2360. 1458; HRMS (FAB) obs. mass 357.2559, calcd for C22H33N202 (M + 1) 357.2542. 

Pictet-Spengler reaction of 20 with glutaric aldehyde mono-oxime (39). General procedure B was 

followed. Using 20 (40 mg, 0.20 mmol) and glutaric aldehyde mono-oxime3" (258 mg, 2.00 mmol) yielded an 

inseparable mixture of diastereomers in a ratio of 39a : 39b = 60 : 40 (8.1 mg, 0.02 mmol, 11%, both present as 

syn- and anft'-isomer) according to the 'H NMR spectrum (see further in this experimental section for the data of 

both diastereomers, obtained from 38). 

Pictet-Spengler reaction of 23 with hexanal (40) . General procedure C was followed. To a solution of 

23 (300 mg, 1.50 mmol) and trifluoroacetic acid (120 p i , 1.56 mmol) in toluene (10 mL), hexanal (3.60 mL, 3.00 

mol) was added in portions over a period of 5 days. Flash chromatography (PE/EtOAc 50/50 then PE/EtOAc/NEt, 

60/30/10) yielded 40 (12 mg, 0.04 mmol, 2.7%) as a yellow oil: R, (PE/EtOAc/NEt, 60/30/10) 0.44; 'H NMR S 

8.07 (br s, 1H, H-10), 7.48 (d, J = 7.0 Hz, 1H, H-6 or H-9), 7.30 (d, J = 7.1 Hz, 1H, H-6 or H-9), 7.14 - 7.07 (m, 

2H, H-7, H-8), 4.28 - 4.22 (m, 1H, H-l), 3.49 - 3.42 (m, 1H), 3.28 (br s, 1H, H-5), 3.23 - 3.16 (m, 1H), 3.10 -

2.96 (m, 2H), 2.06 - 1.88 (m, 4H), 1.87 - 1.75 (m, 2H), 1.68 - 1.62 (m, 1H), 1.59 - 1.46 (m, 1H), 1.43 - 1.35 (m, 

4H), 0 .97-0 .87 (m, 3H, H-l7); "C NMR 8 187.2 (C-10a), 135.8 (C-9a), 126.3 (C-5b), 121.0 (C-8), 119.1 (C-7), 

119.0 (C-5a), 117.3 (C-6), 110.5 (C-9), 64.1 (C-l), 48.5, 40.0, 33.9, 31.9, 30.6, 29.2, 26.5, 24.3 (C-5), 22.5, 

14.0 (C-l7); I R v 3437. 

Synthesis of 39a from 38a. To a solution of 38a (319 mg, 0.90 mmol) in tetrahydrofuran (3 mL), water 

(13.5 mL), methoxyamine hydrochloride (300 mg. 3.60 mmol) and sodium acetate (295 mg, 3.60 mmol) were 

added. The mixture was stirred at 80 'C during one night, cooled to rt and EtOAc (15 mL) and K2CO, (500 mg) were 

added. The layers were separated and the water layer was extracted with EtOAc (3x), the combined organic layers were 

dried (Na2S04) and evaporated yielding 39a (262 mg, 0.84 mmol, 94%, anti : syn = 63 : 37) as a yellow oil: Rf 

(EtOAc/PE/NEt, 60/30/10) 0.32; 'H NMR 8 7.88 (br s. 1H, H-l 1), 7.45 (t, J = 5.6 Hz, anri-CWNOCH3), 7.43 (d, J 

= 7.3 Hz, IH, H-7), 7.34 (d, J = 7.7 Hz, 1H, H-10), 6.72 (t, J = 5.6 Hz, syn-CHNOCH,),4.32 - 4.29 (m, 1H, H-l) , 

3.89 (s, syn-CHNOCH,), 3.84 (s, anti-CHNOCH,), 3.36 (br d, J = 12.6 Hz, IH, H-12), 3.17 - 3.13 (m, 2H, H-3, 

H-12), 3.04 (brs , IH, H-6), 2.91 (dt, 7 = 14.2 Hz, J = 3.8 Hz, IH, H-3), 2.46 - 2.44 (m, IH, H-15), 2.37 - 2.33 

(m, IH, H-15), 1.94- 1.64 (m,6H, H-5, H-13, H-14), 1.27- 1.24 (m, IH, H-4), 1.15 - 1.12 (m, IH, H-4); IR v 

3473, 1458; HRMS (FAB) obs. mass 312.2054, calcd for C„H2f iN30 (M + 1) 312.2076. 

Synthesis of 39b from 38b. The same procedure was used as described for the synthesis of 39a. Reacting 

38b (311 mg, 0.87 mmol) gave 39b (221 mg, 0.71 mmol, 82%, anti : syn= 58 : 42) as a yellow oil: R, 

(EtOAc/PE/NEt, 60/30/10) 0.37; 'H NMR 5 7.91 (brs , IH, H-l 1). 7.47 (d, J = 7.7 Hz. IH. H-7). 7.40 (t, 7 = 6.3 

Hz, anri-CHNOCH3), 7.33 (d, J = 6.8 Hz, IH, H-10). 7.16 - 7.07 (m, 2H, H-8, H-9), 6.70 (I. J = 6.3 Hz, syn-
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CWNOCH,), 3.90 (s, syn-CHNOCH,), 3.84 (s, anfi-CHNOCtf,), 3.65 - 3.62 (m, ÎH, H-1), 3.14 (dt, 7= 14.2 Hz, 7 
= 3.9 Hz. ÎH, H-3), 3.11 (br s, 2H, H-6, H-12). 3.05 - 2.93 (m, 2H. H-3, H-12), 2.30 - 2.25 (m, 2H, H-15), 1.88 -
1.65 (m. 6H, H-5, H-13, H-14). 1.45 - 1.41 (m, 1H, H-4), 1.15 - 1.11 (m, 1H, H-4); IR v 3470, 1458; HRMS 
(FAB) obs. mass 312.2069, calcd for C,,H26N,0 (M + 1) 312.2076. 

Bridged analogue of nazlinine (45a). To a solution of 39a (255 mg, 0.85 mmol) in tetrahydrofuran (9 mL) 
lithium aluminium hydride (130 mg, 3.40 mmol) was added in portions at 0 "C. The mixture was refluxed during 16 
h, cooled to rt and subsequently ethanol (1 mL) and an aqueous sodium hydroxide solution (2 mL, 0.1 M) were 
added. The mixture was stirred for another 30 min, then EtOAc (15 mL) was added. After filtration over hy flow, the 
layers were separated and the water layer was extracted with EtOAc (3x). The combined organic layers were dried 
(Na2S04) and evaporated. Flash chromatography (EtOAc/PE/NEt, 60/30/10) yielded 45a as a yellow oil, which 
crystallised from EtOH as its difumaric salt (299 mg, 0.58 mmol, 68%). Spectral data were obtained from the free 
base: R, (EtOAc/PE/NEt, 60/30/10) 0.22; 'H NMR 8 9.14 (br s, 1H, H-ll), 7.46 (d, 7 = 7.9 Hz, 1H, H-7), 7.32 (d, 
7=7.9 Hz, 1H, H-10), 7.13 (t, J = 7.9 Hz, 1H, H-9), 7.08 (t, 7 = 7.9 Hz, 1H, H-8), 4.29 - 4.23 (m, IH, 'H-1) , 3.34 
(d, 7 = 12.5 Hz, 1H, H-12), 3.14-3.09 (m, 2H, H-3, H-12), 3.03 (br s, 1H, H-6), 2.88 (dt, 7 = 14.1 Hz, 7 = 3.7 
Hz, 1H, H-3), 2.79 (t, 7 = 6.5 Hz, 2H, H-16), 1.99 - 1.87 (m, IH, H-5), 1.87 - 1.81 (m, 2H, H-14), 1.80 - 1.66 
(m, 2H, H-13), 1.66 - 1.52 (m, 3H, H-5, H-15), 1.38 - 1.29 (m, IH, H-4), 1.17 - 1.08 (m, IH, H-4); "C NMR 5 
138.2 (C-10a), 135.9 (C-6b), 126.3 (C-lla), 120.8 (C-7), 118.9 (C-9), 117.6 (C-8), 111.8 (C-6a), 110.8 (C-10), 
57.5 (C-16), 57.3 (C-l), 46.9 (C-12), 41.4 (C-3), 32.9 (C-15), 30.2 (C-4), 28.3 (C-13), 26.6 (C-6), 23.7 (C-14), 
19.2 (C-5); IR v 3428; HRMS (FAB) obs. mass 284.2104, calcd for CI8H26N, (M + 1) 284.2127. 

Bridged analogue of nazlinine (45b). The same procedure was used as described for 45a. Reacting 39b (255 
mg, 0.85 mmol) afforded 45b (144 mg, 0.54 mmol, 63%) as a white solid: Ry (EtOAc/PE/NEt, 60/30/10) 0.27; 
mp 146- 148 "C; 'H NMR 6 8.54 (br s, IH, H-ll), 7.47 (d, J= 8.0 Hz, IH, H-7), 7.33 (d, 7 = 8.0 Hz, IH, H-10), 
7.14 (t, 7=8.0 Hz, IH, H-9), 7.07(t,7= 8.0 Hz, IH, H-8), 3.68 - 3.61 (m, IH, H-l), 3.14 (dt, 7 = 14.0 Hz, 7 = 
3.8 Hz, IH, H-3), 3.07 (br s. 2H, H-6, H-12), 3.01 - 2.92 (m, 2H. H-3, H-12), 2.88 - 2.79 (m, 2H, H-16), 2.77 -
2.49 (m, 8H, H-5, H-13. H-14, H-15), 1.46 - 1.36 (m, IH, H-4), 1.15 - 1.07 (m, IH, H-4); "C NMR 5 138.5 (C-
10a). 135.9 (C-6b), 126.1 (C-lla), 120.8 (C-8), 118.9 (C-7), 117.6 (C-9), 112.6 (C-6a), 110.7 (C-10), 59.0 (C-l), 
56.4 (C-16), 49.8 (C-12), 41.6 (C-3), 35.6 (C-15), 32.9 (C-4). 28.4 (C-13), 26.4 (C-6), 24.2 (C-14), 18.7 (C-5); IR 
v 3430; HRMS (FAB) obs. mass 284.2117, calcd for CI8H26N, (M + 1) 284.2127. 

Bridged analogue of arborescidine B (48a). A solution of 38a (120 mg, 0.45 mmol) and trifluoroacetic 
acid (35 |lL, 0.45 mmol) in toluene (5 mL) was refluxed during 2 h, an aqueous saturated Na2CO, solution (10 mL) 
was added and the mixture was stirred for an additional 30 min. The layers were separated and the water layer was 
extracted with CH2C1, (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 
(EtOAc/PE/NEt, 60/30/10) gave 48a as a yellow oil, which crystallised from EtOH as its difumaric salt (167 mg, 
0.34 mmol, 75%). Spectral data were obtained from the free base: R; (EtOAc/PE/NEt, 60/30/10) 0.41; mp 193 -
195 "C; 'H NMR 5 7.45 (d, 7= 7.5 Hz, IH, H-7), 7.36 (d, 7 = 7.5 Hz, IH, H-10), 7.20 (t, 7 = 7.2 Hz, IH, H-9), 
7.13(t, 7 = 7.2 Hz, IH, H-8), 6.96 (d, 7 = 10.1 Hz, IH. H-16), 5.03 - 4.98 (m, IH, H-15), 4.33 (d, 7 = 11.0 Hz, 
IH, H-l), 3.37- 3.21 (m, 3H, H-3, H-12), 3.05 (br s, IH, H-6), 2.94 (dt, 7 = 14.1 Hz, 7 =3.9 Hz, IH, H-3), 2.66 -
2.48 (m, 2H, H-14), 2.18 - 2.15 (m, IH, H-13), 2.08 - 2.01 (m, IH, H-13), 1.97 - 1.89 (m, 2H, H-5), 1.49 - 1.38 
(m, IH, H-4), 1.26 - 1.12 (m, IH, H-4); L1C NMR 6 138.7 (C-10a), 135.8 (C-6b), 126.0 (C-lla), 121.9 (C-7), 
120.1 (C-8), 117.8 (C-10), 113.8 (C-6a), 109.1 (C-16), 108.2 (C-15), 58.9 (C-l), 55.3 (C-12), 47.8 (C-3), 28.8 (C-
14), 28.7 (C-13), 27.2 (C-4), 26.0 (C-6), 18.9 (C-5); IR v 1675; HRMS (FAB) obs. mass 265.1715, calcd for 
ClaH2,N2(M + 1)265.1705. 
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Bridged analogues of arborescidine C (46a and 47a). To a solution of 38a (330 mg, 0.93 mmol) in 

tetrahydrofuran (9 mL) a solution of aqueous trifluoroacetic acid (30 mL, 10%) was added. The mixture was stirred at 

rt during 1 h and the pH was adjusted to 12 using K2CO, in portions. EtOAc (30 mL) was added and the layers were 

separated. The water layer was extracted with EtOAc (3x) and the combined organic layers were dried (Na2S04) and 

evaporated. According to the 'H NMR spectrum of the crude reaction mixture the trans- and ci's-isomer22 were formed 

in a ratio of 46a : 47a = 75 : 25. Crystallisation from EtOH gave 46a (150 mg, 0.49 mmol, 53%) as an off-white 

solid: 

46a: R, (EtOAc/PE/NEt, 60/30/10) 0.47; mp 197 - 200 'C; 'H NMR 5 7.46 (d, 7 = 7.6 Hz, 1H, H-7), 7.33 (d. 7 = 

7.3 Hz. 1H. H-10), 7.17 ( t . / = 7.3 Hz, 1H, H-9), 7.11 (t, 7 = 7.6 Hz, 1H, H-8). 6.27 (d, 7 = 3.7 Hz, 1H. H-16). 

4.28 (dd, J = 9.9 Hz, 7 = 1.9 Hz, 1H, H-l), 3.25 - 3.16 (m, 2H, H-3, H-12), 3.01 - 2.95 (m. 2H, H-6, H-12), 2.76 

(dt. 7 = 14.1 Hz, 7 = 3.6 Hz, 1H, H-3), 2.46 - 2.42 (m, 1H. H-15), 2.30 - 2.20 (m, 1H. H-14), 2.03 - 1.92 (m, 2H, 

H-13, H-14), 1.86- 1.78 (m. 3H, H-5, H-15), 1.68 (q, 7 = 6.9 Hz, 1H, H-13), 1.48 - 1.34 (m, 1H, H-4), 1.16 -

1.07 (m, 1H, H-4); " C N M R 5 139.6 (C-lOa), 136.2 (C-6b), 127.1 (C-l la) , 121.1 (C-7), 119.4 (C-9), 117.8 (C-

8), 113.7 (C-6a), 108.6 (C-10), 76.3 (C-16), 58.9 (C-l), 55.5 (C-12), 47.8 (C-3), 34.6 (C-l), 33.1 (C-13), 28.6 (C-

4), 26.4 (C-6), 18.9 (C-5); IR V 2940, 1463; HRMS (FAB) obs. mass 283.1826, calcd for C l 8H,,N20 (M + 1) 

283.1810. 

47a: R, (EtOAc/PE/NEt, 60/30/10) 0.38; 'H NMR (from the mixture) 5 6.16 (d, 7 = 3.7 Hz, 1H, H-16), 4.14 (br d, 

7 = 9.9 Hz, 1H, H-1 ), the other signals could not be discerned from those of 46a in the crude reaction mixture. 

Bridged analogue of arborescidine C (46b). The same procedure was used as described for 46a. Reacting 

38b (206 mg, 0.58 mmol) gave after work-up a yellow oil from which 46b (120 mg, 0.42 mmol, 73%) was 

obtained as an off-white solid by crystallisation from MeOH. In 'H NMR spectrum of the crude reaction mixture the 

ds-isomer 47b could not be discerned: Rf (EtOAc/PE/NEt, 60/30/10) 0.52; mp 193 - 195 *C; 'H NMR 8 7.47 (d, 7 

= 7.6 Hz, 1H, H-7), 7.34 (d, 7 =7 .6 Hz, 1H, H-10), 7.18 (t, 7 = 7.6 Hz, 1H, H-9), 7.08 (t, 7 = 7.6 Hz, 1H, H-8), 

6.25 (d, 7 = 3 . 5 Hz, 1H, H-16), 3.65 (dd, 7 = 6.1 Hz, 7 = 5.5 Hz. 1H, H-l) , 3.11 - 2.96 (m, 5H, H-3, H-6, H-12), 

2.38 - 2.34 (m, 1H, H-15). 2.26 - 2.16 (m, 1H, H-15), 2.10 - 2.06 (m, 1H, H-14), 1.89 - 1.61 (m, 5H, H-3, H-5, 

H-14), 1.51 - 1.42 (m, 1H, H-4), 1.23 - 1.16 (m, 1H, H-4); "C NMR 5 139.6 (C-10a), 135.4 (C-6b), 125.7 (C-

11a), 121.0 (C-7), 119.1 (C-9), 117.8 (C-8), 113.0 (C-6a), 108.3 (C-10), 76.1 (C-16), 60.0 (C-l), 55.7 (C-12), 

49.9 (C-3), 35.6 (C-15), 34.1 (C-13), 27.8 (C-4), 26.1 (C-6), 19.9 (C-14), 18.5 (C-5); IR V 2940, 1463; HRMS 

(FAB) obs. mass 283.1800, calcd for C,«H,,N20 (M + 1) 283.1810. 

Bridged analogue of arborescidine B (48b). The same procedure was used as for 48a. Reacting 38b (120 

mg, 0.45 mmol) gave 48b (99 mg. 0.37 mmol, 83%) as an off-white solid: R, (EtOAc/PE/NEt, 60/30/10) 0.47; 

mp 118- 121 "C; 'H NMR 5 7.49 (d, 7 = 8.0 Hz, 1H, H-7), 7.38 (d, 7 = 8.3 Hz. 1H, H-10), 7.21 (t, 7 = 7.1 Hz, 

1H, H-9). 7.14(t, 7 = 7.8 Hz, 1H, H-8), 6.99 (d, 7 = 9.1 Hz, 1H, H-16), 5.24 - 5.17 (m. 1H, H-15), 3.74 (d, 7 = 

11.1 Hz, 1H, H-l), 3 .15-2 .98 (m, 5H, H-3, H-6, H-12), 2.47 - 2.40 (m, 2H, H-14), 2.26 - 2.16 (m, 1H, H-13), 

2.14 - 2.04 (m, 1H, H-13), 1.93 - 1.87 (m, 2H, H-5), 1.54 - 1.45 (m, 1H, H-4), 1.17 - 1.15 (m, 1H, H-4); "C 

NMR 5 139.5 (C-lOa), 126.3 (C-6b). 121.9 (C-7), 121.4 (C-9), 119.9 (C-8), 117.8 (C-10), 113.1 (C-l la) , 110.5 

(C-16), 109.1 (C-6a), 108.4 (C-15), 60.1 (C-l), 55.9 (C-12), 50.1 (C-3), 33.9 (C-14), 26.9 (C-13), 26.4 (C-4), 

26.0 (C-6), 15.1 (C-5) ; IRv 1673; HRMS (EI) obs. mass 264.1631, calcd for CISH2„N2264.1627. 

Synthesis of oxindole 5 1 . " To a mixture of 23 (400 mg, 2.0 mmol) in dimethyl sulfoxide (1.5 mL, 21.1 

mmol) hydrochloric acid (3.0 mL, 0.37 mol, 37%) was added dropwise. The mixture was stirred during 45 min at rt, 

EtOAc (20 mL), EtOH (1 mL) and a saturated Na2C03 solution (25 mL) were added at 0 'C. The water layer was 

further basified with K2CO,, the layers were separated and the water layer extracted with EtOAc/5% EtOH (3x). 

When a third, yellow layer was being formed more water and K2CO, were added. The combined organic layers were 

dried (Na,S04) and evaporated giving 4(2-oxindol-3-yl)piperidine together with dimethyl sulfoxide. This mixture was 

141 



Chapter 6 

used without further purification for the condensation with hexanal. The residue was dissolved in methanol (10 mL), 

sodium acetate (492 mg, 6.0 mmol) and hexanal (1.25 mL, 10.0 mmol) were added. The reaction mixture was stirred 

at 55 °C during 6 h and then concentrated in vacuo. An aqueous saturated solution of K,CO, was added and the 

product was extracted with diethyl ether (3x). The combined organic layers were washed with water, dried (Na,S04) 

and evaporated. According to a 'H NMR spectrum of the crude mixture the diastereomers had been formed in a ratio 

of 36 : 64. Flash chromatography (EtOAc/PE/NEt3 60/40/10) yielded diastereomer 51a (131 mg, 0.44 mmol, 22%) 

and S ib (232 mg, 0.78 mmol, 39%) both as an oil. 

51a: Rf (PE/EtOAc/NEt3 60/30/10) 0.18; 'H NMR ô 8.30 (br s, ÎH, H- l l ) , 7.37 (d, 7 = 7.4 Hz, 1H, H-7), 7.19 (t, 

7 = 7.4 Hz, 1H.H-9), 7 .03( t ,7 = 7.4 Hz, 1H, H-8), 6.86 (d, 7 = 7.4 Hz, 1H. H-10), 3.45 - 3.37 (m, 1H, H - 1 3 J , 

3.21 - 3.16 (m, 1H, H - 3 J , 3.15 - 3.05 (m, 3H, H-l, H-3), 2.81 (dd, J = 11.0 Hz, 7 = 12.2 Hz, 1H, H-13), 2.49 -

2.41 (m. 1H, H-14c0), 2.18 -2 .10 (m, IH, H-4„), 1.85 - 1.77 (m, 1H, H - 1 5 J , 1.71 (br s, 1H, H-5), 1.52 - 1.44 

(m, 2H, H-4, H-15), 1.35 - 1.27 (m, 1H, H-14), 1.19 - 1.01 (m, 5H. H-16, H-17, H-18), 0.98 - 0.88 (m, 1H, H-

16), 0.72(1,7 = 6.8 Hz. 3H, H-19); "C NMR 5 179.7 (C-12), 140.3 (C-lOa), 134.9 (C-6a), 127.4 (C-7), 124.2 (C-

8), 121.6 (C-9). 109.2 (C-10), 64.4 (C-l), 52.6 (C-6), 49.7 (C-3), 41.4 (C-13), 31.5 (C-16), 31.4 (C-5). 29.7 (C-

15), 26.5 (C-17), 22.9 (C-4), 22.3 (C-18), 21.8 (C-14). 13.8 (C-19); IR V 3436, 1702. 

51b: Rr (PE/EtOAc/NEt, 60/30/10)0.14; 'H NMR 8 7.88 (br s, 1H, H- l l ) , 7.37 (d, 7 = 7.6 Hz, 1H, H-7). 7.22 (t, 

7 = 7.6 Hz, 1H, H-9), 7.02 (t, 7 = 7.6 Hz, 1H, H-8), 6.91 (d, J = 7.6 Hz, 1H, H-10). 3.32 (t, 7 = 7.3 Hz, 1H, H-l), 

3.27 - 3.20 (m, 2H, H-3, H-13), 3.03 - 2.94 (m, 2H, H-3, H-13). 2.66 - 2.63 (m, 1H, H-14,.,,), 2.06 - 2.00 (m, 1H. 

H-4„), 1.69 (brs , 1H, H-5), 1.59- 1.52 (m, 1H, H-15), 1.50- 1.43 (m, 1H. H-14), 1.39- 1.30 (m, 3H, H-4. H-15, 

H-17), 1.10 - 0.82 (m, 4H, H-16, H-17, H-18), 0.72 - 0.65 (m, 4H, H-16, H-19); "C NMR 5 181.8 (C-12), 140.6 

(C-lOa), 129.6 (C-6a), 127.6 (C-8 or C-9), 126.6 (C-7 or C-10), 121.3 (C-7 or C-10), 109.9 (C-8 or C-9), 61.9 (C-

1), 53.3 (C-6), 49.2 (C-3 or C-13), 41.6 (C-3 or C-13), 31.3 (C-18), 31.1 (C-5), 30.4 (C-15), 25.8 (C-16), 22.6 (C-

4 or C-14), 22.1 (C-17), 20.4 (C-4 or C-14), 13.7 (C-19); IR v 3436, 1702; HRMS (EI) obs. mass 298.2059, calcd 

for C18H23N,0 298.2045. 

Reduction of 51b using lithium aluminium hydride (55). A solution of 51b (100 mg, 0.33 mmol) and 

lithium aluminium hydride (114 mg, 3.0 mmol) in tetrahydrofuran (5 mL) was refluxed during 18 h. An aqueous 

NaOH solution (15 mL, I M) was added and the product was extracted with diethyl ether (3x). The combined organic 

layers were dried (Na,S04) and evaporated to give a mixture of 55 , 56 and 5 7 . Flash chromatography 

(PE/EtOAc/NEtj 60/35/5) afforded 55 (32 mg, 0.11 mmol, 34%) as an oil: 

55: R /(PE/EtOAc/NEt, 60/30/10)0.13; 'H NMR 5 7.29 (d, 7 = 7.6 Hz, 1H, H-7), 7.05 (t, J= 7.6 Hz, 1H, H-9). 

6.72(t. 7 = 7.6 Hz, 1H, H-8), 6.66 (d, 7 = 7.6 Hz, 1H, H-10), 3.71 (d, 7 = 9.0 Hz. H-12ß), 3.18 (d. 7 = 9.0 Hz, 1H. 

H - 1 2 a ) , 3 .24- 3.16 (m, 1H, H-3„), 2.99 - 2.93 (m, 2H, H-13). 2.86 - 2.79 (m, 1H, H-3). 2.52 (dd. 7 = 10.1 Hz, 7 

= 3.2 Hz, 1H, H-l), 1.93- 1.85 (m, 2H, H-4Jr, H-14), 1.81 (brs , 1H, H-5). 1.72- 1.62 (m. 1H. H-15), 1.57 - 1.50 

(m. 1H, H-14), 1.43- 1.32 (m, 2H, H-4, H-16), 1.25- 1.08 (m. 6H. H-15, H-16. H-17, H-18), 0.81 (t, 3H, 7 = 6.8 

Hz, H-19); l3C NMR 5 152.1 (C-10a), 131.1 (C-6a), 127.2, 126.7, 117.9. 110.1, 66.1 (C-l), 58.4, 50.6, 50.1, 

42.0, 31.9, 30.0, 29.7 (C-5), 27.9, 23.9, 22.8, 22.5. 14.0 (C-19); HRMS (FAB) obs. mass 279.1245. calcd for 

C„,H , ^ 0 279.1246. 

56: 'H NMR 5 8.13 (brs , 1H, H-l) , 7.63 (d, J = 7.7 Hz, 1H. H-4 or H-7), 7.36 (d, 7 = 7.7 Hz, 1H, H-4 or H-7), 

7 .17( t ,7 = 7.7 Hz, IH, H-5 or H-6), 7.08 (t, J = 7.9 Hz, 1H, H-5 or H-6), 6.96 (s, 1H, H-2), 3.23 (br d. 7 = 12.3 

Hz, 2H, H-10c„, H-12eq), 2.98 - 2.92 (m, IH, H-8„), 2.87 - 2.81 (m, 2H, H-10„, H-12„), 2.08 (br d, 7 = 12.4 Hz, 

2H, H-9cq, H-13cq), 1.72(dddd, 7 = 12.4 Hz, 7 = 12.4 Hz. 7 = 12.4 Hz, 7 = 3.8 Hz, 2H, H-9„, H - l 3 J , 1.45 - 1.35 

(m, 2H), 1.29- 1.12 (m, 6H), 0 .80(1 ,7= 6.7 Hz, 3H, H-19); IR v 3434. 

57: 'H NMR S 9.43 (br s, IH, H-l), 7.23 (d, 7 = 7.6 Hz, IH, H-4 or H-7), 7.16 (t, 7 = 7.6 Hz, IH, H-5 or H-6), 

6.93 ( t ,7 = 7.6 Hz, IH, H-5 or H-6), 6.85 (d, 7 = 7.6 Hz, IH, H-4 or H-7), 3.38 (d, 7 = 3.7 Hz, IH, H-3), 2.99 (br 

d , 7 = 10.6 Hz, IH, H-10cqorH-12„,), 2.88 (brd, 7 = 11.2 Hz, IH, H-10,q or H-12,„), 2.28 - 2.25 (m, 2H, H-10„, 

H - 1 2 J , 2.15 -2 .07 (m, IH, H-8), 1.96- 1.74 (m.4H. H-9, H-13), 1.45 - 1.35 (m, 4H, H-14, H-15), 1.29 - 1.12 
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(m, 6H, H-16, H-17, H-18), 0.85 (t, J= 6.6 Hz, 3H. H-19); "C NMR 5 179.9 (C-2), 142.0 (C-7a), 127.8 (C-3a), 
127.7, 124.9, 121.9, 109.5, 58.9 (C-14), 54.0 (C-10 or C-12), 53.6 (C-10 or C-12), 51.0 (C-3), 39.0 (C-8), 31.7, 
29.7, 27.3, 27.1, 26.8, 22.5, 13.9 (C-19); IR v 1703. 1620; HRMS (FAB) obs. mass 301.2294, calcd for 
CiaH29N20 (M + 1)301.2280. 

through space correlations measured by NOESY 

H-3„ H-3, H-4ar, H-7, H-15 
H-4ar H-3, H-4, H-5. H-7 
H-7 H-3„, H-4„, H-15 
H-12 H-l 
H-12ß H-5, H-12, H-14 
H-13 H-l, H-4, H-14, H-14 

Reduction of 51 with borane dimethylsulfide complex (57). A solution of 51 (35 mg, 0.11 mmol, 
mixture of diastereomers) and borane dimethylsulfide complex (0.33 mL, 0.33 mmol, 10 M) in tetrahydrofuran (2 
mL) was refluxed during one night. After cooling to rt an excess aqueous hydrogen chloride (35%) was added. The 
solution was stirred for another hour and the solvents were removed. Saturated K,CO, solution was added and the 
product was extracted with CH,C12 (3x). The combined organic layers were washed with brine, dried (Na,S04) and 
concentrated in vacuo. Flash chromatography (EtOAc/PE/NEt, 33/33/33) afforded 57 (11 mg, 0.04 mmol, 33%) 
which was identical to 57 obtained by reduction with lithium aluminium hydride. Also a substantial amount of the 
borane complex 58 (12 mg, 0.04 mmol, 34%) was isolated. When the reaction was performed using 51 (40 mg, 
0.13 mmol) and 1 equivalent of borane dimethylsulfide complex the only product formed was the borane complex 
58 of the starting material (35 mg, 0.11 mmol, 84%, as a mixture of diastereomers). 
58: "C NMR 5 180.7 (C-12), 178.9 (C-12), 140.4, 139.3, 133.0, 131.9, 128.3, 128.2. 126.1, 123.9, 122.1, 
121.7, 110.6, 110.2, 67.8 (C-l), 66.5 (C-l), 57.5 (C-6), 57.1 (C-6), 53.8 (C-3 or C-13), 52.7 (C-3 or C-13), 49.2 
(C-3 or C-13), 48.8 (C-3 or C-13), 31.3 (C-5). 31.0, 30.9, 30.8 (C-5), 25.8 (C-16), 27.0, 26.3. 24.6, 24.3, 22.5, 
22.2, 21.9, 21.9. 21.2, 19.5, 13.5 (C-19), 13.4 (C-19); IR V 3435, 2381, 2276, 1715. 1471. 

Reduction of 51b with di-isobutylaluminium hydride (57). To a solution of 51b (91 mg, 0.31 mmol) 
in tetrahydrofuran (3.5 mL) di-/.robutylaluminium hydride (0.65 mL, 0.65 mmol, 1 M in toluene) was added at -78 
'C. The reaction mixture was allowed to slowly warm to rt and excess aqueous hydrogen chloride (35%) was added. 
The solution was stirred for another hour and the solvents were removed. Saturated K,CO, solution was added and the 
product was extracted with CH2C12 (3x). The combined organic layers were washed with brine, dried (Na,S04) and 
concentrated in vacuo. Flash chromatography (EtOAc/PE/NEt, 50/45/5) afforded 57 (42 mg, 0.14 mmol, 45%) 
which was identical to 57 synthesised via reduction with lithium aluminium hydride. 

Boc-protection of 51b to 60. A solution of 51b (30 mg, 0.10 mmol), di-rert-butyl dicarbonate (66 mg, 0.30 
mmol) and 4-dimefhylaminopyridine (8 mg, 0.07 mmol) in dichloromethane (1 mL) was stirred during one night at 
rt. Flash chromatography (EtOAc/PE/NEt, 47/47/6) afforded 60 (33 mg, 0.09 mmol, 86%) as a glass: 'H NMR 8 
7.88 (d, 7=8.1 Hz, 1H, H-7 or H-10), 7.41 -7.38 (m, 1H), 7.31 - 7.27 (m, 1H), 7.18 - 7.11 (m, 1H), 3.43 - 3.32 
(m, 1H), 3.24 - 3.03 (m, 2H), 2.98 - 2.90 (m, 1H), 2.50 - 2.43 (m, 1H), 2.12 - 2.05 (m, 1H), 2.00 - 1.94 (m, 1H), 
1.71 - 1.66 (m, 1H) 1.64 - 1.52 (m, 9H, C(CH,),), 1.48 - 1.24 (m, 3H), 1.13 - 1.00 (m, 6H), 0.97 - 0.89 (m. 1H) , 
0.78 - 0.71 (m, 3H); IR v 1781, 1747. 
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Reduction of 60 with sodium borohydride (23). To a solution of 60 (33 mg, 0.09 mmol) in methanol (2 

mL) sodium borohydride (70 mg, 1.84 mmol) was added in portions at 0 °C. The mixture was stirred at rt during one 

night. Water was added and the aqueous layer was saturated with K2C03 . After addition of EtOAc the mixture was 

stirred for 1 h. The layers were separated and the water layer was extracted with EtOAc (3x). The combined organic 

layers were dried (Na,S04) and evaporated. To the residue MeOH (0.5 mL) and hydrochloric acid (1 mL, 37%) were 

added. The solution was subsequently stirred during 2 h at rt and refluxed for 5 min. The mixture was saturated with 

K2C03 and extracted with EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated. Flash 

chromatography (CH2Cl2/EtOH 95/5 -> CH2Cl2/EtOH/concd NH„OH 69/30/1) yielded hexanal (1 mg, 0.01 mmol, 

10%) and 23 (9 mg, 0.05 mmol, 50%). The spectral data of 23 were identical to those described before. 
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Chapter 7 

Spiro-fused Oxindoles 
as Conformationally Restricted 

Serotonine and Muscarine Analogues 

Abstract 

Oxidation of tryptamine derived cyclic amines described in the previous chapter, followed 

by a condensation similar to the Pictet-Spengler reaction resulted in a class of compounds with a 

structure totally different from the bridged ß-carbolines obtained in chapter 6. The oxygen atom 

blocked the indole 2-position so that condensation with aldehydes now afforded spiro-fused 

oxindoles. Structural similarity between those new bicyclic systems and known muscarine M, 

agonists and 5-HT3 antagonists is proposed. 

N ^ O \ ^ N ^ O 

147 



Chapter 7  

7.1 Introduction 

7.1.1 Muscarinic receptors^ 

Acetylcholine 1 is the endogenous neurotransmitter at cholinergic synapses and 

neuroeffector junctions in the central and peripheral nervous systems. The actions of acetylcholine 

are mediated through nicotinic and muscarinic cholinergic receptors, which transduce signals via 

distinct mechanisms. Classification of the two main groups of cholinergic receptors is based upon 

the classical agonists, muscarine 2 and nicotine 3. The structure of nicotine is very different from 

that of acetylcholine and the molecular basis for binding to the nicotinic cholinergic receptors is 

unclear. The structure of muscarine, on the other hand, reflects to some extent the" structure of 

acetylcholine. It is known that the quaternary ammonium group is essential for interaction with the 

muscarinic receptors and also the ether function appears to be strongly involved in receptor 

binding. 

OH 

+ 

( C H 3 ) 3 N ^ ^ 

O 

«A 
1, acetylcholine 

/ \ 

uscarinic nicotinic 
ceptors receptors 

Figure 7.1 

+ ,N. 
N ^ A Q /

 O H3 ^ ^ H3C H 

2, muscarine 3, nicotine 

Within cholinergic receptors heterogeneity exists: several subtypes of both the nicotinic and 

muscarinic receptor have been described. The mapping of potential subtypes within the nicotinic 

class however, is in an early stage as compared to the muscarinic receptors. Molecular cloning 

studies have revealed five subtypes of muscarinic cholinergic receptor, designated M, through Ms 

based on pharmacological specifity.2 All known subtypes of muscarinic receptors are coupled to 

second messenger systems and thus interact with members of G proteins that regulate a variety of 

effector proteins within cells. Homology within the M,, M3 and M5 subtypes and the M2 and M4 

subtypes was found. The first group eventually has its effect in various Ca2+-mediated events, 

whereas the latter group regulates specific ion-channels. 

In general, agonists, that stimulate the muscarinic receptors, manifest little selectivity for 

the various subtypes. The clinical uses of muscarinic agonists are primarily found in 

gastrointestinal diseases and in ocular pharmacology. Agonists that show functional selectivity for 

M, over M2 receptors are interesting because of their potential use in treating the intellectual 
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impairment associated with Alzheimer's disease. 

Muscarinic antagonists are usely highly selective for muscarinic over nicotinic receptors. In 

addition, a growing number of antagonists show selectivity for particular muscarinic subtypes, 

thus holding promise for the blocking of certain actions of acetylcholine and minimising side 

effects. The therapeutical uses of muscarinic antagonists include gastrointestinal disorders, motion 

sickness, parkinsonian symptoms, which includes Parkinson's and Alzheimer's disease and also 

in ocular pharmology. 

7.1 .2 Muscarine M, agonists compared to 5-HT3 antagonists 

As a starting point in search for selective muscarine receptor ligands, modification of the 

naturally occuring muscarine agonist arecoline 4 ' led to the development of several analogous 

compounds (Figure 7.2).4 Molecular orbital calculations towards charge distibutions of the 

protonated forms of piperidines and quinuclidines revealed that the latter resembled the quaternary 

ammonium entity in acetylcholine more closely and resulted in the development of agonist 5. 

Further analogues feature the modification of the metabolically labile ester functionality and 

resulted in a series of quinuclidine-based derivatives such as 6, possessing a heteroaromatic 

substituent.4'5 Also quinuclidin-2-enes substituted with various mono- and bicyclic aromatic rings 

such as 7, and spiro-cycloquinuclidines 8 were found to exhibit muscarine ligand binding 

activity.6 

OCHQ rV T OCH 
t£ 

[% 
0 PH3 t£ 

[% V 0 f^X 
NT 

7 

X = C, 0 

8 

N 
I 

CH3 

Figure 7.2 

The synthesis and biochemical evaluation of a series of indole oxazolines spirofused to an 

azacyclic ring have been described (Figure 7.3).7 Analogy can be seen with the structure of the 

muscarine agonists depicted in figure 7.2. The azacycle was varied from mono- to bicyclic 

systems, including piperidines and 1-aza-bicyclo alkanes (e.g. 9, 10 and 11). As a result of the 

conformational restriction caused by the spiro-centre, the relative positions of the key 

pharmacophoric elements are precisely defined. These include an aromatic lipophilic binding 

region, an electrostatic interaction with a charged nitrogen and linkage of those two characteristics 

by a heterocyclic function containing at least one hydrogen-bond acceptor. All compounds 
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synthesised behaved as 5-HT, antagonists, while tertiary amines exhibited high affinity, 

suggesting that lipophilic interactions also play a significant role in the binding of the electrostatic 

pharmacophoric element. 

NCH ? 

10 11 

Figure 7.3 

Molecular studies performed on twelf known muscarinic M, agonists have shown some 

striking similarities between the muscarinic M, agonist and 5-HT, antagonist pharmacophore 

models (Figure 7.4).8 Muscarinic ligand acetylcholine 1 and 5-HT, antagonist quipazine 12 share 

these characteristics, which for both models include a protonable basic or quaternary nitrogen 

atom, which is elevated by about 0.5 A above a plane containing an electric dipole. The nitrogen 

acting as the positively charged side of the dipole preferably is surrounded by lipophilic 

environment as in for instance diethylamine, piperidine and quinuclidine.s,7c The intercharge 

distance of the dipole between the cationic nitrogen atom and the electronegative end, usually an 

ester-functionality or a biostere thereoff, is about 5 A. 

H s9 PH3 

N - H 

12 

Figure 7.4 

The most obvious difference between muscarine M, agonists and 5-HT, antagonists is the 

additional aromatic system in many 5-HT, antagonists not present in the muscarinic M, agonists. 

Usually 5-HT, antagonists also possess a tertiary and preferably rigid A'-heterocyclic side chain. A 

certain degree of relationship between muscarinic M, agonist and 5-HT, antagonist 

pharmacophores was shown by the modification of 3-aminopyridazine 13, a compound known to 

have a selective M| receptor affinity (Figure 7.5).s Development of analogues of 13 , for instance 
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piperazines 14 or 15, resulted in the observation of IC50 values for the 5-HT, receptor binding of 

respectively 10 and 36 nM, whereas the affinity for the muscarinic receptors was found above 

10,000 nM. 

N - N 
N-CI-U 

13 14 15 

Figure 7.5 

7.1.3 Spiro-fused oxindoles as muscarine and serotonine receptor ligands 

Taken into account the pharmacological requirements, described in the previous paragraph, 

derivatives 19 were expected to act as either muscarine or serotonine receptor ligands: they 

possess an aromatic plane connected by an acyl function to a basic nitrogen atom that is part of a 

bicyclic system. Also the interatomic distance between the nitrogen atom and the oxygen, that is 

part of the acyl function, meets the requirement of four to five bonds (5 A). 

NH 

NH 

16 17 18 

NH 

^ N ^ O 

n = 0,1 
19 m = 1,2 

Figure 7.6 

In connection to the work described in chapter 6, we already had cyclic tryptamines 16,17 

and 18 to our disposal (Figure 7.6). The analogy in the condensation reaction of 2-oxytryptamines 

with an aldehyde and the Pictet-Spengler reaction, prompted us to expand the methodology 

described in chapter 6 to condensations with the 2-oxo-derivatives of cyclic amines 16, 17 and 

18. As a result of the unavailability of the indole 2-position, compounds possessing general 

structure 19 were expected to be formed in the condensation with aldehydes. Because of the well 

defined positions of the pharmacophoric elements, important for muscarine and 5-HT, binding. 
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spiro-fused oxindoles 19 are postulated as conformationally restricted receptor ligands. 

7.2 Sp/'ro-fused Oxindoles 

7.2.1 Synthesis of precursors 

Oxindoles are abundant structures in nature, especially in the botanical kingdom. They 

form not only the basis for many alkaloids, but also play an important role in the biosynthesis of 

indole alkaloids.9 Biological conversion of the indoloquinolizidine alkaloid geissoschizine 20 to 

the pyrrolo[2,3-c]-carbazole akuammicine 21 involves a rearrangement via a spiro-fused oxindole 

(Figure 7.7). The 1,2-alkylshifts described in § 6.5.1 were based on the reverse reaction: 

rearrangement of spiro-'mdolenines derived from oxindoles to tetrahydro-ß-carbolines. 

H3CO2C 

OH 
20, geissoschizine 

N 
H A 

H 3 C 0 2 C C H O 
C 0 2 C H 3 

21, akuammicine 

Figure 7.7 

The synthesis of various spiro-îused oxindoles 24, including formosanine 22, has been 

achieved using a cyclisation reaction between the imine derived from 2-oxytryptamine 23 and an 

aldehyde (Figure 7.8).'° This strategy has also found application in the biomimetic synthesis of 

aspidosperma and strychnos alkaloids, which share the pyrrolo[2,3-c]-carbazole skeleton also 

present in 2 1 . " 

CO2CH3 
N 
H 

23 

NHp 

o 

H 

24 

Figure 7.8 
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The cyclic secondary amines 16,17 and 18 were synthesised straightforwardly using the 

procedures described in chapter 6. A simple and generally applicable method for the oxidation of 

indoles to oxindoles has been described:12 a variety of tryptamines was converted to the 

corresponding oxindoles employing a dimethyl sulfoxide mediated oxidation. 

^ f DMSO 

N ^ H C I ' H 2 ° ^ ^ N - -O 
H H 

NH r NH 
R " " X ,N H 

16^25 17-* 26 18^27 

Scheme 7.1 

Oxidation of the piperidines 16 and 17 easily afforded the respective oxindoles 25 and 2 6 

as stable compounds. Oxidation of 3-(3-indolyl)pyrrolidine 18 using the method depicted in 

scheme 7.1 was complicated by the instability of the product, oxindole 27. Therefore the reaction 

was performed using an excess of dimethyl sulfoxide and 27 was immediately used in the next 

reaction. Complete decomposition of this oxindole was observed by storing it during one night. 

7.2 .2 1 -Azabicyclo[3.2.1 Joctanes 13 

Condensations of oxindole 25 with representative aldehydes was investigated using a 

variety of both acid and base catalysed conditions. Pure acetic acid at 90 °C (method A) or sodium 

acetate in methanol (method B) proved to be suitable for most of the aldehydes. The parent spiro-

azabicyclooctane ring system 28 (R = H), obtained by reaction with one equivalent of 

formaldehyde, was formed as a mixture of the two possible diastereomers in a ratio of 

approximately 3 : 1 . The diastereomers were separated using flash chromatography, and fully 

characterised using 2D NMR spectroscopy (see § 7.2.5). Hexanal was chosen as an example for 

aliphatic aldehydes. Longer reaction times and excess aldehyde were required to give acceptable 

yields. Surprisingly only two diastereomers out of four were obtained. Obviously for steric 

reasons, in both isomers a and b, the R-substituent adopts an exo-orientation in relation with the 

bicyclic ring system as was deduced from model studies. Benzaldehyde was completely unreactive 

even after using large excess reagent and prolonged reaction times. Slow decomposition of the 

starting material was the only process observed. 
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16 
DMSO 

*-
HCl, H20 

H 

25 

, J \ /NH H-̂ F 
FL N-. 

Scheme 7.2 

Table 7.1: Condensation of oxindole 25 with selected aldehydes. 

product R ratio a : ba conditions'1 yield (%)c time (h) temp. (°C) 

28 H 76:24 A 81 2 90 
29 (CH,)4CH, 63 :37 A 57 5 90 

55:45 B 57 6 55 
30 C6H5 A 0 30 100 

B 0 48 65 

(a) The ratio according to the 'H NMR spectrum of the crude reaction mixture. 
(b) A = HOAc; B = NaOAc, MeOH. 
(c) Isolated yields over 2 steps. 

During NMR-analysis in CDCL,14 it turned out that both pentyl-substituted diastereomers 

29 were configurationally unstable. After one night at room temperature partial isomerisation took 

place, which could be completed by heating at 50 °C during six hours. Both pure isomers 

equilibrated to the same 63 : 37 isomer ratio, exactly the same as was obtained from their synthesis 

in acetic acid. No such observation was made with the formaldehyde derived products 28. To 

confirm their stability, both pure isomers 28a and 28b were heated in acetic acid at 90 'C (method 

A). No isomerisation was observed and it took several hours at 100 - 110 °C before some 

isomerisation had occurred. 

7.2.3 1 -Azabicyclo[2.2.2]octanes '5 

The same reaction conditions as described for the synthesis of azabicyclo[3.2.1]octanes, 

§ 7.2.2, were used to prepare l-azabicyclo[2.2.2]octane derivatives. Formaldehyde, which is in 

general very reactive, gave no product at all under these conditions. Only unidentified polymeric 

material was detected. Hexanal was again successful and after separation, the desired quinuclidines 

were obtained in reasonable yield (two steps from 17). 

Due to the symmetry in the piperidine-part of oxindole 26 only two diastereomers are 

possible from the condensation with aldehydes. Preference for diastereomer b, in which less 
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sterical hinderance between the R-substituent and the aromatic ring exists, was observed. In 

contrast to the l-azabicyclo[3.2.1]octanes (§ 7.2.2), these isomers showed no interconversion. 

With benzaldehyde, a moderate yield of the two isomers was obtained. Structural analysis with 

this inseparable mixture was performed by comparison of its 'H NMR and NOES Y spectra with 
those of the pentyl derivatives. 

17 
DMSO 

HCl, H20 N X) 
H 

26 

NH 

H R 

a. ,NV FL W 

Scheme 7.3 

Table 7.2: Condensation of oxindole 26 with selected aldehydes. 

product R ratio a : ba conditions'1 yield (%)c time (h) temp. (°C) 
31 H A 0 2 95 

B 0 1 110 
32 (CH2)4CH3 21 :79 A 47 8 90 

36:64 B 61 10 65 
3 3 C«H, 36 : 64d B 22e 44 65 

(a) The ratio according to the 'H NMR spectrum of the crude reaction mixture. 
(b) A = HOAc; B = NaOAc, MeOH. 
(c) Isolated yields over 2 steps. 
(d) Inseparable mixture of isomers. 
(e) The reaction did not go to completion. 

7.2 .4 1-Azabicyclo[2.2.1]heptanes '6 

The third cyclic tryptamine, 3-(3-indolyl)pyrrolidine 18, turned out to be more 

problematic. Instability of the oxindole 27 is probably responsible for low yields in the 

condensation reaction (Table 7.3). In principle four diasteromers can be formed, except in the case 

of formaldehyde where only two are possible. In the reaction with formaldehyde however only 

one diastereomer was observed, whereas hexanal afforded three diastereomers with general 

structure 35. Separation by flash chromatography afforded the pure isomer a and an inseparable 

mixture of isomer b and c. During analysis isomer a was found unstable: under slightly acidic 

conditions (silica or CDC13) and heating, it equilibrated to isomer c. In the case of benzaldehyde 
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only two inseparable diastereomers were detected. By comparison of the 'H NMR chemical shifts, 

the two diastereomers were tentatively assigned structures 36b and 36c in relation to the isomers 

35a, 35b and 35c obtained from the condensation of 27 with hexanal. 

18 

NH 

DMSO 

HCl, hUO 

27 

o 

A Fk ^N 

H 

34- 36 

Scheme 7.4 

Table 7.3: Condensation of oxindole 27 with selected aldehydes. 

product R ratio a : b : c" conditions6 yield (%)c time (h) temp. (°C) 

34 H 1 isomer A 6 2 70 

B 0 2 it 

35 (CH2)4CH, 50 : 5 : 45 B 8 12 it 

36 C Ä 0 : 6 9 : 3 1 " B 6 12 55 

(a) The ratio according to the 'H NMR spectrum of the crude reaction mixture. 
(b) A = HO Ac; B = NaOAc, MeOH. 
(c) Isolated yields over 2 steps. 
(d) Inseparable mixture of isomers. 

7.2 .5 nOe studies of the azabicyclooctanes 

In order to gain insight in the three-dimensional structure of the synthesised spiro-fused 

oxindoles, NOES Y spectra of the pentyl-azabicyclooctanes were recorded. First, all protons were 

assigned using 'H-'H and 'H-I3C correlation spectroscopy. Especially nOe correlations between 

protons of the bicyclic system and the aromatic hydrogens at C-8 (in 29) and C-7 (in 32) were 

very informative, as can be seen from tables 7.4 and 7.5. 

The nOe in azabicyclo[3.2.1]octane 29, between H-8 and H-4ax, revealed the piperidine 

ring in diastereomer b to adopt the chair-conformation. Some overlap in the 'H NMR spectra of 

isomer a prevented unambiguous assignment of the piperidine conformation. However, the 

downfield shift of H-4, caused by deshielding of the carbonyl function indicates also a chair-

conformation for the piperidine ring in isomer a. Irrespective of its conformation, it can be 

concluded that isomer a has an extended structure whereas isomer b is more compact. These 

differences might be important for the lipophilic interactions with the receptor. 
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HL 14. H Table 7.4: NOESY spectrum of 29a 

selected through space interactions 

isomer 29a 

H-l H-3,H-15 

H-5 H-4„, H-4CI|, H-6 

H-6 H-5, H-8, H-14„, H-14ei| 

H-8 H-6. H-l4„, H-15 

Table 7.5: NOESY spectrum of 29b 

4 H. selected through space interactions 

isomer 29b 

H-l H-3, H-4„, H-15, H-16, H-17 

H-3„ H-3CI|, H-4cl|, H-14„ 

H-3a| H-3„, H-4„ 

H-4„ H-4C1|, H-5, H-8 

H-5„ H-14„ 

H-8 H-1, H-5, H-4„ 

H-14«, H-6, H-14„, H-15 

Due to the symmetry in the quinuclidine ring system, as mentioned before, only two chiral 

centres are present in the azabicyclo[2.2.2]octanes. The only difference between the diastereomers 

32a and 32b therefore exists in the orientation of the pentyl-substituent. This distinction can 

clearly be seen by the presence of the nOe's between H-l and H-7 in diastereomer a and between 

H-7 and H-15 in diastereomer b. Sterical reasons offer an explanation for the favoured formation 

of the latter diastereomer. 
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Table 7.6: NOESY spectrum of 32a 

isomer 32a 

selected through space interactions 

H-l H-4„H-7, H-15.H-16 

H-3 H-3„, H-4, H-13 

H-3=r H-3, H-4„, H-7 

H-4„ H-l, H-3„, H-4, H-5 

H-7 H-l, H-3„ H-4„ 

Table 7.7: NOESY spectrum of 32b 

isomer 32b 

selected through space interactions 

H-l H-13co, H-14co, H-l5 

H-3 H-3„, H-4 

H-3„ H-3, H-7, H-15 

H-4* H-3„, H-4, H-5, H-7 

H-5 H-4, H-4,r, H-14c o 

H-7 H-3„, H-4ar, H-I5 

H-14co H-l, H-5, H-13 c o 

7.3 Concluding Remarks 

Tryptamine derived cyclic amines undergo Pictet-Spengler condensation with aldehydes 

affording bridged tetrahydro-ß-carbolines as was shown in the previous chapter. In this chapter 

the same amines were employed, but via oxidation the indole 2-position was made unavailable. 

Use of essentially a similar strategy, condensation with an aldehyde, resulted in a class of totally 

different compounds, spiro-fused azabicycloalkanes. The formation of azabicyclooctanes from the 

condensation of indolylpiperidines and some selected aldehydes gave the best results. Synthesis of 

azabicycloheptanes was less successful due to the instability of the pyrrolidine derived oxindole 

which is the starting material in the condensation. 

Taken into account the pharmacological requirements reported for the muscarine M, and 5-

HT3 receptors, all these compounds can be looked upon as potential serotonine and muscarine 

receptor ligands. The size and nature of the lipophilic pocket that accommodates the nitrogen 

bicycle can be further investigated by variation of the R-substituent, easily accomplished by using 

different aldehydes in the condensation reaction. In principle, substitution or extension of the 

aromatic plane is also a possibility, thus making this class of compounds a subject worth-while for 

further investigation. 
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7.5 Experimental 

General methods. For experimental details see section 3.6 on page 50. For the NMR assignments of the 
products in this chapter the numbering as shown for structures 25, 27, 29, 32 and 35 has been used. 

35 

32 

3-(2-Oxindol-3-yI)piperidine (25). 'n To a mixture of 3-(3-indolyl)piperidine17 16 (400 mg, 2.0 mmol) in 
dimethylsulfoxide (1.5 mL, 20.0 mmol) hydrochloric acid (3.0 mL, 36.4 mmol, 37%) was added dropwise. The 
mixture was stirred during 30 min at rt, then water and an aqueous sodiumbisulfite solution (3 mL) were added. The 
mixture was stirred during several min, saturated with K,CO, and EtOAc/5% EtOH (5 mL) was added. The layers 
were separated and the water layer was extracted with EtOAc/5% EtOH (3x). The combined organic layers were dried 
(Na2S04) and evaporated affording 25 (585 mg, 1.57 mmol, 79%, corrected for 2 eq. DMSO), as two isomers 
according to the l3C NMR spectrum: Rf (CH2Cl,/MeOH/concd NH4OH 80/15/5) 0.23; 'H NMR 8 7.21 - 7.14 (m, 
2H, H-6 or H-7), 6.96 (t, J = 7.5 Hz, 1H. H-5). 6.84 (d, / = 7.5 Hz, 1H, H-4), 3.31 (br s, 1H, H-3), 3.03 (br d, J = 
11.8 Hz, 1H, H-9„, o r H - H J , 2.97 (brd, 7= 12.2 Hz, 1H, H-9CC| or H-l 10I)), 2.77 -2.68 (m. 1H, H-9„, H-11J, 
2.60 (s, (CH,),SO), 2.51 - 2.43 (m, 1H), 2.27 - 2.18 (m, 1H), 1.70 - 1.58 (m, 2H), 1.51 - 1.39 (m, 1H); "C NMR 
5 149.5 (C-2), 142.5 (C-7a), 142.5 (C-7a), 128.1 (C-3a), 128.0 (C-3a), 127.6, 127.6, 124.5, 124.1, 121.6, 121.5, 
109.5, 109.4, 49.9 (C-3), 49.7 (C-3), 49.5, 48.6, 46.3. 46.2, 40.7 (CH,)2SO), 40.2 (C-8), 40.1 (C-8), 26.9 (C-13), 
26.7 (C-13); IR v 3436, 1706; HRMS (FAB) obs. mass 217.1360, calcd for Cl3Hl7ON2 (M + 1) 217.1341. 

4-(2-Oxindol-3-yl)piperidine (26).'2 To a mixture of 4-(3-indolyl)piperidine" 17 (2,07 g, 10.4 mmol) in 
dimethylsulfoxide (1.4 mL, 20.0 mmol) hydrochloric acid (5.0 mL, 0.61 mol, 37%) was added dropwise. The 
mixture was stirred during 45 min at rt, EtOAc (20 mL), EtOH (1 mL) and a saturated Na2CO, solution (25 mL) 
were added at 0 °C. The water layer was further basified with K2C03, the layers were separated and the water layer 
extracted with EtOAc/5% EtOH (3x). The combined organic layers were dried (Na2S04) and evaporated. The yellow 
oil thus obtained still contained dimethyl sulfoxide, but was used for the condensations. An analytical sample was 
prepared by flash chromatography (CH,Cl,/MeOH/concd NH4OH 80/15/5) followed by crystallisation from EtOAc 
yielding 26 (1.29 g, 5.94 mmol, 57%) as a crystalline yellow compound: R, (CH2Cl2/MeOH/concd NH4OH 
80/15/5) 0.45; mp 149- 151 °C; 'H NMR 8 7.22 (d, J = 7.5 Hz, 1H, H-4 or H-7), 7.18 (t, 7 = 7.7 Hz, IH, H-5 or 
H-6), 6.98 (t, J = 7.5 Hz, IH, H-5 or H-6), 6.82 (t, J = 7.7 Hz, IH, H-4 or H-7), 3.34 (d, J = 3.5 Hz, IH, slow 
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exchange with D, H-3), 3.08 (br d, 7 = 12.5 Hz, 1H, H-10cq or H-12eq), 3.01 (br d, 7 = 12.4 Hz, 1H, H-10„, or H-
12«,), 2.58 (ddd, 7 = 12.4 Hz, 7 = 12.4 Hz, 7 = 3.0 Hz, 1H, H-10„ or H-12J, 2.25 - 2.18 (m, 2H, H-8, H-10„ or 
H-12J, 1.67 (brd, J= 12.7 Hz, 1H, H-9,*, or H-13„,), 1.59(dddd,/= 12.4 Hz, J = 12.4 Hz, 7 = 12.4 Hz, 7 = 4.2 
Hz, 1H, H-9„orH-13„), 1.51 (br d, 7 = 13.0 Hz, 1H, H-9„, or H-13eq), 1.38 (dddd, 7 = 12.4 Hz, J = 12.4 Hz, 7 = 
12.4 Hz, y = 4.2 Hz, IH, H-9„ or H-13„); IR v 3436, 1708; HRMS (EI) obs. mass 216.1263. calcd for C„H„ON: 

216.1263. 

3-(2-Oxindol-3-yl)pyrrolidine (27).'2 To a solution of 3-(3-indolyl)pyrrolidine" 18 (106 mg, 0.57 mmol) 
in dimethyl sulfoxide (1.5 mL, 21.1 mmol) hydrochloric acid (3.0 mL, 0.37 mol, 37%) was added dropwise. The 
mixture was stirred during 45 min at rt, EtOAc (20 mL), EtOH (1 mL) and a saturated Na,CO, solution (25 mL) 
were added at 0 "C. The water layer was further basified with K,C03, the layers were separated and the water layer 
extracted with EtOAc/5% EtOH (3x). When a third, yellow layer was being formed more water and K,C03 were 
added. The combined organic layers were dried (Na,S04) and evaporated giving oxindole 27 together with dimethyl 
sulfoxide. Due to the instability of the product it was used as such for further reaction: R, (CH,Cl,/MeOH/concd 
NH4OH 80/15/5) 0.51; 'H NMR (CDCl3/5% CD3OD) 5 8.59 (br s, 1H, H-l), 7.23 (d, 7 = 7.8 Hz, 1H. H-4 or H-7). 
7.16 (t, 7 = 7.9 Hz, 1H, H-5 or H-6), 6.99 (t, 7 = 7.8 Hz, 1H, H-5 or H-6), 6.84 (d, J = 7.8 Hz, 1H, H-4 or H-7), 
3.55 - 3.50 (m, 1H), 3.24 - 3.07 (m, 1H), 3.03 - 2.81 (m, 3H), 2.72 - 2.57 (m, 1H), 1.72 - 1.58 (m, 1H). 

Condensation reactions 

General procedure A: The oxindole was prepared prior to use from the corresponding amine (1 eq.) according to 
the procedure described above. A solution of this freshly prepared oxindole and aldehyde (1-5 eq.) in acetic acid was 
stirred during the time and temperature indicated. The reaction mixture was concentrated in vacuo, an aqueous 
saturated solution of K;CO, and EtOAc were added. The layers were separated and the water layer was extracted with 
EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated. Flash chromatography afforded the 
pure diastereomers. 

General procedure B: The oxindole was prepared prior to use from the corresponding amine (1 eq.) according to 
the procedure described above. To a solution of this freshly prepared oxindole and sodium acetate in methanol, 
aldehyde (5 eq.) was added. The reaction mixture was stirred during the time and temperature indicated and 
concentrated in vacuo. An aqueous saturated solution of K,CO, and diethyl ether were added. The layers were 
separated and the water layer was extracted with diethyl ether (3x). The combined organic layers were washed with 
water, dried (Na,S04) and evaporated. Flash chromatography gave the pure diastereomers. 

Condensation of 25 with formaldehyde (28). General procedure A was followed using 25 prepared from 
16 (67 mg, 0.36 mmol) and paraformaldehyde (11 mg, 0.37 mmol). After 2 h at 90 'C the conversion was 
complete. According to the 'H NMR spectrum of the crude reaction mixture two diastereomers in a ratio of 76 : 24 
had been formed. Flash chromatography (EtOAc/EtOH/NEt, 75/15/10) gave 28b (21 mg, 0.07 mmol, 19%) as a 
glass. The other diastereomer 28a (50 mg, 0.22 mmol, 62%) was crystallised from acetonitrile. 
28a: mp 177- 179 "C; 'H NMR 5 9.65 (br s, 1H, H-l2), 7.32 (d, 7 = 7.5 Hz, 1H, H-8), 7.16 (t, 7 = 7.5 Hz, 1H, 
H-10), 6.95 (t, 7 = 7.5 Hz, 1H, H-9), 6.83 (d, 7 = 7.5 Hz, 1H, H-ll), 3.56 (br d, 7 = 13.1 Hz, 2H, H-lcnJ„, H-140l|), 
3.38 (d, 7 = 13.1 Hz, 1H, H-l„„), 3.29-2.98 (m, 4H, H-3, H-4„, H-14J, 2.17 (br s, 1H, H-6), 2.06 - 1.97 (m, 
1H, H-5), 1.84- 1.75 (m, 1H, H-5), 1.38- 1.33 (m, 1H, H-4„); "C NMR 6 181.1 (C-13), 139.8 (C-lla), 136.6 
(C-7a), 127.6 (C-10), 122.6 (C-8), 122.0 (C-9), 109.1 (C-l I), 61.2 (C-l), 60.8 (C-7), 58.5 (C-3 or C-14), 56.0 (C-
3 o r C-14), 48.1 (C-6), 27.9 (C-5), 17.4 (C-4); IR v 3437, 1708; HRMS (EI) obs. mass 228.1259, calcd for 
C14H„ON2 228.1263. 

28b: 'H NMR 5 9.16 (br s, 1H, H-12), 7.60 (d, 7 = 7.5 Hz, 1H, H-8), 7.20 (t, 7 = 7.5 Hz, IH, H-10), 7.00 (I, 7 = 
7.5 Hz, IH, H-9), 6.90 (d, 7 = 7.5 Hz, IH, H-l 1), 4.09 (br d, 7= 11.4 Hz, 2H, H-14„), 3.56 (d, 7 = 13.0 Hz, IH, 
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H-lcnd„), 3.18 - 3.01 (m, 3H, H-3, H-l„„), 2.87 (d, J = 11.4 Hz, 1H, H-14J, 2.61 (s, (CH,),SO), 2.43 - 2.34 (m, 
1H, H-4„), 2.17 (br s, 1H, H-6), 1.94 - 1.85 (m, 2H, H-5), 1.60 - 1.55 (m, 1H, H-4«,); L,C NMR 6 183.4 (C-13), 
141.7 (C-lla), 130.3 (C-7a), 127.9 (C-10), 124.5 (C-8), 121.8 (C-9). 109.8 (C-ll), 59.5, 59.2, 58.2. 55.5, 44.5 
(C-6), 40.8 ((CH,)2SO) 26.9 (C-5), 18.2 (C-4); IR v 3436, 1709; HRMS (EI) obs. mass 229.1345, calcd for 
Cl4Hl7ON, (M+ 1)229.1341. 

Condensation of 25 with hexanal (29). General procedure A was followed using 25 prepared from 16 (20 
mg, 0.1 mmol) and hexanal (60 yCL, 0.5 mmol). After stirring during 5 h at 90 'C, a mixture of two diastereomers 
in a ratio of 29a : 29b = 63 : 37 was formed according to 'H NMR spectroscopy of the crude reaction mixture (see 
text). Alternatively the reaction could be performed following general procedure B, reacting 25 (55 mg, 0.15 mmol), 
sodium acetate (20 mg, 0.25 mmol) and hexanal (60 U.L, 0.5 mmol) during 6 h at 55 °C. According to 'H NMR 
spectroscopy of the crude reaction mixture two diastereomers in a ratio of 29a : 29b = 55 : 45 had been formed. 
Flash chromatography (EtOAc/PE/NEt, 65/30/5) gave 29a (14 mg, 0.05 mmol, 31%) and 29b (12 mg, 0.04 
mmol, 26%) both as a glass. 
29a: 'H NMR 5 7.86 (br s, 1H, H-12), 7.36 (d, J = 7.6 Hz, 1H, H-8), 7.19 (t, J= 7.6 Hz, 1H, H-10), 6.97 (t, J = 
7.6 Hz, 1H, H-9), 6.85 (d, J = 7.6 Hz, 1H, H-ll), 3.67 - 3.62 (m, 2H, H-l, H-14cl|). 3.20 - 3.09 (m, 2H, H-3), 
3.04-2.93 (m, 2H, H-4„, H-14J, 2.21 (br d, J = 2.9 Hz, 1H, H-6), 2.06 - 2.01 (m, 1H, H-5), 1.86- 1.77 (m, 1H, 
H-5), 1.52- 1.44 (m, 1H, H-15), 1.43- 1.36 (m, 1H, H-4CI|), 1.34- 1.23 (m. 2H, H-17), 1.18 - 0.99 (m, 4H, H-16, 
H-18), 0.98 -0.86(m, 1H, H-15), 0.76 (t, 7 = 6.7 Hz, 3H, H-19); "CNMR5 180.1 (C-13), 139.5 (C-lla), 132.5 
(C-7a), 127.5 (C-10), 124.3 (C-8), 121.8 (C-9), 109.1 (C-ll), 71.1 (C-l), 62.6 (C-7), 60.7 (C-14), 56.9 (C-3), 
49.0 (C-6), 34.5 (C-15), 31.6 (C-16), 27.4 (C-5), 27.4 (C-17), 22.3 (C-18), 17.8 (C-4), 13.8 (C-19); IR v 3437, 
1708; HRMS (EI) obs. mass 298.2031, calcd for ClsH26ON2 298.2045. 
29b: 'H NMR 5 7.84 (br s, 1H, H-12), 7.61 (d, J =7.6 Hz, 1H, H-8), 7.23 (1,7 = 7.6 Hz, 1H, H-10), 7.05 (1, J = 
7.6 Hz, 1H, H-9), 6.87 (d, J = 7.6 Hz, IH, H-ll), 4.26 (br d, ƒ = 11.6 Hz, 1H, H-14C11), 3.37 - 3.34 (m, 1H, H-l), 
3.04- 2.93 (m, 1H, H-3J, 3.14-3.05 (m, 1H, H-3ei|), 2.83 (dd, J= 11.6 Hz, J= 1.5 Hz, 1H, H-14J, 2.43 - 2.32 
(m, 1H, H-4„), 2.21 (br s, 1H, H-6), 1.97- 1.92 (m, 2H, H-5), 1.80- 1.72 (m, 1H, H-15), 1.62- 1.51 (m, 1H, H-
4CI|), 1.38 - 1.02 (m, 7H, H-15, H-16, H-17, H-18), 0.77 (t, J = 6.8 Hz, 3H, H-19); "C NMR Ô 180.1 (C-13), 
140.7 (C-l la), 131.1 (C-7a), 127.7 (C-10), 124.5 (C-8), 122.0 (C-9), 109.2 (C-ll), 72.5 (C-l), 62.5 (C-7), 59.1 
(C-14), 56.6 (C-3), 45.6 (C-6), 33.0 (C-15), 31.7 (C-16), 28.0 (C-17), 26.5 (C-5), 22.5 (C-18), 18.6 (C-4), 13.8 
(C-19); IR v 3437, 1708; HRMS (EI) obs. mass 298.2031, calcd for C,,H26ON2 298.2045. 

Condensation of 26 with hexanal (32). General procedure B was followed using 26 prepared from 17 (400 
mg, 2.0 mmol), sodium acetate (492 mg, 6.0 mmol) and hexanal (1.25 mL, 10.0 mmol). Stirring the reaction 
mixture during 10 h at 65 'C resulted in completed conversion. According to the 'H NMR spectrum of the crude 
mixture the diastereomers had been formed in a ratio of 32a : 32b = 36 : 64. Flash chromatography 
(EtOAc/PE/NEt, 60/40/10) yielded both diastereomers 32a (131 mg, 0.44 mmol, 22%) and 32b (232 mg, 0.78 
mmol, 39%) as a glass. Alternatively the reaction could be performed following general procedure A. Using 26 (20 
mg, 0.1 mmol) and hexanal (25 |iL, 0.2 mmol), after stirring during 8 h at 90 "C the diastereomers 32a : 32b (14 
mg, 0.05 mmol, 47%) were formed in a ratio of 21 : 79 according to the 'H NMR spectrum of the crude reaction 
mixture. 

32a: R, (PE/EtOAc/NEt, 60/30/10)0.18; 'H NMR 5 8.30 (br s, 1H, H-ll), 7.37 (d, J = 7.4 Hz, 1H, H-7), 7.19 (t, 
7 = 7.4 Hz, 1H, H-9), 7.03(t,J = 7.4 Hz, 1H, H-8), 6.86 (d, J = 7.4 Hz, 1H, H-10), 3.45 - 3.37 (m, 1H, H-13J, 
3.21 - 3.16(m, 1H.H-3J, 3.15-3.05 (m, 3H, H-l, H-3), 2.81 (dd, J = 11.0 Hz, J = 12.2 Hz, 1H, H-l3), 2.49 -
2.41 (m, 1H, H-14J, 2.18-2.10(m, IH, H-4„), 1.85 - 1.77 (m, 1H, H-15J, 1.71 (br s, IH, H-5), 1.52 - 1.44 
(m, 2H, H-4, H-15), 1.35 - 1.27 (m, IH, H-14), 1.19 - 1.01 (m, 5H, H-16, H-17, H-18), 0.98 - 0.88 (m, IH, H-
16), 0.72 (t, J = 6.8 Hz, 3H, H-19); "C NMR 5 179.7 (C-12), 140.3 (C-lOa), 134.9 (C-6a), 127.4 (C-7), 124.2 (C-
8), 121.6 (C-9), 109.2 (C-10), 64.4 (C-l), 52.6 (C-6), 49.7 (C-3), 41.4 (C-13), 31.5 (C-16), 31.4 (C-5), 29.7 (C-
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15), 26.5 (C-17), 22.9 (C-4), 22.3 (C-18), 21.8 (C-14), 13.8 (C-19); IR v 3436, 1702; HRMS (FAB) obs. mass 

299.2117, calcd for C1()H27ON2 (M + 1) 299.2123. 

32b: R, (PE/EtOAc/NEt3 60/30/10) 0.14; 'H NMR 5 7.88 (br s, 1H, H- l l ) , 7.37 (d, 7 = 7.6 Hz, 1H, H-7), 7.22 (t, 

7 = 7.6 Hz, 1H, H-9), 7.02 (t, 7 = 7.6 Hz, 1H, H-8), 6.91 (d, 7 = 7.6 Hz, 1H, H-10), 3.32 (t, J = 7.3 Hz, 1H, H-l), 

3.27 - 3.20 (m, 2H, H-3, H-13), 3.03 - 2.94 (m, 2H, H-3, H-13), 2.66 - 2.63 (m. 1H, H - 1 4 J . 2.06 - 2.00 (m, 1H, 

H - 4 J , 1.69 (br s, 1H, H-5), 1.59 - 1.52 (m, 1H, H-15), 1.50 - 1.43 (m, 1H, H-14), 1.39 - 1.30 (m, 3H, H-4, H-15, 

H-17), 1.10 - 0.82 (m, 4H, H-16, H-17, H-18). 0.72 - 0.65 (m, 4H. H-16, H-19); "C NMR 5 181.8 (C-12), 140.6 

(C-lOa), 129.6 (C-6a), 127.6 (C-8 or C-9), 126.6 (C-7 or C-10), 121.3 (C-7 or C-10), 109.9 (C-8 or C-9), 61.9 (C-

1), 53.3 (C-6), 49.2 (C-3 or C-13), 41.6 (C-3 or C-13). 31.3 (C-18), 31.1 (C-5), 30.4 (C-15), 25.8 (C-16), 22.6 (C-

4 or C-14), 22.1 (C-17), 20.4 (C-4 or C-14), 13.7 (C-19); IR V 3435, 1704; HRMS (EI) obs. mass 298.2059, calcd 

for C,,H26ON2 298.2045. 

Condensation of 26 with benzaldehyde (33). General procedure B was followed using 26 freshly prepared 

from 17 (200 mg, 1.0 mmol), sodium acetate (246 mg, 3.0 mmol) and benzaldehyde (0.51 mL, 5.0 mmol). The 

reaction did not go to completion (44 h, 60 - 65 °C). According to the 'H NMR spectrum of the crude mixture two 

diastereomers had been formed in a ratio of 33a : 33b = 36 : 64. Flash chromatography (EtOAc/PE/NEt, 40/55/5) 

yielded an inseparable mixture of two diastereomers 33 (78 mg, 0.26 mmol, 22%) as a glass: 'H NMR 5 9.40 (br s, 

1H, H„-ll) , 9.28 (br s, 1H, H a - l l ) , 7.55 (d, 7 = 7.4 Hz, 1H. Ha-7), 7.29 - 6.77 (m. 15H, Ara-H, Ar„-H, H.,-8. H;,-9. 

H.-10, H„-7, H,,-9), 6.65 (t, 7 = 7.4 Hz. 1H, H„-8). 6.57 (d, 7 = 7.4 Hz, 1H, H„-10). 4.86 (br s, 1H, H„-l), 4.64 (br 

s, 1H. H,-l) , 3.75 - 3.70 (m, 1H, H„-13c0), 3.48 - 3.30 (m, 4H, H„-3, H„-3), 3.23 - 3.04 (m. 4H, H.-13, H„-13). 

2.88 - 2.80 (m, 1H, H„-14c„), 2.35 - 2.30 (m, 2H, Ha-14„, H,-4ar), 2.02 - 1.92 (m, 1H, H„-14), 1.82 (br s, 2H, H,-

5, Hb-5), 1.64- 1.58 (m, 1H, H,-4), 1.57- 1.41 (m. 3H, Ha-14, H„-4, H„-14); "C NMR 5 183.1 (C-12), 180.1 (C-

12), 140.7, 140.6. 140.5, 139.2, 135.2, 130.3, 129.4, 129.1, 128.0, 127.9, 127.8, 127.4. 127.0, 126.6. 126.3, 

126.2, 125.8, 125.3, 123.8, 121.8, 121.1. 115.5. 110.2, 110.0. 65.2 (C-l), 63.6 (C-l), 55.1 (C-6), 55.0 (C-6), 

49.5, 49.3, 43.1 (2C), 31.9 (C-5), 31.6 (C-5). 22.8, 22.7, 22.3, 20.7; IR v 3435, 1705; HRMS (FAB) obs. mass 

305.1667, calcd for C2„H2,ON2 (M + 1) 305.1654. 

Condensation of 27 with formaldehyde (34) . General procedure A was followed with 27 freshly prepared 

from 18 (100 mg, 0.54 mmol) and paraformaldehyde (16 mg, 0.54 mmol) in acetic acid (2 mL). The reaction 

mixture was stirred during 2 h at 70 'C. Flash chromatography (CH2Cl2/MeOH/concd. NH4OH 80/20/2) afforded 3 4 

(7 mg, 0.03 mmol, 6%) as a glass: 'H NMR 5 8.04 (br s, 1H, H-l 1), 7.53 (d, 7 = 6.8 Hz, 1H, H-7). 7.30 (d. 7 = 

7.6 Hz, 1H, H-8 or H-9), 7 .15-7.08 (m, 1H, H-8, H-9), 4.49 (d, 7 = 16.6 Hz, 1H, H-l), 3.77 (d. 7 = 16.6 Hz, 1H, 

H-l), 3 .40 -3 .32 (m, 2H, H-3t,„ H-5), 3.09 (d, 7 = 10.8 Hz, IH, H - 1 3 J , 2.93 (dd, 7 = 10.8 Hz, 7 = 2.8 Hz, 1H, H-

13), 2.88 - 2.81 (m, 1H, H-3 or H-4J , 2.14 - 2.01 (m, 2H, H-3 or H-4„, H-4); IR v 3435, 1705. 

Condensation of 27 with hexanal (35) . General procedure B was followed using 27 freshly prepared from 

18 (400 mg, 1.98 mmol) and hexanal (1.2 mL, 10 mmol). The mixture was stirred at it during one night. In the 

crude reaction mixture 3 isomers could be discerned in a ratio of 35a : 35b : 35c = 50 : 5 : 45. Flash 

chromatography (EtOAc/PE/NEt, 60/40/10) gave 35a (23 mg, 0.08 mmol, 4%) and an inseparable mixture of 35b 

and 35c (25 mg, 0.09 mmol, 4.5%). By healing on a silica plate or a CDC1, solution of 35a equilibration towards 

35c occurred. 

35a: 'H NMR 5 8.64 (br s, 1H, H-l 1), 7.35 (d, 7 = 7.6 Hz, 1H, H-7), 7.20 (t, 7 = 7.6 Hz, 1H, H-8 or H-9), 7.00 

(t, 7 = 7.6 Hz, IH, H-8 or H-9), 6.89 (d, 7 = 7.6 Hz, 1H, H-10), 3.37 (br d, 7 = 9.9 Hz, 1H, H-13), 3.08 - 2.92 (m, 

3H, H-l, H-3), 2.59 - 2.56 (m, 2H, H-5, H-13), 2.47 - 2.42 (m, IH), 1.56 - 1.47 (m, IH), 1.40 - 1.27 (m, 3H). 

1.25 - 1.00(m, 4H), 0.91 (m, IH), 0.72 (t, 7 = 6.9 Hz, 3H, H-18); "C NMR 5 181.2 (C-12). 140.3 (C-l la), 131.8 

(C-7a), 127.6, 124.5, 121.8, 109.4 (C-l 1), 76.8 (C-l), 59.9, 59.0, 54.9, 50.9 (C-5). 33.3, 31.5, 27.2, 23.0, 22.3, 

13.8 (C-18); IR v 3436, 1703; HRMS (FAB) obs. mass 285.2100, calcd for C ]sH2,ON2 (M + 1) 285.1967. 
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35b: 'H NMR (from the mixture) 5 9.10 (br s, ÏH, H-ll), 7.22 - 7.15 (m, 2H, H-7, H-8 or H-9), 6.99 (t, 7 = 7.6 
Hz, 1H, H-8 or H-9), 6.92 (d, 7 = 7.6 Hz, 1H, H-10), 3.79 (br d, 7 = 9.4 Hz, IH, H-13), 3.42 - 3.38 (m, 1H, H-l), 
3.10 - 3.03 (m, IH), 2.89 - 2.82 (m, IH), 2.67 - 2.66 (m, IH, H-5), 2.62 - 2.53 (m, 2H, H-13), 1.65 - 1.60 (m, 
IH), 1.49- 1.41 (m, IH), 1.30- 1.00 (m, 6H), 0.91 -0.87 (m, IH), 0.70 (t, 7 = 6.9 Hz, 3H, H-18); "C NMR 8 
182.9 (C-12), 141.8 (C-lla), 128.2 (C-7a), 127.5, 126.9, 120.9, 109.9 (C-ll), 71.0 (C-l), 59.9, 56.1, 54.9, 50.8 
(C-5), 43.9, 31.4 , 26.8, 25.4, 22.1, 13.7 (C-18); IR v 3436, 1703. 

35c: 'H NMR (from the mixture) 8 8.02 (br s, IH, H-II), 7.35 (d, 7 = 7.6 Hz, IH, H-7), 7.21 (d, 7 = 7.6 Hz, IH, 
H-8 or H-9), 7.00 (t, 7 =7.6 Hz, IH, H-8 or H-9), 6.87 (d, 7 = 7.6 Hz, IH, H-10), 3.37 (br d, 7 = 9.8 Hz, IH, H-
13), 3.08 - 2.96 (m, 3H, H-l, H-3, H-13), 2.58 - 2.56 (m, 2H, H-3, H-5), 2.47 - 2.41 (m, IH), 1.63 - 0.98 (m, 
7H), 0.94 - 0.75 (m, 2H), 0.73 (t, 7 = 7.0 Hz, H-18); IR v 3436, 1703. 

Condensation of 27 with benzaldehyde (36). General procedure B was followed using 27 freshly prepared 
from 18 (149 mg, 0.80 mmol) and benzaldehyde (120 p.L, 1.20 mmol). The mixture was stirred during one night at 
55 °C. The diastereomers were formed in a ratio of 36b : 36c = 69 : 31 according to 'H NMR spectroscopy. Flash 
chromatography (PE/EtOAc 50/50 then PE/EtOAc/NEt, 60/25/15) gave an inseparable mixture of two isomers 36b 
and 36c (14 mg, 0.05 mmol, 6%): 
36b: 'H NMR (from the mixture) 5 7.95 (br s, 1H, H-ll), 7.47 - 6.93 (m, 8H. H-7, H-8, H-9, Ar-H), 6.83 (d. 7 = 
7.5 Hz, 1H. H-10), 4.23 (br s, 1H, H-l), 4.19 (br d, 7 = 9.8 Hz, 1H, H-13), 3.31 (ddd,7= 12.1 Hz, 7= 12.1 Hz, 7 = 
4.6 Hz, 1H, H-3co), 3.04 - 2.99 (m, 1H, H-3), 2.80 (d, 7 = 4.1 Hz, 1H, H-5), 2.74 - 2.68 (m, 1H, H-13), 2.19 -
2.12 (m, 1H, H-4co), 1.74- 1.65 (m, 1H, H-4); "C NMR (from the mixture) S 178.9 (C-12), 141 - 109 (24 C's), 
77.7 (C-l), 61.1 (C-3), 60.9 (C-6). 54.7 (C-3), 51.7 (C-5), 23.6 (C-4); IR v 3437, 1705. 
36c: 'H NMR (from the mixture) 8 8.12 (br s, 1H, H-ll), 7.47 - 6.93 (m, 5H, H-7, H-8 or H-9, Ar-H), 6.56 (t, 7 = 
7.6 Hz, 1H, H-8 or H-9), 6.39 (d, 7 = 7.6 Hz, 1H, H-10), 4.45 (br s, 1H, H-l), 3.49 (br d, 7 = 9.9 Hz, 1H, H-13), 
3.17 (ddd, 7= 11.3 Hz, 7= 11.3 Hz, 7 = 4.4 Hz, 1H, H-3,,,), 3.06 - 3.04 (m, 1H, H-3), 2.74 - 2.68 (m, 2H, H-5, H-
13), 2.59 - 2.53 (m, 1H, H-4), 1.49 - 1.46 (m, 1H, H-4); "C NMR (from the mixture) 8 178.9 (C-12), 141 - 109 
(24 C's), 79.4 (C-l), 61.0 (C-3), 60.2 (C-6), 55.3 (C-3), 50.9 (C-5), 25.0 (C-4); IR v 3437, 1705. 
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Chapter 8 

Synthesis of Xestomanzamine A and B 

Abstract 

Recently, two new alkaloids, xestomanzamine A and B, which structurally resemble 

nazlinine as well as ondansetron (a clinically used 5-HT, antagonist) were isolated and 

characterised. The synthesis of these conformationally restricted ß-carbolines is described. Key 

step in the synthesis of the fully aromatised xestomanzamine A is the coupling of 5-iodo-/V-

methylimidazole via an exchange Grignard reaction with 1-cyano-ß-carboline. A modified Pictet-

Spengler reaction with a suitable vicinal tricarbonyl compound constitutes a one step formation of 

the sensitive 3,4-dihydro-ß-carboline xestomanzamine B. 

H3C' 
, N ^ 

HaC' 
N ^ 
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8.1 Introduction 

In 1995 the isolation of four new biologically active ß-carbolines from the Okinawan 

marine sponge Xestospongia sp. was described.1 Together with several known and two new 

manzamine-type alkaloids, xestomanzamine A (1) and B (2) were characterised, the latter 

exhibiting weak cytotoxicity against human epidermoid carcinoma (KB) cells.2 In total, uptill now 

manzamine-type alkaloids have been isolated from six sponge species belonging to different 

genera. Independent development of these structurally complex and biogenetically related 

molecules in different evolutionary lines is an unlikely assumption. Either participation of common 

micro organism(s) or the use of mixed samples for isolation of these biogenetically related 

alkaloids was therefore postulated by van Soest et al.. The latter possibility seems the most likely, 

because sponges are typically covered with epibiotic organisms such as algae, tunicates or other 

sponges. 

It was found that 3,4-dihydro-ß-carboline 2 was gradually converted to ß-carboline 1 by 

air-oxidation. Presumably also the biosynthesis follows this pathway in which a histidine derived 

metabolite reacts via the Pictet-Spengler condensation with tryptamine.14 

H , C ' 
N - ^ 

H a C ' 

Figure 8.1 

The alkaloid nazlinine 3 was isolated and characterised recently and has been the subject of 

synthetic studies for some time in our group.5 In view of the structural similarities between 

xestomanzamines A (1) and B (2) and the serotonergically active nazlinine 3, their synthesis was 

undertaken. The xestomanzamines can both be regarded as conformationally restricted nazlinine 

analogues, in which one of the nitrogen atoms is part of the imidazole ring. In addition the 

xestomanzamines also exhibit some resemblance to ondansetron 4, a 5-HT3 antagonist (Figure 

8.2). Ondansetron is the active substance of a medicine (Zoflan®) which is administered to prevent 

cytotoxic drug-induced vomiting, which occurs in the treatment of tumors by chemotherapy or 

radiotherapy. Also clinical trials are being performed to evaluate its potential use in anxiety, 

schizophrenia, drug abuse and age-associated memory impairment. It has been proven that the 

stereochemistry of the stereocentre in ondansetron is irrelevant for the interaction with the 5-HT, 

receptor: both isomers and also the racemate display about the same high affinity.6 
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4, ondansetron 

(Kj= 1.6 nM) 

O 

A 
J! ' CH, 3 H H ^ ^ N C H , 

5, GR 65,630 

(Kj = 0.28 nM) 

6, tropisetron 

(K, = 0.64 nM) 

Figure 8.2 

Other indole derivatives, such as GR 65,630 (5) and tropisetron (6) also have been reported to be 

potent and selective 5-HT, antagonists. Common structural features necessary for binding to the 5-

HT, receptor have been defined:7 an aromatic plane connected by an acyl function or a biostere 

thereoff to a basic nitrogen atom, preferably possessing lipophilic environment. The interatomic 

distance between this nitrogen and the carbonyl oxygen atom is about 5 Â, which compares to 

about five bonds. Since xestomanzamine A and B meet these requirements, they were proposed as 

5-HT-, receptor ligands and their synthesis was undertaken. 

After we finished our xestomanzamine A synthesis,8 a second approach was published.9 

Key step in that synthesis is the nucleophilic attack of a suitably protected 5-lithio-imidazole (8) at 

an aldehyde (Scheme 8.1).'° Besides the low overall yield, this approach suffers from some 

problematic steps. Especially the final oxidation of alcohol 9 to the corresponding ketone makes 

this method unsuitable for the synthesis of 3,4-dihydro derivative xestomanzamine B (2). 

H3C A 
- ^ SiEt3 

N 

MOM CHO 
THF, -78 "C 

/Jones reagent 
H H+, A 

9 H3C 
N - ^ 

1 H3C 
N - ^ 

Scheme 8.1: Literature synthesis of xestomanzamine A (1). 

In this chapter the synthesis of both xestomanzamine A (1) and the air sensitive B (2) is 

described. Because of the instability of the 3,4-dihydro-ß-carboline 2, a strategy was adapted in 

which the imine bond is introduced in the last step of the synthesis. 
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8.2 Xestomanzamine A and B 

8.2.1 Synthesis of xestomanzamine A 

Key step in the synthesis of xestomanzamine A is introduction of the acyl functionality via 

nucleophilic addition of a suitably functionalised imidazole to 1-cyano-ß-carboline. A Grignard-

exchange reaction of iodinated imidazole 10, protected with an acid labile group was described as 

a general method for the preparation of 4(5)-alkylated imidazoles 1 1 . " The solvent of choice for 

these reactions is dichloromethane instead of the commonly used diethyl ether or tetrahydrofuran. 

It was stated that the greater covalent character of the organomagnesium intermediate in this non-

complexing solvent prevents equilibration to the more stable 2-metallated imidazoles. 

I N 

>̂ 
N 
Tr 

1) EtMgBr, CH2Cl2 , rt 
*~ 

O 

R2 R1 

R2 R1 

10 

N 
Tr 

11 

Scheme 8.2 

The required l-cyano-ß-carboline 14 was synthesised straightforwardly following 

literature procedures (Scheme 8.3).12 Pictet-Spengler condensation of tryptamine 12 with 

glyoxylic acid under neutral conditions afforded tetrahydro-ß-carboline-1-carboxylic acid. 

Esterification followed by aminolysis gave carboxamide 13. Aromatisation and dehydratation 

finally gave the desired 1-cyano-ß-carboline 14. The ease of this reaction sequence is 

demonstrated by the fact that no chromatographic separations are used in its synthesis: all 

intermediates are obtained as crystalline compounds and in good yields, only the final product 1 4 

was purified by flash chromatography. 

N 
H 

12 

a, b, c 

NH? 
N 
H 

13 

d, e 

NH 

C 0 2 N H 2 

N 
H 

14 

C N 

Reagents and conditions: (a) glyoxylic acid (aq.), 90%. (b) MeOH, HCl, 71%. (c) NH, (aq.), McOH, 
xylenes, A, 73%. (e) POCI,, toluene, A, 82%. 

3%. (d) Pd/C, 

Scheme 8.3 
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After some discussion in literature, it is now well established that iodonation of imidazole 

affords 4,5-diiodoimidazole." L1 Subsequent reduction with sodium sulfite removes one of the 

iodine atoms and easily gives 4(5)-iodoimidazole 16.14 N-methylation of 4(5)-substituted 

imidazoles has been reported to give mixtures of the 4- and 5-substituted ./V-methylimidazoles.15 

Addition of the methylating agent (e.g. iodomethane or dimethylsufate) in different solvents 

(dimethylformamide, tetrahydrofuran or dichloromethane) indeed gave inseparable mixtures of the 

mono-substituted products together with starting material in low yields. Use of excess of 

methylating agent resulted in formation of dimethylated imidazole. Another approach, based upon 

subsequent deprotonation and alkylation was therefore employed.1617 The best result was obtained 

by first deprotonating iodoimidazole 16 with one equivalent sodium hydride. Methylation of this 

sodium salt resulted in complete conversion to 4-iodo- and 5-iodo-iV-methylimidazole 17 and 1 8 

which were formed in a ratio of respectively 38 : 62. Fortunately the desired 5-iodo isomer 1 8 

could be crystallised from petroleum ether and was obtained in an acceptable yield. 

M a, b ! ^ N c ! . , N M 

î > —- Xx> —- Xs> Xs> 
^ N ^ N ^ N | - ^ - N 

H H CH3 CH3 

15 16 17 18 

Reagents and conditions: (a) KI. NaOH (aq.) then I2, EtOH, 90%. (b) Na2SO, (aq.), EtOH, 67%. (c) NaH (l cq.), 
THF then CH,I, MeOH, 18: 34%. 

Scheme 8.4 

With 1-cyano-ß-carboline 14 and 5-iodo-/V-methylimidazole 18 in hands, all is now set 

for the Grignard coupling reaction. In theory it should be no problem to regioselectively 

functionalise halogenated imidazoles by halogen-metal exchange reactions. However, it was 

reported that during comparable lithium-exchange reactions, the initially formed imidazol-5-lithium 

species 19 undergoes a rearrangement to afford the thermodynamically more stable imidazol-2-

lithium species 20, so that by quenching with an electrophile, the 2-substituted product will be 

formed. Examples of such a base-catalysed halogen "dance reaction" have been found in 

imidazoles,1819 but was first described to occur in aryl halides20 and also thiophenes21 are known 

to undergo this rearrangement. The occurrence of this "dance reaction" was demonstrated in the 

synthesis of a regio-isomer of xestomanzamine A (Scheme 8.5). When a co-ordinating solvent 

such as tetrahydrofuran was used in the Grignard reaction of imidazole 18 with cyanide 14 the 

only isolated product was the 2-substituted imidazole 21. 
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-N MeMgBr 

1 N > " 
r^N THF 

CH3 

18 

N 
I N > 

B r M 9 ' ^ C H 3 

19 

N 
CH3 

20 

MgBr 

1)14 

2) H20 

Scheme 8.5 

The isomerisation depicted in scheme 8.5 however was not observed when 

dichloromethane was used as solvent for the exchange Grignard reaction instead of tetrahydrofuran 

(Scheme 8.6). Dichloromethane as the solvent for this metal-halogen exchange reaction was stated 

to be crucial to prevent the isomerisation of the 5-metallated species."'22 The more covalent 

character of the organomagnesium intermediate in this non-complexing solvent prevents 

equilibration to the more stable 2-metallated intermediate. Thus, metal-halogen exchange of the 

iodine in imidazole 18 generated the 5-metallated species 19 which was quenched with 1-cyano-ß-

carboline 14 to afford xestomanzamine A 1 directly after aqueous work-up.23 24 Due to the acidity 

of the indole N-H two equivalents of the imidazole anion were necessary to complete the reaction. 

N 
I * > 

N 
CH3 

18 

1) MeMgBr, CH2CI2 

2) 

3) H20 
H CN 14 

Scheme 8.6 

8.2 .2 Synthesis of xestomanzamine B 

As was mentioned before, the 3,4-dihydro-ß-carboline xestomanzamine B is easily 

oxidised (already by air-oxygen) to the fully aromatised xestomanzamine A. Therefore a strategy 

was developed in which the acyl-substituted imine bond is introduced in the last step of the 

synthesis. Key step of this approach is the Pictet-Spengler condensation between tryptamine and a 

suitable tricarbonyl compound 20 (Scheme 8.7). Vicinal tricarbonyl compounds have been 

employed successfully in the syntheses of eudistomins T, I and M,25 and isoquinoline26and 

vincamine-related alkaloids.27 
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Scheme 8.7 

A vicinal tricarbonyl substituted N-methylimidazole is an obvious requisite for the 

synthesis of xestomanzamine B via the Pictet-Spengler approach described above. In general, the 

vicinal tricarbonyl compounds 22 are synthesised by condensation of an appropiate acid chloride 

with a suitable phosphorane. The introduction of such a highly oxidised substituent at the 

imidazole 5-position therefore requires iV-methyl-5-imidazolecarboxylic acid 24. Synthesis of N-

methylimidazoles functionalised at the 5-position constitutes a serious problem as described before 

in § 8 .2 .1 . Instead of applying an exchange Grignard reaction as described in the synthesis of 

xestomanzamine A, it was decided to try a different approach for the synthesis of carboxylic acid 

24. This constituted of a one pot reaction starting from the readily available N-methylimidazole. 

Some successful syntheses of 5-substituted TV-protected imidazoles are described in literature in 

which the usual electron withdrawing /V-protecting groups are applied, such as a 

sulfonamide.18"28'29 

JH 1)n-BuLi ^ N 1) n-BuLi M 
I N> f V-TBS f VC02H 
^ N 2)TBSCI "-N 2)C0 2

 L - N 

CH3 CH3 3)H+ CH3 

Scheme 8.8 

Several unfruitful attempts were made in selectively trapping 5-lithiated 2-silylated iV-

methylimidazole following these procedures. In our hands however, all approaches in order to 

selectively trap the 5-lithiated 1-methylimidazole with C02 gave either the 2-carboxylate or 

inseparable mixtures of 2- and 5-substituted products. As was reported, an imidazole silicon dance 

reactionl8JC) is responsible for the formation of the 2-substituted product (see also the previous 

paragraph). Formation of the 2-lithio species can probably be prevented by very slow addition of 

the 2-protected N-methylimidazole to the lithiating reagent in order to suppress the metal-silyl 

exchange reaction between the 5-lithiated species and the 2-protected N-methylimidazole. 
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During these considerations, our attention was drawn to a convenient large scale synthesis 

of the desired carboxylic acid 24.30 This alternative approach, in which the imidazole nucleus is 

constructed, was finally chosen for the synthesis of carboxylic acid 24. In 1960 Gold described 

the preparation of a novel preformed iminium salt, 26.31 Exploration of its utility in organic 

synthesis has shown its reactivity towards several nucleophiles. Especially reaction with anions 

makes this "Gold's salt" advantageous over JV,JV-dimethylformamide dimethyiacetal, which is 

employed otherwise for the same chemistry.12 The crystalline Gold's salt 26 can be synthesised 

easily by reaction of cyanuric chloride 25 with six equivalents /V.TV-dimethylformamide whereby 

carbondioxide is liberated.32 

CI 

A A 

25 

I , CI" 
, N ^ N ^ N ^ 

26, Gold's salt 

N C02CH 
H 

27 

H3CO2C 

N / 

N \ 
C H 3 

28 

CH3O2C 

_ N 

I S > 
N 
CH 3 

29 

H 0 2 C 

N 

N 
C H 3 

24 

Reagents and conditions: (a) DMF, MTB-ether, A, 81%. (b) NaOMe, dimethyl oxalate, MTB-ether, 43%. (c) NaOH 
(aq.), 80 "C then HCl (aq.), 69%. 

Scheme 8.9 

Gold's salt 26 was reacted with the anion of sarcosine methyl ester 27. , 0 Formation of 

intermediate 28 and dimethylamine was followed by cyclisation to the desired methylester 29. 

Interception of the formed dimethylamine by dimethyloxalate is essential to prevent reaction with 

the product that would yield /V-methylimidazole-5-carboxamide. Hydrolysis of methylester 2 9 

afforded the carboxylic acid 24, which could obtained as the free acid by crystallisation from water 

(pH 2). 

Condensation of acid chloride 30 with stabilised phosphorane 3 1 " yielded ylide 32, 

which crystallised from ethyl acetate. Ozonolysis of 32 had to be performed at low temperature 

and in a mixture of dichloromethane and methanol to furnish the vicinal tricarbonyl derivative 33 , 

which was used without further purification in the condensation step with tryptamine. 
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S(CH,)2. 

Scheme 8.10 

The central carbonyl of 33 is activated by the two other carbonyl functions for participation 

in the Pictet-Spengler reaction to form 34. In the same step, the terr-butylester is cleaved which is 

followed by decarboxylation, facilitated by the ketone function (34 —> 35). Intermediate 35 was 

not observed, but in situ oxidised in the presence of air to the final product xestomanzamine B.23 

The purification procedure had to be controlled carefully in order to prevent the second oxidation 

step to the fully aromatised xestomanzamine A. 

12 

f-BuO 

O O 

33 

NHp 

. N 
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Reagents and conditions: (a) TFA, CH2C12, then air, 43% (2 steps from 32). (b) air. 

Scheme 8.11 
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8.3 Concluding Remarks 

An efficient synthetic pathway was described for the synthesis of xestomanzamine A (1) 

and B (2). The 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. Both syntheses can be easily performed on larger 

scale, since only a few chromatographic separations are necessary. 

8.4 Acknowledgements 

Peter Blokker is kindly acknowledged for the synthesis of xestomanzamine A. Thanks are 

also directed to Edwin Jongmans for the studies performed on the synthesis of xestomanzamine B. 

8.5 Experimental 

General methods. For experimental details see section 3.6 on page 50. For ozonolysis a Fischer Ozon-generator 
500 was used, which produces 1.2 g ozone per hour at an oxygen flow of 25 lh~'. For the NMR assignments of the 
products in this chapter the numbering as shown for structures 2 and 33 has been used. 

33 

l-Carbamoyl-l,2,3,4-tetrahydro-ß-carboline (13).'2 To solution of tryptamine hydrochloride 12 (20.0 g, 
102 mmol) in water (200 mL) a solution of glyoxylic acid (9.0 g, 122 mmol) in water (100 mL) was added slowly. 
A solution of potassium hydroxide (6.0 g, 107 mmol) in water (100 mL) was added and the mixture was stirred for 1 
h at rt. The precipitate was isolated by filtration and washed with water to afford 1,2,3,4-tetrahydro-ß-carboline-l-
carboxylic acid (19.8 g, 91.7 mmol, 90%, mp 224 - 225 °C) as white needles. 

A solution of this acid (12.9 g, 59.7 mmol) in methanolic hydrogen chloride (250 mL, saturated) was stirred during 
one night at rl. After concentration of the mixture in vacuo to 5% of the original volume, toluene (10 mL) was 
added. The precipitate was collected by filtration and washed with toluene to give l-carbomethoxy-l,2,3,4-tetrahydro-
ß-carboline hydrochloride (11.2 g, 42.1 mmol, 71%, mp 211 - 213 °C) as a white crystalline compound. 
A suspension of this methylester (10.0 g, 37.6 mmol) in methanol (100 mL) was added slowly and under vigorous 
stirring to concentrated ammonia (250 mL, 25%). The mixture was stirred during one night at rt and then 
concentrated in vacuo to 50% of the original volume. Filtration gave 13 (6.91 g, 29.9 mmol, 80%) as white plates: 
mp 202 - 203 °C; 'H NMR (CD3OD) 5 7.41 (d, J= 7.6 Hz, 1H, H-5), 7.33 (d, J = 7.6 Hz, 1H, H-8), 7.07 (t, J = 
7.6 Hz, 1H, H-7), 6.98(1, J= 7.6 Hz, 1H. H-6), 4.61 (s, 1H, H-l), 3.16 - 3.12 (m. 2H. H-4). 2.75 - 2.72 (m, 2H, 
H-3); IR (KBr) v 3435. 1656, 1618. 
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1-Cyano-ß-carboline (14). A suspension of 13 (6.20 g, 26.8 mmol) and palladium on activated charcoal (3 g, 

10%) in freshly distilled xylene (700 mL, mixture of isomers) was refluxed for 5 h. The hot solution was filtered 

over hy flow which was washed thoroughly with MeOH. The filtrate was reduced to 30% of the original volume and 

cooled to 0 ' C . The precipitate was collected to give 1-carbamoyl-ß-carboline (4.47 g, 19.5 mmol, 73%, mp 227 -

228 'C) as a crystalline compound. 

To a solution of this amide (4.30 g, 18.8 mmol) in toluene (400 mL) phosphorus oxychloride (25 mL, 99 mmol) 

was added. The mixture was refluxed during one night and concentrated in vacuo. The residue was dissolved in CHC1, 

(100 mL) and concentrated ammonia (300 mL, 10%) was added. The layers were separated and the water layer was 

extracted with CHCf, (5x). The combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(EtOAc/NEt, 98/2) afforded 14 (3.06 g, 15.5 mmol, 82%) as tan needles: R, (EtOAc/NEt, 95/5) 0.49; mp 231 - 232 

°C; 'Ft NMR S 9.34 (br s, ÎH, H-9), 8.55 (d, 7 = 5 . 1 Hz, 1H, H-3), 8.13-8.08 (m, 2H, H-4, H-8), 7.66 - 7.61 (m, 

1H, H-7), 7.37 - 7.34 (m, 1H, H-6); IR (KBr) V 3457, 2228, 1672, 1625. 

4(5)-Iodoimidazole (16 ) . To a solution of imidazole IS (1.70 g, 25.0 mmol) in a mixture of an aqueous 

potassium iodide solution (75 mL, 20%) and an aqueous sodium hydroxide solution (50 mL, 4 M) a solution of 

iodine (13.0 g, 51 mmol) in ethanol (100 mL) was added dropwise. The solution was stirred during one night at rt 

and concentrated in vacuo to 25% of its original volume. The pH of the mixture was adjusted to 7 with acetic acid. 

The white precipitate was collected and washed with water (25 mL) yielding 4,5-diiodoimidazole (7.18 g, 22.4 

mmol, 90%, mp 191 - 192 °C) as a white crystalline compound. 

To a suspension of 4,5-diiodoimidazole (7.0 g, 21.9 mmol) in ethanol (70 mL), a freshly prepared aqueous solution 

of sodium sulphite (65 mL, 30%) was added. The mixture was refluxed during one night. The white precipitate was 

removed by filtration and the filtrate concentrated in vacuo. The remaining white solid was dissolved in hot water (25 

mL) and the undissolved starting material was removed by filtration. The filtrate was cooled to 0 "C and the 

precipitate collected and dried in vacuo affording 16 (2.87 g, 14.8 mmol, 67%) as white needles; mp 130 - 133 *C; 

'H NMR (CD,OD) 6 7.63 (s, 1H, H-2); 7.20 (s, 1H, H-5); IR (KBr) v 3439, 1634. 

5-Iodo- l -methyl imidazole (18) . A solution of 16 (2.0 g, 10.3 mmol) and sodium hydride (412 mg, 10.3 

mmol, 60% dispersion in mineral oil) in tetrahydrofuran (10 mL) was stirred during 10 min. The mixture was 

concentrated in vacuo. The residue was evaporated several times from toluene and then dissolved in methanol (4 mL). 

lodomethane (0.65 mL, 10.4 mmol) was added at -15 "C and the mixture was stirred for 72 h at rt. The solvents 

were removed in vacuo and the residue washed with hot petroleum ether. Both 4-iodo- and 5-iodo-imidazole had been 

formed in a ratio of 17 : 18 = 38 : 62 as could be deduced from the 'H NMR spectrum of this crude mixture. The 

solution was concentrated until a precipitate formed and cooled to rt. The precipitate was collected and 

recrystallisation from petroleum ether to afford 18 (0.73 g, 3.51 mmol, 34%) as colourless needles: 

17: 'H NMR (from the mixture) 5 7.33 (s, ÎH, H-2), 6.96 (s, 1H, H-4), 3.68 (s, 3H, NCH,). 

18: mp 103 - 105 "C; 'H NMR 8 7.61 (s, ÎH, H-2), 7.12 (s, 1H, H-4), 3.61 (s, 3H, NCH,). 

Xestomanzamine A (1). To a solution of 18 (0.35 g, 1.68 mmol) in dichloromethane (3.5 mL) a solution of 

methylmagnesium bromide in diethyl ether (0.61 mL, 1.84 mmol, 3 M) was added dropwise at 0 °C. After stirring 

during 30 min the mixture was allowed to warm to rt and slowly added to a solution of 14 (170 mg, 0.86 mmol) in 

dichloromethane (30 mL). The mixture was stirred during one night at rt and then washed with water. The water 

layer was extracted with CH2C12 (3x) and the combined organic layers were washed with water (3x), dried (Na,S04) 

and evaporated. Flash chromatography (EtOAc) afforded 1 (130 mg, 0.47 mmol, 55%) as yellow needles:21 R, 

(EtOAc)0.10;mp 185 - 186 "C; 'H NMR 5 10.42 (br s, 1H, H-9), 8.93 (s, 1H, H-13), 8.59 (d, 7 = 4.9 Hz, 1H, H-

3), 8.17 (d, 7 = 6.0 Hz. 1H, H-5), 8.15 (d, 7 = 4.9 Hz, 1H, H-4), 7.67 (s, 1H, H-15), 7.63 - 7.57 (m, 2H, H-7, H-

8), 7.36 -7.32 (m, 1H, H-6), 4.10 (s, 3H, NCH,); "C NMR 5 184.3 (C-10), 143.1 (C-15) ,J, 140.8 (C-8a), 138.0 

(C-3), 136.6 (C-l orC-9a), 136.4 ( C I or C-9a), 131.5 (4a), 129.2 (C-7 o r C - l l ) , 129.1 (C-7 or C- l l ) , 121.7 (C-
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5), 120.7 (C-4b), 120.6 (C-6), 118.5 (C-4), 111.8 (C-8), 35.2 (NCH,); IR (KBr) v 3427, 1612; HRMS (FAB) obs. 

mass 277.1119, calcd for C„,H13ON4 (M + 1) 277.1089. 

l - ( l -Methy l imidazo-2 -y l ) formyl -ß -carbo l ine (19) . To a solution of 18 (50 mg, 0.24 mmol) in 

tetrahydrofuran (0.5 mL) a solution of methylmagnesium bromide in diethyl ether (0.09 mL, 0.27 mmol, 3 M) was 

added dropwise at 0 'C. After stirring during 30 min the mixture was allowed to warm to rt and slowly added to a 

solution of 14 (20 mg, 0.1 1 mmol) in ttrahydrofuran (4 mL). The mixture was stirred during one night at rt and 

then concentrated in vacuo. The residue was dissolved in CH2C12 (6 mL) and water (10 mL) was added. The layers 

were separated and the water layer washed with CH2C12 (2x). The combined organic layers were dried (Na2S04) and 

evaporated. Flash chromatography (EtOAc) afforded 19 (20 mg, 0.07 mmol, 64%) as a foam: Rf (EtOAc) 0.10; 'H 

NMR 8 10.91 (brs , 1H, H-9), 8.52 (d, J= 5.1 Hz, 1H. H-3), 8.18 (d, J = 7.8 Hz. 1H. H-5), 8.08 (d. J = 5.1 Hz, 

1H, H-4), 7.62 - 7.57 (m, 2H, H-7, H-8), 7.57 (br s. 1H. H-14), 7.42 (br s, 1H. H-13), 7.34 - 7.32 (m, 1H, H-6). 

3.66 (s, 3H, NCH3). 

Gold's salt (26).3I To a solution of cyanuric chloride 25 (2.02 g, 10.9 mmol) in ferr-butyl methyl ether (20 mL) 

/V./V-dimethylformamide (5.50 mL, 71.5 mmol) was added. The solution was reiluxed during 3 h and then cooled to 

rt. The mixture was filtered and the residu was dried under reduced pressure to yield 26 (4.35 g, 26.6 mmol, 81%) as 

a tan solid: mp 95 - 97 °C; 'H NMR (D,0) 8 8.26 (s, 2H, CHN). 3.31 (s, 6H, NCH,), 3.26 (s, 6H, NCH,); "C 

NMR (D20) 5 169.0 (NCHN), 44.9 (NCH,), 38.8 (NCH,); IR (KBr) v 1615, 1417. 

Methyl l -methyl imidazole-5-carboxylate (29). To a suspension of methyl /V-methylglycinate 

hydrochloride salt 27 (12.7 g, 90.9 mmol) in fert-butyl methyl ether (200 mL), dimethyl oxalate (2.63 g, 21.7 

mmol) and a freshly prepared solution of sodium (7.50 g, 326 mmol) in MeOH (60 mL) were added. Dry nitrogen 

was bubbled through the suspension while 26 , freshly prepared from 25 (9.31 g, 50.5 mmol) and 

dimethylformamide (25.7 mL, 333 mmol) in /ert-bulyl methyl ether (50 mL) was added. The suspension was stirred 

during 2 h at rt. Hy flow (5 g) was added and the suspension was filtered through a 3 cm layer of silica gel on top of 

a 1 mm layer of Na2S04 . The residue was washed with rerr-butyl methyl ether/MeOH (70/30) until the filtrate was 

colourless. The filtrate was concentrated in vacuo. The residue was purified by distillation (75 'C, 0.2 mbar) yielding 

29 (5.44 g, 38.8 mmol, 43%). On a small scale the product was purified by flash chromatography (CH2CI2/MeOH 

98/2). The methyl ester 29 was obtained as a colourless crystalline compound by sublimation: R,- (CH2CI,/MeOH 

98/2) 0.46; mp 59 - 60 'C; 'H NMR 8 7.70 (s, ÎH, H2 or H-4), 7.52 (s, 1H, H-2 or H-4), 3.89 (s, 3H, NCH,), 

3.83 (s, 3H, OCH,); 'H NMR (CD,OD) 8 7.81 (s, ÎH, H2 or H-4), 7.65 (s, 1H, H-2 or H-4). 3.92 (s, 3H, NCH,), 

3.85 (s, 3H, OCH,); "CNMR (CD,OD) 5 161.8 (C-6), 137.3 (C-2), 124.6 (C-5), 108.1 (C-4), 52.0 (OCH,), 34.5 

(NCH,); IR v 1715; HRMS (EI) obs. mass 140.0578, calcd for C6H8N202 140.0586. 

l-Methyl-5-imidazolecarboxylic acid (24). To an aqueous solution of sodium hydroxide (21 mL, 6 M), 2 9 

(10.5 g, 75.2 mmol) was added. The solution was stirred at 80 °C during 18 h. After cooling to rt the pH was 

adjusted with an aqueous hydrogen chloride solution (37%). The suspension thus obtained was stirred during 2 h at rt 

and 1 h at 0 'C. The suspension was filtered and the residue washed with cold water, EtOH and diethyl ether yielding 

24 (4.72 g, 37.5 mmol, 50%). From the filtrate a second crop (4.12 g, 32.7 mmol, 43%) could be obtained. The 

combined crystalline material, which still contained inorganic salts, was suspended in hot EtOH. The remaining 

solid material was filtered off and washed with EtOH. The filtrate was concentrated in vacuo to give 24 (6.54 g, 

51.9 mmol, 69%): mp 256 - 258 °C; 'H NMR (D20) 6 7.63 (s, 1H, H-2), 7.43 (s, 1H, H-4), 3.85 (s, 3H, NCH,); 
l3C NMR (D20) 8 170.6 (C-6), 144.4 (C-5), 135.9 (C-4), 132.1 (C-2), 36.4 (NCH,); IR (KBr) v 1699. 
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Acid chloride (30 ) . A suspension of 24 (0.74 g, 5.87 mmol), oxalyl chloride (5.4 mL, 60 mmol) and 

dimethylfomiamide (1 drop) in dichloromethane (10 mL) was stirred vigorously during one night at rt. The 

suspension was filtered and washed with dry CH2C12 to give 30 (0.90 g, 4.97 mmol, 85%) as its hydrogen chloride 

salt: IR (KBr) v 2991, 2749, 2597, 1774, 1561, 1457. 

Ylide (32). To a solution of rert-butyl (triphenylphosphoranylidene) acetate 3 1 3 3 (1.82 g, 4.83 mmol) and N,N-

diisopropylethylamine (2.18 mL, 15 mmol) in dichloromethane (25 mL), 30 (0.88 g, 4.83 mmol) was added at 

0 'C. The solution was subsequently stirred during 30 min at 0 °C and 4 h at rt. An aqueous Na2CO, solution was 

added and the layers were separated. The water layer was extracted with CH2C1, (3x) and the combined organic layers 

were dried (Na2S04) and evaporated. Crystallisation from EtOAc gave a first crop of 32 . By flash chromatography 

(EtOAc/EtOH 90/10) of the motherliquor followed by crystallisation from EtOAc 32 (1.12 g, 2.41 mmol) was 

obtained in a total yield of 4 1 % : Rr (EtOAc/NEt, 90/10) 0.12; mp 168 - 169 -C; 'H NMR 5 7.77 - 7.72 (m. 6H. 

Ar-H), 7.57 (s. ÎH, H-2), 7.56 - 7.51 (m, 3H, Ar-H), 7.48 - 7.44 (m, 6H, Ar-H), 7.33 (s, 1H, H-4), 3.69 (s, 3H, 

NCH,), 1.03 (s, 9H, C(CH,),); " C N M R 5 181.2 (C-6, 2J„ = 8.0 Hz), 166.6 (C-8, 2/CP = 12.4 Hz), 139.4, 134.2. 

133.5. 133.1 (Ar-C) 131.6 (Ar-C, VCP = 3.0 Hz), 128.4 (Ar-C. 2y tP = 13.1 Hz), 126.3 (Ar-C, V „ = 92.6 Hz), 78.5 

(C(CH,),), 69.7 (C-7, 7C P =111 Hz), 33.0 (NCH,), 27.9 (C(CH,),); IR (KBr) v 1669, 1657; HRMS (EI) obs. mass 

484.1902 calcd for CHH 2 ,0 ,N,P 484.1916. 

Ozonolysis of ylide 32 to tricarbonyl substituted imidazole (33) . Ozone was passed through a 

solution of 33 (98 mg, 0.2 mmol) in a mixture of methanol (2 mL) and dichloromethane (6 mL) at -60 "C until the 

starting material had disappeared according to TLC analysis (about 10 min). During 15 min at -60 °C nitrogen gas 

was bubbled through the solution to remove excess ozone and the reaction was quenched with an excess of 

dimethylsulfide. The reaction mixture was concentrated in vacuo to afford 33 which was immediately used in the 

Pictet-Spengler condensation. 

Xestomanzamine B (2). Freshly prepared 33 from 32 (98 mg, 0.2 mmol) was dissolved in dichloromethane (5 

mL) and a solution of tryptamine 12 (40 mg, 0.25 mmol) in dchloromethane (4 mL) was added. The reaction 

mixture was stirred during 4 h at rt. To the solution trifluoroacetic acid (1 mL) was added and the mixture was stirred 

during 4 h in the presence of air. Saturated aqueous Na,CO, solution (5 mL) and water (5 mL) were added, the 

product was extracted with CH2C1, (3x) and the combined organic layers were dried (Na,S04) and evaporated. Flash 

chromatography (EtOAc/EtOH 90/10 -> 75/25) gave 2 (24 mg, 0.09 mmol, 43%) as a glass. : ' The product had to 

be purified fast and kept under a nitrogen atmosphere as much as possible, otherwise air-oxidation resulted in the 

formation of substantial amounts of the fully aromatised 1. In a separate experiment following the same procedure, 

except that the product was not was kept under a nitrogen atmosphere, 1 (20 mg, 0.06 mmol. 28%) was obtained as 

a yellow crystalline compound. The spectral data of 1 were identical to those from the synthesis of 1 via the 

Grignard exchange reaction. 

2: R, (EtOAc/NEt, 90/10) 0.08; 'H NMR 5 9.53 (br s, 1H, H-9), 8.37 (s, 1H. H-13), 7.63 (s, 1H, H-15). 7.60 (d. J 

= 8.0 Hz. 1H, H-5), 7.40 (d, J = 8 . 3 Hz, 1H, H-8), 7.29 (dd, i = 8.3 Hz, J = 7.1 Hz, 1H, H-7), 7.14 (dd, J = 8.0 Hz, 

J = 7.1 Hz, 1H, H-6), 4.16 (dd, J = 8.9 Hz, J = 8.7 Hz, 2H, H-3), 4.00 (s, 3H. NCH,), 2.98 (dd, J = 8.9 Hz, J = 8.7 

Hz, 2H, H-4); "C NMR 5 182.7 (C-10), 155.7 (C-l), 144.1 (C-15), 144.0 (C-13)'4, 136.8 (C-8a), 128.5 (C-9a or 

C-l l ) , 126.2 ( C - 9 a o r C - l l ) , 125.0 (C-7), 124.6 (C-4b), 120.2 (C-5), 119.8 (C-6), 117.9 (C-4a), 112.1 (C-8), 49.0 

(C-3), 35.0 (NCH,), 18.7 (C-4); IR v 3459, 1641; HRMS (FAB) obs. mass 279.1245 calcd for C,6H15ON4 (M + 1) 

279.1246. 
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Receptor Affinity Studies 

Abstract 

The results of affinity tests on the 5-HT, through 5-HT4 receptors for a selection of 43 of 

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

nazlinine as reported by Üstünes et al.' was not observed 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. 



Chapter 9  

1.1 Introduction2 

During the last two decades there has been an exponential increase in knowledge about 

different receptor types. The availability of radioligands, labeled compounds with a known high 

and selective affinity for one receptor, has opened the way for quantitative structure affinity 

relationship studies (QSAR) using receptor binding techniques. These in vitro binding tests have 

an enormous capacity and only a small amount of material is needed, whereas in vivo tests are 

more laborious. Very specific data are obtained from in vitro binding affinity tests that allow a 

study towards relationships between structure and affinity. However differences observed 

between the activity of several drugs tested in vivo may result from a variety of causes other than 

their affinity for the receptor. For example absorption from the gut, metabolism or penetration into 

the target organ all sort effect at the final response that is observed. Development of a drug, using 

receptor binding techniques alone is therefore not possible since these metabolic and 

pharmacokinetic processes are fully ignored and no reliable distinction can be made between 

agonists and antagonists. QSAR studies however remain a very powerful tool and usually 

constitute the first step in the development of new drugs. 

Receptor binding studies basically involve bringing together a receptor, a labeled 

compound and the compound to be tested. Experiments finally result in liquid scintillation counts 

of radioactive decay from which the concentrations can be calcultated. Sources of receptors at 

present are mostly tissues taken from laboratory animals or from animals slaughtered for 

consumption. The role of cell-cultures however is increasing because of the ungoing development 

of genetically engineered cells containing only one specific (human) subtype. Bottleneck in 

screening operations is often the sample preparation. Accurate weighing of a minute quantity, 

dissolving it and pipetting small volumes into test tubes are required operations for each 

measurement. 

A variety of processes in the (human) body is regulated by the neurotransmitter serotonine 

(5-HT) including appetite, memory, thermoregulation, sleep, sexual behavior, depression and 

hallucinogenic behavior.3 It would not be possible for one compound to be involved in so many 

different processes by acting on just one receptor. Indeed, a total of at least twelve 5-HT receptors 

have been identified and eight of them fully characterised according to the requirements for 

receptor classification defined by Hoyer et al..4 Within some receptor subtypes heterogeinity exists 

and reliable receptor binding assays exist for the 5-HTIA, 5-HT1B, 5-HTlD, 5-HT2A, 5-HT2C, 5-

HT3, 5-HT4 and 5-HT taks receptors. 

Since serotonergic activity was reported' for the tetrahydro-ß-carboline nazlinine (entry l, 

table 9.1), it seemed feasible to introduce well-defined structural changes in order to perform a 

QSAR study. In this chapter the results of receptor binding studies of a series of compounds 

derived from nazlinine are presented, whose syntheses are described throughout this thesis. 
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1.2 Binding Affinity Tests 

1.2.1 Determination of inhibition constants 5 

The interaction between a receptor R and a ligand L can be described as a simple reaction 

between two reactants to form one product LR. In case of a dynamic equilibrium the equilibrium 

constant K, in this case called the dissociation constant Kd can be derived according to equation 

9.2. The value K~'d is dependent on the reaction constants for the equilibrium and thus on the 

concentrations of reactants and products. Some mathematical shuffling and taking into 

consideration that the receptors are saturable leads to equation 9.2. 

•ceptor(R) LR 

B * L ma* , where 5m M = 
L + Kd 

= R+LR 

(eq. 9.1) 

K=T -» LR = T ^ where S - =R + LR (eq. 9.2) 

An experiment that quantifies the concentrations of ligand (L) and product (LR) will thus yield the 

values of the two unknown parameters 5milx and K]. Such an experiment is the determination of 

the "saturation curve" in which a fixed number of receptors is incubated with an increasing 

concentration of labelled compound. 

The inhibition constant K{ can be derived from the ICX value, which can be measured 

easily and defined as the concentration of tested compound necessary to displace 50% of a 

radioligand from its specific binding site on the receptor. The inhibition constant is derived from 

this number by the Cheng-Prusoff equation: 

* , = - % - (eq. 9.3) 
1+Ar 

In this equation L* equals the concentration of the radioligand used and Kd represents the 

dissociation constant of the radioligand. The figures presented in table 9.1 are pKt values, which 

represent the affinity of the tested compound for the given receptor. From these data one can 

usually not judge whether a compound is an antagonist or an agonist. In order to achieve this, in 

vivo studies can supply data that discriminate between agonists (£C50 and pD2) and antagonists 

( pA2). Since the receptor binding tests are performed by the displacement of a radioligand from its 

binding place, labeled agonists as well as labeled antagonists can be used. It is known that 

different recognition sites can exist within a receptor for binding either agonists or antagonists. 

The binding affinity of a ligand requires a minimum value to be a potential (ant)agonist. A 

compound tested becomes interesting for further studies when the concentration necessary to 

183 



Chapter 9 

displace 50% of the known well-binding radioligand (IC50) reaches a value of about 10"7 - 108 M, 

which means the pK{ value has to be at least in the range of 7 - 8. 

1.2.2 Results of receptor affinity tests of nazlinine analogues for 5-HT receptors 

A selection of the compounds described in the previous chapters was tested for their 

binding affinities for several 5-HT receptors. The results are summarised in table 9.1 where pKt 

values are given. In the course of this project it became clear that nazlinine (entry 1) as well as its 

dehydro and aromatised analogues (entries 3 and 4 respectively) did not exhibit an acceptable 

binding affinity for any of the 5-HT receptors. Pure synthetic nazlinine6 was found inactive in in 

vitro receptor binding tests performed by Solvay Pharmaceuticals on all presently identified 5-HT 

receptors. The serotonergic activity of nazlinine however had been reported by Üstünes et al..1 In 

their case, most probably, either the isolated compound or the material used for the bioassays was 

contaminated with another, serotonergically active, compound. In these in vivo assays, detection 

of serotonergic activity was performed by the "isolated organ perfusion technique" using rabbit 

aorta and coeliac and mesenteric arteries. Activities of nazlinine isolated from the plant Nitraria 

Schoben were reported in ED50 values.7 During our research also the pharmacy group of 

Mahboobi from Regensburg became interested in nazlinine and its enantiomers,8 and their 

synthetic work confirmed our structural revision of nazlinine.69 Despite their interest in 

pharmacology, findings concerning the biological activity of nazlinine were not reported however. 

Structural variation of compounds with a low binding affinity in general has very little 

chance of affording ligands exhibiting high affinities. As can be seen from table 9.1 in fact none of 

the compounds tested has a pKi that reaches a value of 7. 
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1.3 Concluding Remarks 

In an attempt to reproduce the serotonergic activity reported for nazlinine and determine the 

specific subtypes of 5-HT receptor it binds to, it was discovered that this compound has low 

affinity for all of the receptors tested. Also none of the compounds tested for their ability to bind to 

the various 5-HT receptors showed affinity, high enough to perform QSAR studies. 
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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. 
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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 

. N 
I > 
" N 

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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Synthese van ß-Carbolines 
als 

Potentiële Serotonine Receptor Liganden 

De neurotransmitter serotonine, 5-hydroxytryptamine (5-HT), wordt in verband gebracht 

met een verscheidenheid aan processen in het (menselijk) lichaam. De vele verschillende processen 

waarbij 5-HT betrokken is vereist een regulatiemechanisme waarin meer dan één receptor een rol 

speelt: in totaal zijn er tot op heden minstens zeven 5-HT receptoren bekend, sommige daarvan nog 

verder onderverdeeld in subtypen. Een beknopte introductie aangaande de geschiedenis, 

classificatie en het werkingsmechanisme van 5-HT receptoren wordt in hoofdstuk 1 

gepresenteerd. Niet alleen uit het oogpunt van de ontwikkeling van nieuwe medicijnen, maar ook 

van de classificatie van receptoren, blijft de zoektocht naar selectieve liganden, die een hoge 

affiniteit bezitten, onderwerp van veel onderzoek. Omdat 5-HT overal in de natuur voorkomt en 

vanwege de verscheidenheid aan farmacologische activiteiten die deze verbinding bezit, lijkt deze 

een geschikt uitgangspunt voor de synthese van potentiële medicijnen. Door de structuur van 

bekende (niet-) selectieve 5-HT receptor liganden te veranderen, kunnen studies worden gedaan 

aan kwantitatieve structuur-affiniteits-relaties (QSAR) met als doel optimalisatie van de affiniteit en 

selectiviteit. 

HO. 

N 
H 

NH? 

nazlinine 

In hoofdstuk 2 wordt het non-terpenoïde alkaloïde nazlinine besproken, dat werd 

geïsoleerd in 1991 uit een plant behorende tot de familie Nitmria en waarvan serotonerge activiteit 

werd gemeld. Spoedig daarna werd de structuur van nazlinine door ons laboratorium herzien, 

197 



Samenvatting 

gebaseerd op de biomimetische synthese via een Pictet-Spengler condensatie van de gepostuleerde 

aminozuur-metabolieten. 

De synthese van een verscheidenheid aan tetrahydro-ß-carbolines, met als uitgangspunt de 

structuur van het indool alkaloïde nazlinine wordt beschreven in dit proefschrift. Voornamelijk in 

hoofdstuk 3 wordt de synthese van verbindingen beschreven die geschikt zijn voor het uitvoeren 

QSAR studies. In het licht van de serotonerge activiteit die gemeld was voor nazlinine, werd een 

variëteit aan analoga, voornamelijk ß-carbolines, gesynthetiseerd. Het doel van het beschreven 

onderzoek was om de vereisten en beperkingen betreffende binding aan de 5-HT receptoren te 

onderzoeken en tevens wellicht een ligand te ontwikkelen dat specifiek aan één van de 5-HT 

receptor subtypen bindt. 

NH 

Systematische veranderingen werden in de lengte en aard van de alkylsubstituent aan C-l 

aangebracht. Voornamelijk de variaties in lengte van de aminobutylketen, van C4 tot C2, en de 

invoering van verscheidene substituenten aan de stikstofatomen, leverde een bruikbare serie van 

analoga op. Door de oxidatietoestand van de ß-carboline C-ring te veranderen, kon de ruimtelijke 

oriëntatie en bewegingsvrijheid van de zijketen beïnvloed worden. Door de zijketen te verwerken 

in een extra ring, kon volledige ruimtelijke controle worden verkregen. 

De synthese van verscheidene andere ringgesloten analoga, indoloquinolizidines en 

azepines, wordt beschreven in de hoofdstukken 4 en 5. Biosynthetisch gezien zijn deze 

natuurproducten afgeleid van metabolieten van tryptofaan en lysine. De nadruk ligt op de 

biosynthetische voorkeur voor indoloquinolizidines versus azepines. 

NH 2 

indol 
Br 

[O] 

NR 

H 

R = CH 3 or H 

R' = Br, 
arborescidine C and D 

Ft' = Br 
arborescidine B 

R' = Br, 
arborescidine A 

N C H ; 
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Zoals beschreven wordt in hoofdstuk 4, werd oxidatieve deaminering, waarvan gepostuleerd is 

dat het een sleutelrol vervult in de biosynthese van Nitraria indoolalkaloïden, in het laboratorium 

uitgevoerd met behulp van enzymatische en biomimetische methoden. Het aldehyde, dat na 

oxidatieve deaminering ontstaat ondergaat een spontane intramoleculaire reactie waarbij een 

indoloquinolizidine danwei een azepine ring systeem wordt gevormd. De factor die de richting van 

dit proces bepaalt, is de beschikbaarheid van het ß-carboline-stikstof atoom. 

Een o-chinon, gebaseerd op de amine oxidase cofactor, topaquinon, waarvan bekend is dat 

deze niet geschikt is voor de oxidatie van primaire a-onvertakte amines, bleek een veelbelovende 

activiteit te vertonen in de oxidatieve deaminering van 1,5-diamines, zoals nazlinine. 

Zowel nazlinine als het gearomatiseerde analogon werden door het enzym varkensnier 

diamine oxidase (PKDO) als substraat geaccepteerd, zij het dat nazlinine een zwak substraat bleek 

te zijn. 

Een bruikbare synthese voor 5- en 6-broomtryptamines wordt beschreven in hoofdstuk 
5, en toegepast in de synthese van de gebromeerde, uit zee organismen afkomstige alkaloïden 

arborescidine A, B en C. De algemene toepasbaarheid van deze benadering wordt geïllustreerd 

door de synthese van de 6-debroom en 4- en 5-broom analoga. Onder zure en basische 

omstandigheden bestaat er een evenwicht tussen de trans- en cw-isomeren van deze arborescidines. 

Door middel van synthese kon worden aangetoond dat het vierde gebromeerde alkaloïde, 

arborescidine D, een andere structuur heeft dan voorgesteld. Verder kunnen er vraagtekens gezet 

worden bij het oorspronkelijke voorkomen van arborescidine B in de tunicaat waaruit deze 

verbinding geïsoleerd werd. Mogelijk werd dit alkaloïde gevormd tijdens de isolatieprocedure, 

door watereliminatie uit arborescidine C. 

H R 

De synthese ,via een korte route, van gebrugde ß-carbolines, die een nieuwe klasse van 

conformationeel beperkte serotonine analoga vormen, wordt beschreven in hoofdstuk 6. De 

mogelijkheden en beperkingen van de sleutelstap worden beschreven: een Pictet-Spengler 

condensatie onder neutrale of zure omstandigheden van een cyclisch amine afgeleid van tryptamine 

met aldehydes. Een verscheidenheid aan alifatische en aromatische aldehydes kon met succes 

worden gebruikt. De gebrugde producten werden in een acceptabele opbrengst verkregen. Na 

Pictet-Spengler condensatie onder neutrale condities met 5.5-diethoxypentanal, werd een 
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intermediair verkregen dat bruikbaar was in de synthese van gebrugde analoga van het 

natuurproduct nazlinine en tevens voor analoga van de arborescidines B, C en D. 

Toepassing van de hierboven beschreven Pictet-Spengler condensatie op 4-(3-

indolyl)piperidine, ten einde tetrahydro-ß-carboline homologen te verkrijgen, was niet succesvol 

als gevolg van een combinatie van langzame reactie en concurrerende aldol condensatie van het 

gebruikte aldehyde. 

FL ^ N ^ 

v£J 
N ^ O 

FL ,N 

r^ 

In een andere benadering tot dit homoloog werd geprobeerd een 1,2-alkylshift teweeg te brengen 

in het in situ gevormde .sp/ro-indolenine intermediair. Teneinde deze alkylverhuizing tot stand te 

laten komen werd een spiro-vtrknoopl 2-oxindool gereduceerd tot een indolenine derivaat en 

vervolgens behandeld met zuur. Helaas werden er ring geopende oxindolen en indolen gevormd 

uit het intermediaire indolenine, in plaats van het gewenste ß-carboline homoloog. Dit leverde extra 

bewijs tegen de betrokkenheid van 3-j/w-o-indolenines bij de uiteindelijke productvorming in de 

Pictet-Spengler condensatie. 

De synthese van een compleet andere klasse van verbindingen, gebruik makend van 

dezelfde van tryptamine afgeleide cyclische amines uit hoofdstuk 6, wordt beschreven in 

hoofdstuk 7. Oxidatie van deze tryptamines tot de overeenkomstige oxindolen heeft tot gevolg 

dat de 2-plaats niet meer beschikbaar is voor participatie in Pictet-Spengler condensatie. Na 

condensatie met geselecteerde aldehydes werden .y/wVo-oxindolen gevormd, waarvan overeenkomst 

met muscarine M, agonisten en 5-HT, antagonisten is te herkennen. 

I 
NH 

N "O 
H 

O FT NL FL ^N 

r ^ 
N ^ O 

In hoofdstuk 8 worden efficiënte routes beschreven voor de synthese van 

xestomanzamine A en B, welke structurele overeenkomsten vertonen met zowel nazlinine als 

ondansetron (een 5-HT, antagonist als anti-emiticum op de markt). De gepostuleerde biosynthese 

van de xestomanzamines behelst een Pictet-Spengler condensatie van twee metabolieten, afgeleid 

van de aminozuren tryptofaan en histidine. De synthese van volledig aromatisch xestomanzamine 

A, via een Grignard uitwisselingsreactie in dichloormethaan, is in principe toepasbaar voor de 
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ontwikkeling van een scala aan analoga. Het instabielere xestomanzamine B werd gesynthetiseerd 

met behulp van Pictet-Spengler condensatie met een vicinale tricarbonyl verbinding. 

Iryptamine 

H3C 
, N ^ 

xestomanzamine A 

f-BuO. 

O O 

H,C 
, N ^ 

xestomanzamine B 

- N 
C H 3 

De resultaten van affiniteitsmetingen aan de 5-HT, tot en met 5-HT4 receptoren voor een selectie 

van 42 verbindingen, gesynthetiseerd in de hoofdstukken 3 tot en met 8, wordt gepresenteerd in 

hoofdstuk 9. De biologische activiteit, beschreven voor nazlinine, kon echter in deze in vitro 

receptor affiniteit assays niet gereproduceerd worden. Sommige van de synthetische nazlinine 

analoga toonden differentiatie in hun bindingsprofiel voor de tien receptoren die werden 

bestudeerd, maar de affiniteiten waren niet voldoende om er QSAR studies mee uit te voeren. 
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Nawoord 

Vier jaar op het lab werken, gevangen in tweehonderd bladzijden een 

wetenschappelijke samenvatting van de afgelopen periode in Amsterdam. Het mag echter duidelijk 

zijn dat het onderzoek beschreven op deze pagina's onmogelijk was geweest wanneer er niet van 

allerlei kanten hulp en betrokkenheid was geweest, en dat er dan ook een groot aantal mensen heeft 

bijgedragen aan de totstandkoming ervan. Op deze plaats wil ik graag iedereen bedanken die op 

directe of indirecte wijze betrokken is geweest bij hetgeen beschreven is in dit boekje. Van de 

gelegenheid wil ik gebruik maken om een aantal mensen hier met name noemen. 

Allereerst mijn promotor prof. dr. Koomen. Gerrit-Jan ik wil je bedanken voor de 

mogelijkheid die je me gaf om te promoveren, het vertrouwen datje de afgelopen jaren in mij hebt 

gesteld en de vrijheid die ik kreeg in mijn onderzoek. 

Graag wil ik ook prof. dr. Chris Kruse, dr. Geb Visser en dr. Axel Stoit noemen en 

bedanken voor de prettige samenwerking gedurende de afgelopen vier jaar. 

Op deze plaats wil ik ook Martin noemen: om te voorkomen dat ik jou in elke alinea weer 

opnieuw tevoorschijn tover (iets wat ook jij vast niet op prijs stelt) wil ik je hier in één adem 

bedanken voor de enorme stroom chemische adviezen, kritische noten en practische hulp 

gedurende de afgelopen vier jaar. Ook het nauwgezet doornemen van het manuscript was 

geweldig. 

Bij het doorlezen van dit boekje zult u veel aantreffen dat niet door mijzelf is uitgevoerd, 

maar gedaan is door studenten tijdens hun hoofdvakstage. Siu Ching, jij was de eerste. Zuurkast 

en NMR apparaat waren wat aan de hoge kant en ook onze nasi/badminton sessie vergeet ik nooit 

meer! Jacco, jij had de chemie helemaal in de vingers, helaas was je ook fervent fan van 

Feyenoord en het scheelde weinig of jij had voor Jens een teunheusje geregeld bij de prof! Samen 

met Jens uiteindelijk toch een acceptabel onderkomen gevonden, zodat de verhuizing vanuit 

Duitsland snel geregeld was en de synthese van 'gummies' kon aanvangen. Peter, jouw curry's 

zijn onoverwinnelijk, ook op de piste ben je niet te verbeteren, dus ik vrees dat ik het dan toch in 

de zaal van je moet winnen! Sander, naast het chemische bakken was je in het weekend altijd druk 

met hamburgers en friet bakken. Ik denk dat jij je weg in de IT wel zult vinden. Michael, tja, ik zal 

jouw dankwoord niet eens proberen te evenaren; ik denk dat ik daar nog maar even over blijf 

dromen. Jouw directheid was verwarrend maar even vaak ook verfrissend; ik denk dat ik je aan het 

einde nog een mooi koekje van eigen deeg heb weten te geven. Stijn, wat denk je, zullen wij 

samen nog een aantal bruggen bouwen, maar als je heup dan weer gaat zweten ben ik weg. 

Fantastisch dat jij mijn nimfje wilt zijn! Edwin, jouw precieze manier van werken verraadde 

203 



Nawoord 

onmiddelijk je analytische interesse. Jouw dichterlijke aanleg was meesterlijk. Erwin, mijn laatste 

student, met altijd de föhn in de aanslag heb je nog een flink aantal xestomanzamine analoga 

gemaakt. Helaas had ik geen tijd meer om ze te verwerken. Karin, jij was de enige "zevenweekse" 

studentjammer datje niet bij ons stage bent blijven lopen. Ik hoop dat jullie tijdens de stage net zo 

veel lol hebben gehad als ik; het was leerzaam (vaak ook op squash gebied). Bedankt voor jullie 

enthousiaste inzet, ik weet zeker dat jullie bij het doorbladeren jullie eigen experimenten terug 

zullen vinden. 

NMR metingen zijn vaak onmogelijk, maar zeker ondenkbaar zonder de enthousiaste hulp 

van Jan. Jan en Lidy, bedankt voor jullie interesse en hulp bij het opnemen van allerlei spectra. 

Han Peeters ben ik veel dank verschuldigd voor het opnemen van een groot aantal massaspectra. 

Voor alle proefjes heb je uitgangsstoffen nodig en de flitsend snelle verzorging van tal van 

bestellingen door Hans is van onderschatte waarde. 

Natuurlijk mogen de leden van de werkgroep niet onvermeld blijven: Richard (altijd in voor 

een gezellig bijeenzijn), Arthur, Jim, Hermen (al een flinke tijd geleden tot paranimf 

gebombardeerd, fantastisch dat jij het ook nog steeds leuk vindt), Herman, Arnold, Paymaneh 

(Venetië was gezellig en ik weet zeker dat dit niet in het engels hoeft!), Stijn (de ideale collega?), 

Paola (your friendship and hospitality are great), Hansje, Hans, Lidy en alle (ex-) studenten, ik wil 

jullie graag bedanken voor de samenwerking en gezelligheid op het lab, en vaak ook daarbuiten. 

Met name vrijdagmiddagen, Great Dalmuti, Ardennen, Abe Lenstra en het kerstfeest (STAMPpot) 

schieten mij hier te binnen. 

Ook wil ik hier nog even stilstaan bij de soepelheid van Ronald, waardoor ook op het 

allerlaatste moment het regelen van sleutels en verschillende andere dingen geen enkel probleem 

vormde. 

Zonder afbreuk te willen doen aan hun ondersteuning op het lab, zal ik me Joep en Lies 

altijd herinneren in verband met onze volleybal activiteiten (hup organisch). Gelukkig had 

iedereen, na minstens twee keer het universitair sporttournooi gewonnen te hebben, zo'n fel 

begeerd uva t-shirt. Ontspanning van de grijze massa kun je prima bereiken door een potje 

volleybal of squash en ik wil alle medespelers bedanken voor de gezelligheid tijdens en na deze 

inspanning. 

No matter what, mijn ouders stonden altijd klaar om te mij te steunen. Ik weet nog goed het 

laatste duwtje dat nodig was om inderdaad dan toch maar dat verschrikkelijke natuurkunde in het 

vakkenpakket te kiezen. Als ik iets in mijn kop had dan.... 

Tenslotte, nog één maal, wil ik hier Martin bedanken, voor de geweldige en 

onvoorwaardelijke steun en aandacht, zowel binnen als buiten de chemie: tüüüt! 
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